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Abstract The inulin fructotransferase (depolymerizing)
(IFTase, EC 2.4.1.93) gene of Arthrobacter sp. A-6 was
cloned and expressed in Escherichia coli and Bacillus subrtilis.
The IFTase gene consisted of an ORF of 1.311 nucleotides
encoding a polypeptide of 436 amino acids containing a signal
peptide of 31 amino acids in the N-terminus. The molecular
mass of the [FTase based on the nucleotide sequence was
calculated to be 46,116 Da. The recombinant E, coli DH5®
cells expressing the Arthrobacter sp. A-6 [FTase gene produced
most of the IFTase intracellularly. In contrast. the recombinant
B. subtilis DB 104 carrying the [Flase gene on a B. subfilis-E.
coli expression vector secreted the IFTase into the culture
fluid efficiently.
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Inulin is a polyfractan consisting of a linear B-{2—1}-
linked polyfructose chain with a terminal glucose residue,
and serves as a carbohydrate reservoir in various plants
such as chicory, dahlia, and Jerusalem artichoke. Inulin
fructotransferase (depolymerizing) (IFTase, EC 2.4.1.93)
converts inulin into di-D-fructofuranose 1,242,3" dianhydride
{DFA T and small amounts of oligosaccharides through
itramolectlar transfructosylation. Since the initial discovery
of IFTase from Arthrobacter ureafacious by Tanaka et al.
in 1972 [20], several other IFTases have been isolated
and characterized from Arthrobacter species [0, 8, 21, 25]
and Bacillus sp. snu-7 [7]. However. until now, enly
two genes encoding DFA-producing enzymes have
been cloned: the [FTase gene of Arthrobacter sp. HO5-7
[14] and the gene coding for mulin fructotransferase
(DFA I-producing) (EC 24.1.2000 of Arthrobacter
globiformis 514-3 [5]. DFA 1, di-D-fructofuranose 1,2%2,1'
dianhydride, is another type of DFA produced from
inulin [16].
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DFA IIl is a low-calorie sweetener with about half the
sweetness of sucrose. Moreover, this sweetener has some
important physiological benefits such as promotion of
Bifidobacterium growth, prevention of tooth decay [10],
and stimulation of calcium absorption in both the small
and large intestines [19]. Therefore, DFA III could be used
by various food industries when it could be mass-produced
at a relatively low cost.

Previously, we have isolated a bacterial strain of
Artirobacter from soil which produced an extracellular
IFTase [11], and subsequently this enzyme was purified
and characterized [9]. The present paper describes the
molecular cloning of the IFTase gene (iff) of Arthrobacter
sp. A-6 and the expression of this gene in Escherichia coll.
In addition, we made an attempt to produce the 1FTase
extracellularly using a Bacillus subgilis strain.

General Methods

The DNA manipulations and standard molecular biological
methods used in this work were as described in Sambrook
et al. [13]. The transformations of E. coli DH3o and B.
subtilis DB104 (his nprE aprE) were carried out by
electroporation using a Gene Pulser (BioRad, U.S.A.) and
the procedure of Spizizen [18], respectively. The genomic
DNA of Arthrobacter sp. A-6 was isolated based on the
method developed by Dai [3].

Cloning of ift Gene from Arthrobacter sp. A-6

Based on the N-terminal sequence (ADNPDGSN) of the
purified IFTase from Arthrobacter sp. A-6 [9] and the
sequence (MGFVYLEHA, 205 to 213 residues) of the
internal region of the IFTase from Arthrobacter sp. H65-7
[14]. primers D1 [5' GCI GA{T/C) AA(T/C) CCl GA(T/C)
GGI TCI AA 3" I; inosine] and D3 [5' GC (AfG)TG (1/
OTC TAG (A/GITA TAC (A/G)AA TICC CAT 3] were
synthesized. Using these primers (20 pmol each) and
100 ng of the genomic DNA as a template. a PCR was
performed using an AccuPower™ PCR PreMix reaction kit
(Bioneer. Korea) and DelaCycler I™ System (Ericomp
Co., US.A)). The PCR reactions were carried out for 30
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cycles (94°C for 50 sec, 49-55°C for 50 see, and 72°C for
50 sec). A 0.5 kb DNA fragment was amplified in PCR at
an annealing temperature of 50°C. The amplified 0.5 kb
DNA was then subcloned into pUC1I8, resulting in the
plasmid pDA. The subcloned DNA fragment in the plasmid
pDA was confirmed to be a part of the iff gene based on its
nucleotide sequence and a comparison with the reported
IFTase gene of Arthrobacter sp. HO5-7 [14].

To clone the entire ift gene of Arthrobacter sp. A-6, the
chromosomal DNA was digested with Kprl, and Southern
blotting was performed using the 230bp BsrEIL-Xhol
fragment of the PCR product from the pDA plasmid. A
genomic DNA fragment with a size of about 4.2 kb was
detected as hybndized with the probe DNA. A genomic
library was constructed in E. coli DHS5¢ using the

Sall

chromosomal DNA fragments treated with Kprl (from 3.6
to 4.3 kb) and the pUC118 vector. The white colonies on a
Luria-Bertani (LB) agar containing 50 Lg/ml ampicillin plus
X-gal and isopropyl 3-D-thiogalactopyranoside were selected,
and then screened by colony hybridization. Qut of 1300
white colonies on the selective medium, 5 clones showed a
positive response, All the positive clones had the same
length and same restriction pattern as the insert DNA
(4.2kb). One clone was named as pDFA, and another
clone in which the insert DNA was oriented in the reverse
direction of pDFA as pDFAR.

Nucleotide Sequence of ift Gene
The complete nucleotide sequence of the 4.2kb Kpnl
insert fragment was determined using ABI PRISM 310

GTCEACTCACTTTCTCTCRAACSGAATEETGABAATEG6CTTTGREATGAAARATC G TTTTGCCAAARCGAC TFSECATTCACTGTAGATCEACTCGAGT 100
TGEAGTGTCAAGGETCACTSCTETGCCAAAARC ABTGEAAC AT TTRGCG T TACAG TTTCCORTGCABCCC TCCTAGCCTCRAACTATC THBTCACGECC 200
AAATCEGTTTGGCCTECACCCAACTTATETGGC TCCACGIBACCAAGGAGCTCOCT TACTTECCGRCECTECACGE ABGCCACCAAGACATCCACOGT 300

CCTETACTGCAARAARATCATGCCTTOCCE TBCCGEACABCCATACATTCCACACTGCATTGAGGAGAANAGCBTTGACBCACRACAAGT TCGCAGAGAT 400
3D M

BapHI

GEATCCEAGCOGE0GCCEECT BT RACCRCIBECBCCECAGCCACCTTTACCEEABCECTEECC TCEECECTEOGACACCTECACACGCCEBCEGACAAC 500
h T

DPSRRRLTLAA AGSG A ATTF

GALALGAAAPAHA*ADN 34

CCGGACGEGTCCARCATG TACGATETCACGTCCTGEAAGATCAAGEGCCEECCEGAGETEACCACACAAGTBCACAT TEETGCRRTGATCAATGACATCA 60D

P DG B8 NMYDVTS S8®EKTIIKSGHR

PEYTAQVDIGAY I NDITI 68

TCGCAFACATCAAGABRCGCCABGCCACGECAGECABCCGECEEGECECCE TRATCACCATTCCCCITAACEACTACGATCTTCBEACCCAAGTAGTCGT 700
EDIXRRQRATAGSRPGAVITTIPTPGEDYDLURTQQY VV 101

TEACATCAGTTTCCTEACCAT TECCBGCTTTEEGCACEEATTCTTCTCCCECAGCATC AABGACAACC TG ACACCACCBECTERCTCBAGCTACAGCOT 800
D I SFLTTIAMGFGGHG®GFTFSRSEIEKDNTVDTTSGHLETLTO QTP 134

GGLBECAGCCATATCCECGTCCTCACTCCGTCAACABCGECCBCABGCCTTCCT TETTCRCOETCLGGERAGTCCACECCTE TCTRGEERTCSTTTTRORGEE 900
G 688 HIRYLTPSTAPOQAMFLVYREREPEGSTPRLS®EYVFERETD 168

ACTTCTECCTTRATECCRTEEASTTCCCEOCEAACERCARCAGCTACCGEAACGRCAGGACEEGAT IGAAGTCEORTCEEACAACAATTCCTTCCACAT 1000
FCLDGYETFPPDGNSYRNGRT GTIEVYASDUNDSTFHTI 201

CACGGECATEEECTTTGTETATCT TRAGCGCOCACTCAT AGTCCBCEETECCOATOCCCTGORTETCCACGACAACATEATOGCCCARTECSECAGCTEC 1100
T 8 M6 FVYLERALTIVRGAD ALERVYHDNMNTIAETCTS GBS SSC 234

GTTGAACTTACCEECECCEEACAGECAACARTCETCABCAAC AACCTC ATEGGAGC CEECCOEGABRGECCC ACCCT BN TEGCEEAGARCCACGAGEETC 1200
VELTGAGOQATTIVYSNNLUBKOGAGPES®GPTLLA AGEUNHTET®SBL 268

TGCTCATCACTGECAACAACCTET T TOCCCBBAGCCBEAGCC TRETCRASCTGAC TBEC TG ARCAGSTRCTRE TATCTTCRAACAGBT TCCARGSTTT 1300
LI TGNNLYFPRGEGRSLYELT®GCNRCUCSVYSSNRTFQQGF 300

CT! CCCCCBGCP.TGP;TGCGGCTCACCAACAAC.'I'GCMGGMAABCTGATCACGGGCAACCAC‘ITCCGCCGGGGCATGGAGGGCTTCCCGCCG‘I'TCCTCGGT 1400
M R L

5§ P G

T § NCEKEWNVLTITOGUNHTFRUBAEGMETSGT FTPPTFTILZQ a3z

AGATCCAATGGCCTEEACGATC TG TACHEAGTEETICAT ATCGABGGCGACAACARCCTCTTCTCCARTAACCTCATOGCC TACGACBTCTCGCOREACA 1500
RSNGLDDLYOBY VY HIESGDNIENLTPFSUHNNLTIAYDYSPTDEK 368

AGGTTGTACCEECGAGCECCCAGCCCACARTGATCCTCA TCGUEEEEECAACAGCA ACGTGE TRRCCAGTACCCATG TEGTSAGCALCATIGAAGCCCA 1600
Yy Y PAS AQFTMYLIAGBGENSNYVY ASTHVYSNVYVES SGAQQ 40

GCACGTCETCCTGEACGCTTCCACRETCCBETCEAAGE TGO TRRACAG TG CCCTGC T TCCACSETCACTTCUTACABCEETEATACTECCATIOGECOT 1700
H Vv VLDASTVYRSEXKVYLDSBEPASZSTVTITSY SEDTAHATITERSTEP 434

ACACCTTAATTGGBARCABTACABCCRCCTTORCTGL AN CAGSTEHC AT TR AABACT G TE TAL TGAGECAAABACBCACCCAGAC AAGATEAGCT 1600
— -

T P =

436

GGG%GGTGGAGTFCCCIAGGCCMCCTCGDCGAGGTCACGGCI‘TGGCGCTCCTGGCGJ\.CGTCGTCGAGGCCCTGAGGCGGCGCGA%TCCAT’ITC 1900
GAGCAGTGEEACCACTCTGEATTTAGTCTIGTAGCEETEAACCAGCCACAGGECEARGAAGATGRRCABCICART ATANGAGSACAGC ACCTCTETTATT 2000
CBTCCBECCAGGACAGCTTCATAGTTT TETCCTGCAATARCCABGATCAGCARAGCE AAGECAACAGEEGEAC BACGEEGARARAGGCAGCTTTGTACE 2100
GCABGTCCTEEACET TGT TTCCCTGEECCABGAAMCCACGCCTGAAGCGAT AGTCC B ASAGBECAATCCCORCOCACATRARCCCACACAGECCCRACAT 2200
GTTCAGGABCCAGGAGTAGECBETBCCT TEECCGAT AGCEOCAAAAGEAACCCBAACABACCCAC CECCRCAGTEECCACABGECCEEGATTRGCACT 2300

SphT

CCECGTBCATT AAGTAGT COGAARATCTTCBEERCCATBCCETCEIGEGICATRSUGTCAMGCATEE 2367

Fig. 1. Nucleotide and deduced amino acid sequences of ift gene of Arthrobacter sp. A-6,

The amwno acid sequences of the purified IFTase from Arthrobacter sp. A-6 deternuned by N-terminal sequencing are underlmed. The vertical arrow
indicates the cleavage site of the signal peptide The putative Shine-Dalgarno (SD) sequence 13 underlined. The pulative transcription terminator (inverted
repeat sequence) is indicated by horizontal arrows. The ‘+1' position of the nucleotide shown in the Figure corresponds to the 947 position of the 4 179 bp
KpnTsert. The nucleonde sequence data has been deposited in the GenBank database and assigned accession no AF124980,
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EXPRESSION OF INULIN FRUCTOTRANSFERASE GENE

M-DPSRERLLAAGAAATFTGALALGAAAPAHAADNPDGSNMY DVTSWK TKGRPEVTAQVDIGAVINDI TADIKRRRATAG 79
MMDPSRERLLGAGAVATLTGALALGAAAPAQAADSTEETNRYDVTSWKIKGRPEVTARIDIGAVINDI TADVEKRQTTAK 80
M ANTVYDVTTH-——SGATISPYVDIGAVINGITADIXANQTSQA 41

x . xREE R . _RNEENEX TENX 8§

SRPEAVITIPPGDYDLRTGVVVYDISFLTIAGFGHGFFSRSIKDRVDT TGHLELQPGESHIRVLIPSTAPQAFLVRRPGSE 158
ARPGAVITIPPGDYDLRTQVVVIVSYLTIAGFGHGFFSRSIKDRVDTSGWLELQPEGSHIRVLTPSTAPQAFLVRRAGSP 160
ARPGAVIYIPPGHYDLLTRVVVDVSFLOIKGSGHGFLSEAT RDESSTGSWYETQPGASHIRVENTDGNREAFLVSRSGDE 121

L EAXREX REEE XFF¥ X XXEX % X X * FUXE X X X X, Xk 83*.#t¥l! L. JENYE X 2 %

———RLSGVYFRDFCLIGVEFPPDBNSYRNG—-RTGIEVASDNDSFHITGHGF VYLERALI VRGADALRVHDNMI AECGS 233
~-—-RLSBYVFRDFCLIBVEFPPDGNSYRNG--RTG IEVASINDSFHITGMCFVYLEHALI VRGADALRVHDNMIAECGN 234
NVVGRLNSIEFKGFCLDGVT-—DSKPYSPGNSKIGTSVQSDNDSFHVEGMGF VYLEHAT IVKGADAPNI TNNFTAECGS 198

‘t... l.lllﬁlll_ LN .3. [ 3 ..1‘ ¥ XAXXEIE _lll‘IIS--x_tt_lﬂt* .. LS L

CVELTGAGQATI VSNNLMEAGPEGPTLLAENHEGLL ] TGNNLFPRGRSLVELTGCNRCSVSSNRFQGFSPGMMRLTNNCK 313
CVELTGAGQATI VSNNLMGAGPEGATLLAENHEGL LI TENNLFPRGRSLVEL TGCNRCSVT SNRFQGFFPGIMRLINNCK 314
CIELTGASOVAKITNNFLISAWAGYSIYAENAEGPLI TGNSLL-WAAN-ITLSDCNRVSISSNKLLSNFPSMVALLGNCS 276

* FEy¥E ¥  XK . * , REX ¥X FYNRX . _ ¥ _xXx ox Xy ® X _¥N

ENLITGNHFRREMEGFPEFLGRSNGLDDLYGVVHIEGDNNLFSNNLIAYDVSPDKYVPASAQPTMVL IAGGNSNVVASTH 393
ENLITGNHFRRGMEGFPPFLGTSNGLDDLYGVVHIAGDNNFFANNLIAYDVSPDRIVPPNAQPTMILVAGGDSNVVATNH 394
ENLIAANHFRRVSGD--—-GTSTRFIDLFGLVHIEGNNN TV IGNMFSFNVPASSISPSGATPTI ILVKSGDSKYLATNN 351
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VVSNVEAGHVVL.DASTVRSKVLDSGPASTVTSYSGDTAIRPTP 436
VVSNVETQHVVLDASTVRSKVLDSGPASKVTSYSADTAIRPTE 437
TVSNVSAM-VVLDGSTTATRI IYSAKNSQLNAYTTSYTLVPT? 393

. XEX

Fig. 2. Comparison of the deduced amino acid sequence of Arthrobacter sp. A-6 IFTase (A) with those of Arthrobacter sp. H65-7
IFTase (H) and Arthrobacter globiformis $14-3 inulin fructotransferase (DFA l-producing}) (S).
The identical res:dues and simlar residnes are indicated by asterisks and dots, respectively

automated sequencing (Perkin Elmer Co., U.5.A.). The
insert DNA consisted of 4,179 bp, and the ift gene was
found to reside in the 2,367 bp Sail-Sphl fragment of the
insert as shown in Fig. 1. In the above Sall-Sp#l fragment,
a single open reading frame was found whose twelve
amino acid sequences (ADNPDGSNMYDV, 32 to 43
residues) were a perfect match with the previously determined
N-terminal sequences of the purified IFTase [9]. The if
gene consisted of 1.311 nucleotides and encoded a
polypeptide of 436 amino acids including a signal peptide
of 31 amino acids in the N-terminus. The molecular mass
and pl of the IFTase were calculated to be 46,116 Da and
5.9, respectively. The deduced molecular mass of the
TFTase described above agreed well with that of the
purified enzyme (49,000 Da by SDS-PAGE). The G+C
content of the ift gene was 63.2% with a strong bias at the
third codon position (79.8%). The deduced amino acid
sequence of the IFTase showed a 90.1% identity with that
of the Arthrobacter sp. H65-7 enzyme [14], and a 57.3%
identity with that of the inulin fructotransferase (DFA I-
producing} of Arthrobacter globiformis $14-3 [5] (Fig. 2).

Expression of iff Gene in E. coli

To confirm the expression of the cloned #ft gene and
cellular localization of the gene product in E. coli DH5a
cells, the extracellular and intracellular [FTase activities of
the recombinant E. coli strains containing pDFA or
pDFAR were measured. As shown in Table 1, irrespective
of the orientation of the insert DNA, both recombinant E.
coli strains produced the [FTase. indicating that the promoter
of the ift gene was recognized by the transcriptional
apparatus of E. cofi. This is an interesting difference with

the ift gene of Arthrobacter sp. H65-7 that reportedly is not
expressed w E. coli by its own promoter [14]. However,
most of the enzyme activities (>90%) synthesized by E.
coli strains were detected within the cells, thereby
indicating that the signal peptide of Arthrobacter sp. A-6
IFTase did not function effectively in E. coli.

Table 1. Cellular localization of IFTase in E. coli DH50.
Enzyme activity (UJ/ml of culture broth)

Plasmid

Intracellular Extracellular
pDFA 13.5+0.7 1.52+0.08
pDFAR 1.33+0.05 0.23+0.02
pUC118 0.0 (eX1]

The recombmant E. colt DBSa cells were grown in a 20 ml LB broth
containng 50 pg/m! ampicillin i a 250-ml flask at 37°C for 8 h with
shaking. Thereafter, 0.2 ml of the pre-culture broth was inoculated into
20 ml of the same medium, Next, the cells were cultured at 37°C for 16 h
with shaking. The E. coti DHS5 cells containing the different plasmuds
showed nearly the same rate of growth under these culture conditions. The
culture broth was centrifuged at 3.000 xg for 10min at 4°C. The
supernatant obtained was used as the extracellular crude enzyme source.
The collected cells were washed three times with a 50 mM phosphate
buffer (pH 6,0} and then resuspended in the same butfer. The cell extract
obtawned after the ultrasonic treatment (6 cycles of 20 sec at a 50 W output
with cooling in an ice bath) of the cell suspension was vsed as the
mtracellular crude enzyme. The assay muxture for determining the TFTage
activity consisted of 0 5 ml 3% {w/v) inulin 1n a 50 mM phosphate buffer
{pH 6.0) and ©05-0.5ml of the crude cnzyme solution. The reaction
mixture was adjusted to 1.0ml by adding a 50mM phosphate buffer
(pH 6.0). The reaction was carmed out at 60°C for 10 min. The reaction
product, DFA TIT, was determined by HPLC as described previously [9] One
unit of the enzyme activity was defined as the amount of enzyme producing
1 pmol DFA T per min under these assay conditions. The resulis are the
means (+standard deviation) of thres independent expenments
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Fig. }. Clear-zone formation of recombinant E coli DHSo
expressing ot gene from Artfirobacter sp. A-6.

The cells were incubated at 37°C for 2 days m an LB agar medmm
contanmg 50 Lg/ml ampicillin and partially solubilized inulin. A, E. col
DH5a/pDFA. B, E. coli DHSo/pDFAR,; C, E. coli DHS5o/pUC11S.

Interestingly, the plasmid pDFA, in which the ift gene
was oriented in the same direction as the /ac promoter of
pUCI18 and where its translation start codon was located
about 1.35 kb downstream of the lge promoter, showed a
10 times higher level of IFFTase activity than that shown by
pDFAR in which the iff gene was positioned in the reverse
orientation. It was also confirmed that E. coli carrying
pDFA produced larger amounts of IFTase than E. coli/
PDFAR, based on detecting the clear-zones formed around
the strain’s colony on the LB agar containing inulin. As
shown in Fig. 3, £. colifpDFA formed a larger clear-zone
around its colony than E. cofifpDFAR in accordance with
the results of the enzyme assay (Table 1). Taken together.
these results suggest that the expression of the iff gene on
the plasmid pDFA is strongly divected by the upstream fac
promoter of the pUC118 vector,

Construction of Recombinant Plasmids
Plasmid pDFB was constructed by subcloning a 2,367 bp
Sall-Sphl fragment (GenBank accession no. AF124980)

I I
E E
3 @
Pea
i — ‘|J__
R SO
r ----------------
'MNSSVPG DNPDGSNMYDV............ ; amino acid sequence
* at fusion point
2nd a.a of [FTase

Fig. 4. Description of pEBDF plasmid.

The ift structural gene 15 represented as an open box. The seven amino acid
residues of the EB promoter (P.,) region at the point of fusion are
underlined.

containing the Arthrobacter sp. A-6 ift gene into pUCI118.
Plasmid pWDF was constructed by subcloning a 2,394 bp
Kpnl-HindlIl fragment containing the it gene from
pDFB into the same restriction sites of pWPBRI1R [2], a

- B. subtilis-E. coli shuttle vector. Plasmid pEBDF was

constructed by subclening a 1,408 bp BamHI fragment
from pDFB into the BamHI site of pEBP313 [12], a B.
subtilis-E. coli expression vector. The iff gene on the plasmid
pPEBDF encodes the IFTase fused from its second amino
acid (Asp) with N-terminal 7 amino acids (MNSSVPG) from
the EB promoter region, a 319 bp fragment isolated from the B.
sutbrilis chromesomal DNA of the pEBP313 vector (see Fig. 4).

Secretory Expression of ift Gene in B. subtilis
Arthrobacter sp. A-6 is a gram-positive bacterium that
secretes nearly all the synthesized IFTase into the culture
fluid [11]. However, the recombinant £. cofi cells expressing
the Arthrobacter sp. A-6 ift gene produced most of the
IFTase intracellularly. This can be explained primarily by
the difterences in the protein secretion mechanism(s)
between the Gram-positive and the Gram-negative bacteria
[13, [7]. Therefore, an attempt was made to secrete the
IFTase directly into the growth medium using the B.
subtilis strain, which greatly facilitates its downstream
purification step. IFTase activity was not detectable in the
recombinant 8. subtifis DB104 carrying pWDF in which
the ift gene had been designed to be transcribed by its own
promoter. Accordingly, using a B. subtilis-E. coli expression
vector, pEBP313 [12], the plasmid pEBDF was constructed
in which the 7t gene was expressed under the control of an
EB promoter isolated from the B. subtilis chromosomal
DNA. As shown in Table 2, nearly all the recombinant
IFTase produced by the B. sublis/pEBDF cells was
secreted into the culture fluid.

The total level of [FTase activity produced by B. subtilis
DB104/pEBDF was 5 times lower than that produced by

Table 2. Recombinant B. subgrilis cell produced IFTase in
extracellular form,

Enzyme activity

Host Plasmid (U/ml of culture broth)
Intracellular Extracellular
E. colt DH5¢. PWDF (.34+0.05 n.d’
pEBDF 4.26+0.22 0.13+0.01
B. subnlis DB104 pWDF nd n.d
pEBDE n.d 0.83+0.12

The recombinant E. coli DHS3c: and B. subrilis DB 104 cells were grown in a
30 ml LB broth containing 50 pg/ml ampicillin and 30 pgém] kanamycin,
respectively, at 37°C for 18 h. The optical densities at 600 nm for the
recombinant E. colt DHSou and B, subtilis DB104 cells were 5.2+0.3 and
3.3£0.2. respectively. The enzyme assay was performed as described for
Table 1. The results are the means (+standard deviation) of threc
independent experiments. ‘n.d, not detectable, m this case, the enzyme
reaction was carried out for 2 h under standard assay conditions.



E. coli DH50 carrying the same plasmid when both strains
were cultured with the same LB medium and conditions.
B. subtilis is a useful host for the production and secretion
of heterologous proteins [4,22-24]. However, several
bottlenecks for heterologous protein secretion in B. subtilis
have been documented in recent years: insoluble aggregates
af heterologous proteins in the cytoplasm, the removal of
signal peptide by signal peptidase during or shortly after
the translocation of the preprotein, a cell wall barrier, and
the proteolytic degradation of the secreted proteins [1].
The EB promoter used in this work, originating from B.
subtilis, is known to exert its effect during the vegetative
growth phase [12]. In the case of the production of the B.
thuringiensis subsp. kurstaki HD-73 crystal protein under
the control of the EB promoter, both B. subtilis and E. coli,
each carrying the same plasmid. produce similar amounts
of the crystal protein intracellularly with overnight cultivation
in LB medium [12]. At present, the reasons for the lower
IFTage activity shown in B. subtilis DB104 compared with
that in E. coli DH50¢, are unciear. When considering the
similar promoter strength of the EB promoter in both B.
subtilis and E. coli, as reported previously [12], the
expression level of the ift gene on the pEBDF plasmid in
B. subtilis DB104 may be similar to that in an E. coli
DHb5¢¢ cell. Therefore, it is likely that the lower IFTase
activity in B. subtilis DB104 may result from the proteolytic
degradafion of the secreted IFTase, although the B. subtilis
DB104 strain lacks two major secreted proteases, subtilisin
(AprE) and neutral protease (NprE).
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