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Abstract A Brevibacterium lactofermentum gene coding
for a glucose-specific permease of the phosphoenolpyruvate-
dependent phosphotransferase system (PTS) was cloned, by
complementing an Escherichia coli mutation affecting a ptsG
gene with the B. lactofermentum genomic library, and
completely sequenced. The gene was identified as a ptsG,
which enables an E. coli transformant to transport non-
metabolizable glucose analogue 2-deoxyglucose (2DG). The
ptsG gene of B. lactofermentum consists of an open reading
frame of 2,025 nucleotides encoding a polypeptide of 674
amino acid residues and a TAA stop codon. The 3' flanking
region contains two stem-loop structures which may be involved
in transcriptional termination. The deduced amino acid sequence
of the B. lactofermentum enzyme I1* specific to glucose (EIT®)
has a high homology with the Corynebacterium glutamicum
enzyme 11" specific to glucose and mannose (EII*™), and the
Brevibacterium ammoniagenes enzyme 11 specific to glucose
(EII®*). The 171-amino-acid C-terminal sequence of the EII°*
is also similar to the Escherichia coli enzyme ITA% specific to
glucose (ITA®). It is interesting that the arrangement of the
structural domains, IIBCA, of the B. lactofermentum EII°®
protein is identical to that of Ells specific to sucrose or B-
glucoside. Several in vivo complementation studies indicated that
the B. lactofermentum EII** protein could replace both EII** and
EIIA®® in an E. coli ptsG mutant or crr mutant, respectively.
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In bacteria, the phosphoenolpyruvate:carbohydrate phospho-
transferase system (PTS) is responsible for the uptake and
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phosphorylation of a number of carbohydrates [15]. The
system consists of two general constitutive cytoplasmic
phosphoproteins, enzyme 1 (EI) and histidine-containing
phosphocarrier protein (HPr) that are both required for
the transport of PTS carbohydrates, as well as sugar-
specific permeases occurring either as protein subunits or
as domains in a single polypeptide chain, commonly
designated as an enzyme II (EIl). The cytoplasmic
phosphoproteins sequentially transfer a phosphoryl group
from a phosphoenolpyruvate (PEP) to a membrane-bound
EIl, which catalyzes the concomitant transport and
phosphorylation of the carbohydrates.

The EIls contain three or four structural domains, IIA,
IIB, IIC, and IID [22], and are divided into four classes
[19] according to their amino acid sequence similarities.
Among them, EII proteins, specific to glucose, sucrose or
B-glucoside, and belonging to the glucose-PTS class,
contain three domains, IIA, IIB, and IIC. The domain ITA,
that interacts with a phosphorylated-HPr, exists as a
separate protein or as another domains-linked protein. The
IIC domain comprises between six and eight putative
transmembrane segments showing high hydrophobicity.
Recently, the genes encoding EII specific to both glucose
and mannose were cloned from Brevibacterium flavum [10],
Brevibacterium ammoniagenes [31], and Corynebacterium
glutamicum [13], and the nucleotide sequences of the C.
glutamicum ElI gene [14] and B. ammoniagenes EIl gene
were determined [31]. It has been thought that the
mannose-specific enzyme II (EII"™) of C. glutamicum
belongs to the sucrose/B-glucoside subgroup of the
glucose-PTS class on the basis of its sequence alignments,
even though its sugar specificities are similar to those of
the EII™ from bacteria including Escherichia coli [9],
Lactobacillus curvatus [28], and Vibrio furnissii [3]. The
EII™" proteins are composed of four domains, 1IA, 1IB,
IIC, and IID, and their amino acid sequences are not
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homologous to those of glucose-specific enzyme II (EII°%)
proteins while they do have a specificity toward glucose.
The Ells of both B. ammoniagenes and C. glutamicum
contain IIA, IIB, and IIC domains in a single polypeptide
with an arrangement of structural domains, I[IBCA,
corresponding to the sucrose-specific enzyme I (EIT*)
of Streptococcus mutans [24], and B-glucoside-specific
enzyme II*® (EII®) of E. coli [4,25] and Clostridium
longisporum [5]. Furthermore, they show no sequence
similarity with the Ells of the mannose-PTS class as
reported so far.

Brevibacterium lactofermentum has been used in
the industrial production of various amino acids along
with B. flavum and C. glutamicum. Their sugar utilities
have been regarded to be very important because
sugars, including glucose and sucrose, are used as major
carbon sources for amino acid production. This work
describes the cloning, identification, and sequencing of a
complete B. lactofermentum ptsG gene that codes for
EIl’*, and compares the deduced amino acid sequence
with those of C. glutamicum EII"™ and B. ammoniagenes
EIT%.

MATERIALS AND METHODS

Chemicals, Enzymes, and Isotopes

Restriction endonucleases, DNA polymerase (Klenow
fragment), T4 DNA ligase, and RNase were obtained from
Boehringer Mannheim (Mannheim, Germany) and were
used as recommended by the manufacturers. Sequenase, a
modified T7 DNA polymerase, was obtained from the
U.S. Biochemical Co. (Cleveland, U.S.A.). [0-"S] dATP
(1,000 Ci/mmol) was purchased from Amersham (Little
Chalfont, U.K.) and 2-deoxy-D-[U-"C]Glucose (300-350
mCi/mmol) from DuPont, NEN Research Products
(Boston, U.S.A.). Ampicillin and agarose were purchased
from Sigma Chemical Co. (St. Louis, U.S.A.), and the
bacterial medium was obtained from Difco (Detroit,
U.S.A)).

Bacterial Strains, Plasmids, and Media

B. lactofermentum ATCC 13869 (L-glutamic acid producer)
was used as a source of the gene coding for the EII" of the
PTS. E. coli IM109 (recAl supE44 endAl hsdR17 gyrA96
relAl thi A(lac-proAB) F'[traD36 proAB" lacl’ lacZAM15])
was used as the host for the cloning experiments and M13
phage growth [30]. For the in vivo complementation
studies, E. coli mutant strains ZSCI113 [7], carrying the
pisG, manA, and glk mutations, and JLV86 [29], with crr,
nagE, manl, and manA mutations, were used. The
plasmids pUC9 and M13 mpl8/19 were used for all
the cloning and sequencing experiments. MacConkey
indicator plates containing glucose (1%) were used to

investigate the sugar-fermenting capacities of the E. coli
transformants.

Transport Experiment

E. coli cells were grown to the late logarithmic phase in an
M9 minimal medium (6 g Na,HPO,, 3 g KH,PO,, 0.5 ¢g
NaCl, 1 g NH,CI, 0.1 mM MgCl,, 0.1 mM CaCl, per 1)
supplemented with a 0.4% non-PTS carbohydrate (glycerol)
as the sole carbon source. After centrifugation, the cells
were washed twice with an M9 minimal medium that did
not contain the carbon source, and were then resuspended
in the same medium at O.D.,;=0.5 (0.3 mg dry weight/ml).
To decrease the uptake rate of 2DG in the cells, the cell
suspension was incubated in ice for 30 min. [“C]2DG
(0.15 Ci/mol) was then added to 5 ml of the ice-cold cell
suspension, and 0.5 ml samples were taken at 10 sec
intervals, filtered through a membrane filter (0.45 um
porosity), and washed quickly with an ice-cold suspension
medium. The filters with cells were placed in 10 ml of a
scintillation fluid and counted in a liquid scintillation
spectrometer (Beckman, Fullerton, U.S.A.).

DNA Preparations and Manipulations

For the rapid isolation of the plasmids from the E. coli
cells, the alkaline lysis method was employed as described
by Birnboim and Doly [2]. Single-stranded DNAs of
the M13 derivatives were purified as described by
Messing [16]. The chromosomal DNA was isolated from
the cells of B. lactofermentum grown exponentially in an
LB medium supplemented with glycine (1%) according
to the preparative method described by Rodriquez and
Tait {20].

Construction of B. lactofermentum Gene Library

Fifty micrograms of the purified B. lactofermentum
chromosomal DNA was partially digested with Bglll,
and DNA fragments ranging from 2 to 10 kb were isolated
by sucrose gradient centrifugation for 20h at 25,000
rpm in a Beckman SW40 rotor. The Bglll-generated
chromosomal DNA fragments were ligated to BamHI-
digested, dephosphorylated pUC9. A ligation mixture was
used to transform the E. coli mutant strain ZSC113.

DNA Sequencing and Analysis

The DNA fragments generated by the restriction endonucleases
were cloned into either pUCY9 or M13mpl8/19. Both
strands of the subcloned fragments were completely
sequenced according to the dideoxy-chain termination
method [23] using the T7 sequencing kit and single- or
double-stranded DNA as templates. A reverse primer from
Phamacia was used for sequencing the double-stranded
DNAs. The DNA and protein sequences were analyzed
using the DNASIS (Hitachi Software Engineering, Japan)
program.
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RESULTS AND DISCUSSION

Cloning of the ptsG Gene from B. lactofermentum

The ptsG gene of B. lactofermentum was cloned by in vivo
complementation of an E. coli mutant strain lacking EII°",
The identification of the E. coli ZSC113 transformants
which expressed the EII®* enzyme was based on the ability
of the cells to ferment glucose on a MacConkey plate
supplemented with glucose (1%) as an additional carbon
source, as described by Yoon et al. [31]. A library of B.
lactofermentum BgIlll DNA fragments was constructed in
the vector pUC9, and transformed into E. coli ZSC113. The
cells were plated on a MacConkey-glucose plate containing
ampicillin. From approximately 5,000 transformants, two
glucose-fermenting colonies were identified based on their
deep-red color. The plasmid DNAs from the two clones
were found to carry the same 6.2-kb Bg/Il insert, and the
plasmid was named pBSBG2.

To determine whether the 6.2-kb B. lactofermentum
DNA in pBSBG2 complements the function of EIIA®" in
an E. coli crr mutant, the F. coli crr mutant strain JLV86
was transformed with pBSBG2 and pUC9, respectively.
The resulting JLV86 strain carrying the pBSBG2 formed
red colonies on MacConkey-glucose plates, while the
JLV86 with the pUC9 formed white colonies, suggesting
that the B. lactofermentum DNA of pBSBG2 contains a
glucose transporter gene. However, it has been reported
that glucose can be transported by the fructose-PTS as well
as by the glucose-PTS in B. flavum and C. glutamicum. In
addition, glucose-PTS is active on 2DG, whereas fructose-
PTS is not [17]. In order to determine whether the B.
lactofermentum gene in pBSBG2 included glucose-PTS or
fructose-PTS, the sugar uptake of the E. coli cells carrying
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Fig. 1. Uptake of [“C]2DG in E. coli ZSC113 cells carrying
plasmids pBSBG?2 (—ll-) and pUC9 ().

Uptake activity is expressed in nanomoles per mg of cells dry weight.

plasmids was tested using [“C]2DG as described previously.
Since 2DG is a non-metabolizable glucose analogue, its
accumulation was determined by measuring the radioactivity
of the cells as shown in Fig. 1. The E. coli ZSC113 cells
could effectively transport the [*C]2DG with the plasmid
pBSBG2 whereas it could barely do so with pUC9. It was
also found that the strain ZSC113 (pBSBG2) could grow
in an M9 minimal medium containing glucose or mannose
as the sole carbon source yet the ZSC113 (pUCY) could
not (data not shown).

From these results, it can be concluded that the 6.2-kb
Bgl insert of pBSBG2 carries the ptsG gene encoding the
glucose-specific permease of B. lactofermentum that is
capable of complementing the function of glucose uptake
in E. coli mutants defective in EII°* or EIIA® activities.
However, it is not clear whether the gene product is a
single polypeptide or not.

Subcloning, Complementation, and Sequencing

In order to determine the minimal size of the DNA
containing the B. lactofermentum ptsG gene in the plasmid
pBSBG?2, a new recombinant plasmid pBSG2 complementing
the E. coli mutants lacking EII° and EITA®* was obtained
by subcloning a 3.2-kb HindllI fragment into pUC9, which
included the B. lactofermentum DNA and a part of mutiple
cloning sites derived from pUC9 (Fig. 2).

To locate the ptsG structural gene on the 3.2-kb B.
lactofermentum DNA fragment of pBSG2, five subclones
were constructed and used for the transformation of both
E. coli strains ZSC113 and JLV86. The plasmid pBSG2
was partially or completely digested with restriction enzymes
Hindlll for pBST3, PsA for pBSP9, BamHI for pBSB6,
and Aval for pBSA7 and pBSTS5, respectively. The restricted
DNA fragments, which contained the B. lactofermentum
DNA, were self-ligated or ligated with pUC9 to obtain the
plasmids pBST3, pBSP9, pBSB6, pBSA7, and pBSTS5.
Maps of the resulting plasmids and phenotypes of the E.
coli ZSC113 or JLV86 transformed with them cnto the
MacConkey-glucose plates are shown in Fig 2. In the B.
lactofermentum DNA of pBSG2, the DNA fragments
corresponding to the right regions could be deleted without
affecting the capability of the recombinant plasmids (pBST3,
pBSA7, pBSP9) to complement the EII°* activity of E. coli
ZSC113. It appears that the B. lactofermentum ptsG gene
in the three recombinant plasmids, pBST3, pBSA7, and
pBSP9, can be expressed in E. coli regardless of its orientation
with respect to the lacZ promoter in the vector. This may
indicate that the ptsG gene uses its own promoter in E. coli.
The plasmids pBST5 and pBSB6 could not complement the
EII°* activity of E. coli ZSC113. It was also found that the
EIA® activity of E. coli JLV86 could not be complemented
with any one of the pBSG2 derivatives, suggesting that the
right region on B. lactofermentum DNA located in pBSG2
corresponds to the crr gene of E. coli.
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Plasmid Phenotypes
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Fig. 2. Restriction endonuclease map and characterization of deletion derivatives of pBSG2 containing the ptsG gene of B.

lactofermentum.

The construction of the plasmids is described in the text. The phenotypes of the E. coli mutant strains ZSC113 and JLV86 transformed with these plasmids
were determined by checking the color of their colonies grown overnight on MacConkey-glucose plates. MCS refers to the multiple cloning sites of pUC9
which was used as a vector DNA for subcloning. The boxes and lines indicate the DNA regions corresponding to B. lactofermentum DNA and pUC9,
respectively. In the box of recombinant plasmids, the bold lines denote the 2,025 nucleotides encoding the ptsG gene with the arrow indicating the direction
of the transcription. Under the bold line, the asterisks correspond to the two putative ATG start codons of the ptsG gene. The thin arrow indicates the lacZ
promoter of pUCY. The dashed lines correspond to the deleted regions in the B. lactofermentum DNA. The restriction site abbreviations are as follows: A,
Aval; B, BamHI; Bf, Bfrl; Bg, Bglll; E, EcoR1; H, HindIll; He, Hincll; P, PstL; S, Sspl; Sm, Smal.

For sequencing the complete B. lactofermentum DNA of
pBSG2, various restricted fragments were subcloned into
either pUC9 or M13mp18/19. Overlapping sequences of
the 3.2-kb insert of pPBSG2 were obtained throughout and
the entire sequence was thus determined from both strands.

Nucleotide and Amino Acid Sequences

The nucleotide sequence of a complete B. lactofermentum
gene and deduced amino acid sequence are both shown in
Fig. 3. Two putative ATG initiation codons (positions 506
and 578) are present at the beginning of a coding sequence
of 2,022bp or 1,950 bp, both of which terminate at
position 2,527 with the ochre stop codon TAA.

In order to determine the translation initiation site as one
of the two putative ATG initiation codons of the coding
sequence for the ptsG gene, recombinant plasmids were
constructed with the deletion of different nucleotides
upstream from the ATG codons using the restriction
endonucleases Bfrl or Sspl of which the cleavage sites are
indicated in Figs. 2 and 3. This was followed by
complementing the function of the glucose uptake in both
E. coli ZSC113 and JLV86. From the plasmid pBSG2, Bfrl
and a Sspl-Smal fragment that included the ptsG gene
were subcloned into pUC9. From the resulting plasmids,

pBSG26, pBSG62, and pBSG35, the plasmid pBSG26
conferred a glucose-utilizing activity on the E. coli mutants,
whereas the others could not (Fig. 2). Accordingly, the
ptsG gene of pBSG26 includes the two putative ATG start
codons, and is expressed with the lacZ promoter of pUC9.
The results strongly suggest that the translation of the ptsG
gene starts at position 506. The AAGG sequence element,
six bases upstream from the first ATG start codon at
nucleotide position 496-499, could be the ribosome
binding site for the mRNA.

The ORF defined by the nucleotide sequence is 2,022
nucleotides long and encodes a polypeptide of 674
residues with a calculated M, of 71,543. This value is
comparable to those of large EII proteins consisting of
domains IIA, IIB, and IIC. In the 3'-flanking region of the
ptsG gene, there are two palindromic regions beginning 11
nucleotides and 74 nucleotides downstream of the TAA
stop codon, respectively. These elements could be involved
in the rho-independent termination of the ptsG gene
transcription.

A hydropathy of the deduced amino acid sequence was
calculated using the method of Kyte and Doolittle [11]
(data not shown). From the result, it was predicted that the
EII°* would contain a hydrophobic region (IIC domain)
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AAGCTTTTGGOBEGCECTTOSGCEAARATACATGGBCCTACAACGCCGTCTAAGCGTGAAAC TEGGAGATGBGGAGACCTGGAATCAT TTGOGEGACGTCATGCGRTGEA
GGGETEATECEGECAT AATCTGACAGTG TETCOGTTTTCATTTTCAAAAAATGCAGGTCGGACATATTCAAAAGTATTACCT TTTTEE TTTE TCTGTATTCAGCTIGTTT
TEGGTEEGTTICCEBCTTATCATEATOGGTGACT TACCGC TTAATTGGAAAAAAGTGTGATCCACCACAAATCTAT TGCGEGGEAGCCTEGEAAACTAGE TAAAATTTT
TGCCAAATTGTGCAATCOTTTTCACAACCTGAGARTGTCACAACACATT MGTGGYAGGCSCTGAGGMT CGARTCCGGTTCTTITICOGCCCANTICGT ANCGELEATT

Bfrl
CTCTTAAGTEGACAAGAAAGGCTCTTGCCCGCGGGAGACAGACCCT ACGTTTAGAAA&QTTTGACATGGCGTCCMACTG ACGACGAC. ATCGCSACATATTCI’GGAAMC
KL TTTS H I L EN

CTIGGTBGACCAGACAA‘IATTACI‘TCGATGACICACEGTGCGACTCGCC’[’TC@TCCMGTGAAGGATCMTCCATIGTIGAT’CAACMGMATTGACTU:GWCATC
LGGPDNITSHKTHCAT RFQV XDAQ I QEIDSDEPS

Baail]
AGTTCTTGGCGTAGTACCCCARGGATCC ACCGETATGCAGGTEETCATCGG TGS ATCTE TTECAAACTAT TACCAAGAAATCCT! CMACHGATGGMTGMACACTTCG
VLGVVPQGSTGHQVVMGGSVANYYQEILKLI’JG H

ccsncsmmmmmmasncxrccmmsnnmM;'rccsmcns'rAmnmacramcsmnmmmnwmccmcc.x
ADGEATESS X EYGGS VRGXKYSGIDYAFETFLSDTTFTRSTE

ATCCTGTBEECCCTOCTTEETGCCTCACT! GATTATTACCTT G'I'I‘GG'I'TCTTGCGGAT ACTTTCGGTTTGCAAGACTTCOGOGCTCCAATGGATGAGCAGCCTGATACTTA
1 L ¥ A LLGASTL ADTF GLQGDFRAPMDER QPDTVY

‘l‘GTAl'I‘CCI‘GCAC!'CC GTCTTCTACTTCCTGCCAATTATGGTTGGTGCCACCGCAGCTCGAAAGCTCGGCECAAACGAGTGGATTGGTGCAGCTATTC
HS M WRSVFYFULPTIMVYGATAARIKTLTGANEHRPNWTIGA AR AI

CAGCCGCACT TCTTACTCCAGAATTCTTGGCACTGGOTTCTGCCGGCGATACCGTCACCGTCTT TEGCCTECCAATGGTICT TAATBACTACTCOGGCCAGGTCTTCCCT
PAALLTPETFLALGSAGDTUVTVFG6LPMYLNDYSGSQVFT?®P

CCSCTBATTGCAGCAATCGGCCTGTATTGGETCGAAMAGGCTCTGAAGAABATCATTCCGGAAGCAGTGCAGATGG TG TTTETGCCATTCTICTCCCTGCTCATCATGAT
PLTIAATIGLYWVYETZXKA AKLIKHEK 1 PEAV QMVFVPFPSLLTIMNI

TCCAGCAACCBCATTCTTGCTCGGACCATTCGGTATTGGTGTGGE TAACGECATCTCCAGCCTECTIGAAGCTGTCAACAACTTCAGCCCATTTATICIGTCTATCGTTA
P ATAFLLGPFGIGVGNSGISSLULEAMAMV HNXYFSEPFILSTIV

TTCCTTTGCTCTACCCATTCTTGETGOCACTEEGCCTGCACTEECCTCTCAACGCCATCATEATCCAAAACCTGAACACCTIGGGTTATGACTT TATCCAGGGACCAATS
I PLLYPFLVPLGSGLHWEPLNA ¥ I QNLNTLGYDFTIOQGTPHM

GGTGCATGGAACTITGCCTGCT TCCGTCTEETTACCGGCGTATICCTGATCGCTTTGAAGGAAAAGARCCBCBCCATGCBCCAGGTTTOCCTTGGTGECATGCTTGCAGE
6 AWNTFAMCFG6LVY TGV FLIALIKETZEKUNTRAHNERQY SLGGMLAESE

TCTCCTCGECEGTATT TCCGAGCCTTCCCTTTATGGOGTGCTCCTGCGCTTCAAGAAAACCTACTTCCGTCTGCTTCOGGGCTGCCTT! GT'IGGCGGTATCGTCATGGGCA
LLB661I SEPSLYGVYLLRFIKEKXKTVYFRILLPGCLYGGI MG

Baml
TCTTTGACATCAAGGCTTATGCCTTORTGTTCACCTCCTTGCTCACCATOCC AGCMT% ATCC ATGGT’IGGGCT ACACCGTTGGTATCOCAGCAGCCTTCTITACCTCA
I FDIKAMYAMTFVYVYFTSLLTTIP D P WL YTV GEGTIAAAMTFTFTS

ATGCTL’['I‘GGTX‘CTCITCI‘TCGA'ITACCGTTCCGA'I’GCAGAGCGCGATGMGCTAAGGCACAMTGGCAGCAGC’I‘GAGCAGACTMCMCACCCCAGCAGCACCCGCAGC
nLLvPl;rrnvnsnAﬁnnEAonnA E Q N A AP A A
tl
TCCAGTTGCTCCIGCABC AGGCGCAGCCGCTBOCEETBECECAGCAGGCGCAACOGCAGTTGCTACCAAGCCCCBTTTGGCAGCCGGTCAGCTTGTAGAAATCACCTCAC
P VYV APAAGA AAMLAALGGAANGATAVATEKTPRLAAGQLYVY TS
Aval HindIII
CACTCGAGGGCCACGCAGTTCCCCTTTCTGAGGTACCOBATCCAAT CTTCGCCGCTGGC AAGCT TGGACCAGGTATCGCAAT TEAACCAACCGGAAACACTGTAGTAGCA
PLEGHA AV PLSEVPDTPTITFAAGIKXLGPGSGIAIEPTGNTUVUVA

CCABCTGATGCGACAGTCATCT'IWTTCAGAAGTCCGGACACGCCGTAGCGTTGCG’ITTGGMAGTGGCGTCGMTTGCTCMTCACATPGGTCTGGACAC'I‘GTTCAGCI‘
PADATVILV QK 6 HAVALRLESGSGVYELLTEIHIGLIDTVOQL

CGGTGGCGAAGGCTTCAAGGTTCATGTBGAGCGCAAGCAGCAGGTGAAGGCCGGOGATCCTT TGATCACCTTCGATCCTGAGTTCATTCGCT! CCMGMCTTGCLT TTGA
6 6 EGF KV HBEYERIEKGQGCV KAGDEPL FDPETFTIRSEEK L L

TCACCCWGGTCTCCMCGC[MTMAI’I‘TGGTGAGATI’GTTGGCATCGMGCAGCACAGGCAGATGCCACCACCACGGTMTTAAGGTTMGGCGCTGMTM
PV VVSNANEKTFGETLIVGEGIEAAMQADATTTVIKV VN

GCTCAAACCTTGOCCATAACAGGGCAGAACAAACTAATCTGGTCAGTATGTTAAAGAT TEGACTGACCGECGEEATCGGCAGCGE TAAATCAACCETTGCCGATCTTTTS
— € > <

TCETCTOAMSOATTTTTOATCATCOACECAGACCAGATCRCCCGCG AAATAGTOGAACCTG TCAACCAGCOCTAGCGGAATTGETAGAGGCCTTTGGCCCAGAGATCAT
CANGOAAGATGEATCACTOGATCOGCAGGESCTTECTGCC ANAGCATTTG TEGATECTGAGCACACOBCATTBCTTAATTCOATTACSCACCCACGCATOGCCGAAGARA
CTOCTCGACS TTTTGCEGAAGCCEASGCTAATGECACCAAGGTGOCGATTTATGACATGCCACTACTGGTGEATAAGEGCTTBRACCETGECATGGATTTGGTOCTERTE
GTAGACBTCAACGTTGAGGAGCGCGTOCECC0CCTCOTCRAMAAGCGTGATT TEG3GAGAAAGACG TGCETCOCCBCATTGATICCCAGGTTCCTOATTGAS TGCGTT

Bfrl
TGAAAGCTGCTGATGTGGTGATTGACAATAACGGCAGTTTGGAAGACTT TAAGGCGAATATGAAGAACGTTATTIGCGGAGATCT 3164
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Fig. 3. Nucleotide sequence of 3,164-nucleotide HindIII-Bg/II fragment and deduced amino acid sequence.

The underlined sequence preceding the ATG start codon of the prsG gene is a putative ribosome-binding site. The overlined sequences are the restriction
sites used for constructing the recombinant plasmids as shown in Fig. 2. The two putative ATG start codons are indicated with asterisks above the sequences.
The two inverted repeats are underlined by horizontal arrows. The numbers at the end of each line correspond to the nucleotide positions. The sequence has

been deposited with GenBank under accession number L18875.

corresponding to amino acid residues from 120 to 470 with
six sub-regions of an average hydropathy exceeding 1.0,
each comprised of 23 amino acid residues capable of
spanning the cytoplasmic membrane. The amino-terminal
part (1-120 aa) of the protein was relatively hydrophilic
(IIB domain) and the carboxy-terminal part (470-674 aa)
was relatively hydrophobic (IIA domain), indicating that
the EII°° of B. lactofermentum has an arrangement of

IIBCA domains identical to those of C. glutamicum EII'™
and B. ammoniagenes EII°".

Comparison of B. lactofermentum EII** with Other Ells
When the deduced amino acid sequence of B.
lactofermentum EII°° was compared with the sequences of
other EIIs in the NCBI database using the BLAST search
program [1], the EII°° showed the highest score of a 90.9%
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BLA 1 MASKLTTTSQH-ILENLGGPDNITSMIHCATRLRFQVKDQSIVDQQEIDSHPSYLGVVPCGSTGMQVYMGGSVANYYQE
CGL 1 R AR XN R R R R AR KRR RIS IR RN AN E R A TR TR KRR EI XL XRAXEINT A
BAM 1 =SKTEMR*AAEE*sAGIstAtsxsFraxsxexxxEL NxAFKAsKDKL*AT s K*MsAxsx2GRNY sxxIxxD2xSV2lz
BLA 79 ILKLDGMKHFADGEATESSSKKEYGGVRGKYSGIDYAFEFLSDTFRPILWALLGASLI I TLLVLADTFGLQDFRAPMDE
ceL TO IR R I T R R R A R K kY X R B R AR R E KA NS ARERR LR SR RRXEEE 4L
BAM 80 MVQ:PsVRKSDADVKAA*RA®~—-—— TQx*MPHLsTxxsyxxaSexexxGVesxxrxx s x AFTAVMEAx*VV2T2x—x])
BLA 158 QPDTYVFLHSMWRSVEFYFLPIMVGATAARKLGANEWIGAAIPAALLTPEFL—————-~-—-—~~ALGSAGDTVIVFGL
CGL 1D R R R I R A R e TEXEXCEFXREELRE
BAM 152 KAAIWF*IDAxxxexsxesxVsxAYN*GN*«RIDP*VPsaVMLesFx2 225l KENPVANCVVDE#«¢TETCSIDLL2]
BLA 223 PMVLNDYSGQVFPPL1AAIGLYWVEKALKKIIPEAVQMVFVPFFSLLIMIPATAFLLGPFGIGVGNGISSLLEAVNNES
CGL 223 EIFER AR LT II TR AR R ISR E R T I I ES A IR A E R LRI R R R XIS IR R AN k2T 224X
BAM 231 NVAsPxaGxNsaVxesMeLVAAGIY+CsQxs2xSeaxeexxx[ TeefTex] xsVx] 2 2 2xUNL 2ST sCVGXAWMRGENA
BLA 302 PFILSIVIPLLYPFLVPLGLHWPLNAIMIONLNTLGYDFIQGPMGAWNF ACFGLVTGVFLIALXEKNRAMRQVSLGEML
OGL 302 *EE s R R AR RRE TR KRR XK IR XXX IR KXX S X[ ST RERX XXX TEXTAX
BAM 310 xaYFAz[AxMaxxxsaxsarssnaxx[ sl VaIFAsssxentsxezssess s ATAA*L A*SMR**DPEs*xT=GSALA
BLA 381 AGLLGGISEPSLYGVLLRFEKKIYFRLIPGCLVGGIVMGIFDIKAY—~-—~AFVFTSLLTIPAMDPWLGYTVGIAARAFFT
Gl B8] A I I KRR I KR A KK ARAR I E R — = KR KX EX AR XA X[ KRV 2 ESY
BAM 389 sxxFyxxaxxxsxxJExxxsR]spPsM=VsxFA*x[ TIASLGTASGGVIIN*zxzssssx2xVFSeMzT a3 JAVVxzAY
BLA 455 SMLLVLFFDYRSDAERDEAKAQMAAAEQT-—--—~-~NNITPAAPAAPVAPAAGAAAAGGAAGATAVATKPRLAAGQLVE
[ac2i 455 szPsrz)l xexeNEexxxxRKVssDKsAEEDLKAEAs Ax 2 x5 sV2 AAGAG* #2GsCAA*GAs s+ st Ak xx 2 3EVED
BAM 468 AF=a]YVsTsax-TxsEKsxSRER=s Es3LVPSGsN3ETE#STTT*
BLA 526 IT--~SPLEGHAVPLSEVPDPIFAAGKLGPGIAIEPTGNTVVAPADATVILVQKSGHAVALRLESGVELLIHIGLDTVQ
GL 534 XX REREXERIRAXEEIREIXAIEAREFASKATQERLIXIXXKXTXEABASARREREXR IR RB e IVIV R 033
BAM 512 TADLV#*VDaMeasKsENIDsKVxsSaTaaN2xGxVaYNGNIQS*VAG*IAT#T+T#*sFGIKTDDs 2 #VsVex 2 INs*R

587

BLA 602 LGGEGFKVHVERKQQVKAGDPLITFDPEFIRSKNLPLITPVVVSNANKFGEIVGTEAAQADATTTVIKVNGA-E {(674)
GL 610 s3exzaTrexexResxererrrxxsxDsexxsDrsrexesasrrxpeesxsEasPaDe2NSSxnsassssNs (683)

BAM 591 MKxxxsEPKsAKGDV*SI«T#*AEVsLDK+KEAGYDNTVVaTxT*TKAM#*VAS«ARGAVK*GEAs—-*AIK-R (661)

Fig. 4. Comparison of B. lactofermentum EII°* (BLA) with C. glutamicum EII'* (CGL) and B. ammoniagenes EII** (BAM).
The amino acid sequences of the three polypeptides are shown by one-letter code and have been aligned by introducing gaps (hyphens) to maximize the

similarities. The residues identical to the EII®*

sequence homology with the EII'"* of C. glutamicum and a

44.8% sequence identity with the EII™ of B. ammoniagenes
(Fig. 4). Gaps were introduced to optimize the alignment.
In addition, B. lactofermentum EII°° was found to be
similar to the EII*® proteins from E. coli [4, 27), B. subtilis
{271, Erwinia chrysanthemi [8), Klebsiella oxytoca [12],
and C. longisporum, [5], and the EIl*proteins from S.
mutans [24] and Streptococcus sobrinus [6]. The intact
EII°¢ shows an approx. 30% sequence similarity with the
above, whereas the 171-amino-acid C-terminal region of
EIT® exhibits a 38% similarity with the EIIA®* of E. coli
[21].

The ITA domain of B. lactofermentum EII*" is connected
to the hydrophobic region of the protein by a PA linker
consisting of Pro-Ala repeats (487-503 aa), which is
similar to those of C. glutamicum EII*", and EII™ and
EII™® (N-acetylglucosamine-specific protein) from E. coli
[18]. However, the amino acid sequence of the PA linker
region exhibits the lowest similarity between the EII
proteins of B. lactofermentum and C. glutamicum, while
the amino acid sequences of the remaining regions have
over 90% homology with each other. As shown in Figs. 2
and 3, the 178-amino-acid carboxy-terminal region including
the EIIA portion could be deleted from B. lactofermentum
EII°" without affecting the remaining portion of the EII°*

amino acid sequence of B. lactofermentum are indicated by asterisks in all other sequences. The numbers at
the beginning of each line correspond to the amino acid positions in the protein.

capability of complementing the function of glucose
uptake in E. coli ZSC113. This suggests that the EII* of B.
lactofermentum interacts efficiently with the EIIA®* in the
cells of E. coli, as demonstrated previously by Vogler et al.
[29] and Sondej et al. [26].
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