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ABSTRACT Sucrose is transported into Bacillus subtilis
cells by way of a phosphotransferase system, which consists of
a specific enzyme II, a nonspecific enzyme I, and a histidine-
containing phosphocarrier protein. Mutations in the sacP locus
abolish the specific transport of sucrose. The B. subtilis sacP
gene was cloned and expressed in Escherichia coli, and trans-
formed cells could transport and phosphorylate sucrose. This
indicates that the sacP gene product is enzyme II of the sucrose
phosphotransferase system of B. subtilis. The nucleotide se-
quence of the sacP gene was determined and was found to
overlap with the sacA gene at the tetranucleotide ATGA, which
may allow a translational coupling between sacP and sacA. The
two genes are therefore probably organized in an operon
structure with the promoter located 5’ to sacP gene. The
deduced amino acid sequence gave a M, of 48,945 for the
sucrose-specific enzyme II polypeptide. The amino acid se-
quence was compared to that of three other known enteric
bacterial enzymes II (8-glucoside-specific enzyme I, mannitol-
specific enzyme II, and glucose-specific enzyme IT). Homology
was found with B-glucoside enzyme II, and well conserved
regions were identified through the comparison of the proteins.

The sucrose metabolic system has been proposed as a model
for studying the regulation of gene expression in Bacillus
subtilis, and biochemical and genetical studies have estab-
lished that at least nine different loci are involved (1, 2). Three
of these loci, sacT, sacP, and sacA, are clustered; sucrose
induces the expression of sacP and sacA. sacA codes for
sucrase, an endocellular sucrose-6-phosphate hydrolase. It
has been cloned, sequenced, and expressed in Escherichia
coli, which contains no endogenous sucrase (3, 4).

In B. subtilis, sucrose is transported exclusively by way of
a phosphoenolpyruvate-dependent phosphotransferase sys-
tem (PTS) (5), which involves two general proteins and one
specific protein. Enzyme I of the PTS (enzyme I) and
histidine-containing phosphocarrier protein, which are cyto-
plasmic proteins, are required as general phosphocarrier
proteins for the transport and phosphorylation of all PTS
sugars. Sugar specificity is determined by enzyme II, which
is a specific integral membrane protein of the PTS. Cells
harboring mutations in the sacP locus are unable to transport
sucrose but are able to transport other PTS sugars, indicating
that mutations in sacP act directly or indirectly on sucrose-
specific enzyme II (II5*). The gene for enzyme I has been
mapped on the chromosome, and it is not linked to the sacT
sacP sacA cluster. The sacT locus has been defined by a
single mutation giving rise to the constitutive high level
synthesis of both the PTS and sucrase.

In this paper, we describe a plasmid carrying the sacP gene
and the complementation of a sacP mutation in a Rec™ strain of
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B. subtilis. Expression of sacP in E. coli was also obtained,
demonstrating that sacP corresponds to the structural gene for
IS¢, The first nucleotide sequence*, to our knowledge, of the
gene for an enzyme Il from a Gram-positive bacteria is reported,
and the deduced amino acid sequence is presented. Sequence
comparisons were made with enzyme II sequences from Gram-
negative bacteria, and homology with E. coli B-glucoside-
specific enzyme II (IIB#) is shown.

MATERIALS AND METHODS

Bacterial Strains, Phages, and Plasmids. B. subtilis QB976
(trpC2, sacPl, recE4) was constructed in this laboratory. E.
coli strain TG1 (6) was used as a host for pUC9 derivatives
(7), for pMK4 derivatives (8), and for the sequencing vector
M13mp19 (9) and its derivative phages. E. coli strain HB101
(10) was used for subcloning experiments. E. coli strain Ts19
(PtsI') (11) was used for assay of sucrose uptake.

DNA Preparation and Plasmid Constructions. Plasmids
were isolated from E. coli as described by Birnboim and Doly
(12). Single-stranded DNA was purified as described by
Messing (7). Vectors were linearized and treated with calf
intestine phosphatase, and fragment ends were made blunt by
using the Klenow fragment of E. coli polymerase I.

Transformation and Selection of Recombinants. Transfor-
mation and selection of E. coli and B. subtilis were performed
as described (13, 14). MacConkey plates, on which sugar
fermentation gives rise to red colonies, were used.

Assay for Sucrose Uptake. The sucrose uptake was mea-
sured as described by Delobbe et al. (15).

In Vitro Transcription/Translation of Plasmid-Encoded Pro-
teins. Covalently closed circular plasmids were used as
templates for a prokaryotic coupled transcription/translation
system as recommended by the manufacturer (Amersham).
Products were separated by NaDodSO4/PAGE (10% acryl-
amide/0.27% bisacrylamide), and [**S]methionine-labeled
proteins were visualized by autoradiography.

DNA Sequencing. Nucleotide sequencing by the dideoxy
chain termination method (16) was carried out using phage
M13mp19 (9) and the synthetic 17-mer primer. dATP[a->S]
(22,200 GBq/mmol) was supplied by Amersham. Overlap-
ping deletions were obtained using the technique described
by Dale et al. (17). The experiment was carried out as
directed by the manufacturer (International Biotechnologies,
New Haven, CT).

Abbreviations: PTS, phosphotransferase system; enzyme I, enzyme
I of the PTS; enzyme I, specific integral membrane protein of the

PTS; 11!, mannitol-specific enzyme 1I; 113#, B-glucoside-specific

enzyme II; II5%, sucrose-specific enzyme II.

*The sequence reported in this paper is being deposited in the
EMBL/GenBank data base (Bolt, Beranek, and Newman Labora-
tories, Cambridge, MA, and Eur. Mol. Biol. Lab., Heidelberg)
(accession no. J03006).
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vector

Smal Bam H1/Sau 3A EcoRI Aval Smal EcoRI Bam H1/Sau 3A
L 1 1 1 1 J PMK 4
MCS MCS
Smal EcORI Aval Smal
1 L L . . puUCO FiG. 1. Restriction endonuclease
Mcs Mes maps of plasmids carrying the B. sub-
tilis sacP gene. The vectors are not
displayed. The plasmids labeled 10,
Smal EcoRI Aval 11, and 12 represent pBSGS8-10,
12 - —— uco pBSG8-11, and pBSG8-12, respec-
MCS MCS P tively. Plasmids pBSG8-11 and
sac P pBSG8-12 are pUCY derivatives con-
- - sac A taining a 2.8-kb Sma I fragment of
- — - pBSG8-10 and a 1.7-kb Sma I-Ava 1
fragment of pBSG8-10, respectively.
s 100 bp MCS, multicloning sites from pUC9.
RESULTS AND DISCUSSION pBSG8-12 by subcloning the 1.7-kb Sma I-Ava I DNA

Isolation and Characterization of a DNA Fragment Harbor-
ing the sacP Gene. The 2.1-kilobase (kb) EcoRI DNA frag-
ment harboring the sacA gene and part of the sacP gene (4)
was used as a probe to screen the library constructed in E.
coli using the shuttle vector pMK4 (18). One of the clones
giving a positive signal was isolated, and the plasmid con-
tained a 3.9-kb B. subtilis DNA fragment and was designated
pBSG8-10 (Fig. 1).

The B. subtilis strain QB976 (sacPl, recE4) was trans-
formed by pBSGS8-10. All the chloramphenicol-resistant
transformants tested grew when the sole carbon source was
sucrose (0.1%). It has been shown that the 2.1-kb EcoRI
fragment harbors the entire sacA gene and the 3’ end of the
sacP gene (4). It can therefore be concluded that pBSG8-10
codes for a functional sacP gene product and for sucrase.

Characterization of the sacP Gene Product in E. coli.
Genetic and biochemical studies have shown that sacP
mutants do not take up sucrose (1), but no direct evidence has
been reported that sacP codes for II5", In order to test this
hypothesis, the sacP gene was expressed in E. coli, which is
devoid of sucrose transport and saccharolytic activities, but
contains enzyme I and histidine-containing phosphocarrier
protein. The sacP gene was isolated on recombinant plasmid

B

A
30 ‘
[}
8
Q.
s
o
g
~
S 20
g
=4
)
[
i
3
8 10
S
%3
2
(2]

0 10 20 30 40 50 60

Time , min 1

fragment in pUC9 (Fig. 1). An E. coli Rec™ strain (HB101)
was transformed by pBSG8-10 and by pBSG8-12, and the
capacity of the transformants to metabolize sucrose was
tested. Cells transformed by the vector alone or by the
recombinant plasmids containing either the sucrase gene or
the sacP gene (pBSG8-12) remained white on MacConkey
plates containing 2% sucrose, whereas those transformed by
pBSG8-10, which carries both the sacA and sacP genes, grew
as red colonies on MacConkey plates due to the hydrolysis of
sucrose. These cells were also replica plated onto M9 agar
plates containing 0.1% sucrose and ampicillin. The pBSG8-10
transformants grew well, thus demonstrating that they could
use sucrose as the sole carbon source. Moreover, the growth
curves obtained when strain TGI (pBSG8-10) was grown on
Mé63 liquid medium supplemented with ampicillin (25 ug/ml),
chloramphenicol (1.5 ug/ml), and either 0.1% glucose or
0.2% sucrose were identical. The generation time was 90 min
at 37°C in both cases. The sacP gene product is therefore
sufficient to allow the transport of sucrose into the E. coli
cytoplasm.

The hypothesis that the sacP gene product is enzyme II
was tested by assaying [U-1*C]sucrose transport in strains of
E. coli containing sacP and either a thermosensitive enzyme

FiG. 2. Sucrose uptake by E. coli Ts19
recombinant cells. Growth was stopped by
addition of chloramphenicol (250 ug/ml), and
[U-“CJsucrose was added to a final concen-
tration of 0.3 mM (92.5 MBq/mmol) in a final
volume of 10 ml. (A) [U-“C] sucrose uptake.
Aliquots (1 ml) were filtered through Millipore
filters. ®, Ts19 (pBSG8-12) grown in L medi-
um containing ampicillin (100 xg/ml) and fur-
ther incubated at 30°C; o, Ts19 (pBSG8-12)
grown and further incubated at 42°C; a, Ts19
(pUCY) at 30°C; 4, Ts19 (pUCY) at 42°C. (B)
Uptake and concomitant phosphorylation of
[U-*C]sucrose. At 30 and 60 min a 1-ml
aliquot from Ts19 (pBSG8-12) at 30°C was
centrifuged, and the cytoplasmic content was
analyzed by ascending paper chromatogra-
phy. The solvent used was 1 M NH,OAc, pH
3.8/ethanol, 2:5 (vol/vol). In lanes 1 and 2,
sugars were revealed by treatment with 8 M
urea in 4 M hydrochloric acid/acetone, 1:9
(vol/vol) after 5 min at 120°C. In lanes 3 and 4,
labeled sugars were displayed by autoradi-
ography. Lanes: 1, sucrose; 2, sucrose-6-
phosphate; 3, Ts19 (pBSG8-12) at 30°C, after
30 min; 4, Ts19 (pBSG8-12) at 30°C, after 60
3 4 min.
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I (Ts19) at 30°C and 42°C (Fig. 2) or a wild-type enzyme I. It
can be seen that both the rate of sucrose uptake and the
maximal intracellular level of sucrose were temperature
dependent in strain Tsl9, indicating that the transport of
sucrose occurs by way of the temperature-sensitive enzyme
I. The thermostability of the cloned sacP gene product was
tested by assaying sucrose transport in strain TGI, which
contains wild-type enzyme I. The initial rate of sucrose
uptake by strain TGI (pBSG8-12) was 6 nmol/min per mg of
protein at 30°C and 8 nmol/min per mg of protein at 42°C,
values that represent 30% and 40% of the rate of wild-type B.
subtilis. The initial rate in strain Ts19 at 30°C is only of 1
nmol/min per mg of protein, showing that, even at permissive
temperature, the thermosensitive enzyme I is less active than
the wild-type enzyme I. The initial rate values indicate that
the complementation is very efficient, which contrasts with
results reported earlier for in vitro complementation exper-
iments by Simoni ez al. (19). Two reasons may explain this
difference. The first one comes from the in vivo situation
where intact membrane may stabilize proteins or reactive
intermediates. The second one may be that the stoichiometry
could be shifted in favor of the number of IIS* molecules
since the gene is on a multicopy plasmid. The rate of sucrose
uptake by the control strain Ts19 (pUC9) corresponds to
diffusion. If sucrose transport occurs by way of the PTS, the
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FiG. 3. Analysis of plasmid-encoded polypeptides. Circular plas-
mid DNA (1 ug) was used in our assay of plasmid-encoded gene
products. Translational products were separated by NaDodSO,/
PAGE and were detected by autoradiography. (A) Lanes: 1, pUC9;
2, pBSG8-11. (B) Lanes: 1, pUC9; 2, pBSG8-12. The estimated
molecular weights are indicated. Arrowheads indicate bands of
approximate M, values of 50,000 and 38,000-40,000.

sugar would be expected to be phosphorylated. This was
confirmed by analyzing the nature of the intracellular product

MetAspTyrLysGluThrAlaLysArgLeulleGluLeuLeuGlyGlyLysGluAsnIleIleSerAlaAla
TAAAAGGGGGAGAAATAGATGGAT TACAAAGAGACTGCAAAACGCCT CATT GAGCTTCTCGGAGGGAA AGAAAATAT TAT CAGCGCGGCT
EE——— sacP . . . . . . .
HisCysAlaThrArgleuArgleuValMetLysAspGluSerLysIleAspGlnAlaGlnValGluGluLeuAspGlyVallysGlyAla
CATTGTGCAACAAGACTGCGTT TAGT GATGAAAGAT GAATCAAAGATAGAT CAAGCACAAGTAGA AGAGCTT GATGGCGT TAAAGGGGCT
100 . . . . . . . .
PheSerSerSerGlyGlnTyrGlnIlellePheGlyThrGlyLeuValAsnLysValPheAspAlaPheSerLysGluAlaAsplleGlu
TTCAGCAGCTCTGGCCAGTACCAGATCATTTTCGGAACAGGCCTTGTGAAL AAAGTATTCGATGCCT TTTCTAAAGAAGCTGATATCGAG
. 200 . . . . . . .
ArgGluGluHisValAsnHisGlnAspAlaAlaLysGluLysLeuAsnProAlaAlaArgPheAlaLysThrLeuSerAsnIlePheVal
CGTGAAGAACACGT CAAT CAT CAGGATGCGGCAAA AGAAA AGCT GAATCCCGCTGCGAGATTTGCGAAAACGCTTTCTAATATTITIGTT
. . 300 . . . . . .
ProllelleProAlalleValAlaSerGlyLeuLeuMetGlyLeuLeuGlyMetIleAsnAlaPheHisTrpMetSerLysAspSerAla
CCAATCATCCCAGCTATTGTAGCCAGCGGCCTATTAATGGGATTIGCTGGGTATGATCAATGCGTTTCATTGGATGAGCAAGGATICTGCG
. . . 400 . . . .
LeuLeuGlnLeuLeuAspMetPheSerSerAlaAlaPhellePheLeuProlleLeulleGlyValSerAlaSerLysGluPheGlySer
CTTTTGCAGCTGCTTGATATGITTTCAAGTGCAGCATT CATTTTCTTGCCGATTCTAATCGGGGT CAGCGCTT CAAAAGAGTTTGGCAGC
. . . . 500 . . . .
AsnProTyrLeuGlyAlaVallleGlyGlyIlleMetIleHisProAsnLeuLeuAsnProTrpGlyLeuAlaGluGluGlnLeulleThr
AATCCATACTTGGGAGCGGTCATCGGGGGAATCATGATICATCCGAATCTTITAAATCCATGGGGATTGGCGGAAGAACAACTGATTACA
. . . . . 600 . . .
CysIlePheSerAspLeulleSerLeuPheSerAlaThrGlyAsnCysTyrProCysProAlaCysGlyValCysAspGluGlnGlyArg
TGCATCTTTTCGGATTTGATATCGCTCTTCTCGGC TACAGGGAACTGT TATCCCTGI CCTGCTTGCGGTGTATGT GAT GAGCAAGGTAGA
. . . . . . 700 . .
GluMetAspGluLysSerGlySerThrCysGlyAsplLeuLeuValThrProPheValThrVallleValThrGlyPheValAlaPhelle
GAAATGGACGAGAAAAGTGGTTCCACATGCGGTGATTTGCTTGTTACACCATTITG1 TACTGTGATIGTCACCGGGTTTGTTGCTTTTATC
. . . . . . . 800 .
AlalleGlyProLeuGlyArgAlaleuGlySerGlyIlleThrValAlaLeuThrTyrVallyrAspHisAlaGlyPheValAlaGlyLeu
GCGATTGGCCCTCTAGGCAGAGCGCTTGGCTCCGGCATTACGGTTGCTTTAACI TATGTATATGACCATGCCGGTTTTGTCGCAGGTCTG
. . . . . B . . 900
Il1ePheGlyGlyThrTyrSerLeulleValLeuThrGlyValHisHisSerPheHisAlalleGluAlaGlyLeulleAlaAsplleGly
ATTTTCGGGGGCACGTATTCACTCATCGIGCTGACAGGCGTTCATCACAGCTTCCATGCGATTGAGGCAGGGCTAATTGCAGATATAGGC

LysAsnTyrLeuLeuProlleTrpSerMetAlaAsnValAlaGlnGlyGlyAlaGlyLeuAlaValPhePheMetAlaLysLysAlaLys
AAAAACTACTTGCTGCCGATCTGGT CAATGGCGAATGTCGCACAGGGCGGGGCAGGTCTTGCCGTCTTCTT TATGGCGAAAAAGGCAA AG
1000 . . . . . . . .
ThrLysGluIleAlaleuProAlaAlaPheSerAlaPheleuGlyIleThrGluProValIlePheGlyValAsnLeuArgTyrArgLys
ACAAAAGAAATCGCGCTTCCGGCAGCATTTTCCGCTTTTCTCGGCATTACTGAGCCCGTCATATTCGGAGTCAATCTGCGCTACCGAAAA
. 1100 . . . . . . .
ProPhelleAlaAlaMetIleGlyGlyAlaLeuGlyGlyAlaTyrValValPheThrHisValAlaAlaAsnAlaTyrGlyLeuThrGly
CCGTT1ATCGCCGCGAT GATCGGAGGCGCATTGGGTGGGGCATATGICGTCTT TACACATGTAGCTGCAAACGCT TACGGGT TAACGGGA
. . 1200 . . . . . -
IleProMetIleAlalleAlaAlaProPheGlyPheSerAsnLeulleHisTyrLeuIleGlyMetAlalleAlaAlaValSerAlaPhe
ATTCCGATGATCGCCATTGCGGCTCCGTTTGGCTTCAGCAACTTGATTCACTATCTGATTGGCATGGCGATTGCGGCAGTGTCAGCGTTC
. . . 1300 . . .
IleAlaAlaPheValMetLysIleAsnGluAspGluGluArgLysLys*¥*

MetThrAlaHi sAspGlnGluLeuArgArgArgAlaTyrGlu
ATTGCAGCATTTGTCATGAAGATTAATGAGGATGAGGAGAGGAAAAAATGACAGCACATGACCAGGAGCTTCGTCGCCGGGCTTATGAAG
. . . 1390 Lmssca . . .
GluValGluLysLysGluProlleAlaAsnSerAspProHisArgGlnHisPheHisIleMetProProValGlyLeuLeuAsnAspPro
AAGTGGAGAAAAAAGAGCCCATCGC TAACAGCGATCCGCACCGC CAGCATTTT CATATCATGCCGCCGGTTGGGCTGCTGAAT GACCCG
. . . . . 1500 . .

FiGc. 4. Nucleotide sequence of a por-
tion of the 2.8-kb Sma I fragment spanning
sacP and showing the deduced amino acid
sequence of the gene product and the
N-terminal part of sucrase. The potential
ribosome binding site of the sacP gene and
the internal EcoRI site are underlined
(thick line and thin line, respectively). The
stop codon is symbolized by three aster-
isks. The sacA and the putative sacP ini-
tiation codons are indicated by arrows.
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when transported into cells containing sacP but lacking sacA
(Fig. 2B). Sucrose-6-phosphate was detected, which gives
evidence that sucrose had been phosphorylated during trans-
port. The presence of free sucrose was probably due to the
presence of a nonspecific phosphatase as reported by
Haguenauer and Képes (20).

The results presented above show that E. coli cells con-
taining the sacP gene transport sucrose by way of a phos-
photransferase system; the sacP gene product is therefore
likely to be enzyme II of the sucrose PTS of B. subtilis. The
IIS% is most probably located in the inner membrane in E.
coli, and sucrose presumably reaches the periplasm by way
of diffusion through the outer membrane porins, such as
OmpF and OmpC (21).

In order to estimate the M, of IIS", the 2.8-kb Sma I
fragment encoding sacP and the 454 amino-terminal amino
acids of sacA was cloned in pUC9 to give pBSG8-11 (Fig. 1).
pBSG8-11 and pBSG8-12 were transcribed and translated in
vitro (Fig. 3). Three major additional bands were observed
with pBSG8-11 compared to the pattern obtained after
transcription and translation of pUC9: a doublet with an
approximate M, of 38,000-40,000 and a weak band of M; of
=~50,000. The pattern obtained with pBSG8-12 showed the
presence of only the additional doublet (M, of 38,000-
40,000). This indicated that the doublet (M, of 38,000-40,000)
is due to the expression of the sacP gene and that the sacP
gene product has an apparent M, of 38,000-40,000. The
presence of a doublet rather than a single band could be due
to translation reinitiation at two ATG codons.

Nucleotide Sequence of the sacP Gene. The complete nucle-
otide sequence of the sacP gene is shown in Fig. 4. The 1.3-kb
Sma I-EcoRI fragment was subcloned in both orientations in
M13mp19, and 95% of the fragment was sequenced on both
strands. A 750-base-pair DNA fragment overlapping the
internal EcoRlI site was cloned, and deleted phages enabled
sequencing through the EcoRI site. The sequence data
obtained were compiled by computer using the DB system of

Proc. Natl. Acad. Sci. USA 84 (1987)

Staden (22) to give a continuous overlapping sequence. The
sequence shown in Fig. 4 starts about 50 nucleotides from the
Sma 1 site and harbors the region containing the entire sacP
gene and the first 131 nucleotides of the sacA gene. The
sequence 3’ to the EcoRI site (i.e., the last 270 nucleotides)
has already been published (4).

The sequence was then examined for open reading frames
in the six possible frames. On one strand, stop codons were
found regularly in the three possible frames. In the other
orientation, stop codons regularly interrupted two phases,
and in the last frame, an open reading frame was found
(starting at position 19 with an ATG start codon and ending
at position 1398 at a TGA stop codon). In the same frame (at
position 118) there is another ATG codon.

Seven nucleotides upstream of the first ATG codon (po-
sition 19) is a potential ribosome binding site (AAAGGG-
GGA) (23). The calculated free energy of interaction of this
sequence with the 3’ end of B. subtilis 16S rRNA is AG =
—20.8 kcal/mol (—87 kJ/mol) (24). The distance between this
putative ribosome binding site and the ATG is 11 nucleotides,
which is in good agreement with that usually found in B.
subtilis (mean value of 10.6) (25). These results strongly
suggest that this ATG is the in vivo initiation codon.

The nucleotide sequences encoding IIS* and sucrase
overlap (Fig. 4) at the sequence ATGA, where ATG is the
initiation codon of the sucrase gene and TGA is the stop
codon of the IIS* open reading frame. This result supports
the hypothesis that sacP and sacA are part of an operon in
which sacA is distal to sacP (4). Postma and Lengeler (28)
pointed out that the structural genes for the enzymes II are
not part of a pts operon or regulon but form units with the
corresponding metabolic enzymes. The existence of transla-
tional coupling in B. subtilis has been demonstrated, as has
the optimization of such coupling by the sequence ATGA (26,
27).

Comparison of II* Sequence with That of Other Known
Enzymes II. The open reading frame defined by the nucleo-

11SUC=-=---1
I18GL-~-~-1
I16LC--396
9
I1SuC---81 ADIEREEHVN
118GL---79 GLDEKAQQAP
IIMTL===-1
116LC--~-16
IISuC--158
1IBGL--153
IIMTL---58
II1GLC---96
I1SuC--236
1186L--233
TIMTL=--132
IIGLC--175
I1SuC--314
I18GL--311
IIMTL--200
ITGLC--239
1ISUC~--392
I11BGL--389
1IMTL--278
IIGLC~--319

80
FBarSke 80
LAVNGVA 78
T

MDEYI 474

157
152
57
95

235
232
v 131
174

sf 313
310
199
238

391
388
277
318

460
465
357
395

F1G. 5. Comparison of B. subtilis 115*¢ with E. coli 1B, S. typhimurium 1IMY, and E. coli 11°*. The amino acid sequences of the four
polypeptides are given in the one-letter code and have been aligned by introducing gaps (hyphens) to maximize identities. Identical and similar
residues are boxed and stippled (accepted conservative replacements are I, L, V, and M; D and E; A and G; R and K; S and T; and F and Y).
Numbers at the ends of the lines indicate the number of the nearest residue in the sequence. Numbers above the lines indicate the position

number; 1 corresponds to the N-terminal methionine from IIS%,
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tide sequence is 1380 nucleotides long and encodes a poly-
peptide of 460 residues with a calculated M; of 48,945. This
value is somewhat higher than that determined in the in vitro
experiment by NaDodSO,/PAGE (38,000-40,000). Howev-
er, other sequenced enzymes II (29-32) also show lower
apparent M, values when analyzed by NaDodSO,/PAGE
than is indicated by the sequence data.

The amino acid sequence of the 115 was compared to that
of three other enzymes II—namely, mannitol-specific en-
zyme II (IIMY) from Salmonella typhimurium (29), glucose-
specific enzyme II (I1°) from E. coli (30), and 1IB# from E. coli
(31). The alignments are shown in Fig. 5.

115* and II°* are 460 and 477 residues long, respectively,
whereas 1B and IIM! are 625 and 637 residues long, re-
spectively. Gaps have been introduced to optimize align-
ment.

When I15% and 116 were compared, it appeared that the
C-terminal part of 116" shared similarity with the N-terminal
part of IIS*, and a weaker similarity could be displayed
encompassing the remaining parts of the sequences.

The greatest similarity is between IS¢ and IIB# (most of
the gaps introduced in these two proteins were at the same
positions, in order to allow comparison with IIM%), These two
enzymes II, therefore, share homology, and their genes most
probably derive from a common ancestor. The same conclu-
sion may probably be drawn for the genes for the other
enzymes II because of the blocks of homology found,
although the similarity is not as great.

Indeed, the comparison between the four proteins shows
four major blocks of similarity (Fig. 6). One is located in the
N-terminal region of two proteins (I3 and ITB#) and in the
C-terminal part of 1I°'°, a second is near position 160, a third
is near position 270, and the last one is near position 370. The
last three regions have previously been described by Bramley
and Kornberg (31). The four proteins share common prop-
erties, such as interactions with the cytoplasmic membrane
and the phosphorylated histidine-containing phosphocarrier
protein as well as transport and phosphorylation of a sugar.
This may explain the regions of sequence conservation.

In conclusion, the results presented here demonstrate that
sacP codes for B. subtilis I1Suc, which shares homology with
enzymes II from enteric bacteria. The sacP and sacA genes
are probably organized in an operon structure in which the
promoter is expected to be located 5' to sacP. The regulatory
locus sacT, which is contiguous to sacP, is probably located
in the vicinity of the promoter. Cloning the entire operon
would provide useful tools to study the regulation of the gene
expression in the B. subtilis sucrose regulon.

Suc 1 460
I (O W NN 27 TIr ]

Bgl 1 4 625
I (I INNN Y THIC ]

Mtl 1 637
I I RN ) il | ]

Gle 1 477
o ( 17/ i ]

F1G. 6. Schematic representation of the similarities in the amino
acid sequences of the polypeptides shown in Fig. 5. Hatched areas
correspond to conserved regions. Numbers indicate the number of
amino acid residues in the protein.
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