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Abstract 

Nucleotide sequencing revealed the genes treP encoding a putative specific enzyme II xr¢ upstream from treA and treR encoding 
a potential regulator downstream from treA of Bacillus subtilis 168. The treP gene encodes a 470-amino acid (aa) protein (50 kDa) 
showing high similarities to several different specific enzymes II of phosphoenolpyruvate-dependent phosphotransferase systems. 
treR encodes a 238-aa protein (28 kDa) with high homologies in its N-terminal part to DNA-binding proteins including a helix- 
turn-helix motif. Homologies in its C-terminal part place it in the family of FadR-GntR transcriptional regulators. The three genes, 
treP-treA-treR, are probably organized in one operon expressed by a trA-dependent promoter 53 bp upstream from treP and a 
p-independent terminator 28 bp downstream from treR. 
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1. Introduction 

The utilization of the abundant  carbon source treha- 
lose by Bacillus subtilis involves the transport  across the 
cytoplasmic membrane  and an intracellular phospho- 
g-( 1,1 )-glucosidase (TreA) hydrolyzing trehalose 
6-phosphate into glucose 6-phosphate and glucose 
(Kennett  and Sueoka, 1971; Helfert et al., 1995; Gotsche 
and Dahl, 1995). TreA is also able to cleave p-nitrophe- 
nyl ~-o-glucopyranoside ( P N P G )  in vitro (Kennett  and 
Sueoka, 1971; Helfert et al., 1995). TreA activity is 
induced by trehalose and subject to catabolite repression 
(CR) (Helfert et al., 1995). CR in B. subtilis is in general 
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mediated by a cis-acting element CRE (Weickert and 
Chambliss, 1990; Grundy et al., 1994), a trans-acting 
element CcpA (Henkin et al., 1991; Hueck et al., 1994) 
and a component  of the phosphoenolpyruvate:sugar 
phosphotransferase system H P r  (Deutscher et al., 1994) 
(for a recent review see Hueck and Hillen, 1995). Several 
genes underlying CR contain a CRE located within 
200bp  upstream or downstream from the promoter  
(Hueck et al., 1994). However, a ccpA deletion has no 
obvious effect on CR by glucose or mannitol  on TreA 
activity, whereas CR by fructose is abolished (Helfert 
et al., 1995). 

The aim of this study was to clone and sequence the 
entire trehalose operon. The putative function of the 
encoded genes is proposed on the basis of sequence 
comparisons. The data suggest two additional genes, 
treP and treR, encoding a potential specific enzyme 
II  Tre and the putative regulator, respectively. 

2. Experimental and discussion 

2.1. Cloning of  D N A  containing treP and treR 

We used a B. subtilis 168 genomic library described 
previously (Helfert et al., 1995). 2pg  D N A  from the 
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genomic library was transformed to B. subtilis 1A167 
(tre-12) which exhibits a trehalose minus phenotype 
(Kennett  and Sueoka, 1971). Transformants were 
selected on minimal medium plates containing 10 mM 
trehalose and kanamycin (5/~g/ml) (Helfert et al., 1995). 
One of the clones carried a plasmid of 12 kb (designated 
pCH1, Helfert et al., 1995), harboring an insert of 5 kb 
and was used as template in sequencing reactions using 
synthesized oligonucleotides as specific primers to deter- 
mine treP and sequences located upstream. Furthermore 
a 2018 bp NsiI fragment of pCH1 was cloned into the 
compatible PstI site of pBluescript SK-  (Stratagene, La 
Jolla, CA, USA) yielding plasmid pSG3, which contains 
the treR gene and downstream sequences. This construct 
was used as template to determine the treR sequence, 
using synthesized oligonucleotides. 

The treP ORF encodes a protein of 470 aa residues 
(Fig. 1) with a calculated Mr of 50 kDa and a calculated 
IEP of 8.9. The deduced aa sequence revealed high 
similarities to several enzymes II (a comparison with the 
two enzymes of highest homology is shown in Fig. 2). 
TreP is highly similar to TreB of E. coli, which has been 
identified as the specific enzyme II Tre (Boos et al., 1990; 
Klein et al., 1995). Interestingly, a higher similarity was 
found to enzyme II Scr of Staphylococcus xylosus (Wagner 
et al., 1993). This may indicate that TreP could also 
transport sucrose. Nevertheless, these similarities indi- 
cate that TreP belongs to the family of enzyme II, the 
permeases of phosphoenolpyruvate-dependent phospho- 
transferase systems. 

2.3. Putative structure of the predicted TreP protein 

2.2. Nt sequence and analysis 

The nt sequence of the tre operon was determined on 
both strands (Fig. 1, Helfert et al., 1995) and analyzed 
by the GC G program. The sequence upstream from treA 
contained one complete ORF of 1410 bp starting with 
an ATG start codon at nt position 167 in Fig. 1 ending 
with a TAA stop codon at position 1579 (corresponding 
to nt position 444 in Helfert et al., 1995). The ATG 
codon is preceded at an appropriate distance by the 
putative ribosome-binding site G G A G G  between nt 
positions 155 and 159. The sequence downstream from 
treA contained an ORF of 714 bp starting with ATG 
(position 3352 in Fig. 1, corresponding to nt position 
2217 in Helfert et al., 1995), preceded by the putative 
ribosome-binding site G G T G G ,  ending with a stop 
codon at position 4068. It is followed by a p-independent 
terminator-like structure. The sequences 5'-TACAAT-3' 
( - 1 0  region) 53 bp upstream from the start codon of 
treP and 5'-TTGACT-3' (--35 region) 76 bp upstream 
match in each region with one mismatch to the consensus 
promoter  sequence of a a (Moran et al., 1982) and have 
an ideal spacing of 17 bp. This is in agreement with the 
highest TreA activity found at the end of the exponential 
growth phase (Helfert et al., 1995). No transcription 
terminator-like structures were identified between treP 
and treA or treA and treR. This suggests that all three 
genes may be located within an operon and that the 
promoter is located upstream from treP. 

The treR ORF encodes a protein of 238 aa residues 
(Fig. 1) with a calculated Mr of 28 kDa and a calculated 
IEP of 7.3. The translated sequence of treR has identities 
to the FadR-GntR family of transcriptional regulators 
(Haydon and Guest, 1991) (Table 1). Using the TreR aa 
sequence from E. coli (sequence taken from Horlacher 
et al. (1994) from EMBL data library accession No. 
U07790/U14003) in an alignment with TreR from B. 
subtilis, no significant homologies or homologous 
regions were detected (data not shown). 

Two highly conserved aa sequence motifs typical for 
enzymes II suggested to be involved in the phosphoryl 
transfer have also been identified in TreP. The CATRLR 
aa motif is typically found in the B domain of enzyme 
II, where the cysteine reflects the phosphorylation site 
(Fig. 2) (Nuoffer et al., 1988). A second conserved motif 
(GITE) is typically localized in the C domain which is 
also important for phosphoryl transfer to the substrate 
(Lengeler, 1990; Ruijter et al., 1992). Investigations using 
a series of lacZ and phoA fusions to ptsG of E. coli have 
revealed that the enzyme contains eight TM regions 
(Buhr and Erni, 1993). These regions are also highly 
conserved in TreP (Fig. 2) and reflect those regions of 
hydrophobic character (Fig. 3) implying an analogous 
structure as proposed for PtsG of E. coll. A potential 
enzyme IIA domain as observed for enzyme II Glc in B. 
subtilis (Gonzy-Tr6boul et al., 1991) is missing in TreP. 
These results show that TreP belongs to the enzyme 
IIBC type. 

2.4. Possible role of TreR 

TreA expression is under control of trehalose induc- 
tion (Helfert et al., 1995). This indicates the existence of 
a regulatory protein involved in the regulation of tran- 
scription of the tre operon. The treR gene product is 
one candidate which might regulate tre operon expres- 
sion since it exhibits a putative helix-turn-helix motif in 
its N-terminal part, homologous to several DNA-bind- 
ing proteins. The nature of its function, repressor or 
activator, is not clear with the current sequence data 
alone. However, its homology to the FadR-GntR family 
(Table 1) implicates a function as a regulator. 

2.5. Potential CRE 

Since TreA activity is under CR we have searched 
for potential CRE sequences by homology to the 



F. Sch6ck, M.K. Dahl/Gene 175 (1996) 59-63 61 

i l0  • • • • • • e CRE? • - 3 S o  • • • • • 

1ATA~AATAAGTG£TTG~GA~TTTTAGGGTAA~TTGT~TGTHCATATATTCCAGAC~AGGMGAAAGCGCTA~AAAAAA~1TGACTA~TGTATA~A~AGGAATA~AATATGATTATAAGT~G~AIA~A~AAGTTATAAAAACGG 
SD treP 

lSl ATACGGA~GGGTTGGCATGGGGGAAC~GAACAAATCGGCACGTCAGATTGT~GAAGCAGTCGGCGGTGC~GAAAATATTG~AGCGGCAACTCATTGTGTTACACG~TTGCGTTTTG~TTTAATA~A~GAAAGCAAGGTTGACCA~GAGAT 
1 M G E L N K S A R O I V E A V G G A E N I A A A T H C V T R L R F A L I O E S K V D Q E M  

301GCTTGATCAAATTGA•GTGG•AAAGGGATCATTCTCGACAAA£GGACAG•TTCAGGTCGIAATCGGCCAGGGAACTGTCAATAAAGTATA•GCTGAAC•GGTTAAGGAAACGGGGAT•GGCGAGTCAACAAAGGATGAAGTGAAGAAGGC 
4 6 L D Q I O V V K G S F S T N G O F Q V V I G Q G T V N K V Y A E L V K E T G I G E S T K D E V K K A  

CRE 
451CICAGAAAAAAATATGAATC•TTTGCAGCG•GCTGTGAAA•CGCTTGCAGATATTTlTAITCCAATATTGCCTGCGAITGTCACGGCGGGICI•TTAATGGGGATCAATAACATT•TAACGGCGGAAGGCAT•TCCTTCAGCACAAAATC 
9 6 S E K N M N P L Q R A V K I L A D I F I P I L P A I V T A G L L M G I N N I L T A E G I S F S T K S  

601GATTGTGCAGGTTTATCCGCAGTGGGCGGATCTTGCTAATATGATTAACCTGATTGCAGGCACGGCC•TTACGTTTTTGCCTGCGTTAATCGGAIGGTCTGCCG•CAAGCGGTTCGGCGGCAATCCGCTTC•CGGCATTGTG£T•GGGGT 
1 4 6 1 V Q V Y P O W A D L A N M I N L I A G T A F T F L P A L I G W S A V K R F G G N P L L G I V L G V  

751 TATGCTCGTGCATCC•GAT•TGCTGAATGCG•GGGGATATGGCGCGGCAGAACAAAGCGGAGAGATCCCGGTATGGAA•CTATTCGGCCTAGAGGTGCAGAAAGTCGGCTAT•AGGGCCAGGTGCTCCCAATTT•GCTTGCTTCTTA•A• 
1 9 6 M L V H P D L L N A W G Y G A A E Q S G E I P V W N L F G L E V Q K V G Y Q G Q V L P I L L A S Y M  

901GCTGGCGAAGAT•GAGGTATTTITAACAAAACGCACACCTGAGGGCATACAGCTGCTCGTIGTCGCACCAATTACGCT•C•CTIAACAGGATITGCCTCTTTTATCA•TA•CGGCCCGATTACA•T•GcGATCGGTAATGTA£TGAC•TC 
2 4 6 L A K I E V F L T K R T P E G I Q L L V V A P I T t L L T G F A S F I I I G P I T F A I G N V L T S  

1051AGGGCTTATCTCGGTGTTTGGT~C~T~GCCGCACTGGGCGG~CTGTTATA]GGCGG~IICIACT~AGCGCTCGTGAT~ACCGGTATG~AICACACGTTTCT~GCAGICGACCTGCAGCTCATCGGTT~AAAGCTCGGCGGCAC~TT~T~ 
2 9 6 G L | S V F G S F A A L G G L L Y G G F Y S A L V I I G M H H T F L A V D L D L I G S K L G G T F L  

1201A~GGCCGA~GC~GGCG~T~T£~AA~ATCGCACAAGGTT~GGCG~CICTGGCAl.TGAIGII~ATCGTGAAGGATGAGAAA~AAAAAGGC~CICCCTCACATCAGGGA~T~CTGCT~A~CTIGGCATTACAGAGCCTGCCA~C~TGGGGT 
3 4 6 W P M L A L S N I A Q G S A A L A L M F I V K D E K Q K G L S L T S G I S A Y L G I I E P A I F G V  

1351GAATCTGCGA•ACAGATTCCCGITIATCATTGCAATGGTCAGCTCTGGCCTGGCCGGAATGIATATTTCTTCTCAAGGTG•••IGGCAAGCTCCG•CGGTGTCGGCGGCGTGCCGGGGATITTCTCAATCATGAGCCAGTACTGGGGCGC 
3 9 6 N L R Y R F P F I I A M V S S G L A G M Y I S S Q G V L A S S V G V G G V P G I F S I M S Q Y W G A  

1501GITTGCAATCG~GATGGCIATTG~A~GATCGTGCCGTTTGCCGGAACATA~GCGTATGGCAGATT~AAACA~AAATAACAAGIGGGGAGCGGGACGTGTTGAACGTT~CC~ITTCCCGT~TTCAATTTAAATATGGTGGTGGAAACAGA 
4 4 6 F A | G M A I V L I V P F A G T Y A Y G R F K H K *  

SD treR 
16511G . . . . . . . . . . .  treA . . . . . . . . . . . . .  IAACGAAACCGTGTTAAACTAAGC~GGGTGGICCA~AATGAAGGTGAATAAAT~CATCACAAITTATAAAGACATCGCACAGCAAA~IGAAGGCGGCCGATGGAAAGCGGAGGAGAT~CT 

1 M K V N K F I T I Y K D I A Q Q I E G G R W K A E E I L  

3435 TCCGT•TGAACATGAGT•GACCGCACAG•ACGGTACA•CAAGAGAAACGG•CCGAAAGGCGCTTCATATGCTCGCGCAAAACGGTIAIATCCAGAAAA•CAGGGGAAAAGGcTCCG•CGT•CTCAATCGTGAAAAAATGCAGTTTC••GT 
2 9 P S E H E L I A Q Y G T S R E T V R K A L H M L A Q N G Y I Q K I R G K G S V V L N R E K M Q F P V  

3585 TTCGGGC~TIG~C~GCTTCAAGGAGCTCGCGCAAACGCT~GGCAAAGAAACGAAAACAACTGTACACAAATTCGGGCIGGAGCCTCCGTCAGAG~TGA~CCAAAAACAGCT~CGGGCCAATCTGGATGACGACATCTGGGAAGTCATCAG 
7 9 S G L V S F K E L A Q T L G K E T K T T V H K F G L E P P S E L I Q K Q L R A N L D D D I W E V I R  

3735 GTCTAGA•AGATTGACGGGGAACAIGTGATTTTGGACAAGGATTACTTTTTCAGAAAGCATGTCCCTCACCTGACGAAAGAAA•TTGTGAAAAC•CCATATATGAATATATAGAAGGAGA•CTCGG•C•TTCGATCAG•TACGCCCAAAA 
1 2 9 S R K I D G E H V I L D K D Y F F R K H V P H L T K E I C E N S I Y E Y I E G E L G L S I S Y A Q K  

3885 AGAAATTGTAGCCGAGCcGT~TACGGACGAGGACAGAGAGCTGCTCGATTTACGCGGCTATGACCATATGGICGTGGTGAGAAACTACGTCITTITGGAGGAIACCAG~3TGT~TCAATATA~GGAAAGCAGACACCG~TCGACAAA~ 
1 7 9 E I V A E P C T D E D R E L L D L R G Y D H M V V V R N Y V F L E D T S L F Q Y T E S R H R L D K F  

4035 CCGATTTGTIGATTTTGCGC~GCGGGGGAAATGAGAGAGGCGCCTGCCTGCGGTCGACGCGC-~T~TGG-~CAAAATIGATACA~C~CAAAAATGTGCGTACITITA~I~ITI 
229 R F V D F A R R G K *  

Fig. 1. Nt sequence of the B. subtilis treP and treR genes. The sequence presented contains the potential promoter, treP and downstream sequences 
up to position 1652 (corresponding to the ATG start codon of treA previously published by Hel~rt et al., 1995) and in addition treR, beginning 
with the stop codon of treA at position 3316 of the putative tre operon harboring the potential SD. A potential a A promoter sequence (-35 
(TTGACT) and - 10 (TACAAT) regions) and the potential ribosome-binding sites (SD) are underlined. The potential p-independent terminator 
is indicated by arrows. The aa sequences derived ~om the nt sequences are depicted in one-letter code. Each stop codon of treP and treR is 
indicated by an asterisk. Potential CREs are underlined and designated. These data have been submitted to the EMBL Data Library under 
accession No. Z54245. 

Table 1 
Identities and similarities of TreR to the GntR-FadR family of 
regulators 

Regulators Identities (%) Similarities (%) 

FadR 27 51 
GenA 22 49 
GntR 19 50 
HutCKa 21 47 
HutCpp 24 48 
KorA 18 43 
P30 28 49 
PhnF 22 49 

A comparison of the listed regulators with each other, the definition 
of the FadR-GntR family of regulators and the citations of the original 
publications is presented by Haydon and Guest (1991). 

p r o p o s e d  consensus  sequence (Hueck  et al., 1994). One  
C R E  ma tch ing  the consensus  was found  within the 
coding  sequence of  treP,  319 bp  d o w n s t r e a m  from the 
s tar t  codon.  The  loca l iza t ion  of  a funct ional  C R E  
within  the first s t ruc tura l  gene of  an o p e r o n  has also 
been descr ibed  for the hut ( W r a y  et al., 1994) and  xy l  

( K r a u s  et al., 1994) operons .  A n o t h e r  po ten t i a l  C R E  is 
local ized ups t r eam from the pu ta t ive  p r o m o t e r  at  
pos i t ions  65-78  (Fig.  1), wi th  one mi sma tch  at pos i t ion  
13 of  the p r o p o s e d  consensus  sequence. Prev ious  studies 
wi th  m u t a t e d  C R E  (Weicker t  and  Chambl iss ,  1990; 

Mar t in -Vers t r ae te  et al., 1995) showed tha t  this pos i t ion  
is cri t ical  for a full function.  As we have previously  
shown (Helfert  et al., 1995), a s t ra in  car ry ing  a 
c c p A : :  Tn917 inser t ion  still exhibi ts  CR of TreA act ivi ty  
by  glucose and  manni to l ,  bu t  not  by fructose. Since 
CcpA is supposed  to in teract  wi th  C R E  (Fu j i t a  et al., 
1995; Henk in  et al., 1991; K i m  et al., 1995) med ia t ing  
CR one of  the two or  bo th  poten t ia l  CREs  of  the tre 

ope ron  are  involved  in CR at the t r ansc r ip t iona l  level. 

3. Conclusions 

The high h o m o l o g y  of  TreP  with several  enzymes 
II, its suggested t o p o l o g y  and  its loca l iza t ion  wi thin  the 
pu ta t ive  tre ope ron  p rov ide  evidence for its funct ion as 
the specific t reha lose  t ranspor te r .  

T reR  belongs  to the F a d R - G n t R  family and  is a 
po ten t i a l  r egu la to r  of the tre operon.  

The  three genes treP,  t reA  and  t r eR  are p r o b a b l y  
organized  in the tre o p e r o n  which is p r e sumab ly  
expressed by a i rA-dependent  p r o m o t e r  and  t e rmina ted  
by  a p - independen t  t e rmina tor .  

Two po ten t ia l  CREs  are  present  in the tre ope ron  
which could  be involved  in CR. 
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TreB 1MMSK~NQTD~DRL~ELvGGRGN~ATVSHC~TRLRFVLNQpANARpKE~EQipMVKGCFTNAGQFQVV~G.TNVGDYY~ALiASTGQAQVDKEQVKKAARHN i00 

I : - : I  . . . .  ::I III : I I I . . . I I : I I I I I . I  : . . . . . .  : : l : - : l l l : I . . . l l l l l l l l  . - I . - I . . I : - I I  :: . I : : I I I I - . I  
TreP I MGELNKSA•RQIVEAVGGAENIAAATHCVTRLRFALIDESKvDQEMLDQIDVVKGSFSTNGQF•VVIGQGTVNKVYAELVKETGIGESTKDEVKKASEKN 99 

: . . I I I  - l : : I : I I . : l : . l  I I I - I I I I : . I  II: I I : .  I : : : I I I I I . I I I . I I : I I : I I  I I I I I I : . I I  I II : - I - . I I I . . : . I I  
ScrX I MNYKKSA•ENILQALGGEDNVEAMTHCATRLRLVLKDEGLVDEKALGDMDVVKGTFSTGGQYQVIIGSGTVNKVFSELEKITGKEASSvSEvKTQGTKN 98 

1 I 

TreB 101 

TreP 100 

ScrX 99 

MKWHE•L•SHFAV•FFPLLPAL•SGGL•LGFRNv•GDLPMS•NGQTLAQMYPSLQT•YDFLWL•GEAIFFYLPVG•CWsAVKKMAQRRsLVScLAvTLvS 199 
I. : .  : - : I  I I : I : I I I : : . : I I : : I : . I : : . . . : I  . . . .  : . I :  II : . - :  : : :  I I : : .  I : I I .  l . l l I I l : : : . . .  I . . I : I  II 
MNPLQRAVKTLAD•F•P•LPA•VTAGLLMG•NN•LTAEGISFSTKS•VQVYPQWADLANM•NL•AGTAFTFLPAL•GWSAVKRFGGNPLLGIVLGVMLVH 199 
I I I : I I  II l . l l l : l l : l l l l . : l l l l l l I l l I l l . l l  : . . . I : : : I  I : . : I I : I I I : : I . . : I I : I I  I I I : I I . I I I I I I : . I I  . I I : : I I I  
MNPFQRFVKMLSD•FVP••PA•VAGGLLMG•NN•LTAPG•FYDNQSL•EV•NQFSGLAEM•N•FANAPFTLLPIL•GFsAAKRFGGNAYLGAALGM•LVH 198 

I 2 3 

TreB 200 

TreP 200 

ScrX 199 

PQLMNAYLLG••QQLP'E••VWDFGMFS•AKVGYQAQV•PALLAGLALGV•ETRLKRIVPDYLYLVVvPVCSLILAVFLAHAL•GPFGRM•G•GVAFAvR 294 
I : I : I I :  .I :I . . I  I I : :  : . : - l l l I I : l l : l  I I I : .  I: I I .  I . :  . I :  : I : l l : . . . I : l . . l  • : I I I : .  I I : . : .  :: 
PDLLNAWGYGAAEQSG•E•PVWNLFGLEvQKVGYQGQVLP•LLASYMLAK•EVFLTKRTPEG••LLVvAP•TLLLTGFASF•••GP•TFA•GNVLTSGL• 298 
l : l : . I : : l .  I : . I  I I I  I I I I I I I : - . I I I I I I I I I : I : I . I : I I . I I I  I . I . . I  :: I : . :  : . : I  I I I  .I : : I I : I  . : I  I . - I I .  
PELMSAYDYPKALEAGKEIPHWNLFGLE•NQVGYQGQVLPMLvATY•LAT•EKGLRKV•PTvLDNLLTPLLA•LSTGF•TFSFVGPLTRTLGYWLSDGLT 298 

4 5 

TreB 295 

TreP 299 

ScrX 299 

HLMTGSFAP IGAALFGFLYAPLV ITGVHQTTLAIDLQMIQ.. S .MGGTPVWPLIALSN IAQGSAV IGI I ISSRKHNE . REISVPAAISAWLGVTEPAMYG 390 

:: I I I I : : I :  I:I " I . : I I I I I : I : I  I I : I I I : I .  I : I I I  : I I : : I I I I I I I I I I . : : : : :  : . - - :  : ' : I : - . ' I I I ' I I : I I I I : ' I  
SVF.GSFAALGGLLYGGFYSALVITGMHHTFLAVDLQLIG..SKLGGTFLWPMLALSN IAQGSAALALMFIVKDEKQ.KGLSLTSGISAYLGITEPAI FG 394 

• :: : : I ' I I I . " I  : I . : : I I I I I I I . I : I : :  I I I :  I. I I . I : : I :  . : I l l l l l . l l l l  : I I : I : : I .  I I ' .  . . l : l l .  I I l l l l l : l l  
WLY•EFGGAIGGLIFGLLYAPIVITGMHHSFIAIETQL•ADSSSTGGSFIFPIATMSNIAQGAAALAAFFIIKENKKLKGVASAAGVSALLGITEPAMFG 397 

6 71 t 

1 
TreB 391 INLKYRFPML•AMIGSGLAGLL•GLNG•MANG•G•GGLPGILSIQPSY•Q•••FALAMAIAIII•I•LTSFIYQRKYRLGTLDI• 473 68% 42%l  

: l l : l l I l : : . l l ' : l l l l I : . . :  . I I ' I . : : I I I I ' I I I : I I  II. . I I : : I I I . : I : I : .  I : I.I ,] TreP 395 VNLRYRFPFIIAMVSSGLAGMYISSQGVLASSVGVGGVPGIFSIMSQYWG..AFAIGMAIVLIVPFAGT.YAYGRFKHK 470 S 
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Fig. 2. Homologies of enzymes II. Presented are the similarities (dots between rows) and identities (lines between rows) of TreP of B. subtilis to 
TreB of E. coli (Klein et al., 1995) and to ScrA of Staphylococcus xylosus (Wagner et al., 1993) as obtained by sequence analysis using the GCG 
program. The percentage of similarities (S) and identities (I) to TreP is depicted in a box at the end of the last row. The arrow indicates the 
cysteine in domain B which is highly conserved in enzymes II and is phosphorylated during transport (Nuoffer et al., 1988). The open boxes 
indicate conserved regions which are thought to be important for the phosphoryl transfer to the incoming sugar (Lengeler, 1990; Ruijter et al., 
1992). The lines numbered 1-8 indicate those regions which are supposed to be potential membrane spanning regions, determined in the PtsG 

protein of E. coli by a series of phoA and lacZ fusions (Buhr and Erni, 1993). 
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Fig. 3. Hydrophobicity profile of the predicted TreP protein. Hydropathy values for a window of 9 aa were calculated by the method of Kyte and 
Doolittle (1982) using the GCG program. The solid lines (numbered 1-8 corresponding to the underlined regions in Fig. 2) indicate the regions 
most likely to form TM c~-helices. Hydrophobic regions correspond to the positive index numbers. 
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