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Abstract 

The nucleotide sequence of an approximately 6 kbp segment of chromosomal DNA of Vibrio parahaemolyticus was determined. The 
nucleotide sequence revealed four open reading frames (ORFs) in this region. Hydropathy profiles of the deduced amino acid sequence of 
the ORFs indicate that ORF1 encodes a hydrophobic polypeptide with typical characteristics of a membrane transport protein. All other 
ORFs encode hydrophilic polypeptides. ORF1 showed significant amino acid sequence similarity to proteins of the SGLT (Na+/glucose 
symporter) family, and the amino acid sequence of ORF4 showed very high similarity to several bacterial transcriptional repressor 
proteins (GalR-LacI family). We observed elevated glucose transport activity in cells harboring a plasmid carrying the DNA region 
corresponding to ORF1, and the glucose transport was greatly stimulated by Na ÷. Thus, we believe that ORF1 encodes a Na+/glucose 
symporter. 
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Vibrio parahaemolyticus is a marine bacterium that 
requires Na ÷ for its growth [1]. This organism shows 
extremely fast growth under favorable conditions. This 
property in addition to its diarrheic toxin is closely related 
to the fact that this bacterium causes food poisoning at 
high frequency. Cells of V. parahaemolyticus can grow 
more than twice as fast as cells of Escherichia coli, which 
is the best characterized bacterium. It seemed to us that 
this organism possessed very efficient or very unique 
energy transducing systems to support such fast growth. 
Thus, we have been interested in membrane-related energy 
transducing processes in V. parahaemolyticus cells. We 
found that Na ÷ was involved in many energy transducing 
processes in membranes of this organism [2-5]. So far, we 
have found a respiratory Na ÷ pump [2], a Na+-stimulated 
ATP synthesizing system [3], a Na+/H+/adenos ine  sym- 
port system [4] and a Na+/glucose symport system [5] in 
this organism. During the course of our studies on the 
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membrane transport systems, we cloned DNA fragments 
from the V. parahaemolyticus chromosome and sequenced 
them. We found one ORF (open reading frame) which 
specifies the glucose transport protein. 

V. parahaemolyticus AQ3334 [2] was used as the source 
of chromosomal DNA for cloning. Cells of AQ3334 were 
grown in Luria-Bertani (LB) medium at 37°C under aero- 
bic conditions. E. coli strain S~b1660 ( AnupC, AnupG) 
[6], which lacks adenosine transport activity and cannot 
grow on adenosine as a sole source of carbon, and JM83 
were used as hosts for cloning and subcloning, respec- 
tively. E. coli cells were grown in a minimal medium [7] 
supplemented with 10 mM adenosine and solidified with 
1.5% agar or in L broth [8] in the presence of ampicillin 
(50 / , g /ml )  at 37°C under aerobic conditions. Plasmid 
pBR322 was used for the construction of various hybrid 
plasmids. Plasmid pBluescript I I K S ( - )  was used for sub- 
cloning and DNA sequencing. The nucleotide sequence 
was determined by the dideoxy chain termination method 
[9]. Double stranded plasmid DNA was used for the se- 
quencing reaction as specified by Applied Biosystems for 
use in the 373A Automated Sequencer. The DNA se- 
quences of both strands were determined. Sequences were 
analyzed with the sequence analysis program, GENETYX. 
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E. coli PPA172 [10], which lacks a major glucose trans- 
port system (phosphoenolpyruvate:carbohydrate phospho- 
transferase system), was used to evaluate the effect of the 
cloned DNA region on glucose transport activity in the 
cells. Transport assays [5] and protein assays [11] were 
performed as reported. 

A 6.4 kbp DNA fragment of V. parahaemolyticus 

AQ3334 was cloned by the fol lowing procedure. Chromo- 
somal D N A  of  V. parahaemolyticus AQ3334 was partially 
digested with Sau3AI and fractionated by sucrose density 
gradient centrifugation, and D N A  fragments of  4 to 10 kbp 
were ligated to the BamHI site of  plasmid pBR322 that 
was previously treated with bacterial alkaline phosphatase. 
Competent cells of  E. coli S~b1660 were transformed with 

A 
ACTT[CCAGACGG~CCAAACAAACCAGAATGGGGACTCAACAATGGGGTGTTGAGCTCTGGGGATTGCTATCAG~ATCA6ACTACl-fATC 
AGTTTGAATI-i-TAGATAGCACTr CTAC C CTTTGAACTTGCAG CGG CAG C GAT GCTGCAACTC CAAC GAC TTTG G GTG3-1"AYGGTG GG CTA 
CATGCCCAC(. i I i i i i~11 t I i I]ATATG TATTT'FTAC TAGGAAGTI"rAAATCACTTACCTCACTTTC GACACAATACTGTACGGTGGATG 
ATC C CC GTAATI'FCCTACTTATTAC TCTTCGTTTTACCTTTA'ITGTTATCGTTTACATTTTTCI"r GATTTTAGAGAGTTTTAATrAAATG 
ACACI"r CTCI"rAATATrTGTGATCTTTAG CTC GTTATAAGG TrI"rTAGCGTAATATGTATCAATATGTGTGATTTGAGTTACA~CA~ 
TGAGTGGTAACG'IT[ACACTI"[GCGGC GTAAACAAAACTACAG GATGAAACTGATGTAATATAGAACATGGTC TAAG CTTTATC GAC ATA 
ATGGTCTTCGCCATTTATGTC GCAAI'[ATCATTGGGGTCGGACTFTGGGTATCTCGTGATAAAAAAG GCACTCAGAAAAGTACGGAAGAT 
M V F A I Y V A I I I G V G L W V S R D K K G T Q K S T E D 
TATTTCTTG GC GGGAAAATCTI"I'GCCTTGGTGGGCTGTC G GTG CTTCGCTAArr G CT GCAAATATTTCTGC GGAACAATI'[ATAG GAATG 
Y F L A G K S L P W W A V G A S L I A A N ][ $ A E Q F I G 14 
TCTGG3-f CA GGCTATTCAATTGG CTTG GCTATC GCATCTTATGAATGGATGTC GGCAATAACAI'~'GAI"[ATTGTr GGTAAGTACTrr CTA 
S G S G Y S I G L A I A S Y E W N S A I T L I I V G K Y F L 
CCTAT1"/-r CATTGAAAAAG GAATCTAYACCATTCCTGAATTTGTTGAAAAACG CTTCAATAAAAAACTAAAAACAATTTTG G CCG TTI"FT 
P I F I E K G I Y T I P E F V E K R F I~ K K L K T T L A V F 
TGGATTTCCTrGTACAVFTI"r GTAAACCTAACTTCAG TACTGTATI'r AGGTGGTTTG GCTC TCGAAACCAI'I'rTGGGTATTCC GTTGATG 
W T S L Y T F V N L T S V L Y L G G L A L E T I L G ][ P L 14 
TACTCAATTCTAG GTC TTG CG CTGTTTG CGTTGGTGTACTCAATTTATGGTGGTTTATC GGCAGTAGTATGGACC GATGTCATC CAAGTG 
Y S I L G L A L F A L V Y S I Y G G L S A V V E/ T [} V I Q V 
TTCTTCTTAGTTTTGGGTGGTTTTATGACTACCTACATGGCAGTGAGCTTTATTG GTGG TACGGAC GGTTG GTTC GCTG G GGTGTCTAAA 
F F L V L G G  F M T T Y N A V S  F I G G T D G W F  A G V S  K 
ATGGTCGATGCAGCTCCTG G C CACTTTGAGATGATCVrGGATCAAAGTAATC CACAATACATGAACCTr C CTG GTATTGCC GTATTAATT 
H V D A A P G H  F E M I L  D Q S N  P Q Y M N  L P G  I A V L I 
G GTGG TcI"rTG GGTAGCAAACTTAr ATTACTGGGGCTTTAACCAGTACATTATTCAAAGAACGCI'[G CTGCAAAATCAGTATCGGAAGCT 
G G L W V A N L Y Y W G F N q Y I I Q R T L A A K S V S E A 
CAGAAAGGTATTGTTTTTGCAGC ~ I I I f l GAAACTTATC GTFC CGTTTCTCGTGGTATTGCCAG GTATr GC C GCTTAC GTTATTAC~CG 
Q K G T V F A A F L K L I V P F L V V L P G I A A Y V I T $ 
GAC C CACAACTAATG G CAAGCCTTGGTGATAT[G CAG CAACA~ACCTTC CAAGTG CTG CTAATGCGGATAAAG CATACC CTTGGCTAACT 
D P Q L M A S L G D I A A T N L P S A A N A D K A Y P W L T 
CAGl-[CTTGCCTGTTGGTGTTAAAGGTGTTGTTTTTGCGGCTCTTGCTGCTGCAAl-FGT3TCTTCACTAGCATCAATGCTTAACTCAACA 
Q F L P V G V K G V V F A A L A A A I V S S L A S 14 L N S T 
GCCACTATCTTCACTATGGATATTTACAAAGA•TATATCTCTCCTGACTCAGGTGACCACAAGTTGGTGAATGTTGGGCGTA•TGCAGCT 
A T I F T 14 D I Y K E Y I S P D S G D H K L V N V G R T A A 
GTG GTGG CACTAATTATTGCTTGCCTAATTG C CCCAATG'I'FAGGTGGTATr G GCCAAGCATTCCAATACATCCAAG AATATACAGGTTTA 
V V A L I I A C L I A P N L G G T  G Q A F q Y  I Q E Y T G L 
G TTAGCC CTGGTAITT[GG C TGTAI'[CTTACTTGG CTTAI'I'CTGGAAGAAAACAACCAG TAAAGG GG CTATTATTGG TGTAGTAG CATCA 
V S P G I L A V F L L G L F W K K T T S K G A I T G V V A S 
ATACCATl-rGc CTTGTTCTTGAAATTTATG C CA CTTr C CATGCCATFTATG GATCAAATGCTATACACAITATTGTTTACAATG Gl~GTT 
T p F A L F L K F N P L S N P F N D Q M L Y T L L F T N V V 
ATC GC ATTTAC AAGTI"r GAGCACATCAATTAAT GATGATGATC CTAAAG GTATTAGTGTTACATCATCGATGTTTGTAACAGATCGAAGC 
I A F T S L S T S I N 0 D O P K G I S V T S S 14 F V T O R S 
1TFAATATCGCTGCTTACG GCATAATGATTGTTTTGG CAGTGTTATATACA~GTTCTGGTAAAACCATTC TTTAI'[ATACT CC G CTCTT 
F N I A A Y G I ~4 I V L A V L Y T L F 
TTTTGAGCGGAGTTTTTCTAATTAAAAGAGTGTCATATGGATTCAACCTTGCTGCCAAATGTCGT3-[CI i i I IIIAAAACGArAGAGCCA 
TFTCATTTACTTC CTGACCATGTTCTI'GATCTATC GCTAC GAACACAGATATT~ATTG GGGAA~G GGAGAGAGTGTCTC CTTAGTTA 

N 

TG C CTGAAG GGAAAAATTTATATATTATTC GAG C TGGAGTf ATC GAACAGAGATTTC CTAATGGTGAATTAAGAGCTAGATTA GGC GAAA 
P E G K N L Y I T R A G V I E Q R F P N G E L R A R L G E N 

ATGATGTATTTG GATTTAATTTAGAACAGGATAAATATAAAGTAAAAACCATTGSUXAATTGTFTAATATATAAAATTAA1"[ATG C G TTC T 
D V F G F N L E Q D K Y K V K T I E N C L I Y K T N Y A F L 

TACTAAAAGAAGTTTCGAATTI"T GAAAATGTTGT~AAC CAG GTTGCAATCC GTGCAAGTCAACGTCTCACTTCAAGTATTAATGCACAGT 
L K E V S N F E N V V N Q V A I R A S Q R L T S S I N A Q Y 

AI"~CACAAGTAG~ A~A~-AG C CTla I 1 I I I I AAAAGG GCTAAAGATTTAG C CAATCATAATGTTGTGGT GGTGCATCCAAACCAAAGTATC C 
S Q V E K S L F F K R A K D L A N H N V V V V H P N Q S T Q 

AGCAAGTGGCGCAAATCATGAGTAAAAAAGGCTGCACTrGTGCCTTGGTTACCAATGACAATGCATTGGTTGGAATGGTTACCGAGACTG 
Q V A Q I H S K K G C T C A L V T N D N A L V G W V T E T D 

ACATGACAAGTAGAGTGGTTGCTGAGGCGI"[TAATATCTATAGAC CTGTTGAG GATAI'[ATGAAC GCTCAT CCTCAGAGTGTTGAC CAAG 
N T S R V V A E A F N I Y R P V E D I 14 N A H P q S V O Q D 

ATG AG CC C GTTATTT CTG C GCTC AATCTGATGATGAAACACAATATTCGTAATATC C CTGTTC~-1"GACAAAAATAAACAGG T3T[AG G TT 

A continued 
TAATC G CAGCCTTAGTTAGAAATTTAATATCACACCGTC CAC CACTAGG GATATTCAATAACTTAGTGTTAGAAAATAATGGTCACAAC G 

Z[ A A L V R N L I S H R P P L G ]2 F N N L V L E N N G H N E 
AAAAATC G CTG AATATTAAAAAG TC TG CG ATTGGTCTGTTGGTCGATATCGCTAGAATFTATG CTCI'I'CATAAAGGCG GAGGAATGTTGT 

K S L S I K K S A I G L L V D I A R T y A L H K G G G M L S 
CAACG GAAGAAAGATTC GATTTTGCGTATGATAGAGGATTGATTAATAG CACTTCACATCAAGACTTG ATAGGGACTTATC GTTATG TAA 

T E E R F D F A Y D R G L T N S T S H Q D L I G T Y R Y V T 
CGCAAI'r AC GTTACTCACATCAG CTG CAATGCTTACAAG GTG GAAAGCCAGTAAC GAATGCTATAI-I-FCCTGAG CATI-rTG GCAGCTTTG 

Q L R Y S H Q L Q C L Q G G K P V T N A I F p E H F G S F E 
AAAGACAAC ATCTCAAAGATG CTTTTC GCATAATACGCG GTFATC AAGACACGTTAAAAATGAAATTTGGCTCTTAG TATGTTTG GCTAC 

R Q H L K D A F R I I R G Y Q D T L K M K F G S M F G Y 
TCAITCC AGTC AATTGAACATCTAGAACAGGTGCG CAGAGAACTAGAAAAATCTAG C'(-r GC C~GATGTA'n'TAACTCTATAG GAAATAC G 
S F q S I E H L E Q V R R E L E K S S L P D V F N S I G N T 
CCTCTACCTGGCGCTTTATCGGATGCTAGAGAGT•AGACACGTTAGTCTTGGACTTTGAAACGACAGGATTTAATCCTGAAGTA•ATAGA 
P L P G A L S D A R E L D T L V L O F E T T G F N P E V D R 
G TAATCAG TATTGGATGG GTAGAAAVr C GAAACAG CAATATTC GTCTAAATAGTG CAC GTC ATGTCTTCATTAATCATGCAAI-FGATATT 
V I S I G W V E I R N S N I R L N S A R H V F I N H A ][ D I 
TGTCATGAGTCAGTCAAAGl-~CAC~ATATTAGG~CTGAAACG3~FGCATGTATCGGGGATTTCAGAA~AAGCTGCTTTCACTCAGTTGCTG 
C H E S V K V H H IF R P E T L H V S G I S E Q A A F T Q L L 
GAT GTAATTGC TGGTAAAATTCTTGTTGC ACATG G CTGCATTATG GAG CAGAGGTI-I-rTAGAGCAATACATCAAGATGAAG TACCAGAAT 
O V T A G K I L V A H G C I N E Q R F L E Q Y I K N K Y Q N 
TTGAAGTTG CCATTAATATGGTTAGATACAl~FAAAAATC GAGCAATATC GCAC C CAACTGAGAC CTACTC G GTCTGACTG G CGGI-FAAGT 
L K L P L I W L D T L K I E Q Y R T Q L R P T R $ D W R L S 
TCAATTC GAAAGGAA CTCAAC CTACCAACATATCAAGCCCATAAC GCACTAAATGATGC GATAG C GACTG C C GAACTATATCTAG CACAG 
S I R K E L N L P T Y Q A H N A L N D A I A T A E L Y L A Q 
ATTAATTGCITGTTT GGCCITrCATCTGC GCCATTACATGTTTTAGTGAATGC TTCGC GCTAACAIT"TAAC GCATACATCAACAACG CTC 
I N C L F G L S S A P L H V L V N A S R 
GACAGAGTTTCTTCGTACTAAAG•-rGGGCTAAAAATAATGGTTTCATCTTCAACTT•TTCGTCACGAGACAGCGCCAAAGCCAAAC•GGC 
G GC GC GTTC TG CCATCATCTC GATTGGGTAG C GAATAG TAGTCAAGCTAGG GTGAACAAAG CGGG CGATTAAGCCATCATC GAAC CC GAC 
CATAGAAACCTTACTTGGTACGTCAATGCCATT-C[GATCTAACGCTGCGAGTGCGCCAGCGGCCATGTAGTCGTTGTAGGCCACCACTCC 
AGTAATCTCCAAAGATTTGGTTAACAGGTTGGTCATCGCAACTTCGCCACCATCACTGTTGGGTTCACCGTATTCGATGTAGCTTTTGGA 
GAGTTCAATAC CATGTrCTTr CAATGCGACTTG GTAAC CTTGCAAGCGTTCATC GGTATCTTC GATATCGT GGGATGAGGCAATG CAAGC 
GATTrTGCGATGCCCGTGAC GAATTAAATATTCTGTCG CGAGGAATGCTCCTI-[GCGGTTATCAAGG GAAATACAGC GCTCAGCAAG CTC 
TGG GATATGAC GATTGATAAG CACCATAC CI'i-fTACTTCTTGGGCGTAGCCAATTAGCTCCTCATCAGATAAG CCTTTCGAGTGGATGAC 
TATTGCATC GCAAC GGCTGl-[GATCAGTAATrCTAGAG CTTGACGTrCATCTTCTGGATrATGGTAACCGTTG CCAATCAAGATATGTTT 
G CCATTTTC G C GCGC GACATrAT CGACGGA3Tr GACCAGC GTGCCGAAGAAAGGATC GGACAC ATCACTCACCAACACACCCATG GTATT 
TGTGCTTTGA•TCACCAGTGCGCGAGCTGCGGCATTGGGTCTGTAAC•CAAT1TTCTCATTGCTTTGGTGACCGACTCTACCGATGATrG 
ACTGGCTTTTGGGGACTTGTTGATCACGCGAGAAACCGTTGCGACCGAAACACCGGCTTCTTTCGCGACATCCTTGATCGTTGCCATATA 
GAACC 3-fTAGTGGCTAAAAAATTTGACTG GAAGTATTAAAC ACCCATTGTGTAATAAGTGCAATTTGATAG GGGAT[TGCTI-r C G GAAAT 
GAGATCC 

B 
GGATCTCAT3"[CCGAAAGCAAATCC CCTATCAAATTGCACTTATTACACAATGGGTGI-fTAATACTTCCAGTCAAA i I I I I IAGCCACTA 
AAG GTTCTATATGGCAACGATCAAG GATGTCGCGAAAGAAGCCGGTGTTTCGGTC GCAA CGGTTTCTC GCGTGATCAACAAGTCC CCAAA 

N A T I K B V A K E A G V S V A T V S R V I N K S P K 
AGC CAGT CAATCATCGGTAGAGTCG GTCACCAAAGCAATGAGAAAATTG G GTTACAGAC CCAATG CCGCAGCTCGCGCACTGGTGAGTCA 

A S Q S S V E S V T K A N R K L G Y R P N A A A R A L V S Q 
AAG CACAAATACCATGGGTGTGTTG GTGAGTGATGTGTCCGATCCTTTCTTCGGCACGCTGG TCAAATC C GTCGATAAT GTC GCGCGCGA 

S T N T M G V L V S O V S D P F F G T L V K S V D N V A R E 
AAATGGCAAACATATCTTGATr GGCAACGGTTAC CATAATCCAGAAGATGAAC GTCAAG CTCTAGAA~A~GATC~AGCC~GCGA 
N G K H I L I G N G Y H N P  E D E  R Q A L E L L I N S R C O 

TGCAATAGTCATC CACTCGAAAGGC TTATCTGATGAGGAG CTAATTGGCTACGCCCAAGAAGTAAAAGGTATG GTGCI-FATCAATC GTCA 
E P V I S A L N L M M K H N I R N Z P V L O K N K q V L G L A I V I H S K G L S O E E L I G Y A q E V K G M V L I N R H 

TG ATTAGC C CTCAAGAGTTAGTTCAGAGGCATG GCAT CCAGGC TGTTTTTTTG ATTGAAAAAATCAGTAAGTGTAATAGI-fTAGAATCG C TATCCCAGAGCTTGCTGAGCGCTGTA3"FTCCCTTGATAACCGCAAAGGAGCATTCCTCG C AGAATATTTAATTCGTCACG GGCATC G 
r S p Q E L V Q R H G I Q A V F L I E K I S K C S S L E S L I P E L A E R C I S L D N R K G A F L A T E Y L I R H G H R 

TTTCATTGIT-AGTAAAAGAACGTCAG GCAGTATrr GAGG C GATGATAGAATCG CATTTGCCAG C C AAT GTAATTG GG CAAG1T/-FAATGA CAAAATC GCTTGCATTGCCTCATCCCACGATATCGAAGATACCGATGAAC GcI"r G CAAGGTTACCAMGTC G CAI-r GAAAGAACATG GTAT 
S L L V K E R Q A V F E A N I E S H  L P A N V I G Q V L M N  K I A C I A S S H D I E D T D E R L Q G Y Q V A L K E H G I 

T GATTTAT GAT GC C Tl'r ACC TGTC GATTGATTAAATTAG CAGAAAG/ULAC GTGG GTI'TACCTC CI~GTAAI-rATGCTTG GCTAGC GGCGG TGAACTCTCCAAAAGCTACATCGAATACGGTGAACCCAACAGTGATG GTG GCGAAGTTGC GATGACCAAC CTG I-CAACCAAATCTTT GGA 
I Y D A F T C R L I K L A E R N V G L P P C N Y A W L A A G E L S K S Y I E Y G E P N S D G G E V A 14 T N L L T K S L E 

G~CG CATG CGAGAG GAGAGG1TCACTTAGG'ITCTGATCAAGATAAC G CTTTAGTACTrGATGACTCAG CAACAGAAAGTG ACCGAATTT GAI-[ACTGGAGTGGTGG CCTACAACGACTACATGGCCGCTGGCG CACTCGCAGC GTTAGATCAAAATGGCATf GAC G TACCAAGTAAGGT 
S H A R G E V H L G S D Q O N A L V L D D S A T E S D R I Y I T G V V A Y N D Y W A A G A L A A L D Q N G I D V P S K V 

ATTTI'CGACATTTTG CTATGTATATATGTAAAG GATTAG CGGAATGC GGGTATCCI-FTGTGTAATGGGC GTTTTATGGC GG CTACAC CAA TTCTATG GTCG GGTTCGATGATG GCTTAATCGCCCGCTTTGTrcAcC CTAGCTTGACTACTATTC G CTACCCAATC GAG ATGATGG CAGA 
F R H F A 14 Y I C K G L A E C G Y P L C N G R F N A A T P K S M V G F O D G L Z A R F V H P S L T T I R Y P I E N 14 A E 

AGTGGAATCAG CCATTATTCATCTGGAAG CAGCTCTACAGAAAATGG G CGAACAATCCAGAGTACAATATGTTACTAAATCTrAATGTCT A CGC G CC GCCC GTI'FGG CTTTGG CG CTGTCTC GTGACGAAAAAGTTGAAGATGAAACCATTATTTTTAG CCCAACTTTAGTAC GAAGAAA 
// N Q P L F I W K Q L Y R K W A N N P E Y N NI L L N L N V F R A A R L A L A L S R [ E K V E D E T I I F S P T I. V R R N 

TTCTTGAAGTGC G CTTTA177"CC GGGGATAG GTCAC TATTTGATGAACTAAATAGTGAACGCGAG CG GTGTACCAAAAATAACCC TCAT T CTCTGTCGAGC GTT GI-FGATGTATG C GTTAAATGTTAG CGC GAAGCATTCACTAAAACATGTAATG G CG CAGATGAAAG GCCAAACAAG C 
L E V R F I S G D R S L F D E L N S E R E R C T K N N p H C S V E R C 

Fig. 1. (A) Nucleotide sequence of the 6 kbp DNA fragment and deduced amino acid sequence of ORF1 to ORF3. (B) Nucleotide sequence and deduced 
amino acid sequence of ORF4 in the complementary strand. The 5' end of this strand corresponds to the 3' end of the sequence shown in (A). 
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the hybrid plasmids, spread on agar plates containing 
adenosine as the sole source of carbon. One hybrid plas- 
mid could complement the growth of S~b1660 cells on 
adenosine. The recombinant plasmid was designated as 
pYAT26. An approximately 2.2 kbp DraI-DraI fragment 
containing ORFI (see below) was ligated at the EcoRV 
site of pBR322. The constructed plasmid was named 
pYAT271A. 

The nucleotide sequence of 5857 bp in the pYAT26 
was determined (Fig. 1A). Computer analysis of the se- 
quence data predicted four potential ORFs (ORF1 to 
ORF4). Location and directions of the ORFs in the pYAT26 
are shown in Fig. 2. The ORFs are not overlapped and the 
direction of ORF4 is opposite with respect to the other 
ORFs. 

ORF1 is 1590 nucleotides long with a possible ATG 
start codon at position 541 of the sequenced DNA and 
ending with a TAA stop codon at position 2130 (Fig. 1A). 
The termination codon TAA is followed by a rho-indepen- 
dent transcriptional terminator-like sequence at position 
2150-2172. ORF1 encodes a peptide of 530 amino acid 
residues with a predicted molecular weight of 57.4 kDa. 
The most abundant amino acid residue of this protein was 
Leu (61 residues) followed by Ala (57 residues) and lie 
(54 residues). The least abundant amino acids were Cys (1 
residue) and His (2 residues). The protein specified by 
ORF1 is highly nonpolar (71% nonpolar residues). Thus, 
this protein is highly hydrophobic. 

ORF2 is 1695 nucleotides long, beginning with an ATG 
start codon at position 2340 of the sequenced DNA frag- 
ment and ending with a TAA at position 4034 (Fig. 1A). 
ORF2 encodes a polypeptide of 565 amino acid residues 
with a predicted molecular weight of 64.2 kDa. ORF2 
contains 54% nonpolar and 46% polar amino acid residues. 

ORF3 is 702 nucleotides long, beginning with a possi- 
ble ATG start codon at position 4039 and ending with a 
TAA stop codon at position 4740 (Fig. 1A). ORF3 could 
encode a peptide of 234 amino acid residues with a 
predicted molecular weight of 26.7 kDa. ORF3 contains 
52% nonpolar residues. 

ORF4 is 996 nucleotides long beginning with an ATG 
start codon at position 101 of reverse complementary 
sequences and ending with a TGA stop codon at position 

:1: = = : >  > = 
E 

I i I I I1 I Jl II II I I [  I II  ] I 

I o.~1 > I o.F2 ~ > ~  

1 kb 
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Fig. 2. Restriction map of the 6 kbp DNA fragment derived from the V. 
parahaemolyticus chromosome and carried in the plasmid pYAT26, and 
location and directions of ORFs found in this region. A plasmid 
pYAT271A carries DraI-DraI fragment containing ORF1. 
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Fig. 3. Hydropathy profiles of ORF1 to ORF4. The hydrophobicity and 
hydrophilicity of the four ORFs were calculated by the method of 
Eisenberg et al. [13] with a window of eight residues, and the profiles 
were plotted from the amino terminus (left) to the carboxyl terminus 
(right). The portions above the zero lines indicate hydrophobic regions. 

1096 of reverse complementary sequence (Fig. 1B). ORF4 
encodes a polypeptide of 332 amino acid residues with a 
predicted molecular weight of 36.2 kDa. The protein de- 
rived from ORF4 contains 53% nonpolar residues. 

All of the four ORFs are preceded by possible Shine- 
Dalgarno sequences [12]. Promoter-like sequences are pre- 
sent upstream from ORF1 and ORF2. 

Hydropathy analysis of the deduced amino acid se- 
quence of the ORFs was carried out by the method of 
Eisenberg [13], and the profiles are shown in Fig. 3. The 
patterns suggest that the protein encoded by ORF1 is very 
hydrophobic and the proteins encoded by ORF2, ORF3 
and ORF4 are hydrophilic. The hydropathy pattern of 
ORF1 indicates that it is a typical integral membrane 
protein with 10 to 14 transmembrane regions. 

The deduced amino acid sequences of the four ORFs 
were searched for homology to known protein sequences 
in the SWISSPROT protein sequence database. Among the 
four proteins potentially encoded by the clone, only ORF1 
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Fig. 4. Glucose transport in cells harboring a plasmid carrying ORF1. (A) 
Glucose transport in cells of E. coli PPA172 (©) and 
PPA172/pYAT271A (0)  was measured in the presence of 10 mM NaCI 
as described previously [5]. (B) Initial velocity of glucose transport in 
cells of E. coli PPA172/pYAT271A was measured in the presence of 
indicated concentrations of NaC1. 

and ORF4 showed significant homology to known protein 
sequences. The protein sequence comparisons revealed 
significant similarity of  ORF1 to members of  the SGLT 
(Na÷/g lucose  symporter) family of  mammalian and bacte- 
rial origin. The deduced amino acid sequence of  ORF1 
showed 31% identity and 75% similarity with the 
Na+/g lucose  symporter (SGLT1) of  the human intestine 
[14]. About 66% and 63% similarity was found with the 
N a - / p r o l i n e  [15] and Na÷/pantothenate  [16] symporters 
of  E. col i ,  respectively. On the other and, the protein 
encoded by ORF4 showed very high similarity to the 
GalR-LacI family, the transcriptional regulatory proteins in 
bacteria. The protein encoded by ORF4 showed 56% 
identity and 88% similarity with the galactose operon 
repressor, GalR, of  E. col i  [17]. Other members of  the 
GalR-LacI family showed 68% to 86% similarities with 
the protein specified by the ORF4. 

From the homology data it seemed that the protein 
encoded by ORF1 is a Na÷/so lu te  symporter, probably a 
Na÷/g lucose  symporter which was reported previously 
[5]. Thus, we investigated whether the protein specified by 
ORF1 can transport glucose. Cells of  E. col i  PPA172 
whose glucose transport system is defective were trans- 
formed with plasmid pYAT271A which carries ORF1, and 
t ranspor t  o f  g lucose  was  measured .  Cells  o f  

PPA 172 /pYAT271A showed very high activity of  glucose 
transport (Fig. 4A). On the other hand, the host cells 
(PPA172) showed very low activity. Furthermore, the glu- 
cose  t r anspor t  ac t iv i ty  o b s e r v e d  in cells o f  
PPA172 /pYAT271A was greatly stimulated by Na ÷ with 
maximum stimulation at 10 mM (Fig. 4B). These results 
support the idea that ORF1 specifies a Na÷/g lucose  sym- 
porter. 

We observed no significant increase in adenosine trans- 
port activity in cells harboring the plasmid pYAT271A 
which carries ORF1. Further studies should clarify why 
plasmid pYAT26 which carries the four ORFs comple- 
mented the growth defect of  E. col i  S~b1660 on adeno- 
sine. 
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