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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-Lacl 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" /adenosine 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¢1660 (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 wg/ml) at 37°C under aerobic conditions. Plasmid
pBR322 was used for the construction of various hybrid
plasmids. Plasmid pBluescript IIKS(—) 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.



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

A

ACTTTCCAGACGGGCCAAACAAACCAGAATGGGGACTCAACAATGGGGTGTTGAGCTCTGGGGATTGCTATCAGCATCAAACTACTTATC
AGTTTGAATTTTAGATAGCACTTCTACCCTTTGAACTTGCAGCGGCAGCGATGCTGCAACTCCAACGACTTTGGGTGTTATGGTGGGCTA
CATGCCCACCTTTTTTGTTTTTGATATGTATTTTTACTAGGAAGT TTAAATCACTTACCTCACTTTCGACACAATACTGTACGGTGGATG
ATCCCCOTAATTTCCTACTTATTACTCTTCGTTTTACCTTTATYGTTATCGTTTACATTTTTGTTGATTTTAGAGAGTTTTAATTAAATG
ACACTTCTCTTAATATTTGTGAT CTTTAGCTCGTTATAAGGTTTTTAGCGTAATATGTATCAATATGTGTGATTTGAGTTACATTTCATT
TGAGTGGTAACGTTTACACTTTGCGGCGTAAACAAAACTACAGGATGAAACTGATGTAATATAGAACATGGTCTAAGCTTTATCGACATA
ATGGTCTTCGCCATTTATGTCGCAATTATCATTGGGETCGGACTTTGGGTATCTCGTGATAAAAAAGGCACTCAGAAAAGTACGGAAGAT
MV FATIYVAIIIGVGLNVYSRDKKSGTOQKSTET?D
TATTTCTTGGCGGGAAAATCTTTGCCTTGGTGGGCTGTCGOTGCTTCGCTAATTGCTGCAAATATTTCTGCGGAACAATTTATAGGAATG
YFLAGKSLPWWAYGASLIAANTISAEQFTIGHM
TCTGGTTCAGGCTATTCAATTGGCTTGGCTATCGCATCTTATGAATGGATGTCGGCAATAACATTGATTATTGTTGGTAAGTACTTTCTA
$GSGYSIGLATIASYEWMSAITLIIVGEKYF.L
CCTATTTTCATTGAAAAAGGAATCTATACCATTCCTGAATTTGTTGAAAAACGCTTCAATAAAAAACTAAAAACAATTTTGGCCGTTTTT
PIFIEKGIYTIPETFVEKRTFNKKLIKTTILAVEF
TGGATTTCCTTGTACATTTTTGTAAACCTAACTTCAGTACTGTATTTAGGTGGTTTGGCTCTCGAAACCATTTTGGGTATTCCGTTGATG
¥ I SLYIFVNLTSVLYLGGLALETTILGIPLHM
TACTCAATTCTAGGTCTTGCACTGTTTGCOTTGGTGTACTCAATTTATGGTGGTTTATCGGCAGTAGTATGGACCGATGTCATCCAAGTG
YSILGLALFALVYYSIYGGLSAVVNTDVIAOQYV
TTCTTCTTAGTTYTGGGTGG T TTTATGACTACCTACATGGCAGTGAGCTTTATTGGTGGTACGGACGGTTGGTTCGLTGGGGTGTCTAM
FFLYLGGFMTTYMAYSTFIGEGTDGWFAGYVYSK
ATGGTCGATGCAGCTCCTGGCCACTTTGAGATGATCTTGGATCAAAGTAATCCACAATACATGAACCTTCCTGGTATTGCCGYATTAATT
M VDAAPGHTFEMILDOQSNPQYMNLPGIAVLTI
GGTGGTCTTTGGGTAGCAAACTTATAT TACTGGGGCTTTAACCAGTACATTATTCAAAGAACGCTTGCTGCAAAATCAGTATCGGAAGCT
G G LWV ANLYYWGFNQYTITIQRTLAAKSVYSE.A A
CAGAAAGGTATTGTTYTTGLAGCGTTTTTGAAACTTATCGTTCCGTTTCTCGTGOTATTGCCAGGTATTGCCGCTTACGTTATTACTTCG
Q KGIVFAAFLIKLIVPFLYVLPGIAAYVITS
GACCCACAACTAATGGCAAGCCTTGGTGATATTGCAGCAACAAACCTTCCAAGTGCTGCTAATGCGGATAAAGCATACCCTTGGCTAACT
DPQLMASLGDPIAATNLPSAANADIKAYPWLT
CAGTTCTTGCCTGTTGOTGY TAAAGGTGTTGTTTTTGCGGCTCTTGCTGCTGCAATTGTTTCTTCACTAGCATCAATGCTTAACTCAACA
QFLPVY GV KGYVYFAALAAAILIVSSLASMLNST
GCCACTATCTTCACTATGGATATTTACAAAGAGTATATCTCTCCTGACTCAGGTGACCACAAGTTGGTGAATGTTGGGCOTACTGCAGCT
ATIFTMODIYKEYTISPDSGEDHIKLYNVYGRTAA
GTGGTGGCACTAATTATTGCTTGCCTAATTGCCCCAATGTTAGGT GGTATTGGCCAAGCATTCCAATACATCCAAGAATATACAGGTTTA
VVALIIACLIAPMLGGIGQAFQYTIQEYTS®GHL
GTTAGCCCTGGTATTTTGGCTGTATTCTTACTTGGCTTATTCTGGAAGAAAACAACCAGTAAAGGGGCTATTATTGGTGTAGTAGCATCA
VSPGILAVFLLGLFWKKTTSKGAIIGVYVAS
ATACCATTTGCCTTGTTCTTGAAATTTATGCCACTTTCCATGCCATTTATGGATCAAATGCTATACACATTATTGTTTACAATGGTTGTT
I PFALFLKFMPLSMPFMDAQMLYTLLFTMVY
ATCGCATTTACAAGTTTGAGCACATCAATTAATGATGATGATCCTAAAGGTATTAGTGTTACATCATCGATGTTTGTAACAGATCGAAGC
I AFTSLSTSINDDDPKGISVTSSMFVTODRS
TTTAATATCGCTGCTTACGGCATAATGATTGTTTTGGCAGTGTTATATACATT GTTCTGGTAAMACCATTCTTTATTATACTCCGCTCTT
FNITAAYGIMIVILAVLYTLFHW
TTTTGAGCGGAGTTTT TCTAATTAAAAGAGT GTCATATGGATTCAACCTTGCTGCCAAATGTCGTTTCTTTTTTTAAAACGATAGAGCCA
TITCATTTACTTCCTGACCATGTTCTTGATCTATCGCTACGAACACAGATATTGTTTATTGGGGAAAGGGAGAGAGTGTCTCCTTAGTTA
M

TGCCTGAAGGGAAAAATTTATATATTATTCGAGCTGGAGTTATCGAACAGAGATTTCCTAATGGTGAATTAAGAGCTAGATTAGGCGAAA
PEGKNLYTITIRAGYTIEQRTFPNGELRARLTGTEHN
ATGATGTATTTGGATTTAATTTAGAACAGGATAAATATAAAGT AAAAACCATTGAAAATTGTTTAATATATAAMATTAATTATGCGTTCT
D VFGFNLEQDKYI KYVKTTIENI CLTIYKTINYA AFIL
TACTAAAAGAAGTTTCGAATTTTGAAAATGTTGTTAACCAGGT TGCAATCCGTGCAAGTCAACGTCTCACTTCAAGTATTAATGCACAGT
LKEVSNFENYVYVNQVYAIRASQRLTSSINAQY
ATTCACAAGTAGAAAAAAGCCTGTTTTTTAAAAGGGCTAAAGATTTAGCCAATCATAATGTTGTGGTGGTGCATCCAAACCAAAGTATCC
$ QVEKSLFFXRAKDLANHNYVVVYHPNQSTIHZQ
AGCAAGTGGCGCAAATCATGAGTAAAAAAGGCTGCACTTGTGCCTTGGTTACCAATGACAATGCATTGGTTGGAATGGTTACCGAGACTG
Q VAQIMSKKGCTCALVTNDNALYGMVTETD
ACATGACAAGTAGAGTGGTTGCTGAGGCGTTTAATATCTATAGACCTGTTGAGGATATTATGAACGCTCATCCTCAGAGTGTTGACCAAG
MTSRVYVAEAFNTIYRPVYEDTIMNAMHKPQSVDQOD

ATGAGCCCGTTATTTCTGCGCTCAATCTGATGATGAAACACAATATTCGTAATATCCCTGTTCTTGACAAAAATAAACAGGTTTTAGGTT
EPVISALNLMMEKHNIRNIPVYILDKNEKGO QVLGL
TGATTAGCCCTCAAGAGTTAGTTCAGAGGCATGGCATCCAGGCTGTTTTTTTGATTGAAAAAATCAGTAAGTGTAATAGTTTAGAATCGC
I SPQELVQRHGIQAV FLIEKTISI KT CNSTLES.HIL
TTTCATTGTTAGTAAAAGAACGT CAGGCAGTATTTGAGGCGATGATAGAATCGCATTTGCCAGCCAATGTAATTGGGCAAGTTTTAATGA
SLLVYKERQAYFEAMIESHLPANVYIGQVLMHM
TGATTTATGATGCCTTTACCTGTCGATTGAT TAAATTAGCAGAAAGAAACGTGGGTT TACCTCCTTGTAATTATGCTTGGCTAGCGGLGG
I YDAFTCRLIKLAERNYGLPPCNYANTLARASG
GTTCGCATGCGAGAGGAGAGGTTCACTTAGGTTCTGATCAAGATAACGCTTTAGTACTTGATGACTCAGCAACAGAAAGTGACCGAATTT
SHARGEVHLGSDQDNALYLDDSATESDR RTIY
ATTTTCGACATTTTGCTATGTATATATGTAAAGGATTAGCGGAATGCGGGTATCCTTTGTGTAATGGGCGTTTTATGGCGGCTACACCAA
FRRFAMYTICKSGLAECGY®PLCNGRTEMAATPEK
AGTGGAATCAGCCATTATTCATCTGGAAGCAGC TCTACAGAAAATGGGCGAACAATCCAGAGTACAATATGTTACTAAATCTTAATGTCT
W NQPLFIWKOQLYRIKWANNPETYNMLLNLNVYE
TTCTTGAAGTGCGCTTTATTTCCGGGGATAGETCACTAT T TGATGAAC TAAATAGTGAACGCGAGCGGTGTACCAAAAATAACCCTCATT
LEYRFISGEDRSLEFDETLNSERETRTCECTIKNNEPHIL
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AQ3334 was cloned by the following procedure. Chromo-
somal DNA of V. parahaemolyticus AQ3334 was partially
digested with Sau3Al and fractionated by sucrose density
gradient centrifugation, and DNA 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$1660 were transformed with

A continued

TAATCGCAGCCTTAGTTAGAAATTTAATATCACACCGTCCACCACTAGGGATATTCAATAACTTAGTGTTAGAAAATAATGGTCACAACG
I AALVRNLISHRPPLGIFNNLVYLENNGEGHNE
AMMAATCGCTGAATATTAAMAAGTC TGCGATTGGTCTGTTGGTCGATATCGCTAGAATTTATGCTCTTCATAAAGGCGGAGGAATGTTGT
KSLNIKKSAIGLLVYVDIARTIYALHKEGSGGMLS
CAACGGAAGAAAGATTCGATT TTGCGTATGATAGAGGATTGATTAATAGCACT TCACATCAAGAC TTGATAGGGACTTATCGTTATGTAA
TEERFDFAYDRGLINSTSHGGDLIGTT YRYVT
CGCAATTACGTTACTCACATCAGCTGCAATGCTTACAAGGTGGAAAGCCAGTAACGAATGCTATATTTCCTGAGCATTTTGGCAGCTTTG
QLRYSHQLQCLQGGKPVTNATIFPEHWTFTGSTFE
AAAGACAACATCTCAMGATGCTTTTCGCATAATACGCGGTTATCAAGACACGTTAAAAATGAAATTTGGCTCTTAGTATGTTTGGCTAC
RQHLKDAFRIIRGYQODTLIKMEKTEG GS M F GY
TCATTCCAGTCAATTGAACATCTAGAACAGGTGCGCAGAGAAC TAGAAAAATC TAGC TTGCCAGATGTATTTAACTCTATAGGAAATACG
S FQSIEHLEQVRRETULEKSSLPDVEFEFRNSTIGNT
CCTCTACCTGGCGCTTTATCGRATGCTAGAGAGTTAGACACGTTAGTCTTGGACTTTGAAACGACAGGATTTAATCCTGAAGTAGATAGA
PLPGALSDARELDTLYLDFETTGEFNPEVEDR
GTAATCAGTATTGGATGGGTAGAAATTCGAAACAGCAATATTCGTCTAAATAGTGCACGTCATGTCTTCATTAATCATGCAATTGATATT
VISIGWVYETILIRNSNTIRLNSARHYTFTINGHATIDTI
TGTCATGAGTCAGTCAAAGTTCACCATATTAGGCCTGAAACGTTGCATGTATCGGGGATTTCAGAACAAGCTGCTTTCACTCAGTTGCTG
CHESVKVHHIRPETLHVSGISEQAAFTQLL
GATGTAATTGCTGGTAAMATTCTTGTTGCACATGGCTGCATTATGGAGCAGAGGTTTTTAGAGCAATACATCAAGAT GAAGTACCAGAAT
D VIAGKTILVYAHGCIMERQRTFLEGQ QYTIKMEKYQ QN
TTGAAGTTGCCATTAATATGGTTAGATACATTAAAAATCGAGCAATATCGCACCCAACTGAGACCTACTCGGTCTGACTGGCGGTTAAGT
LKLPLIWLOTLKIEQYRTOQLRPTRSDWRLS
TCAATTCGAAAGGAACT CAACCTACCAACATATCAAGCCCATAACGCAC TAAATGATGC GATAGCGACTGCCGAACTATATCTAGCACAG
STRKELMNLPTYQAMHNALNDATIATAELTYTLARQ
ATTAATTGCTTGTTTGGCCTTTCATCTGCGCCATTACATGTTY TAGTGAATGCTTCGCGCTAACATTTAACGCATACATCAACAACGCTC
I NCLFGLSSAPLHVYLVYNASHR
GACAGAGTTTCTTCGTACTAAAGTTGGGCTAAMMATAATGGTTTCATCTTCAACTTTTTCGTCACGAGACAGCGCCAAAGC CAARCGGGC
GGCGCGTTCTGCCATCATCTCGATTGGGTAGCGAATAGTAGTCAAGC TAGGGTGAACAAAGCGGGCGATTAAGCCATCATCGAACCCGAC
CATAGAAACCTTACTTGGTACGTCAATGCCATTTTGATCTAACGCTGCGAGTGCGCCAGCGGCCATGTAGTCGTTGTAGGCCACCACTCC
AGTAATCTCCAAAGATTTGGTTAACAGGTTGGTCATCGCAACTTCGCCACCATCACTGTTGGGTTCACCGTATTCGATGTAGCTTITGGA
GAGTTCAATACCATGTTCTTTCAATGCGACTTGGTAACCTTGCAAGCGTTCATCGGTATCTTCGATATCGTGGGATGAGGCAATGCAAGC
GATTTTGCGATGCCCGTGACGAATTAAATATTCTGTCGCGAGGAATGCTCCTTTGCGGTTATCAAGGGAAATACAGCGCTCAGCAAGCTC
TGGGATATGACGATTGATAAGCACCATACCTTTTACTTCTTGGGCGTAGCCAATTAGCTCCTCATCAGATAAGCCTTTCGAGTGGATGAC
TATTGCATCGCAACGGCTGTTGATCAGTAATTCTAGAGCTTGACGTTCATCTTCTGGATTATGGTAACCGTTGCCAATCAAGATATGTTT
GCCATTTTCGCGCGCGACATTATCGACGGATTTGACCAGCGTGCCGAAGAAAGGATCGGACACATCACTCACCAACACACCCATGGTATT
TGTGCTTTGACTCACCAGTGCGCGAGCTGCGGCATTGGGTCTGTAACCCAATTTTCTCATTGC TTTGGTGACCGACTCTACCGATGATTG
ACTGGCTTTTGGGGACTTGTTGATCACGCGAGAAACCGTTGCGACCGAAACACCGGCTTCTTTCGCGACATCCTTGATCGTTGCCATATA
GAACCTTTAGTGGCTAAAAAATT TGACTGGAAGTATTAAACACCCATTGTGTAATAAGTGCAATTTGATAGGGGATTTGCTTTCGGAAAT
GAGATCC

B

GGATCTCATTTCCOAAAGCAAATCCCCTATCAAATTGCACTTATTACACAATGGG TG TTTAATACTTCCAGTCAATTTTTTAGCCACTA
AAGGTTCTATATGGCAACGATCAAGGATGTCGCGAAAGAAGCCGGTGTTTCGOTCGCAACGGTTTCTCGCGTGATCAACAAGTCCCCAAL

MATIKDVAKEAGVY SV ATVSRVYINKSTPEK
AGCCAGTCAATCATCGGTAGAGTCGGTCACCAAAGCAATGAGAAAATTGGGTTACAGACCCAATGCCGCAGCTCGCGCACTGGTGAGTCA
ASQSSVESVYTKAMRKLGYRPNAAARALVS
AAGCACAAATACCATGGGTGTGTTGGTGAGTGATGTGTCCGATCCTTTCTTCGGCACGCTGGTCAAATCCGTCGATAATGTCGCGCGCGA
STNTMGY LY SDVSDPFFGTLVYKSVYDNYARE
AAMATGGCAAACATAT CTTGATTGGCAACGGTTACCATAATCCAGAAGAT GAACGTCAAGCTCTAGAATTACTGATCAACAGCCGTTGCGA
NGKHILIGNGYHNPEDERQALETLTLTINSRCED
TGCAATAGTCATCCACTCGAAAGGC TTATCTGATGAGGAGCTAATTGGCTACGCCCAAGAAGTAMAGG TATGGTGCTTATCAATCGTCA
AIVIHSKGLSDEETLTIGYAQEVKGMYLTINR RH
TATCCCAGAGCTTGCTGAGCGCTGTATTTCCCTTGATAACCGCAAAGGAGCATTCCTCGCGACAGAATATTTAATTCGTCACGGGCATCG
I PELAERCISLDNRIKGAFLATETYLIRHGEGHR R
CAAAATCGCTTGCATTGCCTCATCCCACGATATCGAAGATACCGATGAACGCTTGCAAGGTTACCAAGTCGCATTGAAAGAACATGGTAT
KT ACIASSHDTIEDTDERLIOQ®GYQVALSIKTEHTGEGTI
TGAACTCTCCAAAAGCTACATCGAATACGGTGAACCCAACAGTGATGGTGGCGAAGTTGCGATGACCAACCTGTTAACCARATCTTTGGA
ELSKSYIEYGEPNSDGGEVYAMTNLILTEIKSILE
GATTACTGGAGTGGTGGCC TACAACGACTACATGGCCGCTGGCGCACTCGCAGCGTTAGATCAAAATGGCATTGACG TACCAAGTAAGGT
I TGVYAYNDYMAAGALAALTD NGIDV?PS KV
TTCTATGGTCGGGTTCGATGATGGCTTAATCGCCCGCTTTGTTCACCCTAGCTTGACTACTATTCGCTACCCAATCGAGATGATGGCAGA
SMVYGFDDGLIARFVHPSLTTIRYPTIEMMAELTE
ACGCGCCGCCCRTTTOGCTTTGGCGCTGTCTCGTGACGAAAAAGTTGAAGATGAAACCATTATTTTTAGCCCAACTTTAGTACGAAGAAA
R AARLALALSRDETKVYEDETITIFSPTLVYRRN
CTCTGTCOAGCGTTGTTGATGTATGCGTTAAATGTTAGCGCGAAGCATTCACTAAAACATGTAATGGCGCAGATGAAAGGCCAAACAAGC
S VERC

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¢1660 cells on
adenosine. The recombinant plasmid was designated as
pYAT26. An approximately 2.2 kbp Dral-Dral fragment
containing ORF1 (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 Ile
(54 residues). The least abundant amino acids were Cys (1
residue) and His (2 residues). The protein specified by
ORF]1 is highly nonpolar (71% nonpolar residues). Thus,
this protein is highly hydrophobic.

ORF?2 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
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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 Dral-Dral 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



4 R.1 Sarker et al. / Biochimica et Biophysica Acta 1281 (1996) 1-4

__ 250 125

3 ‘D

g | A g | B

g.ZOO' ° §1m-

-]

E e

= —

2 150 E st

= [-]

~ £

3100 550

2 2

3 s

@ a

[ ] =]

g s0 g 2}

3 8

© 3
0¢ S 0 1 1 ) )
01 2 3 4 5 0 5 10 15 20

Time (min) NaCl (mM)

Fig. 4. Glucose transport in cells harboring a plasmid carrying ORF1. (A)
Glucose transport in cells of E. coli PPA172 (O) and
PPA172 /pYAT271A (@) was measured in the presence of 10 mM NaCl
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 NaCl.

and ORF4 showed significant homology to known protein
sequences. The protein sequence comparisons revealed
significant similarity of ORF1 to members of the SGLT
(Na™ /glucose symporter) family of mammalian and bacte-
rial origin. The deduced amino acid sequence of ORFI
showed 31% identity and 75% similarity with the
Na* /glucose symporter (SGLT1) of the human intestine
[14]. About 66% and 63% similarity was found with the
Na* /proline [15] and Na* /pantothenate [16] symporters
of E. coli, respectively. On the other and, the protein
encoded by ORF4 showed very high similarity to the
GalR-Lacl 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. coli [17]. Other members of the
GalR-Lacl 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* /solute symporter, probably a
Na*/glucose symporter which was reported previously
[5]. Thus, we investigated whether the protein specified by
ORF1 can transport glucose. Cells of E. coli PPA172
whose glucose transport system is defective were trans-
formed with plasmid pYAT271A which carries ORF1, and
transport of glucose was measured. Cells of

PPA172/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 transport activity observed in cells of
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* /glucose 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. coli S¢1660 on adeno-
sine.
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