2 RAY ’

LSEVIER

Biochimica et Biophysica Acta 1360 (1997) 102-104

BIOCHIMICA ET BIOPHYSICA ACTA

BB

Short sequence-paper

Nucleotide sequence of the vmhA gene encoding hemolysin from Vibrio
mimicus

Gu-Taek Kim ?, Jong-Young Lee *, Sung-Hoi Huh °, Ju-Hyun Yu ¢, In-Soo Kong *~

* RCOID and Department of Biotechnology and Bioengineering, Pusan 608-737, South Korea
b Department of Oceanography, Pukyong National University, Pusan 608-737, South Korea
¢ Bioproducts Research Center, Yonsei University, 134 Shinchon-dong, Sudaemoon-ku, Seoul 120-749, South Korea

Received 15 October 1996; revised 17 January 1997; accepted 20 January 1997

Abstract

The structural gene (vmhA) of hemolysin from Vibrio mimicus (ATCC33653) was cloned and sequenced. The vmhA
gene contains an open reading frame consisting of 2232 nucleotides which can code for a protein of 744 amino acids with a
predicted molecular mass of 83 059. The similarity of amino acid sequence shows 81.6% identity with Vibrio cholerae El

Tor hemolysin.
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V. mimicus is an enteropathogenic bacterium which
inhabits aquatic environments and apparently causes
diarrhea, usually after the consumption of uncooked
seafood [1]. Several pathogenic factors of V. mimi-
cus, including cholera toxin (CT) [2], CT-related
enterotoxin [3], Escherichia coli heat-stable entero-
toxin (ST)-like toxins [4,5] or protease [6], have been
reported. Many V. mimicus strains isolated from
environment are capable of causing diarrhea, even
though they cannot produce these enterotoxins.
Therefore, it was postulated that another toxin is
involved in the bloody diarrhea which is one particu-
lar clinical symptom of V. mimicus gastroenteritis. In
addition to the above toxins, hemolysins are sus-
pected to be the pathogenic factor of the vibrio. Two
kinds of hemolysin produced by V. mimicus, Vm-he-

* Corresponding author. Fax: +82 51 6206180; E-mail:
iskong @dolphin.pknu.ac.kr

molysin (M, 58000), Vm-rTDH (M, 22000), have
been reported [7]. The former is immunologically
cross-reactive with V. cholerae El Tor hemolysin and
the latter is cross-reactive with V. parahaemolyticus
thermostable direct hemolysin (TDH). The nucleotide
sequence comparison of Vm-rTDH and Vp-TDH re-
vealed that they were very homologous and had only
minor variations but the flanking sequences of the
hemolysin genes were dissimilar, indicating that they
have a common ancestor and suggesting that they
may have been transferred between vibrio species as
a descrete genetic unit [8]. In this communication, we
report the nucleotide sequence of gene encoding
hemolysin similar to V. cholerae El Tor hemolysin.
A gene bank of the V. mimicus (ATCC33653)
chromosomal DNA (partially digested Pst1/Sall
fragments) was prepared in the pUC19. One clone,
pVMHI194, was isolated by B-hemolysis on TSAII
medium containing 5% sheep blood and the nu-
cleotide sequence, containing an ORF of 2232 bp,
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was determined. Fig. 1 shows the nucleotide se-
quence and deduced amino acid sequence of the
hemolysin, consisting of 744 aa with a predicted

molecular mass

SD, sequence exists in 5 bp upstream from the ATG
hemolysin initiation codon. However, the protein size
(83 kDa) is larger than that of previously purified
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Vm-hemolysin (58 kDa) [7]. In V. cholerae El Tor
hemolysin, the 82 kDa preprotoxin synthesized in the
cytoplasm is secreted through the membrane into the

of 83 kDa. Typical GAGGT, RBS or culture medium as the 79 kDa inactive protoxin after

CTGCAGATCTGGTCAGATCTCTCTTGTATTGTGAATGAGACATTTGTCTCGTCAATGAGAAGTGCTCTGTCATTACTCAGGTTGGAAGTAAGATCAACCTTGCGTATAAAGTCTCCTATT
Pstl

ATTCTGTTCATAATTGATCTT TATTTTTCATATTAATGGACTTAAGTGATATT TAATGATTGAAAGT TAATCACT TAATGAATTTCTATT TTTATCTATTTAATTCAATCTAATTTAGTT
CAAATTAAATTAGTGCGAATGAATAATGTAAATATCCAAAAAACAAATTGGGAATTAATAGTTGTGTGAAGAATTAATTCTCGCCAAATAATAAGTTTTCAAGCGTGAATTTGTGATCTC
CTGTTACTATTTTCTGTTACAACTATTTACTTTTGGCATGT TTAGGGATATTCCAATAAGTGTGGTGGCGGAGAATATAAACGTATTCTTTCAAATAAAAGAAGTTGAATATTCTGTCAA
AGGGGTATGTGTTAAGGCGTAGTTCTGCCCCAAGCCACACACAACATCAAGGATGACGACGGTAACCCACGAGAAGCATTCAAACTGGGTTTGCTCGATGATTIGAACCTGCTGTGGTGT
TGATTAAATTTATCCTCTTAAAGCATAACGCTTAATTATGTGCGTAGTGATGAATGAATTTCCCGCTAGTCTGTTCTTTCAGTGGTTCGAGTTAATTCACTTTGTTTGAAAATCTCTCTT
CTAATAACACTAAAAATAACTGAATCAGTGAGGTTTATATGCCAAAACTCAATCGTTGTGCAATCGCAATCCTAACGATATTCAGOGCAATATCTAGTCATACTGTGTTCGCGAATATCA
S.D. MPKLNRCAI AILTIFSAISSHTVYFANTI 27
GTGATCCOGTTGGTGAAGCTGTTGAAATTATTAGCCAAGTCGCGGATAACCACGCAATAAAATATTACAACGCTGCAGATTGGCAATCAGAAGAAAGCCAATTACCCAGTTTAGCTGAGT
SDPVGEAVEIISQVADNHAIKYYNAADVWQSEESOQQLPSLAE 67
TGCGTGAGCAGGTGATTAACCAGCAGTTGCGTATCTTGGTCGATTTCAGOCAGATCTCTGACCCTGATCGCCTAACCGAAATGCAGGTGAAGTTTAGAAAAACCTATGGTGTTGGGTTTG
LREQVINQRQLRILVDFSQISDPDRLTEMQVKFRKTYGVGF 107
CTAATACATTCATCGTAATCACTGAGCATAAAGGTGAGCTGCTGTTTACACCGTTTGATCGTGCGGAGGATGTGGATCCAACACTGCTGGAGGCCCCACGT TCTGAGCGTGTGTTGAGTC
ANTFI11VI1ITEHKGELLFTPFDRAEDVDPTLLEAPRSETRVLS 147
GGTCACGTCGCTCAGTGTCTGCCAATAATGTCACTAACAACAATGAAACGAACACGTTGCCGCACGTTGCTTTTTACATCAACGTAAACCGTTCAATCAGCGATGAAGAGTGTACTTTCG
RSRRSVSANNVTNNNETNTLPHVYAFYINVNRSISDETETCTTF 18
CCAATTCTTGGCTATGGAAAAATGACAAAGGCAGTCGTCCATTTTGTAAAGATGCCAATATCTCATTGATTTACCGTGTGAACTTAGAGCGTTCATTGCAGTATGGCATTGTGGGTTCGG
ANSV¥%¥LVW¥KNDKGSRPFCKDANISLIYRVNLERSLOQYGI!VGS 227
CAACTCCGGATGCCAAAATTGTGCGTATCAGCT TAGATGACGACAGCACTGGCGCGGGTATCCATCTCAATGATCAACTTGGTTATCGCT TTTTCAAAGCAGGATATACGACGCTCGATG
ATPDAKIVRI!ISLDDDSTGAGIHLNDQLGYRTFFKAGYTTTLTD 267
CTTACTTCCGTGAGTGGTCAACGGATGCGATAGCGCAGGATTATCGCTTCAGT TTTAACGCTTCGAATGATAAGGCGCAGATTTTAAAGACTTTCCCGGTCACTAACGTCAACGCAAACT
AYFREVW¥STDAIAQGDVYRFSFNASNDI KAQILKTFPVTNVNAN 37
TTGAGCGTAAAGAAGTCTCTGGTTTTGAGCTTGGTGTAACGGGCAGT GTTGAAGCGGAT AAAAATGGCCCGAAAGCTAAGT TGGAAGCGAAAGCCAGCTACACGCAAAGCCGTTGGTTGA
FERKEVSGFELGVTOGSVEADEKNGPIKAKLEAKASYTAQQSURUWL 347
CCTACAACACGCAAGATTATCGAATTGAGCGGAGTGCGAAAAATGCGCAAAACGTTAGCTT TACTTGGAACCGCCAGCAGTACGCAACGGCTGAATCTCTGCTCAACCGTTCAACGGATG
TYNTAQDYRTIERSAKNAQNUYVSFTVW¥NRQQYATAESLLNTESTTD 387
CATTGTGGGTGGAAACGTATCCTGTTGATGTGAACCGCATCAGCCCGCTGAGT TACGCCAGTTTTGTGCCAAAAATGGATGTAATTTACAAAGCGTCACCGAAAGAGACGGGGAGCACCG
A L¥VETYPVDVNRISPLSYASFVPKMDUYVYIYEKASPKETGST 427

TTTTTGTCATCGACTCTTCGGTCAATATCCGTCCTATCTATAATGGTGCTTACAAACACT ATTATGTGGTGGGTAGTCATCAGTCTTATCACGGGTTTGAAGATACGCCTCGTCGTCGTG
VFVIDSSVNIRPIYNGAYKHYYVVGSHQSYHGTFEDTPRRR 467
TGACAAAATCGGCAAGCTTTACTGTGGATTGGGATCACCCTGTATTTACTGGTGGTCGTCCAGTGAATT TACAGCTGGCGAGCTTCAACAATCGCTGTATTGAAGCTGATGATCAAGGTC
VTKSASFTVD¥DHPVFTGGRPVNLAQLASFNNRCTIEADDAO QG 507
GCTTGATGGCAACTACCTGTGACAGTCAGCAAGCGGCGCAATCTTTTATCTATGATCAACAAGGT CGTTACGTGAGTGCAAGTAACACCAAGCTTTGTCTGGATGGTGAAGCGCTGGATT
RLMATTCDSQQAAQSFIYDQQGRYVSASNTIKLC CLDGEALTD 547
CTCTGCACACCTGTAACCAGAACT TGACCCAACGTTGGGAGTGGCGTGAAGGTTCTGACGAACTGAGCAATGTGTTTAACGGTGAAGT ATTGGGACATGACAAACAAACCGGGGAACTCG
SLHTCNQ@QNLTOQRUWET®REGSDELSNVFNGEVLGHDIKA QTG GEL 58
GCCTTTATTCAACAGGCAGTGATGCAGTGAGCCTACGTACGATTACGTCTTACACCAATGTTTTCCATGAACAGGAAAGCTCACCOGTGCTTGGTTTAACCCAAGGGAAAGTGAATCAGC
6GLYSTGSDAVSLRTITSYTNVFHEQQESSPVLGLT® Q@GEKVNAQ 627
AGCGAGTAGAAAAGGATAACCAACTCTACGTACGTGCAGGTGCOGCCATTGATGCTTTAGGAACTGCTCCTGAGT TG TTGGTTGGTGGTACGGGCGGTAGCATCACAACGGTTGATCTCA
QRVEKDNQLYVRAGAAIDALGTAPELILVGGTGGSITITTVDL 667
CTGGGCTTAGTTCTATCACAGCGACTTCTGGCGACTTCAACTTCGGTGGCCAGCAGTTGGTGGCAT TAACCTTTACTTACCAAGATGGGCGTCAACAAATGGTCGGTTCGAAAGAGCACA
TGLSSITATSGDFNFGGQRQLVYALTFTYQDGRQAQMVYVYGSKEH 77
TCAGCAATGCTCATGAAGATCGCTTTGACGTACCGACAGGAGCCAATATTACCCAAATGAAAGT TTGGGCAGATAACTGGT TGGTGAAAGGTGTGCAGTTTGACCTGAACTAAAATGTGA

I SNAHEDRFDVPTGANITQQMYMKY ¥ADNTF¥LVKSGYQFDLNH®*
TTAATGCCCTGATAATTCAGGGCATTAATGTTCATAATACTTTTAATGTTTCTTATTGACTGATTTGTCGAC
Sall

cleavage of the signal peptide and is then further
processed into the 65 kDa active hemolysin by re-
lease of the N-terminal 15 kDa fragment [9]. Thus,

Fig. 1. The complete nt and deduced aa sequence of the vmhA gene. The nt sequence is numbered on the left of the sequence and the
deduced aa sequence on the right. Asterisk represents the stop codon. Rho-independent stop region of mRNA is indicated by arrows. The
GenBank accession number is U68271.
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Fig. 2. Alignment of predicted amino acid sequences of VmhA
from V. mimicus and HIyA from V. cholerae O1 Biotype El Tor.
Identical amino acid residues in the two hemolysins are boxed.
Conserved cysteine residues are marked by asterisks.

we assume that Vm-hemolysin may also have very
high possibility of the same two-step processing.
The hemolysin shared 81.6% identity with V.
cholerae El Tor hemolysin, consisting of 741 aa with
a predicted molecular mass of 82 kDa, having only a
major variation of three amino acid deletion from 148
to 150 [9-11] (Fig. 2). However, no sequence homol-
ogy with other hemolysins/cytolysins was found.
The placements and numbers of cystine residues for
Vm-hemolysin and El Tor hemolysin were identical,
reflecting the similarity of their secondary structures.
According to the comparison of cysteine residues,
Vm-hemolysin might be divided into three regions;
the N-terminal region (Met-1 to Cys-185), the central
region (Cys-185 to Cys-552) and the C-terminal re-
gion (Cys-552 to Asn-744). The N-terminal region,
showing relatively lower homology and having the
variation with El Tor hemolysin, seemed to be less
important for hemolytic activity. It was supported by

the fact that V. cholerae El Tor hemolysin is pro-
cessed twice at Asn-26 and Asn-158, and the mature
hemolysin has higher activity than the precursors by
removing the N-terminal region [9]. The central re-
gion (Cys-185 to Cys-552) with six cystines had
higher homology than other regions. The suggestion
had been reported that the C-terminal region of El
Tor hemolysin may be involved in the proper config-
uration of the protein for maximal hemolysin activity
[12,13]. Thus, it might have an important role for the
hemolysin activity although the C-terminal region of
Vm-hemolysin has less homology than the central
region. In addition, it will be required to explain the
biochemical differences between Vm-hemolysin and
El Tor hemolysin. The function of the central and
C-terminal region of Vm-hemolysin will be eluci-
dated by further study.
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