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Cloning of the Extracellular Acid Esterase Gene
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An acidophilic heterotrophic bacterium, Acidocella facilis sp. AlU409 produces an
extracellular acid esterase when grown in a medium containing sorbitan mono ester,
Tween 80. The estA gene encoding for the acid esterase was isolated from the
genomic library of A. facilis AlU409, cloned into Escherichia coli MV 1184, and the
nucleotide sequence of the gene was determined. The structural gene of estA was
found to be 188 1bp. The open reading frame of estA encodes 627 amino acid
residues (calculated molecular mass, 64,140 daltons). A rho-independent ter-
minator was present just downstream of the termination codon, TGA. The deduced
N-terminal amino acid showed that the precursor of the acid esterase had a signal
peptide composed of 23 amino acids and a consensus sequence of lipase,
G-X-S-X-S. The molecular mass excluding the signal peptide calculated from the
deduced amino acid sequence of the acid esterase is 61,846. This is lower than the
molecular mass, 64 kDa estimated by gel electrophoresis. The predicted amino acid
sequence of the acid esterase has high similarity to the acyltransferase from
Aeromonas hydrophila and the lipase from Xenorhabdus luminescens.

Key words : acid esterase, extracellular enzyme, Acidocella facilis, Acidophiles,
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MICAEE L T 2 8BILMIEE Thiobacillus ferroox-

idans® DEFAEME > & WA BT/ H 2 0 HE L,
A. organovorum kL THEL TWwb, Z1LLIFE,
19954F % ¢ Acidiphilium &1, A. aminolytica,

A. angustum, A. crvyptum, A. facilis, A. multivor-

um, A. organovorum, A. rubvum O 7 FE THERK
STz, Lo L, 199549 Kishimoto & DS
2k, 2N F T Acidiphilium JEME & L T—¥HE
L CofEENT xR Acidiphilium  aminolytica,
Acidiphilium facilis 2 ¥ % HlED Acidocella J& &
LTHHTHZE &Y,

27 7—+(EC3.1.1.1)i%, gz 2T
VORGSR % T 2R ThH 5. FEO G %
e ZBERIC L CHMLNTRE Y v—+(C3 . 1.
1.3)0"% 5, ZOIHE L TE, AMICBT 25
72 FEWHRLOBTE, b L AR TR
OB E ML 72 2 2T VAL EDEZ Lb,
IAT 7—XI2OWTIE Tween #5F & L THwW
227N == THAThILTEY), Wl 20t
Wt b WEMED RS TS, Lo L% d's Tween
IR 2T 7 — 2 DR Ze AIF e S5 1 3 oy
D7D Rz 13, IR TR 0 A3, AL 7
e % 4T - T B 8\FEC Acidocella facilis O HpE
T LWENEBET 2T 7 —nfEiEE AL L, &
BEWH LIz L7z (Table 1), REEFRIZ Acidocella
Jacilis DM KEICGWMENLERTHY, H
U IR VRN Th B Acidiphilium JEHNH 12 13351
PR SN W b, 25 2B DI
EuNIGEZ VLD E 5> TS (Table 2).
REEFRIZ, WHUc@dmL 7z Ve /) ATV
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Tween 80ic L N FEI N LR TH), ML= AT
T—XThHD )/ =L ELIFRL) M) 7)) P2
KRGS B2 2 TEL W, 2D AT 7—FI3,
XM WS N2 WL TH 5. F 72,

Pseudomonas aeruginosa*®<> Mycobacterium smeg-

Table 2 Properties of extracellular esterase from
Acidocella facilis AlU409

Molecular weight

SDS-PAGE 64,000

pl 5.25
Optimum pH (pH, 37 C)

p-NP laurate 5.0
Optimum temp. ('C, pH 4.0)

p-NP laurate 70
pH-Stability (pH, 909)

(50 C, 2 days) 3.0-6.5

Thermostability (C)

(pH 4.0, 60min. ) 80
Substrate specificity

p~NP ester C8:0-C18:0>>C2:0-C6:0

Relative act. (%) Km (mM)
C2:0C6:0 0-9 -
CcC8:0 47 1.32
C10:0 100 151
Ci2:0 58 1.55
Cl4:0 53 1.59
Cl6:0 64 1.30
C18:0 36 1.45
Sorbitan ester Tween > Span

Triglyceride
Inhibitor

No hydrolysis
PMSF, SDS,
Monohydric alcohol

Table 1 Distribution of esterase activity in the genus Acidocella & Acidiphilium
Culture broth Esterase activity
Strain q Growth Supernatant Cells
P (ODg) (U/100ml broth)  (U/cell of 100ml broth)
Aciocella facilis ATCC35904 2.8 2.5 64.2 47.0
" AIU409 2.8 2.5 24.7 48.5
- aminolytica JCM8796 3.3 1.5 <1 3.8
Acidiphilium cryptum ATCC43141 3.2 2.3 <1 <1
I organovorum DSM2389 4.0 1.4 <1 <1
I multivorum JCM8867 3.7 1.9 <1 <1
I angustum ATCC35903 3.9 <0.5 <1 <1
I rubrum ATCC34905 3.9 <0.5 <1 <1
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I3 LB 8 A2 L, 37C CHABIIcAT - 72, K
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oL 7z,
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JEEEH A L L1277 A — 2B L, PCR I &
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EH Xz, v P PCREZEZHAWT AT 7
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Fig. 1 Cloning strategy of acid esterase gene (estA) of
A. facilis AlU409.

The bold arrows indicate the position and direc-
tion of transcription of gene. The nucleotide
sequence and the amino acid sequence indicated
with bold line is N-terminal sequence of the
esterase. The short arrows indicate the position

and direction of the PCR primers

1 2 3 4 5 6 2 3 4 5 6

(A) B)

Fig. 2 Southern blot hybridization analysis of A. facilis
AlU409 chromosomal DNA with amplified N-
terminal probe by PCR.

(A) Agarose gel electrophoresis; Chromosomal
DNA was digested by the restriction enzyme of
lane 2 to 6. Lane 2, BamHI; lane 3, EcoRI; lane 4,
PstI; lane 5, Sall; lane 6, Smal; and lane 1 molecu-
lar weight standards (1 HindlIIl)

(B) Autoradiogram
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Solnl, AREERO5E4 7 ORF (1881bp) 777 1 —
= 7EN, kRS pPE &z, Fig. 412 %
DEEERBY) & FRT 2 VBES 2 RT. S5,
Lisic 7w e—F —WH L E 2 5 b 350D
TCGCCA &, =102 TATAA > k2
H<e, FERBHAG A & & 2 5115 Shine-Dalgarno i
H (SD EH) @ GGAGA DOEHI MRS L7z, %
2Bt Fx ATG Th - 72, KERO T HIC
313 F> TGA &, GC 2% &%) v Fu
— LEHNDHEAEL, TS TAT & - —T7HhiE
2L, BEEHREES 7P s Twh, F 72,
ZDAT L - N—7HEED§ ¢RI T RS A R
LiLd Z L b, KREESRERTFOREHAE S 7 v
e —HWFIFKFETHE EEZ LN, &£T 3/
B a—FLTwaa Fi3, $E3EED, A, T
VLG, CoOENEL, =7 AL

(A)
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Fig. 3 Restriction map of BamHI fragment of pAET3
containing the estA gene (A) and the sequencing
strategy for the estA gene of A. facilis AlU409.
The positions and directions of transcription of
the estA genes are indicated by the bold arrows.
The bold lines are BamHI fragment of genome
DNA of A. facilis ATU409.
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AAAAAGTCCCCACCTCTTAAAGCCGCCTTCCCTGCCGGGGAGGCGGCTTTTTTCATTGCATCTCCACGTCACTTTTCCGTCGCCAGCCTA

-35

91 ACCATTGCGTGATATAAGACGCGCAAAGGTAAGACAAAACGGGAGACACGACCATGAGGAAAACCAGGCTTCTGGCCGGTGTGGCAGCGC
bl

-10

M RKTR RILLAGVAAL

181 TTAGCCTGATGGCGGCGCCGGCGGCGAAGGCGGGCAATCTTTATGTGTTTGGCGACAGCCTTTCGGATGACGGCAATCTTTATAAACTCA
SLMAAPARCKAGNLYVF[EDSTSIpDGNLYKLT
271 CCGGGCTGCCGCCGGCCCCTTATTATCAGGGCCGGTTTTCCAATGGGCCGGTCTGGGTGGAATATCTACCGGGGCTGACCGGGCTCGGAT
GLPPAPYYQGRTFSNGPVWYVEYLPGLTGLGF
361 TTTCCTCAGCCAATGACTATGCCTATGGCGGGGCGTTTACCGGGGCGCTGACCATCGGCACCACCAATGCCGGGACCAATCTGGAAGCGG
SSANDYAYGGATFTGALTTIGTTNAGTNTLEHAA
451 CGGCGCTGCCGGGGATCAGCACCGAGATCGCTTCGTTCACGGCGGCGGGGGGCAGTTTCGGGGCGAATGATGTGGTCACACTCTGGGGCG
ALPGISTETLIASTFTAAGSGSTFGANDVVTLWGS®G
541 GGGCGAATAATTACTTCGCCTATGCGGCGGCGGTGCAGGCCAACCCGGCGGCCGCCACCGCGCTGGTGACGCAGGGTGTCACCACGACGA
ANNYTFAYAAAVQANPAAATALVTQGV T TTTI
631 TCACGCAGCTCACCCAGGACACCACAGCGCTGATCAATCTCGGCGCCAGGATGCTGATTGTGCCCAACCTGCCGGATCTGGGGCTGACGC
TQLTQDTTALTINLGARMLTIVPNLPDLGLTTP
721 CGAATTTCAACACCACCGCGCAAGGCGTGGCGCTGGGGGATGCGTTCTCGCAGGCGCATGATGGGGCGCTGCCGACCGAGATGCAGCTGC

N F NTTA

GV ALGDATFS

AAHDGALUPTEMQOQLL

811 TGCATCAGGGCACCGGGGGCGAATATCATCGTGCTGAATACCGAGGCGCTGCTGAACCGGGTGGTGGCGCAGCATCGCTGTATGGCTTCA
HQGTSGOGEYHRAEYRGAAEPGGGAASTLYGTFT
901 CCAACGTGACCAATGCCTGCCTTTACACGGTAAGCTGTGTCACCGGCAGCATTGCGACGCAGAATAGCTATCTGTTCTGGGATAATGTGC
NVTNACLYTVSCVTGSTIATAQNSYLFWDNVH
991 ACCCGACCACCCATGCGCATCAGATCATCGCCGAATATGCAGCCGCCTCGCTGCAAGGCTTTGAGAGCCTGACGGTGCCGGCACGGGTGA
P TTHAHAGQITIAEYAAASLAQGFESLTVPARVN
1081 ATGCGAATGCCGCGGAGAGTTTCGCGGGGCTGCTGAATGCGCGCTTGGATGCGTTGCAGAACGGCGCCAGCGGCGCCTCCTATGACATTA
AANAAESFAGLTILNARLDALAOQNGASGASYDTIN
1171 ACGGGGTGAATGGCGGCACCGCCGATCCGGCGCATAAGGTGGCGATGTTCCTCTCCGTCACCGGCCAGTTCGGCACCCGCAAGACCGAGG
GVNGGTADPAHKVAMEFLSVTGQFGTR RKTES®G
1261 GTTTGATAGCGGCTATAATTATTCGCAGCGCGGTGACGGCGCTGGGGGTGGATATGCGGGTGAATGAGCATCTCACCGCCGGCGTCTCGC
L T AAIITIRSAVTALGVYVDMRVYVYNEHTLTAGVSL
1351 TCGCCTATAACAACACCCATGCGAATGTGAGCGGCGGCGGCACGGTGCAGGATAACGGCGTGGATGTCGGGCTGTATGCGCTGGCGACCT

AAY NNTHANVSGGCGTV

DNGVDVGLYALATS

1441 CCGGCGACGCCTATGCCAAGCTCTATGCCGCCTGGGACCATGACAATGACAAAACCCAGCGCAACGGGGTGATTGGCGGCATCACCGGCA
GDAYAKLYAAWDHTDNDT KT QRNGVTIGSGITGHK
1531 AACCTTCGGGCACCAGCTGGAGTGCGGGCGGCGCGGTGGGGCTGAAATTCCATCCGACGACGACGATCGCGGTGGGGCCGGAATTCGGTC
PSGTSWSAGGAV GLKFHPTTTTIAVGPETFGIL
1621 TGGGCTACACCCAGAGCGGGTTGGGCAATTATACCGAGACCGGCGATGCGCTGCTGACCCAGAGCGTGAATTCGCAAAGCTATAAGCAGC
GYTQSGLGNYTETSGDALLTA QSVNSAQSYZKHA QL
1711 TGGTCGCCAGTGCCGGCGGCACGGTTGCGACCAGCGTCAGCCTGGGCGGCGTGGCGCTTGCCCCGCATGCCGGGGCGGCGGCTGAGTTTC
VASAGGTVATSVSLGGVALAPHAGAAATETFIL
1801 TGCTGGCCGGGCCGAACCAGCGCTTCAGCTCCGCCTTCACCGATGTGCCCGGCGTGACGCTGACCAACAGCTACCCGCACCAGACGGGCA
L AGPNQRFSSAFTDVPGVTLTNSYZPHOQTGS
1891 GCTGGGGCTTGTTCAACCTGGGTGTGAGTGCGACATTCACCCAGCGTTTCAGCGCCAGCCTGGAGGCGGCCACCACCGCCTTCAAGAGCG

WGeLFNLGVSATEFT

R FSASLEAATTATFIKSTD

1981 ACGGCAATGACACGCAGGTCACCGGCAACGTCCTCTGGCGGTTCTGAACAGCGCGCCGGGCAAAGCCGCAAGGGCTTGGCCCGGCGAAAA

GNDTQVTGNVLWRF

*

2071 ATTTAAGACTCGTTTTGCGGAGGCGGCTGTCATAGAAGCTTCACGTGACTGTCATCGTACTGTCACGTATCGCGCCTATGGAATGGCCTT

2161 AT

Fig. 4 The nucleotide sequence of estA gene and the predicted amino acid sequence.
The Shine-Dalgarno sequence is shown by the wavy line. The putative -35 and -10 regions are underlined. The
amino acid sequence of the N-terminal and the peptide obtained with the direct N-terminal amino acid
sequencing is double-underlined. The box sequence represents the lipase consensus motif “G-X-S-X-S” and the
signalpeptidase consensus sequence motif “A-X-A”. The location of a potential terminator structure is marked

by facing arrows.
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