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Genetic Analysis, Expression in Eschericia coli of Aconitase from
Chemolithotrophic Acidithiobacillus thiooxidans

Yohei Kanahara, Takashi Tamura, Chizuka Tokuda?®
Atsuo Nakamura®, Hirokazu Matsukawa® and Kenji Inagaki

An aconitase from Acidithiobacillus thicoxidans was purified and characterized, and its gene
was cloned. The cloned aconitase gene (acn) was expressed in Escherichia coli JM 109; aconitase
activity was found in the cell extract. The acn gene encodes a 646-amino acid polypeptide and is
located upstream of the isocitrate dehydrogenase gene (icd). A. thiooxidans aconitase showed
high sequence similarity to pig heart aconitase and E.coli aconitase B. Twenty-five of twenty-

seven active site residues assigned in pig heart aconitase are conserved in A.

thiooxidans

aconitase. The enzyme was purified by DEAE-Toyopearl 650M column chromatogrophy. The
purified enzyme had an optimum pH of 7.5 and an optimum temperature of 60°C. Thermal
inactivation studies of the purified enzyme revealed the enzyme activity to be uninfluenced after
one hour incubation at 40°C. Enzyme activity was retained 100% after incubation of the enzyme
at pH 6.0-9.0 for 60 min. The A. thiooxidans aconitase was composed of a single polypeptide chain

with a molecular mass of 66 kDa.
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A. thiooxidans R 7 I = ¥ — € OE{EFHEIF & %I 3

/1, 1938bp @ ORF # 65 i»> Tur 3 2 & b - 7z,
%72, & 512 ICDH ) ORF HHE ORI %17 -
L FHISA 7 2 =0 CoA &> 79—k a— k¥
Bil{ET- 0 ORF OIFAEDTHRES 1Lz, ©FROBH D
TCA [l Wk Th s (Fig. 1). a7 L 707

- 2(kb) -1 0 1 2 3
) | I ,
5 3
acn -——-——-————) sucC
icd
TCCGCCATGCTCGCAGCTGGCTTGCGGCGGTCTGAGCGCAGTCCCAAGCA 51 1651  GGGGCCAAGGTGCTGCCOTTGCGCTCCAATCTGCCCGCAATCTCCGAATT 1701
CAGCTGCTGATACTTGGCGTCGGGCGGTTCATTTGCGATGATGGAGTCAA 151 GAKVYLPLRSNLPAILISETF
GCGCAGTTCCCGATCGTATTTTCCAGCTCAGGAGATCAGCTCATGGCTAT 201 1701 TGTTTTTCATATGGTGGATGAAACTTTCCCOAGTCGGGCCAAGGCATCCG 1751
RBS acn>> M A MW
GAACGTCACCCAGAAAATTATTGCCGCGCACTTGGTGAGTGGCACCCTCA 251 VFHRYDETFPSRAKASGSG
NVTOKIt I AAHLYSGTLEK 1751 GCGGCGGTTTTATTGTGGCGGGTCATAATTATGGTCAGGGGTCGAGCCGC 1801
AGGCGGGGAGTCCGATAGCTATCCGTATTGATCAGACGCTCACCCAGGAT 301 GGF I VAGHNYGOGSSR
AGSPIAITRIDOTLTOQD 1801  GAACATGCTGCTTTGGCACCGCGCTATCTGGGCGTTCGGOOGGTOTTGOT 1851
GCCACCGGAACCATGGCCTATTTGCAGTTTGAGGCGTTGGGTCTGCCTCG 351 EHAALAPRYLGVRGVLYV
ATGTMAYLOFEALGLTPR 1851 ACAGTCTTTTGCCCGGATTCATCTCGCCAATCTGATTAATTTCGGGATAT 1901
GGTACGCACTGAACTGTCTGTTTCCTATGTCGATCATAATATGCTGCAGT 401 0SFARI?IHLANLINEFGIHL
VRTELSVYSYVDHNUMKLOZOGS 1901 TGCCGCTCACTTTTGTGCATGCTGAAGATTACGCCAAGGTGCAGGCGGET 1951
CCOGCTTTGAAAATGCGGACGATCACCGGTTTCTGCAGAGCTTTGCCGLG 451 PLTFVHAETDYAKVYOAGEG
G FENADDHRFLOGSFAA 1951 GATCAGCTGGGCCTCGATCTGTCGGGCCTGACTCTGGGGAAATCCCTGAT 2001
AAATACGGAGTCCATTTCAGTCGGCCGGOCAATGGTATTTGTCATCAGGT 501 DOLGLDLSGLTLGKT SLH
K'Y GVHFSRPGNGI CHAOQV 2001 GTTGCGCGATGAGACGCAGGGTCTGGATATTGAAGCGATGCCGCAACTTG 2051
ACATCTCGAACGGTTTTCCAAGCCGGGTGGTACCTTGTTGGGTTCGOATT 551 LRDETOQGLODO I EAMPO QLA
HLERFSKPGGTLLGSDS 2051  CCAGCGCCCGTGATCTGGAATTGATTTTGAAGGGTGGGECCTIGTCCTGE 2101
CCCATACGCCGACTTCTGGCGOTGCCOBAATGCTOGCTATTGECGCGGEC 601 SARDLELTILEKGGALSHW
HTPTSGGAGMLAIGAG 2101 GCGAGCGAACAACTGGAGCAGGTGTCATGACGACCCATATTCAGAAACCC 2151
GGACTGGACATTGCCCTGGCCATGGGTGGTTTGCCCTTCAACCTGAATAT 651 ASEQLEQV S *
GLDI ALANGGLPFNLNM RBS jecd>H T T H | Q K P
GLCGOAAGTGGTEGGTGTCAAACTGACGGGGAAATTGCAACCCTTTGTCA 701 2151  GCAACAGGCAGTCCCTTAACACTGCTGAATGGGGTGTTGCAGGTGCCTGA 2201
PEVYGE6VKLTGKLOGPFVS 2201 TCAACCCATTATTCCCTTCATTGAAGGCGACGGAATTGGTTGTGATGTAA 2251
GTGCCAAGGACATCATTCTTGAAGTATTGCGGCTGAAAACCGTCAAAGEC 751 2251 CCCCGGCCATGCGCAGTGTGGTGGATGCGGCAGTGGCCAAAGTCTATGGA 2301
AKDI!I I LEVLRLKTVKSESG 2301 GGACAGCGGCAGATTGCCTGGATGGAGTTGTTTGCAGGTCAGAAGGCCGT 2358
GGBGTGOGCAAGGTGTT TGAGTATTTCGGCCCGGGGGTCGCTCATTIGAG 801 2351 GCAACTGTATGGTGAAGGGCAGTATTTGCCCGATGAGACCATGGCCGCCA 2401
6 VG6KVFEYFGPGV AHRLS 2401  TTCGGGAATATAAAGTCGCCATCAAAGGTCCTCTGGAAACTCCGGTGGGC 2451
TGTTCCTGCGLGCGCGACCATCACCAACATGGOGGCGGAACTGGGGECTA 851 2451  GGGGGGATTCGTAGCCTGAATGTGGCCATGCGTCAGGATCTTGATTTGTA 2501
VPARATI TNMGAELGAT 2501 TGTCTGCCTCCOGCCGGTGLGTTATTTTGAGGGGACGCCCAGCCCCATGE 2551
CCACCAGTGTTTTCCCCAGTGATAGCGTGACCCGGGACTATCTTGCTGCC 901 2551 GGCATCCGGAAAAAGTGGATATGGTCATTTTTICGCGAAAACTCCGAGGAC 2601
TSVYFPSDSVTITRDYULAA 2601 ATTTACGCCGGTATTGAATGGCCTGCGGGTAGTCCCGAAGCAGAAAAAAT 2651
CAGGGGCGTGGAGCGACCTGGTCCGAGTGOGTGGCTGATGCGGATGCGAG 951 2651 CATCCGTTTTCTGCGGGAAGAAATGGGCGTCACAARAATCCGCTTTCCCG 2701
G 6RGATWSEWYADADAS 2701 ACAGCTCTGCCATTGGCATCAAACCCGTATCGACGGAAGGTTCGGAACGT 2751
TTACGACGAAGTGCTCGAAATCAATCTGGATACGCTGGAGCCCCTGATTG 1001 2751 CTGATCCGGCGTACCATTCAATACGCTCTGGAACATGGCAAGCCCTCTGT 2801
YDODEVLET'INLDTLETPLI A 2801  GAGTCTGGTGCACAAGGGTAATATCATGAAATTCACCGAAGGCGGTTTCC 2851
CCTGTCCGCATAGCCCGGATAATGTCAAAAAAGTGCGGGAAGTGECCGGA 1051 2851  GTGACTGGGGTTATGCCCTGGCGGAGCGEGAGTTCGCCGOTCOGGTGTTT 2901
CPHSPDNVYKKVYREVAG 2901  ACCTGGAGGCAAAAGGCCGCCATCAGCAAGGCAGAGGGTAAGGCGGCAGG 2951
ACCAAGGTGGCCCAGGTAGCCATCGGTTCCTGTACCAATTCCTCCTACAC 1101 2951 GCAGAAAGCCGAGCAGCAGGCCATTGCCGACGGGAAGCTGATCATCAAGG 3001
TKYAQGVY AL GSCTNSSYT 3001  ACGTGATTGCCGATAATTTTCTGCAGCAGATTYTGCTGCGCCCGGAAGAT 3051
CGACCTGATGACCGTTGCGCAGATGCTCAAGGGCAAGGTGOTTGCGBATG 1151 3051 TACTCYGTGGTTGCCACGCTGAACTTGAATGGTGACTATGTTYCTGATGC 3101
DL MKWTVAOQGHKHLEKGKVYVADGEG 3101 CCTGGCCGCAGAAGTAGGGGGTATYGGTATGGCACCCGGTGCCAACCTTY 3151
GGGTCAGTCTGGGGGTTTCTCCGGGYTCCCOTCAGGTCATGGAAATGGTC 1201 3151 CTGATACCCACGCGATTTTTGAAGCTACCCATGGTACGGCACCGGATATT 3201
VSLGVSPGSROGVHEHNWYVY 3201 GCCGGGCAGGGCAAAGCCAACCCCAGCTCGCTGATTTTGTCGGCTGTCAT 3251
ACCAAGGATGGCGGGTTGCTGGACTT TATTGGTGCCGGATCACGTATTCT 1251 3251 GATGCTGGAGCATCTGGGCTGGGGAGAAGCTGCTCAGGCGATTGTGGLGE 3301
TKDGGLLDFI GAGSRARIL 3301 CCATGAATGCCACCATTGCGGCTGGTGAAGTCACCGGTGATCTGGCGRCC 3351
GGAATCTGCCTGTGGACCCTGCATCGGGATGGGTTTTGCGCCACCCACCC 1301 3351 TTGCGGGGTGATGTGCCGGCACTGAGCACCACAGAGTTTACGGCAGCACT 3401
ESACGPC I GMGFAPPTOQ G 3401  GATCCGGCGTTTTTAAAGGAACTTTCATGAATCTGCATGAGTATCAGGCC 3451
AGGGGGTTTCCGTACGCTCCTTCAATCGTAATTTCTACGGGCGTICCGGC 1351 ¥*RBSsuc>>MH N L HE Y QA
GVSVRSFNRNFYGRSEG 3451 AAGCGTTTGTTGGCCGAAGAGGGGATTCCGGTCCCCCGCGCCATTCCCGE 3501
ACCAAAAATGCCGAGGTTTATCTGGCGAGTCCGGAAACCTGTGCGGCCTG 1401 3501 TYTTTCGGTGCGTGAAGCCGTGAATCAGGCGCGTGAACTGGGCGRTCCEE 3551
TKNAEVYLASPETTCAAC 3551  CCTGGGTGGTGAAAGCCCAGGTGCATGCCGGAGGCCGGGGCAAAGCTGOT 3601
CGCTCTGACTGGAGAGATTACTGATCCCCGCGATTTGGGCCTGGCACCTA 1451 3601  GOGGTGCGEGTCGTTCACAGTATTGCCGGAGTGGAAAAAGCCGCCCAGGA 3651
ALTGE I TDPRDLGLAP I 3651 GCTGCTTGGAAAACCATTGGTAACCGCCCAGACCGGTGTGCAGGCCCAGC 3701
TTCACGTCGATTTGCCAGGACAGTTCCTGGTGGATGATCGCATGGTGCTG 1501 3701  ATGTGGCGGCTTTGTTGATTGAGGAGCCAAGCAGTATTGCCCGCGAGTTG 3751
HYDLPGOFLVYDDRUMYL 3751 TATTTGGCGCTGATGGTGGACCGGGCACAGGCCAGAATTACCTTTICTCGC 3801
GCCCCTGCOCCTGAGGGCACGGAGGTTGAAATTATTCGCGGTCCGAATAT 1551 3801 CACCCGGGAAGGCGGCATGGATATTGAGGAACTGGCCGTAACCCGGCCGG 3851
APAPEGTEVETLIRGPN.I 3851 ACGCCCTGAAAAAGCTGGTTGTTAATCCCAGCACCGGATTTTTGCCCTTT 3901
TGCCAAGTTACCGGCAGGTAAGGCCGCGCCCGCGCATCTGGCAGGCGAGS 1601 3901 CAGGCTCGACAGCTGGGATTTGAGTTTGGTCTGGATACCAGTCAGGTGCA 3951
AKLPAGKAAPAHLAGEYV 3951 GCAGCTGACCCGCATCATGCAGGGCATGTATCGTCTTGCCCAGAAGCTGG 4001
TGCTGATTCGTCTCGAAGACGATATCACGACCGATCATATTATGCCGGCG 1651 4001  ATGCGTTGATGGTCGAAATCAACCCGCTGGCGGTTACCAGCGATGGCCGT 4051
Lt RLEDD I TTDHINPA 4051 CTGCTGGCGLTGGATGCCAAGCTGGTTATGGATGACAATGCCT 4093

A: Restriction map of the BamHI fragment of pLWD1 containing aconitase gene (acn). B: Nucleotide

sequences of acn,

icd, and the B'-part of the putative succinyl-CoA synthasef-subunit gene (sucC).
Putative ribosome hinding sites (RBS) are underlined. Asterisk indicates stop codon.
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Fig. 2 Sequence alignment of A. thiooxidans and pig-heart aconitase. Asterisks indicate active site residues assigned in pig

heart aconitase.

Table 1 Purification of aconitase from A. thiooxidans
Total activity Specific activity Total protein Yield Purification index
) (U/mg) (mg) (%) (fold)
Crude extract 1106 0.9 1223 100 1
DEAE-Toyopearl 650 M 166 6.1 27.6 15 6.8
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W, SDS-PAGE #47-72 & 2 A, 4
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Fig. 3 SDS-PAGE (12%) of fractions from the aconitase
preparation.
lane 1: BenchMark protein ladder;lane 2:crude extract;
lane 3: crude extract after 37,000 rpm; lane 4: pool after
anion-exchange chromatography (DEAE-Toyopearl
650 M). Protein was 10ug in each lane.
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Fig. 4 Effect of pH on enzyme activity and stability.
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A. thiooxidans B3R 7 1= 7 —EDBEEFEIF L FB 5

b U, EHERGT 24T 72,
BAoBUBEROMEERS

BERIANUZ2.0U/mlic 2 2 & S5 1oL, ekt
Efrode, 72720 pH %tk 5 & 23 %4 o pH
DI E VT, 2.0U/mblc#R L 72, 90mM e
NaOH ### (pH3.0~5.0), 90mM V) > @75 1) ™7 24
FAGA (6.0~7.5), 90mM Tris-HCI $E#fiE (pHS.0),
90mM 7' > NaOH ## (pH9.0~10.0) % v

THEIEMEIC AT 5 pH 84 1~ 72, 72oss8 &
RER ol pH 137 .5TCH - 72 (Fig. 4 A)., BHEN%
pH3.0~10.0050 mM #BME T2.0U /mllz 7% 5 & 5127
WL, S| T605ME L7221, mofk, HEEE2T-
72, ZoFER, pH 6.0~9. 0D FH T2 100 % O3 4 i1
#L72 (Fig. 4 B).

F 2 TE MR E AN R 25°C ~80°C TL05 A4 > % 2 ~=— }
L, BERBMEAINL, iEENGE 2470, &R BT

B AR 2 SR> 72,
L7 (Fig. 5 A). B

FDORER, 60°C Tl kD IEIE % 5R
AL F25~80C T6045 4 >~ ¥ 2

— MEDERAFEEE {”Hllﬂ"ﬁﬁ‘u& 40CLTF £ TELET
& =723, 50°C LLETHIEE 2 GO T AR & 7z (Fig.
5B).

Fe* LIS i 68 A 7 > DAL 2 H % sl G
T LM T A2, dafbdBEIcHWTw3 Fe
(NH,) . (S0,) , irt o4 g (MegS0, - 7 H,0, CuSO,-

5H,0, MnSO, - 5H,0, CoSO, - 7H,0, NiSO, - 6
H.O) %ML, moft, WEELZT-72. 2R,
BoHhrulbEIiT2 52 2R TE (Fig. 6).
1%4V71/M®ﬂh0Lq%mﬁMWT%éDﬁWE
B, L-§AER, 732, DL-3-4A V7o) T
B, DL-1 > T, D-) v TEE L-Y) BRIV X L

(B)
120

e
N
N

pH

Relative activity (%)

(A) Enzyme activity was measured in the following buffer.; 90 mM Acetate-NaOH (pH 3.0-5.0); 90 mM potassium phosphate
(pH6.0-7.5); 90mM Tris-HCI (pH8.0); 90mM Glycine NaOH (pH9.0-10.0). (B) Enzyme activity was measured after
incubation of the enzyme at the indicated pH and at room temperature for 60 min in the following buffer; 50 mM Acetate
-NaOH (pH 3.0-5.0); 50mM potassium phosphate (pH 6.0-7.5); 50mM Tris—=HCI (pH 8.0); 50mM Glycine NaOH (pH50-10.

0).
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Fig. 5 Effect of temperature on enzyme activity and stability.
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(A) Enzyvme activity was measured in a 2ml reaction mixture containing 1.8ml 90mM Tris-HCI (pH8.0), 0.1ml 30 mM
p-Isocitrate, and 0.1 ml enzyme solution at various temperatures. (B) The enzyme activity was measured after incubation

of the enzyme at various temperatures.
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Fig. 6 Effect of various metal ions in activation of inactivat-
ed aconitase.
The inactivated enzyme was measured after incuba-
tion in 14mM L-Cysteine and the following ImM
various metal ions; Fe (NH,)»(S0.)., MgSO, « 7H,0,

CuS0, * 5H,0, MnSO;, « 5H,0, CoSO, » 7TH,0, and
NiSO, * 6H,0.
T, TEVEISE & 4T - 72, WP 1 mM 7 R E R

HLTwanT, 2mMDTT &450mM Tris-Hi
i (pH6.5) TEMLLod Mk L2, 2D
L AV 7o, 7T BoRERE MRS
DR S . T4 Y 7 T BT A IR BOGTE DY
BN A S 172 (Table 2),

Sephacryl S-300 High Resolution % a7z 7L At
17 & BRI B A R, A0 Fii3 66,000 & ST
&7, SDS-PAGE ?fE#» &, 7 2= b D55
168,000 B E N Tz s kL LahbEdZ &I
LN, AR T —BERTH B R L.

Table 2 Substrate specificity of A. thiooxidans aconitase

Substrate Relative activity (%)

pL-Isocitric acid 100
Citric acid 73
pL-3-Isopropyl malic acid 0
p-Malic acid 0
.-Malic acid 0
pL-Malic acid 0
p-Tartaric acid 0
L-Tartaric acid 0

Table 3 Comparison of properties of A. thiooxidans

aconitase with pig heart aconitase

Aconitase from Aconitase from

A. thiooxidans pig heart

pH stability 6.0-9.0 5.5-8.0
Optimum pH 7.5 8.5
Thermostability <40°C <50°C
Optimum temp. 60°C >T70°C
Km Value (nM) citrate — 1.36

AHIFGE I 35 v CEBA ks 8 L 72 B o HET & RIS WFSE
XN TWA 7 IHET 2= — e W 24T - 72759,
ZFORER, WEICHL, REETHY, pHEELELH -
T 72 (Table 3). 4R UEEE 2 V72 BT Th
AEDIIOL IR E LT LE-TRELE LI
B, SIES VAR, BURA AR I e2 b 777 4
— R R B A AT, IR B L 2o, MR EGY
AT MRS NG,

B #J

Acidithiobacillus thiooxidans YH¥T 2 = 7 —X#{LTF
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