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Purification and Characterization of Thermostable Amidase
from Thermus sp. O-3-1

Fumiaki Kobayashi, Hiroki Aomine, Wataru Mizunashi?, Fujio Yu?,
Takashi Tamura, and Kenji Inagaki
(Course of Agrochemical Bioscience)

The gene encoding a thermostable amidase (EC 3.5.1.4) from thermophilic bacterium Thermus sp.O-
3-1, was cloned and expressed in Escherichia coli JM109. The cloned amidase gene (ami) is 930 bp and
encodes a protein composed of 310 amino acids. The protein is predicted to have a molecular mass of
33,089 Da. The amidase from Thermus sp.O-3-1 was purified by heat treatment and DEAE Toyopearl
650M column chromatography. The molecular mass of the native enzyme was estimated to be about 70
kDa by gel filtration chromatography, indicating that the enzyme has a homodimeric structure. The
purified enzyme was stable up to 80°C and within a pH range from 7.0 to 10.0. The optimum tempera-
ture and pH for enzyme activity were 90°C, and 9.0, respectively. The enzyme was strongly inhibited by
the metal-chelating compound EDTA. The activity of the EDTA-treated enzyme was reactivated by the
addition of Co®, Ni** and Mn*" ions. Therefore the enzyme was predicted to be metalloenzyme. Finally,
as a result of investigation into substrate specificity, the purified enzyme was suggested to be p-amino

acid specific amidase, as it showed higher activity toward pD-Leu-pNA than L-Leu-pNA.
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AWFFETIX 5 L 72 & B2 Thermus sp.
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H s o7 BEBEMOmEE LCIE, Escherichia
coli JM109{recAl, endAl, gryA96, thi-1, hsdR17 (rk~
mk"), el4 (mcrA™), supE44, relAl, A (lac-proAB)/
F' [traD 36, proAB*, lacl®, lacZ AMI5S]} =l L7z,
F7/2:7 A3 FRY & —121d pTrc99A %= L 7-.
7IZ—t@BEFOIO—Z=T

I IR ORI L ) BT I NMeAWEE—ERF &
L, 73 FIkG iR x Ay 555C U L CAEBRE
% Thermus J&DWAEW % JHY L Thermus sp.0-3-1 &
L7z, SOWPST/ A DNA OFE % 17w, DNA
FTATT) R L7, B L iR % 2LER 7 2
NEHERBICHEMEL, 75— PR T2E&0CHE
EAZY—=Zr 7 Ll BoNeT I8 —ERIZTDE
A DNA 7 I A4 ~—%1EK L, pTrc99A @ Neo 1,
PstI ¥ A MIT7I¥—EHEEFZREALIEIZE
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— 7 Y —I2L ) T I —BEETOREERS % JE L
72 (DDB] 77ty a &5 | AB6734481256%).
Thermus B3R 7 I 4 —EBEFOKRKBE CORE LB
TR
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10,000 rpm, 2055 T 58t L, L % Bk < Rigx
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&, RV TV EKpHO200M 7Y Py - mE Y Y v
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Gly-pNA, L-Leu—pNA, p-Leu-pNA, p-Ala-pNA |
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100 oM Tris-HCI (pH9.0) &4 (Gly-pNA &, pH9.0
THTHIS 5720 pll 8.0 T - 72) (ISR % I 2 BUG % B
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Thermus BBEMEMT7 I 4 —EEEGFEFO/O—-—=2F
T3 —EHlETERBRENIC a—=> 7L, DNA
V= Y ARATo T, TOMER, 930bp 25 7% A open
reading flame (ORF) #[HE%EL7z. Z® ORF %, 3107
I/MEI—-FL, 5 TEN33, 089TH S Z & AMEll &
7 (Fig. 1).
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LTWAIERHLNE RS
MEET7 I 4 —E0EMHE DR
FELEE SR O SUGHROBIR L, ZAZEE M, il pH, pH %7
PEIZOWTHIARTz, ZORR, PUGTGEIRE (£90T, 24
ZEMEIX80TC £ ¢ (Fig. 3), i pH (X9.0, pH ZEM:
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A°R L P L PV QV P eAILF SV eDTHAYVYQGDGEGEWVCGET AV E
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Fig. 1
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DNA sequence and deduced amino acid sequence of amidase gene from Thermus sp.0-3-1.

Table 1  Purification of amidase from Thermus sp. O-3-1
Total protein Total activity Specific activity Purification index Yield
(mg) (mU) (mU/mg) (fold) (%)
Cell free extract 2000 5800 2.9 1.0 100
Heat treatment 320 8500 26 9.1 150
DEAE-Toyopearl 110 3200 35 12 68
Pheny-Toyopearl 40 1900 48 17 33
Sephacryl S-300 7.0 290 42 15 5.0
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Fig. 2 SDS-PAGE of amidase from Thermus sp.0-3-1 at different stages of purification.

Ten micrograms of samples were loaded on a 10% acrylamide gel. Lane M, molecular mass markers

: phosphorylase b

(97.0kDa), albumin (66.0kDa), ovalbumin (43.0kDa), trypsin inhibitor (20.1kDa), «-lactalbumin (14.4kDa); lane 1, cell
free extract of E. coli ]M 109 transformants ; lane 2, after heat treatment for 30 min at 80T ; lane 3, after DEAE Toyopearl
column chromatography ; lane 4, after Phenyl-Toyopearl column chromatography ; lane 5, after Sephacryl S-300 column chro-
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Effect of temperature on activity and stability of amidase from Thermus sp.0-3-1.

(A) Optimum temperature of the amidase from Thermus sp.0O-3-1.

(B) Thermal stability of amidase from Thermus sp.0-3-1. Enzyme activity was measured after incubation of enzyme at

various temperatures for 30 min.
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Fig. 4 Effect of pH on activity and stability of amidase from Thermus sp. O-3-1.
(A) Optimum pH of amidase from Thermus sp.0-3-1. Enzyme activity was measured in the Britton-Robinson buffer.

(B) pH stability of amidase from Thermus sp.0-3-1.
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Fig. 5 Effect of various metal ions toward amidase from Thermus sp.0-3-1.
Enzyme was treated with a final concentration of 5mM EDTA at 80C , and incubated for 60 min. Thereafter, a final concentra-
tion of 5mM various metal ions was added toward the EDTA-treated enzyme at 37C () or 80C (), and incubated for
60 min. All assays were performed at a final substrate concentration of 2.0 mM L-Leu-pNA at 80C . All data are expressed as
the mean =+ standard deviation of three independent experiments.

DERUBTL N EEIE T 2013, BRTICHEZE
(T, MEPES X, HHEROEMOZERDIL DY,
FEDBAY R T BN TIEhwnwhreEz bz, L
L OGRS R FBIEOR A O S8 OTINR RS H
EAOEIEOTMAS, £ iR iEET FFOMR 04
BN D ITREMEDRIE X 7.

Thermus RN 7 I 4 — € OEBEREMEO®KE
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Z T B fE - Tz L-Leu—pNA OF10f5 13 ETH -
72 (Fig. 6). S OIZHERMIT 21T o 72 ER, kea/Kn

75 Dp-Leu-pNA 2SRKEEFIZH LTI d L WHEETH S
Lo dz (Table2). p-7 2 7 X FICKIBT
57T I —¥ & L Tld Brevibacterium  iodinum HFRT
3 ¥ —¥ X Brevibacillus borstelensis BCS-1 HRT7 7 =
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BE WV RBEREZ > TWwA L W) T ETHBH 1,
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Fig. 6 Hydrolytic activity of amidase from Thermus sp.0-3-1
toward p-Leu-pNA, L-Leu-pNA, p-Ala-pNA, and Gly-
pNA. All assays were performed at a final substrate
concentration of 2.0 mM. All data are expressed as the
mean = standard deviation of three independent experi-

ments.
Table 2 Enzyme kinetics of amidase from Thermus sp. O-3-1

kraL/Km

Km (mM) Pea(s?) (1 i)
p-Leu-pNA 3.7 2.5 0.68
L-Leu-pNA 1.2 0.096 0.083
p-Ala-pNA 1.5 0.12 0.082
Gly-pNA 0.29 0.011 0.037

Km and ke values were calculated from a non-linear regression fit
to the Michaelis-Menten equation using initial estimates from
double-reciprocal plots.
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