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Purification and Characteristics of Adenylate Kinase from Extreme
Thermophile Thermus caldophilus GK-24
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The adenylate kinase was purified from an extreme thermophile by adenosine-pentaphospho-
adenosine elution from phosphocellulose column. The molecular weight was estimated to be 22,000
by SDS-PAGE and gel filtration. The optimum temperature of the enzyme activity was 80°C and the
activation energy was given as 22.4 kcal/mole. The enzyme even showed full activity after incuba-
tion at 90°C or in 6M guanidine-HCI at 30°C and retained 75% of its original activity even after 1
hour at 100°C. The Michaelis constants of the enzymes for AMP, ADP, and ATP were 0.01 mM,

0.017 mM and 0.067 mM, respectively.
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Fig. 1. DEAE-cellulose column. chromatography of
adenylate kinase from Thermus caldophilus GK-24.
Proteins ( ) were measured by the absorbance at
280 nm. The enzyme activities (----) were measured as
described in Materials and Methods. The molality of
KCl (a---4) in eluted fractions were estimated from con-
ductivity.
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Fig. 2. DEAE-sephadex A-25 column chromatography.
(0) Absorbance at 280 nm; (@) actuvity in uKat/liter;
(a) KCI gradient.
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Fig. 3. Phosphocellulose column chromatography

( ) Absorbance at 280 nm; (—-—-—-) absorbance at
260 nm; () activity in uKat/liter.

Table 1. Summary of purification procedure

Total Total Specific Yield
volume activity activity (%)
(m/) (ukat) (mkat/kg)

Crude extract 660 228 1.40 100

Ammonium sulfate 125 19.6 2.67 86
(30-60%)

Steps

Acid treatment 280 19.5 6.67 85
DEAE-cellulose 930 15.6 18.0 68
column
DEAE-Sephadex A-25 175 10.1 160 64
Phosphocellulose 64.5 5.38 3420 24
column
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Fig. 4. Polyacrylamide gel electrophoresis

{a) enzyme activity staining

(b) protein staining

The enzyme (3.5 ug) from phosphocellulose column
were applied to 7% gel. After electrophoresis, one of the
enzyme-loaded gels was sliced by 1mm width. The en-
zyme was extracted from the sliced gels with 100 u/ of
20 mM Tris-HCI buffer for 24hr at 4°C. The other gel
was stained with Coomassie brilliant blue R-250 and
destained with acetic acid-7% methanol for scanning of
the gel at 590nm.
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Fig. 5. Estimation.of molecular weight of the enzyme
by SDS-PAGE

Right lane indicates maker proteins and left lane
denotes the purifid enzyme (10 ug).
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Fig. 6. Estimation of the molecular weight by Sephadex
G-100.

The column (0.9 x 54cm) was equilibrated with 0.1 M
potassium phosphate buffer (pH 7.2) containing 0.1M
KCl. The open circles indicate marker proteins: From
left to right; Bovine serum albumin 68,000, Ovalbumin
45,000, Chymectrypsinogen 25,000, and Cytochrome c
12,500. Arrow indicates the position of the enzyme
eluted.
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Fig. 7. Optimum pH of the purified enzyme

The optimum pH of the enzyme was determined in the
forward and in the reverse reaction; ADP formation,
: AMP and ATP formation, -----. The buffer solu-
tions of the reaction mixture were contained 0.2M Na(l
and they were as follows: Mes (a); Hepes (&); Tris-HCI
(®); Glycyl-glycine (0); Glycine (®)
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Fig. 8. Arrhenius plot.

The reaction mixture contained 5 mM AMP, 5 mM
ATP, 5 mM MaCl,, 0.1% BSA, 0.1M potassium
posphate buffer (pH 7.6), 21Ci %-AMP and 0.34 g of
enzyne per m! of the reaction mixture.
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Fig. 9. Thermal stability of the purified enzyme

The purified enzymes (6ug/ml/) were incubated in the
following conditions: 50mM potassium phosphate buf-
fer (pH 7.6) at 90°C (®); 50mM potassium phosphate
buffer (pH 6.7) at 90°C (&); 50mM borate buffer (pH
9.5) at 90°C (a); 50mM potassium phosphate buffer
(pH 7.6) at 100°C (0).
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