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Abstract An alkaline catalase has been purified and characterized from a slightly halophilic and alkaliphilic bacterium Bacillus
sp. F26.The purification was performed with a four step procedure consisting of ammonium sulfate precipitation, ion exchange,
gel filtration and hydrophobic interaction chromatography, and finally achieved a 58.5-fold-purifying over the crude extract. The

purified catalase was composed of two identical subunits with a native molecular mass of 140 kD. The native enzyme showed the
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typical Soret band appearing at 408 nm. The pyridine hemochrome spectrum indicated the presence of protoheme X as the pros-
thetic group. The apparent K, value for enzyme activity on H, 0, was calculated to be 32.5 mmol/L. The activity of this catalase
was not reduced by dithionite but was strongly inhibited by cyanide, azide, and 3-amino-1,2,4-triazole ( the specific inhibitor of
monofunctional catalase). No peroxidase activity of this enzyme was detected when using o-dianisidine, diaminobenzidine
( DAB) and p-phenylenediamine as electron donor. Moreover, the N-terminal sequence of this catalase exhibited substantial sim-
ilarity to the monofunctional catalase subgroup rather than catalase-peroxidase or Mn-catalase one. Therefore, we characterize the
purified catalase as a monofunctional catalase. Besides. this monofunctional catalase was thermosensitive and its activity exhibit-
ed pH-independent over pH 5 ~ 9 but showed a sharp maximum at pH 11. An activity half-life of approximately 49 h was mea-
sured when the enzyme was incubated at 20 C and pH 11.To our knowledge. pH 11 is the most alkaline condition for optimum
catalysis and enzyme stability among the catalases reported up to now. Furthermore, this monofunctional catalase also showed ex-
cellent halo-alkali-stability with a half-life of approximately 90 h at 0.5 mol/L NaCl and pH 10.5.0n the other hand, so far as
we know, the characterized catalase is the first dimeric monofunctional catalase from alkaliphiles and is also the first monofunc-

tional catalase derived from a natural soda lake, which could partially reflect the oxidative stress response in the corresponding

environment .

catalase, Buacillus

Key words

Aerobic organisms generate oxygen free radicals includ-
ing superoxide radical, H, 0, and hydroxyl radical as a result
of oxygen metabolism, which are highly harmful to DNA, lip-
ids and proteins''- . Catalase (CAT), as a member of oxida-
tive stress response system in cells. catalyzes the conversion
of H,0, to O,and H;0, and thus it is present in all aerobic
organisms and in aerotolerant anaerobic organisms as a pro-

2l g, far, three subgroups of catalases have

tective enzyme
been described; they are monofunctional catalase (or typical
catalase ), catalase-peroxidase ( CP) and Mn-catalase (or
pseudocatalase) , each of which shows distinct physicochemi-
cal properties and catalytic properties.

To reduce the negative impact on the environment, the
usage of hydrogen peroxide in industrial processes including
the food, dairy. textile, pulp and paper industries, as a more
environmentally friendly bleaching or sterilizing reagent, is
more and more attractive** . Therefore. an easy and efficient
way of decomposing H, O, by catalases to avoid its interfer-
ence with subsequent steps is also drawing more and more at-

46 . . . .
1461 Since hydrogen peroxide is more active under al-

tention
kaline conditions, most industrial processes involving its use
proceed at high pH, so alkaline catalases become industrially
important enzymes.

Several catalases have been purified from alkaliphiles in
4710

the past thirty years* . They were characterized to be ei-
ther typical catalases or catalase-peroxidases. For alkaline
monofunctional catalases, they showed the common character-
istics of the group: homotetramers, protoheme [\ as prosthet-
ic group, specifically inhibited by 3-amino-1,2, 4-triazole (3-
AT), resistant to reduction with dithionite and pH-indepen-
dent over a broad pH range.

Previously. an alkaliphilic Bacillus strain F26 was iso-
lated from Haoji Soda Lake in our laboratory''- . This strain
was found lo possess multiple catalases whose expression was
growth-dependent. An alkaline monofunctional catalase was
purified from these isozymes and was found to possess the
unique properties of a sharp maximum activity at pH 11 and
an uncommon structure of homodimer, which are distinet from

the common characteristics of the monofunctional catalase
group . In this paper, we describe the purification and char-
acterization of this catalase .

1 MATERIALS AND METHODS

1.1 Microorganism and Culture Conditions

Bacillus sp. F26. a slightly halophilic alkaliphile, was
isolated from Haoji Soda Lake located in the Hulunbeir area
of Inner Mongolia Autonomous Region of China (48°23" N
and 118°28’E):“: . This strain was cultivated aerobically up
to the late-logarithmic-growth phase at 37°C in modified Hori-
koshi I medium containing ( per liter of distilled water) 10 g
of Glucose. 5 g of polypeptone (BBL). 5 g of veast extract
(Oxoid), 1 g of KH,PO,, 0.2 g of MgCl;, 50 g of NaCl and
10 g of Na,CO;(pH 9.8) .

1.2 Purification of Catalase from Bacillus sp. F26

The harvested cells ( approximately 10 g of wet cells)
were washed once with buffer A (50 mmol/L phosphate buff-
er, pH 7.0), then resuspended in the same buffer and dis-
rupted by sonication at 0°C . Cell debris was removed by cen-
trifugation ( 10000 g for 40 min) and the supernatant was col-
lected a3 crude cell extract,

The crude extract was subjected to ammonium sulfate
precipitation at 509 saturation. The precipitated proteins
were obtained by centrifugation ( 10000 g for 40 min) and
dissolved in buffer A. This solution was then dialvzed against
the same buffer for 20 h, followed by a concentration treat-
ment with PEG-20000 to a final volume of 15 mL. The result-
ing sample was loaded on a DEAE Sepharose CI.-6B Column
(1.6 em x 19 em) (Fluka) . pre-equilibrated with buffer A,
and eluted with a increasing linear gradient elution of O mol/1.
to 0.8 mol/I. NaCl in the same Duffer. All fractions with cata-
lase activity were pooled, dialvzed and highly concentrated
with the methods described above. The sample was then ap-
plied to a Bio Gel P-300 column (1.6 cm x 80 em) ( Bio-
Rad), pre-equilibrated with buffer A. The eluants containing
catalase were combined and ammonium sulfate was added to a
final concentration of 0.5 mol/I.. The treated sample was fi-


http://www.cqvip.com

0000 http://iwww.cqvip.com|

ZHANG Xin-Qi et al . : Purification and Characterization of a Monofunctional Catalase from an Alkaliphilic Bacillus sp. F26 73

nally applied to an Octyl Sepharose CL-4B Column (1 em x
13 em) (Fluka), pre-equilibrated with buffer A containing
0.5 mol/L (NH,),30, . It was found that the target catalase
bound to octyl groups with a strong hydrophobic interaction.
So it became highly effective to elute with a two-step elution:
washing the column with buffer A followed by a decreasing
linear gradient elution of 50 mmol/L to 5 mmol/L phosphate
buffer [ pH 7.0, both without (NH,),50, ]. Active fractions
were collected, concentrated by ultrafiltration { Millipore) and
stored at —20%C . The effectiveness of each purification step
was determined with both SDS-PAGE and Native PAGE.
1.3 Enzyme Assay

Catalase activity was determined spectrophotometrically
(Beckman DU-800 UV-Vis spectrophotometer) by monitoring
the decrease in absorption at 240 nm caused by the disap-
pearance of hydrogen peroxide at 30°C '?- . The reaction mix-
ture included 1 pL enzyme solution, 199 pL 50 mmol/L
NaHCO,-Na, CO; buffer (pH 11) and 100 pl. 30 mmol/L
H,0, in the same buffer unless otherwise stated. The assay
was initiated by addition of the substrate and followed for 1
min, using the initial linear range of the reaction (20 ~ 30 s)
to estimate activity. The concentration of H, 0, was calculated

from the molar extinction coefficient (43.6 mol/L™'-cem™!).
I unit of catalase activity was defined as 1 pmol of H,0, de-
composed per min.

Peroxidase activity of the enzyme was also tested spec-
trophotometrically at 30°C using different substrates in buffer
A. The oxidation of o-dianisidine (0.5 mmol/L, with 1
mmol/L. H, 0, ), diaminobenzidine (0.5 mmol/L, with 3
mmol/L H,0,) and p-phenylenediamine (0.3 mmol/L, with
3 mmol/L H,0,) was monitored at 460 nm, 465 nm and 485
nm respectively. For comparative purposes, bhovine liver
catalase (Sigma) was assayed similarly.

Protein concentration was determined by the method of
Bradford using the Bio-Rad protein assay dye reagent concen-
trate with bovine serum albumin as standard.

1.4 Electrophoresis

SDS-PAGE was carried out in 12% polyacrylamide gels
with Mini-Protein 3 Cell ( Bio-Rad), using low molecular
weight marker ( Pharmacia) as standard to determine the sub-
unit size of the enzyme. Proteins on the gel were stained with
Coomassie Brilliant Blue R-250. Native PAGE was performed
in 8% polyacrylamide gels, followed by both protein staining
and activity staining (ferricyanide-negative stain with 0.039
(VIV) H,0,)"

1.5 Molecular weight estimation

Gel filtration chromatography was used to estimate the
native molecular mass of the purified catalase. The method
was performed at a flow rate of 0.4 mL/min on AKTA FPLC
P-920 system with a Superdex 200 HR 10/30 column ( Phar-
macia) . The system was equilibrated with buffer A ( contain-
ing 0.15 mol/1. NaCl) and high molecular weight gel filtration
calibration marker ( Pharmacia) was used as standard .

1.6 Spectral characterization

The absorption spectra of the native enzyme, enzyme re-
duced with 1 mmol/L. sodium dithionite and enzyme treated
with 10 mmol/L. KCN were measured in buffer A at 30C us-
ing the Beckman DU-800 UV-Vis spectrophotometer. The
pyridine hemochrome spectrum was determined according to
the deseription of Falk in a solution of 17.5% ( V/ V) pyri-

dine and 0.075mol/L NaOH'™ .
2 RESULTS

2.1 Microorganism

Bacillus sp. F26 was a Gram-negative, rod-shaped or-
ganism. Its growth could be detected over the pH range of 7
~ 10, temperature range of 11 ~ 40°C and NaCl concentra-
tions of 1% ~ 12% ( W/V). The optimal conditions for
growth were at pH 9.5, 34 C and 3% ( W/V) NaCl. The
165 rDNA sequence of strain F26 had 99 % similarity to both
Bacillus gibsonii ( DSM 8722) and Bacillus horikoshii ( DSM
8719) .
2.2 Catalase Purification

A four-step procedure consisting of ammonium sulfate
precipitation, ion exchange, gel filtration and hydrophobic
interaction chromatography was developed to obtain a purified
catalase from F26. The purification is summarized in Table 1,
and the analysis of protein components in crude extract and
fractions containing catalase by PAGE is shown in Figure 1.1t
indicates (Fig. 1A, Lane 1) that more than one catalase is
present in the crude extract. To confirm that Bacillus sp.
F26 yields multiple catalases, different crude extracts ob-
tained from cells growing for different time (2 h to 30 h) were
visualized on Native PAGE with activity staining (Fig. 2) .
Five activity bands ( marked in Fig. 2) were seen on the gel,
corresponding to different growth phases. It has been previ-
ously reported that growth-dependent expression of multiple
catalases also exists in some organisms, such as catalase 1 -
3 in Bacillus Subtilis"* and Cat 1 ~ 6 in Streptomyces coeli-

color-'%

Table 1 Purification of Bacillus sp. F26 catalase

’l:,)l?: ’10:3_1 bp:“t‘lil;.lu Yield Punification
activi ) pro e activity
) /6 R

fu /mg /Cu/mig) % (~fold)
Cell extract 107340 441 243.4 100 1
(NH,),%0

TRORR gaas 1474 553 759 2.3
precipitation
lon exchange 8672.1 4.3 1808.6 8.1 7.4
Gel filtration 8452.8 2.6 3238.6 7.9 13.3
Hydrophobic

FOTOPROVIC 2848 8 0.2 19244 2.6 S8.5

tnteraction

In this study, the marked catalase (see in Fig. 2) was
present throughout all the growth phases with relatively high
level expression. This vatalase was thus considered to play a
more important role in the cell’ s oxidative stress response
system and was selected as the target protein for further puri-
fication. As Table 1 shows, the four-step procedure achieved
a 58.5-fold purification over crude extract and a vield of 2.6
% , which are relatively low compared to some other pub-
lished procedures. High similarity among the multiple cata-
lases may be a significant reason, since they showed such
close electrophoretic mobilities on native gel (Fig. 2), and
in addition, partially-overlapped peaks also appeared during
the course of elution especially from ion exchange and gel fil-
tration columns ( data not shown) .

SDS-PAGE revealed the final presence of a single band
at an apparent molecular mass of 74kD (Fig. 1B, Lane 5).
With the Native PAGE. the CBB staining protein also ap-
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peared as a single band, and its position completely corre-
sponded to the catalase aclivity [ Fig. 1A, Lane 5 and Lane
6). Gel filtration chromatography indicated an approximate

A ! 2 3 4 5 6

molecular mass of the native enzyme of 140kD. Taken togeth-

er with the subunil size, it is therefore proposed that the cata-

lase is a homodimer.

(1] | 2 3 4

-
o

Fig. 1 Analysis of protein components in crude extract and catalase containing fractions after each purification step with PAGE
[Lane 11 erude extracts (Lane 27 ammonium sulfate precipivtion; {Lane 21 DEAE jon exchanges {Lane 47 ge! Blirations

{Lane 5} hydrophobie interaction; and {Lane 64} same as lane SA except staining with CBB; { Lane 6B} low molecnlar weight markers.

larget
citalase

Fig. 2 Expression of multiple catalases in 126
at differemt growth phases

U Lane 1) bovine liver ¢

tuluse as controlz

[Lane 20 grvwn for 2h: (Lane 30 grown for Gh;

[Lane 4) grown for 12hz { Lane 51 grown fir 24h;
{ Lane 6} grown for 30h .

2.3 Spectroscopic properties

The absorption spectrum of the native catalase from F26
is shown in Figure 3.4 Soret band was present at 408 nm
Ceurve 1), which indicaled that this enzyme is a heme cata-

7,18 5
lase rather than a Mn-catalase!"™'™ | Furthermore, the Soret
absorption of this catalase is slightly red-shifted compared 1o
the more

typical 406 nm  for  other  monolunctional

8. 19-20
calalases " il

. The Reinheilzal number { 440/ A5 ) was
calculated 1o be .54 . which is low for typical calalases that
usually exhibil ratios of approsimately 17 This result indi-
cated a low heme content of the protein.

Treatment of the enzvme with I mmal/L. sodium dithion-
ite did not alter the spectral shape but a small shift of Sorel
peak to 412 nm could be discerned { curve 2) . Recently. a
monofunctional catalase from 7. drockianus was also eported
to show a red shift of 9 nm when treated with dithionite-- .
This may suggest that the catalase purified in our laboratory is
a monofunctional catalase. The presence of 10 mmal/T. KCN
shified the Sorel peak to 424 nm (curve 3}, indicating the

na4s

0dn
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0030
9
2 0023
3
= 2]
=Nt
2 oz
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Anm

Fig. 3 Spectroscopic analysis of Baeillus sp. F26 catalase

Creconded againgt a blank ol lentival buflec? ;

¢ beater] with dithionite [ curve 273

urve |

Native enzyime
treates] with KCN (enrve 31, The inset shows

e pyrdine hemochrome spectrum of Bueillus sp. 26 cataluse,

distal 6-coondinate position of the heme iron was vecupied by
the cyanide and thus a transition from high <pin 10 low spin
state was shown.

The prosthetic group of the native enzyme was deter-
mined as pyridine hemochrome . As Figure 3 (insel) showed,
three absurption peaks typically appeared at 418 am. 525 nm
and 355nm, which indicated the presence of protoheme |4
The protoheme content was estimated from the absorption al a-
band {555 nm} and an & value of 3.4 1/{mmol-em) w0 be
.01 molecules per dimer. This level is a little low but eon-
sistenl with the Rz ratio.

2.4 Catalytic Properties

The influence of hydrogen penwide concentration vn ils
decomposition was examined according 1o the standard assay
described in Materials and Methods € except that the concen-
Results are
given in Figure 4. which reveals that the activity of the eng-
yme propordionally increased with respeet 1o the substrate con-
centration up to 70 mmol/L. H, 0,

tration of substrate was increased by degrees )

However, higher eoncen-

trations caused the rapid inactivation of the catalase. It is
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known that catalases do not show true Michaelis-Menten be-
havior and the apparent saturation observed for its activity
could actually be a result of the inhibitory effect of H; 0, at

2] On the other hand, however, in the

range of low concentrations, the catalytic behavior follows
and thus Michaelis-Menten
equation could be applied. In this work, the concentration
dependence below 50 mmol/L H, O, fitted the Michaelis-Men-

ten equation, and the apparent K, and V_, values could be

high concentration-

first-order reaction kinetics

therefore deduced from the Lineweaver-Burk plot to be 32.5

mmol/L and 12 (u*mg™'), respectively.
140

120 F

100 L

s
>
3 80
E -
<
2 0 F
=
a
3 40 F
20 [—
0 A e 1 L.
0 20 40 60 80 100

Hydrogen peroxide/( mmol/1.)

Fig. 4 Effect of H, O, concentration on the catalatic activity
of purified F26 catalase.
Each data represents the result derived from

triplicate measurements .

Optimum pH conditions for the purfied enzyme were deter-
mined by assaying catalase activity in the following buffers:
50 mmol/L Na, HPO, -citrate buffer (pH 4 ~ 6), 50 mmol/L
KH, PO, -Na, HPO, buffer (pH 6 ~ 8), 50 mmol/L. Tris-H(l
buffer (pH 8 ~9), 50 mmol/L Na, COy-NaHCO, buffer ( pH
9 ~ 11), 50 mmol/L. KC1-NaOH buffer (pH 11 ~ 12,5), with
other conditions the same as the standard assay. As Figure 5
shows, the enzyme was active over a broad pH range of 4.5 to
12, which contains a relatively pH-independent range from
pH 5 ~ 9 and a sharp activity maximum at pH 11. This pH de-
pendence is quite special compared to that of other monofunc-
tional catalases. It is known that typical catalases characteris-
tically have a broad optimal pH range (i.e. pH independent)
while catalase-peroxidases usually exhibit maximal activity at

120

100 b

0
=4
T

o0

Relative activity/®

Fig. 5 pH dependence and t

Relatrve activity/®o

a certain pH. In addition, the high activity appearing at high
pH (pH 11 ~ 12) is also unusual. So far as we know, only
the catalase-2 from spores of Bacillus subtilis is in any way
comparablem] .

For determination of the optimum temperature at pH 11,
the reaction mixture (without enzyme) was preincubated for 1
min prior to the measurement of activity at each temperature.
Results are displayed in Figure 5, which indicates that the
catalase activity dramatically decreased at the temperatures
higher than 40 °C, corresponding to the physiological growth
limit of strain 26 which also appeared at 40 °C . The temper-
ature range of 20 ~ 40 C was considered to be optimal since
relatively high activity could be observed within this range.

Stability of the catalase from strain F26 was also mea-
sured. It was found that at pH 7, incubation of the enzyme at
40°C for 10 min caused a reduction of its activity by 20% ,
and after incubation at 50 “C for 10 min, only 37% of its ac-
tivity remained. However, the enzyme’ s stability at lower
temperature and high pH was excellent, no decrease was de-
tected after 60-min-incubation at 15 ~ 30 °C and pH 11.
Moreover, an activity half-life of approximately 49 h was
shown when the enzyme was incubated at 20 ,°C and pH
11.This characteristic of “ cold-adapted activity " is rather
similar to the catalase from the facultatively psychrophile
Vibrio rumoiensis S — 1"-'*- | which also showed maximum ac-
tivity at 40 °C and slight suppression by incubation at 35 ~
40 C.

Though Bacillus sp. F26 was identified to be a slight
halophile with optimal growth at 0.5 mol/L NaCl and ne
growth could be observed in the absence of salt, we discov-
ered that its catalase activity in crude extracts needed no NaCl
to sustain or activate during purification and storage. As for
salt dependence of the purified catalase, the enzymatic activi-
ty showed a maximum in the absence of NaCl. 73% of its ac-
tivity remained ai the concentration of 2 mol/I. NaCl while
higher salt concentrations yielded a dramatic decrease in cata-
lytic activity (data not shown). This phenomenon was similar
to a mesohalic catalase from the halophilic archaeon Halobac-

‘2. On the other hand, however. our cata-

tertum halobium
lase exhibited outstanding halo-alkali-stability with a half-life
of approximately 90 h at 0.5 mol/L NaCl and pH 10.5,
Influence of inhibitors on the purified catalase was deter-
mined by incubating the enzyme in 50 mmol/L Tris-HC] buffer

120

100

80

a0 b

40 o0 80
Temperature/'C

perature dep

e of the purified F26 catalase activity

Each data represents the result derived [rom triplicate measurements .
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(pH 9.0) containing various inhibitors at 30 “C for 30 min,
the residual activity being then measured. As Table 2
showed, the enzvme was strongly inhibited by cvanide, azide
and hvdroxylamine hydrochloride. The specific inhibitor of
typical catalase. 3-amino-1,2,4-triazole, also caused loss of
the enzvme activity, which supports the deduction that this
enzyme is a monofunctional catalase. This conclusion was fur-
ther confirmed when the enzyme did not exhibit peroxidase
activity using o-dianisidine, DAB and p-phenylenediamine
as electron donors.

Table 2 Effect of inhibitors on the activity of F26 catalase

Inhibitors Final cone./( mmol/L) Inhibition/ %
Hydroxylamine
3 Y 3
hydrochloride 0.01 6
L1 . 0.1 40
Sodium azide 0.5 875
0.01 24
KCN 0.05 95
0.5 11
3-amino-1,2,4-triazole 1 43.5
5 83
1 21
EDTA 5 50

2.5 N-terminal amino acid sequence

The first 10 amino acids were sequenced on a Model 491
ABI protein sequencer to be M-K-K-L-T-T-N-Q-G-Q. The
homologous comparison of the N-terminal sequences among
catalases showed that this purified enzvme shared substantial
similarity to some other monofunctional catalases, especially
to those from the genus Bacillus, while no homology was
shown with catalase-peroxidases or Mn-catalases (Tab. 3).

Table 3 Relationships of N-terminal sequences among
monofunctional catalases of different origins
(data from GenBank-EMBL/Swiss-Prot databases)

Organisms Sequences Sources
B. sp. F2 I MKK |[LT) TNQGQ  This work
B. firmus OF4 (Isozyme II) I MKK |[L| STNQG A Q9R4M7
B. pseudofirmus 24 GKK [LT|TNQG L P30266
B. subtilis( catalase 2) 27 GKKM[T]TNQG L PH2234
B halodurans 28NTK [LT]TNQGV  QOKBES
Listeria monocytogenes ARKN [LT|TNQGYV  Q8Y3P9
Laactobacillus sukei 2TNQLTTNEGQ  P30265
Homo sapiens (umian) 24 ADV TGAGN  PO4040
:ﬁ;ﬁ;z:.\)(:rvinn hurkeri ( anaerobic 65KV TCFGT 093662

In addition, the comparison also showed the presence of
some same residues ( shaded in Tab. 3) regardless of the enz-
vme sources, which are even found in eukaryotic and anaero-
bic archaeon typical catalases. Thus we conclude that they
are conserved amino acids (T and G) existing at the N-termi-

nal of monofunctional catalases->-
3 DISCUSSION

A monofunctional catalase has been purified and charac-

terized from a slightly halophilic and alkaliphilic bacterium
Bacillus sp. F26.The strain was found to express multiple
catalases, whose pattern changed as the growth progressed.
In the same genus, facultatively alkaliphilic Bacillus firmus
OF4-% and Bacillus subtilis-"*-
have multiple catalases. Considering that the catalase-2 from
Bacillus subtilis appeared as a series of close activity bands
on polvacrylamide gel. which was probably due to limited
proteolysis, the precise isozvme pattern of Bacillus sp. F26

were previously reported to

still needs further study.

Properties of the purified catalase are summarized in
Table 4. As we have mentioned above, this catalase has an
uncommon homodimer structure compared to the tvpical ho-
motetramer of monofunctional catalases. Only one other dime-
ric tvpical catalase has been reported in the literature as far as
we know, the KpA from Klebsiella pneumoniae - . with a
subunit size of 80kD and a combined molecular mass of
150.2kD. Considerable structure diversity in monofunctional
catalases has been realized previously'™, for example, a

-29.

. 27, 23,08
heterodimer~ -, three homohexamers- and even an

. a0
unusual heterotrimer™®- have been reporied, however. our
catalase is the first dimeric monofunctional catalase from alka-

liphiles.

Table 4 Comparison of the enzymatic properties of
F26 catalase with those of other monofunctional catalases

Property Vibrio _ Hﬂ[nm:n:m.\ Ha[nbactlerium Bacillus sp.
rumotensis sp. Skl halobium F26

S“b““(iilr)”)a“ 57.3 o8 62 74

Subunits 4 4 4 2

Soret bank 406 w.d 406 408
/nm

Rz ratio 0.93 n.d. 0.3 0.54

/K(mnf:);/ L})l: ® nd &0 3.3

pH optima 6~ 10 6~ 10 6.5~8.5 11

T optima/ C 40 n.d. n.d. 20-40

pH stability

1.pH 6-10 6-11.5

2.T/C 30 30

3 Incubation n.d. n.d.

Time/niin 30 60

4. Residue

Activity 100 % 100 %

T stability

I.pH 7.0 7.4 7.0 7.0

2. T 40 37 45 40

3 lncubation

Time/min 15 10 5 10

4. Residue

Activity 88 % 64 % 88 % 80%

Extremophile psychro- alkal- halo- alkali-

Tvpe halo- lialo-

n.d. means not determined

Strain F26 catalase is also unique in its property of high
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pH dependence. As has been known, monofunctional cata- [ 7. Yumotot, Yamazaki l\ Kah‘a§aki K et ul. llsulatlon of Vibriv sp.
R H-ind d a broad pH S-1 exhibiting extraordinarily high catalase activity . Journal of Fer-
lases from alkaliphiles are pH-independent over a broad p mentution and Bioengineering . 1998, 85 113 - 116
range similar to their neulralcounterpans. For example. [ 8 Yumotol, Fukumori Y, Yamanska T. Purification and characteriza-
isozyme Il from facultativel_v alkaliphilic Bacillus Sfirmus OF4 tion of catalase from a facultative alkalophilic Bucillus. J Biochem
showed a broad optimum pH over 8.0 to 10.5-% , which is (o 11993 [1)?383}7581‘ 5?37 - ol o facallativel
Y . . ] icks DB. Purification of three catalase 1sozvmes from facultatively
alkali-shifted compared_}to the common activity range of 4. to alkaliphilic Bacillus firmus OF4. Biochimica et Biophysica Acta .
10 for typical catalases= . However, our catalase had a high 1995. 1229: 347 - 355
optimal pH value of 11, as well as the excellent stability at 2101 Gudelj M, Fruhwirth GO. Paar A et @l . A catalase-peroxidase from
the same pH. which to our knowledge i1s the most alkaline a newly isolated thermoalkaliphilic #:u"lllw sp. with Putenll:ﬂl for
e . the treatment of textile bleaching effluents, Extremophiles . 2001,
condition among the monofunctional catalases reported up to 5. 123 1
now. Therefore, this property of high pH dependence mlgi.lt (11 Zhang WZ(HKHR) . Mao WY (E X4, Xue YFCREBE25) of
make the strain F26 catalase a gOOd model enzyme for eluci- al . Diversity of alkaliphilic bacteria 1n Hailacr soda lakes. hner
dating the molecular basis of alkaliphilioity . Mongolia Autonumous Region of China. Biodwens . Sa () B
On the other hand, the temperature dependence of this . Etl); }3;3)01:9(11): 4;4—?30 WU () Hethods o ,
. . I T 12 ebl . Latalase. In: Bergmever e ethods of enzymatic
enzyme is rather parallel to the V. rumoiensis S — 1T catalase anulysis . Weinheim: Verlag Cheoric. 1983
which was identified as the first psychrophilic heme-contain- [13] Woodbury W, Spencer AK. Stahman MA. An improved procedure
ing enzyme reponed‘]g' . According to Yumoto et al., ther- using ferricvanide for detecting catalasc isozvmes. 4nal Biochem .
moinstability is one of the most fundamental features of the AR S - 305 ) ,
e .. . <145 Falk JE. Purphyrins and metalloporphytins, Amsterdam: Elsevier.
psychrophilic enzyme; however, more indicators are still 1964
needed to be determined to prove that the new PUﬁﬁf‘d cata- M15] Loewen PC, Switala J. Multiple catalases in Bacillus subtis . Jour-
lase is psychrophilic. To be more precise, therefore, we pre- nal of Bacteriology . 1987a, 169; 3601 - 3607
fer to describe it as a * cold-adapted" enzyme . M6 Kim HP, Lee JS, Hah Y L. et al . Llﬁlziruclenzallonv of lbe major cata-
. i . ’ . . lase from Streptomyces coelicolor ATCC 10147 . Microbiology , 1994,
The salt-resistance of strain F26 catalase should also not 140. 339] - 3397
be ignored. Its halo-alkali-stability with a half-life of 90 h at (70 Amo T. Atonn H, Inanaka T. Unique presence of u manganese
0.5 mol/L NaCl and pH 10.5 may make the enzvme possibly catalase in a hyperthermophilic archaeon, Pyrobuculim calidifontis
useful in the H2 Oz-using industries . o VAL. Journal of Bacterilolgy , 2002, 184: 3305 - 3312
. . . . . 18 Kagawa M, Murakoshi N, Nishikawa Y e af. P ificatton and
As far as we know, there is still little information about L ldgd.md ko g 1 el Bunheabon an
o . cloning of a thernwostable manganese catakase from a thermophilic
the catalases from haloalkaliphiles. An alkali- and halo-toler- bacterium . Arch Biochem Biophy . 1999, 362: 346 — 355
ant bacterium Halomonus sp. SK1 has been isolated re- f19] Yumoto 1. tchihashi D, twata H ef o/ . Purification and character-
centl_v , exhibiting high catalase activity'“ . It was reported ization of a catalase [nl)m the lavn]llalliwl) lpsychmphihc bacter;um
Q . ienars N — satalase activity |
that strain SK1 catalase was highly homologous (99% ) to the ;’1””“ ;“1”“'“’";‘300 1;2“‘}11;?;3”151355 catalase activity . Journal of
L. T acterilolgy . 2000, : -
V. rumoiensis S-1 catalase . Moreover. lh(—“_\' were both ther- [20: Brown-Peterson NJ. Sahn ML. Purification and characlenzation of a
mosensitive (see in Tab, 4) and to be in accordance, these mesohalic catalase from the halophilic  bacterium  Healobacteruum
two distinct strains were both isolated from the drain pool of o halobium | Journal of Bacterilolgy . 1995. 177 378 - 3;8[4 .
. . . . . 211 Zamoce C ‘nderstanding the sirue , 4
H, Oa-uslng industries, which suggests the influence of the 215 Zamocky M. l\ulkr F. Understanding the slmflurf* ane un(llon-o
T . . . . A calalases: clues from molecular evolution and in o niulagenesis .
environment on certain functions of different microorganisms . Progress i Biophysics and Molecular Buology . 1999. 72 19 - 66
As reported here, Bacillus sp. F26 catalase is the first mono- 220 Seme WMK, Floris JB, Wilfred RH ¢ o/. Charactenzation of a
functivnal catalase derived from a natural soda lake . The mul- calalase-peroxicase from the hyperthermophilic archaeon Archaeoglo-
: A : : : . idus . Ex 5. 2001. 5: 323 -332
tiple calalases existing in the strain could reflect the oxidative o b ﬁ‘lg"{"f Extremophdles 001 o
3 . [23] Loewen PC, Swilala J. Punfication and characlerization of spore-
stress response in the soda lake environment. At present, the specific catalase-2 from Bacillus subnlis . Biochem Cell Biol . 1988.
gene encoding the purified catalase is being cloned and ex- 66 707 - 714
pressed for further Slu(l_V, {24 BrownPeterson NJ. Salin ML. Purification of calalse-peroxidase
from Hulobacterium halobium : characlenzation of some unique prop-
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