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Abstract  An alkaline catalase has been punfied 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

Received: May 24, 2004; Accepted: June 16,2004

This work was supported by CAS Innovation Program; the Ministry of Sciehce and Technology of China and by the National Basic Research Program of China
(No. 2003CB716001). We thank Pro. W.D. Grant for helpful advice.

* Comesponding author. Tel: 86-10-62651577; E-mail: mayanhe @ sun.im.ac.cn

FEHAERAHEH TR B, EA 973" R (No. 2003CB716001) .

© PERFRMEMHARAATIKSHEST http journals. im. ac. cn



72 Chinese Journal of Biotechnology % 1 T B F 4% 2005, Vol.21,No.1

typical Soret band appearing at 408 nm. The pyridine hemochrome spectrum indicated the presence of protoheme [% 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-1,2,4-1riazole {the specific inhibitor of
monofunctional calalase ) . No peroxidase activity of this enzvme 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 activiiy 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
catalvsis and enzyme stability among the catalases reported up 1o now. Furthermore. this monofunctional catalase also showed ex-
cellent halo-alkali-stability with a half-life of approximately 90 h a1 0.5 mol/L. NaCl and pH 10.3.0n 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 .

Key words catalase, Bacillus

Aerobic organisms generate oxvgen {ree radicals includ-
ing superoxide radical, H; 0, and hvdroxy] radical as a result
of oxvgen metabolism, which are highly harmful to DNA, lip-
ids and pmleins:l: . Catalase ( CAT), as a member of oxida-
live stress response system in cells, catalyzes the conversion
of H; O, to Oyand H, 0, and thus it is present in all aerobic
organisms and in aerotolerant anaerobic organisms as a pro-
tective enzymegz' . So far. three subgroups of catalases have
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 hvdrogen 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, 0, by catalases to avoid its interfer-
ence with subsequent steps is also drawing more and more at-
tention** _ Since hydrogen peroxide is more active under al-
kaline conditions, mosl indusirial processes involving its use
proceed at high pH, so0 alkaline catalases become industrially
important enzvmes.

Several catalases have been purified from alkaliphiles in
the past thiny vears* """
ther ivpical catalases or catalase-peroxidases. For alkaline

. They were characterized to be ei-

monofunctional catalases, they showed the common character-
istics of the group: homotetramers, protoheme [Y 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 hroad pH range.

Previously, an alkaliphilic Bacillus strain 26 was iso-
lated from Haoji Soda Lake in our laboratory "' . This strain
was found to possess mulliple catalases whose expression was
growth-dependent. An alkaline monofunctional catalase was
purified from these isozyvmes and was found to possess the
unique properties of a sharp maximum activity a1t pH 11 and
an uncommon siructure of homodimer. which are distinet from

the common charactenstics of the monofunctional ecatalase
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
te the late-logarithmic-growth phase at 37 C. in modified Hor-
koshi | medium containing ( per liter of distilled water)} 10 ¢
of Glucose, 5 g of polvpeptone { BBI). 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 supematant was col-
lected as crude cell extract.

The crude extract was subjected to ammonium sulfate
precipitation at 50% saturation. The precipilated proteins
were obtained by centnfugation (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 DEAF Sepharose CI-6B Column
(1.6 cmx 19 em) {Fluka), pre-equilibrated with buffer A,
and eluted with a increasing linear gradient elution of 0 mal/L
to 0.8 mol/l. NaCl in the same buffer. All {ractions 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 em x 80 em) { Bio-
Rad) . pre-equilibrated with buffer A. The eluants conlaining
catalase were combined and ammonium sulfale was added to a
final concentration of 0.3 mol/l.. The treated sample was fi-
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nally applied to an Octyl Sepharose CL-4B Column (1 ¢m x
13 em} (Fluka), pre-equilibrated with buffer A containing
0.5 mol/L { NH,),50, . Tt 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, hoth without { NH,}, 80, .. Active fractions
were collected, concentrated by ultrafiltration (Millipurt:} 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 deerease in absorption at 240 nm caused by the disap-
pearance of hydrogen peroxide at 30°C 12 The reaction mix-
wre included 1 pl enzyme solution, 199 pl. 50 mmal/T
NaHC0,;-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 follewed for 1
min, using the initial linear range of the reaction (20 ~ 30 &)
to estimate activity. The concentration of H,(; was calculated

from the molar extinction coefficient (43.6 mol/I.™" *em™ ') .
1 unit of catalase activity was defined as 1 umol of H, 0, de-
composed per min.

Peruxidase activity of the enzyme was also tested spec-
trophotometrically at 30°C using different substrates in buffer
4. The oxidation of o-dianisidine {0.5 mmol/L., with ]
mmol/l. H, 0, ), diaminobenzidine (0.5 mmol/L, with 3
mmol/l. H;0,) and p-phenylenediamine (0.3 mmol/L, with
3 mmel/l. H, 0, ) was monitored at 460 nm. 463 nm and 485
nm respectively. For comparative purposes, bovine liver
catalase { Sigma) was assaved similarly.

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

1.4 FElectrophoresis

SDS-PAGE was carried out in 12% polvacrylamide gels
with Mini-Protein 3 Cell (Bio-Rad), using low molecular
weighl 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 86 polvacrvlamide gels, followed by both protein staining
and activity staining ( ferncyanide-negative stain with 0.03%
(FIVY HyO 3"

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/L NaCl) and high molecular weight gel filtration
calibration marker { Pharmacia} was used as standard.

1.6 Spectral characterization

The absorption spectra of the native enzvme, enzyme re-
duced with 1 mmol/L sedium dithionite and enzyme treated
with 10 mmol/I. KCN were measured in buffer A at 309 us-
ing the Beckman DU-800 UV-Vis spectrophotometer. The
pyridine hemochrome spectrum was determined according 1o
the description of Falk in a solution of 17.5% (V/V3} pyni-

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

2.1 Microorganism

Bacillus sp. F26 was a Gram-negative, rod-shaped or-
ganism. Its growih could be detecied over the pH range of 7
~ 10, temperature range of 11 ~ 40°C and NaCl concentra-
tions of 1% ~ 126 { W/V). The optimal conditions for
growth were at pH 9.5, 34 C and 3% (W/V) NaCl. The
163 rDNA sequence of strain 26 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. It
indicates { Fig. 1A, Lane 1) that more than one catalase is
present in the crude extract. To confirm that Baciflus sp.
F26 vields multiple catalases, different crude extracts ob-
tained from cells growing for different time (2 hto 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 mulliple
catalases also exists in some organisms, such as catalase 1 -

3 in Bacillus Subtilis'"- and Cat 1 ~ 6 in Streptomyces cocli-
16

color-

Table 1 Purification of Bacillus sp. F26 catalase

a-:zﬁll\' prlet:iln i?fﬁlf\r Yield Punfication
: o 1% t -fold

fu fmg Hu/mg) ‘ old)
Cell extract 107340 441 243.4 100 L
NH, 3,50
( *) o £1433.5 147.4 552.3 159 2.3
pTE‘(‘lpllallu[l
Ion exchange B672.1 4.8 1504.6 5.1 7.4
Gel filtration 8452.8 2.6 3238.6 1.9 13.3
Hydrophobic 28488 0.2 14244 2.6 585

interaction

[n this study. the marked catalase {see in Fig. 2) was
present throughout all the growth phases with relatively high
level expression. This catalase was thus considered to play a
more important role in the cell' s oxidative stress response
svstem 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 yield 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 (tig. 2}, and
“in addition, partiallv-overlapped peaks also appeared during
the course of elution especialls 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 1o the catalase activity (Fig. 1A, Lane 5 and Lane
6). Gel filtration chromatography indicated an approximate

A 1 2 3 4 5 6

molecular mass of the native enzyme of 140kD. Taken togeth-
er with the subunit size, it is therefore proposed that the cata-
lase is a homodimer.

B 1 2 3 4 5 6

kD
- —974

LT e —66.2

S —430

e ——31.0

Fig. 1 Analysis of protein components in crude extract and catalase containing fractions after each purification step with PAGE
(Lane 1) crude extract; (Lane 2) ammonium sulfate precipitation; {Lane 3) DEAE ion exchange; (Lane 4) gel filtration;
{Lane 5) hydrophobic interaction; and {Lane 6A) same as lane SA except staining with CBB; {Lane 6B) low molecular weight markers.

1 2 3 4 5 6

Target
catalase

Fig. 2 Expression of multiple catalases in F26

at different growth phases
{ Lane 1) bovine liver catalase as control;

{Lane 2) grown for 2h; (Lane 3) grown for 6h;
(lane 4) grown for 12h; (Lane 5) grown for 24h;
(Lane 6) grown for 30h.

2.3 Spectroscopic properties

The absorption spectrum of the native catalase from F26
is shown in Figure 3.A Soret band was present at 408 nm
(curve 1), which indicated that this enzyme is a heme cata-
lase rather than a Mn-catalase:”"'"% . Furthermore, the Soret
absorption of this catalase is slightly red-shified compared to
typical 406
catalases® '*~®° | The Reinheitzal number ( A3/ A5) was
caleulated to be 0.54, which is low for typical catalases that
usually exhibit ratios of approximately 1-2-  This result indi-
cated a low heme content of the protein.

Treatment of the enzyme with 1 mmol/L sodium dithion-
ite did not alter the spectral shape but a small shift of Soret
peak to 412 nm could be discerned (curve 2). Recently, a
monofunctional catalase from T, brockianus was also reported

the more nm for other monofunctional

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 mmeol/L KCN
shifted the Soret peak to 424 nm (curve 3), indicating the

0.045
0.1
0.040
0.08
0.035
006
0.030 0.04
g o025 2
5 0.02 |
g oo} 0t
£ 370 420 470 520 570
0015
0010F
0.005 |
o . . L
300 400 500 600 700

A/nm

Fig. 3 Spectroscopic analysis of Baciflus sp. F26 catalase
{ recorded against a blank of identical buffer) :
Native enzyme (curve 1) ; treated with dithionite (curve 2);
treated with KCN (curve 3) . The inset shows
the pyridine hemochrome spectrum of Bacillus sp. F26 catalase.

distal 6-coordinate position of the heme iron was occupied by
the cyanide and thus a transition from high spin to low spin
state was shown.

The prosthetic group of the native enzyme was deter-
mined as pyridine hemochrome . As Figure 3 (inset) showed,
three absorption peaks typically appeared at 418 nm, 525 nm
and 555nm, which indicated the presence of protoheme [X .
The protoheme content was estimated from the absorption at a-
band (555 nm) and an ¢ value of 34.4 L/(mmol-cm) to be
1.01 molecules per dimer. This level is a little low but con-
sistent with the Rz ratio.

2.4 Catalytic Properties

The influence of hydrogen peroxide concentration on its
decomposition was examined according to the standard assay
described in Materials and Methods (except that the concen-
tration of substrate was increased by degrees). Results are
given in Figure 4, which reveals that the activity of the enz-
yme proporiionally increased with respect to the substrate con-
centration up to 70 mmol/L. H,0, . However, higher concen-
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

high concentration-*- . On the other hand, however, in the
range of low concentrations, the catalvtic behavior follows
first-order reaction kinetics thus  Michaelis-Menten
equation could be applied. In this work, the concentration
dependence helow 50 mmol/L H, 0, fitted the Michaelis-Men-
. values could be

therefore deduced from the Lineweaver-Burk plot to be 32.5
12 (urmg '), respectively.

and

ten equation, and the apparent K and V

mmol/I. and

140
120
= 100
E 80
2
Py
R
2 a0
20
0 1 1 1 1
0 20 40 60 80 100
Hydrogen peroxide {mmol 1.}
Fig., 4 Effect of H; O, concentration on the catalatic activity

of purificd F26 catalase.
Fach data represents the result derived from
triplicate measurements .

Optimum pH conditions for the purified enzvme 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, HPQ, buffer (pH 6 ~ 8}, 50 mmol/L Tris-HCl
buffer {pH 8 ~ 9}, 50 mmol/L Na, COy-NaHCO, buffer { pH
9~ 11), 50 mmol/L KCI-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 1o 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 vsually exhibit maximal activity at

120

100 +

o
<
T

Relative activity/®

Relative activity/™e

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 Baeillus subtilis is in any way
comparable >~ .

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
calalase activity dramatically decreased at the temperatures
higher than 40 C, cerresponding to the physiological growth
limit of strain F26 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 {rom strain F26 was also mea-
sured. It was found that at pH 7, incubation of the enzyme al
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 enzvme was incubated at 20 “C and pH
11.This characteristic of “ cold-adapted activity” is rather
similar to the catalase from the facultatively psychrophile

17-%- . which also showed maximum ac-

Vibrio rumoiensis 5 -
tivity at 40 C and slight suppression by incubation at 35 ~
40 C.

Though Bacillus sp. F26 was identified o be a slight
halophile with cptimal growth at 0.5 mol/I. NaCl and no
growth could he ohserved in the ahsence of salt, we diseov-
ered that its catalase activity in crude extracts needed no NaCl
to suslain or activate during purification and storage. As for
salt dependence of the purfied catalase, the enzymatic aclivi-
tv showed a maximum in the absence of NaCl. 73% of its ac-
tivity remained at the concentration of 2 mol/L NaCl while
higher sali 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-
terium halobium-**- . On the other hand, however, our cata-
lase exhibited outstanding halo-alkali-siability with a hali-life
of approximately 90 h at 0.5 mol/L NaCl and pH 10.5.

[nfluence of inhibitors on the purified catalase was deter-
mined by incubating the enzyme in 50 mmol/L Tris-HCI buffer
120

Fig. § pH dependence and

10 |
80 |
60 -
40
20
0 | 1 . 2
Q 20 40 60 8¢
Temperature:'C
dence of the purified F26 catalase activity

Fach dala represents the result denved from taplicate measurements .

© HERFRHEDHRMATIKSHEELD http

journals. im. ac. cn



76

Chinese Journal of Biotechnology % ¥ LT ##H  2005,Vol.21,No.1

(pH 9.0) containing various inhibitors at 30 °C for 30 min,
the residual activity being then measured. As Table 2
showed, the enzyme was strongly inhibited by eyanide, azide
and hvdroxylamine hydrochloride. The specific inhibitor of
tyvpical catalase, 3-amino-1,2,4-triazole, also caused loss of
the enzyvme activity, which supports the deduction that this
enzyme is a monofunctional catalase. This conclusion was fur-
ther confirmed when the enzvme 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 ¢one./( mmol/L) Inhibition/ %
Hydroxylamine
hvdrochloride 0.0 63
.. . 0.1 40
Sodium azide 0§ %7 %
! 0.01 24
CN
Re: 0.05 95
0.5 11
3.amina-1.2 . 4-iriazole 1 43.5
5 83
- 1 21
EDTA 5 50

2.5 N-terminal amine 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 enzyme 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
s «p. F26 { MKK [LT| TNQ G Q  This work
B. firmus OF3 (Isuzyme 1) I MKK L[ STNQG A Q9R4MT
B. peeudafirmus 24 GKK[LTTNQGL  P30266
B. subtilis{ cataluse 2) 27 GKKM [TTNQG1.  P42234
B. halodurans BNTKETTNGG Y QuKBES
Listeria monveyiogenes SRRN[LT|TNQGY  Q8Y3P9
Lactobacitlus sakei 2TNQ LTTNEGQ  P30265
Homo sapiens{human) 24 ADV E TCAGN  PO4040)
:’eﬁ:‘:’“}:)’”""" barkeri (anaciobic ¢ o LT TGFG1 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  DBISCUSSION

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 "> were previously reported to
have multiple catalases. Considering that the catalase-2 from
Bacillus subtilis appeared as a series of close activity bands
on polyacrylamide pel, which was probably duve to limited
proteolysis, the precise isozyme pattern of Bacillus sp. F26
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 typical ho-
motetramer of monofunctional catalases. Only one other dime-
ric typical catalase has been reported in the literature as far as
we know, the KpA from Klebsiella pnfumoniae'ﬁ' , with a
subunit size of 80kD and a combined molecular mass of
150.2kD. Considerable structure diversity in monofunctional

- - 26
calalases has been realized previously™-, for example, a
23.28- 29

. “27
heterodimer?’-, three homohexamers: and even an
unusual heterotrimer*® have heen reported, however, our
catalase is the first dimenc monofunctional catalase from alka-

liphiles.

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

Properts l'ihfir: Huh;mfma.i Hﬂlobact.en'um Bacillus sp.
! rumolensis sp. SKi halobium F26

S”b”"(":c[')";‘s“ 57.3 68 62 74

Subunits 4 4 4 2

Soret :;‘;’:k 106 n.d. 406 408

Rz ratio (.93 n.d. 0.3 0.54

:((":mrl‘; /L};’ O n.d 60 32.5

pH optima 6~ 10 6~ 10 6.5~8.5 tt

T optimal °C 40 n.d. n.d. 20 - 40

f’z’rml I‘li';i*"‘”“"' . 0-3.8 0-3 0-2

pH stability

1.gH 6-10 6-11.5

2.TIC 30 30

3. Tncubation n.d. n.d.

Time/min 30 )

4. Residue

Activity 100 % 100 %

T stability

L. pH 7.0 7.4 7.0 7.0

2 TG 40 37 45 40

3. Incubation

Time/min 15 10 5 10

4. Residue

Ad'i\'it_\' 885 64 % 88 % B0 %

Extremophile psvchro- alkali- halo- alkali-

Type halo- halo-

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-
lases from alkaliphiles are pH-independent over a broad pH
range similar to their neutralcounterparts. For example,
isozyme [l from facultatively alkaliphilic Bacillus firmus OF4
showed a broad optimum pH over 8.0 to 10.5-°-, which is
alkali-shifted compared to the common activity range of 4 to
10 for typical catalases’- . However. our catalase had a high
optimal pH value of 11, as well as the excellent stability at
the same pH, which to our knowledge is the mosi alkaline
condition among the monofunctional catalases reported up to
now. Therefore, this properiv of high pH dependence might
make the strain F26 catalase a good model enzvme for eluci-
dating the molecular basis of alkaliphilicity.

On the other hand, the temperature dependence of this
enzyme is rather parallel 10 the V. rumoiensis S - 1" catalase
which was identified as the first psychrophilic heme-contain-
ing enzvme reporied " . According to Yumote et al., ther-
moinstability is one of the most fundamental features of the
psvchrophilic enzvme; however, more indicators are siill
needed to be determined 1o prove that the new purified cata-
lase is psychrophilic. To be more precise, therefore, we pre-
fer to describe it as a “cold-adapted” enzyme.

The salt-resistance of strain F26 catalase should also not
be ignored. Its halo-alkali-stability with a half-life of 90 h at
0.5 mol/L NaCl and pH 10.5 may make the enzvme possibly
useful in the H; 0, -using industries.

As far as we know. there is still little information about
the catalases from haloalkaliphiles. An alkali- and halo-toler-
ant bacterium Halomonas sp. SK1 has been isolated re-
cently, exhibiting high catalase aclivit_vij It was reported
that strain SK1 catalase was highly homologous (994 ) to the
V. rumoiensis $-1" catalase. Moreover, thev were both ther-
mosensitive (see in Tab. 4) and to be in accordance, these
two distinct strains were both isolated from the drain pool of
H, 0;-using industries. which suggests the influence of the
environment on certain functions of different microorganisms.
As reponied here, Bacillus sp. F26 catalase is the first mono-
functional catalase derived from a natural soda lake. The mul-
tiple catalases existing in the strain could reflect the oxidative
stress response in the soda lake environment. At present, the
gene encoding the purified catalase is being cloned and ex-
pressed for further study.
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