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摘 要 从一株低度嗜盐、兼性嗜碱 芽孢杆菌 Bacillus sp．F26中纯化得到一种碱性过氧化氢酶，并对该酶进行 了性质研 究。 

纯化过程经硫酸铵沉淀、阴离子交换层析、凝胶过滤层析及疏水层析四步最终获得电泳纯的 目标酶(纯化 58．5倍) 该过氧化 

氢酶的分子量为 140kD，由两个大小相同的亚基组成。天然酶分子在 408 nm处显示特征吸收峰(Soret band)：吡啶血色素光谱 

显示了酶分子以原卟啉Ⅸ(protohemeⅨ)作为辅基。计算获得酶的表观米氏常数为 32．5 mmol／L。该过氧化氢酶不受连二亚硫 

酸钠的还原作用影响，但被氰化物、叠氮化物和 3．氨基．1，2，4．三唑(单功能过氧化氢酶的专一抑制剂)强烈抑制。以邻联 茴香 

胺、邻苯二胺和二氨基联苯胺作为电子供体测定酶活时，该酶不显示过氧化物酶活性。同时，酶的 N．端序列比对结果说明．该 

过氧化氢酶与单功能过氧化氢酶亚群有一定的相似性，而与双功能过氧化氢酶亚群及猛过氧化氢酶亚群均没有同源性。因 

此，本文将纯化的碱性过氧化氢酶定性为单功能过氧化氢酶。此外，该酶具有热敏感的特点，且酶活在 pH 5～9的范围内不受 

pH影响，此后，活性随着 pH的升高而升高，并在 pH 11处有明显的酶活高峰。2O℃、pH 11条件下的酶活半衰期达 49 h。在 

pH 11的高碱条件下表现 出最高活力和一定的稳定性，这在已报道的过氧化氢酶 中还 未见描述。同时，该酶也显示了良好的 

盐碱稳定性，0．5 mol／L NaC1、pH 10．5条件下的酶活半衰期达90 h。另一方面，本文所研究的过氧化氢酶是第一个来源于嗜碱 

微生物的同源二聚体单功能过氧化氢酶，也是第一个来源于天然碱湖的单功能过氧化氢酶，它能部分地反映出细胞抗氧化体 

系对相 应环境的适 应情况 

关键词 过氧化氢酶 ，Bacillus 
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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
． 5一fold—purifying over the crude extract The 

purified catalase was composed of two identical subunits with a native molecular mass of 1 40 kD
、 The native enzyme showed the 
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typical Soret band appearing at 408 nm．The pyridine hemochmme spectrum indicated the presence of protohemeⅨ as the pros— 

thetic group．The apparent K value f0r enzyme activity on H2 O2 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一1，2，4-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 1 1．An activity half-life of approximately 49 h was mea— 

sured when the enzyme was incubated at 20 ℃ and pH 1 1．To our knowledge．pH 1 1 is the most alkaline condition for optimum 

catalysis and enzyme stability among the eatalases 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 NaC1 and pH 10．5．On the other hand．so far as 

we know，the characterized eatalase is the first dimerie monofunctional eatalase 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 oxygen free radicals includ— 

ing superoxide radical，H2 O2 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 0，and H，O，and thus it is present in all aerobic 

organisms and in aerotolerant anaerobic organisms as a pro． 

teetive enzyme ．So far， three subgroups of catalases have 

been described；they are monofunetional 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 attractivel ．Therefore，an easy and efficient 

way of decomposing H2 O2 by catalases to avoid its inteffer— 

enee with subsequent steps is also drawing more and more at— 

tention ．Since hydrogen peroxide is more active under al— 

kaline conditions，most industrial processes involving its use 

proceed at high pH，so alkaline eatalases become industriallv 

important enzymes． 

Several catalases have been purified from alkaliphiles in 

the past thirty years ’ 。川 
．
They were characterized to be ei— 

ther typical catalases or catalase—peroxidases． For alkallne 

monofunetional catalases，they showed the common character- 

istics of the group：homotetramers，protohemeⅨ as prosthet— 

ic group，specifically inhibited by 3-amino一1，2，4-triazole(3一 
AT)，resistant to reduction with dithionite and pH—indeDen— 

dent over a broad pH range． 

Previously，an alkaliphilic Bacillus strain F26 was iso— 

lated from Haoji Soda Lake in our laboratory ”一．This strain 
was found to possess multiple catalases whose expression was 

growth—dependent． An alkaline monofunctional catalase was 

purified from these isozymes and was found to possess the 

umque properties o1 a sharp maximunl activity at pH 1 1 and 

an uncommon structure of homodimer，which are distinct frt)m 

the common characteristics of the monofunctional catalase 

group．In this paper，we describe the purification and char— 

aeterization of this catalase． 

1 MATERlALS AND METHODS 

1．1 M icroorganism and Cuiture Conditions 

Bacillus sp．f、26，a slightly halophilic alkaliphile，was 

isolated from Haoji Soda Lake lcoated in the Hulunbeir area 
of Inner Mongolia Autonomous Region of China(48。23 N 

and l18。28 E) “ ．This strain was cuhivated aerobically uP 

to the late—logarithmic—growth phase at 37 in modified Hori— 

koshi I medium containing(per liter of distilled water)10 g 

of Glucose，5 g of polypeptone(BBI)，5 g of yeast extract 

(Oxoid)，1 g of KH2 P04，0．2 g of MgC12，50 g of NaC1 and 

10 g 0f Na1 C0 (pH 9．8)． 

1．2 Purification of Catalase from Bacillus sp．F26 

The harvested cells(approximately 1 0 g of wet cells) 

were washed once with buf r A (50 mmol／L phosphate buif- 

er，pH 7．0)，then resuspended in the same buf r and dis— 

rupted by sonieation at 0 ．Cell debris was removed by ten— 

trifugation(1 0000 g for 40 rain)an(1 the supernatant was col— 

lected as crude eell extract． 

The elude extract was subjected to ammonium sulfate 
precipitation at 50％ saturation． The precipitated proteins 

were obtained by centrifugation (10000 g for 40 min)and 

dissolve(1 in 1)ufier A．This solution was then dial~ zed against 

the same buffer for 20 h，followe~1 b、a eoneentration treat— 

ment with PEG一20000 to a final、r0llime of 1 5 mI 
． ThP result— 

ing sample was loaded on a DEAE Sepharose CI 一6B Column 

(1．6 cm x 19 cm)(兀uka)．pre—equilibrated with bufier A． 

and eluted with a increasing linear gradient elution of 0 mol／l 

to 0．8 mol／1 NaC1 in the same bufier． All fraetions with cata— 

lase activit~。were pooled． diah zed and highly concentrated 

with the methods des( ribed above．The sample was then aD— 

plied to a Bio Gel P一300 column(1．6 cm x 80 cm)(Bio— 

Rad)，pr —equilibI'ated with buf r A．The eluanls containing 

( ala Jase wer ( ombin d and am 1̈onium sulfate was added t0 a 

final concentratj0n of O．5 rI1o1，1 
． ThP tI℃ated samDle was 一 
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nally applied to an Octyl Sepharose CL-4 B Column(1 cm× 

1 3 cm)(Fluka)，pre—equilibrated with buffer A containing 

0．5 mol／L(NH4)2SO4．It was found that the target catalase 

bound to octyl groups with a strong hydmphobic interaction． 

So it became highly effeetive to elute with a two—step elution： 

washing the column with buffer A followed by a decreasing 

1inear gradient elution of 50 mmol／L to 5 mmol／L phosphate 

buffer[pH 7．0，both without(NH4)7SO4 J．Active fractions 

were collected，concentrated by uhrafihration(Millipore)and 

stored at一20℃ ．The effectiveness of each purification step 

was determined with both SDS—PAGE and Native PAGE． 

1．3 Enzyme Assay 

Catalase activitv was determ ined spectrophotometrically 

(Beckman DU一800 UV—Vis spectrophotometer)by monitoring 

the decrease in absorption at 240 nm caused by the disap— 

pearanee of hydrogen peroxide at 30℃ 12．The reaction mix— 

ture ineluded l L enzyme solution， l 99 I 50 mmol／L 

NaHCO 一Na2CO3 bu畦r(pH l1)and l00 30 mmol／L 

H，O1 in the same buffer unless otherwise stated．The assay 

was inltiated by addition of the substrate and followed for l 

min，using the initial linear range of the reaction(20～30 s) 

to estimate activity．The concentration of H O was calculated 

from the molar extinction eoe侬cient(43．6 mol／L～·cmI1)． 

1 unit of catalase activity was defined as l“m01 of H，0，de． 

composed per min． 

Peroxidase activity of the enzVme was also tested spee． 

trophotometrically at 30℃ using different substrates in buffer 

A．The oxidation of o—dianisidine (0．5 mmol／L，with l 

mmol／L H，O7)，diaminobenzidine(0．5 mmol／1 ，with 3 

mmol／L H2 O7)and P—phenvlenediamine(0．3 mmol／L，with 

3 mmol／L H，O，)was monitored at 460 nm，465 nm and 485 

nm respectively． For comparative purposes， bovine liver 

catalase(Sigma)was assayed similarly． 

Protein concentration was determ ined by the method of 

Bradford using the Bio Rad protein assay dye reagent concen— 

trate with bovine serum albumin as standard． 

1．4 Electr0ph0resis 
SDS—PAGE was carried out in 1 2％ 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一250．Native PAGE was per{．0m1ed 

in 8％ polyacrylamide gels．followed by both protein staining 

and activity staining(ferricyanide—negative stain with 0．03％ 

( V)H．O，) ． 

1．5 M oleculat 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 1 0／30 column(Phar— 

macia)．The system was equilibrated with buffer A (contain— 

ing 0．1 5 mol／l NaC1)and high molecular weight gel fihrati0n 

calibration marker(Pharmaeia)was used as standa rt1． 

1．6 Spectral characterization 

The absorption spectra of the native enzyme
， enzyme re— 

duced with 1 mmol／1 sodium dithionite and enzyme treated 

with 1 0 mmol／L KCN were measured in buf r A at 30 us- 

ing the Beckman DU一800 UV—Vis spectrophotometer
． The 

pyridine hemochrome spectrum was determ ined according to 

the description of Falk in a solution of 17
．5％ ( V)Dvri． 

dine and 0．075m0I／L NaOH 

2 RESUL S 

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 

～ l0．temperature range of 11～40cc and NaC1 concentra— 

tions of l％ ～ l2％ (W／V)．The optimal conditions for 

growth were at pH 9．5，34℃ and 3％ ( ，V)NaC1．The 

l6S rI)NA sequence of strain F26 had 99％ similarity to both 

BaciUus gibsonii(DSM 8722)and Bacillus horikoshii(DSM 

87l9)． 

2．2 Catalase PIlrification 

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，Ldne 1)that more than one catalase is 

present in the crude extract．T0 coufirm  that Bacillus sp． 

F26 yields multiple eatalases． difierent 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 Streptomi—ces coeli— 

co r ． 

Table 1 Purification of Bacillus sp．F26 catalase 

In 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 oxi(tati~te stress response 

system and was selecte(1 as the target protein f0r further puri— 

fication．As Table 1 shows，the f0ur—step procedure achieved 

a 58．5-fold purification over crude extra~-t an(1 a vie1(1 of 2
． 6 

％ ，which are relatively low compared to some other pub— 

lished procedures．High simila tv am()ng the multiple cata— 

lases may be a signif cant r as0n， sin thev showed such 

cl0se ekctIuphoretic mobilities on native gel(Fi譬． 2)， an【1 

in addition， partial1y一0verlapped peaks also appeare(1 du打ng 

the course of eluti0n especially fmm ion exchange and gel fil— 

tr_ation columns(data n0t shown)． 

SDS—PAGE reVealed the nal pres ce 0f a singk band 

at an appar nt m0lecular mass 0f 74kD(Fig．1B，IJane 5)． 
With the NatiVe PAGE， the CBB staining pmtejn als0 ap． 
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kn0wn 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 H2 O2 at 

high concentration ．On the other hand，however，in the 

range of low concentrations， the catalytic behavior follows 

first-order reaction kinetics 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 Km and Vm x values could be 

therefore deduced from 

mmol／L and 12(u。mg 

鲁 
皇 
等 

专 

the Lineweaver—Burk plot to be 32．5 

)，respectively． 

Fig．4 Effect of H2 o2 concentration on the catalatic activity 

of purified F26 catalase． 

Each data represents the result derived from 

triplicate measurements 

Optimum PH conditions for the purified enzyme were deter— 

mined by assaying catalase activity in the following buffers： 

50 mmol／L Na，HP04一citrate buffer(pH 4～6)，50 mmol／L 

KH2P04一Na2 HPO4 buffer(pH 6～8)，50 mmol／L Tris—HCl 

buffer(pH 8～9)，50 mmol／L Na，CO 一NaHCO buffer(pH 

9～l1)，50 mmol／I KC1一NaOH buffer(pH l1～12．5)，with 
other conditions the same as the standard assay．As Figure 5 

shows，the enzyme was active over a broad DH range of4．5 to 

1 2．which contains a relatively pH—independent range from 

pH 5～9 and a sharp activity maximum at pH 1 1．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 

≥、 

三 

日 

三 

a certain pH．In addition，the high activity appearing at high 

pH (pH l1～12)is also unusua1．So far as we know。only 
the catalase一2 from spores of Bacillus subtilis is in any way 

comparable ． 

For determination of the optimum temperature at pH l1． 

the reaction mixture(without enzyme)was preincubated for 1 

min prior to the measurement of activity at each temperature． 

Resuhs are displayed in Figure 5．which indicates that the 

catalase activity dramatically decreased at the temperatures 

higher than 40℃ ．corresponding to the physiological growth 

limit of strain F26 which also appeared at 40 ．The temper— 

ature range of 20～40 qC was considered to be optimal since 

relatively high activity could be observed within this range． 

Stability of the catalase from strain F'26 was also mea— 

sured．It was found that at pH 7，ineubation of the enzyme at 

40℃ f0r 10 min caused a reduction of its activity by 20％ ． 

and after incubation at 5O℃ fnr 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 60一min—incubation at 15 —3O ℃ and pH l1． 

Moreover，an activity half-life of approximately 49 h was 

shown when the enzyme was ineubated at 20
．

℃ and pH 

l1．This characteristic of “cold—adapted activitv” is rather 

similar to the catalase from the facultatively psychrophile 

V／brio rumoieusis S一 1‘19 ．which also showed maximum ac— 

tivity at 40 ℃ and slight suppression by incubation at 35— 

40 oC ． 

Though Bacillus sp．F26 was identified to be a slight 

halophile with optima1 growth at 0．5 mol／L NaC1 and no 

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 NaC1．73％ 0f its ae． 

tivity remained at the concentration of 2 mol／I NaCl while 

higher salt concentrations yielded a dramatic decrease in cata． 

1ytic activity(data not shown)．This phenomenon was similar 

to a mesohalic catalase from the halophilic archaeon Halobac 一 

ri1．zm halobium ．On the other hand．however，our cata． 

1ase 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 oil the purifie(1 catalase was deter— 

mined by incubating the enzyme jn 50 mmol／L Tris．HCl buffer 

Fig·5 pH dependence and temperature dependence of the purified F26 catalase activity 

Each data represents the result derived from triplicate meas~ements 

如 ∞ 鼬 ∞ ∞ 如 0 
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(DH 9．0)containing various inhibitors at 30℃ for 30 rain， 
the residual activity being then measured． As Table 2 

showed，the enzyme was strongly inhibited by cyanide，azide 

and hvdmxylamine hydrochloride． The specific inhibitor of 

typical catalase，3-amino一1，2，4一triazole，also caused lOSS of 

the enzyme activity，which supports the deduction that this 

enzvme is a monofunctional catalase．This conclusion was fo r_ 

ther confirmed when the enzyme did not exhibit pemxidase 

activity using o—dianisidine， DAB and P—phenylenediamine 

as electron donors． 

Table 2 Effect of inhibitors on the activity of F26 catalase 

2．5 N-terminal alllino acid sequence 

The first 1 0 amino acids were sequenced on a Model 49 1 

ABI protein sequencer to be M—K—K—L—T—T—N一0一G一0．The 

homologous comparison of the N—term inal sequences among 

catalases showed that this purified enzyme shared substantial 

similarity to some other monofllnetional eatalases，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 sequeBces among 

m onofunctional catalases of different origins  

(data from GenBank-EnBL／Swiss-Prot databases) 

In addition，the comparison also showed the presence of 

some same residues(shaded in Tab．3)regardless of the enz— 

yme sources．which are even found in eukaryotic and anaem— 

bic arehaeon typical eatalases．Thus we conclude that they 

are conserved anaino acids(T and G)existing at the N—termi— 

na1 of monofunetiona1 catalases ． 

3 DISCUSSION 

A monofunctional catalase has been purified and charae— 

terized from a slightly halophilie and alkaliphilie bacterium 

Bacillus sP．F26．The strain was found to express multiple 

catalases，whose pattern changed as the growth progressed． 

In the same genus，facuhativelv alkaliphilic Bacillus_／ir，n 

OF4 一and Bacillus subtilis 5 were previously reported to 

have mHhiple catalases．Considering that the catalase一2 from 

Bacillus subtilis appeared as a series of close activity bands 

Oil polyacrylamide gel， which was probably due to limited 

proteolysis，the precise isoz)me pattern of Bacillus sp．F26 

still needs flirther study． 

Properties of the purified catalase are summarized in 

Table 4．As we have mentioned abm’e，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 pneumoniae ’， with a 

subunit size of 80kD and a combined molecular mass of 

1 50．2kD．Considerable structure diversitv in monofunetional 

eatalases has been realized previously 26
．
for example． a 

heterodimer ． three hom0hexa rs一 '! 29 and even an 

unusual heterotrimer ’ have been reported， 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 

ii．d means riot determined 

Strain F26 catalase is also unique in its property of high 
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