YRR F R Chin J Biotech 2010, November 25; 26(11): 1473-1481
journals.im.ac.cn Chinese Journal of Biotechnology ISSN 1000-3061
cjb@im.ac.cn ©2010 CJB, All rights reserved.

A it S SR RY K B A = ] H A 25 4R Tl B9 A

A HE R B

1 VLRIRS: T AW R HE AR AL, o8 214122
2 JIMRS: BB A S EARERE AR, T 214122

B E: AL RAEE A ERG T LEBAA, TS BT AMEERKFRA. Z—BAH AR, &

&

%\E%%%ﬁﬁaﬁfKMFm N, AMIAEFEARNIEBRAGB TR T HAEDTRICEBEG L BEA T, AT
THAMTEIEB LA THRBEREAGE I LU ER, RiTH T HRAYDTRAATG L BEAE TG

T g R RRAY.

;E%Eiﬂ: 'fiﬁi#ﬁ]ii{tg %’ iﬁ#’ 5 gzn\’ /—‘-'-Z)ﬂ

Fermentation production of microbial catalase and its
application in textile industry
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Abstract: Microbial catalase is an important industrial enzyme that catalyzes the decomposition of hydrogen peroxide to water
and oxygen. This enzyme has great potential of application in food, textile and pharmaceutical industries. The production of
microbial catalase has been significantly improved thanks to advances in bioprocess engineering and genetic engineering. In this
paper, we review the progresses in fermentation production of microbial catalase and its application in textile industry. Among these
progresses, we will highlight strain isolation, substrate and environment optimization, enzyme induction, construction of engineering
strains and application process optimization. Meanwhile, we also address future research trends for microbial catalase production and
its application in textile industry. Molecular modification (site-directed mutagenesis and directed revolution) will endue catalase with
high pH and temperature stabilities. Improvement of catalase production, based on the understanding of induction mechanism and the

process control of recombinant stain fermentation, will further accelerate the application of catalase in textile industry.

Keywords: microbial catalase, fermentation, textile, application

Received: March 22, 2010; Accepted: May 6, 2010

Supported by: Program for New Century Excellent Talents in University (No. NCET-07-0378), Key Technologies Research and Development
Program of Jiangsu Province, China (No. SBE200900022), National Science Fund for Distinguished Young Scholars (No. 20625619), National Basic
Research Prgram of China (973 Program) (No. 2007CB714306).

Corresponding author: Jian Chen. Tel: +86-510-85918307; Fax: +86-510-85918309; E-mail: jchen@jiangnan.edu.cn

HE BT AN A LF R (No. NCET-07-0378), VL7548 B 3371 %] (No. SBE200900022), B ZK A 5 4F 24 (No. 20625619),
KRR S R TR (973 tHAI)) (No. 2007CB714306) % ).



1474 ISSN1000-3061 CN11-1998/Q

Chin J Biotech

November 25, 2010 Vol.26 No.11

1 AALEEEN

HEAL SRS (Hydrogen peroxide oxidoreductase,
catalase EC 1.11.1.6.) J2—R P EMA L —IK
Y, Al — X H T A R R T A 2O LR i R K
FEESIEE . W5 RIIILT i i EUd: Y b R
e AL AR, R D8 A I A AR AT
Acetobacter peroxydas AAFAEL AL AEE Y, BRig
[N BR AT T Propionibacterium shermanji F11E K AR
JKEH Desulfovibrio gigas S EWIAN, 4K ZHIRA
A R IAREAE i R AL RS MR i S Ak S
TELSAFIFFH K b S e 1R oo 3 AN, B
PATIRE E LS (Monofunctional catalase or Typical
catalase) . WIIfEd F L E (Catalase-peroxidase) Fil
BT E L A (Pseudocatalase or Mn-catalasee), K
R EALE R 4 D AEE R AL A, ST
HTE 240 kDa 747, 75 HER T LA 4% & — il
ZERILA, Sk 1Rl 3h W LA B - TR AT A 1Y
LA L & 4 N E®SG W NADPH 41
A E T RS Y . A SRk . i
AALE . KRR SRS BT R . i S U
B T AFETE T 4 M iy o SR AR AR T, ) SRR
20 5 L A D A A . I R S RE
S fAE A (2% SOD Ak ™)) i
DN N DU R A S 5 A U = W L A B B U
Fenton il Harber-weiss J )i j”*4:-OH. [F] i A fL A
it 14 BE X UL £ 128 11 N A 5 5 BR 2 1 PR B R4 AR
M, IR A,

NATTFE i 8 A SR Y I SR AT R T E] 100 248
i, FAE 1811 4F gk O & BRI AR Y LH 2L AT LA fidk ok 4
A AR, B 1892 4F Jacobson fiEB T E S
HANA L — i F AL SR, B A S gy
FETE. 1901 4F Loew S5 — K HkIA T it AL S B 19 4=
YA ES S %) 1937 45, Sumner Fl Dounce B K
NZE B e v oy B A 20 A AL S R 45 0, X e
HABEMRN A —" b5k HRE T
FLEYI R IFIE . ZL40 R R 2R UE IR N &
W, bl sh Yy H A b AL S Y B 22 S
WK, JFREh & o m, S%HA PSRRI, 7F
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o e Ah A S AT R 0 S A O A
SR BRF, 3 ] T A FUAR R R SRR L R
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JEON Y . SRR R AR A RO YR BIR
H T2 Brak i i ad AL = A sl ol By 1k
BEREER, Bl A AR K . AR R R R
SAEGR | &R WA EE N, 1
X A A U 5 R AR ORI O 3. A SO R
MHE I A A YT R Tk P R H] o

2 MRAEMI A AR X B A fo R

A= Wy ad SR AL U H AT B PR o R A 2
PLELOF TS, Tl IF K J7 i 47 7 A B
g, [ SN 2R A R BE R ™ 0o AL S 20
LT AR Z 5, XOT % T e i fE B AR
W TR L ZFRAT I . BT RS U
VRl o RPN Bl A W 2 7 ot AR A Sl AT 45 B AE AT S
TF A BB BUAE TR 1 i ok SR TE SR A O A it
FAC AR A RE Y el R A, e

AACEBGEEEA i gEfE . A HEER . RERERA
Al
2.1 WEMBEUSEHETFEREKRER

A3 SR A U R I T 5 B T T B 2 1951
4, Brizuela 55 1 R IE T FHFFE Bacillus kB4 7
HELERER . TRk, B AT B R i R
A bR, RN A JR 25 Fh e Ak A e e 1Y
Titke 321 FI% T AR R AL A Y5 AL T T
AR o h T i AL SRR G ) b AT
VAR T TR 2R ] RE A A S S
L oW R AL L DR e Aok e 7 28 2 i R I
KA —Fh A T B BIH AT IR, 2=
8 Bl ik AL SR BUCEY), WARZ)HE S Penicillum
variabile . th %% Aspergillus niger . Wi W% £
Saccharomyces cereisiae . 5% BREE Staphylococcus .
7 BE L EK T Micrococcus  Iysodeiktious . W& 4 T
Thermoascus aurantiacus . i W 2 AT B Bacillus
subtilis iU FUKSIEE B Rhizobium radiobacte % (3R
1) H 5 i 3 48 1 i & I 7K F 2 TR A AT
B AR, e R IS F 18 000 U/mL, A5 5i
JER LA F] 1000 U/(mL-h)2Y,

PRIAF I ESN, B & F il (pH. B
SAAE) MG SR FEOUALSE T Bet iz B Ay ad S ik
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Table 1 Comparison of different methods to improve the production of microbial catalase
Year Strains (Sféi) IZE’;‘;:E‘S;)Y Method References
2008  Rhizobium radiobacter 18 000 1 000 Strain screen [21]
2008  Bacillus subtilis 11 000 366.7 Culture medium optimization [22]
2007 Bacillus subtilis 3258 651 2;22;;;{i3?’°”““re’“ediunlandcondiﬁon (23]
2007  Bacillus subtilis 29.9 1.5 Culture medium and condition optimization [24]
2006  Thermoascus aurantiacus 4505 39.2 Fermentation conditions optimization [25]
2004  Micrococcus lysodeiktious 1100 91.7 Culture medium optimization [26]
2001  Micrococcus lysodeiktious 292 146 Fermentation conditions optimization [27]
1999  Staphylococcus n/a n/a Effect of nitrate and incubation conditions [28]
1999  Saccharomyces cereisiae 16 0.2 Culture medium optimization [10]
1998 Aspergillus niger 78 w/a OBIi)(t)i(;r}llile;ltiicoaIi mutants and fermentation conditions [29]
1994  Penicillum variabile n/a 0.1 Culture medium optimization [30]
1951 Bacillus n/a n/a Culture medium and conditions optimization [20]

“n/a = not applicable.
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(F Do plhn, BERZESE SRR, iR
LA 5 M 30 U/mL 42555 3 258 U/mL™, B¢
A5 ZUE AL, EEETE N 3 000 U/mL 2 & 5
11 000 U/mLP?, 285 50 Z4ERY%% 7, W Bt A
A BT K SE M 78 U/mL #2755 18 000 U/(mL-h),
AR 0.1 U/(mL-h) #2515 1000 U/(mL-h),
RLB & TR R 3% AR A AW R, DA A 4R B B 2
TE AR 7 i 7K I 5 T 1 R A 0 1 L 3R R R
/N, B SR A ST A g i PR TR T B ) 1 )
REAE & o AL SR R TR
22 EFAIEEWEE

N T R U Y A R R i, B
G S b R PR R R R e A e Ak A

#2 XAZEAIREABESISASEBERL
Table 2

Furuta S57E 1990 4F 15 WCHRIE T LUK 8 fid 344
a7t AL A R TR, SRR R RN BT
Ui, (AR m A ECY, B FORRE R IR
TR A L F R RIS (R 2).
FNHFTA I, EBARWERE Pichia pastoris . 45153 RO
W Mycobacterium tuberculosis . % J& 1 b 1%
Hansenula polymorpha . i & 2F M #T % Bacillus
subtilis 55 CAE A BN TR o AL A B 16 3
it A b AR R ORY ok TR W R B A A
Magnaporthe grisea . Wi %5 2 AT 7 Bacillus subtilis .
W&V AT Psychrobacte . NAKZNHL . W 8 7 25 o
#F B Bacillus stearothermophilus . TR B %
Saccharomyces cerevisiae “F KPR (3 2).

Milestones in microbial catalase production by genetically modified strains

Year Catalase gene resource Hosts Yield (U/mL) Productivity (U/(mL-h))  References
2009  Magnaporthe grisea Escherichia coli *n/a n/a [32]
2008 Bacillus subtilis Bacillus subtilis 3500 117 [33]
2008 Psychrobacter sp. Escherichia coli 11 000 458 [34]
2007 Human Pichia pastoris 1380 23 [35]
2006 Bacillus stearothermophilus Escherichia coli 131 14.5 [13]
1997 Mpycobacterium tuberculosis Escherichia coli 20.6 n/a [36]
1996 Saccharomyces cerevisiae Hansenula polymorpha 11200 156 [37]
1990 Rat liver cells Escherichia coli n/a n/a [31]

“n/a = not applicable.

ENE/RESa=-a % S AIE SSMN P3PV PN 7
FREAME B, & 8 11 000 U/mL, 7= i
458 U/(mL-h), A& /K5 (0 AP A= R A= = i AL =
il AR LA — 22 B H sk TR e S
it oy EEAEPE TRE M E, = LRl
PRI OLAL AR SE Qi A A 4 B Be A e 285 R B
FUG 017 Bl B B 200 8 15 S R Mg 19T . i
RO Ty T RS, B D HESh BRI T AR
FALERE A AP R4 . IbAh, U AL A
fitf & — s S, ) et A A SRR R
N7 SN AN Ay W R 27 S e e
i Sl B R TR B R K
23 SEAEHES5MEMHXARIES

U= N N EE B U = W A 7 A 7 s
R840 2% 3 B T LR SR AR e i SR AL SR
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Table 3 Synthesis of antioxidative enzymes in different
microbe under H,O; and O, stress

Strains Transcript factor Antioxidative enzymes References

H,0,: OxyR  CAT (HPI), GR, AhpR

Escherichia coli [41]

0, : SoxRS  SOD, CAT, G6PD, GR
Salmonella . CAT, SOD,
typhimurium H0,: OxyR NADPH-AhpR [42]
o . . CAT, AhpC, AhpF
Bacillus subtilis  H,O,: OxyR DNA repair enzyme [43]
Saccharomyces H,0,,0;: CAT, SOD, GSH, [44-45]
cerevisiae b-ZIP,Acel TPX GPX

CAT: Catlase; GR: Glutathione reductase; Ahp: Alkyl hydroperoxide
reductase; SOD: Super oxide dismutase; G6PD: Glucose-6-phosphate
dehydrogenase; GSH: Glutathione; TPX: Thioredoxin peroxidase.

O, WA FHLEAYIBERI RGO, AT LA, d %
P B A P A D A (Rl T Bacillus &
Bl A=) SR 1k S a8 d T 2 P A AL e
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BTG PEEHAE TR AR5 ), BRI P 4R
38T 7S W 1R 8 4G B B8 (Glucose-6-phosphate-
dehydrogenase, G6PD) I PELIF 2] 1 #&% , G6PD
(1 FH 2 B2 AR 24 455 40 Y PN 4R 300 it 20 055 1 A6 1Y) s Dt
71 NADPH. 1EMEY AAC RIS, i A B — 4
BB ER, HABER e ZREE, B
ME R ERRE , RE 72— h P A (L Bghe &
eIk By B

ik A SR S I A W iR N & — i R AL &
PTEAL I, Gz 2Ry G e ) M EE
. CAHMBIFRR, o 8 S0 S A S
AR F BT HWREE, — Ok, IR B 4R
A5 Tt B AL E RS R, o S A SR T B A3 fige ot
AALE, DIHBR S ST M ah 2e a5 3, WA
P T AN 3 SR U R HR AR 1, (A Y5
SR Sk i e o ST S Y i E ) B SR A
Bl AN Ko oy it B SN, i RS L) OH-
SN o A My, o AR A A R L
Mg A, SEGE EAAE G KRR, B
NEEE OH A B o F H Uk i S8 Ak UM i 1 v h
O P EGS EAL ST, IR AN B R 5E, N
i 48 [ p 3 Al AR R T DAk, s EAR A
X 3 S A UG LAY U5 A A ke T i U7 =X
Janero 55 BLIESLUS AR EAE MR BE 1Y i S AL S RE 8
LR 4 (Cardiacmyocytes) i & AL A BFH &
SR, T R A IE REE (25 wmol/L) Bid %Ak
AR 1 AL A A Y

H T O, U5 M A AL W B AL - B ] A 25 7
At AL S, I O, A T it AL Al A A

x4 FEMPBRSMEVIEUSE~E

[l B o (g i 400 S A ST e, — BB BREE R 3 4
WL R W RB IS K M N O, 1™ AR AT B i ik
AALEARG A UK. Bai 58 K INAE LN Aspergillus
niger MR HXTEUN s E MR MG FRIRE (25°C~
35°C), MEMNTRMEAMREERTIN T 1.3 5/ 2.8 £, M
(087 A K R s 50 AN U = W =N I STER O PU =)
LA & R T SR sk Enk
FE A a 7 A AN, R S A A RS ORFIAE
K . BRI AR FEM KDY, F 4 5%
T 5 T B A £ A T R A 7 A
il 5k o MG, Bk PE R S5 A R 2 AT AR
AR, B AL A OSSR
fiti 7= 5 A 11 000 U/mL #2 = %] 23 000 U/mL, 4=
FE5R N 360 U/(mL-h) #2555 640 U/(mL-h)BH, 7]
UL, B A IEA AR RS B T
Sk G, R i A SR A A R — R
AR B S R . Ak, A A A Y
e LA AR MR TR, FE P TR ot R R
SA b U TT R 23 R e B i TR B ek PR SR A 1
WA I o 3] A asd e B ) ot R A St 2 B AT 1 2 40
(14 U 38 K-, 3 s SR e A A B e TR 1Y
VSRR, BETE A5 A0 R A AT R P kAR R
R
24 AREBEYKRIERSE VSR LR
ALK R i AL SR R A L BdRR E PEAEAE AN
il o 7E 25 2GR e o AL U, TR AN pH 8
(60°CZ AT, pH 2020 11), R AY I Ak S
OFUAT e A R EARI R R R DS, 36 5 b T AR Tk
TR AL SR pH R BE RS YE L, P e

Table 4 Improvement of Catalase production by Induction and stress

Year Strains Yield (U/mL) Productivity (U/(mL-h)) Method References
2009  Bacillus subtilis 23 000 640 Oxidative stress [51]
2005 Thermoascus aurantiacus 1725 29.2 Addition of menadione [52]
2000  Aspergillus niger 65.4 0.9 0O, and H,0; induction [11]
1999 Saccharomyces cereisiae 16 0.2 H,0, induction [10]
2005  Bacillus subtilis 18.5 1.0 gﬁiﬂ‘(’)’;ﬁaﬂay‘ﬁz*}L;ﬁfgg‘"“ [53]
1974  Candida boidinii *n/a n/a Methanol induction [54]

“n/a = not applicable.
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FWIFTE Alkaliphilic Bacillus . Wi 5 2T & Bacillus
subtilis . ST FIRYIEE B Rhizobium radiobacter FIWgHA
T2 Thermoascus aurantiacus F U5 13 AL A
pH F25E U Bl 7RG PEYE Bl (pH>8.0), AL ZF flFF
PR RO TR TR L AT TR IR Y 5 SR Ll
REREERE R (=>500), BaE A ELGH Tkt
137 23-56-581

BT b i S S mg b, sh 4
WY 2o 4 A S Y pH B VS Bl — R 7E 6.0~8.0,
8 FE N S FIAE 30°C~50°C 5 Sl 2k W & B 1) i S Ak
SN pH NS EAE 6.0~9.0, IR IV G 7E
30C~65°C . iy bad S AL MERY pH A RS E
FIA i — DR T2 . —J7 1, P A i
e, HE— PRSI AR . S A S S —
JiTE, AL aE Gy AR A T B i R AL = R o
T, WA E SRR E SR,
o S A S ) TR BE R E RN pHL i A2 1

£S5 FRKRBEIEANSEAMMERILE

Table 5 Characteristics of catalases from different resources

Stable and Stable and active
Resources active range range of References
of pH temperature (°C)

Alkaliphilic - \
Bacillus 8.0-12.0 15-50 [56]
Bacillus subtilis 6.0—-11.0 37-55 [23]
Rhizobium
radiobacter 6.0-11.0 30-55 [21]
Recombinant
Magnaporthe 6.0-8.0 <45 [32]
grisea
Recombinant
Bacillus subtilis 3.0-8.0 <40 [33]
Thermoascus 6.0-11.0 15-75 [57]
aurantiacus
Thermoascus 50-13.0 30-80 58]

aurantiacus

3 AAMEAEmAESR T NH

i TV R E AL G A SR =l , R
TGRAR R P E R Tol, JCHRAEEI G T R,
1R GE T EFEB R KR 2, ANUFE DR BT,
CINEBZS <35 #2 80 R EE S 1 37N P S LIPS O ) il
R R R O SR o AR o R Rl i SR Y,
JKH T FE AR K AL BRAR A BOR B B, RZH A
AR PR T 1E AR 8 U0 5 T 2 D K B T AR R
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