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Table 1. Changes in catalase band patterns of catalase-deficient mutants”

Growth Non-Bubbling Slow-Bubbling
Band
Phase” 1 6 7 9 10 4 S 8 1 i2 14
Catl S + ++ - - + — — - + + t
Cat 3-1 L ++ -+ S S S - - - —tt+ -
S + - - - ++ - - e
Cat 3-2 L : - - - + + t et b et
S - - = - - + + + e T e
Cat 3-3 L + - - ++ — ot b - bt
S - ++ + + + - - T
Cat 4 L ++ - T s S e e S SR S S
S - + + ++ + —t + + 4

a. band intensity, +++: Wild type level
b. L: Logarithmic phase. S: Stationary phase
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Table 2. Furification steps for catalase
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Vol Total Specific Total  Purification  Yield
(m/) protein activity Unit

(mg) (U/mg) (/1000) (n-fold) (%)

Crude extract 70 359 591 2122 1.0 100.0

Ammonium sulphate 30-60% 10 108 742 79.9 1.3 37.6

Sepharose CL-4B 118 63 2784 1754 4.7 82.7

DEAE Sepharose CL-6B 49 8.9 5773 513 9.8 242

Phenyl Sepharose CL-4B 8 0.32 138417 44.0 234 20.7

Hydroxylapatite S 0.16 163850 259 277 12.2
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Fig. 4. Electrophoretic mobility of purified catalase on
SDS-polyacrylamide gel.
Lane 1. Molecular weight markers: a-ma-
croglobulin (170 kD; reduced from), pho-
sphorylase b (974kD). glutamate dehydro-
genase (554 kD), and lactate dehydrogenase (36.
5kD)
Lanc 2; Purified catalase

wejxl Ao Ggkede] 13%<l AEF mA )R
Ko} Cat3-27} glycosylation¥l A3zl FE¥c)
Cat3-1¢] Cat3-29] glycosylation¥! el al 2|+ ¥
2 otont el vl HolwHolA| L2 catalaset
o g Mol Ca3-13} Cat3-2v F52 phiada »

71oll = 0‘134% 7‘401 gith SDS -Eefolzzylefn| =
Aol AleF ZEvhd Al Fo] Hr)dES sl
FApeEs FA8 A Cald-2+= 8 744 Z7)¢] gt
2JAmE-E 7FA 1, o] chelAe] F-zleke 67 kDE 3
A=Ay 4). HAE A ?slf’ Cat3-29] H-zjefe-
7l xS Ea) oF [40kDo2 EXEd=dl o]7
o® ol Cat3-2i 67kD2l Eolgl wheld 2743
7FR 5L 9l EAE A 7bEIn)

Cat3-29] #* pHE T3}7] $isted pH 3704
pH 12.84Fe]2] shEgolo4] fHa 848 A3
A7 pH 77 pH 11Afelo A H 345 Helow
pH 48e4% Ho| 2o 60% Hxe E}H £
e ool AT} wlA A, o]e} 3ol d gk pHell A
R @_“é% Holi o2 Ay Aql catalases} ]
s=8bgdeh. =g 300 nmoll 4] 700 nm  Akelo] Fa
spectrum= &A% H ¥ 402 nmell A Soret band &
el =d (g3 v A A]). o) Cat3-27} heme v
ﬁﬂxlo]&- _1;304,‘_L}.

Knoch%-ell  &J&ll  Swrepromyces venezuclaedl 45
catalase?)} ®-e]¥ 9w, o] A4 catalase 75|
olell bromoperoxidase 7|55 A 7}xa glgde
(13). S, venezuelaeol A H-21%1 bromoperoxidase-
catalasct= sF2]Al F-Ap2ke] oF 65kDel dimeri

KOR. JOUR. MICROBIOL.

o] FojA qla WLt #HH pHE 743 gloH
=% ﬁpectrum£ ZAFNESEE o Soret bandg
vl E heme s8R FAEdE FHolA S

coelicolor?] Cat3-29} §A1F A& 71X Qlch 1
2} Cat3-2¢] A5 H,0,9 o-dianisidined 7|22
Abgste] HAlE HAs) Bhg peroxidase 2]

Se vpepyA et
At Al

£ =] A9w A S22 A Aedy)
(1991, x> As)et st Axt A FAE S
gk Apu) A EE ol HAlE]) AFR(19919. 3 2 3)
o} 2)4E& wol =)

g a2 8

]. Beers, R. F., Jr. and 1. W. Sizer. [95].
Spectrophotometric method for measuring the
breakdown of hydrogen peroxide by catalase. J
Biol. Chem., 195, 133-140.

. Bradford, M. M.. 1976. A rapid and sensitive
method  for the quantitation of  microgram
quantitiecs of protein utilizing the principle of

Biochem., 72, 248-

]

protein-dye binding. Anal.

3. Christman, M. F., R. W. Morgan, F. S. Jacobson
and B. N. Ames. 1985 Positive control of a
regulon for defenses against oxidative stress and
some heat-shock proteins in S, tephimurivm. Cell,
41, 753-7¢2.

4. Claiborne, D. A., D. P. Malinowski and 1.
Fridovich. 1979. Purification and characterization
of hydroperoxidase 1l of Escherichia coli B. J. Biol.
Chem.. 254, 11664-1106068.

. Claiborne, D). A. and 1. Fridovich. [979.
Purification of e-dianisidine peroxidase from
Escherichia coli B. J. Biol. Chem.. 254, 4245-4252,
6. Clare, D. A., M. H. Duong, D. Darr, F. Archibald

and 1. Fridovich, 1984, Effects of molecular oxygen
on detection of superoxide radical with nitroblue
tetrazolium and on activity stains for catalase.
Anal. Biochem., 140, 532-5337.

7. Davis, B.J.. 1964. Disc clectrophoresis 1. Method
and application to human serum proteins. Ann.
NOY. Acad. Sci, 121(2). 404-427.

8. Hames, ¥.D. and D. Rickwood. [980. Gel
clectrophoresis; A practical  approach. Oxtord
university press. Oxford. LEngland.

9. Hedrick, LIL. and A.J. Smith. 1968 Size and
charge isomer separation  and  estimation  of
molecular-weights  of  proteins by disc gel-
clectrophoresis. Arch. Biochiem. Biophys.. 126, 155-
164.

10. Hopwood, D.A., M.J. Bibb, K.F. Chater, T. Kieser,
CJ. Bruton, H.M. Kieser, D.J. Lydiate, C.P.
Smith, J. M. Ward and H. Schrempf. 1985,

n



Vol 30, 7992

lo.

19.

20.

. Knoch, M., K.HV. Pee,

. Loewen,

. Loewen,

Methods in genetic manipulation of streptomyces

a  laboratory manual. The John Innes
Foundation, Norwich. England.

- Jacob, G.S. and W.H. Orme-Johnson. 1979.
Catalase of Neurospora crassa. 1. Induction,

purification, and physical properties. Biochemistry.,
18, 2967-2975.

. Jouve, H. M., C. Lasouniere and J. Pelmont, 19%3.

Properties ol a catalase from a peroxide-resistant
mutant of Proteus mirabilis. Can. J. Biochem. Cell
Biol, 61. 1219-1227.

L.C. Vining and F.

Lingens, 1989. Purification, properties and
immunological detection of a bromo-catalase
from  Streptomyces  venezuclae and  from a

chloramphenicol-nonproducing mutant. J. Gen.
Microbiol, 135, 2493-2502,

P.C.. 1984a. Isolation of catalase-
deficient Escherichiv coli mutants and genetic
mapping of katE, a locus that affects catalase
activity. J. Bacreriol, 157, 622-626.

P.Caand B.L. Triggs. 1984b. Genetic
mapping of katF. a locus that with katE aflects
the synthesis of a sccond catalase specics in
Escherichia coli. J.Bacteriol. 160, 668-675.
Loewen, P.C., B.L. Triggs, C.S. George and B.E.
Hrabarchuk. 19854, Genetic mapping of karG. a
locus that affects synthesis of the bifunctional
catalase-peroxidase  hydroperoxidase 1 in
Escherichia coli. J. Bacteriol, 162. 661-667.

- Loewen, P.C., J. Switala and B.L. Triggs-Raine,

1985b. Catalase HPI and HPII in Escherichia coli
are induced independentely. Arch.  Biochem.
Biophys.. 243, 144-149.

. Loewen, P.C. and J. Switala, 1986. Purification

and characterization of catalase HPII from
Escherichia coli K12. Biochem. Cell Biol, 64, 638-
646,

Loewen, P.C. and J. Switala, 1987a. Purification
and characterization of catalase-1 from Bacilus
subtilis, Biochem. Cell Biol, 65, 939-947.

Loewen, P.C. and J. Switala. 1987b. Purification

Catalases of Strepromvyees coeticolor 297

and characterization ol spore-specific catalase-2
from Bacilus subiilis. Biochem. Cell Biol, 66, 707-
714.

. Loewen, P.C. and J. Switala, 1987c. Multiple

catalases in Bacifllus subtilis. J. Bacteriol. 169, 3601-
3607.

. Mulvey, M.R., P.A. Sorby, B.L. Triggs-Raine and

P. C. Loewen, 1988 Cloning and physical
characterization of katE and karF required for
catalase HPII expression in Escherichia coli. Gene,
73. 337-345.

23. Mulvey, M.R. and P.C. Loewen, 1989. Nucleotide

sequence of karF of Escherichia coli suggests KatF
protein is a novel o transcription factor. Nucleic

Acids Res., 17, 9979-9991.

24. Roe, J.H., J.S. Lee, H.P. Kim and Y.C. Hah, 1991,

]
wn

26.

. Sak, B.D., A. Eisenstark and D. Touati.

Responses  of  Strepromyces  coelicolor  upon
hydrogen peroxide stress. Proceedings of Seoul
Conference on Actinomycetes, 33-44. Recearch
Center for Molecular Microbiology. Seoul, Korea.
1989.
Exonucleaselll and the cutalase  hydropero-
xidasell in Escherichia coli are both regulated
by the karF gene product. Proc. Natl Acad. Sei.
USA, 86. 3271-3275.

Schellhorn, H.E. and H.M. Hassan. 1988,
Transcriptional regulation of karE in Escherichia
coli K-12. J. Bacteriol, 170, 4286-4292.

27. Seah, T.C.M., R. Bhatti and J.G. Kaplan. 1973

Novel catalatic proteins of baker's yeast. 1. An
atypical catalase. Can. J. Biochem., 51. 1551-1555.

’8. Seah, T.C.M. and J.G. Kaplan. 1973. Purification

and properties of the catalasc of baker’s yeast.
J. Biol. Chem.. 248, 2889-2893.

. Storz, G., L.A. Tartaglia and B.N. Ames, 1990

Transcriptional regulator of oxidative stress-
inducible genes: direct activation by oxidation.
Science, 248, 189-194.

(Received June 23, 1992)
(Accepted July 7, 1992)



298 Kim, Lee Hah and Roe KOR. JOUR. MICROBIOL.

ABSTRACT: Multiple Catalases of Streptomyces coelicolor
Kim, Hyoung-Pyo, Jong-Soo Lee, Yung-Chil Hah and Jung-Hye Roe (Department
of Microbiology and Research Center for Molecular Microbiology, Seoul
National University, Seoul 151-742, Korea)

Strepiomyces coelicolor produces at least 4 catalase activity bands with different electrophoretic
mobilities on polyacrylamide gel which vary during development. Spores and mycelia at
stationary phase produced all the activity bands(Catl, 760 kI); Cat3-1, 170 kD: Cat3-2. 140
kD: Cat3-3, 130 kD:; Cawd, 70kD) except for Cat2 (300 kD). Mycelia at mid-logarithmic
phase produced only Cat2 and Cat3-2 bands, and mycelia at late-logarithmic phase
produced bands except Catl and Cat2. Catalase-deficient mutants were screened in S
coelicolor by H>O» bubbling test following NTG mutagenesis. We tested several non-bubbling
or slow-bubbling mutants for their catalase activities. The overall activities in cell extracts
decreased more than S fold. Activity bands in native gel selectively decreased in intensity
or disappeared. In all the non-bubbling mutants tested, Cat3-2 band decreased significantly
or disappeared, suggesting that Cat3-2 is the major catalase. The selective disappcarance
of bands in mutants suggest that cach band is governed by different genes. We purified
catalase activity from cell extracts obtained at late-logarithmic phase. Following
chromatographies on Sepharose CL-4B, DEAE Sepharose CL-6B, Phenyl Sepharose CL-4B.
and hydroxylapatite columns. only the Cat3-2 activity was obtained. The native form of
Cat3-2 has molecular weight of approximately 140 kD, judged by gel electrophoresis. The
electrophoretic mobility on SDS-polyacrylamide gel suggests that this enzyme contains 2
identical subunits of 67 kD.



