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BICFIAEN, T C¢NLBREE L TEHLA
Twa, LaL, PAG D5 FESIEIEH - TR
HEL->TRELSTFNEHTIE PAG Hthiz A
- TWwiT ¥, native RETHHT B2 & H°H
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g 60 AL L T4 7 vV —agEz Ko
TELN D EEREAERICHV: (Fig. 1),
3. DEAE-#5467a= 75742
LB EiE#%0.001M, pH 6.8
77— CUREKE CERL 20N 2nl%,
DEAE + 7 7+ (Pharmacia ) # F# L 72
B35 L ($20X440mm) % EFEL X DKER
/%y 77— (pH6.8) DBE % EREHNICEZL T
BEHBRELIT- 72, £ 7, 0.001M T50mé, 0.003
M ¢50mé, 0.01M iz L T125mf, 0.1M T125mé
&% 7 T % fraction tube {2 5 ce D24 ML, 2
ooty 7 (Sartorius#t) #HWTH S
7 —iEEHL.SPU/mlic 7 BRRIBHE L 72,
4. FLOBEERUERKE?
1% Agarose IEF (Pharmacia #t), 12% D
=V e b= CEFHMEFEIERI), 0.4% Starch
solubile MK #100°C ) water-bath THI#A

Strain of norma) and mutant mice

Normal -------omone C3H/ANL €3
Acatalasemia ------ can/anL ¢
Hypocatalasemia --- CIH/ANL CC

Purification of mouse liver catalase
{A11 procedure is carried out at 0-4°C})

Stepl ----- Homogenize:8.5% sucrose solution{make a final
concentration of 20%{w/v) liver homogenate.)

D

Stepll ---- Supernatant{Sup 1) ppt

1,000x g 10 min

9,500x g 10 min

StepIll --- Supqz ppt
'

SteplV ---- Sup 3 ppt

105,000% 9 60 min

Fig. 1 Strain of normal and mutant mice
{above).
Process of purification of mouse liver
catalase (below),
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L, [EAOAL k5 Ik, Agarose H'5
LTI | 72 4£75°C THiEIE4R Pharmalyte pl
3-10 (Pharmacia #) #BRIBE 6 %ic%c 3 &
JIEMZ 5, ZhikKEE EDOBKETT 25
v 7 — F (Gel Bond-film, FMC 2—#1L —
var)ic, 1.2mnE—%ERc b k52
EELT, 5 o%IEMMAICAN, 4CoNEE
ICANT—ERE S, ¥V DiEE % ain X 47 (Fig.
2). EWMBEOEMEIZ 1 M o NaOH %#, Bk
120.05M 7 H,SO & & L, 7 IVESRIC B\ 72
BERA LY v 7R % RS TERE L O% ¢

&, FEBEERIUS, BEEBERRIT 6 d>o/NE
BAICEBESRLLDES VD EICDES, bk
BEMGIZET, 160V T204, k\>T300V T30
45, 500V T304, 700V T20% (&6°C) 17
72tk 23 —-7 )Y TP} -7 N—R-250
i & 2 ZEEEERY, Thorup 5 DHEMICHE-
TIA—FTr 7o RIGEFBL 2 EET, #

O

pH

7.0—

BQ)=—

o)==

Origin—

®

Preparation of agarose gel plates

Sorbitol (12 %)
Agarose (1.0%)

- o
ST D e T e E

Distilled water

Ampholine solution (6.0%) +

Agarose coaled plastic sheet.
(Giving o thickness of 1.2 mm)
Keep over night ot + 4°C.

©) cathode

IM NoOH ;

Agarose isoelectric focusing

Anode @

Lﬁ_——
;o.osm
HoS0,4

Gel plates

Fig. 2 Preparation of agarose gel plates
(above) , and scheme of agarose.
isoelectric focusing (below).

©

pH

<~—7.0
~—6.0

~—50

<— Origin

®

Fig. 3 Agarose isoelectric focusing of purified liver catalase from various mice. C.°C,®, Normal ; C.®
Cs°, Acatalasemic homozygote ; Cs°C,°, Hypocatalasemic homozygote ; C;*C.®, Acatalasemic

heterozygote.

a ; Protein stainning with Coomassie-Brilliant-Blue R-250,
b . Catalase activity bands by starch iodine reaction.

¢ ; Scheme of “b”,



422 #% RE
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1. FEEROERKE

27, BELECIIFLERLZIEE (C?
C9, BHyI7—rMERRBELSK(C2CY,
&A% 7 —rEREEAAK(CSCY), EH S
77— MFERYEEAKRCELCYH 2 ENTHFES
BRKE 2TV, #27—LiEHRELHEL 2
R, BERIICIRTEENHE 2T F7—LE
v F (#Wpl5.0) &, TNEDL TS
)M pI 5.4~7.6lch 7z > THEFER - 7218
awh Z 5 —RiEENx> P 2FEEIREH S
7 (Fig. 3-b.c). Bl HC2C%i3 #pl
5.4~7.0 (6.20), C2C¢&six % pl

©

pH
70—

60—

50—

Origin—>

®

fE i

5.6~7.0 (6.30), C¢C¢ix #pl
5.8~7.3(6.55), C4C %3 # pl 5.9~7.6(6.75)
#RL7 (BL, FEIRMIZEERIGEEE/ S Fod
L pl), DB, 20— 7)) T
b - 72— - R-250ic & 2 EAFEED Fig. 3-a
i277¥. Fig. 4 i3fbn=7 2 % Hv CTEBEICH
#PT—LNEBAEBRKEZIT- 2HERTH
Bh, TNEIEH T T—ED/SY FOFLED
pl DFEHE BT 5 L,C2C 3 pl6.20,C ¢
Cai3 pl6.30, C5C&i3 pl6.55 Ci2C436.75
TZDIEICT Ly ) EAlES BH b, Z0
B3Iz Fig. 3 £ &< AL TH~ 7, Fig. 3 Xz
Fig. 4 DL N BoNTz=T7 2K H 5 T—+F
NEE ST Table 1i2RT.
2. CiCe+CLCLURAEEH L
CeC i nEXRIKEID HEE
®H 57— HERUBEAKRCICHTVR

©

pH
W70

~—6.0

=550

tfe? cofcd cfef o ——origin

®

Fig. 4 Agarose isoelectric focusing of purified liver catalase from various mice.
Cs2Cs?, Normal ; C,°C,®, Acatalasemic homozygote ; C,°Cs¢, Hypocatalasemic homozygote ; C,*
Cs®, Acatalasemic heterozygote.
a ; Protein stainning with Coomassie-Brilliant-Blue R-250.
b ; Catalase activity bands by starch iodine reaction.
¢ ; Scheme of “b”,
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DM Z 7—EDEEIZEE (C2C2 N
EGTHEHN, RICEEITHFA S 7+
DINBAEEIC £ 2RV, ZOWBTH5 C2
C2t CiCinHRnMEZRL T3, 22T,
CeCs°C2Cek CiCNERBAMEN LB
PEPEHLPICTLIENTCICEF S T7—

L C.CFA 27— Lg% | 1 TRA
Lzbo#xik# L7 (Fig. 5). BALZFA S
7 —EDiEME N Fid pl5.4~7.3TH-T,Ce
CinigEtE <> Fpl 5.6~7.0& WiRIE<, B>
BNy FOFLAIZ CECLE D RRT A )
HRICH 2 S THLPICHEIZR> T,

Table 1 plI values of the liver catalase of normal, acatalasemic heterozygote, hypocatalasemic and

acatalasemic mouse.

Range of pl

(isoelectric band) Average
Normal CHEC5 5.4—7.0 6.20
Acatalasemic heterozygote CHCR 5.6—7.0 6.30
Hypocatalasemic homozygote C:C¢ 5.8—7.3 6.55
Acatalasemic homozygote GRCH 5.9—7.6 6.75

pl ; pH of isoelectric point.

©

pH

o)==
60—
50—

Origin—

®

S,

pH

«~—7.0

~—50

<—Origin

®

Fig. 5 Agarose isoelectric focusing of purified liver catalase from various mice, and the mixture of
equal volumes of purified liver catalase from C:*C* and C°Cs". Cs°Cs", Normal : G,°Cs",
Acatalasemic homozygote ; Cs2Cs®, Acatalasemic heterozygote,

a : Protein stainning with Coomassie-Brilliant-Blue R-250.
b ; Catalase activity bands by starch iodine reaction,

¢ ; Scheme of “b”.



424 3

3. 7% 7 —CHEERENTRKE
CiCet CtCnIF EER#%Z, DEAE: # 7
L7027 T7 4 —TCHEBEHRL 2R, 7
27vavA, B, Clc3sEaEns., LT,
ENEFNDBEHBE L BHEL 720 D LT LIETK
*FESBRIKENT S & SRS <> FasEE
» b7z (Fig. 6, Table 2), C2C3& C4C?

- S (A

DENEE BT 2L, 7773 ATIZCe
C2k C4Cokiz pI5.9~7.0TIRITH L a7,

752733 >BTidCeC%ipl5.4~6.2, C5
Cerpl6.0~7.1, 7973~ CizCeCat
pl5.6~6.6, C4Cth%6.1~7.6- 777 3>
B, Cigvwgnd CiCMsCeCekNTAY
W EE N FRRLE B—7 2A0E&4%

Table 2 pl values of liver catalase-fraction A, B and C from normal and acatalasemic mouse.

Mouse strain

Fractions

B C

Normal CsC:

Acatalasemic homozygote C&2C?

pI5.9—7.0(6.45)
pl5.9—7.0(6.45)

pl5.4—6.2(5.80)  plI5.6—6.6(6.10)
pl6.0—7.1(6.55) pl6.1—7.6(6.85)

( ) . Average pl of isoelectric band.

©

pH
70—

60—

50—

Origin—>

®

fraction A

<—OQrigin

®

fraction B fraction C

Fig. 6 Agarose isoelectric focusing of purified liver catalase and fraction A, B and C from C®C,® and

(C50+,

a ; Whole samples of mouse liver catalase.

b ; Fraction A of catalase from C,°Cs® and C,°C,".
c ; Fraction B of catalase from CsC¢® and C.°C.".
d ; Fraction C of catalase from C;2Cs® and C;°C,°.



Wy 57— RMIE~PT AN T T~ FNORE 425

BEOFERUZOWTR, $BRATETFETH
5.

% ®

INLERCTADFA T T -G FNNEE
FHELET 5412, BLWHFOERE Y Fo
FLED Pl 2FTANE L, EH(CICY, &AH5
7 — Y MIERBEAK(CECS, ®|A I F—X
mIERREAK (CLCYH DIHCHFESRES,
FoA LUz, Bih, C2Ce CeCé,
CiCERBAVHEICRLDZ T, #F0FN
NDHFT—CHFTOEECERIH D EHTR
L, ZOBENERIZOWTIL, Feinstein
LVDBRLRFIC T B REU RS, KkiE?
N SDS ic & &M, EBHOOLIS, E#ST=
sy, Tkt P YA L BEEERUBS
pH o 2 MR FE & D HES T2,
LTI RN Y F—Ln L N EENLER
BANERICL-T, BHYF—XE2T7 2D
7 —GFOMENEICHBECL -2 Bb
"3,

N, ERESKRTHLEE (C2CY) rEN
¥ o7—vlECLCYHY 2MBE L TEINE
A & 7— i REIBEAEH(C 2C H NEELL,
22 CeCULEVLDOTBNTHEERL.
REBESHKTH B CeCD P § T7—LHFFNH
ERERMIEREAETHSH CICE CECE
DFEHF T (R, BENVEREAY ©
WTENELES EEZHNE, TNRITDNT,
H I T—RGFRADNY T2y LD
ZLEEBTHLEND L, REBAKNER
DT 2=y FOBWELICeCe, CLCInHM
PFRTEINEBULLARALRAADEAHA S 7—FN
O BEEAK (Aebi, 1977%) o<
—#L C2C e —#E CLCLTH BHEMEDS
Vv, ZnZ EizowT Aebi iz 7 F—tiEEE
ERBNLECICe CaCn A7) T4 E—2
3 247V, BPERKEIETOBEL ZHER,
WENFENEBLE2RTH I 7—F /BT
5. ORI CICECeCeE CiCnxEY
A7 CHBIEETEEL TS, FERERK
Gt A HBENERNILEZHE,CICYICE
Cer CiCtnH 7=y } 2&ELT5]EE

MHBEZ NG, ZORIZONTREFEREY
BAEKEY & 7—CMENF LKLY 2 7
—LOREICL BTy FADSEE EiC
BN L ABHRAETERL 247y F4F
DEESE, BY 55— ilERMESEN Y
FI—ENEELL BT LIERVULETHY,
SHEBRENTFETH 5.

X, §XTIEXBD IS .00 &l H F
F—¥iEE% RT3 Fid, Feinstein 45, C4C ¢
THET7—HEALSERNNI%BEFBEL T3
HA87—€—8T 29, ZhuifinZaPR
WR7FFERESLZLDTR WD L#HEES
na,

SEHBRKEIC L - THEERNH 75—
PIEHEE TR FO pl L SOtES 1. 4~1.6
LBEWZ LI, BERENEWZ LICL L 275,
WFh 8 7—rirB{bnBRETEc N SHELE
TEDFHHEEL TCEI L 2TREL T2,
IO AN L TAY LB e}
T 74 —TeTARA I I—¥oaHEHL
Price’® 5 0452, DEAE £/ a—Ri2 k57
QR b T T4 =TTy VORI T—¥ET
BELZRLSWOWELSE LD, BIC, ER=
DADFAH T —E DEAE- A 7702}
757 4 —CTHELER BH 57— lE
FRBEAECICHFL I F—EIZEE CeCe
FBEFEER LV IICEVRD - THLREED
SRy HY, Kic7F7v3>A, B, C»
3RENFERBOL, KH2E, s 62T A Y
FAn, HENEZZINEREANKBARECE
T2R-THREERTIOTR YV LEZ,
B 57— MEREEEIC WL, 2t
YY) TRBIEALTWELD, I tary
DT OBESCHERLRLT WL, TiEkaolk
ETHBRNCEET L EEZ LML LD EXF
LT3, HFEnN-7 R LEED DEAE -
Sh7ue b 7574 =2t BHEE, EbD
Sy RO 3DEE BT D LESH D EEL
5,

CaCet CiCn 737 a v ADEEAY
BT LWER, NFHCRELSFEEDH S
S —LBAVHEET DWREREZTRRL T3,



426 = i

7 E
EHE(CICY, BH I IEREEAE
(C:CY, KA 27— hERIEEAEK (CS
C) RUEhH 7 7—rIERLEEHAK(CLCY
PVADFA S F—CNFERBE R T o —2y
NEEESKESE, EEREC I IAELK
DARER TR,

1) #8 7—CBREERN > Fodhla
THETR E, FEAIIC2CE CECE CECe
DIBI- & - 12,

2) CiCnEBAIZC2CeE CiC el
BERLE, L CECOEES LN Lo0mit
iz d - 72,

3) CeCe2t CiCs% DEAE- #7470
b 7T 7 4 —TIEEEDBER Ny 7 —DIBE
FRATHBILCENSELER, 757
3>A, B, Co3@sri@sHonsk, thL¥n

X

£ #

DEBTHETSE, 7773 ATIECECYE
L CLCMERAICHLLLEREH LN LW
B, 797+a>vB, CTirEicCLCLnEE
HpCeCenEBERL NV Er -T2,

INLDOREL L, BRWMESY ¥ 7 —FILE
FEfESk (C2CLk CiCYH DAY 77—+
DEEHIL, FEPT7R (CICY) Lz E
2 TWwh, X, EH 5 I—LlEREES K
7 Z(C2CO DA P F—LNFEEAIZCLCE
ECiCtnhp%ERL, TNENRECERIT
Hoh, HIT—EFTFOBENrRL LEES
nr.,

WEMLBIcERA, HBEL oHEE HRNZ
Bo B EABBICRLL ) BB EHET Y.

%, FRXNOEER I BARAANFREZFESEITEK
STRELL

#

3)

4)

5)

7)

8)

10)

Feinstein RN, Seaholm JE, Howard JB and Russell WL : Acatalasemic mice. Proc Natl Acad Sci

Wash (1964) 52, 661—662,

Feinstein RN, Howard JB, Braun JT and Seaholm JE : Acatalasemic and hypocatalasemic mouse

mutants. Genetics (1966) 53, 923—933,

Feinstein RN, Braun JT and Howard JB : Acatalasemic and hypocatalasemic mouse mutants. II.

Mutational variations in blood and solid tissue catalases. Arch Biochem Biophys (1967) 120, 165—

169.

Feinstein RN, Braun JT and Howard JB : Nature of the heterozygote blood catalase in a

hypocatalasemic mouse mutants. Biochem Genet (1968) 1, 277—285,

Ogata M, Tomokuni K and Takahara S : Catalatic activity of immature and mature red blood cells

in Japanese acatalasemia (difference between Japanese and Swiss acatalasemia) Acta Med Okayama
(1969) 23, 421,

Ogata M, Inoue T, Tomokuni K and Takahara S : Catarase activity of immature and mature red

cells from acatalasemic mouse mutant. Acta Haemat (1970) 44, 11—20,

Aebi H and Cantz M : Uber die cellulare Verteilung der katalase im Blut homozygoter und heter-

ozygoter Defekttriger (Akatalasia). Humangenetik (1966) 3, 50—63,

Tonz O and Rossi E : Morphological demonstration of two red cell populations in human females

heterozygous for glucose-6-phosphate dehydrogenase deficiency. Nature (1964) 202, 606—607,

Yoshida A : Hereditary disorder of erythrocyte metabolism (ed. by Beutler, E.) , Crune and

Stratton, New York and London. (1967) 146—162.

EHREAR . BB L BN § T~ ME-TANA F 7 —EFFORBRIET2HE B1/ ~72AF4 7

F—wiEIC T 2 BRI O, EILERE (1985) 97, 927936,



11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

21

22)
23)

24)

25)

Wh I T—EMELTANS T F—EFFOUE 427

Thorup.OA, Strole WB and Leavell BS : A method for the localization of catalase on starch gels.
J Lab Clin Med (1961) 8, 122—128,

Matsubara S, Suter H and Aebi H : Fractionation of erythrocyte catalase from normal,
hypocatalatic and acatalatic humans. Humangenetik (1967) 4, 29—41,

Morikofr-Zwez S, Cantz M, Kaufman H, von Wartburg JP and Aebi H : Heterogeneity of
erythrocyte catalase. Correlations between sulfhydryl group content, chromatographic and electro-
phretic properties. Eur J Biochem (1969) 11, 49—57,

Ogata M and Mizugaki J : Properties of catalase subfractions separated by chromatofocusing of
acatalasemia hemolysates. Acta Med Okayama (1982) 36, 73—76,

Awdeh ZL, Williamson AR and Askonas BA : Isoelectric focusing in polyacrylamide gel and its
application to immunogloblins. Nature (1968) 219, 66—67,

Saravis CA and Zamchech N : Isoelectric focusing in agarose. J Immunol Methods (1979) 29, 91
—96.

RoSen A, Ek K and Aman P : Agarose isoelectric focusing of native human immunoglobulin M and
a,-macroglobulin. J Immunol Methods (1979) 28, 1—2,

Price VE and Greenfield RE : Liver Catalase, II. Catalase fractions from normal and tumor-bearing
rats. ] Biol Chem (1954) 209, 363—376.

Higashi T and Peters TJr : Studies on rat liver catalase 1. Combined immunochemical and
enzymatic determination of catalase in liver cell fractions. ] Biol Chem (1963) 238, 3945—3951.
Thorup OA, Carpenter J and Howard P : Human erythrocyte catalase : Demonstration of heter-
ogeneity and relationship to erythrocyte aging in vivo. Brit J Haematol (1964) 10, 542—550,
Feinstein RN, Howard ]JB and Savol R : Heat and urea stability of blood catalase of catalase-mutant
mouse strains. Experientia (1971) 27, 1152—1153,

KENET | B4 2 T7—ENSDSizL 3ERICOWT, BILESE (1975) 87, 543—548,

Aebi H, Wyss SR and Scherz B : Unstable mutants and molecular hybris in enzyme deficiency
conditions. Acta Biol Med Germ (1977) 36, 735—741,

Feinstein RN and Peraino C: Separation of soluble and parliculate mouse liver catalase by isoelectric
focusing. Biochim Biophys Acta (1970) 214, 230—232,

K OEE, SHEE, FHER . HIT—LDTA VWA 4, YR GE (1965) 11, 3743



428 = ® 1 &£

Properties of the catalase molecule obtained
from acatalasemic and hypocatalasemic mice
Part II. Analysis of liver catalase of acatalasemic mice
by isoelectrofocusing.
Yukinori SATo
Department of Public Health, Okayama University Medical School,

Okayama 700, Japan
(Director : Prof. M.Ogata)

The properties of catalases in the liver homogenate of acatalasemic (C3H/C."C.),
hypocatalasemic (C3H/C,°C:), acatalasemic heterozygous (C3H/C:2C,*) and normal (C3H/
C:*C,®) mice were analyzed directly by agarose isoelectric focusing.

Homogenates of mouse liver were prepared with isotonic sucrose solution and separated
from the subcellular fractions by repeated centrifugation followed by ultra-centrifugation
(105,000 X g). Agarose isoelectric focusing was performed in a pH 3-to-10 Pharmalyte gradient
gel at 8°C. Isoelectric range of catalase in liver supernatants was compared normal and mutant
mice which were designated acatalasemia, hypocatalasemia and acatalasemic heterozygous.

Liver catalases of C.*C.t, C,°C.¢, C.*C.® and C.2C,;* were focused to a band at pl 5.9 - 7.6, pl 5.
8 - 7.3, pl 5.6 - 7.0 and pl 5.4 - 7.0, respectively. The difference in the isoelectric points of
catalases among C°C.*, C,°C.5, C.*C.” and C,*C,”> suggested the presence of some structural
differences in the catalase molecule between normal and mutant mice.

The homegenates of liver from C;2C,? and C,*C.,* were separated into four fractions (non-
catalase fraction and A,B and C catalase fractions) by DEAE cellulose column chromatogra-
phy with a discontinous buffer system of 1ImM, 3mM, 10mM and 100 mM phosphate buffer. The
eluates were concentrated to 1.5 PU/ml by ultrafiltration, and pl values of the fractions were
examined by isoelectric focusing. Acatalasemic fractions B and C focused at a more alkaline
pl than normal fractions B and C.



