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Fusarium oxysporum OEHIEAOBLETEZDEME %, diaminobenzidine (DAB) 2#EE x|
T BB LR & D#RET L 72, Seligman 5D 5k (J. Cell Biol, 38, 1-14, 1968)iC & D i &
7= cytochrome oxidase {Eiki3, Bk« DEFB L UCEBEFOMBOTRTCENTI ba YRy 7
ORREE L AREICREL Tz, ZOBRERE KCN 8L U NaNiw L D EE & 7, Graham &
Karnovsky # (J. Histochem. Cytochem., 14, 291 - 302, 1966) I & U' Novikoff & Goldfischer ¥ (J.
Histochem. Cytochem., 17, 675 - 680, 1969) I & D#H &7z cytochrome ¢ peroxidase i&EMNE, H
% AEFBIUVCEBRFOMEOTATICBWTI Pa Yy PV THCREL Thiz, &8, ZOBROD
YEMEIX KCN 8 & U NaN,iz X D RS & /28, aminotriazole TIZEES s h o7z, catalase iBER
Novikoff & Goldfischer Iz & D #R¥% L7z 3, BAMBAA O~V A F ¥V — AR %79 microbody
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Fusarium BERTR2EECEL, B, 18Ps
T UKEIZEET 30, FhidiEx O BIEREADL)
HEBTHEYREETH S, £ FOAREREE?E
FUMEBEEYORRSE & LT, £BETRIE
BEPOBERELE LTHHORTWS, L L, BROE
BEE s LTRILS 3 ZOBOMIEERCET 5%
iz dhn, BERZOBORRNEETHS
Fusarium oxysporum (F. oxysporum) W2V T cyto-
chrome oxidase, cytochrome c¢ peroxidase ¥ & U
catalase DIEM & BHEENRE L BB LERC
BRELZOT, ZZHRETS.

HEB L UFE
1. # ¥
BREHRIZE MK D 58, B SN F. oxyspor-

um (ERRFEFHEHBIEBERTFLE, No.1486)
Th3. ZOEHE potato - dextrose agar FHEHEH

FueRE ERTHLYAREEL: (B, B
NREZEOEFEOITITFRIDER L L bICERER
B, lmmPRATiC#isIL, #kte L.

2. K &

1) cytochrome oxidase D&

Seligman & DF RV, BE % 0.1 M D ABE
BE 2% IV NTFLTFE R (DH7.4) 2 £CT 1R
EE®R, RORIGHE 37°CT 30 SREREL 72,

dist. water 5m!
3, 3'- diaminobenzidine tetra - HCl (DAB, [
1) 5mg
0.2 M phosphate buffer (pH 7.4) 5mi
catalase (Sigma) i 2mg
cytochrome ¢ (Sigma, Type III) 10 mg
sucrose 750 mg

R & LTRSS S DAB 2\ 3z 37CT 30
B L 7 EERE L LT, RSHIC 10mM KCN

Ultrastructural Localization of Oxidoreductase Activities in Fusarium oxysporum. Ha-
rukazu Matsumura, Department of Dermatology (Director: Prof. T. Hirone), School of

Medicine, Kanazawa University.
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#7413 10mM NaNz 2 IZ 22 ¥ 37°CC 30 SRR #
L.

BRI RIS, XBERAEAERDRD, B’
5 0.1M D ABEER (PH7.4) T 60 2 (3 @K
@ gL, 7YY ¥ —THALL, BERC
i, BEE 2%8~ A BR Y Y A (KMnO,) kK&
Wz 4°CT 1 REREIE, MEAKTHBER T £ b U RFIT
ik, T8> 812 WAL Tz, R\ THYIIA % LKB
MEE: 70 b—2KROFT LTI YrELFF47
TEsL, BBETEZERHIH-500 8 F 7 3H
HU-12 A BIBHETRE, THEEP LR,

2) cytochrome c¢ peroxidase Mk

FEE 0.1M D ABREBE 2% VILTLFE R
(pH 7.4) 1 4°CT 2 B¥MIE €%, Graham & Karnov-
sky'M & 7z 1 Novikoff & Goldfischer®® RIS =
37°CT 30 AHHEIREL /2.

" Graham & Karnovsky D KSR DED Th 2.

DAB 5mg
50 mM Tris - HCI buffer (pH 7.6) 10 m/
1%H,0, 0.1m!

Novikoff & Goldfischer O KSH#IZIRDED TH

DAB 20 mg

50mM 2 - amino - 2 - methyl - 1, 3- propa-

nediol (Sigma) buffer (pH 10.0) 9.8 m/

1% H,0, 0.2m!

W& L TRIGHE D & H,0, 2B 728 37°C T 30
AEREL . EEHRER L L ¢, KIGHIC 10 mM KCN
%7213 10mM NaN,; 2 02 7238 37°CC 30 £ fis
Lo, %8, catalase IH1EW £ 2 RIS 2 720,
RIEHRI 10 mM 3 - amino - 1,2,4 ~ triazole (ATZ)
B 24 37°CC 30 SRS L 72,

EFER S L CBEAEAOEREIECE T2 LR/
BOFETITo 72,

3) catalase DR

BEE 0.1M D ABEBE 2% 5 L9 LT LT E R
(pH7.4) Iz 4°C 2 FEFIEIE®, Novikoff & Gold-
fischer O RG24 37°C T 30 S B L 72,

M ® & UBHE SRS cytochrome ¢ peroxidase
BELRBIZIT - 72, KA S & CEEEEAD R
bEIRICBIT 2 L ARBICIT - 72,

B #
1. cytochrome oxidase 5
D ksl @% (M2), IMETF (R4), KA4E

FHLUBERT (K 5) oMlan e, RN ERF 5
BBty LBHED cytochrome oxidase RIS

BRI0sH B ilz, DAB KUK 1B L 72 118 (]
3), KCN ¥RINRIGHE % 7213 NaN WK Sl 2 L
REERBREA TR, TRTOEHBIBL TRIGE
BEAIZIEEA L ERE{ED O NL DT,

2) BEE . ERMETER (K8, sharry7y
O (intracristal space) # X U4MKE (outer
compartment) 2 BEFEE D KGEMDULEHSH 5
iz, RICEVOLEORSE—BETEL, A—03
FAYPFUT7THOHICEORRY, HA—0OHTY
BRfiri & 0 Rl o Tk, INAETFHR (F9), K4
EFHfEs & CEERTMEE (210, 1) kBWT b,
RICEYOWEZ: 3> F Y 7 O/MER L 4 KEiw
AN, BAMEOES L EFEBOFRRTH -7,
WTNOEMRIZ BT RISEROREL: oy
FUT7RREEN, BE, NS X OBEERCIRR
Lozt k¥, BRORBEMELCEET 2
Woronin /MEIZ b RIGEMIOLE IS shii o7,
TR EMBEN I KICEDRED Shiadh o7, KON
BRI B & U NaN SR S 8 L - e
BRATR, TCOEMRACRISEDRS R
SNz,

2. cytochrome c¢ peroxidase KfE

1) JBf | Graham & Karnovsky WS g4 ¢
b Novikoff & Goldfischer WBHEEAT Y, &% (H
6), IFETF, KGET(”D B & CEERFON
M, FHANCES T 2862 LEBAO peroxi-
dase RIGH RIS % 5172, Graham & Karnovsky
HEIEAEA & Novikoff & Goldfischer WS i#iEA
DEFTROZERIITD > kb - 72, H,0, KRG
WICBRE L 78 T RIS A 380 & b o
72, KCN WG B & OF NaNL, IR iRz B L
RHERBREA CRRIEREERIE A E 2
<BOSNR» o, ATZ HFNRGERBEES T,
ZROERMRIGHICBE L ER B 3 L Fig,
HRAE P RGBS MBI 03 & ALz,

2) BEM ER (12, 13), 54EF (K14, 15)
BLUEERTF (K16, 17) OMBERNCBLT, KIS
EYOWEIEI b2y P 7HcRb e, RIGE
VIOLWEDESZI bay PY 7ic D, O
BAIC X DERERLZ, WThOEMEIBLT Y
RIGEHOLEITZ S rar rY TICRBEh, ¥E,
MEES L UCBEBCEED s g ho7, NETR
EHAP W RIGEY TS & 1% 5 - 72 KON WK
IGHB & U NaN IR ST I8 U /- (LS sEniE A
T, TRTOEMBEANCRICED 2 EAD L
Do /2, ATZ SNBSS EAEE TI AR R B OE
FRED o7z,
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3. catalase Rt

1) SeEEG TR T ORI B RIS R
1% cytochrome ¢ peroxidase RIGDA & kI
iz B LT, ZOF A% catalase IEHITH2 ATZ
FMESRCBELEERCB T AR LT,
ATZ v & 5 REBHEBER OB R s he, ~ut
V- LAOFEEERTHRER DT,

?) BEM  WRMERIZLA F Y — AR
OFHEE R M/IMES DA ST, ZO/ME
w RISEYOLEXRD > o7z (18, KA.
AETFB L UEERFOMICIEZ O v /MRS
shihol,

% =

1. BerHoBHY I LEEILDWT

Wergin'9id t < b OZEWEE SN F. oxysporum
OF A 2 ABRERES 2 EENCHEL, Bkl
HMIRTE AR, BAME, SravFUT, URY -
&, MER S CEE/MEE, Wi, BEWE, SV
—% R X U microbody # &% L, %7z micro-
body Fi3ED Woronin /AMEMIBEEFTTICFEIET 5 L
RTWw3, L L, EF i KMnOBEFERIZBVTH
RMOMEEN R, N3y Y7, A,
B L URERERE L, BoME, HElEs LU
B AET 2RV -L 2 a—r U BERER
HLBEMol, ZOERIZBZ S KMnOBEER &
BHDOTHY, AED 2 L Mo EEFRLEZEEO
B oWwWTEERE L TWwS, LarL, KMnO,E
SEHEAT b BRI LR RIS O ICEN S ETEE
DEMBELTREEEANDGZ L, ZOREERTO
W DNEE 72 SRR PR R O OIS 1 KMnO, B E I & B
I BESRB L, EEREORETREAE
BRAAIVLABEERF BT LD bLLS
KMnO, B8RO cB»T L VEBRIcASE T
LR E RO T, AL TIE KMnO,EE % fvizb
FTh s, ZhdOF S S, KMnO,BEEZEERER
{LEHREROEES L UNEORBEER: LTERT
HrrEILOND.

2. cytochrome oxidase DR

EEHIEC 8 1 3 cytochrome oxidase WEHOEE
AR REERE 13 ¥ @ aryl amine FEHEE L LTH
1 % Burstone BN R & Nz A%, DB di-
aminobenzidine (DAB) ##% & L7 Seligman 5D
HEOpEA S, BREOEV, FHETE 2FRNE
5NB LWk ot., ZOHEERV R ERMIELE
BFFZRIE Z h& T Aspergillus niger®, Candida albi-
cans®® 3 L O Trichophytorn rubrum®NZD\>TiThil,

¥

Z o OB T cytochrome oxidase X s |
ARV TREBWTDOAKERENSE Z &, $-2hyy
S b oy R Y 7 ORI £ AREICRET 3 7 L
ExnTna,

EEOBHETY F. oxysporum OBEHMIZH 13 2
cytochrome oxidase WML S & 2> F U 7 ORI
ARERBET 5 2 LoRE, 2 REEE, Mk
BIUOBEBZEIED o N2>, B8, Woronin
JIM&IZ cytochrome oxidase {EMEIZFRD Shs o1,
cytochrome oxidase EHWBET 2 RE F oy
sporum DE %k, HETB L UVEERFOMRIIELT

2 ravRYTPHEFEEROERBTHLILER
LTwa,

3. cytochrome ¢ peroxidase

cytochrome ¢ peroxidase & ERFIBEEE ICBWT
A{bZH S ICEBEMREFERICEEHE S, Z0Y
KRN EBREE L ONRTVRY, Z0%, X
R ES T b AL & T W %, cytochrome
oxidase M3HE & EHEW, cytochrome ¢ peroxidase
O BIEMIFA(LZRIEERE 12 (3 4 9) ary]l amine®*8EH ¢
LR s, OB ICRRED LV EY DAB £
W3 Hk, Tib b Graham & Karnovsky &'W#5#
Ash, ZOBROMEAAHEIRSNLD L IE-
fr W T, TOHEOEHEE L TET VA UEDAB
KIS, 7% b B Novikoff & Goldfischer#'»%3 per-
oxisome O catalase O ICBASE & iz at, Z0F
¥4 3 b3 R Y 7O cytochrome ¢ peroxidase D
HIZALWSATWS, ZheZ20HFEEAVT,
Aspergillus  niger®®, Candida albicans®®, Tri.
chophyton rubrum?® 35 & U Saccharomyces™ DEEHiR
DI barFYT7IREBYAS cytochrome ¢ peroxidase
EHORENINE TR STV 3,

Lirl, ZORBOBENCBEROS 2HEERHT
SWTETOHRNH B, K, Novikoff &
Goldfischer 5T Aspergillus niger D2 +a > FI7
o cytochrome ¢ peroxidase &M 2 L, O
EEME 10 mM NaNgic X W EE s sk ks

T3, %7, Hirai®”it, Graham & Karnovsky &

DEHETHI & Wiz Tetrahymena pyviformis D2 b3
> kY 70 cytochrome ¢ peroxidase (3 10 mM NaN,
CHRES Ao LRRTWE, JARRLT &
59293, Novikoff & Goldfischer Ik THHE L
Trichophyton rubrum O + 3> FUTD cytochrome
¢ peroxidase & 10 mM NaNiZ & 03 < fREshn
LA TW B, 73, Thiobacillus novellus®™7» 55
& N7 cytochrome ¢ peroxidase DVEMEIX 1 mM~8
mM NaNgiz X DE»IcHEE NS L) A {2
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gyHESNTV A,

2ZDBEETIE F. oxysporum (2817 % cytochrome
¢ peroxidase EHEREWC I FI L FY THICRET S
cr, $REREEE, DEES L URBEBECEED
SABWIEBRENZ. EIVIMABIOEOE
wimpe, AT S & VEBRTHRICEETSH -
r. #L7T, F. oxysporum (2B} % cytochrome ¢
peroxidase ¥ /& Graham & Karnovsky ¥5 T %
Novikoff & Goldfischer IETHRIU & 5 wwikiz f,
WFRLOBE S 10mM NaNik L D < HESh
CepEEs N, FE ORI NaNaiZ & 2IHEHER
DBEZAZBEBEC LIV REIBRERTOTE RV,
LS EEEBELI-bITH S, LROMEH T
ALEDDHEVLDTH 2251, BENROELIZ
INEERBER LR LD TIR RV L Bbh s,
COHCHEL TS h BRI B EERR %

SRS EV EEFENTIRE S URROWERICE 2R
ohhntEZONS,

4. catalase ;&%

3% catalase 1ZRNF F ¥V~ LADEBBRLLT
iz OB B & CHEY OHERMINE B v TERHaL
FRICEFRI R L TWT, FNiZid Novikoff & Gold-
fischer IO HIFA THW SN TV 3, HEEOMT),
catalase iE¥E 1L BREGEE 0, BB L UTRELHE

HTH 2 Aspergillus  niger®™ & Trichophyton  rub-

umPNZ BV THESE microbody & Wiohuiz/MEIZEERE
ENTWBH, F. oxysporum ™ TRARH T Wiz,
L7, Maxwell 53i% F. oxysporum % &te 14 BOHE
#®D microbody & % catalase {EHERRETL, £
FHZBE O IC catalase IEEMGBH SN T H, B
MBAEF A IE Z OE O microbody I BERIE MR
Eh ol LT3,

EHDBE T, F. oxysporum OB RMAREA I~
T ¥ ¥V — Al RE 2R § microbody 28D 51
18, & DAMEIZ catalase IEMEIZEED Lk d o7,
COMEOHEIZEH S T C, SBRETT 5 LE)S
b5,

]

t MROFE X D FBES N7 F. oxysporum OB
M cytochrome oxidase, cytochrome ¢ peroxidase
B catalase DG = BEMIALEN A RIC L DR
Al BonlREERD LS TH 3,

1. Seligman & @ A ¥ & b #H & 1Lz cyto-
chrome oxidase W& & &k, HEF B & CEEKTFO
MEOFRTEBBT S b3y R Y7 ORI - 4K
BZRBEATHT, Z20OMOMIANEEICIZED

£

LT,

2. Graham & Kamovsky ¥# X Uf Novikoff &
Goldfischer ¥ & D #&H & L7z cytochrome ¢ per-
oxidase JEMEIZER, SET B L CEERFOMBEDT
RTEBWTI PArFY7HRBEL TV, 7,
BERICEYPRETEOENCE VERZ 2Lk
pol, 2B, TOBROENR NaN;ic L Dk BE
I3 ZemaN,

3. catalase ¥ % Novikoff & Goldfischer iz
S ORBENTY, ZREER FETFBS X UERE
FORBOTARTICBBTRIBES AL,

E | ¥

MEH 21D, HEE 7 & & LSRR — 2880,
TR 7o 72 & & U [RIREATEUE, 5 L UHIBIS wie &
FLAERENAZSRRAPEECEEOHELR L &
T, R BATHIRBI /o & & U YMBE DB BRI
WHEEELET.

ERXOBEERE B EHAFEREESBS (IBH56 4
W0HA30-31H, BER KBWTHRLE,
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Figure legends

Fig. 1. Colony of Fusarium oxysporum on potato-
dextrose agar for one month at room tempera
ture, showing a fluffy surface and violet pig
mentation.
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Fig.2. Light micrograph of the mycelia of F.
oxysporum incubated in the medium of Seligman
et al. for 30 minutes at 37 °C. Cytochrome oxidase
reaction - positive granules can be seen in. the
mycelial cells. X1,200.

Fig.3. Light micrograph of the mycelia of F.
oxysporum incubated in the medium of Seligman
et al. without diaminobenzidine for 30 minutes at
37°C (control). No reaction - positive granules
are seen in the mycelial cells. % 1,200.

Fig.4. Light micrograph of the microconidia of‘F.
oxysporum treated with the same procedure as in
Fig.2 for 30 minutes at 37°C. Cytochrome
oxidase reaction - positive granules are visible in
the microconidial cells. X1,200.

Fig.5. Light micrograph of the chlamydospore of
F. oxysporum treated with the same procedure as
in Fig. 2. Cytochrome oxidase reaction - positive
granules are seen in the cell. x1,200.

Fig.6. Light micrograph of the mycelia of F.
oxysporum incubated in the Graham and Karnov-
sky medium for 30 minutes at 37 °C. Peroxidase
reaction - positive granules can be seen in the
cells. X1,200.

Fig.7. Light micrograph of the macroconidium of
F. oxysporum treated with the same procedure as
in Fig. 6. Peroxidase reaction - positive granules
are visible in the cell. X1,200.

Fig.87 Electron micrograph of the mycelial cell of
F. oxysporum incubated in the medium of Selig-
man et al. for 30 minutes at 37°C. The cyto-
chrome oxidase reaction product is present in the
intracristal spaces and, to a lesser degree, in the
outer compartments of mitochondria (M). N:
nucleus, ER : endoplasmic reticulum, CW : cell
wall, OC: outer coating. X 38,000.

Fig.9. Electron micrograph of the microconidial
cell of F. oxysporum treated with the same
procedure as in Fig. 8. The cytochrome oxiddse
reaction product is seen to be localized in
mitochondria (M). No reaction product is seen in
the endoplasmic reticulum (ER) and plasma
membrane (P). N : nucleus, L : lipid droplet. X 26,
000.

Fig. 10. Electron micrograph of the chlamydo-
spore of F. oxysporum treated with the same
procedure as in Fig.8. The cell contains large

Fig. 15. High magnification of a portion of Fig. 14

lipid droplets (L) in the cytoplasm, N : nucleus,
M : mitochondria. X 14,000.

Fig.11. High magnification of a portion of Fig. 10,

showing the localization of cytochrome oxidase
reaction product in mitochondria. N : nucleus, L
lipid droplet. X32,000.

Fig. 12. Electron micrograph of the mycelial cell

of F. oxysporum incubated in the Graham and

Karnovsky medium for 30 minutes at 37°C. The

peroxidase reaction product is seen to be localiz-

ed in mitochondria (M). N : nucleus, V : vacuole.
X 38,000.

Fig.13. Electron micrograph of a transverse sec-

tion of the mycelial cell of F. oxysporum treated
with the same procedure as in Fig. 12, showing
the localization of peroxidase reaction product in
mitochondria (M). N : nucleus, ER : endoplasmic
reticulum, P : plasma membrane. X 46,000,

Fig. 14. Electron micrograph of the conidium

(probably microconidium) of F. oxysporum treat-
ed with the same procedure as in Fig. 12. The cell
contains a number of large lipid droplets (L} in
the cytoplasm. N : nucleus, M ; mitochondria. X
15,000.

showing the localization of peroxidase reaction
product in mitochondria (M). ER: endoplasmic
reticulum, L : lipid droplet. X 46,000.

Fig.16. Electron micrograph of the chlamydo-

spore of F. oxysporum treated with the same
procedure as in Fig.12. The cell contains a
number of large lipid droplets(L) in the cyto-
plasm. N : nucleus, M : mitochondria, ER : endo-
plasmic reticulum. % 15,000.

Fig. 17. High magnification of a portion of Fig. 16,

showing the localization of peroxidase activity in
mitochondria(M). N : nucleus, ER : endoplasmic
reticulum. X 31,000.

Fig.18. Electron micrograph of the mycelial cell

of F. oxysporum incubated in the Novikoff and
Goldfischer medium for 30 minutes at 37°C. A
round body (arrow) resembling a peroxisome
shows no positive catalase reaction. The deposi-
tion of reaction product in mitochondrial cristae
is due to cytochrome ¢ peroxidase. M : mito-
chondria. X 46,000.



306 m t
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Abstract

Oxidofeductase activities in Fusarium oxysporum were studied by electron microscope cyto-
chemical techniques using diaminobenzidine (DAB) as substrate. DAB reaction product of
cytochrome oxidase, demonstrated by the procedure of Seligman et al. (J. Cell Biol., 38, 1-14,
1968), was localized in the intracristal spaces and outer compartments of mitochondria in the
cells of mycelia, conidia and chlamydospores. The reaction was inhibited when cyanide or

azide was present. DAB reaction product of cytochrome ¢ peroxidase, demonstrated by the

Graham and Karnovsky procedure (J. Histochem. Cytochem., 14, 291-302, 1966) and Novikoff
and Goldfischer procedure (J. Histochem. Cytochem., 17, 675-680, 1969), was observed only
in the intracristal spaces of mitochondria in all of the fungus cells, The reaction was inhibited
by the presence of cyanide or azide, but not affected by aminotriazole. DAB reaction product
of catalase, investigated by the Novikoff and Goldfischer procedure, was not present in the
microbodies resembling peroxisomes in ultrastructure.
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