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Fig. 1. Relationship between time after.cutting of potato disks

until inoculation and tine from inoculation until hypersensitive

death of 507. of infected surface cells of the disks. The disks

(Rishiri) Were inoculated with the incompatible race of

btbora infes亡ans at intervals after cutting. Each value

represents the average of three separate experimentats｡ The range

from mean ls indicated with bars.
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ll

Fig.i. Effect of blasticidin S (BcS) on time length for hyper-

sensitive cell death of potato cells infected with an incompatiもle

race of Ph bthora infestans. The tuber. disks were treated with

BcS, 5 pptn, or Water for 15 Din at 0 hr(A), 4 hr (B), 8 hr(C), 12 hr

(D), 16 hr(E), and 20hr(F) after cutting, and inoculated with the

fungus 16.5 hr after cutting.

Treated with (4) water, (0) BcS.



1t

100

0

A

●

0
●

●

9■
●

●

9

●

■

●

●

○

9

0

8 16 2A

I

:50
■
I

i

4 8 12

8 12 0 4

Timeよfter inoculation (h)



声

}i ,

こ
っ!1‡
(

)人上≡り廊L･泉I了

L 8亡∫ =･hs､ Art

糾 し､允Ji4

後加齢〃過鬼1･火線し

壬____し叶阜.A_,.___
_.ー_Aー連_虹句

二車二軒I-6:+二重二重二う二幸

乳___i.,1&

I.Lt_ つ,''_g人モ3(p

ヘ ル に 同足し

i人て こーーし阜克)T.

哀右耳二重二;;:llyII二を二重二鑑二_己二重ー:i(:i!!

.

βc5 /ユ過-･a

こtえ了.

*_..__里旦ー_

c)~鼻;響

え/.=化 ヒよ.よ1'rナら

tI蚕室二≠ir::.

し阜ー.て 岬 ゝ か k

軒務頂【i; リ

産二身画:_IiE

ヤ~諾し くt(i.,

果 i二:-]1
_-:i二こ て t

.____i且でIhー,I_
l一っ こて 〟 -af-.,軒頑

:ii-_ji-]弓_与二二本ーユ_1ih:fl_久克也

卑)iAN_+-L!t_虹泉冬-I?【M_≠二_.
軒二至二重

､＼ー!._て!.:rFこ::一5:

1人 t も

‡をを車二重二面高二_-LT-垂

祭儀Q)メ犬

t1 6) 々､ ㍗ か
_

(1～_つ

し)



27

Fig. 3. Comparison of time length pf pene七ra七ion and hypersensitive

death of the infected cells of the aged cut surface.tissueand those

of their neighboring tissues. the surface tissue 0 mm (non-removed

as a control), 0.2-0.3 mm, 1 mm or 5 mm in thickness were removed from

the tuber disks, and then the freshly cut surfaces rwere inoculated with

an incompatible race of Phy七bphthora infes七an8.. Each value.represents

the average of three separate experiments.

(●) Cell death; control, (o) cell death; 0.2-0.3 mm removed, ( ▲)

cell death; i mm removed, (A) cell death; 5 mm removed, (J) penetration;

control,柑) penetration; 5 mm removed.
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Fig. 4. Effect of blasticidin S (BcS) treatment on tine froth

inoculation until hypersensitive cell death of infected potato

petiole cells. Cutends of petioles were treated with BcS, 5

ppn, or 甘ater for i hr i皿mediately after excision, and the intact

surfaces of the petioles were inoculated with the incotnpatible

reace of Ph htbora infestans.

(+) Cell death; control, (o) Cell death; BcS.
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Fig. S. Effect of blasticidin S (BcS) treatment on tine length

fro皿inoculation until hypersensitive cell death of infected potato

petiole cells. Cutends of petiole Were treated with BcS, 5 ppn,

for 1 hr begining. 4 hr After excision, and the intact epidermis

of petioles were inoculated with the inco甲Patible race of Phytophthora

infes亡ans.

(+) Cell death ; control, (o) Cell death; BcS.
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Fig. i. Tine length from inoculation to penetration. Epidernal

cells of young unfolding leafstalks of cultivar Risbiri (㌔) were

inoculated vitb race 0 or race 1,2

(t):race 0, (tl) race i,2.

of Ph b亡bora
､infestans

｡
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Fig･?･ Tine length from inoculation until hypersensitive cell

death. Epiderml cells of youngunfolding leafstalks of potato

cultivar Rishiri (Rl) Were inoculated with race 0 or race l･2 of

Phvtot)hthora infestans. Treatment of blasticidin S (BcS) Was done

for 1 br iⅢnedia亡ely after excision of the leafstalks;-. and then

inoculated with race i,2.

(●) Cell death; race 0, (o) Cell death; race 1,2.

(A) Cell death; race i,2 with BcS treatment.
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Fig･ t･ Effect of BcS treatment on penetration of Phytophthora
L'

infestans into potato petiole cells. Cutends of petioles Were

treated･with BcS, 5 rpm, or Water for 1 hr血mediately after

excision, and intact surfaces of the petioles were inoculated with

an incoTnPatible race of the fungus.

(I) Penetration; control, (t)) Penetration; BcS.
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Table ∫.
Effec七of blasticidin S Ob七he length of

in七racellular hypbae of七he incompatible

race of Phytop中土hora infes七ans in potato

ce11s
a)

Treatment

Length of intracellular hyphae

hr after inoculation

4.5 hr 8.5 hr

(p) (pm)

Water

BcS

20.2b+ 5.7

18.1b+ 5.9

35.6b+ 12.8

25.9b+ 10.1

a) Treated With BcS (5.ppm) 16 hr after cutting,and inoculated with

race o. controls were tr-eated with'water.

b) Mean of measurements from about loo cells per tuber disks.

土; the standard deviation of the mean.
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Table i.

Efrec七of blasticidin S on七he length of

in七racellular hyphae or the incompatible race

of Phy七ophthora infes七ans_ in epidermal cells

of potato petiolea)

Treatment

Length or intracellular byphae

hr af一七er inoculation

10 hr

3Lii;E

Water 12.4b十3..6

12.6b+ 2.3

ll.5b+ 2.5

12.4b+ 2.9

a) Treated with BcS (5ppm) or water for i hr immediately after excision,

and inoculated with the fungus.

b) Means of measuremen七s from about loo cells per leaf petioles wi坤

七he 地d 由via七ion of the mean.
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Table 3.

Effect of treatment of potato disks With blasticidin S on the incorpotation of

radioactivity from
3H-1eucine

into the acid-insoluble fraction a)

Time from cutting Treatment Time from cutting

to BcS treatment with BcS to
3H-1eucine

or water treatment

hr hr

Radioactivity

To七a-i i4ptake

dpm dpm

蛋 fr wt mg protein

Incorporatlon

into acid in_

soluble

fraction

(x 10-3) (x 10-3) dpm/mg protein

Inhibition

or

protein

synthesis

(%)

Water lmmedlately

Bc8 after BcS

treatment

Water

BcS

Water

Bcs

Water

Bcs

Water

Bcs

16.5

16.5

16.5

16.5

16.5

16.5

16.5

16.5

3.7

1.4

709.2

102.7

105.2

1.2

113.0

2.2

30.2

2.4

56.1

48.1

92.7

92.2

88.8

a) The experiments were repeated七wice.

b) The disks were administered with
3H-leucine

just after treatment with water.
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でable十.

Effect of treatment of potato petiole8 With blasticidin S on^

the lneorporatlon of radloactlvlty from 3H-1euclne lnto七he acid-

insoluble fraction a)

Time from excision Treatmen七 wlth Tlme from BcS

to 王icS treatment BcS or water 七reatment to

3H-1euclne

七reatment :

hr hr

Radioaetlvit

Incorporation

Total uptake into acid-

1n801uble

dpm dpm f工､aC t i on

言xf;0:;,m言xp;:三;;ndpml:gl粁ein

Inhibitionb
)

of

protein

syntheBiB

(%)

12

1164 264.6

791 208.2

3853 1630.0

1495 510.2

91.6

97.9

a) The experiments were repeated twlce.

b) Percentage of inhibition effec七was calculated by using following equation;

(a/A) water - (a/A) BdS

(B/A) water

x 100
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to active state (state II) for the hypersensitive cell death with

protein synthesis.
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Fig･ JS･ comparison of
the elu七ion pattern of tuber

一-
homogenate-1from- cul七ivar Rishiri

-(Rl) -throughSE-cellulose

= colum. The tubers wet,e used roI. the experiments within

a month after harvest (a) or 6 months after harvest (b).

The SE-cellulose was packed into a column (13 x 1.6)

由ulibrated with 0.1 M acetate buffer, pH 3.6, and fractions- ~

were collected (6.1 ml), during elution with a sodium

chloride gradient トーー).

● ,
･Absorbance at ･280 Inn. -I-----･1-I----l一-I-----------1------･･-･1-I-I---I --I-----一･--･･一--･-I--I---I---

Rp, Hemagglutination titre/ 0･ D･
280･
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Fig. 16. Comparison of the elution pattern of tuber

homogena七e from cultivar Irish Cobbler (r) throughSE- ~ t

ce11ulose_
_ー_COlumn･._

The tubers
__were 】り苧ed

for the

,?xp9て与甲9ntS

_ _ . __ _ __‥‥_
within"a month after harvest (a) or 6 months after harvest‥

.

(b). The experimental de七ai18 Were Stated in Fig. 15.

●,-1Absorbance a七 280 nm. ----I---

t

I.:I/'三:.I 151 'J(`) 'jl
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Fig｡ n. SDS-polyacrylamide gel electrophoresis of the crude

lectin samples of po亡a亡o tuber obtained after precipitation with

acetone･ The gels contain 30/i of the samples which have been

incubated in the buffer of Weberand Osbom
li†)
containing 17.

SDS and l完P-?ercaptoethanol at 100 C for. 2 nin･ Electrophoresis

tine was approximately 4 hr at 8 nanp/gel.

-,さota亡O Cultivar工rish Cobbler (r).

--･ potato cultivar Rishiri (Rl)･
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Fig. 18. SDS-polyacrylanide gel electrophoresis of the purified

potato lectln from cultivar RIshlri (Rl)･ The gel containe$

40JLg Purified lectin which have been incubated in the buffer of

weber and Osborntl†) 2 min at 100 C. Electrophoresis time was

approximately 4 hr at 8 manp/gel. The densities of protein bands

on the stained gel were detemined by a densitonete.r (Jois).
′

(a) bands stained with cooTnaSSie brilliant blue.

(b) bands stained with FAS.
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Plate.工Ⅰ工.

--L･･･-■ _一･･ . .- .-- ･-- ･ . -
-
.

---I--･･▲___
t▲-

.___ . . ･ --I..- ･L･---･････--一一--I-･･･--･一..I-~■■▲=~■~

-
- Rabbit red blood cells af､ter incubation for 1 hr with 10 〃g

--- of potato
lectin･of cultivar Rishiri per milliliter, 1),

or distilled water, 1). (x 450).
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.plate. _
I2

Agglutination assay using rabbit red blood cells.･ Control

=- - wells showed the precipitation or the cells in the center

ー･Of1---the･--well-
(-A}丁-王n- contras七rlectin- caused -agglu七ina七ion----L一---I

of the cells without precipitation (a).

i::::: Clニ1
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Plate V.

SerologlCal reaction of potato lectins from cultivars

Rishiri (1) and Irish Cobbler (2) wi七b antiserum to

the 工rish Cobbler-1ectin (center well).

■
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Plate V1 ; =mmunoelectrophoresis of purified potato lectin of

･ cultivars Rishiri (R1)-and Irish Cobbler (r).･--The purified-1ec七ins
】

were~radded~~to-each-rwel士て-After---elec七rophoresis-イas一--di scribed
ニコ竺逆二竺
in七he text) , immune IgG fraction ■against.cv∴工rish Cobblerl-1ectin was

added to the center七hrough and allowed 七o ff use for 48 hr at 4 C.

Note that the same diffuse
pi占占i占ittit占"band

(irrow) form tin‥占ich-It占itde/_I-- t
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Plate Vll.

SDS-polyacrylamide gel electropboresis of hypbal wall surface

binding proteins (EWBP) isolated from
potato七uberやomogenates--I-

by arrinity cbromatography. - ･ -
･

･

t ‥t-I- ~--t=~"~~-L､L~~■"-L~ー~■
t一丁~L-I--

t■■t~~

~~
~
■
■
-
■
■
-
I

Ge1 i; HWBP from cultivar Rishiri by using the affinity

~~~~'~~､~M~~lrMJ~P-～~ー≠~~-､`=血L~Labsorbent o王いrace I0二～
T ,ー叫-~~~仙-~~~~~~q-M-~~~--J~"ー~一ー~

~JN~-¶~~､~~Tー~~ー--Jr

6■

= ~ Ge1 2; ⅣBP f､rom cultivaェ､ Rishiri by using the

absorbent of r?ce 1･

■

Gel 3; fTWBP from cultivar Irish Cobbler by using the affinity

absorbentーOf
_
rae e____1ー仙_______

-
Cell-4;---t7WBP- from cultivarlrish-- Cobbler㌧by

-using-the---aff主nity一-

absorbent of race 0.

Gel 5;工rish Cobbler-1ectin

I-■~r■~■GelI6 ;ー~Rishiri二1e七tin~■{

L:王●iI.C｢51 OI')-L二三,
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Fig. 19. Estimation of molecular weight of the hyphal Wall surface

binding protein of potato tuber. Semilog plot of molecular weight

against distancel of migration rela七ive七o bromphenol blue is

indicated.

1; phospborylase b (94000), 2; albumin (67000), 3; ovalbumin (43000)

4; carbonic anhydrase (30000), 5; trypsin辛nhibi七or (20100),

6; hyphal wall surface binding pr?七ein, 7; dL-1actalbumin (14400)･
l
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Plate V工工工.

A) Serological reaction of hyphal Wall surfa?e
binding protein

(tTWBP) with ･an七iserum to Rishiri-1ectin (center well).

i) HWBP isolated from cultiv甲Irish
Cobbler by using the absorbent

of race i (compatible).

2) 灯on immune sera.

ち) Serological reaction of HWBP With antiserum to Rishiri-1ec七in

(center well).

1) 灯on immune sera.

2) HWBP isolated from cultivarRishiri by using the absorbent of

race o (incompatible).
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Plate 工Ⅹ.

The agglutination of germinated cystospores of卿

infes七an8 0btained after incubation With potato lectin.

Agglutination was estimated according to
I

the degree divided

into 5 classes ranging from 0 to 4. The'ranges of 0, 2 and

3 Were indicated for respective picture. x 150.

1. agglutina七ion 0. 2. agglutination 2. 3J agglutination 3.
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Table ;.

List of carbohydrate units used and their ･.:sources

D-mannitoI

Ct-methy1-D-glucoside

α-methy1-D-mannoside

N-acetyl-D-glucosamine

Wako Pure Chemical 工ndustries

Wako Pure Chemical 工ndus七ries

Sigma Chemical Corporation

Sigma Chemical Corporation

N,N--diacetyl-D-chitobiose Sigma Chemical Corporation

N,N-
,N---triace七yl-D-

chito七riose

Calbiochem-Bebring Corporation
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Table C.

Agglutination of gemina亡ed cystospores of race 0 and

race 1,2,

:PhNtOpbt_hora
iif甲t早丁哩, by potato lectin a)

Concentration of Rishiri

lectin

()4g proteiTl/n1)

Relative agglutination of i

上nfestans
ち)

Ta°e 0 race 1,2

a) Agglutination experiments Were carried out at 23 .C for 17 thin in the

standard mixture, which was lo25血1, containing O｡2 ml of Rishiri lectin･

b) Relative agglutination is defined in Materials and Methods.

c) Spores were damaged by Rishiri lectin｡
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Table T.

Effect of N,N'-diacety1-chitobiose on agglutination of

gemina七ed cystospores or race 0 and race 1,2 of Phvtoロhthora

infes七ans_ by potato lec七in

Addition Relative agglutination of

P. infes七ans

race 0 race 1,2

Rishiri lectin

Rishiri lectin + N,NLdiacety1-

cbitobiose

a) The standard mixture was 1.35 ml , consisting 0.2 ml water or chi七obiose

solu七ion (fina1･ 4･B血), o･15
mI
Rishiri lectin (18 pg protein/m1)･
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Table ∫.

Agglutination of germinated cystospores drraoe 0 and

race 1,2 or Phytophthora infestans by 工rish Cobbler-

1ectina)

Concentration of Irish Cobbler Relative agglutination of

1ectin Phytoph七h_ora infestansb
)

(pg protein/m1) race 0 race 1･2

0

3

8

16

66

1

2

2

3

3

1

2

2

3

3

a) Agglutination experiments were carried out at 23 C for 15 min in

the mixture (i.2 m1) containing 0.2 ml of Irish Cobbler-1ectin.

b) Relative agglutination is defined in Materials and Methods.
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Table 9.

Agglu七ina七ion of germinated cys七ospores of race 0 and race i,2 of-～

Phytot)hthora infestans by Concanavarin A a)

Concentration of

concanavarin A

yg/m1)

Relative agglutination of

P. infes七ans

race 0 race 1,2

1

2

3

3

1ysisb
)

1ysisb
)

1

2

3

3

1ysisb
)

1ysisb
)

a) The standard mixture was 1.25 ml, consisting 0.25 ml concanavarin A.

b) Germinated cystospores were strongly agglutinated, but caused lysis

by concanavarin A.
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Table /0.

Effec七ofq-me七hy1-ma皿OSide and叫-methyl-

glucoside on七he agglutination or geminated

cys七ospores or Phytophthora infestans by

concanavarin A a)

Addition Relative agglutination of

race 0 race 1,2

Concanavarin A

Con A +～ -methy1-mannoside

Con A + 4-methy1-glucoside

a) All incubation suspention contained concanavarin A (4}Ag/m1) in a

final volume of 1･25 m1･ Either 咲- methy1-mannoside (130pg) or

<-methy1-glucoside (130/g)was added to the vial prior to the

addition of､ concanavarin A.
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- - - -
- Plate,玉.

1) Fluorescence of germina七ed′ cystospores of卿
L

- 1 nfes七ans---after-staining ---with-f-i-uorescein- potato-1ectin---よ- /Tl

~ 2) Fluorescence of germinated cystospores of the fungus

after staining

_With___fluoresce阜_n
wheat germ-1ectin･ 事1 Qp.

- -- 1 3)
Light micrograph showing germinated cystospores of

X ユ∫0.
the fungus as a contI,01. ･ ･

-
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Fig. 20. Correla七ion between rate of dead cells in七be first

infected cells of aged potato tuber disks inoculated by an in-

compatible race of Phytophthora infes七ans and reaction rate of

potato tuber protoplasts to hyphal Wall components of the fungus

(500 pg/m1). 1; Rishiri (Rl), 2; Hokkai-53 (RIR3), 3; Shimakei-

518 (R3), 4･, tlokkai-59 (R3), 5; Yukijiro (R1), 6; Shimakei-520

(R3), 7; Hokkai134 (R4)', 8; Hokkai-43L (RIR3), 9; Pentland Ace

(R3), 10; Shiretokd (RIR2), i1; 1512-C(16) (R2), 12; 96-56 (R1).



メ

0

0

0

101

81
こiiコ

㌔

三6
也

ご4
【】

B2

0

0

0 10 20 30 40 50 60

RecICted protoplcLSt (%)



]17

ts?_ー ハ 70 テ ン

了1 7o1コ

卜 よ1 義_梯&i?叔哀ーl主ー}tL
ト}二_/?__ろト り 久ん_一つ_輿

ふ軒idl元､夕顔庖I11･t

の息右_叶れ軸i一
ンヤ サ､イ モ･

人 r~ォ+-i/1.

./i
&1 昼ガ に

軍)Mモ.

礼_1か

レ ≠ー_チ

一重.
lo

i!

ろl

ア
ロト_7.

-7

_ろ_i
t一夜脊ー_し~~f-/iー

ン?!＼フ■ テ ン.で ろ 了 千

島t よ吋ヱo
れPlで.顔

よ ち 7o 1コ ト 7o

i'･t'ん41

fL. 5?ヶ〃 つトリ ヤト

43_〆ー高二画~_~妻二歩~一見i_えし

ケ､ル__モーープミ ㌢ /i. J7y･

iた､ CQ～ A 4)ハ 7｡

7't ルユ サ イト､_ o(- メ

i人t'.九∫c叫 り膿息

3t

ト

1

H)Ej

主~~ーろ

しー1

-A

哀k 〔Aj4,i;

ち)弓鹿k.

良.す勿〃
吟 アセ1

ゥ牲卓ー和泉そ最
した｡

チ2- で ろ 亨 o(_-メi /TL

そ ルて ン ノ サ1ト/1.

でAB iL錫/a. 10/･Y

/7/･つ牲呑み泉そ久 しTt.タメ阜ii_k よ盲粗宴

加ぇIl. kl).AL/i!i≠~,り絶il'Li的1-1月息｡をLi)･t
怒o)ちれ左LTんl/a [) ｡



I4C 二

plate. Ⅱ.

-- --- 1) ･
Protoplasts prepared from potato-cultivar Ri苧hiri

(R1すgene). They were suspended in O･05 P( Tris-HCl buffer

containing O･6 M manni七oll 1 mM MgC12● 1 mM CaC12 and

~ 1mM KH2PO4 (pB7.4).‥x 400.

2) protoplas七s reacted with hyphal wall components (250

Tlg/m1･ final?oncentration) showing
_reaction

type I･

-
-
I
.

__- __. ･ .__ .__ --__._
.rl-

_ ____.__ .__I-､ ･- ▲ - -･･--･･-･･-･････--一一一-
･--▲--･･---l-

--I--■-I-J~~■~~■■■■■
..㌔--

_
protoplasmic aggregate began to form and resided at a

-

- ･ - -single
site of the protoplast･ x 400･

i.::･t::.
-二
r二て
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Table 6.

Effect or carbohydrate units 0n a BpeClrlc reaction

of potato protoplasts caused by hyphal wall component

of Phytophthora inf9Stan8a)

Substance added 七o 七he 港 1nhibl七ion of

protopla8tB BOlution protoplaBtしI reaction

N-acety1-D-glucosamine 50 mM

N-acety1-D-chitobiose. 50 mM

40 mM

20 mM

N-acetyl-D-chi七otrlose 50 mM

N-ace七y1-D-galactoBamine 50 mM

仇-methy1-D-glucose

也-me七hyl-D-mannose

D-manno8e

50 mM

50 mM

50 mM

36.8 Bb)

48.6 C

38.0 a

22.0 A

43.0 D

2.7 E

20.5 A

17.1 A

20.1 A

a) 0.2 ml of potato protoplasti_ BOlution were added with 0.2 ml Sugar solution in

incubation medium and Stand for 15 min at room temperature･ ThenJO･4 nl of hypha1

wall component solution (final, 250 pg/m1) of e･ infestanB Were added. After

30 min incubation, microscopic Observation wa8 COnducted.

b) The same letters following the percentage indicate no Significant differences

b岳tween七reatments at七he 0.05 level of probability.
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pla七e 正.

Light micrograph showing the binding of fixed rabbit red

blood cells 七o the surface or potato protoplast.

-;
10 〃m･
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plate X工工工. 1.

Electron micrograph Showing the binding of plasma membrane

vesicles of potato cultivar Rishiri to surface cell wall

of Phytopht叫･ Rishiri-1ec七in was added to

the reaction mixture (final concentration 29 Jig/m1)

x 25000.
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Plate x工工工.ヱ.

Elec亡ron micrograpb showing the binding or plasma membrane

vesicles of potato cultivar Rishiri to the surface cell

wall of Pbytophtbora infestans. 工risb Cobbler-1ec七in was

added to the reaction皿ixture (final concentra七ion 30

pg/m1).

PM; potato plasma membrane vesicles

CW; fungal cell wall

x 62500.
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lS了

Plate X工=エ.I 3.

Electron micrograph showing no binding of plasma membrane

vesicles to the fungal surface cell wall of Phytophthora

imf-es七ans . N-ace七ylchitobiose was added in the r戸aCtion

mixture (final 4.8 mM).

x 12500.
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Plate xエⅠエ.ヰ.

Electron micrograph showing the binding of plasma

membrane vesicles of potato cultivar Rishiri to the

surface cell wall of race 0 of Phytophthora infestans

Rishiri-1ec七in was added to the reaction mixture.

Note that the aggregates of the.m_embrane vesicles was

also observed. The final concentration of the lectin

I

was 29 yg/m1･

PM; Rishiri plasma membrane vesicles

x 12500.
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