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Fig. 1. Relationship between time after cutting of potato disks
until inoculation and time from inoculation until hypersensitive
death of 507 of infected surface cells of the disks, The disks

(Rishiri) were inoculated with the incompatible race of

Phytophthora infestans at intervals after cutting. Each value

represents the average of three separate experimentats. The range

from mean is indicated with bars.
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Fig. 2. Effect of blasticidin S (BcS) on time length for hyper-
sensitive cell death of potato cells infected with an incompatible

race of Phytophthora infestans. The tuber disks were treated with

BcS, 5 ppm, or water for 15 min at O 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 (e) water, (o) BcS.
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Fig. 3. Comparison of time length of penetrafion and hyperéensitive
death of the infected cells of the aged cut surface tissue and those
of their neighboring tissues. The‘surface tissue O 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 were inoculated with

an incompatible race of Phytophthora infestans. Each value represents
the average of three separate experimentsf

(o) Cell death; control, (o) Cell death; 0.2-0.3 mm removed, (A4)

Cell death; 1 mm removed, (A) Cell death; 5 mm removed, (M) Penetration;

control, (U) Penetration; 5 mm removed.
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Fig. 4, Effect of blasticidin S (BcS) treatment on time from
inoculation until hypersensitive cell death of infected potato
petiole cells. Cutends of petioles were treated with BcS, 5
ppm, oOr water for 1 hr immediately after e%éision, gnd the intact
surfaces of the petioles were inoculated with the incompatible

reace of Phytophthora infestans.

(o) Cell death; control, (o) Cell death; BeS.
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Fig. §, » Effect of blasticidin S (BcS) treatment on time length
from inoculation until hypersensitive cell death of infected potato
petiole cells. Cutends of petiole were treated with BcS, 5 ppm,
for 1 hr begining 4 hr after excision, and the intact epidermis

of petioles were inoculated with the incompatible race of Phytophthora

infestans.

(e) Cell death ; control, (o) Cell death; BcS.
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Fig. 6.v Time length from inoculation to penetration. Epidermal
cells of young unfolding leafstalks of cultivar Rishiri (Rl) were

inoculated with race 0 or race 1,2 of Phytophthora ,infestans.
|

(®) race 0, (Q) race 1,2,
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Fig. 7; Time length from inoculation until hypersensitive cell
death. Epidermal cells of young unfolding leafstalks of potato
cultivar Rishiri (Rl) were inoculated with race 0 or race 1,2 of
Phvtophthora infestans. Treatment of blasticidin S (BcS) was done
for 1 hr immed%ately after excision of the leafstalks, and then
inoculated with race 1,2.

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

(A) Cell death; race 1,2 with BcS treatment.
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Fig. ?5 Effect of BcS treatment on penetration of Phytophthora

infestans into potato petiole cells, Cutends of petioles were
treated. with BcS, 5 ppm, or water for 1 hr immediately after
excision, and intact surfaces of the petioles were inoculated with
an incompatible race of the fungus.

(®) Penetration; control, (@) Penetration; BecS.
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Table 1,
Effect of blasticidin S on the length of

intracellular hyphae of the incompatible

race of Phytophthora infestans in potato

cells a)

Length of intracellular hyphae

hr after inoculation

Treatment -
4.5 hr 8.5 hr
(pm) (pm)
. b b
Water 20.2 + 5.7 35.6 + 12.8
b b :
BcS 18.1 + 5.9 25.97+ 10.1

a)

Treated with BcS (5 ppm) 16 hr after cutting, and inoculated with
race 0. Controls were treated with water.
Mean of measurements from about 100 cells per tuber disks,

the standard deviation of the mean.



Table <X,
Effect of blasticidin S on the length of
intracellular hyphae of the incompatible race

of Phytophthora infestans in epidermal cells

)

of potato petiolea

Length of intracellular hyphae

Treatment hr after inoculation
9 hr 10 hr
(pm) (pam )
. b b
Water . 12.47+ 3.6 11.57+ 2.5
BcS \ 12.6% 2.3 12.4°% 2.9

a) Treated with BcS (5ppm) or water for 1 hr immediately after excision,
and inoculated with the fungus.
b) Means of measurements from about 100 cells per leaf petioles with

the standard deviation of the mean.
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Table 3,

Effect of treatment of potato disks with blasticidin S on the incorpotation of
a)

radioactivity from 3H-leucine into the acid-insoluble fraction

Time from cutting Treatment Time from cutting Radioactivity
. . 3 - Inhibition
to BcS treatment with BcS to "H-leucine Total uptake Incorporation of
into acid in-
or water treatment dpm dpm protein
—_— —_———— soluble . .
g fr wt mg protein R synthesis
fraction
hr ’ hr -3 -3 (%)
(x 10 7) (x 10 7) dpm/mg protein
Water Immediately ' 387 105 3.7
1 Bcs after BcS 56.1
treatment 337 89 1.4
1 Water 16.5 3435 1108 709.2 48.1
' BcS 16.5 : 742 309 ‘ 102.7
4 Water 16.5 . 4147 1159 105.2 92.7
Bcs 16.5 679 174 1.2
7 Water 16.5 4888 1040 113.0 92.2
Bcs 16.5 960 267 2.2
Water 16.5 2198b) 564b) 30.2 88.8
16 Bcs 16.5 2032 399 2.4

a) The experiments were repeated twice.

b) The disks were administered with 3H—leucine just after treatment with water.

v
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Table 4,

Effect of treatment of potato petioles with blasticidin S off

the incorporation of radioactivity from 3H-leucine into the acid-
a)

insoluble fraction

Time from excision Treatment with Time from BcS Radioactivity Inhibitionb)
to BcS treatment BcS or water treatment to Incorporation of
3 Total uptake into acid- protein
H-leucine
treatment insoluble . synthesis
: o dpm dpm fraction
. fr wt m rotein
hr hr &2 -3) & p -3 dpm/mg prgtein (%)
- (x 10 (x 10°7) (x 1077)
B
(A) (B)
. Water . 1164 264.6 81.8 91.6
BcS : 791 208.2 5.5
Water ' 3853 1630.0 509.7
1 BcS. 12_ 1495 510.2 3.4 ' 97.9

a) The experiments were repeated twice.
b) Percentage of inhibition effect was calculated by using following equation;

(B/A) water - (B/A) B¢S

x 100
(B/A) water

34
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1. Intact cells + Injury > |State II
. A :
I
: | A
State I 3. Protein synthesis
!
]
!
1

2. Intact cells + Infection — —— 5 |[State II

4, |State 1I + Infection >,Cell death

Fig. 9. Transiton of host cell condition from inactive (state I)
to active state (state II) for the hypersensitive cell death with

protein synthesis.
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Fig. 13,  Comparison of the elution pattern through SE-

___cellulose column between samples of the tuber homogenate

(cultivar Rishiri) and the supernatant which have been obtained _

after affinity absorption with the specific ligand from race

~-~ == --—0 of-Phytophthora infestans. - The tuber homogenate was dissolved-

in-0.1 M ‘acetate buffer; pH 3.6 (100 mg/ 100 ml) ., The—————

supernatant was used after dialyzing against the acetate buffer.

© 777 The SE~cellulose was packed into a column (13 x 1.6 em)
. equlibrated with the acetate buffer and fractions were collected

(6.0 ml), during elution with sodium chloride gradient (-—=).

a) Tuber homogenates.

b)--The -supernatant-of affinity chromatography.--
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(cultivar'Iriéh'Cdbbler) and the supernatant which have

;W“be¢n~obtained"after«affinityﬂabsorptionmwith—the~specific

tal details wére the same as those of Fig.

a) tuber homogenates

b) the supernatant of affinity chromatography.
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Fig. IEZ Comparison of the elutioﬁwpattern of tuber

~~w-m— -~ homogenate -from cultivar Rishiri (Rj) through SE-cellulose-— -

e column. -The-tubers-were used for--the experiments- within———

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

B - The SE-cellulose was packed into a leumn’(lS x 1.6)
T éGulibrated with 0.1 M acetate buffer, pH 3.6, and fractions
N w___,,,v_vsn‘ev,c.<>l,l<,=-_cfc,<=<d,w,(6-_;_1__"!_1) » during elution with a sodium
’ "~ chloride gradient (——-). .
- e, Absorbance at 280 nm. I ~

Rp,-Hemagglutination titre/io.mD.Méso.—«- — e
LY C181 SANNE
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© Fig. 16. Comparison of the elution pattern of tuber
7 homogenate from cultivar Irish Cobbler (r) through SE- T
’ i cellulose column. The tubers were ;fiséd,, for the experiments
e ,wipthinw,a-,,month‘ after harvest (a) or 6 months after harvest
" (b). The experimental details were stated in Fig. 15.
e, Absorbance at 280 nm. o
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Fig. I1. SDS-polyacrylamide gel electrophoresis of the crude
lectin samples of potato tuber obtained after precipitation with
acetone. The gels contain 30/ug of the samples which have been

incubated in the buffer of Weber and Osborn,‘q)

containing 1%
SDS and 1% [3—mercaptoethanol at 100 C for 2 min. Electrophoresis

time was approximately 4 hr at 8 mamp/gel.

—, potato cultivar Irish Cobbler (r).

——, potato cultivar Rishiri (Rl).
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&1

Fig. @  SDS-polyacrylamide gel electrophoresis of the purified
potato lectin from cultivar Rishiri (Rl). The gel containes
40dyg purified lectin which have been incubated in the buffer of
Weber and Osborn“?) 2 min at 100 C. Electrophoresis time was
approximately 4 hr at 8 mamp/gel., The densities of protein bands
on the stained-gel were determined by a deﬁsitometer (gois).

(a) bands stained with coomassie brilliant blue.

(b) bands stained with PAS.
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Plate. III. o
—e -~-—————-—-Rabbit-red-blood cells after incubation-for l1-hr with 10 ug -—-

of -potato-lectin-of-cultivar-Rishiri per milliliter,-1);—————

or distilled water, 2). (x 450).
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Plate. Jv's

Agglutination assay using rabbit red blood cells. Control

of-the-well(A)

wellswshowedﬂthemprecipitationuoflxhe~cellsAinuthemcenterm_m_AAAg

In- contrast,—lectin- caused agglutinationwv;AW»i

of the cells without precipitation (B).

’
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Plate V.
Serological reaction of potato lectins from cultivars
Rishiri (1) and Irish Cobbler (2) with antiserum to

the Irish Cobbler-lectin (center well).
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Plate Vlf Immunoelectrophoresis bf purified potato lectin of

——-cultivars Rishiri—(Rl)-and-Irish Cobbler (r)+—The purified-lectins—————

i
i

“““"‘““"(Ajjljmwere—aaded*to*each;wel’. After electrophoresis—(as-discribed———

in the text), immune IgG fraction,égaihst cv. Irish Cobbler-lectin was

added to the center through and allowed to diffuse for 48 hr at 4 C.

Note that the same diffuse precipitin_band (arrow) form in each side.
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o Plate V11,
o SDS-polyacrylamide gél.;lectrophoresis of hyphéi wall surface
o __ binding proteins (HWBP) isolated from potato tuber homogenates
- by-affinity chromatography.
- Gel 1; HUBP from cultivar Rishiri by using the affinity

" "absorbent of race 0.7

absorbent of race 1.

Gel 2; HWBP from cultivar Rishiri by using the affinity

Gel 3; HWBP from cultivar Irish Cobbler by

using the affinity

absorbent of .race.l

Gel.4; HWBP-from cultivar -Irish-Cobbler by

using the-affinity——

absorbent of race O.

Gel 5; Irish Cobbler-lectin:

Gel 6; Rishiri-lectin.
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Fig. 19. Estimation of moleculgr weighf of the hyphal wall surface
binding proteiﬁ of potato tuber. Semilog plot of molecular weight
against distance of migration relative to bromphenol blue is
indicated.

1; phosphorylase b (94000), 2; albumin (67000), 3; ovalbumin (43000)‘
4; carbonic anhydrase (30000), 5; trypsin inhibitor (20100),

6; hyphal wall surface binding protein, 7; ®-lactalbumin (14400).



(o4

0.6

04
Relative migration

-y
Q

O 0w I o™ N

(,-01%) 3yBlam Jpjndsiop

10

08

02



105

Plate VIII.

A) Serological reaction of hyphal wall surface binding protein
(HWBP) with antiserum to Rishiri-lectin (center well).

1) HWB? isolated from cultivar Irish Cobbler by using the absorbent
of race 1 (compatible).

2) Non immune sera.

B) Serological reaction of HWBP with antiserum to Rishiri-lectin

(center well).
1) Non immune sera.

2) HWBP isolated from cultivar Rishiri by using the absorbent of

race O (incompatible).
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Plate IX.

The agglutinatipn of germinated cystospores of Phytophthora
infestans obtained after incubation with potato lectin.
Agglutination was estimated according to'the degree diyided
into 5 classes ranging from O to 4. ‘The‘ranges of 0, 2 and
3 were indicated for respective picture.‘ x 150.

1. agglutination 0. 2. agglutination 2. 3. agglutination 3.
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Table §,

List of carbohydrate units used and their .sources

D-mannitol Wako Pure Chemical.Industries
X -methyl-D-glucoside Wako Pure Chemical Industries
&-methyl-D-mannoside Sigma Chemical Corporation
N-acetyl-D-glucosamine Sigma Chemical Corporation

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

N,N',N"-triacetyl-D- Calbiochem-Behring Corporation

chitotriose
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Table &,

Agglutination of germinated cystospores of race 0 and

a)

race 1,2, Phytophthora infestans, by potato lectin

Concentration of Rishiri Relative agglutination of P,
lectin ;nnzggagg_b)
(/ug protein/ml) race 0 race 1,2
0 0 0
1.1 1 1
2.2 1 1
4,5 1 1
9.0 3 3
18,0 4 ) 4
36.0 4 4
72.0 4 4

a) Agglutination experiments were carried out at 23 °C for 17 min in the
standard mixture, which was 1.25 ml, containing 0,2 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 1,
Effect of N,N'-diacetyl-chitobiose on agglutination of
germinated cystospores of race O and race 1,2 of Phytophthora

infestans by potato lectin

Addition Relative agglutination of

P. infestans

race O race 1,2
Rishiri lectin 4 -4
Rishiri lectin + N,Nidiacetyl=-
3 3

chitobiose

a) The standard mixture was 1.35 ml , consisting 0.2 ml water or chitobiose

solution (final, 4,8 mM), 0.15 ml Rishiri lectin (18 ME protein/ml).
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Table ¢.
Agglutination of germinated cystospores of race O and

race 1,2 of Phytophthora infestans by Irish Cobbler-

lectina)
Concentration of Irish Cobbler Relative agglutination of
lectin Phytophthora infestansb)
gpg protein/ml) race 0 . race 1,2

1 1
2 2
2 2
16 3 3
66 3 3

a) Agglutination experiments were carried out at 23 C for 15 min in
the mixture (1.2 ml) containing 0.2 ml of Irish Cobbler-lectin.

b) Relative agglutination is defined in Materials and Methods.



136

Table 9,

Agglutination of germinated cystospores of race O and race 1,2 of .

Phytophthora infestans by Concanavarin A a)

Concentration of Relative agglutination of
concanavarin A P. infestans

(/U.g/ml) race O race 1,2

o 1 1

2 2 2

3 3

8 3 3
16 lysisb) lysisb)
32 lysisb) lysisb)

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,
Effect of § -methyl-mannoside and q—methyl—

glucoside on the agglutination of germinated

cystospores of Phytophthora infestans by

)

. a
concanavarin A

Addition Relative agglutination of

race O race 1,2

Concanavarin A
Con A +® —methyl-mannoside

Con A + & —methyl-glucoside

a) All incubation suspention contained concanavarin A (4/ug/ml) in a
final volume of 1,25 ml. Either - methyl-mannoside (130/“g) or
of -methyl-glucoside (lBO/ug) was added to the vial prior to the

addition of concanavarin A.
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Plate, X,

"1) Fluorescence of gérmihated'cystospores of Phytophthora

|

—X 50,

infestans—after-staining-with-fluorescein-potato-lectin

2) Fluorescence of germinated cystospores of the fungus

. after staining with fluorescein wheat germ-lectin. = X 200,

—- — 3)—-Light micrograph -showing germinated cystospores of ————
the -fungus-as-a-control. - X 280,
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Fig. 20. Correlation between rate of dead cells in the first
infected cells of aged potato tuber disks inoculated by an in-

compatible race of Phytophthora infestans and reaction rate of

potato tﬁber protoplasts to hyphal wall components of the fungus
(500 pg/ml). 1; Rishiri (R1l), 2; Hokkai-53 (R1R3), 3; Shimakei-
518 (R3), 4; Hokkai-59 (R3), 5; Yukijiro (R1l), 6; Shimakei-520
(R3), 7; Hokk;i—34 (R4), 8; Hokkai-43 (RlﬁS), 9; Pentland Ace

(R3), 10; Shiretoko (R1R2), 11; 1512-C(16) (R2), 12; 96-56 (R1).
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Plate. XI. T

— 1.)—Protoplasts-prepared-from-potato-cultivar Rishiri —

{R15gene)- A)They~»——wére— suspended-in-0.05-M —Tris-HCl1 buffer ——

containing 0.6 M mannitol, 1 mM MgClp, 1 mM CaClp and

T T T 1ImM KHZPO4 (pH 7.4) 0 x 400, T o o

2) Protoplasts reacted with hyphal wall "g‘pmponentsw»(»?SO

}Jg/ml, final concentration) é}xowing reaction ﬁype I. i

- — - _Protoplasmic_aggregate began to_form and resided. ata

e gingle site_of_the . protoplast. x 400. .
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Table 6.
Effect of carbohydrate units on a specific reaction
of potato protoplasts caused by hyphal wall component

of Phytophthora infestansa)

Substance added to the % inhibition of
protoplasts solution protoplasty reaction
N-acetyl-D-glucosamine 50 mM 36.8 Bb)
N-acetyl-D-chitobiose, 50 mM 48.6 C
40 mM 38.0 B
20 mM 22.0 A
N-acetyl-D-chitotriose 50 mM 43.0 D
N-acetyl-D-galactosamine 50 mM 2.7 E
M—methyl—D—glupose ‘ 50 mM 20.5 A
d-methyl-D-mannose 50 mM 17.1 A
D-mannose ' 50 mM 20.1 A

a) 0.2 ml of potato protoplast:. solution were added with 0.2 ml sugar solution in
incubation medium and stand for 15 min at room temperature. Then,0.4 ml of hyphal
wall component solution (final, 250 pg/ml) of P. infestans were added. After

30 min incubation, microscopic observation was conducted.

b) The same letters following the percentage indicate no significant differences
between treatments at the 0.05 level of probability.

'y
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Plate AXIL.
Light micrograph showing the binding of fixed rabbit red

blood cells to the surface of potato protoplast.

——; 10 pm.
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Plate X111, 1.

Electron micrograph showing the binding of plasma membrane
vesicles of potato cultivar Rishiri to surface cell wall

of Phytophthora infestans. Rishiri-lectin was added to

the reaction mixture (final concentration 29 ug/ml)

x 25000.
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Plate xI1I. 2.

Electron micrograph showing the binding of plasma membrane
vesicles of potato cultivar Rishiri to the surface cell

wall of Phytophthora infestans. Irish Cobbler-lectin was

added to the reaction mixture (final concentration 30
pgiml).
PM; potato plasma membrane vesicles

CW; fungal cell wall

x 62500.
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Plate XIII. 3.
Electron micrograph showing no binding of plasma membrane

vesicles to the fungal surface cell wall of Phytophthora

infestans . N-acetylchitobiose was added in the reaction

mixture (final 4.8 mM).
x 12500,



l60




6]

Plate XII1. 4.

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-lectin was added to the reaction mixture.
Note that the aggregates of the membrane vesicles was

also observed. The final concentration of the lectin

1

was 29 pg/ml.

PM; Rishiri plasma membrane vesicles

x 12500,
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