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| pbliygalactﬁrénase’ from hazoctoma fragarzae )

NTRODUCTION

. ~ Maceration of plant tissue is common in many diseases of higher plants
caused by fungi and bacteria. It has been shown that tissue maceration is
closely related to death of protoplasts (9) and that both maceration and
death are caused by pectic enzymes (4, 5, 11).

Various methods have been developed for measuring tissue maceration
and cell death caused by pectic enzymes (1, 8). For measuring cell death
the most widely used method is based on the inability of killed protoplasts
t'o.retain the vital due neutral red, which accumulates in the vacuols of
hiving cells (7). Thus living protoplasts retain the stain, whereas dead cells
rapidly release it in a plasmolysing solution. Results recording involves visual
observation of the stained tissue and subjective assessment of an index, the
Neutral Red Index (NRI), which reflect the number of protoplasts that have
not retained the stain (2).

- We have tried to overcome these difficulties by the use of a quantitative
method to assess the dye lost by the cells. This paper describes the extraction
of neutral red from plant tissue and its measurement by spectrophotometer.

T

MATERIALS AND METHODS

Culture filtrates and solution of homogeneous endopolygalacturonases
(PG 1 + PG 2) were prepared from Rhizoctonia fragariae Husain et McKeen
as previously described (3). Enzyme activity was expressed in relative visco-
metric units (RVU) as previously reported (3). Disks (8 mm diameter) were
cut from 4 mm thick slices of medullary tissue of potato tubers, and washed
in 50 mM Na-acetate buffer, pH 5, to remove potato starch and cytoplasm
debris before adding to the reaction mixture. A disk was placed in 1 ml of
culture filtrate (1 RVU) or of a solution of homogeneous enzyme (1 RVU) in
50 mM Na-acetate buffer at pH 5 and 23 °C. The ambient solution was then
removed and the disk was washed with 50 mM Na-acetate buffer, pH 5. Ma-
ceration was assessed from the ease with which the disk could be pulled apart

(*) This work was supported by a grant from C.N.R., research group « Patologia
Piante Ortensi ».
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with spatulas on a 0 to 5 linear scale. A rat
of the tissue is similar to that of freshl
dicates complete loss of cohesion. This gives a maceratio
To assess killing of protoplast, a disk was placed in 1 ml of a

containing 0,01 % neutral red in 50 mM phosphate buffer, pH 7, for 20 min.,
remove and rinsed with several changes of 1 M KNOs. Cell death was then
determined in two ways. The first estimated visually the amount of neutral
red retained by cells with a 0 to 5 linear scale to give the Neutral Red Index
(NRI) (8). In the second method, neutral red was extracted for 1 hour from
a disk with 3 ml of methanol at 23°C. The methanol was collected, centri-
fuged and its content of neutral red was estimated measuring adsorbance at
465 nm in a Beckman DB-GT spectrophotometer with pure methanol as
blank. Controls were disk no-trcated with enzyme and disk killed by boiling
for 5 min.

‘mlofa

RESULTS AND DISCUSSION

Table 1 shows the results obtained when potato disks were incubated
for different times in culture filtrate or in a solution of purified endopoly-
galacturonases (PG 1-2) from Rhizoctonia fragariae. Both culture filtrate and

TaBLE 1 - Maceration (M. I.) and cell death in potato tissue incubated in culture filtrate or
a solution of purified polygalacturonases from R. fragariae (1 RVU). Cell death
was asscssed by the NRI and by extracting neutral red retained by cells after
treatment with the enzyme. The control were non-treated (L = living tissue)
and boiled (D = dead tissue) disk. The percentage of neutral red extracted was

D

calculated by the formula %—E—% x 100, where A" is the adsorbance at 465 nm

of neutral red extracted from the « L » disk, AP is the adsorbance of neutral red
extracted from disk «D», A is the adsorbance of neutral red extracted from
the disk treated with enzyme. Each value was the average of 6 repetitions. Fur-
ther details are given in the text.

T %
Incubation time Enzyme M. I. N.R.I. |Neutral red extracted

(hours) *)

| —_ — 0 100

D & L 5 0

1 C.F. 0 0 97

C.F. 0,5 1 1

4 C.F. 1 2 55

PG 12 0,5 1 7

5 C.F. 15 4 19

PG 1-2 1 1 68

7 C.F. 3 5 3

PG 1-2 2 5 3

M. I. — Maceration Index; 0, no maceration; 5, complete maceration.
N.R.I. — Neutral Red Index; 0, no cell death; 5, all cells death.
C. F. — Culture filtrate.

PG 1-2 — Solution of PG 1 and PG 2,

(*) P.ercenta‘gia of neutral red extracted from treated tissue compared to that from living
ticenie (1)



By extracting the neutral red retained by the cells it was possible to
“determine the extent of cell death causcd by treatment with enzyme. The
values obtained showed a good inverse proportionality between the per-
- centage of neutral red extracted and the amounts of enzyme used. The values
of neutral red extracted avoided visual asscssment of neutral red indices and
“allowed detcction of small differences among various samples.

Ricevuto il 9-5-1978

SUMMARY

: A guantitative method for measuring cell death caused by pectic enzyme is reported.
~According to the method, the vital dye neutral red, which accumulates in the vacuols of

living cells, was extracted with methanol from the plant tissue and measured by spec-
- trophotometer. The values of neutral red extracted avoided visual assessment of neutral
- red indices and allowed detection of small differences among various samples.

RIASSUNTO

Un metodo quantitativo é stato messo a punto per la stima delle cellule vegetali
morte in seguito ad attacco di enzimi pectici. Secondo questo metodo il rosso neutro,
un colorante che si accumula nei vacuoli delle cellule vegetali vive, viene estratto con me-
tanolo e misurato spettrofotometricamente.

S5 Il metodo presenta notevoli vantaggi rispetto a quellj finora in uso perché evita qual-
§la§i valutazione soggettiva della morte delle cellule e rileva anche piccole differenze fra
1 diversi campioni.
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