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Abstract

A PHYSIOLOGICAL AND FINE STRUCTURAL STUDY OF PEROXIDASES
WITHIN CORTICAL CELLS OF THE ABSCISSION LAYER

OF NICOTIANA TABACUM L., FLOWER PEDICELS
by
Egbert Winston Henry-

Advisor: Professor Thomas E; Jensen

A study of cortical cells of the abscission layer of
tobacco flower pedicels was conducted in an attempt to
characterize peroxidase engymes at the subcellular level,
The diaminobenzidine staining technique, adapted to the
electron microscope procedure, was used for localizing the
gsites of peroxidase and catalase reactive sites within
cortical tissue, Cytochemical staining of abscission zone
cértical tissue, using diaminobenzidine, revealed that
control tissue has some peroxidase activity sites in the
cell walls, intercellular spaces, microbodies, and within
the single membrane-bound granular component of the chlor-
oplast, Peroxidase staining within the cortical tissue was
almost completely inhibited in the presence of 0,02M
potassium cyanide, and microbedy catalase staining was
inhibited in the presence of the specific catalase inhibitor
3-amino-1,2,4-triazole, Ethylene-treated abscission zone

cortical tissue showed a proliferation of rough endoplasmic

iv



reticulum with preoxidase reactive sites., There was also
increased density of peroxidase staining in the Golgi
cisternae, Golgli vesicles, plasmodesmata, cell walls,

middle lamella, and intercellular spaces, in ethylene-
treated tissue, Mitochondria did not show peroxidase
staining sites when ‘the tissue was incubated in diamino-
benzidine at a pH of 9.0; however, tissue incubated in
diaminobenzidine at pH 6,0 showed a positive staining for
cytochrome oxidase in the inner cristae mitochondrial mem-
branes, Time course studies of ethylene-treated and control
abscission zone cortical tissue revealed that the abscission
zone tissue had a peak of peroxidase activity upon being
exposed to ethylene for four hours, with the activity
decreasing between four and five hours. Proximal and distal
tissue immediately adjacent to the absclssion zone had lower
levels of peroxidase activity for the entire time course
periocd of five hours of ethylene treatment, Peroxidase
activity was determined spectrophotometrically using guaiacol
as the substrate. Break-strength determinations of ethylenew
treated cortical tissue indicated fthat there was a decrease
in break-strength observable after three hours of a?plied
exogeneous ethylene, with an almost exponential decrease in
break-strength occuring between three hours and five hours,
over the full time course period. The beginning of the
decrease in break-strength coincided with the beginning of
the rise in peroxidase activity (three hours) in ethylene-
treated cortical tissue, Acrylamide gel electrophoresis of
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cortical abscission zone control and ethylene-itreated tissue,
exposed to the gas for two, three, four, and five hours
respectively, revealed two bands that stain positively for
peroxidase using o-dianisidine as the oxidizable substrate.
There was not an observable difference in the banding patterns
of the control and ethylene-treated tissue over the five hour
time course period of ethylene treatment, Ethylene may
affect peroxidase levels within the tissue by its effect on
lignin biosynthesis, lignin degradation, auxin destruction,
auxin conjugation, and possibly by affecting the amount of
peroxidase isozyme protein made in ethylene-treated tobacco

flower pedicel -tissue,
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INTRODUCTION

Peroxidases are a class of enzymes that are present
in most plant cells, Peroxidases may exist either in a
soluble form or bound to cell walls or membranes (Jensen
et al,, 1960; Lipetz and Garro, 1965). Catalase has been
characterized in terms of its role in catalyzing the
degradation of hydrogen peroxide into water and oxygen;
moreover, this enzyme comprises the major enzyme component
of plant cell microbodies (Tolbert et al., 1968). Another
peroxidase enzyme, indoleacetic acid oxidase, mediates the
destruction of indoleacetic acid (Pilet and Galston, 1957).
Peroxidases are believed to participate in thylakoid
formation within chloroplasts (Pellegrini and Gerola, 1969)
and in the process of senescence (Lee, 1911; Gahagan et al.,
19683 Addicott, 1969).

Indoleacetic acid oxidase appears to consist of a
thermostable fraction, possibly a phenclic peroxidase
substrate, and a peroxidase, as a thermolabile fraction
(Kenten, 1955), Indoleacetic acid oxidase may be ubiqu-
tous in plant tissue, as is indoleacetic acid (Galston and
Hillman, 1961), Since indoleacetic acid retards senescence
in attached and detached leaves, auxin destruction, medi-
ated by indoleacetic acid oxidase, may occur in abscission
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(Addicott, 1969; Schwertner and Morgan, 1966).

The deposition of lignin and suberin in plant cell
walls has been attributed to peroxidase activity (Van Fleet,
1942), Abseission involves a series of degradative
processes that include the hydrolysis of pectin and
cellulose, moreover, energy-requiring reactions may par-
ticipate in the formation of ribonucleic acid and protein,
this allowing for the de novo synthesis of new hydrolytic
enzymes (Addicott, 1969).

Previous studies of microbodies in Nicotiana tabacum
L, (Thornton and Thimann, 1964) have proposed a hydrolytic
role for the enzyme-containing microbodies that participate
in the changes occurring in the cell wall during abscission,

Further studies on cortical tissue of Nicotiana tabacum L,

revealed that rough endoplasmic reticulum is increased in
natural abscission (Jensen and Valdovinos, 1968) and in
ethylene-treated flower pedicels (Valdovinos, Jensen, and
Sicko, 1971)., Electrophoretic studies of peroxidase
banding patterns (cultured tobacco cells, WR-132) are
influenced by changes in temperature (Dé Jong et al., 1968),
The extracts from cultured tobacco cells grown for 3 days
at temperatures of 13 degrees C., 25 degrees C,, and 35
degrees C,, had specific peroxidase activities of 600, 42,
and 20, respectively (De Jong et al,, 1968). Acrylamide
gel electrophoresis of leaf and stem tissue homogenates has
been utilized to detect the presence of new peroxidase

isozymes and/or any increase in previously existing



peroxidases (Sheen and Rebagay, 1970).
Ethylene increases protein synthesis during the
abscission process but does not cause de novo synthesis of

new peroxidases in Coleus blumei Benth. explants; however,

applied ethylene does cause the genesis of new peroxidase
igozymes in sweet potato (Ipomoea batatas L, Lam,) root
dises (Gahagan et al,, 1968). In etiolated seedlings of
Pisum sativum var, Alaska, ethylene is thought to affect
the synthesis of new peroxidase igsozymes at the translational
step of protein synthesis (Ridge and Osborne, 1970). The
development of the diaminobenzidine staining procedure
allows one to investigate peroxidases from the’stand point
of its fine sfructural localization., This was done within
the cortical tissue of the abscission zone areas of the
flower pedicels. An attempt was made to compare the inten-
sity of peroxidase or catalase enzyme activity sites, in
flower pedicel abscission zone tissue treated with 5p1/1 of
ethylene, at vafious time intervals during the five hour
period of ethylene treatment,

It is hoped-that this research will help to elucidate
more about the role of peroxidases in cortical tissue of
Nicotiana tabacum L, flower pedicels, The localization of
the sites of peroxidase activity within cortical cells and
the determination of the physiological levels of peroxidase
during the time course of ethylene treatment could help to
ascertain whether there is de nove synthesis of new peroxidase

isozymes during abscission, 1In addition, it could help to



determine if there is an increased mobilization of pre-
existing ehzymes that possibly migrate to particular
cellular areas as the stages of senescence arise during

the abecigsion process,



LITERATURE REVIEW
History of Peroxidases

Thenard (1.818) observed that a substance called
hydrogen peroxide was capable of being decomposed by animal
tissues with the liberation of gaseous oxygen., 1t was
implied by Thenard that some type of catalyst was involved

in mediating the following reaction:

Schonbein (1855) determined that plant and animal tissues
were capable of "activating" hydrogen peroxide, causing
tincture of guaiacol to be oxidized and assume a blue color,
Loew (1901) suggested the enzyme catalase was responsible
for the degradation of hydrogen peroxide. Wolff and de Stoecklin
(1910) purified a hemoglobin free erythrocyte catalase,
Battelli and Stern (1908) were the first investigators
to study extensively the occurrence of peroxidase activity in
parenchymatous cells of animal organs., They found that
nearly all animal organ extracts they examined possessed
peroxidase activity; however, the kidney tissue had the

greatest ability to catalyze the peroxidation of formic acid.
9
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Further characterization of catalase was achieved
with its successful crystallization from lamb and horse
liver by Dounce and Frampton (1930). Sumner and Gralen
(1938) postulated a theoretical molecular weight of
248,000 for crystalline beef liver catalase, They defined
the prosthetic group of both mammalian catalase and horse-
radish peroxidase as being a ferroprotoporphyrin or hemin

with the following structure:

Review of Specific Characteristics of Various Peroxidases

Indoleacetic Acid Oxidase

Indoleacetic acid oxidase was first noted by
Thimann (1934) when he observed that water extracts of
plants were able to cause rapid inactivation of the native
auxins. In 1940, Larson described a thermolabile indole=-
acetic acid oxidase in extracts from pressed bean seedlings

(Phaseolus vulgaris) as being able to inactivate indole-

acetic acid from corn (Zea mays) seedlings (Larson, 1940).
Subsequently, Tang and Bonner (1947) isolated an indoleacetic

acid oxidase from etiolated epicotyls of Pisum sativum,
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Indoleécetic acid oxidase has since been extracted from a
wide variety of plants (Hare, 1964). In view of the rather
ubiquitous nature of indoleacetic acid oxidase in plants,
Galston and Hillman (1961) have proposed that it may occur
with as much freguency as does indoleacetic acid,

Indoleacetic acid oxidase is characterized as a
hemoprotein (Hare, 1964). The central portion of the iron-
porphyrin complex may possess a zero net charge as in heme
(ferroprotoporphyrin),

- j0
N N

\ ”’
”
.
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N’ \N_

or may have a net positive charge as in hemin (ferriproto-

porphyrin),

: 2+

Electrophoretic studies indicate that indoleacetic
acid oxidase is a small protein possessing a weak positive
charge (Stutz, 1957). It was further characterized as being

a light-activated flavoprotein, pessibly linked with a
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peroxidase (Galston and Baker, 1951). Further studies

have revealed additional evidence implicating a peroxi-
dase portion in the molecule (Kenten, 19553 Yamazaki and
Souzu, 1960), The optimum temperature for indoleacetic
acid oxidase activity in Pisum gativum is 25 degrees C

(Tang and Bonner, 1947) and in bean (Wagenknecht and Burris,
1950) is between 6.2 and 6.7. However, pineapple indole-
acetic acid oxidase has a much lower optimal pH of 3.5 to

4.0 (Ray and Thimann, 1955).

Catalase

It has been reported that beef liver catalase has a
molecular weight of 250,000, according to Kiseler et al,
(1967), Catalase is composed of &4 heme subunits of
equal size, with molecular weights between 60,000 and
65,000 (Sund et al., 1967; Kiseler et al,, 1967). These
data are in agreement with X-ray diffraction and electron
microscopic studies of purified crystals of beef liver
catalase (Rossman and Labaw, 1967). The optimum pH
for beef liver catalase is 7.0 and the enzyme is stable
at 4 degrees C; freezing and lyophilization, however,
cause it to become inactive (Tanford and ILovrien,
1962; Deisseroth and Dounce, 1967), Catalase has
thé highest turnover rate of any known enzyme, being
able to decompose 44,000 molecules of hydrogen per
second (White et al., 1964, p. 359).
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Horseradish Peroxidase

Horseradish peroxidase has a molecular weight of
40,000 in the purified crystalline form (Maehly, 1955)}.
Each of the seven definable isozymes possesses the game
prosthetic component (Shannon et al., 1966), with amino
and neutral sugars comprising approximately 18% of the
content of the enzyme, The active site of the enzyme
contains both the apoprotein and heme parts of the molecule
(Weiryb, 1966), The enzyme is stable and the lyophilized
powder can retain almost complete activity if stored at
5 degrees C, Horseradish peroxidase reacts as follows:
(1) peroxidase + Hzoz'————_ﬁa compound (complex)
(2) compound (complex) + AHz (donor) ————) peroxidase +

Hzo + donor (oxidized)

Cytochrome Oxidase

Cytochrome oxidase was purified and crystallized
from various animal tissue by Yonetani (1967). The
prostetic group of cytochrome oxidase is heme according
0 Fruton and Simmonds (1958). Purified cytochrome oxi-
dase has the following structure according to Fruton and

Simmonds (1958), pp. 352.
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The molecular weight of the cytochrome oxidase is approx-
imately 75,000, C&tochrome oxidase is unique in that it
contains some copper in addition to the iron (Bonner and
Varner, 1965, p. 105)., The usual ratic of copper to iron is
one to one, The role of copper in the reaction of cytochrome
oxidase with oxygen is unknown (Bonner and Varner, 1965,
p. 105), The three types of cytochromes, called a, b, and
c, can be identified according to their respective absorption
maxima (Bonner and Varner, 1965, p. 104). The a cytochromes
possess alpha-band maxima near 600 %", b cytochromes have
maxima near 560 %H' and ¢ cytochromes have maxima near 550 qﬂ
(Bonner and Varner, 1965, p. 104). Plant mitochondrial
cytochrome ¢ has a lower absorbance range (515 mu, 517 TH’
547 TH' and 549 QH) than mitochondrial cytochrome ¢ of
animal origin (Bornner and Varner, 1965, pp. 105-107).
Cytochrome oxidase may really be a2 complex composed
of eytochrome ¢ and a, The oxidized ferric form of cyto-
chrome oxidase readily combines with cyanide (White et 8l1.,

1964, p. 352),
Review of Assay Procedures for Peroxidases

Electrophoresis

The development of polyacrylamide gel electrophoresis
made possible the simultaneous exploitation of differences in
charge and molecular size in the separation of protein

fractions (Ornstein, 1964), The gel pore size can be easily
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adjusted to insure a maximum distance of separation between
any two molecular species; also, molecules of various net
charge can be separated over a rather wide pH range of
between 3 and 11 (Chrambach and Rodbard, 1971). Acrylamide
gel electrophoresis was first adapted for plant study to
investigate variations in seed proteins of Leguminosea

(Fox et al,, 1964), Triticinae (Johnson and Hall, 1965) and
in Brassica (Vaughan et al., 1966). Leaf protein variations
were also studied in Collonsia (Desborough and Peloguin,
1966).

The polyacrylamide gel electrophoretic technique was
used to study the taxonomic relationships within the genus
Nicotiana, which comprises 64 species (Hart and Bhatia, 1967;
Snith et al,, 1970). Whitmore (1971) used the electrophoretic
separation method to study peroxidase isozymes in wheat
coleoptiles., Gel electrophofesiS'was used to compare the
proteins of photoperiodically induced and vegetative cocklebur
plants (Sherwood et al,, 1971).

In acrylamide gel electrophoresis assays of peroxidase
isozymes, individual peroxidase bands are developed as dark
brown areas, The peroxidase substrates, guaiacol, o-
dianisidine, benzidine-2HC1l, pyrogallol, and catechol, are
uged in conjunction with added hydrogen peroxide, to give
peroxidase band development (Gordon, 1968), Guaiacol has
been reported to be superior to benzidine-2HC1l for developing

peroxidases isolated from the leaves of Nicotiana tabacum L,

var. "Samsun NN" (van Loon, 1970).
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Spectrophotometr

The spectrophotometric measurement of peroxidase
aétivity was investigated in an effort to develo@ an accurate
technique to assay catalase activity (Beers and Sizer, 1952).
Catalase activity is measured spectrophotometriecally at
240 nm in the presencé of hydrogen peroxide at 25 degrées c.
One unit of enzyme activity was defined as being equivalent
to the decomposition of one micromole of hydrogen peroxide
ver minute at 25 degrees C (Beers and Sizer, 1952),.

One unit of peroxidase activity (purified horseradish
peroxidase) is defined as the amount of enzyme capable of
decomposing one micromole of hydrogen peroxide per minute at
25 degrees C, in the presence of 0-dianisidine as the hydrogen
donor (Maehly and Chance, 1954),

Ponting and Joslyn (1948), while studying apple
tissue peroxidases, modified the spectrophotometric assay
procedure using guaiacol as the oxidizable substrate in the
presence of hydrogen peroxide, Ridge and Osborne (1970)
used the above procedure to investigate peroxidase activity
in Pisum sativum var. Alaska segments and expressed enzyme
activity in terms of the increase in absorbance over the
linear portion of the curve (10 second readings) on a gran
per fresh weight basis,

Gahagan et al. (1968) used a procedure similar to
the one described above, except pyrogallol was utilized as
the hydrogen donor in their assay of sweet potato (Ipomoea

batatas L. Lam,) root disec peroxidases.,
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The spectrophotometric assay method for determining
peroxidase activity is quite sensitive, as one is able to
measure concentrations as low as 0,0016 mg/ml of peroxidase

when purified horseradish peroxidase is used as a standard,

Development of the Fine Structural Localization of Peroxidase

Activity

Diaminobenzidine

It was thought that catalase activity could not be
detected histochemically since the reaction products of
oxygen and water, derived from hydrogen peroxide, are not
capable of being visualized (Lison, 1956). Alternative
methods of catalase localization were proposed by Morikawa
and Harada (1968) to develop sites of catalase activity with
an immunologic fluorescent antibody technique., The fine
structural localization of peroxidases was advanced when
Hirai (1968) confirmed that the oxidized free radical pro-
duced by 3,3'~diaminobenzidine has a specific affinity for
heme enzymes at their active sites, ’

At the light microscope level, it has been possible
to demonstrate cytochrome oxidase activity in heart muscle
with Nadi reagents (Burstone, 1959; Sabatini et al., 1963).
However, at the electron microscope level, all of the Nadi
reagents gave "droplet localization” which was related to
the mitochondria of heart muscle but less prevalent in kidney

and liver (Seligman et al,, 1967),
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The Nadi reagents, N-benzyl-p-phenylene-diamine and
l-naphthol, formed positive reaction sites for horseradish
peroxidase at the electron microscope level (Seligman et al,,
1967). However, the peroxide staining reaction product was
still in the "droplet form," The term “"droplet 1oca1ization"
was ascribed to the electron dense areas of osmium deposition
sites of cytochrome oxidase activity in the presence of Nadi
reagents (Sabatini et al., 1963). The localized sites of
cytochrome oxidase activity were not compact but were flattened
and surrounded by a peripheral lighter zone (Sabatini et al.,
1963). The rounded halo-type of lighter outer zone around
the osmium black reaction sites was described as “droplet
localization* by Sabatini et al., (1963).

Graham and Karnovsky (1965) introduced the diamino-
benzidine stainiﬁg technique to demonstrate peroxidase active
sites. Diaminobenzidine is able to undergo oxidation in the
presence of peroxidase and hydrogen peroxide, to give a dark
brown osmiophilic reaction product resolvable at the light
microscope level (Graham and Karnovsky, 1965),

A pfocedure for staining micrébodies at the fine
structural level, based on the oxidation of 3,3'-diamino-
benzidine peroxidase substrate, was reported by Novikoff and
Goldfischer, 1968; Hirai, 1968; Pahimi, 1969, Novikoff and
Goldfischer (1968) modified the basic diaminobenzidine
staining procedure to demonstrate that microbodies stained
more intensely at the alkaline pH of 9.0 while mitochondria

stained better at a pH of 6.0. Goodman and Tephly (1968)
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found methanol peroxidatic oxidation by rat hepatic .
microbody catalase to give maximum diaminobenzidine response
at pH 8.3, Chance (1952) had earlier reported that the
catalase-hydrogen peroxide complex is pH dependent. Fahimi
(1969) found that catalase oxidized some substrates faster
than others at an alkaline pH., The pH optima of other miecro-
body enzymes have been reporteda Mahler et 8l,, (1955) found
a pH value of 9.0 for urate oxidase; Dixon and Kleppe (1955},
D-amino acid oxidase, pH 8,53 Blanchard et al,, (1946),
L~-alpha-hydroxy oxidase, pH 8,0; and glycolate oxidase, pH
8.8, Kun et al., (1954).

The Mechanism of Action of Diaminobenzidine

Seligman et al., (1968) proposed a reaction sequence
for the diaminobenzidine staining reaction. The initial-
step involves the oxidative polymerization of diaminobenzidine
to an indamine polymer, The final step in the reaction
sequence is the addition of cosmium tetroxide to give the
final reaction product of unknown structure called "osmium
black" (Seligman et al,, 1968)., Osmium black is probably
not a single uniform compound and may vary according to the
number of sulfur-containing organic reductants present within
the molecule (Hanker et al., 1967). These authors suggested
that osmium black may be composed of coordinated polymers of
osmium, including organic sulfur ligands and hydrated osmium
oxides, Osmium blacks are ideally suited for electron micros-
copy because they are usually insoluble in tissue dehydration

solvents and have light scattering properties which produce
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high contrast on electron micrographs (Hanker et al,,

1967).

H,N

e

N
Hy
3=3'=diaminocbenzidine

Oxidative Polymerization

N
The second step in the

addition of gquinoid to

4
reaction sequence involves the

the primary amine, resulting in

oxidative cyclization to phenazine polymer,

Oxidative Cyclization

Osmium Black
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Inhibiters Used in the Diaminobenzidine Staining Reaction

Aminotriazole
Keilin and Hartree (1954) proposed a sequence of
reactions to explain catalagse activity in the presence of

hydrogen peroxide:

Catalase
A
D2, D#’ D5
Compound 11§ S y Compound III
b
D') DL
Catalase +H,0,~— Compound I D3, Dy, Dg \_Catalase
Ds

NO-ferrocatalase

[eo

COo=-ferrocatalase
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The hydrogen donors are Dl (ascorbate or ferrocyanide),

D, (phenols), D3 (alcohols or formate), Dy, (sodium nitrite),
D5 (azide or hydroxylamine), and Dé (hydrogen peroxide),

The compound, 3-amino«l,2,4-triazole, may be covalently
bound to a histidyl residue of the enzyme molecule (Agrawal
and Margoliash, 1969; Margoliash and Agrawal, 1969), Several
investigators have routinely used 0.02M concentrations of
3-amino-1,2,4-triazole in the diaminobenzidine staining
procedure to demonsitrate inhibition of catalase activity
(Novikoff and Goldfischer, 1968; Beard and Novikoff, 1968;
Hirai, 1968; Fahimi, 1968; vigil, 1969; Frederick and Newcomb,
1969).

Potassium Cyanide

Ferroprotoporphyrin, the heme component of peroxidase,
can combine with cyanide to form cyanide ferroprotoporphyrin

complex: h'l

Ferroprotoporphyrin Cyanide Ferroporphyrin
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Fine structural examination of tobacco leaves (Nicotiana
tabacum L.) by Frederick and Newcomb (1969), revealed non-
uniformity in the ability of potassium cyanide toc inhibit
staining in the diaminobenzidine reaction medium, However,
Hirai (1969) achieved complete inhibition of rat hepatic
cell peroxidase with 0,02M potassium cyanide, Fahimi
(1969) found partial inhibition of rat liver microbody
catalase with 0.01lM potassium cyanide. Vigil (1970)
obtained complete inhibition of catalase activity in diamino-
benzidine stained microbodies,

The degree of inhibition in the diaminobenzidine
stained procedure is dependent upon several variables,
especially the temperature of incubation, length of incu-
bation period, and most important, the ability of the in-
hibitory agent to fully penetrate the tissue (Frederick
and Newcomb, 1969; Vigil, 1970).

The Novikoff and Goldfischer (1968) modification of
Graham and Karnovsky's (1965) diaminobenzidine stain was
used by several'investigators to study the fine structural
localization of peroxidases in plant tissue (Vigil, 1969;

Frederick and Newcomb, 1969; Vigil, 1970),
Diaminobenzidine Staining of Tissue
Animal)

Novikoff and Goldfischer (1968) modified the original

diaminobenzidine staining procedure to demonsitrate that rat
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liver microbody catalase stains most intensely at an
alkaline pH of 9.0, while mitochondria (inner and intra-
membrane cristae) stain deepest at a Ph of 6.0,

Fahimi (1970) utilized the diaminobenzidine staining
reaction to demonstrate that peroxidase activity in rat
liver Xupffer cells was localized in the cisternae of the

endoplasmic reticulum and Golgi apparatus,

Anatomical and Physiological Aspects of Abscission Cells

of Tobacco and Other Plant Species

Bornman et al., (1967) defined the abscission zone
of cotton (Gossypium hirsutum) petioles as the *,,.zZone in
which morphological and physiological changes associated
with the abscission of a part or organ are centered,”
Bornman et al.,, (1967) further defined the separationllayer
or abscission layer: "In the abscission zone, the cells
immediately involved in the separation of a part or organ
either through breakdown and/or by fracture of the tissue
across the cells and their walls or along the common wall
between adjacent cells.™

In tobacco flower pedicels, the actual processes of
separation occur between cells that are loéated several tiers
distal to the center of the abscission zone (Yager, 1957).
The first fine structural examinations of abscission zone
tissue of cotton (Cossypium hirsutum) were madé by Leinweber

and Hall (1959) and by Bornman et al,, (1967). The first
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fine structural examinations of abscission zone tissue of

tomato (Lycopersicon esculentum Mill) and tobacco (Nicotiana
tabacum L,) were made by Jensen and Valdovinos (1967).
When viewed under the light microscope, the tobacco

(Nicotiana tabacum L,) abscission zone has an indentation,

made up of epidermal tissue, which demarcates the separation
layer'and projects into the pedicel tissue (Jensen and
Valdovinos, 1967). At the fine structural level, the inden-
tation of epidermal tissue contains branches that occur
parallel tb the middle lamella in the areas between cell
walls (Jensen and Valdovinos, 1967).

The dimensions of these extending branches, that
emanate from the main indentation, measure approximately
200 mu at the widest points and 20 mu near the ends (Jensen
and Valdovinos, 1967), The line of indentation is viewed as
being continuocus with the cuticle, which measures approximately

90 mu in thickness,

Plasmal emma

The flower pedicel abscission zone tissue containg
fregquent invaginations of the plasmalemma, fibrillar in
consistency, and having a density similar to that of the

cell wall (Jensen and Valdovinos, 1967).

Plasmadesmata

Cell walls of tobacco flower pedicel tissue contains

plasmodesmata that are not complete, with thin walls, from
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cell to cell, The plasmodesmata measure approximately

Lo my in diameter (Jensen and Valdovinos, 1967).

Microbodies

The abscission zone tissue of tobacco flower pedicels
contain microbodies with crystalloid cores measuring between
900 my and 1,500 qp while those of tomato pedicels average
between 300 mH and 500 my in size (Jensen and Valdovinos,
1967), The microbodiea were single membrane-bound and
contained crystalloid cores. These cores are cuboidal in
shape and consist of parallel sheets of osmiophilic material

(Jensen and Valdovinos, 1967).

Chloroplasts

An appreciable number of chloroplasts present in
tobacco and tomato flower pedicels contain a granular
component bound to a single membrane, These chloroplasts
measure approximately 20-24 my in diameter, Stetler and
Laetsch (1969) observed a granular component bound to a
single membrane to occur within the chloroplasts of light
and dark grown tobacco leaves and shoot tissue of Nicotiana
tabacum L, "Maryland Mammoth.” Gerola and Dassu (1960)
originally used the term "opague body" to describe the
granular body present within the chloroplasts of Jerusalem
artichoke (Helianthus tuberousus), Israel and Stewart (1967)
used the term "prethylakoid body" to deseribe a similar body

in cultured cells of Daucus carota, The granular bodies were
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observed in the chloroplasts of dark-grown material when
they were exposed to light. Following the light treat-
ment, fragmentation of the body occurred, which apparently
led to the formation of thylakoids.

Srivastava (1966) observed a granular component
bound to a single membrane within the chloroplasts of

cambial cells of Praxinus americana. He used the term

"intralamellar inclusion" to describe this body which
appeared to be lipoprotein in nature, The body described
by Srivastava is appreciably more electron dense than those
reported in other species by the investigators cited above.
Newcomb, (1967) observed a granular component bound to a

single membrane within the leucoplasts of Phaseolus vul-

garis root tip cells, The material within the single
membrane-bound granular component observed by Jensen and
Valdovinos (1967) in tobacco abscission zone tissue also
resembles the body described by Newcomb (1967),

Several different functions of the granular body
have been suggested, Marinos (1967) cites food storage as
a prinecipal function., Israel and Stewart (1967) and Gerola
and Dassu (1960) report that the body breaks up in dark-
grown material to form thylakoids., Stetler and Laetsch
(1969) report that the body may have a role lamellar forma-
tion.

Pellegrini and Gerola (1969) observed the lamellae
emanating from the opaque body of plastids in both light and
dark-grown plants. It is thelr opinion that the opaque body
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within the plastids of etiolated plants is similar to the
prolamellar body of etioplasts described in Jerusalem

artichoke by Gerola and Dassu (1960).

Review of Cytoplasmic Changes Accompanying Abscission
In Flower Pedicels of Tobaccoe (based on Jensen and Valdovinos,

1968, except where otherwise stated),

Cell Wall

During the early stages of abscission, the middle
lamellar region of the cell wall begins to undergo cell
separation (between adjoining cells). As the middle
lamellar region breaks down there is also a parallel
disintegration of the primary wall, As cell wall disin-
tegration progresses, there is an increased plasticity and
swelling of the céll wall, Also, as cell wall dissolution
becomes more advanced, some of the cell walls of the

separating cells collapse together.

Microbodies

It was found that unpollinated flowers, if examiﬁed
three days after anthesis, contained microbodies with
crystalloid cores, having a cross-hatched appearance. Also,
some microbodies had a matrix that became more osmiophilic,
while in others the continuity of the single membrane disap-
peared, A possible function for the microbody in abscission

may be to furnish enzymes involved in the dissclution processes
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+hat accompany abscission.

Endoplasmic Reticulum

As disintegration of the middle lamella region
becomes more advanced, there is an increased proliferation
of segments of endoplasmic reticulum, Unpollinated tobacco
flower pedicels have rough endoplasmic reticulum, This
rough endoplasmic reticulum is quite differenf‘from the
smooth endoplasmic reticulum observable in abscission zone
tissue at anthesis and three or four days afterwards if
pollination has occurred, It was suggested that the rough
endoplasmic reticulum may be involved in moving metabolites
out of the cell dissolution area or participate in the
synthesis of enzymes that play an active role in the abscis-

sion process.

The Nucleus

Cortical cells of tobacco (Nicotiana tabacum L, )
abgcission zones have nucleoli that vary in structure, in
tissue observed three days after anthesis, where pollination
has been prevented. Some of these nucleolil appear to be
condensed while others have only amorphous Zones remaining
as the fibrillar and granular portions have been degraded,
These observations agree with those of Gueskens and Bernard
(1966), in that the amorphous portion of the nucleolus is
inactive and the fibrillar and granular portions represent
areas of RNA synthesis. ’In this view, the absence of the

inner nucleolar elements would indicate a possible decrease
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in the protein synthesis normally required for maintaining

the integrity of the separation layer.
Review of the Effects of Ethylene on Abscission

A large portion of the evidence for ethylene having
a role in the abscission process has come from investiga-
tions on bean (Phaseolus vulgaris) explants (Addicott, 1970).
There is a sudden release of ethylene after the explants
have been severed, possibly as a response to the wounding of
the plant tissue (Rubinstein and Abeles, 1965; Jackson and
Osborne, 1970)., When the accumulation is measured on a
time course period, it appears that the ethylene build-up
affects the time of onset of abscission, Also, it is sug-
gested that ethylene production occurs at a particular stage
of cellular senescense, thereby initiating biochemical changes
which start the reaction sequences of the abscission proceés
(Rubinstein and Abeles, 1965; Abeles, 1967; Jackson and
Osborné, 1970; Dela Fuente and Leopold, 1968),

In studies of citrus fruits, it was found that
detached fruits exhibited an increase in the release of
ethylene as the onset of abscission became evident (Lewis
et al,, 1968), Jackson and Osborne (1970) have presented
convincing evidence that ethylene can be a natural inducer
of leaf abscission.

Exogeneously applied ethylene can induce and accel-

erate abscission in fruits, flowers, petioles, and leaf blades
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(Burg and Burg, 1968). In bean explants there appear to be
two stages of sensitivity to applied ethylene, During the
first stage the tissue is insensitive to ethylene and the
major stages of senescence begin to occur in the distal
parts of the bean explants, The second stage brings about
a rapid response to ethylene, evidenced by an acceleration of
abscission, Also, withdrawal of ethylene decreases the
abscission rate to that of the control (Dela Fuente and
Leopold, 1968), Pectinase activity becomes more pronounced
as the second stage proceeds (Morre, 1968), and there is also
a corresponding rise in cellulase activity (Horton and
Osborne, 1967). A further observation is the rapid decline
in break-strength across the abscission zone as stage two
continues (Cracker and Abeles, 1969),

Several studies of explants, petioles, and stems of

Pisum sativum, Coleus blumei, and Gosspium hirsutum reveal

that exogeneously applied ethylene can inhibit polar auxin
transport, cause an increase in indoleacetic acid oxidase
activity, and bring about a decrease in the level of
diffusable auxin (Burg and Burg, 1968; Hall and Morgan, 1964;
Morgan et al., 1968; Valdovinos et al,, 1967; Osborne and
Mullins, 1969; Ernest and Valdovinos, 1971).

Valdovinos et al., (1972) did time course experiments,
using 5.H1/1 of exogeneously applied ethylene to treat

tobacco (Nicotiana tabacum L.) flower pedicels over a five

hour period, Tissue samples were collected at two, three,

and five hour intervals for fine structural examination,
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Ethylene-exposed flower pedicels reveal an increased
accumulation of rough endoplasmic reticulum in the cortical
tissue after two hours of treatment. There is a continual
increase in rough endoplasmic reticulum occurring between
the third and fifth hours after treatment (Valdovinos et al,,
1971).

After.five hours of ethylene treatment, the single
membrane-bound microbodies appear to lose integrity. There
does not appear to be any change in the structure of the
erystalloid cores during the applied ethylene time course
period (Valdovinos et al., 1972).

During cell wall degradétion stages, there is an
increase in fibrous material, vesicular structures and
either striated or non-striated electron dense bodies in
the wall areas during the ethylene exposure period (Valdovinos
et al,, 1972).

The authors did not observe any appreciable change in
the structure of mitochondria, nuclei, chloroplasts, or
microbody crystalloid cores during the time course of ethylene
treatment (Valdovinos et al,, 1972).

The break-strength reguired to bend the pedicels,
after two hours of'ethylene exposure, does not cause breakage:
however, there is a degree of bending across the separation
layer. The pedicels bhegin tovbreak across the abscission
layer after 2.5 hours of applied ethylene and require a
break-strength of 40 grams for breakage, Between 2,5 and
5 hours of ethylene treatment, the break-strength across the
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separation layer decreases exponeﬁtially to 5 grams at §
hours (Valdovinos et al,, 1972},

The specific role for ethylene in abscission has
yet to be clearly defined, It has been suggested that, in
a two stage sequence, the role of auxin may predominate in
the first stage, with ethylene assuming a major role in the
second stage (Addicott, 1970). | -However, the problem is
compounded by the many different events (cell wall dissolution,
increase in rough endoplasmic reticulum, and the increase in
pectinase and cellulase enzymes) that occur during the

abscission process (Addicott, 1970).



MATERIALS AND METHODS
Plant Growth Conditions

Tobacco plants (Nicotiana fabacum L. cv, "Little
Turkish") were gréwn in the greenhouse under a normal photo-
period of 14 hours with minimum temperatures of 25 degrees C
during the day and 20 degrees C at night, Under natural
short-day conditions, the plants were grown under 14 hours
per day of light from cool-white fluorescent and incandescent
lamps at an intensity of 20,000 lux and at a temperature of

25 *2 degrees C,
Preparation of Control Tissue For Time Course Studies

Leafy branched stems of tobacco, each containing ten
or more flower pedicels, each 10 mm long, were severed from
the main plant stem and re-cut under distilled water,
immediately prior to being placed in 500 ml plastic beakers,
each containing 150 ml of one-half strength Hoagland's
nutrient solution (Arnon and Hoagland, 1940),

The plastic beakers, each containing several whole
flower pedicels, were placed in a Sherer Gillette controlled

35
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environment chamber, model CL25-7HL, containing a constant
light source of incandescent and fluorescent light, giving
a constant light intensity of 20,000 lux, 50 %s% relative
humidity, and a temperature of 25 degrees C, Groups of
flower pedicels were withdrawn from the control growth
chamber at one, two, three, three and one-half, four, four
and one~half, and five hours, for use in the subseguent
physiological and electron microscopic examinations, Some
flower pedicel segments (10 mm in length) were collected
directly from the greenhouse plants and not put into the
growth chamber.

Preparation of Ethylene-Treated Tissue For Time Course Studies

The flower pedicel tissue was prepared in the same
manner as described above for the control time course studies.
However, the ethylene treatment chamber was provided with a
continuoug flow of air (30 liter/min.) containing §H1/1 of
ethylene, The air flowing through the chamber was first
passed through an ethylene scrubbing chamber device. The
scrubbing canister contained Purafil which is composed of-
activated A1203 impregnated with KMnOu in the form of
pellets measuring one-eighth inch in diameter. Purafil was
obtained from Marbon Division, Borg-Warner Corporation,
Washington, West Virginia, The canister was made of degreased
galvanized pipe (10 by 40 cm) fitted with circles of screen
wire in drilled pipe caps that were fitted with regular gas
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outlets. The tape threads were covered with Teflon rather
than 0il to provide for easy disassembly for refilling and

to protect the Purafil from contamination. The plants were
exposed to 5,H1/1 of ethylene gas over the time course period
of the experiment, Beakers containing at least 10 flower
pedicels were withdrawn from the ethylene chamber at one,
two, three, three and one-half, four, four and one-half, and
five hour intervals for use in the subsequent physioclogical

and electron microscopic studies,
Preparation of Tissue For Electron Microscopic Examination

Two millimeter long segments of flower pedicel tissue,
containing the separation zone, were excised (Figure 1). A
calibrated constant-width knife, composed of two double-
edged razor blades, fastened together with a 2 millimeter
gspacer between the blades, was used for cutting the segments.
The harvested tissue wag immediately fixed in 3% glutaraldehyde
(Sabatini et al., 1963) in 0.1M phosphate buffer at a pH of
7.2 for 1 hour at 4 degrees C. The tissue was then rinsed
six times in buffer (six separate rinses over a period of 24
hours). Other stem segments were collected and fixed fér 2
hours at room temperature in a mixture of 2% glutaraldehyde
buffered with 0,05M collidine plus 0.06M sucrose at pH 7,3--
7.4. The tissue sections were then washed for 1.5 hours in

collidine buffer (Mollenhauer and Totten, 1970).
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Fig, 1, A diagram of pedicel tissue of Nicotiana tabacum

L. showing the portion of the flower pedicel used in these
studies, The portian bf pedicel used for experiments shown
in Figure 2 comprised a 6 mm long pedicel segment inecluding
distal (2 mm), abscission zone (2 mm}, and proximal (2 mm)
portions, Two mm segments of proximal, abscission zone, and
distal pedicel tissue were assayed separately for the
experiments illustrated in Figures 3 through 8, Two mm
segments of the pedicel (abscission zone) were used for the

five structural and electrophoretic studies,
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FIGURE 1

STEM

DIAGRAM OF PEDICEL TISSUE OF NICOTIANA TABACUM L.
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#The 2mm. segment of the pedicel (ahscission zene)} was used for the fine structural,
electrophoretic, and spectrophotometric studies. Proximal, distal, and abscission
2002 segments, each 2mm. in ength, were used for some spoctrophiotometric assays,
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Diaminobenzidine Treatment of Growth Chamber and Greenhouse

Tissue

The Novikoff and Goldfischer (1968) in situ

diaminobenzidine peroxidase staining procedure was used
in this investigation. Each individual 2 mm section of
flower pedicel tissue was cut into four smaller sections
before transfer ‘o the diaminobenzidine incubation staining
medium, The incubation medium contained 10 mg of 3,3'-
diaminobenzidine tetrachloride (DAB) available from the -
Sigma Chemical Company, St. Louis, Missouri, 0.1 ml of 3%
hydrogen peroxide and 5 ml of 2-amino=-2-methyl-l, 3=-propandiol
buffer (0.05M, pH 9,0, See Appendix A, Schedule V),
Segments of flower pedicels, fixed and sliced as
described above, were incubated for 1 hour at 37 degrees C
in (a)complete diaminobenzidine staining medium; (b)complete
medium without diaminobenzidine; and {c¢)complete medium
minus hydrogen peroxide, The tissue sections were rinsed
in 0.05M propandiol buffer, pH 9,0. Segments of flower
pedicels were also incubated in the above mentioned media at

pH 6.0, See Appendix A, Schedule V,
Inhibitors
Segments (2 mm long) of flower pedicel tissue were

incubated in complete medium for 1 hour at 37 degrees C with

either (a)0.02M 3-amino-1,2,4~triazole (Aldrich Chemical



Ll

Company) or (b) 0.02M potassium cyanide, The respective
flower pedicel segments were then rinsed in 0,.05M pro-

pandiol buffer, pH 9.0, See Appendix A, Schedule V,

Fmbedding Procedure for Examination of Tissue At the Fine

Structural Level

After the tissue segments were incubated in the
different diaminobenzidine media, they were rinsed briefly
in 0,05M propandiol buffer, pH 9.0 and stained for 1 hour
at 4 degrees C with 2% osmium tetroxide in 0,1M phosphate
buffer, pH 7.2. Other tissue sections were pre-fixed in
2% paraformaldehyde for 1 hour at 4 degrees C, rinsed at
least five times with 0.1M phosphate buffer, pH 7.2, and
then fixed in 1% osmium tetroxide for 24 hours at 4 degrees
C. The tissue was dehydrated in a graded ethanol series,
followed by treatment with propylene oxide, and embedded in

Epon 812 (Luft), 1961); see Appendix A, Schedule IV,

Preparation of Tissue Sections for Electron Microscopy

Cortical tissue from several different depths of the
abscission zone were collected for sectioning, A Dupont
diamond knife was used to cut silver-grey sections of approx-
imately 0.05m in thickness on a LKB umltramicrotome. The
sections were collected on clean 300-mesh copper grids, Some

unstained sections were viewed and photographed with the
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electron microscope to determine the actual intensity of

in situ staining and other sections were stained with either
lead salts (Millinog, 1961; Karnovsky, 1961l; Watson, 1958)
or uranyl acetate in methanol (Stempak and Ward, 1964},
either together or separately, A Hitachi 11 E electron
microscope was used, The micrographs were taken in the
magnification range of 2,000 to 22,000X on Kodak contrast
plates. The negatives were routinely enlarged to 2.8 to

4,2 times using Kodak F-3, F-4, or F-5 Kodabromide paper,
Spectrophotometric Assay for Peroxidase

Groups of 10 tissue sections (2 mm long) were
collected from the control and ethylene treatment chambers.
A separate group of 6 mm flower pedicel segments were
further subdivided into three equal parts, representing
proximal, distal, and abscission zone segments, After
excision from the flower pedicels, the tissue was weighed
and immediately put into pre-chilled mortars at 4 degrees C,
The tissue samﬁles were ground with a mortar and pestle at
4 degrees C for an average of five minutes in 4 ml of 0.01M
phosphate buffer, pH 6.0. The tissue homogenates were
centrifuged at 2,000 g for 10 minutes at 4 degrees C to
remove cellular debris, The respective supernatant solutions
were used for the peroxidase agsays (Ridge and Osborne, 1970),
Other tissue samples were taken from greenhouse plants to

assay the peroxidase levels in plants grown under normal
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greenhouse conditions,

Spectrophotometric determinations were measured at
a wavelength of 460 nm, using a Beckman model DU spectro-
photometer. The standard solution consisted of 1,3 ml of
0.1N hydrogen peroxide and 1,3 ml of 0,05% guaiacol plus
0.8 ml of distilled water (Ridge and Osborne, 1970)., The
experimental solution contained 1,3 ml of 0,05% guaiacol
plus 0.8 ml of enzyme supernatant prepared as described

above (Ridge and Osborne, 1970). See Appendix A, Schedule VI,

The Determination of Peroxidase Activity

The enzyme supernatant solution was added at time
zero and the change in absorbance was read at five second
intervals, over a period of three minutes, The linear
portion of the curve was over the range between 70 and
150 seconds and the final relative peroxidase activity
was expressed in terms of units per gram fresh weight of
tissue (Ridge and Osborne, 1970; Gahagan et al,, 1968),
See Appendix A, Schedule IX,

Soluble Protein Determination

The supernatant solutions from the respective tissue
homogenates, prepared as described above, were used for the
protein assay. The measurement of protein content of the

tissue homogenate supernatant solutions was determined by
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the Lowry method (Lowry et al., 1951), using bovine serum

albumin as a2 gtandard; see Appendix A, Schedule VII,
Electrophoresis

About 250 segments were pooled to give groups of
4o segments of flower pedicels (2 mm long) of Nicotiana
tabacum L, which were collected from control and ethylene
chambers at two, three, four, and five hour intervals. The
respective tissue samples were immediately put into a pre-
chilled mortar at 4 degrees C. The individual tissue samples
were ground with mortar and pestle at 4 degrees ¢ in 1 ml of
0.,8% sodium chloride and 0,1% sodium nitrate, pH 5.9 (Smith
et al., 1970), The separate homogenates were centrifuged at
I degrees C for one hour at 5,000 g to remove cellular debris,
The respective supernatant solutions were used for the
electrophoretic assays.

A Canalco vertical polyacrylamide gel electrophoresis
apparatus (Canalco Company, Rockville, Maryland) was used in
this study. Electrophoretic gel or separating gel (see
Appendix A, Schedule VIII), using ammonium persulfate as é
catalyst, was added to a tube height of 12,0 em. A 7,.5%
stacking gel, using riboflavin as a catalyst, was added to a
tube height of 13;5 cm, The sample gel in the remainder of
the tube, using riboflavin as a catalyst, contained 0.2 ml of
enzyme supernatant solution. The gels were run in 0,.1M

Tris=-Glycine buffer, pH 8.5, for one and one-half hours, with
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a current of 5 milliamps per tube (Sheen, 1970). See
Appendix A, Schedule VIII.

Flower Pedicel Break-Strength Assay

Flower pedicels were prepared as described above for
control and ethylene growth chamber treatments. Stenms,
containing 10 or more pedicels each, were withdrawn from the
control and ethylene treatment chambers at intervals of two,
three, three and one-half, four, four and one-half, and five
hours. Each average measurement represents the break-
strengths of ten separate flower pedicels. Individual break-
strength determinations were made with a flower pedicel
excised 5 mm proximal to the separation layer, The break-
strength is defined as the amount of force, in grams,
necessary to cause complete separation of the cell layers
comprising the abscission zone (Dela Fuente and Leopold,
1968), The force, in grams, required to cause complete
separation aecross the abscission zone, was measured with a
laboratory balance by holding the proximal.end of the flower
pedicel (severed 1 mm from the stem) against the pan of the
balance and pressing the distal portion of the flower pedicel
against the balance pan at a 45° angle, The amount of force
required to cause complete breakage across the abscission zone
was expressed in grams, Ten flower pedicels were used for
each respective determination with the standard error indi-

cated by the uncolored circles superimposed on the vertical
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line through each datum point.
Determination of Standard Error

The standard deviation was determined for each
ethylene~treated and control tissue sample over the time
course period of the experiment, each determination repre~
senting the spectrophotometric absorbance readings expressed
in terms of relative units of peroxidase activity per g.
fresh weight (ten separate tissue samples for each respective
time and treatment period). The standard deviation for each
time interval and treatment period was calculated as follows:
1. The arithmetical mean (X) was determined by adding all of
the individual observations (xi) and dividing the total by
the number of individual samples (N},

2, The individual deviation from the mean (Xi-i)2 was
calculated,

3., Each individual deviation from the mean (xi-i)2 was
squared so that positive values could be obtained,

&, The sum of the squared deviations from the mean was
obtained (}:‘,(X:-L-i'c)2 Yo

5. The standard aeviation(s) of the sample was calculated,

using the formula

8= z( xi'i)z
N~1
The standard deviation enables one to measure the possible

error of the estimate., It is also possible to estimate
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the sample mean by an interval, The value S ig

the standard error of the sample mean, The ethylene~

treated plants were compared with the unfreated controls

for peroxidase activity, measured in relative units per

g. fresh weight. The standard error was computed for

each tissue sample (representing ten separate determinations),
In figures showing the results in graph form, the con-
fidence interval is represented by uncolored circles
superimposed on each bar (Machlis, L., and J.G. Torrey,

Plants In Action. W.H. Freeman and Company, San Fran-

cisco. 1956, pp. 111-145),



RESULTS AND OBSERVATIONS

Exposure of flower pedicels to %Hl/i of ethylene over
a period of five hours, revealed that tissue homogenates of
abscission zone tissue sections had an increase in peroxidase
activity, starting at three hours, with the peak of activity
occurring at the four hour period, followed by a continual
decrease in activity between four and five hours (Figure 2).
The peroxidase activity of control tissue has a profile very
similar to that of ethylene-treated tissue between one and
three hours (Figure 2), The control tissue shows a small
increase in peroxidase activity between three and four hours,
with a slight decrease between four and one-half and five
hours, An examination of the control curve indicates that
there is not a significant difference in peroxidase activity
in control tissue between one and three hours (Figure 2),.

A comparison of the levels of peroxidase activity in
ethylene and non~ethylene-treated flower pedicel tissue
(divided into abscission zone, distal, and proximal segments),
indicates that the peak level of activity occurs in ethylene-
treated abscission zone tissue at four hours, followed by a
drop in peroxidase activity between three and five hours

(Figure 3). The amounts of peroxidase activity in the
48
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Fig. 2. Time course study of ethylene~treated and control
flower pedicel tissue (including proximal (2 mm), distal

(2 mm), and abscission zone (2 mm) segments), A comparison
of control and ethylene-treated pedicel tissue (comprised of
proximal (2 mm), abscission zone (2 mm), and distal (2 mm)
segments) for peroxidase activity in the presence of 5,H1/1
of exogeneously applied ethylene gas over a five hour time

course period.
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Fig, 3. Time course stydy of ethylene~treated and control
flower pedicel tissue (2 mm segments of abscission zone

tissue illustrated in Figure l1). A comparison of control

and ethylene-treated pedicel tissue (2 mm segments of
abscission zone tissue illustrated in Figure 1) for peroxidase
activity in the presence of 5‘ﬂ1/i of exogeneously applied

ethylene gas over a five hour time course period,
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abscission zone is appreciably larger than the amount of
activity in the distal portion of the pedicel (tissue
adjacent to the abscission zone, between the abscission
zone and the flower pedicel)., The profile of the ethylene-
treated distal tissue is quite similar to that of the ab-
scission zone tissue except that the levels of peroxidase
activity in the distal tissues are much lower at all time
intervals of the same time course period (Figure 4), The
distal ethylene-treéted tissue also shows a decrease in
peroxidase activity between three and five hours (Figure
L), A'comparison of the profiles of the ethylene-treated
distal tissue (Figure 4), reveals a similarity in profiles
between the two respective samples, with the amount of
peroxidase activity being appreciably greater in the
abscission zone tissue over the time course of the exper=-
iment. The ethylene~-treated proximal tissue has a very
low level of peroxidase activity, with only a relatively
small peak observable at the four hour stage (Figure &),
If the profile of the ethylene-treated proximal tissue is
compared to the profileé of the ethylene-~treated distal
(Figure 5) and abscission zone tissue (Figure 3), it is
apparent that the proximal tissue has a much lower amount
of peroxidase activity than the other two tissue sections

of the pedicel,
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Fig, 4. Time course study of ethylene~treated and control
flower pedicel tissue (2 mm distal segments as illustrated
in Figure 1), A comparison of control and distal pedicel
tissue (2 mm distal segments as illustrated in Figure 1)

for peroxidase activity in the presence of S‘Hl/l of
exogeneously applied ethylene gas over a five hour time

course perioed,
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Fig. 5. Time course study of ethylene-treated and control
flower pedicel tissue (2 mm proximal segments as illustrated
in Figure 1), A comparison of control and proximal tissue
(2 mm segments as illustrated in Figure 1) for peroxidase
activity in the presence of S,Hl/i of exogeneously applied

ethylene gas over a five hour time course period,
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Electrophoresis

Enzyme samples (the supernatant portion) were
collected from ethylene~treated and control tissue, at
two, three, four, and five hour intervals, The electro-
phoretic gels of each respective enzyme sample revealed
the presence of two well-defined bands of peroxidase
activity (Figure 10). There was no change in the banding
pattern between the ethylene~treated and control tissue
which indicates that there is not an increase in the total
number of peroxidase isozymes over the five-hour ethylene

exposure period.

Socluble Protein

wWhen the amount of tissue protein, expressed as
milligrams per gram fresh weight, is compared in ethylene-~
treated versus control abscission zone tissue, there is a
relatively close parallel correlation between the two
respective samples over the five hour time course period
(Figure 6), There is a decrease in protein content between
four and four and one<half hours, in both the control and
ethylene-treated abscission zone samples (Figure 6)., The
amount of tissue protein is highest at five hours, for
both control' and ethylene=treated abscission zone tissue
(Figure 6). There is a very close similarity between the

profiles of the control and ethylene-treated abscission zone
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Fig. 10. Electrophoretic gels of ethylene-treated
abscission zone tissue, A comparison of contrel and
abscission zone tissue with respect to banding patterns
of peroxidase activity. The tissue was treated with
5)ql/1 of ethylene gas over a five hour time course

period,
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Fig. 6, Time course study of ethylene~treated and
control flower pedicel tissue (2 mm segments of abscission
zone tissue as illustrated in Figure 1), A comparison of
control and abscission zone tissue (2 mm segments as
illustrated in Figure 1) with respect to soluble protein
content of tissue treated with 5}ﬂ¢ﬁ.of ethylene gas over

a five hour time course period,
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curves from three to five hours (Figure 6). Between one and
three hours, the ethylene-treated abscission zone tissue shows
a slight rise in protein between one and two hours, followed
by a perceptible drop in protein between one and three hours
(Figure 7). The ethylene-treated distal tissue has a very
low amount of protein between three and four hours; however,
there is a significant increase in distal tissue protein
between four and four and one~half hours, with the peak
being reached ast four and one-half hours (Figure 7). There
is a falling-off in the amount of distal tissue protein
between four and one-half and five hours, in ethylene-
treated tissue (Figure 7). The control distal tissue has =a
very low amount of tissue protein between one and three
hours, followed by an increase between three and four hours
(Figure 7). There is a decrease of control distal tissue
protein between four and four and one-half hours, followed
by an increase between fqur and one-half and five hours
(Figure 7). The amount of distal tissue protein at four
and one-half hours is considerably higher than that of the
control (Figure 7).

The profile of the ethylene-treated proximal tissue
indicates that there is a sharp rise in the amount of tissue
protein between three and one-half and four hours (Figure 8),
The amount of detectable protein at four hours, in the
ethylene~treated proximal tissue, is markedly higher than
the protein content of either ethylene-~treated abseission

zone (Figure 6) or distal tissue (Figure 7), There is a
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Fig,. 7. Time course study of ethylene-treated and

control flower pedicel tissue (2 mm segments of distal
tissue as illustrated in Figure 1). A comparison of control
and distal tissue (2 mm segments of distal tissue as illus-
trated in Figure 1) with respect to soluble protein content
of tissue treated with 5.H1/1 of ethylene gas over a five

hour time course period.
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Fig. 8. Time course study of ethylene-treated and

control flower pedicel tissue (2 mm segments of proximal
tissue), A comparison of econtrol and proximal tissue (2 mm
gsegments of proximal tissue as illustrated in Figure 1) with
respect to soluble protein content of tissue treated with

5}‘1/1 of ethylene gas over a five hour time course period.
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decrease in protein content in ethylene-treated tissue
between four and four and one-half hours, followed by a
small rise between four and one-half and five hours (Figure
8). The control proximal tissue demonstrates a relatively
small increase in protein content between one and three
hours, followed by a decrease from three through four hours
(Figure 8). There is a slight increase in the amount of
control proximal tissue protein between four and five hours

(Figure 8).
Break-Strength Determinations

A measure of the breaking force required to rupture
the abscission zone, for each determinﬁtion of break-strength,
represents the testing of 10 separate pedicels. The standard
error of the mean for each plot is represented by a vertical
line through each point. The flower pedicels were exposed
to §H1/1 of ethylene over the five hour time course period
of the experiment.

The purpose of this assay is to determine when there
is a perceptible change in the breakw~strength during the
time course of ethylene treatment (Figure 9). Flower
pedicels able to withstand a break force of 45 grams will
not break across the abscission zone (Figure 9). A drop of
2 gramg in the break-strength from 45 grams to less than 5
grams results in breakage across the abscission layer, in

flower pedicels exposed to ethylene for three hours (Figure
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Fig, 9. Time course study of break-strength and peroxi-
dase activity in ethylene=treated and control flower
pedicel tissue (including proximal (2 mm), distal (2 mm),
and abscission zone (2 mm) segments as illustrated in
Figure 1), A comparison of the break~strength and per-
oxidase activity in tissue treated with_S}nJﬁ of ethy-
lene gas over a 5 hour time course period indicates that
the pedicels only bend and do not break during the first
3 hours of ethylene treatment. From 3% to 5 hours of
ethylene treatment, the pedicels break with the amount

of break-force necessary to cause breakage (in gr) decreasing
between 3% and 5 hours. The control pedicels never break
and only bend over the entire 5 hour time course (45 gr),
The portion of the pedicel used for the peroxidase assay
included proximal (2 mm), distal (2 mm), and abscission
zone (2 mm) segments of tissue (Figure 1; Figure 2), The
ethylene-treated pedicels begin to break (between 3 and
3% hr) at a similar time (after 3 hrs.) when peroxidase
activity begins to show an increase, It appears that the
decrease in break-strength occurs concomitantly or very
close %o the start in the rise of peroxidase activity

(both occurring after 3 hrs, of ethylene treatement).
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9). Between three and five hours, there is a uniform
decrease in breaking force required to rupture the ab-
scission zone, representing a decrease from 43 grams at

three hours, to one gram at five hours (Figure 9}, A com-
parison of break-strength with levels of peroxidase activity
over the five~hour time course period shows that the break-
strength begins to decrease at three hours and the peroxidase

activity also starts to rise at three hours (Figure 9),

Cytochemical Localization of Peroxidases

Figure 12 is a picture, at the light microscope -

level, of the cells comprising the abscission zone of

Nicotiana tabacum L, This view of abscission zone control

tissue shows the actual indentation of groove with the
opening making up the groove, extending down through an
area comprising several tiers of cortical cells (Figure 12).
A light microscope view of the actual separation
that is cccurring in three hour ethylene-treated flower
pedicel tissue is indicated (arrows) in Figure 13, As the
abscission process continues, the number of tiers of cells

involved in the zone of separation increases,
Cell Walls

Non-abscising cortical tissue demonstrates peroxidase

reactive sites throughout the cell wall areas, with particu-
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larly intense electron dense deposits in the intercellu-
lar spaces of the cell wall areas between adjacent cells
(Figure 14), There are peroxidase reactive sites in the
cell walls of all ethylene-treated tissue, with staining
in the intercellular spaces of the walls in ethylene-treated
tissue (Figure 15); however, in abscising cells, the per-
oxidase activity is primarily concentrated in the more
central areas of the cell wall (Figure 16), There is
diaminobenzidine reaction product in the intercellular
spaces of cell walls of non-ethylene-treated tissue but
the reaction product is much less intense than in ethylene-
treated tissue. The concentration of peroxidase reactive
sites is most intense in the middle lamellar area of
abscising cells in five hour ethylene-treated tissue
(Figure 17). All of the cortical cells of ethylene-
treated tissue do not show the same degree of peroxidase
localization in the middle lamellar region, Some of the
cortical cells have more peroxidase staining in the inter-
cellular spaces of the cell walls where the cells are
undergoing separation, while other cells have the enzyme
reaction product concentrated more in the middle lamellar
region of the cell walls. The detection of either of
these types of cell staining is, in some measure, dependent
upon the random occurrence of cortical cells as they are
obtained in the sectioning of a particular tissue sample,
Potassium cyanide, at a concentration of 0,02M,

partially inhibited cell wall staining in diaminobenzi-
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dine-treated flower pedicel tissue that was non-ethylene-
treated (Figure 18). The darkening in the cell wall

area may be due to uranyl acetate post-staining, Potassium
cyanide does not appreciably inhibit cell wall staining

in three and five hour ethylene-treated tissue (Figure

19A; Figure 19B).

Microbodies

The single membrane-bound microbodies have peroxi-
dase reaction product in the presence of diaminobenzidine
(Figure 20). However, the enzyme localized in the microbody
is catalase and not a peroxidase, since the diaminobenzidine
staining reaqtion is inhibited in the presence of amino-~
triazole (Figure 214A; Figure 21B). The microbodies do not
stain positively for peroxidase or catalase in the presence
of diaminobenzidine and potassium cyanide (Figure 19B).

The typical microbody of the abscission tissue has a
crystalloid core composed of parallel sheets of osmiophilic
material and does not have cores with a cross-~hatched
arrangement. Ethylene-treatment of cortical tissue does
not alier the appearance of the crystalloid cores of the
microbodies, There is no detectable change in the inten-
sity of the catalase reaction product in microbodies of
abscission tissue treated for five hours with ehtylene
(Figure 25A). The microbodies of the five-hour ethylene-

treated tissue appear to exhibit less continuity in the
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in the membrane encircling the microbody matrix (Figure 20),
This observation is in agreement with those made by Valdovinos,

Jensen, and Sicko (1971).
Endoplasmic Reticulum

Smooth endoplasmic reticulum is found in control
tissue in the vicinity of the cell walls (Figure 23A), The
segments are relatively short and do not stain when incubated
in diaminobenzidine (Figure 23B)., However, the endoplasmic
reticulum of control tissue is weakly stained for peroxidase
activity and hag not proliferated or spread throughout the
cytoplasm of the cell (Figure 23A; Figure 23B), The three
and five hour ethylene-~treated tissue exhibits more rough
endoplasmic reticulum near the cell wall areas and the per-
oxidase reaction product is more intense on the endoplasmic
reticulum (Figure 24). It is not possible to ascertain if
there is a greater degree of proliferation and staining in
the rough endoplasmic reticulum of the two and three hour
ethylene~treated tissue compared to the five hour ethylene-
treated tissue (Figure 25B), However, cbntrdl tissue rough
endoplasmic reticulum (Figure 25A) does not stain for
peroxidase whereas the five hour ethylene-treated rough endo-
plasmic reticulum (Figure 25B) is intensely stained for

peroxidase reaction product,
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Mitochondria

In the tobacco flower pedicel tissue incubated in
diaminobenzidine at the alkaline pH of 9.0, mitochondria
do not stain positively for peroxidase or cytochrome oxi-
dase activity (Figure 15). However, tissue incubated at an
acidic pH of 6,0 demonstrates positive cytochrome oxidase
staining on the inner mitochondrial and intracristae mem-
branes (Figure 26A; Figure 26B). According to Novikoff and
Goldfischer (1968), mitochondria (animal ) stain for cytochrome

oxidase activity only when incubated at lower pH of 6.0,

Chloroplasts

Many of the chloroplasts observed in ‘tobacco (Nico-

tiana tabacum L.) abscission zZone tissue contain a single

membrane-bound granular component (Figure 27; Figure 33).
Diaminobenzidine stained tissue reveals that this granular
component stains for peroxidase with about the same electron
density as do the microbodies (compare Figure 20)., The
perocxidase staining reaction within the granular component
is slightly inhibited by aminotriazole (Figure 28), The
single membrane-bound granular component of chloroplasts was
partially inhibited by potassium cyanide (Figure 18; Figure
22) since there is still a small amount of density present.
This indicates that peroxidase is the major enzyme

contained within this body (Figure 20). The single membrane-
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bound granular component of chloroplasts was partially
inhibited by potassium cyanide (Figure 18). The chloroplast
thylakoids do not appear to be more electron dense in ethylene-~
treated tissue than in controls (Figure 15; Figure 23B),
Moreover, neither aminotriazocle nor potassium cyanide affects
the electron density of the diaminobenzidine=-treated tissue
(Figure 29), There were no significant structural changes
observed within the chloroplasts nor was there variation in
the electron density of the peroxidase reaction product
between ethylene-treated and control tissue (Figure 15).
Cortical tissue incubated in diaminobenzidine at an acidic
pH of 6,0 also shows a weak degree of peroxidase staining in
the thylakoids (Figure 26B). A great number of chloroplasts,
both in control and ethylene-ireated pedicel tissue, contain
aggregations of phytoferritin-like particles within the
cytoplasmic matrix (Figure 21B).

Golgl Apparatus

The Golgi apparatus of control abscission zone cortical
tissue does not stain positively for peroxidase in the
presence of diaminobenzidine (Figure 30), The Golgi apparatus
of abscission tissue of flower pedicels treated for twoe hours
with ethylene stain more intensely for peroxidase than do
those of controls (Figure 31A), The five hour ethylene-treated
tissue reveals that the Golgli apparatus is made up of smaller

vesicles (Figure 31B)}. The Golgi vesicles appear to stain for
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peroxidase when they are located in close approximation
to the membraneous cristae of the Golgi apparatus, Five
hour ethylene-treated cortical tissue shows positive

diaminobenzidine staining in the presence of 0,02M amino-

triazole (Figure 32A3; Figure 32B; Figure 32C3 Figure 32D).



DISCUSSION

The Significance of Diaminobenzidine Staining In The Cortical

Cells of The Abscission lLayer of Tobacco Flower Pedicels

Chloroplasts

Diaminobenzidine-stained control tissue has many
chloroplasts with a deeply stained single membrane-hound
granular component (Figure 14; Figure 20; Figure 27; Figure
33)., The electron density of the granulér component (Figure
20) is of the same order as that of the microbodies,
Potassium cyanide inhibits the staining of the granular
component (Figure 18) whereas aminotriazole only causes
partial inhibition of the peroxidase reaction product (Figure
28)., According to Novikoff and Goldfischer (1969) and
Fahimi (1969), complete inhibition of the diaminobenzidine
staining reaction by the specific catalase inhibitor, 3-
amino-l, 2, 4-triazole, is positive confirmation that the
enzyme being localized is catalase rather than a peroxidase,

In a study of several plant species for peroxidase
enzyme content, Tolbert et al,.,, (1968) found tobacco leaf
chloroplast fractions to be devoid of catalase activity.

Any detectable catalase in the whole chloroplast fraction is
attributed to contamination by the broken microbody fraction

78
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(Tolbert et al., 1968), Deisseroth and Dounce (1967)
suggest that catalase may be expected to be present where
there is an electron transport system; however, they cite

no evidence for this phenomenon in plant tissue. The
glycolate-glyoxylate pathway proposed by Tolbert et al,,
(1968) is viewed as occurring in all photorespiring plants
(Figure 11), In this scheme, glyoxylate is reduced to
glycolate by the chloroplasts, in the presence of light
{Kearney and Tolbert, 1962), After the glycolate passes
from the chloroplasts out into the cytoplasm, a specific
cytoplasmic glycolic acid oxidase oxidizes glycolate back
into glyoxylate (Kearney and Tolbert, 1962). The two carbon
glyoxylate can now re~enter the chloroplast to be reduced

to glycolate by glyoxylic acid reductase (Kearney and Tolbert,
1962). Thus the presence of peroxidase within the granular
component of the chloroplast may possibly involve peroxidase
in this cycle. However, as most chloroplasts lack a granular
component with a single membrane this suggests that such
involvement may not necessarily be the case, It could also
be that the single membrane-bound granular component of the
chloroplast is involved in thylakoid formation., The
possesgion of the single membrane-bound organelle by the
chloroplast, containing a supply of peroxidase, could help
to make the chloroplast a more self-sufficient organelle
capable of controlling the formation of thylakoids. Another
possible explanation for the staining of the dense granular

component is that cytochrome oxidase may be reacting with the
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Fig, 11. Relationship between photosynthesis and peroxisomal

respiration,*

(*Tolbert, N.E., and R.K. Yamazaki, 1969)
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diaminobenzidine. Novikoff and Goldfischer (1969) indicate
that rat liver mitochondria do not show positive staining for
cytochrome oxidase at a pH of 9.0 and have decided that
cytochrome oxidase is detectable with the diaminobenzidine
staining technique only at a pH of 6,0, However, it is
pogsible that in tobacco tissue cytochrome oxidase in the
thylakoids may be detected at the higher pH of 9.0,

The particularly héavy deposits of peroxidase
reaction product, present in the middle lamellar area of
abscising cells, may have its genesis from two possible
areas: (1) movement from intercellular spaces of the cell
walls; and (2) cytoplasmic synthesis and subéequent movement
of the enzymes into the middle lamellar area, The inter-
cellular spaces of the cell walls between adjacent cells are
consistently stained for peroxidases, with the staining
being more intense in the three and five hour ethylene-
treated tissue. It is transported out into the middle
lamellar region as abscission proceeds during the five hour
time course period. The second consideration takes into
account the possibility of cytoplasmic synthesis of new
enzyme protein, which subsequently is transported out of
the cytoplasm into the cell wall where it would then par-
ticipate in the cell wall dissolution that occurs as

abscission takes place,
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Endoplasmic Reticulum

Diaminobenzidine~stained control tissue does not
show deep staining in the endoplasmiec reticulum (Figure
23A; Figure 23B). The strands are not unusually long
{(Figure 23A). This would indicate that in non-abscising
control tissue there is little synthesis of new proteins
occurring in association with the rough endoplasmic
reticulum, However, in the three and five hour ethylene-
treated flower pedicel tissue, there is more intense
diaminobenzidine staining of the rough endoplasmic reticu-
lum, particularly at five hours (Figure 24; PFigure 258),
The rough endoplasmic reticulum of the five hour tissue
also is composed of unusually long strands in close prox-
imity to the cell walls (Figure 25B). The rough endoplas-
mic reticulum staining is inhibited by 0,02M potassium
cyanide (Figure 29) but not by aminotriazole (Figure 28),
Due to the deep staining for peroxidase in the rough endo-
plasmic reticulum of the three and five hour ethylene-
exposed tissue, it is suggested that increased peroxidase
and perhaps other protein synthesis are occurring during
this period, These findings in regard to rough endoplasmic
reticulum, are in agreement with those of Valdovinos et al,,
(1971) wherein a marked increase in rough endoplasmic
reticulum was observed in the three and five hour ethylene-

treated flower pedicels,
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Golgi Apparatus

The Golgi apparatus of diaminobenzidine-treated
control tissue are not stained deeply for peroxidase (Fig-
ure 30)., The intensity of the diaminobenzidine reaction
within the Golgl apparatus is not appreciably altered by
potassium cyanide or aminotriazole (Figure 31A; Figure 324;
Figure 32B; Figure 32C; Figure 32D)., There is no indication
that the control tissue have Golgi undergoing increased
synthetic activity. The Golgi apparatus of the five hour
ethylene~treated pedicels are more intensely stained for
peroxidase than are the controls (Figure 31B). However, the
Golgi vesicles are more compact and the cisternae appear
to be uniformly stained (Figure 31B).

The diaminobenzidine staining is especially intense
in the Golgi cisternae with some stéining occurring in the
vesicles (Figure 31B). There appears to be a heightened
need for peroxidase synthesis and/or mobilization occurring
in the Golgi areas during the three to five hour interval
of applied ethylene. The diaminobenzidine staining of the
Golgi indicates that they are involved in the movement of

peroxidases from the cytoplasm of the cell out into the cell walls,
The significance of Peroxidases in Abscission Processes
Spectrophotometric measurements indicate that ap-

plied ethylene causes a change in the levels of peroxidase

activity in abscission zone tissue over a five hour time
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couse period (Figure 2). The rise in peroxidase activity
begins after three hours, reaching a peak at four hours,

with an increase in activity beitween four and five hours
(Figure 2). The present experiments show peroxidase activity
to peak after the cortical tissue has been exposed to ethy-
lene for four hours (Figure 2; Figure 3). It is interesting
to note that there is a gradual increase in peroxidase activ-~
ity between three and four hours corresponding to the time
period where the cells across the abscission zone begin to
require less break-strength (Figure 9). The increase in per-
oxldase activity and the concomitant decrease in break-
strength, both at three hours, imply that peroxidase partici-
pates in the chemical events involved in the rupturing of the
cells in the abscission zone, It is difficult to ascertain
whether the actual bulldup of peroxidase activity orecedes
the start of the decrease in break-strength, as there may dbe
enzymatic synthesis which occurs prior to three hours, but
becomes detectable only in the three hour tissue samples, If
the rise in peroxidase activity actually precedes the fall in -
break-strength, then peroxidase may participate in triggering
the onset of abscission, accerding ‘to Lewis and Varner (1970).
However, if the rise in peroxidase activity parallels the
beginning of the decrease in break-strength, as appears to be
the case in the present stydies, peroxidase may participate
in the cell wall dissolution phenomena without having been
responsible for actually triggering the start of abscission,
The marked increase in peroxidase activity, observable after

four hours of ethylene treatment, may be due to: (1) de nove
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synthesis of new peroxidase isozymes; (2) an increase in
the mobilization of previously inactive peroxidases that
are activated by the applied ethylene; or (3) a translation
of existing messenger RNA, With respect to de novo per-
oxidase synthesis, it is possible that it may be occurring
at the rough endoplasmic reticulum areas with subsequent
packaging at the Golgi apparatus, followed possibly by
translocation of the enzymes intc the regions of the cell
walls, Experiments showing an increase in the number of
peroxidase isozymes, after exposure to ethylene (Gahagan
et al,, 1968; Imaseki et al., 1968; Ridge and Osborne,
1970), indicated the probability of de novo synthesis of
new peroxidase isozymes, Also, de novo synthesis is further
indicated as the increase in peroxidase activity was inhib-
ited by both actinomycin D and Cycloheximide (Gahagan et
al,, 1968; Imaseki et al,, 1968; Ridge and Osborne, 1970).
Gahagan et al,, (1968) found that Cycloheximide was more
effective than actinomycin D in inhibiting peroxidase activity.
In the present studies, when the flowér pedicel was
divided into proximal, distal, and abscsission zone segments,
the abscission zone tissue still possessed the greatest
amount of peroxidase activity (Figure 3). The distal tissue
had the next highest amount of peroxidase activity (Figure
L), with the proximal segments showing the lowest amount of
peroxidase activity (Figure 5). The peak of peroxidase
activity in the abscission zone and distal segments occurs:’

after four hours of exposure of the tissue to ethylene.
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This indicates that there is an increase in peroxidase
activity in the abscission zone tissue and a possible corre-
lation between this peak level of peroxidage and the
decreased requirement of break-strength (26.4 grams),

A group of compounds known as phenolics (caffeic
acid, chlorogenic acid, and 2,4-dichlorophencl) may be
involved in the abscission process by serving as inhibitors
or promotors of the cell dissolution that is an active part
of absecission (Schwertner and Morgan, 1966), The phenolics
may also be involved in the genesis of peroxidases and their
substrates and therefore may be considered as possible
precursors of peroxidase (Tomaszewska, 1964; Schwertner and
Morgan, 1966).

Tomaszewska (1964) reported that phenolic compounds

regulate abscission in Leutzia wilsonii and Schwertner and

Morgan (1966) indicate a role for phenolics in cotton
(Gossypium hirsutum) abscission. However, in an examination

of bean (Phaseolus vulgaris) and Coleus blumei explants,

Gahagan et al., (1968) found no evidence which indicated
phenolics to have an effect on abscission. There are con-
flicting reports on the effects of phenolic compounds on
cotton abscission, Greenblatt (1965) studied the effects
of dichlorophenol, caffeic acid, and catechol, on cotton
abscission. He found that abscission was accelerated by
caffeic acid and catechol but was not affected by manganese
ion and dichlorophenol,, Schwertner and Morgan (1966) found

that caffeic acid and catechol did not accelerate cotton
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abscission. The precise mechanism of phenolics in cotton
abscission remains to be clarified, Gahagan et al,, (1968)
added indoleacetic acid to Coleus blumei explants, pre-
treated with phenolic compounds (either caffeic acid, p-
coumaric acid, or dichlorophenol). The found that the
presence of indoleacetic acid oxidase cofactors, dichloro-
phenol and p-coumaric acid, did not accelerate abscission

of indoleacetic acid-treated Coleus blumei explants (Gahagan

et al,, 1968)., If added indoleacetic acid causes an increase
in ethylene production within Coleus blumei explants,

Gahagan et al., (1968) reasoned that any compound that would
decrease the level of indoleacetic acid oxidase would inhibit
abscission and cause an increase in ethylene evolution
(Gahagan et al,, 1968), The results were conflicting as it
was observed that caffeic acid inhibited abscission but did
not promote the evolution of ethylene (Gahagan et al.,, 1968).
Gahagan et al., (1968) rule out a role for indoleacetic acid

oxidase in abscission of Coleus blumel explants.

The role of ethylene in affecting the mode of auxin:
action may be through a direct effect of applied ethylene on
diffusable auxin levels (Burg and Burg, 1968; Hall and Morgan,
1964; Morgan et al., 1968; Osborne and Mullins, 1969;
Valdovinos et al., 1967). It is also a possibility that
applied ethylene may influence the levels of auxin conjugation
(Cracker et al,, 1970; Ernest and Valdovinos, 1971). In the
experiment of Cracker et al., (1970) indoleacetic acid was

applied for one hour to bean (Phaseolus vulgaris) explants
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and abscission was inhibited during an eight hour aging

period. When indoleacetic acidr-luc was used, it was
suggested that the applied indoleacetic acid became conju-
gated, which presumably acecounts for the decreased ability
of indoleacetic acid to inhibit abscission longer than eight
hours (Cracker et al., 1970). Application of indoleacetic
acid inhibited abscission for the entire eight hour period of
the experiment after a one hour application (Cracker et ail,,
1970)., It was suggested that indoleacetic acid can inhibit
the loss of break-strength if it is available to the plant
at any time before the processes of delayed aging are completed
in the explant tissue (Cracker et al,, 1970). These authors
suggest that abscission is not due to auxin translocation or
auxin destruction, but to inecreased auxin conjugation
(Cracker et al,, 1970). Auxin could simply be unavailable to
act to prevent abscission (Cracker et al., 1970). 1In this
view, indoleacetic acid destruction is regarded as merely one
of the participating factors in aging (Cracker et al,, 1970),.
Galston and Baker (1951) suggest that indoleacetic acid
oxidase is made up of a combination of enzymes: a light-
activated flavoprotein oxygenase capable of producing
hydrogen peroxide from some unknown substrate, plus a
peroxidase which can use oxygen from the peroxide for the
oxidation of indoleacetic acid., Siegel and Galston (1955)
suggest that indoleacetic acid itself may be the actual
peroxidase substrate and thereby provide a peroxidase source

for its own destruction, Pilet and Galston (1957) studied
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indoleacetic acid oxidase activity in meristematic tissue

of lentil roots and found that the enzyme activity was
limited by a phenoliec cofactor., The authors suggest that
the cofactor may control tissue response to auxin and thus
qualify as a true "aging factor" (Pilet and Galston, 1957).
In this view, the older tissues have a higher cofactor
concentration, causing increased indoleacetic acid oxidase
activity, thereby preventing any response to indoleacetic
acid, and these factors lead to increased aging of the cells
(Pilet and Galston, 1957). Since young cells do not possess
the cofactor and are unable to produce peroxide, indoleacetic
acid can cause an increase in the genesis of peroxide, which
means that it may be giving rise to the peroxide that is
involved in its own destruction (Pilet and Galston, 1957).
This interpretation of indoleacetic acid oxidase action does
not take into consideration the possible effect of applied
ethylene on the mode of action of the enzyme (Gahagan et al.,
1968), Galston et al,, (1950) indicate that indoleacetic
acid does give rise to the peroxide regquired for its own'
destruction; they suggest that scopeletih, by its own auxin-
sparing action, stimulates auxin, thereby inhibiting growth
at low levels and promoting growth at high concentrations
(Galston et al.,, 1950), However, the mode of action of
indoleacetic acid oxidase and its relationship to peroxidase
may not necessarily be at the transcription or translational
level,

The present studies indicate that there is a marked
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increase in soluble protein in the proximal abscission zone
tissue with four hours of ethylene (5‘ﬂ1/1) treatment (Figure
8)., The levels of soluble protein in abscission zone tissue
(Figure 6) and in distal tissue (Figure 7) under the same
conditions, are much lower, There appears to be a trans-
location of soluble protein out of the abscission zone with
movement into the proximal tissue as the processes of
abscission ocecur, Scott and Leopold (1966) suggest that,

in excised bean (Phaseolus vulgaris) petioles, the mobili-
zation of protein from the distal to the proximal portion

of the petiole may trigger the developmental processes of
abscission. At the present time, the reason for the appearance
of no new peroxidase isozymes in abscission cells has not

been fully clarified and warrants further study.,



SUMMARY

The present studies indicate that peroxidase is
localized in certain areas of the abscising and non-
abseising cortical cells of tobacco {(intercellular spaces
and middle lamellar areas of the cell walls, rough endo-
plasmic reticulum, and Golgi apparatus). The localization
of peroxidase in these particular cellular areas suggests
the possibility that de novo peroxidase synthesis is occurring
at the rough endoplasmic reticulum sites with subsequent
‘packaging at the Golgi apparatus, followed possibly by
movement of the enzymes into the areas of the cell walls,
The peroxidase may then serve in some manner to begin the
processes of cell degradation and dissolution that are to
ocecur in the abscising cells. .

There does not appear to be a significant alteration
in the structure of mitochondrié, chloroplasts, and nucleil
during the five hours of ethylene treatment--in terms of
peroxidase activity--in comparison to untreated controls,
The single membrane-bound granular component of the
chloroplasts, the rough endoplasmic reticulum, the Golgi,
and the middle lamellar region of the cell walls, show
positive peroxidase staining in the presence of diamino-

benzidine., However, the proliferation of peroxidase

92
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staining in rough endoplasmic reticulum is particularly
intense in the three and five hour ethylene-treated tissue,
The cell wall middle lamellar area and intercellular spaces
of the cell wall stain more intensely for peroxidase in
three and five hour ethylene-treated tissue than in untreated
controls, Examination of the microtubules and plasmodesmata
does not reveal a difference between ethylene-ireated and
untreated controls (Table 1),

When a comparison is made between tissue stained in
diaminobenzidine at the usual pH of 9,0 and the acidic one
of 6.0, the only observable change at the lower pH is the
positive cytochrome oxidase staining of the intracristae
mitochondrial membranes, In addition, the lower pH mito-
chondria show structural alterations in abnormal swelling
and distrubances in the cristae arrangement. While the
electrophoretic data suggest that ethylene treatment does not
necessarily cause the induction of new peroxidase iscozymes,
ethylene may cause de nove synthesis and enhance the amount
of peroxidase isozymes originally present within the tissue,

Spectrophotometric studies indicate an increase in
peroxidase activity between three and five hours after
treatment of pedicels with ethylene. A comparison of the
break-strength data and peroxidase levels in ethylene-treated
cortical tissue suggests that the initial increase in peroxi-
dase activity may not significantly precede the onset of the
decline in break-strength, Thus a triggering role cannot be
definitely ascribed to peroxidase, but the increase in

peroxidase activity between three and five hours indicates
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TABLE 1.

Control and ethylene-treated cortical tissue was stained
in five different types of media: (1) DAB: (2) DAB w/o
Hy0,1 (3) domplete medium w/o DAB; (4) DAB plus KCN; and
(5) DAB plus aminotriazole., The respective tissue samples
were examined for staining intensity at 2, 3, and 5 hours,

Incubations were at pH 9,0 and 6,0 respectively,

Legend for figures used in Table 1:

Mmoo s om e microbody

Ch, Men,-«==——emceweemn= chloroplast membrane

Ch, Gr, COmMp,====——mw=- single membrane-bound granular component
CWemem e e s e cell wall

RERmucmm e r e e e am rough endoplasmic reticulum
GOo=—mmwrmreme e, ——————— Golgl

Micmmmdumemen oo ———— mitochondria

Plecmcmc e e e plasmodesmata

|\, SO —— aminotriazole
Crmmmcrmmmrernrnen————- controle tissue

2,3, and 5 hours----- time tissue was exposed to 5}41/1

of ethylene



TABLE 1. DIAMINGBENZIDINE STAINING INTE

NSITY OF CELLUL
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NA TABACUM L.
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that peroxidase isozymes may in some way participate in

the cell wall dissolution processes that accompany ab-
scission., Ethylene induced abscission in tobacco may
involve alteration of the movement of auxin (increased
conjugation and mobilization), concomitant with the increased
gynthesis and release from inhibition, of the peroxidase
isozymes that are thought to participate in the rupture of
cells comprising the abscission zone,

The present research suggests several further areas
of investigation, It is important to examine the possible
relationship between lignin and peroxidase, Previous re-
search has implied that peroxidase-like phenolics are in-
volved in lignin biosynthesis (Siegel, 1953)3; however, in
lignin breakdown and cell wall dissolution, the role of
peroxidases has yet to be clarified, It is worthwhile to
examine the role of ethylene in lignin biosynthesis since
ethylene can cause an increase in peroxidase activity and
may thereby exert an indirect effect on lignification by
enhancing the levels of phenolics and peroxidases. Lastly,
further study is needed to investigate the role of peroxi-
dases such as indoleacetic acid oxidase in terms of the
ability of indoleacetic acid oxidase to regulate the levels
of endogeneous auxin, It is possible that some of the
metabolic effects attributed to peroxidase may indeed
involve alteration of the levels of auxin through auxin
destruction, conjugation, or sparing mechanisms, Inherent in

all of the suggested avenues for further research is the need
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to attempt to clarify the manner in which ethylene interacts
within the tissue. The exact role of ethylene interaction
in relation to auxin levels, protein synthesis, lignin
biosynthesis, and peroxidase enzymatic activity is still
unclear, Further clarification of the aforementioned
suggested areas for future research will help to explain
the physiological and fine structural alterations that

occur during the course of abscission,



Abeles,
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APPENDIX A

ELECTRON MICROSCOPIC, ELECTROFHORETIC,
AND SPECTROPHOTOMETRIC ASSAY PROCEDURES

Schedule I, Glutaraldehyde Fixation

1.

Phoéphate buffer, pH 7.2

0.1M KH,PO, 13 ml,

0,1M NazHP04 37 ml,

One and one-half ml. of 50% glutaraldehyde solution
is added to 23.5 ml, of phosphate buffer, pH 7.2 to
give a final solution of 3% glutaraldehyde.

Plant tissue was collected zand immediately immersed
in 3% glutaraldehyde solution for 1 hour at 4 degrees
c.

Two mm tissue sections were sectioned into four
smaller pieces and rinsed six separate times with
0.1M phosphate buffer, pH 7.2, in order to completely
remove all of the glutaraldehyde from the tissue.

Schedule II, Osmium Fixation

1.

Two percent osmium tetroxide was prepared by diluting
a 4% osmium tetroxide solution one to one with 0,1M

phosphate buffer, pH 7.2.
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2. The +tissue sections were incubated in this solution

for 1 hour at 4 degrees C.

Schedule IXII. Dehydration

1. The tissue sections were removed from the 2% osmium
tetroxide solution and put into 50% ethanol for 5
minutes.

2. The tissue sections were subsequently incubated as

follows:
Time Incubation Medium

5 minutes 70% ethanol

5 minutes 95% ethanol

5 minutes 100% ethanol

5 minutes 100% ethanol

5 minutes 100% ethanol

5 minutes propylene oxide
(Do not use near open
flame--~use when cold)

5 minutes propylene oxide

5 minutes propylene oxide

Schedule IV. Epon Embedding
1. Preparation of mixture A:
62 cc of Epon 812
100 cc of dodecanyl anhydride
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2, Preparation of mixture B:
100 cc of Epon 812
89 cc of nadic methyl anhydride

3. Mix 3 parts A with 2 parts B and stir thoroughly.

L, Add 0.2 ml of dimethylaminophenol (DMP-30) per 10 ml
of Epon mixture,

5 Mix thouroughly, preferably in a room with very low

humidity and store at 4 degrees C, until ready for use,

Schedule V, Diaminobenzidine (DAB) Staining Procedure

1. Diaminobenzidine medium:
10 mg of 3,3'-diaminobenzidine tetrachloride
0.1 ml of 3% 2-amino-2-methyl-l, 3-propandiol buffer,
PH 9,0 or pH 6.0 for incubations at the lower pH,
2. The 0,1 ml of 3% hydrogen peroxide is added just before
tissue sections are to be incubated,
3. Tissue sections are incubated at 37 degrees C for
1 hour.
b, Other tissue sections were incubated in the following
mediums:
a) Complete DAB medium without hydrogen peroxide
b) Complete medium without DAB
¢) Complete DAB medium containing 0,02M 3-amino-1,2,4-
triazole
d) Complete DAB medium containing 0,02M potassium
cyanide
5. After incubation, the tissue sections were carried

through the osmium tetroxide fixation, dehydration,
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and Epon embedding procedures,

Schedule VI, Spectrophotometric Assay for Peroxidase

1.

2,

3.

Standard cuvette solutions

1.3 ml1 of 0.1N hydrogen peroxide

1.3 ml of 0,5% guaiacol

0.8 ml of distilled water

Experimental cuvette:

1.3 ml of 0.1N hydrogen peroxide

1.3 ml of 0.5% guaiacol

0.8 ml of enzyme supernatant solution

Hydrogen peroxide is added just before optical density
readings are to be made,

Optical density readings are performed at 460 nm
with color development measured at 5 second intervals

for 3 minutes per individual enzyme sample.

Schedule VII, Protein Determination

1.

24

Reagent A:

2 percent Na2C03 in 0,1N NaOH

Reagent B:

0.5 percent CuSOu.SHZO in 1 percent sodium or potassium
tartrate,

Reagent C:

Alkaline copper solution-mix 50 ml of reagent A with

1 ml of reagent B, Discard after 1 day.

Reagent E:

1N Folin reagent
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Standard Curve:

0.2 ml of bovine serum albumin (prepared in dilutions
from 10 to 350 gamma at 10 gamma intervals)

1,0 ml of reagent C

Mix and let stand 10 minutes at room temperature

Add 0.1 ml of reagent E (1N Folin) and mix rapidly

in 2 seconds and let stand for 30 minutes

The standard curve for bovine serum albumin was made

over a range from 10 to 350 gamma of protein,

Experimental Protein Determination

1.

5

Cuvette contains 0.2 ml of enzyme supernatant solution
plus 1,0 ml of reagent C, Mix and let stand for 10
minutes at room temperature,

Add 0.1 ml of reagent E (1N Folin), mix rapidly in

3 seconds and let stand for 30 minutes. Sample is
ready to be read in spectrophotometer,

Blank cuvette contains 0.2 ml of distilled water insteéd
of the enzyme supernatant solution,

Color change is read at ?56 nm on a Beckman model

DU spectrophotometer,

The ~ptical density readings from the sample cuvette
was compared t¢ the standard bovine serum albumin
curve to give protein concentrations in terms of mg

of protein per gram fresh weight of tissue,
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Schedule VIIT, Electrophoresis

1, Solution At

1N HCl 24 ml
TRIS 18,15 am
TEMED 0.12 ml

Add distilled water to 50 ml,
2. Soclution B:

1N HC1 24 ml
TRIS 2,99 gm
TEMED 0.23 ml

Add distilled water to 50 ml,
3. Solution C:

Acrylamide 5 gm

BIS 0.364 gm

Add distilled water to 50 ml,
b, Solution D:

Acrylamide 5 gm

BIS . 1.25 gm

Add distilled water to 50 ml,
5. Solution E:

Riboflavin 2 mg

Add distilled water to 50 ml,
6, Solution F:

Sucrose 8 &m

Add distilled water to 20 ml,
7 Solution of ammonium persulfate:

0.14 gm of ammonium persulfate with additional distilled
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10,

11.

12,
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water to 100 ml,

Separating Gel:

Solution A _ 1l part
Solution C 2 parts
Distilled water 1 part

Ammonium persulfate solution 4 parts

Spacing Gel:

Solution B 1 part
Solution D 2 parts
Solution E 1 part
Solution F 4 parts

Tracking Dye:
5 mg bromophenol plus distilled water to 100 ml
Gel Stains:. O-dianisidine
Ortho-~dianisidine (3,3'-dimethoxybenidine) 250 mg
95% ethyl alcohol 140 mg
Acetate buffer, pH 4,7 (0.88M sodium acetate

and 0;62M glacial acetic acid) 20 ml
36 ml1 of distilled water
Add 5 nl of 3% hydrogen peroxide just before immersing
gels in stain for 20 minutes. Transfer gels to
distilled water,
Buffer, pH 8.5
TRIS 6.0 gn
Glycine 28,9 gn
Add distilled water to 2 liters, Adjust to pH 8.5.
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Schedule IX. Spectrophotometric Peroxidase Assay

1.

The reaction involves the oxidation of guaiacol in

the presence of hydrogen peroxide,

The increase in intensity of the brown reaction product
can be followed in a spectrophotometer at 460 nm,

1,3 ml of 0,1N hydrogen peroxide is added to the cuvette
containing the enzyme supernatant and optical density
readings are taken at 5 second intervals,

Enzyme activity is expressed in terms of the increase
in absorbance units per ten seconds over the linear
portion of the reaction curve on a gram per fresh
weight basis, The linear portion of the respective

reaction curves was chosen between 70 and 150 seconds.



EXPLANATION OF FIGURES

CH=w»===Chloroplast
CWeome Cell wall
CY=====Cytoplasm
ER~==~=Endoplasnmic reticulum
GC »~===Go0lgi cisternae

GO e Golgi apparatus
GR~====Granular component
GV —=emm Golgi vesicle
IN-~e=~Intercellular space
MB~====Microbody

MIcow=- Mitochondrion
MLer-==iddle lamella
MT===-=-Microtubule

NLewer= Nucleolus

NMem=-==Nuclear membrane

NUmeom= Nucleus
PFecme~ Phyto-ferritin
PlLewa== Plasmodesma

PMw~==--Plasma membrane
RER-~=-Rough endoplasmic reticulum
RI~~--~Ribosome

SB-wm===Starch body
TH====-=Thylakoid

VAm=~==Vacuole
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Fig, 12, A 1light microscopic view of tissues comprising
the region of the pedicel where separation occurs during
abscission. An indentation of epidermal tissue deliniates
the abscission-zone. The -separation processes that take
place during abscission occur between cells, 6-8 tiers in a
distal direction with respect to the center of the abscission
zone, The cortical cells of the abscission layer are smaller
in size than cortical cells on either side of the layer.
Non~ethylene and non-diaminobenzidine-treated control tissue,
fixed in 3% glutaraldehyde in phosphate buffer, pH 7.2 and

stained with osmium tetroxide, Approximately X3,000,
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Fig, 13. A light microscopic view of abscission
zone cortical tissue showing the area of separation
(arrows) with cortical cells on either side of the
separation area., Three hour ethylene-treated
pedicel tissue, fixed in 3% glutaraldehyde (phos-
phate buffer, pH 7.2) and stained with osmium,

Approximately X2, 500,
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Fig., 14, Control cortical tissue fixed in paraformaldehyde-
osmium tetroxide and incubated in diaminobenzidiné. This
non-abscising tissue shows peroxidase reactive sites throughout
the cell wall (CW) area, with particularly dense concentra-
tions in the intercellular spaces of the cell walls., The
mitochondria (MI) do not show cytochrome oxidase staining
sites, The single membrane-bound granular component (GR) of
the chloroplast (CH) show positive diaminobenzidine staining

for peroxidase., No post-staining. Approximately X25,000,
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Fig, 15. Diaminobenzidine stained cortical tissue pre-
treated with 54Hl/1 of ethylene for three hours. The peroxide
reaction product is particularly dense in the intercellular
spaces (IN) of the cell walls (CW). The mitochondrial membranes
(MI) do not stain for cytochrome oxidase, The endoplasmic
reticulum (ER) is not appreciably stained for peroxidase,

Two dividing chloroplasts (CH) contain thylakoids (TH) that
appear to be moderately dense, The cytoplasm (CY) does not
stain for peroxidase, Osmium tetroxide fixation with uranyl

acetate post-staining. Approximately X51,000,
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Fig. 16, A portion of cortical tissue treated for three
hours with qﬂl/i of ethylene prior to being incubated in
diaminobenzidine, The peroxidase reaction product is spread
throughout the cell wall (CW) area with heavy granular concen-
trations in the middle lamellar (ML) region of the cell wall.
Mitochondria (MI)} are located in the cytoplasm (CY) near the
cell wall but do not stain for eytochrome oxidase in either
the inner or outer membranes as the tissue was incubated at
the usual alkaline pH of 9.0 Osmium tetroxide fixation with-

out uranyl acetate or lead citrate post-staining. Approximately

X55,500.
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Fig, 17. Five hour ethylene-treated cortical tissue
shows intense peroxidase reaction product in the abscising
cell, The peroxidase stain is concentrated in the middle
lamellar (MI.) area of the cell wall (CW) undergoing disso-
lution as abscission occurs. The plasma membrane (PM) is
still intact and does not show peroxidase reaction sites,
The mitochondrial membranes (MI) do not show positive
reaction sites for cytochrome oxidase activity. The cyto-
plasm (CY) does not show evidense of peroxidase staining
sites. Osmium tetroxide fixation without post-staining.

Approximately X63,000,
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Pig. 18. Control tissue incubated in diaminobenzidine
with 0,02M potassium cyanide, The chloroplast (CH) con-
tains a single membrane~bound granular component (GR) that
is not appreciably inhibited by potassium cyanide. Several
thylakoids (TH) of the chloroplast are situated close to
the single membrane-bound granular component (GR). The
thylakoid (TH) membranes appear to be continuous with the
single membrane surrounding the granular component, Only
a portion of the cell wall (CW) is visible due to section
angle, The cytoplasm does not stain for peroxidase,
Potassium cyanide does not completely inhibit the formation
of peroxidase reaction product in the cell wall (CW). Os-
mium tetroxide fixation with uranyl acetate post-staining,

Approximately X71,500,
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Fig, 19A. Cortical tissue of the abscission zone treated
with 5}.'1/1 of ethylene for three hours, followed by incubation
in diaminobenzidine with 0.02M potassium cyanide., The cell
wall (CW) area staining for peroxidase is not appreciably
inhibited by potassium cyanide, The nucleus (NU) and nuclear
membrane (NM) are visible in the cell, The mitochondria

(MI) in the cytoplasm (CY) do not stain for cytochrome
oxidase, A vacuole (VA) is also present in the cell, Osmium
tetroxide fixation with no post-staining. Approximately

X67, 500,

Fig, 19B, Cortical tissue of the abscission zone treated

with %Hl/i of ethylene for five hours, followed by incubation

in diaminobenzidine with 0,02M potassium cyanide, Potassium
cyanide does not appreciably inhibit cell wall (CW) staining
for peroxidase, A chloroplast (CH), microbody (MB), and

rough endoplasmic reticulum (RER) are present in the cyto=~
plasm (CY), The rough endoplasmic reticulum is partially
inhibited by potassium cyanide, The plasma membrane (PM)

is visible along the cell wall (CW). The microbody (MB)

does not show appreciable staining in the presence of potassium
cyanide, Osmium tetroxide fixation, Uranyl acetate post-

staining. Approximately X67,540,
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Fig, 20. Diaminobenzidine-stained portion of non-abscising
control cortical tissue demonstrating intense positive
diaminobenzidine reaction product within the granular com-
ponent (GR) of the chloroplast (CH) and within the micro-
bodies (MB). The chloroplast (CH) contains thylakoids (TH)
which are less dense than the granmular component (GR). The
microbody cores (MB) show granularity and the cytoplasm (CY)
has a granular consistency. The mitochondrial membranes (MI)
do net stain positive for cytochrome oxidase. The cell wall
(CW) shows a small amount of peroxidase reaction product.
Phyto~ferritin granules (PF) are situated within the matrix
of the chloroplast (CH), Osmium tetroxide fixation without

post-staining. Approximately X43,500.
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Fig, R2l1A. A portion of control cortical cell tissue
incubated in diaminobenzidine medium contianing 0,02M 3-
amino-l,2,4-triazole, The two closely oppressed micro-
bodies (MB) demonstrate the lack of positive diaminobenzidine
staining which indicates suppression of catalase activity,
The microbody cores (MB) appear dark and the lack of granu-
larity is indicative of the negative diaminobenzidine
reaction, The membranes of the microbodies (MB) are incom-
plete and this condition is due to section angle. Mito-
chondria (MI) situated in the cytoplasm (CY) do not stain
for cytochrome oxidase, Osmium tetroxide fixation with

uranyl acetate post-staining. Approximately X61,000,

Fig, 21B, Control cortical tissue incubated in diaminoe
benzidine with 3-amino-1,2,4=-triazole, The microbody (MB)
within the cytoplasm (CY) is almost completely inhibited for
catalase activity in the presence of aminotriazole, A
chloroplast (CH) is visible with thylakoids (TH), a starch
body (SB), and granules of phyto-ferritin (PF) within the
matrix portion of the chloroplast. Osmium tetroxide fixation

with no post-staining., Approximately X61,000,
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Fig. 22, Control cortical tissue incubated in diamino-
benzidine with 0.02M potassium cyanide. The simgle membrane-
bound granular component (GR) of the chloroplast (CH) is not
appreciably inhibited for peroxidase staining reaction,
Thylakoids (TH) and osmiophilic droplets (0D) are present in
the matrix of the chloroplast, Mitochondria (MI) are present
in the cytoplasm (CY) and do not stain positively for cyto-
chrome oxidase, Osmium tetroxide fixation with no post-

staining. Approximately X70,000,
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FPig., 23A. A portion of control cortical tissue, incubated
in complete medium minus diaminobenzidine, shows the absence
of peroxidase staining reaction product within the single
membrane-bound granular component (GR) of the chloroplast
(CH)., A starch body (SB), thylakoids (TH), and osmiophilic
droplets (0OD) are present in the matrix portion of the
chloroplast. Segments of endoplasmic reticulum (ER) are
present in the cytoplasm (CY) in the vicinity of the cell
wall (CW). A vacuole (VA) is also present in the cytoplasm
(CY) of the cell., Osmium tetroxide fixation with no post-

staining. Approximately 61,000.

Fig. 23B, Control cortical tissue incubated in diamino-
benzidine, The single membrane-bound granular component
(GR) of the chloroplast (CH) stains weakly for peroxidase,
The single membrane is not visible over the entire circum-
ference of the granular component (GR) due to section angle,
Granular deposits of phyto-ferritin (PF) and thylakoids

(TH) are present in the matrix of the chloroplast. Moderate
peroxidase staining occurs throughout the cell wall (CW)
area, Mitochondria (MI) are present in the cytoplasm (CY),
A small microbody (MB) is present near a chloroplast (CH)
and stains positive for catalase, Osmium tetroxide fixation
with uranyl acetate and lead citrate post-staining, Appfox—

imately X61,000,
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Fig. 24, Cortical tissue treated with 5ﬁ1/1 of ethylene
for five hours prior to incubation in diaminobenzidine, The
rough endoplasmic reticulum (RER) stains positive for peroxi-
dase activity along the length of the segments. Concentra-
tions of peroxidase reaction product afe.present in the cell
wall (CW) and intercellular spaces (IN) of the cell walls,
The mitochondrial membranes (MI) do not stain positive for
eytochrome oxidase, Rough endoplasmic reticulum (RER) and
Golgi (GO) stain positive for peroxidase, A nucleus (NU),
nucleolus (NL) and double nuclear membrane (NM) do not show
positive peroxidase reaction product, Osmium tetroxide
fixation with uranyl acetate post-staining., Approximately

X27,000,
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Fig. 25A. Control cortical tissue incubated in diamino-

benzidine, The single membrane~bound granular component

(GR) of the chloroplast (CH) stains for peroxidase. Osmio-
philic droplets (0D) and thylakoids (TH)} are present in the
matrix of the chloroplast. Rough endoplasmic reticulum (RER)
and mitochondria (MI)} are present in the cytoplasm (CY) of
the cell, Several segments of rough endoplasmic reticulum
(RER) are present in the cytoplasm (CY) near the cell wall
(CW) and do not show appreciable peroxide staining reaction
product., Osmium tetroxide fixation with uranyl acetate and

lead citrate post-staining. Approximately X73,500.

Fig., 25B. Cortical tissue treated with 5;;1/1 of ethylene
prior to diaminobenzidine incubation. There is a prolifera-
tion of rough endoplasmic reticulum (RER) after five hours of
ethylene exposure, Ribosomes (RI) are visible along the
segments of rough endoplasmic reticulum (RER). The segments
of rough endoplasmic reticulum (RER) appear to be longer in
ethylene-treated than in non-ethylene-treated pedicel tissue.
Mitochondria (MI) are present in the cytoplasm (CY) of the
cell, A chloroplast (CH) with osmiophilic droplets (CD) in
the matrix portion of the chloroplast is visible in the cell,
Osmium tetroxide fixation with no post-staining. Approximately

X73,500.
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Fig. 26A. Control cortical tissue incubated in diamino-
benzidine medium at pH 6.0, The mitochondrial membranes (MI)
show positive reaction sites for cytochrome oxidase activity.
There is also appreciable peroxidase stain in the intercellular
spaces (IN), Segments of rough endoplasmic reticulum (RER)

are present in the cytoplasm (CY). A portion of the nucleus
(NU) and nuclear membrane (NM) are visible and do not show
positive peroxidase reactive sites, Osmium tetroxide

fixation with uranyl acetate post-staining, Approximately

X4k, 000,

Fig. 26B. Controlmcortical tissue incubated in diamino-
benzidine medium at an acidiec ph of 6.0. There is deep
cytochrome oxidase staining reaction product in the inner
and intracristae membranes of the mitochondria (MI). The
single membrane-bound granular component (GR) of the chloro-
plast (CH) does not stain positive for peroxidase activity.
A deposit of phyto-ferritin (PF) is present in the cytoplasm
of the chloroplast. The thylakoids (TH) of the chloroplasts
do not stain positively for peroxidase. Osmium tetroxide

fixation with no post-staining. Approximately X45,000,
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Fig. 27. Diaminobenzidine stained cortical tissue shows
intense peroxidase reaction product in the single membrane-
bound granular component {GR) of the chloroplast (CH).
Segments of rough endoplasmic reticula (RER) are visible in
the vicinity of the cell wall (CW). The mitochondrial
membranes (MI) do not appear to stain positive for cytochrome
oxidase; however, it is possible that the post-staining has
rendered the membranes dark and the post-staining enhanced
darkening could mask any staining due to diaminobenzidine.
The chloroplast thylakoids (TH) appear to have an electron
density similar to the granular component (GR), Osmium
tetroxide fixation with uranyl acetate and lead citrate

post-staining. Approximately X29,000,
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Fig, 28, Control cortical tissue incubated in diamino-
benzidine with 0,02M 3-amino-1,2,4-triazole. The developing
granular component (GR) of the chloroplast (CH) is not com-
pletely inhibited by aminotriazole, indicating that peroxidase
is the enzyme being 1oca1ized. Granular deposits of phyto-
ferritin (PF) and thylakoids (TH) are present in the matrix
of the chloroplast, lMicrotubules (MT) are present in the
cytoplasm (CY) near the cell wall, Starch bodies (SB) are
present in the matrix of the chloroplast. The granular
appearance of the starch bodies (SB) is due to the uranyl
acetate post~-stain, Portions of a nucleus (NU) with a
double~stranded nuclear membrane (NM) are in close proximity
to the chloroplast, Segments of rough endoplasmic reticulum
(RER) are in the cytoplasm (CY) near the cell wall (CW) areas,
Osmium tetroxide fixation with uranyl acetate post-staining.

Approximately X63,000.
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Fig, 29, Cortical tissue treated with %Hl/i of ethylene
for five hours prior to inecubation in diaminobenzidine with
0.02M potassium cyanide, Osmiophilic droplets (0D),
thylakoids (TH), and a starch body (SB) are present in the
matrix of the chloroplast (CH)}. The single membrane-bound
granulérhcomponent (GR) of the chloroplast is not inhibited
by potassium cyanide and still stains positively for peroxi-
dase reaction product. Segments of rough endoplasmic
reticulum (RER) are present in the cytoplasm (CY). The cell
wall (CW) has a moderate amount of peroxidase reaction
product. A portion of a vacuole (VA) is also present.
Osmium tetroxide fixation with uranyl acetate post-staining.

Approximately X78,000,
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Fig, 30. Diaminobenzidine-stained cortical tissue showing
the presence of peroxidase reaction product in the middle
lamellar and adjacent portion of the cell wall (CW). The
plasma membrane is present along ‘the cell wall (GW).I The
Golgi (GO) is present in the cytoplasm (CY), The Golgi (GO},
Golgi vesicles (GV), and Golgli cisternae (GC) do not stain
for peroxidase, Osmium tetroxide fixation with uranyl

acetate post~staining., Approximately X78,000,
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Fig, 31A, Cortical tissue treated with énl/i of ethylene
for two hours prior to incubation in diaminebenzidine with
0.02M potassium cyanide, The inhibitor does not completely
mask the peroxidase reaction product in the Golgi vesicles
(GV) and in the Golgl cisternae (GC). A microtuble (MT) is
present in the cytoplasm (CY) near the plasma membrane (PM)
of the cell wall (CW). Osmium tetroxide fixation with uranyl

acetate post-staining. Approximately 67,500,

Fig., 31B. Cortical tissue treated yith éul/l of ethylene
for five hours prior to incubation in diaminobenzidine. The
Golgi (GO) in the cytoplasm (CY) have peroxidase reaction
product in both vesicular membranes (GV) and cisternae (GC),
Osmium tetroxide fixation with no post-staining. Approxi-

mately X47,500,
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Fig. 32A., Cortical tissue treated for five hours with %Hl/i
of ethylene prior to incubation in diaminobenzidine (DAB) with |
0,02M aminotriazole (AT)., Golgi (GO) composed of Golgi
cisternae (GC) and Golgi vesicles (GV) are situated in the
cytoplasm (CY). AT does not inhibit peroxidase staining,

Approximately X69,500,

Fig. 32B, Cortical tissue treated with %Hl/i of ethylene
for five hours prior to incubation in DAB with 0,02M AT,
There is no inhibition of peroxidase staining by AT in the
Golgi (GO), Golgi cisternae (GC), Golgi vesicles (GV), or
cytoplasm (CY). Approximately Xi49,000,

Fig. 32C. Cortical tissue treated with 5 F1/1 of ethylene
for five hours prior to incubation in DAB plus 0,.02M AT. AT
does not inhibit Golgi (GO), Golgi cisternae (GC), Golgi
vesicles (GV), or cytoplasm (CY). Approximately X149,000.

Fig. 32D, Cortical tissue treated with %Hl/l of ethylene

for five hours prior to incubation in DAB with 0.02M AT. AT
does not inhibit peroxidase staining in the Golgi (G0), Golgi
cisternae (GC), Golgi vesicles (GV), or cytoplasm (CY). Osmium
tetroxide fixation without post-staining in Figures 324A--32D.

Approximately X149,000,
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Fig., 33. A portion of control coritical tissue incubated
in diaminobenzidine. The single membrane~bound granular
component (GR)} of the chloroplast (CH) stains positive for
peroxidase. There is positive peroxidase reaction product
in the cell walls (CW) and in the intercellular spaces (IN),
A nucleus (NU) is present with a nucleolus (NL), There are
several mitochondria (MI) throughout the cytoplasm (CY).
Plasmodesmata (PL) are visible at several places along the
cell walls, Osmium tetroxide fixation without post-staining,

Approximately X15,000.
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Fig. 34, A portion of cortical tissue treated with %”1/1
of ethylene for five hours prior to incubation in diamino-
benzidine, Several plasmodesmata (PL) cross the cell wall
(CW) at different places, There is peroxidase staining in
the intercellular spaces (IN) of the cell wall, Phyto-
ferritin granules (PF) are present in the matrix of the
chloroplast (CH)., A single membrane~bound granular component
(GR) and the thylakoids (TH) demonstrate peroxidase reaction
product. Rough endoplasmic reticulum (RER) and mitochondria
(MI) are present in the cytoplasm (CY). The nuclear membrane
{NM) is visible surrounding the nucleus (NU). Golgi (GO)

are present in the ecytoplasm (CY). The Golgi (GO) and rough
endoplasmic reticulum (RER) show evidense of darkening but
the post-staining may be partially for some degree of
darkening, Osmium tetroxide fixation with uranyl acetate

post-staining, Approximately X31,000,
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