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Abscission has been of interest to botanists since
Mohl described it as early as 1860 (20). Many of
the early workers assumed that enzymes are involved
in the dissolution of the middle lamella as abscission
occurs (11, 12, 16, 17). As Addicott and Lynch in-
dicate -in their review of the physiology of abscission,
however, little has been done with the identification
of specific enzymes which may be involved in the dis-
solution reactions (2). Much of the current research
concerned with abscission deals with chemical sub-
stances which affect the process with little attention
to specific chemical reactions that may be involved.

Osborne has shown recently that the activity of
pectin methylesterase (PME) decreases when the
time for abscission of leaves in Phaseolus vulgaris
occurs normally or when abscission is induced by
chemical factors (23). Since the activity of PME is
affected by growth substances (4, 21, 26) which also
affect abscission (1, 25, 27), a role for PME in the
reactions involved in abscission is suggested.

The middle lamella is generally considered to be
pectic in nature (6, 13, 18). The middle lamella of
the abscission zone dissolves as floral abscission oc-
curs in Nicotiana (12, 28). In 1950 Facey reported
the results of experiments with Fraxinus cuttings
which identified water soluble pectin as the end prod-
uct of a series of reactions which occur as the calcium
pectate of the middle lamella is dissolved during ab-
scission (10). As early as 1918 Kendall reported the
appearance of pectin as abscission occurred in tobacco
flowers (12). The problem arises as to whether the
shifts from pectate to pectin as the middle lamella
dissolves is simply caused by a decrease in PME ac-
tivity or whether additional pectic enzymes are in-
volved.

The literature connected with pectic enzymes other
than PME is conflicting, including their actual oc-
currence in higher plants.
is the best known of these other enzymes. Kertesz is
doubtful of its occurrence in higher plants although
he cites several reports of its occurrence (15). De-
main and Phaff recently reported that instead of a
single pectin-polygalacturonase, there are several exo-

1 Received March 16, 1959.

Pectin-polygalacturonase

polygalacturonases specific for pectins of different
degrees of esterification and size of polymer and a
single endo-galacturonase (7) (8). Schubert (24),
Dingle et al (9), and Ayres et al (3) have reported
that endo-polygalacturonase is a complex of enzymes.
This complexity in the identification of specific pectin-
polygalacturonases may explain some of the conflict-
ing reports. McClendon and Somers have reported
the occurrence of two pectin-glycosidases with differ-
ent conditions required for activity (19). Kertesz has
postulated the occurrence of additional pectic enzymes
in general and describes one that he has named pectic
acid depolymerase (15). Although there is general
lack of information concerning pectic enzymes, it is
probable that there are one or more enzymes present
in abscission tissue which could act to dissolve the
cementing middle lamella.

The purpose of this investigation was to examine
the occurrence of PME in the abscission zone of
tobacco flowers and to note effects that various sub-
stances known to affect abscission might have upon its
activity (22, 29, 30). In addition, attempts were
made to duplicate in vitro the macerating effects pre-
sumably caused by pectic enzymes as abscission occurs
normally. These same substances which affect ab-
scission were studied as to their effect upon the macer-
ating activity of certain pectic enzymes.

METHODS

PME AnaLysis Little Turkish and Lizard’s Tail
varieties of Nicotiana tabacum were used throughout
the investigation in order that any varietal differences
associated with self and cross pollination mechanisms
could be observed. To determine the activity of
PME, a cross section of tissue 1 mm thick was re-
moved from the abscission zone of approximately 60
pedicels which abscised at touch. The PME activity
in the abscission tissue was compared to the activity
in tissue from the leaf, stem, petiole, and upper pedicel.
The fresh weights of these tissues were recorded after

. which they were ground in a mortar with acid-washed

white quartz sand. This preparation was added to a
19 pectin solution containing 0.1 N NaCl. This
mixture was agitated for 30 min while 0.1 N NaOH
was added to maintain a constant pH 6.8 as measured
by a glass electrode. ’
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The relative activity was computed using the
method proposed by Kertesz (14). The number of
milligrams of methoxyl groups that are split off dur-
ing the 30 min reaction period is obtained by multi-
plying the volume of alkali required by 3.1, the equiva-
lent molecular weight of the methoxyl group. The
resulting unit of relative activity is termed the PME
unit per gram of fresh tissue. Effects of indoleacetic
acid (IAA) and methionine upon activity of tissue
from the abscission zone were determined.

SeEParATION ActiviTy Thin free-hand longitudi-
nal sections measuring 5 mm in length were removed
from several pedicels so that the cells of the abscission
region could be observed with a microscope and com-
pared to surrounding cells. These sections were add-
ed to solutions of various pectic enzymes. Thirty
sections were incubated with 10 ml of enzyme prepara-
tion in a Petri culture at 25° C. Several sections of
tissue were removed from the cultures and mounted
for microscopic examination periodically. Following
such examination the tissue was discarded. Visible
separation of the cells was noted and the time for com-
plete separation was compared to the time required
when a different enzyme concentration, buffer, or pH
level was used and when TAA and methionie were
added to the media. Each experiment was duplicated
ten times.

PME and a crude preparation called pectinase are
available commercially and were secured from the
Nutritional Biochemicals Corporation. McClendon
and Somers of the University of Delaware have gen-
erously provided the two pectin-glycosidases which
they secured from Rome Beauty apples that were
rotted by Botryosphacria ribis. The author refers to
these two pectin-glycosidases as enzymes A and B.
[Enzyme A is a concentrate from the pressed juice
(pH 3.5) while enzyme B is a concentrate of an ex-
tract from the pressed cake after removal of the juice
(pH 4.5). Enzyme A has a pectin-polygalacturonase
activity (measured viscometrically with pectate pH
4) about two times that of enzyme B while the mac-
eration activity upon tissues from tomato leaves and
potato slices is ten times more active in B than A
(expressed on a dry weight basis). These prepara-
tions can hydrolyze polygalacturonic acid, araban,
galactan, galactomannan, xylan, and pectin at varying
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TaBLE I

PECTIN-METHYLESTERASE ACTIVITY OF
Various TissUE MACERATES

TI1SSUE FrROM ACTIVIlY/g FRESH TISSUE

L1zArDp’s TAIL LITTLE TURKISH

Abscission Zone 12.12 13.95
Upper Pedicel 10.72 11.78
Petiole 7.00 6.27
Stem 7.01 6.87
Leaf* 9.83 9.64

* Gel formation often interfered with the reaction be-
fore the 30 minute time interval was complete.

rates. The pectinase preparation (from NBC) is
much more potent in all of these activitics.]?

ResuLts

PME Aw~arysis The PME activity in the tissue
of the abscission zone of the pedicel is greater than in
any other tissue tested with the possible exception of
leaf tissue (See table I). In this instance gel forma-
tion interfered with agitation during the 30 min in-
terval in which 0.1 N sodium hydroxide was added.
When TAA is added, the activity rates are altered as
tabulated in table II. Differences between the effects
caused by adding IAA are statistically significant as
indicated in table IIT. Duplicate tests each with half
the ground tissue produced nearly identical values for
enzyme activity.

Adding 5 ppm TAA decreases PME activity.
Adding 100 and 1,000 ppm TAA increases PME ac-
tivity. Tests with still higher concentrations of IAA
produce only slight increases in PME activity over
that observed when 1,000 ppm IAA is added.

Methionine decreases PME activity when added
to the culture media (see table IT). This difference
in PME activity between the control and the addition
of 0.01 M methionine is significant at the 1 % level
(see table TII). Adding 1,000 ppm IAA in addition
to the methionine, however, causes the disappearance
of the decreased PME activity that was observed

z Information received through personal communica-
tior with Dr. Jehn H. McClendon, University of Dela-
ware.

TasLE 11
ErrecT oF IAA AND METHIONINE UPON AcCTIVITY OF PME or MACERATES OF TISSUE FROM ABSCISSION ZONE
QD];IIIS‘IS%I\; NUS;BER MEAN ACTIVITY/G FRESH TISSUE (== 1 STANDARD ERROR)
TRIALS Lizarp’s TaIL LitrrLe TURKISH
0 15 1221 = 0.33 ]13;}3 + 815,?1
5 TAA 5 11.61 = 095 202 4- 0.
IOI())DS;)m TAA 5 13.20 = 0.59 14.55 + 0.77
1,000 ppm IAA 10 16.71 += 0.27 16.97 += 0.38
0.01 M Methionine 5 9.54 =+ 1.00 10.65 = 1.13
1,000 ppm TAA 4
0.01 M Methionine 5 -+ 15.31 = 0.68

15.32
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TasLE ITI

DETERMINATION OF SIGNIFICANCE BETWEEN EFFECTS
oF IAA AND METHIONINE UPON ACTIVITY
RATE oF PME rFroM TISSUE OF ABSCISSION ZONE

DIFFERENCES BETWEEN [t] VALUEs
ADDITIONS OF LizarD's LITTLE
Ta1L TuUrkiISH

1. 0 and 5 ppm IAA 0.67 0.60
2. 0 and 100 ppm IAA 1.33 2.67*
3. 0 and 1,000 ppm IAA 8.33%%* 11.20%%*
4 0and 001 M

Methionine 2.93%* 3.53*=
5. 0 and 1,000 ppm TAA

+ 0.01 M methionine  3.74** 4 88%***
6. 5 ppm IAA and 100

ppm TIAA 1.28 1.27
7. 100 ppm IAA and

1,000 ppm IAA 5.83%** 2.91%*
8. 1,000 ppm IAA and

0.01 M methionine 8.74%%x* 6.22%%*
9. 1,000 ppm IAA 4

0.01 M methionine

and 0.01 M

methionine 6.21%%* 2.74%
10. 1,000 ppm IAA and

1,000 ppm TAA

+ 001 M 2.28* 2.21*

methionine

* Significant at the 5 9, level
** Significant at the 1 9 level
*** Significant at the O.l 9% level

when methionine was added singly. Nearly the same
increase in PME activity caused by the 1,000 ppm
TAA alone is observed. Additions of 5 ppm TAA
and the methionine produced no significant difference
in PME activity than when the methionine was pres-
ent alone.

EsteriFIcaATION REAcTIONs Other experiments
were performed in the same manner except that 0.1
N hydrochloric acid was added to maintain a constant
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ph 4.5 during the 30 min reaction time. This pre-
sumably would be a direct test for the esterification
reaction which would oppose the activity of PME.

The activity of such an esterification enzyme was
confined to the first seven or eight minutes of the
usual 30 min reaction time. Since the time of reac-
tion was only one-fourth that in the other experiments,
activity values were considerably smaller and there
was less overall variation in activity when TAA and
methionine were added. Averages of several such
experiments produced figures which indicated that
addition of methionine increased esterification. Ad-
ditions of 1,000 ppm IAA completely inhibited esteri-
fication in Little Turkish and nearly so in Lizard’s
Tail tissue. Variations were slight in all of the ex-
periments, however.

SEPARATION AcTiviTYy Pectinase and enzyme B
cause dissolution of the middle lamella and separation
of cells of the ahscission zone as well as other cells of
the tissue slice through the pedicel. The dissolution
of the middle lamella with these enzymes resembles
the dissolution which normally occurs during abscis-
sion (28). The chief difference in this induced dis-
solution from that which normally occurs is the
normal restriction of activity to certain tiers of cells.
Since many tiers of cells are involved in the actual
separation of cells in Lizard’s Tail variety as com-
pared to relatively few in Little Turkish, the pattern

- of separation of cells caused by pectinase and enzyme

B is more like that which occurs in Lizard’s Tail.
The results of the incubation of tissue slices with the
four pectic enzymes are tabulated in table IV. Where
separation occurred (and hence dissolution of the
middle lamella), no difference could be observed be-
tween the action of pectinase and enzyme B.

The action of the enzymes could be observed with
a microscope. Cells near the periphery were acted
upon first. Incubation was continued until the cells

Fi1c. 1 (left).
(x 820)

Separation of cells of the pedicel of Lizard’s Tail tobacco as a result of treatment with pectinase.

F1c. 2 (right). Separation of cells of the pedicel of Little Turkish tobacco as a result of treatment with pectinase.

(x 820) :
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were separated by the weight of a cover slip when the
section was mounted for microscopic examination.
Figures 1 and 2 represent samples of separation of
cells which were termed complete separation. The
values recorded in tables IV to VII indicate the
amount of time required for the enzymes to cause such
separation. In several duplicated experiments vari-
ation in time did not exceed 1 hr except in a few cul-
tures where fungal contamination occurred.

The kind of buffer and the pH affect the separation
activity of pectinase and enzyme B (see tables IV and
V). Separation occurs more rapidly at pH 3.5. Re-
sulting discoloration of tissue slices, however, indi-
cates adverse physiological effects upon the cells. No
such effects are observed at pH 4.5. Higher pH
levels result in sharp decreases of activity. No sepa-
ration is observed at pH 6.2. The maleate buffer in-
creases the activity of enzyme B slightly. The citrate
buffer increases the activity of pectinase slightly at
pH 4.5 while enzyme B is affected considerably at pH
3.5 (see table V).

Low concentrations of TAA (5 ppm) and methio-
nine increase the activity of pectinase and enzyme B
considerably (see table VI). When 5 ppm and 0.01
M methionine are added to the substrate in combina-
tion, only a slight increased activity is observed by
pectinase and none by enzyme B (see table VII).
By adding 1,000 ppm TAA to the substrate the action
of pectinase is inhibited completely during the time
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limit of 56 hrs for these experiments. This inhibitory
effect of 1,000 ppm IAA is still apparent when 0.01
M methionine is added as well. The effects of meth-
ionine upon rate of separation is proportional to the
concentration added (see table VI).

Discussion

There is evidence that PME acts to retard or to
prevent abscission. Methionine and low concentra-
tions of TAA accelerate abscission; high concentra-
tions of IAA retard or prevent abscission (30).
Methionine and low concentrations of IAA decrease
PME activity; high concentrations of TAA increase
PME activity. In addition, if pectin is the end prod-
uct of the abscission reactions as reported earlier (10,
12), an enzyme which tends to de-esterify pectin
would act to prevent abscission. Osborne’s data
which show a decrease in PME activity as abscission
approaches in the leaves of Phaseolus vulgaris is add-
ed evidence that PME acts to retard or prevent ab-
scission. Since the action of PME is irreversible
(15), it cannot act under certain conditions to produce
pectin and hence cause abscission.

The existence of other pectic enzymes active in
abscission seems likely. A transmethylase to provide
methyl groups for the shift from pectic acid to pectin
is a probable enzyme. The action of one or more
pectin-polygalacturonase would certainly increase the

TaABLE IV

EFrrect oF Various Pectic ENZYMES UPON SEPARATION
ofF CELLS OF TISSUE SLICES FROM
ABSCISSION ZONE

EnzyMme (0.025 9)

HRS REQUIRED FOR SEPARATION*

pH 3.5%* pH 4.5 pH 6.2
No Enzyme No No No
separation separation separation
Pectinase (from NBC) P paZO I)aNo
separation
Pe(c;in-mitllg(lssterase No No No
rom separation separation separation
Enzyme A*** P P P
(from McClendon No No No
and Somers) separation separation separation
Enzyme B***
(from McClendon No No
and Somers) 56 separation separation
Enzyme (0.1 9)
No enzyme No No No
separation separation separation
Pectinase (from NBC) 4 8 No
separation
Pectin-methylesterase No No No
(from NBC) separation separation separation
Enzyme A***
(from McClendon No No
and Somers) 56 separation separation
Enzyme B***
(from McClendon No
and Somers) 18 24 separation

* Experiments observed for 56 hrs
** Tissue discolored in 6 to 8 hrs
**% (.05 M Citrate buffer used
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TABLE V

EFFECT OF BUFFER UPON SEPARATION ACTIVITY OF
Various Pectic ENZYME PREPARATIONS

HRs REQUIRED FOR

. PH ENzZYME SEPARATION*
Exzyue CONC BUFFER
NonNE MALEATE CITRATE
No Enzyme 45 0.00 9, No separation No separation No separation
Pectinase 45 0025 9, 20 20 16
Pectin-methylesterase 45 0025 9, No separation No separation No separation
Enzyme A 45 0025 9 No separation No separation No separation
Enzyme B 45 0.025 9, No separation No separation No separation
No enzyme 35 000 9 No separation No separation No separation
Pectinase 35 019 4 4 4
Pectin-methylesterase 35 01 ¢9 No separation No separation No separation
Enzyme A 35 019 No separation No separation 56
Enzyme B 35 01 ¢9 30 28 18

* Experiments observed for 56 hrs

rate of dissolution of the middle lamella and sepa-
ration of the cells of the abscission zone. Such en-
zymes are conceivably present in the pectinase and en-
zyme B preparations used in the experiments. Evi-
dence that enzymes effective in abscission are present
in these preparations is found in the effect of IAA and
methionine upon their action in causing dissolution
of the middle lamella. Just as methionine and low
concentration of IAA accelerate abscission, they also
increase the dissolution activity of pectinase and en-
zyme B. Also, as high concentrations of TAA retard
or prevent abscission, they prevent the action of pec-
tinase and enzyme B in causing separation of cells.
Type of buffer salt and pH are two additional
factors important in interpreting the data. Facey re-
ported the necessity of low pH to accomplish the
change from calcium pectate to pectic acid. The
separation activities exemplified by enzyme B and
pectinase can be illustrated only in the range of 3.5 or
4.5. No activity occurs at pH 6.2. Definite buffer
effects are illustrated in table V. Carr and Ng have
recently reported that several organic acids (includ-
ing citric and maleic) which are commonly used as
buffers, form complexes with calcium, thus removing
it from the cell wall (5). This could explain the in-
crease in separation activity of enzyme B and pec-

TaBLE VI

ErrFects oF VaArious CONCENTRATIONS OF IAA
AND METHIONINE UPON SEPARATION oF CELLS
oF ABsCIsSSION ZONE CAUSED BY PECTINASE*

Hgrs Hgrs
Conc oF CoNc
METHIONINE ~ "FOUNED  opTAA REQUIRED
(M) SEPARATION (pp2) SEPARATION
0.0 20 0 20
0.001 18 5 12
0.01 14 100 48
0.05 11 1,000** No
01 . 8 separation
in

* 0.025 9, enzme solution with maleate buffer at pH 4.5
** Discolored a few hours following treatment

tinase in the presence of the maleate and citrate buf-
fers since the shift from calcium pectate to pectic acid
would be promoted by the presence of the buffer.
The results of this investigation suggest possible
roles for pectic enzymes in abscission. Factors which
prevent or retard the action of PME could cause ab-
scission by the accumulation of pectin which is soluble
in water and hence ineffective as a cementing layer.
Other enzymes could be involved as indicated by the
in vitro separation caused by the pectinase and enzyme

TaABLE VII

ErFects oF IAA AND METHIONINE UPON SEPARATION
oF CELLS BY PECTINASE AND
ENzyME B PREPARATIONS

HRS REQUIRED FOR SEPARATION

Conprtion PECTINASE* ENzYME B**
No Enzyme No separation Neo separation
Enzyme 20 18
Enzyme & 0.01 M
methionine 12 10
Enzyme & 5 ppm IAA 12 12

Enzyme & 0.01 M
methionine and 5 ppm
IAA

10 10
Ezyme & 1,000 ppm
TAA*** No separation 48
Enzyme & 001 M
methionine and 1,000
ppm TAA*** No s.epixéation 48
in

*0.025 9, solution at pH 4.5 with 0.0025 M maleate

buffer
** (.1 9, solution at pH 3.5 with 0.05 M citrate buffer
*** Discolored a few hours following treatment

B preparations. A transmethylase is a probable en-
zyme important in yielding methyl groups for the
pectic acid to pectin change. This and other en-
zymes which could affect the polygalacturonic chains
are possibly present in the preparations used in the
experiments as well as in the abscission tissue nor-
mally.
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SUMMARY

PME activity has been found to be high in the
abscission region of tobacco pedicels. Its activity is
affected by TAA. High concentrations increase PME
activity. Methionine decreases PME activity. TAA
can overcome this inhibition of activity caused by
methionine.

It has been possible to duplicate the separation of
cells observed normally as abscission occurs by in-
cubating tissue from the abscission zone with various
pectic enzymes. The conditions which affect abscis-
sion on the plant also affect the rates of cell separation
caused by these enzyme preparations.

Since IAA and methionine (which have been
shown to affect abscission on intact plants) affect
PME activity as well as rates of cellular separation
caused by other pectic enzymes, it is possible that
similar enzymes are active in the usual abscission
reactions.

Two possible roles of pectic enzymes in abscission
are suggested. First, conditions which prevent PME
activity may cause abscission by allowing for the ac-
cumulation of pectin which is soluble in water. Or
secondly, other pectic enzymes may be involved in the
production of pectin or by some other chemical path-
way which ultimately causes the dissolution of the
middle lamella. Various pectic enzymes were shown
to cause this dissolution in vitro.
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