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A bstract. The cell separation aspect of -abscission is thought to involve the action of
specific cell wall degrading enzymes. Enzymes represent synthesis whioh in turn is preceded
by the synthesis of specific RNA molecules, and it fdllows that inhibition of either of these
processes would also block abscission. Since abscission is a localized phenomenon usually in-
volving 2 or 3 cell layers, RNA and protein synthesis should also be localized. Manipulations
of plant material which either accelerate or retard abscission may be due to the regulation
of RNA and protein synthesis. This paper is a review of literature concerned with these and
related questions.

For the salke of clarity the termis used in this
discussion of abscission are defined as follows.
Except for minor shifts in emphasis, the definitions
described below were originally proposed by Gawadi
and Avery (26).

Abscission. The process of shedding or separat-
ing plant parts including leaves, stenms, fruits, and
flowers.

Separationi Layer. The layer of cells involved
in the separation of ithe plant part. Separation is
usually achieved by the localized breakdown of in-
tercellular substances.

Cell Divisiont Layer. The layer of cells across
an abscission zone that result from cell division.
In the species in whiclh it occurs has also been
called the abscission or absciss layer.

Protective Layer. The proximal tissue that re-
mains after separation and includes the remaining
cells of the separation layer and the cell division
layer in those species that possess it. In the case
of leaves, this would also be known as the leaf sear.

Abscission Zone. The region at the base of the
abscising part through which separation occurs.
This zone includes the cell division layer and separa-
tion layer.

In this review., the role of RNA and protein
synithesis in abscission is discussed in terms of a
model system, the idea being to construct a hypo-
thesis and examine the available data to see how
well they fit the model.

Von MIohl, in 1860. showed that 2 sets of phe-
nomlena are brought into operation in leaf fall.
First, the formation of a separation layer in whiclh
abscission always occurs, and second the separation
of cells from each other with their walls still intact.
The xylem cells not included in this separation layer
are finally ruptured mechanically. Early theories,
of interest only from a historical point of view, have
been summarized by Tison (52) and Lee (3/7).

Auxin-Etlhylene Balance (28). IAA or other
auxins are instrumental in preventing abscission, and
ethllvene is capable of inducing abscission. How-

ever, the absolute amount of auxin or ethylene per se
is not the important factor that prevents abscission
but rather the amount of auxin in relation to ethylene
or relative balance between the 2 factors. One of
the effects of artifically supplied ethylene is to in-
activate or lower ithe auxin content of leaves or
other organs. With the removal of hormonal inhi-
bition the activity of both hydrrolytic and respiratory
enzymes becomes accelerated.

Aii.rin-Ethlylene (11). Any cells that are able
to separate always tend ito do so, but the process is
inhibited bv the lontinual supply of growtlh sub-
stances. WVhen this supply falls below some critical
level, abscission occurs. The breakdown process
depends upon an enzyme that controls pectic break-
down; this system is inVlbioted by growthl sub-stances
applied to the distal side whk,ile the activator of the
system is produced in the general metabolism of the
cell, and may be in the nature of ethylene.

Auixini-Gradient (8). Auxin is the principal
endogenous regulator of abseission; its gradient
across the abscission zone regulates onset and rate
of abscission. Abscission does not occur with an
auxin gradient characteristic of healthy mature tis-
sues: with hiigh auxin distal to the abscission zone
and low auxin proximal to the abscission zone.
Abscission occurs after a fall in the ratio of distal
to proximal auxin. Abscission is accelerated wlhen
the gradient is reversed.

Auxin-Concentration (25). As in the atuxin-
gradient hypothesis, the principal endogenous regu-
lator of abscission is assumed to be auxin. In
distinction to the gradient hypothesis, high concen-
trations of auxin are thought to inhibit abscission
while low concentrations promote abscission. This
situation is somewhat analogous to the observation
that high concentrations of auxin inhibit growth
wkvhile low concentrations promote growth.

Auxin-Auxin Balance (32). A given Ieaf nor-
mally has its abscission time controlled by the auxin
moving into the petiole from its own leaf blade.
Whenever the flow of auxin from the leaf blade
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(decrease.s elnouighi ( wethier fr-oii o1(1 age oir by
shading or- by (leblading ) thien thle weaker ahscission-
sp)eeding effec-t of auxin comingii fromi thle younger
leaves can take effecL :nid the petiole ab)scises.

AUXol1-,SuScCues ce Jaoe/o (42 1). Leaf abscission
lillyN lbe conitrolled inot oniv by enidogenotis auxinls
hut a15( lbv somle saibstiilce olr sub)stanices tlhat are

lprodllcedl as tile leaf niatures, and that niav reachi
malxi nounll at s:enescence.

.1 [cinbrauc Initegrity (46). TIhe ahsci ssion r'e
tardling action of auxin niav l)e thrioughi its effect oni
tile maintenance of membrane iiitegritv. Duirinig
I~enescenlce, auLxin le-vels dIrop wNitlh a resuiltling loss
(4 iiienibranle integrity followed by cell separationi.

_11!cthimmiuc-A uxin (59). This hyNpothesis ad-
v-anced the idea that metliionine plaved a role in
absci~sioli l)ecause of its rol-e as a methlv. donior and
that niethyvlati-on of the carboxyl grouips of adjacent
l)ectinli molecules miay be involved in the splitting of
calcium bridges leading to abscission.

A uxiui-Gibbcrelliin-A bscission, Acceleratinig Hor-
)UioOc ( 17). T-hese NNvorkers l)rolposed that thlese3
hiormionies interacted in a com,mon niiechianislin that
regulates the process of ab-cission.

Two StaqIc Theory ( 45). Leaf abscission cani
lbe (livide(l int'o 2 stages. Thle first of these is
primiarilv retarded by auxini a second( later stage is
accelerated bv~auxili.

I.ndoqcnoius A bscissi'o ii.I ccclcr-titig So bsta ;iccs
(M) Ab-cisic acid ( abscisin II. dorniiin) was
thlouight to be ani al)scission regulating liorniionie
based oni the fact that thlis compound hias been iso-
lated fronii a large numiiber- of l)lanit parts, that the
.oiiounts of this hiormonie inicrease duiring lperio(ls of
agcinig. and that appl,icat;oil of abscisic aci(l to ex-

planlts accelerates abscission.
Localizvcd Celluilar- SCOcsccOCC (38). The regu-

lation of abscission is composed of 2 stages fir-st.
a nietabolic differenice develops l)etween cells on the
2 sides of thle fuiture separation zonle, w\hlichi estab-
lislies the proximial side as haVing- a miobilizationi
aedvanltage over the distal side. After thle esta~-bl,ish-
niienit of this difference, thle second( stage may follow,
inluiniiIig a mobilization of materials ouit of the distal
tis tle. a rep)ressioin of synthetic activities thiere, and
"I tranlsi-tion towNard the degra(lation of cell wvall
Co111iiil ents. The actions (if thle various abhsci ssionl
aiccelerators aii(l othier plant gr-o\\tli substances can
he accomimodated as preferential effects onl these -2
stae of ahscission (levelopmiient. "hlie l)roiliotiIVec
effects of auxin are a coiise(juieiice of actionis Onl the
secoiid stage of ahscission dIevelop)menit the promo-
tive effects of ethlvene are likewise actionis on the
seconid stages of abscis'sionl.

Thle variotis linies of evidnice lead to thle concept
that abscission may l)e a case of the precize regfula-
tioni of cellutlar seniescenice by thle plant. The reguila-
tory- aslpect applies iiot onilv to the timiing of the
seniescenice ev-ent, lint also to the l)recise locIttion of
tIlc linie of cells thriouighi which separation \\-Ill occur.

-I(fillFfiLtvlence lor tli(' p)lirposcs of thisreiv

the following iiio(lel wh-Iichl is called thle aging ethylenle
1hypothesis of ab,scission is used as a tar-get for
critical explerimenits aini-e(l at eluc-idating the iiiechia
liiiis of the abscissionl lprocess. Onie of the llimita-
tionis of thiis mlodlel is that nmos.t of the exp)eriiiieiita
support collies froim work with exp)lanlts ail(l nlost of
these explanits coiisi~t oif 1 species. P'laseolfu v1d/
g/aris U'.

TBecauise expllalnts are isolated sectoions, thecre are
1 initationis associ ltedl witlh ex-traplolatiig- resuiltso
taliedl w itli tleiii to wvhiole plalit p)hysiology
ever. tIle advalitages of isolatinig thie cells milvohsved
in ab)scis' lon fr-omi the r-est of the p)lailt and hiaving(l
a large, ilnifornii, and conistamnt supply of expIeri-
mienital material are practical consideratiomi-s that
caninot be igniored.

Abscission is the enzvniatic selparation of cells
involved in mlaintaining the structural integrity (If
the explant. The hiormionie responsible for- the iii-
duction of these cell wvall degra,ding enzym-es is
ethylene which normallv is continuously produce(l
by the explan,t. The ability of the hiormiomie to act
depenids oni the sensitivity of the sep)arationi layer
cells to the gas. These cells reiiiaiii insemisitive to
endogenouis etliyleine levels as lonig as a suplylhl of
juvenility factors or aging r-etardailts (for exalillple
auxin and( cvtokinins) is available froiii ad jacent
(listal. cells. Renioval of thecse juivenility factors 1v
excisiomn of dis;tal. leaf cells sets thle agiiig process
iiito iiio-tioni anld the separationi layer cells becomle
imicreasingly sensiti,ve to the ethylene tha,,t is alreadv
being coiitinuiously p)roduced. It follows that onice
these sep)aration-laver cells pass the threshiold fr-oiii
insensitivitv to sensitivity to ethyvlenie, aiis in1cr,ease
in the levels of the gas wiould result In accelerated
abscission. Tincreased sensi,tivity of thle separatioll-
layer cells to ethlencie is only onie of the pirocesses
set itito miotioni as a r-esult of aging. Othecr pirocesses
iniclulde thle loss of mietabolite,s suich as RNA\. chilor-o
phyll, an~d protein fromi the (listal cells. According
to the hypothesis advanced above. thle pri-1MiarV role
of auxinl inl abscission is to retard aging. It( should1(
lie pointed ouit that this hiormione ha(s a(hditionllt
effects that comiphicate comprehiensioii (if its r-ole.
Auixin has been shown to stinitilate respiratioii ( 44)
miaintain nieniibranle Integrity (14. 44. 46 ) retard
forniiationl of thle cell divi sion layer (1I5, 26i. 41 ) anld
accelerate ethyvleiie p)roduiction (1.3 40) The accel-
er.ation of ethiveleie ev-olutionl 1v o'lier c(illipiollllds
amid niianipuilatiomns ( 3. 20. 48) tendts to coniplllicate
pr-oposed r-oles for these factors inl absci,;,ssion.

Accordinig to the aging-ethylene hypothesis, the
prim-ary role of ethylene is to accelera,te the formiiationi
of enzym-es resp)onsible for cell separationi. How-
ever, ethylIene, like auxini, hias a numiber of differelit
effects on explanits that nmav or may- not contribute
directly to abscission. F'or example, ethylene hias
been reported to cause h)etiole swellinig (38). stimull
late the breakdown of proteins, ( 6, 38, 48) iuic'ea1sC
the frequemncv oif tvloses ii xcvleni n(l (hecrease the
callose (hejposits inl 1)1110(11 (38) accelerate the rate
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of IAA inactivation (50), aand accelerate the loss
of pectin methyl esterase in the abscission zone (42).

The primary purpose in advancing the above
hypothesis is to offer a framiiework for a proposed
role for ethylene in abscission. nalmanely that etlivlene
mediates or initiates the RNA and protein synthesis
necessary for cell separation. Before this point is
discussed, however, it wouldti be profitable to examine
the experimuental evidlenice uised to establish this
framiiework. No attempt will be mia(le lhere to estab-
lislh the priorities or to cite all the evidence for
sonme of the points but observationls -will be selecte(d
that demonstrate the l)henomenon clearly. A tlhor-
ouigh discussion of these points have been mliade
elsewlhere in this symposium.

The role of juvenilitv factors is an essential
aspect of abscission. The juvenility factor that hias
been the prime object for study is the growth hor-
mone auxin, although other chemicals such as the
cytokinins may also be important. Decrease in the
auxin levels available to the separation laver by
aging (56) or removal of the leaf blade tissue (56)
invariably set abscission into motion. 'When the
leaf blade is replaced by auixin, abscission is inhibited
(56). After the supply of juvenility factors lhas
beeni remloved thle aging processes are set into motion.
The longer tlle delay before addinig auixin after
excisioni the less effective tlle autxinl becomies in
inhibitinig abscission (45). The promotion of ab-
scission observed after a delayed application of auxin
is probably due to the accelerated ethylene production
invariably\ associated witlh tissue exposed to aulxin
(1). As the tissue ages, it becomes increasingly
sensitive to ethylene. This phenomenonl is demon-
strated in figure 1. Tlle loss in effectiveness after
2 days is due to a loss in biosynthetic capacity as the
tissue ages. As shown by a loss in respiratory
activity the physiology of an explant is a downhill
affair once it has been excised fromi a plan:_. This
decrease in respiration is initerrupted by a climac-
teric-like increase with age (12, 16).

Recent rapid advances in knowledge of the role
of abscisic acid in abscission suggest that this inter-
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FIG;. 1. Effect of 025 ppmi ethyvlenle oni abscission ot

cotton explant-s of different ages. From Abe!es (3).

pretation may be too simlple. Increased levels of
abscisic acid are associated with tissue undergoing
dormancy (23) and abscission (9). However, direct
effects of abscisic acid in acceleratiing abscission of
explants may be due to effects on ethylene produc-
tion (3).

The anatomical aspects of the cell separation
process lha-7e been studied by nsany workers (see
\Nebster this symiiposium). Invariably they reported
that cell separation was associated wvith breakdown
of tlle mliddle lamella and oth-er cell wall material.
However, there is no agreemenit as to the exact
nature of the wall fractions involved. A good deal
of the problem is due to the lack of precise knowledge
of cell wall composition and recent knowledge (10)
of wvall structure is quite different from the earlier
concept of a pectic middle lamella surrounded by a
cellulosic primary wall. Except for transitory in-
terest in the idea that wall breakdown was due to
acid hydrolysis (24,47, 57), the current assumption
is that cell wall breakdown is due to the action of
enzymes.

Even though the identity of these enzymes is
only now coming to light, we can assume that the
proteins are either synthesized somie time prior to
abscission or go to work immediately after thev
have been formed. In the case of preformed en-
zvmes, we have a number of alternatives as to how
these proteins come into action; namely, release from
lysosomal structures, activation by addition of a
prosthetic group or removal of a peptide as in the
conversion of trypsinogen into trypsin, or the re-
moval of an in-hibitor.- Since abscission normally
takes place within 2 or 3 layers of cells, we assume
for this discussion that these cell-wall degrading
enzymes are localized at their site of action and not
transported there from some other part of the plant.

The following sequence of events is visualized.
Ethylene triggers the synthesis of specific m-RNA
and other essential RNA fractions required for
protein synthesis such as s-RNA and r-RNA. The
assumption that ethylene is the trigger, as opposed
to amino acids, auxin, gibberellin, or abscisic acid,
is made primarily because ethylene is the common
denominator in the action of these and other mole-
cules known to accelerate abscission (3), and no
inter,mediate substance or process has been recog-
nized between ethylene aind the initiation of RN \
svnthesis.

Because of the relative ease of doing inhibitor
experiments, the demonstration that actinomycin
blocks the action of hormones is a favorite one for
investigators exploring the hypothesis that RNA
synthesis is essential in the action of hormones.
XVhile the action of actinomycin is reasonably spe-
cific, that is, it binds with the DNA blocking the
transcription process, it has some side effects that
can result in, ambiguous interpretation. The side
effect that concerns us most in the study of abscis-
sion is that, bv some meanis, actinomycin increases
ethylene production from plant material (5). One
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FIG. 2. Inlhibitioni oi cotton, Coleuis, anid bean explant

abscission by actinomycin. From Abeles and Holm (5).

possible explanattion of actinomycin-induced ethylene
production is a traumatic effect. Mechanical wound-
ing (58) and X-rays (39) have been shown to
accelerate ethylene production from plant material.

Figure 2 presents data sAhowking the inhibition of
abscission by actinomycin. One of the problemlls
associated witlh the use o,f inhibitors in explants is
that the freely diffusable ethylene induced by the
inhibitor treatment may mask any effect of the
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Hours after Addition of Ethylene
the Inhibitor is Injected

FIG. 3. Effect of actinomnycin and cycloheximide on

abscission of senescent explants. From Abeles and Holm
(4).

inhib,itor if the site of application is renmoved from
the site of action (5). To demonstrate tlle inhibitioin
of abscission by actinomv,cin we found that the
inhibitor had to be injected next to the separation
layer. Application of the compound in agar drops
to the cut ends of the explant which represents a
C' mm diffusion barrier, failed to block abscission
and in fact accelerated abscission. The combined
effects of diffusion barrier, and accelerated ethylene
production, may explain the failure of otlhers (35,
53) to observe an inhibition of abscissioni by RNA
and protein syntlhesis inhibitors.

Another way to demonstrate a requirenment for
RNA and protein synthesis is shown in figure 3.
The explants used in this experinment had been

oleus stored uinder conditions to reduce ethylene levels for
22 hours during whliclh they developed their sensi-
tivity to the gas. Ethylenie was then added to the
gas phase around the explants, actinomycin and
cvcloheximide injected into the separation laver. of

.8 1.0 some of the explants initially, and then into other
sets of explants every 2 hours. \Vhen abscission

ne, Lg was measured 9 hours after the addition of ethylene,
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C14 L-Leucine Incorporation
+60 - into Protein

p32 Incorporation ---\i
+40 into RNAX -r-

+20

-20 1 L
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Hours after Addition of Ethylene
IFIG. 4. Time coourse of enliancement of 42p and 14C

lencinie incorporation inlto RNA anld proteins of etlv-
lenie-treated vs. control beani exp)lanits. From Abeles and(
Holm (4).

cvcloheximide was found to inlhibit abscission longer
thani actinonmycini. These findlinlgs agree wvith coIn-
tem,porary schemnes of protein synthesis in that RNA
synthesis is a requiremiient for protein synthesis.
\V!ith increasing time after the addition of ethylene.
the requisite RNA molecules that are being svnthe-
sized accumulate, and the inhibition by actinomvcin
becomes less effective. It is only after sufficieint
RNA molecules have been synvthesized that the pro-
tein synthesis required for cell separationi starts, and
this is reflected by the longer time that cycloheximide
blocks abscission. As these abscission-dependent
proteins accumulate, the cycloheximide treatments
become less effective.
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Table I. Effect of IAA, Cytokinin SD 8339, and Ethyle ne on 32P Incorporation Into RNVAl
Explaiits with 10 mm petioles were placed pulvinal end down in either plain agar or agar containing 50 gM IAA

or 500 *,M SD 8339 for 22 hours. The explants were then placed petiole end down in plain agar and 1.5- by 4-mm
agar cylinders containing 2 uc 32p were placed on the pulvinus for 8 hours. Where indicated, ethyrlsene level was
2 ppm. Data show n are the means plus or mirus the standard deviation.

pg RNA CPM
per per Abscission

Treatment 10 explan-ts ,ug RNA after 30 hlr

Control
Ethylene
IAA
IAA + ethylene
SD 8339
SD 8339 + ethylene

149
156
173
151
200
175

-4-

-4-

3
5
5
6
7
4

2864
4156
4611
3984
4257
2843

-4-.

-4-

7
68
102
97
81
26

40

100

0
10
0

0

From Abeles and HolIm (5).

The data on inhibitors and proteini syintlhesis
described above only partially support the idea that
ethylene is capable of acting as an effector in the
abscission process. A more direct approach is to
show that ethylene is capable of stimulating RNA
synthesis. Figure 4 shows that ethylene was able
to increase 32P incorporation into RNA 1 hour after
aged explants were treated with 4 ppm ethylene: the
enhancement of protein synthesis occurred after a

2 hour lag. The ability of ethylene to increase
RNA synthesis depends on an aginig process. Wihen
explants are treated with IAA or cytokinins to block
aging, ethylene has little or no effect on RNA
synthesis (table I). Scott (4-8) also found that
etlhylenle stimulated 32P incorporation into beani
explant RNA. However, when abscission was ac-

celerated by senescin which is thought to act by
increasing ethylene production, then 32p uptake into
RNA was inhibited.

ETHYLENE STIMULATION OF RNA SYNTHESIS
IN THE ABSCISSION LAYER OF BEAN EXPLANTS

Petiole Pcvl nu05

Ago, Blocks

gaso Absc Top

R9RNA CPM/mg RNA % CHANGE

SECTION CONTROL ETHYLENE CONTROL ETHYLENE

TOP 116 89 592,000 659,000 +11.4

ABSCISSION ZONE 203 204 25,300 39,400 +55.8

BASE 234 221 1,210,000 1,080,000 -11.2

Abscission ofter 6 hours; controls 24%, 2PPM ethylene 91%.

FIG. 5. Ethylene stimulation of RNA synthesis in
the separation layer of bean explsnts. Bean explants
were aged for 24 hours before being placed on their
sides, and agar blocks containing 2.5 .c 32p were placed
on each end. After 6 hours in the presence or absence
of 2 ppm ethylene, agar blocks were removed and the
tissue was cut into 3 sections. Abscission after 30 hours;
control 24 % ethylene 91 %. From Abeles and Holm
(5).

The experimiieilt show-n in figure 5 was performiied
to see if the incorporation of 32P into RNA was a
generalized phenomenon or liimited to the separation
layer. The data indicated that the enhancement
occurred mainly in the separation layer and to a
lesser extent in the pulvinus.

Radioactive RNA from explants wn s separated
on methylated albumin kieselguhr (MAK) to study
rates of incorporation into various fractions or
classes of RNA. A comparison of th .listribution
of radioactivity between control and etli Icne-treated
explants is shown in figure 6 and table II. Enhance-
men.t of 32p incorporation was greatest in the r-RNA
fraction. When actinomvcin was used to block

Table II. Effect of Etiylene and Inhibitors on 32P
Incorporated into Nucleic Acid Fractionated on

MAK Columns'
Explants aged 18 hours at 4400 ft-c and 250. Top

2 mm of puivinus were cut off and the inhibitors added,
5-FU by agar droplet, actinomycin D by injection. At
22 hours after excision (i.e., 4 hr after inhibitor treat-
ment), 32P agar blocks (8 pc/agar block) were placed
on the pulvinal surface and incubated with or without
2 ppm ethylene for 3 to 6 hours. The nucleic acids
were extracted by the pheniol method and separated on
MAK columns with a linear gradienit. Abscission: 3
hour control - 0 %, 3 houir ethylene - 17 %, 6 houir
conitrol - 17 %, 6 hour ethylene - 80 %, 6 hour ethylene
+ 5-FU - 80 %, and 6 hour ethylenie + actinomycin D
- 10%.

Inhibition of C,H4
C,H4 Increased or stimulation

decreased over 6 hr CH4 6 hr C,H4
MAK column control + 10 m-I + 1 Kg
fraction 3 hr 6 hr 5-FU act D

I (s-RNA)
II (DNA-RNA)
III (r-RNA)
IV (m-RNA)
Total
Nucleic acids

-2

62
72
45

58
62
84
75

49
46
53
35

87
95
94
83

42 77 51 94

1 From Holini and Abeles (29).
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FIG. 6. Distribution of radioactivity in various nucleic
acid fractions after 3 hours incubation of aged explants
in air or 2 ppm ethylene. The solid line represents the
OD at 260 nm and the dashed line represents CPM.
From Addicott, Carns, Lyon, Smith, and MeMeans (9).

abscission, then the synthesis of all classes of RNA
was blocked., On the other hand, 5-fluorouracil
added 18 hours after excision inhibited the ethylene
enhancement of nucleic acid synthesis 50 % yet did
not alter the rate of abscission. The greater inhibi-
tion of the synthesis of s-RNA and r-RNA with
5-fluorourac,il compared with that of m-RNA is
analogous to other plant systems where 5-fluoro-
uracil has been tested (18, 33, 34). This suggests
that not all fractions of RNA have to be synthesized
for abscission, but that newly synthesized m-RNA
is essential.

The enhancement in the DNA-RNA peak was
not due to the synthesis of DNA since ethylene had
no effect on 'AC-thymidine incorporation into DNA
(29).

Holm and Abeles (29) further characterized the
n,ucleic acids produced under ethylene stimulation
by differential extraction techniques that have been
shown in other plant tissues to separate the m-RNA,
DNA, and DNA-associated-RNA from the builk of
the tissue RNA (19, 31). This technique involves
hmnogenizing the tissue with buffered phenol and
bentonite, centrifuging, and drawinig off the aqueous
phase (tris-extracted nucleic acid). The interphase
and phenol residue are then re-extracted with buffer
and sodium lauryl sulphate (called SLS-extracted
nucleic acid). The SLS-extracted nucleic acids coni-
tained only 24 % of the explant nucleic acids but
contained the ethylene stimulated fraction. Separa-
tion of the SLS--fraction on MAK columns indicated
that the major ethylene enhancement occurred in the
messenger and ribosomal regions. These findings

agree wit,h other cases in which hormones are known
to stimulate the production of enzymes. The general
observation is that the hormone responsible for the
appearance of the protein also promotes RNA syn-
thesis which generally precedes polypeptide forma-
tion. All classes of RNA are syn;thesized as opposed
to the production of only m-RNA (36,51).

If protein synthesis is reqjuired for the cell sepa-
ration process then it should be localized in the cell
separation layer. To test this idlea, explant tissue
was exposed to 14C-leucinie in the presence or absence
of ethylene. Abscission occurred in both cases but
the explants treated with ethylene abscised more
rapidly. Since the assumption was made that pro-
tein synthesis was being accelerated by ethylene, it

C14 L-LEUCINE IN
AGAR BLOCKS

Petiole Puluinus

CPM/_g Protein ± S.D. After 10 Hours
Sodion No. 1 2 3 4

Treatment
Control 110±2 9.29±0.19 5.08 ±0.04 75.0±0.2
4nl Ethylene/ml
Gas Phase 112±3 14.8 ±0.1 7.40±0.07 71.3±0.6

% Difference
Ethylene vs Control +1.8 +59 +45 -4.9

FIG. 7. Ethylene stimulation of protein synthlesis in
the separation layer of bean explants. Agar blocks con-
taining '-C-leucine were placed at the pulvinal and
petiole end of bean explants placed on their sides. The
explants were suibjected to 1 ppm ethylene and control
atmospheres for 24 hours. The ethybene treated explants
had abscised 92 % after the 24 hours while the control
explants showed no abseission. The data represent the
mean + standard deviation. From Abeles and Holm (5).

C14 L-LEUCINE IN AGAR BLOCKS

oPtiole
'-fZr~hscission zone

CPM/*s PROTEIN ± S.D. After 24 Hours

Petiole ABS. Zone Node

Control 1093 +42 4.32 +0.6 0.75±0.03
Inl Ethylene/ml

G_s Phase 911±21 7.98±0.2 0.81±0.06
%Difference
Ethylene vs Control -7.5 +84.5 +8.6

FIG. 8. Ethylene stimulation of protein synthesis in
the separation layer of cotton explants. Agar blocks
containing 14C-leucine were placed on the petiolQr stumps
of cotton explants that were subjected to 1 ppm ethylene
or control atmospheres for 24 hours. The different sec-
tions cut from the cotton explants are as indicated above.
The data represent the mean + standlar(d deviation
From Abeles and Holm (5).
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should have been possible to observe an enhancement
in polypeptide biogenesis in the separation layer of
the ethylene-treated exiplants but not in the sur-

rounding tissues that presumably are not involved
in the cell separation process. Such experiments
were performed (5) and the results supporting the
above hypothesis are shown in figures 7 and 8.

Another demonstration that ethylene action is
specifically directed toward ethylene-sen 4itive tissue
is to treat stage I explants with ethylene and to
compare the results with stage II explants. If
ethylene has no effect on abscission of stage I ex-

plants (1, 60) it should also have no effect on

protein synthesis. However, in the cage of stage II

explants ethylene should be able to stimutilate protein
synthesis. Figure 9 presents data indicating that
this view is correct, an ethylene-dependent increase
of protein synthesis was absent in stage I explants
but readily observable in stage II explants.

c
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FIG. 9. Effect of ethylene on '4C-leucine incorpora-
tion irnto abscission zone proteins of stage I and stage II
explants. From Abeles and Holm (4).

Scott i(48) performed wvhat appear to be similar
experiments but obtained the opposite results. He
found that ethylene promoted '*C-leucine incorpora-
tion into separation-layer protein of stage I explants
(the treatment having no effect on abscission.) but
failed to promote ' C-leucine incorporation in the
protein of stage II explants (in this case. ethylenie
promnoted abscission). However, when explants
were treated with senescin ;(an abscission-acceler-
ating substance from apples), which was found to
;accelerate ethylene production froni the explants.
tlhen both absc,issioni and ' IC-leucinie incorporatioil
were accelerated. The imiajor- difference between

these experiments and those reported earlier by
Abeles and Holm (4) was the lack of ethylene in
the gas phase during the time 14C-leucine incorpora-
tion was being measured. It is possible that ethylene
must be present in the gas phase during the time of
14C-leucine incorporation was measured. This may

explain why '4C-leucine incorporation in the presence

of senescin was accelerated since ethylene production
from senescin-treated explants was higher than
controls.

Valdovinos and Ernest (53) also reported ex-

periments designed to test the idea that protein
synthesis is a requirement for abscission. They
found that Coleus abscission zones isolated from

petioles treated with chloramphenicol and D-aspartiC
acid or stem tissue treated with gibberellic acid and
IAA failed to incorporate "-C-leucine faster than
controls. The experiments using petiolar applica-
tions of chloramphenicol are difficult to interpret
because no data from untreated controls were showvn.
Earlier work has reported data in favor of the view
that most if not all substances accelerate abscissionl
becauise they increase ethylene production (3). If
this view is correct then the separation-layer cells
in the experiments of Valdovinos and Ernest are
re-ally responding to the enhllanced ethylene prodiuc-
tion in the surrounding tissue treated with variouis
abscission accelerators. Excision of the separation
layer removes the cells from ethylene, and suibsequent
incorporation experiments are taking place witlh
tissue that has either alreadv responded to ethylenie
or is incapable of givinlg enhanced incorporationl
data in the absence of ethyilene. The abscission-
accelerating compounds used in these experimenits
were applied 2 cm away from the separation layer
in the case of petiolar application experiments. It
was not shown that chloramphenicol or D-aspartic
acid reathed the separation layer in sufficient time
or in sufficient concentrations to have an effect on
protein synthesis in the cell separation process.

Carbon dioxide is known to act as a competitive
inhibitor of ethylene and this fact has been used to
demonstrate an ethylene requirement in various
physiological processes. Since CO, inhibits abscis-
sion, it should also inhibit the acceleration of protein
synthesis by ethylene if the acceleration of protein
synthesis by ethylene if the assumption that CO.,
occupies the same site in the cell is valid. The data
in table III support this idea since CO., inhibited
both control and ethylene-induced abscission as well
as protein synthesis.

Up to this point we have established that ethvlene
is capable of increasing RNA and; protein synthesis
and that based on inhibitor experiments the forma-
tion of these biopolymers is essential for the cell
separation process. What remains to be demonl-
strated is the nature of the cell-wall (legrading
enzymes.

Table III. Inhibiti)ot of Explant Abscission and Protein
Synthesis by Carbon. Dioxide'

Explants were aged 22 hours at 250 before L-leucine-
' 4C in agar blocks was applied to the pulvinal stump,
incubated in the indicated atmosphere for 5 hours.

CPM/rng protein
Treatment Abscission ± S,D

Control 70 21,100 4- 400
15 % CO, 0 19,600 -700
0.75 ppm Ethylene 100 27,200 ± 100
15 % CO, + 0.75 ppm 80 21,600 - 300

ethylene

1 From Abeles and Holm (4).
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Cellulase activitv2
Control 2,4.5 T

19.35 --t 0.05

46.55 -+- 2.50
20.10 -+- 4.05

8.35 4.05
6.65 -+- 0.15
6.90 -+- 0.20

From Horton and Osborne ('30).
2 Activity after 12 hr incubatioon, % change in flowtime.

ASsumiin,g tllat the above hypothesis is correct.
the cell separating enzymes shoultd have the following
characteristics. They should be limited to the cell
separation layer, they should appear only after an
induction period, ethylene should accelerate their
a)ppearance, and inhibitors of aging (auxin, cvto-
kininls), ethylene actioni (CO..) anid RNA syilthesis
(actinomycin) and protein synthesis (cvcloheximide')
should block their appearance. Silnce both light
nmicroscopic and electron microscopic examiiiniationJ
(13, 14) have shown that cell wvall breakdowvn occurs
during the cell separatioin process wre assumie that
the enzyme wvould be capable of altering or breaking
down various cell wall components, pectic substanices,
hemicelluloses, anid celluloses.

One of the enzymes that best fits this description
is cellulase. 1-horton and Osborne (30) reporte(d
that cellulase was localized in the separation laxyer
(see table IV) and that ethylene increased cellulase
activity while 2,4,5-trichlorophenoxyacetic acid de-
creased it (table V). Increasing cellulase activity
has also been shown in ripening tomatoes (22, 27).
This observation may have some relevance to the
abscission process since ripening and abscission have
a number of features in common including sensi-
tivity to ethylene, dependence on aging or matura-
tion of cells, and the occutrrence of a climacteric.

Other enzymes have been exalmlined for their
role in abscission. Pectini metllv esterase (and poly-
galacturonase (44) are present in significaInt
aiIIounts in the separation layer but are also found
in the surrounding tissue and tlheir activ ity drops
r-ather than iilCreases during abscissioni. However,
data in favor of az role for I)ectinlase inl abscission
was (lisctusse(l b\! Mor-e (luring this synm)osiulm).

'[able V. C ellulase Activity in Abscission Zones 24
Houtrs After Treatment With Abscission-Retarding
Concentrations of 2,4,5-Trichlorophenoryacetic Acid

and Abscission Accelerating Concentrations of
Ethylenel

Treatment Cellulase activit-2

Control 38.8 - 3.9
2,4,5-T 8.8 ± 7.1
Ethylene 62.6 -+- 1.8
1 From Horton and Osborne (30).
2 Activity after 22 hr of incubation, % dhange in flow-

time.

Abscission is regulated by a number of hormones.
their ultimate effect depending uipon the time they
are applied to the abscission zone explanlt. The
auxins and also perhaps cytokinins and abscisic acidl
are involved in the initial steps of the process by
regulating aging. It is important to state that agillg
is not the same as senescence. Aging simply refers
to the fact that physiological processes start, change.
or stop during the passage of time. Senescence, to
this review^er at least, refers to those processes that
inexorably lead to cell death. Anl explant abscisses
before it dies. Both distal andl proximal cells re-
spire anud synthlesize protein after cell separation.
The distal cells and some of the surface proximal
cells do eventutallv die, but this clearly takes pllace
after cell separation. Processes that start as a re-
sult of aginig incltude the loss of chlorophyll, RkNA,
andel protein from distal tissue ( 49). The loss of
IRNA was foun(d to be correlated with the iiliCtictioil
of riboItuclease (7). No evsidence for the release
of RNAase from lvsosomal-like strtuctulres wb%as ob-
tailled. However, when explants were treated with
actinonl-cinl or cyclolleximllide, the loss of clloro-
phyll, RNA and protein wxas in4hibited. These resuilts
suggest tllat the degradative enzyellls associated with
senescence may come into play as a result of RNA
aind protein synthesis.

The auxins have a second effect on explaits ill
that they invariably increase ethylene producttion.
This effect can also be blocked by inhibitors of
RNA and protein synthesis (2).

The hormonal control of RNA and protein syn-
thesis and the role of these processes in physiological
phenomena are a relatively recent area of botanical
research. However, in this reviewer's opinion, the
available data suggest that these phenomena are an
essential part of abscission. Other examples of
similar phenomena in other areas incltude the induc-
tion of a-anMylase by gibberellic acid (54) indole-
acetvlaspartate svnthetase (t55) and isocitrate Ivase
(21) by IAA.
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