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Following the discovery of the growth-promoting
effects of gibberellins several attempts have been
made to explain certain growth differences, such as
those between tall and dwarf varieties of a species
or between light- and dark-grown plants of the same
genotype, in terms of their gibberellin content. For
example, Lockhart (8-14) showed in a series of im-
pressive experiments that the depressing action of
light on the growth of many plants can be complete-
ly overcome by application of the appropriate gib-
berellin, and using a kinetic analysis concluded that
light reduces the effective gibberellin level in the
plant. In such situations one can envisage 3 possi-
bilities: a) the slower-growing plant has less growth-
pronmoting substance(s); b) it contains more growth-
inhibiting substances which in some way counteract
the production or function of the former; c) its sen-
sitivity to the growth promoters has been lowered.

While evaluating methods for extraction and par-
tial purification of gibberellin-like substances from
higher plants we found evidence for substances
which, when applied to dwarf peas together with
gibberellin A3 (gibberellic acid), reduce the growth-
promoting effect of the latter. These substances
may thus qualify for the inhibitory substances pos-
tulated under explanation b. Their chemical and
physiological characterization and their actual role
require much further study, but a brief report is in-
dicated.

Materials and Methods
The plant materials that were used in our work,

and the extraction and partitioning procedures will
be described in the experimental part because they
are an essential part of the actual experiments.
Here, we shall describe the dwarf-pea bioassay used
for determining both gibberellin and inhibitor ac-
tivity, and the chromatographic procedures, since
these were used in all experiments.

Dwarf pea Bioassay. The bioassay was devel-
oped in this laboratory by E. Reinhard (unpublished
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work) and is based on the growth-depressing action
of red light and its reversal by applied gibberellin
(8). It is conducted as follows: Seeds of dwarf
peas (Pisum satiz'un L., var. Progress No 9, ob-
tained from Asgrow Seed Company, New Haven,
Conn.) were soaked (Sunday), planted in vermicu-
lite on the next day (Monday) and grown for 3 days
in darkness at 27°. They were then (Thursday)
selected visually into 3 different sizes and transferred
to water culture, kept overnight in darkness at 11 to
190 (depending on the size of the plants) and treat-
ed on the next day (Friday) with the test and
standard solutions, each plant receiving 1 drop of 5
/iliters onto the terminal bud. The plants were then
grown in continuous weak red light at 27° and meas-
ured 5 days later (Wednesday). The red-light
source was 4 F96-T8 Red fluorescent tubes, spaced
15 cm apart, 115 cm from test plant level.

The quantitative estimation of the activity of gib-
berellin-like substances was done by determining the
amount present in each fraction of an extract (see
below) on the standard dose-response curve for gib-
berellin A3 (gibberellic acid), and totalling these
amounts. Since the activity of different gibberellins
on dwarf peas is quite different (1, 19, and Reinhard,
unpublished data), this procedure may provide only
relative levels of gibberellin activity. However,
since we were interested only in the quantitative
comparison of the levels of the same gibberellin-like
or inhibitory substances, this fact does not affect our
results.

Chromatography of Plant Extracts. Extracts
were chromatographedl in the following way: the
method is a modification of one developed by Rein-
hard (unpublished work) which in turn is a modifica-
tion of procedures used by MacMillan et al. (15)
for the extraction of different gibberellins from run-
ner-bean (Phaseolus multiflorus) seeds. The chem-
icals used here and for the extraction and partition-
ing procedures were reagent grade (A.C.S.).

Celite (L-665-A) and Norit-A were weighted in
ratios of 1:1 or 2:1 (1-6 g Norit), washed in a
breaker for 2Y2 hours with 0.44 N HCl, poured into
the column, pressed down and washed 3 times with
water. The following column sizes were used: a)
22 nmm diameter, height of Celite-Norit mixture 10
cm, b) 10 mm diameter, 5.5 or 8 cm column height,
c) 30 mm diameter, 2 cm height. The first 2 will be
referred to as long columns, the third as short col-
umn. Aqueous extracts which had been adjusted to
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pH 3 with dilute HCI were added, the columns

washed twice with water and eluted with increasing
concentrations of acetone, each concentration (5 or

10 ml) being collectedI as a single fraction. The con-

centration steps were 2.5 or 5 %, yielding a total of

20 or 40 fractions. At the end of the elution, the

column was usually washedl with an excess of pure

acetone. The acetone in the fractions was removed
at room temperature with the aidl of a fan: the aqlue-
ous residues were lyophilize(d and taken up each with
0.1 ml of water containing 0.05 C(- Tween 20 or, in

the case of inhibitor studies, with solutions of gib-
berellin A3 in Tween 20. One twentieth (5 Aliter)
of each fraction was appliedl per test plant.

It should be emlplhasizedl that the position of the
activity peaks on the chromatogramis in relation to

the eluant concentration is not an absolute one hut

depends on several factors, particularly the pre-

purification procedures andl the length of the colunmn.
For examiiple, partitioning of the a(lueous extract

against chlorofornm shifts the peak to considerably
lower acetone concentrations (fig 1); use of shorter
columns results in a shift to higher acetone concen-

trations. Any conclusion about the indentity of the
active materials in (lifferently processe(l extracts.

based on the positionl of the activity peaks, would
therefore be quite nmisleadling. On the other hand,
a given nmaterial, extracted an(I processedl in an

identical manner, yieldls highly repr-oducible results.

Experimental Results

I. 'Increase in Gibberellint Activity of Liniabean
Extracts by Partitioniing Procce(dres. The nmain
plant material was imlmature seeds of limabeans

(Plhascolius lunatius L.), specifically conmmlercial frozen
butterbeains. This material (about 285 g or 570 g)
was extracted with approximately tw ice the amiount
(vw/N) of nmethanol. The mlethanol was evaporate(l
under reduce(d pressure and(I the aqueous residue par-

tione(l against different organic solvents. As a

result of this partitioning, higlher levels of gibberellin
activity couldl be foundI in the aqueous phases, as

compared to the unpartitione(l mlethlanol-free extract.
In one experiment, the miethanol-free extract was

(lividecl into 4 equal portions which were then treated
in the followinlg manlner: a) not partitionel; b) par-

titione(l 3 timles against e(Jual volunmes of petroleum
ether (B.R. 30-60 C) at pH5; c) as followed by 2
tinmes partitioning against chlorofor-mii at the samlie

pH; (1) as c followed by 2 tilalespartitioning against
ethyl acetate at pH 7.

The final aqueous phase of each of these treat-
ments wvas adljustedI to pH 3 aln(d riun througlh long
colunlis. The activity distributions are shown in

figure 1 andI the total activities, in relative values, in

table I. It can be seen that the activity in extract d
was almiiost 5 times as high as in a (i.e.. the non-

partitioned material); 2.2 timles as higlh as in b) (the
material partitioned against petroleumii ether only)
and 1.8 timles as high as in c ( material partitiolied(
against petroleum ether and chlorofornm).

The gain in activity brought about by partition-
ing against ethyl acetate at pH 7 can also be obtain-
ed by partitioning against chloroform at the same
pH value. In a typical experiment, partitioning
against chloroform at pH 7 after petroleum-ether
partitioning at pH 5 yielded 2.6 times more activity
than partitioning at pH 5.

These experiments were repeated several tinmes,
always with the same results.

II. Evidence for Inhibitory Substances in the
Chlloroformii Phase of Limiiabeani Extracts. The re-
sults described in the preceding section indicated that
partition against chloroform (or ethyl acetate) at a
slightly aci(d and to an even greater extent at a neu-
tral pH remlove(d from the original limabean extract
substances which interefere with the activity of
gibberellin-like substances in the dwarf-pea test.

In order to test this conclusion, the chloroform
phase of the pH 5 partition was driedl by evaporation
in front of a fan, the resi(lue was taken up with water,
3 idlentical (lilution series were prepared, and the re-
sulting samples were lyophilizedl. One samlple of
each (lilution was taken up wvith 0.1 mll of a 10 utg,mlll
gibberellin A3 solution, the secondl with 0.1 ml of
3 /Ag/nml gibberellin A, (in either case with 0.05 %
Tween 20) and the thirdl with 0.1 nml 0.05 c%O Tween
20 so that each test planit would receive 0.05 all(d
0.015 Ag of gibberellin A;, an(d no gibberellin at all,
respectively. All sanmples were then tested on dwar-f
pea plants.

The results are shown in figure 2. (The dilu--
tions are expressedI as the fraction of the original, i.e.

undliluted sanmple applie(d per test plant. Thus, 1,/20W
nmeans that the original sample was (lilute(l tenfol(d
an(l 5 Iul of this (lilute(l sample were applied to a

dN-warf pea plant, etc.)
It can be seen that test plants in the series w-ith-

out a(ldde gibberellin did not showT any growth re-

(luction. It nmay be useful to poinlt out that the
height of the test plants at treatment is about 18 nmmi
(limllits. 14 to 23 nimm) while the heighit of control
plants at mleasuremiient is about 50 nmmii. Thus, there
is an ample differential for the miianifestationi of a
growth inhibition even in absence of gibberellill.

In contrast to the no-gibberellin series, the test

planits of the series with a(l(le(l gibberellin A3 showed
very marked inhibition at the lower (lilutions. In
the series with 0.015 jug gibberellin per test planit,
the reduction in grow\th cause(d by the low-est (dilu-
tion, i.e. the higlhest concentration, correspon(le(d to

a loss of about 73 % of gibberellin.
Simlilatr results were obtained in a (lilution series

of the organic phase of an ethyl acetate partitioningi-
\V/ater extracts of liiabean see(ds contained tile

samine levels of gibberellin activity as miiethlaniol ex-

tracts after partition against the organic mledlia. This
find(inig in(licates that the inhibitory miiaterials are

not readlilv releasedI into water. The fact that these
materials pass into the chlorofornm phase in larger-
quantities at pH 7 thaan at pH 5. as evident fronm tlle
higher galin in gibberellin activity after partitioillI
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FIG. 1 (left). Growth response of dwarf peas (Progress No 9) to chromatographed extracts from limabeans,

without partitioning (a) and after partitioning against petrol ether at pH 5 (b), petrol ether and chloroform at pH
5 (c), and petrol ether and chloroform at pH 5 and ethyl acetate at pH 7 (d).

FIG. 2 (right). Growth response of dwarf peas to different dilutions of a nonfractionated chloroform (pH 5)
phase from a limabean extract in presence and absence of gibberellin. Points in ( ) = part of test plants injured.

at the higher pH value (table I), suggests that they
have a slightly basic character.

III. Chromatography of Inhibitor Extracts.
Chloroform phase residues which had been prepared
as described in the preceding sections were run

through short columns, the fractions taken up with
Tween or with gibberellin A3 solutions and applied
to test plants. The results of such experiments are

shown in figure 3a. No evidence for inhibition can

be seen in the series without added gibberellin and
little in that with the higher gibberellin level, but
very marked inhibition is evident in the series with
the lower gibberellin level, at the 15 to 20 % and the
80 % acetone fractions.

Experiments using a long column gave quite
similar results (fig 3b) except that the second in-
hibition peak appeared at a lower acetone concentra-

tion (55 % and the adjacent fractions), as typical
for long columns.

It should be noted that the second inhibitory zone

in the chromatograms corresponds closely to the zone

of principal gibberellin activity obtained from the
same plant material and by the same fractionation
procedures (compare fig 3b with lc). This fact
undoubtedly accounts for the deficit of gibberellin ac-

tivity evident prior to the chloroform (and ethyl
acetate) partitioning (fig 1 and table I).

IV. Presence of Inhibitory Substances in Other
Plant Materials. After demonstrating the presence

in limabeans of inhibitory substances which interfere
with the response of dwarf peas to gibberellin a pre-

liminary search for similar substances was made in
other plant materials. The materials chosen were

tall and dwarf peas, and hemp (Cannabis sativa
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Table I
Relative Gibberellin Activity in Methanol Extracts from Immature Limabeans after

Removal of Methanol and Various Partitioning Procedures

Treatment of extract Activity

(a) Not partitioned 100
(b) 3 x petroleum ether (pH 5) 210
(c) 3 X petroleum ether, 2 X chloroform (pH 5) 264
(d) 3 X petroleum ether, 2 X chloroform (pH 5)

2 X ethyl acetate (pH 7) 471

I. I AV 3 b

/ { x GA3 0.015 sg Control

I-V-
x~~~~~~

20 40 60 80 00

Acetone concentrotion (per cent)

401 xx' Control I%

140, I I

120 -

100p-

So II'

1 , .

140p
i
E

0

0

4-
0'
.5

120 -

100-

80s-

6WF

401 x
140. I

120H

100I

I I I I
100 400 1600 6400

Acetone concentrotion (per cent) Fraction of CHC13 phase-.residue/plant
FIG. 3 (upper left). Growth response of dwarf peas to the chloroform phases from limabean extracts. a,

Chromatographed on a short column, in the presence of 2 gibberellin levels, and in absence of gilbberellin. The lower
and the upper curve are from one experiment but the amount of extract represented by the upper curve was only four
fifths of that represented by the lower. The center curve (0.015 Atg gibberellin) is from a separate experiment, b,
Fractionation on a long column; growth response in the presence of 0.015 ,ug gibberellin.

FIG. 4 (right) Growth response of dwarf peas to different dilutions of the nonfractionated chloroform phases of
extracts from different plant materials in the presence of 0.015 ,ug gibberellin. a, Extracts from 8,000 red light- and
dark-grown seedlings of a tall pea variety (Alaska). b, Extracts from 600 seedlings of a dwarf variety (Progress
No 9). c, Extract from the inflorescence of male (pistillate) and female (staminate) hemp plants which had received
7 short days.

FIG. 5. (lower left) Growth response of dwarf peas to chromatographed extracts from red light- and dark-grown
Alaska pea seedlings, showing presence of gibberellin-like substances.
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L.). The reason for this choice was that these 2
plants exhibit marked growth differences, depending
on genotype and environmental conditions. When
grown in darkness both tall and dwarf peas exhibit
approximately identical growth rates but when
grown in red light of low intensity the dwarf are
strongly inhibited (4) whereas tall types show only
a transient growth depression (14). Under our
conditions, six-day-old dwarf seedlings (Progress
No 9) grown in red light (and 27 C) were half as
tall as dark-grown seedlings of equal age although
the fresh weights were the same. Female (pistillate)
hemp plants, when transferred to short days and thus
induced to flower formation, cease to grow almost
completely after 7 short days whereas typical (XY)
nmale (staminate) plants continue to grow at a rapid
rate (6). XX males, which occur in hemp in addi-
tion to females and typical (XY) males (7), have a
growth pattern like that of the females, indicating
that the growth difference between XY males and
the fenmales is not related to sex as such.

Application of gibberellin eliminates these growth
differences, raising the height of peas grown in low-
intensity light to that of the dark-grown ones (4, 8),
and causing female and XX-male plants of hemp to
assume the inflorescence type of the XY males,
without however having an effect on sex expression
(6, ancl Kohler, unpublished data).

The peas (varieties Alaska and Progress No 9,
from Ferry-MIorse Seed Company, Mountain Vie.
Calif. and Asgrow, resp.) were grown in darkness
or in red light at 27° for periods of 6 to 8 days.
Lots of plants were then extracted and the chloro-
fornm phases tested in the same manner as with linma-
beans. The extracts from approximately 8,000 six-
(lay-ol( seedlings of the tall variety (Alaska) caused
a depression equivalent to a 50 % loss of the applied
gibberellin A, at a dilution of 1/100 or 1/200 (high-
er concentrations killed the test plants); there was
little if any difference between the inhibitory ac-
tivity of extracts from light- and dark-grown plants
(fig 4a). In contrast, an extract from approximate-
ly 600 light-grown dwarf-pea seedlings (Progress
No 9) caused a very marked inhibition even at a
dilution of 1/1,600 at which the extract from the tall
peas, evein though obtained from more than 10 times
as many seedlings, was inactive. The inhibitory ef-
fects of the 1/300 and 1/400 dilutions were still
greater, but the inhibitory effect of extract from an
equal number of dark-grown seedlings of the same
age was considerably smaller (fig 4b). The loss of
gibberellin activity at the 1/400 dilution was 46 %.
as compared against 84 % for extract from light-
grown seedlings.

Determinations of the gibberellin content showed
presence of gibberellin-like materials in seedlings of
tall peas and no difference between plants grown in
light and in dark (fig 5), but no activity could be
found in either light- or dark-grown dwarf peas.
This latter result means either that the gibberellins
in these seedlings, if present at all, are at such a

low level that they escaped detection by our meth-
ods, or else that they are different from those of the
tall seedlings, not giving a measurable response in
the dwarf-pea assay. Radley (16) had found gib-
berellin-like materials in both tall and dwarf peas.
Her data seem to indicate that the level in the
former is higher than in the latter, at least in the
upper part of the shoot. (The authoress herself
does not draw this conclusion, but see her table 5.)
The levels, as far as they can be judged from the
data, are similar to those found in our experiments
with tall peas. The reason why Radley did find
gibberellin activity in dwarf peas while we were un-
able to do so is not clear. It may be due to different
extraction procedures or, more probably, to the fact
that Radley was extracting considerably older
plants4.

The hemp plants (variety Pelozella) were grown
in long-day conditions (18 hours of light, natural
day extended with fluorescent light) at a tempera-
ture of 230 from 8:00 AM to 5:00 PMI and 190 fronm
5:00 PMI to 8:00 AMN for 10 weeks and then trans-
ferred to short day (8 hours natural light; sanme
temperature regime). The inflorescences of 100
male and 100 female plants (fr wt, 94 and 146 g.
resp.) were extracted seven days later, that is when
the male plants were still rapidly elongating while
the female ones had practically stopped growing
(height of plants-males 202 cm, females 166 cm).
Extraction and partitioning were the same as with
limabeans and peas. The chloroform phases fronm
female plants had a considerably higher inhibitory
activity than those from the male ones. At a dilution
of 1/100, the former caused a loss of 70 % of the
added gibberellin A3, the latter of 37 % (fig 4c).
Extracts of XX males which, when photoinduced.
grow as slowly as the females showed approximately
the same, high inhibitory activity as the latter.

Chromatograms of the pea and the henmp cloro-
form phases appeared to be similar to those of the
corresponding limabean extracts.

Discussion
Growth-inhibiting materials have been extracted

from many plants, and negative correlations between
their levels and the levels of growth activity have
been repeatedly established (for a recent review,
see 5). However, these inhibitors have a general
growth-depressing action which may be unspecific:
their physiological significance is therefore open to
some question. Inhibitors which seem to affect
selectively the action of gibberellin have been obtain-
ed by Corcoran and Phinney (3) from the seeds of
Ceratonia siliqua and by Biinsow (2) from dormant
buds and seeds of Aesculus hippocastanurt and from
vegetative plants of Lapsana cooziunis and Mycelis

4 Dr. H. Kende (this laboratory), using other pro-
cedures, has meanwhile been able to obtain gibberellin
activity from dwarf-pea seedlings (unpublished data).
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muiiiralis. In(dications for simiiilar substances were
also found bY other authors, for exanmple Radley
(17) in a brown alga. However, in all these cases
the correlation Nwith growth. if any, has not been
established.

Our results indicate the existence of sub-
stances which occur in quite different plants and
which partition fronm ater into chloroform at a
slightly acid or, even miiore comlpletely-, at a neutral
pH, suggesting a slightly basic character. The sub-
stances have no activity when applied to a particular,
gibberellin-sensitive test system alone but they (le-
crease the response of this system to gibberellin.
The decrease can apparenitly be overcome by increas-
ing the anmount of gibberellin (see fig 3). The
situation is thus suggestive of a competitive type of
ilnhibition.

The (quantity of these substances seems to be in-
versely correlated with the growtlh of that plant mate-
rial as dletermine(d b) its genotype and(I the environ-
mlental conditions. Tall peas, the growth rate of
which is rapid both in clark and(l in (relatively weak)
red light, seem to contain sinmilar, relatively low
anmounts of the inhibitory substances. Dwarf peas,
when grown in light an(lndarkedly inhibited, have
high levels of the inhibitors but when grown in dark
and elongating alnmost as rapidlly as the tall ones they
contain lower levels. Female hemiip plants, when
having stopped growing, contain nmore inhibitors
than male ones which still continue to grow.

Fronm the available data it is conceivable that
these inhibitors participate in the growth regulation
of plants, particularly by an interplay with gibberel-
lins. High levels of the inhibitors can depress the
growth rate: this (lepression can be overconme by gib-
berellins, either as present in the plant or as sup-
plied froml the outside. The results with dwarf pea
seedlings indlicate that the level of the inhibitors
may be regulated by light. The low growth rate of
these peas in light may' be clue either to lack of ade-
cuate amounts of gibberellin, or to the presence of
suchl gibberellins whiclh are inefficient in overcom-
ing the action of the inihibitors. Simlpson an(d Wain
(18) have concluded, on indirect evidence, that the
effect of light on stem elongation in dwlvarf peas is
mlost simply explained by assumling the formation of
a light-dependent inhibitor the action of which is
reverse(d b) appliedl gibberellin A.

Summary
Immature limabean seedls contain substances

which reduce the gibberellin response of dwarf peas
while they have no effect on the growth of the lat-
ter in the absence of gibberellin. Similar substances
occur in pea seedlings and in henmp plants. The sub-
stances can be extracted with methaniol and partition-
ecl into chlorofornm andl ethyl acetate at pH 5 and 7.
In peas and hemp, an inverse correlation was found
between growth rates and the anmounts of the in-
hibitors extractable from the plants. The possible
significance of these inhibitors in growth regulation
is pointed out.
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