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cuncary of & Thesis “ubmitted in Two Tarts:

1. A Plant Crowth Inhibitor and Plant
Growth Inhibltion.

2., Extensibility of Cell Wall dsterisl
in Indole~3-fcetic Leid,

le & Plant Growth Inhibitor and Plant Crowth inhibition,

A nonetoxic ether extrocteble substance, capable of inhibiting
plant cell elongation srowth, was found in the cotyledons and
leeves of various herbaceous DI&ALJ. Rfﬁxsn cobtyledons had the
hirhest concentration of this "inhibitor" substance ef any of
the sources investipsted,

Then the inhiblitor was applled at the top of an Avena plant
colooptlle, the inhibition was menifested as a positive courature
within 2% hours., Between 3 end 13 decrees, the curvature was
linearly nroporiional to the inhibitor concentration. Thus by
mneasurine the curvature it was »ossible to snalyze quantitaw
tively for the inhibitor,

The inhititor was found to he stored in the ra'ish seed,
uyn+a08Lzed in the plent, and to dissppeasr with leal growth,

Chemicel investirmtions indicate thet the inhibitor is an
ester of indole scetic acid with some as yet undetermined
substance. In a purified form this ester is readily hydrolysed
in water ton form auxin, The amount of hydrolysis is decreased
by the addition of various substances or the presence »f i
parities in the extract,

Growth messurements showed that the pasitive curvatures
could be accounted for by the neasured swount of inhlbition,

The movement of inhibitor throurh Avens coleoptlles 1s none
nnlar, This fsct was used to severate contaninating auxin from
crude inhibitor extract by collecting the inhibitor moving
thiroukh the celeoptile scropetally, fuxin cen not be trans-
*orteﬁ in this direction as it is only passed tﬁrou«h the
coleoptile besipetally., The velocity of inhibitor transport
in the coleoptile is enproximstely 11 mm. / hour,

Diffusion coefficient cdeterminations indlcste thalt hydrolysis
of inhilitor could account for the suxin (probebly indole scetic
gcid) <aiffusing frou redish cobtyledons. The determinetions also
1n€LVhie thet that the molecular welpght of the inhibltor may be
retween 100 and 175

-

2., Ixtensibility of Cell Vell Uaterisl in Indole-3-acetic Acid,

Artificial slilk was found to heve an incressed extensibility,
compared to water controls, in certain orgsnic ascids known not to
he crowth substences as well as in .2. indole acetic acid,

Onion roots were found to have an increassed extensibility
in .2ﬂ indole scetic amcid and in .26 scetic acid,

Experiments of Robbins and Jesckson were repested and found
t5 pive no conclusive evidence as to the effect of indole
ascetic sclid on the extensibiliity of stem and root cell wall
materials,
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Pert 1. & Plant CGrowth Inhibitor and

Plant Growth Inhibition.



Chapter I, £ Plant Crowth Inhibitor

Hs Introduction.

Two Lypes of growth inhibitlon are cenerally cone
sidered in plant physiolory. The first end nost widely
discussed is that concerned with the meintensnce I the

Jormant state of plant tlssues; seed germinetion, bud

e

inhibition, ete, Fud inhibition 1s often spoken of as

é "correlation" phenomenon in view of the fact thet th
non~development of the 1rterel buds 1s deterALned by the
oresence of the terminal bud, It is commonly agrced that
the terminel bud meintains its Jominance over the lsteral
buds by its production of suxing however, the mechanism
by which suxin ceuses this 1chibition to take place is
still an open guestion, The numerous theories about

this uetter are well summerized by Van Overbeek {(1933).

)

The second type of growth inhibition, however, is not cone-

cerned with the msintensnece of g dorment state g8 in ud

inhibition, but is sctually concerned with the interfer-
ence of the elongetion prowth of the cell, It is this
¥ind of inhibition with which we are concerned.

If & srowth promoting substance 1is applied in a
13% sgar block, size 1 x 2 x 8 mu., mnilaterally to the

cut surface of the top of decapitated Avene coleoptile,



,.-.la

snd 1f the substance ls cepeble of beins transported
down the coleoptile, the coleoptile will curve in a direc=

tion away from the agar block, This is caused by & greate

(&

;!

er growth of the trested side than of the untrested. This
is Imown as a negative Avena curvature, If, however, the
substance casused an inhiblition of growth, then the un=-
treated side will grow more thean the trested and the cure
ature will be toward the agar block, This is known as

a positive curveture., (¥For illustrstions of positive

end nepative curvatures see figure 1,) Thus it is clear
that in considering substences causing en inhibition of
cell elongetion growth, one must consider positive fvens

cNPYvVaetures,

Ba Lerly work on substsnces causing positive

growth curvstures in Avens coleoptiles.

A summery of previous work on positive Avena cure

found in Phytohormones, {(Vent » Thimenn, 1937).

fode
o

vatures

[N
w

Here it pointed out that the positive curvetures ob=-
tained 4y fterk (1921), Nelson (1984), and feubert (13524},
were probsbly not cesused by growth iInhibliting substances
as they claimed tut were caused by the unequal resumpition
of auxin production of the Avene stump ("physiological

tip") after the normsl tip had been removed. Also bhoth

Sterk and Seubert falled to give the megnlitude and cure
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vature rate of their test plents for the substances
investirated., Tor these ressons it is difficult to draw
any conclusions from their data,

Corter (1527) first found e relationship to exist
between positive curvetures (of rether slisht aegnitude)
and the“p;ysiological tip”rexeneration; although she did
not reslize that the positive curvstures were csused by
an unequal auxin productlion at this regenerated tip,
she did find thet they slways appesrsd after the two and
a haelf hours which are necessary for regeneration of a
"ohysiological tip". CSince positive eurvatures never ape
peered in less then this time, and since substences claimed
to e srowth inhibitors by previous investigetors gave
the sexe posltive curvatures es plein eger, she cane Lo
the conclusion thet the tip regeneration wes the casuse of
the woslitive curvetures, In concludihg her peper she
saysie

"Summerizing one can therefore say thet at present
only crowth sccelerating substences have been found., Only
when one will find a substance that will csuse & positive
curvature within two and & helf hours mey one speal of a

growhh inhibiting substence,"

Ce Recent work on substances csusing positive

growth curveturcs in Avens coleoptiles,



Recently tkoog (1936) has found that a block of pure
agar on the top of s decapitated Avena coleoptile actuslly
inhibits the formation of quin in the regemerating tip.
This hes the result that when pure secer alone is pleced
on one side of the Avene test plents, the production of
auxin after two snd e half hours will be less on the side
of the plant below the egar block then on the side without
it. That side will hence have a decreassed growth rate
end positive curvetures will thus sppeer, This completely
explains the relationship suggested by Corter between the
onset of tip regeneration and the appearance of positive
curvatures,

Eeyer (1636) has reported positive Avena curvatures
from plant extrscts prepaered by dehydreting the plant nmete
- erial with aleohol, grinding 1t to a powder in e mortar and
extracting it with lanolin. The lanolin extract was then
applied to Avena coleoptiles sccording to the technique
of Laivach (1933) end the curvature measured =fter 24
hours, With this method it is difficult to see how any
positive curvatures could be caused by the tip regenera=
tion effect of Corter as in this method the plent is not
decapitated, ixcept for nasturtium cotyledon extract the
substances were only inhibiting at higher concentrations.
At lower concentrations e negative curvature resulted,
This would indicete & toxic sction et the higher concen=

trations. An ether extrect of the Nassturtium cotyledons



eccording to the method used for radish coiyledons showed
the presence of growth inhihitor. See Chapter 1I.i,)

Skoog (1936) found thet indole ethyl auine and also
tryptophane sre ceapaeble of csusing slight positive curvae
tures within the first two hours when tested on desceded
plants, but thet these positiveé curvatures soon thereaflter
chance into negeative onesgprobably upon their transformee
tion in the plent, into growth promoting substances, They
ere thus certainly not to Le considered as growth inhibite
ing substences,

Czaja (1934) hes reported thst tissues rich in tannin,
for exemple callus tissue of Populus, are asble in some
cuases to diffuse out a growth inhibithbng substance., IHe also
found that tannic scid and gallic scid of a 1) concentra=
tion are likewise capeble of csusing positive curvatures,
These curvatures he attributes to the sctual shrinkape of
the coleoptile cells on the treated side so that they ac-
tuelly become shorter than those on the untreasted part, le
obtalned & meximum curvature of twenty degrees in three
hours.,

Upon repeating his experiment using 1% solutions of
tannic and gellic acids I was unable to obtaein any Joslitive
curvatures whatsoever, Vhile this may hsve been cdue to the
fact thet Czaje prepasred his zcar test blocks by soeking
them for 24 hours in the sclutlions and [ propered mine by

taking the solutions up in melted ager so that the finel



concentration was the same as Czaja's, 1t seems unlikely
thet this slight difference in procedure should neske any
difference in te fimel sction of the substances themselves
on the test plants.

Trecht (1936) has shown thet ecetic acid in lanolin
paste when applied directly to intact Lvena coleoptiles
ig capable of ceausing positlve curvatures., These curve-
tures, however, are preceded DOy nezsative curvatures and
are themselves aclmowledged %o be the result of an injury

L)

effect of the zcetb Ae

'.J-

c Eec

i.‘.h

Vielman (1933) has recently found that lanolin pastes
of acetic and of formic acid in concentreti ns of from
0625 i1 to .25/ when epplied to the top of aigm. long
piece of hypocotyl of Ilelianthus or Lupinus caunses & subw
stance to diffuse out whileh is capable of eliciting posie
tive ZAvens curvatures, These curvatures are .ecver ini-

tieted in less than two hours.

De Definition end factors causing nositive growth

curvetures in Avena coleoptiles,

The statement mey he scfely mede that whenever g posi-
tivé curvature occurs in en‘Avana plant there hss heen a
relative inhibition of gzrowth., Eince this inhibition is
the result of 2 disturbance of the normal increase in cell

volume it is desireable to consider for & moment the



fectors governing this process thet could be affected to

versible incremse in cell volume, This growth mey be
brought about either by: l. water uptake; 2, an ine
crease of the cell constituents meinly by cell wall forma-
tiony or 3. both processes w ~Zins together, The last
cese is tlie one thet occurs but in it water wptake is

the major factor, (Phytohormones, 1937.)

The ebility 4f & cell to take up water aey be seid
to be the result of the difference Letweern the osmotic
pressure of the cell contents end their tendency to take
up weter, and the opposite asction (turgor pressure) of
the cell well which surrounds the cell contents and ex-
erts a compressing force on thea, or tends to cause thea
to lose woter, This diffcrence between the tandencﬁ of
the cell contents to take up weter and the opposing tenw
dency on the psrt of the cell wall, has been Cefined by
Urspruns and Blum (1924) as the "Suction Force”, It is
then due to the suction force that e cell is egble to in-
crease its water content and hence to crow, A decresse
either in suction force or in atailable webter will thus
decrease the amount of srowth of the cell, The suction
force mey bhe decreased by lowering the esmotic pressure,
~ Torce) on

(4

increesing the turgo® pressure (compressin

the cell contents, injury, or death. The water availw



able to the cell mey be decreased by interrupting the
normeal water supply elther by interfering with the transe
port of the water in the conducting system or by spplying
hypertonic solutions, Any one, or combinetion of these
factors would thus be capsble of causing & relative
spowth inhibition and hence & resiilting positive gurvew
ture.

in view of tho sbove facts, we mey now say thet sube
staences cleimed to be inhibitors of the cell growth pro-
cess ltsell must set either by: 1. 2By reversibly lower=-
iﬂg the osmotlc pressure, or 2. by inéreasing the turgor
pressure. fubstances which cause positive curvatures by:
1, exosmosis, as Tor cxample the salts investigated by
Kisser end Deer, (1334), or 2, by injuring the cell so
hat it is no longer capable of growth, ss shown by Irecht
(1936) for acetic acid are thus not to be considered as

"inhibitors"™ of the growth process,

B Discovery of a true growth inhibiting

substance in radish cotyledons,

An ether extraction of radish cotyledons sccording
to the method of Van Overbeek (1933) for auxin failed to
show any auxin but instead showed the presence of an ine
hibiting substence. This wes menifested after 90 minutes

a8 a positive curvature in the standerd Avena test



(Phytohormones, 1937). Curvatures obtained with this
extract may be seen in figure 1, The extracted cotyledons
were from radish plants of the strein "French Breakfest',
The plants were seven days old and had been grown in the
open in loamy soll, Five grams fresh weight of cotylee
dons were used., At the same time thet thesge positive cure

e

vetures were found ir, Wa, Bergren of these leboratries,

B

reported similsr curvetures from ether extracts of radish

%

cotyledons, A preliminary note describing these proper-
ties hes bheen published, (Stewart, Redemann, and Ter;-ren,
1939),

From the ’fmregcing discussion we hsve seen that a true
srowth inhibitor must be eble to cause positive Avena
coleoptile curvatures in less than itwo hours, and must
nelther cause the cells to permanently lose their growth
ability, nor to become plasmolysed, PreXiminery observaw
tions showed that the redish cotyledon extract setisfied
these requirements, Heretofore no substence hed been Iound
which so completely fulfilled the criteria for a true
crowth inhibitor, It became the object of this work to in-
vesti~ete the properties of this cotyledon extract, In

ubsequent discussion r«ference made to growth inhibitor

will refer to thlas substance,
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Chapter 11, The RBio=~assay for CGrowth Inhibitor,

In Chapter I it was seen thet it was possible to ob=
tein from redish cotyledons,by the auxin ether =xtraction
method, s substance that caused positive curvatures in
Lverna vlents, 1t wes next of interest to know if the stane
dard Avene test ,perhaps with modificetions, could be used
as a bio-assay for this inhibitor substance., To settle

his point it wes necessary to lmow: 1,) The optimel time
after epplication of the inhibitor to measure the positive
curvaturey; 2,) The curvature renge which was linesrly
proportional to the concentration of the inhibitor, and
3.) The most reactive type of test plants to use, The
senswers o these questions were sought by the experiments
described below,

Throughout this thesis the materisls and methods used
sre those which are so completely described in "Phytohormones"
(Vent end Thimenn, 1837) that repeated enumeration of them
will not be given here, TFor exsmple, it 3 to be under=
stood that the Avens test plants were grown from the stande
ard flereshafer strein of seed according to the rigid teche
nique outlined in the sforementioned monogreph. Inhibitor
wes glways prepared sccording to the method described in
Chepter I end applied to the Avena plants in 1% agar

blocks unles:s otherwise specificelly noted,
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Ay Curvature rate of Avena coleoptiles to inhibitor.

To determine the optimal time for meassurins the angle
of curvebture & "Photokymogreph" test was made according to
the method given by Schneider snd Vent (19338) and improved
by Yent and White (1932), In making this test the growth
wovement of the Avena test coleoptile ,during e giver perw
io@ of time, is recorded photographicelly by means of a
shedow cast on & revolving drum of photosraphic peper.,

The shedow cast is not that of the coleoptile itself but is
that of ¢ very fine {Yo, 36, .012 mm, diemeter) silver wire
inserted in the primery leaf, The primery leaf is pree-
visusly broken loose ss is the procedure in the Avena test,
This prevents it from further growth and keeps it from lifte
ing the gger blocks up from the cut top of the colgoptile,
Inserting the silver wire and thus "extending" in effect

he coleoptile has two adventages, First, it keeps the
coleoptile itself in the derk end ellows only the silver wire
to intercept the beam of light thus preventing photo-

tropic curvetures of the coleoptile, snd secondly it ame
plifies the curveture, At smell engles a curvature of 1’
moves the shadow on the drum sbout 1 mm, This whole machine
i8 kept in the regulsr Avena testing dark room et constant
husnldity and tempersture,

The resulis of such & test for the inhibilor are

shown in fisure 2, (The curveture valnes,the ordinste



Figure 3.

Figure 4.
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axig for this experiment, and all subsequent photokymograph
tests, will be glven in actual mm, deflection of the silw
ver wire or "extended coleoptile tip".) It is observed
from this date thet for the inhibitor, a negative curvature
is initiated which rapidly changes between the first and
second hour into a positive curveture end reaches & maxi=-
mam in about three hours, It is interesting to note that
the resctior rate for the negative curvabure preceeding
the positive curvature is different from the negstive curs
vature caused by pure auxin slone, This is shown by the
control run made at the ssme time as the inhibitor test
but by using & growth promoting substence, indole-3-scetic
gcid, .05 mg. per liter. Each point on the graph is the
average of twelve Avena best plants. This experiment has
heen repeatad many times showing the same "time-positivee
curvabure” relationshin.

fnother experiment of the same neture was porformed
except in this case the inhibitor wes applied unilaterally
in lanolin paste at the tip of intact plents, The silver
wire %o "extend" the coleoptile was inserted through the
tip of the plent and down into the primery leaf, It is
geen in figure 3, That the positive curvature rate is the
same here ss in the test using inhiblter applied in agar
blocks elthough the initisl negative curvature is absent.

This point will be discussed in Chepter VI,
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Prom both of these experiments it is clearly seen
thet after a 150 minutes the curvature is still proceding
- at the maximum rate, but that soon thereafter it begins to
decrease repidly, From this dats then the time for measurw
ing the angle of positive curveture was gset et 150 minutes

from the time of application of the inhibitor,

B Relation between positive curveture and con=

centration of inhibitor.

To angwer the second question 1t was necessary to

determine the relation between the concentration of the ine
hibitor snd the magnitude of positive curvature., This was
done by the following experiments

A concentration series of an asctive inhiblior ex-
tract was prepared and 48 Avena plants used to determine
the degrees of positive curvature et easch concentration
value., The standard ‘vena technigque wes used except that
the curvstures were measured after 150 minutes from the time
of application of the inhibitor insteed of after 20 mine
utes a8 is customery when one is testing growth promoting
substances, The results arc seen in figure 4, This greph
shows that positive curvatures between threevand thirteen
degrees are linearly proportionsl to the smount of inhibie
tor, This experiment has been repeated many times with

similer results. See Chapter IV,
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The "econecentration-curvature' relationship was also
investipated using a concentration series of inhibitor in
lanolin., The lanolin was applied unilaterally on intact
plants over a 5 mm, strip, in one case at the tip end in
enother case at the middle,of the coleoptile, Lpplying a
lanolin peste at the »ottom of the coleoptile did not cause
any positive curvature. The positive curvatures resulting
- from the aepplications st the tip and middle were measured
after two hours. IiHeesurements of the curvatures after
four hours showed there had been no inereasse in the sensi=-
tivity of the test, At the same time that the lanolin was
applied, a similar test using the same amounts of inhibi=-
tor in sger blocks was run, All of these results are sume
marized in figure 5, (Pictures of curved plants may be
seem in fig. 82, - Chapt, VI.) it may be seen that the
nethod o7 applying inhibitor in lanolin at the middle of
the coleoptile gives the grestest range over which a line
ear proportionality exists between curvature and concene
tration., The samne renge exisis when the lanolin with inhie
bitor is applied at the tipj however, in this case the
magnitude of curvature, is considerebly less, It is inter-
esting to see that when the same amount of inhibitor i8s ape
plied in eger the curveture is linearly proportional ovel
just that renge of conecentration in which the lanolin

with inhibitor is not proportionsl, It is elso significant
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that the agsr application method is linesrly proportional
at lower concentrations of inhibibtor, thus making it the
mo8t sensitive of the three methods for the analw
yeis of inhibitor, The greater curvseture of the inhibitor
in lanolin applied st the middle -»f the coleoptile, may
be expleined in pert by the fact that in this case the ap-
plication is nesrer to the region of elongation.Also when the
inhibitor is applied on the outside,the distance be%ween
the inhibited side of the coleoptile and the growing side
is grester and hence gives grester curvature, than when
the inhibitor is applied on a part of & transverse section

a8 in the agar block technique,

Co Positive curvature rates of Avena coleoptiles

of different auxin sensitivity,

To determine the type of Avensa coleoptile showing
the highest inhibitor sensitivity the following experiment
was performed:

ivena plants were p:epared with four different auxin
sensitivities, TFirst, "deseeded” (endospera removed) plents
were grown sceording to the method given by Skoog (1937).
This author has shown that such plants sre moreAsemsitive
to gsuxin than any other type of Avene plant bhecsuse by
reoving the endosperm they are unable to foram as much

auxin as they otherwice would, Acecordingly in the
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Avena test for auxin where suxin is applied, these plants
show the greatest regponse, The second type of plant was
obtained by meking two decapitations three hours apart as
in the ususl Avena test, These plents are less sensitive
to auxin then the “"deseeded” plants, however they are more
sensitive then plants which have been decapitated only
once. (Phytohorucnes, 1987)., The third group of plants
were decepitated jJust efore applying the inhibitor, 4
fourth group hed suxin epplied on the tip of the coleop=
tile in & lanolin paste of 1/10,000 concentration two
hours prior to the first decapitation, then after the first
decapitation they were used immediately. It was thought
thet this added euxin would tend to malke the nlants the
lesst auxin sensitive, These four types of plants were
then tested on the photokymograph machine with the sane
concentration of inhibitor in eech case., The technique
was the same as that previously descfihed. By this means
their reaction rate and maznitude of curvature were deterw
mined, The results of thls test are given in Tigure 6.
Here it is clesrly seen that the plants which were decapiw
tated only once, responded the most while the "descedsd®
plants showed the least curveture, The twice decapitated
plants were intermediste in their growih inhibltion curva=
ture between the oncé decapiteted and the "deseeded”
plents, The planbts which had suxin sdded in excess to that

naturally present showed even less growth inhibition than
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the once decapitated ones. This may be explained in part
by the faet that the applied suxin may have ceused a ro-
distribution of the food factor so that there wes more
food factor present in the discarded decapitated tip of
these plants than there was in the decapiteted tip of the
untreated plants. (Went, 1939), This would decrease the
emount of subsequent growth in the auxiﬁ treated plants
more than in the untrested ones, the relative growth ine
hibition of the two sides of the coleoptile would be less
and accordingly the positive curvature would be smaller.

This experiment hes been repested using purified ine

hibitor (See Chepter VI,) with similar results, figure 7,
Also many compsasrisons hsve been made between"deseeded"
end once and twice decapibtebed plants and always with re~
sulte similer to those reported here,

From the gbove data it was thought thst if the twice
decapitated plents rosvonded less to inhibitor than the
once decapitated plants a "concentrationepositive curvature®
graph of the two types of test plants would show that the
maxingm positive curvature possible was greater with the
once decapitated, end also thet the range of linear propor-
tionality would be grester with them,than that found for
the twice decapitated plants. To test this ides & dilu-
tion series of purified inhibitor was made and the same
concentrations of solutions tested on both the once and

the twice decaplitated plants, In figure 8a sre shown the
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expected results and in Tigure 8b the results that were
sctually obtained, It can be seen that they were guite
different from those anticipated, This difference may be
pertially explained by the faect that while the inhibitor
wes thought to be suxin free it sctually was not. o
This is lmown to be the cese a8 the test plants were 0b~
served an hour and a helf after the application of the agar
blocks and with the twice decapitated plants, at the lower
concentrations of inhibitor,there were clearly negative
curvatures, This made it evident why after 2% hours with
the lower concentrations &f inhibitor, the twice Jdecapi-
tated test plants showed a sualler positive curveture then
the once decapitated, The reason was due to the fasct that
they were more sensitive to auxin in the imhibitor than
were the once decapitated plants, thus they curved negza=-
tively and then had to regein that smount of negetive
curvature before they began to show any positlve curvae
ture; hence they finelly showed less positive curvature,
This negative curvature preceding the positive curveature
is further discussed in Chapter VI, As stated, however,
it was exzpected that the meximun aﬁgle of the two kinds of
plants would be different, That this was not the case may
be ascribed to the fact thst the evperiment was done on
too small & scale, only twelve test plants being used for
~each point. A repetition of it would probably show that

the maximum angle wes grester for the once decapitated
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plants., This has already been shown by the aforementioned
kymogreph test. Here the difference in the curvature =
2% hours sfter the azprlication of the inhibitor is however
not much greater than 40 *

From the foregoing experiments it may be. said that the
plante thatlware growing the slowest ("de-seeded") responded
the least to inhibltor while those thet were growing the
fastest responded the most. This made it clear thot the
Best type of plant to use in the blow-assay for inhibitor were
those thet were only deca;itated once, L8 mentioned these

"
¥

were obtained by miing them immedistly sfter the first de-
cepitation, This is not always desiresble, however, because:
first, the time between the first end second decapitetions
allows an irregular set of plents & chence to becomec more
uniform in size, and, secondly, it is necessary to shift the
seed planting to the evenling in order to have the plants
the proper size sbout noon 36 hours lester. Furthermore
the differences in curvature between the once and twice de-
capitated plants ere for most experiments not great enough
to justify the change in the regular routine of plant pre-
peration for the standard auvxin test, For these reasons
it became the practice in the inhlibitor test, ezcept in
special experiments, to use Avena test plants as they ere
grown for the auxin test,

From the preceeding experimentes we mey define the

stendard inhibitor test as being exactly the same as the

standard Avena test except;l. That positive curvatures



0.

sre measured after 150 minutes instead of negstive
eurvatures after 90 minutes, and; 8., That the positive
curveture is only linearly proportionel to the concen-

tretion of the inhibitor between 3 and 13 degrees.
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Chepter III, Distribution of Inhibitor
A Sources of inhibitor,

Heving developed o standardized method of guantitatively
enalyzing for inhibltor substance it was next of intﬁﬁest
to determine itg occurrence both in other species and ss
to its sctnel distribution within the redish plent itself,

It wes first desireable to see if it was present in

5]

strains of redish okther than the one in which it was orie

' In Teble I are

sinelly found, i, e. "French Breakfast,'
listed the results of an inhibitor snelysis of the cobyle=-
dons of six stfains of radish. These were eight deys old
at the time of extraction and were all extrscted snd tested
for inhiblitor according to the standard method set forth
in Chapter iIl., These plants were grown in the open, iﬁ
loamy soil, It is seen from this desta that all of the
strains of radish investigated contained the growth inhie
bitor, but that the strain "French Breskfast" hed the most,
Sinee theoccurrence of the inhibitor in the genus
Rephenus was well esteblished the next question was as to

1ts presence in other genera of the same family, i.e. the

Cruciferae, The results of a survey as deseribhed sbove for

the radish streins, is also shown in Teble I, It is %to be

noted thet growth inhibitor cen occur in other genera
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Analysis of Cotyledons for Inhibitor Substance,

Material

Raphanus sativas
Black 8panish

Early Scarlet
Japanese All Season
French Breazkfast
Long Scariet

White Icicle

Brassica rapat
Early white flat Duich

Bragssica napobrassical
Swedish-American purple
top rutabaga

Br&seic“nigra:
Ostrich pluwe nustard

Tropaeolum majuss
Double golden yellow
nasturtium,

No, of Test
Plants

&4

24

&4
24

&4

24

Degrees Pos. Curv,
per 5 gr. per ca.
A% agar.
8.5
i7.3
7.2
i8.3
1i.0
3.8

.6

&8¢

6.7

4.5%

* Given as positive curvature substance in 8,ten day
0ld cotyledons. Extract tuken up in .& ¢e.,13% agar.
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besides HRaphsnus.

At this juncture it may bé well to point out that if
both suxin and inhibitor were extracted simultsneously from
the same materisl the net curvature might be neither a
measure of auxin, nor of growth inhibitor, Only if the ine
hibitor were in high enough concentration to cause a greater
positive curvature than the negetive curveture caused by
the auxin might 1is presence becoune apperent, The seme
conditions would be effective in making extrections for
auxin determinetions, The samec idea has recently been ads
vanced by Goodwin (1639) who presents evidence from dif-
fusion constant determinations (see Chapt, IV.) which indi-
cates the presence of growth inhibiting substances that

mask bthe effect of suxin,

Outside of the Cruciferss, inhibitor has been found

in the Iropeolaceas and in the fnacardiscese, In the nas-
turtium,--{feally Tropeolscese, it was found in the cotyle=
dons nine deys after gormination, This positlve curvature
substance from the nasturtium cotyledons was first observed
by Heyer (1936). 48 his method of extrsction diffsred from
the ether extraction used for the radish cotyledons, it was
considered desiresble to meke the standerd extraction, The
esults of this test sre recorded in Table I, Dr, Heagene
Smit (unpublished) has reported the presence of inhibitor

in the fruit of the pepper tree, =-- Schinus wmolle, a member




of the fanily Anscardiaceas,

From the above dabs it seems quite likely that the oce-
urremce of inhibitor masy be rather widespresd., PFPard#iculsrly
might this be the case if one believes thst its presence
could be obscured by the presence of suxin, Indeed while
many ether extractions of plent mesieriesl have shown the
presence of euxin and not of iphiblitor, perhaps for the

reason just mentioned the inhibltor may slso be present,
Be Distribution of inhibltor in the rsdish plant,

It wes next of interest to irvesticaste the dlstribue
tion of inhibitor in the radish plent itself. To do this
radish seed, strein "Prench Dreskfest", which was used
throuchout this work, wes sown in flat boxes containing
Joamy so0il, gt intervals of three Jays during the courae
of two and & half nmonths. During e last two weels it
was plented st one day intervals., At the end of this time

the smounts of inhibitor were determined in the coityledons

and the leaves of the plant, The leaves were extracted in
the order of their =sppearance in twos, The smallest size ex-

tracted was sbout 6 mm, long. LExcept for the first two lesves,
the terminal bud was considered indicative of the amount

of inhibltor in the next two lesves developing from it. Hxe
tractions of the hypoecotyl showed no curvatures. 7These de-
termingtions ere glven in figure 9 as degrees rositive

curvature per five grams fresh welght of meteriasl when the
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extract is taken up in one cc, of 13% agar. Each point
is the averege of twelve test plants. A few determinae
tions were repeated at a later time and found to agree
with those given here,

In figure 2 1t may also be seen that the amount of
inhibitonﬂgﬁe cotyledons reaches a sharp meximum on the
eighth day esnd from that time on the smount declines until
they finally contein no inhibitor but sctually heve auxin,
The developing lesves from the terminal primordis to the
mature leaf show a simliler continuel decrease in the
amount of inhibitor but with rno indication et any time of
en increase in inhibitor as in the cotyledons, The eage =
inhibitor relatiohship in the cotyledons was first deter-
mined by iir. Redemann, His results were approximately the
same &s those presented here,

While the graph, figure 9, shows that the concentrae
tion per grem fresh welght of the leaves decressed with
growth it does not necesserily follow that the total amount
of inhibitor per leaf decreases accordingly, A comparison,
however, of the amount of inhibitor per lesfl shows that
the first two leaves of 58 day old plants had enough inhi=
bitor per five grams fresh weight extract taken up in 1
cc., of agar, to cause 35 degrees positive curvature per
leaf, while comperable 69 day old leaves showed a 25 de-
gree nesative curvature. The second two lesves of 58 day

0ld plants had sufficient inhibitor to cause 205 degrees



positive curvature per leaf while comparsble 69 day old
leaves only showed & degrees positive curvabure per leaf,
Egch value isg the average of twelve inhibitor test plants.
It is thus apparent that with growth the total amount
of inhibitor per leaf does actually decrease until it is
no longer detectable and only euxin curvatures result
from the ether extrsctions,
From the fact that the amount of inhibitor decresses as
the leafl grows the conclusion might be suggested that the
inhibitor is related to the leafl prowth process. It is

well to bear in ming that in view of the recent wori on

G

leaf growth must be considered the result of both vein
growth end mesophyll growth, If inhibitor were to play a
role in leaf growth (see Chapt, VII) it might be sctive

in either part.
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Chapter IV, Chemical Properties of the
Inhibitor.

A Solvents for inhibitor extraction,

Mr. Co Ernst Redemann working with Dr, Hasgene
Emit begen an investigation of the chemical properties
of the inhibitor substance (unpublished).

Prom investigations of numerous solvents, for exesuple,
~= benzene, methanol, ethanol, ete., he found thet appre-
ciable amounts of inhibitor were extracted by only two of
them; di~-ethyl-ether, and ethyl ascetate, A4As noted it was
di-ethyleether thet wes used in the original extraction.
The ethyl scetate was found to extract nesrly twice as
much inhibitor as the ether snd also it did not extract
as mueh chlorophyll., It has recently been reported by
Sehmauss (unpublished), that the etpyl acetate is never-
theless a less desiresble solvent than the ether., The
reasons for this are: l.) The solubility of water is great-
er in ethyl scetate than in ether, 2.) The ethyl acetate
hydrolyzes to form scebic acid, snd 3.) That both the water
that hes been t aken up by the ethyl scetate, and even more
so the scetic acid, ceause the inhibitor to undergo a hye

drolysis es will be exzpleined in the next Paregraph.
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By Hydrolysis of inhibitor to yield auxin,

When an sctive extract of the inhibitor was tested
for its stability in hot hydrochloric aclild and in hot po=
tassium hydroxide Hedemann found a very surprising and un-
expected reaction, With the alkaline hydrolysis the posie
tive curvature ectivity wes coumpletely lost and replaced
by a strong negebtive curvature asctivity. This made it
likely that the substence ceusing the positive curvature
was & derivetive of one of the auxins., It also made it
necessary to postulate for the structure of the inhibitor
a compound, part of which was this euxin, but without its
free carboxyl group as it had been found thetb ihe inhibie-
tor contained no ascidic or basiec groups. From the pro-
nounced fat solubility of the inhibitor it also seemed
likely that the linkege between the suxin part of the molew

cule and the remeining portion was an ester linkage.
Ca Identification of the suxin from inhibitor.

An attempt was made to identify the nature of the
suxin produced by the alkaline hydrolysis,., This was done
by determining its stebility upon refluxing in 5% potase
sium hydroxide and in 5% hydrochloric acid, Kogl and
Haepen Bmit (1934) have shown that under these conditions

of pH auxinea is stable to acid but not to alkali; suxin b
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is not stable to either of the reagents; while indolew
Bescetic acid (hetero-guxin) is steble to alkali but not
to acid. Prom this "differential destruction" test the
evidence was in favor of comsidering the growth promoting
fraction to be indole-3-acetic acid, It should bé noted,
however, that this test is not considered relisble when
there are many impurities present.as in this case.

To gain further indication ag to the chemical nature
of the inhibitor ,molecular weight determinations were ate
tempted, Tbe estimstion of molecular weights is based on
the determinstion of the diffusion coefficlent which is
made in the following menner: Three plain 13% eper plates
are stacked one aebove the other, a fourth agar plate of the
game size, in this cese 1 x 6 = 8 mm,, end containing the
substance being investigeated is then placed on top of the
stack of three, After a given time the distribution of
the substance in all four plates is determineds in this case
it was measured by the inhibitor %test but with only & 120
minutes instead of the regulsr 150 minutes bLotween the ape
plicetion of the test blocks and determinstion of the
curvature, (This 30 minutes difference would tend tc  ake
a less sccurate determination than otherwise,) The (lie
tribution found in terms of relative concentration is
then calculated on the bagis that the total amount of curve<’
ture of the four plates equals 10,000, From these values

one may refer to Diffusion Tables by Scheffer and Xawalizi
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{1923) and find an "x" value., This "x" may then be substi-
tuted in the following formulse siven by Bruins (1922)

<

and the diffusion coefficient thus obteined,:

D = n®

4 t x

in which h is the thickness of the
agar plates in cm,

t is the time in deys that
the diffusion is al=-
lowed to continue,

x is the value from the Difw

fusion Tghles mentioned
above.,

Having obtained the diffusion coefficient D, one can
then calculate the molecular welght from the following

relationship as supgested by Oholm (1912):

Mo W, = [7.0(l+ a.Tl]g
D

wheres

M.¥. is the molecular weight

" "  temperature coefficient (1/273)
P gentigrad temperature
4] 4]

diffusion coefficient

This method was first used for plant hormone molecular

weight determinations by Vent (1987),
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The date obtained by ir, Redemenn may be calculated
to give the following values: 174, 212, and 222, Lt should
be noted that he stabtes that all known errors would tend to
meke these values too lerge, The values 1 later determined
were, as predicted, esctually lower, See Chapter VII,

From the moleculsr welght determinations it was cone
cluded that the auxin derived from the positive curvaiture
substenee cannot he eligfher auxin a nor b as both of these
auxins have molecular welghts higher than the highest value
found for positive curvature subsbtance,

In summery, the chemicael properties of the inhibitor

L., That i% cen be extrascted from redish cotyledons
with either di ethyl ether or ethyl acetate.

2+« That it contsing nelther acidic nor basic groups,

3. That it cen be hydrolysed with 5% potassium hye
¢roxide to yield a growih promoting fmaction,

4, Thet a differential scid-alksll destruction test
of this growth promoting fraction indicates that
it could be indole scetic acide

5, That the molecular welght determinations indicate
that the growth promoting frection could be
nelther suxin & nor b,, end

8. Thet indicetions sre that an ester linkege exists
between the growth proaoting pert of the molecule

snd the unkneowm part.
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Chapter V, Growth Inhibitor and CGrowth.
A Growth effect of inhibitor on Avena coleoptiles.

As mentioned in the introduction, Avena growth curva-
tures csn only be csused by a relstive difference in growth
rate on two sides of the plant, A rate which was relas
tively lower on the trested side would csuse & positive
curvature, This reletive difference of growth rste could
be brought sbout sither by 1. in actual inhibition of
the growth on the treated side, or 2, Iy an incresse of
the growth rate on the untreated side, To settle this ques-
tion and to investigate the direct effect of inhibitor on
growth, growth rseste measurements were madé es follows:

The upper 1Smm, of intact Avena coleoptiles were
marked into 3 mm. zones with Indis ink. The growth of
these zones was then {ollowed by measuring the increase in
the distance between them st interveals of an hour and a
half, To one set of six plants inhibitor was apnplied syme
metricelly over the tip millimeter of the coleoptile in &
small drop of lenolin paste. To snother set of six plants
pure lanolin peste slone was aspplied in & comparable faeshion,
The growth increase of these two sets of plants was mcase
ured sccurately by mesns of g horizontal mieroscope which
could be reed to a ,01 mm, vertical difference. The

plants, throughout the course of the experiment,were kept



in the regular Avena testing dark rooms where humidity
and temperature were kept constent at 85%, and 24°8.,
They were illuminsted only with the lisght transmitted
through a Corning orange licht filter No, 243,

The results of this determination may be seen in fige
ures 10 ané 11, From figure 11, it may be seen thst the
effect of inhibitor is to decrease the growth rate of all
zones of the treceted plants by asbout 20%., From figure 10
it is clearly seen thet this decreased growth rete is unie
formly distributed over the entire length of the plant.

This experiment was repested using "purified" or
suxin free inhibitor in lenolin., {fee Chapter VI for puri-
ficetion method), This test differed from the former
only in thest here the plants were older at the beginning
of the experiment belng 30 mm, tall ss compared to 25 mm,
in the other case. The results of this experiment sre seen
in firures 12 and 13. VWhile they are essentially the same
as those obitained with the unpurified inhibitor they show
8 grester amount of inhibition as in this instance the
growth is completely stopped in six hours, Figure 12
shows that for the first two hours after the application of
the purified inhibitor the growth rate of all of the zones
is like that found for the unpurified inhibitor but from
that time on it decreases more rapidly. Comparing ligure
13 with figure 11 one sees thet there is rouzhly a 20/

greater‘érowth.inhibitiﬂn effect of the purified inhibitor
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over lts controls than with the unpurified inhibitor.
This is sapperently due Lo the fact that the unpurified in-

hibitor contained suxin together with other impurities.

Ba Observed positive curvature explained on &

besis of messured growth inhibition.

Since these results indicated thet the inhibitor
acted on the Avena coleoptile solely by causing a growth
inhibition it was interesting to see if this conclusion
could be substentiated Ly using it to predict the amount
of positive curvabture obteined by the unilsteral applica-
tion of the inhibltor. This could be done by calculating

the amount of positive curvasture to he expected il the de-

2

creased growth rate determined above were to sct by cause

0,

{

ing the same growth rate decresse but only on one side of
an Avena coleoptile,

To answer this polnt the same concentrstion of unpurie
fied inhibitor in lsnolin, whose effect in decreaesing the
growth rate is piven in figure 11, was applied unilster~
ally over a § um, strip, 15.6 mm. below the tip of 206 mm.
Avene coleoptiles, This weant that the inhibitor was ap-
plied where zone l. would be on the plants messured for
the growth rete response, For this reasson it was neces-
sary to use the growth rste of zone 1 in calculating the
emount of positive curvature to bhe expected from such an

inhibition, This difference in pgrowth rate was found to



be o5 mm., for the first two hours, By substituting in

the formulses

2fMd_a = 1z-1y
5508 *

where:

d is the diemeter of the plants

a is the engle of the curvature

lx is the growth rate of the convex side

1y is the growth rate of the conceve side
it is possible to caleulate the expected curvature resuli-
ing from sueh growth rate difference on two sides of a
growing orgen,

The eversge diameter of the plants which were unilaters
ally trested was found to be 1,4 mm. by direct measurement,
The growth rate difference 2s mentioned, was .5 mme for the
first two hours, hence by substituting in the ahove equa«
tion end solving for the angle of curvature, "a%, we find
that it 1is suppésea to equel 20.4° positive curvature, Iy
actual measurement of the plants treated unilsterally with
the same concentration of inhibitor in lenolin, after two
hours the positive curveture was found Lo he 23.8° .

From the above deta, then, it is apparent thet the posie
tive curvetures resulting from the relative growth inhibi=
tion effect of the inhibitor ere setuslly the result of a
growth inhibition on the treated side. It is also seen that
the growth rate measurements from plants trested with inhi-

bitor can explain the positive curvatures obtained by the



unilateral applicetion of inhibitor,

Cu Growth effect of inhibitor on tissue sections

of fAvena and radish,

It was interesting to determine the effect of inhibi-
tor on the growth of 4,0 mm., sections cut from Avena coleow
ntiles, Lt is known thst when such sections are put in
auxin solutLons their growth 1ncreeses over wctﬂr controls,.(P

hormones
It is elso known that the amount of this ~r0wtt is pro-
portional within limits to the concentration of the auxin
solution. For these reasons a congentretion series of an
active inhibitor extrsct was made, The cotyledon extract
was taken up in 4 ce, of weter and sucecessive tonfold dilue
tions were made down to 10 of the highest concentrastion.
mwo ce, of each of these concentretions wess then put in s
fyracuse dish end thirty 4,0 mm. sections cut from the up-
per helf of Avena coleoptiles were rdded, These dishes
were kept in the dark room until the time for the growth
messurements 24 hours lster, At this time they were taken
into the light and meesured accurstely to a ;l mm, by
means of en ocular micrometer. The results of this experie
ment ere seen in figure 14, Here it is noted thaet the highe
est concentretion of inhibitor esused a shrinkage in the
original size of the eell, This was due to the fact that

the solution wes toxic as the sections were flasceid.. The
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other concentrations inhibited the growth of the sections
when compared to the growth of the water controls except

at the very lowest concentration., In that case the growth
of the sections in the inhibitor and in the water were the
gsame. There was no relation found betwcen the concentraw
tion of inhibltor and the amount of inhibition. This experis
ment hes been repesated twice with essentially the same re-
sults,

£ gimiler experiment wes done using ten 4.0 mm, sote
tions from radish hypocotyls at the same inhibitor concenw
tretions as sbove, The redish plants had been grown in
the greenhouse in the usual manner and were 5 days old at
the time of the expsriment. Another set of radish plante
was'grawn which were etiolated by keeping them in the dark
rooms used for Avens testing, The resulis for both the
light end dark grown radish sections were similar to those
obtained with the Avena coleoptile sections. This data is
presented in fisures 15, and 16,

In eonclusion it may be gaid thset the inhibitor ects
on the growth of the Avena coleoptlle to csuse positive
curvetures by sctuelly causing e growth inhibition. The
amount of inhibition is suffiecient to explein the positive

nrvatures obteined from the unilateral application of
inhibitor et the middle of the coleoptile,

Inhibitor likewise inhibits the growth of isoleted

sections of Avensa coleoptiles and radish hypocotyls eucept



at the lowest dilutions where, in the case of the radish,
it ceaused a growth promotlion, There wes no linesr propor-
tionality bhetween the concentration of the inhibitor and

the amount of section growth inhibition,

&7 .



Chepter V1. Inhibitor Transport Through
Avene and Redish fections.

A, Non-polar movement of inhibitor in Avena coleop=

tiles and radish hypocotyls,

The inhibitor substance has been shbwn to be of neuw
tral chemical character, i. 6, it conteins neither scidic
nor basic groups, hence in regerd to the polarity of its
transport through plent tissues on the besisg of Vent's
(1932) potential gradient theory for polsrity of plants,
one would expect it to be trensported acropetally as well
as besipetally. According to this theory only certasin ore-
canic ecids for exemple auxin, should move besipetally while
bases should move only acropetelly., A substance of neutral
character should be transported egually well in either die
rectikon, The following experiments showed this to be the
cese with inhibitor substeance,

Two pletes of blank 13% agsr, 1x6x3 mun. were placed
each on a separate microscope siide., On top of the plates
vere placed on end, twelve 4.2 mm. long sections of fAvena
ecnleoptiles. On one of the plates these were left in the
normel position (i,e. in the same position with respect to
sravity as in the plent) while on the other plate they were
inverted. On top of both sets of sections another sgar

plate was plsced similsr to the lower one but containing
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the inhibitor ("donor plate”). Both slides were then pub
in a Petri dish in which there was & small piece of moiste
ened filter paper. The whole procedure wss carried out in
the regular Avena derk room,

After two hours the plates were cut into 1 x 2 x 2 mnm.

blocks and analyzed for inhiblitor. The results were as

follows:
Coleoptlile PFosition Curvature, Avg. 9-12
{(Upper plate, inhibitor donor) tgst plants with Stend,
Kormal, lower plete MPPZ?é * 5
Normal, upper plate 84,0 = 1.7
Inverted, lower plate 4.6 = 3
Inverted, upper plate 24,0 = 1.7

Trom these results it is concluded thst with the cone

o

centration used in this experiment, there is no polerity
of inhibitor trensport in the Avena coleoptile, Other ex-
periments to be discussed soon verify this conclusion. 1t
should be mentioned that the polar transport of suxin is une
affected over a very lsrge concentration range, sccordingly
we may expect the same to be the case with the non-polar
trensport of inhibiter,

T™he polarity of inhibitor trensport was next investie
gated in 4.2 mm, sections of redish hypocotyls, The experie
ment was performed in the same manner as described sbove

for the Avena coleoptiles exzcept that radish hypocotyl
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sections were used., Duplicate deteraminations were made,

The results are given below:

Curvature. (Avg,., of

Position of Hypocotyl 12 test plents,)
(Upper plste, inhibitor donor) I 11
Vormsl, lower plate 5,0 3.1
Hormel, upper plate 13.6° - 11,6°
Inverted, lower plate 3.6° 3.8°
Inverted, upper plate 14.3" 9,0°

These hypocotyls were from 6 day old plants that had been
grown in the green house under the rejulasr culbture condiw
tions. Before plscing the hypocotyl sections on the ag
plates they were allowed to stend on %et filter psper for
30 minutes to tend to empty them of suxin and to remove de-
structive enzymes from the cut surfaces, It may be seen
from the above date that radish hypoecotyls like Avena co=-
leoptiles Tad no trensport polerity for inhibitor,

In one experiment, performed under conditions which weyre
presumably the same s those above, suxin was found to be
present in the receptor agsr pletes of both the normael and
inverted sections., The actual data for these surprising

results, was:

Hypocotyl Position Curvature, (ivg., of 12 test

{(Upper plate inhibitor  planis with 8tend. Error)
donor )

Normal, lower plate -7.8° % .5
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Hormal, uuper plate -+15.0°i: Tyd
Inverted, lower plate «3,8°% 1,0
Inverted, upper plate + 11.8° = 1,3

Lttempts to repeat this experiment showed only inhibi-

tor passing through the normel and inverted sections,

Bs Chronologsiceal record of movement of inhibitor
through sections of Avena coleoptiles and

redish hypocotyls.

Since it wes not »o-sible by the above method to get
e chronblogical determination of the effect of pessing in=
hibitor through redish hypocotyls and in view of the sur-
prising results obtained in one instance, it was found desir-
able to male such & determ netion, This was done by mounte
ing a 4,8 mm. section of radish hypocotyl on the shounlder of
& decapitated Avena coleoptile, £ very smesll srtot of Vase-
1iné was applied to the primary leaf to held the section
upright on the top of the coleoptile., On top of the radish
section was then plesced an agar block (1 x 2 x 2 mm.) cone
taining the inhibitor., A silver wire wae inserted into the
primary leaf so that the whole set~up could be placed in
front of the kymograph drum s described in Chapter II,
By this method any growih promobing or inhibiting sube

stances diffusing from the section would pass on into the
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Avena coleoptile and cause & growth reaction which would
then be recorded, Four sttempts were made with this
technique hefore consistent data were obtasined, The resson
for not obteining good results waes probably due to lack of
skill with the method,.

it was decided thet before investigating the effects
of inhibitor transport through inverse sections of Avensa
and radish with this method., the transport in the nore-
mal direction should be well understood. Toward this end
2s1 nm., Avena coleoptile sections were cut from neer the tip
and near the bsse, These were then tested,by the kymograph
technique described above, for the effeect of inhibitor
transpoft. A similer set of 2,1 mm. radish hypocotyl sec-
tions were also investigeted in the same way, at the
same time., The results of these experiments sre shown in
figure 17, Here it is clearly seen that in both instances
the action of the inhibltor extract was to cause gt first
a strong negative curvature which then curved positively.
Only in the case of the sections cut from "the base of the
radish hypocotyl did the cumvatures actually become positive,
however, VYhen the inhibitor used in this experiment was
tested directly on the coleoptile it gave a positive
curveture of 6,3 degrees in e 1:4 cdilution., This indicates
that there was sufficient inhibitor in the top blocks on
the sections to cause 20,8 degreces positive curvature,

These results are, however, open to criticism as there
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may have been auxin in the crude extract which could be
transported through the sections end cause the observed
negative curvature, To overcome the objection the follows-

ing method of inhibitor purification weas devised,

Ce fuxin contaminetion of inhibitor extrect and
its pemoval by the "Inverse Transport® puri-

fication method,

Since it had been s own by Redemenn that any of the
usual chemiceal treatments used to remove auxin from the
extract resulted, not in the removal, but in the hydro-
lysis of inhibitor to yleld even more auxin, chemicsl tresatw
ments were not considered, It was also necessary to de-
cide how to deternine when all of the auxin was removed,
it was assumed that if no initlal negative curvature prew
ceded the positive curvature then there was no auxin prow-
sent, or that if it were present it was below the sensie
tivity of the plants and so for the purpose of subsequently
detecting auxin effects it could be regarded as negligible,
Since it was impossible to purify the inhibitor by Imown
chemical means without rurning the risk of hydrolysing it
into suxin, a physiological purification method was de«
veloped.

It is well established that Avensa coleoptiles will

only transport suxin basipetally., Only when the auxin



concentrations are extremely high, -« far higher then those
dealt with here~«, only then could the auxin pass through
Avena sections acropetally. Inhibitor substance on the
other hend as we have already seen can be transported in
both directions of the Avena coleoptile, It haes no polare
ity of transport., By using these two fects: 1, Auxin
trensported only toward the base of the coleoptile, and:
2« Inhibitor transported toward the tip or base, il was
thought thet it might be possible to separate the inhie
bitor from contauinating asuxin by pessing it through
Avena coleoptile sections from base bto tip and thus keep
the auxin from passing shrough. This was itried in the
following manner: Twenty 4.2 nu, sections of Avena coleop=
tiles were inverted on a blank agsar plate as earlier des-
cribed. On top of these inverted sections was then placed
another agar plate which contsined both inhibitor and any
contanineting auxin from the crude extraction. This set
up was allowed to remain this way for ten hours, &L the
end of this time the inhibitor in the bottom agar plate
was tested on the kymograph, in two conceantrations, 1

and . As can be seen from Figure 18. (Lach point average
of 11 test plants on full strength concentration curve,
averare of 9 plents on 7 conecentration curve,) no negative
curvabtures were preseht when the inhibitor was purified
in this way. (Compare with unpurified inhibitor, figure

2.) This experiment wes repeated three times with the

44,



Fig. 18. Reaction rate to purified inhibitor. Two

Concentrations tested, 1 and &. Twice
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45,

same results in every case, 1t was concluded that cone
taminating auxin was removed., In subsequent work when
reference is made to purified inhibitor it will be under-
stood thet it was purified by this "Inverse Transport”

method.

Ds Action of Avena test plants to inhibitor contamie

nated with auxin,

It was next interesting to see if the sction of the crude
inhibitor extract,-~a negative curvature followed by =a
positive one, could be duplicated by msing purified inhi-
bitor and mixing with it indole acetic acid, a growth proe-
mobting substance, This experiment was done by testing on
the kymograph: 1, purified inhibitor alone; 2. 4/5 purie
fied inhibitor plus 1/5 of an indole aaétic ecid solution
of a concentration of 45 gamma per liter, snd; 3. 1/5
inhibitor plus 4/5 of the indole ascetic acid solution,

The results ere seen in figure 19, Each point is the averw
age of 10~-12, twice decapitated plants, It is clesr that
the same type of curveture is found as that obtained with
the crude inhibitor extrect., 1t mey then be concluded
that the negative curvatures preceding = the positive cure
vatures and resulting from the appliication of the crude
unpurified inhibitor extract, are due to suxin which was

extrected from the cotyledons together with the inhibitor,
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It should be pointed out that when it was found thet inhi«
bitor was present in the vegetative buds and young leaves
as well as in the cotyledons, mapy of the crude extracts
were made by using the whole radish plant except for the
roots, As suxin is present in the hypocotyl this proceedw
ure allowed suple opportunity to extract suxin slong with
inhibitor, iHoreover, it has been shown by Van Overbeek
(1933), that it is even possible to obtaln suxin from the
radish cotyledons themselves by the diffusion method of
suxin extrection. According to this method the cotyléedons
sre cub from the plant near the hypocotyl and asllowed to
diffuse out sny substances into 1 x 2 x 2 wm, 1i agar blocks
placed on the cut end. These ager blocks cause very strong
suzin curvatures in the Avena test., This indicates that
suxin is coming from the cotyledons. The point to be umsde
is that this suxin ls probably present in the erude extract
but thet in the standard inhibitor best its presence would
not he noticed because of the obscuring effect of the larw
ger amounts of inhibitor; however s kymograph test, would
record the presence of auxin, By direct observation of

the test plants it is possible to see the negabtlve curvaw
tures recorded by the kymograph. This is perticulariy
possible in csses where the amount of inhibitor is not esge
pecially high., Under such conditions 1if a messurement were
taken of the smount of negetive curvature 1t would serve

to answer some of the same guestions thet are esnswered
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by the kymogreph test; l.e. namely, how much suxin and how
gmach inhibitor sre pregent in the exirscty

When inhibitor extraect contains auxin in the proper
smount it is possible to obtain test plants which show S
shaped curvabtures after an hour and a half, These curvas
tures may be interpreted as being caused by the auxin meni-
festing itself first to glve a growth promoting effect hencse
e negative carvature which will move downward into the lower
zones of the coleoptile while the inhibltor escts to give a
positive curvature in the upper zones. Exsmples of this
type of curvature sre seen in figure 20, At the end of
2% hours when there is a lepge concentration of inhibitor,
the 8 shaped curvature will be entirely replaced Ly a com=

pletely positive curvature,

E¢ Curvature rates of Avens coleoptiles to dilue

tions of inhibitor,

The grester the dilution of the inhibitor the less l1s
the net smount of positive curvature and alsoc the greaﬁer
is the negative curveture if there is euxin present. This
is seen in figure 21, Nine to twelve test plants were aver-
eged for each point, In this experiment, a dilution serles
(1, 1/2, 1/16, % 1/32) of crude inhiblitor extract was
tested directly on the coleoptile by the standerd kymograph

technique, From the results it is clearly scen thet after
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Fig. 21, Curvature rate of once decapitated Avena
test plants to different concentrations

of unpurified inhibitor.

Negative Curvature.
'
9 mm,

-

r_3 o .

| 6 mri,

LS mu,

_12 ml:. °

15 mm.

18 miw,

Positive C arvature.

1.0




48.

an hour and & helf the plants with the 1/32 inhibitor
showed a negative curvature of about -8 degrees while the
plants with the inhibitor full strength showed a posi-
tive curvature of sbout 6 degrees. After the next 2%
hours, however, the 1/32 concentration plants had become
posltively curved to sbout 7 degrees and the full strength
plants to ehout 18 degrees, This data thus sgrees with
the explenation for the oceurence of & shaped curvatures
at low conecentrations of inhibitor containing suxin,
Since the 2.1 mm, Avena sections tested on the kymoe-
greph for inhibitor resction diffused out suxin to a large
extent, as was seen in a previous experiment, it was
thought worthwhile bto investigate the effect of treating
sections longer then 2,1 mm, with inhibitor. This was done
in the same menner as described for the 2.1 mm. sections
except that the sections (of different lengths) were gll
cut from the upper helf of the Avena coleoptile, The re-
sults, of this experiment azre seen in figure 28, (Blank
controls for gll sections were run but are not given on
this greph as they would not affect any of the conclusions
drawn,) It is to be noted thet the longer the section
the less suxin it trensmits, (indicated by the mm, of
negative curvature given in parenthesis)., This can be
understood if one sssumes with Van der Vey (1933) and Van Overbeek
(1939) thet it is possible for the plant to use or destroy

the auxin as it tends to pass through the plant section.



Fig. 28, Reaction rate of oncedecapitated Avena coleoptiles
to inpibitor. transported through coleoptile sections
in the normal position. Each point is the average

of seven tust plants.
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Thus a short section would use less auxin than e longer
one, while the longest section would be capable of

using the most auxin and hence would gi e a record of
transmitting the leest., This assumption would also explein
the difference in the reaction to unpurified inhibitor of
the Avena and radish sections cut from the rapidly growing
zones, apical sections, and from the slow growing zones,
(basal sections), The rapidly growing zones would be capa=
ble of using more of the auxin snd hence would transmit
less than the basal zones. This was sctually found to be
the case as was seen in figure 19,

The effect of transport of unpurified inhibitor through
Avena sections in the normsl, bassipetelous direction seemed
now well established., The presence of the esuxin curvatures
could be ascrived to suxin in the crude extract., Likewlse
could the presenze of & regative curvaturé preceding the
positive curvaiure,when Lhe agar test block wes applied die
rectly,be ascribed to contaminating suxin for when the
auxin was removed by the Inverse Transport purification
these negative eurvatures were no longer present., There
were stlill two points unsetiled, however, concerning the
transport of purified inhibitor, The first polnt was to
determine the transport of purified inhibitor in the nore
mal direction. The second point was to conclusively snswer
the question as to whether or not auxin diffused out of the

inverted sections g8 indicated by one exceptional radish
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polarity test.

Fa Transport of purifled inhibitor in Avena

coleoptile sections.

These questions were answered with respect to the
Avena coleoptile sections by the following two experiments,
In the first experiment both, 2.1. mmn normel position secw
tions and 4,2 mm. inverted sections were tested lor trans-
port of purified inhibitor Ly the kymograph technique,

The results are seen in figure 23 where each point is the
average of 9 or 10 plants, It is noted thet in both in-
stances there is an auxin curvature present, Since suxin
free inhibitor was used, this negative curveture must have
been the result of the transport process, It is easy te
believe that in the transport through the sections in the
normel position some of the inhibitor could have been hydro-
lysed to auxin which then would diffuse on out, but in the
case ¢ the inverted section it is difficult to see how

any eusin could diffuse out, as it would be going ageinst
'the valle=estaeblished polerity of auxin transport. To ex~
plain this negative curveture one may assume that inhibitor
was transported through the Inverted section as inhibitor,
{which we have seen is possible), and that actuelly no
suxin wes transpopted against the polarity, but that at

the bottom cut surface of the section and the top eut
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Fig. 23. Reaction rate of twice decapitated Avena coleoptilk s
to purified inhibitor transported through 2.1
mm. coleoptile sections in normal position,and 4.2

um. sections in the inverted position.
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surface of the coleoptile there was a hydrolysis of inhibie
tor to auxin. This might have come about by the presence
of hydrolytic enzymes as it has been shown by Van Overbeek
(1936) that at cut surfaces of Avena coleoptiles there are
enzymes libersted, (He found the presence of peroxidase),
To verify this experiment it was repested in the follow-
ing wmenner: 4.2 mm., Avena coleoptile sections were cut from |
the upper helf of coleoptiles and were mounted in the in-
verted position »n test plants in the manner previously
deseribed. To one set of twelve such plants was applied
an unpurified inhibitor made from the extraction of the
cotyledons alone., To a similsr set of plants blank 13%
apar was applied, To a third set of six plents with ine
verted 4.2 mm, seétions, eser containing an indole acetic
scid salutién of 500 gamma per liter wes applied, while
to a fourth set,also conslsting of six plants,the same cone
centration of indole acetic acid was applied directly to
the Avensa coleoptile without any intervening inverted co-
leoptile section, Finally inhibitor of the same concentra-
tion as thaet used sbove and blank agar, were each tested
directly on sets of six plants, These were all run on the
kymogreph mechine at the same time so that any fsctors of
varying sensitivity of the test plants to inhibitor or
suxin were ruled out, The results are seen in figure 24,
From this figure the following points ere evident: 1. That

in egreement with Corter's (1927) statement blenk agar can
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cause posltive curvatures efter two hours and a halfy

2. That therec is no transport of pure auxin alone through
the inverted sectioni 3, That the inhibitor extract had
little auxin in it itself,--ghown by the test of inhibitor
directly on the coleoptile,.34, That in agreement with the
former experiment,inhibitor transported through the inverted
Avena ssctions caused a negative curvature to precede the
positive one, and; 5, That this positive curvature oceurred
at the same rate as the posltive curvature resulting from
the direct spplication of the inhibiter thus indicating

that the transported inhibitor still scted the same as

the non«trangported inhibitor.

Gy Transport rate of purified inhibitor in Avena

coleoptiles.

From these two experiments it 1s possible to determine
the rate of transport of inhibitor through inverted section
of Avena coleoptile. The beginuing of the eumotoric phase
{see Vent end White, 1939) is teken as the moment of the be=
ginning of the negastive curvature preeceding the positive
curvature, This is based on the sssumption that the first
inhibitor to pass throuzgh the section becomes hydrolysed,
as explasined, at the cut surfaces snd hence continues on
into the coleoptile as suxin slone, The subsequent posi«

tive curvature of the Avena coleoptile may be expleined as
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resulting from more inhibltor being transported through
the section then can be changed Into auxin et the cubt sure
feces,

It has been found by Vent and White (1939), and can
also be determined from figure 1., thst the time required
for the beginning of negstive curvatures in Avena plants in
rcesponse to indole-acetic acid is 37 minutes, Accordingly
the 37 minutes required for the initiation of this curvae
ture must be subtrescted from the total time necessery for
the initistion of the curveture in order to find the time
required for the inhibitor to pass through the section
end arrive at the top of the coleoptile, From figure 22
the total time required from the moment of application of
inhibitor to the beginning of the response in the coleop=
tile is €62 minutes, <Subtracting the 37 minutes, 88 éx«.

' plained, indicates that the inhibitor was tranaported
through this 4.2 mm, sectlon in 85 minutes, This is at
the rate of 10,1 mm, per hour, Calculating the velocity
from the second experiment one finds thet it is 10.9 mue
per hour, The rate of suxin transport in Avens coleoptiles
is between 10 -« 12 mm, per hour so thet the velue found in
these two instances for ilnhibitor is the same as that of.
auxin,

From figure 228 an indication of the treansport rate of
inhibitor through‘coleoptile sections in the normal posie

tion may be determined, The 2,1 mm., and the 6,3 mm, show
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a definite time for the beginning of the eumotoric phase.
This time is seen to be 62 minutes for the 6.3 mn., sec=
tions while for the 2,1 mm. sections it is 40 minutes,

The difference between these two times, 22 minutes, is the
time required for the inhibitor to be transported through
the additional 4,2 mm, of the 6,3 mn., sections. This is

gt the rate of 11,5 mm. per hour or approximstely the same
g8 the transport rste for the inverted sections. 48 this
value is based on only one experiment it should be borne

in mind thet it is only an indication of the transport velo-

city of inhibitor in the normal direction,

H, Transport of purified inhibitor in redish

hypogotyl sections,

An experiment similsr to the one jJust described for
Avens sections was cerried out using radish hypocotyl secw
tions, These were 4.2 mm. long and were out from the upper
half of the hypocotyls of plants thet hed been grown in
the greenhouse in the usual way, Fif¥e different sets of
twelve plants each were tested on the kymograph by the
technique previously described., The sets tested were:

l. Sections in the normal position with inhibitor applied
on tops; 2. Control sections in the normel position with
blank agers 3, Sections in the inverted position with ine

hibitor epplied; 5. Inhibitor of the same concentration
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as in the lst and 3rd séts tested directly on the coleop=
ti.es The results of this experiment are given in figure
25. Here it is seen that ss with the Avena sections, the
tranaport of the inhibitor through the inverted sections
shows at first a definite auxin curvature followed by an
inhibitor curvature, In this cacze, a&s in the case of the
Avena, hydrolysis of inhibitor may teke place at the cutb
gurface. From this experiment it 1s slso clear that in
acreemnent with the esrlier experiments it is found that ine
hibitor has no transport polerity in radish.

In the one exceptional experiment on polarity of
radish hypocotyls for inhibitor it will bLe recalled that
it was found thet during the two hours sllowed for trange
port nothing but suxin had come through the inverted sece
tion. 4&s may now be understood from figure 25, the two
hours allowed for the inhibitor transport was insufficient tine
for inhibitor to come through the section in lerge enough
smounts to escepe hydrolysis, sccordingly only suxin was
found in the lower plate, From Figure 25; the rate for
inhibitor trensport through the 4,2 mm, inverted radish
sections is found to be 63 ninutes, This is at the rate
of 4,0 m, hour, or only asbout & third as fast ss in the
Avena coleoptile,

From 2 similar experiment where indole - 3-scetic acid
(850 gemma per liter) was transported through 4,2 mm,

raedish hypocotyl sections in the normel position, the velo=
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city of transport was found to be 3,1 mm / hour, This
should merely be considered an indication of the veloe
city as only four plants were measured in determining
this value,

Summerizing the facts concerning the transport of ine

hibitor through Avena and radish sections one may say thats

; P Inhibitor is transported non-polerly.

e It is possible to obtain inhibitor apparently
free from auxin by the "Inverse Transport”
mirification method 8o that no negative cure
vatures are found when such purified auxin is
tested on the kynograph.

S The effect of unpurified inhibitor mey be dupe
licated by mixing auxin with purified inhibitor.

4, The more dilute the crude extract of inhibltor,
the greater will be any negative curvetures
preceding %“he positive ones,

5 inhibitor may be hydrolysed at cut surfaces,

Gy Inhibitor is transported through inverted and
normal Avena coleoptile sections st the rate of
about 11 mm, per hour,

: It is indicated that inhibitor is transported
through inverted radish hypocotyl sections at

the rate of 4,0 mm, per hour,
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Chapter VII, Physiological Hole of Inhibitor.

Since 1t was well esteblished thet the inhibvitor sube
stance was capeble of being hydrolysed into suxin and yet
that 1t could ecaunse growth inhibition in the Avena plant,
it was interesting to inquire into its possible physiologie
cal role in the radish plant., As pointed out in the introw
duction, one class of inhibitions are lmown to be csused by
suxin, The questions now raised weres~ 1, Could inhibie
tor ect thée same way in these inhibltions as the applied
auxin?y 2, Could the inhibitor sct like an suxin precure
sor and be hydrolysed to yield auxin in the plant?; and
3. Could the inhibitor have a role as an inhibiltor in the

physiology of the radish plant?

fy Inhibvitor does not izhibilt bud growth.

The first problem investigeited of the known suxin
inhibitions was thet of bud growth, This was done in the
following wey: Eight day old etioleted pes seedlings

{strain Aleske) which had been grown in sand, were cut

of f near the tip Just below the third node, On the cut suf=
face of thirty such stems purified inhidibtor in lasnolin was
spplied. To & second group of thirty stems inhibitor was ap-

plied mixed in the ratio of two parits of inhibitor and one part

suxin., Yo the third group it was applied as one part inhibltor

and
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two parts suxin. The auxin used above was in a lsnolin
paste in a concentration of 1 psrt in a 100, A fourth
lot of thirty pea stems were trented with the auxin paste
full strength, while a fifth lot were treated with blank
lanolin. After six daye the outgrowth of the lateral buds
wes measured, None of the buds developed except those on
the stems treated with inhibitor or treated with lanolin
alone, These results, given as the growth of the buds
with stand, error, on treated stems efter six days, were:
inhibitor=- 87,7 mn.t 4.43 control (lenolin only) -=-

T7.4 2641, See also figure 26 which shows a toxic effect

of the inhibitor as evidenced by the atrophying of the

tip centimeter of the stem tissue, From this axperiment,

which has been repested with similer results, it is appar-
ent that the inhibitor has no effect on bud inhibition,

It might also be said that at the concentrations of auxin

used inhibitor has no effect in counteracting the auxin

inhibition,
By Inhibitor is not active in mesophyll growth,

Since inhibitor was found to disappeer during the
growth of the leaves it wes wondered if it could function
as & factor for leaf growth. To settle &his péint Hre
David Bonner kindly made a leaf growth test according. to

the method developed by him, (Bonner, Haagen-Smit, & Vent.
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1932). Unpurified inhiblitor was used in this test, In
this method 5 mm, circular disecs of, 14 dey o01d first
foliage leaves of radish plants sre floated on & 19
sucrose solution, Appropriate controls are run., The
solutions containing the leaf discs are put in en incubetor
at 25 degrees C, and allowed to grow for 30 hours at the
end of which time they are weighed, The weighing is done
in a standardized manner so that any incresse in wet weight
of the leaves over the sucrose controls.is directly indie
cative of the amount of growth, A dilution series of the
unknown substance being tested is generally run., The re-
sults of this test for inhibitor showed that the growth of
the leaf discs did not increase over the sucrose controls,
It is therefore concluded that the inhibitor substance

under these conditions is not s factor forlesophyll growth,.
Ce Inhibitor inhibits root growth,

Since root growth is inhibited by auxin it was de=-
sireable to see if applications of inhibitor would act -
likewise, Tor this experiment purified inhibitor was used
end the teehnique used hy Dr, James Bonner was followed,

fhelled Avena sceds are goaked for two hours in water
end are then laid out on moist filter paper for twenty-
four hours, At the end of this time the radicle is ape

/

proximately me. long. From the germineted seeds those
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are selected whose roots are of approximate uniform length.
They are transferred to Petri dishesyccntaining filter
paper and 4 cc. of the solution being tested., Fifteen
plants are put in each dish which are then put in an incu=
bator at 26 C., Twenty hours later the increase in their
root length is measured,

Inhibitor was tested in the above menner in a 1,.
1 snd ,01 dilution series, In another similer series 6f
dilutions, inhibitor was hydrolysed into suxin by heating
the solution for 10 minutes in a boliling water Lath, Due
plicate samples at each concentration of both inhibitor
and hydrolysed inhibitor were run, Water control solutions
were also run. Standard suxin and inhibitor tests were
mede on the inhibitor and hydrolyzed inhibitor 24 hours
after their vreparation, During this time they had been
kept in en lce box,

The results of the complete test are glven in Teble II;
Here it may e scen that the inhibitor prevented the growth
of the roots to the game extent as the 202:.n Tron the hy-
drolysed inhibitor. The Avene test used subsequently to
determine the strength of the originel solutions showed thét
the inhibitor solution contained & large amount of auxin
although not guite as much as the hydrolysed inhibitor
solution., This could only be accounted for by the fact
that purified inhibitor is extremely susceptsble to hy-

drolysis. In conclusion of this experiment it can only be



Table Ii.

Root growithh in ¢ Ainhibitor; hydrolysed inhibitor,and;
water, Data is the average length in am, of 15 rootls per
gongentration tested., A1l concentrations run in duplicate.

Net growth over the original length (2 mw,) ie underlined.

Root length after 20 hours in

Cone. Inhibitor  Hydroliysed —  Water
Inhibitor
L0 5.3 : 8.8 7.7
Q0 5.8 8.6 Beb 4.5 17.8 15.8
6.1 8.8 L:5 16.8 T
&% 10.8 . 11.8 g
0 40 i0.7 8.7 11,3 8.3
10.7 11.1 -
4.7 15,1
0.01 19,0 13,0 15.4 1.4

13,8 i5.8
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seid that under. these conditions the inhibitor acts like
auxin to csuse an inhibition in the growth of roots. Thers
is still a question as to what its effect would he if it
were possible to test it in a purified form without heving

it hydrolyse into auxin.

Dy Indole acetic acid does not inhibit root growth

by causing an accumulstion of inhibltor.

Since the action of auxin on root growth is to cause a
growth inhibition 1t was suggested that it might be possible
thet the suxin is trsnsformed intc inhibitor in the rootss
The answer bto this point was sought by anelyzing indole
acetic acid innlhited roots in the following way:

A lot of epproximately 165, 26 hour germinated Avena

b

plants were inhibited in thelr growth by plenting them in

2 10‘5 M. indole acetic acld solution, A water grown cone
trol wes also used, 20 hours after the planting they were
divided into roots and coleoptiles and were ether extracted
according to the method of Van Overbeek (1833), Duplicate
extractions were made in all casses. Just previous to the
extraction the meterisl wes washed thoroughly on a Buche
ner funnel: f[résh weight determinations were them made,

The ether extract was taken up in .3 cc. of hot 1% ager.

This was cast into blocks 1,8 % 2 x 2 mm, anéd tested on

once decaplitated Avena plants, Arter S0 minutes the negae
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tive curvatures were messured. £fee Table ILL, After a
180 minntes, as they had not changed sppreciably, measurew
ments at this time were not tekens From this data it was
scon at once that the inhibited coleoptiles did not show the
presence of inhibitor but on the contrary showed only the
presence of auxin,

Nearly twice the amount of auxin per gram weight was
found in the inhibited plants then in the water controls,
The roots of the inhibited plants, however, were only 7.7
nm, long while the controlw were 14,5 mm, long or nearly
twice the size, Therefore the smount of suxin per root was
epproximetely the same in both the inhibited snd the non-
inhibited roots. The coleoptiles were of approximately the
same length o in this case, per coleoptile, the émount of
suxin in the inhibited plants was nearly twice as much as

the controls,
E, Inhibitor is not active in root formatlion,

Since inhibitor was eble to ect like auxin in certain
instances the question arose as tn whether or not it wounld
act like suxin in the formation of root primordis, To answer
this question the folloving rooting experiment was done,

Etiolsted B day old pea seedlings, which had been crown
in sand, hed the terminal bud removed and were cut off at

the first node (nesr the base). They were then soaked with



Table I1I.

Ether extractable auxin present in the roots and coleoptiles

of Avena plants inhibited in thelr growth by treatment with

-5

indole acetic acid,10 M. Extract takem up in .3 oo. 1%

agar., Auxin given as degrees negative curvature of 14 Avena

test plants. All determinations in duplicate,

Water controd,

Roots Coieoprile
lo ;‘%. . lo a'
Fresh wi. '
in grame 871 708 .48l 8Oz
Curvature 11;:9 1506 .L&.Eﬁ l‘(:ﬁ .8
Curv. per 16.8 20,7 38.5 28.8
grom Wh.
Avg. Curv
per gr., wt, i&.6 SdeH

Indole acctic acid,

Roots Goleoptile
‘%_l 3. l. 3'
JADL . 8l3 588 283
6.5 20,8 14,7 36,7
3B8.7 &4 . 8 49.5 65.8
D5 Y- 38 -
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their beses in webter for four hours, At the end of this
time they were pub, with their bases (bsssl 1l cm. of the
stem), in inhibitor solution, A tenfo}d dilution series
, .

of inhibiter was tested (from 1 to 10~ )« Eeven stems were
used at each concentration, After 24 hours they were transe
ferred to a 2% sucrose solution of the seme volume as the
inhibitor. (At this time it was noted that the stems which
had been in the full strength inhibitor had become flaceid,)
Seven deys later they were examined for root formation, No
roots or root primordia were present in any of the inhibitor
concentraetions although indole acetic acid controls showed
meny. The stems were then allowed to stend for a week
with their beses in & Vitamin B solution of 1 mg. per liter.
At the end of *his time there were still no roots present
on the inhibitor trested stems whereas the indole acetie
acid controls had bvecome well rooted., The water controls
showed no rocits, All of these treatments were carried out
in the Avenea testing dark rooms,

Trom this experiment it wes concluded that with th
unpurified inhibitor there was no effect on root formation

of Pea stem cuttings.

£

M Inhivitor inhibits seed germinsation,

Another question was raised as to the action of in-

hibitor on seed germination. It is well known that auxin
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cen inhiblt the germination of sceds. To investigate

this point with respect to inhibitor the following experi-
ment was done using purified inhibitor, This test was
kindly wmede by Dr. James Ponner who has standardized the
procedure,

In making this determination the percentage of germis-
nstion of tomsto seeds is used s sn indication of the ef=-
fect of the solutions being tested, The percentage of germ=
ination is compered to thet with weter slone, The btechnigue
is to sosalk tomato seceds for 1 hour in weter, then to lay
them out separately on filter paper inﬁ¥etri dish contain-
ing 4 cc, of the solution being teat@d} After 48 hours,
during vhieh time they are kept in en incubator at 25 de-
grees centigzres®, the number of germinsted seeds are counted
and the percentage germination determined,

In this experiment one such test Waz.maée of purified

pe
inhibitor, one of indole scetic acid 10 M., and two due
plicate water control tests, In each determination there
were 100 seeds used, The purified inhibiiLor wss nod hestad
for its amount of inhibitor achkivity et the conclusion of
the experiment but in view of the former experiments where
it was found that 1t wes extremely susceptible to hydro=-
lysis, it seems very likely that much of the Inhibitor
hed probebly formed suxin. The resulis of this experi-
ment showed 66 germination for the controls, 46% germie

nation for the indole acetic ecid, and 465% germination for
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the inhibitor, It is seen that the effect of the inhibitor
was exactly the same as that of irdole scetic aeid, These
would be the expected results if the inhibitor had, as sug-
gested, hydrolysed into auxin,
Dr, Jemes Ronner has recorted (unpublished) the DY Cw

sence of a substance in canned tometo juice thaet inhibits
he geraination of tomato seeds., It was sccordingly of
interest to determine whether or not this substence might
be the same as the inhibitor. To determine this point an
ether extraction was made of 300 cec, of canned tomato Juice.
The extraction was made sccording to the standsrd technique
for inhibitor extraction, It wes taken up in 137 acar and
tested by the kymograph technique., Only auxin curvatures
were indicated as a result of this test, The inhibitor of
tomato seed germination is, then, certainly not the sane

a8 the radish inhiblbor.

Ga Growth inhibition by inhibitor, in tissues

other then the Avena coleoptile,

response of various kinds of plant tissue to inhibitor, the
inhibitor was applied to the plent parts unilaterally in
lanolin. The concentration of the inhibitor wes such thet
when it wes epplied unilaterally at the middle of the

coleoptile, alfter 2 hours a 20 degree positive curvature
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was present., Unilaterel epplications of this paste ceused
growth inhibitlion responses from sue diverse tissues as the

petiole of Bryophyllum; tendrils stems, and petioles of etiow

lated and normal peas; stems of etioleted Vicia fabey and

hypoecotyls of radish., In the case of the Bryophyllum the

treetment wes unquestionably toxic es efter 24 hours the
treated tissue wes flsccid and a few deys later the leaf
broke ofl st the stem. In the other cases no toxle eflect
wes nobted during the week following the treastment. Obéer—
vations were discontinued after this time, Even though
positive curvatures sppesared as & result of the inhibition
of growth st the site of appliicatior of the inhibitor, the
tissues continued to grow beyond that place,

Tne conclusion indicated from the sl ove results
would be that the growth inhibiting effect of inhibitor

was not specific for Avena plants alone,

He Inhibitor does not affect the phototropic or
geotropic response of Avene coleoptiies,

Inhibitor was found not markedlﬁ tc affect the res-
ponse of fvena coleoptiles to phatotropism or geobtropism
sltheugh further experiments on this point are necessary,
This was shown in the followings wa&. For the phototroplc
investication four sets of 12 nlents eech were used, The
plants were 30mm, tsll gt the time of the beginning of the

experiment, To the first set inhibitor in lenolin was
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applied uniformly over the tip of the coleoptile two hours
before exposing the coleoptile to light, The second set
wag & control for the first and wes similarly treated but
with pure lanolin slone, The third set wes trestdd in the
same menner with inhibitor in lenolin but it was applied
just before the light exposure, while the fourth lot were
controls for the third and were accordingly trested with
lanolin slone, All four sets were then exposed et &8 7is=
tance of 3% meters, for 15 minutes, Lo the radiation from s
6C ¥, Hazde lamp. They were then returned %to the derk room
ané the curvature of the plents toward the side which had
Leen exposed was neasured 90 minutes lzter. The curva-

tures weres

Inhibitor spplied immedietely 8.7 % ,08
Lenolin control snplied immed, 7.6 £ ,04
Inhibitor applied 2 hours previous 7.3 £ ,04
Lanolin control spplied 2 hrs., preve,6.4 t ,01
Inhibitor same conc, s sbove

applied unilaterslly, curvature

after 2% hours 13,9

"o study the geotropic response of Avena coleoptiles after
inhibitor treetment a similer group of four sets of six
plants each were used, Inhibitor in lanolin wes applied

to one set two hours before, and to snother set Just
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imnediately before exposing the plants to the geotropice
timalua, The regulsr Avensa holders were turned so that

the long sxis of the coleoptile was perpendicular to the

force of grevity. The negative geotropism resulting from

this stimulus waes messured after 786 minutes, The entire

procedure was carried out in the Avens itesting derk room

with plants that were gbout 35 mm. tall. The geotropic cure

vatures meassured in the four sets of plants were:

Inhibitor applied immedistely 13,7 ¥ 1,7

Lanolin applied immedistely 2148 * 1,1

Inhibitor applied & hrs, previous £1.3 = 2,0
Lenolin epplisd 2 hours previous 24,4 £ 1,8

From this deta it is clesrly seen that inhibitor di
t effect either the pgeotropic or phototropic response
of the plant. Other experi ients have 1ikewise indicated

this conclusion,

Ie Inhibltor does not pcormeénently stop growth,

&

It wes also of interest to inguire into the cepescity
for rrowth of the plant after the application of irhihitor,

This wes done by applying inhibltor iz sger blocks to both
once and twice deca ated plents. The degrees of positive

curveture sl Fter 150 aminutes were then megsured and the

acar locks removed., Twenty four hours lster the curvature
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-

wes sgain neasured, The plants were kept in the derk
room throughout the course of the exzperiment., The results
were:
Positive curvature, once decapitated plents, 25 hrs,,
24,1 ¥ 1.4
1t n i 3] 11 8‘3: hl"S.

14,8 £ 1.3

i . twice . B ot nrs,

27.1 § 2.2

£ sv ] # il 24 i’lz‘ﬂ ‘
: -

16,6 = 1,7

Zach vslue 1s the average of twelve inhibitor test plants,

It is seen thet in both instances there was about 10

&

degrees less positive curvature after the 84 hour p@chﬂ

This indicates that growth has talten plasce on the side that

1

was inhibited alter the removal of the inhibltor cven at &

223

sreater rate then on the rprmal side, This may have.b@én the
result of geotropic stimulation as well =8 the effect af an
increased supply of food P@G’fg ich hed not been used duping
the period thet the inhibitor was zctive, This exrerimént
sgain demonstrates thet inhibitor is capsble of inhibiting
rowbth end yet not permenently stopping it,

-

Jde Puxin-like action of inhibitor in the pea stem
coowth test,

Y &

Abtention wes nav furned to the action of inhivitor in
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in the Pea test for growth promoting substances as given
by Went © Thimenn (1937)., In this test the amount of growth
of the third internode of etiolated pes plants is used as
a measure of the growth acﬁivitj of the substence being in-
vestigated, This internode is longitudinally split into
two equal halves down to within a centimeter of the second
node, It is then cut off below the second node and put in
the solution being tested, The growth curvature of the
8plit internode is menifested by aﬁ inward curliing of its
tips., Seven split stems, per solution tested, were used, A4s
egch split stem haed two tips that could curve, this rave
14 stem curvabure uncesurements, The lnward cuorveture is pro=-
portional to the smount of growth that hes taken plsce snd
is measured after 2¢ hours,

It hes beern shown by Vent (193¢) thet certain compounds,
phenyl butyric acid, cyclohexane ecetic aecid, are cepable
of causing & "preparastory" growth reschbion in the Pea Test,
By preparatory reaction is meant that the ability nf the
meterial to grow in response to guxin is ineressed efter &
treetment with these substances. Accordingly in testing
the purified inhibitor for its sctivity in the Pes test the
combinations of pretrecatment and after trestment as given
in Teble IV, were made., Here it is seen :1, That the in~
hibitor was used for a prepasratory resction; 8. Thet 1t
was tested on material which had been glven a prepsratory

reactiony sand 3, Thet its sction alone was tested, The
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Effect of purified inhibitor in the Pea growth test. The
first number is the average degrees of inward curvature
of the tips. In parenthesis is the number of tips showing
ne survature ,either inwards or outwards,-- indicative of
glight growih promoting agtivity. The underlined number ie
$he number of tips curving outward,-- indicative of no
srowth activity.

Pretreated 2 hys.
Water Phenyl butyrie¢ Inhibitor
with: acid

After
tested ing

Indole acetio : 0) 2 1 O g5 (o) 1
acid,.b mg./1. 68 {0) 2 %8 (0) @ (0 &
Indole acetic T o« 9y o o :
acid,.s mg./l. 34 (8) g e7 (01 87 (0) 1
SEEIRI 11(4) 6 38 (03 28 (8) B

Water 13} (0)
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results are shown in the same tsble., From this data it

is seen that the inhibitor is able to act like an ~uxin,

it responds to the pretreatment 2s does the suxin, is unable
to give any preirestment liself under these conditions,and
sctuslly causes a growth promotion, A kymograph enalyses

of inhibitor solution afterwards showed that the inhibitor
had been hydrolysed into auxin so that its auxin-like

action was qguite understandable.

Ka Possibility of inhibitor scting like an auxin

pPrecursoy

The next gquestion was now &s o whether or not the in-
hibitor acted in the rsdish cotyledons aes an inhibltor or
8 an suxin precursor hydrolysing to auxin, It has slready
been shown by Van Overbeek (1933) Lhat asuxin diffuses out
of the cut surfeces of the petioles of the cotyledons, It
was felt that if 1t were possible to deternine whether
this esuxin were auxin a or b, or indole ﬁcetic acid (which
is probebly the auxin from inhibitor) it would furnish evie
dence that this diffusing auxin could or could not come
from the inhibitor, As the best means of distinguishifg
between the auxing is by their molecular welghts, molecular
welght determinations were mede: for the auxin dilffusing
out of the cut surlface of the radish cotyledon petioley

for indole-3-acetic scid; and for purified inhibitor. The
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molecular weights of inhibitor and of the auxin diffusing
from the cotyledons were determined 'n three separate
experiments.

The method used wes thaet deseribed in Chespter IV, In
every determination a graph of the concentration~curveture
relationship wes mede using two concentrastionz cof the
cf the substance being determined,l end #. This was done
in order to be sure of the relative concentration of the
substance in the agar plates, In the inhibitor tést
this graph crossed the abscissa at the origin so thet the
angles measured we&e & direct indication of the relative
amount of inhibitor in the plates,

The results of these determinations are given in Table
V . Here it is reedily seen thet the evidence would indie
.cate that the auxin diffusing.@ut of the cotyledons was
indole acetic acid, The results obtained here for the mole-
culsr weight of the inhibitor are lower than those given
by iir. edemann whe used the seme method, The results in
Teble V , were obteined after considerable practice with
the technigqie and it is felt thet they sre valid within the
limits of the method, It should be pointed out that this
method ie not considered eccurate Lo more then 20%; because
of this it is useful not so much for establishing the
exact moleculer weight of e substance as it is for indicate

ing substences of lknown molecular weight., In this case
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Molecular weight determinations ofs
A. Purifisd inbibitor.
B. Auxin diffueing from radish coyyledons,
C¢. Indole acetic acid,
( "n" ig number test plants measured for each
determination.For method see Chapter IV,)

A, Purifisd inhibitor,

1.)
Relative If Tot.is Hy® n &6 h .98 mm,
CONG . 10,000,
time 41 wmin, Mol. Wt. 117
10.3 2950 L1412
_ Teup, 18
7.1 2750 L0800
Avg, x 18173
4.9 1800 . 1440
' D 594
3.6 1400 <1185
5’9‘.)
9.6 2560 L0468 $ime 43 mine. D .832
8.4 2200 ,0885 Temp, 20 kol. Wt &3
5.1 1240 L1335 Avg. x .,0888
3.)
15,3 3890 L1415 n 48 h 1.0 mm.
8.1 3080 1536 time 43 win. D .&75
E.5 2150 OBEL Temp., 282 Mol., Wt. 143

Sk &80 L1788 Avg. ¥ L1372



Table V. continued.
B.) Auxin diffusing from radish cotyledons.

Relative If Tot.is txu

CONG .,

1.)
10.8

6.0
5.0
3.6
&)
10.7
6.8
5.6
S
3.)
14 .4
2.7
&9

4.8

i.)
4.6

il.2
6.9
5.8

10,000,

3940 <1458 n 12 h .88
2920 o k157 time 40 mwin., D B3
1820 « 1600 Tewp 23 Mel, Wt, 144
1312 1874 Avg., x 1368

4030 « 1534 nn 12 h .98
2595 0540 time 42 min. D . 741
2105 . 4060 Temp. 2334 lol., Wt. 104
1280 . 1300 Avg. ¥ L1109

&B38 . 1133 5 1z h .98
8180 0017 Temp, 28 Mol., Wt. 1256
1178 . 1402 Avg. x L1378

C.) Indole agetic acid.

3815 « 1354 n i3 h .88

2839 . 1137 tine 44 min., D « 600

1802 . 1709 Temp ie D,Theoretical
«583

1463 « 1038 Avg. ¥ L1309 Mol. Wt. 159

Actusl Mol Wt.

175



75.

it is clearly shown thet the the auxin diffusing from the
cotyledons is neilther auxin & nor b, Since the only other
kmown naturelly occurring suxin 1ls indole scetic scid the
conclusion may be drawn that the auxin coming from radish
otyledons is indole =mcetic asclid, In Chapter IV it was
pointed out that the differentiel destruction test of the
sauxin obteined from inhibitor by alkeline hydrolysis indie
cated thet it too was indole acetic acid, Thus this sub~
stentlates the evidence from the molecular weilght deternmie
rations and indicates that the nabturell) occurring suxin in
redish cotyledons is indole scetic 20id. From this date

there i8 no reason to bhelisve thet this indole ascetic

scid could not come from the inhibitor,

A zffect of inhibitor on suxin production in

Avena coleoptile tips, and Radish cotyledons.

It was next thoucht that if the inhibitor were being
hydrolysed to form the auxin diffusing from the radish coty-
ledons, as indicated, thet it might be possible to incresse
this diffusion by spplying inhibitor externally. To do
this purified inhibitor wes btaken up in lanolin, which was
then uniformly spread over & microscope slide. Coiyledons
from seven day old radish seedlings were harvested and sosked

in water for ten uinutes Then thelr upper suffaece was
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pressed down intb the lenolin paste on the microscope
slide, 137 agar blocks 1 x 2 x 2 mm, were put on the cut
surfaces of the petioles and in this way the substance
diffusingigiring the next two hours was collected. It was
then analyzed by the Zvena test, Control cotyledons were
run at the same time belng trested with pure lenolin sione.
During the diffusion period, the sotyledons were in Petri
dishes lined with moist filter psper. The dishes were

left in diffuse room light., The experiment was done in

£

uplicaete using twelve cotyledons in each series, The

resulis wereiw

Treatment Curvature

Inhibitor D45
B.4

Control, Lenolin only 18,5
13,4

From this deta it is seen that there was no effect of the
inhibitor to increase the yield of auxin but that on the
contrary it decreased it,

A gimilar experiment was tried using the tips from
30 mam., tall Avena coleoptiles, In this experiment the
tips were cubt off of the coleoptile and kept on muist file
ter paper for helf an hour, They were then pleced on 13%

ager plates, 1 x 6 x 3 mam. and each tlp treated with a
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small drop of inhibitor 1n lenolin. & control group using
lanolin slone was run. Doth sets were allowed Lo stand on
the pletes for 75 wminutes. At the end of this time they
were cut into 1 x 2 x 2 mm., blocks éﬂd analyzed by the
Avena test. The resulis, as degrees of negestive curvature
per 12 test plants with standsrd error, werei- Avena tips
trested with inhibltor, 15,7 1.2 4Avena tips trested
with lanolin only, 12.9 £ .9. £%8 these results are de-
rived from only orc experiment they can not be regerded as
being e&ta&iish@d, They indicate however, that applicas
tion of inhibitor to Avens coleoptile tips does increase the

suxin prodaction,
W Conclusions.

It is concluded then, thet in meny instances inhibitor
exerts physioclogical inhibitions like auxiﬁ because 1t o=
tually is being hydral;séd into suzin, It is elso conclue
ded thet circumstentisl evidence indicates thet it could act

like an suxin precursor in the radish cotyledons,



Chapter VIII, Hechanism of the Inhibiting Action,

76.

A, #ffect of inhibitor on food factor distrhbutions

According to VWent (1959) there are two possible
mechanisms by which e growth inhibition may come about,
Pirst, the inhibitor may interfere with the growth proces
itself directly as seems to be the csse for. the radish
inhibitor, or secondly, it may eliminate one‘of the sub-
servient factors necessary for the growth process,

Since the process of growth is so little understood it
is useful to classify these secondary fectors under the
general heading of "Food Factors", In the above refer=
ence Went has shown that certain substances, gsmme phenyl

bubtyric acid and cyelo hexane acetic acid, are cspable of

indueing positive curvatures in less than 2% hours in the
Avena test by causing a redistribution of these food
factors. These positive curvatures are only found in the
basal regions of the fAvena coleoptile, however, and are
never found near the tip. Plants so treated show a
nezative curvature at the tip, This & shaped curvaturse
is just the reverse of the S shaped curvabure caused by
inhibitor aes mentioned in Chepter VI, Here the plants
were curved negatively at the base and positively at the

tip., This different shaped & curvature is explained by

8
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Went on the following basis.

The unileteral application of these certain substances,
vhenyl butyric acid cyelo hexene acetic, chanpes the normsl
distribution of the food factors gso that they tend to acw
cumulate nesr the tip of the éoleoptile, i.e. the place
of application, This causes & deficlt in the food fac-
tors, for the base and results in & growth inhibition
end positive curvature at this place., Year the tip the
opposite phenomenon occurs snd here one finds a surplus
of food factors eand a negative curvabture, This explana~
tion was proven by the following experiment,

Avena coleopbtiles were treated at the tip with lano-
lin pastes of the substances causing the food factor rédis~
tribution., After two hours, during which time controls
with blank lenolin had also been trested, the plants were
decapitated and cut into 4,2 mm. zones which were kept in
the same sequence &s they cccurred n the plant., These
consecutive zones were then put infe a 1%% sucrose salution
for 24 hours and at the énd of that time their growth in
length measured with an oculer micrometer. In the une
treated plants the greatest amount of growth was found to
$ake place in the second and third zZones, with still cone
giderable growth in the fourth zone, With the treated
plants, however, the first two zones showed nearly all of
the growth, while the subsequent ones grew only slightly.

™hig indicetes that the treatment haed caused an acciimie
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ulation of the food factors in the upper pert of the coleop=
tile end a deficlt in the lower per emd thugXU1d RaNELe
about a positive curvature in the lower part and a nega-
tive curvature in the upper part.

It was of interest to see if any food factor redis-
tributionoccurred wvith radish inhibitor, The same experie
ment was performed as described above using two concen-
trations of inhibitor, Fifteen plants were uaéd et each
concentration, The data ere given in fig 287, The experiw
ment has been repeated three times with similar results,
From this graph it is clearly seen that the inhibitor sub=
stance does not sct by causing a redistribution of the
food factor, These results would have been expected from
the difference in the type of & curves caused by the inhi=-
bitor and the aforementioned substances, It indicates
agein that the inhibiting aection of the inhibitor is on
some phase of the primery growth process itself rather
than on some of the secondary factors for growth,

A second possible hypothesis for the actinn of the
radish growth inhibitor might be based on the assumption
that the inhibitor iseelf couldact as precursor of auxin.

See also Chapt, IX}) Under ordinary conditions this pre=-
cursor could be chenged into auxin but when applied to
the plant tissues at an abnormeally high concentration, as
in this cese, it would be unable to be converted, would

accumulabe’ in the cells and inhibit the normal growth
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l._._.G.on:t.r.ol blank lanolin.
Inhibltor, «3 full strength

iy .‘..‘1

.......................

593 mm 3 mn. 7.2 ll.4 1506 1908
¥ T T v
: | | { ; {17 mm. to
: ; ! B : ! coleop. base,
L <] 3
- Zones tested. on Avena coleoptile.
Fig. &7. Food factor distribution in Avena coleoptiles

a8 indicated by increase in length of 4.2 mm,
sections. Dash-~dot line full strength inhibitor,
dotted line .3 of full strength of inhibitor,
solid line blank lanolin control. For full
details see text,
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process, The conversion into auxin,might»b@ visualized

as taking plece through enzyme action. Inasmuch as the
indications of the chemiczl structure of the inhibitor
molecule indlicates that it is an ester, with auxin constie
tuting one pert of the ester linkage, this proposal bore

further considerstion,

Ba Action of lipase preparations on purified

inhibitor.

It was felt thet if the inhibitor might be converted
by engyue action into suxin, possibly such an enzyme would
be a lipase, To investigete this possibllity a lipase pre=~
paration was mede from castor besn endosperm according to
the method given by Longenecker & Haley, (1935)., The
same technigue was unsed for the preparation of e presumed
lipase sctive fraction from radish seeds, The essentials
of the teechnigue were to grind the ungerminated seeds as
finely as possible end then to extract them with low
boiling petrol ether, (Zoiling point 20 - 40C). The
ether was then removed from the extrected msterisl, which
was dried end ground to & fine powder, This preparetion
from the radish seed will be referred to as the'radish
seed" preperation while the castor bean seed preperation
will be spoken of as the "lipase” preparation.Activated at pH 4.8)

To test the redish seed prepesration for its sctivity
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in converting the inhibitor into suxin the following
experiment wss performed.

To three test tubes each contalining the ssme concen-
tration of purified inhibitor, (sufficient to csuse 15
degrees positive curvature), the following substances were
addeds To the Pirst test tube was added 2 ¢, of water
and 100 mg, of radigh seed prepsrationi to ‘the second was
added 2 ce, of water but no radish seed preparation; to
the third was added 2 cc. of water which contained 100 mg.
of the radish seed preparation that had been heated for
10 minutes in a boiling water tath, To a fourth test
tube was added 2 cc., of water and 100 mg. of radish seed
preparation but no inhibitor, All four test tubes were
put in sn incubstor at 37 C, for 18 hours. At the end
of this time plain 13% arer plates (1 x 6 x B.mm.) were
soaked in the solutions and asfter three hours they were cut
into smaller MHlocks 1 x 2 x 2 mm, and the growth activity
deternined by the kymogreph anelysis method, The results
are seen in figure £8,

Here it 1s clearly seen that the presence of the
radish seed preperstion prevented the inhibitor from chenge
ing into auxin instead of causing it to chenge as it was
expected to do., This experiment has been repeated three
times with the same results,

A similar test was made using the lipase prepera-
tion, This precpsration, s with the radish preparation,

showed no effect of increasing the hydrolysis of the ine
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Fig, 28. Curvature rate of twice decapitated Avena coleoptiles
to: 1.) Purified inhibitor alone; 2.) Purified
inhibitor plus boiled Radish seed preparation; 3.)
Radish seed preparation alone,and; 4.) Purified
inhibitor plus Radish seed preparation, no bobling.,
All four solutions kept at %7°C. for 18 hours prior
to testing. Each point is the average of 12 plants,
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hibitor. In faét as in the radish seed prepsration, just
the contrary w8 found %o be the case. In the second and
third test kdbés where the lipase preparation hed been ad-
ded, there w: s strong inhibitor activity, (althoush in the
third test tube where the lipase prepsration Bad been heate
ed bhefore being edded, there was less sctivity than in the
second test btube where it waes asdded with no heating.)

The first test tube, however, showed no inhibitor sctivity.
The control on pure lipase ppeyaration alone, likewlise
ceused no curvatures, The conclusion is thet the presence
of the lipase preparstion prevented the hydrolysis of the

iohibltor,

Ce Prevention of inhibitor hydrolysis by impurl-

ties in the extract.

It has also been found that when there are ngny ime
purities, chlorophyll, ete, in the erude extract,
the inhibitor wmolecule is not readily hydrolysed, wheress
when these hsve been removed it hydrolyses very essily.

This was shown by the following éxperiment!

The crude Inhibltor extract was prepsred in the ususal
menner from radish cotyledons erd on evaporabting off the
ether ,a syrupy green mass of chlorophyll and feity sub-
stences was obteined slong with the inhibltor., This extract

was divided into two portions. One portion wes kept in the
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ice box overnight while the other pértian was heabed in
a boiling water bath for 10 minutes and then kept gt
37 degrees C. until the next day., Both solutions were
then tested on the kymograph machine, The results, figure
29. showed that there had been no hydrolysis of the in~
hibitor in either case, The same type of experiment use
ing purified inhibitor, wlth most of the extracted im-
purities removed, s ows however, complete hydrolysis, See
figure £28: - 1.

It is suggested that both in this experiment and in
the experiments under section B, ti2 inhibitor was prew
vented from hydrslyéing by being adéorbed on the sube
stances added to the inhibitor solution, In this lest
experiment these substances would be the extrascted impuri-

ties,
T Conclusions

rom these last two sets of éxperiments the indica=
tlons are thot there is no lipase-like enazyme in the radish
seed which hydrolyses the inhibitor and thus forms suzmin,
Moreover these experiments give neither an insicht into
the mechanism of growth Iinhibition nor an explanation of
the sctlion of large smounts of inhibltor in Influencing any
specific phase of the growth process, In view of the fact

that 1t was found thet inhibitor does not cause & redlistrie



Fig. 29. Reaction rate of once decapitated Avena
coleoptiles to crude inhibitor extract
boiled 10 minutes,and with no boiling

Each point is average of 12 coleoptiles.
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bution of the food factors one must bellieve thet it

acts by affecting the growth process directly.
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Chapter 1X, Discussion snd Conclusions,
F Discussion,

From the previous work it is seen thset the indications
are that the inhibitor, ss 1t occurs in the radish plant,
acts iﬁ no menner as sn inhibiting spent. It apparently
only has the property of inhibiting growth when it has
been extracted from the plant and consentrated to many
times its nstursl concentration, In speculating as to
vhat function, if sany, that the inhibitor substance might
have, one would thus rule out thst of inhibition, Eince,
however, it was found thszt it is readlly hydrolysed into
suxin this may be an indication thet the inhibitor can
function as sn suxin precursor, it must be borne in mind
that the sugin formed from Inhibitor is probebly indole
acetic.ecid end not eauxin a nor b.

A discussion of the present stabus of the work on

o
o3

guxin precursor is given in Phaytohormones (1837)., I!ere

i
oF

is pointed out thet evidence indicates there must be
an auxin proecursor Wﬁic& is gble to be stored in seeds,
and move throunsh the stem acrope-
tally. & suggestion is made that this precursor might be
an ester of suxin a inssmuch as such esters sre in then-

selves inactive and yebt could conceivebly be hydrolysed
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in the plent to form auxin. The prosence of such esters
in plants is also indicated. When, however, esters of
suxin a sre actually tested for prowth sctivity they eli-
cit no response, #Esters of indole acetic scid on *he other
hend are able to undergo hydrolysis and do cause gyrowth
promotion,

Inhibitor has been seen to parsllel the reguirements
set forth ebove for an suxin precursor., Lt is stored in
sceds, ' - and is able to move
throuzh sbtem tissue acropetally., It is also an ester
w ich is resdily hydrolysed in vitro into auxin, It
seems to heve & fairly wide distribution, It is, however,
not a precursor of esuxin &, At this point it mey be well
to point out thst while the present evidence indicates
that auxin e is the growth hormone found in higher plants
the amount of evidence is rather mesper For such a wide
generalization, Furthermore the experiments presented in
this paper show that the guxin diffusing from the radish
cotyledons may be indole acetic scid. Against the view
point that inhibitor could sct as precursor of indole 280G
tic scid in the radish plant is the fact thst when esters
of indole scetic seld ere tested in the Avena test they
heve never been recdrded a8 causing eny positive curva-
tures. These experiments were not done, however, with a
view towsrd cbservihg posltive curvatures, In fact it

has been found by Skoog (1936) that, while not an ester
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of indole acetic meid, indole ethyl amine st & concentra-
tion of 1 mg./ce, is capeble of ceusing positive curva=
tures of H.4 éegrees in 1,9 hours, and of 6,5 derrees in
6.1 hours., In 18 hours the curvature was still 6.0 decrees,
Lower concentrations (1 mg. / 83 ce.) first caused positive
GQPVatures of 2,9 desrees in 1.9 hours, which becamne necga-
tive curvsiures of 5.2 desrees after 18 hours, This respe
poarance of & negative curvature was not found with ine
hibitor when the inhibited plants were observed 24 hours
efter their trestment, (Chapt. Vi), This may have been
due to the fact that the inhibitor concentration wes so
high thet the plant was umable to form sufficient suxin
to overcome the inhibition, This sume effect may also he
seen in the zbove example of the positive curvature with
the high concentration of indole ethyl saine, Further
growth: curvebure experiments should be performed with
~ore dilute inhibitor concentrations then those used in
d&@pter Vi, and observed over a longer period of time to
see if the necebive curvatures found by Skoos for indole
ethyl asine mipght slso appear with inhibitor,

It is safe to ssy that from the evidence presented
in this work thet inhibitor could set as en auxin precur-
sor but mtil further evidence ls obtained,even this

point will heve bto remain an open question,



Ba Conclusions.

From the experiments deseribed in this work the
conclusions regerding the inhibitor are:
1, Thet there is an ether extrscteble substence in the
cotyledons and leeves of radish plents that is capable
of ceausing positive‘Avena curvetures and growth inhibie
tions. Cheapter I,
2, Thet it 1s possible to analyze for the amounts of
this substance on a guantitave bsasgis using the standard ine
hibltor test., Chapter Il.
S That the occurrence £ this inhibiting substence is
not restricted to the radish plant but that it is found
in other nlents as well, Chapter ILI.
4, That with the growth of radish leaves their inhibi-
tor content decresases and 1s finally aswnparently absent be-
ing replaced by auxin., Chapter III.
Be That it has no scidic or hasic groups end can be hy-
drolysed to yield suxin, Chapter 1V,
€. That it is probsbly an ester of indole acetic acid
with some unknown fraction. Chapter IV,
s That the positive Avena curvetures may be completely
exnlained on the basis of the emount of growth inhibition
caused by the inhibitor, Chepter V,
8a Thet In the unpurified condition 1t has no effect

<]

on the srowth of sections of Avens coleoptile and radish

7.
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hypocotyl. Chapter V,

Fe Thet 1t has no polarity of movement in the radish or
ivena plant, Chapter VI,

10, That it is possible to remove conteaminating suxin
from the crude extract by use of the "Inverse Transport®
puarification method, Chapter VI,

11. Thet it mey be hydrolysed at cut surfaces to form
auxin, Chapﬂer Vi,

12, That 1t is transported through Avena coleoptiles st
epproximaetely 11 mm. per hour, or the same rate as auxin,
Chepter VI,

134 Thet it does not cause growth inhibition as a result
of food factor redistr&butian. Chepter VIII,

14, That it is possible to prevent its hydrolysis into
auxin in water solutions by the addition of impurities on
which it appesrently may be adsorbed, Chapter VIIL,

15, Thet in the purified condition it is reedily hydroe
lysed in water. Chaspter VIII,

16, That in meny tests for physiologlcal asctivity it be=
haves like esuxin, but it does not aet like suxin and cause
bud inhibition. Chapter VII,

174 That iss moleculer weight is possibly between 100 and
1754 Chapter Vi,

13, Thet it appears that the h&irolysis of the inhibitor
in the redish cotyledons could nccount for the presence of

eguxin diffusing out of them, Chapter VI1I,
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Part 2. Extensibility of Cell Wall
Hoaterial in Indole«3=-acetic

Acld,



Introduction

Since 1931 when Heyn (1931) pointed out that auxin ine
creased the extensibllity of thé cell wall (including both
plastic and elastic extensibility), the guestion of the
mechanism of its sction hes been the center of much discus-
sion, Two viewpoints on this subject sre possible: either
that the suxin acts directly on the cell wall or that it acts
indireetly throush the cytoplam . The evidence for the lstter
viewpoint ig well summerized by Vent end Thimenn (1837}). On
the other hand, Robbinsg and Jackson (1937) performed experlie
ments which suggest thet the action of growth horuone is on
the cell wall directly, In these experiments it was found
thaet when .2 per cent indole acetic acid in lenolin was apw
plied to living or dead cell wall materisls it ceoused an
increase in their extensibility. It was also found thet the
same treatment decrcased the extensihility of both fresh
and dried root cell well mesteriels, However, they point
out that the effects obteined are not necessarily specifie
for the growth hormo&e uvaed (indole-3-scetic aaid) a8 N
controls of pH were used; and furthermore, since the water
content was not known to be the same in the lenolins
used, the resulits asttributed to growth hormone may have
partly besen due to such differences. In view uf these
circumatances and beceuse of the lmportsnce of theore=
ticel conclusions regerding growth mechanlisms which

might be based on such date, the experiments were repested
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with ss neerly identicsl materiel as possible, Several new

experiments were elso devised,

Lxperiments AND Results,

1. Twelve pieces of Ko, B cotton thresd epproximetely
2100 mm, long were suspended in s dark room with s 120-grem
weight etteched to esch, Three pieces were untreated, three
were rubbed with lanolin only, three with .2 per cent indole-
3-scetle acid in lanolin, snd three with .2 per cent acetic
acid in lanolin,

Four pieces of hemp, epproximstely 1000 mm, long and
eéch‘canaiuting of six single fibrils, were subjected to the
same trestment, To eliminste the possibility af-diffareneés
in weter content, lanolin ff@m the seme contsiner was used to
meke the mixtures mentioned ebove, These mixtures were then
used in sll the subsequent experiments,

The incresse in length of the meterisl after three

weeks is shown in tehle 1.

. Hemp

" % total length increase
in 23 days

................
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The indlcations are that in verious alxtures applied
to cotton thread, lsnolin slone is the ceuse of the iﬁcreased
extensibllity, whereass in hemp the increased extensibility is
due to the orgenlc scid in the lanolin,

II. Strips of different mesterisls were rubbed with
lenolin, lenplin-.2 per cent (by weight) indole scetic acid,
lanolin=-,2 per cent scetic ecid, end lanolin-,2 per cent water,
They were 7.5=158 ém, long, depending on the materisl. With-
in any one group they were the same length, Hgch strip in
turn was fastened in a horizontal position on & wooden block
with 2.5 ems of 1ts base sgbutting on = piece of wood,s The re-
mainder of the strip extended horizontaslly snd free in the
eir, A smell lesd rider wes ettached to the end of each plece,
arnid the sngle through which each strip bent from the plane of
the wooden bloeck wes messured by & protrectory The pleces
were then laid on a table, in diffuse light, at a temperature
of 83 C. After 2 period of time the angle of bending of
esch strip weas agaln measured, Except in the cases of the

cardboard strips, the fresh Chenopodium album roots, and the

Ambrosia pslilostachya stems and roots, all the msterial had

been previously dried in a&n herbarium press, The results are
presented in teble 2.
in inspection of these data shows that there are no

constant, specific effects of any of the treatments for the

meterial used,
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III. In view of the great varisbility found in the
experiments carried out sccording to the methods of Robe
bins and Jackson (1937), it wes decided to adopt otﬁer
methods by which more consistent results might be obtained.
It wes desireble to have (1) a meens of controlling the
water content of the meterisl used end (2) a more sccurate
method of messuring the extensibility. Accordingly the
material was subjected to experimental céhditions in water
solutions, thus elimineting any differences in water content
of the original meterial, The extensibility wes measured sc-
curetely to .1 mm, by means of & horizontal microscope.

The apperatus consisted of & verticelly mounted class
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tube, ¢0 cm, long and 1.6 cu. ir dismeter, 1t wes pos«
sible to secure one end of the masterial under investigation
at the bottom by mesns of = wire hook. The other end was
fastened to a& fine copper wire which ran up and over a pule
ley (having but little friction) and down to & pan for weights.,
Jupporting the welght pan wes a verticelly movable atape
mounted on a screw in order to lower the weight pan gradually
and thus evoid a sudden application of the streteching force
which otherwise micht break the material, At the top of the
glass tube a millimeter scale wer mounted perallel to the
opper wire, Any change in length of the materiel was resd

with the microscope by observing movement along the scale of

an indicator which was perpendi eulwrl sttached to the wire,
The bottom of the tube was eguipped with a drain to facllit
changing solutions, The ramlie, cotton, and artificisl silk
hreeds were secured with smell loops to th@»wire hooks at
the top and bottom. The root msteriel was cemented to wire
loops by means of heard De Xhotinsky cement, Thesze loops were
then eaglly placed on the wire hooks in the tube,

Two~thread sitrands of ramie, 35 em, long, and single
strends of HNo, 3 cotton thresd the seme length were stretched
by & 100«gram weight., The solutions used were water, 0.001
¥ HCL1 and .2 per cent indole scetic acid (pH 3,3). ¥For ramle
the results expressed as percentsge total length inecrease
after 1,000 minutes weres water, 7853 ,001 W HC1, ,62; ,2 per
cent indole scetic acid, .80 The resuits for cotton sre
given for the first lO-minute period since only .56 per cent

of the percentage total increase in lengih oceurred during
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the next 99 hourg. They were: water, 2,73 per cent; 0.001
K HCl, 2,06 per cent; .2 per cent indole acetic scid, 1,98
per cent; .2 per cent ecetic scid, 2,03 per cent, Decsuse of
the slight extensibilily of these materisls, more statisti-
celly significent deta were not soucht, From these veluocs
there is no indication of_sny'apecific increase of the extenw
gibilit& due to pH or the presence of indole scetic ascids

IV finece ramie in paerticuler is known to hsve nesrly
perfect orientation of the cellulose micelles parsllel to the
longitudinal direction of the fiber sxis, it wéa thought de=
sirable to investigate some meterial with less complete nie
cellar arientatian. For this purpose artificial silk (re-
generated cellulose) was used, The strends consisted of two
thraads, each of wﬁicﬁﬁ@as composed of fifty fibrils, They
weye stretched sccordins to the ﬂaﬁnor described above, The

results are presented in teble 3,

e g P e —
Tasre 3. Eatensibility of artificial silk in various
 solutions.

Solutionis @ i8N

Wateeh . ... .. o
0,001 N HCL pHBO0 .ovnevn.. .. F
2% Acetic acidipH 38 .. .....% : 16.1 &5
‘ 2% Indole acetic acid, pH 33 .. 162+ 4
‘ 1% Trans Cinpamic acid ...... 154 281
‘ 2% Ozalic acid ....0.....c..s 156 =4
I 280 Propionic acidsg®. .. ....... 14523

The firures show thet indole cecetic scid does increasse
the extensibility of ertificial silk, tut the effect is not

specific, as shown by the fact that other orgenic acids



act'similarly.

This phenomenon cgn not be explained on the basis that
the organic acids esterify the free hydroxyl groups on the
2,3,6 carbon atoms of the glucose rings of the cellulose of

rtificial silk, This is shown by the follewing experiment:

il

o3

trands of ertificlal silk were weskly acetylated by treating
with acetic anhydride, Their extensibility was determined
by stretching them with a 100«gram weight for 10 minutes., It
was found to be 15,6 per cent, or within the same range as
that for .2 per cent acetic ascid, Furthermore, sllowing the
.artificial 8ilk to soak in water, 0,001 N 1Cl, .2 per cent
acetle scid; or .2 per cent indole acetic acid for 21 hours
and then stretehing for 10 minutes ceve values similer to
those obtained sbove, They were as follows (dats a8 percent-
age total length increase): water, 13,43 0.001 N HC1, 13,93
»2 per cent indole =2cetic acld, 16.2; .2 per cen£ acetiec
acid, 16,2,

It mey be concluded that certain non-growth-promoting
orgenic scids increase the extensibility of ertificisl silk
over thet in weter or in ,001 ¥ HCl., The solutions are ef=-
fective only during the time the stretching force is scting,
This is shown by the fact thet pretrestment with the solu-
tions in question is without effect,

Ve HRoots, 30 cm, long, from an onion buldb growing in

water and from the waeter plants Plstie stratloteg and Ludwigis

sp. were thoroughly dried in an herbsrium press., The roots

were less than 2 mm. in diameter. They were stretched (with



equal forces) in water, in .2 per cent indole scetic acid,
eand in .2 per cent ascetic gecid, The results, in the order
noted for the solutions, were (as percentage total length

- .lo,
increase in 10 minutes): onion, 2.527:5.95; Pistia stratiotes,

4,20, 4,63, 4.64; Ludwigia sp., 8.70, 9,80, 12,20, It may be
seen that there is no indication that indole acetic =acid has
caused a decreased extensibility of root walls,

Fresh water cultured onion roots were stretched in. the
manney described in section 1Ils A weight of 20,8 grams was
used, The roots were selected for uniformity of diameter and
were sbout 13 cm, long. Since 1t was found that the slope
of the extensibility-~-time curve was constant after the first
77 minutes, the resdings presented were taken at that time,
The results (expressed as percentage totel length increase
with stendaerd error) were: water, 3.97 093 2 per cent
scetic agid, 6.60 683 2 per cent indole acetic acid,
34,E0 1,50, T¥From these data it is clesr that the root mat-
erial in .2 per cent indole scetic acid snd in the ,2 per
cent ascetic acid had an incressed extensibility over that in
vater, As the values obtained for the acetlic aclid and the ifie
dole acetic acid do not show & significant staﬁistisal difw.
ference, the elfect observed is probebly a general one for or-

genic acids at pl 3.3,

DIECUSSION,
It was found difficult to draew definite conclusions

reparding cell-wall extensibility based on experiments in-
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volving dried stem end root materisls with lenolin applied

to them, The results of such procedures showed variebility
and inconsistericy. This was probebly due to individusl dif-
ferences in the materials, With en improved technique, in

one case (that of artificial eilk) statisticslly significant
differences were obtalned, If this be eccepted as en ex=
smple of stem cell wall meterisl, then ,2 per cent indole
acetic acld does cause a suell increase in the extensibility,
but»likewise so do other organic acida known not to be growth-
promoting substances in plants,

No indication of & decressed extensibility of rooct wall
material as suggested by Robbinz and Jackson (1937) was found,
On the contrary, it wes observed that root meterial had an
increased extensibility in .2 per cent indole acetic acid es
well as in 2 per cent acetic acid., An "acid effeét“ has
been noted by Bonnar (19545 who found thet Avena coleoptiles
et a2 pH of 4,1 have & much greater plasticity than those at e
pH of 7.1,

Thile the results given in this paper are concerned

M - _1 Y d ~
with concentrations (.2 per cent or 1,14 X 10 ~ #.) of het-

ero-auxin much higher then exist physiologically, it is interw
esting, nevertheless, to compsre them with the effects of the
lower ones, Auxin szt a physioclogical conecentration has been
shown by Heyn (1831, 1334) to increasse the plastic extensi-
bility of Avena coleoptiles and Lupinus hypocotyls, &8ding

(1933) has Tound a2 similar sction of physiological concentra-
& 4

tions of suxin on flower stalks, Amlong (1937) has observed
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-o¥
that 2 concentration of hetero-suxin hebtwe=sn 10 +o 10 M in-

creased the extensibility of roots of Vicia Fabas. Concentra-

" 5 gD -3 : .
tions of 10 to 10~ i csused & decrease in their extensibility,
-2,
while a concentration of 10 ¥ was found, in agreement with
the work presented here, to result in an incressed extensi-

bility of non-living roots,

SUMMARY

The experiments of Robbins and Jeckson {(1937) concern-
ing the extensiblility of stem and root wslls were repeated
in a8 nesrly sn identical manner as possible and found to
give no conclusive evidence as to fhe effect of growth hor.
none upon them,

Artificiel silk wes found to have an incressed extenw
8ibility in certain orgsnic acids lmown not to be growth sﬁb—
stences, as well as in .2 per cent indole scetic acid,

Onion roots were found to have an incressed extensi-
bility in & .2 per cent indole acetic acid and in .2 per

cent scetic acld,
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