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Introduction



Introductory facts concerninzg auxing

The concept that plants contain special sub-
stances which move about within the plant and serve
to correlate and integrate the functions of the
organism is not new.

The ideas brousht forth by Sachs near the end
of the last century accounted for the known phenomena
occMrrinz in plants and even today are not outdated.
His basic postulate was that differences between
plant orgars must be due to differences in chemical
composition, 2nd that these difi'erences must be pre-
sent even before the earliest visible stages of organ
development. He pointed out that these differences
might be extre:ely minute and perhaps not detectable
by ordinary micro-chemical methods. He also consid-
ered the possible importances of optical isomsrism
of compounds takin.: part in reactions in vivo. ie
assumed th=t there were suvstances elaborated in the
plant which travel in definite directions and which
bring about special responses, for example, the for-
mation of flowers or roots.

Darwin, about the saue time, showed that the
stimuli of =ravity and lisht were perceived by only
the tips of seedlings and concluded that some influ-

ence we2s tra-smitted from the tip to the lower parts
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of the plant, which then re=cted with a chesrac-
teristic movement.

The material nature of this influence was demon-
strated by early experiments of Boysen Jensen. He
found that Avena seedlings deorived of their tips
showed no response to lisht, but that by replacing
tne cut-off tips on thne wounds the sensitivity to
lirsht was restored. Paél repeated these experiments
and found that the substance responsible for this
behavior could pass throuzh a layer of selatin but
not cocoa butter, mica, or platinum.

Later wgnt succeeded in removins, the active
substance [rom plants by allowiny it to diffuse out
of oat coleoptile tips into agar blocks. This sub-
stance, which has been shown to be necessary for the
process of cell elonration in Avena, is a member of
the class of phytohormones known as auxins.

The actions of auxins in plants explain not only
effects due to increase in length, such as photo- and
zeotropism, but also a variety of other phenomena,
such as inhibition of lateral buds by terminal buds,
root formaticn, and cambial zrowth.

A number of bioassays for auxins have been de-
vised, an” it is with these 25 tools that subseguent

isolation and chemical work has been made possible.
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Probsbly the most widely used of these biocassays
is the standard Avenz test as described by Went (43).
Briefly, the procedure involved is to ecut off the tip
of an oat coleoptile and to place a small azar block
containing an unknown amount of auxin on one side of
the cut surface of the coleoptile. The auxin in the
azar block diffuses out into the oat seedlins and
stimulates aorowth on only the side on which the block
is placed. This results in a curvature of the plant
away from the azar block, which curvature 1s propor-
tional, within limits, to thé a2uxin concentration.

A modification of the standard Avens test has
been made by Skoosz (33). The endosperm is removed from
the test plant and the plant held in a cotton plus.
This test 1s sensitive to much lower auxin concen-
trations than the standard Avena test since the seed
acts as a source of auxin for the coleoptile and lessens

its sensitivity to any added auxin.



Isolation and chemical work on auxins

The Avena test formed the basis for the classical
researches of Kggl, Haagen-5:1it, and Lrxleben in iso=-
l2ting auxins a and b, and 3-indoleacetic acid from
natural sources (14,16,18). In their work the Avena
Einheit (AE) was trken 2s a unit of curvature-producing
activity and was defined as the amount of auxin neces-
sary to =ive a ten degree curvature in the Avena test,
usinz an agar block of 2mm’ in volume.

After an examination of the Various Jossible sour-
ces of substsances active in the Avena test, human urine
was concluded to be the raw moterlial of choice and was
founa to contain about 108 AE per liter. Other sources
investizated included the tips of maize and oat plants,
cultures of Rhizopus, various yeasts, and distillery
slops.(14)

The acid fraction from 200 1. of pregnancy urine
was subjected to a larse number of purification steps,
the 9ctivity’of each fraction being followed by the
Avena test. The procedures used included fraction-
ation between solvents, extraction of 1nactive material
with various solvents, precipitation with lead ion and
calcium ion, lactonization of auxins a and b with acid
methanol, an distillation of the active substances in

hizh vacuum. The fraction distilling at 125-1%0 C. in
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hish vacuum was found to be the most active and
crystallized on standing. Recrystellization gave
6.9 mg. of a product which melted at 173 C. and the
activity of which was BOxlO6 AE per mz. This sub-
stance proved to be the lactone of an acid (auxin a)
which melted at 192 C. The activity of auxin a was
found to be 50X106 AE per mg.

The isolation of auxin a and its lactone was
repeated successfully on mixed urine and varilous plant
materials. The first plant material subjected to the
isolation procedures was corn o0ll, and here a new
substance, auxin b, was obtained along with auxin a.
Auxin b melts at 18% C. with decomposition and has the
same biological activity as auxin a. Malt, like corn
0il, yielded both auxin a and b.

In the course of the search for rich scurces of
the auxins, 36 kinds of me.t were investizated. post
of them contained O to 540 gammas of auxin a plus
auxin b per kg. One sample was found, however, which
contained 10 to 13 m3. of =uxin per kg., but in samples
subsequently investiszated only much lower concentrations
have been found.

Two samples of malt examined by Bergren (7) were
about 4 and 8% as potent respectively as the very rich

source above.
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The best sample of corn oll located by Kggl
contained 700 gammas of auxin per k., but this too
was an unusually rich sample. The reasons for the
extraordinarily hizh auxin contents of the matsrials
used by Kggl are not known.

Durinz the course of about 3 years a total of
about 700 mg. of auxin a and b was obtalned from
various sources. With only a part of this small
amount of material the structure of both compounds
was elucidated in a series of brilliant researches
(17,21) althou~h neither compound has yet been synthe-
s
sized.

A* remarkable ch2aracteristic of both auxin a
and b is their spontaneous inactivation by internal
molecular rearrangement (15,22). This reaction
involves the shift of a double bond and a hydroxyl
group to zive the bioclogically inactive pseudo-

auxin.

CHO“Q“aF“OHCHOHCOO“

Me Ma
=CHCH1FHOHCHOHQOOH

E £ ™

AurniN v & g VY AuxiN G

The fact that the above rearrangement 1is practically
complete in two months greatly increases the diffieuliy

of isolating the auxins from even very rich sources,.
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In working up further large amounts of human
urine it was discovered that an auxin was present which
had different solublilitles and chemlcal prouerties
than either auxin a or b (18). The isolation pro-
cedures were modified somewhat and finally a crystalline
substarce was obtained which after several recrystalliz-
ations melted at 165 C. and had a biological activity
of about 20x100 Ak per mr. What was more surprising
still wes t-at the elementary analyslis showed the pie-
gence of nitro:en. The compound was [inally proven
to be 3-indoleacetic acid, 2 substance known perhaps
sixty years previously and the presence of wh.ch in
human urine had alieady been established.

In 1934 Kggl and Kostermans succeeded in isolating
the same substance from yeast (zQ), and in 1935
Thimann succeeded in obitaining & small amount of
3-indoleacetic acid from cultures of Rhizopus (40).

The discovery that 3-indoleacetlic acld occurs
naturally =2nd has an activity of the same order of
maznitude in the Avena test as trnat ol auxin a or o
presented a difficult and critical proble.. Is its
biolosricael activity a mere colncidence of no im-
portance i nrture, or does it perhaps pley the roie of

rowth hormone =2lons with auxin & and b? The comulete
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answer to this guestion even todey is not known with
ecertainty, but an immense’anount of work has been done
and considerable evidence amassed on this point.

The history of this problem goes back to the
exneriments of Went who, in 1928, measured the dif-
fusion constant and calculated the molecu .ar welght
for the auxin in oat plants and determined 1t to be
376. Kggl and his co-workers repeated this work for the
tipa of young corn plants and obtained a value which
indicated the presence of auxin a or b (19). It is of
interest to note that their value for the molecular
welcsht of crystalline auxin a as determined by the diffu-
sion method was 376, the same value as that obtained by
Went approximately six years before. Further charac-
terization of the auxin in youn: corn plants was ob-
tained by differertial destruction tests in acid and
alkali, and these likewise indcicated thét auxin a was
predominant (19).%

The followin: tecinigue 1s employed in the deter-
mination of the diffusion constant. A small agar block
is prepared containing an amount of the auxin the diffu-

slon constant of which is desired. Three other agar

=
e

The differential acld-alkall destruction test relies

on the fact that auxin a is staple in hot acid but labile
in hot alkali; 3-indoleacetic acild is stable in hot al-
kali and lsblile in hot acid; auxin b is destroyed by
either mediuvm.



blocks the same size as the first are stacked on top of

the first and diffusion allowed to take place for a
measured time. Then all four agar blocks are assayed [or
thelr auxin contents. It is a wm=tter of greatest impor-
tance to avoid air bubbles between the a:ar .locks and

also to maintain a constant temperature and a humidity hi:zh
enoush to prevent the azar blocks from drying.

The auxin contents obtained for the four agar blocks
are now multiplied by a factor calculated to make the sum
o7 the relative amounts egual 1000. Knowin: these four rela-
tive concentrations, the thickness of the agar blocks, and
the time for which diffusion took place, the diffusion con-
stent can be determined from the followinz diffusion

tables, Stanhler, (35), Arndt (1).

"2 Number of Layer ne Number of Layer
X = Xe-is -
4Dt 1 2 3 4 4Dt 1 2 % 4
0.040 241 | 247 254 259 | 0.360 |21 | 106 | 320 | 55=
0.048 233 | 243 Jes7 | 267 | 0.410 |16 94 | 317 | 575
Q.05 222 238 262 {278 | 0.462 |11 g2 | 311 | 596
0.068 209 | 233 |267 {201 fo.cu8 | 8 | 71| 2051616
0.078 194 | 227 |e74 | 307 Jo0.578 | 5 | 62299 | 634
0.090 177 | 219 |280 | 323 | 0.640 | & 53 | 292 | 651
0.102 161 | 212 | 287 | 340 [0.706 | 2 46 | 285 | 667
0.116 144 | 205 }293 | 358 | 0.774 | 2 39 | 277 | 681
0.130 128 197 299 | 375 | 0.846 1 34 | 271 1695
0.144 114 | 190 305 392 | o.o22 | 1 29 =264 | 707
0.160 100 | 182 %10 |409 |1.000 | - 25 257 718
0.194 76 | 166 |317 |441 | 1.082 | - 21 1250 {729
0.23%0 56 150 322 472 | 1.166 - 18 |243 |739
0.270 41 | 135 %24 |500 J1.254 | - 15 |236 |748
L 0.314 30 120 323 |se7 | 1.3%46 | - 1% |230 |757
_ c ] Jr.240 | - 11 |224 |765

(9)



In the functidn

. _ n°
= Dt

h = the thickness of the ager blocks in cm.
t = the time of diffusion in days
D = the diffusion constant based on

time in days

B3y interpolation each of the four relative con-
centretions gives a value of X and consequently of D.
If p is the difference between the two relative con-
centration values in the table, between which inter-
polation was made, then the final value of D is cal-

culated as follows:

D1 Py + Dy P, + D3 P35 = Dy Py

P1 ¥ Po% P3¢ D4
since the sismnificance of a value of D increases with
increasing differences between the two concentration
values.

In the case of auxins, if four quite different
values of D are obtained with a definite trend from
one ager block to ﬁhe next, one of the following situ-
2tions 1is indicated:

a. An inhibitor is present which diffuses at a
rate different from that of the auxin.

b. More than one auxin is present.

¢c. PFactors of both a and b are at work.



The change of D with change in temperature is
expressed by the followin: eguation:

Do

The coefficient a itself 1s a function of D and can
be evalueted spproximately for agueous solutlons from
the followins table, taken from Taylor, Treatise o

Physical Chemistry.

D a

2.4 0.018
2.0 - 1.8 0.020
1.6 - 1.4 0. 022
1.2 - 1.1 0.025
.8 — 9.7 0.029
0.4 - 0.3 0.035
0.2 - 0.1 0.040

The followin empirical relationship between the
diffusion constant and the molecular weisht has been
found to hold zood for a variety of compounds of mole-
cular weisht up to 2 ranze of apout 500, with an ex-
pected error of 10 - 20% in the predicted molecular
welght.

D W = constant
The value of the above constant was determined Dy
Oholm (26) and for a variety of compounds was given
an averaze value of 7.0 for agueous solutions at 20 C.
Since the diffusion constant usually increases al-

most linearly with diluticn in the region of 1.0 to



o.1l molar, it 1s necess=ry to extrapolate tc infinite
dilution to obtain D in the above equation.

It i1s an interesting and pertinent fact that the
diffusion constant at a given tempersature is about the
same in most gels, such as asar, as in water.

Ihe derivation of the diffusion constant has been
carried out by Einstein (8) with only meagre assumptions.
Congider a cylinder Z filled with a solution and divided
into cémpartments A and B by a movable semi-permeable
membrane K, the concentration of solute in A being

greater than in B.

Z

A B

K

Now in order to prevent K from movin:, a force must be
applied in the direction of A, or if no force is applied
then K will move in the direction of B until the con-
centrations in A and B are equal. This simple con-
sideration illustrates the identity of the forces caus-
inz osmotic pressure and those responsible for diffusion.

Consider now a cylinder of 1 cm® cross section

with no membrane, put filled with a solution in which

(12)



diffusion is taking place because of a concentration

gradient.

/

El |E

x . dz

At the plane E call the osmotic pressure P, and at

El

, a distance dx from E, the pressure P' (P>P').
Then the force K acting on the solute molecules in
dx cc. of solution can be expressed:

' a
i -_ P - P -~ (1)

3

dx - a4ax

But the osmotic pressure due to n moles of solute per
dx cc. is

P=mn R T (2)

and Ke=-RTdn (3)
ax

combining (1) and (2). ©Now if a force K due to osmotic

pressure acts on one molecule then v, the velocity, is

v

'131'??'

(&)

where F is the friction function, depending on the size



and shape of the solute molecule and the viscosity of
the medium. If in dx cc. there are n moles of solute,

. there are Nn molecules where I is Avogadro's number,
and if the above force K is divided up vcetween Nn mole-

cules, the velocity of the molecules 1is

or éombinini (%) sand (5)

vmne=="RT -_dn (6)
N F ax

The diffusion constant D is defined by Fick's first

law of diffusion, assuming & cross section of 1 cme:

an' -— dn
at = -D &% (7)

where N' is the number of moles of solute and t i1s the

time, but

an'’
_,,‘a-.—t———-—— ~~~~~ = n (8)
o That De RT (9)
N F

Stokes law zives the Triction function for molecules
larsze in comparison tc those of the solvent and spheri-
cal in shape. In this case

F= 6TMr
where W 1s the viscosity of the medium and r the radius
of the diffusing molecule.

(14)



Since m, the mass of a spherical molecule, 1is
n1=—%§-1r ro 4
2

where d 1is the apparent density in solution, we would
expect the following to hold true for the diffusion of

spherical molecules:

3

D M = constant

The fact that D TTT constant holds better than the
above relationship for a variety of substances inves-
tizgated means simply that as 2 rule their molecules
are not approximste shheres in solution. No doubt a
statisticael treatment of chain-like and disc-like
molecules would result in frictisn functions which could
satisfactorily describe their diifusion behavior.

The diffusion technigue was further employed by
Heyn in 1935 (13) who investizated auxins from several
sources. He found that the auxin in Phycomyces cul-
tures had a molecular weiht close to that of 3-indole-
acetic acid, while the auxin from Avena coleoptiles,
Vicia faba foots, and regenerated Avena tips gave
values close to that of auxin a.

Thimann in 1935 (40) published his results on the
isolation of the auxin found in cultures of Rhizopus
suinus. This compound has the same acid-base stability

as 3-indoleacetic acid and both compounds distill in

(15)



hizh vacuum (molecular still) at about 100 C. A small
amount of the crystalline substance was obtalined and
melting point determinations were used to establish
identity with 3-indoleacetic acid. Thimann noted in
1933 (38) that the auxin oroduction of Rhizopus cul-
tures was correlasted with the constituents of the
medium. Certain peptones resulted in very large auxin
prod@ction, while others yielded almost none at all.
It has been shown that 3-indoleacetic 2cid arising in
cultures of micrc-orsanisms is produced by the oxi-
dative deamination oi tryptophane so that the effects
observed by Thimann are due sianly to the tryptophane
content of the peptone uszed.

In 1935 an imoportant phenomenon was discovered Dby
van Overbeek (27). He found that if crystalline auxin a
(obtained from Kggl) is applied to Avena plants in the
dark, & sreater curvature is obtained than 1 the plants
are in the lizht. This effect 1is not shown, however,
by 3-indoleacetic acid. toreover, a distilled water
extract of corn meal yields an auxin solutlon which be-
haves like auxin 2 1in this re:zszect and not like 3-indole-
acetic acid. This characteristic li:ht sensitivity of

o

auxin a in vivo affords an additisnal tool for the

characterization of unknown auxins but as yet has not

been menerally applied.



Van Overbeek and sonner (30) usin: the acid-alkali
destruction test investlrated the auxin from pea roois
and concluded that auxin a was osrobably present.

An examination of the auxins in the algae Macro-
cystis and Bryopsis and in &lodea, a higher plant, em-
ployinz both diffusisn and acid-alkali tests (van Over-
beek 31) showed that the auxin present has the charac-
teristics of 3~indoleacetic acid.

Lefévre (25) applied the ferric chloride and color
reactions for indole derivatives to various plant ex-
tracts and made subseguert absorption spectra measure-
ments. He concluded that %-indoleacetic acid, or a
nesr relative, les present in numerous higher plants.

It must be recornized, howeve:r, that color reactions
carried oul on mixtures of unknown composition and com-
plexity, such as the expressed juice of a plant, can
easily lead to erroneous conclusions.

Nevertheless, the spectrophotometric analysis of
the pizments produced in color reactions should afford
& powerful tool in the identification of unknown or new
compounds. The following, for example, is a plot of
the absorption of a mixture of 10 cc. of 0.001 molar
O~indoleacetic acid and 0.1 c¢e. of 0.1l molar ferric
chloride in 1 molar hydrochloric acid about one half
hour after mixing. (The absorption of this reaction

mixture is not constant with time.)

(17)
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Avsorption spectrum of indole acetic acid
plus ferric chloride.

It is thus conceivable that information of this
sort concerning the absorption maxima anc minima of the
products of color reactions mizght ..ive information about
the structurel details of the reactants.

Goodwin in 1939 (9) employed the diff'usion method
on corn meal extracts. He concluded that certain in-
hibitors of auwtin were present, wihich when removed gave
diffusion constants near those of auxin a and b.

In 1941, Haagen-Smit an- co-workers (11) reported

the first isolation of 3-indoleacetic acid from a hisher



olant source. Corn meal was treated with di:iute sodium
hydroxide solution and hydrolysis allowed to take place.
The extract was fractionated and one of the potent con-
centrates was crystallized. 3-indoleacetic acld was

the chief product but also a samall amount of pseudo-
auxin a was obtained. It was concluded that the latter
substance arose from the rearranzement of auxin a during
the isolation procedures.

Wildman and Gordon (44) in their work on the enzy-
matic hydrolysis of spinach proteins concluded that an
auxin 1s liberated which has a lower molecular wei:ht
than that of 3-indoleacetic acid, the liberated auxin
beinz characterized by the diffusion technique. The
same suthors (10) studied the action of alkali on tryp-
tophane, <cassin, and gzelatin with resuect to auxin liber-
ation. Under the most favorable conditions found for
the liberation of auxin from tryptophane approximately
0.008% of the tryptophane appeared as auxin 2fter hy-
drolysis. Casein and =selatin were found also to liberate
small 2mounts of an auxin on trestment with alkali.

Avery in 1941 (3) published his recsults of treating
dormant malze endosperm with various solverts and borate
buffers at pH 9-10 and 100 C. LExtraction with several

solvents successively or with water alone removes only

(19)



about one tenth of the available auxin (2). This con-

stitutes the so-called free auxin. The remalinder exists

in a bound form liberated by alkaline hydrolysis, and

in dormant corn amounts to the equivalent of 7x10™2 gm.
of 3-indoleacetic acid per gram of corn. This is esSen-
tially confirmation of the results obtained previously
by Haagen-Smit (11l). Avery found that the auxin in corn
has the acid-alkalil stability of 3-indoleacetic acid.

In a subsequent paper (4) Avery aoplied the same
treatment to wheat grains with a most interesting re-
sult. The total auxin from dry wheat was equivalent to
O.5xlO"6 to 3x10_6 sm. of 3-indoleacetic acid per gram of
wheat. On heating this auxin with 1.ON. sodium hydroxide,
marked destruction takes place, and he concludes that
70% or more of the auxin present is & compound or compounds
different from 3-indoleacetic acid.

In continuing work on the auxin in dormant corn,
Berger (6) purified an 'auxin precursor" which on al-
kaline hydrolysis gives as one of the products about
3.7% of 3=-indoleacetic acid. The latter was purifiied
further and crystallized tut was concluded to contain
10 to 30% of an additi.nal as yet unidentified substance.

Both Avery (5) and aittwér (45) have studied the

changes in auxin con:entration in immeture corn kernels

(20)



during the period following fertilization. Avery found
that for "Country Jentleman" corn the peak in total

auxin content occurred about ten days after pol.ination.
At this staze the total is equivalent to about 9.3 to

0.5 mg. of 3-indoleacetic acid per gram oi dry welght,
and ofthis total only about 6% is free, that is, exgract-
able by water or organic solvents. At this stage the ker-
nels are about 35 to 40% dry weisht, so that on a fresh
welght basls one zgran of kernels cuntains the equivalent
of 1.2x10"% to 2.0x10~% 2m. of 3-indoleacetic acid of
which only 7.2x10“6 to 1.2x1072 gm. is present in an
unbound form.

The results of Wittwer indicate a similar peak
in the free suxin concentration about 10 to 15 days after
pollination. Moreover, his results bring out the inter-
esting fact that unfertilized ovules do not contain
any demonstrable amount of auxin even at a time when the
fertilized ones contain comparatively large concentra-
tions.

As the development of the kernels proceeds, both
the total auvin and free auxin content decrease rapidly
to the wvalue for dormant corn, that is, a total aukin
content equivelent to about 7.4%x107° zm. of 3-indole-

acetic acid per gram of corn. Of this total roughly

(21)



5% is in an uncombined form readily extractable by water.

Bergren (7) found that ether extraction of whale
corn yielded the equivalent of 2 to 7:><10'7 gm. of 3-
indoleacetic aeld per gm. of €Orn.

This is in contrast to the case of rye studied by
Hatcher (12). Up to the attainment of maximum auxin
canoéntration, 21l the auxin exists in a free form.
Thereafter the free auxin disa pears and the bound form

increases in amount. In the dormant stage, as in corn,

about 5% exists still in the free form.

(22)



Summary of Information about Characterization of Auxins

Source Auxin found Method of Ref.
Characterization

Avena tips Auxin of MW, 376 Diffusion 43
Pregnancy Auxin a Isolation 14
urine
Corn Oil Auxin a and Db " 16
Malt " 1" 1
Human urine Auxin a and IAA 1 18
Yeast TAA " 20
Corn tips Auxin a Diffusion 19
Corn tivps ” Acid-alkali 19
Phycomyces TIAA , Diffusion 1%
Avena fred
coleoptiles ML B M .

Vicia faba
roots

Regenerated 1" 1
Avena tips

Rhizopus TAA Isolation 40
Corn meal ; Auxin a Lizht 27
. Inactivation
Macrocystis TAA Diffusion and -
acid-alkali 3
Pea rootd Auxin a Acid-alkali 50
Corn meal Auxin a or b Diffusion 3
jpR— AA Diffusion and 7
P LB I acid-alkali 2
Elodesa f Diffusion and "
acid-alkali

~ i« Pseudo auxin a - '

Corn meal and TAA Isolation 11
Corn meal IAA Acid-alkali 3
Wheat grains 70% not IAA " 4

Spinach Auxin of lower MW P
proteins than IAA haffuston +
Corn kernels TIAA Isolation 6

(23)




Evaluation of the methods used 1o characterize auxins

Of all the methods employed to establish the iden-
tity of an auxin the method of isolation 1s by far the
safest and most likely to lead to uneguivocal conclu=-
sions. Althouzh there exists the possibility of alter-
ation of substances during isolation, this 1s certainly
a minor objection when compared with the disadvantapes of
the other methods employed.

The determination of ¢iffusion constants is theo-
retically a good method but subject to the approximations
already noted. Inasmuch as inhibitors are probably not
uncommon in plant extracts, (24,36) cognizance must be
made of this factor in interpreting diffusion data.

The determination of liht sensitivity, 1t seems,
should afiord =»n excellent method to distinzulgh between
auxin = and 3-indoleacetic acid, but because it has not
been extenslvely applied its ddvanta;es and disadvantages
are not known.

The differential acid-alkall destruction test has
been widely used and althoush there is no specific evi-
dence to show that its results on crude extracts might

be unreliable, they should be interpreted with caution.

(24)



Comparison of the biological effects of 3-indoleacetic
acid and other auxins

(1) Effect on cell elongation.

The action of crystalline auxin a and of 3-indole-
acetic acid on cell elongation in Avena in investlgations
thus far undertaken has proved to be qualitatively the
same. The activities in the Avena test as determined
by Kggl and hig co-workers are for auxin a, BOxlO6 AR
per m=.(14), and for 3-indoleacetic acid, about 20x106
AE per ms. (18). The velocity of ﬁransport in the Avena
coleoptile is slightly different for auxin a and 3-
indoleacetic acid, auxin a bein: transported in the cut

coleoptile at a rate of 10 to 12 mm. per hour, or about

10% faster than 3-indoleacetic acid (Went 43, p. 90).

(2) Effect on roots.

The action of crystalline auxin a and 3-indole
acetic acid on the roots of Avena was studied by Kogl
and co-workers (19). Concentrations of auxin a down
to 1077 gm. per liter showed an inhibitory effect on
the growth of roots. The saue effect is shown by
J-indoleacetic acid although ét very low concentrations,
that is about 1072 molsi, a stimulation of root growth
is observed.

Thimann and Koepfli (41) have deuonstrated that

pure 3-indoleacelic acid is fully active in the stimu-



lation of root initiatisn and growth.

However, a difference in the action of auxin a and
3-indoleacetic acid has been observed on root formation,
(Went 43, p. 195). In these experiments pea cuttings were
treated with the two auxins separately and together. If
very small concentraticns of auxin a are added.to opti-
mal_concentrations of 3-indoleacetic acid, the number
of roots formed is far greater than the number formed
by 3-indoleacetic acild alone. However, the addition

Fal

of small amounts of 3~indoleacetic acid to optimal con-

centrations of auxin a does not show this effect.

(3) Effect on bud development.

It is a widely known fact that the lateral buds
of plants are inhibited by the terminal bud. If the
terminal bud be removed, the latersl buds begin to de-
velop almost immediately. This, of course, 1s the theo-
retical basis of pruning trees and shrubs.

These effects were investizated by Thimann and
Skoog (39) using young plants of Wicia faba. They found
that young terminal buds produced large quantities of
auxin and that this production falls off in older buds.
Moreover, normel lateral buds produce almost no auxin,
but if the terminal bud of a shoot 1s removed, the later-

als begin to develop and :ive off auxin which acts then
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to inhibit the other lateral buds. The inhibitory
effect of the normal terminzl bud can be reproduced
by puttinz in its plece an agar block containing 3-
indoleacetic acid.

As in the case of roots, low concentrations of
3-indoleacetic acid exert a stimulating effect upon
the growth of buds. These relationships are illustrated
in the fpllowing plot taien from Thimann (42), the bud

and stem curves being partly hypothetical.
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In subsesuent work Skéog and Thimenn (32) com-
pared the action of crystalline auxin b with that of
3-indoleacetic acid on bud inhibition. The auxin Db
was obtained from Professor F. Kggl. Solutions of the
auxin to be tested were placed in small wax cups
molded around the stem of é decapitated seedling and
the effects observed after a number of days. These
workers concluded that in réspect to bud inhibition the
action of auxin b and 3-indoleacetic acid was indis-

tinguishable in kind.

(4) Effect on cambial growth.

Snow (34) studied the action of crystalline auxin a
(presented by Kogl) and 3-indoleacetic acid on cambial
srowth and found that thelr effects on this tissue were
identical. While the lateral buds of a stem are inhibi-
ted by the auxin liberated by a terminal bud, the activi-

ty of the cambium layer 1s stimul-ted.

(5) Effect on phototrooism.

The physiological effects of auxin a and 3-indole-
acetic acid thus far discussed are different in only very
minor respects. The physiologtcal differences are much
greater, at least in Avena plants, when the effects of
light are considered. The experiments of van Overbeek

(27.28.29) first detected this important physiological
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distinction between the two auxins. He showed that
Avena curvatures produced by auxin a were up to two
times as zreat in the dark as in the liszht, while those
0f 3-indoleacetic acid were the same in either case.
The same problem was studled by Koninzsberger and
Verkasik (23) using the chemical results of KJgl as
their starting point. 'The latter (22) found that, in
making ultra-violet absorption measurements on auxin b
solutivons, an enol [orm could be detected by the ferric
chloride test after a time, bul auxin b itsell gave no
color reaction with this reazgent. UMoreover, aolutions of
auxin & lactone rapidly lost their biologilcal sctivity
on exposure to ultra-violet radiation. These changes

were formulated as followss

QHDHQROHc
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Kogl (22) mentions the possibility that the above
photochemical inactivation of auxin a and b might
conceiwvably be of imvortance in the normal responses
of plants to light.

Koningsberger and Verkaalk first repeated the
work of van Overbeek and obtained fully similar re-
sults using a highly purified preparation supplied
by Kggl. They, how8&ver, added a very important and
enlightening experiment. First, deseeded and decapil-
tated Avena plants wers prepared; these have been
shown to be practically free of auxin and morsover do
not form more auxin during the test period. Now on one
set of such plants were placed agar blocks containing
auxin a and on another 3-indoleacetic acid. Diffusion
was allowed to take place, and then the plants illumin-
ated on one side only. After a period the test plants
were photographed. The result obtained was that expected
from theory. ©Seedlings ziven auxin a showed a curvature
(7 to 8 degrees), but those given 3-indoleacetic acid
showed no significant curvature (less than 1 degree ).
It was postulated that the observed phototropic curvature
was due to the in_vivo inactivation of auxin a lactone.
It was later found in Kggl's laboratory that solutions
of auxin a lactone are inactivated by visible wave-

lengths in the presence of carotene.
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Results were obtained by Stewart and wWent (37)
which apparently contradicted those of Koningsberger.,
They found first that exposure of Avena coleoptiles
to lizht decreased the amount of auxin which could
be extracted by ether. This is in harmony with the
findings of van Overbeek and Koningsberger. How-
ever, they were unable to find any destruction of an
auxin orepared from corn meal on allowing it to be
transported through illuminated coleoptile sections.
Stewart and Went conclude that this is due to light
sensitivity of auxin when it is bound to some con=-
stituent of the cell and to licht stability of free-
moving auxin. It is perhaps possible that this auxin
which was prepared from corn mezal contained 3-indole-
acetic acid althoush the available information indi-
cated that the "free" auxin of corn meal is auxin a
or b (9,27).

To summarize in general what has been said about
auxins and their comparative physiological properties,
we see that thé differences, for example, vetween auxin
8 and J-indoleacetic acid are not merely quantitative
in nature. This 1s an inescapable result of their dif-
ferences in structure and, as investigation proceeds
and more information accumul~tes in this field, it is
to be expected that further differences in biologilcal

activity will be discovered.
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The foregoing review of the literature brings us
to the resl purpose of this problem.

The "bound" or combined auxin of dorment corn
kernels has been conclusively identified by isclation
by both Haagen-Smit (1l) and Berger (6). However, the
"free" portion (that readily available by water extrac-
tion) has not been isolated for either immature or dor-
mant kernels. It is with this fraction in immature ker-
nels that the present work is concerned.

This "free" portion is of special interest and
signific-nce for the following reasons:

(1) It is present in a rapidly growing tissue.

(2) It can be extracted under very mild conditions,

i.e., with water or organic solvents.

(3) There is evidently some connection between
auxin production and the changes which occur
subsequent to fertilization. Whether or not
this relationship is causal is at present

not known.



Experimental Section



Biocasgsay

The auxin concentrations throuzhout this work
were determined by the standard Avena test, as described
by Went (43). The interval between application of the
agar blocks (2am? in volume) and photographing of the
test plants was 110 minutes in 211 czses. The follow=-
ing procedure was adopted in evaluating the experimen-
tal data. The anxyles of curvature were measured and those
between.O and 2 degrees discounted unless the mean cur-
vature was under 5 degrees. This is justified on the
basis that errors in technique can result in approxi-
mately a O degree curvature even though a large concen-
tration of auxin 1s present. The arithmetic mean of the
remaininy curvatures was c~ .culated and those means
within the proportionality range taken as proportional
to the auxin concentration.

In each test, the Avena seedlings were calibrated
by applying blocks soake’ in solutions of known concen-
trations of 3-indoleacetic acid. One ing. of 3-indole-
acetic acid, Merck, diluted uo to 3 1. (1:3x10%) usual-
ly gave curvatures of about 15 degrees. Dilutions were
made xi@h a medium composed of distilled water containing
0.005 moles of potassium chloride snd 0.003 moles of

acetic acid per liter.
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Description of Starting Material

The crude extract used in this isolation of
3-indoleacetic acid was prepared by Dr. 5. H. Wittwer
at the University of Missouri. Approximately 100 kg.
of fresh corn kernels in the milk stage, that is
about 15 days after fertilization, wa: extracted by
placing it in 95% ethanol. About 80 kg. of kernels
was extracted for two weeks and the remainder about
24 hours. The alcoholic solutiun wes concentrated under
reduced pressure to 3700 cc. and the syrupy extract
shipped to The California Institute of Technology
via Air Express. About two days were spent in transit
but on arrival there was no noticeable evidence of
fermentatisn or spollage. The total activity of this
crude extract was equivalent to 1.48 gm. of 3-indole-
acetic acid (Appendix Sept. 8.). The residual corn
now once extracted was sent to us by Railway iLxpress
and stored at 4 degrees C. The liquid still held in this

residue by capillarity was about 50 to 60% ethanol.

Chemical fractionation

(1) Preparation of the crude acid fraction.
The crude syrupy extrsct was acidified to a pH of

3.0 to 3.5 by =2ddinz 230 cec. of concentrated HC1.
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The resulting mixture was divided into two equal parts
to‘facilitate handling and each part extracted in ¢
separatory funnel with on 2 liter portion and two
1 liter portions of Etpo0. All ether used was purified
by distillation over a mixture of FeSOy, excess Ca(OH),,
and HpO. The ether solution was dried over anhydrous
Na2804 and concentrated by evaporation under reduced
pressure. It contained 26.2 gm. of solids, equlvalent
in suxin activity to 0.186 gm. of IAA (Appendix Sept. 8.).

The concentrated ether solution (735 cc.) was extrac-
ted in a separatory with three 370 cc. portions
of saturated NaHGOB in water. The Dbicarbonate layer
was acidified with about 110 cc. of concentrated HC1
and extracted with three 1 liter portions of Et,0.
On eveaporation of the latter ether solution under
reduced pressure, 4.8l zm. of solid remained. This
fraction was eguivalent to about 0.48 sm. of IAA
and 1s composed chiefly of the free organic acids
(Appendix Sept.ll.). This sudden rise in activity from
0.136 gm. to 0.48 «m. of IAA indicates that the bicarbonate
fractionation removes an inhibitor-or inhibitors.
Probably then too the orixinal material contained more
than 1.48 gn. of IAA.

Since the orizinal crude extract still contained

8 large amount of auxin activity (Appendix Sept. 8.),
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it was further extracted with Et,0. A total of 6
liters in three portions was used, and the agueous
phase was then almost free of auxin (Appendix Sept.
15}

As before, the ether solution was concentrated
under reduced pressure and extracted with saturated
NaHCO3 solution. A total of 1350 cc. of bicarbonate
(seven portisns) was used; the bicarbonate was acidi-
fied and the solution extracted with four 500 cc. and
one 250 cc. portions of Et,0. The ether was evaporated
under reduced pressure and the residue combined with
the previous portion of orgafhic acids. The resulting
fraction weished 10.52 =m. and contained an amount of
auxin equivalent in activity to 1.09 zm. IAA (Appendix
Sept. 18). This is eguel to about T4% of the activity
in the original extract. Tnis frasction which forms the
bagis for the succeeding steps of the isolation will

hereinafter be referred to as the crude acid fractiosn.

(2) Tentative identification of the auxin present.
At this juncture it was decided to determine
how much suxin remained in the extracted corn kernels
eand to attempt to characterize the zuxin or auxins in
the extracted kernels and in the crude acid fraction.
A representative sample of the extracted kernels

was ground up in a mortar and extracted with water at

(36)



room temperature (1 gm. of moist kernels per 15 cc.
of water). The bioassay showed that the 100 kg. of
kernels contained an -mount of auxin equivalent to
1.2 gm. of IAA (Appendix Sept. 11). Thus the concen-
tration of auxin in the fresh kernels as determined
by extraction with ethanol plus water was eguivalent
to 2.7x107° gm. IAA per zm. of fresh corn.

Characterization of the auxin present was accom-
plished by the use of the differential acid-alkalil
destruction test, as described in the introductory
section. When this test was applied it was found
that the auxin in the crude acid fraction and in the
residual cérn kernels behaved like IAA.

The following experiment will illustrate the
technique used and the results obtained. 53 mg. of
the crude acid fraction was dissolved in 0.48 cc. of
96% £tOH and four 0.1 cc¢. portions of the solution
withdrawn. These portions were treated variously,
as follows:

(a) 1.0 cc of 0.1 N. KOH was added an: the mix-

ture heated on a boilin:; water bath for 3.5
hours.
(b) 1.0 cc. of 5% HCl was added and heated as

above.
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(c) 1.0 ce. of pH 7 phosphate buffer was added
and heated as in (a).
(d) 1.0 cc. of water wos added and the mix-
ture put in the cold room as a control.
After the heating period the mixtures were neutral-
dilutions made.

ized 2nd The following curvatures

were obtained from an Avena test of the products.

P y— -

Treatment Dilutions (based on .eight of crude
acid fraction) '

a5 |15 rLas [ 1ras 16,25 [V RS

xi1o04 |x10" |x10% [%x10% [x05 [x10"

KOH > 12 12 0

=

HCL 14 0 0 3

_pH 7 buffer > 10 10 0_
| Control > 10 10 O_

This shows that approximately 86% of the activity was

lost by treatment with hot acid and none by treatment
with hot pH 7 buffer or 0.1 N, KOH Treatment with 1.0
N. KOH likewise resulted in no destruction (Appendix
Sept. 20).

Synthetic IAA was likewise subjected to the above
tests, and it was found that hot 5% HCl destroys 40 to
50% of the activity in 3% hours at 98 C. whereas 1 N.

KCH gives no measureable destruction under the same

conditions (Appendix Sept. 20).
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An active extract made from a representative
sample of the residual corn kernels was found likewise
to be stable toward bese but labile in acid (Appendix
Sept. 27). The reason for the differences observed in
the percentamge destruction of pure IAA and the auxin
from corn is not known. The acid-alkali tests on the
crude acid fraction were completed 13 days after the
alcoholic exuract was received from the University of
Missouri, those on the residual corn kernels 7 days later.
The above results indicate that the chief component of
the auxin in immature corn kernels behaves toward acid
and alkali like IAA. From this information it was evi-
dent that the steps of the isolation procedure should be
patterned after those for IAA from urine rather than
those for the isolation of either auxin a or .

The small decreases in activity of the crude acid
fraction with time are difficult tc interpret. Thus,
on Sept. 18, it was found to contain the equivalent of
10.4% TAA, on October 2, 9.7%, and on October 6, 9.0%.
These differences 2re quite probably within the range

of experimental error.

(%) Fractionati»n of the crude acid fraction
Approximately half (5.02 gm. ) of the crude acid
fraction containing the equivalent of about 10.4% IAA

was dissolved in 100 cc. of 60% EtOH and the resulting
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solution extracted in a separatory funnel with twelve
50 cc. portions of purified benzene. The benzene layer
was then extracted with six 50 cc. portiovns of 50% MeOH
and with six 50 cc. portions of water. The water and
methanol extracts were combined and the methanol evapor-
ated under reduced pressure. The remaining aqueous solu-
tion was extracted with purified EtEO, two 100 cc. por-
tions, and three 50 cc. portions, znd the resulting
ether solution dried over anhydrous NasS80, and evapora-
ted under reduced pressure. The residue weighed 1.25
gm. and contained the equivalent of 0.26 gm. IAA (Appen-
dix October 13). This fraction will be referred to as
the benzene-methanol fraction. The activity here 1s only
about fifty percent of that present in the 5.02 gm.
of crude acid frazction, but the concentration of auxin
is nearly twice as great.

At this point an attempt was made to crystallize
the benzene-methanol fraction. 0.87 gm. was dissolved
in 20 cc of hot CHClz: the solution was filtered and
allowed to cool. A few crystals appeared but they were
obviously not well formed and¢ quite impure. Inasmuch
as no more raw material could be obtained it was essen-
tlal to get as high yields as possible in the crystalliza-
tion procedures and thus it was necessary to further

fractionate the benzene-methanol fraction by other means.
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The above 0.87 gm. of active materizl, after removal
of the chloroform, was extracted on a water bath with five
5 cc. portions of petroleum ether (40 to 60 degrees)
at its boiling point. The residue was then further
extracted with five 5 cc. portions of higzh boliling
petroléum ether at its boliling point (100 to 130 de-
zrees). A crude crystalline material deposited out of
the high-boiling petroleum ether on cooling to room
temperature. This deosit was filtered off, redissolved
in xylene, and the solution crystallized in a few hours
in the cold room. This product amounted to only a couple
of mg. but was recrystallized later along with other
hizhly purified fractions.

The main bulk of material having been extracted
with petroleum ether was treated with five 15 cc. por-
tions of hot xylene. A residue (8% mg.) remained which
proved to be inactive in the Avena test (Appendix Nov.
8). The xylene solution was evaporated under reduced

pressure and gave a residue of 505 my;. This residue
was extracted on the water-bath with twelve 5 cc. sor-
tions, three 10 cc. pdrtions, and two 25 cc. portions
of boiling cyclohexane. About 317 mz. of material re-

mained undissolved. The cyclohexane extracts deposi-

ted a crude crystalline material on stending in the
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dold room, and this proved to contain the equivalent
of about 30% IAA (Appendix Nov. 8). This material
was recrystrllized from xylene and chloroform and
later combined with other fractions for the final re-
crystallizatiosns.

The material remaining after the cyclohezxane treat-
ment was now re-extracted with five 10 cc. portions
of hot xylene. Only 13 m:. of residue remained, and as
the xylene insoluble material was previously shown to
be inactive in the Avena test this residue was dis-
carded. The xylene solution was evaporated and the resi-
due (328 mg.) assayed and found to contain the equiva-
lent of about 21% IAA (Appendix Nov. 8); thus its
total content was about 69 mz. of the pure substance.
This fraction solidified partly in the cold but the
crystals were still contaminated by large amounts of
other substances.

Ihe following step designed to remove various
contaminating impurities consists of a precipitation
with lead ion in dilute acid mnder which conditions
IAA remz2ins in solution. The 328 m:;. of IAA was dissol-
ved in 10 cc. of 96% EtOH, and 1 cc. of saturated
neutral lesd acetate was added slowly with stirring,

whereupon a dense precipitate formed. The mixture was
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filtered, the precipitate washed with a small volume
of EtOH and the filtrate and washings combined. The
moist preclpitete was immediately dissolved in a mix-
ture of 1 cc. of 1 N. HC1l and 20 cc. of 1 N. AcOH.
The resulting solution was extracted witn four 10 cec.
portions of Et,0 and the ether phase evaporated under
reduced pressure. ihe residue (123 m:.) proved to con-
tain the equivalent of 38% IAA (Appendix Nov. 13).

The filtrate from the lead precipitatlon was concen-
trated in vacuo to remove the EtOH, and a mixture of
10 cc. of water and 1 cc. of 1 N. AcOH added to the
residue. The solution was extracted with five 10 cc.
portions of Etp0 end the ether layer evaporated as be-
fore. The resulting fraction (118 mgz.) containing the
equivalent of %3%% IAA (Appendix Nov. 13) wes dissolved

in 2 small amount of CHCL the mixture filtered =2nd

5:
placed in the cold room. Crystallization occurred in
a short time and resulted in 24 m:. of crude crystalline
material. This was recrystallized once f[rom CHCl3 and
the product reserved for the final pooling of all the
active crystalline fractions.

Inasmuch as IAA itsell does not yield a precipi-
tate with lead =2cetate in weakly =2c¢id medium, the pre-

cipitation was repe=ted on the fractl n which was insol-

uble in the first trestment. This fraction (123 ms.)
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was dissonlved in EtOH and saturated neutral lead ace-
tate 2dded. The precipitate was dissolved in dilute
AcOH and, along with the filtrate, extracted as before,
This time the insoluble fraction, after removal of the
lead ion, weighed 84 mg. The filtrate afforded 27 mg.
of a cryétalline material which had the solubility be-
havior of IAA and gave a brilliant red color with a
mixture of F‘eGl_j and HCl. This fraction was recrystallized
from CHClB and combined with the other crystalline frac-
ticons. Evidently the material which was soluble in the
second precipitation was merely adsorbed on the pre-
cipitate during the first treatment.

The crystalline material obtained from the petro-
leum ether and cyclohexane extractions and from the two
lead acetate precipitations was comb ned and dissolved
in CHGlB. This crude crystelline material amounted to
about 70 mg. from which 49 m3;. of thin flat plates was
obtained on recrystallization. This substance sintered
on the hot stoge at 163 C. and melted to a reddish
liquid at 165 to 169.5 C. Recrystallized IAA, Merck,
sintered at 167 C. and melted at 168 to 170.5 C. under
the same conditicns.

The 49 mz. of crystals was recrystallized from
CHC15 and dried overni :ht over PpOg in vacuo. Lhe re-

sulting crystalline compound (43 mz.) sintered at 164 C.
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and melted from 165 to 169.4 C. on the hot stage, where-
as the recrystallized synthetic product simtered at 164 C.
and melted from 167 to 170 C. An intimate mixture of the
two sintered at 164 C. and melted at 166 to 170 C. (hot
stase).
Capillzary melting points were made simultaneous-
ly on the material from corn and on recrystallized syn-
thetic IAA. The former sintered at 165 C. and melted .
at 165.7 C. to 166.5 C. The synthetic compound sinter-
ed at 165 and melted at 165.5 to 166.5 C. (all m.p.'s
uncorrected). An intimate mixture of the two crystalline
mterials Sintered at 164.5 and melted at 165.5 C. while
a simultaneously observed cagillary of recrystallized
synthetic IAA sintered at 164.5 and melted at 165 C.
Carbon, hydrogen, and nitrogen micro-analyses of

the crystalline material gave the follow.ng results:

Cale. Tor ClOHgoQN Found
Carbon 68.54% 68.99%
Hydrogen 5«18% B« 17%
Nitrogen 8.00% 8.06%

As an additional check on the identity of IAA
and the substance obtained from corn, the two were
assayed simultaneously in the Avena test. The follow-

ing curvatures were obtained:
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8 i -
Dilution Crystals from corn ynﬁgizéc Lo
1: BXlOS 25 degrees 19 degrees
T 3wlc 23 o 14
13 oxlg” 11 i 7 1"
6
1: 27x10 % . 4 "

This discrepancy in biological activity may be due to
the fact that the synthetic TAA used in the Avens test
was not recrystallized but used directly from the Merck
gontainer. All dilutions for the above test were made
on the same day.

Thus the information afforded by melting point,
mixed meltinz point, gquantitative analysis, and bio-
assay shows that the auxin isolated from corn kernels
is 3-indoleacetic acid. The overall yield of IAA
making allowance for the fact that only a part of each
active fraction was used for further purification is

about 9%.
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(4) Summary of the fractionation scheme.
The following will serve to summarize the isola-

tion procedure which has been described in detail above.

100 kg. fresh corn kernels (2.7 zm. IAA)

95% EtOH
Residual Alcoholic extract
kernels
(1.2 gm. IAA)

Concentrate in vacue

3700 cc. of extract (1.48 gm. IAA)

Acidify
Et. 0O
t2
Aqueous Ether extract
phase
(Inactive) Evaporate

Water phase

Acidify

Ltgo
Water Ether phase

phase
lﬁwaporate

Crude acid fraction
10.52 gm. (1.09 zm. IAA)

(47)



5.02 gm. Crude acid fraction (0.52 gm. IAA)

60% EtOH

Benzene

gléphinl- Benzene layer
water layer
50% MeOH

Methanol layer Benzene layer

QL HoO
Combizf
Water ‘ﬁf”//”

layer

Benzene layer

Evaporate
methanol

\\\’ Agueous solution

Et,0
Water phase Ether phase

l Bvaporate

1.25 gm. Benzene-methanol
fraction (0.26 gm. IAA)

Pet. Ether (40-60)

Pet. Ether Residue

/

Pet Ether
(100-130)
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Pet Ether Resicdue

1 Cool
Precipitate

Hot Xylene

. Solution
Xylene Residue

(83 mg. l

inactive)

Crude IAA Crystals
(small amount)

505 mz. Residue

Cyclohexane
Cyclohexane Residue
l cool Hot Xylene
Precipitate
Xylene plus
chloroform N
Crude crystals of Regidue Gsis
TRECT26"15 5 (13 mss

Inactive)

Residue 378 mg.
(69 mz. IAA)

Precipitate

Acidify

Et,0

Water layer Ether(lc

96% EtOH
Pb (OAc)

p

Precipitete Filtrate

Acidify
Et,0

27 me.

[e»]
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25 m .
(47 mz. IAA)

96% EtOH

Pb (OAc)2

Filtrate
bvaporate
Dilute AcOH

) ‘» 5,0

Solution

Kesidue 118 mgz.
(39 my. IAA)

l CHCl
-

crude IAA 24 gx. crude IAA
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Appendix.

Date and Material

B U 15 Dilution Mean .
+Being Testeéd B Perg;ztabe
Degrees ;
Sept. 8, 1944
IAA Standard 1:9x10° 7
1:27x10° 0
Original Crude %%88 <§S
(jgggr;?t) 112500 10 0.04%
Et,0 soluble 1:10% 14 .

27 7 - . 4 9 0.71%
fraction of crud 1i5%10 oy
egtract (26.2 gm l:25x104 Trace
Original crude 1:10 8
extract after ex- 1:50 8 y
traction with Etp0 7,350 16 0.006%
 Sept. 11, 1944 :

> . 1:9x10 o
IAA Standard 27x106 0
Oriwlnal crude ex  1:500 14 0.04%
uract (2 .s0 tested 1:2500 Trace
Seog 94 LaAen s o) 1:12,500 6]
/0
Crude acid frac- 135X1044 210 ~
tion (first part 1:25x10 7 107%
equal 4.81 gzm.) 1:125x10 0
Residual corn 1115 14 0.0012%
kernels (about 1:75 %
100k¢. ) 1:225 <
Sept 13, 1944 6 .
S0 & 1:9x10 8
L 1:278100 '
Residual crude ex- 1:50C 0 Inactive
0

tract after 2 extns l 2500

with Ltgo

4312500

(50)




Date and Material Hean

Being Tested Dilution  Curvature jo-aze IAA

Degrees
Sept 18, 1944 )
S 8
IAA Stendard sl <3
; 4 10

Crude acid frac- %222%804 >1o 10. 4%

Sept. 20, 1944
IAA Standard L:3x100 5
~ andara 1:9x10 0
Crude acid frac- 115X104A 14 G
tion heated with 1:25x10 4 10 10%
1 N. KOH 1:125%10 0
Crude acid frac- o 5x1044 12 .
fion control (un 1:25x10 8 7
trested) 1:125x10 0
Synthetic IAA 1:25%10 ") 9 o
heated with 5% 1:125x10 10 D2
HC1 1:625x10 tra-e
Synthetic IAA 1:50x10%, 12 _
heated with 1 N. 1 ASOxlO 4 8 100%
KOH 1250x10 O

Sept 27, 1944 5

1:3x102 14

JIAA Standard 1:9x10° 5
Active extract from 5

esidual corn kernels 25‘104 8 4. 4
{1l zm. - 1060 =m ker- l 125x10y 0
'nels - o 1 625\’10 Q
Control (Untrezted)
Same extract as 1:25x10 0 .
above he-ted with  1:125x10, 0 Inactive
5% HC1 1:625x10 0
Same extract as 1:25x10%, 10 A
above he=ted with 1‘125X104 0 5.5k
1 N. KOH 1:625x10 o




Date and Material

Mean

: Dilution C > jo-a e IAA
Being Tested uuggggggg Sl
Oct 2, 1944
1:3%108 6
IAA S3tandard 1:9%x10
14 22
z Lala™ ,
Crude acid i 28 20
fraction 1:5x10 &
1:25x10% 7 =T
Oct 6, 1944
o 1:3%10° 13
JAA Standerd 1 3X10§ l'j
1:9xlog 8
| 1:9x10 10
Crude acid 1:104 4 ca 10
frection 1:5x10°7), ce. 10
1:25x10 " 14 9.0%
1:125x%10 trace
Oct 13, 1944 ]
1:3%102 13
IAA Standard 1:5x102 14
1:9%10 A
Benzene-mathanol 1;106 p 8 20.5%
fractisn (1.25 zm.) 1:3x10° trace
Nov 8, 1944
. 6 19
B 1:3x10g
IAA Stnadard 1:9x%10 11
! el
Xylene insoluble 1:5x10°, O Faaetass
i 2o 1:25x10 0
fraction (83mg.) 1:160 5
Crystalline mater- l:5x1044 Max. anzle
ial from cyclo- 1:25x10 f
5 - 100 5
hezane extracts 1:10 19 33%
J
Xylene soluble l:BOglOF Max. amgle
5 1. 720 nes l:lO 17 ;
fraction (328 mg) 1133106 = 21%
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Date and Material

Mean

Being Tested Dilution Curvature fo-age found
=< Degrees
Nov 1%, 1944 )
1:3X106 26
IAA Standard 1:9x10 T
1:27x%10 4
106
- lolo 22 >1O
Ppl. from ?1rst l:BxlO% 8 38%
Pb pptn (123 mg.) L;9x10 0
Filtrate from 1:10° 14
first Pb pptn. 1:3x10P 7 337
1:9x%10 trace

(118 mg. ;

(53)




Conclusion



Actually there were two prime objectives in

view 1n undertaking this present work.

The most immediate of these was to conclusively

ldentify an auxin which occurs in a readily water-

soluble, biolozically active form in immature corn

kernels.

lation -nd identification just described.

This has been accomplished by the iso-

Thus the

total available data concerninz the distribution and

ldentity of auxin in the corn plant is as follows:

2

Part of Plant Auxin Method of
Present Characterization

Tip of young . Diffusion

plant auxin a Acid-alkali

)

I@mature Agrnels IAA Isolation
(free portion)
Corn Meal auxin a Light inactivation
(free portion) auxin 8 or b Diffusion
Dormant kernels IAA and lsolation
or corn meal Auxin a
(bound portion) IAA Isolation and

Corn oil

Auxin a and b

Acid~-alkali

Isolation

2

From this information the reader may wonder why IAA did

“°"
not apvear in the course of Kozl's work on corn oil

or why the isolations from m2ture corn or corn meal

did not yield auxin a and b.

In the latter work already discussed evidence was

found for the existence of auxin a in corn meal by the

(54)




isolation of a small amount of a substznce which had
the correct melting point for pseudo-auxin a.

In the work of Kggl one ol the obvious points in the
isolation procedures to examine for clues for the pre-
sence of ITAA is the lactonization step. This was car-
ried out in hot 1.5% HCl in MeOH and here it misht Dbe
expected that any IAA present would be largely destroyed
although thé\stability of IAA under these donditions
is not known with certainty. In the first isolation
from corn oil, for example, the active fraction before
lactonization contained 55 mg. of auxin and afterwards
apparently 28 mg. from which 7.4 mg. of crystelline
auxin b was finally obtained. This app2rent decrease
in activity during lactonization does not occur with the
concentrates from urine which did not yield auxin b.and
can be satisfactorily explained by the formstion of
auxin b dimethyl acetal lactone which 1is much less
active than 2uxin b.

In a2 second isolation from corn oil containing
presumably 70 mz. of‘auxin, 15 mg. of crystalline
auxin a and 15 mg. of auxin b were obtained. This 1is a
very excellent yield even 1if all the auxin in the

starting material were auxin a and auxin b.
In the purification of auxin from malt the acti-

vity practically digappeared on lactonization but reap-

{55)



peared almost entirely on distilletion. The purification
steps employed in all of KSgl's isolations were such

that probably an appreciable amount of IAA would be
carried along with auxin a 2nd b at least to the lacton-
ization stare if 1t had been present in the starting
material.

These considerations are complicated by the possible
presence of inhibitory substances. In the work of ngl
there was evidence for these only in the case of corn
0il. An isolation was begun with 16 kz. of corn oil
containing 700 gammes of auxin per kzy. This was ex-
tracted with H;0 and the water extr-cted with Et,0.

The resulting fraction contained 130 mgy. of auxin, an
appaerent 10 fold increase in auxin content.

Similar evidence of an inhibitor in immature corn
kernels has alre~dy been polnted out; it 1s evidently
non-acidic since 1t was not present in the crude acid
fraction.

It is interestirg to note that both the malt and
the corn oil used by Kggl were probably rather fresh
samples or else the auxin would have already disappeared
by rearrangement. Moreover, the auxin in both these
materlals was probably present in a free form since it

was extracted by simple water extroction.

(26)



ihe possibility that the immature corn used in
the present isolation contained auxin a and/or b is
not conclusively ruled out by the foregoing data, but
the evidence indicates that if present at all, probably
they are present in only low concentrations.

About 70 k. of the corn used in this isolation
was harvested on Auz. 15, 1944, and 2bout 30 kg. on
Sepﬁ. 1, 1944, ’The crude acid fraction was first charac-
terized by the acid-alkalil test on Sept. 18, presumably
before any auxin a or b could have completely rearranged
to the inactive pseudo=-auxine.

The fact that no destruction oeccurred in alkall
indicates one of the followihg situations:

(1) Auxin a ané/or b are present but are stabilized

by some other component of the mixture.

(2) Auxin a and/or b are present alonz with an in-

hibitor, which iteself 1s an acid and which 1s de-

stroyed by alkali in an amount bilolosically equi-

valent to the auxin destroyed.

(3) Auxin a and/or b are not present in appreciablé

concentrations.

To the author the last is by far the most

likely conclusioris

A )



The second objective of this work was to attempt

to apply the information galined experimentally to shed

)

2dditional lizht on bhe identity of the native plant
growth hormone. As we have just seen in the case of
corn, this problem is very complex. About the most

we can say im a zeneral way is that if auxin a or b

or 3-indoleacetic acid are found in a locality of a
plant where the correspondinz com ound has been proven
to exert a snecific effect, then the auxin found 1is
probably responsible for this effect in the intact
plant. In the case of the corn plant, 3-indoleacetice
acid h~s been found in immature kernels, a rapidly
metabolizing tissue. Imasmuch as the role, if any, of
the growth hormone in maturing seeds has not been in-
vestigated, the siinificance of 3-indoleacetic a.id

in corn kernels 1is at present not known, and we must
await further physiological findinss to be able to cor-

rectly interpret these data.



Summary



Summary
The following summarizes the main results obtained
in the foregoing work.
(1) An auxin occurring in 2 water-soluble and
bilologically active form in the kernels of im-
mature corn has been proven to be 3-indoleacetic
acid by 1isolation and comparison with an authentic
samole of 3-indoleacetic ~cid.
(2) The concentratiosn of auxin in these corn ker-
nels was found to be equivalent to 2.7x10~5 M.
53-indoleacetic acid per gram of fresh corn.
(%) lhe validity of the acid-alkali test has been
sonfirmed for a mixture containing about 10% 3-
indoleacetic acid.
(4) An isolation procedure for 3-indoleacetic acid
(based on the results of previous workers) has
been devised. Thils procedure possibly can be
applied to a variety of plant materials with only

minor alterations.
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