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Formation and Auxin Activity
of Indole-3-Glycolic Acid

It is usually assumed that the plant
growth hormone, indoleacetic acid, arises
in plant tissue by some transformation of
the amino acid tryptophan (7). This be-
lief has become widespread despite the
fact that the best yields in numerous
enzymatic experiments have never ex-
ceeded a few percent (2). We there-
fore felt it necessary to examine other
possible biosynthetic pathways for in-
doleacetic acid.

In view of the facts that tryptophan
is known to arise in various biological
systems via an enzymatic coupling of
indole with serine (3) and that indole
is known to couple also with p-glycer-
aldehyde-3-phosphate (4), we examined
the possibility that indoleacetic acid or
some close analog could arise by a direct
union of indole with a two-carbon frag-
ment. We found that indole and glyoxy-
late, in aqueous solution, reacted nonen-
zymatically to yield a Salkowski-positive
compound later characterized as indole-
3-glycolic acid (IGA, Fig. 1). This com-
pound is active in several bioassays used
for detecting auxins.

The reaction between indole and gly-
oxylate was carried out as follows.
Aqueous solutions of indole and sodium
glyoxylate (5) were mixed so that they
contained 0.2 wmole of indole and 60
umole of sodium glyoxylate in 1 ml of
solution. After the mixture had been in-
cubated for 1 hour at 30°C, residual in-
dole was extracted with toluene and as-
sayed by a method similar to that de-
scribed by Yanofsky (6). Under the con-
ditions described, approximately 25 per-
cent of the indole disappears in 1 hour.
If, to a duplicate tube, one adds 4 ml
of Salkowski reagent, a color appears
which is similar to but not identical with
that given by indoleacetic acid and
which is different from the color pro-
duced by indole.

For chromatographic investigation of
the product, 0.4 ml of 0.005M indole
was mixed with 1.6 ml of 0.2M sodium
glyoxylate and incubated 2 hours at 30°
C. Samples of this reaction mixture were
applied to Whatman 3-MM paper, and
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the solvent (isopropanol, ammonia, and
water, 80/5/15) was allowed to ascend
30 cm beyond the applied spots. The
paper was then air-dried and sprayed
with Ehrlich’s aldehyde reagent. The
chromatograms showed a brilliant rose-
colored spot which had an Ry of 0.37
(the Ry value for indoleacetic acid un-
der these conditions is 0.47; for indole,
0.96).

The product of the indole plus gly-
oxylate reaction was confirmed as in-
dole-3-glycolic acid by cochromatogra-
phy with authentic indole-3-glycolic acid
that was synthesized by a new independ-
ent method, and also by a comparison of
the Ry values of these two materials in
various solvent systems. Indole-3-glyoxy-
lic acid was first prepared by the method
of Giua (7), who had erroneously desig-
nated the product as indole-2-glyoxylic
acid. The correct nature of the product
was established by Kharasch et al. (8),
and later confirmed (9). The indole-3-
glyoxylic acid was reduced by hydro-
genation of the sodium salt over palla-
dium, or more slowly over 5-percent
palladium on charcoal, and by use of
sodium amalgam. Sodium indole-3-gly-
colate is stable, easily purified, and ob-
tainable in good yields, but the free acid
decomposes rapidly to colored products
in air (10) and has not been isolated in
pure form.

INDOLE 4 GLYOXYL ATE ——————3 INDOLEGLYCOLATE
H
[::[_] B coo
N |
" H

Fig. 1. Reaction of indole and glyoxylate.
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The sodium indole-3-glycolate, recrys-
tallized from methanol-ether, is a white
solid with a decomposition point of
360°C. Analytic data, obtained from
the Weiler and Strauss Microanalytical
Laboratory, Oxford, England, are as
follows. Formula, C,;H;O,N Na (213.-
17). Calculated: C 56.33; H, 3.78; N,
6.57; Na, 10.79. Found: C, 55.68; H,
4.10; N, 6.50; Na, 10.73.

Synthetic  sodium  indole-3-glycolic
acid, as well as the reaction product,
has an Ry of 0.16 in benzene-propionic
acid-water (100/70/5), 0.76 in 20-per-
cent (wt./vol.) aqueous potassium chlo-
ride, 0.82 in n-butanol-acetic acid-water
(4/1/1), and 0.01 in n-butanol-pyri-
dine-dioxane-water (14/4/1/1). A bril-
liant rose-colored spot was obtained with
Ehrlich’s aldehyde reagent.

Pure sodium indole-3-glycolic acid, as
well as mixtures of indole and glyoxylate,
show distinct activity in auxin bioassays,
causing extension growth of subapical
etiolated pea epicotyl sections, root initi-
ation on excised etiolated pea epicotyl
sections, and inhibition of axillary buds
(Table 1). It may be noted from Table

Table 1. Activity of indole-3-glycolic acid in auxin bioassays. When no values are given,

no measurements were made.

Extension Root Lateral bud
growth®  initiation} develop-
(mm of (average ment}
Substance Concentration growth per  number (relative
section of roots growth
+ standard per by visual
error) section) estimate)
Control 3.08 +.19 3.4 -
Indoleacetic acid 1x10°M 7.32+.32
Indoleacetic acid 1x10°M 5.82+.29
Indoleacetic acid 1x10™*M 5.31+.22 7.4 +
Glyoxylate 4x10°M 2.96 +.18
Indole 4x10°*M 3.79+.19
Indole-3-glycolic acid 1x10°M 3.54 +.21
Indole-3-glycolic acid 1xX10°M 3.65 +.22
Indole-3-glycolic acid 4 x10°M 4.81+.11
Indole-3-glycolic acid 1x107"M 5.04 +.36 6.6 H
Indole-3-glycolic acid 4 x10"M 6.73 +.21
Indole-3-glycolic acid 5x10™*M 14.3 +
Indole-3-glycolic acid
and glyoxylate 1x10*M, 4x10°M 5.39+.19
Indole-3-glycolic acid
and indole 1x10™*M, 4 x10™*M 8.00 .23
Reaction mixture§ 4 x10°M 3.50+.20
4.X10*M 7.65 + .24

* Eight-millimeter subapical sections of 7-day etiolated pea epicotyls floated in 5 ml test solution containing
1 percent sucrose and 0.01M phosphate at pH 6.1, 13 sections per flask, 20 hours’ incubation in the dark.
+ Ten-centimeter sections of 8-day etiolated pea epicotyls including second node, incubated 24 hours with
basal ends in 2 ml of test solution containing 0.005M phosphate at pH 6.1, and then 7 days in frequently
renewed 2-percent sucrose, all in the dark; 11 sections per flask.

I Same procedure as that for root initiation, but apical end in solution for the first 24 hours.

§ The reaction mixture was prepared by mixing 1.6 ml of 5 X 10M indole with 0.4 ml of 0.2M sodium
glyoxylate and incubating for 1 hour at 30°C. Under these conditions, not all the indole disappeared. The

molarity given represents that of the indole added.
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1 that indole and indole-3-glycolic acid
show marked synergism in promoting
extension growth, and that much more
indole-3-glycolic acid than indoleacetic
acid is required to give maximal exten-
sion growth.

In view of the natural occurrence of
indole (11) and glyoxylate (12) in vari-
ous organisms, including higher plants,
the possibility should be further ex-
amined that the coupling reaction and
the product here described are of im-
portance in the auxin economy of the
plant. Indole-3-glycolic acid could func-
tion as an auxin per se, or could serve
as a precursor of indoleacetic acid, either
via direct reduction of the a-hydroxyl
group, or, alternatively, via transannular
dehydration to 3-carboxymethylenein-
dolenine,

4 l————=CH~COOH
|
X \N//,

followed by reduction.

The natural occurrence of indole-3-
glycolic acid in various plant sources has
been claimed (13), but the Ry values
listed do not agree with our data. The
occurrence of indole-3-glycolic acid as a
breakdown product during paper chro-
matography of indolepyruvate has also
been reported (14), the product in this
case having an Ry close to that reported
here (15).
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Electrophoresis of Plasma
Proteins in the Parakeet

Previous studies on electrophoresis of
avian plasma or serum proteins have
been limited to the goose, hen, turkey,
pullet, and cockerel (/). The present
investigation (2) of the plasma electro-
phoretic pattern of the shell parakeet
(Melopsittacus undulatus) was under-
taken during a study of the effects of
spontaneous (3) or transplanted (4)
pituitary tumors on these birds.

The parakeets were exsanguinated by
cardiac puncture. After separation of
the plasma, 10 mm3 was applied to
Whatman 3-mm filter paper on a con-
ventional vertical principle electropho-
retic cell of our own design utilizing
Veronal buffer at pH 8.6, p 0.05 with 5
percent glycerine. Migration was per-
mitted for 4 hours, using 150 to 170 v
delivering 15 to 20 ma for paper meas-
uring 10 by 14 cm. Pooled human serum
was used for mobility reference. After
heat fixation the papers were stained
with bromphenol blue for protein and
Sudan black B for lipoprotein. Scanning
of the papers was accomplished with an
automatic photoelectric cell recording
apparatus with simultaneous area inte-
gration (Spinco Analytrol).

As can be seen in Fig. 1, there is con-
siderable variation in the quantity of
these four fractions in the normal para-
keets that have been studied. By the
methods used, no essential differences
were discernible between the electro-
phoretic patterns of serum and plasma
from the same birds. Although it ap-
pears probable that the protein compo-
sition of parakeet serum should differ
from that of the plasma, the method of
filter-paper electrophoresis is not ade-
quate to demonstrate such a difference.
Plasma was used in all studies because
of the ease of handling the small sam-
ples of whole blood available. Each of
the four components has an affinity for
Sudan black B, although differing in
intensity. Component 1 stains darkly
with lipid stain, component 2 is barely
perceptible, and components 3 and 4
stain as a single component of lesser in-
tensity than component 1. Lipid staining
also is seen at the point of application

of the plasma, showing a nonmigrating
component, probably chylomicrons.

Four protein components were recog-
nized in normal parakeet plasma; these
have been named components 1, 2, 3,
and 4 in order of decreasing mobility
(Fig. 2). Component 1 migrates faster
than human albumin and represents 32
percent (range, 17 to 63 percent) of the
total protein. Component 2 travels at a
rate intermediate between human «o,-
and o,-globulin and occupies 16.5 per-
cent (range, 6 to 28 percent) of the
total area scanned. Component 3 is in
juxtaposition to component 4 in a migra-
tory area of human B-globulin, the
former representing 22.5 percent (range,
8 to 45 percent) and the latter 29 per-
cent (range, 17 to 48 percent) of the
total plasma protein.

These normal patterns are strikingly
altered in the plasma of parakeets bear-
ing either primary or transplanted pitui-
tary tumors; the quantity of protein ob-
served to migrate as component 2 is
greatly increased, representing 59 per-
cent (range, 45 to 65 percent) of the
total protein. To date, this has been ob-

A;/\/\/-/\ u/\/\/\
] 2 3 4 1 2 3 4
C D.
/\/\—-j\
1 2 3 4 1 2 34
E./\KA E/\/\/\
1 2 3 4 ] : 2 34
G./\/\J\\ H./\/\j\
1 2 34 1 2 34

Fig. 1. Plasma electrophoretic pattern of
eight normal parakeets, showing wide var-
iations in the quantity of the four protein
components.
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Fig. 2. Zone electrophoretic pattern of
parakeet plasma compared for electro-
phoretic mobility with normal human
serum.
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