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Summary. When C' carboxyl indoleacetic acid (IAA) is transporied through
Avena coleoptile sections a fraction of the activity becomes bound. The nature of this
bound IAA has been investigated. Upon extraction with solvents and chromatography
a substance having the Ry of TAA in 4 solvents was detected. No evidence could be
found for the formation of indoleacetyl conjugates. In pea stem sections subjected to
a similar experimental regime good evidence was obtained for the occurrence of con-
jugates. When IAA was supplied exogenously to coleoptile sections floating in solutions
the occurrence of conjugates was shown to be dependent on the presence of the primary
leaf. In its absence no conjugates could be detected.

On grinding coleoptile sections and subsequent centrifugation at 240 X g the radioac-
tivity was found to be in the tissue fraction as opposed to the supernatant. The radio-
activity cannot be removed from the tissue by extraction with water, buffer solution or

treatment with ribonuclease.
chymotrypsin.

It is readily removed by 10 9, urea, crystalline trypsin and
It is therefore concluded that IAA becomes bound to a protein.

Bound

TAA does not appear to be able to cause growth in Awvena coleoptile sections.

When indoleacetic acid (IAA) labeled with car-
bon-14 in the carboxyl group is applied at the apex
of decapitated Avena coleoptile sections and is trans-
ported through the tissue, a fraction of the activity
becomes bound or immobilized and is not exported
even after a prolonged export period. This pheno-
menon of the immobilization or binding of TAA has
been described by Goldsmith and Thimann (7). who
were able to show that the percentage of immobilized
[AA increased with increasing donor concentrations,
and also that after removal of the donor block con-
taining radioactive IAA and its replacement with a
block containing unlabeled TAA the immobilized TAA
could not be exchanged with unlabeled TAA.

This behavior indicates that IAA becomes very
tightly bound or else is irreversibly converted to an-
other substance.

That there are various forms of bound auxin has
of course been known for many years, though their
nature has not been established. They may be im-
portant as potential sources of free auxin or as sinks
into which IAA becomes lost. They greatly compli-
cate the interpretation of data on the auxin content
of tissues. In studies of the tropisms of Awvena cole-
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optiles, the immobilization of TAA in polar transport
tends to obscure the lateral gradients of mobile radio-
activity (5,6), and hence is an important factor in
evaluating the results of such experiments.

The purpose of the present investigation was to
characterize in more precise terms the nature of the
bound TAA of the auxin transport system in the
Awvena coleoptile.

Materials and Methods

Preparation of Plants. Seedlings of Avena sa-
tiva L. var. Victory were grown as has been previ-
ously described (7). The experiments were carried
out at 25°. The plants were handled under red light
and coleoptiles were cut just above the apical end of
the mesocotyl; the primary leaf was gently removed
from the basal end of the section. The apical 3 mm
of the tip were discarded and subapical sections of 7.5
mm were cut. The experimental arrangements were
very similar to those previously described (7).

Groups of 20 sections were supported upright in a
small lucite frame with their basal ends down with
respect to gravity. At each end the cut surfaces were
in contact with the appropriate block of 1.59
agar (7) with or without TAA. The block supply-
ing TAA to the sections (the donor) was placed on
the apical cut surface, and the block collecting the
auxin transported through the sections (the receiver)
was placed at the basal cut surface. After the donor
block had been removed, receiver blocks continued
to be set in place for varying lengths of time; this
time is referred to as the export period.
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Frames supporting 20 sections rested on glass
microscope slides and were placed within lucite hoxes
containing a dampened paper towel.

Etiolated pea seedlings Pisum sativion var. Alaska
were grown as described by Wickson and Thimann
(13). Seven-mm sections were cut from the third
internode directly below the terminal bud of 7-day-old
plants.

Extraction of Tissuc. Immediately after the ex-
port period the tissue was ground with a little sand
and extracted with a solvent. Various solvents have
heen used for extraction. Unless stated otherwise
these solvents have been freshly distilled from reagent
grade samples just prior to use.

Chromatography. Ascending paper chromato-
graphy on Whatman No. 1 chromatography paper has
been used throughout. The chromatograms were de-
veloped in the dark, and the solvent allowed to run
20 to 24 cm.  The following solvents have been used:
isopropanol-28 9, ammonia-water (8/1/1, v/v) buta-
nol-glacial acetic acid-water (5/1/2.2, v/v), 40 9
ethanol and 20 9, aqueous KCI (w/v).

Determination of Radioactivity. 'The radioac-
tivity in donor and receiver blocks and in the tissue
was determined by the methods previously described
(7). Chromatograms were assayed for radioactivity
using liquid scintillation techniques. In some of the
carlier work a liquid scintillation counter with an ef-
ficiency for C'* of approximately 30 9, and a hack-
ground of 7 cpm was used: later on this was re-
placed by a counter with an efficiency of 82 ¢, and
a background of approximately 30 cpm.

The tissue after extraction has also been counted
using liquid scintillation techniques. In this case the
tissue was dried at 80° for 30 minutes. ground as
finely as possible and suspended in Cab-O-sil. A
standard counting time of 10 minutes per sample was
adopted for liquid scintillation counting.

Chemicals.  C'*-Carboxyl-labeled TAA of a spe-
cific activity of 169 c¢/mole was svnthesized by Dr.
Bruce B. Stowe (11). This TAA was purified as
described previously (7) and the resultant product
was chromatographed: 98 9, of the radioactivity was
found in the TAA spot on the chromatogram, the re-
maining activity being uniformly distributed along the
paper.

Unlabeled TAA\ was obtained from Mann and
Company.

All enzymes utilized in these experiments were
crystalline. Trypsin and chymotrypsin were obtained

from the \Worthington Biochemical Corporation.
Ribonuclease was supplied by Sigma Chemical Com-
pany. The enzymes werce employed at a concentra-
tion of 0.5 mg/ml. Trypsin and chymotrypsin were
incubated at 37° for 2 hours in a 0.067 M phosphate
buffer of pH 8.3, and ribonuclease was incubated at
30° for 2 hours in a veronal buffer of pH 6.1.

Growth Lxperiments. The  coleoptile  sections
were placed in 3-cm petri dishes containing 4 ml of
solution made up as follows: 2 9, sucrose, 107 A
Penicillin G and 0.006 M K,HPO,. The sections werc
incubated in the dark at 25°, for either 3 or 20 hours.
In the former case they were measured with the aid
of a dissecting microscope and in the latter by using
a bench lens.

Results

Repetition of Lxperiments of Goldsmith and T'hi-
mann. In this experiment (7) the donor block, con-
taining radioactive TAA at a low concentration (0.08
mg/liter). is in place for the first hour of the experi-
ment and is then replaced by an agar block containing
no radioactive I A\ for the subsequent 2-hour export
period. In our repetition the receivers were first
changed at the end of the first hour, when the TA\
donor was removed, and then again after 15 minutes,
after a further 43 minutes, and again for the final
hour of the export period. The results (table 1)
show that the greater part of the radioactivity is
exported from the coleoptiles in the first hour of the
export period. In the second hour (R,) only 19
more is exported. The remaining counts in the tissue
after the export period represent the hound auxin.
The experiment also shows that the addition of un-
labeled TAA to the donor block during the export
period does not alter the amount of bound 1A\
present in the sections, which is about 159, of the
ITAA taken up by the section.

Extraction of Colcoptiles Containing Bownd 1.1
In these experiments the coleoptiles were subjected
to the same experimental regime as in section 1. At
the end of the export period the coleoptiles were
ground and extracted in 10 ml of ether for 2 hours at
3°. The ether was then removed by filtration, evap-
orated in vacuo. and the residue chromatographed in
a number of solvents. TFor each extraction 160 cole-
optile sections were used. The results are shown in
figure 1 A-D. The positions of synthetic indoleacetic

Table 1. Immobilization and Export of Radioactizity

Dpm per group of 20 coleoptile sections.

1-hour uptake followed by 2 hours’ export.

Donor concentration

0.08 mg/liter TAA (2474 dpm in first group, 2534 in second).

Transport period

Export period

No. of Dpm uptake Dpm in 0-15 15-60" 60-120"  Dpm remaining  Recovery
replicates by difference receiver 1 R, R, R, in tissue %
4 708 259 205 134 25 112 101.5
6* 819 288 188 163 19 122 98.5

Unlabeled TAA present in donor block during export period at a concentration of 1 mg/liter.
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Ether extracts of coleoptiles containing bound auxin.
Donor conc. 0.08 mg/I

CPM
100 IAAsp I1AA |M
IPr/A/W But/Ac/W
50} B
A. B.
IAA
100 IAAsp, 7,
I1AAsp IAA
— —
20% KCI 40% Ethanol
50}
C.
Rf A A A W
0.2 04 06 0.8 0.2 4 06 8 1.0
Fic. 1. Ether extracts of coleoptiles containing bound auxin; donor concentration 0.08 mg/liter. Solvents: A, isp-
propanol-ammonia-water; B, butanol-acetic acid-water;C, 20 ¢, KCl; D, 40 9, ethanol. TAA = indoleacetic acid.
IAAsp = indoleacetylaspartic acid; chromatographed in parallel.
acid (TAA) and of synthetic indoleacetylaspartic acid
Ether extract of coleoptiles (IAAsp) run in parallel are indicated on the figure.
containing bound auxin. In all 4 solvents the radioactivity is in the TAA po-
Donor conc. 10 mg/I sition; there is no evidence for the formation of any
CPM conjugates. Subsequent extraction of the ground
150 L IAA sp IAA tissue after ether extraction with ethyl acetate, 70 9
' alcohol (reagent grade) and water revealed no detect-
able radioactivity in these extracts. Determination of
IPr/A/W the radioactivity in the tissue after ether extraction
and after extraction by the additional solvents showed
100 L no counts significantly above background level.
The utilization of higher donor concentrations of
IAA also shows the same results. One such experi-
ment with a donor concentration of 10 mg/liter is
50 shown in figure 2. In order to conserve the radio-
™ active TAA, unlabeled TAA was added to it for this
experiment. ‘I'here is no evidence for radioactivity
on the chromatogram other than that at the TAA po-
sition.  Determination of the radioactivity in the
ground tissue following ecther extraction showed no
\ , , ) counts above background level.
Rf o Metabolism of IAA Applied to Apical Ends of
2 0.4 06 o8 1.0 Pea Stem Sections. For comparison with the results

Fi6. 2. Ether extract of coleoptiles containing bound
auxin ; donor concentration 10 mg/liter. Extract chro-
matographed in isopropanol-ammonia-water.

with Avena, C*-TIAA in agar blocks was applied to
the apical ends of pea stem sections under identical
experimental regimes as described above. With this
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Extracts of pea stem segments
A CPM Donor conc. 6.4 mg/|

Ether

IPr/a/W

100

B. 100 LEthyl Acetate
Bu/Ac/W

IAGly  |1AA
'-—?—1 —

C. 100 Water

IPr/A/W

Rf

0.2 04 06 0.8 1.0
CPM remaining in tissue 210

F16. 3. Chromatograms of extracts of pea stem seg-
ments. Donor concentration 6.4 mg/liter. A, ether ex-
tract chromatographed in isopropanol-ammonia-water. B,
cthyl acetate extract chromatographed in butanol-acetic
acid-water. C, water extract chromatographed in iso-
propanol-ammonia-water. TAGly = expected position
of indoleacetylglycoside. Note that in figure C the loca-
tions of TAA and TAAsp would be the same as in
figure A.

material, using high donor concentrations of TAA,
good evidence for the presence of conjugates was ob-
tained. Figure 3 shows the distribution of radio-
activity on the chromatograms after such an experi-
ment. There is radioactivity associated with the po-
sition of free TAA in figure 3A, in which an ether ex-
tract was chromatographed in isopropanol-ammonia-
water, and there is also radioactivity at a lower Rg
than TAA which corresponds well with synthetic
TAAsp. The ethyl acetate extraction (fig 3B) fol-
lowing the ether extraction shows a distribution of
radioactivity along the chromatogram with a peak in
the position where indole acetylglycosides are to be
expected (15). There is also some radioactivity in
the TAA position. Upon extraction with water for
18 hours 2 peaks of activity corresponding in position
with synthetic TAAsp and TAA can be detected (fig
3C). After these 3 extractions the pea tissue was
dried and counted and found still to contain 210
counts above background.

Metabolism of 1AA by Colcoptile Sections under
the Conditions of the Avena Straight Growth Test.
Since Good et al. (8) had reported the occurrence of
the conjugates of TAA in Avena coleoptile sections,

PHYSIOLOGY

it seemed desirable to repeat some of their experiments
using stimulatory as well as inhibitory concentrations
of TAA, and also to ascertain the effect of the pres-
ence of the primary leaf, since in the work of Good
et al. (8) the primarv leaf was retained inside the
coleoptile section. The coleoptile sections have been
incubated as for the straight-growth regime outlined
in the Materials and Methods section. The methods
of extraction followed those of Good et al. (8) for
the acid-ether fraction; 200 10-nm coleoptile sections
were utilized in each experiment. Unlabeled TAA
was added to the radioactive IAA to achieve the de-
sired concentration.

The major observation to be made about these
experiments (fig 4) is that the presence of the prim-
ary leaf has a profound effect on the formation of
conjugates of IAA. When it is absent no significant
formation of acid-ether soluble conjugates occurs (fig
4A, 4C), and from the number of counts remaining
in the tissue there is no evidence for any other metab-
olites that do not involve decarboxylation. In the
presence of the primary leaf there is a clear indica-
tion of the formation of conjugates of IAA at both
growth stimulatory (fig 4B) and growth inhibitory
(fig 4D) concentrations. The substance at low Ry
is evidently TAAsp, that at Ry 0.8 to 0.9 may be

3 mg/I
A X
300 - LEAF. 300 + LEAF
CPM REMAINING CPM REMAINING
IN TISSUE ©O IN TISSUE 48
200 | 200}
oo} 100 |
30 mg/i
C. D 1ansp 1aA 1Am P
300 300 p—y v v
CPM REMAINING CPM REMAINING
IN TISSUE 1
IN TISSUE 126
200§ 200 |
oo} o0 b
2f I I 1 J Rf 1 L i J
025 05 075 10 025 05 075 10

Fic. 4. A comparison of the acid-ether soluble prod-
ucts of coleoptiles with and without the primary leaf, sup-
plied with exogenous TAA for 20 hours. Chromatography
solvent isopropanol-ammonia-water. A, IAA concentration
3 mg/liter. Primary leaf removed. B, TAA concentra-
tion 3 mg/liter. Primary leaf retained. C, TAA con-
centration 30 mg/liter. Primary leaf removed. D, TAA
concentration 30 mg/liter. Primary leaf retained.
TAm = expected position of indoleacetamide.
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indoleacetamide. Furthermore, the tissue retains con-
siderable radioactivity after extraction with acid-ether
indicating the formation of IAA metabolites that are
not soluble in acid-ether. The presence of these com-
pounds can also be ascribed to the primary leaf, since
there is no evidence for their presence in more than
faint traces when the primary leaf is absent (fig 4A,
4C).

)Distribution of Radioactivity between the Soluble
and Insoluble Fractions of Coleoptile Sections. Cole-
optile sections after the export period were ground
up with a little sand and centrifuged at 240 X g for 10
minutes. The soluble supernatant or cell liquid frac-
tion was pipetted off and counted and the remaining
tissue fraction was dried and counted. In this experi-
ment the duration of the export period was varied but
the donor concentration was held constant at 0.1 mg/
liter IAA, and the transport period was 1 hour. The
results, table IT, show that the radioactivity in the in-
soluble fraction remained fairly constant whatever the
length of the export period, while the radioactivity in
the soluble fraction declined with the increase in
length of the export period.

Table II. Comparison of Dpm in Cell Liquid Fraction
with Dpmn in Tissue Fraction after Different
Export Periods

Donor concentration 0.1 mg/liter. One hour transport
period was followed by the export period. 80 coleoptile
sections were used for each treatment.

Export time hrs 0 1/2 1 2
Cell liquid 710 290 49 41
Tissue 375 396 342 363

This shows that the bound auxin is in the insoluble
fraction and presumably is associated in some way
with a relatively large structural component of the
cell.

Effect of Urea and of Enzymes on the Binding of
IAA in the Tissue Fraction. The discovery that ITAA
was associated with the tissue fraction led to experi-
ments designed to determvine the nature of this bind-
ing. The experiments of table I and figures 1 and 2
had shown that the bound TAA was readily extract-
able with ether and other solvents, and all available
evidence showed the extracted form to he identical
with free TAA. The indications were therefore that
the binding did not involve formation of an acyl link.

In these experiments the coleoptiles were sub-
jected to the following experimental regime: the con-
centration of IAA in the donor blocks was 0.1 mg/
liter, the transport period was 1 hour and was fol-
lowed by a 2-hour export period. At the end of this
time the sections were ground with a little sand and
centrifuged as described in the Metabolism section
above. The cell liquid fraction, referred to hereafter
as supernatant, was pipetted off, and the tissue frac-
tion then subjected to its particular treatment for 2
hours. This material was then centrifuged, and the

liquid fraction, supernatant, pipetted off. The tissue
was then dried and all fractions counted.

The various treatments and the distribution of
radioactivity between the fractions are shown in table
ITI. Treatment with 10 9 urea at room temperature
for 2 hours removes virtually all the radioactivity
from the tissue, as does incubation with trypsin and
chymotrypsin under the conditions described in Mate-
rials and Methods. Water, ribonuclease and phos-
phate buffer (as used with trypsin and chymotrypsin)
do not remove the radioactivity. A number of other
hydrolytic enzymes have been considered but have not
been used since they have all been shown to possess
tryptic activity when assayed by the standard methods
for measuring this activity. The results indicate
clearly that TAA is associated in some way with a
protein.

Table III. Distribution of Radioactivity Following the
Treatment of the Tissue Fraction with Enzyme
Preparations and with 10 9, Urea

Donor concentration TAA 0.1 mg/liter. Results ex-
pressed as dpm/160 coleoptile sections.
Treatment Supernatant,*  Supernatant, Tissue
10 9, Urea 8 594 8
Water 0 5 686
Trypsin 26 772 5
Chymotrypsin 24 662 0
Phosphate buffer 61 6 712
Ribonuclease 21 30 735

Corresponds to cell liquid fraction of table II.

Relation of Bound Auxin to the Growth of Avena
Coleoptile Sections. 'The above findings raise the in-
teresting question of whether the bound auxin is in a
functional form, i.e., able to produce elongation. In
order to answer this, the growth of coleoptiles which
had been subjected to a one-hour transport period
with donor blocks containing a graded series of IAA
concentrations was measured, and the influence on the
observed growth of allowing a subsequent export
period was determined. The procedures outlined in
the Growth section of Materials and Methods for a
3-hour growth period were followed. The results of
2 such experiments are shown in table IV. Coleop-
tiles subjected to a 1-hour transport period but no ex-
port period (NE) showed an increase in growth over
that of control sections which had no IAA in the
donor blocks. By contrast, the coleoptiles which re-
ceived a 2-hour export period following the transport
period (E in the table) showed no increase in growth
over the controls.

A possible reservation, in relation to the apparent
inahility of bound auxin to cause growth, is that the
total duration of transport followed by the export
period is 3 hours, during which time the coleoptiles
have been in air. It was therefore necessary to deter-
mine whether this treatment affects the response of
the coleoptiles to added auxin. Acecordingly, the
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Table TV.

PIYSIOLOGY

Comparison of the Girowth of Coleoptiles 117ith and 117ithout an Export Period

Folloteing an 144 Transport Period.

Transport period 1 hour. Export period 2 hours. Coleoptiles measured after a 3-hour growth period. Initial

length of sections 74 mm. 40 coleoptile sections used peir treatment.
IAA mg/liter
0 0.1 1.0 10

Expt 1 NE= | D NE E NE E NE )
Final Length mm 7.68 7.69 7.82 7.04 7.79 7.32 8.18 7.5
A Control 0.14 0 0.11 0 0.50
Expt 2
Final Length mm 7.57 7.48 7.83 7.39 8.04 7.51 8.23 747
A Control 0.26 0 0.47 0 0.606 0

* NE, No export period.
= K, Export period.

growth responses of coleoptile sections maintained
for the first 3 hours after cutting exactly as in the
experiments described have been compared with those
of coleoptiles placed directly in solutions of TAA. In
this experiment the growth period in the solution was
20 hours. The results are presented in table V. This
clearly shows that the coleoptile sections can respond
to TAA after being subjected to the experimental
regime adopted in this investigation, though their re-
sponse is somewhat less than when the sections are
placed directly in TAA solutions. Thus, the data of
table IV are fully valid, and the bound auxin is not in
growth-promoting form.

Table V. Effect of Maintaining Coleoptile Sections
Under the Conditions Emploved in the Present
Experiments on their Subsequent Response
to Exogenously Supplied 1.4A4

Initial length of sections 7.5 mm.
hours.

Growth period 20

TAA cone, mg/liter
0 1 3 10

Final lengths of sections, mm

Sections placed

directly in 8.9 12.3 13.3 147
growth medium
Sections placed
in growth medium N ~
after 3 hrs in 83 10.6 11.2 12.5
moist air

Discussion

The finding (7) that a fraction of TAA trans-
ported in a polar manner by Awena coleoptile sections
becomes bound in the tissue has been confirmed. In
the experiments with Awvena coleoptile sections de-
scribed here the concentration of TAA in the donor
block was close to 0.1 mg/liter. The reason for this
is that this particular concentration in the donor block
gives rise in the tissue and in the receiver block to that
amount of IAA that is normally present in unde-

capitated coleoptiles (6,7). This concentration of
TAA is some 10 times below the saturation level of
the transport system: when compared with the TAA
concentrations that have often heen applied to .dvena
coleoptile sections the physiological concentration of
TAA in the coleoptile is seen to be exceedingly low.
In order to perform experiments that had some basis
with respect to the normal physiology of the plant a
donor concentration of about 0.1 mg/liter (= 6 X
1077 a) was used routinely ; high concentrations were
used only as a basis for comparison.

Ether extraction of coleoptiles containing hound
auxin has failed to show any evidence for the oc-
curence of indoleacetyl conjugates. Since carboxyl-
CH-TAA was used exclusively, the bound auxin must
contain the carboxyl group and cannot be a decarh-
oxylation product of IAA.  The only radioactivity on
the chromatograms coincides with the position of syn-
thetic TAA run in parallel in 4 solvents. The fact
that the tissue after ether extraction contained no
significant counts above background indicates com-
plete extraction of the auxin. It must therefore he
concluded that bound TAA in Awena coleoptile sec-
tions, formed under the conditions of the present ex-
periments, is extractable by ether and is in the chem-
ical form of TAA. This is in agreement with the
earlier observations of Thimann and Skoog (12) on
the extractibility of auxin from Awvena coleoptile tips
and sections cut just below the tip.  Using the stand-
ard Avena curvature test, these workers showed that
1 extraction with ether completely removed the auxin
from the sections. By contrast, and in line with the
findings in the present work, the primary leaf of
Azvena hehaved differently from the coleoptile, in that
repeated extractions were necessary to remove all the
auxin. 3

Auxin transport in the pea stem is generally polar
but this polarity is not as strict as in the Avena coleop-
tile: furthermore, the fraction of auxin transported is
small (ca. 10 9 of that taken up by the section), the
bulk of TAA taken up by the sections does not appear
in the receivers, and about 40 9, of that taken up ap-
pears to be decarboxylated (13). In other (unpub-
lished) experiments in this laboratory similar sections
floating on dilute IAA solutions for 6 hours have been
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shown to decarboxylate 459, of the TAA taken up.
The main reason for using the pea stem sections here
was to compare them with Avena coleoptile sections.
Since the characteristics of the auxin transport sys-
tem in the pea stem have not been as exhaustively
studied as in the Avena coleoptile, the choice of TAA
concentration in the donor block is not based on such
firm data, and to that extent is arbitrary. At a donor
concentration of 6.4 mg/liter TAA there is clear evi-
dence for the occurrence of indoleacetyl conjugates.
Although the Ry values of these conjugates do coin-
cide with those of synthetic markers, the coincidence
in a 1-dimensional system can only be taken as a gen-
eral indication of the identity of the compound. The
experiment does demonstrate that conjugation ren-
resents an important fate for IAA during transport
experiments in the pea stem. This fact is not surpris-
ing since Andreae and co-workers have shown the oc-
currence of indoleacetyl conjugates following the sup-
ply of exogenous TAA tc pea epicotyls and seedlings
(2,3,4). Thus the auxin bound during transport is
different in its chemical identity in different plant
species.

The inability of the Awvena coleoptile sections to
form conjugates of TAA when the primary leaf has
been removed is emphasized in the experiments where
TAA was supplied in solution to coleoptile sections.
The earlier detection of conjugates of TAA in Avena
coleoptile sections (8) can now be ascribed to the
presence of the prinrary leaf, since only when the
leaf is present are conjugates easily detectable. 'The
experiments reported here agree with earlier observa-
tions (8) on the metabolism of exogenous TAA by
Avena coleoptile sections containing the primary leaf.

The distribution of radioactivity between the cell
liquid and the insoluble fraction shows that the bound
TAA is located in the insoluble “tissue” fraction,
whereas the TAA that is still being transported is lo-
cated in the cell liquid fraction. This observation
agrees with that of Yamaki (14) in his experiments
on the intracellular localization of endogenous auxins.
since he found that free auxin was not centrifuged
down but remained in the supernatant even at very
high speeds (100,000 X g). Yamaki was unable to
detect any auxin activity in the sediment correspond-
ing to the insoluble fraction of this investigation,
when it was extracted with ether. This apparent dis-
crepancy may be explained by the fact that the amount
of auxin is too small to he detected by the Azena
curvature test used by Yamaki for hioassay.

In view of the fact that the bound TAA is liber-
ated from the tissue fraction by 10 9 urea and by
ether, as well as by 2 proteinases, it is tempting to
suggest that TAA is bound to a protein via a hydro-
gen bonding mechanism. Tt is true that both ether
and urea would alter the charge distribution on the
protein and thus might cause the IAA to be released
even if it were covalently bound. However, the very
great stability of indoleacetyl peptides makes a pep-
tide linkage very unlikely and on balance a linkage
via hydrogen bonds seems indicated.

The binding of TAA to a protein has been de-
scribed by several workers. The report by Siegel and
Galston (10) of a protein-IAA complex formed in
vivo has been shown on 2 occasions to be due to an
artefact of the trichloroacetic precipitation procedure
(4.16). Nevertheless Zenk (16) has obtained good
evidence for the occurrence of an TAA-protein com-
plex, using more refined experimental methods. The
physiological significance of this complex has yet
to be determined. Ronnike (9) has shown that TAA
present in human serum is to a large extent bound to
its proteins. In later work (1) there is evidence that
the TAA-protein complex can act like IAA as meas-
ured by a wheat root cell elongation test.

The liberation of the radioactivity of the TAA by
chymotrypsin is significant in another connection. Tt
had been suggested more than once that when auxin
activity was liberated by chymotrypsin in the early
experiments (12). this was derived from the break-
down of tryptophan liberated by the enzyme, fol-
lowed by oxidative deamination of the tryptophan,
rather than the liberation of auxin as such. In the
present work, auxin from such a source would not
have been labeled. Chymotrypsin, therefore, does
liberate truly bound auxin.

It was obviously of interest to determine the rela-
tionship of the bound auxin to the growth of the cole-
optile sections. The experiments show that when
auxin in transport through the coleoptile is present,
growth is greater than when no auxin has been ap-
plied. If, however, there is a 2-hour export period so
that the coleoptiles contain only bound auxins, then
these coleoptiles supplied with auxin elongate no more
than those that received none. This means that
bound auxin by itself cannot cause a growth in-
crease. 'The possibility that it may be involved in
growth is not fully excluded, since one cannot remove
the bound auxin from the coleoptile sections and ther.
test to determine whether the auxin being transported
is responsible for the observed growth increments.
The proof that coleoptile sections are capable of re-
sponding to added auxin (though at a somewhat re-
duced level) after the lapse of time needed for the
transport and export periods strengthens the conclu-
sion that this type of protein-hound auxin is not active
in growth.
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