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Summary. Extracts of pea seedlinigs (Pisumii satizum, variety Alaska) oxidize
incdole-3-acetic acid to a bacteriostatic compound which has been identified as
3-hydroxymethyloxindole. At physiological pH this compound is readily dehydrated
to 3-methyleneoxindole, another bacteriostatic agent. The extracts of pea seedlings
also contain a reduiced triphosphopyridine nucleotide-linked enzyme which redluces
3-methyleneoxindole to 3-methyloxindole, a non-toxic compound.

These enzymatic reactions also take place in intact seedlings; thus, a pathway of
indole-3-acetic acid (legradation via oxindoles appears to be pertinent to plant meta-
holism.

The significanice of suich metabolism lies in the fact that a key intermediate of
,his pathway, 3-methyleneoxindole, is a stulfhydryl reagent capable of profolund effects
oIn metabolism aln(l grow-th.

The uise of i scherichia coli as a biological
nlo(lel sN stemn revealed that IAA, thouigh inactive
itself, can he oxidized to 3-methyleneoxindole which
has importanit effects oIn bacterial growth. At
micromolar concentrationis it inhibits (3) and at
evein lower levels it stimulates growth (10). Meth-
y-lene-oxindole forms adducts with sulfhydryl conm-
potuindls, inicltudinig sulfhydryl enzymes (8), a prop-
erty wlhich readily accouints for its bacteriostatic
actioni. This reactivitv is also responsible for its
abilit- to accelerate bacterial growth. Like other
sulfhvdryl reagents 3-methyleneoxindole can desen-
sitize Several regilatory enzymes to feedback in-
hibition, however, in contrast to the other reagenits,
3-methyleineoxiindole can desensitize suich an enzyme
in vivO: Bacterial growth p)revented 1b excessi'Ve
sensitivity of a regulatory enzyme to an internal
feedback in1hibitor caIn be restore(l by 3-methylene-
oxinclole (10), indicating that the desensitization
observed in the test tulbe also takes place in the
growing cell.

The (dtial activities of 3-methyleneoxiindole, stim-
uilation at low concenitratioins and inhibition at
higher levels, invite comparison with the effects of
the parenit compouind, IAA, oIn higher plants. This
has prompted uis to consi(ler the possible involve-
ment of 3-methyleneoxindole in plant metabolism.

Supported by Graints from the National Science
FouLndatiotn (GB-3608) and the National Institutes of
Health (GGM-11269) and bv the Hastings Fouindlation of
tbe Uiiiversitv of Southern California.

Accordlingly the experiments described here were
addlressed to the qtuestion of whether plants carry
ouit reactions anialagouis to the moclel system which
convNert TAA to oxiindole derivatives. The reac-
tions of the model system (fig 1) are: i) photo-
oxidation of IAA, either by visible light with
riboflaviin as a catalyst (4) or directly with uiltra-
vriolet light (7), to 3-hydlroxymethyloxindole (3):
ii) (lehydration of 3-hydroxymethyloxindole to
3-methyleneoxinclole (3) and iii) redtiction of
3-methyleneoxindole to 3-methyloxindole, a nloIn-
toxic compouind, by a bacterial, DPNH-linked
menia(lioile re(duictase of incomplete substrate spe-
cificity (8).

Methods and Materials

Plant Materials. Pea seedlings (Alaska v-ari-
ety), tunless otherwise stated were grown in con-
tinuiotus darkness without intermittent watering at
260 for 7 days on vermiculite moistened with
de-ionized water. Extracts of the seedllings were
prepared by homogenizatioin for 2 minuites in a
blendor (100 g fr wt of tissuie and 30 ml of de-
ionize(l water). Both harvesting and( homogeniza-
tion were carried out in room light. Following
clarification by centrifuigation extracts were (ia-
lyzed against de-ionized water for 18 hours at 40.

Bacteria. Escherichia coli NV in the exponential
phase of growth in a mineral salts-gluicose medium
was uised for the bioassay and( for the localization
of 3-methyleneoxindole and( 3-hydroxymeth vloxin-
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FIG. 1. The oxindole pathway oi
in a bacterial model system.

dole on chromatograms by bioautog
medium for the latter procedure
using 0.7 % ion agar No. 2 (Con!
tories). E. coli responds directly
yleneoxindole and indirectly to
oxindole as the latter compound is
to the methylene derivative in the
Thus, the bioassay does not dis
these compounds unless thev are f
chromatographic or other procedu

Chemicals. 3-Bromooxindole-3
synthesized by the method of Hint
(5). In water this compound is
to 3-methyleneoxindole (5). IA!P
rophenol were purchased from I
Chemicals Company and chloroi

Table I. Production of an Inhibitor
Seedling Extracts

Oxidation of IAA was measured ir
containing 10 mm potassium phosphat
1 mM MnSO4; 0.001 mM 2,4-dichlo
IAA; and extracts of roots (12 mg of
(10 mg of protein). The mixtures
220 for 45 minutes. Disappearance of
dation was followed colorimetrically (
compounds in the filtrates were estim
tion assays with E. coli as the test ox
tion mixtures were chilled to 00 in
reaction, clarified by centrifugation
filtration. This procedure does not di
lene-oxindole from 3-hydroxymethylox
is converted to the former rapidly and
in the medium used for the assay. 3-
indole was isolated from the reaction r
acterized using previously described pi

IAA oxidized

Inhibitor produced:
As 3-methyleneoxindole

or

3-Hydroxymethyloxindole ca

by bioassay
As 3-hvdroxymethyloxindole
by isolation

Aldrich Chemical Company. Other chemicals were
of reagent grade.

Analytic Procedu res. Chlorogenic acid was
isolated and estimated by the method of Dear and
Aronoff (2). IAA was estimated with a modified
Salkowski reagent (9).

Results

Oxidationt of Intdole-3-acetic Acid to 3-Hydroxy-
H

THYLENEOXINDOLE mlethyloxindole. Bacteriostatic compounds are im-
portant products of the oxidation of IA'A by extracts

f IAA degradation of the stems and roots of pea seedlings (table I).
The inhibitory material in the case of the root
extract is equivalent to 2.7 ,umoles of 3-hydroxy-

graphy (3). The methyloxindole and./or 3-methyleneoxindole or to
was modified by 20 % of the IAA oxidized. Half of the bacterio-
solidated Labora- static material in the reaction mixture was recov-
only to 3-meth- ered following extraction with organic solvents and

3-hydroxymethyl- chromatography. Identification of the inhibitor
rapidly converted from seedlings 3-hydroxymethyloxindole was

culture medium. based on a comparison of its chemical and phvsical
Ftinguish between properties with those described for this compound

irst separated by (3, 6, 8). More detailed discussion of these criteria

res. will be presented connection with the identifica-

-acetic acid was tion of 3-hydroxymethyloxindole as a produLct of
ranpndl Baumanted IAA metabolism in intact seedlings.
rapidly converted Reduction of 3-M[ethyleneoxindole to -.illethyl-

and 2,4-dichlo- oxindole by Extracts of Pea Seedlings. At neutral44astman Organic pH 3-methvleneoxindole is product of non-

genic acid from enzymatic dehydration of 3-hydroxymethyloxindole.

fromIAA by Pea Enzymatic acceleration of this reaction has not yetfrom IAA by Pea
been observed; therefore, the enzymatic origin of

reaction mixtures
3-methyleneoxindole is still in question. On the

te buffer, pH 6.2; other hand this compound is metabolized by plant
rophenol; 0.3 mM extracts (table II) 3-methyleneoxindole accelerates
f protein) or stems the oxidation of TPNH by the extracts but has
were incubated at little if any effect on the oxidation of DPNH.

f IAA during oxi- This indicates the presence of a TPNH-linked
9). Bacteriostatic 3-methyleneoxindole reductase. The most obvious
ated by tube dilu- product of such a reductionl is 3-methyloxindole.
rganism. The reac- This compound was indeed recovered from a reac-
order to stop the tion mixture containing 3-methyleneoxindole, a

stinguish 3-methy- TPNH generating svstem, and an extract of seed-
indole as the latter lings (table II). The failure to obtain complete
non-enzymatically conversion of 3-methyleneoxindole to 3-methyloxin-

Hydroxymethylox- dole has been attributed tentatively to interfering
nixtures and char- reactions in the crude extracts as highlv purified
rocedures (3, 8). preparations of the reductase catalyze a nearly

quantitative conversion (Unpublished observationsRoot Stem of H. S. Moved).
pmoles Oxidation of IAA to 3-Hydroxymethyloxindole

14.0 12.0 by Intact Seedlings. To determine whether the
enzymatic reactions observed in extracts also occur
in the plant itself, 7-day old, etiolated seedlings
from which the coty-ledons had been removed were

2.7 ca 1.3 incubated with 0.1 mar IAA. About 100 g fresh
weight of seedlings were immersed in a vertical

1.4 position to just above the roots in 500 ml of an
aqueous solution of IAA contained in a 1000 ml

CH2COOH

H
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"
CH

N
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Table II. TPNH-linked Reduction of 3-M1ethyleneox-
indole by Pea Seedling Extracts

TPNH oxidation was follow-ed by recording the de-
crease in absorbancy at 340 m,u of a mixture containing
0.1 M potassium phosphate buffer, pH 6.5; 0.44 mm
TPNH; 0.4 mM 3-methyleneoxindole; and ani extract of
either the stems or roots of pea seedlings. 3-Methylox-
indole was estimated after isolation from mixtures con-
taining 33 mm potassium phosphate buffer, pH 6.5;
0.0133 mM TPN; 0.67 mm DL-isocitrate; 3-methylene-
oxindole as indicated; and an extract of seedling roots
(240 mg of protein) or an extract of seedling stems
(207 mg of protein). The identification and isolation
procedures are described in fig 5 and in the text.

TPNH oxidized
m,unmoles

Addition

None
3--Meth) lene-
oxindlole

min X mg protein
Stem Root
0.33 0.28
0.82 0.60

O-MethN leine-
oxinlole addedl

Extrac,t

coli WV. After 12 houirs of incubation at room
temperatuire zones of inhibition were detected and
marked.
The resuilts of such a chromatographic procedulre

are shown in figuire 2. It has been possible to
extract from the seedlings an inhibitor with the
same mobility as 3-hydroxymethyloxindole in the 2
solvent systems. In addition a trace of another
inhibitor corresponding in RF to 3-methyleneoxin-
dole was detected on the chromatogram developed
with solvent A. (The problems affecting the iso-
latioin and detection of 3-methvleneoxindole and the
interpretation of such cletection w-ill be considered
in a separate section).

SOLVENT A
3-METHYLENEOXINDOLE (I)

+ Am Ab

3-HYDROXYMETHYLOXINDOLE (i .G

SEEDLING EXTRACT

Rf 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 09 10

3-Methyl1-
oxindole
recovered

SOLVENT B

~~~~i ih
Steni
Root

2.0
2.2

gLmoles
0.88
0.89

pyrex beaker. The seedlings were incutbated for
16 houirs at 250 at a distance of 2 feet from a bank
of 8 cool white fluiorescent lamps 3 feet in length.
The seedlings were then rinsedI with water, blotted
dry, and homogenized with ether-ethanol-water
(50:47.5 :2.5) using 10 ml of the solvent per g
fresh weight of seedlings. The voluime of the
extract was reduced by about two-thirds with a
stream of air. The extract vwas brouight to its
original volume by addition of ethanol and homog-
enized. Following removal of insoluble material by
centrifugation the sample was concentrated tinder
vacuutm to near dryness. After the adldition of 50
ml of water insoluble materials were removed by
centriftigation, andl the sample was extracted 5
times tusinig 5 volumes of ethyl ether each time.
The organic phases from the successive extractions
were pooled, and evaporated under a stream of air.
The aqueouis phase remaining after the evaporation
was extracted with 2 volulmiies of petroleuim ether
(b.p. 30'-60'). The aqueouis phase was againi re-

tainedl and evaporated to (Iryness uncler vacuum.
The residlue was (lissolved in ethyl ether and ap-

plied in a band to \Vhatmani No. 3 NIMM paper for
descend(iing chromatography. The solvent svstems
were: A) isopropanol- water (5 :95) and B) sattu-
rated (NH4,)2S04-0.1 Mi potassiutm phosphate buif-
fer, pH 7.0-water-isopropanlol (50:38:10:10). A
test strip was cuit from the developed chromatogram
and placed onl the sturface of a glucose-mineral
salts-agar mediium that ha(l been seede(d with E.

SEEDLING EXTRACT 0
Rf 0.1 0.2 0.3 0.4 0.5 0.6 0 7 0 8 0.9 10

FIG. 2. Bioautography of 3-h1x-drox-meth\ loxildole,
3-methlleneoxindole and an inhibitory metabolite of IAA
extracted from seedlinigs. Shade(d areas corresponid to
zones of inhibitioni obser-ed in a minieral salts-glucose-
agar medium seeded u-7ith E. coli W followx ing incuba-
tion u ith a developed chromiiatograimi onl the surface. The
seedlilngs were exposed to 0.1 nm: IAA in the light as
described in the text.

The major inhibitory conmpo1ind w hich corre-

sponded to an ultraviolet quenching banid was eluted
from the chromatogram with water; hox,-ever, its
absorption spectruim closely resembledl that of
3-methyleneoxindole though its RF was that of
3-hydroxymethyloxindole. This disparity could eas-
ily arise from the conversion of 3-hydroxymethyl-
oxindole to 3-methyleneoxinidole on the chroma-
togram duiring handling, particularly (lry-ing. To
diminish the opportuinity for such a conversion the
ultraviolet quenchinlg band corresponding to 3-hy-
droxymethyloxindole was eluted before the chro-
matogram had (Iried. The spectrum of the com-
pouin(l eluted in this manner (fig 3 A) corresponded
to that reportedI for 3-hydIroxvmethyloxindole (33,
8). The spectrum recordedl an hour later indicated
that a transition u-as underwav. After 16 hours at
room temperature, conversion to a compounld with
the (lolible absorption maxima of 3-methyleneoxin-
dole was clearly visible. Alnother more conceni-
trate(l sample had the clearer 3-methyleneoxinidole-
like spectruim shown in figulre 3 B. Addition of
2-mercaptoethainol resuiltedl in the obliteration of the
douible absorption maxima indicating the formation

Expt 1

Expt 2
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of a mercaptan, a reaction characteristic of 3-meth-
yleneoxindole (8). Bacteriostatic activity of the
plant product, its RF in 2 solvent systems and
ultraviolet absorption spectruim, together with a
characteristic conversion to 3-methyleneoxindole
support its identification as 3-hydroxymethyloxin-
dole.

Factors Affecting the Formzation of Inhibitory
Oxindoles. The extraction procedures described
above for the isolation of 3-hydroxymethyloxindole
were also employed for its quantitative assay. The
final residue, which would have been used for
chromatography, was dissolved in water instead of
in ether. This soluttion was sterilized by filtration,

1.0 - A. 1.0 - B.

0.9_ 0.9

0.83 0.8

0.7 - 0.72

0.6 -3. 0.6 .I

20.5 2. 0.5 2-2.
cr 0.4- 0.4-

0.3- 0.3

0.2- 0.2-

0.1 0.1

220 260 300 220 260 300

WAVELENGTH (mu)

FIG. 3. Absorption spectra anid reactions of an in-
hibitorv metabolite of IAA isolated from pea seedlings.
The isolation procedure is described in the text. A)
Absorption spectra of inhibitor immediately after elution
with water from paper chromatogram developed with
solvent A (curve 1); after 1 hour at 250 (curve 2);
after 16 hours at 250 (curve 3). B) Absorption spec-
trum of a higher concentration of inhibitor after 16
hoturs at 250 (curve 1) ; absorptioni speztrum immedi-
atelv after addition of 0.03 mNt 2-mercaptoethanol (curve
2).

PHYSIOLOGY

and samples of it were added to tubes containing
2.0 ml of a glucose-mineral salts medium. Graded
amotints of a solution of authentic 3-methyleneoxin-
dole were added to a similar set of tubes to provide
standards. Each tube was inoculated with approxi-
mately 2 X 106 cells of E. coli W in the exponen-
tial phase of growth and incubated for 16 hours at
room temperature. The inhibitory effect of the
sample extracted from plants was compared with
that obtained with 3-methyleneoxindole. Because
of rap.d conversion of 3-hydroxymethyloxindole to
3-methyleneoxindole in the bacteriological medium
this assay does not distinguish between the 2 com-
pounds, but since it is unlikely that the extraction
proceduire would have resulted in the recovery of
3-methyleneoxindole the results shown in table III
are expressed in terms of 3-hydroxymethyloxindole.
The produiction of 3-hydroxvmethyloxindole is de-
pendent both on the concentration of IAA and a
souirce of light. Only a small portion, about 1 %,
of the IAA utilized by seedlings in the light can be
recovered as 3-hydroxymethyloxindole (table III).
This is a minimal value for the conversion as quan-
titatively significant losses probablv occtur at several
stages dtur ng these experiments: 3-Hydroxymethyl-
oxindole tindergoes a spontaneotus dehydration with
the consequience that it has a chemical half-life of
abouit 10 hours tinder the conditions of the experi-
ment (3); such an experiment, including the inctuba-
tion period and extraction, requires abotut 30 hours.
The dehydration product, 3-methyleneoxindole, is in
tuirn metabolized to mainly unident fied compoulnds
by pea seedlings; and, in addition, 3-methyleneoxin-
dole uitndergoes chemical decomposition, particullarly
dtlring concenitration of aqtueouis soltutions. Thus,
isolation of 3-methyleneoxindole from aqueouis solu-
tions by cuirrently available extraction procedures is
probably preclulded.

The stimuilatory effect of light on the formation
of 3-hydroxymethyloxindole might restult from en-
hanced tuptake of IAA. Alternatively, it is possible
that the increased inhibitor prodtuction might be the
restult of photooxidation of IAA. Chlorogenic acid

Table III. Factors Affecting the Conversion of IAA to 3-HYdroxvnethvlo.rindole by Pea Seedlings
The incubation of the seedlings with IAA, the extraction of 3-hydroxymethyloxindole from the seedlings, and the

estimation of 3-hydroxymethyloxindole are described in the text. 3-Hvdroxvmethvloxindole was detected only within
seedlings exposed to IAA. Neither this oxindole nor other inhibitors were detected in the incubation fluid at the begin-
ninlg or the end of the experiment or in control fluids incubated without seedlings or -vithout IAA. Chlorogeiiic
acid, when used, was added to the incubation fluid.

Chlorogenic acid 3-Hydroxymethyloxindole
formed

Dark Light added Dark L

,*moles /Amoles
1.0 mrI Not determined None 006 2
0.1 " " " None 0.01
0.1 "~ "9 " 0.1 mrn t ... c

* 0.1 " 21 30 None 0.01 c

* 60 g instead of 100 g fr wt of pea seedlings were used.

,ight

2.04
0.29
0.02
0.17

IAA
added

IAA
utilized
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Was lise(l to (listinguiish betweeni these alternative
explanations. Chlorogenic acid is a well known in-
hibitor of the enzymatic oxidation buit not of the
photooxidation of IAA; therefore, the finding that
0.1 m.\r chlorogenic acid reduced the synthesis of
3-hydroxymethyloxindole by 85 % in the light (table
III) tenids to eliminate photooxi(lation of IAA as a
possible explanation.

Chlorogenic Acid Content anid the Formiiationt of
3-Hydroxyinethviloxindole. The inhibitory effect of
exogenouis chlorogenic acid on the production of
3-hvdroxv-methyloxindole prompte(I an examination
of the relationiship of endogenouis chlorogenic acid
to this process. The chlorogenic acid contenit of the
cotyle(lons and(I of the seedlings from which the
cotyle(lons ha(l been removed was compared with the
al)ility of stuch see(dlings to oxidlize IAA to 3-hy-
droxymethyloxindole (fig 4). The cotyledcons have
considerably higher levels of chlorogenic acid than
the seedlinigs. A significanit transfer of chloro-
genlic aci(d from cotyledon to seedlling, together with
the inhibitory effect of this compoulnd( on the forma-
tion of 3-hydroxymethyloxindole, could account for
the fact that removaal of the cotN ledons generall)

I ,600

I,00OF

BOO80

600h

CHLOROGENIC ACID
IN SEEDLINGS
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o~~~~~~~~~~~~~o~~~~~~~~~~~~~

r-

DAYS AFTER GERMINATION

FIG. 4. Chlorogeinic acid contenit and ability of pea
seedlings to oxidize IAA to 3-hxdroxymethvloxindole.
The measurement of 3-hydroxvmethyloxindole formation
followed the procedure described in the text under Oxi-
dation of IAA to 3-Hydroxwnctltyloxindolc by Intact
Seedlings except that dark growni seedlings of the indi-
cated ages were employed. The IAA concentration
was 0.1 mM. *-*, chlorogeniic acid content of cotyle-
dons; 0-0, chlorogenic acid contenit of seedlings from
which the cotyledons had been removed; *-*, capacity
of seedlings from which the cotyledons had been removed
to convert IAA to 3-hy droxymetli\ loxinidole.

w
.)
z
49

SOLVENT
A B

-3-METHYLOX INDOLE.-.-0.67 0.34

\- PRODUCT.0.67 0.3

280 300

FIG 5. Chromatographic properties anid the absorp-
tion spectrumil of a product of the metabolism of 3-methyl-
eneoxindole by pea seedlinigs. About 75 g of 7-day 01(l
etiolated seedlings a-vere immersed in a vertical position
to just above the roots in 500 ml of anI aqueous slutioIn
of 0.1 mnIix 3-methyleneoxindole in a 1000 ml beaker. The
seedlings -%vere incubated in the dark at room temperature
for 16 hours. The extractioni anid chronmatograplhic pro-
cedures used for 3-hvdroxx meth!vloxindole (described in
the text under Oxidation of IAA to 3-HydroxyvntvnMl-
(JXindole by, Intact Scedlings) were also employed tor
3-methvloxindole. The absorption spectrum of the niatural
product shou-n w-as obtainied with material eluted fronm
the chromatogram developed 'x itli solveent A. 3-Methyl-
oxindole was detected only in seedlings inicubated with
3-methvleneoxindole and(l \Nas not produced in the absenice
of seedlings.

enhanices the ability of the see(llings to pro(duice
this oxin(lole. On the third anid fifth dayvs after
germinatioin when. chlorogenic acid w-as readlilx de-
tectable in the seedliigs little if any formationi of
3-hyldrox.-methyloxindole was observed, buit on the
seN enith and(l ninth (lays wheni chlorogenic acid had
drastically (lecreasecl and( almost disappeared the
capacity to form 3-hydroxymethyloxindole was
markedly increasing.

Reduictiont of .-.,lethyleneo.rindole to -Mcti vl-
oxintdole by, Pea Seedlings. A compolin(l wN-ith the
RF of 3-methyloxindole in solvents A and(l B has
beeni recovered from pea seedlings expose(d to
3-methyleneoxindole. Its spectruim matches that of
3-methyloxindole (fig 5). Howe'ver, it only ac-
couniits for about 10 % of the 3-methyleneoxin(lole
which was uitilize(d completely by the seedlinlgs.
The other metabolites of 3-methvleneoxin(dole in
seedlings remain to be identifie(l.

Discussion

Demonistrationi of the enzymatic oxidationi of
IAA to 3-hydroxymethyloxindlole and the suibse-
qtuent redutction of its dehydration produict, 3-meth-
yleneoxin(lole, to 3-methyloxindole in planit extracts

3:
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suggests that these reactions might be involved in
certain of the effects of IAA on metabolism and
groNwth, particularly as 3-methyleneoxindole is a

highly reactive compound capable of profound ef-
fects on cell growth (3, 10). The possible rele-
vanice of the oxindole pathway of IAA degradation
to plant metabolism is strengthened by the detection
of the same reactions in intact pea seedlings. It is
likely that reactions of this type underlie the con-

version of IAA to 3-methyloxindole described in
other plant tissues (1). While the non-enzymatic
dehydration of 3-hydroxymethyloxindole to 3-meth-
vleneoxindole is reasonably rapid, particularly under
physiological conditions of pH and ionic strength
(3, 6), the failure, so far, to detect enzymatic
acceleration of the dehydration is an important gap

in the evidence for an oxindole pathway of IAA
degradation. Other examples in metabolism of the
enizimatic acceleration of reactions which proceed

at easily- detectable rates eveen in the absence of
enzymes encouirages a continuiation of the search
for 3-hy-droxvimethvloxindole dehyrdrase.

In contrast to the uncertainty concerning the
metabolic origin of 3-methyleneoxindole there is
definite evidence relating to its metabolic fate.
Peas contain at least 1 TPNH-linked enzyme which
redtlces 3-methyleneoxindole to 3-methyloxindole.
A similar reduotion in a bacterial model system is
catal-zed by a DPNH-linked menadione reductase
(8), buit a highly purified preparation of the pea

3-methyleneoxindole redtictase is incapable of re-

duicing menadione of other acceptors frequently
redtucible by menadione redtictases. This, together
wN-ith a reasonable stubstrate constant (Ks = 0.2
m-\), suggests that 3-methyleneoxindole is a phys-

iologically significant substrate of the plant reduc-
tase (uinlptublished observations of H. S. AMoyed).

Even small fractions of IAA channelled into the
oxindole pathway could have a far reaching in-
flutence oIn metabolism and growth as the effects
of the key intermediate, 3-methxleneoxindole, would
be amplified through its reactions with enzymes.

The local conicentrations of IAA oxidase and 3-
metlivleneoxindole redtictase, as well as the activa-

tors and inhibitors of these enzymes, would be of
critical importance as such factors would determine
steady state levels of this highly reactive oxindole.
It is therefore suggested that these enzymatic re-

actions might be involved in certain of the physio-
logical responses to IAA, especially inhibition.
Fturthermore, local changes in the ratio of these
activities to each other cotuld have a role in auxin-
dependent tropisms.
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