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Short Commnzunication

Mechanism of Enhancement of IAA Oxidation
by 2,4.Dichlorophenol,2
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We recenitly propo,sed a serdies of reactions to
acco-un,t for the observed fo,rmatio;n of peroxidase
comJ)ounds I and II dturing the aerobic oxidation
of indole-3-acetic acid (IAA) by horsetradish
peroxidase (HRP) (3)

O., + HRP -> HRP-O, (i)
HRP-O., + IAA - Per I (ii)
Per I + e- > Per IT-I- HO-IAA (iii)
Per II + IAA HRP + IAA. (iv)

(HRP-O.,: a complex between ferriperoxidase andl
the biradical form o,f oxygen; Per I an(l Per II:
intermecdialte peroxidase compound,s I and( II;
HO-IA A: hydr,oxxvinidcoleninieacetic acidc; IAA.: anl
IAA free radical.) The interactioni between IAA
and HRP led to enzymlle inactivation or destricltioli,
and iit w\,as posAtulated thalt thils inactivation resulited
from reaction1s between IAA free rcadicalls and the
enzy,me (3). WVe subsequently reported a reaction
time cloui,rse 'in which 2 linear l)hases of IAA dis-
appearance were observed (2). The first,phase
represen,ted the enzyme caitalyzed oxidation of
TAA, wh,ile the second was interpreted as the oxida-
tion of IAA by a free radical chain mechanism.
O,the,r data have been inte,rpreted as sutggesting the
lre:sence of free radicals (5, 9, 12), and the peroxi-
dase catalyzed pro,duction o,f substrate free radicals
is consisten,t with data obitained from oather oxida-
tive and peroxidative systems (6, 7, 10, 11).

2,4-Dichlo,rophenoil (DCP) is widely employed
as a pro,moter of the peroxid,ase catalyzed oxidation
of IAA; however, tlle mechanism of promotion has
niioit been elucidated. We now propo!se a me,chanism
of DCP action which is c;onsiistent with that s'hown
a,bove fo,r the IAA-HRP initeractifon and wi(th othe,r
mechanisms suiggestting the formationi of suibstra^te
free red'icals in pe,r,oxidase catalyzed oxidations.
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IAA and DCP wvere obtained from K and K
Laboratories (New York) anid analytical reagent
grade HRP fromM-anni Resea,rch Laboratories
(New York). HRP concentration was calculated
by methods described previously (2, 3).

IAA oxida(tion was assayed in 2 ways. For the
sp)ectropho,tometric assay, a Beckman DK-2A ratio
recio,rding spectro4photometer with a waveleingth scani
aittachment was uised. Scans were made friom 340
to 230 ium. The Salkowski assay employed the
Gordon-XWeber modified reagent (4). At var,iouIs
times, 2 m,l aliqulots of the reacition mixture were
added to 4 nil modified Salkowsk:i reagent. Colo,r
wvas allowed to develop in the da,rk f,o,r 30 minlutes,
.lMd the optical density ait 530 mni was measured
xvith al Beckman DB spe,cit rophotomie,ter.

Abso,rbaince changes during- the course of IAA
oxidation are shownii ini fg,nlre 1. AfMter 75 miu:nutes
the spectrum shoxxved maxima a,t 254 anld 248 nm.
This suiggeste(d the presenice of methyleneoxuiidole,
the likely final product of l)eroxidase catalyzed IAA
oxidatiion it zitro (5). 'rhe conversioni of IAA to
methyleneoxindole wvas int a I-step reaction, since
spectral chaniges continuied to ocicur after aill IAA
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FIG. 1. Spectral changes during IAA oxidation. A
through K represent times 0, 10 seconds, 2, 4, 6, 8, 10,
12, 14, 18, and 75 minutes. Reagent concentrations:
IAA, 0.15 mM; HRP, 0.20 ,umi in 0.06 MN acetate buffer
(pH 4.9).
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Tablle I. Spectral Changes and IAA Consumption
During the IAA Oxidase Reaction

Aliquots of reaction mixture simnultaneously assayed
spectrally and by Salkowtski assay. Reagent concentra-
tion: IAA, 0.20 mM; HRP, 0.75 A-m in 0.06 mI citrate-
phosphate buff,er, pH 5.8.

Optical density
Time IAA consumned 30 nm 255 nmtll

"iti'll
0
0.25
3
6
9
14

,Atnoles
0
1.26
3.42
3.70
3.72
3.72

0.170
0.170
0.170
0.170
0.185
0.205

0.510
0.735
0.860
0.950
1.000
1.070

had disappeared (itaible I). During tihe course o,f
the reacition an islo!sbestic point appeared at 300 to
304 nm, and its existence was ciorrellated with the
presence o,f IAA. Once the IAA ha'd ditsappeared,
absorption at 300 to 304 nm inoreased. These data
indicated that peroxidase catalyzed the oxidation o,f
JAA to so,me first product, and that this was ulti-
mately converted to methyleneoxindole. These finid-
ings are in agreement wilth those of Ray (8) anld
of Hinman and Lang (5).

DCP at low concentrations great,ly increased the
rate o.f IAA oxidation (table II). Fox et al. pro-
posed a mechanism for the ox'idatiton of IAA which
suiggested that IAA free radiclals were produticed by
a reaction of IAA wilth the secondary intermediate
compoutind (compound II) of HRP (3), and Chance
s:howed that the transition fro,m compound I to
compound II wa,s accelerated in tihe presence of
hydrogen donors (1). Using stopped flow tech-
nliques, stuch an accellerated tranisition between com-
pound I and comipound II was observed when DCP
was included in the reaction mixture (3). Thus,
DCP may have promoted IAA oxidation by accel-
erating the formation of comipouind II, resulting in
a mo,re ral)id produotion of IAA free ra(dicals.

This mechanism is n,ot, however, the only way
in whlich DCP promoted the oxidaition of IAA.
When DCP wias added to a reaction mixItture 75
seconds after the start of the reaction [dturing the
nonenzyminc phalse (2)], the rate of IAA oxidation

Table IJ. The Effect of Dichlorophenol on the Rate
of IAA Oxidation

IAA determined by Salkowski assay. Reagent con-
centration: IAA, 0.15 mM; HRP, 0.13 gM in 0.06 M
acetate buffer (pH 5.0).

DCP IAA
concentration oxidized Promotion

,ua r gisMolcs/m1int %
0 1.44
1.0 2.28 58
I5.0 4.48 2111

10.0 5.64 292

was nearly double that of the controil, the rates
beinig 68 and 36,,molles/milnute, respectiively. The
raite otf IAA oxidation during the enzymic phase
(2) in the atbsen!ce oif DCP nearly equaled the rate
during the nionenzymic pha,se in the presenice of
DCP. Thus, one might reason thait DCP acted to
reStore the enzymatic oxidation of IAA. However,
tihiis explianaition is unsajtisfa,cbto,ry since, wheni DCP
wa!s added to an HRP reactioni mixltture following
inactivation of the enzyme, nio reactivation off the
de.stroyed HRP was obiserved (3).

Ray postulated a 2-Step reactiio,n to accounilt fo-
the spectral changes observed dlurilg [AA oxidation
catalyzed by Omphalia perooxidase (8). TI'he spectra
o,f the first and second products (A and B) were
isosbestic at 261 nm. In the presenit stuidy, whein
DCP wa's a,dded to the reacotion mixture befiore all
of the IAA xvas consuimed (determined oni the basis
of ,the iisossbestic point at 300-304 nlm), there was
an immedilate chuange in the spectruim olf the reaction
mixture. Subsequent changes in the specitrum re-
vealed the loss of the i,sosbesti,c poinit at 3,00 to
304 n,m and the estabfi,shmenit o,f a new isso,sibe,stic
point at 262 nm (fig 2). Thiis incdicated thalt DCP,
addecd before or after the reacition was startecl,
accelerated the conversion of IAA to a fiirst product
(A in Ray'.s terminology).
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FIG. 2. Spectral changes upoIn additioni of dichloro-
phenol 435 seconds after reaction started. A through F
represents times 10 seconds. 2, 4, 8, 10, and 15 minutes
after start of reactioni. Spectra after DCP addition
not corrected for dilutioni. Reagent concentrations:
IAA, 0.15 mm; DCP, 10 jum; HRP, 0.19 gNi in 0.06 Ai
acetate buffer, pH 4.9.

Reactions v to xi are proposed to explain the
promotive effects of DCP on IAA oxidation.

Per I 4 DCP - Per II + DCP (v)
Per II i DCP HRP + DCP- (vi)
Per II + IAA HRP + IAA* (vii)
DCP -4 IAA DCP + IAA' (viii)
IAA + O. IAA-O., (ix)
IAA-0, P 4- CO., + HO (x)
DCP + P DCPT ++ (xi)
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Compound I formation occurred in the manner
(lescribed previously (3). Reaction v explains the
accelerated transition between compounds I and II
observed in the presence of DCP (3). That both
DCP (vi) and IAA (vii) reacted wilth compound II
was suggested by the acceleraltedl rate of decom-
position of compound II in the presence of DCP
(3). \NVhen reactions v to vii are compared to
reactions i to iv, it is evident that at least twice as
many free radicails were produced during the IAA-
HRP interaction in the presence of DCP as in its
absenice. It is further proposed that DCP acts to
maintain the free ra(lical chain by iundergoing re-
actioins -viii anld xi. A reaction of DCP with P,
rather thani IAA or IAA-O.,, is proposed becauise
apparentlx- reactions ix and x occur so rapidly that
these compounds are prohably not s,igiifi,cant inter-
me(iates in the free radical chain (5).

T'his mechanism (V to xi) can also explain the
promotive effect of DCP on IAA oxidation when
the phenol was added duirinig the noinenzymic phase
of IAA destruction. It is proposed that in the
absence of DCP, the free radicail chaiin was main-
taine(l by reac,tions between free radical in,termedi-
ates of IAA oxidation (P.) and IAA, produlcing
IAA and(I P. When DCP was added dulring the
nonenzymic pha,se ilt reacted wi-th free radiical inter-
mediates of IAA oxidation, as in reaction xi, and
the DCP produlced wou'ld subsequiently react with
IAA (as in reaction vii,i). If P was more reactive
toward DCP than toward IAA, anid the DCP pro-
d(lced by sulch a reacbton was less stable than P,
then the reacti-vity of firee radicals in the svystem
was increase(d when DCP was added, even thomgh
the free ra,dical concentration was ncot altered. It
is likely that DCP- is more reactive than free radical
initerme(liates of IAA oxidatioion, since t'he in1dole
ring coufl(l stabilize the odd electroni more read.ily
than cot-uld the benzelne rinig system of DCP.

This, it is proposed that DCP promoted fAA
oxi(ladtion by increasing the concenitration of free
radicals (when the enzynme was active), and( by the
formation of free radicals which wvere more react,ive
thall those present (luriing fAA oxidation in the
absenice of DCP. Furthermore, it is proposed that
wsxhen DCI' was present (hiring the enzyme catalyzed
p,hase of TAA oxidation, 1AA free radicals (or P-)
reacted with DCP rather thani with HRP, thus
prevent,ing enzyme inactivation (3).
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