
Steps in the Oxidation of 

Indoleacetic Acid 
Petel- M. Ray and Kenneth V, Thirnann 

During the oxidation of indole-3-ace- 
tic acid (IAA) by an enzyme obtained 
from cultures of the fungus Omphalia 
Pavida ( 1 ), the ultraviolet absorption 
spectrum was studied (2).At most wave- 
lengths, the changc in optical density is 
not proportional to disappearance of the 
substrate ( IAA) ,  as was shown by fol- 
lowing the IAA simultaneously with the 
Salkowski color reaction ( 3 ) .The  spec- 
trum continues to change after the IAA 
has been exhausted, indicating that the 
initial product of the reaction undergoes -
further transformation. 

At the r\avelengths LGI 'tnd 231 mu 
howeber, the change in optical density i.; 
almost rxactly proportional to substrate 
disappearance and practically ceases just 
when the 1 4 A  has been consumect. 
These must, therefore, be wavelengths at 
which products A and 11 of a reaction 
sequence, 

1,4,4 -+ A -+ 8, 

have identical molar extinction coeffi-
cients, E .  Thus the second reaction occas- 
Ions no change in absorption, and the 
change in optical density at 261 mp 
measures the conver5ion of IAA to ( A+ 
8). 


At 272 mw, optical density remains 
nearly constant during the first few min- 
utes of the reaction, then talls with in- 
creasinq speed until the 1 4 A  is ex-
hausted. It continues to fall without a 
break at that time and thereafter declines 
along a first-order path (Fig. 19. Hrnce, 
272 mu is a wavelength at which A and 
fAA have the same e, so that chanqe in 
optical density mrasures conversion of 
(IAA+ A )  to B, which has a smaller 8. 

At other wavelengths the absorption 
changes throughout the reaction period, 
but the time-course cunrcs show obvious 
breaks in slope at the timc when absorp- 
tion begins to fall a t  272 nlri and jvhen it 
ceases to  rise at 261 my. 

The rate of change of optical density 
at 261 mi& is strictly pro~ortional to the 

A 


enzyme concentration (Fig. 1 )  and is 
strongly inhibited by 10-?iM I-ICN, 1.1M 
HCHO, or by bringing the pH to 2.0 or-
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Fig. 1. Effect of enzyme concentration on 
reactions 1and I1 (0,@, 0.03 rnl of en-
7yme; A, 0.06 ml of enzyme; ?, 0.03 ml 
of enzyme added to @ ) .  Change in op- 
tical density at 261 my and 272 mp 
during the oxidation of 0.14 ymole of 
IAA in 3.1 ml of 0.005M citrate buffer 
at PH 3.7, containing the amounts of 
Omphalia enzymr prepa~ation (dialyzed 
cuiturc medium) shown, and 0.02 pmole 
of H,O,. The brcak in slope at 261 
mp occurs at the time the IAA is ex-
hausted. The enzyme concent1 ation is 
doubled at zero time in  A and just brfore 
the IAA is exhaustcd in e.Optical densi- 
ties are correctrd for change caused by 
the addition; light path 1 cm. 

7.0, as is the over-all oxidation. In  con- 
trast, the rate of change at 272 mu is 
very little affected by these treatments 
(but aicclcrated at pH 3 ) ,  p~ovided that 
they are applied after the IAA has dis- 
appeared. The  rate is also unaffected by 
varying the enlyme concentrations at 
that time (Fig. 1 ) . 

'CVe deduce that the reaction IAA 
--+A is cataly7ed by the enzymth, while 
A-+ B is nonen~ymatic. Removal of 
oxygen prevents the conversion of IAA 
to A but does not inhibit A -+ B, !+hi& 
thus appears to  he nonoxidative. This 
second reaction is acid-cataly~ed (Fig. 
2) ,  with velocity constant approximately 

kl= (3.6 x 10 2 i35 [H+]M-1) min.-1 

at 27'C. Its first ordcr kinetics (Fig. 2 )  
make it unlikely that two separate pro- 
ducts of enzyme action from a scheme 

7 ' A T d B -

% , A ,  +B, 

are present' From the it is also 
improbable that a dismutation, dimeri- 

zation, or polymerization of A is occur- 
ring. However, it is possible that A de-
composes hy two independent pathways: 

Yet the absorption at  261 mp remained 
constant and the final absorption spec- 
trum was the same when the tempera- 
ture u7as varied from 5" to 37°C: and 
when the pH was varied from 2 to 6.5 
during the second reaction: both factors 
vary the rate of this reaction enormously 
and tnight well affect differentially two 
such independent decompositions. Al-
though the oxidation product is known 
(by chromatographv) to consist of more 
than one substance, it is not certain at 
present whether this is the result of .the 
second reaction or of changes during the 
ct~orking-up procedure. 

The  absorption spectrum of A can be 
estimated in two ways. ( i )  from the 
initial late of change of optical density 
(lvhtn the second reaction is very slow), 
or (ii)  horn the absorption at  the time 
the 1AA has just disappeared (by sub- 
tracting absorption cau<ecl by B, \ ~ h i c h  
is calculated from change in optical den- 
sity at  272 my) .  Figure 3 shows an e d -  
mate obtained by the first method. 

The substancr ( s '  B ultra.c~olctTpec-
trum shown in Fig. 3 )  is believed to be 
an oxindole derivative ( 4 ) ,  and the 

TIME IN MINUTES AFTER STMT OF REACTION I 

Fig. 2. H+ catalysis of reaction TI. First-
order decline in optical density at  27 2 my 
after the disappearance of IAA, as a func- 
tion of [H']. Ordinate shows log of differ- 
ence between opticaI density at time t and 
final optical density. The unbuffered solu- 
tion (3.1 xrrl) contained 0.135 yrnole of 
IAA, 0.02 ymole of H,O,, and enzyme; it 
was adjusted to pH 3.5 with 0.01M HCI. 
.Just after the IAA had disappeared, 12 
min after the start of the reaction, the 
[H'] was altered by addition of HCI (lower 
two curves) or sodium phosphate buffer 
(upper curve). Final [H+] in rnolcs per 
liter is given for each curve; light path I 
cm. 



stoichiometry is fulfilled by 3-methyl-
dioxindole (111). The spectrum of the 
intermediate A is not that of indole-3-
aldehyde, 5- or 7-hydroxyindoleacetic 
acid (5 ) ,  or any acetophenone deriva-
tive for which we have information. It  
is rather similar to that of Il-hydro-
peroxytetrahydrocarbazolenine (6); this 
compound was considered by Witkop 
and Patrick ( 7 )  to be a model for the in- 
termediate in the biological conversion 
of tryptophan to formylkynurenine (8 ) .  
Thc hydroperoxide ( 7 )  opened by an 
acid-catalyzed rearrangement to give a 
cyclic lactam of 6-o-aminobrnzoylvaleric 
acid, analogous to formylkynurenine. A 
similar hydroperoxide (11) could be 
formed by the (enzymatic) addition of 
0, to, and loss of CO, from, the isoin- 
dole form ( I b )  of IAA, but this would 
probably not open between the 2- and 3-
carbons, because the C-H bond at  C-2 

Fig. 3. Ultraviolet absorption spectra 
of IAA ( 0 ), the final product B (a)
after enzymatic oxidation, and the intes-
mediate A (broken line). The latter shows 
the spectrum that would have resulted if 
the changes in optical density during the 
first 4 min of the reaction, at each wave- 
length, had continued proportionate to 
the disappearance of IAA until this 
was exhausted. Three milliliters of 4.5 r 
10-'A4 IAA in 0.005M citrate buffer at 
pH 3.7, containing enzyme and 0.01 pmole 
of H,O,, against blank containing enzyme 
and buffer; light path I cm, 

Za 	 Ib 

TI ould mole readlly lose electrons. In-
stead, 3-methyldioxindole (111) would 
be fo~med.  Side reactions involving for- 
mation of illdoxy1 derivatives and/or 
dimerization might be anticipated from 
the reactions of ll-hydroxytetrahydro-
cn~bazolenine ( 9 )  T h ~ c c  are specula-
tions only, but the) are interesting in 
view of the possible relationship of our 
observations to the persistent problem of 
identifyinq the intermediate between 
tryptophan and formylkynurenine (10) .  

The reaction sequence described here 
is strikingly similar to that which has 
been found for the oxidation of uric acid 
by uricase (11) or by peroxidase (12) .  
Uric acid is converted enzymatically to 
an intermediate, which decomposes by 
o on enzymatic reactions into the final 
product? (allantoin, alloxan, or other 
substances), and thus ultraviolet absorp- 
tion continues to change for some time 
after the uric acid has disappeared. I n  
this case there is other than spectroscopic 
evidence for the existence of an inter-
mediate (13) .  

I t  is of interest to mention that the 
oxidation of IAA by horseradish peroxi- 
dase in the presence of Xl,O, appears to 
follour kinetics similar to those described 
here. Furthermore, the spectrum of the 
final product is almost identical with 

IIa 

IIb 	 I11 

that of B (Fig. 3 ) .  This suggests that the 
rcactions studied here rnay occur gener- 
ally in the destruction of IAA by higher 
plants. 
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T h e  scientist should be a m a n  willing to listen to every suggestion, bu t  determined t o  
judge for himself.  H e  should not  be biased b y  appearances; have n o  favorite hypothesis; be 
of no school; in doctrine have n o  master. H e  should not  be a respecter of persons, bu t  o f  
things. T r u t h  should be his primary object. If to  these qualities be added industry, h e  m a y  
indeed hope to  zealk within the ueil of the  tetnple of ~ U ~ U T ~ . - - ~ ~ I U H A E LFARADAY. 
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