THE INFLUENCE OF SOME PHENOLIC
COFACTORS ON THE PH OPTIMUM OF
INDOLEACETIC ACID OXIDASE FROM PEA
ROOTS

M. G. H. JANSSEN

Botanisch Laboratorium, Utrecht

SUMMARY

The pH optimum of IAA-oxidase of pea roots is determlned both by the nature of the co-
factor and by its concentration.

1. INTRODUCTION

In a previous paper (JANSSEN 1969b) it was demonstrated that differences in the
pH optima of crude IAA-oxidase preparations from roots of pea and cucumber
were caused by the different low-molecular thermostable cofactors of IAA-
oxidase present in these crude extracts, An influence of the cofactors used on the
pH optima was also shown by Stutz (1957), who found that the optimum pH
value for the destruction of IAA by the crude IAA-oxidase from lupine was 6.5,
but after purification and addition of 2,4-dichlorophenol (DCP) the optimum
was at pH 5. Similar results were obtained for IAA-oxidase preparations from
pea roots by KONINGS (1964). GAsPAR (1966) demonstrated that the optimum
pH value for IAA-oxidase activity of extracts from Lens roots was at pH 6 with
p-hydroxybenzoic acid, but at pH 5.5 when resorcinol was used as a cofactor.

According to ENGELSMA & MEUER (1965) the pH optimum of IA A-oxidase of
gherkin hypocotyls was influenced by the concentration of the cofactor used
(p-coumaric acid). In a previous paper it was demonstrated that dilution of the
boiled crude cucumber root extract, which contained cofactor activity, also
caused a shift of the pH optimum of the purified IAA-oxidase from cucumber
roots (JANSSEN 1969b).

As many mono- and meta-diphenols are known to be cofactors of 1AA-
oxidase activity, the influence of a number of synthetic cofactors on the pH
optimum of IAA-oxidase from pea roots and also the effect of the concentration
of some of these cofactors on the pH optimum was investigated. From the
results presented in this paper it is clear that the pH optimum is influenced both
by the nature of the cofactor and by its concentration.

2. MATERIAL AND METHODS

Roots of Pisum sativum cv. “Vlijmsche Gele Krombek™ were grown as de-
scribed before (JANSSEN 1969a). After 65 hours roots of 3-6 cm length were cut
off and collected in ice-cold phosphate-citrate buffer solution according to Mc.
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Ilvaine pH 5. The roots were ground with sand and centrifuged during 30 minu-
tes at 27000 g. The supernatant was partially purified by precipitation of the
proteins with acetone at —20°C. To each ml supernatant about 10 ml acetone
was added. The acetone was decanted and replaced by fresh acetone. This
procedure was repeated 4 to 5 times. Finally the precipitate was vacuvm dried
and an almost white powder was obtained, which was stored at 4°C.

From the acetone powder an enzyme solution was prepared in distilled water
(10 mg/ml), which was centrifuged during 10 minutes at 1000 g to remove undis-
solved parts. Only after addition of a cofactor the enzyme solution was able to
destroy TIAA.

The TAA-oxidase activity was determined at different pH values ranging from
3 to 7 in a reaction mixture consisting of 0.2 ml IAA 102 g/ml (in some ex-
periments an IAA solution of 1.5 X 10~3 g/ml was used), 3.3 ml buffer solution,
0.5 mi of the substance to be tested and 1 ml of the enzyme solution. The residual
TAA was measured with Salkowski reagent (15 ml 0.5 M FeCl,, 500 ml distilled
water and 300 ml H,SO, s.w. 1.84). The tests were performed in dim red light
at 22°C. During the incubation time the reaction mixtures were carefully shaken.

3. RESULTS

3.1. The influence of monophenols and meta-diphenols on the pH
optimum of IAA-oxidase

The results obtained with p-, m- and o-cresol are presented in fig. I and the
results obtained with the other substances are presented in table 1. It is clear
that the pH optimum was determined by the cofactor used. The substances tested
in a high concentration (10~* g/ml) only caused a weak or moderate stimulation
of IAA-oxidase activity, the substances used in a low concentration (10~¢ g/ml),
however, were very active cofactors. An exception on this rule was 4-(methylthio)
phenol of which the maximal promotion was found at a concentration of
10-¢ g/ml, whereas the IAA destruction proceeded only very slowly with this
concentration.
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Fig. 1. The pH optimum of IAA-oxidase from pea roots with
p-, m- or o-cresol as a cofactor. Incubation time 10 minutes. 0

3 4 5 ] 7pH

3.2. The influence of the concentration of the cofactor on the pH
optimum of IAA-oxidase ‘ o

Figs. 2a-c show that the pH optimum was influenced by the concentration of the

cofactor used. The following cofactors have also been tested in at least two con-

centrations: m-cresol, o-cresol, phenol, resorcinol, m-coumaric- acid and
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Table 1. The influence of monophenols and meta-diphenols on the pH optimum of JAA-
oxidase from pea roots.

" concentration  optimum pH

Substance tested (g/ml) value

phenol .. . .7 ) 1078 6

2, 4-dichlorophenol ’ 10~ 5

resorcinol 108 5.5
p-hydroxybenzoic acid 108 6
m-hydroxybenzoic acid 10 no stimulation
salicylic acid ‘ 104 no stimulation
p-hydroxybenzoic acid methylester 10+ 6

B-resorcylic acid 10~ 6

y-resorcylic acid 10— no stimulation
a-resorcylic acid . 10— 5.5
p-coumaric acid 10-¢ 5

o-coumaric acid 10 no stimulation
m-coumaric acid 10— 55
p-hydroxyhydrocinnamic acid ethylester 10-® 5.5

tyrosine - 107 6

2-hydroxy-3, 5-dichlorophenylacetic acid 10—+ no stimulation
4, 4’-dihydroxydiphenylmethane 10-¢ 5.5
p-nitrophenol 10~ no stimulation
vanillic acid 10-% 4
o-hydroxyhippuric acid 10— no stimulation
3-methyl-5-hydroxybenzoic acid 10— no stimulation
4-(B-nitrovinyl)phenol 10—+ 5.5

3, 5-dimethylphenol 10— 5
4-(methylthio)phenol 10-¢ 4
p-hydroxybenzonitrile 10~¢ 5.5

p-hydroxyhydrocinnamic acid ethylester. An increase of the concentration
always caused a shift of the pH optimum to a lower pH value.

4. DISCUSSION

The results presented in this paper demonstrate that the pH optimum of IAA-
oxidase from pea roots is determined both by the nature of the cofactor and by
its concentration.

The activities of the cofactors of IAA-oxidase given by GORTNER & KENT
(1958) will only be valid at the pH value used in their experiments. This also
holds true for the optimum concentrations of the cofactors tested by Tomas-
ZEWSKI (1964). For a proper comparison of the activities of the various cofactors
one should determine the combination of concentration and pH value at which
their activities are maximal. This could not be done with our method, for at
higher concentrations the cofactors interfere with the colour development of the
Salkowski reaction. -

One will have to take into account the results presented above, if an influence
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Fig. 2. The influence of the concentration of a. p-cresol (after 10 minutes), b. DCP (after 10
minutes) or c. B-resorcylic acid (after 30 minutes) on the pH optimum of TAA-oxidase
of pea roots. .

of phenolic substances on e.g. growth is explained in terms of an effect via the
IAA-oxidase system.

Especially monophenols having a free para-hydroxyl group are cofactors of
IAA-oxidase activity (see HARE 1964). Although an exact comparison of the
activities of the various cofactors is not possible with the available results, it is
nevertheless clear that their activities are strongly influenced by the nature of the
group para to the hydroxyl group. No stimulation of IAA-oxidase activity was
found with 104 g/ml p-nitrophenol or a lower concentration (higher concen-
trations could not be tested). Tyrosine (10~¢ g/ml) had only a small effect,
p-coumaric acid, however, caused a strong stimulation at a concentration of
10-% g/ml. Fig. 2a shows that the cofactor activity of p-cresol goes through a
maximum at increasing concentrations. The highest activity was found at pH 4
at a concentration of 1073 g/ml. A similar result was obtained by ENGELSMA &
MEnER (1965) with p-coumaric acid and 1A A-oxidase from hypocotyls of gher-
kin seedlings.

Monophenols with an additional group meta to the hydroxyl group cause
generally only a small stimulation of the destruction of IAA (VARGA & KOVES
1962, Zenk & MULLER 1963 ; LEE & Sk00G 1965; PILET & GASPAR 1965; Gas-
PAR 1966). In our experiments the active stimulation by m-cresol was clearly an
exception.

Monophenols with an additional group ortho to the hydroxyl group cause
generally no or almost no stimulation of IAA-oxidase activity (GOLDACRE c.s.
1953; GORTNER & KENT 1958; VARGA & KOVES 1962; ZENK & MULLER 1963;
GASPAR c.s. 1964; LEe & Sk00G 1965; PILET & GAsPAR 1965; GASPAR 1966).
From the substances used in our experiments only o-cresol was an active cofactor.

As p- and m- and o-cresol are active cofactors, these substances could be
important in a study of the action mechanism of the cofactors of IAA-oxidase.
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