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“ : Introduction

Two schemes have been reported concerning the complete oxidation of
tryptophan (Try) to water and carbondioxide (GREENBERG, 1961 and MEHLER,
1955). One is the pathway through kynurenine, anthranilic acid and catechol
and the other through 3-hydroxykynurenine and 3-hydroxyanthranilic acid.

On the other hand, many investigaters have been interested in the plant
hormone, indole-3-acetic acid, which is formed from Try (RIDDLE and MAZELIS,
1965). Mo (1958a and b) has shown that a species of Arthrobacter, which
was isolated from the air, can utilize indole-3-acetic acid and L-tryptophan as its
sole source of carbon and nitrogen. This paper describes a new scheme of
complete oxidation of Try through IAA by this bacterium.

Materials and Methods

Organism and its culture

A species of Arthrobacter was used throughout this study. A loopful of
bacterium from slant culture was inoculated into 200 ml of phosphate buffer
(M/15, pH 6.8) containing 1% polypeptone, followed by culturing at 30°C for 16
hr without shaking. Bacterial culture for the investigation of IAA metabolism
was carried out as described elesewhere (Mino, 1968 a).

Determination of bacterial cell concentration, oxygen uptake by the bacterium
and Salkowsky reagent positive compounds

Bacterial cell concentration was determined by the measurement of optical
density at 500 my with a spectrophotometer (Hitachi, Model 101). Oxygen uptake
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Studies on a Species of Arthrobacter 369

was measured with a Warburg manometer, in the usual way, at 30°C. The reac-
tion mixture consisted of 2ml of bacterial suspension im the main chamber and
0.2 m{ of substrate in the side arm, unless otherwise stated. For the determina-
tion of Salkowsky reagent positive compounds, 3m! of 36% HCIO, containing
0.01 M FeCl, were added to 1 mi of the reaction mixture from which the bacterial
cells were previously filtered off. The color, developed at 30°C for 25 min, was
measured at 530 mg with the spectrophotometer.

Solvent systems and spray reagents for paper chromatography 7

Solvent A composed of ethanol-water (7 : 3), B of benzene-n-butanol-methanol-
water (2:2:4:1), C of n-butancl-acetic acid-water {4:1:5), D of water-acetic
acid (98:2), E of pyridine-n-butanol-water saturated with NaCl (1:1:2), F of
iso-propanol-water (5:95), G of iso-propanol-ammonia (28%)-water (8:1:1), H of
water and | of benzene-acetic acid-water (8:1+: 1)

Fe; 2% FeCly6H,O in water. NaOH: 4% NaOH in water. DB: 100 mg
of stabilized Zn salt of diazotized-4-benzoyl-amino-2, 5-dimethoxyaniline in a mix-
ture of 5m/ of dioxane and 10m/ of water. NB: 60mg of p-nitrobenzene-
diazonium fluoroborate in a mixture of 5mi of dioxane and 10ml of water. B-
HCL: 0.1% benzidine in v HCL DNPH : 500 mg of 2, 4-dinitro-phenylhydrazine
in 100mi of N HCL. NaNQ,: 0.1% NaNQ, in ~ HCl. DC: 50mg of 2, 6-
dibromoguinone-4-chloroimide in a mixture of 12m{ of dioxane and 3mi of dry
acetone. AP: 0.5% agueous solution of azobenzene-phenylhydrazine sulfonic acid
upon succesive spraying with v HCL BH: 150mg of hydroxylamine-HCl in
14 mf of bromophenol blue solution and 1mi of water. The pI of the solution
was adjusted to 7.2 with a few drops of 2 N NaOIl. BPB: 300 mg of bromophenol
blue in 500 m/ of ethanol and 0.25ml of 30% sodium hydroxide. EH: 0.5%
p-dimethylaminobenzaldehyde in n IICL. NH: 2% ninhydrin in »z-butanol satu-
rated with water. PO: polyphenoloxidase solution. Paper chromatography was
carried out by an ascending technique at room temperature using Toyo filter
‘paper No. b1 A.

Preparation of polyphenoloxidase from potato tubers

~ One hundred grams of potato tubers were minced and ground with a mixer
in phosphate buffer (1072m, pH 7.0). The pulp was pressed out through a nylon
cloth and then centrifuged at 3,000 g for 15 min. The extract gave about 100 m/
of brown fluid, which was then left in a cool place for 4 hr. Acetone (—20°C)
was added to the fluid up to 30% by volume, followed by centrifugation at 2,500 g
for 10 min. The precipitate was discarded. Cold acetone was further added to
the supernatant liquid to 60% by volume to collect the precipitate. The colored
precipitate was dissolved in deionized water to dialyse against tap water overnight.
To the dialysed solution was added solid ammonium sulfate up to 0.3 saturation
degree, followed by centrifugation at 3,000 g for 15 min to remove the precipitate.
More solid ammonium sulfate was then added to the supernatant liquid up to
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0.7 saturation degree. The precipitate was suspended in 10 m/ of deionized water
and dialysed against tap water overnight. The solution was used as crude
polyphenoloxidase. '

Spectrophotometry

Ultraviolet absorption spectrum was obtained in a quartz cuvette of l-cm
light path with a Hitachi recording spectrophotometer.

IAA was purchased from Tékyo Kasai Co. Ltd. and L-tryptophan from Wako
Pure Chemical Industries, Ltd. Indole-3-acetamide was synthesized by the method
of Crosby et al. (1960).

Results

IAA oxidation by Try induced and non-induced cells

Bacterial cells were harvested from 400m/ of polypeptone medium and washed
with 0.9% NaCl solution by centrifugation. The cells obtained was Try-non-
induced. The Try-non-induced cells were resuspended in 100 m/ of phosphate
buffer (M/lﬁ5, pH 6.8) containing 100 mg of Try and shaken at 30°C for 3 hr.
Try-induced cells collected were washed with 0.9% NaCl solution. The cells
were diluted with phosphate buffer (m/15, pH 7.2) to the concéntration of 0.4
OD,,. Oxygen uptake was measured manometrically.  Manometers were read at
intervals of 10 min.

As shown in Fig. 1, IAA was Try - induced
oxidized immaediately by Try-induced o
cells, while TAA was oxidized after -
some induction period by non-induced
cells, This suggests that Try is me-
_ tabolized through IAA. The data are
not described here, but TAA was also
oxidized by Try-induced cells in the
presence of 1072M chloramphenicol,
which inhibits protein synthesis.

0

0, Uptoke (pl}

Try-non-induced .

Variation of Salkowwsky reagent posi- —
tive products in the course of Try a5 S z‘f/ﬁ, 7 =

degradation MINUTES

The bacterial cells where collect- Fig. 1. 1AA oxidation by Try-induced and
ed from 400 m/ of polypeptone medi- non-induced cells
um and washed with 0.9% NaCl solution. The cells collected were suspended
in 100 m/ of phosphate buffer (M/15, pIl 7.2) containing 100 mg of Try and shaken
at 30°C. This reaction mixture was pipetted out at intervals of 1 hr. To 1ml
of the mixture, from which the cells were previously centrifuged off, were added
3ml of Salkowsky reagent.
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Fig. 2. Variation of Salkowsky reagent positive produets
" in the course of Try degradation

Fig. 2 shows the variation of Salkowsky reagent positive compounds in the
‘reaction mixture. The amount of Salkowsky positive compounds in the reaction
mixture was rapidly increased during the first 3 hr, after which it gradually de-
creased until the constant level was attained. This result indicates that Salkowsky
reagent positive compounds were produced from Try and metabolized further.
After 8 hr reaction, the amount of these compounds was constant, suggesting
that the enzyme system to decompose intermediary metabolites was inactivated
as demonstrated in the case of TAA oxidase in this Arthrobacter (Mino, 1968c).

Identification of TAA by paper chromatography and ultraviolet spectrophotometry

The bacterial cells were collected from 400 m{ of polypeptone medium, fol-
lowed by washing. The cells collected were suspended in 100 ml of phosphate
buffer (M/15, pH 7.2) containing 100mg of Try and shaken at 30°C for 6 hr.
Then the cells were centrifuged off. The supernatant solution was adjusted to
pH 8.0 with N NaOH. To this solution were added 100 m/ of ethylacetate to
extract ethylacetate soluble compounds. Then the water layer was adjusted to
pH 3.0 with & HC] and ether soluble compounds were extracted with an equal
amount of ether. Ethylacetate and ether extract were condensed to Zm{ under
a reduced pressure, suhjected to paper chromatography. Three spots (1,2 and 3)
from ether extract and one spot from ethylacetate were detected on paper chro-
matogram developed by solvent C. As presented in Table 1, spot 2 obtained
from ether extract seemed to be IAA, since R, values of authentic IAA were
closely identical with those of spot 2. Both IAA and spot 2 showed similarly
reaction with Ehrlich reagent.

Spot 2 was eluted with methanol from paper chromatogram to determine
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Table 1. Ry values of authentic al
[AA and spot 2
2
Solvent i
system TAA Spot 2 30
kL]
A 0.88 0.88 g
c 0.83 0.83 2 .
-
G 0.40 0.42 =
I - 0.58 0.68 10
IAA was detected with ultraviolet
light. b7 — 70 K7

Fig. 3. Ultraviolet spectra of authentic IAA

the ultraviolet spectrum. In Fig. 1 the eluste from spot 2
an e ell. o ]

3 are shown the ultraviolet spec- _

tra of an eluate from spot 2 and authentic JAA. The spectrum of authentic
IAA was well comparable with that of the eluate, supporting again that spot
2 was TAA.

Ultravioler spectra of IAA oxidation products

The cells collected from polypeptone medium were suspended in 100 ml of
phosphate buffer (M/15, pH 7.0) containing 20 mg of TAA to start the reaction

o~
aer

i

40

Absorbonce

I

20

- L L
%57 77 %0 %0 300

Fig. 4. Uliraviolet spectrum of [AA oxidation products, as
observed in the reaction mixture
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Table 2. Ry values of catechol and an oxidation product of TAA
Solvent Oxidation Solvent Oxidation
system Catechol product system Catechol product
A 0.94 0.94 D 0.73 0.72
B 0.90 0.90 E 0.87 0.89
C 077 077 F 0.82 0.82
Table 3. Color reactions of catechol and an oxidation product
Reagent Catechol %);fg;ﬁn Reagent Catechol %ﬁfg&ﬁn
Fe dark gray " dark gray DC pink pink
NaOH vellow vellow AP — —
DB gray gray BH — —
B-HCl — — BPB — -—
NB orange orange EH pink pink
DNPH — — NH — —
NaNO; vellow yellow PO vellow yellow

Absorborice

) i 1 Il 1
70 277 70 767 707 W6 mp
Fig. 5. Ultraviolet spectra of authentic catechol and an eluate
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with continuous shaking at 30°C. Immediately after TAA disappeared from the
reaction mixture, cells were centrifuged off. This supernatant fluid was subjected
to the ultraviolet spectrophotometry. It is seen in Fig. 4 that a compound having
a strong peak at 275 mg was produced from IAA in the reaction mixture.

Identification of a decomposition product from IAA

To the reaction mixture was added an equal volume of ether to extract
ether soluble substances. The ether solution was condensed to 5 m/ under a reduc-
ed pressure to be subjected to paper chromatography. In Table 2 are shown R,
values of an oxidation product and authentic catechol. In Table 3 are shown the
color reactions of an oxidation product and authentic catechol, developed by
various spraying reagents. It is seen in Tables 2 and 3 that R; values and color
reactions are well comparable with those of authentic catechol. This compound
was eluted with water from paper chromatogram to determine ultraviclet spectrum.
The result in Fig. 5 supports again that an oxidation product of TAA is catechol

Examination of intermediary metabolites by sequential induction method

Compounds tested were indole-3-acetamide, tryptamine, skatole, anthranilic
acid and salicylic acid. Oxidation of these compounds by Try-induced cells was
examined manometrically. All these compounds were not oxidized. This seems
to reflect that these compounds were not intermediary metabolites of TAA oxida-
tion. Catechol was further oxidized. So there seems to be another complete
oxidation system of Try in this Arthrobacter.

Discussion

A number of pathways of Try metabolism have been established in a wide
field including animals, plants and microorganisms (MEHLER, 1955; Price, 1959
and GREENBERG, 1961). Knox and MEHLER (1950) reported the conversion of
Try to kynurenine in liver. This pathway has been also known in microorgan-
isms. On the other hand, the conversion of Try to tryptamine, indole-3-pyruvate
(MARTIN and DurHAM, 1966), indole-3-acetamide (RIpDDLE and Mazgris, 1965 ;
KosUGE et al., 1966 and HuTzINGER and KosuGe, 1967) or 5-hydroxytryptophan
has been roported. However, Try metabolism through kynurenine is the only
pathway of its oxidation to completion reported earlier. In this study, Try was
shown to be oxidized completely through IAA and catechol, suggesting that a
different pathway of complete oxidation of Try is present in this Arthrobacter.
Though the intermediary metabolites of Try degradation to TAA are not yet clear,
Try seems to be metabolized through indole-3-pyruvate, since indole-3-acetamide
and tryptamine were not detected in its degradation products. This may be sup-
proted again by the fact that Try-induced cells were not capable of metabolizing
these two compounds.

ProcToRr (1958) proposed a scheme of TAA oxidation through skatole, 3-
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hydroxyindole and 2, 3-dihydroxindele using a species of Pseudomonas. In this
connection, however, all these compounds were not detected in the decomposition
products of TAA, indicating that TAA seems to be metabolized through a different
path from the scheme proposed by him. This may be supported again by no
participation of Try-induced cells in the metabolism of these compounds.

Tn view of the report by Riviire (1964) concerning the involvement of an
Arthrobacter in the formation and destruction of IAA in the rhizosphere, more
detailed investigations are required to clarify a series of intermediary metabolites
of Try degradation to catechol in this bacterium.
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Summary

The degraddtion pathway of tryptophan was examined using a species of
Arthrobacter.

Indole-3-acetic acid was identified as an intermediary metabolite. This was
metabolized further through catechol. Indole-3-acetamide, skatole and tryptamine
might not be regarded as intermediates. This scheme seems to be different from
the complete oxidation pathway of tryptophan through kynurenine reported earlier.
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