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Preparation of 2-aminomuconate from 2-aminophenol by
coupled enzymatic dioxygenation and dehydrogenation
reactions

Z He and JC Spain

Air Force Research Laboratory, Tyndall Air Force Base, Florida 32403, USA

2-Aminomuconate is an intermediate in the oxidative metabolism of tryptophan in mammals. The compound is not
commercially available, and studies of its metabolism have been prevented by the lack of a chemical synthesis and

the instability of the molecule. We report here the formation of 2-aminomuconate from 2-aminophenol by the coupled

action of 2-aminophenol 1,6-dioxygenase and 2-aminomuconic semialdehyde dehydrogenase from Pseudomonas
pseudoalcaligenes JS45, and isolation of the product by anion exchange chromatography. The overall procedure

was completed within 3 h with a yield of 62%. The availability of the dicarboxyl a-amino acid provides the basis
for investigation of the physiological function of 2-aminomuconate in the neuropathologically significant oxidative
metabolism of tryptophan.
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Introduction of the intermediates in the pathway for the biodegradation
of nitrobenzene by the bacteriufdiseudomonas pseudo-

phan has grown steadily over the last decade due to th Icall_genes.]S45 [6]. 2—Am.|nomucona§e is produced from
role of quinolinate and other metabolites in several neuro® -aminophenol by the action of 2-aminophenol 1,6-dioxy-
pathological conditions [1,2,7,8,10,14,16]. The neurotoxin d&nase and 2-aminomuconic semialdehyde dehydrogenase
quinolinate, is formed nonenzymatically from 2-amino-3- [4:6]. We have prepared 2-aminomuconate with the two
carboxymuconic semialdehyde in mammalian tissues. 2€NZYMes either in crude extracts or in the frac'tlons from a
Amino-3-carboxymuconic semialdehyde is enzymaticallyPEAE-Sepharose column, and separated it by anion
converted to 2-aminomuconate (2-aminohexa-2,4-dienegXchange chromatography for use in investigating the
1,6-dioate), via 2-aminomuconic semialdehyde (Figure 1)Properties of 2-aminomuconate deaminase fRinpseudo-
The effect of the enzymatic pathway on non-enzymaticalcaligenesJS45 [5,6]. However, attempts to prepare the
accumulation of quinolinate in the central nervous systeminaterial in large quantities for general use failed because
has not been investigated [7]. Furthermore, 2-aminomucorthe partially purified dioxygenase was unstable even during
ate itself may also have a significant neurophysiologicastorage at-70°C. In crude extracts the dioxygenase was
function in the central nervous system by virtue of the factrelatively stable, but the presence of 2-aminomuconate
it is a dicarboxylica-amino acid, and is similar to other deaminase precluded accumulation of 2-aminomuconate.
neural excitatory amino acid agonists or antagonists [3]We report here an improved method for the preparation of
Another concern is the neurotoxicity of ammonia, releasec®-aminomuconate by combination of the 2-aminophenol
from 2-aminomuconate during the metabolism of trypto-1,6-dioxygenase from al. coli clone and the dehydrogen-
phan in the central nervous system. The lack of the availase fromP. pseudoalcaligene3S45.
ability of 2-aminomuconate has severely limited experi-
mental approaches to investigation of these aspects of
mammalian neurophysiology. For instance, Yo&bal [18]
examined the effect of kynurenine metabolites administereilaterials and methods
into the right cerebroventricle on the electrocorticogram of
rats to establish the role of the metabolites in brain functionBacterial strains and growth conditions
The metabolites included 2-aminophenol, picolinic acidPseudomonas pseudoalcaliged&sts was grown in BLKN
(spontaneously ~ produced  from  2-aminomuconicmedium with nitrobenzene at 30 [12]. Plasmid pNBZ14
semialdehyde), and 2-ketoadipic acid (produced enzycontaining the 2-aminophenol 1,6-dioxygenase gen®.of
matically from 2-aminomuconate). But the effect of 2- pseudoalcaligenedS45 inserted into pUC18 was provided
aminomuconate was not reported. _ by John Davis, Tyndall AFB, FL, USA (unpublished.
Recently, we have found that 2-aminomuconate is 0Ngo|i DH54/pNBZ14 was grown in Luria broth (Difco,
Detroit, MI, USA) containing 5Qug mi** ampicillin at
Correspondence: Dr JC Spain, AFRL/MLQR, Bldg 1117, 139 Barnes Dr 37°C. Cells We-re harvested by centrifugation, washed with
Tyndall Air Force Base, FL 32403, USA ' 25 _mM potassium phosphate (pH 7.0), and stored/&tC
Received 23 February 1999; accepted 9 June 1999 until used.

Interest in the catabolic pathway of degradatior -afypto-
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Figure 1 Pathways involved in formation of 2-aminomuconatd itryptophan degradation in mammals (A) and in degradation of nitrobenzene in the
bacteriumPseudomonas pseudoalcaligen¥s45 (B). |, tryptophan; Il, 3-hydroxyanthranilate; Ill, 2-amino-3-carboxymuconic semialdehyde; IV, 2-
aminomuconic semialdehyde; V, 2-aminomuconate; VI, 2-ketoadipate; VII, quinolinate; VIII, picolinate; IX, nitrobenzene; X, 2-aminophedol; XI,
oxohex-3-ene-1,6-dioate. a, dioxygenase; b, decarboxylase; c, dehydrogenase; d, reductase; e, dioxygenase; f, deaminase. Dotted @wa®/, spontan
reaction.

Q.

Preparation of enzymes Preparation and isolation of 2-aminomuconate

Partially purified 2-aminomuconic semialdehyde dehydro-In a total of 8 ml, the initial reaction mixture contained
genase was obtained frof. pseudoalcaligenedS45 as 10 mM potassium phosphate buffer (pH 7.5), crude extracts
reported previously [5]. Cells oE. coli DH5a/pNBZ14  of pNBZ14 (0.3 mg protein), partially purified 2-aminomu-
expressing 2-aminophenol 1,6-dioxygenase were suspendednic semialdehyde dehydrogenase (0.3 mg protein), and
in phosphate buffer (25 mM, pH 7.0) and broken by twoNAD* (1.6 umol). The reaction was initiated by the
passages through a French pressure cell at 20000 p.s.i. Thddition of 2-aminophenol. A total of 32mol of 2-amino-
suspension was centrifuged at 2000@ for 30 min and  phenol was added slowly over 20 min. In the same time
the pellets were discarded. The crude extract was stored &t5 mg more crude extract of pNBZ14 was also added in
—70°C. The crude extracts or a fraction that precipitatedthree aliquots. The NADH oxidase activity in the crude
between 50% and 70% ethanol [11] was used as the sourextract of pNBZ14 replenished the NADeduced during

of 2-aminophenol 1,6-dioxygenase. the course of the reaction. The reaction was completed in
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20 min. The final volume of the reaction mixture was the maximum absorbance was reached almost immediately
8.2ml. after the addition of 2-aminophenol and there was no pla-

The reaction mixture was diluted to 24 ml with Tris-HCI teau of absorbance. The observation indicated that 2-amino-
buffer (final concentration: 10 mM, pH 9.5). The mixture muconic semialdehyde was extremely unstable, and it is
was passed through a Centriprep-3 tube (Amicon, Beverlynot appropriate to determine the dioxygenase activity by
MA, USA) to remove proteins. The filtrate was loaded onthe formation of the product. The maximum absorbance at
a Hitrap Q column (two 5-ml columns in series, Pharmacia,380 nm did not vary substantially from pH 7.0 to 8.0 in
Uppsala, Sweden); the column was washed with 30 ml o5 mM potassium phosphate or from pH 7.0 to 8.8 in
10 mM Tris-HCI buffer (pH 9.5) and 2-aminomuconate 25 mM Tris-HCI. The molar absorbance coefficient of 2-
was eluted with a 100-ml linear gradient of 0—0.3 M NaCl aminomuconic semialdehyde which we calculated from the
in the same buffer. 2-Aminomuconate was eluted in fracmaximum absorbance with excess dioxygenase was
tions 14 and 15 (5.0 ml each). 25.9+ 0.8 mM™? cm™® (meanz standard deviatiom = 7)

at 380 nm.
Chemicals
All chemicals were from Sigma (St Louis, MO, USA) or Properties of 2-aminomuconate.
Aldrich (Milwaukee, WI, USA) unless stated otherwise. Because of the instability of 2-aminomuconic semi-
aldehyde, we rechecked the molar extinction coefficient of
2-aminomuconate with excess 2-aminomuconic semi-
aldehyde dehydrogenase to prevent the extremely fast spon-
Instability of 2-aminomuconic semialdehyde taneous conversion of 2-aminomuconic semialdehyde to
2-Aminomuconic semialdehyde is reported to be unstabl@icolinic acid. With a dioxygenase activity of about
and spontaneously converted to picolinic acid0.024umol mint and a dehydrogenase activity of
[9,11,12,15,17]. The extent of the instability has not beerb.3 umol min? in a 1-ml assay, only the peak at 326 nm
investigated. A molar absorbance coefficient of 2-aminowas observed but no transient absorbance at 380 nm
muconic semialdehyde was previously estimated to beppeared. The results indicated that 2-aminomuconic semi-
15.1 mM™* cmt at 380 nm [11,12] and the production of aldehyde did not accumulate, but was immediately transfor-
2-aminomuconic semialdehyde, as measured by thened to 2-aminomuconate (data not shown). The molar
increase iNAsg, Was used to determine thg, of 2-amino-  extinction coefficient of the 2-aminomuconate thus formed
phenol 1,6-dioxygenase for 2-aminophenol. In the presenvas 17.8 0.4 mM™* cm (meant standard deviationp
study, the time course of formation of 2-aminomuconic= 4) at 326 nm in 50 mM potassium phosphate buffer (pH
semialdehyde from 2-aminophenol catalyzed by 2-amino7.5), slightly higher than the previously reported value of
phenol 1,6-dioxygenase revealed that the maximunl6.5 mM?* cm™ [9,13]. The wavelength of maximum
absorbance at 380 nm increased with increasing enzymabsorbance of 2-aminomuconate as well as the molar
concentration (Figure 2). At high enough concentrationsextinction coefficient did not change over a pH range of
6.5-13 (6.5-8.0 in 50 mM potassium phosphate, 7.0-9.5 in
1.4 50 mM Tris-HCI, and 13 in 0.1 M KOH). 2-Aminomucon-

Results and discussion

L ate is more stable at higher pH (Figure 3). The half-life
12 | changed from 30 min at pH 6.5 to 290 min at pH 9.5. At
g L
= 1 L
2 [ 300
)
& 08 250 |
g 1 =
5 06 ¢ £ 200 |
g0 E
S 04 ¢t S 150
2 0t =
5 & 100 ¢
0.2 - =
0 [ I NS U N WY VY TN NN S el 50 T
0 1 2 3 4 0 I—I g : ; 4
Time (min) 6.5 7 7.5 8 88 95
Figure 2 The time course of formation of 2-aminomuconic semi- pH

aldehyde. The reaction was initiated by addition of Qu®Bol of 2-amino-

phenol in 1 ml of reaction mixture (50 mM potassium phosphate, pH 7.5)Figure 3 Influence of pH on spontaneous hydrolysis of 2-aminomucon-
at about 15 s. The partially purified 2-aminophenol 1,6-dioxygenase waste. The concentration of 2-aminomuconate was 0.034 mM. Light bars
added in the amounts of 2.8, 5.6, 11.2, 22.4, 56, anduL®f protein represent 50 mM potassium phosphate buffer, and dark bars 50 mM Tris-
from curves 1-6 in order. HCI buffer.
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lower pH, a rapid spontaneous deamination of 2-aminoproduct was conducted at pH 9.5. To reduce the spon-
muconate was accompanied by a shift of the maximumntaneous conversion of the intermediate semialdehyde to pic-
absorbance to a shorter wavelength. The amino group wadinate, 2-aminophenol was added into the reaction mixture
also lost when the 2-aminomuconate solution was boiled atlowly, and the starting 2-aminophenol 1,6-dioxygenase
neutral pH. The previously reported absorbance shifts of 2eoncentration was low. With the protocol described in the
aminomuconate from 325 nm at pH 8.0 to 333 nm at pHMaterials and Methods, 2Zmol of 2-aminomuconate was
13 [6,9] seems to have been a result of trace contaminatioproduced from 3.Zumol of 2-aminophenol. The total
with the product of deamination, 4-oxalocrotonate, whichamount of 2-aminomuconate after purification by Hitrap-Q
has a maximum absorbance at 350 nm under alkaline corcolumn was 2.Qumol, indicating an overall yield of 62%.

ditions. The elution profile and the spectrum of fraction 15 (diluted
1/10) indicated that 2-aminomuconate was pure (Figure 4).
Preparation and isolation of 2-aminomuconate The concentration of 2-aminomuconate in fraction 15 was

The crude extracts of pNBZ14 and partially purified 0.34 mM. 2-Aminomuconate was relatively stable at such
dehydrogenase were used to prepare 2-aminomuconate. @ncentrations, the half-life was 20 h at room temperature,
Aminophenol 1,6-dioxygenase has a broad pH optimumand only 30% was lost when the solution was stored on ice
from 7-9 [11], whereas 2-aminomuconic semialdehyddor 50 h. Freezing and thawing of the solution at pH 9.5
dehydrogenase has optimum activity around pH 7.3 inTris-HCI) resulted in decomposition of about 2% of the
phosphate buffer, and the activity was dramaticallymaterial, whereas 50% was lost after similar treatment at
decreased when the pH of the buffer was higher than 8H 8.0 in potassium phosphate buffer [5].
Therefore, we carried out the reactions leading to the for- The procedure presented here seems suitable to provide
mation of 2-aminomuconate at pH 7.5 and isolation of the2-aminomuconate for general research. The advantage of
using crude extracts rather than partially purified 2-amino-
phenol 1,6-dioxygenase is that the dioxygenase in crude
9 0-0.3 M NaCl - 0.6 extracts is stable during storage. The high dioxygenase
activity in crude extracts also eliminated the requirement
for ferrous salt and ascorbate [11], which may introduce
impurities in the 2-aminomuconate solution. In addition,
the crude extract contained NADH oxidase activity, which
not only replenished NAD but also reduced the inter-
ference of NADH, which eluted just ahead of 2-aminomu-
conate during anion exchange chromatography.

The solution of 2-aminomuconate is sufficiently stable
to allow shipment and storage frozen. Alternatively, a two-
enzyme preparation and a small anion exchange column as
well as related chemicals could be supplied as a kit to pro-

0 5 10 15 20 duce the chemical immediately prior to use. The availability
of 2-aminomuconate should facilitate research on the
Fraction metabolism and physiological functions of 2-aminomucon-
ate in mammalian tissues, especially in the central ner-
b vous systems.
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