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The tryptophan synthase «,, complex from Escherichia coli has been found to catalyze the f-replacement

reaction of L-serine with indazole, an indole analog which has a nitrogen atom at the 2-position (pyrazole

ring). The reaction product was isolated and identified as f-indazolealanine by mass spectrometric, elemen-

tal and NMR analyses. Careful assignment of 'H- and 3C-signals with several NMR techniques revealed

that the B-carbon of the product alanine moiety was bound to the 1-N-position of the indazole ring. This

is the first example of the f-replacement reaction catalyzed by tryptophan synthase occurring at any other
position than the 3-position of indole analogs.

Tryptophan synthase

1. INTRODUCTION

Tryptophan synthase (EC 4.2.1.20) is a unique
pyridoxal 5'-phosphate enzyme with a multiple
function and occurs in various bacteria, yeasts,
fungi and plants. The a»@; complex of tryptophan
synthase of Escherichia coli catalyzes not only the
physiological #-replacement reaction involving L-
serine and indole-3-glycerol phosphate, but also
several other reactions [1]. Both the separate sub-
units alone catalyze their own specific reactions as
well. Recently, we reported that S-substituted cys-
teines and Se-substituted selenocysteines could be
synthesized effectively by the F-replacement reac-
tion of serine and its derivatives with thiols and
selenols, respectively [2,3]. In an effort to syn-
thesize new tryptophan analogs, we have surveyed
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B-1-Indazole-L-alanine

Enzymatic synthesis

a wide variety of indole analogs for substituent
donors in the B-replacement reaction by tryp-
tophan synthase and found that indazole, a pyra-
zolyl analog of indole, can serve as an efficient
substrate [4]. We here describe the isolation of the
product from L-serine and indazole and the struc-
tural analysis of a new tryptophan analog, #-1-in-
dazole-L-alanine. The structure is entirely unex-
pected in view of the fact that all the tryptophan
analogs so far prepared chemically or enzymatically
are confined to #-3-indolealanine derivatives such
as S-hydroxytryptophan [5].

2. MATERIALS AND METHODS

Crystalline o362 complex of tryptophan synthase
was obtained from cell-free extracts of E. coli
(trpR™AtrpED102/F’ AtrpED102) [6]. L-Serine
was the product of Ajinomoto, Tokyo. The other
chemicals were analytical grade reagents.

The @#-replacement reaction of L-serine with in-
dazole was carried out at 37°C in the dark in a
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reaction mixture (1.0 ml) containing 100 zmol Tris-
HCI buffer (pH 7.8), 40 zmol L-serine, 50 zmol in-
dazole, which was dissolved in methanol before-
hand, 180 gmol NaCl, 50 nmol pyridoxal 5'-phos-
phate and 400 units of tryptophan synthase. So-
dium azide (3 mM) was added as an antibacterial
agent for prolonged incubation. The formation of
B-1-indazolealanine was monitored by a method
similar to the spectrophotometric measurement of
tryptophan formation {7]. Since #-1-indazoleala-
nine and indazole exhibited different absorption
spectra with the maximum difference at 303 nm,
the reaction could easily be followed by reading the
absorbance change at 303 nm. The production of
0.1 gmol F-1-indazolealanine corresponds to the
absorbance change of 0.252. L-Serine was deter-
mined fluorometrically with o-phthalaldehyde by
the method of Benson and Hale [8]. NMR spectra
were taken on a Jeol INM-FC200 spectrometer.
The conditions for measurements of nuclear Over-
hauser effect (NOE) in '"H-NMR were optimized
with 4% isovanillin in degassed CDCl;. Mass spec-
trum was taken on a Jeol JMS-DX300 spec-
trometer.

3. RESULTS AND DISCUSSION

When indazole was incubated at 37°C for 2 h
with the a8, complex of tryptophan synthase in
the presence of L-serine, the formation of a new
amino acid which reacted with ninhydrin was
observed upon thin layer chromatography on a
silica gel 60 Fas4 plate (Merck) with n-butanol:
acetic acid: water (4:1:1) as a solvent. As incuba-
tion time was prolonged, the color intensity of
ninhydrin spot of the new amino acid (Rr=0.51)
increased concomitantly with the decrease in that
of L-serine (Ry=10.11), indicating that the reaction
progressed further. To determine quantitatively
the rate of G-replacement of L-serine with in-
dazole, the absorption spectrum of the reaction
mixture was taken at appropriate time intervals
(fig.1) because the spectrum change was expected
to occur as in the case of F-replacement of L-serine
with indole by the a>32 complex of tryptophan syn-
thase [7]. The maximum change in absorption was
observed at 303 nm with a molar difference ab-
sorption coefficient (4¢) of 2520. The initial rate of
the g-replacement reaction with indazole deter-
mined by this spectrophotometric method was
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Fig.1. Spectrophotometric monitoring of the F-replace-
ment reaction of L-serine (40 mM) with indazole (0.2
mM) catalyzed by the ayfcomplex of tryptophan syn-
thase (190 units). Other conditions were as described in
the text. The enzyme was replaced by water in the
reference cell. Spectra were recorded at 10 min intervals.

about 1/350 of the rate of tryptophan synthesis
and the apparent Ky, value for indazole was 0.52
mM. When the F-replacement reaction with in-
dazole was examined in various buffers, the
highest reaction rate (about 1.7-fold higher than
the rate at pH 7.5) was observed at around pH 10,
which was in contrast to the optimum pH for the
reaction of tryptophan synthesis (pH 7.5).
Whether the unusually high optimum pH for the
reaction with indazole is explained by the solubility
or electronic properties of indazole as a substituent
substrate remains to be examined.

To isolate and identify the reaction product
from L-serine and indazole, a large scale reaction
was carried out at 37°C in 50 ml of the reaction
mixture. Although indazole, added as a solid, was
not completely dissolved initially, it became solu-
ble as the reaction proceeded and a white preci-
pitate, the reaction product, soon appeared. After
incubation for 64 h, 1.77 mmol L-serine was con-
sumed and 1.75 mmol of the product (5-1-inda-
zole-L-alanine, see below) was formed with an
overall yield of 87.5% based on L-serine. After the
residual indazole was extracted from the reaction
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mixture with toluene, the aqueous layer was treated
with 2% irichloroacetic acid io precipitate the en-
zyme protein. The supernatant solution was ap-
plied on a Dowex 50X8 (H* form) column (2.2 x 12
cm). After the column was washed with 120 ml of
0.2 M NH.CI to elute the remaining L-serine
followed by washing with excess water, the prod-
uct was eluted with 0.2 M NH4OH. The eluate was
evaporated to dryness at 40°C under reduced
pressure. The residue was dissolved in a small
volume of hot water and crystallized from water/
ethanol: yield, 0.328 g (80%) white granules; m.p.
210-212°C (dec.); UV Amax (in water, pH 6.8) 253
nm (¢ 3930), 291 (¢ 4130), 303 (¢ 2950); mass spec-
trum, m/e 205 (relative intensity, 10) (M™), 160 (1)
{M —COzH), 131 (160) (M — CH(NH2)CO:H); IR
(KBr) 1610 cm™', 1670, 2000-3100, and 3400.

Analysis - caleid for C;0H;303:N3 as monohvdrate:

C, 53.81; H, 5.87; N, 18.82. Found: C, 53‘37, H,
5.83; N, 18.75. These analytical data suggest that
the isolated compound is -indazolealanine.

The chemical structure of the product, particu-
larly the mode of binding of side chain alanyi
moiety to the indazole ring, was studied by 'H-
NMR analysis. In addition to proton signals due to
the alanyl moiety (at 3.65 ppm, 1H, triplet, a-C-H,
and at 4.63 ppm, 2H, doublets of doublet, 3-CH,),
S proton signals were observed in the aromatic
region (fig.2A). By comparing with the "H-NMR
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Fig.2. 'H-NMR (A) and ®C-NMR (B) spectra of the

product from L-serine and indazole. '"H- and "*C-NMR

spectra were taken at 2% in D,Q/NaOD (0.07 N) and

dimethy! sulfoxide-de/CDCl; (4:1), respectively, with

sodium 3-(trimethylsilyl)propionate-2,2,3,3-ds as an in-
ternal standard.
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spectrum of indazole (not shown), the singlet
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C-3-H, 2 doublet signals at 7.56 and 7.80 ppm were
due to either of the 2 protons at C-4 and C-7 posi-
tions, and 2 triplet signals at 7.22 and 7.48 ppm
were due to either of the 2 protons at C-5 and C-6
positions. Since the compound, #-indazolealanine,
clearly showed the signal due to the proton at C-3
pGSithﬁ, it was auggesteu that the axanyx moicty
was bound to either of the 2 nitrogen atoms of in-
dazole ring, not to the C-3 carbon atom as in tryp-
tophan. We further examined the '*C-NMR spec-
trum (fig.2B). Thus, 2 signals at 124.6 and 140.9
ppm were assigned to the quaternary carbons at
the 3aand 7a positions and others to methyne car-
bons at the 3, 4, 5, 6 and 7 positions based on the
results obtained by ORD (off-resonance decou-
pling) and INEPT (insensitive nuclei enhanced by
polarization transfer) techniques on '3C-NMR.
These 7 carbon atoms in the indazole ring showed
almost identical signals with those of authentic in-
dazole, indicating that the ring carbons of ﬁ-inda—
zolealanine were little affected by the alanyl moiety.

The conclusive assignment of the 'H- and “*C-
NMR signals derived from the indazole ring was

Table 1

Assignment of 'H- and *C-NMR signals derived from
the indazole ring of reaction product

Chemical shift (ppm)

Position 'H-NMR BC.NMR
spectrum spectrum
3 8.08s 1343 d
4 7.80d 121.6 d
b 722t 1214 d
6 7.48 ¢ 127.0d
7 7.56d 110.3 d
3a 1246 s
7a 1409 s
3a_3
5/\

L8

e / ~CH,;CH-COOH
NHz

Coupling: s, singlet; d, doublet; t, triplet. Coupling of
BC-NMR signals was determined by ORD analysis
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made possible by the selective decoupling method
which, by irradiation at each proton signal, re-
vealed the correspondence of each carbon atom to
1 of 5 aromatic protons (table 1). In addition, when
the methylene protons on the #-carbon of alanyl
moiety were irradiated to measure the NOE in 'H-
NMR, the integration value of the C-7-H proton
signal (7.56 ppm) increased 15-17%, whereas that
of the C-3-H proton signal (8.08 ppm) did not
change essentially. This finding indicates that the
G-carbon of alanyl moiety is attached to the 1-N-
position of indazolyl moiety.

The product, #-1-indazolealanine, was quan-
titatively decomposed to indazole, pyruvic acid
and ammonia by the «,F-elimination reaction
catalyzed by tryptophanase (EC 4.1.99.1) purified
from E. coli B/1+7A. Since tryptophanase acts ex-
clusively on the L-isomer of tryptophan [9], 5-1-
indazolealanine is probably the L-isomer: its spe-
cific optical rotation ([]}, 2% in 0.1 N NaOH)
was determined to be +6.6° with a Perkin-Elmer
241 recording polarimeter.

Although the enzymatic synthesis of indazolyl
analog of tryptophan was briefly mentioned in a
previous report [10] dealing with the efficiency of
indole analogs as substrates for E. coli tryptophan
synthase, the chemical structure of the product,
which was named ‘tryptazan’, was not established
but interpreted as identical with that of #-3-inda-
zole-DL-alanine synthesized chemically from isatin
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[11]. Our present report provides a distinct chemical
structure of the new enzymatically produced tryp-
tophan analog, @-1-indazole-L-alanine, whose
physiological activity is currently under investiga-
tion.

REFERENCES

[1] Miles, E.W. (1979) Adv. Enzymol. Relat. Areas
Mol. Biol. 49, 127-186.

[2] Esaki, N., Tanaka, H., Miles, E.W. and Soda, K.
(1983) Agric. Biol. Chem. 47, 2861-2864.

[3] Esaki, N., Tanaka, H., Miles, E.W. and Soda, K.
(1983) FEBS Lett. 161, 207-209.

[4] Tanaka, H., Arai, T., Tanizawa, K., Soda, K.,
Saito, K. and Arai, T. (1985) in: The Proceedings
of the Annual Meeting of the Agricultural Chemical
Society of Japan (Sapporo), p. 345.

[5] Soda, K., Tanaka, H. and Esaki, N. (1983) in:
Biotechnology (Rehm, H.-J. and Reed, G. eds) vol.
3, pp. 479-530, Verlag Chemie, Weinheim.

[6] Adachi, O., Kohn, L.D. and Miles, E.W. (1974) J.
Biol. Chem. 249, 7756-7763.

[7] Miles, E.W. and Moriguchi, M. (1977) J. Biol.
Chem. 252, 6594-6599.

[8] Benson, J.R. and Hale, P.E. (1975) Proc. Natl.
Acad. Sci. USA 72, 619-622.

[9] Watanabe, T. and Snell, E.E. (1977) J. Biochem.
82, 733-745.

[10] Wilcox, M. (1974) Anal. Biochem. 59, 436-440.
[11} Snyder, H.R., Thompson, C.B. and Hinman, R.L.
(1952) J. Am. Chem. Soc. 74, 2009-2012.



