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Summary
Tryptophan within copoly{-hydroxyethyl L-glutaminezo-L-tryptophan) treated with

nitric acid (EGT-N) dissociates negatively above pH 10.5 by the electron-attractive effect ¢
nitro groups introduced into the indole ring. The interaction between EGT-N and variou:
metal ions was investigated using UV/VIS, ESCA, and ICP measurement. EGT-N was four
to selectively form a complex with cobalt ions above pH 10.5. The formation of the cobal
ion complex of EGT-N was confirmed to be caused by the cooperative coordination of th
tryptophan-introduced nitro groups and the OH groups of hydroxyethyl L-glutamine.

Introduction
Aromatic nitro compounds are used for pigments because of their large absorptic

coefficient and are important as reaction intermediates in products such as dyes a
medicaments. Kenneth et al. (1) revealed that the nitro group of various fluorinated aromat
dinitro compounds is useful for N-terminal determination of polypeptides. Previous studie
have also reported that tyrosine residue among enzymes can be determined by nitration us
tetranitromethane (2), and that the, pilue of nitrated tyrosine residue, which undergoes a

color change upon dissociation, shifts from 10.1 to 7.2 (3). Aromatic nitro compounds ar
used as indicators in both the qualitative and quantitative analysis of metal ions. Vandeal
al. (4) reported that 1-nitro-2-naphthol forms stable complexes with cobalt ions, because tl
OH group capable of becoming a ligand resides adjacent to the nitro group. However, fe
reports exist on compounds that form complexes selectively with specific metal ions, an
research on polymers that exhibit such behavior is rarer still.

In our previous studies (5) (6), we observed that when L-tryptophan (Trp) is treate
with nitric acid, Trp forms a tricyclic structure in which two nitro groups are introduced into
the indole ring. Furthermore, we observed that Trp shows a reversible, pH-dependent col
change between yellow (below pH 10.5) and red (above pH 12.5). This color change is due
the dissociation of the indole ring, which is caused by the strong electron attraction of th
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nitro groups (Scheme 1). Moreover, it was found that colored hydrogel can be prepared |
treating a copolypeptide that contains Trp with nitric acid. The dissociation of the indole ring
caused the physical properties of the membrane, the degreellofgswaad solute permeiity

to vary drastically.
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(pH 10.5) (pH 12.5)

Scheme 1 Dissociation form of N-acetyl Trp ethylester
treated with nitric acid.

The present paper describes our spectroscopic investigation of the interaction betwe
various metal ions and copolypeptides that are negatively charged above pH 10.5. The purp
of the present study is to prepare a novel material capable of interacting selectively with
specific metal ion.

Experimental
Materials
The starting copolymer (GT), composed yebenzyl L-glutamate ¥BLG) and Trp,

was synthesized by thid-carboxyanhydride (NCA) method, as described in our previous
papers (5) (6). The molecular weight of GT was determined to be 376,000 by viscosit
measurement in dimethylformamide (7), and the preparative data is listed in Table 1. All th
solvents used in synthesis were distilled twice.

Water soluble copolypeptide, treated Table 1 Preparative data of GT.
with nitric acid (EGT-N) was prepared by
immersing opoly(N-hydroxyethyl  L-
glutamineeo-Trp) (EGT), obtained by the
aminolysis of GT with 2-amino-1-ethanol GT 90 10 88.6 11.47
(EA), in nitric acid under an irradiating UV
light (wavelength 365 nm, intensity 300
pw/cnt) for 1 hr. The aminolytic reaction 97% 376,000 *  7.05
was carried out at 58 °C for 72 hr (8). «1y_NMR data.
Debenzylation of GT was confirmed by the

NCA Feed(mol%) copolymer(mol%)

r-BLG L-Trp r-BLG L-Trp

Yield Mv [n]
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disappearance of absorption due to the presence of an ester group at 174Otloen IR
spectrum. EGT-N was obtained through dialysis and then iligeph Scheme 2 is a schematic
diagram of the preparation of EGT-N. Using a methodlar to that used to prepare EGT-N,
N-acetyl Trp ethylester treated with nitric acid (Trp-N) was prepared in order to clarify the

composition of the complex.
CUCL:2HO, CoCl6HO, zncl, TN~ GH- G —FN—CH— G

NiCl»6HO, and FeGInHO purchased from ((fHZ)Z tHe
Nacalai Tesque, Inc. were guarantee (|:O ©f\>
N

reagents, and therefore were used in th (|) H
. e . H
present study without further purification. CHz
Measurement GT
The interaction of EGT-N and various
metal ions was investigated using UV/VIS \L H2N(CH2)20H

spectroscopic measurement (Jasco, Model

N—CH—Cy——FN—CH—
520 UV/VIS spectrophotometer). UV/VIS _(_H §H o'm N~ ¢ 8-)7“

H 1
absorption spectra were measured using (?HZ)Z CHa2
quartz cell having a path length of 10 mm (EO @

The pH was adjusted with 5M NaOH to assur ',\'H ﬁ
that changes in concentration were minimized. (QH 2)2 EGT
Electron spectroscopy for chemical OH
analysis (ESCA) measurement (Surfact treatment with
Science Instruments, Model SSX-100 \l nitric acid

photoelectron spectrometer) was performed i _{ N—cH— C—)——-——(— N— CH—C-)——

H 1
order to clarify the binding state between EGT
@HZ)Z HN N
o =

N and metal ions.

In order to determine the composition NH
of the complex between Trp-N and metal ions (éHz)z 07) NO,
inductively coupled plasma (ICP) emission (I)H
spectrometry (Seiko Instruments Inc., Mode
SPS 7000A plasma spectrometer) wa
performed. The comlex was dissolved in

Scheme 2 Schematic diagram of
the preparation of EGT-N.

0.1 HCI and the metal ion and Trp-N contents were determined using ICP and U\
measurement, respectively.

Results and Discussion
EGT-N indicates the absorption due to the presence of the nitro groups at 370 nm in tt
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UV spectrum (6). The interaction of EGT-N and metal ions was examined by the variation c
the absorption intensity. Figure 1 illustrates the pH dependence of the absorption spectra
EGT-N solutions to which Coor Cu" was added.
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Fig. 1 pH dependence of the absorption spectra of EGT-N in the presence
of metal ion, (a) EGT-N and Co?*, (b) EGT-N and Cu**.
EGT-N=metal ion=5X 10 “*mol/1

The absorption spectra of untreated EGT did not vary due to the addition of metal ions. T}
absorption at 370 nm of EGT-N was decreased by thigiauaf Cd”. In addition, EGT-N

was observed to form green precipitates above pH 10.5, at which level Trp residue dissocia
negatively. Similarly, Trp-N also precipitatedhder high-pH conitions upon the adtion of

Ca”. Although C4 formed precipitates of Co(OHunder alkaline pH coritions, EGT-N
appeared to interact with €pbecause EGT-N peaks were observed in the IR spectrum of
the precipitates. In contrast, when*Cwas added to EGT-N, variation of the absorption
intensity at 370 nm was not observed, and precipitation did not occur above pH 10.5. Althou
similar trials were enducted for F&, Ni**, and ZA", neither the variation of spectra nor
precipitation were observed for these ions. These results suggest that Trp residue witt
EGT-N interacts with Co6 by the introduction of a nitro group, and that the significant
changes, usually attributed to the type of metal ion present, actually results from the formati
of a complex between the metal ion and EGT-N. The interaction of EGT-N and metal ion
was therefore examined in detail using’@md CG'.



Figure 2 shows the difference
spectra of EGT-N when Co was
added in low concentration, at which
EGT-N does not form precipitates. In
general, the formation of a metal ion
complex is known to cause the UV or
VIS spectrum to vary (9) (10). In the
difference spectra of EGT-N to which
Co™ has been added, a new absorptio
at 230 nm is observed above pH 10.5
This absorption indicates that Trp
residue that contains nitro groups forms
a complex with C8. The spectrum of
EGT-N to which C& has been added
is consistent with that of untreated
EGT, and neither shift in absorption
nor new absorption was observed
These results confirm that the Trp
residue of EGT-N forms a complex
with Cd”* selectively.

Figure 3 shows an ESCA
measurement of the precipitates of
EGT-N and Co(OH) In the spectrum
of the precipitates, a new peak has
appears at 788 eV, in atidn to the
two peaks due to Co(OHpbserved at
777 eV and 782 eV. This indicates that
Co™, for which the bond state differs
from that of Co(OH) is present in the
precipitates. Moreover, ICP
measurement showed that Trp residu
in EGT-N and C8 forms a complex
in a composition ratio of 1 to 6.

Figure 4 illustrates a possible
form of the complex formed between

EGT-N and C&. Cd* forms an

octahedral complex and becomes ai.
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Fig. 2 pH dependence of difference spectra
of EGT-N in the presence of Co 2t
EGT-N=1x10"mol/1, Co*=1x 10 *mol/1
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Fig. 3 The results of ESCA measurement,
(a) Co(OH), and (b) EGT-N and Cot .
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olation with another Cbacross OH(11). Trp residue in EGT-N and Eappears to form
an octahedral complex and EGT-N precipitates due to the cooperative coordinatiofi of Cc
with both the Trp residue containing a nitro group and the OH group of the side chain.

0
OzN \\ +

Fig. 4 Mlustration of possible form of the complex between EGT-N and CoZ2+.

As previously mentioned, Trp residue containing nitro groups forms a complex with
Co™ selectively, even though the ion radius of‘Ge almost equal to that of EuTherefore,
EGT-N is expected to have applications in materials used to extrédcsalectively, e.g. as
a membrane or micro-sphere. The mechanism by which EGT-N forms complexes selective
with Cd™ is thought to be due to either a difference in the electronic configurations”of Co
and Cd', or the existence of the Trp residue in EGT-N in a form that allows coordination
with Cd”. However, the complexation mechanism of EGT-N witf" @@as not yet been
clarified; therefore, a more detailed examination is presently being conducted.
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