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UV and 'H NMR spectra changes demonstrate that p-azidoanilides of ATP, ITP, pyrophosphate, after
irradiation at 313 nm, transform to similar reactive intermediates. The latter react readily with

morpholine, iso-propylamine, fert-butylamine,

imidazole,

mercaptoethanol the reactivity being

qualitatively correlated with nucleophilicity. By analogy with the transformation of p-azidoanilide, it is

concluded that the reactive intermediate is the respective derivative of quinone diimine. Photoaffinity
labelling of proteins with p-azidoanilide derivatives may proceed as the reaction of the nucleophilic centers
of proteins with this quinone diimine derivative, rather than as a direct attack by a nitrene biradical.

Photoaffinity labelling ATP

1. INTRODUCTION

Photoaffinity-labelling is a powerful tool for the
investigation of the active sites of biopolymers [1].
The arylazido group is widely used as a reactive
moiety of the reagents for photoaffinity-labelling.
However, little is known about the chemical struc-
ture of the products of interaction of arylazides
with proteins under irradiation in aqueous solu-
tion. In [2] the first results appeared concerning
the intermediates and final products formed in
aqueous solution in the photoreaction of aryla-
zides bearing —CH,OH, —-COOCH3;, -CONHCH;
and —~-CHOH-CH(CH,OH)-NHCOCHCI, radi-
cals in para-position to the azido group.

v-p-Azidoanilides of nucleoside-5'-triphosphate
were proposed a few years ago as reagents for
modification of NTP-dependent proteins [3,4].
Therefore, we have here studied the products of
photoconversion of ATP y-p-azidoanilide in
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aqueous solution. We have found that in the
absence of oxygen a highly reactive intermediate
accumulates which readily reacts with OH-, NH-
and SH-groups typical of the side chains of the
amino acid residues of proteins. This product is
tentatively identified as the quinone diimine
derivative of ATP.

2. MATERIALS AND METHODS

ATP y-p-azidoanilide was obtained as in [5];
ITP v-p-azidoanilide and  p-azidoanilide
pyrophosphate were obtained by similar pro-
cedures in 60% and 40% yields, respectively. The
products were homogeneous as shown by
microcolumn chromatography on a DE-41 What-
man in 7 M urea (pH 7.5) NaCl gradient with
negative charge (—3), as well as by thin-layer
chromatography (TLC) on Silufol (CSSR) in diox-
ane:conc. NH;:H,O (by vol.,, 6:1:4) (Rs-values
0.66 for the ITP derivative and 0.78 for the
pyrophosphate one). UV-spectra were recorded on
spectrophotometer Specord UV VIS (Karl Zeiss,
Jena), 'H-NMR spectra were recorded on XL-200
NMR spectrometer (Varian) operating at 200 MHz
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and 20°C in D,O solution, chemical shifts are
presented relative to tetramethylsilane. Mass spec-
tra were recorded on an AEJ MS 902 spectrometer.

Irradiation of the samples was performed with a
mercury lamp at 313 nm, the beam being filtered
through BS-4 and UVS-2 filters and saturated
NiCl; solution. The intensity of the resultant light
was 1.4 x 10" quanta.s”'.cm™%  The
107°-10"* M solutions of the arylazide derivatives
were used. The samples were deoxygenated prior
to irradiation by 30 min bubbling of argon,
purified by alkaline pyrogallol. The addition of
nucleophiles to the irradiated arylazido-derivative
solution was conducted under permanent argon
bubbling. Usually 1 M final conc. of added
nucleophile was achieved.

3. RESULTS AND DISCUSSION

When irradiated at 313 nm in the presence of
air, ATP y-p-azidoanilide is converted to a mixture
of products as revealed by complicated UV-
spectral changes without definite isobestic points
and with the appearance of an absorption in the
visible light. Therefore all experiments were per-
formed with solutions bubbled with argon prior to
irradiation.

Fig.1 demonstrates the spectral changes of ATP
(a) and ITP (b) y-p-azidoanilides as well as of p-
azidoanilide of pyrophosphate (¢) under irradia-
tion. In all cases the shift to longer wave lengths is
observed and typical right-hand shoulders appear.
Isobestic points are thus seen to indicate that one
main product is accumulated. 'H-NMR spectra
presented in fig.2 show that the main changes oc-
cur in the aromatic region. These data indicate that
the transformation proceeds in the aromatic moie-
ty of the reagent. In the conditions of irradiation
used, the conversion is nearly completed in few
minutes. The UV-spectra remain unchanged for
15—20 min at 20°C whereupon further changes in
the spectra are recorded. This means that the first
observed irradiation product (further referred to as
derivative A) is rather unstable.

To elucidate whether this unstable derivative
may participate in the photoaffinity-labelling we
have studied the reaction of derivative A with
nucleophiles modelling the typical side chain
radicals of amino acids. The addition to the ir-
radiated ATP y-p-azidoanilide of the solution of
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Fig.1. UV-spectra of the irradiated aqueous solutions of
p-azidoanilides in the course of irradiation:
concentration, 2 X 107* M; cell width, 0.2 cm; (a) ATP
y-p-azidoanilide, irradiation time 0 (1), 60 s (2), 75 s (3)
and 90 s (4); (b) ITP y-p-azidoanilide, irradiation time 0
(1), 20s (2), 40s (3), 80s (4); (c) p-azidoanilide
pyrophosphate, irradiation time 0 (1), 30 s (2), 60 s (3).

morpholine, tert-butylamine, iso-propylamine,
imidazole, #-mercaptoethanol to a final concentra-
tion of 1 M results in the UV-spectrum changes
thus indicating the interaction of the derivative A
with these nucleophiles. With morpholine and &-
mercaptoethanol the reaction is accomplished in
1.5 min whereas with imidazole the process con-
tinues up to 30 min, with iso-propylamine about
40 min and with tert-butylamine even 160 min.
The common feature of the spectral changes is the
disappearance of the right-hand shoulder typical
of the derivative A, thus demonstrating that the
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Fig.2. '"H-NMR spectra of 2 x 107> M ATP y-p-azidoanilide before (A) and after irradiation (B): 400 accumulations,
pulse intervals 4 s, pulse width 4 ms.

structure of the products of interaction of A with
the above nucleophiles is closer to that of the start-
ing y-p-azidoanilide. The spectra of the derivative
A and the product of the interaction with mor-
pholine are given in fig.3.

The compounds with the same UV-spectra are
accumulated when ATP vy-p-azidoanilide is ir-
radiated in the presence of these nucleophiles. In
fig.4, the spectral changes are represented for the
irradiation of ATP y-p-azidoanilide in the
presence of iso-propylamine. In this case the ac-
cumulation of derivative A and its following con-
version are easily seen. With morpholine the spec-
trum of the final product of interaction is already
obtained in the first minutes of irradiation.

The whole survey of the data suggests that
nitrene biradical which is known to be the primary
product of the arylazides irradiation in aqueous
solution is easily converted to the relatively long-
living intermediate A which reacts readily with
nucleophilic compounds.

1 1 i iy
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Fig.3. UV-spectrum of the derivative A (a) and of the

product of its reaction with 1 M morpholine (b): conc.,
2.8 x 107* M; / = 0.2 cm.
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Fig.4. UV-spectra of the irradiated aqueous solution of
ATP +y-p-azidoanilide in the presence of 1 M iso-
propylamine before irradiation (1), irradiation time 30 s
(2, 9s (3), 150s (4), 210s (5) and additional
incubation for 50 min in the dark (6).

In an attempt to elucidate the structure of
derivative A we studied similarly the irradiation of
p-azidoaniline. The UV spectrum of the final pro-
duct of irradiation is identical with that recorded
for quinone diimine described in the literature and
easily obtained by oxidation of p-phenylene
diamine with Ag;O [6]). In 0.01 M HCl the irradia-
tion product immediately converts to p-
benzoquinone. In the presence of morpholine, ir-
radiated p-azidoaniline converts to O,O '-bis-(N-
morpholinyl)-p-phenylenediamine identified by
high-resolution mass spectrometry (M; 278.1705;
calc. 278.1742), infrared spectrum (all bands
typical of morpholinyl residue, NH-bonds bands
at 3350 cm~! and 3340 cm™'), "H-NMR spectrum
(singlet proton signal in aromatic region at § =
6.2 ppm in CDCls), positive ninhydrin reaction in-
dicating the presence of amino groups. The
transformations observed may be presented by the
scheme:

Ny N NH N/H*\O NH, O
@ hy @ 0 @ - @
N
NH2 NH2 NH O(\\) NH2
By analogy we can assign to the intermediate A

formed by irradiation of ATP y-p-azidoanilide,
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the structure of quinone diimine derivative:
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The shift of the UV-spectrum of ATP y-p-
azidoanilide to longer wave lengths under irradia-
tion is in agreement with the formation of the
quinoide structure. In favour of the assumption,
irradiation of ATP y-p-azidoanilide with subse-
quent addition of 0.01 M HCl results in the forma-
tion of ATP and benzoquinone which may be
regarded as a product of acid hydrolysis of benzo-
quinone diimine.

Irrespective to the real structure of the com-
pound A it seems essential for the affinity-labelling
experiments that at least in some cases nitrene
biradicals formed under irradiation of the specific
complexes of biopolymers with arylazides primari-
ly react with water which may be as accessible to
the nitrene attack as the biopolymer groups. The
affinity-labelling in this case would proceed with
derivatives of type A, not with nitrenes. This
means that only nucleophilic groups of the
biopolymer would be modified. The widely
declared low specificity of photoaffinity-labelling
should not be observed in this case.
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