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Abstract

Laser flash photolysis and time-resolved chemically induced dynamic nuclear polarization (CIDNP) methods have been applied to tf
investigation of the photoreaction of 2@ipyridyl andN-acetyl tyrosine. The quenching of the triplet dipyridyl by tyrosine proceeds via
an electron transfer under acidic (ptb) and strong basic (pH > 10.5) conditions, and a hydrogen transfer in neutral and moderately basic
(6 < pH < 9.5) solutions. The rate constant of the electron transfer is close to the diffusion-controlleki ka(@-3.5)x 10° M~1s72,
whereas the rate constant of the hydrogen transfer is significantly lkyver7 x 10’ M~1 s~ in non-buffered solutions arig =2 x 10
M~1s~1 in buffered solutions. The pattern of the CIDNP spectrum does not change upon pH variation, which has been attributed tc
the fast deprotonation of tyrosyl cation radicals formed in acidic solutions. The kinetics of nuclear polarization obtained at different pH
values allows for the determination of the rate constant of the degenerate electron exchange between tyrosyl radical and anion of tyrosi
kex=(9+1.5)x 10’ M~1s~1, and the nuclear relaxation times for tyrosyl radickl:=63=+ 16 us for H3,5 andTy = 200+ 60ps for
B-protons. ©2000 Elsevier Science S.A. All rights reserved.
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1. Introduction relative intensities of CIDNP signals from different residues
depend not only on the accessibility of the residues to the
In last decades, the photo-chemically induced dynamic triplet dye, but also on the mechanism of photochemical re-
nuclear polarization (CIDNP) method has proved to be a action, on the rate constants of triplet dye quenching by pro-
powerful tool for the investigation of biologically important tein residues, and on the magnetic properties of the radicals
molecules. The method is based on irradiation of aqueousso formed. Thus, the detailed study of the reactions between
protein solutions in the presence of a water-soluble dye fol- photoexcited dye and CIDNP-active amino acids is a nec-
lowed by detection of CIDNP signals arising due to reactions essary step for the interpretation of CIDNP data on large
between excited dye and amino acid residues of the proteinmacromolecules.
[1,2]. Since the dye can react only with the exposed residues, Recently [9] an aza-aromatic compound 'Zjipyridy!
this method can be successfully applied to the investigation (DP), which has some advantages over commonly used
of the spatial structure of biological macromolecules [3], flavins, was suggested to be used as a dye. Its smaller size
the degree of the accessibility of different residues [4], and can provide the better access to the half-buried residues
the accessibility changes due to aggregation [5], substratenear the protein surface; the DP-originating intermediates
binding [6], denaturation [7], refolding [8], and other dy- (triplet dipyridyl, dipyridyl radical DPH, and cation rad-
namic processes. In vast majority of applications, different ical DPH**) have distinct features in absorption spectra
derivatives of flavins have been used as dyes for initiating and can be easily observed by a conventional flash photol-
the photochemical reaction. ysis; CIDNP produced in reactions with DP seems to be
Analysis of the intensities and kinetic behavior of nuclear more intensive than that in the reactions with flavins. In our
polarization allows for the extraction of the information on previous paper [10], we reported the results of the detailed
residue accessibility and structural changes of proteins. Theflash photolysis and CIDNP study of the mechanism of
photochemical reaction between DP aNehcetyl trypto-
* Corresponding author. Fax:7-3832-331399. phan, as well as of the mechanism of CIDNP formation in
E-mail addressyura@tomo.nsc.ru (Y.P. Tsentalovich). this reaction. The present work is aimed at the study of the
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reaction between photoexcited DP aNdacetyl tyrosine of the starting material during the course of the experiment
(TyrOH, where OH corresponds to the hydroxyl group of was below 5%.

phenol). The main goals of this work are determination

of the primary photochemical step (electron transfer ver- 5 3 chemicals

sus hydrogen transfer), measurements of the rate constants

of differ_e_nt stages of the reqction, and elucidation of the D,O (Aldrich), 2,2-dipyridyl (Aldrich), N-acetyl tyrosine
peculiarities of CIDNP formation. (Sigma), para-cresol (Aldrich), andN,N-dimethylaniline

The reactions of photoexcited flavins with tyrosine have 5qrichy were used as receivedo8 was doubly distilled.
been studied earlier [11-17] with the use of both flash pho- Acetonitrile was multiply distilled over #0s, and finally
tolysis and CIDNP techniques. It has been shown that the

rate constant of the triplet flavin quenching by tyrosine prac-
tically does not depend on pH of the solution, and at room
temperature is about (1-2)10° M~1s~1 [11-14]. The re-
sults of the CIDNP measurements [2] testify that the pri-
mary step in radical pair formation is a hydrogen transfer ) i o )
except the solutions with pH > 10, where tyrosine exists in Successive prgtonaﬂon_ of dipyridyl In aqueous solution
its deprotonated state, and only electron transfer is possible.erIOIS the fpllowmg species: neutral dipyridyl DP, proto-
The additional aim of this work is to compare the reactivity nated dipyridyl DPH (pKa=4.3), and double-protonated

- 2+ _
of tyrosine toward triplet flavins and DP. dipyridyl DPH*" (pKa=—0.2) [21]. The K, values of
N-acetyl tyrosine are 2.2 (-COOH) and 10.1 (-OH). Un-

der 308 nm irradiation, the absorption of TyrOH is neg-
ligibly small, whereas dipyridyl absorbs the light yield-

over Cab.

3. Results and discussion

2. Experimental ing triplet state molecules. The absorption coefficient at
. 308 nm is equal to 1.2 10 M~tcm! for neutral DP and
2.1. Time-resolved CIDNP to 1.3x 10* M~Lcm for protonated DPH [10]. Thus, de-

pending on pH of the solution, the following pairs of reac-
A detailed description of our TR-CIDNP experiment was tants can be formed after the laser flask: @H < 5 - TDPH*

given earlier [18]. A sample, purged with argon and sealed in and TyrOH; 6< pH<9.5 - TDP and TyrOH; pH>10.5 -
a standard NMR pyrex ampoule, was irradiated by a COM- Tpp and TyrO'. In the present work, we carried out the de-
PEX Lambda Physik excimer laser (wavelength 308 nm, tailed time-resolved CIDNP and flash photolysis study for
pulse energy up to 150mJ) in the probe of an MSL-300 ]| three pH regions.
Bruker NMR spectrometer. TR-CIDNP experiments were
carried out using th_e us_ual pulse sequence: saturatior_1 —3.1. Laser flash photolysis
laser pulse — evolution time — detection pulse — free in-
duction decay. As the background signals in the spectrum
are suppressed by the presaturation pulses, only signals 0{
the polarized products formed during the variable delay be-
tween the laser and NMR radio-frequency pulse appear in
the CIDNP spectra. For kinetic measurements, detecting
rf-pulse with the duration ks was used.

The spectral features of all intermediates participating in
he photoreaction of DP with TyrOH are well known from
the previous studies. Table 1 gives the positions of the ab-
sorption maxima and the absorption coefficients of the triplet
dipyridyl and dipyridyl, tyrosyl, ancdara-methylphenoxyl
radicals. The rate constant of the triplet dipyridyl quench-
ing by TyrOH has been measured at 325 nm, where the ab-
2.2. Laser flash photolysis sorption of the triplet dipyridyl is much stronger than that

of the radical species. In the absence of TyrOH, the triplet

A detailed description of the LFP equipment has been dipyridyl decays mostly by the second-order law, whereas
published recently [19,20]. Solutions in a rectangular cell with the addition of TyrOH the decay becomes exponen-
(10 mmx 10mm) were irradiated with a Lambda Physik tial, the observed pseudo-first order rate constant being pro-
EMG 101 excimer laser (308nm, pulse energy up to portional to the TyrOH concentratioRsns= Kq x [TyrOH].

100 mJ). The dimensions of the laser beam at the front of the The pH-dependence of the quenching rate con&tastpre-

cell were 3mmx 8 mm. The monitoring system includes a sented in Fig. 1, circles correspond to the measurements in
xenon short arc lamp DKSh-120 connected to a high cur- the buffered solutions, and squares to the non-buffered so-
rent pulser, two synchronously operating monochromators, lutions (in the last case, pH was regulated by the addition of
a Hamamatsu R955 photomultiplier, and a digitizer LeCroy either HCI or NaOH to the solution). The midpoints of the
9310A. All solutions were purged with argon for 15min titration curve (5.7 and 9.5) well coincide with the protona-
prior to use and during the irradiation. Since the reactions tion of dipyridyl and tyrosine, pointing to the significant in-
under study are highly reversible, all experiments were per- fluence of the protonation on the mechanism of quenching.
formed without use of the flow system; the decomposition Thus, the mechanism of the photoreaction of dipyridyl with
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Table 1
Positions of the absorption maxima and absorption coefficients of dipyridyl triplets and dipyridyl, tyrosplasschethylphenoxyl radicals
Intermediate Absorption maximum (nm) Absorption coefficient-f\m=1) References
Tpp 355 5.4x 10 [22]
350 1.8x 10* [10]
TDPH* 345 2% 10* [10]
DPH* 365 3x 104 [23]
DPH** 375 4.5x 10* [23]
370 4.5x 10* [10,24]
Me-Ph-O 405 2.4x 10° [26]
TyrO* 405 2.8x 10° [25]
410 3.2x 10° [25]
407 3.5x 10° [27]

N-acetyl tyrosine for three pH-regions — acidic (ptb), action (1)kq=2.5x% 10°M~1s1 is similar to that of the
neutral and moderately basic €6oH < 9.5, for simplicity triplet dipyridyl quenching byN-acetyl tryptophan [10], for
this region will be called ‘neutral’ below), and strong ba- which the mechanism of the electron transfer has been es-
sic (pH > 10.5, this region will be called ‘basic’) should be tablished.
considered separately.

3.1.2. Acidic solutions

3.1.1. Basic solutions At pH <5, the initial reactants after the laser flash are
Fig. 2 (squares) shows the transient absorption spectrumthe protonated triplet dipyridyl DPH* and the protonated
obtained at 2.s after the pulse irradiation of 2:561073M tyrosine TyrOH. The transient absorption spectrum ob-

DP and 4.3x 10~*M TyrOH in basic (2x 107> M NaOH) tained at qus after the irradiation of 7.% 10->M DP and
solution. The absorption bands with maxima at 362 and 5.3x 10~4M TyrOH at pH=23.7 (Fig. 2, circles) demon-
470 nm clearly indicate the formation of the neutral DPH strates that the reaction between these species yields the
radical [10,23,28-30], and the relatively weaker absorption cation radical of dipyridyl DPRH®** (absorption maximum

at 405 nm belongs to the tyrosyl radical Tyr{25]. Since in at 370nm) and the tyrosyl radical TytQimaximum at
basic solutiondN-acetyl tyrosine is present in deprotonated 405nm). The formation of these radicals can be explained
form, the only possible mechanism of the triplet dipyridyl by three different mechanisms:

guenching is the electron transfer: (a) Hydrogen atom transfer:
T _ kg _ . T + kq ot o
DP + TyrO~ = DP*~ + TyrO (1) DPH™ 4 TyrOH—DPH;*™ + TyrO ()
DP*~ + H,0 — DPH® + OH™ 2 (b) Electron transfer followed by proton transfer:
The anion DP~ has [K;>14 [28,29], so the reaction (2) TppH*™ +TerHE'> DPH® + TyrOH** 4)
in aqueous solution is very fast. The rate constant of the re-
DPH* + TyrOH** — DPH,** + TyrO® (5)
= % . 0.50
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Fig. 2. Transient absorption spectra obtained during the photolysis of
Fig. 1. pH dependence of the second-order rate constant for the quenching2,2-dipyridyl with N-acetyl tyrosine after the completion of the triplet
of the triplet 2,2-dipyridyl by N-acetyl tyrosineO — buffered solutions, decay. Bl — 2.47x 103M DP and 4.3x 10~*M TyrOH, pH=12.3; O
B - non-buffered solutions. —7.1x 1075 M DP and 5.3x 104M TyrOH, pH=23.7.
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(c) Electron transfer followed by protonation/deprotonation It is important to note that the absorption of the tyrosyl

of the primary radicals: radical TyrC at 405nm is observed immediately after the
triplet decay. This observation is consistent with the previous

TDPH' + TyrOH kq DPH® + TyrOH**+ (6) reports [27] that deprotonation of the cat?on TyrOtbcceurs .
very rapidly, and cannot be resolved in nanosecond time

DPH® + HT = DPHp** ) scale.

TyrOH** = TyrO® + H* (8)

3.1.3. Neutral solutions

From the chemical viewpoint, the cases (a) and (b) are al- !N neutral solutions (& pH < 9.5) dipyridyl as well as the
most identical, both yield the same radical species within Phenolic group of TyrOH are in neutral state. The absorption
the lifetime of the geminate radical pairs, and one needs asSpectra obtained under 308 nm irradiation are very similar
sub-nanosecond time resolution to distinguish these path-t0 that recorded in basic solutions, which in fact tells little
ways. In case (c), the primary radicals can exist in solu- about the primary photochemical step. Indeed, if the primary
tion for much longer time and can be observed by a con- St€P is hydrogen transfer, the formed radicals are neutral
ventional nanosecond flash photolysis technigue. Since theDPH® and TyrO . In case of the electron transfer, the primary
buffer components can participate in the reactions of pro- 'adicals are anion DP and cation TyrOM™. However, as
tonation [10], this experiment should be carried out in a it was mentioned above, anion BPis a strong base with
non-buffered solution, and the pH value of the solution PKa>14 and immediately abstracts a proton from water,
should be sufficiently high to ensure the long lifetime of Whereas cation TyrOH" is a strong acid, and it undergoes
the neutral dipyridyl radical. The absorption spectrum ob- the deprotonation very quickly. Thus, in aqueous solution
tained 4us after the irradiation of 1.%¥ 1004M DP and the fast formation of the neutral DPHand TyrC radicals

2 x 10~3M TyrOH at pH= 4.4 coincides with the spectrum  Would take pllace for both electron and hydrogel_w transfer.
of DPH,** obtained in at pH=3.7 (Fig. 2, circles). How- To dgtermme the nature of.the_ primary step in the pho-
ever, the spectrum obtained at 200 ns (i.e. immediately aftertoreaction between neutral dipyridyl and TyrOH, we car-
the completion of the triplet decay) is very similar to that fied out testing experiments, including the flash photolysis
obtained in basic solutions and indicates that the primary Of dipyridyl with N,N-dimethylaniline (DMA), which is a
generated radical is DPHThus, the primary photochemical ~known electron dor)or, and with the related to tyrosine com-
step is the electron transfer, followed by the protonation of Pound pare-cresol in aqueous-free acetonitrile. In aprotic
dipyridyl radical. Fig. 3 shows the traces obtained at 325 nm Solvent anion DP™ does not undergo the protonation, and
(where the main absorbing species is the triplet dipyridyl), 1t observathn should be an ewdenpe of the electron trans-
at 357 nm (where the absorption of DPi4$ stronger than  fer, whereas its absence would tell in favor of the hydrogen
that of DPH*"), and at 370 nm (the absorption maximum transfer reaction. Fig. 4 shows the transient spectra obtained
of DPH,**), and demonstrates the formation of DPidd- at 2ps after the flash photolysis of 2:5103M DP and

: ; T -3
ical followed by its transformation into DRI due to the ~ 0-116 Mpara-cresol (squares) and of 3:210~>M DP and
reaction of protonation. 4.1x 10~>M DMA (circles). The spectrum obtained with

DMA shows bands at 365 and 385 nm indicating the for-
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Fig. 3. Transient absorption kinetics observed during the photolysis of

1.1x 107*M DP and 2x 10~3M TyrOH at 325, 357, and 370nm. Trace  Fig. 4. Transient absorption spectra obtained during the photolysis of
at 325nm shows the decay of the triplet dipyridyl, the kinetics at 357 acetonitrile solutions of 2.5 10~3M DP and 0.116 Mpara-cresol @),

and 370 nm demonstrate the formation of DPtddical followed by its and of 3.2x 10-3M DP and 4.1x 10~3 M DMA ( O) after the completion
transformation into DPEP™ cation. of the triplet dipyridyl decay.
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mation of DP~ [29], whereas the spectrum obtained in the DP TyrGH
DP TyrOH B-CH,

H4 H2,6

presence opara-cresol reveals the absorption of the neutral H3,5
dipyridyl (360 nm) andoara-methylphenoxyl (400 nm) rad-
icals only, which are observed immediately after the triplet
dipyridyl decay. Thus, one can conclude that the primary
photochemical step in the reaction between triplet dipyridyl
and cresol in aprotic solvent is the hydrogen transfer, and,
most likely, that is also valid for the dipyridyl reaction with
tyrosine in aqueous solutions.

An additional argument in favor of the hydrogen
transfer mechanism is the low value of the rate con-
stant of the triplet dipyridyl quenching. In acidic and

basic solutions, where the primary step is the electron 3 5 TyrOH
transfer, N-acetyl tyrosine quenches the triplet dipyridyl . . OH W3S
with kg =(2-3.5)x 10°M~1s™1, which is close to the 9 8 7 73
diffusion-controlled limit. In neutral solution the quenching 5, ppm

rate constant is almost two orders of magnitude smaller (Fig.
1), which is often the case for the abstraction of a hydrogen Fig. 5. *H CIDNP spectrum observed during the photolysis of
atom. The rate constant of the triplet dipyridyl quenching 45% 10 *M DP and 2.4<10"*M TyrOH in D;0, pH=3.5.

by para-cresol in acetonitriléq =6 x 10’'M~1s71 is very
close to the valueqg =7 x 10'M~1s~1 obtained for the
DP-TyrOH system in water at pH 7.6. We should notice
that while the rate constants of the electron transfer under
acidic and basic conditions in buffered (circles in Fig. 1)
and non-buffered (squares) solutions practically coincide,
the rate of the hydrogen abstraction in buffered solutions is
a few times higher than that in non-buffered solutions. The
origin of this effect is not clear.

of Kaptein’s rules predicts the positive polarization (absorp-
tion) for H2,6 andg-protons and the negative polarization
(emission) for H3,5 protons formed in the pairs with both
tyrosyl radical and tyrosyl cation radical. However, in case
of the neutral TyrO radical the polarization for H2,6 pro-
tons should be 3—4 times smaller than that for H3,5 protons,
whereas in case of the cation Tyr®@Hthe polarization of
H2,6 protons would be negligibly small.

3.2. CIDNP measurements

3.2.1. CIDNP spectrum

. L . i Fig. 5 shows CIDNP spectrum obtained immediately af-
The signs and the relative intensities of the CIDNP signals (o {he pulse irradiation of the solution of 4G10~4M DP

are_sensitive to_ the magnetic prope_rtie_s o_f the inter_mediateand 2.4% 10-3M TyrOH, pH=23.5. The ratio of polariza-
radicals. _T'he sign of nuclear polarizatidhis determined tion intensitiesPys 5/Prz.6 = 3.8 testifies that the geminate
by Kaptein's rules [31]: CIDNP was created in pair with the neutral tyrosy! radical.
Essentially the same pattern of the CIDNP spectra has been

= pxce xsgag) x sgne) ©) obtained for all pH values ranging from 0.5 to 12. At the

whereyu = + 1 for a triplet precursor and = —1 for a sin- first sight, this result contradicts the conclusion of LFP mea-
g|et precursorg = +1 for geminate po|arization and= —1 surements that the primary phOtOChemical Step in acidic so-
for escaped one, sghg) is the sign of difference of thg lutions is the electron transfer. The most probable explana-

values of the radicalS, and S@)GS the Sign of hyperfine in- tion of this discrepancy is that the deprotonation of the rad-
teraction (HFI) constant of the protons under question. The ical cation TyrOH* is fast compared to the lifetime of the
relative CIDNP intensities for the protons belonging to the 9eminate radical pair, so the nuclear polarization is formed
same product are usually proportional to the values of the in the pair with TyrQ radical independent of the nature of
HFI constants for these protons in preceding radicals. the primary photochemical step.

Tyrosyl radical and radical cation are characterized
by different spin density distributions. The following pa- 3.2.2. CIDNP kinetics
rameters of the related radicals have been reported in Time-resolved CIDNP measurements can provide ad-
literature: for para-methylphenoxyl radicalg=2.00432, ditional information on the properties of intermediates
An26=0.14mT, Aqz5=—-0.61mT, AB =1.27mT [32], involved in the reaction, such as nuclear relaxation times
which are in a good agreement with the calculated val- and rate constants of degenerate electron or hydrogen atom
ues [33]. For phenoxy cation radical, only the calculated exchange. By choosing the appropriate concentration of
values are availableAys> =0.048 mT, Ayg=—0.021 mT, the amino acid, we excluded the influence of the rate of
Anz=—0.417mT, Ays =—-0.328mT [33]. The reported triplet quenching on the kinetics of nuclear polarization, and
g-factor of pyridinyl radical isg=2.003 [32]. Application only processes involving radicals were responsible for the
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Fig. 6. 'H CIDNP kinetics for DP protons obtained during the photol- Fig. 7. *H CIDNP kinetics for H3,5 of TyrOH, obtained during the

ysis of 4.5x 107*M DP and 1.4< 10-3M TyrOH in DO, pH=23.6. photolysis of DP and TyrOH in BD at pH=12.5. ¥ — 1.5x 102M
A — experiment, solid line — calculations. Parameters of calculations: DP and 2.4x 10-3M TyrOH; [J — 1.5x 1072M DP and 4.8< 103 M
Ro=17x10"*M, k =1.6x 10°M~1s 1, T =44ps. TyrOH; solid lines — calculations with the paramete®s:=2.7 x 10~ M;

k =1.6x1°M~1s1; Ty =63us, kex=9x 10 M~1s7L,

observed CIDNP time dependencies. Taking into account the

measured rate constants of quenching (2>@18°M~*s™* transfer from the radical to ground state molecule in the
in basic and acidic solutions, 72010’ M~1s™1 in neutral  reaction:

solutions), concentrations of TyrOH above %20°3M .

in acidic and basic solution and>310~2M in neutral so- *TyrO® + TyrO~ = *TyrO™ + TyrO® (10)

lution guarantees the time of quenching will be shorter o
than the time resolution of our experiments, which was Where the * denotes nuclear polarization.

determined by the duration of the detecting rf-pulse used In acidic (Fig. 8) and neutral solutions the CIDNP sig-
(Lps). nal increases within first 2s due to polarization formation

In reversible photochemical reactions, when the initial in F-pairs, and then falls down to the stationary value, de-
compounds and products are the same species, geminatgarmined by the nuclear relaxation times for corresponding
CIDNP is compensated by the transfer of polarization from Protons. This kinetic behavior does not depend on the initial
the escaped radicals to the diamagnetic products in bulk re-TYFOH concentration up to & 102 M, since the degener-
actions. The loss of polarization in the radicals caused by ate electron exchange in the pair TY/QyrOH is impossi-
nuclear paramagnetic relaxation leads to incomplete cancel-ble and the hydrogen atom exchange seems to be too slow
lation of the geminate CIDNP. The degree of cancellation t0 compete with the radical termination reactions.
depends on the nuclear relaxation time versus radical life-

time. Additional CIDNP could be created in F-pairs, and the 12
CIDNP kinetics is determined by the totality of the above
mentioned processes. 1.0 9
The CIDNP kinetics observed for dipyridyl protons dur- 5
ing the photolysis of 4.5 104M DP and 2.4x 103M c 08 5
TyrOH are shown in Fig. 6. The kinetic traces observed é
for the different pH values of solution and for the differ- o 0.6
ent TyrOH concentrations look much the same; the simi- Z
lar kinetics for dipyridyl protons have been obtained in our O 04
previous paper for dipyridyl/tryptophan photoreaction [10]. 0.2
Initial polarization corresponds to the geminate CIDNP, the '
rise of the signal is attributed to the F-pair processes fol- . ; : . L
lowed by signal decay due to CIDNP cancellation, and 0 10 20 30 40 50 100
high stationary CIDNP value compared to the initial po- Time, us
larization points to the fast nuclear relaxation in dipyridyl
radicals. Fig. 8.1H CIDNP kinetics, obtained during the photolysis of 430~4 M

. . . 3 i — — -
For tyrosine protons, two types of CIDNP kinetics have PP and 1.4<10°M TyrOH in Dz0, pH=3.6. @ — for 3-CHp of
TyrOH; [ — for H3,5 of TyrOH. Solid lines — calculations. Parameters

been detected. In basic solutions, the decay rate of the ;i ations:Ry—1.7x 104 M: k =1.6x 1°M-1s1: T, = 200ps
CIDNP signals is rather high and depends on the initial (g-cH,), and 63.s (H3,5);y =1.0 (8-CHy), and 1.4 (H3,5). Dashed
N-acetyl tyrosine concentration (Fig. 7) due to polarization line — best fit for H3,5 of TyrOH, obtained with = 2.8 (T; = 156.s).
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To extract the parameters determining the observedphan [10]. This could be explained by electrostatic reasons:
CIDNP kinetics, the simulation procedure was carried for N-acetyl tyrosine, electron is transferred from the dou-
out using the approach developed by Vollenweider et al. ble charged anion to the radical carrying negative charge at
[34] and used in our previous paper [10]. The system of —-COO~, whereas folN-acetyl tryptophan this reaction oc-
equations describes the radical decay in the second ordecurs between the negatively charged molecule and zwitteri-
reaction with the rate constakf, accompanied by a po- onic radical of tryptophan.
larization transfer from the radicals to the ground state The obtained parameters for H3,5 protons of TyrOH
molecules and the formation of polarization in F-pairs, the kex=9x 10’ M~1s~1 andT; =63us are in a good agree-
degenerate electron exchange with the rate condgnt ment with the produckey x T1 =4.0x 103M~1 found by
and the loss of polarization in radicals due to nuclear re- Stob and Kaptein [15] from the steady-state CIDNP study
laxation with the characteristic tim€;. The rate constant  of photoreaction oN-acetyl-tyrosine with flavin dye.

k =1.6x 10° M~1s~1 was taken from LFP measurements,

the nuclear relaxation tim&q, the initial radical concen-

tration Ry and the electron exchange rate constagt(for 4. Conclusion

tyrosine in basic solution only) were the fitting parameters.

The ratio of polarizations created in F- and geminate pairs, In the present work, we have shown that the mechanism
y, was taken equal to 2.8, as proposed earlier [34] for the of the photolysis of 2,2dipyridyl with N-acetyl tyrosine
triplet precursor and singlet reactive state of the radical strongly depends on pH of the solution. Successive proto-
pair. nation of the initial compounds with pH decrease causes

Calculated CIDNP kinetics for DP (Fig. 6) fitted well to switch of the primary photochemical step from the elec-
the experimental data with the vallie =44 ps obtained in tron transfer under strong basic conditions (pH>10.5, re-
our previous publication [10]. Simulation of the kinetics ob- actants are'DP and TyrO') to the hydrogen transfer in
tained for TyrOH protons in neutral solutions also gives a neutral and moderately basic solutions{fH < 9.5, reac-
satisfactory agreement with the experimental results, and al-tants are' DP and TyrOH), and again to the electron trans-
lows for the extraction of the values of nuclear relaxation fer in acidic solutions (pH 5, reactants aréDPH' and
times for different protons in tyrosyl radicdl; = 63+ 16 ps TyrOH). The electron and hydrogen transfers proceed with
for H3,5 andT1 = 200+ 60us for B-protons. For H2,6 pro-  essentially different rates: the rate constant of the triplet
tons, which have the lowest intensity in CIDNP spectra, the dipyridyl quenching in acidic and basic solutions is close
poor signal/noise ratio allows only a rough estimatio of to the diffusion-controlled limiky = (2—3.5)x 10°M-1s71
~200-700ps. whereas in neutral solution it is almost two orders of mag-

In acidic solutions, no satisfactory fit fod-acetyl tyro- nitude lowerkg=7x 10'M~1s1,
sine CIDNP was obtained without adjusting the parameter It is important to note that TR CIDNP method, which
y (the best result is shown in Fig. 8 by dashed line). A good is usually an extremely powerful tool for the mechanistic
agreement (Fig. 8, solid line) was achieved only when the study of the reaction mechanisms, fails to distinguish be-
value ofy was reduced to 1-1.5, with the values of nuclear tween electron transfer and hydrogen transfer pathways, and
relaxation times for different protons as for neutral solution. only the combined CIDNP and LFP studying allowed the
Though CIDNP kinetics observed fdt-acetyl tyrosine in true nature of the reaction of photoexcited dipyridyl with
neutral solution were qualitatively the same, no variation of TyrOH to be established. The main reason of this failure is
y was needed. The most probable explanation of the reduc-that the tyrosyl cation radical, being a strong acid, under-
tion of they value in acidic solution is the qualitative dif- goes the deprotonation within the lifetime of the primary
ference between the geminate radical pairs and F-pairs. Ac-radical pair, and the observed CIDNP effects are formed in
cording to LFP results and to the analysis of CIDNP spectra the pairs with neutral TyrOradical.

(see above), the geminate polarization in acidic solutions is It is interesting that the mechanism and the rate con-
created in pair [TyrO DPH°], whereas the F-pairs constitute  stants of the triplet dipyridyl quenching t+acetyl tyrosine

of TyrO® and DPH* radicals. Changing the radical partner significantly differ from the previously studied mechanism
in pair may change the effectiveness of CIDNP formation, of the quenching of triplet flavins, which are commonly
which leads to the deviation of thefrom its typical value. used as dyes for initiating the photochemical reactions with

In basic solution, the polarization transfer from the tyro- amino acids and proteins. Indeed, as it has been reported
syl radicals to the ground state molecules was incorporatedby several groups [11-14], the rate constant of the triplet
into the set of equations [10], and it was the main pro- flavins quenching by tyrosine is about (1>2A)° M~1s1,
cess determining the rapid decay of the polarization (Fig. and practically does not depend on pH of the solution; the
7). Fitting the experimental data obtained at different ini- mechanism of the quenching is believed to be the electron
tial concentrations of TyrOH in basic solution allows for the transfer in strong basic solutions and the hydrogen trans-
determination of the rate constant of the degenerate elecfer at pH< 10 [2,5,14,15]. However, the last conclusion is
tron exchangekex= (94 1.5)x 10’ M~1s~1, which is by based mostly on CIDNP results, and as we noticed above, in
an order of magnitude lower than that fdracetyl trypto- the particular case of tyrosine the CIDNP method alone can
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hardly distinguish between electron and hydrogen transfer.[11] D.B. McCormick, M.C. Falk, F. Rizzuto, G. Tollin, Photochem.

The high value of the quenching rate constant and its inde-

pendence of pH might be an indication that in the whole pH

range the primary photochemical step is in fact the electron
transfer. We plan to check this assumption and to reinves-

tigate this aspect of flavin/tyrosine photochemistry in the
nearest future.
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