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ABSTRACT: Previous time-resolved FTIR measurements suggested the involvement of an intermediary
component in the electron transfer step Q— Qg in the photosynthetic reaction center (RC) from
Rhodobacter sphaeroidgRemy and Gerwert (2003\Nat. Struct. Biol. 10637]. By a kinetic X-ray
absorption experiment at the Fe K-edge we investigated whether oxidation occurs at the ferric non-heme
iron located between the two quinones. In isolated reaction centers with a high content of functional Q
at a time resolution of 3@s and at room temperature, no evidence for transient oxidation of Fe was
obtained. However, small X-ray transients occurred, in a similar micro- to millisecond time range as in
the IR experiments, which may point to changes in the Fe ligand environment due to the charges on Q
and @. In addition, VIS measurements agree with the IR data and do not exclude an intermediate in the
Qa~ — Qg transition.

The photosynthetic bacterial reaction center (BR@p- is crucial in the energy transduction. Several amino acid
resents one of the best studied bioenergetic model systemsesidues which change their protonation state have been
both with respect to its structural characterization by crystal- identified by site-directed mutagenesi@—4). The first
lography @) and with respect to the elucidation of its light- reduction of @ has been postulated to be conformationally
driven electron and proton transfer reactioy (n the RC gated by a propeller twist movement o @om the so-
from the purple non-sulfur bacteriuRhodobacter sphaeroi-  called distal to the proximal site more deeply in the binding
deg, the absorption of light induces a charge separation pocket previously observed by crystallography at cryogenic
within about 200 ps leading to the formation of the/@x~ temperaturess).
pair where P denotes an oxidized bacteriochlorophyll However, time-resolved FTIR experiments show occupa-
molecule and @ the reduced primary ubiquinone-10 (M2 tjon of hoth Q positions in a ratio of about 30%70% but
tightly bound Fo the I\/!—subunitS(). Ele'ctron transfer to the ., jlude a light-induced propeller twist movemest 7).
secondary quinone £in the L-subunit then occurs on the  A¢cordingly, in recent investigations on BRC preparations
micro- to millisecond time scale3]. A second photon (g_10) ony the proximal site has been found to be largely
induces the douple Ted“C“O” and protonation of"Q occupied at room temperature. Alternatively, the rate-limiting
whereafter the quinol is releaseq fro.m .the RC step seems to be the protonation of residues in the proton

Nevertheless, a central question is insufficiently under- uptake pathway leading togQThis was a surprising result
stood, namely, how the light-induced electron transfer of recent step-scan FTIR measuremedsr( the time range
involving the quinones couples to proton uptake. This Processg 30 ns to 35 s, which showed that protonation of His126
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His L190 & 4 results and their implications for theaQ — Qg transition
His NI249 will be discussed. In addition, we examined thg @ Qg
2uf His 26e electron transfer by VIS measurements in RC preparations

where the native Fe atom was present and in preparations
where the iron was replaced by manganese to complement
the previous FTIR results.

| 3
Asp M17 H* ) MATERIALS AND METHODS
S Asp L210 4
Sample PreparatiorWild-type RC protein containing an

iron atom at the acceptor side was purified frdrb.
sphaeroidess described7) and concentrated t&500uM
using a microconcentrator (Pall Filtron, MWCO 30 kDa) as
calculated from the measured absorbance at 802 nragand
= 0.288 uM~! cm™® (21). Quinone reconstitution was
achieved by incubating the BRC with 10 mg/mL WWQ
(Sigma) for 24-48 h. By atomic absorption spectroscopy
performed in the laboratory of Dr. K. Irrgang (TU-Berlin),
Ficure 1: View of the environment where theaQto Qg electron a content of 1.0+ 0.1 Fe BRC protein was determined.

ga”.Sit“%“. takes p'aXe (PDB de“”Y dlA'G3 PY&‘O.')- Tlhe dF'e(”) tis Protein solution containing 3Q@y of RC was pipetted onto
epicted in orange. Amino acid residues possibly involved in proton - : S
transfer from the protein surface and amino acid ligands to the Fed Kapton window and partially dried in the dark under a

ion are shown in cyan. Quinones at thg @nd G binding sites ~ gentle nitrogen stream. Samples were stored in liquid
are shown in red. Secondary structure elements of the L, M, and H nitrogen until use. Three types of BRC samples were

subunit sliced for a view into the Qand @ binding sites are investigated: (1) unsealed BRC open to the X-ray beam,
illustrated in gray. Colored arrows describe the events of proton (2) sealed BRC covered by a Kapton foil, and (3) liquid BRC

and electron transport with their respective time constants, as luti drvi f tei . ved) i Kaot
observed by FTIRT). Black arrows indicate proton uptake at the Solution (no drying of protein was involved) in a Kapton

protein surface and final proton transfer tg @fter its double cuvette.
reduction by a second electron. For RC preparations where the iron was replaced by

of Qg prior to Qy~ oxidation seemingly was clear-cut, the manganeseRb. sphaeroidesplls were grown in malate yeast
chemical nature of the intermediate remained unclear. OneMedium supplemented with kanamycin (2@/mL) and

tempting option, based on the structural model shown in tétracyclin (2ug/mL). FeSQ-H:0 (7 mg) was replaced by
Figure 1, is that the ferric non-heme iron [Fe(Il)] functions 30-8 Mg of MNnSQ@H0 in the growth medium. The cultures

as a transient electron donor/acceptor. It is coordinated byWere grown in darkness at 3€. Purification of the RC
four histidines and one glutamate residue and positioned justProtéin was done as described previousdy)( By total-
between the two quinoneg)( reflection X_—ray quor(_escence analysis (TXRF38{ per-
How electron transfer in the BRC is affected by the Fe- formed at Ratec (Berlin) a content of 0.9& 0.07 Mn ions
(I1) is not fully clear. Earlier experiments with Fe-depleted P€r RC was determined.
BRC (apo-RC) revealed the decay of the yield of Q Kinetic Optical Absorption Measuremenis/Q,~ and P/
significant slowing of the @ — Qg step, now exhibiting Qs~ charge recombination was monitored at 960 nm using
pronounced nonexponential reaction kinetid§)( and a @ home-built flash spectrophotometer at 291)(at the
slowing of the primary charge separation by a factora6 synchrotron in the same samples as employed for XAS.
(14). There was residual  — Qg electron transfer in apo-  Absorption kinetics were fitted by the sum of two exponen-
RC (13, 15); however, there were also uncertainties with tials. Qi and @~ formation/decay was followed at 278 K
respect to the residual Fe content of preparations and to theand at 291 K at two wavelengths, 460 and 440 nm, with
integrity of the RC after the depletion treatmert§)( The ~ 2—5 uM RC in 10 mM Tris, 1 mM EDTA, and 0.025%
transient oxidation of the Fe(ll) may be hard to detect in LDAO, pH 8.0. Light flashes (20 ns, 530 nn¥5 mJ) were
kinetic UV—VIS experiments due to its weak absorption Provided by an eximer-pumped fluorescent dye, coumarin-
(17), real-time57Fe-specific M@sbauer spectroscopy cur- 153 (Eximer Laser LPX 340i; Lambda Physik). Measuring
rently is not possiblel(®), and transient EPR spectroscopy Wavelengths were selected by appropriate interference filters.
is hampered by the superimposition of signals fromaRd The output of the detector photomultiplier was recorded by
Qa~ and by the magnetic coupling of;Q to the paramag- @ LeCroy digital storage oscilloscope (model 9304M) and

netic high-spin Fe(ll) 19). on a PC equipped with an Adwin8F A/D card on different
In this study, we investigated the possible redox reaction time scales.
of the non-heme iron of the RC froRb. sphaeroideby a X-ray Absorption ExperimentX-ray spectroscopy at the

kinetically competent and fully Fe-specific technique, namely, Fe K-edge was performed at the European Synchrotron
time-resolved X-ray absorption spectroscopy (XA))(at Radiation Facility (ESRF, Grenoble, France) at undulator
the Fe K-edge. The position of the K-edge on the X-ray beamline ID26 23). The excitation energy (accuraey0.5
excitation energy scale is highly sensitive to the oxidation eV) was chosen by scanning of the monochromator (Si220
state of the Fe. Using previously established procedures forcrystal); the gaps of two undulators were set at fixed energies
XAS at room temperature2Q, 31), the oxidation state of  spaced by about 30 eV, yielding a flat X-ray intensity profile
the Fe on the time scale of theaQ— Qg electron transfer  in the Fe K-edge region. The incident X-ray intensity,
was monitored with a resolution of 3. The experimental ~ was monitored in front of the sample by a detector foil. The
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excited X-ray fluorescencé;, was monitored perpendicular

to the incident beam by a scintillation detector (19.6°cm
active area, 5BBMI/2E1-YAP-Neg from Scionix;~50%
conversion efficiency, shielded by 1On Mn and 2um Al
filters against scattered X-rays and visible light). The current
output of the fast detector photomultiplier was converted to
a voltage via a 20 ® working resistor. Thereafter, the
detector output signal was branched. (i) For the time-resolved
detection of X-ray fluorescence changes at fixed excitation
energy (time scan of X-ray fluorescence), the signal was
amplified 30-fold by a DC to 10 MHz preamplifier, limited

to 30 kHz electrical bandwidth by a Tektronix amplifier, and
recorded at 300 kHz sampling rate on a PC equipped with a
20 MHz A/D card (Adlink) and homemade data acquisition LA

software. (ii) For rapid-scan XANES measureme@#),(the 0,01 0,1 1 10

signal was amplified by the beamline electronics, and spectra time/s

were recorded by Contlnu_oqs scanning Pf the X-ray energy g pe 2: Typical flash-induced absorption transient at 960 nm
from 7105 to 7155 eV within 0:51 s using the software  of Fe-containing BRC protein attributable to rapid rmation
available at the beamline. XANES spectra represent X-ray followed by its biphasic decay due to recombination witkr@r
intensitiesl /I, normalized to 100% edge jump with respect Qs 120 data points were sampled on a logarithmic scale; 5

measurements at room temperature on the same sample were
to a spectrum measured over a longer energy range of 7000 averaged. The flash spacing interval was 20 s to allow for complete

7800 eV (not documented) and normalized as previously charge recombination. Solid lines indicate a biexponential simula-
described Z5). An energy calibration (accuracy0.2 eV) tion and its individual kinetic phases (see text).
was performed on the basis of the second derivative of the N .
spectrum of an Fe foil placed abtolim behind the sample ~ Same conditions, (5) two time scans at 7;10 and 7130 eV,
which was measured simultaneously in absorption mode. Byand (6) one XANES spectrum. The maximal total X-ray
XANES scans on empty sample holders we assured the€Xposure time was 7.7 s.
absence of Fe contaminations in the X-ray beam. RESULTS

Calibration of X-ray fluorescence time scan transients from
BRC samples with respect to the Fe K-edge amplitude was To make sure that only samples containing functionaldJQ
performed as follows. Before and after the measurementsat the @ site were investigated by XAS, its content was
employing flash excitation, a time scan was performed at quantified at the beamline by flash spectrometry at 960 nm
7110 eV and at 7130 eV. The two measurements at eachon the same BRC samples employed for the XAS experi-
excitation energy were averaged to account for the small ments (Figure 2). The unresolved formation within picosec-
decrease of the X-ray intensity due to beam loss in the storageonds of P was followed by a biphasic decay. Its fast and
ring during the flash measurements2%) to obtain about  slow phases reflect’®Q.~ and P/Qg~ recombination Z6).
the zero level at 7110 eV and a value close to the maximum In sealed and in liquid BRC samples, dehydration was largely
of the Fe K-edge at 7130 eV. The respective fluorescenceabsent and a means@ontent of 60% was determined after
levels were compared to the normalized XANES spectrum, X-ray exposure. Only those samples were subjected to further
thereby providing amplitude calibration of the flash tran- analysis. We considered thezs @ontent to be sufficiently

-_—
1

Q,—P

Aabsorbance at 960 nm

it

sients. high, allowing for meaningful Fe XAS measurements.
BRC samples exposed to plain air of 291 K in darkness Because @ activity was not decreased after the XAS
were positioned in the X-ray beam (spot siz& x 2 mn?, experiment, damage of the RC protein due to the X-ray

X-ray flux ~5 x 102 s~ mm~?) at an angle of 45between exposure likely was absent, in accord with the XANES
the electric field vector of the linearly polarized X-ray beam spectra (see below). In unsealed BRC samples the apparent
and the sample normal by a computer-controlled sample Qg content after XAS depended on the degree of dehydration
changer. During the time scans of X-ray fluorescence, of the BRC and was low. Presumably, slow dehydration of
samples were illuminated by a single flash from a Q- samples during the XAS measurements caused inhibition of
switched, frequency-doubled Nd:YAG laser (Continuum the Q.- — Qg electron transferQ7). These samples were
Minilite-Il, 4 = 532 nm,~20 mJ per 5 ns pulse, spot size not included in our analysis.
~7 mn?). The spacing interval between flashes was 20, 30, XAS experiments were performed at the Fe K-edge (Figure
or 45 s to allow for complete recombination of th&/@,, 3) on all three different types of BRC samples. The XANES
P*/Qgs™ pairs (7). Between the laser flashes, the X-ray beam spectrum of the non-heme iron (Figure 3A) was independent
was blocked by a rapid photoshutter, which opened only for of the sample type and similar to previous on2s, (29).
a time interval of 5 ms prior to and until 45 ms after the The magnitude of its preedge feature around 7113 eV and
flash. Data acquisition was triggered on each laser flash bythe large primary maximum at7128 eV are in line with a
a photodiode. distorted octahedral coordination of the Fe(ll) by four
The whole series of X-ray measurements that was recordednitrogens from histidines and two oxygens from the car-
on a single BRC sample was as follows: (1) one XANES boxylic side chain of the bidentate glutamate ligand as found
spectrum, (2) two time scans at 7110 and 7130 eV, (3) 10 in the crystal structurelf and with the predominant presence
time scans at an energy between 7122 and 7126 eV duringof two quinones Z8). Almost identical spectra (Figure 3A)
which a laser flash was fired, (4) 100 time scans under the were obtained before and after the flash X-ray experiments
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Ficure 3: X-ray experiments at the Fe K-edge. (A) Normalized XANES spectra of the BRC protein measured by a single monochromator
scan of 0.5 s before (line) and after (squares) the flash experiments. (B) XANES spectra of 5 mM aqueous soluj[6e$(6MNKs] (open

circles) and K[Fe'" (CN)g] (solid circles). The arrow indicates the change in the fluorescence level at 7125 eV due to the shift of the Fe(lll)
edge with respect to that of Fe(ll). (C) X-ray fluorescence trace at 7125 eV (average of two experiments) during which one laser flash
(arrow) was applied to liquid BRC samples (86 per point; 100 measurements were averaged). Traces at 7110 and 7130 eV (average of
two measurements each; traces were smoothed over 25 data points for display) yielded amplitude calibration of the flash transient at 7125
eV when related to the respective levels of X-ray fluorescence in the XANES spectra in (A) as shown by the dashed lines. (D) The trace
at 7125 eV from (C) in magnification. Symbols denote transients calculated for the hypothetical oxidoreduction of Fe using the superimposition
of two rising exponentials. Key: solid circled; = —10%, 7; = 150 us andA; = +10%, 7, = 1.1 ms; open circlesh; = —10%, 7; =

130us andA, = +10%, 7, = 540us. XAS measurements were performed at 291 K. The line represents a fit of the experimental trace with
Ay = +3%, 71 = 100 us andA; = —3%, 7, = 8.5 ms.

described below, indicating the absence of radiation damagemeasurements of the oxidation of the manganese complex
to the Fe site. of photosystem Il performed during the same measuring
A Fe(ll) — Fe(lll) transition in a non-heme Fe compound period at the synchrotron (see r&fl and Supporting
with predominant nitrogen coordination of the metal is Information). Changes in the X-ray fluorescence level of less
expected to cause a shift of the K-edge to higher energiesthan 10% of the normalized K-edge jump routinely were
by about 2-3 eV (30). An upshift by~2 eV around edge  detected. In the BRC measurements at the Fe K-edge even
half-height is exemplified by the XANES spectra of Fe(ll) smaller changes of less than 5% were resolved (Figure 3D).
and Fe(lll) in the respective hexacyano complexes (Figure We calculated the X-ray changes (Figure 3D) which were
3B). In the 7122-7126 eV region, such a shift causes a expected for the oxidation and subsequent reduction of the
decrease in the X-ray fluorescence level by up to 40% (arrow Fe(ll) with time constants of 156s and 1.1 ms derived from
in Figure 3B). A similar decrease may be expected for a FTIR at 278 K {f) assuming only 25% functional £Q
shift of the XANES spectrum of Fe(ll) in the BRC due to Obviously, there was no indication for similar redox reactions
its oxidation to Fe(lll). of Fe in the experimental trace which were expected to be
Figure 3C shows X-ray transients measured at excitation visible even with low @ contents at the used time resolution
energies of 7130 and 7110 eV for amplitude calibration and of 30 us. A simulation (Figure 3D) with the time constants
at 7125 eV on a liquid BRC sample during which one laser of 130 and 54Qus observable in VIS measurements (see
flash was applied. Clearly, at 7125 eV no decrease in the below) at the same temperature of 291 K as used for XAS
fluorescence level around the flash is observed. Rather, asuggested that also such changes were absent in the
small positively directed change is visible. Its amplitude was experimental trace. A fit of the experimental trace yielded a
variable, presumably depending on the degree of dehydrationtime constant of about 10@s for the rapid rise and of 8.5
of the BRC protein in the different samples, however, not ms for the subsequent decay of the X-ray fluorescence signal
exceeding the one shown in Figure 3C. A negatively directed (Figure 3D, line). The small amplitude of the positively
change of sizable magnitude was never detected in over 15directed change in the X-ray fluorescence is compatible with
flash experiments performed on all three types of BRC a shift of the Fe K-edge by 0-10.2 eV to lower energies.
samples in the energy range from 7122 to 7126 eV (not Such an intermediate may agree with the proposed interme-
shown). This result holds both for the first 10 laser flashes diate based on the IR signalg.(For elucidation of the origin
where dehydration of samples presumably was small evenof the X-ray transient further investigations are required.
in unsealed BRC samples and in the measurements employ- An obvious question regarding the previous FTIR results
ing the averaging of 100 flashes on sealed and liquid samples(7) has appeared: If there is a transient redox intermediate,
(Figure 3C). (We note that the time resolution and the why had it not been seen in the visible spectral region in
sensitivity of the X-ray experiment were evaluated in former experiments? Therefore, we investigated again the
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FiIGURE 4: Flash-induced absorption transients of RC containing FIGURE 5: Flash-induced absorption transients of Mn-containing
Fe at 440 nm and at 460 nm. Top: Experimental data are shown RC samples at 440 nm and at 460 nm. Top: Experimental data are
as dots and fitting curves as lines. Bottom: Respective contributions shown as dots and fitting curves as lines. Bottom: Respective
of the individual exponential phases in the micro- to millisecond contributions of the individual exponential phases in the micro- to
time range to the absorbance changes at 440 nm (solid lines) andnillisecond time range to the absorbance changes at 440 nm (solid
at 460 nm (dashed lines). (A) Experiment at 278 K; 400 measure- lines) and at 460 nm (dashed lines). Experiment at 278 K; 100
ments were averaged. Rate constamnts 120us andr, = 900us measurements were averaged. Time constarits 140 us andr;
describe the @ — Qg electron transfer step. (B) Experiment at = 1.4 ms describe the Q — Qg electron transfer step. Inset:

291 K; 300 measurements were averaged. The respective rateAbsorbance changes for\Qand Q™ marker bands from ks to
constants are; = 130 us andr, = 540 us. Inset: Absorbance 20 s. The different initial amplitudes with respect to the data in

changes for @ and G~ marker bands from 2s to 20 s. Dotted Figure 4 result from different BRC protein concentrations in the
hairlines indicate absorption zero lines of the individual curves. measurements.

For the fitting curves shown in the top panels further kinetic ) . )
components in the hundreds of milliseconds time range were as given in the FTIR measurements deviates at the sample

employed to account for the slower decay of the experimental on the IR window and is slightly different to the VIS
absorption transients due tg@Pt and @~/P* charge recombina- experiments. At the same temperature as used for XAS,

tion. The initial amplitudes of the absorbance changesy®us PP ; ;
after the laser flash, predominantly reflect rmation superim- namely, 291 K, with liquid BRC solution £ formation was

posed on smaller Q contributions. The different initial amplitudes ~ Similarly rapid, occurring withr; = 130 us. The decay of

at 278 and 291 K result from different BRC protein concentrations Qa~ was still slower than @ formation and significantly

in the measurements. faster than at 278 K, showing a dominant phase witk-

Qa~ — Qs transition by VIS absorption spectroscopy. The 940 us (Figure 4B). At room temperature, apparently the
situation is more difficult in the visible spectral range than WO processes are more difficult to separate kinetically than
in the IR where sharp bands are observed. In the VIS the &t lower temperature. This may explain why former VIS
absorption spectrum of the quinone bound at@erlaps studies favored the most straightforward interpretation,
with the one of the quinone bound atQThe electronic ~ Namely, a direct @ to Qg transition. However, our VIS
absorption difference spectrumy@s minus Q Qg indi- data do not contradict the IR data as argued before but are

cates that around 440 nm spectral contributions frogn Q  IN reasonable agreement. _ .
are slightly larger than those fromsQwhereas at 460 nm In addition to wild-type RC preparations we examined RC
the opposite situation is realize@2). samples where the Fe was replaced by manganese. The redox

Flash-induced absorption transients of wild-type BRC at Potential of Mn(ll) is supposed to be different from that of
278 K, a similar temperature as used in the previous FTIR Fe(ll) so that .n‘ Fe was involved in thg wild type, a dllfferent
experiments 7), are shown in Figure 4A. Kinetic analyses '€dox behavior may be expected in Mn-containing RC.
using a global fit approach3@) resolves the different Flgurt_e _5 shows absorption transients at 278 K of Mn-
contributions of the kinetic components with apparent time ¢ontaining RC samples at 440 and 460 nm. We observe the
constants as shown in the lower part of Figure 4. It is revealed Qa~ 10 Qe transition in the Mn-containing RC at similar
that the absorbance change at 440 nm attributed go Q k!net!cs as compared to the RC with Fe. Analy§|s of the
formation is mainly described by a time constantref= kinetic components at 440 nm shows; Qformation at

120 us, whereas a decaying component of the 460 nm Mainly 7 = 140 us, whereas the decay of the 460 nm
transient attributed to £ oxidation is dominated by, = transient attributed to £ oxidation reveals a time constant

900us. Because the fit provides apparent time constants and®f 72 = 1.4 ms. This result independently supports the
not intrinsic time constants and.Q and G~ absorption conclusion that Fe is not the intermediary electron donor to

bands overlap, both the 120 and the 929 components Qs and shows even more clearly the kinetic separation of
contribute at 440 and 460 nm. However, for a direct transfer Qs réduction and the succeeding oxidation of Q

froT Q.A to Qs the 120us component should domln_ate t.he DISCUSSION

Qa~ disappearance and thegQ appearance, which is

obviously not the case. The respective time constants were Recent FTIR experiments have revealed reductiongf Q
similar, although slightly smaller than those previously within ~150 us prior to Q™ oxidation within about 1 ms
obtained by FTIRT). The temperature of the sample holder (7). Therefore, an intermediary redox component must be
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involved in the Q™ to Qg transition. It has been suggested, similarity of the kinetics of the FTIR and VIS transients
on the basis of the structural arrangement shown in Figure suggests that they are attributable to the same processes. An
1, that a possible candidate for such an intermediary electronexplanation for the kinetic mismatch in the VIS and FTIR
donor is the non-heme iron. This Fe may transiently undergo data is that @ formation precedes £ reoxidation,

an Fe(Il)— Fe(lll) transition. necessitating an intermediary redox compound.

In this study, by an Fe-specific time-resolved X-ray  All three techniques, namely, optical absorption, FTIR,
absorption experiment we investigated, for the first time and, as for the first time demonstrated in this investigation,
directly, whether the Fe(ll) becomes transiently oxidized also X-ray spectroscopy, are suited to follow the reactions
during the Q~ — Qg transition. A shift of the Fe K-edge at the BRC acceptor side with high time resolution and point
by the expected 23 eV to higher energies due to Fe to an intermediate in the £ to Qg transition. Its nature
oxidation was not observed. We estimate that at the obtainedremains unclear; the most obvious candidate Fe seems to be
signal-to-noise ratio of the XAS flash experiments and taking excluded. Further experiments are in progress in our labo-
into account the partial occupancy of the §lte, we should ratories to unravel the events that govern the electron transfer
have been able to monitor upshifts by as low as 0.2 eV (seereactions involving the quinones.

Supporting Information). Such an upshift would correspond
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ligand bonds25). Such changes may result from protonation
events in the vicinity of the Fe as induced by the electrostatic SUPPORTING INFORMATION AVAILABLE
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