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Single-Cu-containing galactose oxidase in the GOasesen State (Cu', no Tyr* radical) reacts with pulse radiolysis
generated formate radicals CO,*~ to give an intermediate UV-vis spectrum assigned as RSSR*~, peak at 450 nm
(e = 8100 M~ cm™1). From a detailed kinetic analysis at 450 nm, pH 7.0, the following steps have been identified.
First the strongly reducing CO»*~ (—1.9V) reduces GOasesem (ko = 6.5 x 108 M1 s71) to a species GOasesem” .
This is followed by biphasic reactions (i) GOasesen*™ + GOasesem (ki = 1.6 x 107 M~* s71) to give GOasesem +
P*~ and (i) P~ + GOasesem (ko = 6.7 x 10 M~ s73) to give GOasesRSSR*~. There are no significant absorbance
changes for the formation of GOasesen*~ and P*~, which are Cu' (or related) species. However, GOasesenRSSR*~
has an absorption spectrum which differs significantly from that of GOasesemi. The 450 nm peak is characteristic
of an RSSR*~ radical with two cysteines in close sequence proximity and is here assigned to Cys515—Cys518,
which is at the GOase surface and 10.2 A from the Cu. On chemical modification of the RSSR group with HSPO32~
to give RSSPO3H™ and RS™, absorbance changes are ~50% of those previously observed. The decay of RSSR*~
(0.17 s7%) results in the formation of GOaserq. No RSSR*~ formation is observed in the reaction of GOasesem
Tyr495Phe with CO,~, and a single process giving GOaseqTyr495Phe occurs. Similarly in the reaction of GOasey
with CO2*~, a single-stage reaction gives GOaseseni.

Introduction respectively (vs NHE). From X-ray crystallography the'Cu
has a square-pyramidal geometry, and is coordinated by
radical-forming Tyr-272, His-496, His-581, and X at the
exogenous substrate binding site in a square-planar config-
uration with Tyr-495 as the axial ligarfdStructures with X

= CH;CO; ™, H,0, or OH and Ny~ have been determinéd®

To obtain stable GOagg [Ru(NHs)e]>" has been employed

as a reductant, and protonation of the active site is apparent
from the rate law. This helps to bring about a decrease in

Galactose oxidase (GOase; EC 1.1.3.9) is a single-Cu-
containing enzyme (MW= 68.5 kDa; 639 amino acids)
isolated from fungal sources, in this cdsesarium(NRRL
2903)%2 It is a 2-equiv oxidase, which in the active state
(GOasegy) has Cll and a coordinate tyrosyl radical (Fyr
as redox active componerith the enzymic process GOage
oxidizes primary alcohols RCG®H to RCHO in a 2-equiv
change giving GOagsg Regeneration of GOageoccurs
with O,, overall reaction 1. The three redox states of the
enzyme can be defined as in (2).
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coordination number at C8° Protons are moreover required  achieved by addition of small aliquots of freshly prepared buffered
in the conversion of @to H,0, as part of the enzyme redox [Fe(CN)]*~ (~100 times GOase). A sample of GOgsevas
cycle. likewise obtained by treatment with [Fe(GN). The reactions with
[Fe(CN)]*3~ result in the formation of some apo-GOd8défter
Tyr-495 2—3 min at room temperature excess reagent was removed by either
ultrafiltration (4 °C), using a PM-30 membrane (Amicon) in a 10
mL stirred cell or by passing the protein solution down a small

His496_ _ _ _7731"531 desalting column (0.8« 12 c¢cm) (P-6DG Gel, Bio-Rad). When
’/’\Cuu S excess [Fe(CN)*~ or [Fe(CN)}]3~ had been removed, the GOase
K_ __\,’ sample ¢1 mL) was transferred to a small vial and sealed with a
X Tyr-272

rubber septum, and Owvas removed by passing a stream of N
over the surface for20 min. Samples~<0.2 mM) were then frozen
To better understand these Changes pulse radi0|ySiS (PR)n dry ice. Samples of GOagg, Tyr495Phe were prepared by
techniques have been used as a means of generating theimilar procedures. All solutions were made up with glass-distilled
GOaseggqstate. The use of formate gives uniquely all reducing water run through a MilliQ filtration system and/or purified by
conditions, with C@~ (—1.9 V) the only significant redox  passing through a Sanyo Puri-Fi deionizer, final conductiwity
active component present. Unexpectedly, in the course of10 #S cnr™. The pH of solutions was determined using a

the sequential changes observed, a disulfide RSBRlical Radiometer PHM62 pH meter fitted with a Russell CWR/332
form of GOase.yis observed combined Ag/AgCl/glass electrode calibrated using standard solu-

tions.

Experimental Section Chemical Modification of GOase. Trisodium thiophosphate

) (alternative name trisodium phosphorothioate),;$RQ;, was

Source of GOaseGalactose OX|da15f2 (GOase) from the fungal hrenared from thiophosphoryl chioride (Acros Organics) according

sourceFusarium(strain NRRL 2903}+?was obtained Using an 1 4 method previously describ&iThiophosphoric acid has acid
Aspergillus nidulanstrain (G191/pGOF1021}:13Yields of GOase dissociation [, values of HSPQ (2.05), HSPQ™ (5.6), and
were 25-30 mg/L of culture mediu_m. A_similar expression s_ystem HSPQ2~ (10.3)18 Reactions with protein disulfides (i.e. cystines)
was used for the Tyr495Phe varidftyield 20—-25 mg/L. Final proceed optimally when the thiophosphate is present as HSPO

purification was using phosphocellulose column chromatography, 44 conditions of pH 9.5 (10 mM Ches) with HS§0in 40-fold
and the purity was confirmed by FPLC (Pharmacia) which gave a oycess at 25C were used (eq 3).

single peak using a Mono-S cation-exchange column. GOase

samples were concentrated and storeet&® °C. In such samples RSSR+ HSPQ?” — RS-SPOH™ + RS™ A3)

the enzyme is present as a mix of GQgs®d GOasg,1>1fUV —

vis spectra of wild-type GOase and the Tyr495Phe variant in all  Afier 16 h, excess thiophosphate was removed by dialysis (3
three oxidation states and at varying pH's have been repd?ted. 5 | pyffer at pH 7.0) and the protein purified by FPLC using a
Concentrations of enzyme were determined from the absorbanceyono-s column (Pharmacia), when a single major peak was

at 280 nm ¢ = 1.05x 10° M~* cm™).12 At pH 7.0 GOasgmihas observed. After FPLC the modified GOase was made up in Mes

ane value of 1635 M* cm™* at 645 nm. buffer at the pH required and frozen-a80 °C. The reagent 5/5
Other Reagents Potassium hexacyanoferrate(lil)s[ke(CNJ], dithiobis(nitrobenzoic acid), DTNB (Sigma), was used to character-

potassium hexacyanoferrate(ll) 4[Ke(CN)]-3H,O, and sodium ize the products

formate, NaCGH, were all from BDH (Analar). Cylinder nitrous Electrospray Mass Spectrometry.As a check that HSP®-

oxide N;O, oxygen free, was from BOC. Phosphate buffer, made mqgification of GOasg.,; at one or both RSSR disulfides had

up from the sodium hydrogen phosphatesifa0O, and NaHPO, occurred, electrospray mass spectrometry was carried out. The

(Sigma Chemicals), was used in PR experiments. Buffers used for potein sample was desalted (zero level buffer used), and acetic
other purposes were the following: 2-morpholinoethanesulfonic a¢id (19) was added before introduction into a Micromass Autospec
acid (Mes, |Ka 6.1, pH 5.5-6.7); 2-(cyclohexylamino)ethane-  \ spectrometer. The mobile phase used was acetonitrile (60%)
sulfonic acid (Ches, ¢, 9.3, pH 8.6-10.0); 2,6-dimethylpyridine,  water (40%). A high nozzle skimmer cone voltage of 96.2 mV was
Fluka (lutidine, K, 6.75, pH 5.7-8.0). required for detection. Mass spectra were obtained in the positive

Reactant Solutions For all PR experiments solutions were made jon mode and analyzed using Micromass Opus software to give a
up to the required pH using R0, (pK, 6.68) and HPG#~, and mean MW of 68 654 Da (unmodified) and 68 755 Da (modifi&d).
the ionic strength adjusted to= 0.100 M. After dialysis into the The difference between the two samples of 101 Da (MW of $PO
required buffer, preparation of stored enzyme as G(aseas 111 Da) indicates that only one disulfide is modified.

- Colorimetric Method Using Ellman’s Reagent. Further con-
(ig)) \évc‘;"r?;';?{’ E: '\S %r:;;;ﬁngi %.?@Téghf.mm.séjigﬁﬁolégézgrzn' firmation of the modification was carried out using Ellman’s
1997, 2, 480. reagent, 5,5dithiobis(2-nitrobenzoic acid) (DTNB; 5 mM), at pH
(11) Amoral, D.; Kelley-Falcoz, F.; Horecher, B. Methods Enzymol. 7.2 (100 mM phosphate) in the presence of 0.10 mM EDTA

12) }I_?SSSZ'I SFZ " Kosman. D. Anal. Biochem 198 105, 150 (disodium dihydrogen ethylenediaminetetraacetate). This reacts with

(13) Baron, A. J.; Stevens, C.: Wilmot, C.: Seneviratne, K. D.; Blakeley, the polypeptide cysteine displaced by the H$PQeq 3) to give
V.; Dooley, D. M.; Phillips, S. E. V.; Knowles, P. F.; McPherson, M. an intense yellow colored thionitrobenzoic acid derivative, absor-

J. J. Biol. Chem1994 269, 25095. . bance at 412 nme(= 1.36 x 10* M~1 cmrY) (eq 4)1° With the

(14) Reynolds, M. P.; Baron, A. J.; Wilmot, C. M.; Phillips, S. E. V; dified . . . GO indi d
Knowles, P. E.: McPherson, M. Biochem. Soc. Trand995 23, modified protein, reaction at one cysteine per ase was indicated.
5103.

(15) Wright, C.; Im, S.-C.; Twitchett, M. B.; Saysell, C. G.; Sokolowski, (17) Akerfeldt, S.Acta Chem. Scand.96Q 14, 1980.
A.; Sykes, A. G.Inorg. Chem 2001, 40, 294. (18) Neumann, H.; Smith, R. AArch. Biochem. Biophy4967 122, 354.

(16) Wright, C.; Sykes, A. G.Inorg. Chem 2001, 40, 2528. (19) Ellman, G. L.Arch. Biochem. Biophyd958 74, 443.
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No absorbance changes were observed with unmodified GQase

NO,RSSRNO,+ RS —NO,RSSR+ NORS  (4)
DTNB cysteine colored product

Pulse Radiolysis Procedurelnitial PR experiments were carried
out on a Van de Graaff accelerator at the University of Leeds
Cookridge Radiation Research Centre, using a multipass cell (6.9
cm light path length) and a 2.5 Me\~@# x 10716 J) beam of
electrons. Pulse lengths were 8, and the yields of reducing
radicals generated by the pulse were determined by standard
procedure$? All runs were performed under anaerobic conditions
in N,O-saturated phosphate buffer (40.5 mM) at pH 7.0, containing
0.010 M sodium formatd,= 0.100 M. Under these conditions the
radical products OHand H are converted to the strongly reducing
COy»~ (—1.9 V) as the only radical species present (egs 5 and 6).

OH" + HCO,  —H,0 + CO,~ (5)

H*+HCO, —H,+ CO,”™ (6)

Small amounts 0~0.2 mM GOasgm were added (under a
stream of NO) to the NO-saturated buffer solution to give final
concentrations 7-418.0uM. Reactions were monitored in the range
380-510 nm at 22+ 1 °C with [CO,7] < 0.6 uM. Absorbance
vs time traces were recorded on a Gould 4072 100 MHz Transient
Digitizer, which was used in conjunction with a Sun SPARC Station
IPC computer for storage and processing. The PR traces were
subject to first-order kinetic analysis using the TREAT progfam.

Phosphate is used as buffer in pulse radiolysis studies because

organic buffers give free-radical products. However while this work
was in progress it was found that phosphate interacts with
GOasg,.16 A formation constanK = 46 M~! was determined at
pH 7.0, and since Clis present also in GOagg; a similar value
is expected. Moreover, from titrations carried out at pH 7.0 (40.5
mM phosphate),] = 0.100 M (NacCl), formate interacts with
GOase.m; formation constank (25 °C) = 186(1) M™%, which as
in the case of acetate is assigned to binding at the exogenous site.
With phosphate (40.5 mM) and formate (0.010 My50%
complexing takes place.

In view of the above, it was necessary to carry out checks on
the various PR procedures used. This was most readily done by,

Borman et al.
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Figure 1. Absorbance changes monitored at 450 nm following'Culse
radiolysis of GOasgmi (8.0 uM) at pH 7.0. The rate constanks and k,
contribute to the first phase (absorbance increase) in which GRRESR™

is formed. The absorbance decay corresponds to the intramolecular process
ks giving GOasgq Note that the initial and final absorbance readings are
identical.
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Figure 2. UV —vis spectra of the RSSRcomponent recorded post-GO
(<0.6 uM) reduction of GOasgmi (8.0 uM) and following completion of
ki andky, pH 7.0, = 0.100M. Spectrum A was obtained with WTGOasg
and spectrum B is the corresponding spectrum using thiophosphate-modified

decreasing the concentration of phosphate, since procedures ar&Oaseem:

crucially dependent on the presence of 0.01 M formate. The checks
carried out were using a Linacc accelerator at the Gray Laboratory,
Mount Vernon Hospital, Northwood, Middlesex, U.K., using¢

saturated phosphate buffer (2 mM) at pH 7.0. The ionic strength

Table 1. First-Order Rate Constants (2€), kiobs @andkzops for a Two
Consecutive Reaction Fit to Absorban@® (ncreases at 450 nm vs
Time (Eq 7) with Runs at pH 7.0 (2 mM Phosphate) and 0.100 M
(NaClQy)

was adjusted tb= 0.100+ 0.001 M with NaClQ. Concentrations

of GOase.mjwere in the range 4:919.8uM. A dose of~3.7 Gy

and pulse length of 0.2s were used. The kinetics were monitored

at 450 nm with [C@~] ~ 2.2 uM. The pattern of behavior was

found to be the same, with some changes in numerical values.

Values ofkiqps and koops from the latter studies are listed in this

work. Other effects were minimal and the original data retained.
Enzyme after Pulsing. Samples of GOasgni which had been

[GOasgem]/uM KiobdS™t kaobds ™t
19.8 322 134
241 149
11.8 243 111

195 78.5

196 79.0

180 713

4.9 84 42.8

117 26.0

used in PR experiments gave the same rate constants for oxidation

with [Fe(CN)]®~ as those previously reportéd.

Results

Pulse Radiolysis Reaction SchemeExperiments on
WTGOase.m demonstrate the formation and decay of an

(20) Salmon, G. A.; Sykes, A. G. INlethods in Enzymologyiordan, J.
F., Vallee, B. L., Eds.; Academic Press: New York, 1993; Vol. 227,
pp 522-534.

(21) Wilkinson, F. University of Leeds, Cookridge Radiation Research
Centre, Internal Report, 1988.
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intensely absorbing species withax = 450 nm, Figures 1
and 2. The transient absorption spectrum over the range 380
510 nm shown in Figure 2A was recorded 50 ms after the
pulse. The absorbance at 450 nm was independent of
[GOasgem] from 8 to 18uM and gaves = 8.1 x 1 M~*
cmt, where both features are characteristic of a protein
disulfide radical RSSR. When viewed on faster sweep
speeds €100 ms) the growth of absorption at 450 nm
exhibits sigmoidal character, which suggests that consecutive
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Figure 3. Biphasic fit to the absorbance increase (&) monitored at
450 nm (post-reaction of GO), giving first-order rate constankggpsand
kaobs corresponding to eqs 9 and 10 with [GOas# in large excess, pH .
7.0 (2 mM phosphate), = 0.100 M (NaClQ). 100 -

-1
kZobs/ S

Table 2. First-Order Rate Constanks (22 °C) for the Decay of the
GOase:mi RSSR™ Intermediate at 450 nm, pH 7.0, Except As Indicated,

with | = 0.100 M 50
[GOasgem]/uM ka/s71 [GOasgem]/uM ky/s™1
8.0 0.172 18.0 0.170 0 L L
10.3 0.164 0.230 0 10 20
14.0 0.174 0.049 GOasen/uM
apH 6.0.> pH 8.0. Figure 4. Dependencies of (&opsand (b)kzopson [GOase:m] at 22°C,

pH 7.0 (2 mM phosphate),= 0.100 M (NaClQ).
§teps are m_vowed with a nonabsorbmg mterm?dlate' Equa_Table 3. Summary of Kinetic Data (22C) from Pulse Radiolysis
tion 7 describes the growth of absorption resulting from two studies on GOasgr; pH 7.0, withl = 0.100 M
consecutive first-order reactions, whekgys is the rate
constant for the slower steR = kjondKaons aNdKiopsis the

reaction rate constant
COy~ + GOasgemi— GOasgem” + CO; ko= 65x 1M1

rate constant of the faster step. CO»~ + CO~ — products XR=13x 1PM-Lsla
Analysis of the sigmoidal traces according to eq 7 using GOasgem!~ + GOasgemi— P~ ki=1.8x 10'M1s1

a nonlinear least-squares fitting program yields valudsqgf E(QJSSF?S;%E:,EE,SL?;‘;RSSR +P E: gz?xglloﬁ Mts

andkyopsas listed in Table 1. The quality of fit is illustrated '

in Figure 3. Bothk;ogpsandkzepsincrease with [GOasgn] as * Reference 22.

shown in Figure 4ab. kia = 1.1£0.3) x 107 Mt 571 and intercepty, = 65.6-

A=A {1+ expRk,d) — Rexpkp)HR—1) (7) (£33.7) s'*. However, the error in the intercept is large and
may well stem from the reaction of GOagg with small

At the [GOase.m] employed, the values df;.ps are too (and variable) trace amounts 0£.0
small for this reaction to compete effectively with the self- .
recombination of C@ (2k = 1.3 x 10°® Mt s1)22 GOase,,.” + GOase,,— GOasg,,+ P~  (9)
Therefore, we must conclude that, in addition to the two-
stage process, there is a faster stage, which involves a
nonabsorbing species. This is believed to be &dCiCu-
related species which we designate GQage (eq 8).

Since this species is formed in competition with the self-
decay of C@, it can be concluded thd$ > 6.5 x 10°
M~! s Thus, the two consecutive steps giving rise to the
sigmoidal character follow reaction 8.

P+ GOasgemi—k2> P+ GOasg,,RSSR™  (10)

Kinetics of RSSR™ Decay.UV —vis absorbance vs time
changes give a good fit to a single first-order procégy (
Figure 5. Values ofk; at pH 7.0 are independent of
[GOase.m] consistent with an intramolecular process, Table
2, and give 0.140.02) s!. On increase of the pHis

. K . decreases, Table*ZThe rate constant is assigned to electron
CO," + GOasg,,— GOasg.n, ®) transfer over a distance 10.2 A to the Cu. In previous studies
the spontaneous decay of GOgskes= 1.9 x 10 4stat
pH 7.01¢ has been observed and suggests an intramolecular

Theref fter the initial reduct t th , 8 reaction with RSSR. It is possible that the step involving
h e;e ore, & erftReslsnglg rel uction of the prot.emé.eq ). generation of RSSR may contribute in this case. A
the formation o involves two consecutive bimo- summary of kinetic data is given in Table 3.

[ecular steps as in (9) and (10). Alternatively, a least-squares Pulse Radiolysis of Chemically Modified GOas@m
linear regression treatment for Figure 4a suggests a slope ofStudies on GOasey (7.6 M), chemically modified with

(22) Barton, J. P.; Packer, J. Bt. J. Radiat. Phys. Cherd97Q 2, 159 thiophosphate HSP#&, were also carried out. As in the case
166. of unmodified GOasgn, it was not possible to measuke

The slope of Figure 4a givdg = 1.8(0.1) x 10’ M~
s™1, and from Figure 4k, = 6.7(£0.4) x 10° M1 s,

Inorganic Chemistry, Vol. 41, No. 8, 2002 2161
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Figure 5. Uniphasic fit givingks (22 °C) for the absorbance decay of the
GOase.mRSSR™ radical at 450 nm| = 0.100 M.

Borman et al.

Scheme 1
Cull . RSSR 7—? *Cul.. RSSR
COz.- CO2 CUHRSSR
kl and kz

A

ks
Cu'..RSSR «——— Cu".RSSR'"

from a single cysteine modified with a sulfur-containing
reagent HSX to give RSSX, have also been observed in
studies on hemerythrifhand thea-subunit of hemoglobif®

All such radicals are identified by a UWis peak in the
range 386-450 nm ¢ ~ 10* M~ cm™Y). In the present
studies the peak at 450 nna & 8.1 x 10° M~t cm™?)
provides evidence for the formation of RSSRThe absor-
bance at 450 nm cannot be assigned to a thiyl radical) (RS

direcﬂy, and other Stages were as a|ready defined. TheWh|Ch has a weak absorbance with maximum at around 300
spectrum of the intermediate formed as in (11) is included NM?® The reduction potential of an RSSR /RSSRouple

in Figure 2. While still characteristic of a disulfide radical,

has been reported to be410 mV??’ GOaseg, also has an

a broader peak with maximum at 440 nm and with absorption @bsorbance peak at 450 nm, and we have considered therefore

coefficient~50% less € ~5 x 10 M~1 cm™) is obtained.
The disulfide radical can be formulated as RSSO,

the possibility that this product is formed by oxidation of
GOaseq However in the PR, the yield of GO in N,O-

where R is either one of Cys-515/Cys-518. The formation Saturated 0.01 M formate solutions is 6610~ mol J*,
of two different products may account for the broader peak. While the yield of HO; (a possible oxidant) is only 0.7

Pulse Radiolysis of Other GOase FormsThese experi-

10~7 mol J*. Hence there is only enough,®, to oxidize

ments provide an important contribution in terms of the effect ~10% of the GOasgjto GOasg.. Similarly if one considers
of Cu coordination on the reaction. The same procedures GOasex formation from GOasgmi + H2O,, the absorption
were used as for Figures 1 and 2, pH 7.0 (40.5 mMm is 10x bigger than could be attributed to this reaction. We

phosphate)] = 0.100 M. In the case of the 4-coordinate
GOase.mi Tyrd95Phe variant (8.aM), the pulse was set to
give [CO»7) < 0.6uM. Initial absorbance changes were fast
(k> 1® M~1s1) and corresponded to reduction of the'Cu
No intermediate UV-vis spectrum corresponding to the
formation of RSSR was observed. The product GOage

conclude that neither of these reactions accounts for the
changes observed.

The 450 nm absorbance is assigned to the 3 electrd® S
in RSSR™ bond which gives rise to a—¢" transition?82°
The energy associated with the transition is dependent on
geometric and electronic constraints imposed on the disulfide.

Tyr495Phe is therefore formed in a single stage, summarized/n PR studies on metallothioneins (61 amino acids, 20 of

by (11).
CO,” + GOasg,,,— CO, + GOasg, (11)

A similar procedure was used for the reaction of GQase

which are cysteines), with cysteines in close proximity, the
RSSR™ generated also has an absorbance maximum at 450
nm (€ =9 x 10° Mt cm1).2830GOase has two disulfides

at Cys18-Cys27 and Cys515Cys518. The smaller separa-
tion of the cysteines and greater (surface) accessibility in

(6.3uM) with CO,*~. Absorbance changes at 450 nm showed the latter case suggest that it is the more likely site for

a rapid decrease corresponding to the Ggaseuction (eq

reaction’ The nearest S atom of Cys518ys518 is 10.2 A

12). No other reaction steps were observed, and retention offrom the Cu? which compares with a distance of 40.5 A in

5-coordinate Cliis apparent.
CO,” + GOasg,— CO, + GOasg,, (12)

Discussion

The most significant observation in the studies on WT

GOasenmiis the formation of an RSSRintermediate with

the case of Cys18Cys27, Figure 6.

One major question to address is why WTGQagshould
react with CQ~ by a multistage process, while the GOase
Tyr495Phe variant and GOagshould involve single-stage
processes. A lower coordination number (4, 3, o&®)is

(24) Favandon, V.; Tourbez, H.; Houee-Levin, C.; Lhoste, JBMchem-
istry 199Q 29, 10978.

intense absorbance at 450 nm. The reaction steps identified25) Farragi, M.; Klapper, M. HBiochem. Biophys. Res. Comma89Q

are summarized in Scheme 1. Disulfide radicals RSSire

116, 867.
(26) Hoffman, M. Z.; Hayon, EJ. Phys. Chem1973 77, 990.

fairly well understood having been detected in studies on (27) Farragi, M.; Klapper, M. HJ. Am. Chem. Sod 98§ 110, 5753.
the apo-riboflavin binding protein apo-neocarzinostatin and (28) Gdel, M.; Bonifacic, M.; Asmus, K.-DJ. Am. Chem. Sod 984
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Pulse Radiolysis Studies on Galactose Oxidase

2-equiv RCHOH reduction of GOasgis achieved by acid
dissociation to RCkKD™, followed by H atom and etransfer

to give RCHO. The rate law for the [Ru(N}]?" reduction

of WTGOasem to GOasgq gives an [H] dependence
consistent with a single proton uptake and dissociation of
Tyr-4955 The Cu coordination in GOassg is therefore Tyr-
272, His-496, and His-581, with no exogenougOHOH~
present. Although two protons are required for the O
(—H20,) oxidation of GOasgy back to GOasg, the rate
law is independent of [H], rate constant 1.0< 10" M~!

s 110 This suggests that the first proton is provided by the
uncoordinated HTyr-495, and that HQ is then displaced
by solvent HO with release of KD,.

Conclusions

S(Cys515/518) . o ) .
) . o ) The different Cti and Cticoordination geometries provide
Figure 6. Space-filling model from crystallographic information as

reported in ref 7 and from the Brookhaven Data Base, illustrating the What is potentially a significant barrier to redox change
proximity of the disulfide group Cys515Cys518 (vellow) to the Clactive between GOaggnand GOasgs At the outset the aim was
site (blue) of GOasem: to take advantage of GO (—1.9 V) as a strong reductant
likely for the di® Cu in GOasey, where from XANES and and explore effects on the reduction of 5-coordinate WT-
EXAFS studies 3-coordination is favorétRecent studies =~ GOaS€nmit0 3-coordinate GOage However, a metastable
on the formation of GOas@ by reduction of GOasgnwith produgt is formed, written here as *GuRSSR or (without
[Ru(NHs)e]2* indicate that protonation and dissociation of commitment to the Cstate) GOaseni™. The bimolecular
Tyr-495 occuf The 4-coordinate Cuin the GOas&nm; stepsk; andk, which follow have similar rate constants 10
variant is better prepared for the change to 3-coordinateM 'S ), involve a second molecule of GOasg and give
GOaseq Also in the case of the GOagereduction to GOase.nRSSR'. The intramolecular decgy of this inter-
GOase.nm (both 5-coordinate CY, a single stage process is Mediate ks = 0.17 s) occurs by a process in which RSSR
observed. The more complex outcome in the present studied ~410 mV) reduces GOasito GOasgaq (159 mV). The

is therefore attributed to the more demanding 5 to 3 changeS t© Cu separation is 10.2 A, and the driving force, 569 mv
in coordination. While C@- reacts rapidly with GOasgn; (i.e. 410+ 159 mV) at pH 7.0é The driving force is greater

. . + H

it has no H atoms or Hcomponent to help adjust the cu than that for the [Ru(NEe*" (51 mV) reduction of

coordination sphere. Hence an alternative route for reaction ©OaSgemi of 108 mV (i.e.—51 + 159 mV)? The second-
is observed. order rate constant in the latter case of 1130*M* (pH

At 450 nm there is very little difference in the absorbance 7.0) _reflects the favorable electron self-exchange for the
of GOase.n and GOases® and the only significant ~ reaction of [RUNNH)e|*" + [Ru(NHz)e]*" (820 M™* s71),%
UV—vis changes are brought about by the formation of and possibly closer approach of the [Ru(jiéf* to the Cu
GOasemRSSR . In the CQ' stage of reaction a metastable ~Site- The formation of RSSRcan be regarded as an escape
Cu site is very likely formed, but we use the GOasg™ route for the electron from the metastable PR product. With
description since there remains a possibility that the electron"© Provision of H atoms by the GO reductant itis difficult
may reside on a nearby ligand and not on the Cu. There isfor the 5= 3 change in coordination number to take place
too little information to fully address the question as to why as part of the initial rapid step. However in the reduction of
two intermediates GOaggyand P~ should be involved. One ~ 4-coordinate GOasgn Tyr495Phe loss of the exogenous
possibility centers around the 50% complexing of formate H20/OH" is sufficient to bring about the 4~ 3 geometry
HCO, (0.01 M) at the exogenous site. Effects of phosphate change and no RSSRis formed. Likewise the C©-
buffer have been excluded by the experiments using de-réduction of GOasg to GOaseni is more direct (no
creased levels (2 mM). The GO reduction is most likely ~ 9eometry change at the Qu in the WTGOasgy studies
outer-sphere and unlikely, therefore, to provide an explana-N° intramolecular electron transfer in the reverse direction
tion of the two stages. One stage reactions are moreover’0M GOasgqto RSSR is observed.
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