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ABSTRACT. Compound | of peroxidases takes part in both the peroxidation and the halogenation reaction.
This study for the first time presents transient kinetic measurements of the formation of compound | of
human eosinophil peroxidase (EPO) and its reaction with halides and thiocyanate, using the sequential-
mixing stopped-flow technique. Addition of 1 equiv of hydrogen peroxide to native EPO leads to complete
formation of compound I. At pH 7 and 1%, the apparent second-order rate constant is{4®4) x

10’ M~1s™L The rate for compound | formation by hypochlorous acid is (66.7) x 10’ M~1s™1. EPO
compound | is unstable and decays to a stable intermediate with a compound ll-like spectrum. At pH 7,
the two-electron reduction of compound | to the native enzyme by thiocyanate has a second-order rate
constant of (1.0 0.5) x 10® M~ s71. lodide [(9.3+ 0.7) x 10" M~ s71] is shown to be a better
electron donor than bromide [(190.1) x 10 M~! s™1], whereas chloride oxidation by EPO compound

| is extremely slow [(3.1£ 0.3) x 10 M~1 s71]. The pH dependence studies suggest that a protonated
form of compound | is more competent in oxidizing the anions. The results are discussed in comparison
with those of the homologous peroxidases myeloperoxidase and lactoperoxidase and with respect to the
role of EPO in host defense and tissue injury.

Eosinophils are a specialized form of white blood cells (MPO), which are present in abundance in specific granules
that play a unique role in host defense mechanisms. Theyof eosinophils [EPO is up to 25% of the granule protéh (
are recruited against a variety of cancers as well as to mediatén eosinophils] and neutrophils, respectively, use the hydro-
extracellular destruction of helminthic parasites and other gen peroxide to catalyze the production of hypohalous acids.
large invading metazoan pathogeris-§). But increased ~ EPO has been shown to oxidize bromide to hypobromous
levels of circulating and tissue eosinophils are also implicated acid, and thiocyanate to hypothiocyanite0( 13). Under
in promoting cellular injury during allergic inflammatory  physiological conditions, thiocyanate and chloride are equally
disorders {—6). For example, eosinophils are one of the preferred substrates of myeloperoxidase, (13, with the
major effector cells in the inflammation associated with |5tter heing converted to hypochlorous acld), Hypochlo-

asthma. They accumulate and are activated within the o, acid and hypobromous acid are highly cytotoxic and
airways, and are considered to be responsible for the majority . thought to be of central importance in immune surveil-

of tissue damage in asthm@)(By contrast, the function of lance and host defens@)( They rapidly react with most

another type of white blood cells, namely, neutrophils, is to biological molecules, cross-linking and fragmenting proteins,

kill relatively small ingested microbes within the confines : o > "
X ) " . as well as inactivating enzymes and cytokindslf addition
of a phagocytic vacuole. Neutrophils are also implicated in . . .
to catalyzing the production of hypohalous acids, human

romoting tissue damage in numerous inflammatory diseases : L .
b 9 9 Y peroxidases oxidize numerous phenols and anilines,YAH

and they are also frequently found in the airways of ; ) i o N
individuals with asthma, often in association with exacerba- to reactive free radicals which can promote lipid peroxidation

tions of the disease. _(15), _deplete cellular thiols1), cross-link proteinsi(7), and
However, the biochemical mechanisms used by eosinophilsinactivate enzymeslg).
and neutrophils in vivo to perform these functions are not The mechanism of reaction of EPO and MPO seems to
clearly understood. Both neutrophils and eosinophils utilize be similar (19). Halide oxidation starts by reaction of the
a heme peroxidase in combination with hydrogen peroxide. ferric enzyme with HO, to form compound |, which contains
When stimulated, neutrophils and eosinophils undergo a2 oxidizing equiv more than the resting enzyme (reaction
marked respiratory burst in which oxygen is reduced to 1). Halides (X) reduce compound | directly to native
superoxide T) and hydrogen peroxide8). The heme  enzyme by a two-electron process (reaction 2). Thereby,
enzymes eosinophil peroxidase (EP@)d myeloperoxidase  hypohalous acids are formed (HOX). Alternatively, com-
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pound | is reduced to native enzyme via compound Il by Laemmli 29) using molecular weight Coomassie stain
two successive one-electron reductions (reactions 3 and 4)markers (Sigma) for subunit molecular weight determination.
releasing free radicalsAH). MALDI-TOF-MS (matrix-assisted laser desorption ioniza-
tion time-of-flight mass spectrometry) was carried out on a
native enzyme- HOOH— compound - HOH (1)  DYNAMO MALDI-TOF-MS (Thermo BioAnalysis, Santa
Fe, NM) with a sinapinic acid matrix. Spectra were recorded

compound H X~ + H* — native enzymet HOX (2) in the dynamic extraction mode (setting 0.1) and calibrated
externally using BSA. The protein sample was mixed with
compound H- AH, — compound I+ "AH  (3) a 1% solution of the matrix in 70% acetonitrile. One

microliter of this mixture was deposited to a probe, air-dried,
and inserted into the mass spectrometer to acquire a
spectrum.
] ] . ] . Transient State ExperimenfBhe sequential stopped-flow
EPO and MPO share 61% identical amino acid residues gpparatus (model SX-18MV) and the associated computer
(20), and an even higher homology can be found among the system were from Applied Photophysics (U.K.). For a total
active site related residues. Together with lactoperoxidasenf 100 yL/shot into a flow cell with 1 cm light path, the
and thyroid peroxidase, EPO and MPO are members of théfagtest time for mixing two solutions and recording the first
mammalian peroxidase superfamily. Nevertheless, EPOgata point was of the order of 1.5 ms.
significantly differs from MPO in its physical and chemical  The formation of compound | was monitored at 413 nm
properties. EPO is a monome) of 70 kDa, whereas MPO  (apsorbance maximum of EPO compound 1) and at 408 nm,
is a disulfide-linked dimer [(f);] of 145 kDa @1-23).  the jsosbestic point between compound I and compound I
Structurally, MPQ is the best characterized of the mammalian i, the conventional stopped-flow mode. In a typical experi-
peroxidases. A 1.8 A crystal structure has been obtained thatment, one reservoir containeduM eosinophil peroxidase
allowed assignment of two ester linkages and one sulfoniumi, 100 mm phosphate buffer, pH 7, and the other at least a
ion linkage between the heme group and the apopra2dn (- 10-fold excess of hydrogen peroxide in 100 mM phosphate
Biochemical evidence was presented that in EPO there ispffer or HOCI in 5 mM NaOH. Pseudo-first-order rate
one ester linkage to the heavy subunit whereas a second estfpnstantsk,,s were evaluated using an exponential curve-
linkage to the light chain is formed autocatalytically requiring  fjt program and then plotted against® concentration.
hydrogen peroxide2S). These differences in heme linkage A good spectrum of compound | of human EPO was
between MPO and EPO could be a major factor that gptained with equimolar concentrations of hydrogen perox-
contributes to the differences in optical properties as well jje However, compound | of EPO was not stable. Therefore,
as substrate specificitp{—23, 26). . for determination of actual rates of the reaction of EPO
In contrast to MPO and mainly because of its limited compound | with halides and thiocyanate, the sequential-
availability, EPO is the least studied human peroxidase. BUtmixing stopped-flow technique had to be used. Typically
in order to fully understand its physiological role in host gpo (2,M) was premixed with 2:M H,O; in the aging
defense and inflammatory disorders, a comprehensive bio-50p for 100 ms (100 mM phosphate buffer, pH 7). Finally
chemical investigation of its reactive redox intermediates is compound | was allowed to react with varying concentrations
necessary. Here, for the first time a multi-mixing stopped- f (pseudo-) halides, the final concentrations of which were
flow study is presented yielding spectral and kinetic data of 4; |east 10 times in excess of the enzyme to ensure first-
the redox intermediates compound | and compound II. Actual orger kinetics. The course of the reaction was followed by
bimolecular rate constants of compound I formation and its monjtoring the absorbance change at 413 nm, the wavelength
reactivity toward halides and thiocyanate are published. of maximum absorbance of both ferric EPO and compound
Differences to MPO as well as the physiological relevance | Tnhe kinetic traces were fitted using the single-exponential
are discussed. equation of the Applied Photophysics software, and from
EXPERIMENTAL PROCEDURES the slopes _of the linear plots of thgsvalues versus substrate
concentration, the apparent second-order rate constants were
Materials Eosinophil peroxidase was purified from human obtained by linear square regression analysis. At least 3
white blood cells to a purity indexAg:3/Axs0) of at least 1.1  determinations (2000 data points)kgfswere performed for
as described by Olson and Littl23). Its concentration was  each substrate concentration, and the mean value was used
calculated using413 = 110 000 Mt cm™! (22). Hydrogen in the calculation.
peroxide, obtained as a 30% solution from Sigma Chemical To determine the pH dependence of the reduction of
Co., was diluted and the concentration determined by the compound | to the native enzyme, the sequential stopped-
absorbance measurement at 240 nm where the extinctiorflow experiments were performed at different pHs from 4
coefficient is 39.4 M* cm™ (27). Hypochlorous acid was  to 9. In a typical pH jump experiment,@ EPO in 5 mM
purchased from Fluka. Stock solutions were prepared freshlyphosphate buffer (pH 7) was premixed withu®1 H,O; in
half-daily in 5 mM NaOH and stored in the dark. The HOCI distilled water. After a delay time of 100 ms, compound |
concentration was determined spectrophotometrically shortly was allowed to react with varying concentrations of (pseudo-
before the experiments & 350 M~ cm™t at 292 nm in 5 )halides in 200 mM phosphate/citrate buffer (pH3), 200
mM NaOH) @28). The other chemicals were also purchased mM phosphate buffer (pH-58), or carbonate buffer (pH
from Sigma Chemical Co. at the highest grade available. 9). The resulting pH was controlled at the outlet. The high
Methods SDS-PAGE was performed in the denaturating reaction rates made it necessary to perform all stopped-flow
reducing system (T= 12%, C = 2.67%) described by investigations at 15C.

compound I+ AH, — native enzymet "AH  (4)
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Ficure 1: (A) Spectrum of native eosinophil peroxidase (14\8) Hydrogen peroxide [11M] Time [s]

in 5 mM phosphate buffer (pH 7). The enzyme used in these studies

had RZ values Au14Azg0) Of at least 1.1. (B) Corresponding " . . - :
MALDI-TOF (matrix-assisted laser desorption ionization time-of- £0Sinophil peroxidase (EPO) with &/ hydrogen peroxide. The
first spectrum was taken 1.3 ms after mixing, subsequent spectra

flight) mass spectrum of this enzyme preparation. The inset shows
; : : ; at 9, 16.6, 24.3, 32, 47.4, 70.4, and 117 ms. Arrows show the
SDS-polyacrylamide gel electrophoresis of this preparationd5 direction of absorbance changes with time. Conditions: 100 mM

of EPO) in comparison with xg of MPO. Electrophoresis was :
performed on boiled reduced samples. The first lane shows thephosphate buffer, pH 7, and 28. (B) Calculated spectra of ferric
EPO and compound | using the Pro-K simulation program from

migration of standard proteins. Applied Photophysics. (C) Pseudo-first-order rate constants for

. . . . . compound | formation plotted against hydrogen peroxide concentra-
All reactions were also investigated using the diode-array tion.pFinaI enzyme coﬁcentrati%n: Q@% in %OO Fr)nM phosphate

detector (Applied Photophysics PD.1) attached to the stopped-ufer, pH 7. (D) Typical time trace and fit of the reaction of native
flow machine. Typically, in these experiments the EPO EPO with 4uM H,0,. The reaction was monitored at 408 nm, the
concentration in the optical cell wag/®1. The first spectrum  isosbestic point between compound | and compound II.

could be monitored 1.3 ms after mixing. Normal data sets ot the monomeric enzyme [(M- H)*, singly charged
were also analyzed using the Pro-K simulation program from species], whereas the peak at 35.2 kDa represents another
Applied Photophysics which allows the synthesis of artificial 1y, value of the same analyte species [#V2 H)2*, doubly

sets of time_-depend_ent spectra as well as spectral analySi%harged species]. The peaks at 57.9 and 11.9 kDa derived
of enzyme intermediates. from the heavy chain and the light chain, respectively, giving
the EPO monomer with the expected size of about 70 kDa,

Ficure 2: (A) Spectral changes upon mixing of /2 ferric

RESULTS whereas MPO is a disulfide-linked dimer of about 145 kDa
Enzyme Purity The eosinophil peroxidase used in these (21—23).
studies had a purity indexAg:9/Azs) of at least 1.1, which Compound | FormationPeroxidase compound | typically

indicates highly purified enzyme preparations. Figure 1A is readily distinguished from the native form of the enzyme
shows the spectrum of a 14u8/ EPO stock solution used by its reduced absorbance in the Soret region. A good
in this work. There is no peak or shoulder at 430 nm, which spectrum of compound | of EPO was already obtained when
would indicate the presence of myeloperoxidaz®.(My- hydrogen peroxide in equimolar concentration was added
eloperoxidase is known to oxidize halides and thiocyanate (Figure 2A). This is similar to lactoperoxidasg0f and in

(13) and could copurify with EPO. Both SBFPAGE (inset contrast to human myeloperoxidase, where an at least 10-
to Figure 1B) and MALDI-TOF spectroscopy (Figure 1) fold excess of HO; is needed13). The transition of ferric
underlined the high purity of the enzyme preparations. SDS EPO (with distinct peaks at 413, 500, and 638 nm) to
PAGE under reducing conditions gave two bands with compound | involved broadening and a decrease in the
molecular masses of 56 1 and 14.5+ 0.5 kDa, in contrast  extinction coefficient at 413 nm from 110 to 51.7 mMem™

to the two or three bands of purified MPO at 381, 38+ as well as a decrease at 500 nm and the formation of two
1, and 15+ 0.5 kDa @3). The mass spectrum (Figure 1B) new peaks at 600 and 670 nm. Isosbestic points, derived
unequivocally shows that there is only one protein present. from both normal data sets (Figure 2A) and computer
The peak at 70.3 kDa very well fits with the molecular mass analysis using the Pro-K simulation program (Figure 2B),
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between ferric EPO and compound | were determined to be 0.8

at 355, 433, 468, and 548 nm. Under conditions of excess A

H,0,, the pseudo-first-order rate constdats was obtained "g 0.12

from the exponential time course (Figure 2D). In Figure 2C, £ s

thesekypsvalues are plotted against®, concentration. The £ 006 | 450 520 590  ee0 730

forward second-order rate constaki) obtained from the |1 Haveienath ol

slope of the plot, was calculated to be (4:30.4) x 107 0.00 : : . . T —
310 370 430 480 550 610 670 730

M~1 s (pH 7 and 15°C). The finite intercept of this plot
was (7.3£ 0.9) s&. Assuming that this intercept represents
the reverse reactiorky,), the ratio ofk;ykis gives a value 0.18
for the dissociation constant of EPO compound | to native
enzyme and kD, of 0.17 uM, which is about 20 times
smaller than that of MPQO3().

We have also investigated the reaction between ferric EPO g 0.06 f
and hypochlorous acid, which is known to oxidize ferric
myeloperoxidase to compound33, 33. When HOCI was 0.00
mixed with EPO in the conventional stopped-flow mode, the
resulting spectra were identical to those obtained wit®H
The corresponding time traces were monophasic, and an_ 0.8
apparent second-order rate constant of (6.0.7) x 10’
M~1stat pH 7 and 15C could be calculated.

Stability of Compound | and Spectrum of Compound Il
In contrast to the model enzyme horseradish peroxidgde (
and similar to lactoperoxidasd) and myeloperoxidasd 8,
31) compound | of EPO was unstable. Figure 3A shows the 004
decay of EPO compound | formed with hydrogen peroxide
in equimolar concentrations within the first 5 s. A similar
spectral transition occurred when compound | was formed F';‘éiﬁjgto(p\) N?gggitrr%' ‘r?]ri‘largg)sdgg’soe“ig?ﬁgiggn%ﬂigzgrgg)e” o
with HOQI (not shown). With both b0, and HOCI, the ﬁow mode.?l'lhe first SpF()BCtI’FL)Jm was recorded at 1.3 ms, subs%%uent
resulting intermediate was stable for more than 30 s. Its Soretgpectra at 0.16, 0.33, 0.66, 1.3, 2.7, and 5.5 s. Reaction conditions:
band was red-shifted to 433 nm, and two distinct peaks at 100 mM phosphate buffer, pH 7, and 16. (B) Spectral changes
536 and 565 nm were formed (Figure 3A). The correspond- upon addition of 2:M homovanillic acid to 2¢M compound | in

ing time-trace at 433 nm is shown in Figure 3C. The resulting the sequential-mixing stopped-flow mode (see Experimental Pro-
cedures). The first spectrum was recorded at 1.3 ms, subsequent

spectrum was very Similgr to that described for lactoperoxi- spectra at 93, 155, 227, 355, 547, and 1088 ms. Reaction conditions
dase compound Il (maxima at 430, 535, and 567 r86).(  asin (A). (C) Kinetics of transition of compound | to compound I
Since no exogenous electron donor was present in thisin the absence and presence of electron donors. Condition® 2

experiment, the reaction of compound | with homovanillic EPO and 2:M H,0, were premixed in 100 mM phosphate buffer,

; ; - ; _ pH 7, and 15°C. After a delay time of 100 ms, buffer (1),:2V
acid (HVA), a typical one-electron donor, was also inves HVA (2), 20 «M HVA (3), or 200xM HVA was added (4). Time

tigated. Because of the instability of EPO compound |, the races were monitored at 433 nm, the Soret maximum of EPO
sequential-mixing technique had to be used. Compound | compound 1.

was formed with equimolar ¥D,, and after a delay time of

100 ms, 2Q«M HVA was added. Figure 3B indicates similar point between compound Il and native EPO, had to be
spectral transitions as in the absence of a one-electron donoranalyzed.

indicating that compound Il or an intermediate with identical ~ From MPO, it is known that compound | can be reduced
spectral features was formed spontaneously upon additionto compound Il by hydrogen peroxide forming the superoxide
of 1 equiv of HO; to native EPO. Isosbestic points between radical 31). In the case of EPO, addition of increasing
compound | and compound Il were determined to be at 408, concentrations of kD, (0—1 mM) to compound | had no
473, and 586 nm, and the maximum yield of absorbance of effect on the rate of its decay & s ) at pH 7.

compound Il at 433 nm was about 83% that of native EPO  Reaction of Halides and Thiocyanate with Compound |

at 413 nm, corresponding to an extinction coefficieniof  ag has been outlined above, EPO compound | was not stable.
91 mM™* cm™™. The isosbestic points in the Soret region T stdy its reactivity with halides and thiocyanate, we
between compound Il and ferric EPO were at 424, 465, 523, premixed native EPO with 1 equiv of8; in the aging loop
and 598 nm. for 100 ms. During this aging time, compound | formation
Compound Il formation strongly depended on the HVA took place, and before its decay, it was mixed with varying
concentration (Figure 3C), and an apparent bimolecular rateconcentrations of halides and thiocyanate. Figure 4A shows
constant for compound | reduction by HVA was calculated the direct two-electron reduction of compound | to native
to be (2.3+ 0.2) x 1® M1 st at pH 7 and 15°C. At EPO with identical isosbestic points observed for compound
higher HVA concentrations, reduction of compound Il | formation with hydrogen peroxide (compare with Figure
interfered and was also monitored at 433 nm (Figure 3C, 2A). Typical kinetic traces displayed single-exponential
curves 3 and 4). Thus, for exact rate calculation of compound character (Figure 4C). In Figure 4B, the apparent second-
| reduction by HVA, the time traces at 424 nm, the isosbestic order rate constant for the reaction between compound | and
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electron donor to compound | [(98 0.7) x 10’ M~ s
than bromide [(1.9& 0.1) x 10’ M~ s71]. Chloride is an
extremely bad electron donor for EPO compound | [&.1
0.3) x 10 M~1s™1]. In contrast to similar experiments with
MPO (13), with EPO this two-electron transition could easily
be followed. The full theoretical re-increase of the absorbance
amplitude at 413 nm could be followed, and the intercepts
of the plotsk,ps versus halide concentration (which indicate
side reactions) were relatively small (ranging front5with
bromide to 18 s with chloride). With MPO the system is
more complicated since (i) an excess ofd4is necessary
for compound | formation which favors cycling of the
enzyme {3) and (ii) compound Il formation is mediated by
H.0; (32).

Figure 4D shows the pH dependence of the apparent
second-order rate constantgyf) for the reaction of com-
pound | with bromide. A similar pH dependence was seen
for kapp for the reaction with chloride (not shown), whereas
the reaction with iodide and thiocyanate was too fast to
follow at acidic pH; most of the absorbance amplitude was
lost in the dead time (1.5 ms) of the stopped-flow machine.
Similar to our previous findings with MPQL8), these results
suggest the existence of an aciohse group which, when
protonated, favored reaction between compound | and these
anions. Such a group could not come from the substrates,
because HCI, HBr, and HI are strong acids and thgvalue
of HSCN is—1 (37).

DISCUSSION

to 2 uM EPO compound | in the sequential-mixing stopped-flow
mode. The first spectrum was recorded at 1.3 ms, subsequent spectra Compound | of human peroxidases is the only redox

at 19.2, 37, 73, 109, 183, and 500 ms. Conditions: 100 mM jntermediate that takes part in both the peroxidatic cycle and

phosphate buffer, pH 7, and 1&. (B) Pseudo-first-order rate
constants for compound | reduction by bromide. (C) Typical time

trace and fit of the reaction of compound | with &M bromide

followed at 413 nm. Final conditions were Q81 EPO and 0.5

uM H,0,, 100 mM phosphate buffer, pH 7, and 16. (D) pH

the halogenation reactior3). Despite its significant role

in these reactions, the formation and reactivity of eosinophil
peroxidase compound | has not been investigated so far.
Considerable effort has been made to explore the mechanism

dependence of the apparent second-order rate constant of theyf compound | formation of myeloperoxidase and lactoper-

reaction between compound | and bromide. Final concentrations
were 0.5uM EPO, 0.5uM H,0,, in phosphate/citrate buffer (pH
4-5), phosphate buffer (pH-58), and carbonate buffer (pH 9).

For details, see Experimental Procedures.

oxidase (LPO) (reviewed in9). We obtained an apparent
second-order rate constant for EPO compound | formation
of (4.3+ 0.4) x 10" M~ts 1 at 15°C, which is significantly
higher than the rates published for MPO (1x810" M~*

Table 1: Apparent Second-Order Rate Constant for the Reactions of s71) (31) and for LPO (1.2x 10" M~! s71) (36); the latter

Eosinophil Peroxidase (EPO) Compound | with Thiocyanate,
Chloride, Bromide, and lodide, Respectively, at pH 7 or gH 5

Kapp(M 1571
(pseudo-)halides pH 7.0 pH 5.0
chloride (3.1£0.3) x 10° (2.6+£0.7) x 10
bromide (1.9+0.1) x 10/ (1.1+0.2)x 1
iodide (9.3 0.7) x 107 ncP

thiocyanate (1. 0.5) x 10° ncP

reactions were followed at 2%C. The kinetics of formation

and decay of EPO compound | were similar to LPO and
different than MPO. Upon addition of 1 equiv of hydrogen
peroxide to native EPO, compound | was completely formed
and subsequently decayed to a species with spectral features
similar to compound Il. On the contrary, MPO exhibits an
abnormal stoichiometry of compound | formation, and its
formation is thought to be reversible, which was indicated

2 The second-order rate constants were calculated from the slope ofpy a relatively high intercept in the plot &fps versus HO,
plots of halide or thiocyanate concentration versus the pseudo-first- ~oncentration %1). With all three peroxidases, at first the

order rate constant. Reaction was followed at 413 nm amtClising
the sequential-mixing stopped-flow technique. Final concentrations were
0.5u4M EPO and 0.5¢M H,0, in 100 mM phosphate buffef.nd, not

detectable (too fast).

native enzyme reacts with &, or HOCI to give a ferryl/
porphyrin radical cation compound | intermediafié)( In

the case of LPO, this species is thought to convert rapidly
to a ferryl/protein radical specie8(, 39, 40. Evidence for

bromide was obtained from the slope of the plot of pseudo- the existence of such a protein radical was given recently

first-order rate constantks,s against bromide concentration.

by EPR spin trapping4@l). This species has similar UY

Similar plots were observed with thiocyanate, iodide, and Vis spectral features as compound Il, which is a fairly well-
chloride, respectively. As Table 1 summarizes, thiocyanate defined intermediate with an Fe=O species in which iron

was the best electron donor for compound | [(£®.5) x

1 M~ts Y atpH 7 and 15C. The finite intercept of this
plot was at (5.1& 1.1) s*. lodide was a more effective

is one oxidation state above its resting state. Our findings
demonstrate that EPO could behave similarly. EPO com-
pound | decays to an intermediate with spectral features
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nearly identical to pure compound Il (which in this work that the distal histidine, upon protonation, is presumably the
was formed by addition of homovanillic acid to compound preferred substrate binding sité3; 29.
). Transformation of the ferryl/porphyrin radical cation EPO  Though iodide is an excellent electron donor for EPO
compound | to an intermediate that retains the ferryl speciescompound |, and although the EPQ®#/1- system has
but not the porphyrin radical cation would suggest that pronounced toxicity for bacterigbq), parasites §5), and
electron transfer from an amino acid residue quenches themammalian cellsg6), this typically requires iodide concen-
porphyrin radical cation. The resulting intermediate would trations far above physiological levels. Therefore, the physi-
still retain 2 oxidizing equiv, as shown with LPO where it ological two-electron donors thiocyanate and bromide are
oxidizes two molecules of one-electron reducing substratesmost likely to be oxidized by EPO compound | in vivo.
(42—44). It has to be investigated whether this transformation Whether SCN or Br~ (the plasma concentration of both is
occurs with EPO. comparable) is the preferred substrate for EPO cannot be
In the presence of halides and thiocyanate, the decay ofanswered easily, since eosinophils perform their biological
compound | is negligible. With the exception of chloride, functions in a large variety of tissues and fluids whose
our experiments have shown that these two-electron donorsconcentrations of halides and SCNand of other so far
are very effective in reducing EPO compound I to its native unknown effective one-electron donors of compound I) differ
form. There is some evidence that EPO is also capable ofsignificantly from plasma. Principally, thiocyanate is 5 times
generating chlorinating species in the absence of alternativemore effective in this reaction. Normal plasma levels of
electron donors45—47). However, regarding the plasma SCN- are below 70uM (57), but higher levels may be
concentrations of halides and thiocyanate, which are-100 observed in secreted fluids or following excessive tobacco
140 mM for chloride 48), 20—100uM for bromide, 0.1 smoking or after eating certain vegetables (e.g., cabbage)
0.6 uM for iodide, and 26-120 uM for thiocyanate 49), (57). On the contrary, depletion of serum thiocyanate, which
our results unequivocally demonstrate that chloride oxidation occurs in chronic hypereosinophilic staté8)( should lead
by EPO in vivo is meaningless. Thiocyanate is a more than to increased generation of the more cytotoxic hypobromous
30 000-fold better electron donor than-Gabout 400-fold acid (HOBr). Hypothiocyanite is much less toxic than HOBr.
with MPO (13)], and bromide is still more than 6000-fold HOSCN is a weak oxidant that is bacteriostatic by reacting
better than Cl [about 45-fold with MPO 13)]. These with critical intracellular sulfhydryl groups and nicotinamide
findings fit well with several in vitro observations, namely, nucleotides$9). HOBr (similar to HOCI) is a more potent,
that (i) even when the chloride concentration is more than surface-acting bleaching oxidant that is rapidly bactericidal
10 000-fold greater than the [By EPO-mediated incorpora- by destroying surface membrane integrify. Consequently,
tion of bromide and not of chloride into tyrosyl residues of depletion of serum SCNwould greatly amplify the toxicity
proteins occurs4b); (ii) with 100 mM CI~ and 2-100uM of EPO bound to host cells by permitting the utilization of
Br-, the exposure of EPQ;tyrosine, and KO, yields only bromide in its place. The advantage of using SG&that it
two new products, which were identified to be 3-bromoty- is relatively innocuous for mammalian host cells but it is

rosine and 3,5-dibromotyrosin&(, 51); and, finally, (iii) toxic for helminthic parasite®]. However, when thiocyanate

exposure of EPO,-tyrosine, and KO, with nitrite in the is depleted (in acute disorders), the formation of HOBr
presence of 100 mM chloride yielded formation of only should dominate the formation of HOSCN and then also
3-nitrotyrosine $2). harms normal host tissue and contributes to oxidative injury.
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