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We have explored the effect of substrate binding on the heme
iron conformation in the enzyme dehaloperoxidase (DHP) that was
first isolated from the terebellid polychaefenphitrite ornataand
is now expressed irEscherichia colt=2 DHP is a dimeric
hemoglobirt that also has significant peroxidase activity under
physiological condition8. Since hemoglobins and peroxidases
require ferrous and ferric oxygen, respectively, one can hypothesize
that substrate binding causes a change in protein conformation that
affects the spin state of the heme iron. A recent X-ray crystal
structure of metaquo DHP resting sfasbows that water is indeed
bound to the heme iron as predicted by spectroscopic measure-
ments’—? In attempting to understand the role of substrate binding, . . . . .
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we obtained an indication from hyperfine-shifted NMR that the 1000 2000 3000 4000 5000
substrate enters the distal pocket at pH7.0. At pH < 7.0, the Magnetic Field, G
enzyme turnover is rapid and so is the inactivation of BRRbove Figure 1. CW X-band (9.5 GHz) EPR spectra of DHP in the absence

pH 7.0, the turnover is significantly slower, but substantially (dﬁtéeg "”&91)_ ing }i<n gle IOF(?SS_"CE (SOrlliOI fl'inlz) C;le\(()-sfglgsIécess of TFP at
more product is formed. Although an X-ray crystal structtre ~PH 6.0andT =4 K. Arrow indicates the field o experiment.
shows a substrate analogue, 4-iodophenol, to be bound in the distal Figure 2 shows HYSCORE spectra of DHP at pH6.0 in an
pocket of the hemoglobin, stopped-flow experiments (not shown) H,O buffer (A), a DO (99%) buffer (B), and an ¥0 buffer with
indicate that DHP can function without the substrate bound to the 10_t|d excess of TEP relative to DHP (C). The spectrum of DHP
internal binding site. The~23% occupancy of the substrate j, he second quadrant reveals the signals from strongly coupled
analogue 4-iodophenol in the X-ray structure 1IEWAuggests @ piyrogen nuclei at49.5, 5.54) MHz that are assigned to a double
function for the substrate interaction in the distal pocket but is quantum Am = =+2, dq) transition. Two less intense peaks at
inconclusive whether the distal pocket is an active site of the (—4.98, 2.95) and{A’,AS 3.15) MHz arise from single quantum
enzyme. We have qdvanced a hypothesis that substrgte.binding act@mI = +1, sq) transitions. These signals were assigned to four
as a trigger event in the switch from the oxygen binding to the 5pnroximately equivalent nitrogen nuclei of the porphyrin ring and
peroxidase functiof.:® An experimental test correlating changes g other nitrogen of the proximal His8922 The first quadrant

in the ligation state with the coordination of the ferric heme iron oy ealed proton signals at 14.8 MHz that span about 6.2 MHz
upon substrate pinding is considered to be critical for verification frequency range with a well-defined strong intensity characterized
of our hypothesis. _ by weaker interactions of 2.5 MHz and lower.

Herein we report on continuous wave (CW) EPR and hyperfine  ~ 14 petter understand the origin of the proton signals, a spectrum
sublevel correlation spectroscopic (HYSCORE) analysis of the ferric ¢ pyp prepared in pH 6.0 fD buffer was obtained (Figure 2B).
form of DHP that was undertaken to characterize effects of the o this sample preparation, all of the spectral features in both
binding of 2,4,6-triflucrophenol (TFP) on heme iron coordination. g adrants remained the same, except the signals corresponding to
HYSCORE experiments that correlate nuclear frequencies in the gongly coupled (6 MHz) proton(s) that disappeared. This indicates
two manifolds of the electronic spin are informative for studying  {hat the signal from the weakly coupled proton(s) with interaction
the hyperfine interactions of the heme iron with the surrounding o apout 2.5 MHz originates from nonexchangeable protein protons.
nuclei. _ Hyperfine interactions of similar magnitude have been observed

Experimental X-band (9.5 GHz) CW EPR spectra of DHP in ¢4 hygrogen atoms in the heme and proximal histidité. The
the absence (dotted line) and the presence (solid line) of a 10-_fo|_d disappearance of the strongly coupled 6 MHz proton signab® D
excess of TFP at pH 6.0 are shown in Figure 1. The characte_nsnc buffer (Figure 2B) is attributed to exchangeable hydrogen atom-
g9-= 6 andg, = 2 features of tshe EPR spectra show that the iron () previous ENDOR studies of metmyoglobin reported a-6.1
exists in a high spin (HSS=9 />) state in both the absence and ¢ 1 MHz hyperfine coupling for the protons of a water molecule
presence of the substréte’® In this respect, DHP resembles .o ginated to the iron as the sixth ligafewhich is essentially
metmyoglobin, a known HS ferric heme protein having a six- 16 same as the 6 MHz signal observed for DHP. Following buffer
coordinate ligation. At pH 6.0, there is no change in the spin state; gychange, we have observed an additional intensity in the first
however, the coordination sphere of the heme iron is clearly aﬁeCtedquadrant at (1.83, 2.63) MHz that is consistent with the deuteron

by substrate binding (Figure 1 inset). signals ¢p = 2.3 MHz). Unfortunately, for DHP, in both 40 and
 North Carolina State University. DO bgffers, this quadrant contains a stropg spectral .feature,
* Bruker BioSpin Corporation. extending from 1.5 to 3.8 MHz that prohibits unambiguous
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Figure 2. HYSCORE spectra of DHP in pk 6.0 buffers prepared from
H20 (A) and DO (B) and DHP in HO buffer with 10-fold excess of TFP
(C). The spectra were recorded at magnetic field of 346 mT witl28
ns (red trace) and 100 ns (black trace)lat 4.5 K.

determination of the deuteron nuclei coupling constant. The

from 19F were observed, the TFP substrate does not appear to ligate
to the heme iron in this process.

The reported HYSCORE data provide information on the
molecular mechanism by which substrate binding can alter the
function of DHP. The data indicate that the heme-bound water
molecule in the resting state of the ferric form is displaced when
the substrate binds, at least under the conditions of the experiment.
Such behavior can be compared to the effect observed in cyto-
chrome P450cam, where the transition from the low-spin Y/,
to the high-spin state, observed upon substrate binding, is associated
with displacement of a water molecule from the axial ligand
position”~1° However, in contrast to cytochrome P450cam,
displacement of a water molecule from the heme iron of DHP at
pH 6.0 does not result in a change of the spin state since the iron
is initially in the HS state. Thus, in DHP, the EPR data show a
change in rhombicity that is consistent with a change in the
coordination without affecting the spin state. The power of
HYSCORE is that it shows changes in the coupling of protons on
the heme-bound water that further substantiate the hypothesis that
substrate binding displaces the water from the heme iron.
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