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ABSTRACT. CO ligation to horseradish peroxidase C (HRPC) was studied by means of site-directed
mutagenesis and resonance Raman spectroscopy. The CO complexes of HRPC-Higdand Arg

38 — Leu mutants were characterized at pH values ranging from 3.6 to 9.5. The vibrational frequencies
of the Fe-C stretching and FeC—0O bending modes have been identified by isotopic substitution. Both
His 42— Leu and Arg 38— Leu adducts with CO displayed a single-Re stretching band, whereas

both recombinant and wild-type HRPCO have two bands, corresponding to different conformers. This
comparison suggests that CO is H-bonded either to the distal Arg or to the distal His in the two conformers.
An acid transition, common to the wild-type protein, was observed for both mutants. This indicates that
these distal amino acids do not influence the acid transition. On the contrary, an alkaline transition was
only observed for the Arg 38> Leu mutant, which suggests that distal His is involved in the alkaline
transition of HRPC-CO complex. The spectroscopic information is found to be consistent with the X-ray
structure of ferric HRPC. A comparison with the CO complexes of cytochiopeeoxidase and myoglobin

is performed, which displays the functional significance of the structural differences between peroxidase
classes | and lll and between peroxidases and globins, respectively.

The study of CO ligation to heme proteins is attracting can be schematically summarized: (i) the CO complexes of
growing interest since CO can act as a sensitive probe ofheme peroxidases strongly differ from sterically hindered
the active site, where the natural substrates, oxygen formodel CO-porphyrin complexes and display the interactions
oxygen carriers and hydrogen peroxide for peroxidases, bindbetween CO and adjacent amino acids; (ii) multiple, pH-
to iron. CO forms a relatively stable bond with Fe (II) dependent conformers are present in the CO complexes of
proteins (). This allows for steady-state spectroscopic horseradish peroxidase (HRP3—6) and of cytochromes
measurements to be performed. In particular, vibrational peroxidase (CCP)/; and (iii) structural information inferred
spectroscopy can detect the vibrational modes involving the from RR and IR spectra of the CO complexes is also useful
Fe—C and C-O bonds. The €0 stretching mode is more  for understanding the molecular basis of the catalytic activity
easily detected by infrared (IR) absorption rather than by of peroxidasesd). The study of CG-peroxidase complexes
resonance Raman (RR}ppectroscopy, while the FeC has benefitted greatly from the availability of site-directed
stretching and FeC—O bending modes are practically mutants. In fact, comparisons between wild-type and
detectable only by RR spectrosco).( The main results  mutated proteins have enabled a clarification of which-CO
obtained by vibrational spectroscopy for heme peroxidasesamino acid interactions are most important. On the other
hand, CO complexes give important insights for the structures
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atom of CO and the distal amino acids. The results are
compared with the previous data obtained for the €CP

complex and discussed in the light of the recently solved 5
X-ray structure of HRPC* 14).

MATERIALS AND METHODS MM

The procedure for the production of HRPC* and its

517

g Bco

mutants has been described elsewhe&de 15. Protein M
concentrations, pH values, and buffer types are reported for

each individual sample in the figure captions. The ionic © 3
strength of all the buffers was adjusted to 0.1 M considering HRPC b

the concentrations and the dissociation constants of the

components, while no additional salts were added. The pH

was measured directly in the sample after the RR measure-
ment by means of a microelectrode. The CO complexes
were prepared by first flushing the ferric protein solution
with nitrogen, then flushing with?CO (Rivoira, Italy) or
adding*3CO (FluoroChem, UK) and reducing the protein
with 2—10 uL of a fresh sodium dithionite (20 mg/mL)
solution.

The RR spectra were obtained by excitation with the 413.1
nm line of a Kr" laser (Coherent, Innova 90/K). The back- .
scattered light from a slowly rotating NMR tube was AV (emi’)
collected and focused into a double monochromator (Jobin- FiGure 1: (from top to bottom) RR spectra of the complexes of
Yvon HG2S 2000), equipped with a cooled photomultiplier H42L (pH 6.1, 9QuM) with *3CO and'“CO, HRPC* (pH 6.3, 100

uM) with *2CO, and R38L (pH 6.1, 8@M) with 12CO and!3CO.
(RCA C31034A). The power at the sample was 1.8 mW. All samples were in sodium phosphate buffer solution. All spectra

We checked by the RR spectra in themode region that  \yere measured with excitation wavelength 413.1 nm and spectral
the amount of 5-coordinated ferrous species due to laserresolution 5 cm®. The integration times were 40 s/0.5 T

photolysis was low enough not to appreciably contribute to (H42L—*3CO), 71 s/0.5 cm' (H42L—'CO), 58 s/0.5 cm!
the RR spectra in the 4530 cnt region. The RR spectra (gggﬁ*;ggo)v 86 /0.5 cm (R38L—12CO), and 28 s/0.5 cn
were calibrated with the intense low-frequency bands of ( ):

indene and CGlto an accuracy of 1 cm for isolated bands.

515
Q
8 8

while the band at 515 cm of R38L—CO shifts to 510 cm.
RESULTS These bands are therefore assigned toithe mode. In
R38L—CO, there is an additional isotope-sensitive band. The
Figure 1 shows the low-frequency RR spectra of the CO shoulder at approximately 579 cf which overlaps with
complexes of HRPC* and its H42L and R38L mutants. The the 590 cm?! band, shifts to 565 cmt. The position and
spectrum of HRPC*CO, measured at pH 6.3, is similar to the relatively large isotopic shift of this band allow its
the spectra of commercial HRPC samples at pH 8)f assignment to thére.comode. The corresponding band for
pH 7.0 6, 6), with minor differences in the relative band H42L—CO may be too weak to be detected.
intensities. Four bands are observed at 497, 516, 539, and Figure 2 displays the pH dependence of the CO complexes
590 cntl. The bands at 516 and 539 chhave been shown of HRPC* and both mutants. The HRPEEO spectrum
to shift to lower wavenumbers when natural abundance CO at pH 3.6 is identical to the spectrum of the CO complex of
was substituted with eithéfC'®0O or 2C*%0 and therefore ~ commercial HRPCE). The bands at 492 and 524 chihave
have been assigned to twe.c modes, while the band at been assigned as the.c of two species which are present
497 cn! has been assigned to a porphyrin mode since it is at acid pH. The 492 cri species is a stable, six-coordinated
not sensitive to the isotopic substitutiof),( The band at complex, while the 524 cni species is a metastable form
590 cn1t is a superposition of a porphyrin band and of a where the heme iron is either bound to water or not bound
band which shifts to lower wavenumbers witfC'®O on the proximal side. The spectra of H42CO and R38L
substitution but not witA?C*80 substitution. The latter band CO are essentially unchanged at this pH with respect to the
has been therefore assigned to fhe-o fundamental mode  native enzyme, with only slight frequency (490 and 522
(4,5. An alternative assignment of the 57890 cn1* band cmY) and intensity differences. At alkaline pH, the CO
in the CO complexes of heme proteins t@@co overtone complexes of HRPC* and the mutants behave very differ-
(16) or combination model(7) has been confuted on the ently. The spectrum of HRPC*CO is similar to the
basis of the comparison with metal carbonyl compleX& ( published RR spectrum of commercial HRPCO at
and FT-IR data on a model compouritB). The bands at  alkaline pH ). The two bands at 516 and 539 chat pH
497 and 590 cm' are also observed in the spectra of both 6 merge into a broad band with a maximum at about 530
mutants, while the twarec bands are replaced by a single cm™ at pH 9. The other bands are not changed. R38L
intense band at 515 and 525 chfor R38L and H42L, CO samples at alkaline pH display time-dependent RR
respectively. The effect on the mutant complexes of spectra. In the first scans, the most intense band is broad
substituting2CO with 13CO is also shown. The band at525 and centered at about 500 thn This is possibly a
cm ! of H42L—CO displays an isotopic shift of 8 crh superimposition of the bands at 497 and 515 twf the
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Ficure 2: (from top to bottom and from left to right) RR spectra
of the CO complexes o R38L pH 9.0, 8QuM, HRPC* pH 9.2,
200 M, and H42L pH 9.5, 9Q«M, in borate buffer; §) R38L,
HRPC*, and H42L, same pH and concentrations as in Figure 1;
and €) R38L, 20uM, HRPC*, 300uM, and H42L, 20uM, in
formate buffer, pH 3.6. All spectra were measured with excitation
wavelength 413.1 nm and spectral resolution 5&rthe integra-
tion times wered) 24 s/0.5 cm! (R38L), 95 s/0.5 cm! (HRPC*),

and 22 s/0.5 cmt (H42L); (b) same as in Figure 1; and)(26
s/0.5 cnt! (R38L), 18 s/0.5 cm! (HRPC*), and 4 s/0.5 cri
(H42L).

neutral form with a new band at 496 ct After about 1 h,
the band at 496 cm reaches its maximum intensity and
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Ficure 3: (a) RR spectra of a HRPC*CO sample at pH 3.5 and

of the same sample after flushing it with nitrogen, changing the
pH to 6.7, and allowing CO to bind agairh)(RR spectra of an
R38L—CO sample at pH 10 and of the same sample after flushing
it with nitrogen, changing the pH to 6.3, and allowing CO to bind
again.

the spectrum does not change further. The sample eventually . .
aggregates and precipitates. The absorption spectra of R3gLVaS an essential step as for HRPEZO at acid pH. If
also show a time-dependent behavior (data not shown). TheR38L—CO formed at pH 10 was not flushed with nitrogen

maximum of the Soret band shifts from 422 to 421 nm within
2 h after the complex formation, while tifeband shifts from

gas, its RR spectrum did not change with pH down to pH 4,
where some amount of the acid form appears.

541 to 539 nm. The changes observed in the RR SpeCtraDISCUSS|ON

are possibly related to the absorption changes. Additional

effects could be induced by the laser irradiation during the
RR spectra acquisition. The behavior of the H4ZLO
complex at alkaline pH markedly differs from that of
HRPC*~CO and R38L-CO since its RR spectrum is
identical to the spectrum at pH 6.

(a) Structural Features of the Two HRPCO Conform-
ers. The presence of two conformers of the HRPCO
complex at neutral pH was evident both in the E)(and
in the RR spectral). The RRvgec bands at 519 and 541
cm ! of the two conformers have been shown to correspond

Figure 3 shows pH-dependent measurements which dem-+o the IR vco bands at 1932 and 1906 ci respectively.
onstrate the reversibility of the changes induced by acid pH Our results give a clear indication that the existence of these

in HRPC*—CO and by alkaline pH in R38LCO. In (a),
HRPC*-CO was prepared at acid pH and its RR spectrum

two conformers derives from different Cprotein interac-
tions, which also influence the vibrational frequencies. It

was measured. Then, the sample was flushed with nitrogenhas been shownlg, 21) that a negative correlation exists

gas for 2 h inorder to remove CO. After flushing, the pH

betweenve.c andvco frequencies for a large class of €O

was changed to 6.7 with a concentrated buffer solution. The porphyrin adducts (including both model porphyrins and
sample was again saturated with CO, and more dithionite heme proteins), depending on the extent dfack-bonding,

was added. The spectrum of the resulting complex is
comparable to the HRPC*CO spectra at acid to neutral
pH. It is noteworthy that if CO is not removed before
changing the solution pH to 6.7, the neutral form is not
obtained. The only change is a shift of the 492 ¢inand

to 496 cn* and an intensity decrease of the 524 ¢inand.

In (b), a similar protocol was applied to R38ICO. The

that is, electron back-donation from the Fetd the COx*
orbitals. Back-bonding increases the+€ bond order and
decreases the CO bond order, thereby increasing
vibrational frequencies and decreasimgo frequencies.
Figure 5 shows a plot ofrec versusvco frequencies for
HRPC*—CO, R38L-CO, H42L-CO, and other C©
protein complexes selected for comparison. Within this

sample was prepared at pH 10, and the RR spectrum wasrame we can propose a structural model for the two HRPC

measured aftel h inorder to obtain the stable form shown
in Figure 2. Then, the sample was flushed with nitrogen,

its pH was changed to 6, and CO and dithionite were added.

Even if the spectrum of R38LCO at acid pH is not fully
recovered, the band at 515 cinis clearly detectable. It

CO conformers.

In one conformer, the oxygen atom of bound CO mainly
interacts with Arg 38 via hydrogen bond (Figura)4 In
fact, its veec band at 539 cmt disappears when Arg 38 is
substituted with leucine (Figure 1). A direct evidence for

was not possible to extend the study, for example, with a H-bonding is the H/D shift (ca. 2 cnd) of the IR vco band

longer nitrogen flushing time, since the sample tends to

at 1906 cm? (5, 10, 20, 22 H-bonding from Arg 38 has

precipitate some time after the preparation. Removing CO been proposed also for the complexes of HRPC withrOH
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Ficure 4: Proposed structures for the different conformers in HRPC® (a andc) and H42L—-CO (b) at neutral pH, and in R38:CO
at alkaline pH ¢). The vibrational frequencies are from Table 1. Proposed hydrogen bonds are represented by dotsClberiges not
drawn for graphical reasons. nandc, the heme and amino acid disposition for HRPC* are taken from the ferric protein structure deposited

at the Brookhaven Protein Data Bank, PDB code 1ATJ 1#Bf

(23), CN™ (24), and F (25). Moreover, positive interactions
with CO have been observed to be most effective in
increasingt back-bonding 18). In this context, it is

X-ray diffraction 7). Mutagenesis of Asn 70 has high-
lighted the role of Asn 70 in maintaining the basicity of distal
His (28, 29). If the Ns;—H bond is conserved in the CO

reasonable to conclude that CO is directly H-bonded to the complex, then His 42 must have &p> 7 to be a H donor

positively charged guanidinium group of Arg 38 in the 539
cm! conformer, as previously proposetiy.

The veec shift from 539 to 525 cm! (the latter corre-
sponding tovco = 1924 cmt (10)) observed in the H42L
mutant indicates that the substitution of His42 with leucine
also influences the Arg 38CO interaction. Both thegec
and thevco frequencies of H42£CO are close to the acid
form of the CO complex of baker's yeast CCR).(
Considering that the distal Arg is extremely flexible in
peroxidases26), a possible explanation is that the His 42

— Leu mutation induces a rearrangement of the distal pocket

so that CO is H-bonded with a water molecule, which is in
turn H-bonded with Arg 38 (Figureb}, as in CCP-CO (see
below).

In the second HRPECO conformer, the oxygen of the
bound CO molecule mainly interacts with His 42 (Figure
4c). ltsveecfrequency (516 cmt) is unaffected by the Arg
38— Leu mutation (Figure 1). The question arises whether
the interaction with His 42 is only of a polar nature or if it
also involves H-bonding. An H/D isotopic shift (ca. 1 ¢
has been reported for the iR band of this conformer at
1934 cm? (5, 10, 20, 22 H-bonding from His 42 to CO
implies that N, is protonated at pH 67, where the 516
cm* conformer is present. On the other hand; Nf His
42 at neutral pH is H-bonded to the{f Asn 70 in HRPC

to CO. There is evidence both from the literature and from
our results that thel, of His 42 in HRP-CO is in fact>

7. This issue is discussed in section (b). Moreover,
H-bonding from His 42 to CO is geometrically favorable,
as can be judged from the X-ray structure of ferric HRB .(
Since His 42 N\ is 6.0 A above the Fe atom in a nearly
axial position, CO can fit in betweeen the central Fe and
His 42 and build a linear H bond with N Therefore, we
suggest that CO is H-bonded to His 42 in the second
conformer.

(b) pH Dependence of the Interactions between CO and
the Distal Amino Acids.lt is evident from the spectra shown
in Figure 2 that the mutations of the distal amino acids Arg
38 and His 42 do not have effects on the structure of the
CO complexes at acid pH. In fact, the RR spectra at pH
3.5 of the native enzyme and both mutants are very similar.
Previous work §) has shown that an acid transition takes
place in HRPC-CO. The very low frequency of therec
(492 cn1Y), together with a high frequency of theo (1967
cmY), points to very weakr back-bonding (Figure 5),
consistent with a slight or even absent interaction with the
surrounding amino acids. This result clearly contradicts the
proposal 22) that His 42 is involved in the acid transition
of HRPC-CO with a [, of about 4 as in the ferric enzyme.
On the other hand, His 42 deprotonation can be correlated

(14) as well as in all the other peroxidases so far studied via instead with thelkaline transition of HRPC-CO with pK,



Distal Mutant Carbonyl Horseradish Peroxidase

= 8.3 (6). This interpretation is further supported by the
RR (Figure 2) and IR spectrd @ at alkaline pH, showing
that H42L—CO lacks an alkaline transition. Therefore, we
exclude a role for the distal histidine in the acid transition,
and favor instead the previous proposz)(that the origin

of the acid transition is the protonation of a heme propionate.

There is a discrepancy between the RR results at acid pH

and the corresponding IR resulig). In fact, the IR spectra
show differences among the mutated and the wild-type

enzyme at acid pH, but there are no changes between pH 6

and 3.3 for R38-CO and H42Il--CO. This divergence in
the results must be ascribed to the different way of preparing
the CO complexes. In fact, it has been shown that the final
six-coordinated form of HRPECO at acid pH is dependent
on the procedure followed. If the CO adduct was formed at
pH 7 and then the pH was changed to a value higher than
3.1, the transition from the neutral to the acid form was
incomplete or did not take placé,(30. The final six-
coordinated acid form was observed only when CO was
directly added to a reduced protein at acid p§). (The
samples for RR spectra were reduced and bound with CO

already at acid pH; therefore the protein had the necessary

time to reach the acid stable conformation. On the other
hand, the CO complexes for IR were prepared at neutral pH,

and the pH was subsequently changed with a concentrated

buffer. It is thus conceivable that the proteins were still in
their neutral forms within the measurement time necessary
for the IR spectra (few minutes). This explains why the IR
spectra of neither R38LCO nor H42L--CO display any
change between pH 3.3 and 6.0. Moreover, IR measure-
ments of H421--CO and R38L-CO at longer times (Rod-
riguez-Lopez, J. N., George, S. J., and Thorneley, R. N.,
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Table 1. Vibrational Frequencies (cf) of the vrec andvco Modes
of the CO Complexes of Various Heme Protéins

VFeC

HRPC*, pH 6 539 1906
CCP, pH 7 (form 1) 530 1922
HRPC*, alkaline pH 530 1934
HRPC* (H42L), pH 6-9.5 52% 192#
CCP (H52L), pH 9 5292 1928
HRPC*, pH 6 518 1934
HRPC* (R38L), pH 6 515 1941.5
CCP (H52L), pH 6 508 1944
CCP (form I), alkaline pH 508 1948
CCP (R48L), acid pH 500 1941
CCP (R48L), alkaline pH 500 1951
HRPC* (R38L), alkaline pH 496 1944
HRPC, acid pH 492 1967
Myoglobin (H64L) 489 1966

2 The veec frequencies are plotted versuso frequencies in Figure
5.2 This work. ¢ Ref 10.9 Ref 7.¢ Ref 34." Ref 33.9 Ref 6." Ref 38.
' Ref 37.

550+

® HRP
pH6 o CCP
5401 o
pH7 alk. pH O WoHed
_ 5307 n.H42|_ )
! H52L
g_ 520 o pH6
8 ® oR38L
> 510 H52L, alk. pH
R4SL alk. pH
5004 g g R48L alk pH
L H3
R38L, alk. pH oF
490 P P

480 T T T T T v T J
1900 1910 1920 1930 1940 1950 1960 1970 1980
vm,m'\'1

unpublished experiments) show that a band at about 1965rcure5: Plot of observeats.cfrequencies versusy frequencies

cm ! grows after 40 min. This band has been sho®jt¢
correspond to the 492 cthRR band in HRPECO, and it
can be safely related to the band at 490 tim the mutant

complexes. We also observed that the acid transition occurs

faster in the RR experiments than in the IR experiments,
possibly because of the laser irradiation. In fact, R38L
CO and H421--CO samples which were prepared the same

in the CO complexes of HRPC* and its mutan®)(of CCP and
its mutants [{d), and of the His 64— Leu mutant of myoglobin
(©). The frequencies are from Table 1.

It is not easy to reconcile the results for the mutants at
alkaline pH with the RR spectrum of HRPETCO at pH 9

(Figure 2). This spectrum is characterized by a very broad
veec band centered at about 530 chwhich corresponds to

way as that of the IR measurements displayed the featuresa broad IRvco at 1933 cmit (3, 22). We tentatively assign

of the neutral species only in the first 10 min (data not
shown).

While the RR spectra at acid pH are not affected by
mutation of Arg 38 and His 42, the spectra of the CO
complexes of HRPC*, R38L, and H42L at alkaline pH show
differing behavior. H42E-CO is not subject to changes in
the pH range 6.69.5. This is consistent with CO being
H-bonded (through water) to Arg 38 in this mutant, since
Arg 38 has a higheri, than 9.5. On the other hand, R38L
CO is less stable at alkaline pH than H42L and HRPC* and
its RR spectra point to a definite change in geometry of the
bound CO with respect to pH 6. The.c frequency (496
cm1) is close to the value of the acid forms of HRPCO
(6) and myoglobir-CO (31), for which an open structure
has been proposed. This suggests that alkaline REZD.
is also an open form, with no interaction with His 42 (Figure
4d). An open geometry is also consistent with the recom-
bination kinetics of R38ECO at pH 8.5 after laser pho-
tolysis @). The alkaline transition for this mutant, which
was also observed in the IR spectt&) can be ascribed to
the deprotonation of His 42.

the RR band to a superposition of a conformer which is
similar to H42L—-CO, that is, H-bonded to Arg 38 through
water (Figure 8#), and of a conformer which still interacts
with His 42 but is not H-bonded. On the basis of the above
considerations concerning the interaction between His 42 and
CO, His 42 deprotonation seems to be the trigger for this
alkaline transition.

(c) Comparison with the CO Complexes of CCh
contrast to HRPC, baker’s yeast CE@O in solution at pH
6.0 shows only one CO conformer whose IR and RR
signatures have been assigned to a form with CO H-bonded
with a distal residue?). Actually the X-ray structure of
CCP-CO (26) showed that CO is T2ilted and H-bonded
with a water molecule, which in turn is H-bonded with the
distal arginine (Arg 48). Moreover, upon complexation with
CO, the Arg 48 terminal nitrogen atoms move away from
the ligand by about 0.6 A with respect to ferric CCP. By
comparing the structures of ferric CCB2[ and HRPC* (4),
we noticed that the terminal nitrogen atoms of the distal Arg
are located at a shorter distance (about 1 A) from the heme
iron in HRPC* than in CCP. As a consequence of this
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structural difference, it can be hypothesized that CO is tilted
and directly H-bonded with Arg 38 in HRPC'CO, as
represented in Figurea4 The 9 cn! upshift of theveec
band and the 18 cm downshift of thevco band of the first
conformer of HRPC*CO as compared to CCRCO (Table

Feis et al.

heme peroxidases studied so #0)( the present results show

that they play a different role in stabilizing the exogenous
CO ligand. Both residues in HRPC are involved in H-bond
interactions with the coordinated CO, whereas for CCP only
the distal Arg appears to be involved. The different

1 and Figure 5) confirm that the interaction with CO is much geometric dispositions andKgs of the distal residues in
stronger in HRPC* than in CCP in solution as well as in the two proteins are considered to be responsible for the
crystals. This result agrees with the conclusions obtained different stabilization mechanisms. In particular, the shorter
in the study of compound | formation for the distal Arg and distance between the distal Arg and the heme iron in HRPC
His mutants of both CCP and HRPC*. In fact, it has been relative to CCP accounts for the stronger H-bond interaction
shown that the removal of the positively charged guanidinium with the bound CO. Accordingly, the distal Arg appears to

group of Arg from the active site is more critical in HRPC*
than in CCP 11). Therefore, the distal Arg must interact
with the incoming ligand much more strongly in HRPC*
than in CCP.

The finding that the conserved distal His is not capable
of interacting with the incoming CO in CCP is intriguing
(26). A comparison of the structures of the ferric proteins
indicates that not only the distal Arg but also the distal His
is more favorably positioned in HRPC* to directly interact
with the incoming CO than in CCR26). The conclusion
that the distal Arg in CCP is the only residue stabilizing the
incoming CO is also evident from the RR data for the Arg
48 — Leu CCP(MI) mutant which show a CO adduct at
neutral pH with no H-bond interaction33). Moreover, the
results obtained on the His 52» Leu CCP (MI) mutant
(H52L) clearly show that the His 52 residue does not titrate
in the acid-alkaline transition34). As a consequence, two
different CO forms have been found at acid and alkaline pH
for the CO complex of H52L, both closely resembling the
corresponding forms of the native enzyme (Table 1, Figure
5).

(d) Comparison with the CO Complexes of Myoglobin
Mutants. CO adducts with myoglobins have been more
intensely investigated than CO adducts with peroxidabgs (
particularly with the aim of clarifying the £-CO discrimi-
nation mechanism of globins. An outstanding feature of
CO—myoglobin adducts is the presence of multiple confor-

mational substates, observed in the IR absorption spectra 10.

(35), despite the fact that only distal histidine can interact
with bound CO. A simple molecular model has been
proposed for the conformational substates of-@@oglobin

on the basis of distal His tautomerism, which has also been
tentatively applied to HRPC36). Our results show that the
origin of the band multiplicity in the RR and IR spectra of
HRPC-CO is different. The comparison of H421CO with

the CO complex of the His 64> Leu myoglobin mutant is
particularly dramatic. A singleco band at 1966 cmi (37)

and a singlevrec at about 490 cmt (38, 39 are observed.

A reduced degree ot back-bonding is evident from these
frequencies, indicating little interaction with the distal cavity
amino acids. In contrast, H42LCO exhibits pronounced
frequency shifts due to the effect of the distal arginineron
back-bonding (Table 1, Figure 5). The presence of an
arginine residue which is able to H-bond the substrate is a
key difference between peroxidases and globins, and the
many aspects of its functional significance have been
discussed in detail2().

CONCLUSIONS

Despite the fact that two distal key residues, His and Arg,
are conserved in both CCP and HRPC, as well as in all other

play a more important role in the binding of hydrogen
peroxide in HRPC than in CCP, as shown in earlier kinetic
studies on compound | formatiod ).
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