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The three-dimensional crystal structure of nickel-re
constituted human haemoglobin (NiHb) is determined
by X-ray crystallography at 2.5A resolution. The
final refined model, when compared with deoxy hae-
moglobin, clearly reveals a permanent T-state con-
formation of NiHb. The tertiary changes associated
with the alpha subunit are larger in magnitude than
those in beta subunits. However, there are some signi-
ficant quaternary changes observed at the interfacial
regions arising out of the perturbations associated
with the Ni haeme in the alpha subunit. The central
metal ion in the two alpha subunits and one of the
beta subunits is clearly four-coordinated, while the
other beta subunit reveals a greater tendency for the
metal ion to be five-coordinated at the heme site. This
result is consistent with the earlier findings like opti-
cal, resonance Raman, NMR, and spin-labelled EPR
studies on NiHb, which show two different metal ion
environments in NiHb, interpreted as due to four and
five-coordination. Hence it is clear that there is in-
equivalence between the two beta subunits in addition
to the heterogeneity observed among the alpha and
beta subunits. Crystallographic evidence revealing the
presence of a five-coordinated nickel(Il) porphyrin
complex is a special feature of interest presented here.

COOPERATIVE ligand binding in haemoglobin (Hb) has
been a subject of immense interest over the past few dec-
ades' . Several theories were put forth in order to expl-
ain the origin of such cooperativity'® (MWC model,
Pauling model’, KNF model®, Perutz’s ‘triggering mecha-
nism’’ and the Acker’s symmetry rules®). The stereo-
chemical mechanism proposed by Perutz is based on the
X-ray structures of two alternate structures, the deoxyHb
designated as the T- (tensed) state and the oxy R-
(relaxed) state. In order to understand the molecular
mechanism of cooperative ligand binding in heme pro-
teins, it is necessary to investigate in detail the structures
of fully unligated and ligated molecules and compare the
structural changes with those of the intermediate species
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associated in the T <> R transition. The central metal ion
in heme proteins is recognized as the principal site of
interaction and hence plays an important role in eluci-

dating the structure—function relationship. The recon-
stitution experiments in which the central metal atom
Fe(Il) is replaced by similar transition metals such as

Ni(II), Cu(Il), Co(Il}, Mg(l), Mn(II), Zn(Il) have proved
useful in providing a good deal of information on the
electronic and spin states of the metal ion which are
responsible for the global conformation of the molecule’.
The primary approach for a better understanding of the
structure—function  relationship at the atomic level is
obtained from the X-ray structure of the protein species
involved. Crystals of reconstituted MgHblO, MnHb'!,
CoHb'? and hybrid Hbs such as Fe-Co'®, Ni-Fe!*, Fe-
Ni'’, MgFe'®, Fe-Mn'’ have been studied by X-ray
structure  analysis. Spectroscopic, physical and chemical
studies on these reconstituted heme proteins have pro-
vided certain interesting features over the past few years
which have led to a better investigation on the structural
and chemical basis of heme—heme interaction.

Metal ions such as Cu(ll), Ni(II)lg*20 and Mg(II)16 have
been considered as good reporter groups for stabilizing a
T-state conformation of the molecule. In particular,
Cu(Il) and Ni(Il) do not bind either CO or O, and hence
they are regarded as very stable species representing a
permanent deoxy T-state molecule, as also suggested on
the basis of chemical reactivity studies using 4,4-pyri-
dine disulphide (PDS)"’. Oxygen-binding studies on Ni-
Fe hybrids have proved that Ni(Il) protoporphyrin IX is a
suitable model for a permanent deoxy heme?®. The most
interesting feature in case of NiHb is the presence of two
different metal ion sites, a four-coordination and a five-
coordination as revealed by earlier spectroscopic stud-
ies'®1%2°3 The fifth coordination is satisfied by the N(g)
of the proximal histidine of the protein chain, which is
unique in case of the nickel porphyrins. We report here a
detailed analysis of the crystal structure of NiHb and its
comparison with deoxyHb. This work was particularly
chosen in order to investigate the similarities and differ-
ences between NiHb and deoxyHb, both being T-state
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molecules. It is also of interest to investigate the presence
of two different metal ion sites existing in the same mole-
cule.

Materials and methods
Crystallization, data collection and processing

Human Hb was first separated from RBC, and purified
further by  well-established methods®®.  Reconstituted
Ni(ll) Hb was prepared and purified as described ear-
lier™. Crystals were grown in batch method from a 15%
(w/v) polyethylene glycol-8000 and a 4% HDb solution at
room temperature for 10-14 days. The X-ray data were
obtained (Table 1) using the Mar Research Image plate
system, processed and scaled using Mar XDS at the
Molecular Biophysics Unit, Indian Institute of Science,
Bangalore. The crystal-to-detector distance was 100 mm.
The intensity data were collected for every 1° rotation in
the phi axis and the exposure time was maintained at
300s per frame. A total of 111 frames corresponding to
90° rotation in the phi axis were collected. The crystals
diffracted to a resolution of 2.5A, and belong to the

space group P2;2;2 with cell parameters: a=952A,
b=963A ¢=652A. The data were processed and
scaled using MAR XDS.

Structure solution and refinement

The structure was solved by the molecular replacement
method using X-PLOR?’, with the partially  oxygenated
T-state human Hb*® as the search model. A non-crystal-
lographic symmetry along the psuedo dyad axis was ass-
umed throughout the refinement. A consistent solution at
0,=0, =0 and 6;,=0, and a translation at & =0,
& =025 &=0, appeared in five different resolution
ranges. The rigid body refinement led to a R-factor of
038 and R-free=0.41, with a 2o cut-off at a resolution
range of 8.0-2.5A. Subsequently, a few cycles of posi-
tional refinement resulted in a R-factor of 29% and R-free
of 39%. The structure was further refined and the model
corrected using 2F,—F; and F,—F. maps employing the
program ‘O’. Thirty-eight water molecules were located
and further refinement gave a R-factor of 24.2% and R-

Table 1. Output summary of X-ray data collection
Minimum and maximum resolution (A):  19.8, 2.5
Number of observations in input 75819
Number of reflections with i =0 15810

Number of rejected reflections 0

Number of anomalous differences 15959
Number of unique reflections in output: 19946
Multiplicity of data set 38
Completeness of data set 0 91.4%
R-factor on intensities 15.5%
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free=32.4%. The final refinement parameters are listed
in Table 2. The final refined coordinates have been de-
posited in the Brookhaven Data Bank (PDB 1D 1FN3).

Results
Reference frames

To examine the structural differences between deoxyHb
and NiHb structures, we have chosen three principle ref-
erence frames: (i) Baldwin and Chothia®” used the o3
interface as a reference frame for comparing the T and R
states of the molecule. This comprises largely parts of the
B, G and H helices of both chains. We have adopted here
for o residues B 20-36, G 98-112 and H 118-134; for 3
residues B 20-33, G 104-116 and H 125-139 as the ‘BGH
reference frame’. (i) ‘F-helix frame’ which illustrates the
extent of conformational change at the F-helix, FG-corner
and heme. (iii)) ‘Heme frame’ which illustrates the dif-
ferences in the coordination sphere of the central metal ion.

Comparison of deoxyHb and NiHb structures

When the structure of NiHb is superimposed on deoxy-
Hb28, the rms difference is found to be 0.8 A for all main-
chain atoms. The rms difference for all the backbone
atoms at the o4f3 interface for the two structures is 0.6 A,
suggesting that there is no significant structural differ-
ence occurring at this interface.

Tertiary structural changes in the o-subunit

The mms difference for all the main-chain atoms at the
BGH reference frame is 0.7A for both o and ©s. When
the heme groups are superimposed (Figure 1a), signifi-
cant shifts in E- and F-helices are observed in both the o
subunits. The residue vs rms deviation for the superposi-
tion of o4 chains of NiHb over deoxyHb molecule is
shown in Figure 14, specially to clearly see the shift in
the E-helix. The E-helix has moved in a direction per-
pendicular to the helical axis, and away from the heme.
This movement of the E-helix is further continued in
such a way that the F-helix is significantly moved out,
thereby pulling the proximal histidine away from the
heme pocket. Figure la indicates a significant shift in the
main-chain conformation of the F-helix residues, which
is propagated till the beginning of the FG-corer. The
mns difference for the main-chain atoms at the FG-corner
is 1.1A for of and 1.0A for 6. The main-chain con-
formation at the FG-comer is almost retained in both
NiHb and deoxyHb, whereas marked changes occur at
the region FG1-FG4. There is a significant movement of
the FG-comer across the heme plane. Not much change is
observed in the main-chain residues of the CD-region,
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E-helix CD-segion
PheCD4
VAIE11 PlCD1
TyrC7
HisFe B
LeuF4 VaFGS
Fhalix FG-corner
Figure 1 a.

E-helix CD-region
PleCd
EE7
VAIE1] S
TyCT
HidF 8

LeuF4 ValFGS

Ehelix FG-correr

Stereo figure of 0§ heme pocket of deoxy T-state Hb (grey lines) and NiHb (dark lines).

Structures were superimposed by least squares fitting of atoms of the heme group. Movement of the

E- and F-helices away from the heme is evident.
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Figure 1 5. Residue vs rms for the superposition of o4 chains of NiHb
over deoxyHb molecule (black and gray lines show the superposition
of main chain and side chain respectively).

while the side chains of PheCD4, PheCD1 and TyrC7
undergo slight changes in conformation to adapt their
positions with respect to the movement of the E and F
helices. The C-terminal residues Tyrl40 (HC2) and Argl4l
(HC3) have significant electron density and hence they are
localized as in the case of deoxyHb. Thus the changes
associated with o4 and e are almost the same.

Tertiary structural changes in the B-subunit

The mms deviation of the main-chain atoms at the BGH
frame of reference for both By and [ is 0.6 A. Superpo-
sition of the heme frames in the [3 subunit indicates a
shift in the E-helix in a direction parallel to the helical
axis. The F-helix has moved in a direction perpendicular
to the helical axis, away from the heme plane. At [3, the
shift of the E-helix is significant and continues till the
beginning of the F-helix. Unlike in [3, the F-helix is
moved slightly towards the heme pocket, whereas
movement of the E-helix occurs in a direction away from
the heme group as seen in Figure 2a. The rms difference
of the main-chain atoms at the FG-comer is relatively
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much lower (04A in both (3 and [} subunits) when
compared to the oesubunits. Also, the main-chain con-
formation is the same at the FG-corner, except that the
FG-comer is moved as a whole and this movement is
propagated towards the beginning of the G-helix.

The sulphydryl group of the [P3 cysteine residue in
both the [B-subunits, which is adjacent to the proximal
histidine, retains its conformation similar to that of
deoxyHb and varies with that of carbonmonoxyHb (Fig-
ure 3). The position of the C-terminal ([3146) histidine is
such that the side chain makes a salt bridge with the Asp
(FG1) 94 which is known to be a prominent interaction
for a T-state conformation. Here again, we observe that
the C-terminal residues which are [3145 tyrosine and
146 histidine have significant electron density in [}
compared to [} (Figure 4) and are localized, thereby
shielding the sulphydryl pocket of the cysteine residue.

Heme environment

It is clear from the Ni-N(g) distances (Table 3) that at
both the oesubunits, the M-N(€) bond is broken thereby
stabilizing a stable four-coordinated Ni-heme. In case of
[, though the Ni-heme is again four-coordinated, Ni—
N(g) distance is considerably shortened compared to
those in the otsubunits, whereas in case of [}, the Ni-
N(g) distance is relatively much less compared to the o¢
subunits, thereby indicating a fifth coordination of pro-
ximal histidine with the metal centre. Inspection of the
2F,—F, density map clearly shows the Ni-heme electron
density being pulled towards the proximal histidine (F8)
(Figure 5). This closeness of density at [3 reveals the fact
that the [3-subunit tends to prefer a five-coordinated
geometry.

The heme plane in both the cesubunits as well as in [3
are parallel to the F-helical axis, and is well shifted to-
wards the heme pocket with respect to the F-helix frame.

181



RESEARCH ARTICLES

E-helix PheCD4
a CD-egion
GuEn FheCD1
PreC7
LexF4 LewFG3
ValRGS
F-helu FG-comer
b E-helix CD-region
PheC
ValEnl "8 FPheCDn
isF8 PheC?
Leur ValFGS
FG-corner
F-helix
Figure 2.

E-helix PMCDd
CD.region
KE7
j"m‘ PheCD1
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F-helin FG-comer
E-helix CD-region
PheC
ValEn " HisE7 PheCDn
; isF8 PheC?
LeuF4 ValFGSs
FG-corner
F-helix

Stereo figure of the [} heme pocket of deoxy T-state Hb (grey lines) and NiHb (dark lines).

a, Structures were superimposed by least squares fitting of atoms of the heme moiety. Marked movement
of the F-helix is evident in NiHb; b, Structures were superimposed by least squares fitting of main-chain
atoms of F4-F8. Movement and tilt of heme towards the F-helix is evident.

TyHC2
TyrHG2 G
CysFa @ AspF Gl
.58
ysHCA
L4 )
HishCS o HisHC3
DeoxyHb NiHb CarbonmonoxyHb
Figure 3. Sulphydryl pocket at [3-subunit of deoxyHb, NiHb and carbonmonoxyHb.

plane of porphyrin, thereby facilitating a coordination
with the metal centre (Figure 2 b).

At the [ subunit, the heme group still retains to be par-
allel to the F-helix, but with a simultaneous tilt of the
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Figure 4.

Table 2. Final refinement parameters
Resolution range (A) 8.0-2.5
R-factor 0.242
R-free 0.324
Water molecules : 38
Ramachandran outliers : None
Rms deviation from ideal geometry
Bond length (A) 0.017
Bond angle (°) 2.241
Torsion angle (°) 27.059
Improper angle (°) 1.627
Quaternary structural changes
Table 4 shows the various subunit interactions which
stabilize a deoxy T-state conformation. The interface

between o[, and e[} is formed by contacts between oy
and [}, and the dyad-related contacts between ©p and [3.
The side chains of His[397 (FG4) packs between
Throg4l (C6) and Proog44 (CD2) (Figure 6). The side
chain of Asp[} (Gl) forms a hydrogen bond to O(g) of
Tyrog42 (C7), which is similar to that of deoxyHb. The
N(O of Asnoy97 (G4) forms a hydrogen bond with O(
of Asp[399 (Gl). The amino group of Argoy92 is in con-
tact with the carbonyl oxygen of Prof336 and the O(5)%4
Asp of og-subunit is in contact with O(&) of Asp[399

CURRENT SCIENCE, VOL. 84, NO. 2, 25 JANUARY 2003

2F,—F. electron density map at the C-terminal regions of [} and [}-subunits. Insuf-
ficient electron density at the His146 (HC3) at [} compared to [} is clearly consistent with the
two different sulphydryl pockets arising from difference in the metal ion environment between
the two [3-subunits.

(G1). The carbonyl group of Argoyl4l is salt-bridged to
the amino group at the opposite oOrchain, ie. Lysos127,
which is similar to the one observed in deoxyHb.

Discussion
Evidence for mixed metal ion coordination

It is well known that NiHb possesses a mixture of both
four- and five-coordinated forms'®!'*?'"** This interest-
ing feature of two different metal ion sites is strongly
modulated by the protein structure, which encapsulates
the heme core. The present finding indicates that the stru-
ctural changes at the oesubunit are larger in magnitude
than those at the [3-subunits. These changes occur mainly
at the FG-comer, E- and F-helices. It is clear from Figure
1 that Ni (II), being a low-spin d® ion, tends to favour a
four-coordinated geometry without any axial ligand. This
has induced a shift in E- and F-helices to move away
from the heme in the oesubunits, thereby facilitating the
molecule to retain a deoxy conformation. An interesting
feature emerges when we compare the metal ion coordi-
nation in the hemes of NiHb with those of ©0&(FeQ,)3
(N and  ce(Ni)B(FeCO)Hb'™. While the latter two
species tend towards the R-state, the former is rigorously
in the T-state. In 0g(FeQy)3(Ni), both the [Bhemes are
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Figure 5.

2F—F. density map sectioned into the heme for clarity, with the proximal and distal

histidines. The map is contoured at 1o With exception at the [3 heme, the ligand and heme density is
clearly consistent with a fully four-coordinated Ni metal.

Table 3. Distance of the proximal and distal histi-
dines to the metal

Ni—N(€) proximal Ni—N(g) distal
Subunit histidine (A) histidine (A)
(o1 3.90 4.52
o 4.10 4.91
6 3.26 4.24
6 3.07 4.40

penta-coordinated, as proven by both crystallography13
and spectroscopyzz. However, in the case of ou(Ni)3
(FeCO), the Ni-N(¢) bond is broken despite the fact that
this hybrid tends towards the R-state. Hence it is not
surprising that NiHb, an example of extreme T-state as
proven by spectroscopy and chemical studies (e.g. PDS
reactivity proﬁlelg), has purely four-coordinated othemes

184

and a partially five-coordinated [3-heme. This indicates
that R —> T conformational change in these three proteins
not only breaks the Ni-N(€) bond in the oesubunit, but
also weakens the same in the [3-subunit.

Comparison with other spectroscopic results
Optical and chemical studies” show the subunits in NiHb
to be in the deoxy or T-structure. UV-visible'™" absorp-
tion spectra revealed a split soret band characteristic of
two different metal ion environments in NiHb. Later in
1986, Shelnutt er al.*! investigated the state of coordina-
tion of Ni (I} in NiHb, NiMb and a variety of model Ni
porphyrins (NiPPs). The Raman results are consistent
with two metal ion sites as also proposed for CuHb'®, one
being a four-coordinate form and the other being a five-
coordinate form. Further evidence for a five-coordinate

CURRENT SCIENCE, VOL. 84, NO. 2, 25 JANUARY 2003
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Figure 6.
shown in dark lines for NiHb and in grey lines for deoxyHb.

beta2-FG

HisFG4

AspG1

Stereoscopic view of o¢—[3 interface: Packing of C-helix of o4 and FG-corner of 3 is

Table 4. Interaction between subunits at interfacial regions
%-subunit [3-subunit Distance (A)

Residue Atom Residue Atom NiHb DeoxyHb
Lys 40 C5(N% His 146 HC3(0%) 3.81 3.16
Tyr 42 C7(0OH) Asp 99 G1(0% 2.61 2.49
Asp 94 G1(0% Trp 37 C7(N® 3.85 2.84
Asn 97 G4(N?) Asp 99 G1(O? 3.28 2.99
Arg 141 HC3(N™) Val 34 B16(0) 4.6 2.86
I. Stabilizing interactions within subunits

Tyr 145B0H ... OC Val 983 2.22 2.56

His 146 BIm*... 00C Asp 943 2.88 2.58
II. Stabilizing interactions between subunits

Lys 12701N°... OC Arg 1410% 2.95 2.74

Asp 12604CO0™ ... *Gua Arg 14105 3.35 3.01

Tyr4200H ... "00C Asp 993 2.61 2.49

Ni(Il) comes from proton nuclear magnetic resonance
studies®® of Ni-reconstituted heme proteins. The presence
or absence of hyperfine-shifted proximal histydyl NszH
exchangeable proton resonances provides information on
the coordination and spin states of NiPP in each subunit.
The hyperfine-shifted resonances at about 70.5 ppm were
observed for NiHb and ofFe),[3(Ni), but not for o(Ni)[B
(Fe),. Shibayama er al.*? suggested that this could arise
only when the Ni (II) assumes a high-spin (S=1), five-
coordinated form which is due to the proximal histidine
serving as an axial ligand. Observation of temperature-
dependent,  broad,  non-exchangeable,  hydrogen-bonded
proton resonances (12.6 and 10.9 ppm) and ring current-
shifted broad resonances around —2ppm in NiHb and
0u(Fe-CO)[3(Ni) alone further substantiates the fact that
NiPP is paramagnetic and five-coordinated in the [3
subunit. It is significant to note that such a paramagnetic
shift is not seen for the oesubunit (0e(Ni)3(Fe)), indi-
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cating its =0 state due to the detachment of Ni-N(g)
bond. EPR studies on spin-labelled NiHb' revealed two
different spin-label environments as a result of different
protein conformations in the same molecule.

In agreement with the aforesaid spectroscopic conclu-
sions, our crystallographic findings reveal that the [3-
subunit tends to be five-coordinated, while both the
otsubunits and  the [3-subunit remain four-coordinated in
the most T-structured NiHb. This is clear from a closer
inspection of the 2F,—F, electron density of the heme
region in all four subunits (Figure 5). Movement of the F-
helix is such that there is a simultaneous tilt and dis-
placement of the imidazole ring towards the heme pocket
(Figure 2a). Although the Ni-N(&) proximal histidine
distance seems to be slightly higher than that of a bond-
ing distance (Table 3), closeness of the electron density
of histidine near the heme is indicative of a preferential
five-coordination of the Ni (II) in [3. Similardy, the elec-
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tron density of histidine in [3 is far closer to those in the
oesubunit, though a little far-off compared to the [3-sub-
unit. It is important to point out that Shelnutt et al?!
observed (i) a low value for Ni-N(€) stretching frequency
at 236.cm’ in NiHb, indicating a weak five-coordination,
and (ii) only a decrease of almost 7em ' in the Ni—ligand
stretch in NiHb, upon 64Ni-isotopic substitution, against a
prediction of 10 em’! for a pure Ni-ligand stretch as in
the case for NiMb. Thus, our studies strongly suggest
that the weak five-coordination is reflected more in the
[ than in the [3-subunit, which is again reflected in the
C-terminal regions (Figure 4).

However, at a resolution of 2.5 A, an error of 0.2 A is
most likely in atomic coordinates; this would mean that Ni—
N(€) (proximal) bonds can be 3.1-3.3 A in both the Bsub-
units, prompting us to suggest equivalence of [3 and
[3-subunits in the heme area, with a five-coordinate being
described as four from basal porphyrin and a weak inter-
action with a more distant proximal histidine. A comment
is needed on this fifth weak coordination at a distance of
~31A. Such a kind of long-distance coordination
(~3.0 A) has been substantiated earlier by Solomon and
coworkers® in the case of blue copper proteins.

Structural changes at the o,—; interface

Baldwin and Chothia’” have explored in detail the qua-
ternary  changes  associated ~ with  tertiary  structural
changes during T <> R transition. The og—[3 dimer forms
several contacts with the og—[3 dimer, which serves as a
signal-transmitting  pathway between subunits on ligand
binding. It is observed from our finding that the residues
in contact between oqC and [RFG which is considered as
the ‘switch region’ are still retained in NiHb (Figure 6),
similar to that of deoxyHb. Whereas more dramatic
changes occur at the 0gFG-[3C core, which is considered
as the ‘Flexible region’. It has been previously noted by
Max Perutz”, on the basis of preliminary X-ray study on
NiHb, that although NiHb, assumes a T-state conforma-
tion there exists certain significant structural changes
with respect to deoxyHb. It is now clear from our present
structural analysis on NiHb, that the significant structural
changes are due to the four-coordinated Ni-heme at the
ocsubunit  which has induced certain structural perturba-
tions in the heme pocket, F-helix and FG-corner. It is to
be noted in this context that a four-coordinated metal
porphyrin, which is less constrained inside the hydropho-
bic globin pocket, is likely to enjoy a greater vibrational
freedom. We believe from our present investigation that
this small but significant delocalization of the four-coor-
dinated Ni-heme mainly in the oesubunit has induced the
proximal F8 histidine to move away from the heme moi-
ety which has influenced the structural perturbation at the
Valo®3(FG5), as also observed by Ho'® for conforma-
tional changes between T and R states. This perturbation
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is transmitted to Tyrod40(HC2) and then across the inter-
face to TrpPB7(C3) and then ArgHO(C6) (by way of
Thr[3B8(C4) and GInfBHC5)), Tyrow2(C7), AspPIAGI)
and Val[P8(FG5), and finally to the Bheme. This is illu-
strated in Scheme 1. Thus heme-heme interaction is
likely to operate synchronously to transmit conforma-
tional changes from one subunit to the neighbouring sub-
unit.

Role of B93 Cys

The sulphydryl group of [¥3 Cys residue is well docu-
mented as a reporter group for monitoring the conforma-
tional changes occurring in the molecule® 2. Figure 3
illustrates that in case of NiHb, the SH-group retains the
same conformation as in the case of the deoxy structure.
The presence of a strong hydrogen bond between the Asp
FGl and the side chain of histidine reveals the fact that
the SH-group of 3 Cys is further hindered in case of a
T-state molecule. This is in accordance with the previous
studies on the very low reactivity of the SH-group of [33
Cys towards PDS in case of NiHb'®. In spite of the same
conformation being retained in both [ and [3-subunits,
the appearance of significant electron density only in the
C-terminal histidine of [3-subunit indicates the inequi-
valent flexibility of the terminal histidine between the
two [Bsubunits (Figure 4). Thus, it is convincing from
this study that the two slightly differing metal-ion envi-
ronments of the [B-subunits have in turn resulted in dif-
ferent sulphydryl pockets which is in exact agreement
with the earlier reported EPR studies on spin-labelled
NiHbs*!. It may be noted that Manoharan and cowork-
ers’’  observed two different immobile components, as
seen from different 2T values, in NiHb when the (3 SH
group was attached with longer spin labels.

G.heme ©==> His(F8)087 E=—=> Val093(FG5) C—=> Try®*140(HC2)
Tyo(C7) < agbaoce) < TrpB7(C3)
Thi%41(C6)
AspP99(G1) ﬂ
\ TyrB145(HC2)
ValB9g(FG5)
B-heme
Scheme 1. Conformational changes.
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Conclusion

Our present crystallographic studies on NiHb confirm
that it takes up a structure similar to that of deoxyHb.
The unique feature of a five-coordinated NiPP is con-
fined to the [-subunit in NiHb. However, there exist
certain structural changes in the F-helix to FG-comer,
which lead to significant differences in the subunit con-
tact regions. High-resolution data using synchrotron radi-
ation could provide more insight on the nature of the
planarity of porphyrin, and further details on subunit in-
equivalence could lead to a better understanding of the
structural  basis of ligand binding to tetrameric heme
proteins.
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