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GADOLINIUM(III) MYOGLOBIN: INTERACTION
OF Gd(III) MESOPORPHYRIN IX WITH
APOMYOGLOBIN

CerTANN lanthanide cations are excellent spectroscopic
probes of thejr immediate environment in enzynies
and proteinst, Recently, the formation of ytter-
bium{Il} myoglobin was detected by the interaction
of ytterbium(llI) mesoporphyrin IX with apomyo-
globin using spectroscopic technigues®®, In this
paper, we describe the first report on the detection,
synthesis and spectral properties of gadolinium(Ill)
myoglobin, Its comparative studies with europium(ili)
myoglobin have also been bricfly described,

The hydroxy derivative of gadolinuum(Ill) meso-
porphyrin IX [Gd(I11)-MP-1X)] was p-epared by
heating anbydous gadolimum tricktoride {250 mgp) and
mesoporphynin IX dimethy! ester (50mg) in 2 g of
imidazole melt at 210°-215°C for 24 hourss, The
tmidazole was sublimed under reduced pressure to
get a resicue of gadolmum tiichfonde and dimethyl
ester of GAd(ID-MP-1X, Tie Gd(IL)-MP-IX was
prepared from its dimethyl ester by hydrolyzing the
ester with 30% potassium  bydroxide in methanol,
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The GAUID-MP-IX was eluted from the column usin g
methanol as eluting solvent, Tre concentrated

methanol solution of GAIID-MP-IX was stored
at 5°C,

The preparation of gadolmium(IIl) myoglobin
[GA(ID-Mb] is as follows: Tle GAd(IID-MP-1X
(1-5 moles) in a smal} quantity of pyridine was mixed
with  apomyoglobin® (1 mole) in 01 M Tris-HCI
buffer of pH 8, Tle mixture was immediately passed
through a long column of Sephadex G-25 equilibrated
with 10 mM potassivm phosphate buffer of pH 7-2.
The column was eluted with the same buffer. The
middle fraction was collected and further concentrated
in collodian bag (Schleicher and Schuell, UH 100/10),
The Gd(I[)-Mb was stored at $°C,

The hydroxy derivative of europiura(Ill) mMesopor-
phyrin IX [Eu(IIND-MP-IX] and europium(I[l}) myo-
globin [Eu(II)-Mb] were prepared in a2 manner similar
to the preparations of GA(IID-MP-IX and Gd{I)-Mb
respectively, The 1:1 complex formation between
gadolinjum(IlT) mesoporphyrin IX and apomyoglobin
was established by difference spectroscopy in the visible
region, The difference spectrum of GJdII)-MP-IX
and apomyoglobin in molar ratio of 1:1 against the
same concentration of GAdQIN)-MP-~IX shows a nega-
tive peak at398-5nm and a positive peak at 406-5 nm.
This 1:1 complex formation between Gd(IH-MP-IX
and apomyoglobin was further established by passing
a mixture of Gd(I)-MP-IX-pyridine compleXx and
apomyoglobin in molar ratio of 1:2 :1 through a
long Sephadex G-25 column, Tte various Gd{II)-
MP-IX-protien comp'ex fractions obtained from the
column show only a characterist'c Soret, g and f bands
and thus point to the existence of only 1:1 complex
of Gd-(IIH-MP-IX and apomyoglobin.

The absorption spectra of Gd{III)-Mb and Eu(lll)-
Mb are given in Table I. The spectra of GA(I)-
MP-I1X and Eu(ID-MP-IX in various solvenis are
also given in the table for comparison, Thke Soret,
a, and f bands of metal porphyrins in various solvents
are red shifted in the order: pyridine > methanol >
Tris-HC1 buffer, Tre Soret bands of the metal(HI)}-Mb
are about 4 nm red shifted as compared to the corress
ponding values of metal porpbyrins in Tris- HCY
buffer of pH 8. These results show that tle GA1U-
Mb and Eu(UI)-Mb have very simifar envirenment
at tfe metal site.

In order to establish the site of binding of GJIlh)-
MP-IX in GJdUID Mb, the GAQUID-MP-IN wus
displaced from  GAQUID) -Mb by Fe(liD-protoperhyrin
IX¢choride (hemin)  using  Jdifferenee spouiroscopy,
The spectrum shows two positine peshs at 399§ and
413:5 nm and a trough at 406 nm,  This result shows

The Gd(LD-MP-1X was furtl er purdicd on sifica that the Fe(Ull) Mb is formed by displacing G-

gel (grade V) column equibibraied wath methanod.

ME IX from Gd(IID-Mb by bemin {n the sample
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cuveiie,

is the heme pocket 1n the GA(T)-Mb.
TasLE 1

Visible ahso ption mavima of GIUIN-MP-1X, Eu(lID~
MP-1X, Gd(JIN-Mb and Eu(ll)-MDb°
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Thus, the site of binding of Gd(ID-MP-IX
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temperature. The signal of Gd(II) in the Gd(I)-Mhb
shows nitrogen hyperfine structure with about 14 peaks
(hyperfine splitting =~ 15 gauss). These !4 peaks of
nitrogen hyperfine structure are interpreted in terms
of Gd(IID-MP.IX in the heme pocket where tte four
nitrogen atoms of tte porphyrinand fifth nitrogen atom
of proximal histidine® are coordinated to gadohnjum(IIT),

Compound Solvent Sg;i; (nam) (nfl ) Thus, the EPR spectrum of GAd(II-Mb furtter sup-
ports the site of binding of GA(IIT)-MP-IX in the
heme pocket of the GA(IID-Mb, The splitting of the

GA(IID-MP-IX Pyridinc 4105  §77 540 nitrogen hypetfine stricture in tre GdJII)-Mb is
(269) (19-6) (18-4)  expected to vary with change in stricture of GA(ITI)-
) Mecthanol  404-5 574 537 Mb and, trus, these structural changes can be probed
(251) (19-4) (16:0) using Gd(ID in the Gd(IL)-Mb.
s Tris-HCI® 4015 5:” 2333 Department of Chemistry, T. S. SRIVASTAVA.
Q7 (48 (22 yen Institute of Technology,
Gd(ID)-Mb . 405:5  §72:5 535 Powai, Bombay 400 076,
o (310) (19-1)  (14-7) December 28, 1979,
Eu(lID-MP-IX Pyridine 409 577 341
08y  (15-8) (14-8) | Njever, E., Sruct. and Bonding, 1975, 22, 1.
» Methanol 405 574-5 538 2. Srivastava, T. S., Hershberg, R, and Yonetani, T,
| (176) (14-1) (13-7) Biophys, J., 1975, 15, 145 q, *
\ Tris-HCl 401 572 3355 3 ygareocks, Jr., W. D., Ventiecter, R. F., Spil-
(187) (10-0) -(8-6) burg, C. A. and Vallee, B. L., Biochem, Biophys,
Eu(ll)-Mb ’s 405-5 573-5 337 Res. Commun,, 1975, 4, 317.
(254) (17-1) (144 4 Srivastava, T. S., Bioinorg, Chem., 1978, &, 61,

1959,

At

Teale, F. W J,, Biochim. Bjophys. Acta,

35, 543.
Perutz, M. F., British Med. Bull., 1976, 32, 195,

T Concentrations of metal porpryun and metal protemn
complex are in the range 3 to 8 pM. 6,

® The values in paranthesis are millimolar extinction
cocficients €, (MM cm™).

°Tris-HCI is 0'1 M buffer of p HS,

Theelectron paramagnetic resonance (EPR) spectrum
of GA(ID)-Mb was recorded in Fig. 1 at liquid nitrogen
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CRYSTALLOGRAPHIC STUDY OF SOME
MIXED PYROCHLORES

AnaLysist of natural pyrochlore minerals suggest that
wide variety of both cationic and anionic substitutions
are possible; however, litcratuie survey revealed that
very little work is teported*+4 on pyrocrlore com-

/M j\ pounds wtere substitution of cations ts carried out

‘u\ﬂ*w M at A as well as B sites, In tre present studies, mixed
pyrochlores containing cations of different oxidation
\ states at A and B sites Fave been prepared. Pyro-
chlore structure T as the general formula A,B,O; wrere
y

while B is a smaller cation octal edrally surrounded by
six oxygen ions, The space group is Fd3MOI.

y | All the compositions mentioned in Table I were
prepared by using standard ceramic technique and
X-ray diffractometer patterns were taken on Philips
machine using CuKa radiation with Ni filter.

From Table I it is observed that tl.e compound
PbXTiNbO, where X =5Sm, Gd, Dy, Y and Bi
posses pyroschlore structure while tte compound
containing neodymium is outside the limit of pyro-
chlore formation, If tre compounds mentioned in
Table I are considered on the basis of radius ratio,

F v A is a larger cation coordinated by eight oxygen ions

i 1 | 1 ] | i

P 24 28 32 18 L L.L i 8 =¥ 56
Magnetic field (hecto gauss)

Fi1G. 1. Electron paramagnetic resonance spectrum
of gadolinium(lll) myoglobin in 0:1 M potassium
phoshpate buffer of pH 8 at 77°K, Concentration
of GAdQID-Mb was 1 mM,



