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Soluble guanylate cyclase (sGC), catalyzing the conversion of GTP to cGMP,
is a heme-containing enzyme distributed in animal brain and lung. It has been pointed
out that sGC is one of the receptor proteins for nitric oxide (NO), which acts as
a signal molecule to play various physiological roles in smooth muscles, platelets,
brain and macrophages. Indeed, it has been reported that partially purified sGC was
activated about 70 fold in terms of enzymatic activity by addition of NO or NO
releasing agents. The activation was attributed to ligation of NO to a heme group
of sGC, but spectroscopic studies of sGC have hardly been done, because a content
of sGC in animal tissues is much lower than that of other well-known hemoproteins.
To obtain useful data for structural analysis from resonance Raman spectroscopy, 70
w1l of 30uM solution is required for a single measurement and thus more than 1 mg
of sGC is required. To get a sufficient amount of purified enzymes, a method for large

scale purification has to be established first.

A reported method about purification of sGC involves several kinds of
column chromatography. To purify sGC from bovine lung, they tried the reported method,
but the yield was so low that they could not observe absorption spectra of the purified
sGC as well as resonance Raman spectra. Therefore, they screened chromatography media
for each step of purification. This process included a time-consuming trial and error
method but finally they succeeded in purifying a large amount of sGC by the use of
affinity column prepared by themselves. The SDS-PAGE analysis of the purified sGC
indicated that the enzyme is two distinct subunits having molecular weight of 69, 000
and 74, 000. TheabsorptionbandofsGCaspurifiedappearedat431nmbutitwasshifted
to 399 nm by the addition of NO. Activity of the purified sGC was increased up to
150-fold in the presence of NO, compared to that in its absence, while heme-deleted
sGC did not show such an activation upon the addition of NO. These results mean that
the sGC thus purified in our laboratory is essentially the same as the enzyme purified
using the immunoaffinity column. The heme content of the present sGC was determined
to be 0. 8 heme per heterodimer. The heme is presumably bound to His-105 of B subunit

judging from mutation studies of recombinant sGC.

Using the purified sGC, they measured resonance Raman spectra of the sGC.
Resonance Raman spectroscopy is a very effective tool to elucidate a heme structure
of hemoproteins. What is especially superior to other spectroscopic methods is that
an Fe-Ligand vibration can be observed in raw spectra. Their results meant the sGC
as isolated contained the histidine-coordinated ferrous high spin heme but when NO
gas was incorporated to the sGC, the Fe-His bond was cleaved to form the five-

coordinated heme-NO complex. The low Fe-His stretching frequency observed at 203 em ™t



indicated the absence of hydrogen bonding proximal His and weak Fe-His bond. Since
the Raman spectrum of sGC-NO was distinct from those of model compounds in spite of
the absence of a covalent bond between the heme-NO complex and the protein matrix,
the five-coordinated heme-NO complex must be bound to the sGC protein tightly.
Furthermore, the Fe-CO stretching mode was observed at 473 cm™*, which are extremely
lower than those of other hemoproteins, and the Fe-NO and N-0 stretching modes of
sGC-NO were observed at 521 and 1681 cm™ ', respectively. The assignments are based

on the frequency shift upon NO-isotope substitution.

Although the Fe-His bond cleavage has attracted attention with regard to
a regulation mechanism of sGC's activity, they assumed that the heme-NO complex in
the protein itself has an important role to regulate the sGC activity, because
addition of heme-NO complex to its apo protein brought about the same results as the
case of the addition of NO to the holoenzyme. Accordingly, they focused on attention
to find some changes in Raman spectra of sGC upon additions of a substrate, its
analogues and products. In consequence, it was observed for the first time that Raman
spectrum of sGC-NO was changed in the presence of cGMP, a product of the enzymatic
reaction. The effect of cGMP was seen only for the NO adduct of sGC but not for the
CO-bound and unligated forms. The Fe-His stretching mode of the resting sGC remained
unchanged upon addition of c¢GMP. It was noted that additional N-O stretching mode
appeared but Fe-NO stretching mode remained unaltered in the presence of cGMP.
Interestingly, these results imply the existence of some interactions between NO and
distal side residues in the heme pocket, which is provoked by the association of cGMP
to sGC. In addition, the additional N-O stretching band, which is of higher frequency
than that of other enabled them to predict fast dissociation of NO from heme on the
basis of model compound studies. In general, five—coordinated heme-NO complexes are
more stable than six-coordinated heme-NO complexes due to trans effects. However,
NO dissociation rate of sGC-NO was larger than that of myoglobin-NO by a factor of
two. Therefore, the distal side of sGC heme pocket was assumed to have an anionic
character, yielding some repulsive interactions to NO bound to the heme. When cGMP
was injected into sGC-NO, NO dissociation was accelerated by 10 times and the fast
and slow phases ratio was dependent on the concentration of cGMP. They interpreted
it as a kind of feedback inhibition. This cGMP effect is not so high and therefore
may not work as a main regulation circuit, because NO dissociation is not so fast
that could adjust the enzymatic activity. Some change of the Fe-His bond similar to
the case of the R-T transition of hemoglobin is required to cause rapid dissociation
of NO. Although an endogenous inhibitor has never been identified yet, it is widely
believed that an endogenous inhibitor may have a key role for down regulation of sGC

through the proximal His.



For more comprehensive understanding the structure-function relationship
of heme of sGC, it is necessary to carry out a number of experiments with suitable
model compounds. They selected myoglobin, one of the most simple hemoproteins, as
a relevant model for understanding the meaning of frequencies of ligand vibrations.
Although Mb-NO is of six-coordinate at neutral pH, showing the Fe-NO and N-O
stretching modes at 556 and 1613 cm™, respectively, it is found to change into a
five-coordinated complex like sGC at pH 4, showing Fe-NO and N-O stretching modes
at 520 and 1668 cm™!, respectively. Subsequently they prepared several kinds of
recombinant Mb mutants expressed by £. co/i and measured Raman spectra of its NO adduct
to determine Fe-NO and N-0 stretching modes. Wild type sperm whale Mb showed the Fe-NO
and N-0 stretching modes at 560 and 1613 cm™, respectively. Except for subtle
differences in the Fe-NO stretching frequency, there were no differences between
sperm whale Mb and horse heart Mb. Accordingly, they decided to use wild type sperm
whale Mb as a standard protein. Substitution of the distal His (His64) to an aprotic
amino acid such as Gly or Leu caused the higher frequency shift of the N-O stretching
mode by 20-26 cm™! but negligible shift for the Fe-NO stretching mode. This must be
a charge effect of distal residues. In contract, point mutation of Val68 or Leu29,
which are distal side amino acid residues close to distal His, to a bulky amino acid,
Trp, caused the frequency shift of the Fe-No stretching mode by 5-10 cm™? but no change
for the N-O stretching mode. This shift was attributed to distortion of the Fe-N-0
geometry due to steric hindrance. These data obtained with Mb-NO will be ruminated

to reveal the structural implication of the Raman data of sGC-NO.
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