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Table I

rate
reaction constant® ref
(1) H- + O, > HO,- 2 X 10%° 3
(2) H- + H-~ H, 2.2x10° 3
(3) H- + -OH—~>H,0 1.5 %10 3
(4) H- + HO,- -~ H,0, 1.3x10° 3
(5) -OH + HO,- =+ H,0 + O, 1.18 X 10'° 3
(6) -OH + -OH > H,0, 1.2x10"° 3
(7) HO,- + HO,->H,0, + O, 2.1 x10¢ 3
(8) OH + CI" > OH + CL 4.3%x10° 4
(9) H- + H,0, > H,0 + -OH 6 X107 5
10) Cl + CI" —>C‘l“ 2.1 X10° 4
an - > Cr +-C1 1.1 x 108 4
(12) L + Cl,~ > €1, + CI 4.0x10° 1
(13) Cl.~ + HO,- > 2CI + H' + 0, 1.0x10° 1
(14) Cl,;- + H. = 2CI" + H* 7%X10° 1
(15) H,0, + Cl,~ > HO,- + 2C1" + H* 1.4x10° 6
(16) C1, + Cr = Cl," 1.8x10° 7
(17) Cl;"~>Cl, + C 1.0x10¢ 7

(18) €1, + HO,- > Cl,~ + H* + O, see text

(19 C;" + HO,- > Cl,- + CI' + HY + O,  see text

@ Rate constants for reactions of the type R + R- = products
are those defined by -d[R-]/d¢t =k [R-]?. The unitsare M™* s7*
except for reactions 11 and 17 where they are s™'.

reaction scheme 1-19. The fit shown in Figure 2 is good. By
comparison with previous work,! it is clear that reaction 18 makes
little difference to the decay of Cl,™.

We conclude that HO, reduces Cl; with k = 1.0 X 10° M™!
s7, i.e,, close to the diffusion-controlled limit. The reaction may
take place in various circumstances and should, for example, be
considered together with some of the other reactions in Table I
when formulating free-radical mechanisms for the reaction be-
tween H,0, and Cl,.!»13
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The resonance Raman (RR)! spectra of biomolecules provide
an unique in situ insight into the stereochemistry of these sub-
stances.”* Recently, Spiro et al.’ reported in this journal a
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tCentral Laboratory for Physicochemical Analyses and Structural Re-
search.

(1) Abbreviations used: RR, resonance Raman; P-450, Cytochrome P-450;
HS, high spin; LS, low spin; Fe(PPIXDME)(SArNQO,), iron(III) proto-
porphyrin IX dimethy! ester p-nitrobenzenethiolate; LM, liver microsomes;
cam, P-450 from bacteria Pseudomonas putida grown on camphor; HRP,
horseradish peroxidase; (Me,SO),Fe(PPIX), bis(dimethy! sulfoxide) iron(III)
protoporphyrin IX dimethy! ester; (Me,SO),Fe(OEP), its octaethylporphyrin
analogue; MetHb, methemoglobin; (Im),Fe(MP), bis(imidazole)iron(III)
mesoporphyrin.
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Figure 1. RR spectra of rat LM HS P-450 and model substance Fe-
(PPIXDME)(SArNO,). Model compound prepared according to ref 15.
For preparation of P-450, see original work.!¢ Excitation wavelength,
488.0 nm; average incident power, 100 mW. Rat LM HS P-450: Jeol
JRS S1 spectrometer, slit width 8.4 cm™, scan rate 60 cm™ /min, sample
in capillary (see ref 16¢); Fe(PPIXDME)(SArNO,): Cary 82 spec-
trometer, slit width 7 cm™, scan rate 36 cm™ /min, sample with KBr (1:1

w/w).

well-documented analysis of RR spectra of various heme proteins
and their model substances. These data demonstrate that from
the positions of high-frequency RR bands information about heme
coordination and porphyrin core expansion can be drawn. As has
been shown by structural studies, the central iron atom in high-spin
ferric porphyrin complexes may be either five- or six-coordinated.’
Spiro et al.” have presented reasoning which allows one to check
the probability of iron penta- or hexacoordination in this class of
heme compounds. Similar conclusions were reached also by
Sievers et al.® The data presented in ref 5 support previous
suggestions that porphyrin core expansion is responsible for the
decrease of RR band frequencies of heme compounds (Spaulding
et al.®, Huong and Pommier'®). From the position of spin-sensitive
RR bands (marked II, IV, and V1), a porphyrin center-to-pyrrole
nitrogen distance (C,~N) can be calculated from the equation®19
v = KA - Kd, where d is the C~N distance in A, v the Raman
shift frequency in cm™, and the constants K (cm™/A) and 4 (A)
are 375.5 and 6.0! for band II, 555.6 and 4.86 for band IV, and
423.7 and 5.87 for band V, respectively. These relations were used
to probe heme expansion in various heme proteins and model
complexes.>*1%!12 The correlation for band V has been found to
be less satisfactory due to contributions from various porphyrin-
ring-stretching vibrations.!2

This procedure can be applied to the interpretation of the RR
pattern of cytochrome P-450, a heme protein acting as a terminal
oxidase in monooxygenation of a variety of both foreign and
endogeneous substrates.!> For a better understanding of its mode
of action, the question of axial ligands of heme iron atom is of
paramount importance. There is a strong indirect evidence of
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Table I. Resonance Raman Band Positions, Iron Coordination
Numbers, and C¢-N Distances in Ferric Heme Proteins
and Model Systems®

band band
1I, IV, coord C¢-N,
compd ref ecm™®  om! no. A
High Spin
chlorhemin 9 1495 1572 5 2.03
Fe(PPIXDME)(SAINO,) this 1490 1572 5§ 2.03
work
P-450 (rat, LM) 16¢ 1490 1578 5 2.03
P-450 (rabbit, LM) 16b 1571 5 2.03
P-450 (cam, bacteria) 16a 1488 1570 5 2.04
HRP native 18,19 1500 1575 5 2.02
cytochrome ¢’ 20,21 1500 1578 5 2.02
Me, S0O),Fe(PPIX) 5 1475 1560 6 2.06
Me,S0),Fe(OEP) 5 1481 1563 6 2.06
fluoride HRP 18, 19 1482 1555 6  2.06
MetHb 5 1481 1561 6 2.06
Low Spin

(Im),Fe(MP) 9,11 1505 1584 6 2.00
cyanide HRP 18 1497 1590 6 2.01
cytochrome ¢ 12a 1506 1585 6  2.00
P-450 (rat, LM) 16¢c,22 1505 1580 6  2.00
P-450 (rabbit, LM) 16b 1502 1585 6 2.01
P-450 (cam, bacteria) 16a 1502 1581 6 2.01

@ For abbreviations, see ref 1.

thiolate sulfur coordinated in the 5th coordination position, mainly
on the basis of spectral studies of model compounds.'* Among
those model substances, the Fe(PPIXDME)(SArNO,)! gives the
closest approach to the optical, EPR, and Mdssbauer spectral
properties of high-spin (HS)! ferric cytochrome P-450.1° Because
the question of possible hexacoordination in high-spin ferric heme
proteins is still a subject of discussion®®1% the possibility of proving
the iron pentacoordination in HS P-450' by RR spectroscopy using
the reasoning quoted above is, in the absence of direct crystal-
lographic data, attractive.

To this purpose we have measured the RR spectrum of Fe-
(PPIXDME)(SArNO,) as a pentacoordinated HS model com-
pound with a thiolate axial ligand and compared it with that of
HS P-450 reported by us and other authors.'® The RR spectra
of HS P-450 from rat liver microsomes'®® and of the model
compound are displayed in Figure 1; the positions of important
RR bands (II and IV) of various HS and LS heme proteins and
model substances are summarized in Table I. The comparison
of the values shows clearly that the HS P-450 is similar to the
Fe(PPIXDME)(SArNO,) and behaves like a five-coordinated HS
iron(ITI) heme protein.

The average values of the C,-N distance, calculated according
to the above-mentioned relationship, are also included in Table
I. The distance of 2.03 A, found for both HS P-450 and Fe-
(PPIXDME)(SArNO,), is somewhat greater than that determined
for the latter compound by crystallographic analysis (2.017 A).1%
This slight discrepancy observed with nonplanar hemes was dis-
cussed in the original paper.® The calculated C,~N distance for
cytochrome P-450 fits also well to the family of pentacoordinated
HS hemes.>*'#2 The average C,~N values for LS P-450 cor-

respond well to the value of 2.00 A, found by Cramer et al.!” for
rabbit LS P-450 with an extended X-ray absorption fine-structure
technique (EXAFS).

The results presented thus give a strong support to the hy-
pothesis of thiolate ligation in P-450 and iron pentacoordination
in high-spin ferric P-450, which is the crucial point for under-
standing the P-450 enzyme mechanism because of low-spin/
high-spin equilibrium modulation caused by binding of substrate.
Moreover, the resonance Raman data also supply a reasonable
estimate of the porphyrin ring radius in this heme protein.
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We report herein a polymer that is at least partly ladderlike
and inherently fibrous. This polymer is a siloxane and has pendent
trimethylsilyl and silanol groups. The route used to make it
involves the synthesis of a silicate containing the polymeric ladder
ion shown in Figure 1a and then the silylation of this ion.

The silicate which has been employed the most for the synthesis
of this polymer is litidionite, NaKCuSifO,y. A drawing showing
the specific structural arrangement of the ladder ion in this silicate’
is presented in Figure 1b.

The litidionite was made by placing a disk of a sodium—po-
tassium—copper glass of appropriate stoichiometry on a thin bed
of previously prepared and powdered litidionite and then heating
this assemblage. It was also made by sintering a mixture of
Na,CO0;, K,COj3, CuO, and SiO, having the appropriate stoi-
chiometry.>-’

Because of the nature of these procedures, it is apparent that
the processes occurring in them which lead to the formation of
the silicate ion are mainly ion migration processes. In the dev-
itrification procedure these processes are probably integral parts
of the crystallization process. In the sintering procedure this is
certainly the case.

The silylated polymer was prepared from the litidionite by
exposing a piece of it to a stirred mixture of trimethylchlorosilane,
water, and dioxane. The polymer was also prepared by using
mixtures of trimethylchlorosilane, water, and acetone or tetra-
hydrofuran and using powdered instead of lump litidionite. It
was purified by washing and density separation techniques.
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