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1. Tsubaki, M., Srivastava, R. B. and Yu, N.-T. "Resonance Raman Investigation of 
Carbon Monoxide Bonding in (Carbonmonoxy) hemoglobin and -myoglobin: Detection of 
Fe-CO Stretching and Fe-C-0 Bending Vibrations and Influence of the Quaternary 
Structure Change". Biochemistry 21, 1132-1140 (1982). 

2. Tsubaki, M. and Yu, N.-T. "Resonance Raman Investigation of Nitric Oxide Bonding 
in Nitrosylhemoglobin A and -myoglobin: Detection of Bound N-0 Stretching and Fe-
NO Stretching Vibrations from Hexacoordinated NO-Heme Complex" Biochemistry, 21, 
1140-1144 (1982). 

3. Mackin, H. C., Tsubaki, M. and Yu, N.-T. "Resonance Raman Studies of Co-02 and 
0-0 Stretching Vibrations in Oxy-Cobalt Hemes" Biophys. J. 41, 349-357 (1983). 

4. Yu, N.-T., Kerr, E. A., Ward, B. and Chang, C. K. (1983) "Resonance Raman 
Detection of Fe-CO Stretching and Fe-C-0 Bending Vibrations in Sterically 
Hindered Carbonmonoxy Strapped Hemes. A Structural Probe of Fe-C-0 Distortion" 
Biochemistry (submitted). 

5. Kerr, E. A., Mackin, H. C. and Yu, N.-T. "Resonance Raman Studies of Carbon 
Monoxide Binding to Iron "Picket Fence" Porphyrin with Unhindered and Hindered 
Axial Bases. An Inverse Relationship Between Binding Affinity and the Strength 
of Iron-Carbon Bond" Biochemistry (submitted). 

Report:  

1. General Scientific Goals:  No change 
2. Concise Description of the Studies Conducted during the Budget Year, the Results  

Obtained and their Significance. 

(i) We have conducted a study of the distal steric effect on the Fe-CO stretch-
ing vibrations. Four synthetic hemes (with N-methyl-imidazole) were 
employed. A simple iron porphyrin (heme-5) without groups to hinder the 
CO binding and three "strapped hemes" which have a 13, 14, or 15-atom 
hydrocarbon strap across the CO binding site. It was found that by de-
creasing the chain length (hence increasing the steric hindrance or de-
creasing the CO binding affinity) the Fe-CO stretching frequency increases, 
but the C-0 stretching frequency decreases. We demonstrated that while 
the Fe-C-0 bending mode is not detectable in heme-5, its intensity relative 
to that of the Fe-CO stretching mode increases in the order FeSP-15 < FeSP-
14 < FeSP-13; the CO distortion causes the enhancement of the Fe-C-0 bend-
ing mode. These spectral features are interpreted in terms of increased 
interactions between the CO ligand and the N-atom(s) of pyrrole ring(s) in 
both ground and excited states. To estimate the Fe-C-0 bond angles, we 
have developed a simple equation which requires only two stretching fre-
quencies for two different isotopes without a prior knowledge of force 
constants. 

(ii) We have studied resonance Raman spectra of carbonmonoxy iron "picket fence" 
porphyrin with unhindered and hindered axial bases. A seemingly paradoxial 
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relatonship was found: a weak CO binding to the heme iron can mean a 
strong iron-carbon bond. The explanation was given in terms of the free 
energy distribution/compensation upon CO binding. This is an important 
principle in metalloporphyrin chemistry and is crucial in the interpreta- 
tion of resonance Raman data from carbonmonoxy hemoproteins. More 
specifically the two examples which exhibit an inverse relationship be-
tween binding affinity and the strength of iron-carbon bond are: 
(a) Fe(II)TpivPP(1,2-Me 2 Im) vs. Fe(II)TpivPP(N-MeIm), and (b) Fe(II)TpivPP 
(THF) vs. Fe(II)TpivPP(N-MeIn7. In both cases the v(Fe-00) frequency is 
higher—Thence the Fe-C bond is shorter and stronger) for the weaker CO 
binding. 

(iii) We have carefully studied oxy cobalt "picket fence" porphyrin, in an at-
tempt to better understand the interaction between the v(0-0) stretching 
vibration and accidentally degenerate ring modes. Strong evidence has 
been obtained suggesting that the v(0-0) mode can be perturbed by an 
accidentally degenerate porphyrin ring mode, resulting in two split fre-
quencies. In the Co(II)(TpivPP)(Pyridine) 18 02 complex, we demonstrated 
that the v( 18 0- 18 0), after being shifted from its v( 16 0- 16 0) value at 
1156 cm-1 , undergoes a resonance interaction with the 1080 cm -1  porphyrin 
mode, giving rise to two lines at 1067 and 1089 cm -1 . A third example of 
paradoxical relationship was found: a decrease in 0 2  binding affinity, 
caused by the proximal base tension, corresponds to an increase in the 
CO-0 2  stretching frequency. However, in the corredponding iron complexes, 
the normal relationship was observed i.e., the v(Fe-0 2 ) frequency de-
creases for the (1,2-Me 2 Im) compelx. 

3. Specific Objectives for the Coming Years. 

(i) To develop a simple scheme for estimating the iron-carbon bond lengths 
in carbonmonoxy and cyanomet complexes of monomeric insect hemoglobins 
from Chironomus thummi thummi (in collaboration with Prof. Klaus Gersonde, 
RWTH Aachen, West Germany). 

(ii) To study the nature of bonding interactions between Fe(III) and NO in 
hemoproteins and heme model compounds. 

(iii) To analyze resonance Raman spectra of oxy, carbonmonoxy and dexoy elephant 
myoglobin - in collaboration with Prof. H. Mizukami, Wayne State Univ. 

(iv) To develop a microscopic Raman technique for time-resolved resonance Raman 
studies of ligand binding. 
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