
308 Bull, Korean Chem. Soc. 1996, Vol. 17, No. 4 Communications to the Editor

2. Criegee, R.; Wenner, G. Justus Liebigs Ann. Chem. 1949, 
561, 9.

3. Lattimer, P. R.; Kuczkowski, R. L; Gillies, C. W. J. Am. 

Chem. Soc. 1974, 96, 348.

4. Bailey, P. S.; Ferrel, T. M. J. Am. Chem. Soc. 1978, 100t 

899.

5. Mazur, W.; Kuc까cowski, R. L. J. Mol. Spectroscopy 1977, 
65, 84.

6. Ku%kowski, R. L.; Gillies, C. W. Gallaher, K. L. J. Mol. 

Spectroscopy 1993, 64, 361.

7. Murray, R. W.; Youssefyeh, R. D.; Stroy, P. R. J. Am. 

Chem. Soc. 1967, 89, 2429.

8. Loan, L. D.; Murray, R. W.; Story, P. R. J. Am. Chem. 

Soc. 1965, 87, 737.

9. Criegee, R.; Korber, H. Chem. Ber. 1971, 104, 1807.

10. Choe, J.-I; Choi, H.-S.; Kuczkowski, R. L. Magnetic Reson. 

Chem. 1986, 24, 1044.

11. Griesbaum, K.; Ovez, B.; Huh, T. S.; Dong, Y. Liebigs 

Ann. 1995, 1571.

12 Griesbaum, K.; Ball, V.; Beck, J.; McCullough, K. Liebigs 

Ann. 1995, 1993 and literature cited there.

13 Griesbaum, K.; Krieger-Beck, P.; Beck, J. J. Org. Chem. 

1991, 56, 4005.

14. Data for cystallographic studies were measured on a 

MAC sciences MXC3 fourcircle diffractometer. The unit 

cell and other related parameters of compounds (5) are 

as f에ows; F.W—303.32; Colorless polyhedral; Crystal 

demension = 1.80 X 0.80 X 0.40 mm3; Space group C2h5-P2i 
/n; a= 18.214(5) A, b=7.416(2) k, c= 12.037(3) A, 0=108. 

49(2) k, V= 1542.1⑵ A3; Z=4; 0^=1.337 g/cm3; Radia

tion =Moka, X=0.71073 A; Temperature=293(2)K; Final 

R=0.0539; Number of unique reflections =1982.

The Relationship between the C2 Proton NMR 
Signals of Coordinated Imidazole Rings of 
Cytochrome C3 and Their Redox Properties

Jang-Su Park

Department of Chemistry, College of Natural Sciences, 

Pusan National University, 

Pusan 609-735, Korea

Received January 22, 1996

Cytochrome c3 are a unique class of heme protein which 

contains four hemes in a single polypeptide.1 Crystal struc

tures of cytochrome c3 from Desulfovibrio vulgaris Miyazaki 

F (DvMF) and Desulfovibrio vulgaris Hildenborough 0刼H) 

have been reported.2,3 All of the 5th and 6th ligands of the 

four hemes are histidyl imidazoles. One of the remarkable 

features of these proteins are the extrmely low redox poten

tials of the four hemes in comparison with other c-type cyto

chromes. The crystal structure, however, did not give a clue 

to the extremely low redox potentials. The assignment of 

the C2 proton signals of NMR spectrum of cytochrome

Figure 1. 400 MHz 咕 NMR spectra of PuMF cytochrome C3 

at p2H 7.0 and 30 7二(A) Non-deuterated. (B) Specifically deute

rated at 나】e C2 position of histidyl imidazole.

C3 carried out in this work, which suggested the role of the 

imidazole rings in realizing the low redox potentials.

Desulfovibrio vulgaris Miyazaki F and Desulfovibrio vulgaris 

Hildenborough were cultured in medium C1 and in a minimal 

medium4 to obtain non-deuterated and deuterated cyto

chrome C3 from Desulfovibrio vulgaris Miyazaki F, respec- 

tiv은ly. In the latter case, 사le C2 proton of the histidyl imida

zole of cytochrome c3 was specifically deuterated by replacing 

L-histidine of the minimal medium with deuterated L-histi- 

dine. Cytochrome c3 were purified according to the reported 

procedure.4 The purity was checked by the purity index (A552 

(red)/A28o(ox)) and SDS-PAGE. 400 MHz NMR spectra 

were measured with a Broker AM-400 NMR spectrometer. 

Chemical shifts are presented in parts per million (ppm) to 

the internal standard 2,2-dimethyl-2-silapentane-5-sulfonate 

(DSS).

There are nine histidine residues in the cytochrome c3 

from I切MF, eight of which are ligands of the four hemes.

NMR spectra of non-deuterated and deuterated ferricyto- 

chrome(?3 from DiMF are presented in Figure 1.

In the spectrum of non-deuterated ferricytochrome c3 from 

ZgMF (Figure 1A), eight extrem이y broad signals were ob

served in the region higher than 0 ppm, which disappeared 

on the deuteration of the C2 position of the imidazole rings 

(Figure IB). Thus, they can be assigned to the C2 protons 

of the histidyl imidazoles coordinated to the heme irons. 

This means that all of the coordinated histidines could be 

detected as separate signals. They were designated as a-h 

from the low to high field. A sharp peak at about 8.9 ppm 

also disappeared. This can be ascribed to the C2 proton of 

non coordinated histidine (His-67), which agrees with the 

earlier assignment.4

The formal potentials of each heme (the microscopic redox 

potentials)of DvMF and DvH cytochrome c3 were estimated 

by the use of NMR.5,6 Macroscopic redox p야entials of cyto

chrome c3 are reported to be -240, -297, —315 and -357 

mV for DvMF, and 一 263, - 321, -329 and -381 mV for 

DvHt respectively.7 The macroscopic redox potentials of DvH. 

cytochrome c3 are lower than those of Zh/MF by about 24 

mV except for the third redox potential. But, the crystal 

structure did not give a clue to the difference redox potential 

between both protein. The C2 proton signals of 사】e coordina

ted imidazole groups were identified in a very high fi이d 

region of the NMR as shown in Figure 2.

It scattered in a wide range from —5 to —22 ppm. The
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Figure 2.NMR spectra of cytochrome c3 from Desulfovibrio 

vulgaris Miyazaki (bottom) and Hildenborough (top) in a high 

fi이d region.

C2 proton signal of a histidyl imidazole group usually ap

pears in 나】e region from 7 to 9 ppm. Such extrem이y upfield 

shift can be explained either by 나｝e tilting of the axial ligand, 

or the imidaz이e nature of the ligand.8'9 Since no significant 

tilting was found in crystal structure of both cytochrome c3 

molecules, 나le major reason of 사le upfield shift was ascribed 

t。the imidazole nature of the histidine ligand. The imidazole 

nature of the ligand can explain, at least partly, the extre- 

mely low redox potentials of the cytochrome c3 m이ecules 

in comparison with other c-type cytochromes. The spectrum 

of the C2 protons in 아｝e high field region was also reported 

for cytochrome c3 from DvH as 아iown in Figure 2(top).10 

It is 아lown in figure 2 along with that from SMF. It is 

clear from 나le figure that two lower signals (designated as 

A and B in Figure 2) of the C2 protons in DvMF shift to 

the high field by several ppm in the spectrum of DvH. 

Therefore, it is most plausible that two major differences 

with regard to the heme structure between both proteins 

could be responsible for 나le spectral changes of the C2 pro- 

tori응 of the ligated imidazole groups. The upfield shift of 

the C2 proton signals can partly explain the lower redox 

potentials of the cytochrome c3 from DvH.
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The rod-coil diblock molecule is of considerable interest 

due to its capability of forming well defined supramolecular 

structures such as layered smectic phase and cylindrical mi- 

c이lar phase as 아le relative volume fraction of block varies.1~5 

Another interesting aspect of rod-coil molecules is of course 

the high immiscibility between rod and coil segments which 

allows block segregation to occur at r이ativ이y smaller mole

cular weights of each segment than in typical flexible diblock 

molecules. In previous publications,6,7 we reported the syn

thesis of monodisperse rod-coil oligomers containing one ri~ 

gid and one flexible poly(ethylene oxide) segment joined co- 

v시ently to share the same m이ecular backbone and showed 

that the oligomers form a layered assembly with nanoscale 

dimensions. Complexation of the rod-coil molecules with 

UCF3SO3, which might increase the illative volume fraction 

of poly(ethylene oxide) coil segment, gave rise to transforma

tion of the layered assembly into the cylindrical micellar 

phase, most probably to relieve coil stret산ling penalty.7 The 

supramolecular structure of these rod-coil oligomers may 

also vary as a function of oligomer concentration in a selec- 

tiv은 solvent in which the rod blocks are immiscible, while 

the flexile coil bio이【s are highly miscible, due to the varia

tion of the relative coil volume fraction. This experimental 

system has therefore enabled us to study lyotropic aggrega

tion behavior in a selective s이vent which causes the relative 

volume fraction of coil segments to change, particularly in 

view of theoretical predictions.1,4

In this communication, we describe the lyotropic aggrega

tion behavior of 나le monodisperse rod-coil 이igomers contain

ing poly(ethylene oxide)s as coil segments in aquous s이ution 

Scheme 1 outlines the structure of the rod-coil molecules.


