
chromatography was described by Wilchek (1972). A single stage 

peptic dig-^ation at pH 1.5 was conducted at room temperature for 14 

hours. A step isolation of the neutralised product on bovine or 

human serum albumin coupled to Sepharose 4B gave 90 per cent 

recovery. Both MP-11 and MP-8 apparently bind selectively to the 

albumin, while cytochrome c and other digest products do not. The 

method was extended to the purification of MP-8 (Gerber et al., 

1975) prepared by a tryptic digestion of MP-11 in the same reaction 

fixture in which the peptic digestion took place (without prior 

separation). Purity of the MP-8 product, assessed by paper 

chromatography and gel isoelectric focusing, appeared high.

A further step, gel chromatography, was added to the Harbury 

method to improve the purity of the final product (Tu et al., 

1968). But Xraehenbuhl et al. (1974) replaced Harbury's partition 

chromatographic method (used twice in the preparation of MP-8) by 

gel chromatography on Biogel P-6 (200-400 mesh). The same Biogel 

column was used to separate MP-11 from undigested cytochrome c and 

haem-free peptides after a one stage peptic digestion at pH 1, and 

to .*«move undigested MP-11 and smaller haem-free peptides from 

MP-8. Final purificati^n of MP-8 was by countercurrent distribution 

using an automatic apparatus (1000 tubes) and a two-phase 

butanol/pyridine/O.1% acetic acid [5:3:111 system. Gel 

chromatography was also empi -d by Hallenbeck (1978) in a 

four-stage punficatic' procedure for the peptic hydrolysis product 

of cytochrome c^.

It has been suggested that ambiguity in results of studies on 

MP-11 using ESR, NMP, Mossbauer and electronic spectroscopy, could 

be due to variations in the purity of samples used (Peterson et 

ai. , ’980). The Peterson method for the preparation of MP-11 

differs frori earlier methods 4 the peptic digestion is

conducted at pH 2.6, which a Juction of two species of

undecapeptide in solution (du> hydrolysis of glutamine 12

and glutamine 16 (Jehanli et al . , 6). A two-stage purification 

scheme was used: precipitation of the peptide by ammonium sulphate 

was followed by chromatography on Sephadex G-15, using water as the 

eluant.

In the method devised for the preparation of MP-8 in this 

study, the best features of the various methods reported in the



literature were combined to give greater efficiency in the 

digestion step and a product of higher purity. These modifications 

are discussed below and the advantages of the procedure in its 

entirety in the discussion [Section 6.6.].

6 .2 Experimental procedure

The reagents and enzymes used, methods of chromatography, buffer 

preparation, TLC, visible spectroscopy, pH measurement and 

lyophiliaation, are described in Chapter 2.

6.3 The preparation of MP-8

A procedure based largely on the method of Kraehenbuhl et al. 

(1974) was used.

6.3.1 Modifications to the Knehenbuhl method

The modifications made to thj method of Kraehenbuhl et al. (1974) 

are as follows:

1. the peptic digestion was carried out at pH 2.6 in preference to 

the lower pH conventir illy used (pH 1.5) (Harbury and Loach, 

1960a). It was hopec! to avoid the production of two 

undecapeptide species, • ' with one glutamine ,ind two glutamate 

residues (pi 4.75), the other with three glutamate residues 

(pi 4.6), dua to the com rsion of a glutumine residue t' a 

glutamate in acid condi dor, 'Jehanll et al . , 1976);

2. a double digestion of cytoctror: •> c with pepsin was employed to 

ensure complete digestion (Tuppy .in ! Pnleus, 1955; Harbury and 

Loach, 1960a);

3. a substantially larger quantity of pepsin we* utilised to avoid 

the production of two undecapeptide species (Peterson et ill., 

1980) and to facilitate complete digestion;

4. the duration of the peptic cii^*'stlon exceeded the Kraehenbuhl 

digestion time by ca. 10 hours,

5. tryptic activity w .h b  destroyed by heating the solution to 96°C 

for three minutes at the completion of the tryptic digestion 

(Harbury and Loach, 1960a);

6. purification of the haem-octapept ide by countercurrent 

distribution, was replaced by chromatography on Sephadex G-50 

Superfine, a simpler and more rapid method.



6.3.2 Preparation of Microperoxidase-8

1 g of horBP-heart cytochrome c and 25 mg of twice recrystal 1iaed

pepsin were dissolved in 50 m< of deionized water. The pH was

adjusted to 2.6 with 1 M hydrochloric acid and the stoppered

solution incubated at 25°C for 16 hours. A further 25 mg pepsin was

then added, the pH readjusted to 2.6 (if necessary) and incubation

continued for 16 hours. Peptic activity was destroyed by raising

the pH to 8.5 with concentrated ammonia solution. The product was

recovered as the solid by lyophilisation.

The solid product was divided into five equal portions. Each

was dissolved in a minimum amount of water and introduced

separately onto a 4 x 100 cm Biogel P6 column. The column was

-2 -1

equilibrated and eluted with 0.1 M NH^HCO^ and 20 mtcm hr by

means of a Pharmacia Model P-l peristaltic pump. An ISCO Model 1850

fraction collector was used to collect 2.0 fractions. A sample

from each fraction was diluted with 0.1 M NH.HCO^ anc! the

4 3

absorbance measured in a Cary 2300 spectrophotometer at 423 nm (the

wavelength employed by Krauhentuhl (1974)). « typical elution

profile is shown in Figure 6.2.

The major product, haem-undecapeptid* (MP-11: M y> 1879) was

r

separated from undigested cytochrome c (eluted in the void volume), 

smaller haem-peptides and haem-free peptides. The method of testing 

for haem-free peptides eluted af'er MP-'i, that of monitoring the 

absorbance of the eluant at 250 •«:» (K~aehenbuhl et al . , 1974), is 

unreliable since a r e l a t i v e l y  1,. cv tbsorption of the haem also 

occurs in this region (Margolin.-*'. m d  Frohwirt, 1959). The main 

band in this initial separe'..' :i step was somewhat diffuse. 

Fractions falling within a 90 ; «»• c*nt confidence interval of a 

Gaussian band superimposed on t‘ ; -*.1 peak were pooled. The other 

fractions were discarded. The > i*i'. ef MP-11 in terms of haem units 

was about 80 per cent.

The pooled fractions of 5 riin« were lyophil ised and the mass of 

the product recorded. The pronnc- was dissolved in 50 m< of 0.1 M 

NH^HCO^ and an amount of trypsin equivalent to ca. 10 per rent of 

the mass of MP-11 added. The solution waa incubated for a total of 

36 hours at 36°C: at 12 hour intervals an additional amount of 

trypsin equivalent to half the initial amount was added, giving a 

total of three trypsin additions. Finally tryptic activity was



destroyed by heating the solution to 96°C for three minutes. The

solution was lyophilised and the resulting solid was divided into

four rqual portions; each was dissolved in a minimum amount of

water and chromatographed on the same column of Biogel P6. The

conditions used were identical to the previous separation, except

that fractions of 2.75 m< were collected. Figuie 6.2 shows the

elution profile, monitored at 423 nm.

The haem-octapeptide (MP-8: M ^ 1502) was separated from MP-11

r

(eluted first) and a smaller haem containing peptide. The yield was

about 80 per cent. The MP-8 fractions from all four runs were

pooled, as described previously for MP-11, and lyophilised. In a

final purification step, the solid was dissolved in a minimum of

concentrated ammonia solution, and chromatographed on a 30 x 1.5 cm

Sephadcx G-50 Superfine column, equilibrated and eluted with

-2  -1
deionized water, at 4 m(cm hr . Fractions of 2.0 m< were 

collected. The method takes advantage of the polymerisation of 

haem-peptides in non-1iganding alkaline solutions, and the 

accentuated adsorption of aromatic substances to dextran gels in 

alkaline solution (Hallenbeck, 1978).

The elution profile is shown in Figure 6.2. A small peak 

distinct from the MP-8 peak and running ahead of it probably 

represents MP-11, inadequately separated in the Blogel 

chromatography. The yl«#ld was 80-90 per cent in this svep, giving 

an overall yield f ca. 50 per cent. The MP-8 fractions were pooled 

and lyophilised to yield a red, fibrous solid. The use of volatile 

buffers throughout the preparation precluded the desalting step 

usually required before running TIC plates. The solid was stored at 

-20 #C. The solid has independently been shown to be stable at room 

temperature for three weeks (Marques, 1986).

6.4 The TLC nyh t.* m and ^ v/ilurtt

In previous studies th*’ integrity of the peptic digest products 

vere determined by amino acid analysis (e.g. Harbury and Loach, 

1960a). The purity and structural reproducibility of the 

haem-peptides have boon assessed by n variety of techniques:

1. Paper electrophorea 1 s : Kra>>iionbuhl et al . (1974) assumed that 

the appearance of a single band at pH 2.0 In 20% acetic acid (2 

hours at 100 Vcm ') was evidence of a pure MP-8 product.
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Fig. 6.2 Preparation of HP—8: column chromatograph.* *>lution

profiles. Solvent: 0.1 M NH^HCO^, room temperature.

Pooled fractions are indicated by arrows, (i) Peptic

digestion product of cytochrome c on 4 x 100 cm Biog«?l 

- 2  -1
P6 at 20 m€cm hr , 2.00 mi fractions: A ■ undigested

cytochrome c, B » MP-11, C-E ■ emaller unidentified

haem-peptides. (ii) Tryptic digeetion product of MP-11,

as in (i) but with 2.75 m? fractions: A ■ undigested

MP-11, B ■ MP-8, C • unidentified haem-poptide.

(iii) Purification of MP-8 on 1.5 x 30 cm Sephadex

-2  -1
G-50 Superfine, 4 mtcm hr , 2.00 mC fractions: 

A,B • MP-11 and an unidentified impurity; C ■ MP-8.



2. Thin layer chromatography: Hallenbeck (1978) quoted an Rf 

value of 0.56 for the cytochrome c^ peptic digest product, in 

butanol/acetic acid/water [4:1:5], the TLC plate used was not 

specified. Gerber* et al. (1975) reported Rf. values of 0.34 end 0.56 

for MP-8 and MP-11, respectively, in tne same solvent. Smith 

and McLendon (1980) claim to have verified the purity of their 

MF-8 usir.g silica gel TLC: no Rf values were quoted and the 

solvent system was not specified.

3. Paper chromatography: Gerber et al. (1975) used a 

butanol/pyridine/O.1% acetic acid [5:3:11] solvent system. MP-8 

was visualised with ninhydrin and gave a single, narrow band.

4. Gel isoelectric f~cusing: Gerber et al., (1975) found a 

mixture of MP-8 and MP-11 to be resolved into narrow bands,

3 mm apart, on 6 cm long polyacrylamide gels. Several other 

authors have also used this method (Peterson et.al., 1980; 

Jehanli et al., 1976; Wilson et al., 1977). Peterson et al. 

(1980) confirmed that two peptides with pi's 4 . 8 5 - 4 . 9  and 

4.6 - 4.65, the latter representing about 10% of the total 

sample, arise if the peptic digestion is conducted at pH 1.5 

(Jehanli et al., 1976). But Peterson et al. (1980) also found 

that electrophoresis of MP-11 (pi 4.85) continued for longer 

than thirty minutes, caused the single band to degrade into two 

other spccies.

5. The absence of lysine in MP-8 preparations is a useful 

indicator to exclude an MP-11 impurity (Gerber et al. , 1975); 

this will not, however, exclude the presence of other 

impurities.

The deficiencies of these methods were noted during this study. 

Isoelectric focusing is a fairly complicated technique and has been 

shown to cause degradation of the sample (Peterson et al., 1980). 

TLC in the butanol/acetic acid/water [4:1:5] solvent on silica gel 

gives a very diffuse spot with heavy streaking and fails to 

separate commercial MP-8 (Sigma) into components, in contrast to 

the TLC solvent system developed in this study. Paper 

chromatography, while userul for qualitative analysis, is a 

time-consuming technique; TLC is more rapid and gives more 

reproducible R values (Skoog and West, 1976).



A rapid and simple process is clearly required to assess the 

purity of MP-8 from its precursors and further degradative products 

formed in the digestion. To this end, a TI.C solvent system was 

developed which gave good separation of MP-8 from cytochrome c and 

MP-11, and from a smaller haem-peptide (eluted after MP-8, Bee 

Figure 6.2c). The most suitable solvent system was found to be 

water/sec-butanol/0.88 M ammonia/sol id KCN [88 m</88 m€/0.2 

m</0.114g].

Silica gel TLC plates were equilibrated for an hour in tne tank 

head space and developed for 1 . 5 - 2  hours. As tue R̂ . value is 

sensitive to temperature, solvent mixture and time of development, 

R_ values were standardised against cyanocobalamin tVit. B,_): R0,„

I 1C Dl£

= Rj. (sample)/Rf (cyanocobalamin).

The species of MP-8 in this solvent is probably the 

mono-cyanide. Cytochrome c is not displaced from the baseline, and

S o lv e n t  F ron t  
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Fig. 6.3 The separation of a mixture of haem-pcptj des on silica 

gel TLC in the solvent system 88 m€ w*if''r/88 m< 

sec-butanol/0.2 m 0.88 M NH y O . 1 1 4  g KCN; A 

unidentified haem-pw  ide impurity found in commercial 

MP-8; B » MP-8; C * MP-11; D * cytochrome c.



MP-11 remains cloae to the baseline. MP-8 * 2.3) woves at

least 30 per cent of the solvent front distance. The commercial

product (Sigma) always shows an additional faint spot

(R ■ 3.1 - 3.3); this spot is effectively removed by the Biogel 

B12

column used in this study. Figure 6.3 shows the separation of a

mixture of haem-peptides.

The optimal concentration of potassium cyanide and percentage

of water for the TLC solvent were dotermined by varying their

-2

proportions. A cyanide concentration of 1 x 10 M and a volume of 

water, 50 - 60 per cent of total volume, were found to be the most 

satisfactory. Extending the development time beyond 2 hours gave 

rise to streaking and decreased resolution of spots. Other solvent 

systems gave streaking and failed to separate the Sigma MP-8 into 

components viz. sec-butanol/acetic acid/water [4:1:5] end 

butar.ol/pyridine/0.1 per cent acetic acid [5:3:11].

6.5 HPLC results for wicroperoxidase-8

»

An HPLC (high pressure liquid chromatography) method, using a 

reversed phase column, was developed in order to obtain a more 

quantitative analysis of MP-8 prepared in this study, and to assess 

its separation from haem-free peptides (not apparent in the TLC 

analysis). The HPLC traces are shown in Figure 6.4. The results are 

based on area counts and the response factors of all species are 

unlikely to be the same. Thus the results should be regarded as 

semi-quantitative (they are summarised in Table 6.1).

Peaks observed at 210 nm and 395 nm are comparable. Both 

preparations (Sigma and this study) contain a haem impurity 

(retention time 13.8 + 0.3 minutes) constituting 0.7 to 2.9 per 

cent of all haem-containing species. Gener •, impurities round in 

the Sigma product (notably at 18.8 minutes retention time) are much 

diminished or absent in the MP-8 prepared in this study.

HPLC was conducted by Dr. Paul Adams, University of Cape 

Town, and results are reported hore with his kind permission 

(Aron et al., 1986).
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Fig. 0.4 HPLC analysis of MP-8 on Vydac C-18 at room t^np^rat'^re.

25 - 50 u< injection of 1 mg/m< sample gradient eluted; 

A ■ TEAP buffer, pH 2 25, B * 60/40 ace cnitrile in 

A: 10% B increased linearly to 60% B over 20 min and 

then to 95% B over 0.5 min. Detection at 395 nm: a) 

This work, final purification on Sephadex G-50; b) 

Commercial MP-8 (Sigma).



TABLE 6.1; HPLC analysis of commercial MP-8 samples and those 

prepared as described in the text.

Source of MP-8 Detection wavelength

395 nm 210 nm

MP-8 Peak* Major MP-8 Peak* Major
>

impurities* impurities*

MP-8 prepared 18.1 (94.4) 13.6 (2.7) 18.1 (96.1) 13.6 (2.8)

in this work 14.6 (0.5) 14.6 (0.4)

16.4 (0.6) 16.5 (0.5)

16.9 (1.3)

18.7 (0.6) 18.7 (0.3)

Commercial 18.1 (92.4) 13.7 (0.3) 18.2 (88.4) 13.7 (0.7)

MP-8 16.1 (1.7) 16.2 (2.3)

16.5 (0.6) 16.5 (1.1)

17.1 (0.8) 17,2 (1.6)

18.8 (2.3) 18.9 (3.0)

20.5 (1.8) 20.4 (2.9)

• Retention time in min (% of total area count).

Retention times varied daily; the average retention time for the 

MP-8 peak over a period of some months was 18.3 ♦ 0.3 min.

6.6 PI Bruns ion

6.6.1 Preparation

The preparative method for MP-8 described in this chapter, 

incorporates time saving procedures, and measures to effect an 

efficient digestion of cytochrome c. it has several advantages over 

previously reported methods.

(a ) The methods of Harbury and Loach (1960a)

The time consuming dialysis procedures employed by Harbury and



Loach (1960a), and the product loss they necessarily entail, 

are avoided. Peterson et al. (1980) claim to h&ve doubled the 

MP-11 yield on replacing the partition chromatographic method 

of purification (with its dialysis procedures) by gel 

chromatography. The purification procedures in the method used 

in this work in fact comprised three separate gel 

chromatographic separations. Recovery from these columns was 

over 80 per cent in each case, and resulted in a fairly pure 

MP-8 product (HPLC analysis). Harbury and Loach dii not produce 

a pure product according to Kraehenbuhl et al. (1974); and it 

was not subjected to as stringent a test of purity as HPLC. 

Elution of the product prepared in this work was usually 

carried out overnight using an automatic eluting and collecting 

apparatus: this in itself gives a considerable time advantage 

over the partition chromatographic method.

(b ) The method of Gerber et al . (1975)

The method of purificfction by affinity chromatography, 

developed by Wilchek (1972) for MP-11, and extended to MP-8 by 

Gerber et al. (1975), is novel and possesses several 

advantages. It is a rapid, single-step purification procedure, 

and selective binding of MP-11 or MP-8 facilitate concentration 

of the product from large volumes. Howevpr, the purity of the 

MP-8 product is in doubt. Gel-isoelectric focusing, used to 

assess purity, is an unreliable technique [see Section 6.4], 

The reported absence of precursor haem-peptides (cytochrome c 

and MP-11), and further degraded peptides, is astonishing, 

given that both tryptic and peptic digestions were carried out 

in the same reaction mixture. Even with the benefit of two 

ch-omotographic separations before th« final purification, 

longer digestion times, and a greater proportion of pepsin 

enzyme used in a double addition, compared to the Gerb*»r 

preparation, the MP-8 produced in this work showed traces of 

MP-11 on the Sephadex G-50 Superfine column (Figure 6.2). The 

Gerber preparation was also conducted in more acidic 

conditions, which would be expected to giv» two 

haem-undecapeptides (Jehanli et al., 1976), and henct two 

haem-octapeptide species. Finally, that both MP-11 and l̂ P-8
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(and presumably other similar haem-peptides) selectively bind 

to bovine or human serum albumin, does not auger well for their 

complete separation. This could perhaps be a very useful 

technique if a further gel chromntographic step was included.

(c) The method of Kraehenbuhl et al■ (1974)

The preparative method of Kraehenbuhl et al. (1974) was 

extended and improved in several ways [Section 6.3]. A simpler 

final purification step than countercurrent distribution was 

ultimately used, for this procedure is time consuming. Some of 

the improvements made to the Kraehenbuhl method i.e. the longer 

digestion times, conducting the peptic digestion at a higher pH 

than 1.5 and a three stage purification by gel chromatography, 

represent improvements to most of the reported methods.

6.6.2 Puri f icat ion

A rapid test of purity which succeeds in separating the commercial 

product into a number of components, was developed. After the final 

chromatographic purification on a Sephadex G-50 Superfine column, 

TLC on silica gel in the solvent system: 88 m< water/88 m< 

sec-butanol/0.2 m< 0.88M N H (/0.114g KCN, gave rise to one spot 

(with no sign at all of impurities behind or ahead of the spot), 

indicating a product of reasonable purity. The HPLC results 

confirmed the purity of the MP-8 product [Section 6.5]. This is the 

first instance where HPLC has been employed to test the purity if 

MP-8 (or MP-11).

The MP-8 prepared in this study appeared to be free of MP-11, 

which under the HPLC conditions used, gave a retention time of 15.5 

minutes. The MP-8 also se.*med to be of consistent purity. An 

impurity which is eluted after MP-8 on reversed phase HPLC with a 

retention time of 18.7 minutes, is present in both preparations, 

though considerably reduced in concentration in the MP-8 prepared 

in th.s study, compared to the Sigma product. The impurity cojld 

correspond to the faint spot which travels ahead of MP-8 on 

silica-gel TLC plates. The impurity is more hydrophobic than MP-8, 

has a lower molecular mass and is a haem-pept ide. It displays 

p^roxidatic activity. Its identity has not yet been established. A 

combination of the second Biogel P6 separation, and the Sephadex
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G-50 separation, virtually eliminates this impurity.

The nature of the other impurities less hydrophobic than MP-8, 

eluted before MP-8 on the reversed-phase HPLC column (see Table 

6.1), is difficult to assess. If they are smaller in molecular mass 

than MP-8, a further purification step on Sephadex G-25 Superfine 

(fractionating in the range M ^ l  000 - 5 000) could be advocated. 

It is unlikely that any of these impurities is due to MP-8 with a 

hydrolysed Glu-16 residue: Peterson et al. (1980) report only one 

undecapeptide species after digestion at pH 2.6.

6.6.3 Possible improvements to the method

A great deal of time is consumed in the lyophilisation procedures. 

It has been shown that the digestion proceeds without alteration if 

a ten-fold smaller volume of solution is used in the iwitial peptic 

digestion; tc.is voiun.' < j>uld „ oe applied directly to the Biogel 

column prior to lyophllisation (Marques, 1986). Similarly, the 

voJume reduction to yield solid MP-11 prior to the tryptic 

digestion is unnecessary, provided that the correct mass of trypsin 

to be added Is known. Ultrafiltration using a Diaflo UM2 membrane 

for volume reduction (Marques, 1986), hat* been used as an 

alternative to lyophilisation. Lyophiliaation in this work was 

frequently carried out overnight [Section 2.2.4] and proved useful 

for large batch preparations.

6.7 Suwaary

Ar. improved method was developed for the preparation of 

microperoxidase-8 (MP-8) in 50 per cent yield by peptic and tryptic 

hydrolysis of cytochrome c. Purification by three gel permeation 

chromatographic separations replaced the time cc suming dialysis 

and affinity chromatographic procedures conventionally useu. A TLC 

system was developed as a rapid test of purity and gave good 

separation of MP-8 (R^j, * 2.3), MP-11 (close to baseline) and a 

smaller haem-peptide impurity (Rg] , ■ .1 - 3.3). HPLC analysis of 

the product showed it to be of superior purity to the commercial 

product (Sigma).



CHAPTER 7: KQU11.1HHIIIM STUDIES WITH M I CROPEROX I DANK H IN AQUEOUS 

METHANOL SOLUTION

7.1 Introduction

In Chapter 1 it was suggested that the potential usefulness of 

models for the haemoproteins includes a) elucidation of the 

controlling effect of the protein on the activity of the metel 

site, b) modelling the in v.vo function of the active site, and c) 

clarification of the struc*jre of the haemoprotein. The isolation 

of various haem-peptides from cytochrcme with the peptide chain 

length varying from 6 to 80 amino acids, and their potential use 

for clarifying the rftle of the protein, was discussed in Section

6.1.1. The naem-peptides have been used as models for the anion 

binding of haemoproteins (Blumenthal and Kassner, 1979; 1980; 

198. the haem-hsem interaction between cytochrome c and its 

phyaxal >gical partner, cytochrome reductase, and the cooperative 

iff*- rs in haemoglobin (Urry, 1967; Urry and Pettigrew, 1967), the 

peroxidatic function of the peroxidases (e.g. Baldwin et al . , 

19b‘-.t>1 and for cytochrome c function (Wilgus et al . , 1978; Yang and 

iauer, 1982). Knowledge of the structure of the cytochrome c has 

•eer. enhanced by model studies with haem-peptides [Section 1.3.2.]. 

~he preparation of MP-8 (Figure 7.1) from cytochrome c was 

described in the previous chapter.

In this chapter, the potential of MP-8/aulphur adducts to act 

as models for the iron-methionine (Fe-S) bond interaction in 

cytochrome c is examired in binding studies with 

N-acetyl-D, L-methionine and D,L-met.hionine. Donor-acceptor 

interactions between MP-8 *nd the drugs caffeine, tryptophol, 

barbital and chlorpromrzine are examined for comparison with the 

binding of these drugs to cytochrome c (Chapter 5), and for the 

parallels they may show to the binding of drugs arid other molecules 

as substrates for cytochrome P-450, .n its detoxifying r61e in 

vivo.

7.1.1. Haem-peptlde/thloether complexes as mode1s for cytochrome c 

The importance of the Fe-S bond in cytochrome c was discussed in



Fig. 7.1 The structure of microp*roxidase-8.

Chapter 5. The presence of the bond is required by physiologically 

active cytochrome c; although it is weak, when the bond is intact, 

the haem crevice ,maintains its Type III closed conformation. The 

first sulphur compounds of haems were observed by Falk (1961) with 

mercapto ethanol. Harbury et al . (1965) showed that 

N-«cetyl-D,L-methionine, its methyl ester, 2,2'-thiodiglycol, ethyl 

sulphide and 6-methylmercaptopropionic acid formeJ haemochromes 

with haem and MP-8. The spectra obtained on complexat.ion with 

either the ferrous or ferric MP-8 were characteribt j c of low-spin 

species; but in contrast to imidazole binding, the thio*»thers bound 

Icsm well to the oxidised species. The oxidation-reduction 

potential in ca. 2 M N-acetyl-methionine was about 160 mV more 

positive than that for MP-8 (-207 m V ). The complex formation was 

maintained in acid solution. On fk,e basis of these results, Harbury 

et al. (1965) suggested that the sixth ligand to the haem was the 

sulphur of methionine 80. The MP-11 adduct with N-acetyl-methionine 

was later shown by Schechter and Saludjian (1967) to exhibit the 

695 nm band characteristic of cytochrome c methionine ligation. 

X-ray studies (Dickerson et al ., 1971) confirmed that methionine



was the sixth ligand in cycochrome c. Interest in 

haem-peptide/thioether complexes as models for cytochrome c has 

thus been considerable. The suitability of these complexes as 

models for cytochrome c is illustrated by the following features of 

the complexes:

(1) the 695 nm band (indicative of methionine ligation to ferric 

cytochrome c) is present;

(2) the Soret band approaches 410 nm (the Soret maximum of 

cy'ochrome c) with increasing thioether concentration;

(3) the ferrous adduct displays a higher binding constant with 

methionine than the ferric adduct (as in the case with 

cytochrome c);

(4) the oxidation-reduction potential is raised from ca. -207 mV to 

about -50 mV on thioether binding (the value for cytochrome c 

is *260 mV).

These features of similarity have been refined and extended in 

later studies.

A comparison of the properties of the model complexes with 

cytochrome c has enhanced the understanding of the effect of the 

protein on the metal site. Yang and Sauer (1982) in optical and 

magnetic susceptibility studies, demonstrated the existence of a 

thermal spin-stite equilibrium for the MP-8/methionine complex. The 

vaiue of u rr was 4.0  ̂ , larger than the expected low-spin value
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for native cytochrome c (ca. 2.2-2.3 md ) and corresponded to a 63 

per cent low-spin character. This w r s confirmed by an estimated 35 

per cent high-spin cnaracter for the intensity of the 695 nm band. 

The ESR spectrum of the model complex gave a low-spin ground st.i.te 

with g- values distinctly different from cytochrome c. This was 

interpreted as reflecting a longer Fe-S bond distance in the model 

complex than in cytochrome c. Th»' protein was seen as altering the 

geometry of the bound axial ligand to achieve a ligand field 

environment giving rise to the desired redox propt-ties. An 

independent CD, NMH and ESR study (Smith and McLendon, 1981 found



that the molar ellipticity of the methionine complex of MP-8 does

not resemble cytochrome c and that a 29 per cent increase in

overall spin density is present for the complex. It appeared that

the rigid orientation of the methionine in the native protein

exerted the main influence on electron spin distribution: the

orientation of methionine in the mociel complex was suggested to be

random. Lemberg and Barrett (1973) have also suggested that the

positioning of methionine 80 in the protein probably results in a

closer contact of its sulphur with the iron than in model

complexes, and that this feature is responsible for the high

oxidation-reduction potential in eukaryotic cytochromes c, and for

the low-spin iron. The slight deviation of the a-band of the haem

c- methionine haemochrome at 552.5 nm instead of 550 nm(cytochrome

c) (Nanzyo and Sanyo, 1968) has also been explained in this manner.

A further example of the control exerted by the protein was

-•(•monstrated by McLendon and Smith (1981): the electron transfer

reactivity of an MP-8/N-acetyl-methionine complex was found to

exceed that of cytochrome c (self-exchange rates were K (model

complex) *v 10 ̂ M- S~ and K ̂ ̂ (cytochrome c) M O  -10 M ~  S* ). The

protein structure appears to decrease the reactivity by maintaining

the haem in a hydrophobic crevice, and control the reactivity by

providing a more polar environment for the ferric species. The

results of X-ray studies confirm this suggestion: in the ferric

species, the haem iron is displaced out of the hydrophobic crevice 

0

by 0.16 A and certain buried water molecules lie close to the iron 

atom (Takano and Dickerson, 1981a; 1981b).

An impressive assessment of the effect of the protein was 

carried out by Wilgus et al . (1978) by comparing the 

characteristics of various haem-peptide complexes with cytochrome 

c. Haem-peptide fragments 14-21 (MP-8), 11-21 (MP-11), 11-26 

(hexadecapeptide), 1-38, 1-65 and 1-80 [see Section 6.1.1) were 

found to form non-covalent complexes with the haem-free peptide 

1-104 (i.e. cytochrome c apoprotein). The following conclusions 

wore reached:

vl) Uncomplexed haem-peptides 1-65 and 1-80 (residues 65 ana 80 are 

fchionine) did not display sulphur coordination.






























