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Abstract 

The reaction of diethylpyrocarbonate (DEPC) 
with uncoordinated surface histidine residues on 
metalloproteins at pH 6.5-7.0 can be readily 
monitored (-30 min) by spectrophotometric changes 
at -238 nm (E= 2750 M-’ cm-‘). No reaction is 
observed if prior modification of the histidine by 
attachment of Ru(I1) or Pt(I1) has been carried out. 
In the studies with azurin and cytochrome c only one 
of two histidines readily undergoes DEPC modifica- 
tion, and likewise only one histidine is Ru modified. 
Thus the reaction can be used as a quick test for 
histidine availability, and subsequently as a test as to 
whether modification has been achieved. The 
specificity of Pt complexes for histidines is less than 
that of Ru. In a wider context of histidine availability 
only one of three histidines in Rieske’s protein (A? 
crassa) is DEPC modified. 

metalloproteins [lo-171, in order to study fixed 
distance electron-transfer processes, has prompted us 
to investigate the reaction of DEPC with a number of 
metalloproteins in order to assess its potential use- 
fulness as a facile and rapid means of determining the 
number of modificable histidines on a given protein 
under specified conditions, and more importantly as 
a means of confirming the actual attachment of the 
metal ion to the targeted histidine. 

Experimental 

Introduction 

The reaction of diethyl pyrocarbonate (DEPC) 
with imidazole and substituted imidazoles (including 
histidine) results in the formation of N-carbethoxy 
derivatives which are reported to absorb strongly in 
the UV region (A,, - 240 nm, E,, - 3200 M-r 
cm-‘) [ 11. Although the reagent does not always 
react exclusively with the histidine residues on 
proteins, it is nevertheless more selective than any 
other acylating agent, especially if experimental con- 
ditions such as pH and reagent excess are carefully 
controlled. Consequently, it has been extensively 
used in the modification of histidine residues on 
proteins, to provide information on the role of 
specific histidines in determining the activity of 
enzymes [2-51, the mechanism of electron-transfer 
reactions [6-81, and the pH-dependence of protein 
NMR spectra [9]. 

The source and/or isolation procedures for the 
different metalloproteins were as follows: Scene- 
desmus obliquus plastocyanin (from Dr. R. Powls, 
University of Liverpool), Anabaena variabilis (grown 
in 20 1 vessels) plastocyanin, high potential iron- 
sulphur protein (HIPIP) from Chromatium vinosum 
(cell paste from PHLS, Porton Down, U.K.), Pseudo- 
monas stutzeri (grown in a 20L LH Fermentor) cyto- 
chrome cssl, Pseudomonas aeruginosa, (cell paste 
from PHLS) azurin, horse-heart cytochrome c (Sigma 
Chemicals), [18-231. The reaction of Rieske’s iron 
sulphur protein from Neurospora crassa (Professor 
H. Weiss, Universitat Dusseldorf) was also studied 

[241. 
The Ru(I1) and Pt(I1) complexes used in protein 

modification procedures were prepared by literature 
methods: FWNWH~01PF&, I~WMW~ 
and [Pt(terpy)C1]C1.2Hz0, where terpy is the tri- 
dentate ligand, 2,2’-6’,2”-terpyridine (Sigma 
Chemicals). Ruthenium-modification i.e. Ru(NH& 
attachment, to two plastocyanins, HIPIP, cytochrome 
cssr, and to azurin, and Pt-modification of cyto- 
chrome c (horse-heart) by [Pt(NHs)&l]Cl and [Pt- 
(terpy)Cl]Cl are considered here [ 18-321. All other 
chemicals used were of Analar quality. 

Recent interest in attaching inorganic redox 
partners (principally ruthenium derivatives) to 

*Author to whom correspondence should be addressed. 

Stock solutions (0.2 M) of diethylpyrocarbonate, 
DEPC (Sigma Chemicals), in ethanol were stored at 
4 “C under Nz, and standardised before use against 
solutions of imidazole, (in 0.10 M phosphate buffer 
at pH 6.5-7.0). In a typical experiment, two narrow 
quartz cells of 1 cm path length were filled with equal 
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volumes (1.3 ml) of protein (0.5 mg) in phosphate 
buffer, and placed in the sample and reference com- 
partments (25 “c) respectively of a spectrophotom- 
eter (Perkin-Elmer 554). A -0.2 M ethanol solution 
of DEPC (5 111) was introduced into the sample cell, 
while an equal volume of ethanol was added to the 
reference. After thorough mixing the solutions were 
scanned repeatedly over the range 220-300 nm at 
appropriate time intervals until no further change of 
absorbance was observed. 

Results and Discussion 

The reaction of DEPC with imidazoles is as indi- 
cated in eqn. (1) 

diethylpyrocarbonate(DEPC1 

+ Cq iC,HSOH 

pH 7, 2S°C 
* 

- 30 min 

In the presence of a very large excess (>200 fold) of 
DEPC, reaction at the second N-atom of the 
imidazole ring is observed. It has been reported that 
DEPC can also react with lysine, tyrosine, serine and 
thiolate groups of proteins [l]. However, such 
reactions are usually restricted to acidic solutions 
(pH - 4). The pH and other experimental conditions 
used were such as to minimise reactions with other 
amino acids, and maximise stability of the proteins. 
Furthermore, the N-carbethoxy derivatives formed 
are kinetically stable at pHs in the range 6.5-7.0. The 
DEPC excess per histidine residue (15-25 fold) was 
sufficient to ensure completion of eqn. (1) but 
insufficient for the second reaction to occur. 

Figure 1A shows the spectrophotometric trace of 
the reaction of DEPC with plastocyanin (5. obliquus), 
which is typical of the reactions of DEPC with the 
metalloproteins listed in Table I. The number of 
histidine residues modified can be calculated from 
the absorbance maximum at -240 nm using the 
absorption coefficient E = 3200 M-’ cm-’ reported 
for the carbethoxy derivative of imidazole [l]. It 
should be noted that for all the proteins listed in 
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Table I, on addition of DEPC the absorbance changes 
are at 238 nm. Also the number of histidines 
modified, based on E = 3200 M-’ cm-‘, are 80-90% 
of the values expected. Absorption coefficients for 
the carbethoxy derivatives of histidine residues in 
proteins are consistently less than that for imidazole 
alone [l]. Tudball et al. have reported a value of 
E = 2900 M-’ cm-’ at pH 7.5 for the N-ethoxy- 
histidine protein derivative [5], and Nettesheim er al. 
have reported a value 90% of 3200 M-r cm-’ for the 
modification of HIPIP (C. vinosum) [7]. The values 
listed in Table I have been rounded off to the nearest 
integer, using E = 2750. An examination of Table I 
reveals that under the experimental conditions not all 
of the uncoordinated histidine residues undergo 
reaction with DEPC. With azurin, for example, there 
are two uncoordinated histidine residues, yet only 
one of these is modified Fig. 1 B. 

When singly Ru-modified S. obliquus plastocyanin 
is treated with DEPC, no absorbance changes at 238 
nm characteristic of N-carbethoxy modification of 
the sole uncoordinated histidine (His59) are observed. 
Protein modification by attachment of Ru(NHs)F 
to the histidine completely blocks reaction with the 

oh-o- 240 270 

hlnm hlnm 

Fig. 1. (A) The reaction of diethylpyrocarbonate (DEPC) 
(360 NM) with native S. obliquus plastocyanin (24 NM) 

at pH 7.0 (0.10 M phosphate buffer) at 25 “C. (B) The 
reaction of diethylpyrocarbonate (DEPC) (120 PM) with 
F’. aeruginosa azurin (8 PM) at pH 6.5 (0.10 M phosphate 
buffer) at 25 “C. Scans were recorded every 5 min, final 

scan after a further 15 min. For B the final absorbance at 238 
nm indicates that only one of two uncoordinated histidines 
is modified. 
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Protein Number of uncoordinated Number of histidines 
histidine residues in protein modified by DEPC 

Number of histidines 
modified by DEPC 
in Ru/Pt-modified 
protein 

Plastocyanin (S.O.) 1 1 0 
Plastocyanin (A. v.) 1 1 0 
HIPIP (Cv.) 1 1 0 
Cytochrome ~551 (P.s.) 1 1 0 
Azurin @?a.) 2 1 0 
Cytochrome c (h.h.) 2 1 Ob and lc 

aReaction conditions as indicated in text, duration of modification generally - 30 min. bPt-modified derivative: attachment of 
Pt(terpy)‘+ is at His33. ‘Pt-modified derivative: for one of the products attachment of Pt(NH&*+ is not at His33. 

DEPC. Similar effects are observed with A. variabilis 
plastocyanin (His59), HIPIP from C. vinosum 
(His42), and cytochrome cssl from P. stutzeri 
(His47), the native forms of which all give spectro- 
photometric changes consistent with DEPC modifica- 
tion of the single available histidine, Table I. For the 
Ru-modified derivatives, attachment of Ru(NH&~+ 
to the histidines in question has been further con- 
firmed by NMR studies. 

In the case of P. aeruginosa azurin (His35 and 83) 
and horse-heart cytochrome c (His26 and 33), the 
major products each contain Ru attached to a single 
histidine residue. The singly-modified Ru derivative 
of azurin does not react further with DEPC. The 
availability or non-availability of histidines for DEPC 
modification appears to apply also to their avail- 
ability for Ru-modification. 

The reaction of horse-heart cytochrome c with 
platinum complexes further illustrates the utility of 
this reagent as a rapid indicator of site of attachment. 
Reaction with [Pt(NH&Cl]+ yields two products 
in approx. equal amounts, one of which gives a 
reaction with DEPC. The other does not. In the 
former case therefore Pt modification is not at His33. 
However, use of [Pt(terpy)Cl]+ results in the forma- 
tion of a singly modified protein that does not 
undergo reaction with DEPC, and the site of attach- 
ment of the Pt is confirmed as His33 [31]. While the 
site of modification in the case of [Pt(NH,)sCl]+ is 
in this case His33, in the other it is probably at 
Met-65, by analogy with the reaction of [PtC14]*- 
with cytochrome c for which attachment is 10% at 
His33 and 90% at Met65 [33-341. 

In further experiments we have found that only 
one of three histidines in Rieske’s protein from 
N. crassa (25 PM) is modified by DEPC treatment, 
which may implicate the remaining two histidines 
in binding to the [2Fe-2S] active site, as recently 
proposed for Rieske’s protein from Thermus thermo- 
philus [35]. 
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