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In a previous publication Bradbury and Scheraga (1966) showed that the 

proton sqnetio resonance of the C-2 protons of the four histidine residues 

in ribonuclease could be observed. In addition, it was found that there 

mas a considerable downfield shift of the resonances on char& of the 

imidazole rings, from which it was possible to obtain au approximate 

estimate of the apparent acid dissociation constants of the histidine 

residues in the protein. We have now extended this work to a representative 

range of proteins titl find that, in general, two types of behaviour are 

possible. Either the C-2 proton resonances can be observed as in ribo- 

mclease and lysozyme or cannot be visualized at all (using a 60 UC high- 

resolution instrment with spectrum accumulation) due to structural broad- 

ening of the resohsnce (~owa~.s~~-,196~; Maudel, 1965). For lysoqme, the C-2 

proton resonance of the single histidine residue is readily observed, and 

its pK has been determined. lhypsin, chymotrypsin cud their qynogens fell 

in the latter category and it therefore seems probable that the histidine 

residues are held rigidly, by au interaction of the imidazole rings with 

another group in the molecule. 

* Present address: Department of Chemistq, University of Oregon, 
Eugene, Oregon, U.S.A. 
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Uaterials. W3oqe (twioe crystallised), c+chymotrypsin (three times 

cryatallised) chymotrypsinogen A (three times crystallised), trypsin 

(twice crystallised) snd trypsinogen (once cryatallised) were obtained 

from ;iorthin&on Biochemicals, insulin (crystalline, bovine pancreas) and 

cytochrome-c (horse heart, type III) from Sigma Chemical Co., and myog1obi.n 

(sperm whale) from L&n Research Labs. Trifluoroacetic acid (Fluka, purum) 

and D20 (99.6, Australian Atomic Rneqy Commission) were used as solvents. 

Nethods. Solutions of the proteins in D20 at various values of pD were 

prepared according to the methods described previously (Bradbury and 

ScheraCa, 1966) and pD was determined by the relationship pD - pH meter 

reading + 0.40 (Glascoe and Iang,Ig6O; IL, Tang and blathur~1961). The pH 

(accuracy z 0.02) was measured by a Beckman Research pB 1Ieter No. 101901 

fitted with micro electrodes. The solutions were examined using either a 

Perkin Elmer 60 MC spectrometer, Xodel R-10, at 33.4'C or a Vsrisn Xodel 

A-60 spectrometer at 25 2 2', each of which was equipped rrith a computer of 

average transients (CAT). In D20 the nsrrow ED0 resonance was used both to 

trigL*r the CAT and also as a reference pesk in accurate measurements of 

chemical shift (Bradbury and Scheraga,1966). In trifluoroacetic acid 

solution, tetramethylsilsne ('ES) was added and used for these purposes. 

The relative intensities of various resonances were determined by cutting 

out and weighing the appropriate peak arsaso 

RXZLTS AND DISCUSSION 

In Fi&ure 1 that region of the IWR spectrum which includes the reson- 

auces of tyrosine, phenylalanine, tryptophsn and histidine is reported for 

some typical proteins (see e.g., Kowalslcy~1962; Mandel,1965; Rradbury and 

Scheraga,l966). 
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Computed N4.R spectra (100 traces) in D 0 of 
lO$ insulin, pD 2.04, (b) lC$ lysozylne, pg 3.54, 
1% q-chymotrypsin, pD 6.84, (cl) 13: trypsin, pD 4.41. 

In the case of insulLn and lysowe the C-2 protons of the histidine 

resonances exe identified both by their position with respeot to the EfDO 

resonance and their inteneitiea oampared with that of the a.?iwnatio peak. 

!l!he sin&e histidine residue in lysozyme gives a sin&e peak in the pD 
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Fi;ure 2. The effect of pD on the che~~ical shift of the C-2 
histidine protor, of lyaozyne (3; in D20 containing 0.2 II N&l., 
such that ionic strength - O-2-0.25). 

range '2.5-6.5, but above this pD the protein becomes insoluble at 5$ con- 

centration and also the histitie resmanoe teds to be obscured by the 

broad tryptophsn resonance. Since the S shaped curve in Fi,we 2 is 

incomplete it is only possible to 6btain an approximate estimate of the 

apparent dissociation constant (pX’) of histidine, from tile celltre of t;he 

region of mxi.mm ,Tadient o.f the graph (pK' I 6.3 + 0.2 in D,O). The 

figure in water is about 0.50 less than that in D20 (Bra&bury and Scheraga) 

1966) and hence pK' = 5.8 2 0.2 in H20. The intrinsic dissociation 

constant for histidine in lysoqme pKint is calculated (uain~ the treatment 

and the results of Tanford and ?kgner (1954)) to be 6.3 2 0.3 in water. 

This fi,we is in reasonable agreetient with their results (pKint - 6.5 to 

7.0) and is indicative of u. "normal" histidine residue. 

It is noted in Figure 1 that p(-ch&wotrypsi.n and trypsin do not &ve 

any evidence of a C-2 histidine resonance and this type ,of behaviour has 

also been noted for the correspondi~ zy~~o@m even when spectra are 

coqmted on solutions of concentrations of 2%: (N/V). The ar~ount of 
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hiotidine ;)rese& on a :.loLx basi:: is less in lynozyme (which gives a 

readily observable, coq~uted lii:>lidine resowwe even with a $ (\V/T) 

solution in D20) than in .ny of the four pro-teins listed above. Indeed, 

the concentration of his-tidine residues in 2%; solutions of the four pro- 

teins l;kich do not Live a C-2 histidine rwonance is xore ihtm five times 

th;;t of a $ solution of lyso~qw3. It is also notexorthy th;:t C-2 histid- 

ine re~orxwces hxve been observed in this ;~ork on computed spectra from 

insulin (see ISLure 1), ribonuclease (see also Bradbury and Scherw,ly66), 

cjrtochroae-c and tnyoslobin. Iiorrever, the C-2 lziotidine resonsnce is 

observ&ble in -t?le tot31 acid hydrolyscto of a 1%: solution of o(-chy,~o- 

trypsin and in a I@ solution of F(-chymotrypsin in trifluoroacetio acid 

(see PiLure 3). 

340 480' 420 
CPS from TYS resonance 

360 

l.Q.lro 3. IP;IH spectra in trifluoroacetic acid of (a) lC$ c,hynotrypsi.n, 
computed 300 traces, (b) lx& myoglobin. 

The C-2 histidine resonances are not observed for ci-chymotrypsin, 

d-chymotrypstiogen, trypsin and tqpsinogen in D20 because of broadening 

of the resonances to give an estimated line width of >30-40 cps. A line 
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width of 30-Q cps is observed for the ci C-H proton resonance in a poly-L- 

amino acid in the d-helical form (Uarkley, Keadows,and JsrdetzQ, 1967; 

Bradbury and Fenn, unpublished results). It is considerably higher than 

the fi;me of 5 cps obtained for the line width of the C-2 resonance in 

p&y-L-histidine (molecular weight 8000) in the psrtialc(-helical form at 

pD 6.2 and also for the histidine in lysozyme which occurs in position 15, 

at the end of an a-helical section (Blake s a&, 1965). 'The four other 

proteins which give C-2 resonanoe&ee above) have line x+dths of 7-16 cps. 

At the present stwe there is insufficient data available on line widths 

to be dogmatic, but it would appear probable that the histidine residues 

in trypsin, c+cQmotrypsin and their correspontig zymogens are held 

rather rigidly in position by an interaction between each imidazole ring 

and another group in the molecule. Alternatively, a le:;s likely axpl<n- 

ation is th::t the line broadening is due to sggregxtion in the aqueous 

solution3 used. 
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