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activity in the fmal supernatant fraction. This is probably 
due to the action of these detergents on releasing the 
enzyme which are suggested to be adsorbed on tho cell 
wallS. PVP had two disadvantages in enzyme extraction: 
it contains nitrogen, which intcrferos with enzyme activity 
determination on protein-nitrogen basis, and it is insoluble 
in acetone where the oxcl~ss cannot bo washed away. 
Gelatine did not give a high enzyme nctivity preparation. 
This was probably due to the large molecular size which 
prevented inflitration of the golatino into the tannin cell. 
Gelatine or inert protein also has t.hc disadvantages which 
arc associated with PVP (ref. 2). 

PEG showed promising results. It does dissolve easily 
in water and acetone, and docs not interfere in deriving 
tho enzyme activity on protein-nitrogen basis. 

At pre;;ent we are investigating the isolation of mitu
chondrit1 nnd other enzymes from plant tissues contnining 
polyphonols of high molecular weight. 
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Reactivity of the Tryptophan Residues in 
Lyso1:yme 

REPORTS have recently been published on the nature of 
the tryptophan residues in hen's egg white lysozyme and 
·the relation of these residues to enzymatic activity. 
Hartdegen and Rupley 1 showed that the oxidation of a 
single tryptophan residue with iodine results .in the loss of 
enzymatic activity. Hachimori et al. 2 hnvo oxidized the 
tryptophan residues of lysozyme with hydrogen peroxide, 
concluding that all tho tryptophans in lysozyme are 
relatively refractory toward oxidation and that the 
destruction of 1·4 mole of this amino-acid per mole of the 
enzyme results in tho loss of 95 per cent of the lytic 
activity. Hamiguchi and Kurono• havo examinod the 
effect of 2-chloroethanol on the secondary structure of 
lysozymo; they reported that when the enzyme is treated 
with solvents varying in composition from 0 to 32 per 
{lOUt 2-chloroothanol (vjv), there are spectral changes 
indicating the disruption of hydrophobic regions and the 
exposw·e of buried tryptophan residues, although tho 
optical rotatory dispersion investigations show no altera
tion of helix content. Only at highor concentrations of 
2-chloroethanol does the helix content increase. 

Wo havo investigated tho chemical reactivity of tho six 
tryptophan residues in lysozyme4 •5 with inerm1sing con
centrations of 2-chloroethanol, using tho tryptophan
spoeific reagent (2-hydroxy-5-n.itro-benzylbromido) 
recently reported by Koshln.nci et al. 6• Tho lysozyrno used 
was obtained from Manu Research Laboratory, Now 
York, lot No. Ll087. The 2-chloroethanol (Aldrich 
Chemical Co., Milwaukee, Wisconsin, n"2 = 1·4412) and 
the 2-hych·oxy-5-nitro-bem:ylbromiclo (Cyclo Chemical 
Corporation, Los Angeles, Calif.) were used without 
further purification. 

The solvents were made up by mixing appropriate 
amounts of 2-ohloroethanol with 0·001 M hydrochloric 
.acid. 10 mg of tho enzyme wore dissolved in 5 ml. of the 
.solvent, and the solution was allowed to stand for 1 h 
a.t 23°-24° C; o. 50 molnr excess of the Koshland rcngent, 

was added, aml the mixture was allowed to react for 45 
min. Tho excess reagent was removed on a 'Sephadox 
G-25' column using pH 7·5 ammonium acetate as the 
oluant; tho eluted protein was dialysod against distilled 
water and lyophilized. The number of tryptophan 
re~idues reacting with tho Koshland rnagont was calculated 
using a molar extinction coefficient• of 18,900, from the 
optical density at 412 filL of lyophilized products dissolved 
in 0·1 N potassium hydroxide . Tho activity of the 
lysozyme derivatives was determined turbidimetrically 
at room temperature from its lytic effect on a suspension 
of Micrococcus lysodeikticus in 0·1 M ammonium acetate 
at pH 7·0, a.s described by L~onis7 • 

Fig. l shows tho results of these investigations. In tho 
absence of 2-chloroethanol, loss than one tryptophan 
rosiduo is modified, indicating that on the avorago all 
these residues arB buriod or strongly bound in hydro
phobic regions. As the composition of the perturbing 
solvent becomes less polar, tho six tryptophan residues 
in t,he enzyme molooule 11ro completely exposed. Those 
findings are in agreement with tho refractory nature of 
those residues with respect to oxidation1 •2 and tho struc
tural transitions as indicatod3 for these concentrations of 
perturbing solvent. From tho activity results it would 
soom that nearly 2 moles of tryptophan can be allowed to 
react with the Koshland reagent without loss of more than 
l 0 per cent of the lytic activity. 
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Fig. 1. e. Uptake of 2-hydroxy-5-nltro·ben,ylbromide (indicative of 
reactive tryptophan residues) by lysozyme with Increasing concentration 
of 2·chloroethanol. Each point indicates the mean and standard devia
tion for separate preparations. The figures in parenthcsc• indicate the 
number of preparations tested. Q, Lytic activity of the derivatives 
relative to untreated lysozyme mensured under the same conditions. 

Each point represents a slna-le determination 
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