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Comparative behaviour of six different lysozymes in the presence of an
inhibitor”

It was shown that hen egg-white lysozyme (EC 3.2.1.17) can be inhibited by
N-acetylglucosamine (GlcNAc), GleNAc-GIcNAc and some related compounds!-3.
Recently SHARON? studied in detail the inhibitory action of GlcNAc on the lysis of
Micrococcus lysodetkiicus cells by hen lysozyme and indicated that the inhibition was
accompanied by a corresponding change in the fluorescence of the enzyme. In their
study devoted to lysozymes of different origins, JOLLES ef al.5 established that lyso-
zymes from different sources have different structures; lysozymes from different organs
or tissues of the same animal can be different (dog spleen and dog kidney enzymes) or
seem identical (human lysozymes). Their heat stability and specific activity appear
to be strongly correlated to their different cystine and tryptophan contents which
were particularly low in the case of goose egg-white lysozyme®. As several tryptophan
residues were demonstrated to be involved in the active site of hen egg-white lysozyme?,
it was of interest to study the behaviour of these different lysozymes in the presence
of an inhibitor.

GlcNAc was obtained from Light and tetra-GlcN Ac (chitotetraose) was prepared
according to the method of RurLEY?. Hen egg-white lysozyme was obtained from
Armour, Kankakee, I1l.; duck egg-white lysozymes Il and III, goose egg-white
lysozyme, human milk lysozyme and lysozyme from human normal leucocytes were
prepared by the procedures of JOLLES, SPOTORNO AND JOLLESS, DIANOUX AND JOLLES?,
JoriEs aND JorLEs!? and CHARLEMAGNE AND JoLLES', respectively. Dry M. lysodeik-
ticus cells were purchased from Miles Laboratories. The lysis of these cells (300 ug/ml)
by lysozyme (usually g.1 ug/ml) at room temperature was followed with a Vitatron
photometer (Dieren, The Netherlands) in the absence or in the presence of GlcNAc
or tetra-GlcNAc; the absorbance, measured at 583 mu, was automatically recorded.
To 2.5 ml of a suspension of M. lysodeikticus cells in a 0.066 M phosphate buffer of
pH 6.2 containing 0.1%, NaCl were added 0.5 ml of a solution of GleNAc in water and
0.3 ml of the enzyme solution in water. Apparent first order rate constants, %, could
be calculated from the slopes of plots of log 4 se5 mu(f) - 10g A gz mu(0) versus time, ¢,
where A3 mu(f) and A ;g3 mu(0) denote, respectively, the absorbances at time ¢ and
o sec. An increase in the concentration of the inhibitor led to a decrease in the rate
constant for cell lysis, £; the inhibition ratio was defined as ky/k, in which %, denotes
the apparent first order rate constant of cell lysis in the absence of inhibitor.

The fluorescence was determined in 0.1 M ammonium acetate. The emission
spectra were measured between 300 and 400 my in an Aminco Bowman spectro-
fluorimeter; an exciting wavelength of 285 mu was used. The solution contained be-
tween 16.6 and 50 ug lysozyme per ml and between 0.2 and 10 mg GlcNAc per ml.

For each of the six lysozymes listed above and for various concentrations of
GlcNAc, the inhibition ratio ky/k was determined (Fig. 1). The two human lysozymes
are more strongly inhitibed by GlcNAc than hen egg-white lysozyme; the concentra-

* 57th communication on lysozymes; 56th communication: see ref. 13.
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Fig. 1. Inhibition of the action of different lysozymes (0.63:107% M) on M. Iysodeikticus cells by
GlcNAc. For conditions, see the text.

Fig. 2. Inhibition of the action of different lysozymes (0.63-10~% M) on M. lysodeikticus cells by
tetra-GlcNAc.

tions of GIcNAc necessary for 50%, inhibition were, respectively, 1.8-10-2 M and
2.8-107% M. It was not possible under the conditions described above to observe 50%,
inhibition for the two duck egg-white lysozymes. Furthermore, duck egg-white lyso-
zymes II and I1I had a slightly different behaviour in the presence of GIcNAc (Fig. 1);
this result was in accordance with recent observations by JoLL#Es et al.12 who established
that these two duck lysozymes have slightly different chemical structures. Goose
egg-white lysozyme, however, was practically uninhibited at low GlcNAc concen-
trations and only to a small extent at higher GlcNAc concentrations: once more its
behaviour seemed different from that of other lysozymes as already indicated by JoL-
LEs et al.%; it is worth adding that its specificity was also quite different when low mole-
cular weight substrates were used: they do not seem to be easily split by this enzyme!s.

Similar results were obtained with tetra-GlcNAc. According to SHARON? the
concentration of this sugar for 509%, inhibition of hen lysozyme action on cells of
M. lysodeikticus was around 10-* M. Under the conditions indicated above, hen egg-
white and human milk lysozymes were more strongly inhibited, the concentration for
a 50% inhibition being around 0.15- 103 M for both enzymes. Goose lysozyme, how-
ever, was not inhibited by tetra-GlcNAc until a concentration of 4.5-10-3 M (Fig. 2).

As noted by SHINITZKY et al.14, strong inhibitors of hen egg-white lysozyme, such
as GIcNAc-GIcNAc, lead to a 1o mu blue shift of the emission maximum of the enzyme
under the conditions of the fluorescence experiments; the observed changes may be
ascribed to changes in the environment of the indole rings of the active site upon
binding with the inhibitor!%; the weaker inhibitors, such as GlcNAc, do not cause any
shift. Our experiments with different lysozymes lead us to the conclusion that, as in
the case of hen egg-white lysozyme, GlcNAc does not cause any shift in the emission
maximum. This method does not allow one to study the binding of GIcNAc at the active
sites of these enzymes. Furthermore, as could be expected from the absence of a blue
shift, no strong enhancement of the fluorescence was observed. The change of the
height of the emission maximum of the different lysozymes in the presence of GIcNAc
does not exceed 100+ 5%, taking as 100%, that of an enzyme in the absence of GlcNAc.

In order to find some other tests of the binding of GIcNAc at the active site of
goose lysozyme, this substance and hen egg-white lysozyme were submitted to heat
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denaturation at 75° (different time intervals) in the presence or in the absence of
GlcNAc. Even at low GIcNAc concentrations (10 - 10-3 M) the hen enzyme was marked-
ly stabilized while no marked difference was observed with the goose enzyvme. At higher
GleNAc concentrations (25-10-% M), some protective effect could be observed with
goose lysozyme while the hen enzyme was naturally strongly stabilized. Thus only
high GleNAc concentrations seem to be able in part to inhibit the goose enzyme and to
protect it against heat denaturation.

Preliminary experiments allow us to add that other inhibitors of hen lysozyme
such as histamine or L-histidine methyl ester! also inhibit goose lvsozyme at concen-
trations similar to those used for the hen enzyme.

This investigation was supported in part by funds from the C.N.R.5. (Equipe
de recherche No. 17), from the D.G.R.S.T. (Biologie moléculaire, grant 66 0o 261) and
from Hoffmann-La Roche (Basle). The authors wish to express their appreciation to
Dr. M. Lapzuxskr (Marseilles) for a helpful discussion. They are indebted to Mrs.
J. Mavro-PouapE and to Miss J. FEYDIT for valuable technical assistance.

Laboratory of Biochemistry, Faculty of Sciences, P. JoLLES”
Paris™ and Centre de Transfuston—Réanimation J. Saint Brancarp™
de ' Armée * |. Julliard’’, Clamart™ ( France) D. CHARLEMAGNE”

A.-C. DiaNoux*
J. JorLEs®
J. L. LE BArox™"

M. WenNzEL, H. . LExk axD F. ScHUTTE, Z. Phvsiol. Chem., 327 (1901) 13.

F. J. HARTDEGEN AND ]. A. RupLEY, Biochim. Biophys. Acta, 92 (1904) 025.

. N. Jounsox axp D. C. PHILLIPS, Nature, 207 (1965) 701.

N. SHARON, Proc. Roy. Soc., London, Sev. B, 167 (1966) 402.

I>. JoLrLEs, D. (‘HARLEMAC.NE, J.-I. PETIT, A.-C. MAIRE AND J. Jorvrks, Bull. Soc. Chim.
Biol., 47 (1905) 2241,

6 J. JoLLks, A.-C. Dianoux, ]. HermanN, B. NIEMANN anND . JoLLEs, Biochim. Biophys.
Acta, 128 (1966) 568.

7 J. A. RUPLEY, Biochim. Biophvs. Acta, 83 {1904) 245.

8 J. JorrEs, G. SPOTORNO AND P. JoLLES, Nafure, 208 (1903) 1204.

9 A.-C. DraNoux anD I’. JoLLis, Biochim. Biophys. Acta, 133 (1967) 472.

10 P. Jorris anD J. JorLEs, Nature, 192 (1961) 1187.

11 D). CHARLEMAGNE AND D. JoLLEs, Nouvelle Rev. Franc. Hématol., 6 (1960) 355.

12 J. JorL®s, J. HErRMANN, B. NIEMANN AND P. JoLLES, European J. Biochem., v (1007) 344

13 D. CHARLEMAGNE AND P’ JoLLEs, Bull. Soc. Chim. Biol., 49 (1067) 1103.

14 M. SHINITZKY, V. Grisaro, B. M. CuipMan AND N. SHARON, Arch. Biochem. Biophvs., 115
(1966} 232.

15 F. W. J. TraLE, Biochem. J., 76 (1960) 381.

(ST IV
—

Received October gth, 1967

Biochim. Biophys. Acta, 151 (1968) 532534



