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1. Introduction 

Soon after his discovery of ‘lysozyme’ (EC 3.2.1.17). 
Fleming detected the presence of this enzyme in many 

vegetable tissues, especially in the flowers [l] . A 
number of roots and tubers were also examined [2] : 
of these the only one which showed any marked bac- 
teriolytic effect was the turnip. In comparison to hu- 
man tissues, the lysozyme content of turnip was weak, 
but a 1 in 10 extract completely cleared an opaque sus- 
pension of Micrococcus lysodeikticus in one hr [2] . 
Since Fleming’s observations, only a very small num- 
ber of studies have been devoted to plant lysozymes, 
and these all deal with the enzyme contained in latex. 
Meyer et al. [3] first reported lysozyme activity in 
crude proteolytic enzyme preparations from papaya 
and fig latex. In 1955, Smith et al. [4] prepared a 
crystalline lysozyme from papaya latex and quite re- 
cently Howard and Glazer [5, 61 studied such a lyso- 
zyme in detail. It was found that papaya lysozyme 
had a molecular weight of about 25,000, that glycine 
was its sole N-terminal as well as C-terminal residue, 
and that the molecule consisted of a single polypep- 
tide chain. Papaya latex lysozyme lysed M. Zysodeik- 
ticus cell walls at one third of the rate exhibited by 
hen egg-white lysozyme; whereas papaya lysozyme ex. 
hibited 200-400 times higher chitinase (EC 3.2.1.14) 
activity toward chitotetraose than hen egg-white lyso- 
zyme, with whole chitin as substrate, it was only 10 

* 77th communication on lysozymes; 76th communication: 
A. Faure and P. Jollks, Compt. Rend. Acad. Sci. Paris 271 

(1970) 1916. 
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times as active as the egg enzyme. No involvement 
of tryptophan residues in the active site of papaya 
lysozyme could be demonstrated [5,6]. 

In the present note, a first series of results con- 
cerning the purification and some properties of the 
turnip lysozyme is reported. 

2. Materials and methods 

The turnips (variety ‘Navets de Paris’) were sup- 
plied by M. Moser, Vevey, Switzerland. Hen egg- 
white lysozyme was obtained from Worthington 
(Freehold, N.J., U.S.A.) and from Tozai Soeki Kaisha 
(Japan). Chitotetraose and chitopentaose were pre- 
pared from partially hydrolyzed chitin [7]. All other 
special reagents were obtained from Merck or Prola- 
bo. 

The enzyme activity was measured according to 
the method of Jollbs [8] and the proteins following 
the procedure of Lowry et al. [9] or by their ab- 
sorption at 280 nm: hen egg-white lysozyme was 

used as a standard and its specific activity was taken 
as 1. Some of the procedures used in the purification 
of turnip lysozyme have been described by Jollts et 
al. [lo] in their general method for the purification 
of mammalian lysozymes. Electrofocusing was per- 
formed as described in the preliminary instruction 
sheet and its addendum supplied by LKB Instruments 
[ 111. An LKB 8 101 electrofocusing column of 110 
ml capacity was used. The carrier ampholyte was 
selected to give a pH gradient between pH 7 and pH 
10. Acrylamide gel electrophoresis was performed at 
pH 2.3,60 V, 5 mA, 2 hr. 
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Table 1 
Assay of preparation of turnip lysozyme by ion-exchange chro 

matography on Amberlite CGSO. 

282 kg turnips + 282 I water 
gave 500 1 of extract + 40 kg 
of residue 

Adsorption onto Amberlite 
CG-50 in 0.2 M phosphate 
buffer pH 6.5. Eluted with 
0.8 M phosphate buffer, 
pH 6.5, after washing with 
water 

40 fractions (1.2 1) con- 
taining significant lyso- 
zyme activity 

Filtration through Sephadex 
G-75 (in 0.05 M ammonium 
acetate buffer, pH 6.5) after 
dialysis and evaporation to 
120 ml 

4 
30 fractions (290 ml) 
containing activity 

Dialysis against distilled 
water, evaporation to 20 ml 
and chromatography on Am- 
berlite CC-SO, 0.2 M phos- 
phate buffer pH 6.20 

4 
7 most active fractions 
bulked and dialysed to 
remove the salts (92 ml) 

4 
Purified turnip lysozyme 
preparation 

Lysozyme content = 500 mg 
Protein content = 550 g 
Specific activity = 0.0009 

Specific activity 
increased 167 times 

Lysozyme content = 354 mg 
Protein content = 2400mg 
Specific activity = 0.15 

Specific activity 
increased 8.6 times 

Lysozyme content = 200 mg 
Protein content = 156 mg 
Specific activity = 1.3 

Specific activity 
increased 2.6 times 

Lysozyme content = 124.8 mg 
Protein content = 37.3 mg 
Specific activity = 3.24 

The methods used to follow the digestion of chito- 
tetraose and chitopentaose have beenpreviously de- 
scribed by Charlemagne and Jolles [ 121. The chitinase 
activity of the enzyme was also characterized by the 
digestion of colloidal chitin prepared according to 
Skujins et al. [ 131; the appearance of reducing groups 

was determined by the procedure of Dygert et al. 
[ 141. The inhibition of the turnip lysozyme by N- 
acetylglucosamine was measured by the procedure of 

Jollb et al. [ 151 . 

3. Results 

3.1. Assay of purification of the enzyme by ion- 
exchange chromatography on Amberlite CG-50 

Table 1 summarizes the method of preparation 
of a ‘purified’ turnip lysozyme. The main active frac- 
tion was consistently eluted very close to the dead 
volume during the ion-exchange chromatography 
on Amberlite CC-50. The active material had two 
absorption maxima at 275 nm and 405 nm and 
showed several bands when submitted to starch gel 
electrophoresis. 

3.2. Purification of the enzyme by electrofocusing 
The active material obtained after filtration on 

Sephadex G-75 (table 1) was submitted to 2 succes- 
sive filtrations on Sephadex G-100 (90 X 2 cm) with 
0.1 N acetic acid as eluent. The biologically inactive 
material, with an absorption maximum at 405 nm, 
was almost entirely eliminated by this treatment. 
However, the peak which was active against IV. lyso- 

deikticus cells, always gave rise to several bands when 
submitted to acrylamide gel electrophoresis. The 
lysozyme rich material was at this stage purified by 
electrofocusing between pH 7 and 10 (fig. 1). The 
active fractions were pooled and filtered on Sepha- 
dex G-25 (33 X 2.5 cm; 0.1 M phosphate buffer of 

pH 7.2) to eliminate the carrier ampholytes. The ac- 
tive material again gave rise to 2 or 3 bands by acryl- 

amide gel electrophoresis. After a further treatment 
on Sephadex G-75 (138 X 1.2 cm; 0.01 M tris-HCl, 

0.1 M NaCl buffer, pH 7.4) an electrophoretically 
pure material (starch-gel electrophoresis: insert fig. 1) 
was finally obtained. However, at this stage, the 
turnip lysozyme was very labile. The over-all yield 
did not exceed 10-I 5%. 

3.3. Molecular weight 
Filtrations on Sephadex G-75 (138 X 1.2 cm; 

0.01 M tris-HCI, 0.1 M NaCl buffer, pH 7.4) in the 
presence of test substances (pepsin, trypsin, hen egg- 
white lysozyme) suggest a molecular weight of about 
25,000 for the turnip lysozyme. 
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Fig. 1. Electrofocusing between pH 7 and pH 10 of a turnip lysozyme rich fraction (2 ml fractions, 300-500 V, 45 hr, 12”). Insert: 
starch gel electrophoresis (pH 3.8 formic acid-NaOH buffer, 5 M urea, 250 V, 26 mA, 8 hr). 

3.4, pH optimum for the lysis of M. lysodeikticus cells 
by turnip lysozyme. Injluence of the temperature 

The pH activity profile for M. lysodeikticus cells 
is shown in fig. 2 and the relationship between tempe- 
rature and activity in fig. 3. 

3 5. Comparison of the digestion of chitopen taose and 
colloidal chitin by turnip lysozyme and hen egg- 
white lysozyme 

0.5 mg chitopentaose was digested at 37” with 
4 or 16 pg of turnip or hen lysozyme in 0.05 M ammo- 
nium acetate for varying periods of time (0, 1,4,24 
hr). The digestion products are shown in fig. 4. The 

102 

action of turnip lysozyme is very rapid. The main 
hydrolysis products are chitobiose and chitotriose; 
no chitotetraose was found and only traces of un- 
digested chitopentaose could be observed. The sub- 
strate was not attacked by 4 c(g of hen lysozyme 
though it was hydrolyzed by 16 /.tg after a reaction 
time of at least 4 hr. In this case, chitotetraose was 
observed among the digestion products and a signi- 
ficant amount of chitopentaose remained undigested. 

Preliminary assays to test the activity of turnip 
lysozyme on colloidal chitin showed that the en- 
zyme had a high chitinase activity. The turnip lyso- 
zyme was twelve times more active in this respect 
than hen egg-white lysozyme (fig. 5). 
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Fig. 2. pH activity profile for turnip lysozyme. Suspensions 

of acetone dried Micrococcus lysodeikticus cells were made in 

0.066 M phosphate buffer (25 mg/lOO ml) at the following 

pHs: 3.5, 4.0, 4.5, 5.0, 5.5, 6.0,6.2,6.5, 7.0, 7.5. Each sus- 

pension contained 0.1% NaCl and had an initial transmission 

of 20-25s at 650 nm. To 3 ml substrate at 25” was added 

0.3 ml of enzyme (40 rg) and the increase in transmission 

was measured continuously. The percentage increase in trans- 

mission per minute was calculated from the steepest part of 

1020 80 

Temperature t-C) 

Fig. 3. The relationship between temperature and activity 

was done as indicated in legend to fig. 2, using a suspension 

of cells at pH 5.0. 
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Fig. 4. Digestion at 37” of 0.5 mg chitopentaose by 4 or 16 I.rg turnip or hen egg-white lysozyme (0.05 M ammonium acetate so- 
lution). NAG stands for N-acetylglucosamine. 

3.6. Inhibition of turnip lysozyme by N-acetylgluco- 
samine. 

Turnip lysozyme like many other lysozymes [ 151 
was inhibited at pH 6.2 by N-acetylglucosamine 

(0.066 M phosphate buffer). The inhibition was of 
the same order as that already described for the 

duck lysozymes and less pronounced than for hen or 
human lysozymes. 
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Fig. 5. Increase in reducing groups at different pHs and con- 

stant ionic strength (0.1) during the action at 20” of turnip 

and hen egg-white lysozymes (40 Mg) on 0.8 mg colloidal 

chitin determined by the method of Dygert et al. [ 141. 

4. Conclusion 

The ‘classical’ hen egg-white lysozyme and turnip 
lysozyme both hydrolyse /3( 1-4)glycosidic bonds in 
IV. iysodeikticus cells. However, the results presented 
here show that the two lytic enzymes differ in the 
following properties: molecular weight, electrophore- 
tic behaviour, optimum pH, relative activity toward 
various substrates and mode of attack upon these 
substrates. Under certain conditions the turnip lyso- 
zyme seems to act more as a chitinase than a lysozyme. 
It thus resembles papaya latex lysozyme [5,6] and 
further investigation of its properties should esta- 

blish whether the same differences (structure, speci- 
ficity, speed of action etc.) exist among plant lyso- 
zymes as those described in the case of vertebrate 

lysozymes [ 161. 
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