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Brief Communication

GENETIC VARIATION IN THE SERUM LYSOZYME
ACTIVITY IN CATTLE

Widely distributed in nature, lysozyme (LZM) occurs in
various vertebrates, invertebrates, bacteria, phages and plants.
In animals this enzyme can be determined in, or isolated from,
various body fluids, tissues and secretions (Jolles 1976). LZM is
a protein of comparatively low molecular weight. Among other
properties, it possesses a markedly cationic charge and an un
specific bacteriolytic activity. This activity cleaves the link be
tween n-acetyl-murarnic acid and n-acetyl-glucosamine of a
IIIucopolysaccharide in the bacterial cell wall (Salton 1957).
Extensive studies during the last decade might now indicate that
the original hypothesis of Fleming (1922) is correct. This hypo
thesis postulates that LZM plays a role in the body's defence
against infection. Vakil et al. (1969) found that several Gram
positive and Gram-negative bacteria were susceptible to different
degrees to purified LZM from bovine and human milk. As re
viewed by Jolles, several investigations demonstrate the indirect
immunopotentiating effect of LZM, arising during the course of
its action on bacteria, as some of the decomposition products
behave as adjuvants (Adam et al. 1972, 1973, Hiu 1972, illigliore
Samour & Jolles 1972 ). Also co-operation between LZM and
antibody/complement in the lysis of Gram-negative bacteria has
been demonstrated (Glynn & Milne 1967, Hill & Porter 1974 ) .
Recently, it has been asserted that serum LZM activity reflects
the homeostatic expression of the reticuloendothelial system
(RES) , which is one of the most fundamental defence mecha
nisms against infection. Moreover, experimental findings have
produced evidence for LZM being an index of macrophage func
tional status (Vi Luzio 1979).

The object of this investigation was to study the genetic in
fluence of the serum LZM activity in cattle.

At a performance testing station, serum samples were col
lected from 294 bulls which consisted of 19 half sib groups (sire
families ). Environmental conditions were standardized and the
effect of age was considered negligible (mean age 229 days,
standard deviation 8 days ). The samples were drawn during a
period of 2 years and stored frozen. Consequently, the influence
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of seasonal variation and duration of storage on the LZM activity
had to be separated from the effect of sires (the heritability).
This was achieved by employing the method of least squares
analysis.

The LZM assay procedure employed was that described by
Parry et al . (1965), with some modifications: 2 ml of a Micro
coccus lysodeikticus* suspension (approx. 0.20 mg per ml so
diumphosphate buffer, pH = 6.2) was pipetted into a glass
cuvette (lightpath = 1 em), placed in the thermoregulated cell
holder (38°C) of a spectrophotometer. At zero time 200 ttl en
zyme (serum or LZM standard) was added, immediately fol
lowed by mixing and reading the absorbance at 520 nm (Am)'
Thereafter, the decrease in absorbance per minute (A As2o/min)

was recorded by reading As20 with 2 min intervals for about
10 min. Besides, in order to confirm linearity of the enzymatic
action, a chart recorder was simultaneously used. Standard LZM
solutions were prepared by dissolving crystalline egg-white
LZM** in phosphate buffer (pH = 6.2). Accordingly, the LZM
activity of the serum samples was expressed as ttg egg-white
LZM per m!.

In only 5 of the 294 serum samples LZM was not detectable.
In the total material LZM activity varied from zero to 2.63 with
a mean activity of 0.39 ± 0.32 (mean ± s) ttg per ml. The dif
ference between half sib groups was highly significant with
regard to serum LZM activity (P < 0.0005) . The main source
of intergroup variation was caused by a single sire family, com
prising 30 offspring with extremely high LZM activity. The mean
LZM activity of this particular group was almost 3-fold the mean
level of the total bull material. This discontinuous variation
might perhaps be caused by the effect of a so-called "major
gene", overshadowing the polygenes, which probably ordinarily
regulate the LZM activity. The difference between half sib
groups when the extreme one was excluded, was also significant
(P < 0.025) and the corresponding heritability was 0.27 ± 0.18
(h2 ± s.e·h, ) ·

The results of this study might be interpreted as follows :
The serum LZM activity in cattle is probably influenced at least
at 2 different genetic levels : Firstly, in accordance with the esti-
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mated heritability, polygenes probably regulate the LZM activity.
Secondly, a possible LZM controlling gene, occurring at a rela
tively low frequency in the population, is perhaps responsible
for the existence of individuals having an extremely high LZM
level.
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The National Veterinary Institute, Oslo, Norway.

REFERENCES
Adam, A. , R. Ciorbaru, J. F. Petit & E. Lederer: Isolation and proper

ties of a macromolecular, water soluble, immunoadjuvant frac
tion from the cell wall of Mycobacterium smegmatis. Proc. nat.
Acad. Sci. (Wash.) 1972, 69, 851-854.

Adam, A., R . Ciorbaru, J. F. Petit, E. Lederer, L. Chedid, A. Lamensans,
F. Parant , M. Parant, J. P. Rosselet & F. M. Berger: Preparation
and biological lroperties of water-soluble adjuvant fraction
from delipidate cells of Mycobacterium smegmatis and Nocar
dia opaca. Infect. Immun. 1973, 7, 855-861.

Di Luzio, X. R. : Lysozyme activity: an index of macrophage functional
status. In Lysosomes in Biology and Pathology 6. J. T . Dingle,
P. J. Jacques & J. H. Shaw (eds.). North Holland Publishing
Company, Amsterdam, New York, Oxford 1979, 447-462.

Fleming, A.: On a remarkable bacteriolytic element found in tissues
and secretions. Proc, roy Soc. B 1922, 93, 306-317.

Glynn, A. A. & C. M. Milne: A kinetic study of the bacteriolytic and
bactericidal action of human serum. Immunology 1967, 12,
639-653.

Hill, I. R. & P. Porter: Studies of bactericidal activity to Escherichia
coli of porcine serum and colostral immunoglobulins and the
role of lysozyme with secretory IgA. Immunology 1974, 26,
1239-1250.

Hill, I. J.: Water soluble and lipid-free fraction from B.C.G. with
adjuvant and antitumor activity. Nature New. BioI. 1972, 238,
241-242.

Jolles, P.: A possible physiological function of lysozyme. Biomedicine
1976, 25, 275-276.

Migliore-Samour, D. & P. Jolles: A hydrosoluble, adjuvant-active myco
bacterial "polysaccharide-peptidoglycan". Preparation by a
simple extraction technique of the bacterial cells (strain
Peurois). FEBS Letters 1972, 25, 301-304.

Parry, R. M., R. C. Chandan & K. M. Shahani: A rapid and sensitive
assay of muramidase. Proc. Soc. expo BioI. (N.Y.) 1965, 119,
384-386.

Salton, M. R. J.: The properties of lysozyme and its action on micro
organisms. Bact. Rev. 1957, 21, 82-99.

Vakil, J. R., R. C. Chandan, R. M. Parry & K. M. Shahani: Suscepti
bility of several microorganisms to milk lysozymes. J. Dairy
Sci. 1969, 52, 1192-1197.

(Received July 17, 1980).

Reprints may be requested from: 0. Lie, the National Veterinary Insti
tute, P.O. Box 8156, Dep., Oslo, Norway.




