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LIE, 0., M. SYED and H. SOLBU: Improved agar plate assays of 
bovine lysozyme and haemolytic complement activity. Acta vet. scand. 
1986, 27, 23-32 .. - Bovine s:erum and colostral whey samples were 
examined for lysozyme and haemolytic complement activity, employ
in1g agar plate techniques. The tests, were carried out in agarose gel 
containing Micrococcus lysodeikticus (for lysozyme), and antibody 
sensitized rabbit erythrocytes (for complement), respectively. The 
confirmation of lysozyme (E.C.3.2.1.17) - dependent lysis, has been 
presented elsewhere (Lie & Syed 1986), while heat-inactivation 
and antibody to C3 were used in the present s·tudy to confirm that 
the haemolytic activity was attributable to the complement cascade. 
Repeatability and sensitivity of the de,scrihed tests were found to be 
superior to those of photometric procedures. Staining and preservation 
techniques were developed which extended the applicability oif the 
as1Say, as they made reading of results, Independent of time and resulted 
in the plates being very suitable for photography and sto:riage. 

cattle; non-specific immunity; assays; evaluation. 

According to the literature, photomeh1ic methods have been 
predomonantly employed in studies on lysozyme activity (see 
Parry et al. 1965, Bratlid 1977, Lie 1980, Lie & Solbu 1983), as 
well as on haemolytic complement (HC) levcels (see Mayer 1961, 
Barta & Barta 1972, Rurangirwa et al. 1980, Lie et al. 1983). 
Such methods are, however, cumbersome, laborious and suffer 
from inaccuracy and poor sensHivity. Therefore they have been 
progressively replaced by the far more reLiable agar plate tech
niques, the so-called lysoplate assay for lysozyme ( Osserman & 
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were placed in a 1.25 % methylviolet solution for 1 min after 
which they were transferred to a lugol solution for 15 s. They 
were then intensively destained with ethyl alcohol until stain
less lysed zones appeared, and then left to dry. The diameters of 
the cleared zones were determined employing a so-called Meas
uring - Viewer*. 

Within working levels of lysozyme, i.e. 1.6 µ.g/ml-0.1 µ.g/ 
ml the diameters of the zones were proportional to the log2 of 
the lysozyme activity. 

To confirm that lysis was due to a true lysozyme (i.e. mura
midase), serum and colostrum samples of different lysozyme 
activi1ty were subjected to biochemical characterization in a 
paraNel study (Lie & Syed 1986). 

H C a s s a y i n a g a r o s e p 1 a t e. Total haemolytic capa
city was determined by a plate method according to Lachmann & 
Hobart (1979) with modification as follows: A photometrically 
standardized 1 % suspension of rabbit red blood cells (RRBC) 
was prepared in 0.094 mol/l veronal/sucrose-veronal buffer, 
pH = 7 .3, Ca2 + and Mg2+ cone. 3 X 10-4 mol/l and 1 X 10---3 mol/l, 
respectively (Rapp & Borsos 1963, Barta & Barta 1972, Lie et al. 
1983). The RRBC were optimally sensitized with sheep antiserum 
(haemolysin) as described prev:iously (Lie et al. 1983), mixed 
at 56°C with an equal volume (8 ml) of 2 % aigarose in the same 
buffer, and poured into defatted and agarose-coated prewarmed 
10 x 10 cm glass slides. The final concentration of RRBC and 
haemolysin in the agarose was 0.25 % and 1: 600 respectively. 
Two-fold dilutions of a bovine serum sample with hi:gh haemo
lytic activity served as standards. Sample wells of 3 mm in dia
meter were punched in 6 rows. of 6 and filled with a standardiiZed 
volume, 9 µ.l, of haemolytic complement source (serum or whey). 
Samples and standards, stored at -70°C, were thawed once on 
ice, and plates were kept refrigerated during application. The 
plates were left at 4°C for 20 h (for diffusion) after which they 
were incubated at 38°C in a humidity chamber (C02-incubator) 
for 90 min (to perform lysis). For preservation, the following 
procedure was developed: The plates were left to soak in a 4 % 
phosphate buffered formaline solution for about 30 min, after 
which they were pressed under filter paper and allowed to dry. 
The diameters of the lysed zones were measured as for the lyso-

* Behringwerke, W. Germany. 
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Figure 2. Haemolytic complement assay in agarose gel containing 
haemolysin-sensitized rabbit erythrocytes. 
Upper part: 

1. Normal serum from 3 different cows. 
2. Sera from the same animals absorbed for natural haemolysins. 
3. Sera from the same .animals subjected to double diffusion 

against specific rabbit an.ti bovine C3. 
4. Heat inactivated (56°C for 1h h) serum and colostrum. 
5. Serum and colostrum preincubated (1 h at 37°C) with anti 

C3 before application. 
6, 7, 8. Serum from heifers, primiparous cows and multiparous cows, 

respectively. 
9. Colostrum from primip.arous cows. 

Lower part: 
Two-fold dilutions of a bovine serum standard (high activity serum). 

That lysozyme activity is constant within the same aruimal 
is clearly illustrated in Fig. 1, upper part. This is a reflection 
of the strong genetic influence and simple inherital1Ce of this 
trait, i.e. either high or low activity (Lie & Sol bu 1983). At the 
same time, it shows the reliability of this method in easily 
detecting this pattern, when may be overlooked when employing 
mehods with poor repeatability and sensitiv>ity. 

A parallel study (Lie & Syed 1986) has confirmed that the 
lytic power against M. lysodeikticus nssayed in the present study 
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Economy and capac:ity. The amount of serum 
needed for photometnic assays was 200 µl and 60 µl for lysozyme 
and haemolytic complement, respectively (1200 µl whey was 
needed for photometnic H.C. assay), whereas 9 µl was sufficient 
for both plate methods. This is mainly due to the reagent
expensive dilution procedures of photometric methods. Taking 
also into account the superior senSlitivity, the plate methods 
could be regarded as being more than one hundred times more 
efficient. In addition come the test capacity (10-20 times more 
samples per day) and the flexibility in reading the plates (non
restrictive in time). This means that the plate method is a more 
rational choice for screeni1ng purposes than conventional (non
automated) photometric procedures. 

A pp 1 i c ab i 1 i t y. One possible drawback of the plate 
methods is that they are practically impossible to automate. 
Optimalized arrangements of modern photometric equipment 
such as microtiter-piate readers might thus compete with the 
agar plate assays with regard to mass analysis of routine sam
ples, provided sufficient controls are included. However, we have 
found the micro titer test to be quite labour intensive ( especi1ally 
for complement), and much less reliable than the agar plate test 
(especially for lysozyme). The high purchase and running costs 
of the equipment required for automated photometric methods 
is also a disadvantage to be taken into account. 

The described agar plate methods have proved to be rational 
and inexpensive tools with a wide range of possible applications. 
In particular, the methods seem convenient for screening la:rge 
numbers of samples in epidemiological, cLiniiCal or genetical 
studies. Also when dealing with purification procedures (chroma
tography, isoelectric focusing etc.), large numbers of fractions 
can be dealt with readily, due to the high capacity of tihe test. 
The methods also seem convenient for qualitative studies (com
ponents, types of enzymes, polymorphisms etc.). In such cases, 
the plates may be employed as detector tools such as overlayers 
after different electrophoretical procedures. In this context, the 
staining and preservation techniques may also be an extra 
benefit, extending the practical appltcability of the plates and 
mak:iing them available for almost unlimited storage. 








