




482 R. Gudding 

with constant stirring in order to dissolve the DNA completely. 
The TDA was cooled to 45-47°C and the enzyme-containing 
solution was added to a final concentration of 1 : 1000. The me­
dium was poured into glass trays or Petri dishes to a depth of 
2 mm. The TDA plates containing nuclease, which are referred 
to as a n t i n u c 1 e a s e p 1 a t e s, were stored at 4 ° C for up 
to 6 hrs. Circular wells, with a diameter of 10 mm, were punched 
in the solid agar with a cork borer, and aliquots of 0.1 ml of the 
material to be examined for the presence of antinucleases were 
applied into the wells. 

Incubation and storage of the antinuclease plates 
After sample application, newly prepared antinuclease plates 

were preincubated at 4°C for 18 and 42 hrs., respectively, before 
further incubation at 37°C. Plates incubated at 37°C without 
any preincubation, were also included in the experiment. The 
suitability of antinuclease plates, which had been stored at 4 °C 
one and two days respectively, before the application of the 
samples, was also tested using the same preincubation/incubation 
procedure as described for newly prepared plates. 

After incubation, the diameters of the zones resulting from 
the antinucleases were measured to the nearest 0.5 mm. A series 
of typical antinuclease zones based on two-fold dilutions of a 
milk sample are shown in Fig. 1. 

F i g u r e 1. Antinuofoase zones produced by a milk sample a1111d two­
fold serial dilutions (1: 2., 1: 4, ... , 1: 1024, 1: 2048) of this sample. 

Upper left: Undiluted sample. 
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by staphylococcal nuclease, could be observed in a few cases 
(approx. 0.1 % of the samples). The borders of these zones were 
diffuse and the diameters were generally in the range of 5-10 
mm. The determination of the antinuclease titre could not be 
performed in samples producing these zones. 

Regression coefficients and statistics 
The regression coefficients with standard deviations and 

95 % confidence intervals for the data of the titrations of milk 
and serum samples are given in Table 1. A separate calculation 
of all dilutions, including the undiluted samples of milk, showed 
a regression coefficient of -3.61 ± 0.35 for samples (n = 9) 
with a zone diameter of the undiluted sample of 10 mm or less, 
and -3.23 ± 0.30 for samples (n = 16) with a larger zone dia­
meter. 

T ab I e 1. Regression coefficients for zone diameters on log. sample 
dilutions, calculated as averages for 25 milk samples and 16 sampies 
of blood serum, with standard deviations (s) and 95 % confidence 

intervals (C.I.) 

Milk samples (n = 25) Serum samples (n = 16) 

Group 1· 2·. 3*** 1· 2·· 3*** 

Coefficient -3.31 -3.64 -3.56 -3.63 -3.60 -3.63 
s ±0.37 ±0.32 ±0.37 ±0.51 ±0.50 ±0.43 
95 % C.I. ±0.15 ±0.13 ±0.15 ±0.27 ±0.27 ±0.23 

• All dilutions (including undiluted samples). 
Undiluted samples deleted. 
Dilutions including undiluted samples, giving a zone diame,ter 
of lO mm or less. 

The coefficient for milk samples, with the exclusion of dilu­
tions with zone diameters larger than 10 mm (-3.56 ± 0.37), 
was used as the basis for the calculation of the regression line 
with its standard deviation (Fig. 2). The data from the calcu­
lation of the regression line were also used for the estimation 
of the standard curve, as shown in Fig. 3. 

For the direct calculation of the number of diffusion units 
in an unknown sample the following equation may be used, in 
which dil1 (dil1 = 1) and dil2 are dilutions of a sample and 
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became clear that an important assumption for the zone develop­
ment is the diffusion of antinucleases into the agar before the 
enzyme activity has caused a metachromatic change of the agar 
medium. 

The concentration of the enzyme in the agar has to be a 
compromise between two opposite conditions. First, the concen­
tration should be sufficiently high to produce a colour contrast 
between the neutralized zones and the rest of the agar. Second, 
the activity of the enzyme mixed in the medium should be neu­
tralized by the relatively small amounts of antienzymes diffusing 
into the agar, and this presupposes the smallest possible enzyme 
concentration. Thus, too large amounts of nuclease added to the 
medium give diminished and undistinct zones. Too low enzyme 
concentrations also reduce the distinctness of the zones when 
read after the ordinary preincubation/incubation procedure. 
A moderate reduction of the enzyme concentration may, how­
ever, be compensated by a prolongation of the incubation time. 
The control of the enzyme concentration does not, however, 
represent any problem for routine laboratory procedures as 
the standardization of the enzyme is a simple process and the 
stability of the enzyme is good even when stored at room tem­
perature. 

The inner decoloured zones, which are most predominant 
when undiluted samples are tested, have the consequence that 
diameters below 4 mm cannot be measured accurately in un­
diluted samples. The reason for the development of these zones 
is unknown. One theory may be that the zones are produced by 
normally occurring nucleases in the samples. These nucleases 
have a pH-optimum below pH 9, but they may produce zones in 
TDA at pH 9 which differ from staphylococcal nuclease zones 
(TDA pH 9.0), or zones produced by non-bacterial, normally 
occurring nucleases (TDA pH 5.5), by lacking the pink colour. 
The observation that the zones disappear, or are less predomi­
nant, in diluted samples strengthens the theory of normally 
occurring nucleases as the concentrations of these in bovine milk 
and serum are generally low (Gudding 1978). 

The appearance of pink nuclease zones in the antinuclease 
plates when foremilk samples are examined, seems to be related 
to the nuclease concentrations. As a consequence of the short 
incubation time, nuclease zones generally develop in the anti­
nuclease plates only when the concentration of nuclease is fairly 
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As seen from Fig. 5, a preincubation of the antinuclease 
plates at a low temperature before the incubation period, is 
necessary to allow the antienzymes to diffuse into the agar. 
Although a preincubation for 42 hrs. gives a further increase 
in the zone diameters, an overnight preincubation (18 hrs.) is 
preferred for the practical use of the method. The suitability of 
the antinuclease plates is acceptable even after 24 hrs. storage 
at 4°C before sample application. As the daily preparation of 
the plates is not very time-consuming and the accuracy of the 
method is increased when newly prepared plates are used, it is 
generally advisable to prepare the antinuclease plates the same 
day as they are used. 

Conservation of the samples with potassium dichromate does 
not seem to influence the results of the antinuclease agar diffu­
sion method. However, samples preserved for electronic cell 
counting by the addition of formalin, are less suitable for the 
examination of the antinuclease titre, probably because the pro­
teins may be denatured by the formalin. 

The comparison between the antinuclease agar diffusion test 
and the crosswise nuclease inhibition test showed that the titres 
determined by the two methods were of the same order. The 
procedures of both methods, and the reading of the plates in 
particular, represent possible sources of error and, on this 
basis, the correlation coefficient of 0.81 may be characterized as 
acceptable. The great difference in rapidity in favour of the anti­
nuclease agar diffusion test makes this method a more suitable 
one for serial titrations of antinucleases than the crosswise 
nuclease inhibition test. 

REFERENCES 
Erickson, A. & R. H. Deibel: Turbidimetric assay of staphylococcal 

nuclease. Appl. Microbial. 1973, 25, 337-341. 
Fossum, K.: Proteolytic enzymes and biologicail inhibitors. I. Com­

parison between the KunHz method and the agar gel casein 
precipitating reaction for determination of the activity of some 
commercfal proteolytic enzymes ain.d inhibitors. Acta path. 
microbial. scand. Section B 1970, 78, 350-362. 

Gudding, R.: Heat stable nuclease in mastitic milk. Acta vet. scand. 
1976, 17, 501-502. 

Gudding, R.: DNases in milk and blood sera from different species. 
In preparation, 1978. 



Antibodies against S. aureus deoxyribonuclease 493 

Lachica, R. V. F., C. Genigeorgis & P. D. Hoeprich: Metachromatic 
agar-diffusion methods for detecting staphylococcal nuclease 
activity. Appl. Microbiol. 1971, 21, 585-587. 

Sachs, D. H., A. N. Schechter, A. Eastlake & C. B. Anfinsen: Antibodies 
to a distinct antigenic determinant of staphylococcal nuclease. 
J. Immunol. 1972, 109, 1300-1310. 

Sandvik, 0.: Studies on casein precipitating enzymes of aerobic and 
facultatively anaerobic bacteria. Thesis, Veterinary College of 
Norway, Oslo 1962. 116 pp. 

Sandvik, 0.: The occurrence of antibod,ies against staphylococcal 
deoxyribonucleases in bovine milk. Acta vet. scand. 1974, 15, 
631-635. 

Sandvik, 0.: The occurrence of antibodies against staphylococcal 
deoxyribonucleases in bovine milk. Acta vet. scand. 1975, 16, 
140-142. 

Whitaker, J. R.: Principles of Enzymology for the Food Science. Mar­
cel Dekker, Inc., New York 1972, p. 332. 

SAMMENDRAG 
En agardiffusjonsmetode for bestemmelse av antistoffer mot Staphylo­

coccus aureus deoxyribonuklease. 
Et medium for pAvisning av ainitistoff mot deoxyribonuklease pro­

dusert av Staphylococcus aureus kan .lages ved :\ tilsette lave konsen­
trasjoner av stafylokokk-deoxyribonuklease ti1 toluidinbl:\tt-DNA-agar. 
Nll.r prjl.lver av melk eller blodserum dryppes ut i brjl.lnner i agaren, vil 
antistoffene som diffunderer ut i mediet, hemme virkningen av deoxy­
riboniuklease. Som en fjl.llge af d·ette vil det utvikles bl:\ soner rundt 
brjl.lnnene i det ellers bl:\-rjl.lde mediet. Diameteren p:\ sonene vil av­
henge av konsentrasjonen av antistoff og metoden kan derfor benyttes 
ved kvalitative og kvantitative undersj/.lkelser av antistoff mot stafyfo­
kokk-deoxyribonuklease i melk og serum. Metoden og enkelte begrens­
ninger ved den er beskrevet. 
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