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LIVEN, EIVIND: The applicability of agar-diffusion test in meas
uring deoxyribonucleases in pig intestinal content. Acta vet. scand. 
1976, 17, 244-254. - The suitability of an agar-diffusion test (ADT) 
using toluidine blue deoxyribonucleic acid agar (TDA) for measuring 
DNase activity in ptg intestinal contents was investigated. The ADT 
was compared with a spectrophotometrical method. Distinct meta
chromatic zones around wells in the DNA-containing agar, into which 
the intestinal content was applied, indicated DNase activity. The 
DNase activity was determined semiquantitatively by makilllg serial 
twofold dilutions of the intestinal content. The spectrophotometrical 
method was optimal at pH 7.2. The ADT proved to be most sensitive 
at pH 5.6. The ability of the 2 methods employed to measure low con
centrations of DNases was equal. However, the ADT was considered 
more suitable than the spectrophotometrical method because ADT 
measured reduced amounts of enzyme. DNase activity was demon
strated throughout the small intestine and in the large intestine. By 
the zymogram technique, at least 3 different DNases could be demon
strated in the lower i;>arts of the small intestine, 1 of which could be 
of extrapancreatic origin. 

agar - diffusion; de ox yr i b on u c 1 eases; pig int es
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Interest in the use of single cell proteins in animal, and also 
human, diets has increased in recent yeal's. Single cell proteins 
usually contain farge amounts of nucleic acids (Kihlberg 1972). 
Man and birds metabolize nitrogen-containing components such 
as nuclei,c acids to ureates. When present in high concent:riations, 
urealf:es may precipitate in various organs, a phenomenon which, 
because of ,different metabolic pathways only occurs in the 
species mentioned above. In connection with this, it would be of 
considerable interest to study the concentrations and activi.ty of 
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deoxyri·bonucleases (DNases) in the irntestines of various types 
of animals fed single cell proteins. However, before submitting 
animals fed on single cell proteins to these enzyme measure
ments, it was considered necessary to find an appropriate method. 

As reviewed by Laskowski (1961), various methods have been 
applied .for determining DNase activity in tissue components of 
animal origin. None of these seemed to be based on the principle 
of agar-diffusion. Measurements of DNase activity of microbial 
origin, however, have been performed using the agar-diffusion 
test (ADT) (Lachica et al. 1971, Porschen & Sonntag 1974, 
Sandvik 1974, Liven 1975). Considering the complexity of the 
methods reviewed by Laskowski compared to ADT, the aim of 
the present wofjk was primarily to elucidate whether the ADT 
could be employed in measuring DNase activity also in intestinal 
contents. It was regarded as useful to compare the ADT with 
spectrophotometrical measurements. Secondly H was of interesrt 
to find out whether different fractions of DNase activity in intes
tinal contents could be separated employing the zymogram tech
nique. 

MATERIALS AND METHODS 
Intestinal contents 

Intestinal contents were collected randomly from slaughter 
pi.gs in connection with the slaughtering process. The contents 
were diluted 1: 3 in distilled water and centrifuged at 16000 X g 
for 10 min. The supernatants were dialysed against •running 
water for 18 hrs. and stored at -20°C. Thi:s treall:ed intestinal 
content is designated prepared intestinal content (PIC). A total 
of rubout 30 samples were collected from 6 pigs from the duode
num, ithe upper, middle and lower part of the jejunum and f.rom 
the middle part of the colon. 

Assay of DNase activity employing ADT 
Due to the requirements of DNases present in the pancreatic 

juice for magnesium ions, toluidine b1ue deoxyribonucleic agar 
(TDA) (Lachica et al. 1971) was modified by replacing 0.01 
M-CaCI2 with 0.01 M-MgS04 • The pH -0f the TDA medium was 
adjusted to 4.0, 5.0, 5.6, 7.2, 8.0 and 9.0 by replacing the Tris 
buffer (pH 9) with 0.1 M acetate buffer pH 4.0, 5.0 and 5.6, and 
0.1 M Tris-HCl bufJer pH 7 .2, 8.0 aind 9.0. The media were 
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poured .into glass trays to a depth of 2 mm and aUowed to soli
dify. Circular wells of 7 mm diameter in the TDA media were 
filled with aliquots of 0.05 ml PIC. Controls were run by ap
plying distilled water into corresponding wells in TDA, and by 
using the procedure with PIC on TDA without DNA incorporated. 
Similarly, due to the inhibition of DNases in pancreatic juice by 
high concentrations of NaCl and their requirements for magne
si1um ions (Laskowski 1961), it was considered ,advantageous ito 
observe the effect of PIC upon TDA containing 2 M-NaCl, and 
upon TDA without MgS04 • 

In order to obtain a semi-quantitative measure of the DNase 
concentration, serial twofold dilutions of PIC were prepared in 
distilled water. The dilutions were applied into wells in the TDA 
medium optimal for detecting DNases in PIC, and the titres of 
the DNases were determined. Using this procedure the number 
of diffusion uni'is in the sample and the sensitivity of the ADT 
were determined according to Sandvik (1962) and Dahle (1969). 

The were incubated at 37°C for 20 hrs. after 
application of the PIC. The presence of DNases in PIC was s,een 
as pink circular zones in the otherwise blue medium. 

Assay of DNase activity using spectrophotometry 
In this procedure the principles outlined by McDonald (1955) 

were followed. One ml subsitrate* was mixed with 1 ml buffer 
and 1 ml enzyme-containing material (PIC) and incubated at 
37°C in a water bath for 30 min. The reaction was interrupted by 
adding 1 ml 5 % trichloracetic acid (TCA). Controls were run in 
each experiment by adding the enzyme after the addition of TCA. 
The soluitions were centrifuged at 48000 X g for 15 min. and the 
a:bsorbance of the supernatants and their twofold dih1tions in 
di,stilled water were measured at 260 nm with the controls as 
blanks. The buffers used in the ADT were also used in this 
method. At the pH value showing the highest actiwty, serial two
fold dilutions in distilled water of PIC were performed in order 
to determine the highest dilution at which DNase activity could 
still be detected. 

* 150 mg DNA (Difeo) 
50 ml 0.01 M-MgSO 4 

50 ml distilled water. 
(The DNA is dissolved at 100°C for 5-10 min.). 
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Zymograms 
The pmtein fraction of the PIC was precipitated by adding 

(NH4 ) 2S04 to 80 % saturation. The precipitate was suspended in 
an equal volume of distilled water, and dialysed against running 
water .for 18 hrs. The principles of the zymogram technique used 
i·s described by Dahle (1970). Gel-electrophoresis of the precipi
tated protein was carried out using 1 % aigar (Difeo*, Special 
Noble-agar 0142-01) in 0.1 M acetate buffer, pH 5.6. Agar gels 
were poured onto microscope slides an:d the electrophoresis run 
for 90 min. at 300 v, with 0.1 M acetate buffer, pH 5.6, as elec
trode buffer. After the electrophoresis the developing TDA, pH 
5.6, was poured onto the agar gel. The microscope slides were 
incubated at 37°C for 20 hrs. 

Pancreas tissue, homogenized in equal amounrts of saline, was 
treated in the same way as the intestinal contents. Zymograms 
of the pancreatic protein fraction, isolated as described for the 
protein fraction of PIC, were performed as outlined above. 

RESULTS 
The titres of DNases in PIC were regularly highest in the 

TDA medium, pH 5.6. Not only were the diameters of the pink 
ciroular ZOlnes greatest at that pH, but also the disrtinction to the 
otherwis,e blue unchanged medium was more clearly seen. Fig. 1 
shows the zones in TDA at different pH values for 3 represen
tative samples. Fig. 2 shows the number of diffusion units of 
the same samples demonstrarting the superiority of the TDA, 
pH 5.6, in comparison with other pH values in assaying DNases 
in intestinal contents. Controls showed no changes in the med.ia 
employed. The TDA medium without MgS04 incorporated re
vealed zone phenomena due to the presence of DNases. However, 
the number of diffusion units was significarutly redruced as com
pared to the TDA medium containing MgS04 • In the TDA medium 
containing 2 M-NaCl no changes occurred. 

Spectrophotometrically, the optimal conditions for measuring 
DNase activity in PIC were achieved when the enzymatic reaction 
was run at ·pH 7.2. When the enzymatic reaction was performed 
under acidic conditions the absorbance was usually 
as compared to pH 7.2 and pH 8 (Fig. 2). However, in a few 

• Difeo Laboratories, Detroit, Michigan, USA. 
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Figure 1. DNase activity on TDA of 3 representative samples 
(1, 2, 3) at pH 4, 5, 5.6, 7.2, 8 and 9 (a-f). 

samples, a slight increase in DNase activity could be seen at 
pH 4. Particularly at pH 7.2 the supernatanrts frequently showed 
lower aibsoflbances than they did when diluted 1 : 2. Fig. 2 also 
presents the absorbances of the diluted supennatants of 3 rep·re
sentative samples at different pH values. 

T ab 1 e 1. Comparison between ADT and spectrophotometry in 
assaying small concentrations of DNase activity. The figures represent 
the highest dilutions at which DNase could still be measured with the 

2 methods involved, in 5 different samples. 

Sample Spectrophotometry Agar-diffusion 
number at pH 7.2 at pH 5.6 

1 1/4 1/16 
2 1/32 1/32 
2 1/64 1/64 
4 1/64 1/128 
5 1/256 1/256 
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Figure 2. DNase activity at various pH values in intestinal con
tents employing ADT and spectrophotometry, from 3 different samples. 

(The same samples as in Fig. 1). 

Following serial twofold dilutions of PIC, the 2 methods 
showed no significant differences in the ability to measure 
DNases at high d.i:lutions of intestinal contents. Table 1 presents 
the dilutions at which i101testinal DNases could still be measured 
in 5 different samples using spectrophotometry and ADT under 
optimal conditions. 

Zymograms for DNases in intestinal contents are shown in 
Fig. 3. Three fractions of DNase activity can be distinguished. 
The most active fraction has anodic migration and is dominating 
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Figure 3. Zymograms, in agar gel, of DNases from intestinal con
tents originating from a) upper, b) upper middle, c) lower middle, 
and d) lower small intestine and e) middle large intestine in 1 repre-

sentative intestine. 

in all parts of the intestine. In samples from the posterior part 
of the small intestine and from the large intestine, this fraction 
migrates faSiter than those from the other parts of ·the intestine. 
Another fraction is located at the point of application (AP), and 
is hardily separable in the 2 samples originating from the upper 
part of the small intestine. The less active fraclion has cathodic 
migration and is more clearly separated in samples from the 
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lower part of the small intestine and from the large intestine. 
Zymograms of the protein fraction of pancreas tissue revealed 
1 active fraction with moderarte anodic migration, and a second 
less active fraction ·at the point of application. 

DISCUSSION 
In the present investigation optimality in measuring intestinal 

DNases with the ADT is achieved at acidic conditions at pH 5.6. 
DNase activity can also be measured spectrophotometrically at 
ain optimal pH of 7.2. Furthermore, 3 diiffererut DNases a·re 
distingui.shed in intestinal contents by the zymogram technique. 

Allfrey & Mirsky (1952) found that pancreatic juice con
tained high concentrations of "neutral" DNase, while the concen
tration of "acid" DNases was .negligible. The DNase e:xipected in 
intestinal content should therefore be of the first type. According 
to Laskowski (1961) the pH optimum of the neutral DNase lies 
close to pH 7 .0 and is fairly broad, particulai"ly on the acid side. 
It requires magnesium ions for activation and is inhibited by 
high concentrations of NaCl. The optimal conditions for the 
"acid" DNase are pH 4.5 to 5.5. This enzyme is inhibited by mag
nesium ions and activated by sodium ions (Davidson 1965). The 
"neutral" DNase is called DNase I and the "acid" DNase is called 
DNase II. 

Ln view of this a discrepancy· exists with regard to the pH 
optimum for the 2 methods employed in the present work. How
ever, because of the complete inactivation of DNases by high 
concentrations of NaCl, the reduced number of diffusion units 
on TDA without MgS04 incorporated, and the previously reported 
high concen:trations of DNase I in pancreatic juice, thwe seems 
t•o be good reasons to suggest that intestinal DNases measured 
with the ADT are mainly DNase I. The DNases observed on the 
TDA without MgS04 is probably due .to minute concentrations 
of magnesium ions, otherwise present in the medium, which may 
suffice to activate DNase I (Davidson), or the presence of other 
acitivating bivalent cations ( Chargaff & Davidson 1955). The 
possibility that the optimal conditions for the ADT in assaying 
DNase activity in intestinal contents may be found between pH 
5.6 and 7.2 should also not be excluded. Oth et al. (1958) also 
observed that the pH optima obtained by different methods in 
assaying DNA S'Plitting activity could differ strikingly. 
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The moderate increase in DNase activity observed at pH 4.0 
in some samples, using the spectrophotometrical method, could 
be due to DNase II originating from the intestinal mucosa (All
frey & Mirsky). As reviewed by Laskowski, the activity of DNase 
II depends on series of factors which, under certain circum
stances, may reduce the inhibitory effect of magnesium ions. The 
increased absorbance observed may, however, reflect the pH
dependent absorbance of DNA products produced by DNase I. 
This indicates that the negliigible absorbances observed when the 
enzymatic ·reaction was run at pH 5 and pH 5.6 do not reflect 
absence of DNase activity (Chargaff & Davidson). The decreased 
absortbances of the supernatants compared to those of their dilu
tions (1: 2) may be due to the phenomenon of hypochromism, 
which includes reduced absol"bance in relation to that which can 
be calcul•ated (West et al. 1966). This would indicate that the 
base components produced by DNA splitting should be present 
in the di1luted supernatants, at optimal conditions for the ah
sor·bance of the u.v.-radiation. 

Comparing the sensi.liivity of the 2 methods employed in as
saying DNases at high dilutions of intes!f:inal contents no sig
nificant differences seem to exist. H<>Wever, considering the small 
amounts of enzyme solution (PIC) used in the ADT (0.05 ml) 
as ·compared to those in the spectrophotometrical method (1 ml), 
there should be good reasons to nominate the ADT s1Uperior to 
the spectrophotometrical method for assaying intes!f:inal DNases. 
Also the phenomenon, that the absol"bance increases in dilution 
of the supernatants, further supports this. 

It i.s relevant to discuss the origin of the 3 fractions showing 
DNase activity in intestinal content, revealed by the zymogram 
technique. Porschen & Sonntag (1974) showed that DNase pro
duction by Gram-negative anaerobic baeteria usually found in 
intestinal content, was very common. Furthermore, DNases from 
plants and yeasts (Laskowski) should be expected in the intes
ti.nal tTtact of pigs fed on ordinary diets. These DNases are similar 
to DNase I present in the pancreatic juice w.ith regard to require
ments and pH optima. Consequently, i.t may be expected th.at 
DNase activity in intestinal contents, to some extent, can be due 
to extra-pancreatic enzyme production. The comparison between 
the zymograms of the protein f.ractions of intestinal contents and 
pancreas tissue also gives evidence that the fraction with cathodic 
migration is probably of non-pancreatic origin. 



Deoxyribonucleases in pig intestinal content 253 

In conclusion the ADT employed in these experiments seems 
suitable for assaying DNase activity in intestinal contents. No 
difficulties with the procedure described have occurred in spite 
of the very crude and heterogenous material used. Advantage 
will be taken of this in future !feeding experiments with diets 
composed of single cell protei.ns where the effect of the high 
amounts of substrate (DNA iin single cell protein) upon the con
centration of DNases in the intestine will be examined. 
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SAMMENDRAG 
Anvendelighet av agar-diffusjonstest ved mii.ling av deoxyribonukleaser 

i tarminnhold hos gris. 
Det er blitt undersf<)kt om en agar-diffusjonstest (ADT) kan anven

des til a male DNase aktiviteten i tarminnhold hos gris. ADT ble 
sammenlignet med en spektrofotometrisk metode. I agaren. som inne
holdt DNA, ble det laget brf<)nner som ble fylt med tarminnhold og 
rundt disse fremkom metakromatiske soner som indikasjon pa DNase 
aktivitet. Ved 2-folds fortynning av tarminnholdet kunne ADT nyttes 
for semikvantitativ bestemmelse av DNase aktiviteten. ADT var mest 
sensitiv ved pH 5,6. Ved hjelp av de 2 metoder kunne en pavise oni 
lag like lave konsentrasjoner av DNase. ADT ble likevel ansett for 
mer hensiktsmessig enn den spektrofotometriske metode fordi det ved 
ADT ble malt mindre mengder enzym. DNase aktivitet ble pavist i 
hele tynntarmen samt i tykktarmen. Ved bruk av zymogramteknikk 
ble det pavist 3 forskjellige DNaser i de nedre deler av tynntannen 
hvorav en kan ha annen opprinnelse enn pankreas. 
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