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The deoxyribonucleases1 of animal tissues are of two types which are 
readily distinguishable by the conditions necessary for activity on their 
substrate, DNA. The pancreatic DNase, which has been crystallized by 
Kunitz (1), is active in neutral solution in the presence of magnesium or 
certain other divalent cations (2). The DN ase predominant in most 
other tissues is active at a lower pH, in the presence of adequate ionic 
strength, but does not specifically require divalent ions. The difference of 
pH requirement for the activity of the DN ase of pancreas and that of other 
tissues upon the DNA in histological preparations was observed by Catche
side and Holmes (3). The acid-active DNase was partially purified 
from spleen by Maver and Greco (4) and its action upon DNA solutions 
was studied. The presence of this activity was soon confirmed and ex
tended to other tissues (5-9). Methods of subcellular fractionation have 
indicated that the enzyme is located in the mitochondria (10--13). 

Partial purifications of the acid-active DNase of thymus have been 
described by Webb (14) and by Laskowski et al. (15), and partial purifica
tions of the DNase of spleen have been described by McDonald (16) and 
by Maver and Greco (17). 

The actions of thymic DNase and pancreatic DNase have been compared 
by Privat de Garilhe and Laskowski (18, 19) by means of ion exchange 
chromatography of their digests of calf thymus DNA. Under their 
conditions, the digests obtained with thymic DNase contained more 
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mononucleotides than did those obtained with the pancreatic DNase, 
although the remaining fractions were of greater average size in the digest 
with thymic DNase. 

This paper describes a purification procedure for splenic DNase and 
some properties of the purified product. The procedure is specifically in
tended to remove other enzymes with possible action upon polydeoxyribo
nucleotides. Another paper describes the nature of the polynucleotides 
formed by this purified enzyme preparation. 

Materials and Methods 

Assay for Splenic DNase-This procedure was based upon the increase of 
the ultraviolet absorption of DNA during degradation, first described by 
Kunitz (1), and adapted for the optimal conditions of activity of the splenic 
DNase. 

The substrate solution contained thymus DNA to give an absorbance at 
260 mµ of 1.0, and was 0.33 Min sodium formate buffer, pH 4.5. 2.9 ml. of 
substrate solution were warmed in a test tube on a 37° water bath. The 
sample to be assayed (with a volume no greater than 0.1 ml.) was added, 
and the solution quickly stirred and transferred to a 1 cm. path quartz 
cell in a cuvette holder previously warmed to 37° in a temperature-regulated 
cuvette housing attachment to the Beckman spectrophotometer. The 
A26o was read each minute for 10 to 15 minutes against a reference cell of 
substrate solution. The linear portion of the increase in absorption, 
after the initial induction period of lesser slope, was graphically extrapolated 
to give the rate of increase of absorption per 10 minutes time, and this 
rate multiplied by 1000 was defined as the total number of DNase units 
in the sample volume assayed. This assay was linear and reproducible 
within about 10 per cent over the range of 100 to 500 DNase units per 
sample. Because of the induction period of the degradation, assays on 
less than 100 units were less reliable, although semiquantitative results 
could be obtained on samples with as few as 30 units. 

When the turbid suspensions encountered during the initial stages 
of the DNase preparation were assayed, 1 volume of the suspension was 
added to 1 volume of a solution which was 1 M in KCl and 0.3 M in am
monium acetate buffer, pH 4.5, the mixture was centrifuged, and the clear 
supernatant solution was assayed. This procedure recovered all the 
DNase activity that was active at pH 4.5 and that could be removed with 
salt solutions. 

Assay for Splenic Phosphodiesterase-A mixture of 0.1 ml. of 2 M am
monium acetate buffer, pH 4.5, 1 ml. of 0.001 M calcium [bis(p-nitrophenyl)
phosphate]2 (20), water, and a sample to give 1.5 ml. total volume was 
incubated for 12 hours at 37°. 1.5 ml. of I M ammonium hydroxide 
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were then added and the A44o was read against a blank of buffer and sub
strate which received identical treatment. The A44o obtained was defined 
as the total phosphodiesterase unit in the sample. 

Since a number of enzymes active against this substrate are present in 
spleen, the assay as described was arbitrary and did not attempt to attain 
optimal conditions for any of them. It was generally quite reproducible 
and linear on a given sample up to 0.1 to 0.2 phosphodiesterase unit. Since 
phosphodiesterases active against the polynucleotides obtained with spleen 
DNase might not have been detected with this substrate, and conversely 
enzymes inactive on polydeoxyribonucleotides seemed to degrade this 
substrate, this assay could be used only as an empirical criterion for the 
evaluation of fractionation procedures. 

Assay for Splenic Acid Phosphatase--A mixture of 1 ml. of 0.002 M 

disodium p-nitrophenylphosphate (20), 0.1 ml. of 2 M ammonium acetate 
buffer, pH 5.5, enzyme, and water to give a total solution volume of 1.5 
ml. was incubated for 30 minutes at 37°. 1.5 ml. of 1 M ammonium hy
droxide were then added. The A44o read against a blank of reagent and 
buffer was defined as the total phosphatase unit in the sample. 

This assay determined a definite phosphatase fraction in spleen. If this 
phosphatase was present in a DNase preparation, it liberated inorganic 
phosphate during a DNA digestion, apparently by the removal of the 
monoesterified phosphate of the polynucleotides. 

Purification of Splenic DN ase-All operations were carried out in the 
cold room at 1°. 1800 gm. of spleen from cattle were cut into small 
pieces and ground in aliquots in a Waring blendor with a total of 9 liters of 
0.05 M ammonium acetate buff er, pH 4.5. Each aliquot was ground for 
about 2 minutes at the full speed of the blendor. This homogenate was 
strained through cheesecloth and was then stored for 3 to 4 days. 550 
gm. of Celite 545 were added and the mixture was collected by suction 
onto an 18.5 X 22.5 inch rectangular filter. 2 

The precipitate was washed successively with 2 liters of 0.05 M ammonium 
acetate buffer, pH 4.5, 8 liters of 0.1 M ammonium acetate buffer, pH 4.5, 
and 1 liter of a solution 0.2 M in ammonium acetate buffer, pH 4.5, and 
0.005 M in ammonium sulfate. The DNase fraction was then extracted 
with 2 liters of a solution 0.2 M in ammonium acetate buffer, pH 4.5, 
and 0.05 M in ammonium sulfate. The extract was stored in the cold 
for 1 week. After this time, as much of the clear supernatant liquid as 

2 The filter used, accommodating a sheet of chromatographic paper, consisted of a 
rectangular metal tray with an outlet tube leading to a suction flask. In the bottom 
of the tray was a heavy mesh metal grille upon which rests a fine mesh brass screen. 
These two parts were scaled to the edge of the tray with wax. This type of filter 
gives a greater flow rate per unit area than a Buchner funnel and can be made in 
very large sizes. 
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possible was decanted from the precipitate, and the remainder collected 
by centrifugation. The precipitate was discarded. 

This extract was heated with stirring on a 62° water bath until its tem
perature reached 58°. It was held at 58-60° for L5 minutes and was then 
cooled to 1°. 3 gm. of Celite were added and the suspension was filtered 
through an 11 cm. diameter Buchner funnel. 

To 1 volume of the heat-treated filtrate was added 0.11 volume of 1.5 
M formic acid to bring the pH to 3.5. 0.43 volume of absolute ethanol 
was added to 1 volume of this solution at pH 3.5 and the mixture was 
cooled to 1° with a dry ice bath. 3 gm. of Celite were added and the 
suspension was filtered onto a very thin Celite pad on a Buchner funnel 
11 cm. in diameter. To 1 volume of this filtrate, 0.4 volume of absolute 
ethanol was added. The suspension was allowed to stand for 30 minutes, 
2 gm. of Hyfio Super-Cel were added, and it was then filtered onto a 
thin Hyfio Super-Cel pad 11 cm. in diameter. To 1 volume of this filtrate, 
0.5 volume of absolute ethanol was added. The suspension was allowed to 
stand for 30 minutes, 4 gm. of Hyflo Super-Cel were added, and it was 
then filtered onto a thin Hyfio Super-Cel pad 11 cm. in diameter. The 
precipitate wmi wa8hed with 200 ml. of 66 per cent ethanol. The filter 
pad was suspended in 66 per cent ethanol and transferred to a filter 3 cm. 
in diameter. The DNase fraction was washed from this filter pad by 
allowing 50 ml. of water to percolate through the filter. The turbid 
aqueous filtrate was centrifuged and the precipitate was discarded. 

All these filtrations had to be started with very gentle suction or the 
precipitate would run through the filter. As filtration proceeded, the suc
tion could be increased. 

Chromatography on Celite-To prepare the column, Celite 545 was 
suspended in distilled water, allowed to settle about 20 minutes, and 
the fine particles were decanted and discarded. This washing was repeated 
several times. A thick suspension of washed Celite was then poured 
into a column 4.5 cm. in diameter equipped with a sintered glass-bottomed 
plate. Enough Celite was added to give a column height of about 25 
cm. The column was washed with 1 liter of a solution 0.02 M in T-A 
buffer at pH 8.5 and 4 M in NaCl, then with 250 ml. of water, and was 
then rapped sharply against a desk top, after which it could be compacted 
by the application of slight air pressure. The final length of the column 
was adjusted to 20 cm. 

Before the chromatography, a series of solutions was prepared, each of 
20 ml. volume, 0.05 Min T-A buffer at pH 8.5, and 0.001 Min ethylenedia
minetetraacetate, and with the following sequence of sodium chloride 
concentrations in the series: 0.005, 0.010, 0.017, 0.025, 0.033, 0.043, 0.055, 
0.069, 0.083, 0.10, 0.12, 0.14, 0.17, 0.20, 0.23, 0.26, 0.30, 0.34, 0.39, 0.45, 
0.52, 0.60, 0.69, 0.79, 0.91, 1.05 M. 
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The amount of solution of ethanol precipitate which contained 3,000,000 
units of DNase was added to the Celite column. The above eluting solu
tions were added in order, each one being forced onto the column with 
sufficient a.ir pressure to add the 20 ml. in about 40 seconds. The effluent 
was collected in 20 ml. fractions and the active fractions were pooled. The 
activity appeared in the effluent during the addition of the solutions 
ranging from 0.26 to 1.05 Min sodium chloride content. 

Fig. 1 illustrates the position of the DNase, the two phosphodiesterase 
peaks, and the phosphatase in a typical chromatogram. The larger 
phosphodiesterase peak was just beginning to appear when this particular 
experiment was terminated. This peak has been observed in its entirety 
in other experiments. 

ACTIVITY 

0.20 0.25 I. 4.0 
MOLARITY OF NaCl 

Fm. 1. Chromatography of splenic deoxyribonuclease on Cclite. e, DNase 
activity; 0, phosphodiesterase activity; X, phosphatase activity. 

To concentrate the eluate, the active fractions were adjusted to pH 5.5 
with 1 M acetic acid, and the solution was added to a Celite column 1 
cm. in diameter and 10 cm. in length. The column was then washed 
with 10 ml. of a solution 0.01 M in ammonium acetate buffer, pH 5.5, 
and 0.001 M in ethylenediaminetetraacetate. The DNase was eluted 
with a solution 1 M in sodium chloride, 0.1 Min T-A buffer, pH 8.5, and 
0.001 M in ethylenediaminetetraacetate. The first 4 ml. of effluent col
lected after addition of the eluting solution were discarded; then 0.5 
ml. fractions were collected. The active fractions were pooled. The 
salt could be removed by dialysis. 

Results 

P?trijication of DN ase-Table I lists the concentrations, yields, and 
purifications attained at each step of the DNase preparation. The 
ratio of DNase to phosphodiesterase activity (Table I) is computed for 
equal volumes of sample in the two assays. The ratio of DNase activity 
to A280 is defined as the number of DN ase units contained in a solution 
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1 ml. in volume and having an absorbance of 1.0 at 280 mµ with a cell 
length of 1 cm. 

Thermal Stability of DNase-The splenic DNase is more stable to heating 
in acidic than in alkaline solution (14). It withstands heating in 0.1 M 

formic acid at 60° for 30 minutes with little loss of activity. At pH 4.5 
it has a half life of approximately 100 minutes at 65°, when in 0.2 M acetate 
buffer. At pH 8.5, its stability has decreased to such an extent that it 
has a half life of only 10 minutes at 45°. 

Material 

TABLE I 

Purification of Splenic DN ase 

Approxi- Total DNase Yield for DNase 
mate vol- units single step Phosphodiesterase ume 

ml. per cent 

DNase 
Am 

Homogenate ........ . 10,000 34,000,000 500 
DN ase extract ...... 1,700 15,000,000 45 8,200 4,400 
Supernatant of heat 

fractionation .... ... 1,700 15,000,000 100 12,000 6,700 
Solution of ethanol 

ppt.* .. . ' ........ . . 40 12,000,000 80 12,000 150,000-200,000 

Carried out on 3,000,000 units ol DNase 

Celite chromatogram 
eflluentt ........ ... 200 3,000,000 100 100,000-400,000 200,000-400,000 

DNase concentrate ... 3.5 2,000,000 67 50,000-200,000 

* DN ase to phosphatase ratio of solution of ethanol precipitate, 800. 
t Phosphatase undetectable in effluent of Celite chromatogram. 

Activation, pH Optimum, and Inhibition-The requirement of salt for 
splenic DNase activity which was noted by other workers has been verified. 
Fig. 2 shows the activation at pH 4.5 by potassium chloride and by mag
nesium chloride. Salts of various monovalent anions and cations seem 
to be equivalent in their action. The optimal salt concentration is about 
0.15 to 0.25 M. At higher concentrations, the activity again decreases. 
The optimal concentration for the divalent magnesium ion is about 0.04 
M. 0.1 M solutions have little activity. The maximal activity is about 
half as great as is attained with monovalent ions. 

The variation of activity with pH, with 0.15 M sodium chloride as the 
activator, is shown in Fig. 3. The variation of activity with pH with 0.05 
M magnesium chloride as activator is similar to that illustrated for 0.15 
M sodium chloride. 

Fig. 3 also illustrates the activation by a series of dilute acetate buffers 
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ACTIVITY l.O 

o/o~~ I 0 

0 

• 
0.1 0.2 o.3 
MOLARITY OF SALT 

FIG. 2. Activation of splenic deoxyribonuclease by salts. O, KCl; •, MgCh 

ACTIVITY 
1.0 

0.5 

4.0 5.0 6.0 
pH 

FIG. 3. Variation of activity of splenic deoxyribonuclease with pH. •,activity 
in the presence of 0.15 M Na Cl plus dilute acetate buffer; O, activity in the presence 
of 0.15 M sodium acetate buffer. 

0.005 O.OI 
MOLARITY OF ANION 

Fm. 4. Inhibition of splenic deoxyribonuclease activity by polyvalent anions. 
0, sulfate;•, phosphate; X, arsenate. 

of varying pH values and constant total acetate concentration. As is 
shown, a pH maximum other than 4.5 may be observed under these condi
tions because such buffers are varying both in pH and in ionic strength. 
Such activity curves can be duplicated by activity measurements obtained 
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in the presence of a negligibly small buffer concentration and the ap
propriate concentration of sodium chloride necessary at each pH to give 
an ionic strength equal to that of the acetate buffer previously used. It 
should be noted that an "optimum" at a pH other than 4.5 obtained in 
this manner is never as high as could be obtained at pH 4.5 under ideal 
conditions of ionic strength. This observation may account for some of 
the discrepancies of pH optima reported in the literature (9-11). 

Many polyvalent anions are inhibitory to the DNase activity. Fig. 4 
shows the inhibition of activity by the addition of sulfate, phosphate, and 
arsenate ions to solutions with 0.33 M sodium formate buffer, pH 4.5, 
as the activator. 

DISCUSSION 

After homogenization of the spleen for 2 minutes at pH 4.5, the DNase 
activity was bound to the insoluble material. A similar step carried out at 
pH 3.8 or pH 7 would have yielded most of the activity in the supernatant 
solution. The homogenate at pH 4.5 had then to be stored in the cold 
for several days before filtration and extraction because, if filtered im
mediately, different preparations yielded extracts which required different 
ethanol concentrations for the step in ethanol precipitation. There was 
no appreciable loss of DNase activity during storage. 

After extraction of the DNase from the insoluble residue, it was stored 
for 1 week before the procedure was continued. The activity was usually 
observed to increase during this storage. Whatever the initial activity 
of the solution, the activity after storage amounted to about 45 per cent 
of that which could be removed from the homogenate by adding an equal 
volume of 1 M KCI and assaying the supernatant fluid. The missing ac
tivity could not be recovered from any of the wash solutions or by extrac
tion of the residue with 1 M KOL That most of the loss was not due to 
adsorption onto the Celite filter aid was shown by the fact that nearly 
as much loss occurred when the extraction procedure was carried out 
by collecting the precipitates in a centrifuge without the use of Celite. An 
activity increase upon storage of even greater magnitude than that ob
served in this preparation was noted by Webb in his preparation of thymic 
DNase (14). 

The heat fractionation used in this procedure was similar to that de
scribed by McDonald (16). 

During ethanol precipitation, the inactive material was removed in two 
steps, the second fraction being taken at an ethanol concentration which 
would have caused an appreciable precipitation of DNase if approached 
in one step. The active DNase fraction obtained by ethanol precipitation 
still contained two phosphodiesterases and a very powerful phosphatase 



J. F. KOEHNEH AND H. L. SINSHEIMEH 1047 

activity. As will be shown in another paper, this phosphodiesterase 
activity, assayed on bis(p-nitrophenyl)phosphate, does not seem to be 
involved in the degradation of DNA by DNase preparations at this stage 
of purification, but such evidence could be gained only by further fractiona
tion of the activities. The phosphatase present at this stage does attack 
the polynucleotides in the DN ase digest, as was shown by the liberation 
of inorganic phosphate in digests made with these preparations. 

The Celite chromatographic procedure described separated the DNase 
completely from the phosphatase and from much of the phosphodiesterase. 
The phosphodiesterase appeared as two peaks and is hence considered as 
two different enzymes, although it could be a single protein with an anom
alous elution pattern. 

The DNase eluate from the Celite column was extremely dilute. Al
though reasonably stable in the presence of ethylenediaminetetraacetate, 
it was not possible to dialyze this solution or carry out conventional 
eoncentration procedures without heavy losses. The column concentra
tion procedure yielded a solution which was stable and could be dialyzed 
against water or pH 4.5 or pH 8.0 buffer without loss. 

SUMMARY 

A procedure for the purification of splenic deoxyribonuclease is described. 
This procedure separates the deoxyribonuclease activity from acid phospha
tase and from much of the phosphodiesterase detected with bis(p-nitro
phenyl)phosphate. 

The pH optimum of the purified enzyme is near pH 4.5 under condi
tions of optimal ionic strength. 
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