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Urinary Sulfate Ion as a Naturally Occurring Inhibitor of DNase II

Activity.*
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It was reported (1) that human urine inhib-
its enzymatic activity of desoxyribonuclease
II (DNase II}) and activates DNase I
slightly. The inhibitory material was dialy-
zable, thermostable and was not retained by
anion and cation exchange resins. In the ex-
periments to be described, an attempt was
made to establish the chemical identity of the
urinary inhibitor of DNase II.

Methods. 1. Materials. a. Desoxyribo-
nuclease II. DNase II was prepared from
calf spleen using the first 3 steps of the pre-
parative procedure of Koszalka et al.(2). The
sediment obtained in Step 3 was dissolved in a
small volume of water and dialyzed overnight
against running tap water at room tempera-
ture. In those experiments concerned with
effect of inorganic ions on enzymatic activity,
the preparation was dialyzed against 0.0001%
aqueous sodium versenate. b. Desoxyribo-
nucleic acid. DNA of salmon sperm was used
as purchased from Calif. Fn. for Biochemical
Research. c. Urinary inhibitory material.
890 ml of freshly voided human urine was
dialyzed overnight against 1,080 ml of dis-
tilled water. The resulting 960 ml of dialy-
sate was concentrated to 265 ml by lyophiliza-
tion. In some experiments, the concentrated
dialysate was passed subsequently through a

* This work was supported, in part, by a grant
from the U. S. Atomic Energy Commission.

column of activated charcoal (80 mesh). d.
Ashing of inhibitory material. To determine
whether the inhibitor removed by the ion-ex-
change resins was organic or inorganic in na-
ture, the solid residue remaining after evap-
oration of solvent from the charcoal-treated
urinary dialysate was ashed by heating to red-
ness in a porcelain crucible over a Bunsen
burner. The white ash so formed was dis-
solved in 1 N HCI and the resulting solution
evaporated to dryness repeatedly, adding
water after each evaporation. The residue
was then dissolved in a volume of water equal
to that of initial concentrated urinary dialy-
sate. 2. Analytical procedures. a. Assay of
DNase II activity. Enzymatic activity was
determined by an adaptation of the procedure
for DNA determination described by Schnei-
der and Hogeboom(3). Unless stated other-
wise, the following test system was employed:

Acetate buffer, 0.2 N, pH 5.2 2.0 ml
DNA, 0.4% solution 57
Distilled water 1.0 ”
DNase 1L 27

This mixture was incubated for one hour at
37°C and then deproteinized with 1 ml of
2.88 M trichloroacetic acid (TCA). Simul-
taneously, a similar mixture, lacking DNA,
was incubated and then deproteinized with
TCA. To the latter deproteinized reaction
mixture, 0.05 ml of a 0.4% solution of DNA
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FIG. 1. Optieal densities of incubation mixture
as a funetion of wave length. Top curve represents
ineubation mixtures incubated with DNA. Bottom
curve shows a similar plot for an incubation mix-
ture devoid of DNA. TIntermediary curve is a rep-
resentation of the difference between top and bot-
tom curves. Point of maximal difference is desig-
nated by broken guide line.

FIG. 2. Change in optieal density as a function
of time of ineubation.

F1G. 3. Inhibitory effect of several cations and
anions on aectivity of DNase II as a funection of
concentration of the inorganie ions, Coneentration
(normality) is plotted on logarithmic seale.
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was added. The TCA-insoluble material pres-
ent in both mixtures was removed by centri-
fugation and the supernatant solutions W(;are
diluted 20-fold with water. Subsequently,
optical densities of the supernatant soluticns
were determined at 260 u using a Beckman
Spectrophctometer, Model DU. The enzy-
matic activity is expressed in terms of the dif—
ference hetween optical density of the com-
plete system and that of the system devoid; of
DNA. The wave length used to measure
changes in DNA as a result of enzymatic ac-
tion was chosen on the basis of data shoﬂ{vn
in Fig. 1. In this figure, optical densities of
supernatant solutions obtained after depro-
teinizing the reaction mixtures incubated ei-
ther with or without DNA are plotted as a
function of wave length for the region from
240 to 290 mp and are represented by the top
and bottom curves, respectively. The differ-
ence between these 2 optical density values
for each wave length studied is shown as in
the central curve. The point of maximal dif-
ference located at 260 mu was used in DNase
assays. Time of incubation was always one
hour. Fig. 2 shows the relationship between
change in optical density and time of incuba-
tion of the test systems. b. Evaluation of in-
hibition of DNase II. Degree of inhibition of
DNase IT is expressed as percent of remaining
DNase IT activity. The reaction mixture was
incubated for one hour at 37°C. It had a
composition similar to that of the complete
test system for DNase II activity, but con-
tained 1.0 ml of the urinary dialysate or of
other solutions to be tested for inhibitory ac-
tivity, instead of the distilled water added in
the usual DNase 1T assay. The difference be-
tween enzyme activities in presence and ab-
sence of inhibitory material could then be
evaluated in terms of percent of remaining
DNase 11 activity. When the effect of the ionic
milieu on DNase II activity was investigated,
the composition of the system employed to
test for inhibitory activity was modified by
a) replacing urinary dialysate with 1 ml of a
solution containing varying concentrations of
solute, and b) by using 1.5 ml of acetate buf-
fer instead of 2.0 ml.

Results. The effects on DNase activity of
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TABLE I. Degree of Inhibition of DNase IT Ac-
tivity by Dialysates of Urine.

% of remain-
ing enzymatic

Materials tested aetivity
Complete test system (without 100
urinary dialysate)
Freshly voided urine 83
Concentrated urinary dialysate 67
Idem after treatment with charcoal 78*%

Concentrated urinary dialysatet (a) 84 (b) 76
Ashed dialysatet (a) 79 (b) 81

In all assays 1.0 ml of solution containing in-
hibitory activity was used.

* This value is an avg of 3 different prepara-
tions.

t (a) and (b) represent determinations on 2 dif-
ferent experiments in which the dialysates are com-
pared before and after ashing.

freshly voided urine and of concentrated uri-
nary dialysate with or without subsequent
charcoal treatment are shown in Table I;
for comparison, DNase II activity without ad-
dition of inhibitory material is also given.
Charcoal treatment of the concentrated uri-
nary dialysate had no effect on inhibitor ac-
tivity. Although it would appear that a con-
siderable fraction of the inhibitory activity
was lost on dialysis, this aspect remains un-
certain since completeness of dialysis as well
as possible interference with the inhibitor as-
say of other substances in crude urine could
not be ascertained satisfactorily.

After charcoal treatment the inhibitory ma-
terial in urinary dialysate had an affinity for
certain ion exchange resins and in this re-
spect appears to differ from dialysates not
treated with charcoal since it had been ob-
served earlier(1) that inhibitory material
present in untreated dialysate passed through
various ion exchange columns. The effect of
charcoal treatment is probably due to removal
by charcoal of substances which are ex-
changed more readily by the resin than is the
inhibitory material. When charcoal-treated
dialysate was passed in succession through 2
ion exchange columns, i.e., Dowex 50 (H--)
and Dowex 1 (OH-), it was observed that the
effluent solution no longer inhibited DNase
1T

Ashing had no detectable effect on inhibi-
tory activity of the serum sample under the
conditions of study (Table I). Ability of the
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inhibitory material to withstand high tem-
perature suggests that the activity is due to
inorganic ions normally present in urine. To
obtain further evidence for this interpretation,
inhibitory effect of various cations and anions
on DNase IT activity was studied. Confirm-
ing observations of Sinsheimer and Koerner
(4) and of Shack(5) divalent ions had a
stronger inhibitory effect than monovalent
ions (Fig. 3). To obtain further quantita-
tive information concerning concentration of
ions most likely to cause inhibition in human
urine, aliquots of charcoal-treated dialysates
taken before and after ashing were analyzed
for Ca*+, Mg*', phosphate and sulfate.! Only
sulfate ions were present in significant
amounts. Although most of the sulfate ions
were present in the dialysate before ashing, a
small, additional amount must have been
formed as a result of ashing of organically-
bound sulfates or of organic sulfur compounds
present in urine.

Assuming that sulfate ions are largely re-
sponsible for the inhibitory activity in urinary
dialysates, one may calculate the expected de-
gree of DNase inhibition from concentration
of sulfate ions known to be present. By ap-
plying the inhibition curve obtained for
KsSO, (Fig. 3), the expected inhibitory ac-
tivity corresponding to concentrations of sul-
fate found before and after ashing was calcu-
lated with the following results (average from
2 experiments):

% of remaining
enzyme activity
Caleulated Observed

Conecentrated urinary dialysate 73 78
after charcoal treatment
Ashed dialysate 86 81

The data presented above demonstrate that
the order of magnitude of predicted degree of
inhibition is in reasonably good agreement
with average inhibition found experimentally.
The experimentally obtained value of inhibi-
tion may be only an approximate value be-
cause, in the range of inhibition determined,
sensitivity of the test system may be insuf-
ficient for detection of small variations in

t Analytical determinations were carried out by
Schwarzkopf Microanalytical Lab., Woodside, N. Y.
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inhibitor activity. Thus, inhibition of 15%:-
20% involves uncertainty factors of an order
which would make it difficult to compare ac-
curately the degree of inhibition obtained.
Excretion of total sulfur and phosphate (as
P) in “normal” human urine is reported as
approximately 1.0 g and 1.1 g, respectively,
per day(6). Inasmuch as sulfate ions con-
stitute 92% of total sulfur excreted daily(6),
it is conceivable that the number of sulfate
ions present in the urinary dialysate are suf-
ficient to produce the described inhibitory ef-
fect. Quantity of sulfate ions in concentrated
urinary dialysates is approximately 8.0 mg~
mlor 8 x 10 M. This concentration of sul-
fate was found to inhibit DNase IT effectively

(Fig. 3).
The data (Fig. 3) suggest that in charcoal-
treated urinary concentrates sulfate ions

might be largely responsible for inhibition of
DNase II. Phosphate ions probably contrib-
ute little to inhibition of DNase II in the case
of the preparations used since removal of
phosphate by charcoal did not affect degree of
inhibition. Thus, although phosphate ions
may have an inhibitory effect, their contribu-
tion to inhibition under our experimental con-
ditions (Table I) appears to be small.

Mouse Bone Marrow

Summary. 1. Urinary dialysates were
found to retain inhibitory activity toward
DNase II after ashing. 2. Chemical analysis
of the charcoal-treated dialysate before and
after ashing indicated presence of detectable
quantities of sulfate ions but not of Mg™ and
Cu**. 3. Various divalent ions, in contrast to
monovalent ions, had a marked inhibitory ef-
fect on DNase II. 4. The data suggest that
a major portion of urinary inhibitory activity
with respect to DNase is due to presence of
sulfate ions in the concentrated urinary di-
alysate.
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Protection of Mouse Bone Marrow by Inorganic Compounds During

Freezing and Thawing.
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It has long been known that glycerol pro-
tects mammalian cells against freezing and
thawing damage(1). Lovelock showed that
human red blood cells are protected against
hemolysis not only by glycerol but also by a
number of neutral organic solutes of low
molecular weight(2). He attributed freezing
damage to the increase in electrolyte concen-

* Visiting investigator on leave frem Atomic Ener-
gy Office, Saigon, Viet Nam. Present address: Atomic
Energy Office, Saigon, Viet Nam.

T Operated by Unicn Carbide Corp. for U. S.
Atomic Energy Comm.

tration that occurs when pure ice is formed
in and around the cells, and the protective
action of organic solutes to reduction of elec-
trolyte concentration in and around the cells
because of the colligative properties of solu-
tions. However, low concentrations of inor-
ganic ions will protect bacteria against freez-
ing and thawing damage(3). A similar pro-
tection, if it could be demonstrated for mam-
malian cells, would be contrary to Lovelock’s
hypothesis. We tested a number of inorganic
compounds for ability to protect mouse bone
marrow cells against freezing and thawing



