
Deoxyribonuclease I (DNase I, EC 3.1.21.1) plays a

major role in alimentary canal digestion, and it is secret�

ed by exocrine glands such as the pancreas and parotid

gland in mammals [1�3]. However, the presence of the

enzyme in mammalian tissues other than digestive organs

suggests other function(s) in vivo [4, 5]. Recent studies

suggest that DNase I may be an essential factor for the

prevention of systemic lupus erythematosus [6�8].

A quick, effective, and scalable procedure for the

purification of mammalian DNase I would be of use in

studying the biological properties of this protein. However,

hitherto, purification of DNase I has entailed numerous

time�consuming steps. A prior study reported on the

purification of rat parotid DNase I using four�step chro�

matography, and the product contained contaminations

that might have been eliminated with the use of affinity

chromatography [9]. Another study on purification of rat

DNase I from urine demonstrated an effective but lengthy

six�step procedure with two affinity chromatography steps

[10]. As mammalian DNase I is a glycoprotein [11�13],

examples of the use of lectin�agarose columns to purify

this protein have been well documented [14, 15]. Types of

carbohydrate moieties of DNase I have been studied only

in bovine tissue [16], with no information on carbohydrate

moieties for other mammalian DNases I. Our prior study

demonstrated that mammalian DNases I could be classi�

fied into three types, i.e. pancreas, parotid, and pancreas�

parotid (mixed), based on the tissue with highest activity,

and that pancreatic�type DNase I is more sensitive to low

pH than are the other types [3]. However, to date, differ�

ences in the chemical structure of DNases I among these

three groups remain unclear.
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Abstract—Mammalian deoxyribonucleases I (DNase I) are classified into three types, namely, pancreas, parotid, and pan�

creas�parotid (mixed), based on differences in their tissue concentrations. In this study, DNase I purification by concanavalin

A–wheat germ agglutinin mixture�agarose column from rat (parotid type), rabbit (mixed type), and pig (pancreas type) is

described. This method permits a relatively easy one�step purification of DNase I from rat and rabbit parotid glands, the rat

submaxillary gland, and porcine pancreas. To elucidate differences among the three types, these DNases I were subjected to

enzymatic deglycosylation either by peptide N�glycosidase F (PNGase F) or endoglycosidase H (Endo H). Following degly�

cosylation, digests were separated on DNA�casting polyacrylamide gel electrophoresis. PNGase F produced a single lower

mobility product in all samples. Endo H produced a double band in rat and rabbit parotid glands and porcine pancreas, and

a single band in the rabbit pancreas corresponding with the PNGase F product. DNase I activity of the porcine pancreas was

completely extinguished by deglycosylation, while that of the parotid glands and rabbit pancreas was unaffected. Our results

suggest that the distinct properties of DNase I exhibited by the three types may be attributed to differences in the extent of

post�translational N�linked glycosylation of the enzyme.
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Our objectives in the present study were (i) to devel�

op an expeditious purification procedure for DNase I

from mammalian high�activity tissue using lectin affinity

chromatography, and (ii) to examine the differences in

the N�linked glycosylation pattern among the three

DNase I types and the significance of carbohydrate moi�

eties in enzymatic activity.

MATERIALS AND METHODS

Materials. The parotid and submaxillary glands from

a Wister rat, parotid gland and pancreas from a Japanese

white rabbit, and a porcine pancreas were harvested. The

animals were acquired, maintained, and used in accor�

dance with Guidelines for the Care and Use of Laboratory

Animals (NIH, USA; revised 1985). Concanavalin A

(Con A)�, wheat germ agglutinin (WGA)�, Lens culinaris

(LCA)�, and castor bean agglutinin (RCA120)�agaroses

were obtained from Seikagaku Kogyo (Tokyo, Japan).

Recombinant peptide N�glycosidase F (PNGase F) was

purchased from Prozyme, Inc. (USA) and endoglycosi�

dase H (Endo H) was obtained from New England

Biolabs (USA). All other chemicals were of reagent grade

and commercially available.

Affinity of mammalian DNases I for lectin columns.
All procedures were carried out at 4°C. Each enzyme

(about 2.5·10–3 units) was dialyzed against 25 mM Tris�

HCl buffer (pH 7.5) containing 0.15 M NaCl. The dia�

lyzed materials were applied to separate lectin�agarose

columns, each containing 1 ml of Con A, LCA, RCA120,

or WGA. All columns were equilibrated with the above�

mentioned buffer before use. Unbound fractions were

collected after washing with 8 ml of buffer, and the

adsorbed enzymes were eluted with 5 ml 0.2 M methyl�α�

D�mannopyranoside (Con A column), 0.1 M D�lactose

(LCA column), 0.2 M methyl�α�D�glucopyranoside

(RCA120 column), and 0.2 M N�acetyl�D�glucosamine

(WGA column).

One�step purification of mammalian DNases I. All

procedures were carried out at 4°C. The samples (ca.

0.1 g) were minced and homogenized in 1�2 ml 25 mM

Tris�HCl buffer (pH 7.5) containing 1 M NaCl and 1 mM

phenylmethylsulfonyl fluoride (buffer I). After centrifu�

gation (10,000g, 20 min), the supernatants (crude

extracts) were directly applied to a Con A� and WGA�

agarose combined column (1 × 1.5 cm) pre�equilibrated

with buffer I. The column was then washed with 7 ml of

buffer I to collect the unbound fractions. Bound fractions

were eluted with 4 ml of buffer I containing 0.2 M N�

acetyl�D�glucosamine after first washing with 4 ml buffer

I containing 0.2 M methyl�α�D�mannopyranoside.

Aliquots of the eluted fractions were kept for further

analysis.

Enzymatic deglycosylation analysis and DNA�casting
PAGE followed by activity staining. DNase I from the sali�

vary glands and pancreas were subjected to deglycosyla�

tion either by PNGase F or Endo H without denatura�

tion. Each sample was incubated at 37°C for 10 h in a

reaction buffer containing either PNGase F or Endo H.

To examine the difference in electrophoretic mobility

before and after deglycosylation, digests were separated

on DNA�casting polyacrylamide gel electrophoresis

(PAGE) (12.5%) followed by activity staining as previ�

ously described [17]. Briefly, 1.0% w/v salmon testicular

DNA was added to the separating gel and poured into a

mold (10 × 10 × 0.1 cm) to 3.0 cm from the top. A stack�

ing gel was prepared in the same manner as for normal

PAGE. The samples were prepared by mixing each

enzyme with half its volume of sample buffer (0.2 M Tris�

HCl, pH 6.8, 40% w/v sucrose and 0.01% w/v bro�

mophenol blue), and then 10 µl of each sample was

loaded onto the gel and electrophoresed at 150 V. After

electrophoresis, the gel was removed, immersed in

100 mM Tris�HCl, pH 7.5, containing 20 mM MgCl2 and

2 mM CaCl2, incubated at 37°C for 1 h, transferred to

fresh sample buffer containing 0.001% w/v ethidium bro�

mide, incubated at 37°C until the dark bands resulting

from degradation of DNA by DNase I were observed

under ultraviolet light (312 nm).

To examine the deglycosylation effect on enzymatic

activity, aliquots were removed at several time�points

(1.5, 3, 6, 12, and 24 h) following PNGase F or Endo H

treatments. Control reactions were performed by incu�

bating samples in reaction buffer without the endogly�

cosidases. Remaining DNase I activity was determined by

comparisons with the controls.

Analytical methods. Enzymatic activity of DNase I

was determined using the test tube method [18] and sin�

gle radial enzyme diffusion (SRED) method as previous�

ly described [2]. Activities of DNase II and RNases were

also assayed by the SRED method [19, 20]. Protein con�

centrations were determined with a protein assay kit (Bio�

Rad, USA) using bovine serum albumin as a standard.

The enzymological properties of each rat, rabbit, and

porcine enzyme and the inhibitory effects of specific anti�

bodies on their activities were examined as described pre�

viously [10, 21, 22]. SDS�PAGE was performed on a

12.5% polyacrylamide gel [23]; separated proteins were

detected with Coomassie brilliant blue R250 (Bio�Rad)

or silver staining, or by western blotting with specific anti�

sera.

RESULTS AND DISCUSSION

Lectin column affinity. As mentioned, mammalian

DNases I can be classified into pancreas, parotid, and

pancreas�parotid (mixed) types based on tissue activity

[3]. It can be presumed that chemical structures such as

carbohydrate moiety of the DNases I may differ among

these three types. We therefore evaluated the affinities of
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enzymes of parotid glands of the rat (parotid type) and

rabbit (mixed type) and of the rabbit and pig pancreas

(pancreas type) to four different lectins. The rat submax�

illary gland was also analyzed because high DNases I

activity (comparable to the parotid gland) was observed in

preliminary experiments (Table 1). The rat and rabbit

parotid glands and rat submaxillary gland exhibited strong

affinities for both Con A and WGA. The porcine pancreas

showed a strong affinity for Con A, with a lower affinity

for WGA than that of the salivary glands. In the rabbit

pancreas, Con A affinity was relatively high, with WGA

affinity two orders of magnitude lower than that of the

salivary glands. No or very low affinities of the enzymes

were observed with all LCA and RCA samples.

These results indicate that salivary enzymes from

parotid gland and mixed types possess more complex car�

bohydrate moieties than do those from the pancreas. The

differences between the salivary glands and pancreas may

be due to organ�specific post�translational modifications,

as have been observed with human secretory�type RNases

[24]. It can be postulated that salivary DNase I may

undergo more complex glycosylation, which results in

greater stability like pH resistance.

One�step protein purification. Considering the strong

affinity of DNase I for Con A and WGA, DNase I�purifi�

cation using a combined Con A�WGA agarose column

were performed. Typical purification results for each

DNase I are summarized in Table 2. From approximate�

ly 0.1 g of each tissue sample, about 30 µg of purified

DNase I with a specific activity ranging from 2500 to

40,000 units/mg was obtained. Although the rabbit pan�

creas tissue has high DNase I activity [3, 21], we were

unable to purify the pancreatic enzyme due to its relative�

ly lower lectin binding affinity. All detectable purified

enzyme activity was inhibited by 1 mM EDTA and 1 mM

EGTA and showed an optimum pH of approximately 7.0

and required divalent cations, 5 mM Mn2+, Mg2+ or Co2+

in the presence of Ca2+. Furthermore, this activity was

completely abolished by specific antibodies against each

DNase I. The character of each enzyme, such as optimal

pH, metal dependency, or actin inhibition was quite sim�

ilar to those of purified DNases I from other tissue types

BIOCHEMISTRY  (Moscow)   Vol.  71   Suppl. 1   2006

Table 1. Binding of mammalian DNase I derived from salivary gland and pancreas to lectin�affinity columns

Con A�agarose

LCA�agarose

RCA120�agarose

WGA�agarose

39 ± 8

0.014 ± 0.014

0.005 ± 0.001

30 ± 6

49 ± 5

0.57 ± 0.03

0.44 ± 0.06

42 ± 2

53 ± 7

0  

0  

41 ± 3

19 ± 2

0.050 ± 0.001

0.010 ± 0.003 

0.71 ± 0.13

33 ± 9

3.4 ± 0.9

0.21 ± 0.02

6.0 ± 0.6

Bound fraction, %

Lectin agarose Parotid gland Submaxillary gland Pancreas

rat ratrabbit rabbit pig

Table 2. Purification of mammalian DNase I from salivary gland and pancreas

Rat parotid gland

Crude

Con A�WGA agarose

Rabbit parotid gland

Crude

Con A�WGA agarose

Rat submaxillary gland

Crude

Con A�WGA agarose

Porcine pancreas

Crude

Con A�WGA agarose

1.40

0.04

2.00

0.03

1.50

0.03

2.43

0.03

8900

900

450

120

5400

1200

400

75

6300

21,000

230

4000

3600

40,000

160

2500

1

3

1

17

1

11

1

16

100

10

100

27

100

22

100

19

Tissue and purification step Protein, mg Specific activity, units/mgTotal activity, units Purification, fold Yield, %

Note: Values are mean ± S.D. of triplicate determinations.
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from the same three kinds of animals [10, 21] (data not

shown).

SDS�PAGE analyses of the purified enzymes

revealed only one band for each enzyme (Fig. 1). The

DNase I molecular masses of the rat and rabbit parotid

glands, the rat submaxillary gland, and the porcine pan�

creatic DNase I under reducing conditions were approx�

imately 32, 35, 32, and 34.5 kD, respectively, all in accord

with previous studies [10, 21, 22]. Gel filtrations on

Superdex 75 revealed each of the three types of DNase I

had only one protein peak and the molecular mass of each

enzyme was consistent with those estimated by SDS�

PAGE (data not shown). These peaks coincided with

DNase I activity. No DNase II, secretory RNase, or non�

secretory RNase activities were detected in any of the

purified DNases I.

This is the first report on the purification of DNase I

from rabbit parotid gland and from mammalian submax�

illary glands. In the present experiment, the one�step

purification for DNase I was achieved solely in high�

activity mammalian tissues. This procedure allowed

DNases I to be easily and reproducibly isolated and puri�

fied to electrophoretic homogeneity, not with gradient

elution but with stepwise elution.

Enzymatic deglycosylation of mammalian DNase I.
Based on our results on DNase I affinity for lectin

columns, we investigated the differences in N�linked gly�

cosylation patterns among the three types of DNase I,

either by PNGase F or Endo H digestion. PNGase F

cleaves any type of N�linked sugar, whereas Endo H

cleaves high mannose and certain types of hybrid sugars.

DNases I eluted by combined Con A�WGA agarose col�

umn were subjected to deglycosylation analysis. After 10 h

digestion at 37°C, the samples were subjected to DNA�

casting PAGE followed by activity staining (Fig. 2). In all

samples, PNGase F digestion produced a lower mobility

product when compared to the native enzyme, indicating

that these mammalian DNases I are modified by N�

linked glycosylation. On the other hand, the pattern of

Endo H digestion differed among the samples. In the rat

and rabbit parotid glands (Fig. 2a) and porcine pancreas

(Fig. 2b), Endo H produced a double band: one had the

same mobility as the native sample, and the other a slight�

ly larger product than that of PNGase F digestion. This

implies that Endo H is unable to completely digest

parotid gland and porcine pancreas DNase I, and that the

N�acetylglucosamine moieties remain on the asparagines

residues of the DNase I following endo H digestion. On

the other hand, the rat submaxillary gland (Fig. 2a) and

rabbit pancreas (Fig. 2b) showed a single band following

endo H digestion corresponding with PNGase F product.

These results suggest that (i) DNases I from the rat and

rabbit parotid gland and porcine pancreas are composed

of both N�linked high�mannose/hybrid and complex�

type carbohydrate moieties, and that (ii) DNases I from

the rat submaxillary gland and rabbit pancreas possess N�

linked high�mannose/hybrid type moieties fully sensitive

to endo H digestion.

There may be species� and/or organ�specific differ�

ences in glycosylation of analogs of DNase I. Two poten�

tial N�linked glycosylation sites are known for mam�

malian enzymes. N18 (N�A�T) and N106 (N�D�T) are

kD
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Fig. 1. SDS�PAGE patterns of purified mammalian pancreatic

and salivary gland DNase I by silver staining. Samples were treat�

ed with 2% w/v SDS containing 25 mM dithiothreitol at 100°C

for 3 min, electrophoresed in 12.5% T gel, and stained as

described in “Materials and Methods”. One microgram of each

protein was loaded in each lane. Lanes: 1) crude extract of rat

parotid gland; 2) purified rat parotid gland DNase I; 3) crude

extract of rabbit parotid gland; 4) purified rabbit parotid gland

DNase I; 5) crude extract of rat submaxillary gland; 6) purified rat

submaxillary gland DNase I; 7) crude extract of porcine pancreas;

8) purified porcine pancreatic DNase I.

PNGase F

Endo H

Fig. 2. Electrophoretic patterns of purified DNase I from mam�

malian salivary gland (a) and pancreas (b) followed by digestion

with PNGase F or Endo H for 10 h at 37°C. a) Purified DNase I

(1, 4, 7), PNGase F digests (2, 5, 8), and Endo H digests (3, 6, 9)

were subjected to DNA�casting PAGE (12.5%) followed by activ�

ity staining. b) Purified DNase I (1) and partially purified DNase

I (4), PNGase F digests (2, 5), and Endo H digests (3, 6) were

subjected to DNA�casting PAGE followed by activity staining.

The values below each band indicate the activity following 10 h

incubation at 37°C with or without endoglycosidase treatment.
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well conserved in the rat and porcine enzymes, whereas

rabbit enzyme has only one potential site at N18 (N�A�

T) [10, 21, 22]. Prior study has shown that the number of

sugar chains in bovine DNase I differed by tissue: DNase

I isolated from parotid glands and submaxillary glands

were shown to have two sugar chains, while pancreatic

DNase I has only one [16]. Interestingly, in contrast to

the rabbit pancreas, the deglycosylation pattern of

porcine pancreas was identical to that of the parotid

gland (Fig. 2). In addition, lectin affinity of porcine pan�

creatic DNase I was similar to that of parotid gland, and

not to that of the rabbit pancreas (Table 1). Feasibly,

these results suggest that porcine pancreatic DNase I

undergoes effective glycosylation causing it to exhibit a

similar function to parotid gland DNase I. Moreover, it is

noteworthy that differences in glycosylation patterns

between the rat parotid and submaxillary glands and the

rabbit parotid gland and pancreas have been shown for

the first time (Fig. 2a). The functions of DNase I may be

different despite the tissues coming from the same ani�

mal.

Effect of deglycosylation on DNase I activity. In

DNA�casting PAGE analysis, the rat submaxillary gland

and porcine pancreas showed a faint band following

PNGase F and Endo H treatment (Fig. 2), which may

indicate activity loss due to deglycosylation. Therefore, in

this experiment, effects of deglycosylation on DNase I

activities were investigated (Fig. 3). DNase I activity of

the porcine pancreas was completely abolished by 12 h

incubation both with PNGase F and Endo H. The rat

submaxillary gland showed a 50% decrease at 6 h, and

60% decrease at 24 h from both enzyme treatments. On

the other hand, DNase I activities in the rat and rabbit

parotid glands and rabbit pancreas were unaffected by

enzymatic deglycosylation.

N�Glycosylation plays important roles not only in

protein folding but also in function [25�28]. Several stud�

ies have shown that enzymatic inactivation is caused by

the loss of N�glycosylated moieties. Deglycosylation by

PNGase F showed time�dependent decrease in ectonu�

cleoside triphosphate diphosphohydrolase 3 activity [29].

Tsiakas et al. have shown that mutation of the N�glycosy�

lation site in human CLN2 protein, which encodes lyso�

somal tripeptidyl peptidase�I, results in loss of enzymatic

activity [30]. In pigs, the enzymatic activity of thyroid

peroxidase was inhibited by PNGase F and Endo H treat�

ments [31]. In the present study, N�glycosylated and/or

high mannose sugar has been shown to be essential for full

DNase I activity of the rat submaxillary gland, and would

be indispensable for porcine DNase I activity.

There is a possibility that post�translational glycosy�

lation is involved in acid stability. Takeshita et al. demon�

strated that amphibian DNase I has no glycosylation site

and is sensitive to low pH [32]. Previous study found that

compared to that of other mammals, porcine DNase I

was more sensitive to low pH: acute loss of activity was

observed with pH of 5.0, while enzymes of the parotid and

mixed (containing parotid) types were stable ranging from

pH 3.0 to 6.0 [3]. It would be interesting to investigate the

involvement of glycosylation in acid stability of DNase I

using the porcine enzyme because it is inactivated both by

low�pH condition and by deglycosylation. Recently, the

piscine DNase I family has been shown to be remarkably

sensitive to low pH despite the presence of a glycosylation

site [33]. The extent of glycosylation may influence enzy�

matic stability.

Fig. 3. Effects of PNGase F (a) and Endo H (b) on the DNase I activities of mammalian tissues. Each sample was incubated at 37°C in a

reaction buffer containing endoglycosidase. Aliquots were removed at several time�points (1.5, 3, 6, 12, and 24 h) following the addition of

endoglycosidases. 1) Rat parotid gland; 2) rat submaxillary gland; 3) rabbit parotid gland; 4) rabbit pancreas; 5) porcine pancreas. Control

samples were incubated in reaction buffer without either endoglycosidase. The residual DNase I activities were determined by the SRED

method. DNase I activity is given as percentage activity of controls.
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In summary, we address the first attempt to purify

mammalian DNases I using a one�step procedure.

Glycosylation analysis showed parotid gland DNase I was

efficiently glycosylated to acquire a stable property. The

porcine pancreas DNase I showed a glycosylation pattern

similar to that of the rat and rabbit parotid glands rather

than rabbit pancreas, indicating a similar function to

parotid gland DNase I. Porcine pancreatic enzyme was

rendered inactive by deglycosylation. To our knowledge,

this study is the first report demonstrating species� and

organ�specific glycosylation of mammalian DNases I.

Further comparative study of the DNase I family is need�

ed to elucidate inter�species or inter�organ differences in

the post�translational modification. Additionally, similar

studies of other enzymes, which show dual expression in

the pancreas and parotid, would contribute to a deeper

understanding of the evolutionary aspects of enzymatic

stability and activity by glycosylation.
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