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The purified small intestine DNase (SIDNase) from human intestine was inactivated by the irradiation of 
the enzyme in the presence of photosensitizer dyes (methylene blue and rose Bengal) which lead to a 
specific destruction of 10 amino acid residues: three histidine, two serine, one tryptophan and four ty-
rosine residues. The other photo-sensitive amino acid residues are not appreciably affected. It is rea-
sonable to assume that one or two of histidine, two or three of tyrosine, one tryptophan and two to 
three serine residues were responsible for the inactivation of the enzyme and may be of essential im-
portance in the catalytic function of the enzyme. In order to implicate these results, histidine-specific 
reagent (DEP), tyrosine kinase inhibitor, tryptophan hydroxylase, chymotrypsin were added separately, 
to the enzyme mixture with a significant decrease in the enzyme catalytic activity indicating that 
histidine, tyrosine, tryptophan, serine may have a role in the catalytic activity of the enzyme. These res-
idues seem to be critically connected with the DNase activity, whether the residues could be essential 
for the maintenance of a catalytically efficient conformation of the protein, or be directly involved in the 
formation and transformation of enzyme-substrate intermediates, or in binding the coenzyme or sub-
strate (or substrates),or both, in a mode suitable for catalysis. 
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INTRODUCTION 
 
Small intestine DNase (SIDNase) from lysosomal fraction 
of human small intestine has been purified recently 
(Shikara and Al-Jaff, 2012) and some of its physical and 
chemical properties were identified. It was found that the 
enzyme is related to DNase II family, is an end nuclease 
that consisted of one polypeptide chain (monomer) with a 
molecular mass of 28 to 32 kDa with an optimal pH and 
temperature of 6.0 and 30°C, respectively. The enzyme 
prefers native DNA to denatured DNA. The catalytic 
properties of the purified enzyme are essentially the 
same as those of DNase II family such  as  independency  
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nitrobenzoic acid); DEP, diethyl pyrocarbonate. 

of divalent ions which inhibite its activity at 10 mM. In or-
der to investigate the nature of the active site of the puri-
fied DNase, the use of photo oxidation was recommend-
ed since it has been known for decades that the amino 
acid residues that formed the active site of the enzyme 
can be inactivated by photo oxidation in the presence of 
photosensitizer dyes such as eosin, fluroscein, methylene 
blue, neutral red, riboflavin, rose Bengal, thiazine and 
xanthine (Tsai et al., 1985; Deerinck et al., 1994).  

Methyl blue, rose Bengal and eosin are, depending on  
their sensitizing efficiency, have rates of photo-inactivation 
are at least an order of magnitude faster with efficient 
sensitizers  than any other dye such as fluorescein,  
Acridine  Orange, riboflavin  and  pyridoxal  5'-
phosphate. No apparent correlation exists between the   
sensitizing e f f i c i e n c y  and   dye   structures. Alt-
hough the physicochemical parameters characterizing 
the sensitizing efficiency are yet to be def ined 
(Grosvenor et al., 2009).  
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In this research, the purified DNase was photo oxidized in 
the presence of two photosensitizer dyes: methylene 
blue, a cationic dye and rose bengal, an anionic dye in 
hope that results will be specific about the nature of the 
active site of the enzyme.  
 
 
MATERIALS AND METHODS 
 

DNA (sigma type III from yeast), DNase 1  was obtained from 
Worthington Biochemical Corporation, methylene blue and rose 
Bengal were purchased from Fisher Scientific and glass viscometer 
from Alibaba Co Ltd., Hong Kong. Bio-Gel P-10 (Bio-Rad, Rich-
mond, CA, U.S.A.); methylene blue, rose bengal and hydroxylamine 
hydrochloride (BDH, Bombay, India); diethylpyrocarbonate (DEP), 
5,5'-dithiobis(2-nitrobenzoic acid) (DTNB), bovine serum albumin 
(BSA), chymotrypsin (Sigma Chemical Co., St. Louis, MO, U.S.A.), 

Axitinib (Tyrosine kinase inhibitor) was from BioVision Incorporated. 
Tryptophan hydroxylase was a gift from Dr. Ali Mohammed al-Ani, 
Biotechnology Center, Ministry of Sciences and Technology. All 
other chemicals used were of analytical grade. 
 
 
Amino acid analysis 

 
Amino acids were determined by the modified automatic procedure 
of Spackman et al. (1958) with the use of Beckman-Spinco auto-
matic amino acid analyzer. Samples were prepared for the analysis 
by the hydrolyzed in 1 to 1.5 ml of 6NHCl in Pierce-Reacti Thermo 
vacuum hydrolysis tubes, which was heated in a heating block (Lab 
Line instrument) at 110°C for 22 to 24 h. These hydrolysable were 
evaporated to dryness under reduced pressure and taken up in a 
minimum volume of water. The recovery of cystine and tyrosine 
residues in the purified enzyme is often low owing to the decompo-
sition on acid analysis. Isoleucine and valine residues were liberat-
ed incompletely during 24 h of hydrolysis. Tryptophan content was 
determined by dimethylaminobenzaldehyde method of Ener et al. 
(2010). 
 
 

Enzyme assay  

 
The standard assay system contained (1 ml) containing 0.25 ml 

0.05 M potassium phosphate buffer (with 10% glycerol) adjusted to 
pH 6.0, 0.25 g of Salmon  testes DNA (native or denatured) and an 
appropriate amount of enzyme.  After incubation at 30°C for 30 min, 
the reaction was stopped by the addition of 4 ml of 10% perchloric 
acid in chilled vessel.  The mixture was centrifuged after 10 min in 
ice at 3 000 g for 10 min and then the absorption read at 260 nm. 
One unit of the enzyme was defined as the amount of the enzyme 
which yields 10 OD units of soluble components per minute in 1 ml 
of the reaction mixture. This unit corresponds to the solubility of 1 
µmole of nucleotide per minute, assuming that the average atomic 
extinction coefficient of nucleotide is 10.000. Protein were calculat-
ed from the absorbance at 280 nm by applying the extinction coeffi-
cient of E1cm at 280 nm= 24.1, calibrated according to dry weight 
method by McClements (1999) or Lowry et al. (1951) method using 
bovine serum albumin as a standard. 
 

 
Photo oxidation  

 
Dye-catalyzed photo oxidation was carried out in a reaction  mixture  

 
 
 
 
consisted of 3 ml of 0.05 M phosphate buffer, pH 6.0 and 1 ml of 
the enzyme and was kept in Pyrex tube (180 mm diameter) in a 
circulating water bath with a constant stirring at 30°C for 15 min. 
Different concentrations of the dye were added and the reaction 
mixture was irradiated vertically from a distance of 30 cm with a 200 
W spot light. Final protein concentration in the reaction mixture was 
1 to 2 mgml

-1
. The solution was irradiated with a 350 watt photo 

load lamp at a distance of 10 cm. During photolysis, all samples 
were kept at ice under a Pyrex glass fiber. A water layer of 2 cm 
thickness was inserted between the reaction vessel and the lamp to 

eliminate the effect of ultraviolet light. Aliquots (0.1 ml) were with-
drawn out after specified intervals, discolored by the addition of 
activated charcoal and centrifuged at low speed. The clear super-
natant was removed and assayed for enzymatic activity. The 
changes in activity were corrected for those of the control. Control 
experiments were carried out without a dye, light or air. 
 
 
Viscosity measurement 
 
In order to study the effect of the dye, a modified method of Pipe et 
al. (2008) was used. A glass Ostwald viscometer immersed in a 
glass water bath at 30°C was used.  The reaction components, 
except for the enzyme, were added to a test tube clamped in the 
bath and was allowed to reach its temperature. Different concentra-
tions of the dye were added to the reaction mixture and the whole 
was transferred into the viscometer and irradiated vertically in order 
to identify the active site and at least two viscosity measurements 
were taken. Control experiments without a dye were performed 
also. Specific viscosity was calculated after each interval as follows: 
  
Specific viscosity = viscosity of the reaction mixture/viscosity of the 
reaction mixture without DNA. 

 
Relative specific viscosity was plotted against the time that the re-
action had progressed. The values obtained at varying time inter-
vals during the enzymatic degradation were plotted as log (1-R)/R 
against log t. R represents Zt-Z0/Zi-Z0; where, Zo is the viscosity of 
water, while Zi and Zt are viscosities at time zero and time t, re-
spectively, while t is the time from the start of the reaction. A com-
puter program was used to fit a straight line to the points of the line 
by regression analysis and to calculate the value of the slope.  A 
log of a function of the change in viscosity against the log of the 
time of incubation was plotted.  

 
 
Chemical modification studies 

 
In chemical modification studies, the residual activity of the modified 
enzyme was determined using a substrate. Unless otherwise men-
tioned, all the modification reactions were carried out at 30°C. 
 
 
Determination of histidine residues 
 

The purified DNase (100 µg) in 1 ml of 0.05 M potassium phos-
phate buffer, pH 6.0, was incubated for 30 min with various concen-
trations of diethyl pyrocarbonate (DEP), freshly dissolved with abso-
lute ethanol according to the modified method of Gite et al. (1992). 
Aliquots were withdrawn at suitable intervals and the reaction was 
stopped by the addition of 10% perchloric acid. DNase activities 

were determined under standard assay conditions. Enzyme sam-
ples incubated in the absence of DEP served as controls. The 
number of carbethoxy-histidine groups were formed was evaluated  



    
 

 
 
 
 
by the method of Weng et al. (2003) on the basis of the change in 
absorbance at 240 nm. In order to remove carbethoxy groups from 
the histidine residues, the samples were dialyzed against 1000 ml 
0.05 M-hydroxylamine hydrochloride for 12 h (with two changes) at 
4°C according to the method of Phillips et al. (2008). The enzyme 
activity was determined under standard assay conditions. 
 
 

Determination of tyrosine residues 

 
The purified DNase (100 µg) in 1 ml of 0.05 M potassium phos-
phate buffer, pH 6.0, was incubated with tyrosine kinase inhibitor 
(TKI) for 30 min followed by estimation of the residual activities 
under standard assay conditions. The enzyme incubated in the 
absence of TKI was taken as the control. The number of tyrosine 
residues modified was calculated by using a molar absorption coef-
ficient of 1160 m

-1
cm

-1
 at 278 nm according to Means and Feeney 

(1971). 
 
 

Determination of cysteine residues 
 

The enzyme (100 µg) in 1 ml of 0.05 M potassium phosphate buff-
er, pH 6.0, was incubated with 2 mM-5, 5’-dithiobis (2-nitrobenzoic 
acid (DTNB) for 20 min and the residual activities were determined 
under standard assay conditions. Enzyme incubated in the absence 
of DTNB served as control. The number of cysteine residues modi-
fied was determined at 412 nm, using a molar absorption coefficient 
of 13 600 M

-1
cm

-1
 according to Means and Feeney (1971). 

 
 

Reaction of tryptophan residues 

 
The enzyme (100 µg) in 1 ml of 0.05 M potassium phosphate buff-
er, pH 6.0, was incubated with 2 mM tryptophan hydroxylase (TH) 
for 20 min and the residual activities were determined under stand-

ard assay conditions. Enzyme incubated in the absence of TH 
served as control according to Means and Feeney (1971). 
 

 
Reaction of serine residues 

 
The enzyme (100 µg) in 1 ml of 0.05 M potassium phosphate buff-
er, pH 6.0 was incubated with a solution of 500 mg of α-

chymotrypsin in 50 ml of 0.2N aqueous sodium chloride for 20 min 
and the residual activities were determined under standard assay 
conditions. 

Enzyme incubated in the absence of α-chymotrypsin served as 
control according to Strumeyer et al. (1963). The enzyme (100 µg) 
in 1 ml of 0.05 M potassium phosphate buffer, pH 6.0 was incubat-
ed with 0.02 N sodium hydroxide for 5 min and serine will be hy-
drated into dehydroaniline.  
 
 

Kinetics studies 

 
In order to obtain rate constants for first-order reactions when nei-
ther the initial nor the final reactant concentrations are known, a 
modified method of Guggenheim (1926) was used. Measurements 
of the concentration of the reactant (or of some physical quantity 
that measures it), c1, c2, c3,...cn, are made at times t1, t2, t3,...tn and 
also at times (t1 + δt), (t2 + δt), (t3 + δt),...(tn + δt), when the concen-

trations of the reactant are c1′, c2′, c3′,...cn ′, where, δt is a constant 
time difference, then ln(ci − ci′) = a constant − kti, Guggenheim plot 
of ln(ci − ci′) versus ti  gives  a  straight  line  to  the  slope  of  −k.  
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RESULTS 
 

Inactivation of the purified DNase by oxygen 
 

When pure oxygen replaced the air in several experi-
ments, the rate of inactivation of the purified DNase was 
slightly affected, but not too much, and for this reason, all 
the successive experiments were carried out in air. 
 
 

Effect of various dye concentrations  
 

The rates of inactivation of the enzymes were dependent 
on the dye concentration. The rate of inactivation de-
clines below and above the concentration of 0.1 to 0.2 
mgml

-1
. It is assumed, by several researchers, that a 

slower reaction at low dye concentration may originate 
from the smaller number of excited molecules per unit of 
time whereas the dye at high concentration will absorb 
some of the light which led to a decreased transmission 
of light (Fuji et al., 1984; Torun and Morrison, 2003). 
 
 

Inactivation of the purified DNase by photo oxidation 
 

The irradiation of the purified DNase in the presence of 
methylene blue caused a 30, 50 and 70% reduction of its 
activity after 5, 10 and 30 min of irradiation, respectively. 
This inactivation of the DNase suggests the destruction of 
specific amino acids residues in the active center of the 
enzyme. Amino acid analysis of photo oxidized samples 
(Tables 1 and 2) shows a significant decrease in some of 
histidine, serine tryptophan and tyrosine residues only 
while other amino acid residues remained almost intact. 
After 60 min of irradiation, DNase activity was lost com-
pletely with the destruction of three histidine residues, 
two serine residues, one tryptophan residue and all four 
tyrosine residues. Two histidine and six serine residues 
and two tryptophan residues remained intact after the 
complete inactivation of the enzyme as analyzed by the 
method of Ener et al. (2010). Only a slight decrease in 
the SIDNase activity was observed with any of the control 
samples incubated without methylene blue. The results 
with rose Bengal were almost similar to that of methylene 
blue.  
 
 

Viscosity 
 

The viscosity experiment aimed to study the effect of the 
dyes has no clear results   
 
 

Chemical modification studies 
 

Histidine 
 

Carbethoxylation  of  the  enzyme  with  DEP  resulted  in 
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Table 1. The rates of inactivation of the purified DNase by photo-oxidation in the presence of different concentrations of methylene blue and rose bengal showing the values of amino 
acid residues which suffered a significant change. 
 

Time of irradiation (min) 

Amino acid residues in active site of DNase 

DNase activity (%) 

Amino acid residues in active site of DNase 

DNase activity (%) Methylene blue Rose bengal 

Histidine Serine Tryptophan Tyrosine Histidine Serine Tryptophan Tyrosine 

0 5.1 7.8 3.1 4.1 100 5.1 7.8 3.1 4.1 100 

05 3.9 7.0 2.9 3.0 70 4.0 7.1 2.9 3.2 72 

10 2.7 6.7 2.0 2.2 50 3.0 6.9 1.9 2.1 50 

20 1.8 6.3 1.8 1.7 35 1.9 6.4 1.8 1.8 36 

30 1.6 6.0 1.7 1.4 30 1.8 6.2 1.7 1.0 30 

40 1.5 6.0 1.7 1.3 20 1.8 6.2 1.7 1.0 22 

60 1.3 5.8 1.6 0.1 0 1.5 5.6 1.6 0.2 0 

 
 
 
70% loss of its initial activity and the inactivation 
was concentration-dependent. No loss of activity 
was observed in the control samples. Guggen-
heim plot of ln (ci − ci′) versus ti gives a straight 
line to the slope of −k. The plot indicated that the 
loss of enzyme activity towards all three of the 
substrates occurred as a result of modification of 
histidine residues of the enzyme. Incubation of the 
DEP-modified enzyme with 500 mM-
hydroxylamine at pH 7.0 and 4°C for 15 h restored 
77% of its original activity (Table 3, Figure 1). 
 
 
Tyrosine and cysteine 
 
Modification of tyrosine by treating the enzyme 
with axitinib (TKI) resulted in 70% loss of activity, 
while modification of the cysteine residues of the 
enzyme (by treating the enzyme with DTNB) did 
not affect the activity of the enzyme (Table 3). The 
treatment of the enzyme with TH and α-
chymotrypsin reduced the activity by 35% in both 
cases.  

DISCUSSION 
 
The photo-inactivation did not depend on the hy-
drogen ion, since there are no marked differences 
when rose bengal (an anionic dye) was used in-
stead of methylene blue (a cationic dye) even 
though some researchers believed that anionic 
dye is more specific in histidine photosensitization 
(Dalsgaard et al., 2007; Ener et al, 2010). It is 
clear that the photo oxidation of the DNase in the 
presence of methylene blue leads to a specific 
destruction of 10 amino acid residues: three 
histidine, two serine, one tryptophan and four ty-
rosine residues. The other photo-sensitive amino 
acid residues are not appreciably affected. 
Histidine lost one residue in the first five minutes, 
and another residue after 10min and the third res-
idue after 20min of irradiation out of five residues. 
The last two residues were little affected with con-
tinuous irradiation (Tables 1 and 2). Serine lost 
one residue after 5 min of irradiation while another 
residue decayed slowly and lost after 30 min of 
irradiation out of its eight residues. Tryptophan 

lost one residue only (out of three residues) after 
10 min of irradiation, while tyrosine lost all its four 
residues in 5, 10, 30 and 60 min of irradiation, 
respectively. It is reasonable to assume that one 
or two of histidine residues and two or three of 
tyrosine residues were responsible for the inacti-
vation of the enzyme. These results indicate that 
one or two of these residues are of essential im-
portance in the catalytic function of the enzyme 
with the participation of one or two serine residues 
in catalytic function cannot be excluded.  

In order to implicate these results, histidine-
specific reagent (DEP) was added to the enzyme 
mixture with a significant decrease in the enzyme 
catalytic activity indicating that histidine may have 
a role in the catalytic activity of the enzyme. The 
DEP-mediated inactivation of the enzyme was 
accompanied by a significant increase in the ab-
sorbance of the modified enzyme at 240 nm, 
which is characteristic of ethoxycarboxylation of 
histidine residues. When hydroxylamine was add-
ed to the DEP-modified enzyme, the activity was 
restored significantly, substantiating the role of
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Table 2. The values of amino acid residues after photo-oxidation. 
 

Amino acid 

 No. of residues moles (moles protein)
-1
 after photo-oxidation 

Control Theoretical 
Methylene blue after (min)  Rose Bengal after (min) 

10 30 60  10 30 60 

Alanine 7.2 7.0 6.6 6.4 6.0  6.4 6.5 5.7 

Arginine 12.3 12.0 11.8 11.2 10.0  11.4 11.5 9.9 

Aspartic acid 9.3 9.0 8.8 8.4 8.0  8.5 8.1 7.6 

Cystine (half) 3.3 3.0 2.8 2.6 2.1  3.0 2.4 2.0 

Glutamic acid 4.0 4.0 3.5 3.2 3.0  3.7 3.1 3.0 

Glycine 12.2 12.0 11.7 11.4 11.0  12.0 11.2 10.5 

Histidine
b
 5.1 5.0 2.7 1.6 1.3  3.0 1.8 1.5 

Isoleucine 5.6 6.0 4.9 4.8 4.6  4.6 4.7 4.3 

Leucine 6.9 7.0 6.4 6.0 5.7  6.1 5.7 5.2 

Lysine 2.3 2.0 1.7 1.6 1.3  1.9 1.7 1.1 

Methionine 1.7 2.0 1.6 1.4 1.2  1.3 1.1 0.9 

Phenylalanine 3.0 3.0 2.6 2.3 2.0  2.3 2.2 2.0 

Proline 8.1 8.0 7.5 7.0 6.8  7.1 7.0 6.4 

Serine 7.8 8.0 6.7 6.0 5.8  6.9 6.2 5.6 

Threonine 3.1 3.0 2.7 2.5 2.1  2.8 2.5 2.0 

Tryptophan 3.1 3.0 2.0 1.7 1.6  1.9 1.6 1.3 

Tyrosine
b
 4.0 4.1 2.2 1.4 0.1  2.1 1.0 0.2 

Valine 2.1 2.0 1.8 1.7 1.6  2.0 1.7 1.3 

Ammonia 12.3 12.0 12.0 11.6 11.0  11.7 11.6 10.7 
 
a
The number of residues are calculated by assuming the number of glycine residue per molecule to be 12 and no corrections has been made of 

losses resulting from decomposition during acid hydrolysis. 
b
The values of amino acid residues which suffered a significant change. 

 
 
 

Table 3. Effect of different modifying reagents on the activity of the purified DNase. 

 

Modification reaction DNase activity (100%) 

Control 100 

DEP 34 

Hydroxylamine 77 

TKI 26 

TH 32 

α-chymotrypsin 35 

DNTB 100 

 
 
 
histidine in the catalytic activity of the enzyme. DEP re-
acts also with tyrosine, cysteine, lysine and glycine resi-
dues (Phillips et al., 2008). However, TKI treatment of the 
purified DNase did bring a decrease in the enzyme activi-
ty, suggesting that tyrosine may have a role in the catalyt-
ic activity of the enzyme. In contrast, since DTNB-treated 
enzyme retained its full activity, ruling out the involvement 
of cysteine in the catalytic activity of the enzyme.  

Glycine cannot be in the active site, since DEP-
modified enzyme could recover a significant amount of its 

activity by the addition of hydroxylamine, while lysine 
could not be involved, since hydroxylamine treatment 
would not have restored its activity. Chymotrypsin is an 
inhibitor to tyrosine, tryptophan, serine and phenylalanine 
residues. Phenylalanine residues have not been affected 
by irradiation, so they could not be involved in the active 
site in contrast to tyrosine, tryptophan or serine residues. 
The addition of a semi-purified tryptophan hydroxylase (a 
strong inhibitor to tryptophan) is another indication to the 
presence of tryptophan in the active site of the enzyme.  

http://en.wikipedia.org/wiki/Tyrosine
http://en.wikipedia.org/wiki/Tryptophan
http://en.wikipedia.org/wiki/Phenylalanine
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Figure 1. Determination of the first order rate by means of Guggenheim plot for 

the inactivation of SIDNase by DEP, ci and ci' are the concentrations of the prod-
uct at time t and (t+T) respectively, where T is a constant. Circle straight line (0.1 
mM), circle dotted line (0.2 mM), square dotted line (0.3 mM) and square straight 
line (0.4 mM). 

 
 
 
These results agreed with several previous results. 
Histidine residues were discovered in the active catalytic 
center of several nucleases such as DNase I (Suck and 
Oefner, 1986), RNase T2 (Kawata and Hamaguchi, 
1995), nuclease T1 (Chaiken and Sanchez, 1972) and a 
nuclease from Escherichia coli (Wang et al., 2000). 

Tryptophan seemed to be associated with histidine in 
several active sites such as of nucleases (Dyer et al., 
2006; Ostakhov et al., 2009; Kazakov et al., 2010), while 
the recovery of tyrosine residues seemed to be often low 
owing to its decomposition of acid hydrolysis (Giulivi et 
al., 2003;  Arora and Scholar, 2005; Hoffhines et al., 
2006). It is tempting, therefore, to postulate that there are 
at least one to two histidine, two serine, one tryptophan 
and two  to three tyrosine (at least) residues in the active 
center of the purified DNase from human small intestine.  
These residues seem to be critically connected with the 
SIDNase activity, whether the residues could be essential 
for the maintenance of a catalytically efficient confor-
mation of the protein, or be directly involved in the for-
mation and transformation of enzyme-substrate interme-
diates, or in binding the coenzyme, the substrate (or sub-
strates) or both, in a mode suitable for catalysis. Another 
possibility is that, even though these residues in question 
are not directly or indirectly involved in enzymatic activity, 

its photo oxidation product interferes with the catalytic 
process. 

This manuscript tried to provide some information to 
the catalytic residues in the active site of a DNase puri-
fied from human intestine since the catalytic site of 
DNase II family enzymes is not known. Unfortunately, this 
paper is opening the way to many question while the au-
thors are still trying to achieve the complete amino acid 
analysis of SIDNase in their future work, and to show the 
sequence homology of this human intestine DNase II as 
compared to other DNase II family of nucleases, but 
hopefully such questions will be answered through our 
future work. 
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