
In the study ofdeoxysibomicl- (DNases) the discrimination between endo- 
and em-nuckases and between Y- and S-monoester fanners is of particukr interest 
for f&e characterization of diBerent enzymatic activitks. The methods commonIy 
used for this purpose, conventional anionezhchange column chromatography1*2 or 
the application of special substrates such as dosed circular DNA2n3, are in general 
time-consuming and expensive or require the preparation of large amounts of highly 
puritied enzyme activities. Furthermoore, the accurate determination of whether an 
endomxckase represents a 3’- or a S-monoeste~ former requires re-incubation of 
its primary hydrolysis products (ma.kGy consisting of oligodeoxyribonuckotides) with 
snake venom (PDase I) or spleen (PDase l!I) phosphodiesterase~. The degradation 
products are commonly analysed by two-dimensional thin-iayer chromatography1-5. 
Provided the oligodeo~boaucleotids contain S- or 3’-phosphate end-groups, 
PDase I acd PDase II preferentially degrade these compounds to deoxyribonuckoside 
S- or 3’-phosphomonoesters, respectively. There exists, however, a weak activity with 
either enzyme, especialIy with PDase I”, which uses oligodeoxyribonuckotides 
without any phosphate end-groups or even those with 3’-phosphate end-groups as a 
substrate_ Thus, kinetic studies of the hyd.roIysis process are required which should 
be fast, inexpensive and feasible with minute amounts of hydro@sis products. 

High-performance liquid chromatography (HPLC) has become a routinely 
used means for the separation, identitication and quantitation of a variety of com- 
pounds’~, in park&r of those found in the extracts of biological materials or in 
biological fiuidss. If combined w&h highly sensitive W detectors, HPLC permits 
the accurate determination of less than IO- 10-E mol of W-absosbingcompounds’“~u_ 

We have developed an HPLC anion-exchange separation method for deoxy- 
riinucleoside 3’- or S-monophospbates suitable for the fast and accurate deter- 
mination of picomole amounts of nucleotides. We have applied this method in tie 
identifkation of DNA breakdown products formed by minute, but highly purified 
DNase activities Prom L5178Y mouse lymphoma celIs_ 

DNase I (EC 3.1.4.5) (2000 U/mg), snake venom PDase (PDase I, EC 3.L4.1) 
(1.5 U/mg) and calfspken PDase (PDase IX, EC 3.1.4.18) (2.0 U/mg) were obtained 
from Boehringer-Mannbeim (TMzing, G.F.R.), DNase II (EC 3.1.4.6) (Xl0 U/mg) 
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was from Serva (Heidelberg, G.F.R.). He-g sperm DNAx2 was a gift from H. Mack 
(Illertken, G.F.R.). All reagents were of the highest analyticaI grade snpplied by 
&rva or Merck (Darmstadt, G-F-R.). 

DNase ackrities from L517SY mouse lymphoma cells (referred to as DNase 
4.5 and DNase 7.0) were prepared as described previous1yz3. 

For enzymatic hyciroIysis, 0-2 mg of DNA was either (i) dissolved in 1.0 ml of 
sodium acetate @H 5Oj-1.5 III&~ EDTA and incubated with DNase II, PDase II and 
the LS17SY cell DNases, or (ii) dissolved in 1.0 ml of Tris-HCI (pH 7.4)-10 mJt 
MgCI,-1 mM CaCiz with DNzsc I and PDase I as first enzymes in hydrolysis. For a 
second incubation period, 0.2 ml of the initial in&&e was mixed wit& 0.8 ml of 
sodimn acetate (pH 5-O)-I.5 nM EDTA or with 0.8 ml of Tris-HCl (PH 7.4)-10 m&Z 
M,#&-I mW CacI, containing PDase II or PDase 1, resptxtively. After various 
inten& @‘able I), 0.2 ml of each digest were withdrawn and diluted with 0.8 ml of 
0.25 Itl potassium phosphate (pH 3.5). 50 fi-aliquots of these soIutions were then 
a.rtaIyzd bjr HPLC. 

TABLE I 

DEOXYRIBONUCLEOSIDE 3’- AND S-MONOPEZOSPHATES REXEA!S?ZD FROM DNA BY 
VARIOUS NUCLEASES 

Ihe vdus of detadnations :s tifpikate arc gixn 25 a gxzruxim of total degradation products 
&atsm.becxpeued_ 
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Nuckotide separations were carried out in a Htie#-Packard lOSOB liquid 
chromatograph, equipped with a variabk-wavelength UV detector operating at 254 
mn, an automatic sampling system and a whatman- P&ti.sil PBS ro/2!5 SAX high 
performance anion-exchange column which was eluded under istxxttic conditions with 
37.5 m&f potassium phosphate @H 3.5) at a flow-vekity of 6.0 cm min-L (ftow-rate 
60 nl h-3 at ambient temperatmx 

RESULTS AND DISCUSSION 

Under. the separation conditions given above, the elution patterns of syn- 



-. -DE&se 1 and D&se If both attmk DNA endonudeo&ti&ly producing 
oligodeoKyribonu&otides with phospb&e groups at ffie S-end” or at the 3’-endrs. 
reqe&veiy. Thus, during the early in~ktion periods, f&er degradation of these 
sampfcs with PRztse I and PDase H exclusively releases S-monophosph&es or 
3’-monophosphates. The amounts of fi-ee nucleotides formed under different in- 
cub&tm cmditions (digezzion of DNA with DNase I, DNase Em, FW I and 
PDase EI afone or in ccmbination during diEerent time interv&) and the time- 
dependent Reese of deoxyr&onu&oside S- or 3’-monopbo-sph&es Corn D&se 1 
and DNase II hyd.roIymes by the action of PDm I armd XI, are fisted in Table I_ 

No free nuckotides were de&cable in undigested DNA samples (Fig. La; 
T&Ie 1, sample i), After exhaustive digestion of DNA witb DNase L (‘Table I, 
samples 2 and 3), PDase I (Table I, samples 6 and 7) or Phase PI (Table I, 
sm~pks 8 and 9), no mononucleotides were detectable. Exbmssive digestion of 
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F&. 1. HPEC cIution pattems 05tairxd fm= separaious of DNA hydmlysates on Par&l SAX- 
column (fix separation conditicns see text)_ PeaIcs: 1 = void; 2 = 5’ dCMP; 3 = 3’ dCMP; 4 = 
5’dRrfP;5=S0dAMP_or3’~~d3’~MP;6=3’dGhAP;7=5’dG1CdP.Thediagrams 
Correspond to the following sampks ia Tabk Z: a, I; b, 10; c, II Fuitber diagrams were obtained 
fmm digests with Lsl78Y cell DNases as follows: d, DNA inc&xed with DNase 4.5; e, DNA in- 
cubated with DNast 4.5 and FDase I; f, DNA incubated with DNase 4.5 and PDase H; g, DNA in- 
cubated with DN&c 7.0; h, DNA incubared wit5 DNase 7.0 and PDase I; i, DNA incdmed with 
DNase 7.0 and PDase II. 
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DNA with DNase & howeverS rekxed 3’-monom~ckoti~ (‘Fable I, SUE& 5) ooping 
to an exomxckase a&vity which is no&y present in DBase H preparations~. 

Incubating the DNase I digest with PDase I for different time intervals 
rekased in& g amounts of S-mononuckotides (Gb.Ie 1, sampks i0, LL and 
12), whereas with PDase II no 3’-mononuckotides were detectable (‘PabIe J, szmpb 

_ 13). ‘X&e opposite results were obtained with the DNase II digest and PDases 1 and 
II (Table I, sampks 14,15,16 and 17) In general, the DNA of either oftbe digests 
was compIetely degraded into acid-softable compounds. 

These results, ob’tained witb DNA-hydrolysing enzymes whose specikiv 
and mode of action are well known, clearly demonstrate that the anaiysis of DNA 
digests witb anionexchange HPLC represents a suitable method for the determiua- 
tion of whether an exe- or an endo-nuckase or whether a 3’- or S-monoester former 
pias used for hydrolysis. 

We. appkd the method to the elucidation of the mode of action and the 
nature of the degradation products of two highly purifki a&d DNases of L5f78Y 
mouse iymphoma cells_ when incubating DNA with either DNase for 48 h, the DNA 
was completely degraded into acid-soluble products, but no fke deo~bonuckoside 
3’- or S-monophosphates could be detected (Fig. Id and g). This implies &at both 
enqmcs were endonuckases. Incubation of the digests with PDase I rekass only 
minute amo-ZIGS of Y-mononuckotides (Fi g_ le and h), whereas on incubation with 
FDase TJ the oligodeoxyribonuckotides of the samples were quantitatively degraded 
to 3’-monophosphates (Fig. If and i). 
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