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Degradation of different DNA’s by E. coli Endonuclease I was studied. Hyperchromicity and
acid solubility of the digest as well as the average chain length (P,) of oligonucleotides released
by the enzyme were followed during degradation; relationships between these parameters were
established.

The specificity of the E.coli Endonuclease I was determined by analysing 8'-terminal,
5'-terminal and 5'-penultimate nucleotide of oligonucleotides formed by the enzyme from calf
thymus DNA. The compositions found differ from those expected on the basis of random breakage
of DNA; this indicates that E.coli Endonuclease I rccognizes sequences at least three

nucleotides long.

The 3'-terminal nucleotide composition was determined over a wide range of P, (150-4)
and was found to be invariant, indicating that the specificity of E. coli Endonuclease I does not

change during digestion.

Compositions of 3'-terminal nucleotides released from different bacterial DNA’s varied
linearly with the DNA (dG -+ dC) contents; those released from the calf thymus DNA did not

fit that relationship.

Escherichia coli endonuclease I is a well-known
DNAase (see [1] for a review) localized in the peri-
plasmic space [2] which preferentially attacks native
DNA and whose mechanism of degradation is charac-
terized by an initial kinetics similar to that found for
acid DNAase [3,4]. .

In the present work we have investigated:
(a) the changes of hyperchromicity, acid solubility,
average chain length and 3'-terminal nucleotide
composition of the digest, during degradation of calf
thymus DNA by endonuclease I; (b) the isostich
pattern in the terminal phasc of digestion and the
3'-terminal nucleotide composition of different iso-
stich classes; (¢) the termini! of oligonucleotides
released from different DNAs. As for the pancreatic
DNAase [3], we have found that: (a) endonuclease 1
recognizes sequences at least three nucleotides long;
(b) the speeificity of the enzymes does not vary
during the course of DNA degradation; (c) a linear

1With this term we designate, conventionally, the 3'-
terminal nucleotide and the 5'-terminal and penultimate
nucleotides.

Abbreviations. P, averago degres of polymerization,
. gverage size or average chain length of oliponucleotides.
Eneymes. Endonuclease I from E. coli (EC 3.1.4.—); acid
deoxyribonuclease from porcine spleen (EC 3.1.4.6); acid
exonuclease from porcine spleen (EC 3.1.4.1}; deoxyribo-
nuclease from bovine pancreas (EC 3.1.3.5); acid deoxy-
ribonuclease from Heliz aspersa, Miull. (EC 3.1.4.—).
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relationship is obtained between the relative amounts
of 3'-terminals released from different bacterial
DNAs and their (dG < dC) contents; a deviation
from this linearity is obtained in the case of calf
thymus DNA.

EXPERIMENTAL PROCEDURE

DNAs and cnzymes were preparations described
in the preceding paper [5].

E. coli endonuclease I was a preparation from
E. coli B obtained by C. Cordonnier and G. Bernardi
according to a procedure to be published elsewhere.

Endonuclease 1 digestions were performed at
25°C on native DNA using solutions having an
Aypp= 8.0, in 0.05 M Tris-HCl pII 7.6, 0.01 M MgCl,.
Absorbance at 260 nm was followed during digestion;
at different times aliquots were withdrawn and the
reaction stopped by shaking the samples with 0.1 to
0.5 volumes of chloroform—isoamyl alcohol mixture
(24:1, v[v).

Average size of oligonucleotides (average chain

~length, Pp), and composition of 3'-terminal, 5'-

terminal and 5'-penultimate nucleotides were deter-
mined as previously described [6—9] on samples
dialyzed against running water [10]. DEAR-ceilu-
lose-7 M urca chromatography was performed as
suggested by Tomlinson and Tener [11].
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Fig.1. Hyperchromic shift of calf-thymus DNA during
E. coli endonuclease I digestion. The values refer to di-
gestions of DNA solution, . = 8.0, in 0.05 M Tris-
HCIL, 0.01 M MgCl,, pH 7.6 at 25°C with 2.2 U/ml (main
figure) or 0.4 U/ml (insert) of endonuclease 1. Arrow
indicates further enzyme addition (2.2 Ufml)

Acid solubility of the digest was de ermined as
described earlier [6].

RESULTS AND DISCUSSTON
Kinetics of DNA Degradation

Fig.1 shows the time course of the hyperchromic
shift of calf thymus DNA during digestion by E. coli
endonuclease I. As for the spleen [6], the snail [12]
and the pancreatic [5] IXNAase, the relationship is
characterized by an initial lag time {sec insert)
followed by a linear increase of hyperchromicity
during which melting of fragments takes place. The
exhaustion of the preferred, double-stranded sub-
strate is probably responsible for the progressive
slowing down of the reaction [6].

A plot of the relative absorbance of endonuclease T
hydrolysate against its reciprocal average size (P;1)
gives a relationship (Tig.2) differing from those
obtained for spleen and snail DN Aases by its biphasic
pattern, and from that of pancreatic DNAase for
lacking the first non-linear part. The part of the curve
shown in Fig.2 with P;! values between 0.02 and
0.11 can be approximated by the equation:

Pl =0.0044 - HS 4 0.0125 (1)

where H is the hyperchromic shift at 260 nm expres-
sed as a percentage. This equation can be used in
order to prepare oligonucleotides of desired P,
simply by imeasuring the increase of absorbance
during digestion of calf thymus DNA.

The increment of relative absorbance per broken
bond, which is proportional to the constant factor of
Eqgn (1), is found to be very close to those obtain-
ed with spleen DNAase [6], snail DNAase [12] and
pancreatic DNAase [5].

Endonuclease I Specificity
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Fig. 2. Plot of hyperchromic shift versus reciprocal average
chain length of oligonucleotides. Conditions of digestions and
FPy1 determminations were as described in Materiala and
Methods
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Fig.3. 4 plot of the relative aecid solubility of E.coli
endonuclense I digest against its reciprocal size. The results
correspond to the digestion of 283 ml calf thymus DNA
solution, A, = 8.2 in 0.053 Tris-HCI pH 7.6, 0.01 M
MgCl, at 2’) "C with 3 U/ml endonuclease I. P, values
were calculated from the hyperchromie shift determinations
using the relationship of Fig.2. Filled symbols correspond
to the pancreatic DNAase data [3] shown here for the
purpose of comparison

N

Tig. 3 shows a plot of the rclative acid solubility
of B. coli, endonuclease I digest against its reciprocal
average size. As for the pancreatic DNAase, whose
results are given for comparison, the relationship is
slightly sigmoidal, while that of the spleen DNAase
is linear. The acid-solubility of the spleen DNAase
digest is linear during the early phase (P;* < 0.08)
and increascs exponentially to completeness at a
P;1=0.1, while that of the endonuclease I slows
down and is close to 759, at a P;* = 0.125.

The Isostich Paltern in the Terminal Phase of Digestion

The distribution of the oligonucleotides at the late
terminal phase of degradation of calf thymus DNA
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Table 1. Distribution of the oligonucleotides at the terminal phase of degradation of calf-thymus DNA as obtained by DEAE-cellulose

fractionation

Sce legond of Fig.4 for details. Numbers in brackets after isostichs arc the percentage of each class. Terminal nucleotides

were not determined for classes 1, 2, 7 and 8

3 -Terminal  Isostich class

nucleotide
2 3 4 ) 5 6 7 8
(0%y) (9% (18°,) (28%/y) (20°/) (13%) (3°/,) (1)
%/
a? 45 41 35 29
dG 8 11 11 12
da 32 32 37 40
dC 14 16 17 18
Py
50 20 10 7 5 4
1'5' B 1 i 1 T i T
a A .
£ 40 (9T 3 " z z
= o
2 A 00— 0~
&1.0F = ¢
= ~30r
8 F:
Z E
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< w | 42— 5 < o~
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46 O—pp— = 1 I o 0
0
0 20 40 60 80 1G0 0 . 1 s . )
Fraction number 0 0.05 0.10 0.15 0.20 0.25
Fig.4. DEAE-cellulose-7 M wrea_ckromatoyraphy of B. coli 5!

endonuclease T digest. 2 ml calf thymus DNA was digested
under conditions of Fig.1 to a hyperchromic shifi of 44%,
and adjusted to pH 5.5 by adding ! B acetic acid. Digest
was dephosphorylated with 0.1 Ujml acid phosphomono-
esterasc B at 25°C for 16h and loaded on a DEAL-
cellulose column (0.5%15 ¢m). The column was washed
using & flow-rate of 6ml/h first with water (10 ml) and
then with 73 urca (10ml). A lincar gradient (0.04M
ammonium acetate in 7 M urea, total volume 100 ml) was
applied in order to elute oligonucleotides, Tractions of
“ 1ml! were collected and their absorbanmce at 260 nm
measured. The numbers indicate the size of isostichs.
Dinucleoside-monophosphates were partially cluted duving
loading (peak a), and partially with the beginning of
gradient (peak b). No nucleosides were found when peak a
was analyzed on the Aminex A6 column

is given in Table 1. The chromatographic pattern
of the dephosphorylated hydrolysate on DEAE.
cellulose-urea columns is shown in Fig.4. They are
characterized by : (a) the absence of mononucleotides ;
(b) a series of peaks formed by di-, tri-, tetra-,
penta-, exanucleotides, the tetra and the penta-
nucleotide peaks being predominant; (¢} a very
small fraction formed by poorly resolved peaksand the
absence of unresolved material.
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Tig.5. Analysis of 3'-ferminals in isostichs of calf-thymus
DNA obtained after E. coll endonuclease I digestion. Con-
ditions of digestion and separation of isostichs are describ-
ed in the legend of Fig.4

Composition of Termini

Tig.5 shows the relative amounts of 3'-terminal
nucleotides released by the endonuclease I from
calf thymus DNA plotted against the reciprocal
average size of the digest. The compositions are
invariant at least at the size levels studied (Py
comprised between 50 and 4). 3'-Terminals were
also determined at a much higher size level, (Py
~=150) by terminal labeling of oligonucleotides as
previously described [9]; their composition (399,
thymidine, 10°/, deoxyguanosine, 36°%, deoxy-
adenosine and 15°/, deoxyeytidine) was in.excellent
agrecement with the values indicated in the Fig.5.
These results show that the specificity of the . coli
endonuclease 1 does not vary during digestion.
Complete digestion of calf thymus DNA at 37 °C
did not change the 3’-terminal composition {409/,
thymidine, 10°/, deoxyguanosine, 34°/, deoxy-
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Fig.6. 3'-Terminal nucleotides obtoined al different degrada-
tion levels of calf-thymus DNA by E. coli endonuclease I

adenosine, 15°/, decoxycytidine) while degradation of

denatured calf thymus DNA at 25 °C yiclded a higher

value for deoxyguanosine (15°/y) and a slight decrease
for thymidine (38°/;) and dcoxyadenosine (32%/p).
The 3’-terminals of different classes of isostichs
were also analyzed; the compositions are similar to
those of the unfractionated hydrolysate (Table 1) but
showed a tendency to increase with the class number
for deoxyadenosine, deoxycytidine and deoxyguano-
gine and to a rather sharp decrease for thymidine
(Fig. 6).

Table 2 shows compositions of 3'- and 5'-ter-
minal and 5'-penultimate nucleotides released from
calf thymus DNA by endonuclease I. The results
obtained differ from (a) the base composition of the
DNA (dG 4 dC = 449/,); (b) the compositions eal-
culated from the meighbor frequences [13]. These
_results indicate that the K. coli endonuclease I
recognizes sequences at Jeast three nucleotides long.
However the average composition of termini split
by the endonucleasc I is different from that found
for the pancreatic DNAase, showing that the two
enzymes recognize a different set of nucleotide se-
quences. This is particularly evident for the &'-
terminal position: thymidine and deoxyguanosine
are predominant in the pancreatic and endonuclease
I digests, respectively, While the amount of 3'-
terminal deoxycytidine is the same in calf thymus
DNA and in the bacterial DNA mixture in the case
of the pancreatic DNAase, a substantial differences
is seen for the endonuclease I with a 49/ increase in the
bacterial DNA mixture, This might reflect the short-
age of the dCpdG sequence in eukaryotes [13] and
suggests that the E. coli DN Aase recognizes, among
other sequences, the dCpdG doublet. Table 3 shows

Endonuclease I Specificity
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Fig.7. Plot of the percentage of 3'-terminal nucleotide as a
function of DNA (d( + dC) conteats. Open, half-filled and
filled symbols corvespond to 3'-terminals released {rom
bacterial DNAs, mixture of bacterial DNAs and calf
thymus DNA, respectively

Table 2. Average composition of termini released by E. coli
endonuclease T from calf-thymus DNA

Values in parentheses indicate tho composition of each
terminus as calculated from its mearest neighbor(s)

5’-Pen-
ultimate

Nucleotide 3’-Terminal &-Terminal

Expt Caled Caled Expt Caled Caled Expt

%
daT 41 (31) (29) 2¢  (30) (20) 28
aG 8 (20) (22) 35  (20) (20) 29
dA 35  (30) (28) 17  (30) (30) 29
dc 16 (19) (20) 23 (20) (21) 14

Table 3. 3-Terminals released by E. coli endonuclemse I

3 -Terminal  H. influenzae Mizture E. ecoli

nucleotide (dG -+ dC (dG + dC (dG + dC
380 = 44.5%) = 51%))
%o

dT 43 40 317

dG 7 8 9

dA 33 32 31

dc 17 20 23

the 3'-terminals released by the endonuclease 1
from two bacterial DNAs (Haemophilus influenzae
and E. coli) and the 1:1 mixture of the two. A linear
relationship is found to hold between the percentage
of terminals released and the (dG + dC) contents
of the bacterial DNAs as shown in Fig.7. The com-
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position of 3’-terminals formed by digestion of calf
thymus DNA deviate from that relationship (Fig.7).
The linear relationship for bacterial DNA is similar
" to that found for all DN Aases studied so far [5,6,12)
and the deviation from this linearity in the case of
calf thymus DNA is expected for the same reasons
discussed for the pancreatic DNAase (see preceding
paper). The results obtained extend to endonuclease I
the conclusion that the DNAase recognize nucleotide
sequences and can be used to study nucleotide
sequences in DNA,

U.B. is a Euratom scientifie agent. This publieation is
contribution 897 of the Kuratom Biolopy Division. The
work was supported, in part, by a grant from the Délégation
Générale & la Recherche Scientifigue ef Technigue (Paris,
France).
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