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at room temperature for 23 hours (stoppered), then evapo
rated to dryness in vacuo. The residue was dissolved in 15 
ml. of water, neutralized by stirring with 50 mg. of Amberlite 
IRC-50(H),2 4 filtered, and evaporated to dryness in vacuo. 
The residual crude XVII I was a colorless oil which, after 
solution in absolute ethanol and re-evaporation (finally at 
35° and 0.9 mm.) , weighed 528 mg. (102%) and showed no 
carbonyl absorption in the infrared. On periodate oxida
tion, this oil consumed only 0.042 ± 0.005 equivalent of oxi
dant. The remaining 499 mg. was dissolved in 50 ml. of 
0.01 M aqueous acetic acid, and the pH (measured potentio-
metrically) was adjusted to that of 0.01 M aqueous acetic 
acid by the addition of 0.3-0.4 ml. of 2 M aqueous acetic 
acid. The resulting solution was diluted with an additional 
12.5 ml. of 0.01 M aqueous acetic acid, then refluxed under 
nitrogen for 1.75 hours.14 The cooled, colorless solution, 
which gave a positive Benedict test, was evaporated to dry
ness in vacuo (bath 40°). The residual crude X I X , after 
solution in methanol and re-evaporation in vacuo, was con-

It has been shown3-6 that the deoxyribonucleic 
acid (DNA) of various sources could be separated 
into different fractions by means of chromatography 
on the substituted cellulose anion exchanger 
ECTEOLA.7 These fractions were found to differ 
in their biological activity and base composition.4'6-8'9 

From a study of the behavior of various nucleo
tides and DNA specimens on columns of ECTEOLA, 
it was inferred that the chromatography could dis
criminate among DNA molecules on the basis of 
size.6610 The present report deals with a study of 
the sedimentation behavior of such chromatographic 
fractions in the analytical ultracentrifuge.11 

Earlier studies have indicated that DNA was 
heterodisperse with respect to sedimentation coef
ficient.12'13 In order to assess conclusions drawn 
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verted to its anilide (402 mg.), m.p . 150-153° d e c , by the 
method of Hardegger, et al.11 Recrystallization from meth
anol gave 304 mg. (41%) of white crystals, m.p. 173-175° 
dec. A mixture with authentic anilide34 gave no depression 
in m.p. ; the infrared spectra of the two samples were iden
tical. The product of a preliminary run had m.p. 175-177° 
dec. and [«]-7D +175° ( 1 % in pyridine); reported15 m.p. 
172-173° dec. and W D +171° ( 1 % in pyridine). 
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from physico-chemical measurements on such in-
homogeneous material, the validity of which might 
be influenced by the polydispersity,14'5 a number of 
approaches have been made to obtain more homo
geneous specimens. Schumaker and Schachman13 

obtained a fraction of DNA with a narrower sedi
mentation distribution than the original by apply
ing the technique of zone centrifugation. Shooter 
and Butler15'16 (cf. also17), using moving boundary 
centrifugation, obtained a fraction of DNA with a 
lower average sedimentation coefficient than the 
original. 

Experimental 
Nucleic Acid.—The DNA was prepared from fresh calf 

thymus glands by the Schwander and Signer method.18 

Several of the properties of this preparation (designated as 
" S - I I " in a previous publication19 have been reported.6'19 

Chromatography.—An adaptation of the previously de
scribed3'6 chromatographic method was used to fractionate 
78.5 mg. of the DNA (1 mg. per ml. of 0.001 M NaCl) ad
sorbed on a column (7.4 X 2.8 cm.) of ECTEOLA-SF-I6 in 
the cold room. The column was washed with 425 ml. of tris 
buffer (tris-(hydroxymethyl)-aminomethane), 0.01 M, pH 7. 
A gradient elution system with two mixing chambers was 
attached to the column. The description and mathematical 
treatment of this arrangement have been discussed pre
viously.6 The stock solution, saturated with chloroform 
and consisting of 0.5 M NaCl (in 0.01 M tris), was allowed 
to drip into the first mixing chamber containing 250 ml. of 
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Eight fractions of calf thymus DNA obtained by chromatography on a column of the anion-exchanger ECTEOLA have 
been examined in the analytical ultracentrifuge in dilute solution (0.003%). These fractions, amounting to 56.5% of the 
DNA recovered from the column with eluents of increasing ionic strength and then increases in pH, showed progressive in
creases in $60% from 10.9 to 24.1 5 (compared with 15.8 5 for the original)- The original DNA showed the usual wide spread 
in sedimentation coefficients. The spread was very narrow for the early fractions but broadened considerably for the later 
ones. Evidence is presented that the fractionation procedure discriminates among DNA's, in part, on the basis of properties 
related to their sedimentation coefficients and that the method does not lead to measurable physical alterations. 
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0.01 M tris, the contents of which were led into a second 
mixing chamber which also contained 250 ml. of this diluent. 
AU collections were made with a photoelectric-activated 
constant volume collector (25 ml.) in test-tubes a t approxi
mately 2-hour intervals. When the limit concentration 
of 0.5 M NaCl was reached, about 25 ml. of 0.5 M NaCl in 
0.01 M tris was left on top of the column and elution with 
2.0 Af" NaCl and 0.1 I f NH 3 was begun. When no more 
DNA was eluted, a gradient system with two mixing 
chambers was again established, each of which contained 
250 ml. of 0.1 M NH 3 in 2.0 M NaCl. The stock solution 
consisted of 1 M NH3 in 2 M NaCl and elution was continued 
until a base line optical density of 0.014 a t 260 m/* was 
reached. The column then was washed with 0.5 M NaOH 
and the residual DNA (less than 1% of the original) was 
eluted. The optical density of each collection at 240, 250, 
260 and 280 m/i was determined in the Beckman Model DU 
quartz spectrophotometer. The chromatographic profile 
of the DNA based upon the 260 m/a readings is given by the 
heavy outline in Fig. 1. In this plot the area under the 
heavy outline is directly proportional to DNA concentra
tion. The recovery, based on the 260 m/j absorbancies, 
was 9 8 % of the DNA applied to the column. 

Fig. 1.—Gradient elution profile obtained by chroma
tography of 78.5 mg. of calf thymus DNA on a 10-g. column 
of ECTEOLA-SF-I (7.4 X 2.8 cm.; 0.21 meq./g.) . The 
area under the heavy outline is directly proportional to the 
quantity of DNA; recovery 98%. The eight fractions se
lected for further studies are indicated by the shaded areas 
and the Roman numerals above them. 

Pooling of Tubes.—For further studies, the contents of 
selected collection tubes were pooled to give fractions I 
through VIII (Fig. 1). These fractions, described in Table 
I , were dialyzed (0 to 3°) against several changes of 0.01 M 

TABLE I 

AVERAGE SEDIMENTATION COEFFICIENTS (560%) OF DNA 

FRACTIONS 

Fraction 

Original 
I 
I I 
I I I 
IV 
V 
VI 
VII 
VII I 

%of 
original 

100 
6.2 
8.1 
6.6 
6.0 
6.1 
6.1 
8.2 
8.2 

56.5 

Molarity of effluent 
NaCl 

0.16-0.24 

0.25-0.34 
~ 2 

2.0 
2 .0 
2 .0 
2 .0 
2 .0 

NHs SK% 

15.8 
10.9 
11.6 

~ 0 . 1 12.8 
0 .1 14.4 

0.18-0.36 14.4 
. 36 - .50 19.2 
.50- .71 19.2 
. 82 - .93 24 .1 

changes of 0.20 M NaCl and subsequently examined in the 
analytical ultracentrifuge (see below). The solutions, 
saturated throughout this procedure with chloroform, were 
a t all times stored a t 0 to 3° until analyzed. 

Ultracentrifugal Analysis.—Solutions containing 0.003% 
DNA in 0.20 M NaCl were analyzed at 59,780 r .p.m. 
(259,700 g) in 12 mm. cells in a Spinco Model E ultracentri
fuge equipped with ultraviolet optics.18'13. The integral 
distributions of sedimentation coefficients, corrected to 20° 
and water, were calculated by an adaptation of the method 
of Schumaker and Schachman13 and are reproduced in 
Fig. 2. 

NaCl and concentrated about fivefold in vacuo at 10 to 20° 
in a rotating evaporator. These solutions were then 
equilibrated by dialysis in the cold room against several 

S20,W. 

Fig. 2.— Integral sedimentation coefficient distribution 
curves of calf thymus DNA and 8 fractions thereof obtained 
by chromatographic fractionation on ECTEOLA. 

Effect of Exposure of DNA to Ammonia.—Aliquots (5 
ml.) of 0.003% solutions of the original DNA and DNA 
fraction II in 0.20 M NaCl were dialyzed for five days in a 
cold room (0 to 3°) against 1 liter of 1 i f NH3 in 2 M NaCl. 
They were then equilibrated by dialysis as above against 
0.20 M NaCl and analyzed in the ultracentrifuge. No 
significant ultraviolet absorbing (260 mju) material was lost 
throughout this procedure. 

Reconstructed Sedimentation Distribution Curve.—From 
the data in Fig. 2, the proportion of each fraction which 
sedimented with a given sedimentation coefficient (at 5 
Svedberg unit intervals) was determined from the ordinate 
readings. Each of these proportions was then weighted 
according to the occurrence of each fraction in the original 
DNA (given as "per cent, of original" in Table I ) , and the 
per cent, values, corrected in this fashion, were summed and 
then divided by 56.5% to correct for the total DNA which 
was analyzed. The calculated distribution is given in Fig. 3 
together with that of the original for comparison. 

Average Sedimentation Coefficients.—The average sedi
mentation coefficients (sso%) were estimated from the 0.5 
intercepts of the sedimentation coefficient distribution 
curves (Fig. 2) and are given in Table I . The error in de
termination of $60% from repeat ultracentrifugal analyses 
is less than 0.35. 

Results and Discussion 
The curve for the original DNA (heavy line, Fig. 

2) shows the usual wide spread in sedimentation co
efficients seen previously.11'13'20 It can be seen 
from Fig. 2 and Table I that there is a progression in 
average sedimentation coefficients (550%) of the 
fractions which correlates with the increases in 
ionic strength and then pH of the solutions required 
for their elution. I t should also be observed that 
some of the early fractions (fractions I through IV) 
show sedimentation coefficient distributions which 
are narrower than the original. Fraction V has a 
distribution which is very nearly the same as the 
original and the remaining fractions (VI through 
VIII) are fractions in which high sedimentation 
coefficients preponderate. Thus, in the case of 
fraction VIII, (which represents about 8% of the 

(20) J. A. V. Butler, D. M. Phillips and K. V. Shooter, Arch. Bio-
chem. Biofhys., 71, 423 (1957). 
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Fig. 3.—Comparison of sedimentation coefficient distribu
tion curves of calf thymus DNA with curve calculated by 
combining the sedimentation data of eight individual frac
tions. 

original DNA) 50% of the material has sedimenta
tion coefficients larger than 24 S. 

To determine whether the sedimentation behav
ior of fractions VI through VIII (i.e., those with 
high 550% and wide distribution of sedimentation 
coefficients) might have resulted from exposure to 
ammonia and 2 M NaCl, the effect of such condi
tions was studied. I t was found that a five-day 
exposure of unfractionated DNA and also of an 
early DNA fraction (fraction II) to 1 I f NH3 and 2 
M NaCl did not affect significantly the sedimenta
tion distribution curves of these materials; .these 
conditions were more severe than any to which the 
DNA was subjected during the course of the chro
matography. . 

It would appear from these data that the DNA is 
a mixture of molecules which vary in sedimentation 
coefficient (see also ref. 12, 13, 20) and that the 
chromatography discriminates among these mole
cules on the basis of properties related to their sedi
mentation coefficients. The chromatographic pro
cedures can thus be used to prepare fractions of 
DNA of graded sedimentation coefficients. 

There are some serious questions which arise in 
connection with the chromatography, the most 
important being whether these fractions were pres
ent as such in the original unfractionated DNA or 
whether the chromatography had led to their forma
tion (i.e., are the fractions artifacts?). Evidence 
already has been obtained8'9 that no significant al
teration of the DNA had been produced by the 
chromatography when this procedure was applied 
to DNA active in pneumococcal transformation. 
All of the transforming activity which had been 
applied to ECTEOLA columns could be recovered 
in the chromatographic fractions. 

The present data can be used to decide whether 
any alterations (due to the chromatography) had 

taken place as measured by the ultracentrifugal 
technique. This was done by calculating the sedi
mentation distribution curve that would have been 
obtained if the fractions examined were mixed to
gether in the proportion of their occurrence in the 
original DNA and by comparing such a recon
structed curve with that of the unfractionated 
DNA. (The validity of such a calculation has 
been demonstrated experimentally.21) Such a com
parison is given in Fig. 3. The average sedimenta
tion coefficients (sm%) agree quite closely (14.2 5 
vs. 15.8 S). An examination of these curves shows 
that the calculated curve is consistent with the orig
inal within the experimental error. For technical 
reasons the eight fractions selected account for only 
56.5% of the total material recovered and therefore 
do not constitute a random sample in the strict 
sense. The non-randomness of the sampling has 
resulted in a selection of fractions with sedimenta
tion coefficients which are either considerably 
higher or considerably lower than the original. 
The largest errors in determining the distribution 
curves are in estimating the terminal (or "tail") 
regions and therefore errors in these regions would 
be magnified when the data for the eight curves are 
combined. 

It would appear, at first glance, that some of the 
fractions (VI through VIII) contain material in the 
high sedimentation coefficient range (>40 S) not 
present in the original. The total amount of DNA 
with values of 5 in that range is so small that it 
could not have been detected in the original, un
fractionated DNA. 

It is concluded that the chromatographic frac
tions preexisted in the original DNA. In addition 
to the evidence mentioned above, further support 
for this conclusion comes from the behavior which 
the fractions show on alkalization to ^H 13.22 The 
hyperchromic effect at 260 m/t produced by this 
treatment was that expected of undenatured DNA 
(unpublished results). 

The fractions studied here have been found to 
differ among themselves in their ability to inhibit 
the transforming activity of pneumococcal DNA.9 

They also differ23 in relative abilities to serve as 
primers in the enzymatic synthesis of DNA.24 

Similar fractions separated by this technique 
from pneumococcal DNA showed qualitative as 
well as quantitative differences in their transform
ing activity.4'8'9 These different biological activi
ties are thus presumably associated with molecules 
of different physical and chemical properties. 
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