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THE FRACTIONATION OF DEOXYRIBONTCCLIEIC
ACIDS ON ECTEOLA

H. M. KIHOUWIEN sowmp H. WIETNFFENRNCH
.Radiobiological Institrdte of the Ongamizdtion ffon HWadlilh Busmnadh T .2N7.0).,,
Ragseigh, Z.A. (The Naiherllwnds)

(Recdiwad Aol 24tth, wghHn)

INTIRODTCITION

The '~c01umn-chroma1tmgn'apfhhc fractionation of mudeic adds om tihe cellnlose-amiom
exchanger ECTEOLA deweloped by BENDICH ¢ @l 2 is mow one of tihe major tlech-
niques used for the tfa‘ao‘tnmnattumm of tlrese compoumds.

_ Dumng a study concerming the (cmﬂmnmnun-dhmommmmnggmm}pihw firactiomatiom of IDNA™
- preparations, iselated from differemt somroes, resilts were olbtaimed winich shonw thatt

the fractionation jpatitemns of IDNA preparations isolated from the same source amre:
not identical. A mumber of experiments were tixem carmied owt to stndy e reprodnci-
bility of this column-dhromatographic tedmmique. The resulis of these esperiments:
will be reported and discussed.

METIHODS ANWID NATERIALS

ECTEOLA was prepared @according to tixe metihod of PrrExsow axvxm Soserd, Calf
'thymus DNA was isolated by the detengent method, wsing sodium Tyl sulphate:
-asdetergent?.

Excessive dryamg (otf DNA was awvoided. Affter prodipitatiom of IDNA im 50 9;,
.ethanol, the DNA was lifted out of the solution, carefully pressed ontt betweem filtier
paper :and dissolved i in @x4 M NaCl-o.wor N ditrate, pH 6.8 or in aor I/ phosphate:
buffer, pH 6.8. Traces of etiamol weere memowad by dialysis. Tihe isolhtions of DINA
were carnried out iat 2- —2 . DNA(&ahwmmamempmﬁmmMmmdmngm e Tome
od of Dlscm:“ RNA was determiimed by the ondimoll reacion®, lpnmﬁenmﬂnyﬂlhmbmtt
assay®. Nitrogen was (éle:hemnnmﬁa by the Kjddakl metiod and inogamnic phosphate:

by the met‘hod of FIsRE-SUBBAROW? oT by the metinod desariied by NicHEELsos?,

'Column (cizromatagm,gbhy

'ECTEOLA ‘was washed Itﬁnmomgﬁnlly wiitth N NaOH amd o.or M phosphate buoffer,,
'.pI-I T untuil mo U'\V—xalbse;ﬁbzmxg mnatberial could e dettectted.. The coltmms were: them
;prel)a.red in, ‘ﬁhe Ifo‘ﬂowmg \W.ay 03 g ]E(CII‘JE(CDILA ((mm—gnxm nmmslh)) was smgtmrdhdl im

- Abbrevaa:mons [DN.A (ﬂeemymi’bunrudlmc axdidl;; IR.'N\ == mibmmxrdlmczmnﬂ
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50 ml o.01 M phosphate buffer, pH 7, and deaerated in vacuo for 15 min. The slurry
was added to the column and allowed to settle under gravity. The columns ‘were
washed with o.0x M phosphate buffer, pH 7, for 24 h. The size of the ECTEOLA
columns was 5 X 0.8 cm. Solutions of DNA in o.o0x M phoshate buffer, pH 7, with
concentrations of about 300 ug/ml were added to the column and allowed to percolate
by gravity. The columns were washed with o.01 M phosphate buffer until the optical
density of the effluent at 260 mu was lower than 0.050. The DNA that passed into
the effluent through the-columns during the absorption was measured by the method
of DiscHES® or by means of the optical density at 260 my¢. The absorption capacity -of
the amount of ECTEOLA used in a column is sufficient to absorb 2—3 mg DNA, so
that usually no DNA was detected in the effluent.

The fractionation of DNA was performed by gradient elution with a single mixing
chamber of 500 mlt. The flow rate was kept at 5—6 ml/h by using a pressure.of 20-25"
cm Hg. After reaching pH 10.5 the resistance of the column decreased and a lower
pressure, namely 5-10 cm Hg, was sufficient to maintain the flow rate at 5.0 mil/h.
The connections between the supply chamber; the mixing chamber and the column
were: glass—polyethylene—glass connections. The polyethylene ‘tube was treated
thoroughly with 22 IV HCI and 2 N NaOH several times until no U.V. -absorbing
material’ was‘ eleased and subsequently washed for 48 h in 0.1 M phosphate buffer,
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Fig. 1. Chromatography of 2.9 mg of calf thymus DNA (DNA I) on a column of ECTEOLA-SF
(6 X 0.8 cm;o0.5g;0.20% N; flow rate 5-6 ml/h). Duplicate experiments; analytical. characteris-
tics of the DNA-preparation: 3% RNA; 39 protein; Ea4/Eage-= T.81; N/P = 3.8. The Eag/Eggo -
ratios of several fractions and the optlcal densities at 260 mu of the fractions eluted with-o.5 N
NaOH are marked'in the figure. Elution fluids: (a) gradient o to 0.5 M NaCl; (b) 0.1 M ammonia 4
2.0 M NaCl; (c) 2.0 M NaCland gradxent from o.1'to 1.0 M ammonia; (d) o.5 M NaOH a, :b.and-c

were made up in oot M phos

TR J- Chvomatog., 7 (1962) 45-50
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PH 7.c@. The firactions were collketed] im 445 mll amounts: im am LK. B Fraction-Collec-
ttor. Alll @perations wwane canriied outt im the: coldl roorm..

REESULTS
IReppraducdiidlity of he fradizenvation
Tiwo thhymmns DNA proparations ([DNA 1T amd DNA TI) were: fractionated! in duplicate
experiments. Two codmmmms were mum wiitilh tibe same: amounts: off IDNA and! under-al-
most identical comditions of dttiiom (Figs. r—4). The: two curwes; im eacl: figure rep-

2847
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Fig. =2 (Ohrmnmtqu:qp:nnv coff =19 gy off cxlff s IDNA (DA 1)) om a1 columm off ECTEOLA-SF
(6 % @3B «am; @3 & @39P; N fHow mate 56 mili)).. Duplicate: expeniments;: for the: analytical:
(cﬂxmradnmnsm::s ff tihe TN prepmptitons and! finther details see: Fig:. n

resenting dmplicate expaimments are veny similar. The: experiments: illustrated in:
Fiigs. T andl 3 were regpeattead] two weslks Tutrer umder the same: conditions and! the: results:

:are presented in Figs, 2 amd 4 mespectivelly. Damimg tatt period! the: thymus: DNA was:
stored in the mefiiiganatior im @14 M NadCLL. (Cmmgpnnnsmm mﬁ the: figures: shows: that this:
starage of two wedks lad browgiht abowt cdknges im the: fractionation: pattemns.. Ini
ithe figures thhe matios of tihe optticl demsitties measuned! atr 266 amﬂ] ...80)mpo are  shown:
for different pedks. These rafifios wany from I 40180

Fractionations aith ttaw djfffonont BCTIEQLA fnafenudions:

The finactienation of thymms MYA om thwo :ﬂﬁrﬁﬁmrmm ECITEOLA preparat tions: was.

LaRl (UAZ UUHIWILEEELD Addsadsvecaa

-, stmd@ied mest. The ECTEOLA prepanatioms wene made: under the: same: conditions..

‘Their mitrogen coptents show @ smell differemce ([Fig. 3).- ’]Ihe: nesml'ts eﬂ these fractno-
maftions amegnnesﬁntailnnlﬁgg S ' ';;,

N/ (Chramatag', 7 (1962): 45-350
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DISCUSSION

The results (Figs. 1—5) show that it is: possible to use ECTEOLA as anion-exchanger
to separate DNA inte a mamber of distinet fractions. These fractions show differences
im the ratio of optical densities measured at 260 and 280 mu . (Figs. 1—5) and in base
composition® The variations in the ratio of the optical densities are sometimes very

2130

14700
] I 2830;1} 240
-1l J_I :~'§ L
’“I:.\“ 178 = nasp
- 1zum- I
@ o
= b 173
x ~ Y .
5 nerdy 4 2
- Ecreotall I'r:n L ECTEOLALSF 1 H
w 100N afem- ' 1 B
3 = o IR 1
E Ok :
] - | i q 261 BRI/
B . H Tt .1.38 i
2] 1]
% a0 5 '
uu I}
:
! ;
oo 1
. |
i . il 1
; il
o | ‘ oL
s y i
- 1 : H
[ N
; LY
20m- L_x, ' v
i L
sof . ' ’ ' 100 T j %0 fraction number
@ -t ol [ . d ‘
Fig. 5. Clmomatography of two samples of 2.2 mg calf thymus DNA each on twocclumns of differ-
emtt ECTEOLA-SF preparations. ECTEOLA-~-SFL column: 6 >< cm; 0.5 g:.0.29% N; flow
rate 5-6 mijh). ECTEOLA-SFm colummn: (6 X 0.7 cm; o. ; 29, N; flow rate 5-6 ml/h
0. g 7
Amllymll characteristics: off the IDNA preparatlon 3% RNA, I% protem, E.,m,/E ago =

N/P' = 3.7. For further details see Fig. 1.

pronoumced. They were found im experitnents with. DNA isolated from calf ﬁhymus,
rat liver and haemophilus DNA and cannot be explained as. a result of the increase

off the -mﬂﬂ! ar the NaCl concentration r’lﬁﬂﬁg the fractionation. It has been renorted

J el

it ﬂme fractions obtained after chromatography of DNA on. ECTEOLA show also
differences im phiysicochemdical properties®»1®and, in the case of biologically active DNA
im biological activity?. Our experiments demonstrate that fractionations in duplicate
of a DNA preparation produce almost identical patterns.. The small dlvergence in
pattterm of the duplicates of Figs. 3 and 4 might be due: to slight’ differences i in’ elutlon
rate. Our results show further that alterations of the fractionation pattems occur

wrihem DNA nremarations are aced for 2—2 weeks:: 'n111°11'mr this neriod the DN’A nrpfn ra-

mm A e N e Bl k’u‘ kuuuumu\vm H\b. E AR B’ T s dBmLTe u‘—n-. CALLL pFWA ANA Wadls 3 e wbardnlieand
tioms were stored im o.14 M NaCl-o .00x M citrate solutions at pH 6.8. It remains
umcertaim whether it will be possible to get fractlonatmn pa.tterns which are h]ghly

typical for DNA preparations of a given source. Tt has been suggested: by RosorF

J. Chromatog., 7 (1962) 45—50
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et al.10 that the fractionation of DNA over ECTEOLA is determimed by the size amd
shape of the molecules, and it was demonstrated that DNA with relatively low
molecular weight is eluted prior to DNA with relatively high molecular weight?.
In-physicochemical studies on DNA HeErRMaNs!? found differemces im molecmlar

.. N . . ..
weight, gyration radius and viscosity between preparations isclated from the same

source under identical conditions. Preliminary experiments carried out by VaN DE
VENI1 have confirmed the resuits of HErRMANS'? amd showed further that the physico-
chemical properties mentioned change during storage of DNA solntioms at ©o-3°.
Obviously variations in size and shape exist between DNA molecules of a particular
sample and DNA molecules of different samples amd it is likely that these molecular
parameters undergo alterations wvery easily. The evidence firom column-chromato-
gravhic fractionations of DNA on ECTEOLA and from phvsicochemical studies of

graphic fractionations of DNA ©on OLA and from physicochemical studies of
other authors!?.12 js consistent with the hypothesis of RosorF ¢ af." that fractio-
nation on ECTEOLA is governed by the size amd shape of the DNA molecules.
Slight variations in chromatographic patterns also oocur when different samples of
ECTEOLA are used (Fig. 5). It is further necessary to emphasize that variatiomns im
RNA and protein impurities in different DNA preparations may eocur, even whemn the
isolations are performed under completely identical conditions. It has been established
that protein impurities of the | DN A preparations influence the physical properties of
the DNA miolecules??,

- We conclude that DNA preparations even \Wlhnem isolated firom the same source
will yield variable patterns when separated om ECTEOLA columms. Furthermore,
the fractionation patterns change as :a result of storage of DNA solutions in @.r4
NaC(Cl in the refr’igeratof.

SUMMARY

DNA preparatlons were fractionated on HZCTE@LA—S]F columms. Variatioms im
column- cnromatograpmc pattern were observed amongst DNA preparations isolated
from the same source and amongst the chromatographic patterns of the same prepara-
tion fractionated at different times.
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