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Separation of DNA Fragments by High-Performance lon-Exchange
Chromatography on TSKgel DNA-NPR

Shigeru NAKATANI
Teruhiko TSUDA
Hiroyuki MORIYAMA

TSKgel DNA-NPR, a new ion—exchange column specially designed for the separation of nucleic

acids, has been developed. The column packed with non—porous spherical resin—based

anion—exchanger of 2.5 pgm in diameter proved very useful for the separation of DNA fragments.
TSKgel DNA-NPR revealed higher resolution in the separation of a wide range of DNA restriction
fragments (50-23,000 base pairs) compared with a conventional non-porous anion—exchange column,
TSKgel DEAE-NPR. Polymerase chain reaction (PCR) products could also be separated with high

resolution. The PCR products were recovered in high yield from the column even at low level loading

of sample. The detection limit of the PCR product was as low as 0.20 ng (S/N=3).
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Fig. 1 Chromatograms of 1kb DNA  ladder
Qugin2pl).

The separations were performed on (A) a
TSKgel DNA-NPR column (4.6mmlI.D. X
7.5cmL) and (B) a TSKgel DEAE-NPR column
(4.6mml.D. X3.5cmL) with a 20min linear
gradient from 0.5 to 0.75M NaCl in 20mM
Tris-HCl buffer (pH9.0) at a flow rate of
0.75ml/min and 25°C. DNA fragments were
detected at 260nm with a 2zl flow cell.
Numbers on the peaks are the chain lengths of

DNA fragments in base pairs.
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Table 1 Effect of void volume in the connecting tube on the resolution of DNA fragments

Tube dimension

Resolution

I.D.(mm) Length(cm) Volume(x1) 134bp/154bp 506bp/517bp 5090bp/6108bp

(A)Injector-Column 0.1 20 1.57 2.03 4.00 2.72
0.1 40 3.14 2.02 3.88 2.80
0.25 60 29.45 1.98 3.93 2.563
(B)Column-Detector 0.1 20 1.57 2.01 3.85 2.64
0.1 40 3.14 1.95 3.53 2.59
0.25 60 29.45 1.67 2.96 2.20

1kb DNA ladder (2xg in 2¢1) was separated on a TSKgel DNA-NPR column under the conditions in
Fig.1. The resolution was calculated from peak widths and elution volumes of each pair of DNA fragments.
In (A) the connecting tube dimension between the column and the detector was 0.1mmI.D. X 20cmL and in
(B) the tube dimension between the injector and the column was 0.1mml.D. X 20cmL.
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Fig. 2 Chromatograms of ADNA/Hindlll di-
gest (lpugindpl).

The separations were performed on (A) a
TSKgel DNA-NPR column {(4.6mml.D. X
7.5cmL) and (B) a TSKgel DEAE-NPR column
(4.6mmI.D. X 3.5cmL) with a 10min linear gradi-
ent from 0.5 to 1.0M NaCl in 20mM Tris—HCl
buffer (pH9.0) at a flow rate of 1.0ml/min and
25C . DNA fragments were detected as in Fig.1.
Numbers on the peaks are the chain lengths of
DNA fragments in base pairs.
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Table 2 Effect of cell volume on the resolution of DNA fragments

Cell Volume Tube dimension between the column and the cell Resolution
Cell — =
(D) [.D.(mm) Length(cm) Volume( 1) 134bp/154bp 506bp/517bp 5090bp/6108bp
Micro flow cell 2 0.1 20 1.57 1.93 3.51 2.30
Standard flow cell (without a heat sink) 10 0.1 20 1.57 1.90 3.24 2.15
Standard flow cell (without a heat sink) 10 0.1 40 3.14 1.84 3.21 2.21
Standard flow cell (with a heat sink) 10 0.25 100 49.09 1.38 2.47 1.84

1kb DNA ladder (2¢g in 2 1) was separated on a TSKgel DNA-NPR column under the conditions in
Fig.1. The resolution was calculated as in Tablel.
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rate under the constant gradient vol-
ume in the sepatation of DNA frag
ments.

rate under the constant gradient time
in the sepatation of DNA fragments.
1kb DNA ladder (2ug in 2¢1) was separated on

a TSKgel DNA-NPR column under the condi-
tions in Fig.1 except that the flow rate was var-
ied between 0.25 and 1.25ml/min. The resolu-
tion was calculated as in Tablel.

1kb DNA ladder (2 g in 2¢1) was separated on
a TSKgel DNA-NPR column under the condi-
tions in Fig.1 except that the flow rate was var-
ied between 0.25 and 1.25ml/min and the gradi-

ent time was varied between 12 and 60min to
keep the gradient volume at 15ml. The resolu-
tion was calculated as in Tablel.
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Table 3 Effect of response of the detector on the resolution of

DNA fragments
Response Resolution
(sec) 134bp/154bp 506bp/517bp 5090bp/6108bp
- 0.05 2.08 4.16 2.80
1 1.71 3.08 2.40
3 1.20 2.03 1.82

1kb DNA ladder (2rg in 2¢1) was separated on a TSKgel
DNA-NPR column under the conditions in Fig.1. The resolu-
tion was calculated as in Tablel.
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Fig. 5 Dependence of the resolution on gradi-
ent steepness in the sepatation of DNA
fragments.

1kb DNA ladder (22 g in 2 1) was separated on

a TSKgel DNA-NPR column under the condi-

tions in Fig.1 except that the gradient time was

varied between 2.5 and 40min. The resolution
was calculated as in Tablel.
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Fig. 6 Dependence of the resolution on temper-
ature in the sepatation of DNA frag-
ments.

1kb DNA ladder (2 z#2g in 2 1) was separated on

a TSKgel DNA-NPR column under the condi-

tions in Fig.l except that the temperature was

varied between 15 and 45C. The resolution was
calculated as in Tablel.
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Fig. 7 Chromatograms of 1kb DNA ladder
Qurgin2pnl).

The separations were performed on a TSKgel
DNA-NPR column with a 15min linear gradient
from 0.5 to 0.75M NaCl in 20mM Tris—HCI buff-
er, (A) pH7.0, (B) pH8.0 and (C) pH9.0 at a
flow rate of 1.0ml/min and 25°C. DNA frag-
ments were detected as in Fig.1. Numbers are
the recoveries of DNA fragments estimated from
the areas of the peaks eluted.
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Fig. 8 Dependence of the resolution on sample
load in the sepatation of DNA frag-
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1kb DNA ladder was separated on a TSKgel
DNA-NPR column under the conditions in
Fig.1 except that the sample load was varied be-
tween 1 and 16 #g. The resolution was calcu-
lated as in Tablel.
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Fig. 9 Relationship between the sample load
and the peak area in the separation of
the DNA fragment.

PCR product of HBV DNA (from 0.38 to

3.78ng) was separated on a TSKgel DNA-NPR

column with a 10min linear gradient from 0.5 to
0.75M NaCl in 20mM Tris—HCl buffer (pH9.0)
at a flow rate of 0.5ml/min and 25°C. DNA
fragment was detected at 260nm with a 10zl
flow cell (without a heat sink) .
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Fig.10 Chromatogram of pBR322/Haelll digest
(2pgin 3ul).

The separation was performed on a TSKgel
DNA-NPR column with a 0.13min linear gradi-
ent from 0.25 to 0.45M NaCl followed by a
3.87min linear gradient from 0.45 to 0.5M and a
38min linear gradient from 0.5 to 0.75M in
20mM Tris—HCI buffer (pH9.0) at a flow rate of
0.75ml/min and 35C. DNA fragments were de-
tected as in Fig.1. Numbers on the peaks are
the estimated chain lengths of DNA fragments
in base pairs.
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DNA (290bp) .
The separation was performed on a TSKgel
DNA-NPR column with (A) a 20min linear
gradient from 0 to 1.0M NaCl and (B) a 10min
linear gradient from 0.5 to 1.0M NaCl in 20mM
Tris—-HCl buffer (pH9.0) at a flow rare of
0.5ml/min and 25°C. DNA fragments were
detected at 260nm with a 10pl flow cell
(without a heat sink).
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detected as in Fig.11.
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