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Oligonucleotides as Tools for Molecular Biology Research

DNA Amplification (PCR)
DNA Sequencing

Fluorescent in situ hybridization
(FISH)

Molecular Diagnostics
e |
* DNA Nanomaterials

- Primers
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Oligonucleotides as Therapeutic Agents

Antisense Oligonucleotide

siRNA
(small interfering RNA)

Aptamer

Ribozyme

IVT mRNA
(in vitro transcribed mRNA)

iSRNA
(immunostimulatory RNA)

CRISPR/Cas9
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Chemical Modifications of Oligonucleotides

Unmodified Modified backbone structure Modified sugar ring
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Oligonucleotide Impurities

* N-1, N-2, N+1

* PO impurity in PS sample

* Imperfect deprotection (DMT)
 Depurination
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HPLC Analysis of Nucleic Acids

» Provides high resolution
separation oligonucleotides

» Low or no organic solvent

» Cannot be directly coupled to
Mass spectrometer

Anion Exchange lon-Pair Reversed Phase
Chromatography Chromatography

 Provides high resolution
separation oligonucleotides

« Can be directly coupled to
Mass spectrometer
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Anion Exchange Chromatography

Oligonucleotide

CI
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lon-Pair Reversed-Phase Chromatography

o 0 Base
lon-pairing kQ/
reagent —/
( - O‘ R Base
\/ﬂQ Og’? o)
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A

Oligonucleotide

o]
LC/UV Triethylammonium acetate (TEAA) ~_N<_- -
e F
OH
LC/MS Triethylamine (TEA) + Hexafluoroisopropanol (HFIP) ( F
N
ST D
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HPLC Analysis of Nucleic Acids

Anion Exchange lon-Pair Reversed Phase

Chromatography Chromatography
DNAPac PA100 DNAPac RP
DNAPac PA200

DNASwift SAX-1S i _

]
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DNAPac RP Column

» Reversed phase column designed for separation of oligonucleotides and
large DNA/RNA fragments

* High resolution and high efficiency
 Excellent MS compatibility

» Wide operating pH range: 0-14

» High temperature stability: Up to 100 °C
 High throughput

Substrate Poly(styrene-divinylbenzene) particles 4
Particle Size 4 um :
Pore Size 1,000~2,000 A

Column Formats 3.0 X 100 mm
3.0 X 50 mm
2.1 X 100 mm
2.1 X 50 mm
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Applications

High resolution / Fast separation

MS compatible
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Fast Sparation of 12-40mer Deoxythymidines (dTs)

28 20 Column: DNAPac RP, 4 um
Format: 2.1 x50 mm
Mobile phase A: 0.1 M TEAA, pH 7.0
Mobile phase B: 0.1 M TEAA in Water/ Acetonitrile
(75:25 v/v)
Gradient:
Time (min) %A %B
-2.0 76 24
15 0.0 76 24
4.0 59 41
=) 4.1 10 90
T 25 5.0 10 90
© 30
e Gradient curve: 3
3 Flow rate: 0.80 mL/min
é Inj. volume: 4 uL
2 12 Temperature: 80 °C
Detection: UV (260 nm)
Sample: poly dT12-40 (1 A/mL)
35 40 Peak label: Length of DNA
U
LUV LI
01
0 1 2 3 4 5
Retention Time (min)
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High Resolution Separation of 12-60mer dTs

15
Column: DNAPac RP, 4 pm
Format: 2.1 x50 mm
20 Mobile phase A: 0.1 M TEAA, pH 7.0
Mobile phase B: 0.1 M TEAA in Water/ Acetonitrile
(75:25 v/v)
Gradient:
Time (min) %A %B
-2.0 76 24
0.0 76 24
7.0 57 43
=) 7.1 10 90
T 30 5.0 10 90
§ Gradient curve: 3
38 12 40 Flow rate: 0.80 mL/min
S / Inj. volume: 10 uL
2 Temperature: 80 °C
%0 Detection: UV (260 nm)
/ 60 Sample: poly dT12-60 (0.5 A/mL)
Peak label: Length of DNA
NINAALL
0 ]
I \ \ \
0 2 4 6
Retention Time (min)
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LC/UV Analysis of Mixed-Base DNA

70

24 28 Column: DNAPac RP, 4 ym
20 32 40 Format: 2.1 x50 mm
16 26 Mobile phase A: 0.1 M TEAA, pH 7.0
Mobile phase B: 0.1 M TEAA in Water/ Acetonitrile
(75:25 v/v)
Gradient:
Time (min) %A %B
12 -2.0 92 8
0.0 92 8
3.0 68 32
=) 3.1 10 90
T 5.0 10 90
@
e Gradient curve: 3
3 Flow rate: 0.80 mL/min
é Inj. volume: 2L
2 Temperature: 80 °C
Detection: UV (260 nm)
Sample: 8-Combo DNA (5 pM)*
Peak label: Length of DNA
| \ |
1 2 3 4
Retention Time (min)
14 ThermoFisher
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LC/MS Analysis of n and n-1 Sequences

100 |on current n Column: DNAPac RP, 4 ym
Format: 2.1 x50 mm
o Mobile phase A: 15 mM TEA, 400 mM HFIP, pH 7.9
S Mobile phase B: 15 mM TEA, 400 mM HFIP in
2 Water / Methanol (50:50 v/v)
3
< Gradient:
= Time (min) %A %B
% 0.0 70 30
o 3.0 48 53
n/_-|\) 3.1 10 90
5.0 10 90
0 — 5.1 70 30
) 11.0 70 30
24 uv n
W Temperature: 60 °C
Flow rate: 0.25 mL/min
=) Inj. volume: 4 uL
E Detection: UV (260 nm)
S MS (Negative-ion mode)
§ Mass Spec: Q Exactive Plus
g Sample: 21mer DNA
é GATTGTAGGTTCTCTAACGCT
QO
0 : | \ :
1 2 3 4 5

Time (min)
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LC/MS Analysis of n and n-1 Sequences: Mass Spectrum of n Sequence

802.2548 [M-4H]*
100 z=8 00 1605.0160
90
80
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70 |
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3
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© z=7
C
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2 \
8 40
o
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10 275
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16 ThermoFisher
SCIENTIFIC



LC/MS Analysis of n and n-1 Sequences: Mass Spectrum of n-1 Sequence

-T 1529.5098
1007 M|=1 5290094 Z=4
90 - _C
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80 'A z=4
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70
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© Z=4
[
-
< 50
2 1536.7438
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(0]
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30 -G 1535,0061 i
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LC/MS Analysis of Phosphorothioate Modified siRNA

100 1 Column: DNAPac RP, 4 um
lon current N Format: 2.1 x50 mm
Mobile phase A: 35 mM TEA, 40 mM HFIP, pH 9.9
§ Mobile phase B: 35 mM TEA, 40 mM HFIP in Water/
s Methanol (75:25 v/v)
5
2 Gradient:
© Time (min) %A %B
= 0.0 93 7
E’ 5.0 52 48
5.1 10 90
J U 7.0 10 90
— 7.1 93 7
0 /-V\ 13.0 93 7
40
Uuv 1 o Temperature: 30°C
Flow rate: 0.25 mL/min
Inj. volume: 3uL
=) Detection: UV (260 nm)
E MS (Negative-ion mode)
> Mass Spec: Q Exactive Plus
e Sample: 21mer siRNA
g AGCUGACCCUGAAG;UUCAUdCAT
o . .
(%)
2 U \(L(D/Base
A N /\/—J 0: ..-R
o | i — “s—p Base
1 2 4 7
Time (min) (I): R Rp Sp
ThermoFisher
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LC/MS Analysis of Phosphorothioate Modified siRNA

Relative Abundance

Relative Abundance
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LC/MS Analysis of Phosphorothioate Modified siRNA

100

lon current Column: DNAPac RP, 4 um
o Format: 2.1 x50 mm
o Mobile phase A: 35 mM TEA, 40 mM HFIP, pH 9.9
3 Mobile phase B: 35 mM TEA, 40 mM HFIP in Water/
S Methanol (75:25 v/v)
<
o Gradient:
k= Time (min) %A %B
E 0.0 93 7
5.0 52 48
J\_/\/J 5.1 10 90
0 7.0 10 90
7.1 93 7
13.0 93 7
®uv
Temperature: 30°C
Flow rate: 0.25 mL/min
=) Inj. volume: 3uL
E Detection: UV (260 nm)
S MS (Negative-ion mode)
§ Mass Spec: Q Exactive Plus
g Sample: 21mer siRNA
é AGCUGACCCUGAAGUUCAULddT
g
0 | ‘ W
2 3
20 ThermoFisher
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LC/MS Analysis of Phosphorothioate Modified siRNA

Peak 4: 1656.7231 .
100 RT4.96min %74 [M-4H]
‘ 5\1656.9744 1661.7166 1662.2181

e 24 24 PS/PO

1655.9773 | | 1e62.7181
z=4 N 4
0 AN EWAUAWIWAW ANANAWAWAWL

1660.4620

100 | peak 1: RT 5.57 min [M-4H]+ 1660.2134 T 1660.9648 —
Z=

L 74
P
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zZ= | z=4

1660.4652 1662'9640

. . Z=

[M-4H]* z=4 | 166].2151
| I Z=

(I
1660.2202 1
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Analysis of CpG methylation

1007 |1on current Column: DNAPac RP, 4 ym
1 Format: 2.1 x50 mm
o Mobile phase A: 15 mM TEA, 400 mM HFIP, pH 7.6
S Mobile phase B: 15 mM TEA, 400 mM HFIP in
g Water / Methanol (50:50 v/v)
3
< Gradient:
= Time (min) %A %B
= 0.0 75 25
o 4.0 56 44
4.1 10 90
6.0 10 90
0 6.1 75 25
= 11.0 75 25
40
uv
1 Temperature: 60 °C
Flow rate: 0.25
=) Inj. volume: 3uL
E Detection: UV (260 nm)
— Sample: 1) CGGCATCCTTATTGG
§ 2) /iMe-dC/GGCATCCTTATTGG
(W)
o]
e
Q
< f\
Methylatlon
1 ) - LU
1 2 4‘1 7 Cytosme 5- methyl
Time (min) Cytosine
ThermoFisher
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Analysis of CpG methylation: Mass spectra

1518:.35880
Z=
100
Peak 1
[M-3H]J%-
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© \
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©
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Peak 2
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8 80 25;3'
kS| 1522.5926 |
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Separation of Fluorescein-Labeled DNA

70
a Unmodified DNA Column: DNAPac RP, 4 pm
=) Format: 2.1 X100 mm
E Mobile phase A: 0.1 M TEAA, pH 7.0
> Mobile phase B: 0.1 M TEAA in Water/
3 Acetonitrile (80:20 v/v)
3
§ Gradient:
2 Time (min) %A %B
0.0 75 25
10.0 0 100
A AR L 12.0 0 100
0] 12.1 75 25
16.0 75 25
o0 b Fluorescein :i:fv\\;gﬁ t:’;é_ g'gourl‘/mm
=) labeled DNA Temperature: 60 °C
E Detection: UV (260 nm)
o Sample: a. 20mer DNA (60 pg/mL)
e b. Fluorescein labeled 20mer
3 DNA (60 pg/mL)
:
< Unmodified DNA
0 ML N BN N J e S
‘ \ \ \ T 1
0 2 4 6 8 10
Retention Time (min)
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Separation of Restriction Enzyme Digests of pDNAs: Gel

Restriction enzyme
@

1.7% agarose

0.5 pg/lane, 8 cm length gel,
1XTBE, 5V/em, 1.5h

5% polyacrylamide

0.5 pg/lane, 20 cm length gel,
1XTAE, 8V/iem, 3 h
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Separation of Restriction Enzyme Digests of pDNAs: HPLC

4] a pBR322-BsuRl digest

502
540
587

434
458

13
234
267

> 51
57
64
80
89
> 104
123
124
184
192
2
—

Absorbance (mAU)

| b ®X174-BsuRl digest

1353

1078

S (V]
T 5
(]
= 3
2
o
(7]
2 +

@ 3

: A A L
0 A N
> 3 4 5 6 7 8 9 10 11 12 13 14

Retention Time (min)
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Separation of Thermo Scientific™ FastRuler™ DNA ladders

281 a Low Range

A J\JJ\U\_

850

_?*] b Middle Range g
2 50
£ S o
Q N S3
2
g N A J

281 ¢ High Range 3 =

2k
4k
10k

A D
2 3 4 5 6 7 8 9 10 11 12 13 14
Retention Time (min)

o7 ThermoFisher
SCIENTIFIC



Purification of a PCR product

400 -
Column: DNAPac RP, 4 pm
dNTP impurities Format: 2.1 X100 mm
Mobile phase A: 0.1 M TEAA, pH 7.0
Mobile phase B: 0.1 M TEAA in Water/
5000 — Acetonitrile (75:25 v/v)
300 2000 — Gradient:
Time (min) %A %B
0.0 56 44
850 ~ 20.0 32 68
) <+ PCR product 20.1 10 90
E 400 — 22.0 10 90
3 200 22.1 56 44
2 100 — 32.0 56 44
S
S Flow rate: 0.25
2 Inj. volume: 50 pL
Temperature: 50 °C
100 | Detection: UV (260 nm)
Sample: PCR product
0 J
: | I I | | |
0 5 10 15 20 25 32
Retention Time (min)
08 ThermoFisher
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41mer RNA: Comparison with Competitors

Al o
190" DNAPac RP 4 um, 1,500A
Format: 2.1 x50 mm
Mobile phase A: 0.1 M TEAA, pH 7.0
Mobile phase B: 0.1 M TEAA in Water/
o—” Acetonitrile (90:10 v/v)
901 A
Brand B, 3 um, 100A Gradient: Gradient slope: 1.73% B/min
Gradient time: 7.5 min
Temperature: 45 °C
= 0 . Flow rate: 0.80 mL/min
180 R Inj. volume: 1L
j(E/ Brand D, 1.7 um, 100A Detection: UV (260 nm)
o Sample: 41mer RNA
C
©
0
S 0
8 o ;
Brand A, 1.7 um, 130A l
0
3401 2
Brand A, C18 2.5 um, 130A
2 3 4 5 6 7
Retention Time (min)
29 ThermoFisher
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Method Development

Pre-Column Heater
Gradient Curve
Temperature
Flow Rate

lon-Pair Reagent

30 ThermoFisher
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Adjustment of Gradient Curve

Column: DNAPac RP, 4 pm

Format: 2.1 x50 mm

Mobile phase A: 0.1 M TEAA, pH 7.0

Mobile phase B: 0.1 M TEAA in Water/ Acetonitrile

(25:75 vIv)
Gradient:
70 Time (min) %A %B
b -3.0 88 12
0.0 88 12
= 4.0 62 38
< 41 10 90
E 6.0 10 90
3
G ‘ Gradient curve: a) 5 (linear)
5701 ¢C b) 4
[72]
Re) C)3
< [\ NN d) 2

Temperature: 60 °C

L

Flow rate: 0.60 mL/min
Inj. volume: 2L
Detection: UV (260 nm)
n A “ Sample: 8-Combo DNA (5 uM)*
1 2 3 4 5
Retention Time (min)
31 ThermoFisher
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Effect of Gradient Curve on Resolution

Effect of Gradient Curve on Resolution

32

9 - [
8 - [ |
7 d
A
[ )
[
S 6 1 m
E ®5
% * 4
5 - A | A3
A *2
4 o ¢
¢ :
3 - ¢ =
2 b4 [
2 T T T
12-16 16-20 20-24 24-28 28-32 32-36 36-40
Length of DNA
ThermoFisher
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Separation of Oligonucleotides at Different Temperatures

500 Column: DNAPac RP, 4 um
Format: 2.1 x50 mm
Mobile phase A: 0.1 M TEAA, pH 7.0
a Mobile phase B: 0.1 M TEAA in Water/ Acetonitrile
(25:75 vIv)
Gradient:
Time (min) %A %B
b -3.0 94 6
0.0 94 6
= 8.0 54 46
< 8.1 10 90
E 10.0 10 90
o C
§ Temperature:  a) 30 °C
5 b) 40 °C
a8 c) 50 °C
< d d) 60 °C
e) 70 °C
f) 80 °C
e |
Flow rate: 0.40 mL/min
Inj. volume: 2L
Detection: UV (260 nm)
f Sample: 8-Combo DNA (5 pM)*
0,
4 5 6 7 8 9
Retention Time (min)
a3 ThermoFisher
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Effect of Temperature on Resolution

g Effect of Temperature on Resolution
12
11 - o
A
10 - |
*
9 - L
A
c 8- Y A30°C
o A
= N ®40°C
% 3 ¢50°C
C g A * m60°C
|
5 : A70°C
A ; ©380°C
) :
A
; S
-
2

12-16 16-20 20-24 24-28 28-32 32-36 36-40
Length of DNA
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Separation of Oligonucleotides at Different Flow Rates

707 a
Column: DNAPac RP, 4 pm
Format: 2.1 x50 mm
Mobile phase A: 0.1 M TEAA, pH 7.0
Mobile phase B: 0.1 M TEAA in Water/
0- ~ Acetonitrile (75:25 v/v)
Gradient: a) 1210 36%B in 12 min.
60 b b) 12 to 36%B in 6 min.
c) 12 to 36%B in 4 min.
d) 12 to 36%B in 3 min.
Eé Gradient curve: 3
~— O’
3 Temperature: 60 ¢
860, o Flow rate: a) 0.20
5 b) 0.40
3 c) 0.60
< d) 0.80
| Inj. volume: 2L
0 Detection: UV (260 nm)
Sample: 8-Combo DNA (5 uM)*
50 d
0,
1 2 3 4 5 6 7 8 9 10 11 12 13 14
Retention Time (min)
35 ThermoFisher
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Effect of Flow Rate on Resolution

e Effect of Flow Rate on Resolution
11 -
10, @
9 u
i |
8 o
5
5 7 A 00.2
sl ® u * m0.4
o °
A - . AQ.6
5 * A = +0.8
* A u ®
4 * A u .
3 ¢ 4 A
.
2 T T T T T T
12-16 16-20 20-24 24-28 28-32 32-36 36-40

Length of DNA
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Comparison of TEA and HA as lon-Pairing Reagents

Column: DNAPac RP, 4 ym
20, Format: 2.1 x50 mm
] a
Mobile phases
a)
) Mobile phase A: 0.1 MTEAA, pH 7.0
E Mobile phase B: 0.1 M TEAA in Water / Acetonitrile
S (75:25 v/v)
[0}
4 ¥
3 Mobile phase A: 0.1 M HA, pH 7.4
é Mobile phase B: 0.1 M HA in Water / Acetonitrile
2 U (50:50 v/v)
“,n JL\JKNJKNJ U U \ Gradient:

o a) Time (min) %A %B
-2.0 92 8
70 b 0.0 92 8
3.0 68 32
3.1 10 90
— 5.0 10 90
)
< . .
£ b) Time (min) %A %B
Q -2.0 78 22
= 0.0 78 22
5 3.0 36 64
fg 3.1 10 90
< 5.0 10 90
L\,\/\/\J w LV\/J u u U Gradient curve: 3
0 M\J Temperature: 80 °C
T ‘ Flow rate: 0.80 mL/min
1 : 3 ‘ 5 Dotoctiont 6\%260 )
i i i etection: nm
Retention Time (min) Sample: 8-Gormoo DNA (5 M)"
37 ThermoFisher
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Other lon-Pairing Reagents

Table 2. Physicochemical properties of the six ion-pairing (IP’) reagents

IP reagent TEA HA DBA DMBA DIPEA TPA

MW (g/mol)? 101.19 101.19 129.24 101.19 129.24 143.27

Boiling point (°C)? 88.8 131-132 159 93.3 127 155-158

Chemical structure '\./N\./' /\/\/\ /\/\ /\/\ \/\/N\ /L“L-':I.\ [\IJ/\
VAV IANAN

Water solubility 73.7° 12° 3.5° 41.8° 3.9° 0.748°

(g/L) (25 °C)

Log Pow 1.15% 1.92 206 1.707 2.35° 2.68%

pKa (25 °C) 10.78° 10.64° 11.39° 10.19° 11.4° 10.65°

ElIhe values were obtained from Sigma-Aldrich.

PThe values were obtained from the U.S. National Library of Medicine database.
28 Rapid Commun. Mass Spectrom. 2014, 28, 339-350. ThermoFisher
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Comparison of TEA and HA as lon-Pairing Reagents

80

Absorbance (mAU)

6.97

5.76

4.25
4.
5.15 63

3.88

3.48

Column:
Format:

Mobile phases
a)

Mobile phase A:
Mobile phase B:

b)

Mobile phase A:
Mobile phase B:

DNAPac RP, 4 pm
2.1 x50 mm

0.1 MTEAA,pH 7.0
0.1 M TEAA in Water / Acetonitrile
(75:25 v/v)

0.1MHA pH7.4
0.1 M HA in Water / Acetonitrile
(50:50 v/v)

Gradient: a) 8 to 32%B in 3 min.
b) 23 to 63.5%B in 3 min.
80 473 400 Gradientcurve: 3
6.32 544 3.62 Flow rate: 0.80 mL/min
7.01 Inj. volume: 2L
=) 8.42 Temperature: 80 °C
E Detection: UV (260 nm)
Py Sample: 8-Combo DNA (5 pM)*
Q Peak label: Resolution (ep)
S
(@}
(%}
Q
) W Wiy —
1 2 3
Retention Time (min)
a9 ThermoFisher
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Effect of Oligonucleotide Diluent

70 a
=)
<<
E
(0]
(@]
c
©
£
o
n
o]
0,

70 b

=)

<€

£

©

o

[

S

2

o

7

Q

< u
RN

)

L

1 2 3

Retention Time (min)

Column:
Format:
Mobile phase A:
Mobile phase B:

Gradient:

Gradient curve:
Flow rate:

Inj. volume:
Temperature:
Detection:
Sample:
Sample diluent:

DNAPac RP, 4 pm

2.1 x50 mm

0.1 MTEAA,pH 7.0
0.1 M TEAA in Water/
Acetonitrile (75:25 v/v)

Time (min) %A %B
-2.0 92 8
0.0 92 8
3.0 68 32
3.1 10 90
5.0 10 90

3

0.60

2 uL

60 °C

UV (260 nm)

8-Combo DNA (5 puM)*

a) Water

b) Mobile phase A

40

ThermoFisher
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Separation of Diastereoisomers of siRNA at Different pHs

100 Column: DNAPac RP, 4 ym
pH 7.9 Format: 2.1 x50 mm
Mobile phase A: 15 mM TEA, 400 mM HFIP, pH 7.9
Mobile phase B: 15 mM TEA, 400 mM HFIP in Water/
<S Methanol (75:25 v/v)
S
° Gradient:
2 Time (min) %A %B
3 0.0 65 35
S 5.0 42 58
2 5.1 10 90
\ 7.0 10 90
j 7.1 65 35
0 — " ——— 13.0 65 35
40 .
pH 9.9 Flow rate: 0.25 mL/min
Inj. volume: 3uL
Temperature: 30°C
=) Detection: UV (260 nm)
E MS (Negative-ion mode)
> Mass Spec: Q Exactive Plus
e Sample: 21mer siRNA
g AGCUGACCCUGAAG;UUCAUdCdT
o . .
§ \_J \(L@/Base
N—J g 0\ .-R
0 | | | | | SR o
1 2 3 4 5 6 7 °
Time (min)
a1 ThermoFisher
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Separation of Mobility Modifier DNA at Different pHs

180

Absorbance (mAU)

o

1307

'oH 7.0
I
pH 10.0 Desired product
N-1 PEG
N-2 PEG
2 3 4 5 6 7

Retention Time (min)

Column:
Format:

a)

Mobile phase A:
Mobile phase B:

b)

Mobile phase A:

Mobile phase B:

Gradient:

Temperature:
Flow rate:

Inj. volume:
Detection:
Sample:

DNAPac RP
2.1 x50 mm

0.1 MTEAA,pH 7.0
0.1 M TEAA in Water / Acetonitrile
(90:10 v/v)

0.05 M TEAA + 0.05% TEA, pH
10.0

0.05 M TEAA + 0.05% TEA in
Water / Acetonitrile (50:50 v/v)

a) 5-35% B in 7.5 minutes
b) 5-40% B in 7.5 minutes

45 °C

0.80 mL/min

2 uL

UV (260 nm)

Sequencing primer labeled with
fluorescein and contains at least 10
units of mobility modifier (ethylene
oxide)
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DNAPac PA200 RS vs DNAPac RP

DNAPac PA200 RS DNAPac RP
Anion Exchange Chromatography lon-Pair Reversed Phase
Chromatography
* Provides ultra-high resolution  Provides high resolution
separation oligonucleotides separation oligonucleotides
» Low or no organic solvent « Can be directly coupled to

Mass spectrometer
» Cannot be directly coupled to
Mass spectrometer  Excellent separation of long
oligonucleotides and large
dsDNA fragments
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ssDNA: 8-Combo

607 DNAPac RP 3.0x100 mm
5.02 423
5.94
. 7.18
= 8.94
£ 11.48
(]
e 15.83
44
O
S
n
O
o—"
1407 DNAPac PA200 RS 4.6x150 mm
7.19
8.50 6.20
=) 10.49
F 13.47
£ 17.93
[&]
= 25.76
o]
S
n
O
) L\—JJ
| | [ [ [ [ [ [ |
4 5 6 7 8 9 10 11 12 13
Retention Time (min)

a4 ThermoFisher

SCIENTIFIC



dsDNA: ®X174-BsuRl digest

457 DNAPac RP 3.0x100 mm

Ln
<
@ b el
> )
< ~
E
(o]
(] (ep]
£ <
44
2
3
= . Q Y
© © <
oj L ol
0 ~ I\ A
1207 pNAPac PA200 RS 4.6x150 mm
5
<C
E
(]
(&)
S
o o]
— (ep]
g .
8 o T N~ 3 N RI
foe) ) ~
N b ol
0 A JAN /\ /L J
| | | | | | | | | | | |
2 3 4 5 6 7 8 9 10 11 12 13

Retention Time (min)
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DNAPac RP vs Competitors: ssDNA

N~
90| DNAPac RP, 4 um - o 0 & 52
3 N s
0 A N
90— 2 Q & 8 &
Brand A 100 A, 1.7 ym o 3 5 o © N
) [{e]

F 12.25

90

0

4.01
3.38
2.96

Brand B, 100 A, 2.7 ym
0 A N

90

Absorbance (mAU)
12.78
8.48
% 6.26
%9

Brand B 1000 A, 5 ym

o
> 6.70
4.
3.

907 Brand C, 3 um o 9 g 8§ ¥
< uO) 3 pox ol (oY (oY
l\_ [{e]
\ /\v /\ W
0 /\
T T T \
5 6 7 8

Retention Time (min)
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DNAPac RP vs Competitors: dsDNA

50
BNAPae RBB; 4 4
N =
0 e N J\
80 Brand A 100 A 1.7 pm
. 0 A VA
2
35 .
E Brand B, 100 A, 2.7 pm
% /\K
g
12 .
e W
0 J\
35 Brand D, 3 um
0 MA
| [ | | [ | [ [ [ |
3 4 5 6 7 8 9 10 11 12 13
Retention Time (min)
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Lot-to-Lot Variability: ssDNA

90

Lot 01425078

Absorbance (mAU)

—
—

(o]
o

Lot 01425079

Absorbance (mAU)

90
Lot 01425080

Absorbance (mAU)

1.00 2.00 3.00 4.00 5.00 6.00

ThermoFisher
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Lot-to-Lot Variability: dsDNA

45.0

5 Lot01425078

E

(O]

£20.0 \

g

2

2 A N N\

-5.0

45.0

=) Lot 01425079

E

(O]

220.0

£

2

2 N AN

-5.0

45.0

=) Lot 01425080

E

(O]

220.0

£

2

2 A N__

5.0 | T A T A A IR T ] T T

2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0 13.0 14.0
Retention Time (min)
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 DNAPac RP is a polymer based reversed phase column

- DNAPac RP provides high resolution separation of single-stranded
oligonucleotides

- LC/MS analysis of oligonucleotides can be achieved by using DNAPac
RP column coupled with Thermo Scientific™ Q Exactive™ Hybrid
Quadrupole-Orbitrap™ Mass Spectrometer

» Wide-pore size of DNAPac RP column provides high resolution
separation of large double-stranded DNA/RNA fragments

- DNAPac RP can be used with high pH mobile phase and at high
temperature which often provides alternative selectivity and higher
resolution for more challenging samples

 DNAPac RP has minimal lot-to-lot variability

ThermoFisher
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