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YMC Oligonucleotide Columns

Nucleic acids

Different types of therapeutic nucleic acids
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YMC Oligonucleotide Columns

Phase selection guide

Oligonucleotides / Nucleic Acids
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YMC Oligonucleotide Columns

Oligonucleotide applications

Oligonucleotides d(T)2-20 method transfer from HPLC to UHPLC @
Conventional LC method UHPLC method “
mAU mAU 7 min
Column:  YMC-Triart C18 (5 ym, 12 nm) Column:  YMC-Triart C18 (1.9 ym, 12 nm)
150x2.0 mm ID 50x2.0mmID
2 PartNo.: TA12S05-1502WT 2 PartNo.: TA12SP9-0502PT ’, x
Flow rate: 0.2 mL/min Flow rate: 0.8 mL/min r
e eon ) A Eon (07
| [ oradient:”30-50%8 (0-84 min | | cradiont 35-50%B(0-7 min) fa Ste
10 10
5 5
0 0
0 10 20 30 40 50 60 70 80 min 0 ‘1 IZ ; :1 ; ;i m‘in
Eluent: A) 10 mM di-n-butylamine-acetic acid (pH 6.0) Detection: UV at 269 nm
B) methanol Injection: 1 pL (5 nmol/mL)
Temperature: 37°C
Synthetic oligonucleotides @
mAU ] 4
1. 5-CACUGA AUA CCA AU-3' (14mer)
E 2. 5-UCA CACUGA AUA CCA AU-3’ (17mer)
15 ] 3. 5-UCA UCA CAC UGA AUA CCA AU-3' (20mer)
4. 5'-GUC AUC ACA CUG AAU ACC AAU-3’ (21mer)
10 1 3
2
1 1
) ﬂ
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0 2 4 6 8 10 min*
Column: YMC-Triart C18 (1.9 pm, 12 nm) 50 x 2.1 mm ID Flow rate: 0.42 mL/min
Part No.: TA12SP9-05Q1PT Temperature: 65°C
Eluent: A) 200mM HFIP*-8 mM triethylamine Detection: UV at 260 nm
B) methanol Injection: 1L (2-4 nmol/mL)
Gradient: 10-20%B (0-10 min)
*hexafluoroisopropanol
LC/MS analysis of miRNA @
mAU 21nt 22nt
A) UV 0
107
07
0.0 25 5.0 7.5 10.0 125 15.0 175 min
B) MS Int(x100000)
51
MIC
(m/z1721.5, m/z 1798.1)
21nt 220t
0
0.0 25 5.0 7.5 10.0 125 15.0 175 min
Courtesy of M. Yamada, SHIMADZU CORPORATION
5-pUGG AGU GUG ACA AUG GUG UUG-3' (21 nt, MW 6,890.1)
5"-pUGG AGU GUG ACA AUG GUG UUG U-3’ (22 nt, MW 7,196.3)
Column: YMC-Triart C18 (3 pm, 12 nm) 150 x 2.0 mm ID Temperature: 30°C
Part No.: TA12S03-1502WT Detection: A) UV at 260 nm
Eluent: A) 10 mM di-n-butylamine-acetic acid (pH 7.5) B) ESI-negative mode
B) 10 mM di-n-butylamine-acetic acid (pH 7.5)/acetonitrile (50/50)  Injection: 4 L (5 nmol/mL)
Gradient: 62-72%B (0-20 min) System: LC) Shimadzu Prominence
Flow rate: 0.2 mL/min MS) Shimadzu LCMS2020




Oligonucleotide applications

Analysis of phosphoramidites

DMT-dT-CE phosphoramidite (dT)

DMT-dG(iBu)-CE phosphoramidite (dG)

mAU mAU
600 1
300 1 400 ]
200 1
200 A
100 1
_—_—r e
0.0 5.0 10.0 15.0 min 0.0 5.0 10.0 15.0 min
DMT-dA(Bz)-CE phosphoramidite (dA) DMT-dC(Bz)-CE phosphoramidite (dC)
mAU ] mAU ]
400 7
] 500 1
200 A
250 A
0 L L T T T I 0 LA I L I L L L I LB B
0.0 5.0 10.0 15.0  min 0.0 5.0 10.0 15.0  min
Column: YMC-Triart C18 (5 ym, 12 nm) 150 x 4.6mm ID Flow rate: 1.0 mL/min
Part No.: TA12S05-1546PTH Temperature: 30°C
Eluent: A) 20mM triethylammonium acetate (pH 7.0)/acetonitrile (90/10) Detection: UV at 254 nm
B) acetonitrile Injection: 4 pL (1.0 mg/mL)
Gradient: 45-95%B (0-12 min), 95%B (12-17 min)

total ion chromatograms (TIC)

Influences of mobile phase conditions on intensity of ESI-MS

raw mass spectra

Gradient: 30-75%B (0-20 min)

buffer/acetonitrile buffer/methanol
Scan ES-TIC Scan ES- TIC Scan ES -
7.50e7 7.50e7 T2 T10 T20
oy ey 1.5166 1.86e6 > 2.07e6 e
100y M 100, 0927 15047
%] I n2 THo 20 T, 1o 5453
A 10 mM TEAA
o ¢ % %
b)ror ) e
% T e T20 e T20] T
MMU.\W«»AO mM DBAA K 10 mM DBAA R mar e oA
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1l T20 1 .33:'_6 1.04e6
400 MM HFIP-TEA. e "*]fo52 e
o . "
o 5 o A 2 min " o
0 0
[
Column: Hydrosphere C18 (3 pm) 50 x 2.0 mm ID d) Eluent:  A) 10 mM TEAA buffer (pH 6.0)
Part No.: HS12S03-0502WT B) eluent A/methanol (50/50)
Flow rate: 0.2 mL/min Gradient: 44-50%B (0-25 min)
Temperature: 35°C e/f) Eluent:  A) 10/5 mM DBAA buffer (pH 6.0)
Detection: ESI negative mode B) eluent A/methanol (20/80)
Injection: 5 pL (25 pmol/component) Gradient: 42-70%B (0-20 min)
a) Eluent:  A) 10 mM TEAA buffer (pH 6.0) Q) Eluent:  A) 400 mM HFIP-TEA buffer (pH 7.0)
B) eluent A/acetonitrile (80/20) B) methanol
Gradient: 50-65%B (0-20 min) Gradient: 7-35%B (0-20 min)
b/c) Eluent:  A) 10/5 mM DBAA buffer (pH 6.0)
B) eluent A/acetonitrile (50/50) Sample: Oligodeoxythymidylic acid [d(pT),.z)




YMC Oligonucleotide Columns

Oligonucleotide applications

LC-HRMS analysis of the antisense oligonucleotide Mipomersen (Kynamro®) @
Total ion chromatogram 1
100 2 1. LNA-mipomersen (I.S.)
2. mipomersen
90
80
[0}
E 70
g 60
© 50
g
E 40
e 30
20
10
0 0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0
Time (min)
Mass spectrum of mipomersen Mass spectrum of LNA-mipomersen
1003 RT: 4.60-5.00 2390.9664 1003 RT: 3.80-4.20 2237.5110
90 [M-3HJ*> 90
80 e o 80 [M-3H]*
[
g 70 § 70 o
2 [M-4H]* g
é 60 éso [M-4 ]4.
o 50 2 50
£ IMBH® & .
B 40 @ 40{[M-8H]
30 1793.0092 30 X 1677.9098
20] 896.0074 207 838.4558
10 10
el L ol L
500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 m/z 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000mM/z
Column: YMC-Triart C8 metal-free PEEK-lined (1.9um, 12nm)* 100 x 2.1mm ID
Part No.: TO12SP9-10Q1PTP
Eluent: A) water/triethylamine/HFIP"? (100/0.4/2; triethylamine 28.0mM, HFIP 135.8 mM)
B) methanol/triethylamine/HFIP (100/0.4/2)
Gradient: [Sample separation step]
10-40%B (0-5.0 min)
[Column wash steps]
40-70%B (5.0-5.1 min), 70%B (5.1-7.0 min), 70-10%B (7.0-7.1 min), 10%B (7.1-8.0 min), 10-90%B (8.0-8.1 min), 90%B (8.1-9.0 min),
90-10%B (9.0-9.1 min), 10%B (9.1-10.0 min), 10-90%B (10.0-10.1 min), 90 %B (10.1-11.0 min), 90-10 %B (11.0-11.1 min)
Flow rate: 0.3mL/min
Temperature: 50°C
Injection: 10pL (1000ng/mL)
System : LC) Vanquish Binary Pump H system
HRMS) Orbitrap HRMS Q Exactive Plus

*1 Prewash the column prior to the first use with water/methanol/phosphoric acid (70/30/0.1) for 1 hour

*2 1,1,1,3,3,3-hexafluoro-2-propanol

Reference:Y. Sun et al, Development of a bioanalytical method for an antisense therapeutic using high-resolution mass spectrometry,
Bioanalysis, 2020 NOV 26, doi: 10.4155/bio-2020-0225.



Oligonucleotide applications

Separation of hydrophobic oligonucleotides modified with disulfides @
YMC-Triart Bio C4 Polar C18 colum
Target (Hydrosphere C18)
AU _
* 0.20
0.08 B
0.06 - 0.15
E E *
0.04 0.10 .
] ] Target is not eluted.
0.02 0.05 -
0.00 E
E 0.00
T T T T T T T T T T T T T T T T T T T T T T T T
0 5 10 15 20 25 30 35 40 min 0 5 10 15 20 25 30 35 40 min
*phosphorothioate oligonucleotides without disulfide-unit
Column: 5pm, 250 x 4.6 mm ID Flow rate: 1mL/min
Product code: TB30S05-2546PTH Temperature: 50°C
HS12805-2546WT Detection: UV at 260nm
Eluent: A) 50 mM TEAA* (pH 7.0)/acetonitrile (95/5) Sample: Crude reaction mixture
B) acetonitrile
Gradient: 5-95%B (0-30 min), 95%B (30-35 min), By courtesy of Saki Kawaguchi,
95-5%B (35-35.1 min), 5%B (35.1-45 min) Chemistry Department, Nagoya University, Japan
*Triethylammonium acetate
Easy purification of oligonucleotides with YMC-Actus semi prep columns @
Purification of synthetic 30mer oligonucleotide
Analysis 1.0 mL/min, 5 uL injection Purification 19 mL/min, 100 uL injection
Hydrosphere C18 YMC-Actus Hydrosphere C18
50x4.6 mmID, 5 pm 50x20 mm ID, 5 um
Recovery 56 %
Purity >99 %
/ 30mer
Impurities -
T T T T ) I ] ] ]
0 10 20 30 min 20 22.5 25 27.5 min
Part Nos.: HS12S05-0546WT
HS12S05-0520WX
Eluent: A) 10 mM DBA-acetic acid (pH 6.0) / methanol (60/40)
B) 10 mM DBA-acetic acid (pH 6.0) / methanol (20/80)
Gradient: 10%-35%B (0-30 min.)
Temperature: ambient
Detection: UV at 269 nm
Sample: synthetic oligonucleotide (100 pM)




YMC Oligonucleotide Columns

Oligonucleotide applications

mRNA coupled to enhanced green fluorescent protein (EGFP) @
mAU 7
200 -
100
0 V-
T T T T T T T T T 1
0 5 min
Column: YMC-Accura Triart Bio C4 (3pm, 30 nm) 100 x 2.1 mm ID Temperature: 80°C
Part number: TB30S03-10Q1PTC Detection: UV at 254nm
Eluent: A) 50 mM TEAA* (pH 7.0) / acetonitrile (95/5) Injection: 2pL (0.25mg/mL)
B) acetonitrile Sample: CleanCap® EGFP mRNA (5moU)
Gradient: 5-10%B (0-10 min) (TriLink Bio Technologies)
Flow rate: 0.2mL/min

*triethylammonium acetate

IEX analysis of EGFP mRNA (996nt) @
mAU -
20
10
07
\ \
0 5 10 min
Column: BioPro IEX QF (5 pm) 100 x 4.6 mm ID Temperature: 15°C
Part number: QF00S05-1046WP Detection: UV at 260 nm
Eluent: A) 10mM NaOH (pH 12) Injection: 5pL (0.025 mg/mL)
B) 10mM NaOH (pH 12) containing 2M NaCl Sample: CleanCap® EGFP mRNA (5moU)
Gradient: 0-100%B (0-9 min), 100%B (9-13min) (TriLink Bio Technologies)
Flow rate: 1.0mL/min

10



Oligonucleotide applications

siRNA duplex under denaturing conditions @
1
mAU I—I 1. siRNA duplex
40 ]
30 | antisense strand sense strand
\ _——
20 |
10
. U
0 2 4 6 8 10 12 14 min
Column: YMC-Accura Triart Bio C18 (1.9 pm, 30 nm) 50 x 2.1 mm ID Flow rate: 0.42 ml/min
Part No.: TA30SP9-05Q1PTC Temperature: 65°C
Eluent: A) 15 mM TEAA* (pH 8) Detection: UV at 260 nm
B) methanol Injection: 1 pl (5 nmol/ml)
Gradient: 5%-20%B (0-15min) Sample: siRNA duplex

*triethylammonium acetate

siRNA duplex under denaturing conditions

@

mAU |,
| 1. siRNA duplex
10 |
1 sense strand antisense strand
] N —
5 E
01
T T T T T T T L L B B Tl
0 2 4 6 8 10 12 14 min
Column: BioPro IEX QF (5 pm) 100 x 4.6 mm ID Flow rate: 1.0 mi/min
Part number: QF00S05-1046WP Temperature: 25°C
Eluent: A) 10 mM NaOH Detection: UV at 260 nm
B) 10 mM NaOH containing 1M NaCIO, Injection: 4 pl (5 nmol/ml)
Gradient: 30%-37%B (0-15min) Sample: siRNA duplex

n



YMC Oligonucleotide Columns

Oligonucleotide applications

Challenging phosphorothioate oligonucleotides

5-UACAANUACAANCAANCAUAGAANANUAAACACAANANU-3’ (RNA 20mer)
5’-GAUACAANUACAANCAAACAUAGAANAAUNANCACAANANU-3’ (RNA 21mer)
A=Phosphorothioated

mAU 2
5
4 1
3 1
2 1
1 ’J L_'
Lol
o 17"
T T T L T T 1
0 1 2 3 4 5 6 min
Column:  YMC-Accura Triart Bio C18 (1.9pm, 30nm) 50 x 2.1mm ID Flow rate: 0.42mL/min
Part No.: TA30SP9-05Q1PTC Temperature: 65°C
Eluent: A) 15mM triethylamine - 400mM HFIP* Detection: UV at 260nm
B) methanol Injection: 1 pL (each 1.0 nmol/mL)
Gradient:  10-20%B (0-10 min)

*1,1,1,3,3,3-hexafluoro-2-propanol

AEX analysis of siRNA duplex under non-denaturing conditions

mAU ]

30 1. siRNA duplex

20 ]

10

12

, .

0 5 10 min
Column: BioPro IEX QF (5pm) 100 x 4.6 mm ID Flow rate: 1.0 ml/min
Part number: QF00S05-1046WP Temperature: 25°C
Eluent: A) 20mM Tris-HCI (pH 8.1) Detection: UV at 260nm
B) 20mM Tris-HCI (pH 8.1) containing 1M NaClO, Injection: 4pl (5nmol/ml)
Gradient: 25%-40%B (0-15min) Sample: siRNA duplex
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YMC Oligonucleotide Columns

IP-RP — UHPLC/HPLC Selectivities

Features

» Selection of C18, C8 and C4 columns
» Forion-pairing (IP-RP) UHPLC and HPLC
» pH-and temperature stable phases
» Superior reproducibility

Selectivities for oligonucleotides

Base particle
Modification
Particle Size / pm
Pore Size / nm

pH range

Temperature range

Bioinert hardware

YMC-Triart
c18

C18 (USP L1)

1.93,5

12

1.0-12.0

pH < 7:90°C
pH > 7:50°C

YMC-Triart
Bio C18

YMC-Triart

organic/inorganic hybrid silica

C18 (USP L1)

1.93,5

30

1.0-12.0

pH < 9:90°C
pH > 9:50°C

C8 (USPL7)

1.9,3,5

12

1.0-12.0

pH < 7:90°C
pH > 7:50°C

YMC-Triart
Bio C4

C4 (USP L26)

1.9, 3,5

30

1.0-10.0

pH < 7:90°C
pH>7:50°C

Hydrosphere
Cc18

silica

C18 (USP L1)

2,3,5

12

2.0-8.0

50°C

Bioinert
hardware

availab

Je!

Bioinert YMC-Triart columns are available for improved sensitivity and peak shape of coordinating compounds such as
nucleotides or oligonucleotides.

14



IP-RP — UHPLC/HPLC Selectivities

Enhanced retention and resolution even at low buffer concentrations

100 mM Buffer 10 mM Buffer
Hydrosphere C18
3.0um
YMC-Triart C18 - . superior resolution

1.9um . 5 & LC MS
a L UUM}W%L compatibility

Waters Acquity UPLC ‘5 ‘5
N

Oligonucleotide BEH C18 "
1.7pm ’

Agilent AdvanceBio
Oligonucleotide

2.7pum : : J
Column: 50 x 2.1 mm ID
Eluent: A) 100 mM or 10 mM triethylamine-acetic acid (pH 6)
B) A/acetonitrile (80/20)
Gradient: 50-65%B (0-20 min)
Flow rate: 0.21mL/min

Temperature: 35°C

Detection: UV at 260 nm

Injection: 2 pL (5 nmol/mL)

Sample: Oligodeoxythymidylic acid [d(pT)2-20]

The separation of oligo(deoxythymidylicacids), d(pT)2-20, was compared using 100 mM or 10 mM triethylammonium
acetate (TEAA) buffer, under the same gradient conditions. Both Hydrosphere C18 and YMC-Triart C18 showed
enhanced retention and resolution compared to other commercially available C18 phases designed for
oligonucleotide analysis, even at the low ion-pairing buffer concentration such as 10 mM. The higher concentration
provides stronger retention and superior resolution of oligonucleotides, although a lower concentration has the
advantages of increasing the signal intensity and reducing system contamination in HPLC-MS analysis.




YMC Oligonucleotide Columns

IP-RP — UHPLC/HPLC Selectivities

Optimum resolution for short and long poly(dT) oligonucleotides

4 A
Short poly(dT) IS, Long poly(dT)
YMC-Triart Bio C18
% 100
60
2% 80 120
10 20 40
¢ ; )
30
30 60 4og
25 © 80
10 20 20 120
15
1s.  XBridge Oligonucleotide BEH C18
25 30
10
15
30 30
25 40
10
20 40
15 80 400120
DNAPac RP 100 80
60 gp 120
1S.
(Bfoadening)
\0 5 10 15 20 25 mvy
Columns: YMC-Triart Bio C18 (3 pm, 30 nm) 50 x 2.1mm ID
XBridge Oligonucleotide BEH C18 (2.5um, 13 nm) 50 x 2.1 mmID
DNAPac RP (4 um, proprietary) 50 x 2.1 mm ID
Part No.: TA30S03-05Q1PTH
Eluent: A) 4mM TEA* - 100mM HFIP**
B) methanol
Gradient: 0.5%B/min, initial %B=5
Flow rate: 0.42mL/min
Detection: UV at 260nm
Temperature: 65°C
Injection: 1.04L
Sample: Poly(dT) oligonucleotides

*“trietylamine, **1,1,1,3,3,3-hexafluoro-2-propanol

The YMC-Triart Bio C18 column demonstrates a better resolution, higher recovery and reproducibility of poly(dT)

oligonucleotides compared to the other two competitor columns. Longer poly(dT) oligonucleotides (60-120mer)

were separated poorly by the competitor’s hybrid silica based column, whereas YMC-Triart showed high resolution

for oligonucleotides of all sizes. Peak areas and therefore recoveries of shorter poly(dT) oligonucleotides (10-
40mer) were much smaller when separated using the dedicated DNA competitor column. In addition, YMC-Triart

Bio C18 showed reproducible behaviour such as consistent peak areas. This makes YMC-Triart Bio C18 an ideal tool

for analysis of poly(dT) oligonucleotides.

16



IP-RP - Temperature and mobile phase effects

Versatile wide pH and temperature stability

Phosphate buffer (pH 11.5, 40°C) 15mM TEA - 400 mM HFIP (pH 8, 90°C)
120% 120%
YMC-Accura Triart Bio C18
100% 100%
Z 3
E X
2 80% T 80%f
5 YMC-Triart C18 ExRS 2
g ; < 60% -
g o0y YMC-Triart C18/C8 5
£ YMC-Triart Bio C4 @ ag0
S o4l . o  40% 1
£ Hybrid based C18 B3
[}
= Hybrid based C18 20% t
20% -
Silica based C18
0% L L L L J
0% . : - ; 0 20 40 60 80 100
(o] 20 40 _ 60 80 100 )
Time [h] Time (hr)
Column: YMC-Accura Triart Bio C18 (1.9 pm, 30 nm), 50 x 2.1 mm ID
Eluent: A) 15mM TEA-400 mM HFIP (pH8)
Column: 5pm, 150 x 4.6 mm ID B) methanol
Eluent: 50 mM K,HPO,-K,PO, (pH 11.5)/methanol (90/10) Gradient: 6-16%B (0-10 min)
Flow rate: 1.0 mL/min Flowrate: 0.42mL/min
Temperature: 40°C Temperature: 90°C
Sample: benzyl alcohol Sample: 20mer RNA

Effect of four different ion pair reagents on the denaturation of a siRNA duplex
at different temperatures

BA TEA HA DBA
initial=3%B initial=7%B initial=38%B initial=30%B
oy RS(1.2=2.63 Denatured ":;L Rs(1 ,22)=11.98 Denatured Denatured Denatured
2 1 mY 123 mAU 123
40 40 40 40|
65°C
20 20 20 20
0 2 4 mn 4 44 48mn 0 2 4 mn 36 4 mn 0 2 4 min 36 4  mn 0 2 4 mn 24 48 mn
Intact Partially Partially Denatured
mAL 1
mAU 21 40 2 mAU 12,3
N mAU . , 92 96 10 104 i
20 3 3 0 h 2
0 2 4 6 8 10 12 14mn 0 2 4 6 8 mn 02468 10mn 0 2 4 6 8 mn
Intact Intact Intact Intact
mAU 2
mAU 2 1 3 30 1 mAU 1
20 2 3 mAU p 2
i T N
o Lo |5 | 2
0 2 4 6 8 10 12 14 16 18mn 0 2 4 6 8 10 12 14mn 0 5 10 15 20 25mn 0 5 10 15 mi
Column: YMC-Accura Triart Bio C18 (1.9 pm, 30 nm), 50 x 2.1 mm ID 1. sense strand
Part No.: TA30SP9-05Q1PTC 2. antisense strand
Eluent: A) 8 mM alkylamine - 100 mM HFIP* (pH 8) 3. siRNA duplex
B) methanol
Gradient: 1%B/min
Flow rate: 0.42 mL/min
Temperature: 65°C, 45°C or 25°C Sample: siRNA duplex, sense strand, antisense strand
Detection: UV at 260nm 5’-CGU ACG CGG AAU ACU UCG AdTdT-3’ sense strand
Injection: 1 pl (5nmol/mL) 3’-dTdTGCA UGC GCC UUA UGA AGC U-5’ antisense strand

*1,1,1,3,3,3-hexafluoro-2-propanol
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YMC Oligonucleotide Columns

IP-RP — YMC-Triart: Bioinert hardware

Bioinert columns for bioseparations and coordinating compounds

» Exceptional peak shapes with high sensitivities
« Excellent recoveries without column preconditioning
 Superior reproducibility and no carry-over effects

« Ideal for highly sensitive LC/MS analyses
» Different bioinert hardware options

Specifications

YMC-Accura Triart

18

YMC-Triart modifications

Particle Size

C18, C18 ExRS, Bio C18, C8, Bio C4, Phenyl, PFP, Diol-HILIC

1.9,3 and 5pm

Stainless steel with bioinert coating

Column hardware

Less hydrophobic

Hardware properties
Pressure limit
Column connection

3/5 pm:

Stainless steel with bioinert coating

No special connections required

PEEK-lined stainless steel
PEEK

More hydrophobic

1.9 um: 100 MPa (15,000 psi)
45 MPa (6,525 psi)

Selected universal connectors

such as MarvelXACT™

Improved sensitivity for coordination compounds
1LATP Lo 2. ADP 3.AMP L
HO—I‘:‘)—O':—O—E—() <1 ;T HO E o P oo St %,\ HO j oL /\J; \,J\
S oon ou o NN o on 1/‘3\7‘ N | O\T N
mAU mAU ’
] Bioinert column ] Standard column
8: 8:
1 Ti(1)=1.7 1 Tf(1)=2.6
1 Tf(2)=1.5 ] Tf(2)=2.5
61 Tf(3)=1.0 61 Tf(3)=1.1
4] 4]
21 2:
0l 0]
0 1 2 3 ' 4 5min 0 T T T T T T T T T T T T s i
Column: YMC-Triart C18 (3 pm, 12nm) 50 x 2.1 mm ID Temperature: 25°C
Part Nos.: TA12S03-05Q1PTP (metal-free PEEK-lined) or Detection: UV at 265 nm
TA12S03-05Q1PTH (standard hardware) Injection: 1 pL (10 pg/mL)
Eluent: 5 mM HCOONH, System: bioinert/"metal-free" HPLC system
Flow rate: 0.21 mL/min
Metal coordinating compounds, which have a phosphate group in their structure, tend to show poor peak shape
due to interactions with metals, such as the stainless steel in column bodies and frits. By using a bioinert column
hardware, better peak shapes can be expected.
Nucleotides with phosphate groups also show better peak shapes when compared to the regular column hardware.
The applied YMC-Triart metal-free PEEK-lined as well as the YMC-Accura Triart column hardware are ideal for highly
sensitive analyses using LC/MS.




IP-RP — YMC-Triart: Bioinert hardware

YMC-Accura Triart: durable bioinert coating

The robust bioinert coating used on YMC-Accura hardware is 130 to
320-fold thicker, making it more durable than other similar hard-
ware concepts. A long-term inertness against sensitive substances
is ensured. In order to demonstrate its robustness, a YMC-Accu-
ra column was packed multiple times. Even though this process
is hard on the column surface, the coating remains unaffected
YMC-Accura Triart hardware ' (SEM* picture: top area is bare steel for comparison).
€oating thickness: 400-1600 nm *Scanning Electron Microscope

9 p

Other coated columns can lose their inertness over time. This will again
lead to adsorption of sensitive compounds on the uncovered metallic sur-
faces. Peak tailing, loss of recovery and sample carry-over are typical re-
sults of the delamination of the coating. On a competitor’s column, most
of the coating was already delaminated after merely unpacking the col- othar e

umn. (The dark spots in this picture are the remaining coating.) Coating thickness: 3-5 nm

——
4

High surface inertness without any adsorption

1. TEA-HFIP/methanol 2. TEAA/methanol
125% - 125% -
YMC-Accura column YMC-Accura column
0] WN—*‘W—O—.
_g 100% | e—0—g—0—0—0—0—0—0—0—%—o—0—0—0—0—0—%o—¢ 100% F
(@]
<
(&)
>
S 5% 86% 75% |
o Standard column
G
> 50%r 50% [
[
2 34%
(6]
€ o504l .5 | Standard column
0% 1 1 L L 0% 1 1 L
0 5 10 15 20 0 5 10 15 20
Number of injections Number of injections
Column: Empty YMC-Accura (without stationary phase)
Eluent: 1) 8mM TEA 200mM HFIP/methanol (82/18)
2) 100mM TEAA/methanol (82/18)
Flow rate: 0.42mL/min
Detection: UV at 260nm
Temperature: 65°C
Injection: 1pL
Sample: All PS RNA 20mer (1) (5°-UACAAAUACAAACAANCAUAGAANANUAANCACAANANU-37) A=Phosphorothioate

The YMC-Accura hardware with its inert surface area prevents adsorption of oligonucleotides using a range
of different buffers. No sample conditioning is required.

YMC-Accura columns further provide significantly higher recoveries and sensitivities that cannot be achieved with
regular stainless-steel columns - even after conditioning with 20 sample injections. These ready-to-use columns
ensure high recovery and reproducibility from the very first use.




YMC Oligonucleotide Columns

IP-RP — YMC(-Triart: Bioinert hardware

Significantly higher sensitivity and recovery

Ideal choice for challenging analytes such as phosphorothioate oligonucleotides

mAU | mAU |

YMC-Accura Triart Bio C18 Standard column

6 6
1 2
4 4
mcreased 2
. s N
sensitivity 1
hi
2 a”d 2
recovery:
0 0
T T T T T T T T T 1 T T T T T T T T T 1
7 8 min 7 8 min
Column: YMC-Accura Triart Bio C18 (1.9pm, 30nm) 50 x 2.1mm ID
Part No.: TA30SP9-05Q1PTC
Eluent: A) 15mM triethylamine - 400mM HFIP*
B) methanol

Gradient: 8-18%B (0-10 min)
Flow rate: 0.42mL/min
Temperature: 65°C
Detection: UV at 260nm
Injection: 1L
Sample: All PS RNA 20mer (1) (5'-UACAAAUACAAACAANCAUAGAANANUAANCACAANAAU-3?)

All PS RNA 21mer (2) (5’-GAUACAANUACAAACAANCAUAGAANANUNANCACAANANU-B)
A=Phosphorothioate

*1,1,1,3,3,3-hexafluoro-2-propanol

High sensitivity and recovery

Peak Height Peak Area

peak 2 — o2 —

Peak 1

0.0 1.0 2.0 3.0 4.0 5.0 6.0 0.0 5.0 100 15.0 200 25.0 300 35.0
[mAU] [mAU*s]
B YMC-Accura Triart Bio C18 column B Standard column B YMC-Accura Triart Bio C18 column M Standard column

Doubled peak height and area!

The YMC-Accura Triart Bio C18 column provides double peak heights and peak areas for the oligonucleotides
compared to those for regular stainless-steel columns. YMC-Accura Triart columns enhance the analytical sensitivity
significantly, thereby avoiding the loss of high-value samples.
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IP-RP — YMC-Triart: Bioinert hardware

Reliable results from the first injection

No preconditioning required for reliable results

YMC-Accura Triart Bio C4 Standard column
9 15 injection”
from RO

o° 0O 0 Q0 o0 O°
o SIS RO

o

o°

® © 0 o° o0 O°

oS ST PR
10th 10th
m ) B )
6th JM 6th
4th A — e~ ~—— 4th
UL/L/\/L/\,; 2nd ALL/WW 2nd
M 1st L

JHEY

T T
5 10 min 0 5 10 min
Column: YMC-Accura Triart Bio C4 (3um, 30 nm) 100 x 2.1 mm ID Flow rate: 0.2 mL/min
Part No.: TA30S03-10Q1PTC Temperature: 80°C
Eluent: A) 50mM TEAA* (pH 7.0)/acetonitrile (95/5) Detection: UV at 254 nm
B) 50 mM TEAA (pH 7.0)/acetonitrile (50/50) Injection: 1pL (0.25 mg/mL)
Gradient: 9-14%B (0-10 min), 80%B (10-15 min) Sample: 100-1,000 bases (Century™-Plus RNA Markers)

* Triethylammonium acetate

Constantly higher peak areas and therefore recoveries

[MAU"s] YMC-Accura Triart Bio C4

200 P

QO

= 150

o

[sp)

ks

g 100

5 Standard column

X

3

(o 50
0

1 2 3 4 5 6 7 8 9 10
Number of injections

The YMC-Accura Triart Bio C4 column shows stable peak areas from the first injection, while the standard
stainless-steel column provides only 10% of the peak area (for the 300 base marker) with the first injection.
Even after the tenth injection, the peak areas of the stainless-steel column are considerably less than those of the
YMC-Accura Triart column.
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YMC Biochromatography Columns

IP-RP - Expert Tips: (Oligo)nucleotides

Influence of system and column hardware on the analysis of nucleotides

1ATP 2 ADP 3 AMP
NH, NHy NH,
HO—E—O—E—O—E—O </N | )N HO—E—O—E—O </N | \/)N HO—P—O. </N | \,)N
on on ou o) OH  OH o NN oL NTOW
OH OH OH OH OH OH

Ordinary HPLC system Ordinary HPLC system

with standard column with bioinert column
mAU mAU

1: no elution ]

Column: YMC-Triart C18 (3 pm, 12 nm) 50 x 2.1 mm ID

Part Nos: TA12S03-05Q1PT (standard hardware)
TA12S03-05Q1PTP (bioinert hardware)

Eluent: 5 mM HCOONH,

Flow rate: 0.21 mL/min

Temperature: 25°C
Detection: UV at 265 nm
Injection: 1pL (10pg/mL)

*Bioinert HPLC system: PEEK sample loop, PEEK injector port, and PEEK tubing are used.

ATP peak is detected, and peak shape of ADP is improved as a result of using a bioinert column.
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IP-RP - Expert Tips: (Oligo)nucleotides

“Metal-free PEEK-lined YMC columns
significantly reduce non-specific
adsorption phenomena”

Bioinert HPLC system “YMC-Triart C18 metal-free PEEK-lined
with bioinert column

mAU columns significantly reduce non-specific
J adsorption phenomena during peptides
4 analysis. We use these columns in

87 3 our laboratory for a specific application.
] 2 We obtain very good chromatographic
67 1 resolution and excellent robustness,
1 which is very appreciable during
4] routine analysis.”
2: Cynthia Mongongu, LADF,

Laboratoire AntiDopage Frangais,
1 Université Paris-Saclay (FR)

Peak shape is greatly improved as a result of using a bioinert HPLC system.
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YMC Oligonucleotide Columns
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IP-RP - Expert Tips: lon-pairing salts

Effect of composition and salt concentration of ion-pairing mobile phase

on the separation and signal intensity

Comparison of separation and ESI-MS signal intensity using different ion-pairing buffers

and organic solvents

methanol

acetonitrile

_ R 22-25% methanol (0-20 min) 10-13% acetonitrile (0—20 min)
)
\D. 507
T 507
o L WV NANANANNNNAANNA U
< o1 o]
< B 1 s 20 25 min B 7o s Zo 25 min
w 1007 00
==
=
= so] so
2
s 33.6-56% methanol (0-20 min) 15-37.5% acetonitrile (0-20 min)
\o. 507
: SOMUMMMWML
&
< o] 1
< s © s ES 25 min in z 0 s ES 25 min
[22) 100] 007
(=)
=
E so | “ 507
° |
33.6-56% methanol (0-20 min) 15-37.5% acetonitrile (0-20 min)
)
© s o
E Lo
&
< I B ° s EE o 3 o = o s
<< oo 100]
[~}
(=) |
£ ‘ \ ;
n Wi |
S B 7-35% methanol (0+20 min)
I
&
=
i - S = v % e Note: The data for HFIP-TEA/acetonitrile was
o oy not obtained because of its immiscibility
T } | |
= sl | |1
£ Il I
(=3 ()Y
=) o
< B 3 m s = 25 mir
Column: Hydrosphere C18 (3.0 ym, 12 nm) 50 x 2.0 mm ID eluent abbreviations
Part No.: HS12S03-0502WT TEAA: triethylammonium acetate
Flow rate: 0.2 mL/min DBAA: di-n-butylammonium acetate
Temperature: 35°C HFIP:  1,1,1,3,3,3-hexafluoro-2-propanol
Detection: UV at 269 nm (red), ESI negative mode (orange) TEA: triethylamine
Injection: 5 pl (25 pmol/mL)
Sample: Oligo(deoxythymidylic acid) [dp (dT) 2-20]

he mobile phase composition has different effects on

the separation and signal intensity in electrospray ioni-
sation mass spectrometry (ESI-MS) of oligonucleotides. Us-
ing different gradient conditions, acceptable retention and
resolution can be achieved (upper UV chromatograms; red
trace) for each separation by optimising the gradient slope
of the organic solvent regardless of the type of mobile
phase. The ESI-MS intensity is significantly influenced by

the type and concentration of ion-pairing buffer as shown
in the lower MS chromatograms (orange trace). HFIP-TEA
buffer/methanol systems provide the maximum MS inten-
sity. Enhanced retention and MS intensity are obtained us-
ing 10 mM DBAA buffer compared to 10 mM TEAA buffer,
and the lower DBAA concentration results in approximate-
ly 1.5-3 times increase in the intensity without any change
in the concentration of organic solvent.






YMC Oligonucleotide Columns

AEX — HPLC Selectivities

Features

« Porous or non-porous hydrophilic polymers
« High recovery of oligonucleotides

« Very high resolution

» Low nonspecific adsorption

» Excellent reproducibility

strong anion
exchanger

Matrix

hydrophilic polymer

(polymethacrylate)
Particle size / pm 5
Pore size / nm 100
Charged group -CH,N*(CH,),
Counter ion cl
Available pH range 2.0-12.0
Temperature range 4-60°C
Pressure limit 2.5-3.5 MPa (360-510 psi)
Column hardware PEEK Eorduspolyfer beads

Also available in 10, 20, 30 or 75 pm for preparative scale

Rty (polymethacrylate)
Particle size / pm 3,5

Pore size / nm non-porous
Charged group -CH,N*(CH,),
Counterion cl
Available pH range 2.0-12.0
Temperature range 4-60°C

Pressure limit

Column hardware

hydrophilic polymer

3um: 25 MPa (3,625 psi)
5 pm: 6-12 MPa (870-1,740 psi)
PEEK Non-porous polymer beads

MC'’s anion exchanger (AEX) columns of the BioPro IEX  The porous materials offer excellent binding capacity with
series are available with strong exchanger modifica- exceptionally high efficiency and low operating pressure,

tion, based on 5 pum porous (QA columns) and on 3 or 5 um
non-porous (QF columns) hydrophilic polymer beads.
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whilst the non-porous particles offer high efficiency, very
high resolution and low operating pressures.



AEX - Loadability

Column efficiency and loadability

When to use porous and non-porous BioPro IEX

non-porous BioPro IEX porous BioPro IEX

0.06 0.06

0.04 H ,. 9 h 0.04
0.02 ef‘ﬁCie”cy 0.02

0.001 0.00

T 1 T T T T T T 1
0 31 30 31 32 33 34 35
min min

9

26 27 28 20 3
60000 | .\ —e— porous BioPro IEX SP

Column efficiency vs. Loading amount
70000
o
£
& 50000 } —=— non-porousBioPro IEX SF
9
< 40000 |
(]
S \a
& 30000
5 I
€ 20000
=
(@] L
S 10000
0
15 30 90 120 150
Loading amount of Lysozyme (ug)
AU non-porous BioPro IEX au porous BioPro IEX
0.70 0.70
0.60 0.60
0.50 0.50
0.40 0.40

0.30 0.30 H ig h .
020 020 ]oadabi li ty

0.10 0.10
0.00F i e T T T 0.00F 1T
26 27 28 29 30 31 30 31 32 33 34 35
min min
Column: BioPro IEX SF/SP Detection: UV at 280 nm
Eluent: A) 20 mM NaH,PO,-Na,HPO, (pH 6.8) Injection: 100 pL
B) 20 mM NaH,PO,-Na,HPO, (pH 6.8) containing 0.5 M NaCl Sample: 1. Ribonuclease A
Gradient: 0-100%B (0-60 min) 2. Cytochrome ¢
Flow rate: 0.5 mL/min 3. Lysozyme

Temperature: 25°C

Non-porous BioPro IEX columns offer outstanding column efficiency for small sample loading amounts. These
columns are especially suitable for microscale analysis, which requires higher resolution. Porous BioPro IEX
columns maintain good peak shape even when the loading amount increases. These high-capacity columns
are useful for high-load analytical separations and laboratory-scale purification.
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YMC Oligonucleotide Columns

AEX - Stability and Reproducibility

High temperature stability of BioPro IEX columns

mAU 2 mAU 2

1 ! 35 !

30: 25 Stab’e .

25 2 retentio” times
120hat . d

15 an
:Z: 60°C 109 Peak shapes
I | & I |

— — — T T T
0 5 10 15 min 0 5 10 15 min

Column: BioPro IEX QF (5 um) 100 x 4.6 mm ID Temperature: 25 °C
Part No.: QF00S05-1046WP Detection: UV at 260 nm
Eluent: A) 10 mM NaOH Injection: 4 pl (each 5 nmol/ml)

B) 10 mM NaOH containing 1.0 M NaCIO, Sample: 1) 5-TCATCACACTGAATACCAAT-3’ (DNA 20mer)
Gradient: 25-55%B (0-15 min), 100%B (15-20 min) 2) 5-GTCATCACACTGAATACCAAT-3’ (DNA 21mer)
Flow rate: 1.0 ml/min

Excellent batch-to-batch reproducibility

Colum lot E
Colum lot D
Colum lot C
Colum lot B
Colum lot A
0 5 10 15 20 25 30 min

Column: BioPro IEX SF (5 pm) 100 x 4.6mm ID Flow rate: 0.5 mL/min (180cm/hr)

Part No.: SF00S05-1046WP Temperature: 25°C

Eluent: A) 20 mM NaH,PO,-Na,HPO, (pH 6.5) Detection: UV at 215 nm

B) 20 mM NaH,PO,-Na,HPO, (pH 6.5) containing 0.2 M NaCl Injection: 10 L
Gradient: 0-50%B (0.5-30min) Sample: monoclonal antibody (IgG1)

BioPro IEX columns exhibit excellent batch-to-batch reproducibility. All gel batches are inspected by rigorous
quality control tests, and must meet the required criteria before release. BioPro IEX columns are the best choice
for the quality control of biopharmaceuticals such as oligonucleotides or mAbs as in this example.
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AEX - Expert Tips: Oligonucleotides

Optimisation of oligonucleotide separations
on ion exchange chromatography

A non-porous anion exchange column is generally suitable for analysis of oligonucleotides. For optimisation of single-strand-
ed DNA and RNA of about 20mer, some conditions, such as type of mobile phase and column temperature, can be changed.

o Improvement of peak tailing
Sample Group 1 (Phosphodiester oligonucleotides; PO)

Single-stranded RNA (ssRNA) | 5-UCAUCACACUGAAUACCAAU-3' (RNA 20mer)

By changing the buffer from 20 mM Tris-HCl (pH 8.1) to 10 mM NaOH, the tailing factor for an oligonucleotide is reduced.
Furthermore, the peak tailing is further suppressed when NaClO, was added to 10 mM NaOH instead of NaCl.

(1) Buffer/solution type (2 Salt type
X=20 mM Tris-HCI (pH 8.1) Y=2.0 M NaCl
tR: 7.14 ™ tR: 9.20
. W, .: 0.090 . W, 0.111
TF: 1.95 TF: 1.60

20 20
10 @ 10
p . 4
L
0 10 20

.

30 min 0 10 20 30 min

p

o X=10 mM NaOH N Y=2.0 M NaCIO,
tR: 9.20 tR: 11.14
20 W0.5h: 0.111 2 WO.Sh: 0.068
TF: 1.60 TF: 1.36
20 20
10 10
. 4 v
0 0 A
0 10 20 30 min 0 10 20 30 min
Eluent: A)X Eluent: ~ A) 10 mM NaOH
B) X containing 2.0 M NaCl B) 10 mM NaOH containing 2.0 M Y
Gradient: 15-100%B (0-30 min) Gradient: 15-100%B (0-30 min) for NaCl

5-50%B (0-30 min) for NaCIO,

Column:  BioPro IEX QF (5 um) 100 x 4.6 mm ID Gradient: 15-100%B (0-30 min) for NaCl
Part No.: QF00S05-1046WP 5-50%B (0-30 min) for NaCIO,
Flow rate: 1.0 mL/min Temperatur: 25°C
Eluent: A) 20 mM Tris-HCI (pH 8.1) or 10 mM NaOH Detection: UV at 260nm
B) 20 mM Tris HCI (pH 8.1) or 10 mM NaOH Injection: 2 pL (10nmol/mL)
containing 2.0 M NaCl or NaCIO, Sample: RNA 20mer

@ Improvement of carry-over

When the initial gradient concentration of NaCl is low (ex. 50 mM), carry-over is observed. By increasing the initial gradient
concentration of NaCl up to 400 mM, carry-over can be avoided with good reproducibility.
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YMC Oligonucleotide Columns

AEX - Expert Tips: Oligonucleotides

9 Improvement of ssDNA separation with single-base differences
(differing in the type of base at the 5’ end of DNA 21mer)

When ssDNAs with single-base differences are analysed, the degree of separation varies depending on the type of base at
the 5’ end. If the separation is difficult, it can be improved by making the gradient steeper.

5-TCATCACACTGAATACCAAT-3’ (DNA 20mer)
5-GTCATCACACTGAATACCAAT-3’ (DNA 21mer)

stranded | o, \reATCACACTGAATACCAAT-3' (DNA 21mer)

5"-CTCATCACACTGAATACCAAT-3’ (DNA 21mer)
"“TTCATCACACTGAATACCAAT-3’ (DNA 21mer)

25-55%B (0-15 min) 25-40%B (0-15 min)
A=2%B/min A=1%B/min

G| e
Rg: 6.90

5 10 15 min

A* mAY

1
Rs: 2.46 % Rs: 2.85
40 M 40 3

mAY

5 10 15 min 5 10 15 min

C* mAU
R 1.70 o Re: 2.02

5 10 15 min 5 10 15 min

mAY

T mAY

2
13
14
15 50,
Rs: 3.73 Rs: 4.40
40 N H I e 1 5

0 0
5 10 15 min 5 10 15 min
Column: BioPro IEX QF (5 um) 100 x 4.6 mm ID
Part No.: QF00S05-1046WP
Eluent: A) 10 MM NaOH
B) 10 mM NaOH containing 1.0 M NaCIO,
Flow rate: 1.0 mL/min
Temperature: 25°C
Detection: UV at 260 nm
Injection: 4 pL (5 nmol/mL each)

*base of 5’end of DNA 21mer

0 Improvement of the separation of phopsphorothioate
oligonucleotides with single-base differences in length

Since acidity of all PS is much higher than all PO, a higher salt concentration is required for elution. The peak of all PS is
much broader because it is thought that all PS contains as many as 219 (524,288) stereoisomers. A steeper gradient curve,
increasing column temperature and adding organic solvent can improve peak separation.
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AEX - Expert Tips: Oligonucleotides

Sample Group 2 (Phosphorothioate oligonucleotides; PS) ”O\@/B1 HO\@/m
i ;. ’ OH OH
ster:g:IZd U~C~A~U~C~A~(~A~(~U~G~A~A~U~A~C~C~A~A~U-3' (RNA 20mer All PS) i:o
RNA “G~U~(~A~U~(~A~C~A~(~U~G~A~A~U~A~C~C~A~A~U-3' (RNA 21mer All PS) \@/Bz \@/BZ
~=Phosphorothioated HO H HO H
Phosphorothioate Phosphodiester
Linkage (PS) Linkage (PO)
mAU 1. RNA 20mer All PS
%/Y<100/0 } 2. RNA 21mer All PS
32-80%B (0-24 min)
= A20 mM NaCIO,/min 10
25°C
5 1 2
0 s N
mAU
Steep gradient curve ;
X/Y=100/0
32-80%B (0-8min) 1 ,
= A60 mM NaClO,/min . 1
A
‘ ] — ~——
0 5 10 15 min
mAU
Raising column
temperature 15
X/Y=100/0
32-80%B (0-8 min) 10 ;2
=A60 mM NaClO,/min s A
60°C
0 e
Addition of organic "
solvent s
X/Y=80/20 2
40-100%B (0—8 min) 10
= A60 mM NaClO,/min
60°C °
‘ 0 + e
o T s T T e T T s T T T i
Increasing ratio of ™ 2
organic solvent ;
X/Y=70/30
40-100%B (0-6.3 min) 10
= A60 mM NaClO,/min
60°C °
0 *
0 5 10 15 min
Column: BioPro IEX QF (5 pm) 100 x 4.6 mm ID Flow ra}te: 1.0mL/min
Eldent. ) 10 mM NaOL/methanl (X/¥) inection: 2yl (tonmel/mL)
B) 10 mM NaOH containing 1.0M NaClO,/methanol (X/Y)
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YMC Oligonucleotide Columns

AEX - Expert Tips: Oligonucleotides

Influence of temperature on the analysis of a non-denaturated siRNA

mv mV
[¢] o
25°C 40°C
60 60
30 Sense strand 30 JL Sense strand
N Antisense strand Y. Antisense strand
0 JL siRNA duplex 0 siRNA duplex
T T . e e e e e
0 10 20 min 0 5 10 15 20 min
mV
60°C
60
Column: BioPro IEX QF (5 um) 100 x 4.6 mm ID
Part No.: QF00S05-1046WP
Eluent: A) 20 mM Tris-HCI (pH 8.1)
B) 20 mM Tris-HCI (pH 8.1) containing 1M NaClO,, 30 n tran
Gradient: 25-40%B (0-30 min), 40%B (30-40 min), 25%B (40-65 min) Sense strand
Flow rate: 0.5 mL/min Antisense strand
Temperature: 25°C, 40°C or 60°C
Detection: UV at 260nm 0 siRNA duplex
Injection: 4 pL (each 5nmol/ml)
Sample: sense strand, antisense strand, siRNA duplex T T
of firefly luciferase GLS 0 10 20 min

higher temperature tended to show improved peak shape. Slightly better peak shapes of the ssRNAs were observed
at 40°C, while the dsRNA showed comparable and relatively good peak shape regardless of the temperature.
An even higher temperature of 60°C provides better peak shape of the sense and antisense strands. However, peak height
of the siRNA duplex decreases due to partial denaturation. It is considered that the higher order structure of ssRNAs is
denatured when increasing temperature. The ssRNAs as well as dsRNA retain longer on the stationary phase, as the ion
exchange group can access the phosphate groups more easily.

Influence of urea as additive on the analysis of a non-denaturated siRNA

mv no additive mv 3 M urea
90 90
60 60

30 /L Sense strand 30 Jr Sense strand

N Antisense strand Antisense strand
0 siRNA duplex 0 SiRNA duplex
0 10 20 min o T T 20 T T min
Column: BioPro IEX QF (5 pm) 100 x 4.6 mm ID
Part No.: QF00S05-1046WP
Eluent: A) 20 mM Tris-HCI (pH 8.1) (containing 3M Urea)
B) 20 mM Tris-HCI (pH 8.1) containing 1M NaCIO, + (3 M Urea)
Gradient: 25-40%B (0-30 min), 40%B (30-40 min), 25%B (40-65 min)
Flow rate: 0.5 mL/min

Temperature: 40°C

Detection: UV at 260 nm

Injection: 4 pL (each 5 nmol/ml)

Sample: sense strand, antisense strand, siRNA duplex of the firefly luciferase GLS

ddition of 3 M urea to the mobile phase results in better peak shapes of both sense and antisense strands as well as
the siRNA duplex. The retention time is reduced for all three analytes and an improvement in resolution of the single
strands and the double stranded siRNA is also observed.
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YMC Oligonucleotide Columns

SEC — UHPLC/ HPLC Selectivities

Features

» Excellent reproducibility with minimal secondary interactions
o 2 pum for UHPLC
+ Cost-effective

YMC-Pack YMC-Pack YMC-Pack
Diol-120 Diol-200 Diol-300

For For For
short intermediate longer
oligonucleotides oligonucleotides oligonucleotides

Dihydroxypropyl

_ 2 um: 45 MPa (6,525 psi);

Column selection according to DNA length

Length (-mer) 20 40 60 80 100 150 200 250 300

YMC-Pack Diol-120

YMC-Pack Diol-200

YMC-Pack Diol-300

. Most appropriate oligonucleotide length range

. Appropriate oligonucleotide length range
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SEC — Pore size selection

SEC analysis using YMC-Pack Diol columns with different pore sizes

Analysis of ssDNA of 10-120mer length

mAU

125
100 120 40 15
75 100 30 25
YMC-Pack 10
. 50 80 20 dTMP
Diol-120 60
25
(Pore size: 12 nm)
0
8 10 12 14 16 18 20 22 24 26 min
125 ] "
15
0 120400 30
YMC-Pack 7s 80 25 20 10
Diol-200 % 60 ame
(Pore size: 20 nm) ~ ** /\
]
8 10 12 14 16 18 20 22 24 26 min
125
100 40
YMC-Pack 025 15
Diol-300 = 120100 g DM 10 gve
(Pore size: 30 nm) 25
0
8 10 12 14 16 18 20 22 24 26 min
Analysis of dsDNA of 10-300mer length
o
300~75
20
YMC-Pack
Diol-120 10

(Pore size: 12 nm)

YMC-Pack 1
Diol-200  °i

(Pore size: 20 nm)

& 10 12 14 16 18 20

YMC-Pack = |
Diol-300 s

(Pore size: 30 nm) 4 i

300 200 150

0

8 10 12 14 16 18 20 22 24 26 min
Columns:  YMC-Pack Diol-120 (5 ym, 12 nm) 300 x 4.6 mm ID Flow rate: 0.17 mL/min
YMC-Pack Diol-200 (5 pm, 20 nm) 300 x 4.6 mm ID Detection: UV at 260nm
YMC-Pack Diol-300 (5 um, 30 nm) 300 x 4.6 mm ID Temperature: 25°C
Part Nos.: DL12S05-3046WT Injection: 1.0 pL (each 5 nmol/mL)
DL20S05-3046WT Samples: ssDNA (10-120mer +dTMP)

DL30S05-3046WT

dsDNA (10-300mer)
Eluent: 0.1 M KH,PO,-K,HPO, (pH 7.0) containing 0.2M NaCl

YMC-Pack Diol-120 is best suited for shorter oligonucleotides (10-40mer), whereas YMC-Pack Diol-200 shows
the best resolution for oligonucleotides of medium size (30-80mer). Longer oligonucleotides of 60-120mer in
length are separated most effectively by YMC-Pack Diol-300.

Similarresultsare obtained when analysingdsDNA. Smalloligonucleotides are separated with higher resolution
when smaller pore sizes of 12 and 20 nm are used. Above a length of 50mer, oligonucleotides are unable to
penetrate the small pores and elute at the same time. YMC-Pack Diol-200 can resolve oligonucleotides up to
a size of 100mer. dsDNA of 150-300mer are only separated by YMC-Pack Diol-300 with the largest pore size of
30 nm. This column also shows the best resolution over a wide range of oligonucleotide lengths.
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YMC Oligonucleotide Columns

SEC — Elution volumes

Comparison of the elution volume of ssDNA and dsDNA

Selected corresponding ssDNA and dsDNA pairs of the same number of bases are marked
1000 ¢ x ssDNA
. dsDNA
® e
) °
o 0 °
o 100 + o o Sx ° Xx 100mer
@ e X ° X ° X
kS ° X e X o X YMC-Pack
% X X iol- 40mer
5 ® » ° . e % Diol-300
é ] % S < e X 20mer
5 10 + YMC-Pack e x YMC-Pack e X ® X
z Diol-120 Diol-200
1 T T T T T T T T T ]
0.35 0.40 0.45 0.50 0.55 0.60 0.65 0.70 0.75 0.80 0.85
Elution volume / Column volume
Columns: YMC-Pack Diol-120 (5 pm, 12 nm) 300 x 4.6 mm ID
YMC-Pack Diol-200 (5 pm, 20 nm) 300 x 4.6 mm ID
YMC-Pack Diol-300 (5 pm, 30 nm) 300 x 4.6 mm ID
Part Nos.: DL12S05-3046WT
DL20S05-3046WT
DL30S05-3046WT
Eluent: 0.1 M KH,PO,-K,HPO, (pH 7.0) containing 0.2M NaCl
Flow rate: 0.17 mL/min
Detection: UV at 260nm
Temperature: 25°C
Injection: 1.0 L (each 5 nmol/mL)
Samples: ssDNA (10-120mer +dTMP)
dsDNA (10-300mer)

Although dsDNA has the same length as its single-stranded counterpart, the dsDNA elutes at lower elution
volumes when separated by SEC. This behaviour is most probably due to the larger hydrodynamic radius of
dsDNA compared to ssDNA, which results in faster diffusion through the stationary phase.
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SEC — Influence of organic modifier

Influence of organic modifier on the separation of siRNA duplex
and single strands

Effect of acetonitrile on separation of sense strand, antisense strand and siRNA duplex by SEC
using YMC-Pack Diol-120

T 3 1. sense strand

': 2. antisense strand
acetonitrile 0% “ 3.siRNA duplex
0.1 M KH,PO,-K,HPO, (pH 7.0) :‘; 12
containing 0.2M NaCl Py

. 3

acetonitrile 30%

1,2
0.1M KH,PO,-K,HPO, (pH 7.0) .
containing 0.2MNaCl / a
acetonitrile (70/30) %0

.0 5.0 10.0 15.0 20.0 250 30.0 min

Column: YMC-Pack Diol-120 (5um, 12nm) 300 x 4.6mm ID
Part No.: DL12S05-3046WT
Flow rate: 0.17mL/min

Detection: UV at 260 nm
Temperature: 25°C
Injection: 4.0 pL (each 5nmol/mL)
Sample: Sense strand
Antisense strand
siRNA duplex (Firefly luciferase GL2)

Although the sense and antisense strands have the same molecular weight, their retention times and peak
shapes vary slightly. This is probably caused by minor secondary interactions with the stationary phase. If
the goal is the separation of siRNA duplex from single strands, these interactions can be overcome with the
addition of an organic solvent to the mobile phase.

When 30% acetonitrile is added to the eluent, both single strands elute at the same time and their peak shape
is improved.

37



YMC Oligonucleotide Columns

38






YMC Oligonucleotide Columns

HILIC — UHPLC/HPLC selectivity

Features

» pH- and temperature stable
» Superior reproducibility

« Bioinert hardware available

Base particle Modification | Particle Size | Pore Size pH | Temperature
/pum /nm range range

organic/inorganic

YMC-Triart Diol-HILIC hybrid silica

Diol (USP L20) 1.9,3,5 2-1 50°C

Pre-conditioning of a stainless-steel and a bioinert coated column
with short DNA mixture

YMC-Triart Diol-HILIC YMC-Accura Triart Diol-HILIC
(standard column) ® s
& dT20
W dT25
A dT30
150 x dT35
140
% uuuuﬁ'uuﬁ'uuﬂﬁﬂgu @130
X | N A o
A A A A A ™
2.800- s A&ALAAALA 3120
2 . A A7 =
£ A e o 0o o o £110
s A Uuu”“OuUU) “g X x N
* o’ X100 § 2 i 2 i :
. N T 0
90
80 L'J T T T T T T T T T 80 r r r r r "
1 3 5 7 9 11 13 15 17 19 1 2 3 4 5 6 7 8
Injection Number Injection Number
Columns: YMC-Triart Diol-HILIC (1.9 pm, 12 nm) 150 x 2.1 mm ID (standard hardware)
YMC-Accura Triart Diol-HILIC (1.9 um, 12 nm) 150 x 2.1 mm ID (bioinert hardware)
Part Nos.: TDH12SP9-15Q1PT
TDH12SP9-15Q1PTC
Eluent: A) 50 mM ammonium acetate (pH 6.9)
B) acetonitrile
Gradient 75-45%B (0-30min)
Flow rate: 0.3 mL/min
Temperature: 40°C
Detection: UV at 260nm
Injection: 2pL
Sample: deoxythymidine oligonucleotides: dT15-35 (2 pM)
System: bioinert system

Pre-conditioning is a typical procedure when working with stainless-steel columns. Using a bioinert column
such as YMC-Accura Triart usually achieves great performance from the first injection when working with an
IP-RP phase. HILIC phases still need some pre-conditioning when a bioinert column is used; however, the
number of injections is remarkably reduced. While 20 injections are necessary for the stainless-steel column,
the YMC-Accura column is already conditioned after 8 injections, with very little difference (less than 10%)
between initial and final peak areas.
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Improved chromatographic results using bioinert coated YMC-Accura Triart column

YMC-Triart Diol-HILIC
(standard column)

YMC-Accura Triart Diol-HILIC

5
. 4 1) dT15
2) dT20
2 3)dT25
0 4) dT30
1 5) dT35
1 2 3 4
M
8 10 12 14 16 18 8 10 12 14 16 18
4
3
2 1) dT40
2) dT60
9 3 1 3) dT80
5 4 4) dT100
1
8 10 12 14 16 18 8 10 12 14 16 18
3
1) ru15
e 1 2) rU20
o 3) ru30
1
3
mmm ‘,_'_,_'_%
8 10 12 14 16 18 8 10 12 14 16 18
Columns: YMC-Triart Diol-HILIC (1.9 pm, 12 nm) 150 x 2.1 mm ID (standard hardware)
YMC-Accura Triart Diol-HILIC (1.9 ym, 12 nm) 150 x 2.1 mm ID (bioinert hardware) dT15-35 0
Part Nos.: TDH12SP9-15Q1PT
TDH12SP9-15Q1PTC dT40-100 9
Eluent: A) 50 mM ammonium acetate (pH 6.9)
B) acetonitrile rU15-30 e
Gradient 75-45%B (0-30min)
Flow rate: 0.3 mL/min
Temperature: 40°C
Detection: UV at 260nm
Injection: 2uL
Sample: deoxythymidine oligonucleotides: dT15-35 (2 uM) and dT40-100 (2uM)
RNA oligonucleotides: rU15-30 (2uM)
System: bioinert system

After conditioning and analysing the short DNA oligonucleotide mixture of dT15-35, longer DNA oligo-
nucleotides dT40-100 and short RNA oligonucleotides rU15-30 are analysed. Higher sensitivities, peak areas and
less tailing are achieved using the bioinert YMC-Accura Triart Diol-HILIC column. Non-specific adsorption does
not vary according to length, even though the adsorption is usually higher for longer oligonucleotides in IP-RP.
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YMC Oligonucleotide Columns

HILIC Expert Tips

Influence of sample solvent

mAU - 20mer
6
Sample solvent 15mer
water/acetonitrile
(60740) 5] dT 10mer
VZ 4 6 8 10 12 14 16 18 min
mAU -
6
water/acetonitrile 44
(20/80) B
2 | ‘J\\
T —
0 T T T T T T T T T !
0 2 4 6 8 10 12 14 16 18 min
Column:  YMC-Accura Triart Diol-HILIC (3um, 12 nm), 150 X 2.1 mm ID Flow rate: 0.21 mL/min
Part.No.: TDH12S03-15Q1PTC Temperature: 40°C
Eluent: A) 50mM HCOONH, (pH 6.5)/acetonitrile (30/70) Sample: Oligo DNA (poly(dT) 10, 15, 20mer)
B) 50mM HCOONH, (pH 6.5) Injection: 2 pL (each 2.0 nmol/mL)
Gradient:  0-43%B (0-20 min), 43%B (20-25 min)
((70-40% acetonitrile (0-20 min), 40% acetonitrile (20-25 min))

he influence of the sample solvent on the peak shape is significant. The organic composition of the sample solvent
must be equal to or higher than the initial gradient composition. A higher water content in the sample solvent leads to
massive peak deformation.

Influence of mobile phase pH

|.S.(Caffeine)

mAU - Eluent pH

14] Acidic (pH 3.6)
Neutral (pH 6.5)

21 Basic (pH 9.5)
10
g | 21mer
6 ] 20mer
4 4

17mer
14mer
0 g = : - - - -
2 4 6 8 10 12 14

T T 1

(65-55% acetonitrile (0-20 min), 55% acetonitrile (20-25 min)

0 16 18 min
Column: YMC-Accura Triart Diol-HILIC (3pm, 12 nm), 150 x 2.1 mm ID Flow rate: 0.21 mL/min
Part.No.: TDH12S03-15Q1PTC Temperature: 40°C
Eluent: A) 50 mM ammonium formate buffer/acetonitrile (30/70) Sample: All PO RNA (14, 17, 20, 21mer) + |.S.(Caffeine)
B) 50 mM ammonium formate buffer Injection: 1pL (1.8 nmol/mL-3.6 nmol/mL)
Gradient: 7.1-21.4%B (0-20 min), 21.4%B (20-25 min)

he pH of the mobile phase has a massive effect on the recovery and retention of oligonucleotides. Acidic pH results in
higher retention, but at the cost of drastically reduced recovery. A neutral-to-basic pH is recommended for the mobile
phase. When using a basic pH, a shorter retention time is observed, but also the highest recovery.

42



[ =
2
b

(5]

e

e

(=]
[t
.m

DN

[ =
=

(-}
=

S
o

(-
O O
—
-Q”VO
O &
s

43




YMC Oligonucleotide Columns

44

IP-RP — Ordering information

1.9 um bioinert coated UHPLC columns (max. pressure 100 MPa)

Column length

YMC-Accura Triart 21
C18 ‘
YMC-Accura Triart 21
Bio C18 '
YMC-Accura Triart 21
C8 ‘
YMC-Accura Triart o
Bio C4 ‘

TA125P9-05Q1PTC

TA30SP9-05Q1PTC

T012SP9-05Q1PTC

TB30SP9-05Q1PTC

TA12SP9-100Q1PTC

TA30SP9-10Q1PTC

T012SP9-10Q1PTC

TB30SP9-10Q1PTC

TA12SP9-15Q1PTC

TA30SP9-15Q1PTC

T012SP9-15Q1PTC

TB30SP9-15Q1PTC

1.9 pm PEEK-lined UHPLC columns (max. pressure 100 MPa)

Column length
[mm]

100

YMC-Triart 91
C18 metal-free '
YMC-Triart .
Bio C18 metal-free ‘
YMC-Triart 91

C8 metal-free '
YMC-Triart 21
Bio C4 metal-free '

TA12SP9-05Q1PTP

TA30SP9-05Q1PTP

TO12SP9-05Q1PTP

TB30SP9-05Q1PTP

TA12SP9-10Q1PTP

TA30SP9-10Q1PTP

TO12SP9-10Q1PTP

TB30SP9-10Q1PTP

TA12SP9-15Q1PTP

TA30SP9-15Q1PTP

T012SP9-15Q1PTP

TB30SP9-15Q1PTP

Column connectors for metal-free PEEK-lined (U)HPLC columns

Special column connectors required.

Recommendation

a4

v

no replaceable
MarvelX™ MarvelXACT™ Handy connector 2 Hand-tight EXP® fitting
IDEX Health & IDEX Health & Optimize
Science LLC Science LLC YMC Co., Ltd. Technologies, Inc.

D

e

e e
- -,
131 MPa/ 131 MPa/ 42MPa/ 137 MPa/
1,310 bar 1,310 bar 420 bar 1,370 bar
9. UPFP-6050250 6.9 UPFP-YM7050250 XRP0204 XRHTF-01

MarvelX (ACT) is a registered trademark of IDEX Health & Science LLC - EXP® is a registered trademark of Optimize Technologies, Inc.

Further dimensions and guard cartridges available in regular stainless-steel hardware.




IP-RP — Ordering information

3 um bioinert coated HPLC columns (max. pressure 45 MPa)

YMC-Accura Triart
c18

YMC-Accura Triart
Bio C18

YMC-Accura Triart
C8

YMC-Accura Triart
Bio C4

2.1
4.6

21
4.6

2.1
4.6

TA12503-05Q1PTC
TA12503-0546PTC

TA30S03-05Q1PTC
TA30S03-0546PTC

T012503-05Q1PTC
T012S03-0546PTC

TB30S03-05Q1PTC
TB30S03-0546PTC

Column length
[mm]

100

TA12503-10Q1PTC
TA12503-1046PTC

TA30S03-10Q1PTC
TA30S03-1046PTC

T012S03-10Q1PTC
T012S03-1046PTC

TB30S03-10Q1PTC
TB30S03-1046PTC

TA12503-15Q1PTC
TA12503-1546PTC

TA30S03-15Q1PTC
TA30S03-1546PTC

T012503-15Q1PTC
T012503-1546PTC

TB30S03-15Q1PTC
TB30S03-1546PTC

3 um PEEK-lined HPLC columns (max. pressure 45 MPa)

YMC-Triart
C18 metal-free

YMC-Triart
Bio G18 metal-free

YMC-Triart
C8 metal-free

YMC-Triart
Bio C4 metal-free

21
4.6

21
4.6

TA12S03-05Q1PTP
TA12S03-0546PTP

TA30S03-05Q1PTP
TA30S03-0546PTP

T012503-05Q1PTP
T012503-0546PTP

TB30S03-05Q1PTP
TB30S03-0546PTP

Column length
[mm]

100

TA12S03-10Q1PTP
TA12S03-1046PTP

TA30S03-10Q1PTP
TA30S03-1046PTP

T012503-10Q1PTP
T012503-1046PTP

TB30S03-10Q1PTP
TB30S03-1046PTP

TA12S03-15Q1PTP
TA12S03-1546PTP

TA30S03-15Q1PTP
TA30S03-1546PTP

T012S03-15Q1PTP
T012S03-1546PTP

TB30S03-15Q1PTP
TB30S03-1546PTP

3 um HPLC columns (max. pressure 25 MPa)

21
Hydrosphere 30
C18 4'6

Column length

Special column connectors required.

Guard cartridges*
with 10 mm

length

(pack of 5)

HS12503-03Q1WT | HS12503-05Q1WT | HS12S03-L5QTWT | HS12S03-10Q1WT | HS12S03-15Q1WT | HS12503-25Q1WT | HS12S03-01Q1GC
HS12503-0303WT | HS12503-0503WT | HS12S03-L503WT | HS12S03-1003WT | HS12503-1503WT | HS12503-2503WT | HS12503-0103GC
HS12503-0346WT | HS12503-0546WT | HS12S03-L546WT | HS12S03-1046WT | HS12S03-1546WT | HS12503-2546WT |  HS12S03-0104GC

*Guard cartridge holder required, part no. XPGCH-Q1

Further dimensions and guard cartridges available in regular stainless-steel hardware.
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YMC Oligonucleotide Columns

IP-RP — Ordering information

5 um bioinert coated HPLC columns (max. pressure 45 MPa)

Column length

[mm]

100
_ 21 TA12505-05Q1PTC TA12805-10Q1PTC TA12505-15Q1PTC
YMC-A%G;:? Triart |, o TA12505-0546PTC TA12505-1046PTC TA12505-1546PTC
10 - TA12505-1010PTC TA12505-1510PTC
CA - 21 TA30S05-05Q1PTC TA30S05-10Q1PTC TA30S05-15Q1PTC
C'Bf:g';% riart| . TA30S05-0546PTC TA30S05-1046PTC TA30S05-1546PTC
10 - TA30S05-1010PTC TA30S05-1510PTC
_ 21 T012805-05Q1PTC T012505-10Q1PTC T012505-1501PTC
YMC-Acggra Triart |, T012505-0546PTC T012505-1046PTC T012505-1546PTC
10 - T012805-1010PTC T012505-1510PTC
. . 21 TB30S05-05Q1PTC TB30805-10Q1PTC TB30S05-15Q1PTC
C- B‘;ﬁ‘gz riart| . TB30S05-0546PTC TB30S05-1046PTC TB30S05-1546PTC
10 - TB30S05-1010PTC TB30S05-1510PTC

5 um PEEK-lined HPLC columns (max. pressure 45 MPa)

Column length
[mm]

100

YMC-Triart 2.1 TA12505-05Q1PTP TA12S05-10Q1PTP TA12S05-15Q1PTP
G18 metal-free 4.6 TA12S05-0546PTP TA12S05-1046PTP TA12505-1546PTP
YMC-Triart 21 TA30505-05Q1PTP TA30S05-10Q1PTP TA30S05-15Q1PTP
Bio C18 metal-free 4.6 TA30S05-0546PTP TA30S05-1046PTP TA30S05-1546PTP
YMC-Triart 21 T012505-05Q1PTP T012505-10Q1PTP T012505-15Q1PTP

C8 metal-free 4.6 T012505-0546PTP T012505-1046PTP T012S05-1546PTP
YMC-Triart 21 TB30S05-05Q1PTP TB30S05-10Q1PTP TB30S05-15Q1PTP
Bio C4 metal-free 4.6 TB30S05-0546PTP TB30S05-1046PTP TB30S05-1546PTP

Special column connectors required.

5 um HPLC columns (max. pressure 20-25 MPa)

Column length Guard cartridges*
[mm] with 10mm

length

(pack of 5)

21 HS12505-03Q1WT | HS12505-05Q1WT | HS12S05-L5QTWT | HS12S05-10Q1WT | HS12S05-15Q1WT | HS12505-25Q1WT | HS12S05-01Q1GC
3.0 HS12505-0303WT | HS12505-0503WT | HS12S05-L503WT | HS12S05-1003WT | HS12S05-1503WT | HS12505-2503WT | HS12S05-0103GC
4.6 HS12505-0346WT | HS12505-0546WT | HS12S05-L546WT | HS12505-1046WT | HS12S05-1546WT | HS12505-2546WT | HS12S05-0104GC

Hydrosphere
C18

*Guard cartridge holder required, part no. XPGCH-Q1

Further dimensions and guard cartridges available in regular stainless-steel hardware.
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IP-RP — Ordering information

5 um YMC-Actus high-throughput (semi)preparative columns (max. pressure 20-30 MPa)

YMC-Triart
C18

YMC-Triart
Bio C18

YMC-Triart
c8

YMC-Triart
Bio C4

Hydrosphere
C18

20
30
50

20
30
50

20
30
50

20
30

TA12505-0520WX
TA12505-0530WX
TA12505-0553DX

TA30S05-0520WX
TA30S05-0530WX
TA30S05-0553DX

T012S05-0520WX
T012S05-0530WX
T012505-0553DX

TB30S05-0520WX
TB30S05-0530WX
TB30S05-0553DX

HS12505-0520WX
HS12505-0530WX

TA12505-L520WX
TA12505-L530WX

TA30S05-L520WX
TA30S05-L530WX

T012S05-L520WX
T012S05-L530WX

TB30S05-L520WX
TB30S05-L530WX

HS12505-L520WX
HS12505-L530WX

Column length
[mm]

100

TA12505-1020WX
TA12505-1030WX
TA12505-1053DX

TA30S05-1020WX
TA30S05-1030WX
TA30S05-1053DX

T012S05-1020WX
T012S05-1030WX
T012S05-1053DX

TB30S05-1020WX
TB30S05-1030WX
TB30S05-1053DX

HS12505-1020WX
HS12505-1030WX

TA12505-1520WX
TA12505-1530WX
TA12505-1553DX

TA30S05-1520WX
TA30S05-1530WX
TA30S05-1553DX

T012S05-1520WX
T012S05-1530WX
T012S05-1553DX

TB30S05-1520WX
TB30S05-1530WX
TB30S05-1553DX

HS12505-1520WX
HS12505-1530WX

TA12505-2520WX
TA12505-2530WX
TA12505-2553DX

TA30S05-2520WX
TA30S05-2530WX
TA30S05-2553DX

T012S05-2520WX
T012S05-2530WX
T012S05-2553DX

TB30S05-2520WX
TB30S05-2530WX
TB30S05-2553DX

HS12505-2520WX
HS12505-2530WX

Guard cartridges*
with 10mm

length

(pack of 5)

TA12505-0120CCN
TA12505-0130CCN
TA12505-0553DXG**

TA30S05-0120CCN
TA30S05-0130CCN
TA30S05-0553DXG**

T012505-0120CCN
T012505-0130CCN
T012505-0553DXG**

TB30S05-0120CCN
TB30S05-0130CCN
TB30S05-0553DXG**

HS12505-0120CCN
HS12505-0130CCN

*Guard cartridge holder required, part no. XPGHF2P20ID (20 mm ID)
XPGHF2P30ID (30 mm ID)
no holder required for 50 mm
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YMC Oligonucleotide Columns

AEX - Ordering information

3 pm non-porous analytical columns, PEEK hardware (max. pressure 18-25 MPa)

Column length [mm] Precolumn filter

2 pm*
(pack of 5)

30 (25 MPa) 50 (25 MPa) 100 (25MPa) | 150 (18 MPa)

BioPro IEX QF 46 QF00S03-0346WP | QF00S03-0546WP | QF00S03-1046WP | QF00S03-1546WP XRPRCP25

5 pm non-porous analytical columns, PEEK hardware (max. pressure 6-12 MPa)

Precolumn filter
2 pm*

(pack of 5)

Column ID Column length [mm]
[mm]

30 (6 MPa) 50 (10 MPa) 100 (12 MPa)

QF00S05-0346WP QF00S05-0546WP QF00S05-1046WP QF00S05-1546WP XRPRCP25

BioPro IEX QF 4.6

5 pm porous analytical columns, PEEK hardware (max. pressure 2.5-3.5 MPa)

Column length [mm] Precolumn filter
2 pm*

30 (2.5 MPa) 50 (3.0 MPa) 100 (3.5 MPa) (pack of 5)

BioPro IEX QA 46 QAA0S05-0346WP QAA0S05-0546WP QAA0S05-1046WP XRPRCP25

* Holder required, part no. XRPRCP02

6 pm non-porous semiprep. columns, stainless-steel hardware (max. pressure 3-9 MPa)

Column length [mm]

100
10 QF00S06-1010WT
BioPro IEX QF 20 QF00S06-1020WT
30 QF00S06-1030WT

6 pm non-porous bioinert coated semiprep. columns (max. pressure 3-9 MPa)

ColumnID Column length [mm]
[mm]
100
10 QF00S06-1010PTC
BioPro IEX QF 20 QF00S06-1020PTC
30 QF00S06-1030PTC

6 pm porous semiprep. columns, stainless-steel hardware (max. pressure 4 MPa)

Column length [mm]

100
_ 10 QAA0S06-1010WT
BioPro IEX QA 20 QAA0S06-1020WT
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2 pm UHPLC columns (max. pressure 45 MPa)

SEC — Ordering information

Column length [mm] Guard cartridges*
with 10mm
length
(pack of 5)

YN.IC-PaCK 4.6 DL20S02-1546PTH DL20S02-3046PTH DL20S02-0104GC
Diol-200

YIV_Ic-Pack 4.6 DL30S02-1546PTH DL30S02-3046PTH DL30S02-0104GC
Diol-300

3 pm HPLC columns (max. pressure 14-20 MPa)

*Guard cartridge holder required, part no. XPGCH-Q1

Column ID Column length [mm] Guard cartridges*®
[mm] with 10/30 mm
length
(pack of 5)
YMC-Pack 4.6 DL12S03-1546WT DL12S03-2546WT DL12S03-3046WT DL12S03-0104GC
Diol 1;% 6.0 - - DL12S03-3006WT -
8.0 DL12S03-1508WT - DL12S03-3008WT DL12S03-0308WTG**
4.6 DL20S03-1546WT DL20S03-2546WT DL20S03-3046WT DL20S03-0104GC
YMC-Pack
Diol-200 6.0 - - DL20S03-3006WT -
8.0 DL20S03-1508WT - DL20S03-3008WT DL20S03-0308WTG**
4.6 DL30S03-1546WT DL30S03-2546WT DL30S03-3046WT DL30S03-0104GC
YMC-Pack
Diol-300 6.0 - - DL30S03-3006WT -
8.0 DL30S03-1508WT - DL30S03-3008WT DL30S03-0308WTG**

*Guard cartridge holder required, part no. XPGCH-Q1
**no holder required for 30 x 8 mm ID guard columns (1 piece)
recommended column coupler part no. XRCP1602

5 pm HPLC columns (max. pressure 20 MPa)

Column length [mm] Guard cartridges*®
with 10/30 mm
length
(pack of 5)
4.6 DL12S05-2546WT DL12S05-3046WT = DL12505-0104GC
YMC-Pack 6.0 DL12S05-2506WT DL12S05-3006WT DL12S05-5006WT -
Diol-120 8.0 = DL12S05-3008WT DL12S05-5008WT DL12S05-0308WTG**
10.0 DL12505-2510WT DL12505-3010WT DL12S05-5010WT DL12505-0310WTG**
4.6 DL20S05-2546WT DL20S05-3046WT - DL20S05-0104GC
YMC-Pack 6.0 DL20S05-2506WT DL20S05-3006WT DL20S05-5006WT =
Diol-200 8.0 - DL20S05-3008WT DL20S05-5008WT DL20S05-0308WTG**
10.0 DL20S05-2510WT DL20S05-3010WT DL20S05-5010WT DL20S05-0310WTG**
4.6 DL30S05-2546WT DL30S05-3046WT = DL30S05-0104GC
YMC-Pack 6.0 DL30S05-2506WT DL30S05-3006WT DL30S05-5006WT =
Diol-300 8.0 = DL30S05-3008WT DL30S05-5008WT DL30S05-0308WTG**
10.0 DL30S05-2510WT DL30S05-3010WT DL30S05-5010WT DL30S05-0310WTG**

*Guard cartridge holder required, part no. XPGCH-Q1
**no holder required for 30 x 8 mm ID guard columns (1 piece)
recommended column coupler part no. XRCP1602 (for 8mm ID) and XRCP1605 (for 10mm ID)
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HILIC - Ordering Information

1.9 um bioinert coated UHPLC columns

Column length [mm]
100
21

TDH12SP9-05Q1PTC TDH12SP9-10Q1PTC TDH12SP9-15Q1PTC

YMC-Accura Triart
Diol-HILIC

1.9 um PEEK-lined UHPLC columns

21

3 pm bioinert coated HPLC columns

Column ID [mm] Column length [mm]
21

YMC-Accura Triart TDH12503-05Q1PTC TDH12S03-10Q1PTC TDH12S03-15Q1PTC
Diol-HILIC TDH12S03-0546PTC TDH12S03-1046PTC TDH12S03-1546PTC

Column length [mm]

100

YMC-Triart Diol-HILIC

TDH12SP9-05Q1PTP TDH12SP9-10Q1PTP TDH12SP9-15Q1PTP
metal-free

Special column connectors required.

4.6

3 pm PEEK-lined HPLC columns

Column ID [mm] Column length [mm]

YMC-Triart Diol-HILIC 241 TDH12S03-05Q1PTP TDH12S03-10Q1PTP TDH12S03-15Q1PTP
metal-free 46 TDH12S03-0546PTP TDH12S03-1046PTP TDH12S03-1546PTP

5 pum bioinert coated HPLC columns

Column ID [mm] Column length [mm]
2.1

YMC-Accura Triart TDH12S05-05Q1PTC TDH12S05-10Q1PTC TDH12S05-15Q1PTC

Diol-HILIC 4.6 TDH12S05-0546PTC TDH12S05-1046PTC TDH12S05-1546PTC

5 pm PEEK-lined HPLC columns

m e

YMC-Triart Diol-HILIC 21 TDH12505-05Q1PTP TDH12505-10Q1PTP TDH12505-15Q1PTP

metal-free 4.6 TDH12505-0546PTP TDH12S05-1046PTP TDH12505-1546PTP

Further dimensions and guard cartridges available in regular stainless-steel hardware.

The following brands, trademarks, or service marks are the property of the listed company and/or its subsidiaries.
Every effort has been taken to ensure this list is accurate at the time of printing this brochure.

Acquity, BEH, XBridge are trademarks of Waters Corp.
AdvanceBio is a trademark of Agilent Technologies Inc.
DNAPac is a trademark of Thermo Fisher Scientific Inc.

Every effort has been taken to ensure this list is accurate at the time of creating this brochure.
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Further information

BROCHURES

ymc Ymc

YMC Reliable - Robust - Reproducible Hybrid

Biochromatography (U)HPLC columns BiOPFQ stationar e
Columns YMC-Triart IEX Resins YMC-Triart Prep

HILIC analysis of oligonucleotides using different
bioinert columns

Hi

How to choose the optimum conditions for analysis
of denatured or non-denatured siRNA duplexes

HILIC analysis of
oligonucleotides using
different bioinert columns

How to influence
oligonucleotide analysis
by IP-RP

How to choose the optimum

conditions for analysis of

denatured or non-denatured

siRNA duplexes

YMC Biochromatography YMC-Triart YMC YMC-Triart Prep
Columns BioPro IEX Resins
WHITE PAPER APPLICATION NOTE
@) APPLICATION NOTE YMC
RP analysis of RNA markers using
YMC-Accura Triart Bio C4
i
‘;:i‘jul: ye ' e
e
Analysis and Purification RP analysis of
of Oligonucleotides RNA markers using
by AEX and IP RP YMC-Accura Triart Bio C4
TECHNICAL NOTES
Technical Note YM‘ Technical Note YM‘ Technical Note YMC
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Your local contact:

YMC CO., LTD.
WWW.ymc.co.jp

YMC Europe GmbH
www.ymc.eu

YMC America, Inc.
www.ymcamerica.com

YMC Switzerland LLC

www.ymc-schweiz.ch

YMC India Pvt. Ltd.

www.ymcindia.com

YMC Shanghai Rep. Office

www.ymcchina.com

YMC Korea Co., Ltd.

www.ymckorea.com

YMC Taiwan Co., Ltd.

www.ymctaiwan.com

YMC Singapore Tradelinks Pte. Ltd.

WWwW.ymc.sg
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