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High resolution analysis of Oligonucleotides on reversed phase chromatography

F121018AE-2

Oligonucleotides analysis on reversed-phase ion-pair chromatography (RP-IPC)

Comparison of retention and separation under various mobile phase conditions

Oligodeoxythymidylic acid, [d(T),.5]
Triethylamine-Acetic acid buffer (TEAA) (pH 6.0) (Image)
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Retention mechanism of
oligonucleotide on RP-IPC

Column  : Hydrosphere C18 (3 pm, 12 nm) Flow rate : 1.0 mL/min
50 X 4.6 mml.D. Temperature : 35°C
Eluent 1 A) 100 mM buffer Detection 1 UV at 269 nm
B) 100 mM buffer/acetonitrile (80/20)  Injection : 5 pL (5 nmol/mL)

50-65%B (0-20 min)

B Separations of oligodeoxythymidylic acid [d(pT),,o] under
three different buffer systems are compared.

B d(pT),,, is well retained under TEAA buffer system, and good
separation even by one-nucleotide difference is achieved. On
the other hand, retention and separation of d(pT)2-20 under
acetate buffer and phosphate buffer are insufficient.

B lon-pairing reagents that have both positive charge and
hydrophobic moiety in molecule, such as triethylamine (TEA)
or dibutylamine (DBA), form ion pair with negatively charged
oligonucleotides. This interaction contributes to long retention
and improvement on resolution.

Applicability to LC/MS analysis

Impact of concentration and types of ion-paring reagent on resolution and signal intensity

Oligodeoxythymidylic acid, [d(T),.]
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TIC
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wo] 10 mM TEAA 10.0-13.0% CH;CN (0-20 min)
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F060120C-03

10 mM DBAA 15.0-37.5% CH,CN (0-20 min)

Column
Eluent

Flow rate
] Temperature : 35°C
0 Detection
Injection

: Hydrosphere C18 (3 pm, 12 nm), 50 X 2.0 mml.D.

1 A) 10 mM triethylamine-acetic acid (pH 6.0)
B) 10 mM triethylamine-acetic acid (pH 6.0)/acetonitrile (80/20)
50-65%B (0-20 min)
A) 10 mM di-n-butylamine-acetic acid (pH 6.0)
B) 10 mM di-n-butylamine-acetic acid (pH 6.0)/acetonitrile (50/50)
30-75%B (0-20 min)
A) 5 mM di-n-butylamine-acetic acid (pH 6.0)
B) 5 mM di-n-butylamine-acetic acid (pH 6.0)/acetonitrile (50/50)
30-75%B (0-20 min)

:0.2 mL/min

: ESl-negative mode
15 L (5 nmol/mL)
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LC/MS analysis of miRNA

5-pUGG AGU GUG ACA AUG GUG UUG-3
5-pUGG AGU GUG ACA AUG GUG UUG U-3

(21 nt, MW 6890.1)
(22 nt, MW 7196.3)
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22 nt
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Courtesy of M. Yamada, SHIMADZU CORPORATION

1 YMC CO,, LTD.

TEA and DBA are both volatile ion-pairing reagents, and applicable to
LC/MS analysis. When comparing the separation characteristics of
d(pT),., With those reagents under the same buffer concentration, signal
intensity and retention with DBA is superior to that with TEA.

At 5 mM dibutylamine-acetic acid buffer (DBAA) condition, higher signal
intensity of oligonucleotides is achieved even though retention and
resolution is slightly decreased.

Column
Eluent

: YMC-Triart C18 (3 pm, 12 nm), 150 X 2.0 mml.D.

1 A) 10 mM di-n-butylamine-acetic acid (pH 7.5)
B) 10 mM di-n-butylamine-acetic acid (pH 7.5)/acetonitrile (50/50)
62-72%B (0-20 min)

Flowrate  :0.2 mL/min

Temperature : 30°C

Detection  :A) UV at 260 nm
B) ESI-negative mode

14 L (5 nmol/mL)

: LC) Shimadzu Prominence
MS) Shimadzu LCMS2020

Injection
System

B Mixture of miRNA of 21 nt and 22 nt is separated by using 10mM
DBAA/acetonitrile as a mobile phase and detected with MS.

http://www.ymc.co.jp



High temperature analysis of oligonucleotides with

YMC-Triart C18

Effect of mobile phase and column temperature on

separation of siRNA duplex

Crude synthetic siRNA duplex (19 bp) : 5-CGU ACG CGG AAU ACU UCG AdTdT-3'

3’-dTdTGCA UGC GCC UUA UGA AGC

Condition A : 10 mM DBAA buffer (pH 6.0)/methanol

u-5'

Condition B : 20 mM TEAA buffer (pH 7.0)/acetonitrile

SsiRNA Duplex
30°C .
SsiRNA Duplex
Single-stranded siRNA
40°C
\ \
High resolution High resolution
"'I"'I"'l"'l"'l"'l"'|" I|III|III|III|III|III|III|III|III|III|
0 2 4 6 8 10 12 14 min 0 2 4 6 8 10 12 14 16 18 min

Column : YMC-Triart C18 (1.9 pm, 12 nm)  Condition A Eluent
100 X 2.0 mml.D.
Flow rate : 0.2 mL/min

Injection : 1 pL (5 nmol/mL)
System  : Agilent 1290

Detection : UV at 269 nm Condition B Eluent : A) 20 mM triethylamine-acetic acid (pH 7.0)

1 A) 10 mM di-n-butylamine-acetic acid (pH 6.0)
B) methanol
35-60%B (0-15 min)

B) acetonitrile
5-12%B (0-20 min)

B Separation of siRNA duplex under different mobile phase conditions at various temperatures with YMC-Triart C18 is shown.

B Under both condition A and condition B, peak shape and resolution between immediate peaks is improved by increasing the column

temperature.

B Due to the improvement of dispersion and distribution velocity when increasing column temperature, bio-macro molecules such as RNA and

DNA generally exhibit sharper peak shape and improved resolution.

B Under condition B at 40 °C or higher temperature, two peaks of single-stranded RNA that is generated by denaturation of siRNA duplex are
observed. This HPLC technique that is utilizing high temperature to generate single-stranded RNA is called “Denaturing HPLC”, and widely

used in the field of gene mutation analysis.

B As shown above, denaturation of duplex DNA or RNA is also influenced by ionic strength (type and concentration), pH and polarity as well as
temperature. Those analysis conditions (temperature and mobile phase) are recommended to be optimized depending on characteristics of

target analyte and purpose of analysis.

Durability at pH 6.0 (DBAA buffer) and 65°C

120% YMC-Triart C18 Test
(2.9 pm)

80%

60%

Silica based C18
(2.0 pm)

40%

condition Column :1.9 pmor 2.0 pm, 12 nm, 50 X 2.0 mml.D.
Eluent 1 A) 10 mM di-n-butylamine-acetic acid (pH 6.0)
B) methanol
30-50%B (0-20 min)
Flow rate : 0.4 mL/min

Detection  : UV at 269 nm
Temperature : 65°C

Sample : Oligodeoxythymidylic acid, [d(T),.,]
Injection :1 pL (5 nmol/mL)
System : Agilent 1290

d(pT),, ERMERBMEIFE(%)

20% [

0% ‘ ‘ ‘ ‘ ‘ ‘ ‘
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SHTER

Combination of neutral buffer containing amino ion-paring reagent and high
temperature is useful for high-throughput analysis of oligonucleotides or
denaturing HPLC. However, conventional silica-based reverse-phase

column can hardly used with such condition due to the poor durability.

B YMC-Triart C18 using inorganic/organic hybrid silica with thorough surface

modificati

on offers excellent durability at elevated temperature and pH.

YMC-Triart C18 is ideal for oligonucleotides analysis.

YMC CO,, LTD. http://www.ymc.co.jp 2
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Separation of chemically modified oligonucleotides using YMC-Triart Bio C4
U190829AE

Antisense DNA and siRNA have been widely used for gene silencing in basic research and in medicinal applications.
Effective delivery of the oligonucleotides into cells is important for clinical applications. Previous methods took several hours
or more to deliver oligonucleotides to cytoplasm. However, oligonucleotides modified with low molecular weight disulfide
units at their terminuses reached the cytoplasm 10 minutes after administration to cell culture®.

In RP-HPLC using C18 columns, such disulfide modified oligonucleotides show poor peak shape due to too strong
interaction between highly hydrophobic their disulfide units and C18 phase. On the other hand, YMC-Triart Bio C4 show a
good peak shape because of its short alkyl chains and low hydrophobic interaction.

Separation of disulfide-modified oligonucleotides

[Cell membrane permeable oligonucleotides]
Oligonucleotides are negatively charged polymers, resulting in low cell membrane permeable efficiency. Various
strategies are being pursued including chemical modification of oligonucleotides itself. Recently, it is reported that the
disulfide-modified oligonucleotides are efficiently internalized into cytoplasm through disulfide exchange reactions with
thiol groups on cell surface. "

[Separation of highly hydrophobic oligonucleotides]
The chromatograms show the separation of phosphorothioate oligonucleotides modified with highly hydrophobic disulfide
units. The target disulfide-modified oligonucleotides are not completely eluted from the C18 column due to the strong
hydrophobic interaction. On the other hand, a good peak shape is obtained using YMC-Triart Bio C4, which has short
alkyl chains, by the moderate interaction.

YMC-Triart Bio C4

AU - Target
*
0.087
] t-Bu t-Bu Antisense DNA
0.06- $ siRNA
] s/ s/
0,041 W
] s-> s-° s~
0.02
E t-éu t-éu t-éu
0.00*_ Disulfide-unit
NN R NN N U MR U MUY U

0 5 10 15 20 25 30 35 40 min
Disulfide-modified oligonucleotides

AU
0.207 Hydrosphere C18
0.15
*
Column :5 uym, 250 X 4.6 mml.D.
0.10 Target is not eluted. Eluent : A) 50 mM TEAA* (pH 7.0)/acetonitrile (95/5)

B) acetonitrile
5-95%B (0-30 min), 95%B (30-35 min),
95-5%B (35-35.1 min), 5%B (35.1-45 min)
Flow rate 21 mL/min
Temperature : 50°C
Detection - UV at 260 nm
Sample : crude reaction mixture

0.05

o
o
2

0 5 10 15 20 25 30 35 40 min

*triethylammonium acetate

*phosphorothioate oligonucleotides without disulfide-unit

Reference 1)
Zhaome Shu et al. (2019) Disulfide-Unit Conjugation Enables Ultrafast Cytosolic Internalization of Antisense DNA and siRNA. Angew. Chem,
131, 6683-6687

Courtesy of Saki Kawaguchi, Chemistry Department, Nagoya University, Japan

YMC CO.,LTD. http://lwww.ymc.co.jp
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Optimization of oligonucleotide separations on ion-exchange chromatography

P180316AE

Nucleic acid therapeutics such as antisense, siRNA and aptamers are expected to play an important role as
next-generation pharmaceuticals together with antibody drugs. These drugs demand chromatographic purification
and analysis that can recognize slight structural differences following synthesis. In this report, we provide useful tips
for optimization of ion-exchange chromatography methods for oligonucleotides.

Samples
1 Single-strand 5-TCATCACACTGAATACCAAT-3' (DNA 20 mer)
DNA
2 5-GTCATCACACTGAATACCAAT-3' (DNA 21 mer)
3 Single-strand 5'-U(M)C(M)AM)U(M)C(M)A(M)C(M)A(M)C(M)U(M)G(M)AM)AM)U(M)A(M)
RNA C(M)C(M)A(M)A(M)U(M)-3’ (2-OMe RNA 20 mer)
4 5'-G(M)U(M)C(M)A(M)U(M)C(M)A(M)C(M)A(M)C(M)U(M)G(M)AM)A(M)U(M)
A(M)C(M)C(M)A(M)A(M)U(M)-3’ (2'-OMe RNA 21 mer)
5 5-UCAUCACACUGAAUACCAAU-3' (RNA 20 mer)
6 5-GUCAUCACACUGAAUACCAAU-3’ (RNA 21 mer)
© ;O:1 y ;O:1 y N(M)=2"-OMe RNA
] (P('; o) O OMe o) O OH o)
0—=P= N NH 0—P=0 N 0—P=0 N
5 ¢ f X ) NH X ) NH
o H o) O OMe o) O OH o
0-p=0 </N f‘\NH o-p=0 NH o0 NH
o o %4 o %4
ON N/)\NHZ <N | N/)\NHZ © <N l N/)\NHz
HO H DNA HG OMe  2-OMe RNA HG OH RNA

Reducing carry-over

A) 20 mM Tris-HCI (pH 8.1)

B) 20 mM Tris-HCI (pH 8.1) containing 1.0 M NaCl
5-70%B (0-15 min), 74%B (15-18 min), 5%B (18-33 min)
Initial : 50 mM NacCl

A) 20 mM Tris-HCI (pH 8.1)

B) 20 mM Tris-HCI (pH 8.1) containing 1.0 M NacCl
40-70%B (0-15 min), 74%B (15-18 min), 40%B (18-33 min)
Initial : 400 mM NaCl

20

0

5

—:DNA 20 mer Analytical chromatogram
—:DNA 20 mer Blank chromatogram with
Milli-Q injection after analysis

Carry-over
P180316C01 (\ ;ﬁﬁ/—f

5

P{Z1019/

10 15 20 25 min

No carry-over

P371019A402
T

Vi ——

—_—

5

10 15 20 25 min

Column : BioPro IEX QF

5 um, 100 X 4.6 mm I.D.
Flow rate :1.0 mL/min
Temperature : 25°C
Detection 1 UV at 260 nm
Injection 12 uL (20 nmol/mL)

Carry-over is observed on gradient with low initial concentration of NaCl. But
good separation with virtually no carry-over can be achieved by increasing
the initial concentration (e.g. 300-400 mM NacCl).

YMC CO,, LTD.

http://lwww.ymc.co.jp




Improving peak tailing

1) Influence of buffer type

™ X=20 mM Tris-HCI (pH8.1)
30 tR:7.14

W, : 0.090
20
10|
0

P180315B04

30 min

2) Influence of counter ion type

AU Y=NaCl

tR : 9.20

3 W, 0.111
TF : 1.60

20

10 @

OJL—J\_

P171027A02

30 min

TF 1.95 l 20

mAU|
X=10 mM NaOH
39 tR:9.20
Wy, 0.111
TF : 1.60

KN

o .

0
P171027A02

0 10 30 min
A Y=NaClO,
tR:11.14
3 Wy s, : 0.068
TF:1.36
N
P171030E01
0 10 30 min

Column : BioPro IEX QF
5 um, 100 X 4.6 mml.D.
Flow rate : 1.0 mL/min
Temperature . 25°C
Detection : UV at 260 nm
Injection 12 pL (10 nmol/mL)
Sample - RNA 20 mer
Eluent tA) X
B) X containing 2.0 M NaCl
15-100%B (0-30 min)
Eluent :A) 10 mM NaOH

B) 10 mM NaOH containing 2.0 M Y
15-100%B (0-30 min) for NaCl
5-50%B  (0-30 min) for NaClO,

Gradient profile is adjusted because eluting strength of NaClO, is two to
three times more than that of NaCl on ion exchange chromatography.

By changing the buffer from 20 mM Tris-HCI (pH 8.1) to 10 mM NaOH, tailing factor of the oligonucleotide
peak was improved. In addition, changing counter ion from NaCl to NaClO, is effective.
— It is important to optimize buffer and counter ion for excellent peak shape of oligonucleotides.

Analysis examples with the optimized conditions

Single-strand DNA

MAU;

50 2 1. DNA 20 mer
0 1 2. DNA 21 mer
%0 Rs : 6.90

20 TF(1):1.21

10 TF(2):1.22

0 P171116C02

0 5 10 15 min

Single-strand 2'-OMe RNA

4

MAUS
50

40
30
20

10

3. 2’-OMe RNA 20 mer
4. 2’-OMe RNA 21 mer

Rs: 7.36
TF(3):1.22
TF(4):1.22

01 P171116A02

0 5

Single-strand RNA

mAU;
50 6

o

40
30
20

10

10 15 min

5. RNA 20 mer
6. RNA 21 mer

Rs :6.84
TF(5):1.25
TF(6):1.25

0 P171116E02

0 5

10 15 min

YMC CO,, LTD.

Column

Eluent

Flow rate
Temperature
Detection
Injection

: BioPro IEX QF
5 um, 100 X 4.6 mml.D.
:A) 10 mM NaOH
B) 10 mM NaOH containing 1.0 M NaClO,
25-55%B (0-15 min), 100%B (15-20 min)
: 1.0 mL/min
1 25°C
1 UV at 260 nm
24 uL (5 nmol/mL each)

Good separation without carry-over and peak tailing of
oligonucleotides was achieved by optimization of
buffer/counter ion in the mobile phase and gradient
profile, and by using BioPro IEX QF, non porous anion
exchange column.

http://lwww.ymc.co.jp




Analytical Data

BBIEE - XL R -XOLAFE

Nucleic acid bases, nucleosides and nucleotides C140730A

mAU

~ | e Uracil
1 1l — 5-CMP

5-UMP

T~ | Hypoxanthine
Guanine

N 5'-dCMP

5'-IMP

5'-UDP
Xanthosine
2'-Deoxyuridine

5'-GDP
5'-1DP

5-UTP
5-TMP
Inosine

500

Guanosine
5'-dGMP

5-TDP

e e e T T e T 2'-Deoxyadenosine

o
T T T T T T T 1
0 1 2 3 4 5 6 7 min
Column : YMC-Triart C18 (3 pm, 12 nm)
50 X 3.0 mml.D.
Eluent : A) 50 mM TEAA* (pH 7.0)

B) 50 mM TEAA* (pH 7.0)/acetonitrile (80/20)
0-40%B (0-8 min)

Flow rate : 0.425 mL/min
Temperature :30°C

Detection 1 UV at 260 nm
Injection 12 L (50 pg/mL)

*TEAA.: triethylamine-acetic acid




BEBIRE -XILA R BEBIRE -XILA IR

Nucleic acid bases and nucleosides Nucleic acid bases and nucleosides
R090205G T910404A
mAU 1. 4. 0 1 3
40+ 3 N HN)D 4
1 2 7 .
&N\ \ HOMC Ci\ 910 1. Cytosine
2 L
5 1 2. Cytidine
O Or 3. Uracil
Cytosine Uridine 8 12 4. Deoxycytidine
304 5. Guanine
5 5. 1314 6.  Adenine
hg y NjI 7.  Hypoxanthine
N o S
5 4 ! HzNJ*N‘ :} 15 17 ¢ 8. Ur|d|n_e
HOHC HOMC A 16 9. Xanthine
-0l 5 10. Thymine
oron o on 11. Inosine
Cytidine Guanosine 12. Guanosine
13. Deoxyinosine
& 3 3 " 14. Deoxyguanosine
10l o e 15. Xanthosine
[| ;N\;] C LY 16. Thymidine
|' HMC& 17.  Adenosine
f || = 18. Deoxyadenosine
| [ | Uracil Adenosine
8 - J\ I
- —
e —
1 1 1
1] 5 10 15 min 10 20 30
Column : Hydrosphere C18 (5 ym, 12 nm) Column : YMC-Pack ODS-AQ (5 pm, 12 nm)
150 X 4.6 mml.D. 250 X 4.6 mmlI.D.
Eluent : 20 mM CH3COONH,-CH;COOH (pH 4.1)/methanol Eluent : A) 20 mM CH;COOH-CH;COONH, (pH 3.5)
90/10 B) 20 mM CH;COOH-CH;COONH, (pH 3.5)/methanol
3 3 4
Flow rate : 1.0 mL/min (90/10)
Temperature 1 30°C 30%B (0-5 min), 30-100%B (5-13 min),
Detection 1 UV at 254 nm 100%B (13-40 min)
Injection ;5L Flow rate 1 0.7 mL/min
Sample : Cytosine (0.01 mg/mL), Cytidine (0.01 mg/mL), Temperature 1 30°C
Uracil (0.005 mg/mL), Uridine (0.01 mg/mL), Detection 1 UV at 260 nm
Guanosine (0.01 mg/mL), Adenosine (0.01 mg/mL) Injection 112 plL (0.001-0.05 mg/mL)
~ ~ N >
BBIEE -XULA IR BBIEE -XULAIF
Nucleic acid bases and nucleosides Nucleic acid bases and nucleosides
R090116P V120501A
mAU 1 o 4 NH2
N O mAU 1. Uracil
15
Uracil Cytosine 1 2. Uridine
25 3. Adenosine
2. 5. 4. Cytosine
o NH
. 3 OHL”»] g 20 . 5. Cytidine
i 2 HOMIG g HOMG g 2 6. Guanosine
4 OH OH OH OH 15
Uridine Cytidine 4
6
3. 6.
5| N2 " 10
Sy iy ;
HOHZCNO N HOHG o
5
OH OH
OH OH
Adenosine Guanosine
o] U l L_J 1
0
T T T T T T T
L B B O PN e e 0 2 4 6 8 10 12 14 min
0 5 10 15 min
Column : YMC-Pack Diol-NP (5 ym, 12 nm) Column : YMC-Triart Diol-HILIC (5 ym, 12 nm)
150 X 2.0 mml.D. 150 X 3.0 mml.D.
Eluent : water/acetonitrile (10/90) containing 10 mM Eluent : 100 mM CH;COONH j/acetonitrile (10/90)
CH;COONH, Flow rate : 0.425 mL/min
Flow rate : 0.2 mL/min Temperature 1 30°C
Temperature : 30°C Detection 1 UV at 254 nm
Detection 1 UV at 254 nm Injection 12 L (5-10 pg/mL)
Injection 11l
Sample : Uracil (0.005 mg/mL), Uridine (0.01 mg/mL),
Adenosine (0.01 mg/mL), Cytosine (0.01 mg/mL),
Cytidine (0.01 mg/mL), Guanosine (0.01 mg/mL)




BRIEE

Nucleic acid bases

ZEREE

Nucleic acid bases

C140730B B111219E
1 NH, 2 o 3 o
mAU mAU NZ HN N
y oﬁkN . OA\N ‘ j\‘\ ‘ i
1 H H H,N N NH
1000 80 _ Cytosine Uracil Guanine
4 4 5
- 2 3 ‘O NH,
60 HN CHs NESN
1 | (] 3
) 07N X NH
N | S —— Hypoxanthine E 1 H N
i Thymine Adenine
500 -  ———— Guanine 40 7
1 5
E 4
20
0
0
0 1 2 3 4 5 6 7 min | DL AL L B B N L BN M |
0 4 8 12 16 min
Column : YMC-Triart C18 (3 pm, 12 nm) Column : YMC-Triart C18 (5 pm, 12 nm)
50 X 3.0 mml.D. 150 X 4.6 mml.D.
Eluent : A) 50 mM TEAA* (pH 7.0) Eluent : 20 mM KH,PO,-K,HPO, (pH 6.9)
B) 50 mM TEAA* (pH 7.0)/acetonitrile (80/20) Flow rate : 1.0 mL/min
0-40%B (0-8 min) Temperature 1 37°C
Flow rate 1 0.425 mL/min Detection 1 UV at 254 nm
Temperature 1 30°C Injection : 8 pL (0.01-0.02 mg/mL)
Detection 1 UV at 260 nm
Injection 12 uL (50 pg/mL)
*TEAA: triethylamine-acetic acid

R E

Nucleic acid bases

BERIEE

Nucleic acid bases

J010209E S991029A
: b
2 ] A 3 1w, 4 o
o u HoN =S NH N | CHj
. HN
Cytosine Guanine 2 OJ\ l 7]\ |
N 07N
H
2. N 6. H
, NZ\‘JZ,F HN,E‘ s . Cytosine Thymine
: O{\:V D/)\u 2 o 5 NH
2
1 5-Fluorocytosin Thymine HN)j NALN\W
3. 0 7 O%\” k\N NH
7 I, . )N\Hz
6 SaN\N, q';; ﬁﬁw 4 5 Uracil Adenine
H
Uracil Adenine 8 o
N
HN <
. gk
;f]ﬁ HZN)\\N NH
‘ p Guanine
{ 5-Fluorouracil |
Ui Je k_ 7LL_||\ I Il
| | 1
C‘) 5‘ 1‘0 min 0 10 20 min
Column : Hydrosphere C18 (3 ym, 12 nm) Column : Hydrosphere C18 (5 pm, 12 nm)
100 X 4.6 mml.D. 150 X 4.6 mml.D.
Eluent : 20 mM KH,PO,-K,HPO, (pH 6.9) Eluent : 20 mM KH,PO,-K,HPO, (pH 6.9)
Flow rate : 1.0 mL/min Flow rate : 1.0 mL/min
Temperature 1 37°C Temperature 1 37°C
Detection 1 UV at 254 nm Detection 1 UV at 254 nm
Injection : 10 pL (0.01-0.02 mg/mL) Injection : 8 pL (0.01-0.02 mg/mL)




FoFrEk

Orotic acid
B120210B
1 [e]
mAU 1 o F
3 ‘ OH
O N
H o
5-Fluoroorotic acid
150
2 o
2 HN)j
O)\N
H
100 Uracil
3 0
HN ‘
50 oA O
H o
Orotic acid
: ull
T T T T T 1
0 1 2 3 4 5 min
Column : YMC-Triart C18 (5 pm, 12 nm)
150 X 4.6 mml.D.
Eluent : 20 mM phosphoric acid
Flow rate : 1.0 mL/min
Temperature 1 37°C
Detection : UV at 254 nm
Injection 110 pL (0.015-0.1 mg/mL)
N ~
XYLA VR
Nucleosides
C140730C
mAU
1000
Xanthosine
2'-Deoxyuridine
. Inosine
500
4
______________________ S 2'-Deoxyguanosine
b (N 2'-Deoxyadenosine
0
0 1 2 4 5 6 7 min
Column : YMC-Triart C18 (3 um, 12 nm)
50 X 3.0 mml.D.
Eluent : A) 50 mM TEAA* (pH 7.0)
B) 50 mM TEAA* (pH 7.0)/acetonitrile (80/20)
0-40%B (0-8 min)
Flow rate 1 0.425 mL/min
Temperature :30°C
Detection : UV at 260 nm
Injection 12 pL (50 pg/mL)
*TEAA: triethylamine-acetic acid

AoFUoBk

Orotic acid

A000711A

3 0
HN ‘
)\ OH
[} N
H o
Orotic acid
| | |
0 5 10 min
Column : Hydrosphere C18 (5 ym, 12 nm)
150 X 4.6 mml.D.
Eluent : 20 mM H;PO,
Flow rate : 1.0 mL/min
Temperature . 37°C
Detection 1 UV at 254 nm
Injection 10 pL (0.015-0.1 mg/mL)
~ >
XILFIFk
Nucleosides
A000802B
1 1, NHz 5. . [}
0 Nf\‘ HN "N\> o - ot
11 o oy oy
HOHZG " HOHeC HOHaG o
6 {_?
OH CH H OH H
Cytidine Guanosine Thymidine
5/ 7 9
2. NH2 g, @ 10. N
e HN‘H\'N\ NZ 2——N
5 S0 M
] 4 HOHAC oy Hon@ HDH;CNO
8 OH OH OH OH
2 Deoxycylidine Deoxyinosine  Adenosine
’ 3. 0 7. 1. 1w,
& Tt e
‘ s HaNR AN Lo
HOH;(}Sﬁ HOchgiJ HOH?W
‘ H CH H OH
‘ Uridine Deoxyguanosine  Deoxyadenosine
4. 8 0
‘ ‘ HN/?K,N\ HN’H\I'N\>
|| N S L TN
W ==y
I WYY UL
— v T O o O oH
| | | | Inosine Xanthosine
0 5 10 15 min
Column : Hydrosphere C18 (5 pm, 12 nm)
150 X 4.6 mml.D.
Eluent : 20 mM NH,4H,PO,-H;PO, (pH 3.5)/methanol
(92/8)
Flow rate : 1.0 mL/min
Temperature :30°C
Detection : UV at 260 nm
Injection 15 pL (5-15 pg/mL)




A
XOLAFF
Nucleotides C140730D
mAU 7
¥fﬁjﬁfj/~
~— ]\— ——————————————————— 5.UMP
5-dCMP
1000
\477/J\ — 5-IMP
\7/_444/E//~ﬁ——¥—/—a~ 5'-UDP
\7_¥744¥J\~‘ff¥———~— 5-GDP
.- N 5uDP
I~ —J;n 5-UTP
5-TMP
5001 -dGMP
-GTP
-ITP
e e e 5-TDP
0
0 1 2 3 4 5 6 7 min
Column : YMC-Triart C18 (3 pm, 12 nm)
50 X 3.0 mml.D.
Eluent : A) 50 mM TEAA* (pH 7.0)
B) 50 mM TEAA* (pH 7.0)/acetonitrile (80/20)
0-40%B (0-8 min)
Flow rate : 0.425 mL/min
Temperature :30°C
Detection : UV at 260 nm
Injection : 2 pL (50 pg/mL)
*TEAA: triethylamine-acetic acid

>
XYLFTFE
Nucleotides
A000912B
2 5
4 1. 5-CMP
6 2. 5-UMP
3 3. 5-GMP
1 4. 5-IMP
5. 5-TMP
6. 5-AMP
S 5
| | | |
0 5 10 15 20 min
Column : Hydrosphere C18 (5 pm, 12 nm)
150 X 4.6 mml.D.
Eluent : 100 mM KH,PO,
Flow rate : 1.0 mL/min
Temperature :30°C
Detection : UV at 260 nm
Injection 10 pL (0.1-0.3 mg/mL)

XULFFE

Nucleotides AOD0922A
5
1
1. 5-UTP
2. 5'-UDP
7 3. 5'-CMP
4. 5-UMP
5 5. 5dCMP
6. 5'-GMP
4 8 10 7. B-ATP
8. 5-IMP
3|l 6 [ 9. 5-ADP
9 ‘ 10. 5-TMP
’ ‘ “ 11. 5-AMP
)
| (.
‘ ‘ |
A ||L‘LL . J“ |L/'ML J " )I \
| | | | |
0 5 10 15 20 min
Column : Hydrosphere C18 (5 ym, 12 nm)
150 X 4.6 mml.D.
Eluent : 100 mM KH,PO,- K,HPO, (pH 5.5)
Flow rate : 1.0 mL/min
Temperature :30°C
Detection 1 UV at 260 nm
Injection 110 pL (0.05-0.15 mg/mL)
XYUAFE
Nucleotides S
5 9 1. 5-CMP
12 2. 5-UMP
6 3. 5-dCMP
” o 4. 5-CDP
4 i 19 Coa
1 7. 5-IMP
8. 5-CTP
4 9. 5-UTP
10. 5'-GDP
3 11. 5-TMP
8 12. 5-AMP
13. 5-dGMP
14. 5-GTP
15. 5-TDP
16. 5-ADP
17. 5-TTP
18. 5'-dAMP
U 19. 5-ATP
1 J ] 1
10 20 30 40
Column : YMC-Pack ODS-AM (5 ym, 12 nm)
250 X 4.6 mml.D.
Eluent :A) 0.2 M TEAA* (pH 6.6)
B) 0.2 M TEAA* (pH 6.6)/acetonitrile (95/5)
4%B (0-10 min), 4-100%B (10-35 min),
100%B (35-50 min)
Flow rate : 1.0 mL/min
Temperature 1 30°C
Detection 1 UV at 260 nm
Injection : 14 pL (0.029-0.16 mg/mL)
*TEAA: triethylamine-acetic acid
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RYLAFER

Nucleotides
R1002090
mAU 1. 5-TMP
34 2. 5-UMP
40 | 3. 5-IMP
H 4. 5-AMP
35 5. 5-GMP
‘ 6. 5-CMP
30 ‘
25 1 ‘
’ 2 5
w0 ‘ | ‘ ‘ l
15 ‘ “ ‘l
I
10 ‘ ‘| || ||| \
| (I
5 [ .
IS
0 qu J | \J VA
T T T T T T T
2 4 6 8 10 12 14 rmin
Column : YMC-Pack Diol-NP (5 ym, 12 nm)
150 X 2.0 mml.D.
Eluent : 100 mM CH,COONH /acetonitrile (25/75)
Flow rate 1 0.2 mL/min
Temperature 1 40°C
Detection 1 UV at 254 nm
Injection :1 L (0.1 mg/mL)
~
XILFFE
Nucleotides
T920525D
2
3
1. 5'-CMP
2. 5'-AMP
1 3. 5-UMP
4. 5'-IMP
5. 5'-GMP
4
S
1
10
Column : YMC-Pack NH, (5 pm, 12 nm)
250 X 4.6 mml.D.
Eluent : 50 mM KH,PO,-H,PO, (pH 3.5)
Flow rate : 1.0 mL/min
Temperature 1 40°C
Detection 1 UV at 260 nm
Injection 110 pL (0.05-0.1 mg/mL)

11

X9LFFE
Nucleotides
T920525C
3
2 1. 5'-CMP
2. 5'-AMP
3. 5-UMP
4. 5'-IMP
1 5. 5'-GMP
4
5
—
1 1
10 20
Column : YMC-Pack Polyamine I (5 pm, 12 nm)
250 X 4.6 mml.D.
Eluent : 50 mM KH,PO,-H;PO, (pH 3.5)
Flow rate : 1.0 mL/min
Temperature 1 40°C
Detection 1 UV at 260 nm
Injection 110 pL (0.05-0.1 mg/mL)
XILFFE
Nucleotides
C130530G
1. é 2. i s .
o OL T GO,
N o, Ho—F—o- ol © N o. z
5-CMP 5.UMP 5-GMP
60 4 o 5 Hac\gk 6 N
KR AN N o BT s o
o b b
2 OH OH OH OH
-IMP 5-TMP
20 5 5-AMP
1 3
4
6
20 5
o /\
T T T T T T T
0 2 4 6 8 10 12 14 min
Column : YMC-Triart C18 (5 pm, 12 nm)
150 X 3.0 mml.D.
Eluent : 10 mM KH,PO, (pH 4.6)
Flow rate : 0.425 mL/min
Temperature 1 25°C
Detection : UV at 260 nm
Injection 12 uL (50 pg/mL)




XOL*TF

F

Nucleotides
C130729D
1 [T 2. Po3
mAU S " N
ol SR g O et SR
b :o: Ho—P—0- N So i 3
80 5-CMP 5-UMP 5-GMP
4. i 5 e i 6 NH,
R G ﬁ/&o g I Y
vo—f—o v wo—t—o— voto W
60 2 oH oH K j o
. 5P 5-TMP 5-AMP
3
40
4
5 6
20
0 L
T T T T T T 1
0 2 4 6 8 10 12 min
Column : YMC-Triart C18 (5 pm, 12 nm)
150 X 3.0 mml.D.
Eluent : 20 mM CH;COOH-CH,COONH, (pH 4.7)
Flow rate 1 0.425 mL/min
Temperature . 25°C
Detection 1 UV at 260 nm
Injection 12 yL (50 pg/mL)

T ORPDATPEFDREEME

ATP and its related compounds in Tuna meat

C130912L
(A) Standard (0.05 mg/mL)
mAU 1. 5'-IMP
2. 5-ATP
400 3. 5'-ADP
5 4. 5-AMP
300 5. Hypoxanthine
3 6. Inosine
2
200 1 4
100 . 6
Sample preparation procedure
0 A
0 2 4 6 8 10 12 14 16 min

(B) Tuna meat
mAU 1

8

1 g of Tuna meat
l—1MHCIO, 5mL
Homogenized
|
Centrifuged (3000 rpm, 5 min)
l

5 Supernatant

!
Adjusted pH to 7.0
with 1 M NaHCO,

!
Diluted to 100 mL with eluent

!
Filtered
0 2 4 6 8 10 12 14 16 min
Column : YMC-Triart C18 (5 pm, 12 nm)
150 X 3.0 mml.D.
Eluent : 50 mM KH,PO,-K,HPO, (pH 6.8)
Flow rate 1 0.425 mL/min
Temperature 1 40°C
Detection 1 UV at 260 nm
Injection 16yl

XOULAFE

Nucleotides
F161226
AENIV—hT L
1 5-ATP
8 3 2 5'-ADP
2 3 5-AMP
6 1
4
2
O Fie1226A
0 1 2 3 4 min
Ay RTVLABZL
8 3
6
2
4 1
2
ol
F161226C
0 1 2 3 4 min
Column : YMC-Triart C18 (3 pm,12 nm)
50 X 2.1 mml.D.
Eluent :5mM HCOONH,
Flow rate :0.21 mL/min
Temperature . 25°C
Detection 1 UV at 265 nm
Injection 21 pL (10 pg/mL)
A
BXOUAFE
Sugar nucleotides
9 T911206B

2

CDP-D-glucose
UDP-D-glucose
UDP-N-acetyl-D-glucosamine
GDP-D-mannose
ADP-D-glucose

Al

20 30

Column

Eluent

Flow rate
Temperature
Detection
Injection

: YMC-Pack ODS-A (5 pm, 12 nm)

: 20 mM TEAA* (pH 5.7)/acetonitrile (99/1)
: 1.0 mL/min

:37°C

1 UV at 260 nm

15 L (0.27-0.71 mg/mL)

*TEAA: triethylamine-acetic acid

250 X 4.6 mml.D.

12



EXOLATFE

Sugar nucleotides T911206E

CDP-D-glucose
UDP-D-glucose
UDP-N-acetyl-D-glucosamine
GDP-D-mannose
ADP-D-glucose

WD P

LI \ .

1
10 20 30 40

A
BXOLAFE
Sugar nucleotides T911206D
5
2
1. CDP-D-glucose
2. UDP-D-glucose
a 3. UDP-N-acetyl-D-glucosamine
13 4.  GDP-D-mannose
5.  ADP-D-glucose

B | G— |

' [ '

10 20 30
Column : YMC-Pack ODS-A (5 pm, 30 nm) Column : YMC-Pack Ph (5 pm, 12 nm)
250 X 4.6 mml.D. 250 X 4.6 mml.D.
Eluent : 100 mM TEAA* (pH 6.0) Eluent : 100 mM TEAA* (pH 6.0)
Flow rate : 1.0 mL/min Flow rate : 1.0 mL/min
Temperature . 37°C Temperature 1 37°C
Detection : UV at 260 nm Detection 1 UV at 260 nm
Injection ;5L (0.27-0.71 mg/mL) Injection 15 L (0.27-0.71 mg/mL)
*TEAA: triethylamine-acetic acid *TEAA: triethylamine-acetic acid

AFVIRILFFER

Oligonucleotides G910620C

1. c-Ha-ras/12 (20 mer)

5 GTGGGCGCC-AGC-GGTGTGGG
Ser
2. c-Ha-ras/12 (20 mer)
GTGGGCGCC-GCC-GGTGTGGG
Ala
3. c-Ha-ras/12 (20 mer)
GTGGGCGCC-AGC-GGTGTGGG
12 As
P
4. c-Ha-ras/12 (20 mer)
4 GTGGGCGCC-AGC-GGTGTGGG
3 Val
5. c-Ha-ras/12 (20 mer)
GTGGGCGCC-AGC-GGTGTGGG
Arg
1 ] 1] I 1
5 10 15 20 25
Column : YMC-Pack ODS-A (5 pm, 30 nm)
150 X 4.6 mml.D.
Eluent : A) 100 mM TEAA* (pH 6.5)/acetonitrile (94/6)

B) 100 mM TEAA* (pH 6.5)/acetonitrile (85/15)
0-100%B (0-25 min)

Flow rate : 1.0 mL/min

Temperature :30°C

Detection : UV at 260 nm

Injection 115 pL (2.0 pmol/uL)

Sample : TAKARA ras Gene Probe set

*TEAA: triethylamine-acetic acid
XTAKARA ras Gene Probe set, manufactured by TAKARA SHUZO CO., LTD.

FUIARXILAFFK, poly(A)

Oligonucleotides, Poly(A) Y920608A

125
2582

nsr
98.6827
62,527

Emu : _ g

Column : YMC-Pack ODS-AM (5 um, 12 nm)
150 X 6.0 mml.D.
Eluent 1 A) 0.1 M phosphate buffer (pH 7)

B) 0.1 M phosphate buffer (pH 7)/acetonitrile (75/25)
20-27%B (0-15 min), 27-35%B (15-90 min)

Flow rate : 1.0 mL/min
Temperature : ambient
Detection 1 UV at 260 nm
Injection 110 pL
Sample : Poly(A)

X Courtesy of Dr. Y. Baba, Kobe Women’s College of Pharmacy
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FUIRILAFE, d(T),.40
Oligonucleotides, d(T),_50 F111118A

Conventional LC method

Column  : YMC-Triart C18 (5 ym, 12 nm)
150 X 2.0 mml.D.

Flow rate :0.2 mL/min

Gradient : 35-50%B (0-84 min)

O TF11T1T6H
0 10 20 30 40 50 60 70 80 min

UHPLC method Column  : YMC-Triart C18 (1.9 ym, 12 nm)

50 X 2.0 mml.D.
Flow rate : 0.8 mL/min
Gradient : 35-50%B (0-7 min)

111109K

0 1 2 3 4 5 6 min
Eluent :A) 10 mM DBAA* (pH 6.0)
B) methanol
Temperature :35°C
Detection : UV at 269 nm
Injection : 1 pL (5 nmol/mL)
Sample : Oligodeoxythymidylic acid [d(T),.,]

*di-n-butylamine-acetic acid

FYIRILAFE d(T),.,,DLC/IMSSH#T
LC/MS analysis of oligonucleotides d(T),.5o

FO60118A
A) UV Oligodeoxythymidylic acid
100 [d(T)2-20]
T10 720 Diode Array
% 269 nm
5.50e4
T2
0
é fO 1‘5 2‘0 min
B) MS
100
T10
Scan ES-
T20 TIC
" i 7.50e7
0
0 E’: 1’0 1‘5 2‘0 min
Column : Hydrosphere C18 (3 ym, 12 nm)
50 X 2.0 mml.D.
Eluent : A) 5 mM DBAA* (pH 6.0)

B) 5 mM DBAA* (pH 6.0)/methanol (20/80)
42-70%B (0-20 min)

Flow rate 1 0.2 mL/min
Temperature :35°C
Detection :A) UV at 269 nm

B) ESI negative-mode
Injection : 5 pL (5 nmol/mL)

*di-n-butylamine-acetic acid

AVIRILAFE, d(T),.50

Oligonucleotides, d(T),.50

FO050423A
Oligodeoxythymidylic acid
[d(T)2-20]
mAU
30
20
10
0 UL
T T T T T T T T T 1
0 10 12 14 16 18  min
Column : Hydrosphere C18 (3 ym, 12 nm)
50 X 4.6 mml.D.
Eluent : A) 10 mM DBAA* (pH 6.0)
B) 10 mM DBAA* (pH 6.0)/methanol (20/80)
42-70%B (0-20 min)
Flow rate :1.0 mL/min
Temperature :35°C
Detection 1 UV at 269 nm
Injection : 5 L (5 nmol/mL)
*di-n-butylamine-acetic acid

FUITRHILAFE (MiRNA) DLC/MSS T

LC/MS analysis of oligonucleotides (mMiRNA) F120202A

(21 nt, MW 6890.1)
(22 nt, MW 7196.3)

5-pUGG AGU GUG ACA AUG GUG UUG-3
5-pUGG AGU GUG ACA AUG GUG UUG U-3

(A) UV
mAU 22 nt
20 21 nt

10

0.0 25 5.0 75 100 125 150 175 min

(B) MS

Int.(x 100000)
51

MIC
(m/z 1721.5, m/z 1798.1)

22 nt
21nt

0.0 25 5.0 75 10.0 125 15.0 175  min

Courtesy of M.Yamada, SHIMADZU CORPORATION

Column : YMC-Triart C18 (3 ym, 12 nm), 150 X 2.0 mml.D.
Eluent : A) 10 mM DBAA* (pH 7.5)
B) 10 mM DBAA* (pH 7.5)/acetonitrile (50/50)
62-72%B (0-20 min)

Flow rate 1 0.2 mL/min
Temperature : 30°C
Detection 1 (A) UV at 260 nm
(B) ESI-negative mode
Injection 14 uL (5 nmol/mL)
Instrument : LC) Shimadzu Prominence, MS) Shimadzu LCMS2020

*di-n-butylamine-acetic acid
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FAUIRHYLAFE (SiRNA) DLCIMSHHT

LC/MS analysis of oligonucleotides (SiRNA) F120227A

5-GU ACG CGG AAU ACU UCG AdTdT-3' (20 nt)
5’- CGU ACG CGG AAU ACU UCG AdTdT-3’ (21 nt)

AUIAXHLAFE (14~21mer)

oligonucleotides (14-21mer) F180403J

1. 5-CAC UGA AUA CCA AU-3’ (14 mer)

(A) UV
2. 5-UCA CAC UGA AUA CCA AU-3' (17 mer)
200t 21t 3. 5-UCA UCA CAC UGA AUA CCA AU-3’ (20 mer)
4. 5-GUC AUC ACA CUG AAU ACC AAU-3’ (21 mer)
o mAL 4
"'T'I""I'"'I""I""I""I""l""_l
0.0 2.5 5.0 7.5 10.0 12.5 15.0 175 min
15
(B) MS
TIC 10 3
(m/z 500-2000) . 2
20nt 59t .
o
o T T e T T T T e T g e
do A5 T80 s 160 1bs T T ho T 1fs T min
Courtesy of M.Yamada, SHIMADZU CORPORATION
Column : YMC-Triart C18 (3 ym, 12 nm) Column : YMC-Triart C18 (1.9 um, 12 nm)
150 X 2.0 mml.D. 50 X 2.1 mml.D.
Eluent : A) 5 mM DBAA* (pH 7.5) Eluent 1 A) 200 mM HFIP*-8 mM triethylamine
B) 5 mM DBAA* (pH 7.5)/acetonitrile (50/50) B) methanol
55-65%B (0-20 min) 10-20%B (0-10 min)
Flow rate : 0.2 mL/min Flow rate :0.42 mL/min
Detection 1 (A) UV at 260 nm Temperature 1 65°C
(B) ESI-negative mode Detection 1 UV at 260 nm
Instrument : LC) Shimadzu Prominence Injection 11 pL (2-4 nmol/mL)
_ ) ~ MS) Shimadzu LCMS-IT-TOF *1,1,1,3,3,3-hexafluoro-2-propanol
*di-n-butylamine-acetic acid

BEA)IRILFFR (—FFEDNA)

Synthetic oligonucleotides (Single-strand DNA) P171116C

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

1.5
2.5
50
40

30

20

BRAUIRILFFEF (—FEDNA)

Synthetic oligonucleotides (Single-strand DNA)
U190801A

1. 5-TCATCACACTGAATACCAAT-3’ (DNA 20 mer)

2.5-GTCATCACACTGAATACCAAT-3’ (DNA 21 mer)
3. 5-ATCATCACACTGAATACCAAT-3’ (DNA 21 mer)
4. 5-CTCATCACACTGAATACCAAT-3’ (DNA 21 mer)
5. 5-TTCATCACACTGAATACCAAT-3' (DNA 21 mer)

Base of 5’ end
of DNA 21 mer

25-55%B (0-15 min)
=A2%B/min

25-40%B (0-15 min)
=A1%B/min

mAl , 2

e
a
% .

G b Rs : 6.90
1 prasiecor

5 10 15 min)

mAl 3 m
1

A
5 5
4« 4 13

A 3 Rs:2.46 w= j Rs:2.85
2 2
19 p181010F02 19 p181226G02

5 10 15 min| 5 10 T5 min

mA 4 mA
0] B 50
40 14

C 30| l Rs: 1.70 LK Rs:2.02
20f 20)

20 15 i) s 10 15 min

mAl 5 m

~
50} 1 El
af a s

T % ll Rs:3.73 ™ s : Rs : 4.40
o p

Column : BioPro IEX QF (5 um) Column : BioPro IEX QF (5 pm)
100 X 4.6 mml.D. 100 X 4.6 mml.D.

Eluent : A) 10 mM NaOH Eluent : A) 10 mM NaOH
B) 10 mM NaOH containing 1.0 M NaClO,, B) 10 mM NaOH containing 1.0 M NaClO,
25-55%B (0-15 min), 100%B (15-20 min) Flow rate 1 1.0 mL/min

Flow rate : 1.0 mL/min Temperature : 25°C

Temperature 1 25°C Detection : UV at 260 nm

Detection 1 UV at 260 nm Injection 14 pL (each 5 nmol/mL)

Injection 24 pL (5 nmol/mL)
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BREAVIRILFFER (—FEHRNA)

Synthetic oligonucleotides (Single-strand RNA) P171116E

1. 5-UCAUCACACUGAAUACCAAU-3’ (20 mer)
2. 5-GUCAUCACACUGAAUACCAAU-3’ (21 mer)

Al

50
40 4
30

0

Column : BioPro IEX QF (5 pm)
100 X 4.6 mml.D.
Eluent : A) 10 mM NaOH

B) 10 mM NaOH containing 1.0 M NaClO,,
25-55%B (0-15 min), 100%B (15-20 min)

Flow rate : 1.0 mL/min

Temperature 1 25°C

Detection 1 UV at 260 nm

Injection 14 pL (5 nmol/mL)
BRlAVIRILEFE

Synthetic oligonucleotides FO50502A

5-CCCGTGTTCCTTGCCACAGAC-3’ (21 mer)

mAU
N-3 21 mer (N)
10 1 N2 N1
5
0
[ [ [ [ I [ | I I |
0 2 4 6 8 10 12 14 16 18  min
Column : Hydrosphere C18 (3 ym, 12 nm)
50 X 4.6 mml.D.
Eluent 1 A) 10 mM DBAA* (pH 6.0)
B) 10 mM DBAA* (pH 6.0)/methanol (20/80)
55-60%B (0-20 min)
Flow rate 1 1.0 mL/min
Temperature 1 35°C
Detection 1 UV at 269 nm
Injection : 3 uL (20 nmol/mL)
Sample : primer of DNA sequencing
*di-n-butylamine-acetic acid

BREAVIRILFFER (—FEHRNA)

Synthetic oligonucleotides (Single-strand RNA) P171116A

1. 5-U(M)C(M)AM)UM)CMAM)CMAM)CM)UM)GMANMAMUMAM)CM)CMAM)AM)U(M)-3' (20 mer)
2. 5-G(MU(M)C(M)AM)UM)C(MAM)CMAM)CMUM)GMAMAM)UMAMCM)CMAMAMUM)-3' (21 mer)
N(M)=2'0OMe RNA

Column : BioPro IEX QF (5 pm)
100 X 4.6 mml.D.
Eluent : A) 10 mM NaOH

B) 10 mM NaOH containing 1.0 M NaClO,
25-55%B (0-15 min), 100%B (15-20 min)

Flow rate : 1.0 mL/min
Temperature . 25°C

Detection 1 UV at 260 nm
Injection : 4 pL (5 nmol/mL)

ERAVIRXRILAFEDOLC/IMSHHT

LC/MS analysis of synthetic oligonucleotides F060213C

5'-CCGCTCGAGCTAAAAAAAGCCTGTGTTACC-3' (30 mer)
A) UV

1001 )
Diode Array N-3
269 nm
4.50e3

N-2\-1 30 mer (N)

%

0 5 10 15 20 25min

B) MS
1001
Scan ES-
TIC
3.00e6
% - N-3

- 30 mer (N)
N-2 N-1

T T T T

0 5 10 15 20 25min
Column : Hydrosphere C18 (3 pm, 12 nm)
50 X 2.0 mml.D.
Eluent : A) 10 mM DBAA* (pH 6.0)

B) 10 mM DBAA* (pH 6.0)/acetonitrile (50/50)
58-62%B (0-20 min), 62%B (20-25 min)

Flow rate : 0.2 mL/min

Temperature :35°C

Detection : A) UV at 269 nm, B) ESI negative-mode
Injection :1 pL (20 nmol/mL)

Sample : primer of DNA sequencing

*di-n-butylamine-acetic acid
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RARAFAI—FRAYITRILFTFE RRBAFAIT—FRF)IIXILAFF

Phosphorothioate oligonucleotides Phosphorothioate oligonucleotides

P180606C AB190618B
1. 5-TATATATATATATATATATATATATTT-3' (DNA 15 mer 12PS, 2PO) 1. B-UACAANUACAARCAARCAUAGAAMARURAACACAANAAU-3' (RNA 20 mer)
2. 5-TATATATATATATATATATATATATATT-3' (DNA 15 mer 13PS, 1PO) 2. 5-GAUACAANUACAANCAARCAUAGRAMANUNARCACAAMANU-3’ (RNA 21 mer)
3. 5-TATATATATATATATATATATATATATAT-3' (DNA 15 mer All PS ) ~=phosphorothioated
"=Phosphorothioated
mAU
mAU
;
15
6
5 1 2
10 123 4
3
5 2
1
0 "— 0
o 5 10 min 0 2 4 6 8 10 12 14 16 18 min
Column : BioPro IEX QF (5 pm) Column : YMC-Triart C8 [Metal free column] (1.9 um, 12 nm)
100 X 4.6 mml.D. 100 X 2.1 mmiI.D.
Eluent :A) 10 mM NaOH Eluent 1 A) 15 mM triethylamine-400 mM HFIP*
B) 10 mM NaOH containing 1.0 M NaClO, B) methanol
40-70%B (0-15 min) 10-20%B (0-20 min)
Flow rate :1.0 mL/min Flow rate :0.42 mL/min
Temperature :125°C Temperature 1 70°C
Detection 1 UV at 260 nm Detection 1 UV at 260 nm
Injection : 6 L (each 3.3 nmol/mL) Injection : 1 L (each 1.25 nmol/mL)
*1,1,1,3,3,3-hexafluoro-2-propanol
> © fo—_LO
FPUoFEIRAFIVIRILAFF (SRAILEY) DLC-HRMS 4T
LC-HRMS analysis of antisense oligonucleotides (mipomersen
y 9 iy ) R201223A
Total ion chromatogram Column : YMC-Triart C8 [Metal free column] (1.9 pm, 12 nm)**
1 5 1.LNA-Mipomersen (1.S.) 100 X 2.1 mml.D.
100 2.Mipomersen Eluent : A) water/triethylamine/HFIP*2
. (100/0.4/2; triethylamine 28.0 mM, HFIP 135.8 mM)
% 7 B) methanol/triethylamine/HFIP (100/0.4/2)
3 ZZ Gradient : [Sample separation step]
fa 10-40%B (0-5.0 min)
S Zz [Column wash steps]
o 40-70%B (5.0-5.1 min), 70%B (5.1-7.0 min),
003 10 20 30 40 5To ) )so 70 70-10%B (70-71 min), 10%B (71-80 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),

Mass spectrum of mipomersen Mass spectrum of LNA-mipomersen 10-90%B (10.0-10.1 min), 90%B (10.1-11.0 min),
-109 - i

100y RT: 4.60-5.00 2300.9664 100RT 280420 2237.5110 90 10/08,(11'0 11.1 min)

% - o Flow rate :0.3 mL/min
o A o Pl Temperature : 50°C
gm - £ Injection 210 pL (1000 ng/mL)
g% 2% (MgH)+ System : LC) Vanquish Binary Pump H system
£ - £ Thermo Fisher Scientific)
2 a0 [MBHT F 0] [M-8HT* ( g .
e \ 1793.0002 \ 16790008 HRMS) Orbitrap HRMS Q Exactive Plus

20| 898.0074 20| 838.4558 (Thermo Fisher Scientific)

“ a1l “ |1 | ! 1 _I ‘ | N "1 Prewashed the column prior to the first use with water/methanol/phosphoric acid (70/30/0.1) for 1 hour

500 1000 1500 2000 2500 9000 3500 4000 4500 5000 5500 6300 ©550 1000 1550 2000 2500 3000 3500 4000 4500 5000 5500 5000 *21,1,1,3,3,3-hexafluoro-2-propanol
Courtesy of Y. Sun, National Institute of Health Sciences 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.
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DNAZSS Ak

DNA fragments
9 N080212G
mAU _
50
)
N080212G
\I\\‘\\\I‘\\\\I\\\‘I\I\\\I\l\\\\\\\\‘
0 5 10 15 20 min
Column : BioPro IEX QF (5 pm)
100 X 4.6 mmil.D.
Eluent : A) 20 mM Tris-HCI (pH 8.1) containing 0.5 M NaCl

B) 20 mM Tris-HCI (pH 8.1) containing 1.0 M NaCl
40-100%B (0-30 min)

Flow rate : 0.5 mL/min

Temperature . 25°C

Detection 1 UV at 260 nm

Injection : 20 pL (0.25 mg/mL)

Sample : 1 kb DNA ladder (75-12,216 bp)

TS5RSFpBR322D HIBEEFRHae 1153

Plasmid pBR322 and pBR322 Hae Il restriction fragments
NO080610F

1. Plasmid pBR322 Hae llI digest (8-587 bp)

2. Plasmid pBR322 (4,361 bp)

mAU 1

40

30 2

20

O Il

N080D610F
N L

0 5 10 15 20 25 min
Column : BioPro IEX QF (5 ym)
100 X 4.6 mm 1.D.
Eluent : A) 20 mM Tris-HCI (pH 8.1)

B) 20 mM Tris-HCI (pH 8.1) containing 1.0 M NaCl
70-85%B (0-20 min), 85%B (20-25 min)

Flow rate : 0.5 mL/min

Temperature :35°C

Detection : UV at 260 nm

Injection 110 pL

Sample : Plasmid pBR322 Hae IlI digest (0.13 mg/mL)

Plasmid pBR322 (0.03 mg/mL)

S L5 DNAGIBREEFEHINd 11 LU ECOR I19MEY

Lambda DNA Hind IllI/EcoR | restriction fragments P081023B

Lambda DNA Hind lll/EcoR | digest (130-23,130 bp)

mAU]
60
50
40
30
20
10
0 A
T T T T T T 1
0 5 10 15 20 25 min
Column : BioPro IEX QF (5 pm), 100 X 4.6 mmlI.D.
Eluent : A) 20 mM Glycine-NaOH (pH10.6)
B) 20 mM Glycine-NaOH (pH10.6) containing 1.0 M NaCl|
70-90%B (0-30 min), 100%B (30-35 min),
0%B (35-65 min), 70%B (65-95 min)
Flow rate 0.5 mL/min
Temperature : 25°C
Detection : UV at 260 nm
Injection : 20 pL (0.1 mg/mL)
Sample : Lambda DNA digested by Hind Il and
EcoR | (130-23,130 bp)

TS5 ASFpBR322D HIFREE R Hae 11153 2%

Plasmid pBR322 and pBR322 Hae Il restriction fragments
P0O80617A

1. Plasmid pBR322 (4,361 bp)
2. Plasmid pBR322 Hae Ill digest (8-587 bp)

mAU 2
40 1
30
20
10
ol N
\\I\‘I\\\l\\\l‘\l\\‘\I\\l
0 10 20 30 40 50 min
Column : YMC-Pack Diol-300 + Diol-200 (5 ym)
500 X 8.0 mml.D. X 2
Eluent : 0.1 M KH,PO,-K,HPO, (pH 7.0) containing 0.2 M NaCl
Flow rate 1 0.7 mL/min
Temperature  : ambient (25°C)
Detection 1 UV at 260 nm
Injection 110 L
Sample : Plasmid pBR322 (0.03 mg/mL)
Plasmid pBR322 Hae IlI digest (0.13 mg/mL)
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TS5 ASFpBR322DFIREERMsp |22

Plasmid pBR322 and pBR322 Msp | restriction fragments

G920109B

1. Plasmid pBR322 cleaved with restriction endonuclease Msp |

_—

10 20 30 40 50 60 70
Column : YMC-Pack Diol-300 + Diol-200 (5 pm)
500 X 8.0 mml.D. X 2
Eluent 1 0.1 M KH,PO,-K,HPO, (pH 7.0) containing 0.2 M NaCl
Flow rate 1 0.7 mL/min
Temperature : ambient (26°C)
Detection 1 UV at 260 nm
Injection : 3 yL (0.49 mg/mL)
Sample : Plasmid pBR322 cleaved with restriction endonuclease
Msp |
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