STRATEGIES FOR MEASURING OLIGONUCLEOTIDES USING A
FULLY AUTOMATED MICRO-FLUIDIC IMMUNOASSAY SYSTEM

Frida Lothberg
Application Scientist
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OLIGONUCLEOTIDE MEDICINE
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OLIGONUCLEOTIDE MEDICINE

 mMRNA vaccines, ASOs, aptamers, siRNA

* As of end of 2021, 15 approved oligonucleotide drugs

« Many more in clinical trials

* Treatment for genetic and infectious diseases
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ANTI-SENSE OLIGONUCLEOTIDES

+ Different modes of action and delivery systems

« Steric blocking, splice modulation and Rnase H cleavage

» Structural variants of RNA/DNA
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ASSAY FORMATS
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SCHEMATIC OF ASSAY

Detection ab

Capture ab

Streptavidin column
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SCHEMATIC OF ASSAY

Capture ab

Detection ab

Detection
oligo

Capture
oligo

Streptavidin column
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MICRO-FLUIDIC IMMUNOASSAY

andwich assa
on streptavidin
bead

Affinity capture CD

column (15 nL) microstructure Microfluidic CD
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THE MIXING CD

Reagent inlet Sample inlet

« Mixing chamber allows for incubation

Reagent inlet [? |

Mixing chamber

« Sequential or combined addition of reagents

Column
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NUCLEASE-DEPENDENT CUTTING ASSAY

A single dual-purpose probe

* T

Analyte binds the full-length probe

Nuclease cleaves unbound probes

Analyte

Selective for full-length analytes

Capture/Detection
oligo

Pharmaceutical Research, Vol. 23, No. 6, June 2006 ( C 2006)
DOI: 10.1007/s11095-006-0082-3

Research Paper

A Specific Picomolar Hybridization-Based ELISA Assay for the Determination
of Phosphorothioate Oligonucleotides in Plasma and Cellular Matrices

Xiaohui Wei,! Guowei Dai,! Guido Marcucci,>® Zhongfa Liu,' Dale Hoyt,* William Blum,?
and Kenneth K. Chan'?*
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DUAL HYBRIDIZATION ASSAY

3 */

\ oligo
Analyte

» Analyte binds capture and detect

« Without analyte, detect is washed away

* Detects 3’ and 5 metabolites

OLIGONUCLEOTIDES 15:119-131 (2005)
© Mary Ann Liebert, Inc. Capture

oligo

\)
7

Quantification of Oligodeoxynucleotides in Human Plasma
with a Novel Hybridization Assay Offers Greatly Enhanced
Sensitivity over Capillary Gel Electrophoresis

S.M. EFLER,' L. ZHANG,' B.O. NOLL,? E. UHLMANN,? and H.L. DAVIS!
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ANALYTE

« Based on Casimersen (AMONDYS 45)
— PMO structure

* Duchenne muscular dystrophy (DMD)
— Skips exon 45
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MANUAL VS AUTOMATED WORKFLOW

2-3h

- Manual assays Manual

preparation

1-2h ~1h
. Incubation .

20min 1.5-3h
Reagent Automated
* Automated assays Preparation assay
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RESULTS

Nuclease-dependent cutting assay
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MANUAL ASSAY WITH MICROCOCCAL NUCLEASE

Overlay Chart
100

Reagent mixing and
incubation outside the CD

10

* Micrococcal nuclease (10 000 =
U/mil) 2
. ¥
* No difference between
incubation in room temp and X
37°C

Concentration[pM]

Data
X 1.37C+ 2. RT
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ASSAY AUTOMATION S
Standard Curve
1 000
Data
X STD
. . . — STD Curve
- Large variation between replicates 100 X% x X
X * X X
S 10
 Nuclease sticking to the needles ]
. ) 8 B
- “Sticky” probe due to length N
0,1
0,01
1 10 100 1 000 10 000 100 000

Concentration [pM]
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PROBE RESPONSE K 3

Overlay Chart
« Same concentration of probe did
not give linear response \ . "
§ $ X %
o ‘ ! N
B & X x X
« Solved by reversed addition order . x
and 10% mouse serum in the buffer
1 10 1Ogoncentration[ph14]000 10 000 100 000
D):tal. Sequential + 2. Reversed X 3. Reversed + Serum
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MICROCOCCAL NUCLEASE REACTION BUFFER PER

No salt buffer Optimized salt concentration High salt concentration

Stan Standard Curve Standard Curve
1 000 1 000

100
100
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a a a
g g g
& < [~4
10
1
0,1 1
1 10 100 1000 100 100 000 1 10 100 1000 10 000 100 000 1 10 100 1 000 10 000 100 000
Concentration [pM] Concentration [pM]

Concentration [pM]

']
CLTM
00 %

S
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MICROCOCCAL NUCLEASE REACTION BUFFER PER

No salt buffer Optimized salt concentration High salt concentration
Standard Curve Standard Curve Standard Curve
1 000 1 000 1 000
X X
100 " X X X X 100
X X

=) =) S
£ £ =
o o o
2 10 2 10 @
<3 S S
a aQ a
g g g
& [~ [~
1 1
0,1 0,1 1
1 10 100 1 000 10 000 100 000 1 10 100 1 000 10 000 100 000 1 10 100 1 000 10 000 100 000
Concentration [pM] Concentration [pM] Concentration [pM]
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MICROCOCCAL NUCLEASE REACTION BUFFER PER

No salt buffer Optimized salt concentration High salt concentration
Standard Curve Standard Curve
1 000 1 000
X X
100 X
X X X X X X "
100
2 2 2
o] o [e]
& & =
& & &
10
1
0l 10 100 1000 10 000 100 000 01 10 100 1000 000 100 000 ) 10 100 1000 10 000 100 000
Concentration [pM] Concentration [p Concentration [pM]
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BSA AND SERUM ADDITION 3 S

Standard Curve

1 000
 Addition of 0.1%-5% BSA did Data
not improve precision Z 510 curve
100
2
« Serum addition did not improve g 10
assay further g
1
0'11 10 100 1 000 10 000 100 000

Concentration [pM]
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AUTOMATED ASSAY WITH S1

NUCLEASE

« 15 000 U/ml S1 nuclease

* Requires pH <4

22

Standard Curve

1 000
Data
X STD
— STD Curve
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X
X
100 x
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2 10
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1
X
X
X
X
0,1
1 10 100 1000 10 000 100 000
Concentration [pM]
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SERUM STANDARD S1

Analyte in 10% Cyno serum

10% Cyno serum added to the
nuclease buffer

Small improvement, needs further
tests

Standard Curve
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1 000
Data
X STD
— STD Curve
X
100
= X
=
2
o
=1
0
[
(4
1
X
0,1
1 10 100 1 000 10 000 100 000
Concentration [pM]
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RESULTS

Dual hybridization assay




*

MANUAL ASSAY

¥
o \ N\

[~

« Reagent mixing and Overlay Chart
incubation outside the CD
— 2 x 30 min incubations

10

» 1-step assay runs the
complex through the column

Response [RU]

* No difference between
incubation in room temp and
37°C

0,01
0,1 1 10 100 1 000

Concentration[pM]

Data
X 1.37C+ 2. RT
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AUTOMATION ON THE MIXING CD 3¢

« Analyte and capture probe Overtay Chart
incubated for 30 min

10

* Addition of detect followed
by 30min incubation

Response [RU]

 Lower S/B ratio with shorter
incubation o1

0,01
Concentration[nM]

S o et [ A8 aial am 28 | ih 26 bata

runtlme X 1.30 min + 2. 20 min X 3. 10 min X 4. 5 min
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DIFFERENT ANALYTES
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PMO 2-MOE

Standard Curve

Standard Curve
100 100
Data
X STD
— STD Curve
10 10
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0’011 10 100 1 000 10 000 100 000 0,01
C . M 1 10 100 1 000 10 000 100 000
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LLOQ oOF 2 PM IN NEAT SERUM &S

Overlay Chart

1 000

« Standard curve in 50%
human serum

10

« QC samples prepared in 7
neat serum and diluted 1:2
T S
Within run %CV %CV Total %CV
4 5% 1 9% 4 9% ' Concen tration[pM]

X 1.Run1l+ 2.Run2 X 3.Run 3 X 4.Run4 + 5. Run 5 * 6. Run 6
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CONCLUSIONS
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CONCLUSIONS

i £
* Precision problem with nuclease-based assay ,
— Salt intolerance of nuclease
— S1 could be further tested ;
(8} (6}

« Dual hybridization assay works well on the microfluidics system
— Test more sequences
— Other chemistries
— Introduce metabolite oligos
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