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RNA (si RNA), microRNAs (m RNAs), aptaners and al so spiegelners. In
addition, the present invention relates to a nethod for the sinultaneous
detection of both strands of a double stranded oligonucleotide in a single
measurenent, e.g. for si RNA. digonucl eotides of known sequences are
commonly used in a wde variety of chem cal and biol ogi cal applications,
and have al so gai ned high inportance in the diagnosis and treatnent of
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PCR-anplified oligonucl eotides by PNA probes in anion-exchange hjgh
aptamers are promising pharmalogical tools and therapeutic agents. The qualitative and
10 quantitative detection of these oligonucleotides in samples like cells, tissue, blood or plasma is a

prerequisite to assess their therapeutic use and to monitor their stability in vivo.

Different methods for the detection of oligonucleotides are cited in the literature and
disclosed in published patent applications, e.g. WO/2008/046645. Most established procedures
for quantitative and qualitative detection of oligonucleotides are based on hybridisation with

15 complementary oligonucleotides via Watson-Crick base pairing. Peptide nucleic acids (PNAs)
are oligonucleotide mimics in which the sugar-backbone is replaced by a pseudopeptide chain of
N-aminoethylglycine monomers. They are often used in probe-based oligonucleotide detection
methods as they bind to complementary DNA or RNA sequences with high affinity, specifity
and stability (US Pat 6,395,474). WO/2008/046645 mentions the use of PNA probes in a RT-

20 PCR-based oligonucleotide detection assay. US Pat 6,045,995 describes the qualitative and
quantitative detection of oligonucleotides by capillary gel electrophoresis. Rossi et al describe
the identification of PCR-amplified oligonucleotides by PNA probes in anion-exchange high
performance liquid chromatography (HPLC) (J. Agric. Food Chem. 2007, 55, 2509-2516).

However most of the existing assays to determine oligonucleotides in biological samples
25 are not able to detect metabolites or to separate metabolites signals from the signal generated by
the intact oligonucleotide. For example in PCR-based methods signals are usually generated of

the intact drug only or as the sum of various metabolites together with the intact drug. Capillary



performance |iquid chromatography (HPLC) (J. Agric. Food Chem 2007, 55,
2509- 2516) . However nost of the existing assays to determ ne
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great advantage to have a reproduci bl e and quick nethod for oligonucleotide
det ect i(eg. $iIRNganpl es which i s capabl e of anal ysing oligonucl eotides and its
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qual i t abhyekngamd/ @epaéant ddR@tihy e ¥ample containing or suspected of containing said
15 oligonucleotide, forming a hybridization mixture by contacting the sample with a fluorescently
labeled peptide nucleic acid (PNA) probe which is fully complementary to at least 10 or more
nucleotides of said oligonucleotide, separating hybridized moieties formed between said
oligonucleotide and said PNA probe from unhybridized moieties by anion exchange high
performance liquid chromatography (alEX-HPLC), and qualitatively and/or quantitatively

20 detecting said hybridized moicties by fluorescence spectroscopy. A major advantage of the
present invention over other oligonucleotide detection methods is the simple sample preparation

prior to detection, ¢.g. no clean-up procedures, amplification or extraction steps are required.
Therefore any variability regarding the recovery of the analyte is avoided. In preferred
embodiments the sample is treated with Proteinase K in a buffer containing SDS, followed by

25 precipitation of the SDS with a saturated KCl solution. Thereby degradation of the

oligonucleotides in the sample is efficiently prevented.

Excess non-hybridized PNA-probe clutes in the void volume of the HPLC and no
interfering signals during the gradient separation are expected from the probe. Therefore a high
excess of the PNA-probe can be used to kinetically control the hybridization process without

30 establishing a step to extract the excess probe from the sample. The use of the PNA probe also
eliminates the complete background fluorescence from the biological matrix, as it elutes with the

void volume of the alEX-HPLC. Also signals generated from unspecific hybridization of the



detecting said hybridized noieties by fluorescence spectroscopy. A ngjor
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15 occurs after the delivery of the siRNA into the cell this can be used to distinguish extracellular
from intracellular delivered siRNA in tissues. Then the intracellular 5’-phosphorylated siRNA

can serve as a marker for the amount of active drug in tissue compared to the overall amount of

drug delivered into the organ.

Sensitivity and reproducibility of the herein described oligonucleotide detection method:
20 For a model sequence (RD-1003) the lower limit of quantitation (LLOQ) in plasma is about 250
amol of the oligonucleotide with the stock calibration approach. The assay works with high

reproducibility (variation <5%).

The major advantages of the present invention over other published HPLC-based
oligonucleotide quantitation methods are the quick and simple sample preparation, the lack of

25 amplification steps prior to detection, the high sensitivity and reproducibility, the robustness of
the assay, the high-throughput capability and the capability to detect both strands of the
oligonucleotide and its metabolites in one measurement. Rossi et al describe the identification of
oligonucleotides in anion-exchange HPLC (J. Agric. Food Chem. 2007, 55, 2509-2516). In
contrast to the present invention, additional sample preparation steps and amplification of the

30 oligonucleotides by PCR are necessary prior to detection. Further, a simultancous detection of
both strands is impossible, as the hybridisation protocol requires nucleolytic cleavage of one of

the strands.
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15 by alEX-HPLC, qualitatively and/or quantitatively detecting said hybridized moieties by
fluorescence spectroscopy. This is the first procedure that allows detection of both strands of an

oligonucleotide duplex in parallel from one sample.

In the most preferred embodiment two fluorescently labeled PNA-probes are used for the

detection of oligonucleotide duplexes. Each probe hybridizes specifically to either the sense or

20 antisense strand of the oligonucleotide. In one embodiment, the same fluorescence label is used
for detection of both strands. The duplex is designed of two strands with different length or the

two probes are thus designed that hybridization leads to different retention times of the two
single strands in the alEX-HPLC analysis. In another embodiment, two different fluorescence

labels are used for detection of both strands with two fluorescence detectors in one HPLC setup.

25 This opens new possibilities not only for quantification from biological samples but also
for CMC characterization of oligonucleotide duplexes, e.g to directly characterize the ratio of
the two single strands in a sSiRNA duplex as the ratio of peak areas for the individual strands. The
signal intensity only depends on the fluorescence signal after the hybridization procedure and is

independent from the single strand specific UV extinction coefficients.

30 In a preferred embodiment, a known concentration of the oligonucleotide that should be

detected is added to the unknown sample, and is also added to the calibration and blank sample.
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In another embodiment the method is used for quantitative and qualitative detection of
aptamers. Preferably, said aptamers are spiegelmers with L-ribose (L-RNA) or L-deoxyribose

15 (L-DNA). In one embodiment, said aptamer is pegylated.

In yet another embodiment the method can be used to distinguish extracellular from

intracellular delivered siRNA in tissues.

A number of dyes have been described for fluorescently labeling oligonucleotides.
Preferred fluorescence labels include Atto 610, Atto 425 and Atto 520, but any other

20 fluorescence labels known to a person skilled in the art can be used in the method.

In yet another embodiment, this invention is directed to kits suitable for performing an
assay which detects the presence, absence or number of one or two strands of an oligonucleotide
and its metabolites in a sample. The kits of this invention comprise a ready-to-use plate
preparation comprising one or more PNA probes and all other reagents or compositions

25 necessary to perform the assay. The use of the kit simplifies the performance of the assay and
improves the reproducibility of the assay. Preferred kits of the invention make use of a fully
automated robotic system for oligonucleotide detection, where all reagents are added by a
pipetting robot. Thus the reproducibility of the assay is further improved. In addition, this setup

can be used for high-throughput analysis of oligonucleotides in different samples. In one
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and At teﬂu&%lgntsbd{{ naﬁ"lﬂﬁll?tolagﬁrring nucleobases, sugars, or inter-sugar linkages, like aptamers,

spiegelmers, peptide nucleid acids (PNA), threose nucleic acids (TNA), locked nucleic acids

(LNA), or glycerol nucleic acids (GNA). This term includes oligomers that contain the naturally

occurring nucleic acid nucleobases adenine (A), guanine (G), thymine (T), cytosine (C) and

15 wracil (U), as well as oligomers that contain base analogs or modified nucleobases. Therefore the

person skilled in the art understands that the term “oligonucleotide” comprises but is not limited

to RNA, DNA and mixed oligonucleotides, antisense oligonucleotides, short interfering RNA
(siRNA), microRNAs (miRNAs), aptamers and also spiegelmers.

Oligonucleotides can derive from a variety of natural sources such as viral, bacterial and

20 eukaryotic DNAs and RNAs. Other oligonucleotides can be derived from synthetic sources, and
include any of the multiple oligonucleotides that are being manufactured for use as research
reagents, diagnostic agents or potential and definite therapeutic agents. The term includes
oligomers comprising of a single strand nucleic acid or a double strand nucleic acid. The two

strands of a double strand nucleic acid are defined as “sense strand’ and “‘antisense strand”.

25 As used herein, the term “strand comprising a sequence” refers to an oligonucleotide
comprising a chain of nucleotides that is described by the sequence referred to using the standard
nucleotide nomenclature. However, as detailed herein, such a “strand comprising a sequence”
may also comprise modifications, like modified nucleotides. As used herein, and unless
otherwise indicated, the term "complementary," when used to describe a first nucleotide

30 sequence in relation to a second nucleotide sequence, refers to the ability of an oligonucleotide

or polynucleotide comprising the first nucleotide sequence to hybridize and form a duplex
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(O angya highly conserved regulatory mechanism known as RNA interference (RNAI).

15 Hence the term “therapeutic SiRNA” refers to a double stranded RNA molecule used as a
compound to treat, prevent or manage disorders and diseases of a subject by blocking expression
of specific disease or disorder related genes. Preferably, such subject is a mammal, most

preferably a human patient.

The term “oligonucleotide metabolite” includes oligonucleotides from which 1 or more
20 nucleotides are deleted from the 3’ and / or the 5’ end. The term “oligonucleotide metabolite”
further includes any naturally or synthetically modified oligonucleotide, for example

oligonucleotides comprising phosphorylated 3° or 5° ends.

Also claimed are the methods and kits as hereinbefore described, especially with reference

to the examples below. The following examples, references, sequence listing and figures are

25 provided to aid the understanding of the present invention, the true scope of which is set forth in
the appended claims. It is understood that modifications can be made in the procedures set forth

without departing from the spirit of the invention.



uracil (U, as well as oligoners that contain base anal ogs or nodified
nucl eobases. Therefore the person skilled in the art understands that the
term "ol iwyorawl@aiiede"” conprises but is not limted to RNAVEPDNN0eY6 m xed
ol i gonucl eoti des, anti sense oligonucl eotides, short interfering RNA
(si RNA), microRNAs (m RNAs), aptaners #ad al so spi egel ners.
A igonucl eotides can derive froma variety of natural sources such as
viral, bacwSaoitaleséxiptionisbehgdigueesDNAs and RNAs. Ot her ol i gonucl eoti des can
be derived fromsynthetic sources, and include any of the nultiple
oligon cleotl es that are being nuf actured for as_research reagents,
di agno tlglafe s 2 GRrOBBHQsTET AP taﬁ”geta@fanﬂ%@@e%@}da%@ﬁ? P8Nyents. The term
i ncl udes ollgoners conprising of a single strand nucleic acid or a double
strand pgt eishoREh glmu-[ﬂﬁeddé@nﬂ&ﬁl@ Be8ot@fstrandlali Tt I‘T@R%rcméﬁr WeihGhe ik &y
def| ned as "sense strand” and "antisense stran used herein, the term
"strand conprising a sequence" refers to an ollgonucleotlde conprising a
chain @flgvﬂigé Isbows erdibrativatcuryss deistbe bipadtapgous haalyey 0bbrib siratdsrusiag tve Ak ng
t he Sstg) l{mﬁegg hd e, nonmencl ature. However, as detailed herein, such a
"st s%Quence" may al so conprise nodifications, |ike
nodi fi ed nucI eot| des As used herein, and unless otherw se |nd| cated, the
t er m " dogget dsRowasiynultando@n ankﬂgms bbbaiﬁst@aiﬂdbelsiagft-izvb?Nmpmlbmitﬁdifﬁﬁquence in
relation to a s d nuc]| eot guence, refers to the ability of an
ol i gon %P?I’&é?%’ﬁpsp@ﬁt%%‘lvélgﬂ%ﬁ%ﬁ%@% ‘{?&qu{% first nucleotide sequence
to hybridize and form a dupl exstructure under certain conditions with an
oli gonqqé&gglsg@wggepg&ltlgﬁg@hﬁ%trhggb(q@g@r| sing the second nucl eoti de
sequence, as w |l Dbe understood by the skilled person. "Conplenentary”
sequences, as used herein, may also include, or be forned entirely from
non- \atFégie Grshews bah@ﬁ{@mgrr@néwdh@)detb@tmqfamﬁé\%&arned from non-natural and
nodi fied nucleotides, in as far as the above requirenments with respect to
t he Vi i I il base-pairing of the
ol |1g(£nuc#dég?lsggé&%gxﬁrohﬁk@Tﬁgﬁ g&%{&}&ﬁf?pé?%%? 15'?@%% gst%ﬁriucl eoti de seqguence
to the oligonucl eotide or polynucl eotide conprising the second nucl eoti de
Figure 8 shows retention time shift by 3’-clongated as-strand sequences,

Figure 9 shows increase in sensitivity by higher tissue loading

Examples
15 Exampe 1: Detection of GFP-siRNA by PNA-probe HPLC

This material and method section describes the assay procedure how to determine a GFP-
siRNA from biological samples. Additionally this procedure can be also used with small
variations for all other oligonucleotides that can form Watson-crick base pairs. The procedure
allows the determination of only one strand in the case of single- and double stranded

20 oligonucleotides and the quantification of both strands in parallel from double stranded
oligonucleotides, ¢.g. siIRNA. The dye-probe is an fluorescently labeled PNA (Peptide Nucleic
Acid) strand that is fully complementary to at least 10 or more nucleotides of the oligonucleotide

that should be quantified (complementary is defined as perfect Watson-Crick base pairing).

Plasma, serum or tissue samples are shipped on dry ice and stored at -80°C until used.

25 Prior to the analysis plasma samples are thawed on ice and processed by a proteinase K



sequence over the entire length of the first and second nucl eoti de
sequence. Such sequences can be referred to as "fully conplenentary” with
respect twoeawy4diltner herein. The term "hybridi zed noi ePCEEP2000/062936 t 0 any
ol i gonucl eotide or any of its nmetabolites which are hybridized to the PNA
probe whereas "unhybridi zed noieties" tefer to any oligonucl eotide or any
of its nmetabolites which are not hybridized to the PNA probe. The term

" si RNA'treagifigit $n Epicantéo Ubll ang tTianed g siRiges litidnea seCtibans insin CB@adt @ra@tinaseK
bl ocki ng tgene expression in_a hi g}tﬂﬁ conserved regul atory mschanl sm known

as RNA teatnesnt S0eiblclRlagnpanage) mixgdny eult%mﬁ?ntfeh@?éaa@.ﬂil%suguw" iy & pb a
doubl e (IStEi%Q%elgs%ﬁrQﬁc? L?H @@aﬁﬁ?}q,oglﬁ]qul f 10 treat, prevent or manage

di sordé)rs an i seases o a subj ect expre55| on of specific
di sease or disorder related genes. Pr ef erably, such subject is a mammal,
nmost pr ef eflabhgs sarplosmarcpptlivempted ﬂihﬁozegrmt'ecﬂnidglmmmllé@tmgiérm Powidet evere

i nclud | i I d i.ch ti del et ed

the 5 sipman<ig e Baiecity CoRRb R Lt soRtErderraem b RaBiFo e siar s
i ncl Ud%ﬁbs%ﬂﬁ(erﬁl@tl?&e@' With @prét¥inhdeer itfeadnhant BDESAC. edll %kdtgﬁa%cm&rated%am RE are
exanpl e ol i gonucl eotides conprising phosphoryl ate or 5' ends

cl ai medudhes dilvécdrpithdecentg kelt sndid issue divabsebdnteordbeferd paployed pleélilﬁaHPﬁuGM th
refere | es bel ow. The foll ow ng exanpl es, references,
sequenggr% feﬁré&?at caf rgures are provided to aid the under st andi ng of t he
present invention, the true scope of which is set forth in the appended
clains. It Af&mﬂdpméiﬁm K hedatnidi20i claéfl 98 &&H sbiutivhde addedt foe2qr o edtiies
set forth without departing from he spi.rit of the invention. Shqr

destd i plassr %fUSWe@aﬁwg%ﬁ%@rqmpg@ qS%oxﬁngaqum iR %reﬁe@tﬁglga@tf%fcﬁ on

of one gt ﬁ&‘%eosfu Ex‘ﬁ@taﬁﬂ he'r:'ugééff%rﬁR%ﬂQﬂ@teﬁnﬁhﬂ”ﬂHta”eous anal ysi s of both

strands using t es wmth the sane dye, Figure 3 shows calibration
curves for the si rmltaneous anal ysis of both strands using two PNA
For hybridization, 100 pl of the diluted supernatant containing between 0,5 and 250 fmol

siRNA, is mixed in 96-PCR well plates with 5 ul of a 1 uM Atto610-PNA-probe solution
targeting the antisense strand. Hybridization buffer is added to a final volume of 200 ul (to 190
15 ul if the sense strand of the siRNA duplex should be detected also). The plate is sealed and

incubated at 95°C for 15 min in a PCR instrument.

The temperature of the PCR instrument is lowered to 50°C. If the sense strand of the
siRNA duplex should be detected 10 ul ofa 1 uM Atto425-PNA-probe (or of the Atto610-PNA-
probe) targeting the sense strand is added to each well for a final volume of 200 ul. After

20 shaking for additional 15 min at 50°C are cooled to room temperature and the samples are put

into the HPLC autosampler.

Calibration curves are generated from a siRNA dilution series under identical conditions.
A representative chromatogram of the calibration curve used in the analysis of both strands of an

oligonucleotide is provided in Figure 3.

25 Table 1: Sequences of PNA-Probes used for detection of a siRNA targeting GFP

GFP-siRNA probe set

Seq.ld. No. 1 5'- Atto425-(00)-TCG TGC TGC TTC ATG -3' Sense
Seq.ld. No.2  5'- Atto610-(00)-TCG TGC TGC TTC ATG -3' Sense
Seq.ld. No.3 5'- Atto610-(00)-ACA TGA AGC AGC ACG -3' Antisense




probes with the sane dye, Figure 4 shows sinmultaneous analysis of both
strands using two PNA probes with different fluorescence |abels, detection
wi th two wbuorisssnace detectors, Figure 5 shows separ at iPOR/EPR00EI062926

net abolites, Figure 6 shows a chromatogram for the detection of m RNAs,
Figure 7 shows a chromatogram for deted¢hion of spiegelnmer in lung tissue,
Figure 8 shows retention tine shift by 3'-elongated as-strand sequences,
Figure 9 siHmMSCianalysiBseith flusansdrice deteytiby ohilghaobt/aatisthst a@adhddupkanpl es
Exanpe 1: Detection of GFP-si RNA by PNA-probe HPLC This material and method

t d h to det G-Psi RNA f
b1 ol 0gi cal. 100N e ReERaieh ST (P o5 Biss i 8100 ih 1L QP EBeTl BB Khfosia |
vari atifgpsed RF2000 RoR&EeRk! @é?&t'&l G0k e tibhads B@tﬂ §1RN051 VEheRNwah! K Rase

pairs. The procedure allows the determnation of only one strand in the
case ofdif$érpugyl flroresacnadalybs e ss¢qnddbllede>oRF§QﬁﬂJﬂlhceo$0ﬁni®sd®¢mbrtlhesequamlecftciat i on

of both str i rall el ubI stran | i gonucl.eoti des, .g.

o R bty e g DD Gt e B Ry b DR G Pt RS RE Spafitini o)
str and_v&ﬂﬂﬁNaCl%)Jay|ehﬁén§@'[ﬂlinﬂi®ﬁ>h@i PNOPad PA?@S&olﬂrﬁan nor e nuc! eot i d_eS of

t he oligonucl eotide that should be quantified (conplenentary is defined as

perfect Watson-Crick base pairing). Plasma, serumor tissue sanples are

slm pped on AlEYpiGad shepmpptegrameler dbe dgogonuel pre siswd. is phpwR | i Hflgtﬁé laalypispk
o SHRPRLSZ) By 1P RO ANGIP P BERSSHnfY o (B0 INRRRO 8T R T

prot ei Ramedyt isqadviged mC‘IGglmﬂe mea@msaﬁﬁmm chehnatb gram3sT thd caEE;bramntcneve@sbdl mand
Ti ssue Lys Solfutl on, t ei nase, K. sol utdfon and 36 HOto a fi

pr
vol boﬂ‘rlsfg%@éé)f@a izgRucigodidp i prowideg dn fFigurs éz@nFlgPr&t‘b afyIca t 0
100 ngy cilfo%a‘%grgﬁ’i"ﬁ*%ﬁe Wrlu®aneous analysis of both strands using two PNA probes with different

fluorescence labels and their detection with two fluorescence detectors is shown.

HPLC-Conditions:

15 Column: Dionex DNAPac PA100 (4x250 mm analytical column)
Temp.:  50°C
Flow: 1 ml/min

Injection: 100 ul
Detection: Excitation: 612 nm; Emission: 642 nm (first detector)
20 Excitation: 436 nm; Emission: 484 nm (second detector if needed)

Table 2: HPLC Gradient Table

25 Time %A %B
-1.00 min 91 9
1.00 min 91 9

9.0 min 80 20

9.5 min 0 100

30 12.5 min 0 100
13.0 min 91 9
16.0 min 91 9

35 The concentrations of the GFP-siRNA in plasma and tissue samples are determined using

ion-exchange HPLC to separate the analytes and quantify the area under the peak with
fluorescence detection. Under the native IEX-HPLC conditions used, interfering matrix
compounds as well as excess of the fluorescence labeled probes elute in the void volume of the

column. Non-specific signals from hybridization of the fluorescence labeled probes with matrix



suspended in InL Epicentre Cell and Tissue Lysis Solution, treated with an
ul trasonic stick and subsequently |lysed with a protei nase K treat nent at
65°C. Al Iwpnotei4ssaze K treated sanpl es are further dil uP€a/Ered/oZ9eent re
Cell and Tissue Lysis Solution before enployed in the HPLC sanple
preparation step. After the proteinaselk treatnent 20 M of a 3M Kd
solution is added to 200 1 of the plasma or tissue sanples to precipitate

t he SDRNASINSAGuestifiyd toisighampettoraties liidwih digegbotl aesohfion of simdl whk little
supernatant .is further used for si RNA determ nation. For hybridjzation, 100
m  of ALY askeroupd ristsaatifie sienass epgratsdtindan doplsxesrensisong pbfluarmRat | s
m xed i - it h : : é%}t < - ution
t ar get ilﬁbge?e;§1 g@g}(’&?&ig}]@g‘ﬁe&g e{l\r@lj&ﬁégﬁl |?a§f%%q%ﬂdﬁl r |gs g%lﬁgﬁ{?? Zaﬁ?l'nal
volume of 200 m (to 190 M if the sense strand of the si RNA dupl ex shoul d
be det ect edduwahsion Feriokatébissd veahedtcard cildvatiat edvage@std from aldandard i n

aP i rupent. The t erat ur f. t he. i nstru t.j.s |lowered to 500C.
e SUONA TR o ey ERECD STl bl SR} ot BoRbidite SRR Ry
At t 0425086, (10 1Rkat PG AoF ﬂﬁslgssﬁ’w 18hed.5tan3etided sirrea [NHE cSfurand
is added to each well for a final volune of 200 m . After shaking for

addi t i origh amEL@Qrpfa0.GapgRA einclapl plisme apdomngsifefde tiswicand t he sanpl es
are put into the HPLC autosanpler. Calibration curves are generated froma
si RNA di | utﬁ'egg lﬁ?” es under identical conditions. A representative

chr omat ogram " the calibration curve used in the anal ysis of both strands

of an ol i gorucs@OViSigndard GFPIRIeA stotksb@Lbe (i8-holshprep)l: Sequences of
PNA- Probes used for detection of a si RNA targeting GFP GFP-si RNA probe set
SeqlQ d. No. *1 Hybrigigatipdinffeod)umpdd RIScCr a8V sTAENATChawe psnls e

e Proteinase K (20 mg/ml): Peqlab No. 04-1075; Lot: 11024
e Lysis buffer: Epicentre Cell and tissue lysis solution (# MTC096H)
o MilliQ-water: 18.2 MQ
e PNA-Probes: see Table 1
15 e KCI: 3M solution in H,O (in house prep)

e HPLC-System A for fluorescence detection:

e HPLC Eluent A: 25 mM TRIS-HCI; 1 mM EDTA; 50% ACN; pH=8
e HPLC FEluent B: 800 mM NaClO4 in A
20 Material:

e Ultrasonic stick, Bandelin Sonoplus (Berlin), HD 2070 MS72 with UW 2070
e 1,5ml Eppendorf tubes
e Eppendorftwin.tec PCR plate 96 (# 951020389)
e Eppendorf Mastercycler gradient
25 e Ultra Clear cap-Stripes, Peqlab (# 82-0866-A)
e Dionex Ultimate3000 HPLC: Solvent Rack
Dual Pump Ultimate 3000
Autosampler Ultimate 3000
Column Oven Ultimate 3000 with 10 port switch valve
30 UV-Detector VWD 3000
Fluorescence-Detector RF2000



Seq Id. No. 2 5 - Atto6l 0-(00-TCG TGC TGC TTC ATG -3' Sense Seq Id. No. 3
5°- Atto6l Q (00O -ACA TGA AGC AGC ACG -3" AntisenseHPLC analysis with
fl uor escanoeothaaIzi on of the probe/anti sense strand dupCe£PR@062906 each
hybri di zed sanple (1/2) are injected into the HPLC system connected to a
Di onex RF2000 fluorescence detector. Fé2- detection of both si RNA strands
with the two different fluorescence dyes a second D onex RF2000
f1 uor esdenefiveBst eetfolowig B cothidsisadtre Osed fHOMic akteetiort dfolfdonsdlcdlricact or .
The chromat ography is caonducted at 500C under native conditions with NaC O
as el uéhtecgdiviordftertion oh 8URNKA 2pa IR0 col umm. A typi cal chromat ogram for
the detection of one strand is shown in Figure 1, a typical chromatogram
for the sinultaneous analysis of both strands using two PNA probes with the
sanme dye i s epr Oviuded DienckiNAPaZ2 PAAODEPFEsdningt | ve chr omat ogram of the
calibration curve used in the analysis of both strands of an
ol i gonucl eot®i dECPRETPUERiS8ed in Figure 3. In Figure 4 a typical chromatogram
of the sinmulta S,a i S st h.ng, t PNA probes with

“uob ISHA a;geqsdél%a%@%%g?’rlOg‘gﬁ@ytdlé%n@/\?ﬁ\%tvvo fl uorescence

different fluorescence
detectors i s shBRwht BHOAMSAdinipHo8shat&FaMINAC]; BopneN DNAPac PAI OO (4x250 nm
anal ytical colum) Tenp.: 500C Flow. 1 m/mn Injection: 100 ul Detection:
Excitation: *61Bluany CEM%s(dh: 642 nm (first detector) Excitation: 436 nm

Em ssion: 484 nm (second detector if needed) Table 2 : HPLC G adient Table
dot M m mekbieh S0 Gradfent Tabor g Arefpethendht SonBBpe an: 1y
the area fefagion ofampNAs gped fiRNAs)

Time Flow

Eluent A Eluent B Eluent C

[min] | [mL/min] [7o] [7o] [7o]

0.00 1.00 40 20 37

1.00 1.00 40 20 37

10.00 1.00 8 55 37

10.50 1.00 0 90 10

13.50 1.00 0 90 10

14.00 1.00 40 20 37

17.00 1.00 40 20 37

Example 2: automated 96-well plate preparation
15 This section describes a new sample preparation protocol making use of microtiter plates.

Therein, manual handling steps are reduced to a minimum to improve the reproducibility of the
assay. All components of the mixture including hybridization buffer, dye-probe and the siRNA
spike are added by a pipetting robot to a 96-well plate. Also the preceding SDS precipitation of

the samples can be performed in a microtiter plated based setup.

20 With his procedure it is possible to prepare 96-well plates on stock for a defined
oligonucleotide, wherein only the sample solution has to be added. Accordingly, this ready-to-
use preparation works like a kit and can be used for quick high-troughput analysis of samples

containing or suspected of containing defined oligonucleotides.



fl uorescence detection. Under the native | EX-HPLC conditions used,
interfering matri x conpounds as well as excess of the fluorescence | abel ed
probes elwbeoion4s31e voi d vol une of the col um. Non-speciPCITEP2009/062936 f r om
hybridi zati on of the fluorescence |abeled probes with matri xRNA/ DNA are
shifted to higher retention tines alloWng for good resol ution of signal
with little co-eluting background. The specific signals generated by the
dupl exes c@stepirepracibnf | uorescent | abel ed probes and the correspondi ng

i ntact si RNA strand typically elutes between 5 to 7 mn. QJantitati on is

per f or med an external cal ation curve g t ed a st andar
si RNA di | ut ??%g’éh RLCTQHIEPIRt the %‘1% Mt aggtitkmgmﬁm[ Srowlly larhy idftyeeethn

anal yzeg asy QQS&)ﬁdrﬁﬁsd(IQMé’cﬁl tmﬁlghl marFSEQ aaa%t%at%@'% % N?«aﬂe ?ﬁ&%&l % t 0

250 frol” si RNA on the colum wth pl asma
and ~5 nmytesinRNA prapared susualReagertisg to tabt@nﬂMa@i éﬁ@iaul dreGEi@leé itRRechsolt lof the

sol ution n hou r.idizat] % ACN |n
noust by a T GeEIREL To Bt e i |6 o arels ing Ot aR OOl Serv Sl
Lysi s buhes,; roE,pl@gé’Mseas%{roﬁfm thd $EMA H{%la‘ild%@{)vb'tll-mfo(r#hévﬂ_é%%ld}l durves.
MITiQwater: 18.2 MNe PNA-Probes: see Table 1 « KO : 3Msolution in HO

( in hotUsewgliseld) 12, 50mU credjure end A0 fibef g m&ﬁeé@émear@l ed@@t Th sIRNA-philtioms gent

T A e g g ks U ST e BLO Rl P PR3 2
W t h U0620/80 ptatd isTuithdrppRAdetd ad l}!ﬂ@@ﬁred plate”.

10 Table 4: Mastermix for plate preparation
substance | per vial Mastermix
(=x500)
Water 31ul 15500ul
PNA Probe Sul 2500ul
Ipmol/ul
1fmol- 4ul 2000ul5
siRNA-
Spike:
0,5fmol/ul
Acetonitril 20ul 10000u1
IM Tris pH 40ul 20000ul1
8.0
20

siRNA dilutions for calibration curves
20nM (500fmol)
10nM (250fmol)
4nM  (100fmol)
25 2nM  (50fmol)
InM  (25fmol)
0,4nM  (10fmol)
0,2nM  (5fmol)
0,1InM  (2,5fmol)
30 0,02nM (0,5fmol)
0,01nM (0,25fmol)



 Eppendorf twin.tec PCR plate 96 (# 95 1020389) < Eppendorf Mastercycler
gradient « Utra Cear cap-Stripes, Peqlab (# 82-0866-A) « Dionex Utinate3
000 HPLC:wEabweardssiRack Dual Punp U timate 3000 Aut osanplpem/BBRa09M61926 3000
Colum Oven U timte 3000 with 10 port switch val ve UV-Detector VW 3000
Fl uor escence- Det ect or RF2000Al t ernati védy, the foll owi ng HPLC conditions
were used for the detection of oligonucleotides, especially for detection

of m RNAs anmllitioiRdPsamplesal piepardd plaex SO \pRapiPAldaG@t¢R50 x 4nmm) -
Tenperature: 500C e EI uent A 10rM Sodi urrphosphate 100mM Nadl ; 5% ACN -

El uent B: Sod osp at e; % en 0% ACN Table 3
. HPLC eaéﬁ’% B‘Ptéo saiples %ratanﬁétNg.tw&ﬁ%}nt@ 5Nt %@&%&PW& tpgiota
det ect i P0o8fedMIeRNES naBdtifd: ) aFX8TReSe ells qUtp@W 198z Weddd B é)‘?pettm%(I g

pr eparé) tion This section describes a new sanpl e preparation proto
use of robar Sttt &F nphlabesf catrefughign atedR UmaindindrfCs 56 pd cditke swdunent taee a

t th bilit f th . ALl t f th
Tt GBI AP R BT 0! B piepiing th/biEs SEEPKRHY RS RA opi ke are.
added by a pipetting robot to a 96-wel| plate. Also the precedi ng SDS

preci pi t at iFep thf céhitolSBRRI BEfee at Mediper fosrBEgitatdd avith MoK emdP3aLedf ias ed
set up.
P supernatant added to column 10 — 12 of the prepared plate. 100 pl of each well are injected onto

alEX-HPLC.
Example 3: Separation of drug metabolites

10 For separation of different drug metabolites purified 3’ end (3’ n-2, 3’ n-4, 3’ n-5, 3’ n-6)
and 5’ end (5’ n-1, 5'n-2, 5'n-3) metabolites of the as strand of GFP-siRNA, from which 1 to 6
nucleotides were deleted from the 3’ or 5” end, respectively, were analysed according to the assay
procedure described in Example 1. Metabolites are given in table 5, a typical chromatogram for

separation of metabolites is given in Figure 5.

15 Table 5: Representative metabolites of GFP-siRNA
GFP-siRNA
Sense
Name Sequence Seq.ld
GFP-siRNA-s-strand 5’ -CCACAUGARAGCAGCACGACUU-3’ 4
Antisense
Name Sequence Seq.ld
GFP-siRNA-as-strand 5’ -AAGUCGUGCUGCUUCAUGUGGUC -3’ 5
GFP-siRNA-as-strand-5'-(n-1) 5’ -AGUCGUGCUGCUUCAUGUGGUC -3’ 6
GFP-siRNA-as-strand-5'-(n-2) 5’ -GUCGUGCUGCUUCAUGUGGUC -3’ 7
GFP-siRNA-as-strand-5'-(n-3) 5’ -UCGUGCUGCUUCAUGUGGUC -3° 8
GFP-siRNA-as-strand-3'-(n-2) 5’ -AAGUCGUGCUGCUUCAUGUGG -3’ 9
GFP-siRNA-as-strand-3'-(n-4) 5’ -AAGUCGUGCUGCUUCAUGU -3’ 10
GFP-siRNA-as-strand-3'-(n-5) 5’ -AAGUCGUGCUGCUUCAUG -3° 11
GFP-siRNA-as-strand-3'-(n-6) 5’ -AAGUCGUGCUGCUUCAU -3’ 12




Wth his procedure it is possible to prepare 96-well plates on stock for a
defined oligonucleotide, wherein only the sanple solution has to be added.
Accor di ngwg,20tifi4351eeady-t ouse preparati on works |ike a PCI/ERp@Ive2y2®e used
for quick high-troughput analysis of sanples containing or suspected of
cont ai ni ng defined ol i gonucl eoti des. Pl-4%e preparation In a 96 well
mcrotiter plate the wells forma rectangular grid of 8 rows (| abeled A

t hrough H) Exachple4cDbtedtion 6f mRNAd 1 t hrough 12). For an automated 96 wel
pl ate preparation, a masterm x is prepared manually according to table 4

and 100 m _are added to,each well of the plate b pi pett.ing robot. To
wel I's in ré[&l}ef-s%@,‘”@dlsﬁ‘li Ui stangardggadion sy gt Bp P bO R AT St BN s,

row 10 ﬁ%@ﬁ\{ﬁ&eaﬁls&eﬁtziéj bin f&ﬁm%f%eth'efrﬂyﬁseslmek% 8nflc s AL132 JQr ddthi®ed from
1Te 81-12, 80 n med RNA

calibration curves. To we fumand 50 nl of a si

di | uti omuae ¢isadiyshtc ThesitsicRMAtD| igjioms (wogetipr eqaroddarsly frpelypitp epikicdgvithobot
stargin ith.a 100 Si | uti on and e listed | ow, _Thi s - |1

ol e pedtbing ccpgelt, BHCIS 52 hndnane Thiwatd ' ap et Biflefe, ol o

pl ate pBepARY FRIM Sitdiircdi isUtdods tHa®lin GadridImaibé MleLHiréRHt APRVLE RARRRD] 22
10nM (250f mol’) 4nM (1 OOF ol ) 2nM (50f ol ) InM (25fnol ) O, 4nM (1 O ol ) 0O, 2nM

( 5f ol se@uengadl e cgtressed: 0, 02nM (0, 5f nol )
miRNA-122a: 5>-UGGAGUGUGACAAUGGUGUUUG-3’ (Seq. ID. No.13)
miRNA-122b: 5’-UGGAGUGUGACAAUGGUGUUUGU-3’ (Seq. ID. No.14)
10 miRNA-122¢: 5>-UGGAGUGUGACAAUGGUGUUUGA-3’ (Seq. ID. No.15)

All synthetic standards were synthesized as 5’-OH and as 5’-Phosphate sequence. As the
three species showed small variations at the 3’-end the PNA-Probe was designed in way that it
fully matches with all three miRNA-122 sequences, starting at the third base of the 5’-end of the
miRNA-122 with 17 bases in length:

15 PNA-Probe: 5’-Atto425-O0-AACACCATTGTCACACT -3’ (Seq. ID. No.16)

HPLC was performer with the conditions as described in the alternative protocol
detailed in example 1 and shown in table 3. HPLC-traces generated from mouse lung lysate
(miRNA122 negative tissue) spiked with synthetically generated miRNA-122 showed three
separated peaks. The retention time of this peaks fully match with signals, that were found in

20 lysates from liver (1mg liver injected). The quantitation of the total peak area and calculation of
the total miRNA-122 concentration in liver lead to approximately ~35ng/g. The miRNA-122
negative control from jejunum or lung tissue samples showed no signal for miRNA-122 as

expected (Figure 6).
Example 5: Detection of Spiegelmer-DNA (L-DNA) with and without pegylation

25 Spiegelmers are aptamer molecules with non-natural L-ribose (L-RNA) or L-deoxyribose
(L-DNA) sugar backbone that show no Watson-Crick base pair interaction with the natural D-
oligonucleotides. As PNA is a non-chiral mimick of oligonucleotides with Watson-Crick base

pair properties it was expected, that the PNA-probes can also be used to detect this non-natural



0,0l nM (0, 25f nol ) Addi ti on of sanples to prepared plate / SDS precipitation
step 100 m aliquots of sanples are pipetted to wells into all rows (A-H)
of col unmsoRoton43510f a precooled 96 well mcrotiter plaPeT/ERR@INRILOESE
wells 10 M 3M KC are added by a pipetting robot. After 15 m nutes of
centrifugation at 3800 Unmn and 4°C, -5¢ nl of the supernatant are
transferred by the pipetting robot to the according colums of a prepared

pl at e. ofigendditidonpedits. Toy ficteabdlfilice tir@natioddhdlmliifs oprspre'g@hieast ed apéatnlors3tiKCl
and 50 M of the supernatant added to colum 10 - 12 of the prepared plate.

100 m Terleaigsmrgeticn peaylater et fraggacy %91@@ Bﬁ@cth@aWW&a@per%ﬁﬁaanakW%ﬂf of

drug m%ﬁglg L g%&&rl eparation of different drug netabolites purified 3
end (3 | gb% u% n-5, 3 n-6) and 5 end (5 n-1, 5 n-2, 5 n-3)

rretabolltes of the as strand of GFP-siRNA, fromwhich 1 to 6 nucleotides
wer e del et ed\sfa proot biecadicepgrfosthe dn@ptlmee;ﬁibtstthsrelbqu,tlcml@ mtfatmﬂng sedcadcdas g

to th d d i bed | le 1. t
{ 2bl. Ry B AU BF hEpUp AP DRTA JEREBS FERe MY b n
Fi gur e aaa] g_e@bdvﬂ?hﬁ}e@Me@&%&%@éa‘&%ﬂ@bﬁ)‘@t@l:hafe?%rﬁlfmsgﬁﬁoﬁsiﬁ%@xaﬁm e 4:

Det ecti on of m RNA The assay was used under standard conditions to evaluate
the possibility to detect m RNA fromtissue |ysates. As an exanple the
nouse IM}%@.&Q@QM RNA- 122 was detected from nouse tissue |ysate
(positive control), jejunum (negative control) and fromlysate spiked with
synt het(NeRI6y-(fAeCaAE L TA RNACAZT AGTaIA (GAGIGQITGaGMH T et al . Current

Bi ol®gySedqvdD. N27) 735-739.). Fromliterature it is known, that in liver of
mce three different types of m RNA-122 sequences are expressed:

m RNA- 2228 pRoel HBRAGUGUGACAAUGEUGUUUG- S (Seq. I D. No. 13) m RNA-122b:

5'- UUGU-S' (Seq. ID. No.14)

PEG(40kDa)-(NHC6)-CAGCCACCTACTCCACCAGTGCCAGGACTGCTTGAGGGT (Seq.
15 ID.No.18)

The following 17mer - PNA-Probe was used for hybridization and detection of the

spiegelmer from plasma, lung, liver and kidney samples:

5’- Atto425-00-GTCCTGGCACTGGTGGA - 3’ (Seq. ID. No.19)
20

Gradient conditions were adjusted to the longer oligonucleotide sequences compared
with to the siRNA strands to clute the spiegelmer-PNA-duplex within the gradient of the HPLC
method.

The following HPLC conditions were applied:
25 *  Column: Dionex DNA Pac PA100 (250 x 4mm)
» Temperature: 50°C
* Eluent A: 10mM Sodiumphosphate; 100mM NaCl; 5% CAN
* Eluent B: 10mM Sodiumphosphate; 1M NaCl; 5% ACN
* Eluent C: 90% ACN

30



m RNA- 122c¢: 5' - UGGAGUGUGACAAUGGEUGUUUGA-S' (Seqg. ID. No. 15) Al synthetic
st andards were synthesized as 5' -CH and as 5' - Phosphate sequence. As the

t hree spewpDesighamed smal |l variations at the 3'-end t he PPIRAPRIOI06292GS
designed in way that it fully matches with all three m RNA-122 sequences,
starting at the third base of the 5 -eh& of the mi RNA-122 with 17 bases in
| engt h: PNA- Probe: 5'-Atto0425- OO AACACCATTGTCACACT -3' (Seq. ID. No. 16)
HPLC was perTfapleer HPLCngriallien€ oosilditioaorgrgdasar spigdimer t he al ternative
protocol detailed in exanple 1 and shown in table 3. HPLC-traces generated
from nouselung lvsate {(m RNA122 nnan e ti :Sue\ cru ked with synt heti cal | y
generated|m RNATi'é"Z E(Md th gpar]ﬂt eg E e retention tinme of
this peaksfullxinEtcp mmE PE ]%e %KE in lysates fromliver
(I'mg livel injelPen). ™ ant t 'the t peak area and

cal cul ati onmof—thg totamRNA122,¢ )n(,emwl on ||40| iver lead to

approxi mately ~35ngf{g. The m RNA-122|negative controll fromjejunumor |ung
ti ssue salfpies sippWwed no shgnal f Ofy M RNA-3@2 as expected (Figure 6).

Exanpl e 5] Detection of Spiegel ner-DNA (L-DNA) with and w t hout pegyl ation
Spi egel ners areiamt pmer mpbelcul es w th nonsnat ural 4b-ri bose (L-RNA) or

L- deoxyri bose (L-DNA) sugar packbone|that show no Watjson-Crick base pair
interaction withotthe natural | Dol i gonucl eot bdes. As4PNA i s a non-chiral

m m ck of [oligonucleotides with Watson-Cri ck| base pailr properties it was
expected, |that th& PNA-prbtfes can &l $so be 6&ed to detect this

non- nat ur al ol i gonucl eoti de species. To increase the girculation half life
of spi egel ners &#0%@pt aner 50¢ hi s nofecul es ate ofted’pegyl ated with branched
4CkDa PEG| _that usuplly ha rs the analyis pf this conplex nolecules. As a
proof of ¢oncept’fbf the Hmctl on*®bf thi s2 heraped?ilcal Iy interesting

nol ecul e ¢lass—a pegylated -and a nonipegylated version of the foll ow ng

L- DNA sequence were synt hesi zed and

Table 7: HPLC gradient conditions for Spiegelmer

Time Flow
Eluent A Eluent B Eluent C
[min] [mL/min] [%] [%] [%]
0.00 1.00 35 25 40
1.00 1.00 35 25 40
10.00 1.00 0 60 40
10.50 1.00 0 60 40
13.50 1.00 0 60 40
14.00 1.00 35 25 40
17.00 1.00 35 25 40
5 Sensitivity of the method was a little bit compromised for the pegylated Spiegelmer due

to peak broadening induced by the polydisperity of the 40 kDa PEG-moiety. Lower limit of
detection was increased to ~ 1 fmol L-DNA on column. Resolution of shorter impurities was not

tested, but expected to be lower compared to the shorter siRNA or miRNA strands.



anal ysed with the here described assay after orotrachael adm nistration in
m ce: Non- PEG Spi egel ner: ( NHI CO) - CCAGCCACCTACTCCACCAGT GCCAGGACTGCTTGAGEGT
(Seq. | D.whi01010a351PEG- Spi egel ner : PCT/EP2009/062926

PEG 40kDa) - ( NHC6) - CAGCCACCTACTCCACCAGTGCCAGGACTCCTTGAGSGT (Seq. ID. No. 18)
The following 17nmer - PNA- Probe was usé® for hybridization and detection of
the spiegelner fromplasm, lung, liver and ki dney sanples: 5'-

At t 0425- OO GhaipldFicHecatEal wmidonc3acch@a: tol the stNaddk@ prétoesl] Eind Sgiogeintisaosidver e
adjusted to_the | onger oligonucleotide sequences conpared with to the si RNA

st r anddetedsiyy detectet By dhis dyqeruie- frprplags askalhiipye ﬁg&e% 2§ PatRENInglE NeAEs

HPLC : ol .am > L1 : Led: ¢ Columm: D onex
PNA Pac %ﬁ%aﬂ ?[505 181?‘%%%-1( as eﬁ%gﬁﬁ?ﬁﬁ%&”%ﬁ%%“@%‘%h? A 10mM
Sodi unphosphate; 100vM NaC ; 5% CAN ¢ El uent B: 10vM Sodi unphosphate; IM
NaCl ; 5% AGNampl¢ aePeteCio 0£6iROMT fioheintvitrdRr Mhsfechivonenpedoedist i ons f or
pegyl at ed spi egel ner Table 7: HPLC gradi ent conditions for Spiegel nmer

Sensitivity of the t ldttle git rom sed for the,. at.ed
Spi el mer dfiedt SERRRBFISARE A G bty e TRLAEbG rieRls 4y BReY hE VS
kDa PEGdinifehy hidioykitivitiinteddd SRt @etdfn omds apptoh@rs edtht OmpliflcatioR|stdp- BNA on
col um. Resol ution of shorter_ inpurities was not
PCR were successful for unmodified molecules.
The PNA-HPLC assay sensitivity was in range to measure siRNA from cell culture
experiments. An 19 base pair sSiIRNA with 2nt overhang at the 3’-end of both strands was used
10  for transfection of primary hepatocytes at a 30 nM siRNA concentration. Various versions of this
duplex with identical sequences, only differing at their 5’-end of the antisense strand were

transfected. After transfection the cells were washed with PBS and then lysed by a proteinase K

treatment with a concentration of ~ 2500 cells per uL lysate.

The cell culture lysate was used for the PNA-HPLC assay procedure and ~ 50000 cells

15 per HPLC run were injected onto the column after hybridization with the complementary

antisense strand PNA-probe. Under this assay conditions the intact as-strand and also the 5°-

phosphorylated species of the antisense strand could be detected down to approximately 8000
siRNA copies per cell (data not shown).

Example 7: Use of internal standards for normalization (higher accuracy)

20 To further increase the accuracy of the method, especially when used in a GxP
environment it is maybe necessary to implement an internal standard for normalization. As a
proof of concept a 21mer RNA-strand was elongated with 3 up to 8 desoxy-T nucleotides at its
3’-end. This normalization standards, together with the 21mer and its 5’-phosphorylated species
were spiked into plasma and then analysed under standard assay and HPLC conditions (see

25 example 1, especially the alternative protocol for HPLC and table 3) for siRNAs.

All elongated standards eluted fully baseline resolved from the 2 1mer as well as from the
5’-phosphorylated 21mer with higher retention times. Some peak interferences were observed
with the 3-dT-nucleotide clongated sequence and the 5’-phosphorylated 21mer, as some

synthesis impurities of the elongated strand co-eluted with the 5’-phosphorylated 21mer.



tested, but expected to be | ower conpared to the shorter si RNA or m RNA
strands. Sanpl e preparation was done according to the standard protocol. The
Spi egel new® 20ul4851Re easily detected by this procedure PCoHmPpicadm2@nd al |
tissue tested, as a sharp single peaks with nearly no biol ogi cal background
interference as shown in figure 7. Exatple 6: Detection of siRNA fromin
vitro transfection experinents Detection of unlabeled siRNA fromin vitro
cel | cul t ur ghexpenplahbsniRe: Isiadhrédatoyranhevdragtof8implee chnt@mirReis iabisitaridy
needed and therefore only approaches with anplificatjon step |jke PCR were

succes$Adthe gr-phpsbarylated amsiraedimazed T Fﬂie@aé%dsagrstgaéﬁswh\a t4 3@ i n
range tf 18111%' M&c{eg% gekle Or?d’Jb Fguieex % hé‘?dlfo%mnégbqg@né%é%r@ lef £54 RNA

with 2nt ove ang at -end str s was us or trans ect|on
of pri b yxquﬂatcbnymamgrams AL&Cern sap%lblls mpmsemtRNAi mrleotdes, duservarss ilatess of

this_ duyplex wth, identical sequenc only differin e r.5 -end of the
bt i Sente’ sErand wdd. t tansreeian. 2ar panedyanorDe | gndenedSel 1S werEsTshed
with P Oﬂgrgtﬁggtelaﬁeglrabgecg(yg{ﬁ@h@ se Ktreatment with a concentration
of - 2500 cells per uL lysate he ce culture |lysate was used for the

PNA- HPLC assay procedure and ~ 50000 ceI S HPLC run were injected onto
t he col um aiﬁis‘éﬂndq?bﬂQﬁééﬁuMUﬁA@icﬁhéA&ﬁgﬂ@rﬁen(tS&ﬂyIDaﬁ{q XbBnse strand

PNA- pr obe. Under this assay conditions the intact as-strand and al so the

o approwi i 615 BoD0T £F RN Lo B B OB P A BN 7

Use of internal standards for nornmalization (higher accuracy) To further
i ncrease t hasatmmir addTnf 5t- h@mmACWGaAAﬁdm&"n— UdBd -BhwathxP 3, 4, 5

envj onrrent i e hecessar me n internal standard for
nor Hal i zati & /@ ]gap%oéﬁ glﬁ i@ %éﬂpﬁ%qafﬁz)& ﬂb(NA strand was el ongated with
3upto 8 desoxy T nucleotides at its 3" -end. This normalization standards,

t oget her w tpNApeoR1FRAHBA%E-DRCTT AOGIPIOAG RIeD $OeST @3q. ID. No.25)

Table 8: Peak resolution calculated according to the USP

Retention Time Resolution to
Sequence [min] 5'-PO4 (USP)
as-strand 6,23 1.70
as-strand - 5'-P0O4 6,54 -
as-strand + 3x 3'-dT 6,68 <1
as-strand + 4x 3'-dT 6,88 2.25
as-strand + 5x 3'-dT 7,04 2.75
15 With this experiment it was also proven, that under standard miRNA and siRNA assay

conditions baseline resolution can be achieved for oligonucleotides up to 29mers, that differ only

by one nucleotide in length.
Example 8: Increase of assay sensitivity in tissues

The sensitivity of the assay as described above was restricted to ~2 ng siRNA per g tissue.

20 This limitation was given by the fact that the maximal loaded tissue amount on the column was
2-3 mg per injection, as the baseline noise increased at higher tissue loadings. Switching from

the Atto610 dye to the Atto425 dye allows much higher column loadings up to 11 mg without

loss of signal sensitivity and chromatographic resolution power. The absolute amount of sSiRNA



were spiked into plasma and then anal ysed under standard assay and HPLC
conditions (see exanple 1, especially the alternative protocol for HPLC and
table 3) wonosv@Bg. Al |l el ongated standards el uted ful PgTHERS@I0M26 esol ved
fromthe 21nmer as well as fromthe 5 -phosphorylated 21nmer w th higher
retention tines. Sone peak interferencé® were observed with the
3-dT-nucl eoti de el ongat ed sequence and the 5'-phosphorylated 21ner, as sone
synt hesit theilnpiDrig §tile35004mab ligehwuigaide dnsotuamnt Thes lehditoedlowict Hintithef detection in

5' - phosphoryl ated 21mer. The exanpl e shown here is a chronmat ogram overl ay of
sanple§e%ﬁﬁﬂ9§ﬁ¢ﬁ@t¥ﬁ@‘§§@§¥W%ﬂ@0%hﬂoqH&géFgﬁﬁﬁ@phorylated as-strand m xed
with the 3" -elongated as-strand with 3, 4 and 5 desoxyt hym di ne nucl eoti des
at its 5'-eRd,[s L LELAVL @ofaridHEbERILO WD LIRSS BGBRiCWERE o o#tSRd shRE Hhhig
exanpl e chromatograns (Letters in capitals repres RNA nucl eot | des, | ower
case | @ampkesbﬂtcth s%gﬁtate'tiaSUeamcpa‘fajlbns epthewanin the uﬁpmhrwﬂmt(pgrdmfﬁ mg liver was

nucI e " nt s osphor h|o te a "dT" hym di ne.):
o of Ao ooy W TR R B o st 1T 2 e e B ot r an
-PO 4: S - pUCGAAGUACUcAGCEUAAGdedT S (Seq I D. No.21) as-strand -
( dT) n: 5 - G0 AU AES AL I EHted fidh o differvtttiisue Igsa?te the cBlc(19Rd. tiskd
No. 22, Seq. ID. No. 23, Seq. ID. No. 24) PNA-Probe: Att 0425- OO CTT ACG
CTG AGPIRRGF ane metabolieggneeryatings Sy qiell BN vapiabi®n'r esol uti on cal cul at ed
according to the USP Wth this experinment it was al so proven, that under
standard m 30 {ﬁﬁ%- i I e .
achieved for o |gg%gﬁ eof?%ggﬁﬁgq?gh%gﬁgﬁsﬁgﬁﬁat IFT%ﬂhH%bpqggﬁgﬁg%unm
nucl eotloattediom HPLG doluihsanpl e 8: I ncrease of assay sensitivity in tissues
The sensitivity of the assay as described above was restricted to ~2 ng

si RNA per—g—t+Hssue—Fhis—H-mtatiep—was—gvenby—the fact—thatthemad
| oadedltissue Qna{ugllsgup Ipﬁq,ed H I,-I1F,’ . ‘AAQ “1thg Tissueloaded on HPLC

Peak No. | Ret.Time Tissue Conc. | S/N | Ret.Time Tissue Conc. S/N Tissue Conc.

min ng/g min ng/g Delta [ng/g]

1 4,67 17,1 | 67 4,59 13,5| 26,8 3,5

2 5,10 48| 18 5,02 4,3 8,3 0,6

3 5,55 206 | 87 5,47 175 | 22,8 3,1

4 5,86 19,4 | 81 5,80 16,3 | 17,9 3,0

5 6,16 10,4 | 44 6,09 9,0 8,7 1,3

6 6,47 14,3 | 61 6,42 125 | 15,7 1,8

7 6,88 77| 33 6,83 6,8 9,8 0,9

10



2-3 ng per injection, as the baseline noise increased at higher tissue

| oadings. Switching fromthe Attobl O dye to the Atto425 dye all ows much

hi gher covormio/@adizngs up to 11 ng without |oss of sign&CTEPAEV0622¢Yy and
chromat ographi ¢ resol uti on power. The absol ute anmount of siRNAat the LOD is
still 250 anol oligonucleotide on coludh. This lead to a lower linmit of
detection in respect to si RNA tissue concentration of- 400 pg/g (Figure 9).
In table 9 bel ow a conpari son between two chromatographic runs of the sane
ti ssue sanple, but two separate tissue preparations is shown. In the upper
chromatogram 3 ng |liver was | oaded omtlgihire HPLC colum, in the | ower
chromat ogram 11. 2 ng was | oaded. Although the results were generated from

two di fferani étbsdrldiaatify ad lzonaticoti®l eshplisistithestdpiorand nmetabolite
concentrations show only mnor variation: Table 9: Signal/Noi se-Val ues of

identical tissue sanple; different tissue amunts | oaded on HPLC

col utmd ai k% Sclechinggisppgler@ntaEpS e suspecied o Gogkinieg end PHEoNuelsAPdS:si ng t he
steps of (a) selecting a sanple containing or suspected of containing said
ol i gonucl ety femiroh) niIRTdHafgn FnikHRL iogi GRtbeEHY (KL XLHPR Pivh §PREASLINRY 158
sanmpl e mﬁthL flg%res%en€f§ ?aﬁéled gptidg@%uclei% aci d (PN%? Sr be W%%c
i s ful lpgptedenphemenaad y(PNA)JaprdbeawhichOisofullypcempleoicetary desatofeagail @ or more

ol i gonucl eoti de,. (.¢c) ..separat.ing hybridi zed noieties formed between said
oIigonﬁ@?@%?%ﬁéﬁﬁﬁa°§5W§wkﬂhd%robe from unhybri di zed noieties by anion
exchange hi gh performance |iquid chromatography (HPLC), and (d)

qual i tati velcy sefarsth@nhytriizcdehyicted @ihicabebrbch B LilidbHRkMaE &t 88idOPNA
fluorescence spectroscopy. 2. A nmethod according to claim1l for detecting
bot h streledEomfunibradizesomaictiepby @aiogarcsnge hignpafaraanes bBanid whrogeaipgraphy
conﬂfiih@gc&Q%daddition of a second fluorescently |abelled PNA probe

(d) qualitatively or quantitatively detecting said hybridized moieties by fluorescence

spectroscopy.

2. A method according to claim 1 for detecting both strands of an oligonucleotide duplex in
parallel from one sample, comprising the addition of a second fluorescently labelled PNA probe

15 subsequent to step (b) and then performing steps (¢) to (d).

3. A method according to claim 1 or 2 for the quantitative or quantitative analysis of

siIRNA and its derivatives.

4. A method according to claims 1 to 3 for the quantitative or qualitative analysis of the in

vivo metabolism of therapeutic sSiRNA and its derivatives.

20 5. A method according to claims 1 to 4 for the quantitative or qualitative analysis of

extracellular and intracellular delivered siRNA.

6. A method according to claims 1 to 5, wherein a known concentration of the

oligonucleotide that should be detected is added to the sample.

7. A method according to claims 1 to 6, wherein the PNA probe is labelled with Atto 610,
25 Atto 425 or Atto 520.

8. A method according to claims 1 to 7, wherein the sample is tissue or plasma lysate.



subsequent to step (b) and then performng steps (c) to (d). 3. A nethod
according to claiml1l or 2 for the quantitative or quantitative anal ysis of
si RNA andwptetodasiieat i ves. 4. A net hod accordi ng to cl aiPGE/EP2009/0829%2€r t he
guantitative or qualitative analysis of the in vivo netabolism of
therapeutic si RNA and its derivatives.-25. A nethod according to clains 1 to
4 for the quantitative or qualitative analysis of extracellular and

i ntracel | uldarA détl fovearsednsquahihitive.and qRbliRdvacderctdmof tobe Wragwis sttardd® dF, an
wherein_a known concentration of the oligonucleotide that shoul d be

det ect HEPRUCKIHES £NStSHBE Qnpndate reprrahionn iy Whido Al segnogerts e 1metgods
wher ei : 1.5l wth Atto 610, Atto 425 or Atto 520. 8. A
met hod%géégglpg&{ﬁ\aﬁigpﬁ?lglﬁ&s%%?% %&%d wherein the sanple is tissue or plasm

| ysate. 9. A kit for use in qualitative and quantitative detection of one or
two strandd0ofA &t adcogbmgidd edaiind®, wheresi shé péptofprepapdtmneispare patoatatain ptate
which all c onents of the nethods according to any of clains 1- 8 are
added. pﬁ’f.arazggit according to claim9, wherein the plate preparation is an
automated plate preparation. 11. A kit according to claim9, wherein the

pl at e prepanani gn at®rdng 8 RIS REineld plafe F8fard®In isRinadugoRited 36 atdIPo:

12. The nmethods and kits substantially as hereinbefore descri bed,

especi alfyvalinl¥e pesperasinte to t he foregoi ng exanpl es.

12. The methods and kits substantially as hereinbefore described, especially with reference

to the foregoing examples.



