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Introduction o | | | | Sequence verification of these synthetic modified strands is CE-MSMS of RNA (Agilent Standard)
» ZipChip: The higher resolution HRB chip was used with a important and typically accomplished by acquiring MSMS
. . . . . .
¢ lon Pair Reverse Phase (IPRP) chromatography is the proprietary background electrolyte (BGE) solution designed spectra. The modifications make the strands more resistant to
current gold standard for characterization of for analysis of oligonucleotides. Sample injection volume fragmentation which typically requires many MSMS spectra of 21mer RNA: MW=6624.6 S
oligonucleotides and their impurities and degradants. was either 1 or 10 nL. Field Strength was 500 V/cm. different charge states and different collision energies to be “
method for additional and complementary data to « Mass Spectrometer: Thermo Lumos used in either MS or - SR T s
standard IPRP chromatography. In this presentation we MSMS mode at mass resolutions ranging from 30 to 240K. CE-MSMS of siRNA G St d i Jﬁ A (e e ] e b e e,
explore the use of a 908Devices ZipChip coupled to a Mass range was 1000-4000 for MS and 300-4000 for MSMS. - Of Si ran P B
high resolution mass spectrometer as an orthogonal MSMS was done using either Collision Induced Dissociation omer RNA: MW=6279.4 ML
method to chromatography for oligonucleotide analysis. (CID) or higher-energy collisional dissociation (HCD). The
ZipChip ionizes oligonucleotides as positive ions. E 7 | = | ]
< The highest resolution chromatographic separations w1 Lol e, e | ] nl T L . e—
typically require ion pair combinations such as CE-MS of siRNA Du Q|eX - IPEE | Htm.;.lm 1 A e 2 o OO LA
triethylamine (TEA) and hexafluoroisopropanol (HFIP) i .
with negative ion detection by mass spectrometry. The N P J R SR ) :
908Devices ZipChip can ionize oligonucleotide analytes A Passenger (sense strand) Design Rules ./. P G: £ 110 (10T T N : :
without the need for reagents such as HFIP and TEA. boooooooooooooooooo‘::::::: &0 sz -~ i T e
: 5 o] Figure 3. HCD fragmentation of shorter G strand showing information rich MSMS R - G
Here we present data Obtalned from a Thermo LUMOS ;’fz 5”‘% Guide (antisense strand) Design Rules Nicked ~ Constant SEqUE":\‘ Spectrum of +4 Charge state m/z 1843 (acquisition was at 240K reSO|Uti0n). g XJ Qﬁ jHO wo b 1B
high resolution mass spectrometer using a 908Devices ¢ e S PO
. . . E * .
ZIpChIp interface. e R e " » The MSMS SpeCtrum from th.e Shorj[er G strand (Flgure 3_) Figure 5. HCD MSMS spectra of the three longest (unmodified) RNA strands in
P et e A s i e e A el e e o contains abundant fragment ions with charge states ranging the Agilent oligonucleotide resolution standard. The fragment ion assignment /
Sample +HV1 - e from +1 to +3. HCD fragmentation of the predominant charge annotation was done using the Oligo module of Protein Metrics (Cupertino,
A © O B e : : : : CA) software with sequence coverage shown graphically for each strand. The
BGE E state ion for the G strand ylelded complex and information abundant ions not annotated are assumed to be due to base loss.

rich MSMS specitra.

O .
Waste o Ll e, B e e < The high resolving power (MSMS was acquired at 240K summary / Conclusions
— m mass resolution) of the Lumos mass spectrometer facilitates
+HHVZ e e e deconvolution and interpretation of the fragment ions to allow . | | S
BGEQ | z nucleotide sequence verification from a single MSMS *» CE-MS of oligonucleotides (with ZipChip)
+3.5 kV C MS Spectrum of P Strand spectrum. » Positive ions easily generated even for longer
strands (e.g., >10 kDa)
“ The HCD mass spectrum (Figure 4) of the longer P strand (~ i Eﬂizldo??r?éyzilsr?arries(;o?]fir]r:len duiisapseirrw nljen)char .
 — 13.5 kDa) still contains abundant ions but P is more difficult J J J
4=lc o state (1-3 charge states observed)
= T B D T T T R o v to fragment compared to the shorter G strand resulting in . .. . :
o » Highly sensitive analysis (optimal

fewer informative fragment ions above m/z 2000. concentrations of ~ 0.05 mg/mL or ~ 400

Figure 2. A. Total lon Electropherogram (TIE) from a 1 nL injection of 0.04 _ . S :
mg/mL Dircerna GalXC siRNA duplex. The duplex dissociates into the shorter CE-MSMS Of SlRNA P Strand fmol/ul) with only 1 nL injection volume
guide (G) strand shown in orange and the longer passenger (P) strand shown - » No need for IPRP reagents (e.g. HFIP, TEA)
In dark blue. The strands are well separated within 6 minutes with the longer P

strand having a shorter migration time. B. MS spectrum of G with a zoomed
view of the protonated species and adducts. C. MS spectrum for P.

s CE-MSMS with Thermo Lumos HRMS

» HCD provides information rich MSMS spectra
with high complexity requiring a mass
spectrometer with high resolving power for
deconvolution/interpretation.
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The CE-MS total ion electropherogram of an siRNA

Figure 1. Clockwise from the Top: The 908Devices ZipChip schematic (A) with a . : : :
photo of a ZipChip cartridge (B) shown with an electrospray plume (C) from the gup!ex (1 nL InJeCtI(.)n ofa 0.04 mg/mL SO|UtI0n) IS shown > Positive ion MSMS fragmentation appears to be
glass emitter and the ZipChip interface mounted on a mass spectrometer (D). IN Flgure 2A. Our siRNA duplex molecule denatured Sl ) REGE e T S i e SEEe
under the Oligonucleotide BGE conditions which resulted 0SSes obser?/ed
Methods in twobpeaksdbel_ll?g detected fortea?h sc’;ranflj irllo IduplexP > Not necessary to do MSMS of many different
was ODserve ). The Mass spectra 1or %3 and tne 1onger charge states due to one predominant multiply
s Samples: single s.trands are shown n F_|gure_s 2B a_nd 2C, charged species for sequence verification
o Agilent Oligonucleotide Resolution Standard (Part No. 5190-9028) respectively. Both strands ionize with a single
o Fully modified (Dicerna) siRNA oligonucleotide predominant charge state observed (+4 for G and +6 for st | T % Work currently in progress
All oligonucleotides were dissolved in LCMS grade water at P). Besides the protonated species alkali metal adducts I i % Verification of unannotated fragments
various concentrations (approximately 0.5 — 0.05 mg/mL for are also observed with _th_e adduct_s more abundant. with Figure 4. HCD fragmentation of the 6+ charge state of the longer P strand. While the % Refinement of BGE to improve resolution
the siRNA and 400 fmol/uL to 8 pmol/uL for the Agilent RNA the longer P strand. This is most likely due to the higher MSMS spectrum below m/z 2000 is still complex and information rich, the ions above < Reduction of alkali metal adducts

resolution standard). number of phosphate groups on the Ionger P strand. m/z 2000 are less informative with isolated charge state “islands”.
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