Full Spectral Confirmation of Multiply Charged RNA Molecules and Their Modifications
with a Single Quadrupole LC/MS System
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Biomolecules are typically measured as multiply charged ions with MS, requiring post-processingto ~ >€9: 2 -HO-UAUUCAAGUUACACUCAAGAAGGAAUAAUUUCUAAACCGUUACCAUUACU-OH-3' Seq: 5'-HO-UCGACUCUAGAGGAUCCCCACGUACGAUAC-OH-3’
convert the measured m/z into the original mass through an iterative, typically nonlinear, and often Neutral formula: C,7,Hcg:N45,034:5P 40, Exact Monoisotopic Mass =15,862.0969 Neutral formula, C,g,H3cN;1,0,46P,4, Exact Monoisotopic Mass = 9,527.3136
ll-understood process involving trial values for the original mass. Recognizing that MS measures Lo X10° Full Spectrally Accurate Fitting across All Available Charge States ) e A M Avatlable Charde Stag

. . . . . . . . | | L10 | | | | | | | x10 u pectrally Accurate Fitting across vallable arge states
not just single masses but entire distributions of all relevant masses and their abundances, we I ‘' —wes | —amw | Through a separate loop injection of the Agilent tune solution standard, 13 | | | | | | Calibrated S
propose a different approach by ehrr_unatmg th_e error- and artlfact-p_r_one_ original mass esUmapor? 3 w 1 —3  poth accurate mass and spectral accuracy calibration are achieved all \ Fitted MS
step from the process a_Itoggther while ach_levmg biomolecule identification and rela_tlve quant|_tat|on ol — | the way to m/z 3,000. This enables the exact modeling of all possible  * ﬂ “ .
through full spectral calibration and analysis. This new approach was tested here with synthetic jon species across all possible charge states. These ion species include ' .
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RNA molecules measured from a higher resolution LC-TOF and compared to unit resolution single
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- not only what is typically expected, the negatively charged RNA
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guadrupole LC-MS for the identification and relative quantitation of RNA molecules and their i_i molecules after the loss of one or more protons but also Na or K adducts glo_ ™ . \AA,\./\.M___
modifica_tion_s_. Accurate ident_ifi_cation of RNA molecules, their fragments, and modifications are of §1'5 | and their combinations with each other and other modifications, for a 2 50 ] - ]
great scientific and therapeutic importance-. R "~ total of 7 possible ion species for each charge state. With more than 20 £ | \ L
Method . Calbrated s ] _charge s_tates ob§ervable within_the m/z range, a total of more than 140 AL |

- , lon species are flttgd to the callbr_ated profile mode mass §pectral df_;lta L |19 l l [ |
We break the process into three discrete but related steps: (1) delineate and mathematically O e e e e Zt'oo ——l———== through Multiple Linear Regression (MLR) to obtain their respective OALHMM'-LL—‘ . l —_—
account for the physical, chemical, and instrumental factors, namely charge state, isotope miz relative concentrations. R R e e | e
distribution, MS instrument line shape, and spectral overlaps arising from adducts or modifications; o | S _ _ | | | _ _ _ | _ _
(2) apply the model along with a known standard (either singly or multiply charged) to calibrate the It is mte_restlng t_o r_lote_ that ab_undanc_e distribution across _the _chqrge_s IS not m_onotonlc but seems to  While the monoisotopic mass is not directly o:_)servable3 the various ion species do contribute to the
orofile mode MS data for both mass and spectral accuracy? with the MassWorks software tool3; (3) be multimodal, |_ndlcat|ng mL_JItlpIe major forces at pl_ay d_urlng |on|zat|on. At unit mass resolution, the overall mass spect_ral response _and mal_<e_ a difference in the overall prof!le. Between t_he charge of
Acquire LC/MS data of RNA samples under high and unit mass resolution for the identification and mass spectral S|gnals contributed by some underlying Ion species amount to no more than a small _—4 and -1_3 shown n the al:_)ov_e m_serts, It Is so_ect_rally clear that Fhe relatlve_ conc_entratlor_ls of the_se
relative quantitation, directly in the original mass spectral (m/z) space, utilizing all multiply charged bump or shoulder in the corresponding mass _spectral profile, fL_lrth_er L_mderscorlng the importance of lon species are dlffe_ren_t, |nd|cat|ng that the |(_)n|zat|on mechanlsm_ that gives rise to different ion
signals but without any explicit multiple charge deconvolution step. We call this approach SAMMI, spectral accuracy and the full spectral calibration that helps achieving it. charges is also contributing to the different relative amounts of these ion species.
. . A . .
short for SpeCtra”y Accurate I\/IOdellng of Multi Charged lons~, Currently Implemented with MATLAB. o Fracltlonal Concentrations acrosslAII Charge States = From the more than 140 relative concentrations Obtained, Corresponding L - | Fr?ctional Clioncentrlations across All Cliharge States -'N :
LC-TOF MS Identification of RNA Molecules and Possible lon Species Y =B =~ to the more than 140 ion species possibly present, the relative i = __ B |
N - s=mak-H2) concentrations can be grouped and normalized to unity under each 1 TR EEEEEEE N B e -1
Averageof Scan 898 hru 2 (75231107.7731) - D\TeslDAIANNITIOS 05 201812 N2 180126 01 decepetaliSroflc i A 20-nt RNA measured on Agilent o m -.i_—i ————————— === OH 1 charge state to obtain the fractional concentrations of various ion 08l u e _ M= l MO H L
1800000 - Raw MS LCqTOF instrument with an internal £ e ........llllll species. While these fractional concentrations show that the native form ¢ I
1600000 - Calibrated MS single charge reference standard 5 . | (M-H) dominates with more than half of the spectral signal, other forms £ °¢' -
o contained in the mobile phase at m/z = such as Na and K adducts also exist in significant fractions and they do & | ]
. 1034. A full spectral calibration called - change from one charge state to another, approaching 2x variation =
S ao0000 - TrueCal™ within MassWorks software 0 across the full range of charges observed. The negative fractional 02 .
600000 allows for the TOF peak shape to be concentrations under high charges are likely caused by the lack of signal
m:_ calibrated into a known functional form o | to noise and/or possible absence of these ion species and the presence i
e e e - @Nd thereby calibrating for both mass - - - o . o . of other 1on species not already included in the MLR fitting. 02 L p y . !
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— S| B — , - Conclusions
Charge| & Anayssode: [ =] [ soamnce.. | - & R OB D i (= = gy Q' & ®
uuuuuuuuuuuuuuuuuuuuu - : e
== =l = e Itis feasible and advantageous to perform multiply charged ion species analysis directly in the original m/z space. The key advantage is that the results are directly and spectrally interpretable and any
Wi errors, either from the measurement itself or the algorithm applied, can be directly traced and understood in a scientifically transparent way.
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| - o R * Full mass spectral calibration w.r.t. both the m/z and spectral accuracy is critical for accurate and direct spectral analysis.
e dgigm =T L, Calbawedws
5 S s - Fitted MS * The fractional concentration of a given ion species does vary, sometime quite significantly, across charge states. A multiple charge deconvolution algorithm that makes the implicit or explicit assumption
wwwww = o (n) / _— et of constant fractions will be severely impacted with unexplained systematic errors in the results without warning.
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e B I s  In the SAMMI approach presented, each ion species at any given charge state is treated as an independent unknown variable to be determined without any implicit or explicit assumptions. The amount

of each ion species can be summed across different charge states afterwards for total quantitation.

As previously reported?, MassWorks CLIPS (Calibrated Lineshape Isotope Profile Search) known

elemental composition search with the mixture mode analysis turned on correctly identified the  While high resolution systems such as LC TOF MS can serve as powerful tools in establishing the ion species to be considered for SAMMI, the more readily available and workhorse unit mass
20-nt RNA sodium adduct in the presence of modifications and other adducts, to the spectral resolution systems such as LC/MSD can be employed for the fast and accurate routine QC/QA analysis of biomolecules.

accuracy of 95.7%, accounting for a high percentage of the mass spectral signals observed in

the given mass spectral range. The relative concentrations of various adducts and modifications
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