Accurate Measurement of Biopolymer Molecular Weight with Orbitrap Mass Spectrometer
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A simple m_ethod to d_etermine the molecular weight of a biopolymer e For a low resolution mass spectrum [Figure 1(A)] with non-
by calcu_latlng the rat_lo of mass_—to-charge (m/z) valueg. of mu_ltlple— Mass Spectrometry 1 Loss| 1P ) 100 1106.76 NL:2.75E5 resolved isotopic peaks [Figure 2(A)], the mass of the highest
charged ions from a high resolution mass spectrometer Is described. MS System: AB Sciex API-4000 hoe g 13445 I () intensity peak position is assumed to be the theoretical average
A protein, Neupogen (Amgen) along with a generic version, was lonization Mode: Turbo lon Spray® in Positive Mode w8'0065; el 12559 14479 ) 80§ 134377 (1e. weighted for all isotopes), and used to calculate the
used as a model compound. The electrospray mass spectra were lon Spray Voltage (1S): 4500 V 25.5%5 1568 5 60 - e molecular weight. ~ However, th.'s may not be t_r ue for all
recorded on both an AB SCIEX API-4000 tandem mass spectrometer Temperature (TEM): 550 °C § 3 3 - measurements, beca}J > the gxpgrlmental Spectrum 1s normally
and a Thermo Electron LTQ Orbitrap XL mass spectrometer Curtain Gas (N,) (CUR): 15 . . g w0 - 188067 not a perfect Gau33|an_ distribution as predicted by.the theo_ry.
: e al 2 : R 2 pros 1881, R On the other hand, with the help of the LTQ Orbitrap’s high
operated In the positive ion mode . Collision Gas (CAD): 6 M&J MW WMWM WJ MWMWUM Uh M 1904.3 . luti Il isotopi ks f h multiole-charaed
h o ” | T tho Gas . o W | i MW ‘ M M resolution power, all isotopic peaks for each multiple-charge
The molecular weights of Neupogen an_d a generic form were urbo as. 1000 1100 1250 1400 7, arkB50 1700 1850 2000 O bbb i A U O i i state are resolved [Figure 2(B)]. A difference between the
calculated and compared from data obtalneo_l from the two mass Nebulas Gas: 35 100 5 o i NEOSES o 1050 1150 1250 1350 1450 ., 1550 1650 1750 1850 1950 highest intensity mass and the average mass (approximate at the
spectrometers. The data from the LTQ Orbitrap was much more Declustering Potential (DP): 70 1045.38 100 3 vig 1o, NILOSES ®) middle of the profile) is commonly observed. The observation
accurate than that from the API-4000 system. Scan Range: 800 — 2000 Da. 0 » | 10453 that the highest-intensity peak that is assigned as the mass peak
i Scan Time: 4 Sec. S 65 17592 415 . o s In the low resolution mass spectrum is not always in the middle
Introduction 5 we N fo wse ws of the profile is shown in Figure 2. This is possibly the main
o | | : 45 - - . - - % ) g Mmoo 0 source of error introduced in molecular weight determination by
Electrospray lonization mass spectrometry (E_SI-_I\/IS) with a unique g 5 ] : R a low resolution mass spectrometer.
feature of the ionization process has revolutionized the analysis of Mass Spectrometry 2 £ 5
biopolymers in solution.  The distribution of multiple-charged MS System: LTQ Orbitrap XL 5 o\t ‘J b i i W « The molecular weight and other parameter calculations are
molecules produced by ESI-MS can be used to calculate t_he charge lonization Mode: ElectroSpray in Positive lon Mode 1050 1200 1990 1000 1090 100 1900 2000 5 JM i J lmlx it summarized in Table I. The m value from low resolution
states, and subsequently, the molecu_lar weight of a biopolymer lon Spray Voltage (1S): 4500 Figure 1. Mass spectra of Neupogen measure by AB Sciex API-4000 | _ _ measuremer_lt IS -5—5, a larger variation compared with O_—2
compound. The spectrum acquired with a general trlp_le quadru_ple Capillary Temperature: 300 °C (A), and by Thermo Electron LTQ Orbitrap XL (B) Ellgl:lri 3én Iz/ll3a)sfn sép;e;ﬁtrr: t())f ?‘ig?;% Eisg?gﬁnlﬁgtg?bgﬁg ar;(dLbrand from the high resolution measurement. The charge-carrying
mass spectrometer shows low to moderate mass resolution, resulting Aux Gas Flow Rate: 30 PO y p AL species as proton could then be confirmed with m of 0—2.
In a relatively large error '
in d e gfh lecul iaht throuah the d uti Sheath Gas Flow Rate: 60 . . . . . L
In determination ot the molecular weignt through the deconvolution Canill Voltage: 9V - oo 17103 Table I.  Data Summary of Neupogen Molecular Weight Measurement with API-  High resolution mass data also show higher precision in
approach. In the quality control of protein production and evaluation apifiary VOHage. | / (A) 4000 and LTQ Orbitrap Mass Spectrometers molecular weight measurement with a %CV value of 0.0027%
of the bio-similarity of a protein, the molecular weight is a key Tube Le_ns.. 100V 7568 VAN With High Resolution MS With Low Resolution MS (Table 1), which is approximately ten times lower than that
D ren 1§ oo o oo 1 Maximum Injection Time: 2S¢, Y ——CTT T e —— e I A R SIS
roitrap mass spectrometer to accurately aetermine the Ximu JECLI I : : > {5od 1709.98 11 1 18798.8 1710.3 11 5 18802.3
molecular weight of biopolymers. Scan Range: 1000 ——2000 Da. 5 N Taat o8 12 0 18767 19682 TEE BT, « The measured molecular weight of Neupogen is 18798.5 Da
065 e ~ T o - > 188050 from high resolution MS (18799 nominal value), much more
Results and Discussion Results and Discussion soed 1175.92 16 1 187987 1176.8 16 5 188128 accurate compared with 18808.5 Da obtained from low
1106.82 17 1 18798.9 1107.3 17 6 18807.1 :
17090 1709.4 1709.8 /7. amy 1710.2 1710.6 1711.0 1045.38 18 1046.1 18 188118 resolution MS measurement.
100 NL: 497E4  Highest Peak  1709.89 Average Peak Average: Average: 18808.5
. Based on the theory of Simin, etc.', the low resolution mass . An equation is derived by dividing the mass to charge ratios . ~_ 170% (B) SD (n-1) SD (n-1) « The molecular weight of the generic protein of Neupogen was
- - i . S ©° 4 1710.07 - -
spectrum of a protein can be used to pletermlne the charge number z of (R,) of two multiply charged ions (a and b): g 1710.16 Table Il. Data Summary of Neupogen Generic Protein Molecular Weight dete_rmlned to be the same as that of Neupogen with the LTQ
each mass peak, and the molecular weight can then be calculated. . 1700.79 171025 Measurement with LTQ Orbitrap Mass Spectrometer Orbitrap (Table II).
_ o Eg. 2. [(Rz)aZa-(R2)bzb] = M (za — zp) £ % oost o 171034 With High Resolution MS _ o
. The following equation is used to calculate the molecular m = [(Ry)aZa-(R)bZu)/ (22 — Zp) 0 1r00as /1170070 17105 Rz (middle of Profile) 2 m MW  This data demonstrate that the LTQ Orbitrap is an excellent
weight (M) of a compound from the mass-to-charge ratio (R;) of R Y 171042, 1705 o80T 10 2 1878] mass spectrometer for the determination of molecular weight of
multiple-changed ions that originate from the addition of charge- . In this study, the m value is equal to or less than 2 (as shown in 1 17002 L1072 1567.57 12 0 187988 biopolymers.
carrying species: high resolution parts of Tables | and I1). It indicates that the charge- B R o S 134570 ” R
Eg. 1. R; = (M +zm)/z carrying species is proton, and m should be 1. The equation 2 is then e e e e :/120.0 S 117503 7 o Tieens Reference
M =R;*z —-zm simplified to equation 3: 1106.76 17 2 | 18797.9 o _ _ _
Here z is the number of charges and m is charge-carrying species (1 Da for H*, 17 Da _ _ N 1045.44 18 18799.9 1. Simin D. Maleknia, Kevin M. Downard, Charge Ratio
for NH,*, and 23 Da for Na*) Eq. 3 M=R., 7—7 Figure 26 bEXKag‘dSeq maAs; fa%‘gga farryénTghll H )E?f Neupﬁgen AS"Srﬁ]‘J_eli) 1%7;9:-5 Analysis Method: Approach for the Deconvolution of Electrospray
e z measured by AB Sciex API-4000 (A), and Thermo Electron LTQ e\ 00040 Mass Spectra. Anal. Chem. 2005, 77, 111-119
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