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Multiple ion chromatogram (MIC) for direct quantification of intact proteins using Q-TOF mass spectrometry

Yonghai Lu 1, Jie Xing 1, Djohan Kesuma?, Zhaogi Zhant

TP 658
‘:‘

1 Application Development & Support Centre (ADSC), Shimadzu (Asia Pacific), Singapore

1. Overview
o A MIC method was developed for direct quantitative analysis of intact proteins using (x10,000,000) Total ion chromatogram (TIC) of intact proteins Table 2. MIC settings of intact proteins The matrix effect is an important consideration when quantifying analytes from biological
LCMS-9030 Q-TOF mass spectrometry L:MSRT2 TIC(+) insulin i y— MIC settings samples using ESI mass spectrometry. In this study, human serum and urine were used as
_ _ o _ 20 . . . . .
o This MIC assay can be used to accurately and precisely monitor intact protein levels ] Peai No. Start m/z End m/z sample matrices to evaluate the sp_eC|f|C|ty and the feasibility pf the MIC method. Matrix
throughout the process of production, characterization, and clinical uses ] Ribonuclease B (mans) MIC1 2 e 200555 effect was evaluated at a concentration of 20 pg/mL. A general increase in response for all
1.57 Lvsopvme B-Lactoglobulin A 2 2129.3796 2129.4008 the eight proteins was observed both in serum and urine matrices. In such cases of direct
2 Introduction | mibonuclense B ysozy . igggégig iggg'éi’gg quantification of intact proteins using the introduced MIC method, it is important to assess
. 1.0~ Ribonuclease B (man6) MIC2 5 2152 6760 2152 6976 the prevalence of matrix effects. However, this is no different than standard best practices
Mass spectrometry (MS) has emerged as a powerful analytical technique for direct : i 2511.1178 2511.1430 used for MRM methods.
P : : TR - : T 05 1903.9708 1903.9898
quantification of intact proteins. In quantifying intact proteins, selected ion monitoring (SIM) ] Ribonuclease B (man7) MIC3 5 _ _ _ o
) ) L . : 2175.8233 2175.8451 -
and multiple reaction monitoring (MRM) methods have been reported by using triple- ; ] - e eon e a1a0 Table 3. Method evaluation for MIC-based intact protein quantification
. . 0.0 — . . . .
quadrupole (QQQ) maS_S Spectrqr_netr_y. Becguse of a low dynamlc ra_nge, there is lack of | | | _ 1 1924.2276 1924.2468 Protein Linearity I;;r:%e;r LOD | LOQ Prgsre]l(r:ed Measured conc. | Accuracy | Prevision |Matrix effect '\e/lf?gclz)t(
studies of intact protein quantification using quadrupole time-of-flight (Q-TOF) mass 75 12.5 Ribonuclease B (man8) MIC4 2 2198.9763 2198.9983 (R) | (igimby | MmO (g/mb) | [ (ug/mL) (%) | (@ RSD) | Serum (%) | o0
spectrometry. However, Q-TOF has the advantages of high-resolution accurate mass. In Inten. (x10,000) Mass spectrum of ribonuclease B with 5 PTMs i’ 2565.3020 2565.3276 bomuclense B 20 | 18732063 (nd) | 9367 | 541 103 120
this study, we aimed to identify, investigate, and demonstrate the performance of multiple 97 o iots H— | 1944.4848 1944.5042 P mangy | 0:9994 [5-200 | 063 | 2.10 i
. i - ) i i . ) ; ] 2511,1304 2484 512165 [+6] Ribonuclease B (man9) MIC5 2 2991.9890 2992 0112 100 |102.28+0.71 (n=4)| 102.28 0.75
lon chromatogram (MIC) for direct quantification of intact proteins using a Shimadzu 6.0~ 51 Mans mane bk HiD 3 5507 1436 5592 1696
] 1 : : : 20 = 94.22 2.38 149 135
LCMS-9030 Q-TOF mass spectrometry. 5.0 Mang T 1162 5307 1162 5493 Rlbo(r::;:lneee;se B | 00004 |5 200| 063 | 210 18.84 + 0.29 (n=4)
4.0 o] 22233%35 25658148\ 1 on9 Insulin MICG6 2 1452.9133 1452.9279 100 1103.06 + 0.82 (n=4)| 103.06 0.85
3. Methods | | o 25652 1566 3 1936.8812 1936.9006 ~ibonuclease B 20 | 17.64+077 (n=4) | 8821 | 805 163 141
) 3.0- 00- ol | 1 0.9983 |5-200| 0.91 | 3.04
] 2475.0 25250 25500 25750 26000 2 1l | 2044.5438 2044.5642 (man?) 100 ~ 102.44 1.89
3.1 Protein Standards 20 2129,3902[+7] i1}l | Lysozyme MIC7 > 5285 1347 5385 1585 102.44 % 1.78 (n=4)| 102 -
1o 1863.3426[+8] || Hine 2980.9471[+5] 3 2861.9615 2861.9901 Ribonuclease B | o goer s _s00| 135 | ase | 2o | 1891%045(n=4) | 9455 | 441 155 143
Protein standard MSRT2 set including ribonuclease B (~15.0 kDa), insulin (5.8 kDa), o | | Um ji L “1 AL actoglobulin A e ; 1670.4030 1670.4198 (man8) 100 |102.07 165 (=a)| 10207 | 1.77
lysozyme (14.3 kDa), and B-lactoglobulin A (18.4 kDa) was purchased from Sigma-Aldrich. 1000 1250 1500 1750 2000 2250 2500 275 3000 350  mz 3 ;gz'ggig ;gﬂ'jggi ~ibonuclease B 20 | 2288+1.02(n=d) | 1438 | 1222 | 165 141
Ribonuclease B is a mix of five sialylated glycans (man5, 6, 7, 8, and 9). Three highest inge;nsif;;multiply-gbar’ged ions [+6, +7, +8 ] were selected for MIC development ' ' (man9) 09983 120-200) 540 1 1799 100 [102.19 +3.36 (n=4)| 102.19 | 3.84
3.2 Sample preparation and analytical conditions 6 717+003 (n=4) | 119.46 | 0.82 : -
-------- - Inten. (x10,000) ! Insulin 0.9976 | 2-50 | 0.51 1.71
. . . - . . . . : « E ! 4. Results 20 | 17.02+097 (n=3)| 8512 | 6.97 182 158
Protein standards were dissolved in the Milli-Q water with 0.1% trifluoroacetic acid (TFA) v 1951 \
: : : . . : : I ; 9] _ _ _ _ _ _ _ _ _ 20 17.26 + 0.58 (n=4) | 86.30 3.77 172 137
(stock solution, 200 pg/mL) and diluted to different working solutions for calibration curves, ' 1863.3126 , Six-point calibration curves for the proteins (except insulin, 4 points) were generated in Lysozyme | 0.9980 [5-200| 1.08 | 3.59
ranging from 1 to 200 pg/mL. The samples were directly injected and analyzed by a e 007 duplicates (Figure 2). Linearities, linear range, limit of detection (LOD), limit of 109 106984061 (n=4)| 19098 | 059
. . g . | 8 . . .. . .
Shimadzu LCMS-9030 Q-TOF mass spectrometry. The analytical conditions are shown in | 0.75- quantification (LOQ), accuracy, precision and matrix effect were determined (Table 3). -LactoglobulinA| 0.9982 | 5-200 | 0.34 | 113 20 |1625+030(n=4)| 8127 | 241 123 132
| ] . . . . . : : :
Table 1. | ] Respective linearities (R? >0.997) were achieved for ribonuclease B (man5, 6, 7, and 8), 100 | 98.39+0.67 (n=4) | 9827 0.71
| N : 0507 lysozyme, and B-lactoglobulin A in the range of 5 — 200 pg/mL, ribonuclease B (man9) in
Table 1. Analytical conditions on LCMS-9030 i E 025 the range of 20 — 200 pg/mL, and insulin in the range of 2 — 50 pg/mL. LOD and LOQ for
Column ProteCol-G C8 (100 mm x 2.1 mm; 3 pm) Interface & temp. Heated ESI, 300°C V[ ‘L i ‘ | I/ \ WA RS \‘ Jli ] | LYY the proteins ranged_ f_rom 0.32 to 5.40 pg/mL and 1.13 to 17.99 ug/mL, resp_ectlvely. The 5. Conclusmn
| 186328 1863 24835 2484.0 | 24845 2485.0 iz accuracy and precision tests were performed at low (n = 4) and medium (n = 4)
Flow rate 0.3 mL/min Mass range m/z 1000-3500 (+ R : - Y : : : : : _
_ 9 (+) : R _ _ : concentrations within their respective calibration ranges. The errors in accuracy are under We proposed a straightforward method based on the MIC of Q-TOF mass spectrometry to
Mobile A: 0.1% TFA in water The most abundant monoisotopic mass with 5 ppm tolerance of ribonuclease B (man5) was superposed as MIC 20%. and th revision is demonstrated with | than 15% RSD _ _ e : _ e _ _
ohase B-0.19% TEA in acetonitile Interface voltage 4KV | ; : 0, & € prevision Is demonstrated with [ess tha 0 - directly and quickly quantify intact proteins without the need for preliminary digestion. By
— Heat Block temp. 400°C ; 1863.3333 = $ 2129.5796 - :gjgﬁgié_ combining several multiply-charged ion signals, the methodology demonstrated a high
Gradient elution, 20%B (0 min) = 60%B (20 11863.3519  2129.4008 : ' reente100.000 et 000000 PR - e - T
Elution DL temp YE0OC (x10.000) ; . Hrectoo o : : sensitivity for use in quantifying intact proteins — down to 2 ug/mL. lon enhancement was
. . . ) , v 100 . . . . .
mode min) - 80%B (20.5 min) > 80%B (23.5 min) 1 o5 L:MSRT2 MICL(+) Generated MIC of ribonuclease B 1 R2=0.9994 | R?=0.9994 R? = 0.9983 so| R2=0.9976 observed for target proteins in serum and urine matrices, and therefore matrix effects
. . .. . : i | u S ‘ . . . pn . . . . .
~ 20%B (24 min) > 20%B (30 min) Nebulizing gas flow | N, 3.0 L/min ] (man5) for quantitative analysis R " " should be considered in the context of specific applications. However, this is no different
Oven temp. |50°C Drying gas flow N,, 15.0 L/min 1.00- - oso] i than standard best practices used for small molecule quantification.
Injection vol. |5.0 pL Heating gas flow Zero air, 10.0 L/min o.75€ i (Rniwt;?lrg;dease ’ ?r:lt;?lrg)mease o 4 (Fer'i%?‘r‘gt)]Clease | - e Referen ces
0.50 ] Aorea(xloo 00?)()J ” 150 - /:e_a(xmo 00: " 150 C:”C' AU@xl 000 (;51?0) N - - o S_AU@xl 001)0000) i ’ B -
3.3 MIC method development . *] R2=0.9983 o] R?=0.9981 .4 R?=0.9980 1] R2=0.9982 1. Mao Y, Moore RJ, Wagnon KB, Pierce JT, Debban KH, Smith CS, Dill JA, Fuciarelli AF, “Analysis of a2u-globulin
25 25] 1253 in rat urine and kidneys by liquid chromatography-electrospray ionization mass spectrometry”, Chem. Res.
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In MIC method development, three highest intensity ion signals were first selected from .
multiply-charged ion envelope of each protein, and further the most abundant 0.00—

monoisotopic mass from each respective multiply-charged ion was chosen and 400 425 450 475 500 525 mn
superposed as MIC, with 5 ppm tolerance of m/z. The procedure is shown in Figure 1,
taking ribonuclease B (man5) as an example. MIC settings are summarized in Table 2.
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Figure 1. The procedure for multiply ion chromatogram (MIC) development, taking
(RUO). Not for use in diagnostic procedures.

ribonuclease B (man5) as an example. Figure 2. Representative calibration curves of intact protein on LCMS-9030



