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Overview Nevertheless it is still possible to perform QUIBL quantification using the One of the unique aspects of QUIBL is that simultaneous quantification ofOverview Nevertheless, it is still possible to perform QUIBL quantification using the 
s m of all fragment isotope ion ab ndances as described in Methods For

One of the unique aspects of QUIBL is that simultaneous quantification of 
isomeric glycans can be performed using MSn mode Two pairs of glycan

P E l t th f f h b id i t O bit
sum of all fragment isotope ion abundances as described in Methods. For 
th 1 1 i t f f t i t i t l t 100 000 RP (Fi 1d)

isomeric glycans can be performed using MSn mode. Two pairs of glycan 
isomers LNFP I and LNFP III LNDFH I and LNDFH II were used toPurpose: Evaluate the performance of a new hybrid ion trap – Orbitrap 

t t f t i d l i t d i d
the 1:1 mixture for fetuin triantennary glycan at 100,000 RP (Figure 1d), a isomers, LNFP I and LNFP III, LNDFH I and LNDFH II, were used to 

d t t h tifi ti E h l th l t d ithmass spectrometer featuring a dual-pressure ion trap and an improved ratio of 1.16 was observed. demonstrate such quantification. Each glycan was permethylated with 
13CH I 12CH DI d i d i diff t ti R lt f th LNFP I dHCD collision cell for MS and MSn-based QUIBL quantification of N-linked 

The dynamic range and linearity of QUIBL on the LTQ Orbitrap Velos mass
13CH3I or 12CH2DI and mixed in different ratios. Results for the LNFP I and 

glycans. The dynamic range and linearity of QUIBL on the LTQ Orbitrap Velos mass 
spectrometer were evaluated using 4 main species of bovine fetuin N

LNFP III pair mixed in 1:5:5:1 ratio are shown in Figure 5. Isotope g y

Methods: The N linked glycans were permethylated with 13CH I or
spectrometer were evaluated using 4 main species of bovine fetuin N-
l (Fi 2) i d i 5 diff t ti (20 1 1 10) i 100K

enrichment for these experiments was calculated as 98.9% for 13CH3 and 
Methods: The N-linked glycans were permethylated with 13CH3I or 
12CH DI i d i diff t ti l d b MS/MSn LTQ O bit

glycans (Figure 2), mixed in 5 different ratios (20:1-1:10) using 100K 
l i i th MS d MS/MS d i HCD h i
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98.1% for CH2D. LNFP I and LNFP III have exactly the same molecular 
12CH2DI, mixed in different ratios, analyzed by MS/MSn on a LTQ Orbitrap 

f
resolving power in the MS and MS/MS modes using HCD as shown in 2 y

mass ([M+2Na]2+= 569.8) and, as expected, the ratio calculated using the
Velos, and quantified. Figures 3 and 4. These results demonstrate that quantification using the 

mass ([M 2Na]  569.8) and, as expected, the ratio calculated using the 
full MS spectra was close to 1 (Figure 5a)

Results: Isobarically labeled glycans mixed in different ratios were QUIBL method is linear over at least 2 orders of magnitude, even with 
full MS spectra was close to 1 (Figure 5a). 

Results: Isobarically labeled glycans mixed in different ratios were 
successfully quantified using full MS HCD or CID/HCD MSn spectra over

g
incomplete isotopic incorporation. Sialic acid ions generated by HCD An isomeric mixture such as LNFP I and LNFP III requires MS/MS 

successfully quantified using full MS, HCD or CID/HCD MSn spectra over 
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provided the most accurate results for quantification for the higher ratios due performed at high resolution for correct quantification. Introduction of an 

2 orders of magnitude. The maximum resolution of the Orbitrap mass 
t t 100000 t / 400 i d t l d tif th

provided the most accurate results for quantification for the higher ratios due 
to highest resolution achieved (>100 K Figure 4) The overall maximum

p g q
integrated C-trap/HCD collision cell combination2 for the LTQ Velos 

spectrometer,100000 at m/z 400, was required to resolve and quantify the to highest resolution achieved (>100 K, Figure 4). The overall maximum 
error was below 15% which is comparable to other isotopic based

g p Q
Orbitrap mass spectrometer significantly increases the sensitivity of the

13CH3 and 12CH2D species. error was below 15%, which is comparable to other isotopic based 
quantification techniques

Orbitrap mass spectrometer significantly increases the sensitivity of the 
instrument in HCD mode facilitating QUIBL analysis The ion at m/z 569 8quantification techniques. instrument in HCD mode, facilitating QUIBL analysis. The ion at m/z 569.8 
(M+2Na]2+) was selected and fragmented by HCD The ion at m/z 439 2

Introduction FIGURE 2 O bit MS t ( ) d HCD t (b) f

(M+2Na]2 ) was selected and fragmented by HCD. The ion at m/z 439.2 
was used for relative quantification of LNFP I The signature ion atIntroduction FIGURE 2. Orbitrap MS spectrum (a) and HCD spectra (b) of was used for relative quantification of LNFP I. The signature ion at 
m/ 907 4 as sed for q antification of LNFP III as sho n in Fig re 5b

A current challenge in the field of glycomics is determining how to quantify bovine fetuin N-linked permethylated glycans mixture and its m/z 907.4 was used for quantification of LNFP III as shown in Figure 5b 
(I t ) B th l l t d l ti ithi 10% f th i th ti l

A current challenge in the field of glycomics is determining how to quantify 
changes in glycan expression between different cells tissues or biological compositions acquired at 100K RP at m/z 400. (Insets). Both calculated glycan ratios were within 10% of their theoretical 
changes in glycan expression between different cells, tissues, or biological 
fluids Atwood et al 1described a novel strategy for relative quantification of

p q
values. LNDFH I and LNDFH II demonstrated the same relative 

fluids. Atwood et al described a novel strategy for relative quantification of 
glycans by isobaric labeling (QUIBL) that requires high resolution and

performance (data not shown). Overall similar dynamic range and linearity 
Glycan compositions:glycans by isobaric labeling (QUIBL) that requires high resolution and 

mass accuracy to distinguish isobaric pairs In this report the performance
of the QUIBL method was obtained for isomer mixtures quantification as for 

Glycan compositions:a
mass accuracy to distinguish isobaric pairs. In this report, the performance 
f h b id i t O bit t t f t i d l
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fetuin N-glycans.1. Hex5HexNac4Neu5Ac2 (39)

of a new hybrid ion trap – Orbitrap mass spectrometer featuring a dual-
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2. Hex6HexNac5Neu5Ac2 (45)

pressure ion trap and an improved HCD collision cell2 is evaluated for MS 
2. Hex6HexNac5Neu5Ac2 (45)

3 Hex6HexNac5Neu5Ac3 (50)and MSn-based QUIBL quantification of fetuin N-linked glycans and lacto- FIGURE 5. Orbitrap MS (a) and HCD (b) spectra of isomeric 3. Hex6HexNac5Neu5Ac3 (50)

N-fucopentaoses isomers. mixture of isobarically labeled LNFP I and LNFP III in 1:5:5:1 ratio. 4. Hex6HexNac5Neu5Ac4 (55)p y
Orbitrap spectra were acquired at 100K RP. Insets show zoom in 

Methods
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of ions used for quantification.Methods of ions used for quantification.

Sample PreparationSample Preparation 
13

Bovine fetuin N-linked glycans were released by overnight incubation with 
13CH3:CH2D=1:5 13CH3:CH2D=1.09±0.1g y y g

PNGase F (Sigma), separated from peptides by reverse phase 1 [M+3Na] 3+b +

CH3:CH2D 1.09±0.1
( g ), p p p y p

chromatography, permethylated with 13CH3I or 12CH2DI (Cambridge
[ ]b +

chromatography, permethylated with CH3I or CH2DI (Cambridge 
Isotopes) and then dried and redissolved in 50% MeOH and 1mM NaOH

13CH3:CH2D=5:1Isotopes), and then dried and redissolved in 50% MeOH and 1mM NaOH 
for MS analysis1 Isobarically labeled Lacto-N-fucopentaose I (LNFP I) afor MS analysis . Isobarically labeled Lacto-N-fucopentaose I (LNFP I), 
Lacto N fucopentaose III (LNFP III) Lacto N difucohexaose I (LNDFH I) 3Lacto-N-fucopentaose III (LNFP III), Lacto-N-difucohexaose I (LNDFH I), 
and Lacto N difucohexaose II (LNDFH II) from V labs were prepared as

2 [M+3Na] 3+

and Lacto-N-difucohexaose II (LNDFH II) from V-labs were prepared as 
d ib d f th f t i l Mi t f l d ithdescribed for the fetuin glycans. Mixtures of glycans were prepared with 

fconcentration ratios ranging from 20:1 to 1:10. 
3

MS Analysis
3 [M+3Na] 3+

MS Analysis

Glycans at pmol concentrations were analyzed on a Thermo Scientific LTQ y p y Q
Orbitrap Velos hybrid mass spectrometer via direct infusion using staticOrbitrap Velos hybrid mass spectrometer via direct infusion using static 
nanospray Data were acquired in full MS HCD and FT CID MSn scan 4 [M+3Na] 3+
nanospray. Data were acquired in full MS, HCD, and FT CID MS scan 
modes at 60 000-100 000 resolving power (RP) at m/z 400modes at 60,000-100,000 resolving power (RP) at m/z 400.

Data Processingg

Th S i tifi Xt t ft d f t l d l ti dThermo Scientific Xtract software was used for spectral deconvolution and 
Q f fmonoisotopic mass determination. Quantification was performed by 

FIGURE 3 FTMS QUIBL tifi ti f th f t i bi t
13CH3:CH2D=0.19±0.03 13CH3:CH2D=5.22±0.43

summing the 13CH3 or 12CH2D-labeled total ion intensities for each glycan FIGURE 3. FTMS QUIBL quantification of the fetuin bi-antennary 
and applyingcorrection factors for permethylation completeness. glycan. Orbitrap spectra were acquired at 100K RP. Inset shows 

bpp y g p y p
correlation between the theoretical and experimental ratios for b

Results mixtures at 20:1, 10:1, 1:1, 0.5:1, and 1:10 (13CH3:CH2D).Results , , , , ( 3 2 )

Figure 1 illustrates the QUIBL method. Bovine fetuin N-linked glycans are 20:1 mixtureFigure 1 illustrates the QUIBL method. Bovine fetuin N linked glycans are 
permethylated with either 12CH2DI or 13CH3I (Figure 1a 1b) to generate y=1 15x-0 039permethylated with either CH2DI or CH3I (Figure 1a, 1b) to generate 
isobaric pairs The permethylated samples were mixed in different ratios

y=1.15x-0.039
R2=0.998
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isobaric pairs. The permethylated samples were mixed in different ratios 
and analyzed using an LTQ Orbitrap Velos™ mass spectrometer as high

R 0.998

and analyzed using an LTQ Orbitrap Velos™ mass spectrometer, as high 
resolution mass spectrometer is required The mass difference between
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but not 60000 at m/z 400 (Figure 1d versus 1c). Relative quantification by ( g ) q y
QUIBL can be performed either in MS mode (Figure 1) or by MS/MS 0Q p ( g ) y
performed at high resolution for analysis of isomeric glycan mixtures

0 5 10 15 20
0

Theoretical Ratio 13C:Dperformed at high resolution for analysis of isomeric glycan mixtures 
(Figure 5b) For accurate relative quantification by QUIBL correction

Theoretical Ratio C:D

(Figure 5b). For accurate relative quantification by QUIBL, correction 
factors for each label need to be calculated As shown in Figure 1a versusfactors for each label need to be calculated. As shown in Figure 1a versus 
1b the 12CH D labeled sample shows lower level isotopic of isotopic1b, the 12CH2D labeled sample shows lower level isotopic of isotopic 
enrichment than the 13CH labeled sample (97 6% versus 98 9%) plusenrichment than the 13CH3 labeled sample (97.6% versus 98.9%) plus 

i l t th l ti d t ki ti i t ff t 3 Conclusionmore incomplete permethylation due to a kinetic isotope effect 3. Conclusion
• The QUIBL method was successfully used for relative quantification of 

FIGURE 1. The QUIBL method  is demonstrated for the fetuin tri-
Q y q

glycans in MS or MS/MS mode on a LTQ Orbitrap Velos mass
antennary glycan permethylated with 12CH2DI (a) or 13CH3I (b), FIGURE 4 HCD QUIBL quantification of the fetuin tetra sialylated

glycans in MS or MS/MS mode on a LTQ Orbitrap Velos mass 
spectrometer over 2 orders of magnitude within <15% errorantennary glycan permethylated with CH2DI (a) or CH3I (b), 

and its 1:1 mixture. FTMS spectra were acquired at 60K (a, b, c)
FIGURE 4. HCD QUIBL quantification of the fetuin tetra-sialylated 

l i i li id f t i t / 382 O bit t

spectrometer over 2 orders of magnitude within <15% error.
and its 1:1 mixture. FTMS spectra were acquired at 60K (a, b, c) 
or 100K (d)

glycan using sialic acid fragment ion at m/z 382.  Orbitrap spectra 
i d 100K RP I h l i b h

• Optimization of the reaction conditions for permethylation and or 100K (d). were acquired at 100K RP. Inset shows correlation between the correction factors for rate of incorporation 13CH3I versus 12CH2DI is 
theoretical and experimental ratios for mixtures at 20:1, 10:1, 1:1, 

p 3 2

required.
and 0.5:1 (13CH3:CH2D).

q

Successful quantification of isomer mixtures by HCD ata c ( 3 2 )
• Successful quantification of isomer mixtures by HCD at 

100 000 FWHM d t t d

a c

20 1 i t 100,000 FWHM was demonstrated.20:1 mixture
20:1 mixture

• QUIBL was validated as a powerful quantitative glycomics approach2 0 y=1.0186+0.034 QUIBL was validated as a powerful quantitative glycomics approach.2 0 y
R2=0.998
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