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Finnigan LTQ FT-ICR Mass Spectrometer  

• Ion Trap based                         
Fourier Transform-Ion Cyclotron 
Mass Spectrometer

• FT-ICR @ LC timescale

• High Mass Accuracy

• High Mass Resolution
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Linear Ion Trap – FTICR Hybrid

60 m3/hr 300L/sec 400L/sec 210L/sec 210L/sec

7 T Actively Shielded
Superconducting Magnet

15 L/sec

Triple-Ported Turbo

2D Ion Trap

ICR Cell
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Finnigan LTQ FT-MS System

Introduced 2003
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7 T Actively Shielded
Superconducting Magnet

FTMS 

Linear Ion Trap

ECD and IRMPD with the Finnigan LTQ FT

Linear Ion Trap MS
• MS, MS/MS and MSn Analysis by 

Collision Induced Dissociaiton

ECD Assembly

FTICR MS
• Electron Capture Dissociation  

(ECD)
• Infra-Red Multiphoton Dissociation 

(IRMPD)

IRMPD Laser Assembly

6

NHMFL 9.4T ESI FT-ICR MS (1995)

Alan Marshall Group
Ion Cyclotron Resonance Program,
National High Magnetic Field Laboratory,
Florida State University



3

VL

VL

CL

CL

VH

VH

Cα1

Cα1

Cα2 Cα3

Cα2 Cα3

FcFab

P V P S T P P T P S P S T P P T P S P S C IgA1

P V P ----------------------------------- P P P P C IgA2

IgA1 vs. IgA2
O-glycans N-glycans

Hinge Region

Ser/Thr

GalNAc

Gal

(NeuAc)

(NeuAc)
β1,3

α2,3

α2,6

O-glycosylation

Galactose Deficient IgA1 
IgA Immunodeposits & Circulating Immune Complexes

Ser/Thr

GalNAc

Gal

(NeuAc)

(NeuAc)

• Bypasses liver & 
deposits in kidneyMestecky, J., et al., Contrib Nephrol (1993), 104;172-182

Allen, A.C., et al., Kidney Int. (2001), 60;969-973
Hiki, Y., et al., Kidney Int. (2001), 59;1077-1085

Questions concerning 
IgA1 Hinge Region

O-glycosylation

• Heterogeneity of O-glycosylation of IgA1

• Sites of O-glycan attachment 
(N-terminal sequencing methods)

• Gal deficiency in IgAN: randomly or at specific sites
(Glycan specific lectins: jacalin, HAA)

P V P S T P P T P S P S T P P T P S P S C
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Galactose Deficient
O-linked Glycans

Sialic Acid removed

Ser/Thr

GalNAc

Gal

(NeuAc)

(NeuAc)

Ser/ThrSer/Thr

GalNAc GalNAc

NeuAc

m/z15001450 15501400 16501600 1700 1750

GalNac

Gal

Gal

ESI FT-ICR MS of (Mce) IgA1 HR
isolated from 

trypsin-pepsin-thermolysin digest
HYTNPSQDVTVPCPVPSTPPTPSPSTPPTPSPSCCHPRL

1450 155015001400 1600 1650

1450 155015001400 1600 1650

FT-ICR MS

Quadrupole
+ SWIFT
Isolated

400 600 1200 1400800 1000 1600 1800 2000 2200
m/z

= Gal
= GalNAc

[M + 3H]3+ [M + 2H]2+[M - + 3H]3+

[M - + 3H]3+

[M - 2    + 3H]3+

[M - 2    - + 3H]3+

[     +      + H]+

[M - - + 2H]2+

[M – 3    - 3    + 2H]2+
IRMPD

Figure 4
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1654.7373+
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m/z12001100 13001000 15001400 1600 1700

m/z12001100 13001000 15001400 1600 1700

neuraminidase + O-glycanase treated

ESI FT-ICR MS
neuraminidase treated

GalNac

De-glycosylated IgA1 Hinge Region
GalNac

Gal

Gal

de-glycosylated HR peptide

V T V P C P V P S T P P T P S P S T P P T P S P S C C H P R L

300 500 900 m/z1100700 1300 1500

[M + 3H]3+

IRMPD

[M + 2H]2+
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~ x 5
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y13
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y21
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y22
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y24
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y26
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y29
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y27
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y29
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Confirmed IgA1 Hinge Region sequence

- HYTNPSQD

m/z15001450 15501400 16501600 1700 1750

GalNac

Gal

Gal

GlycoMod assigned O-glycans
V T V P C P V P S T P P T P S P S T P P T P S P S C C H P R L

= Gal
= GalNAc4 x 4 x 5 x 4 x

5 x 5 x
4 x 3 x
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16

7 T Actively Shielded
Superconducting Magnet

FTMS 

Linear Ion Trap

ECD and IRMPD with the Finnigan LTQ FT

Linear Ion Trap MS
• MS, MS/MS and MSn Analysis by 

Collision Induced Dissociaiton

ECD Assembly

FTICR MS
• Electron Capture Dissociation  

(ECD)
• Infra-Red Multiphoton Dissociation 

(IRMPD)

IRMPD Laser Assembly

H2N C C N
OR1

C C N
ORn-1

C C
ORn

OH

mH+

y1

bn-1

z1·

cn-1

...

How do Peptides Cleave?

ECD

IRMPD
CAD

slow heating 
methods

electron radical
chemistry

H2N C C N
OR1

C C N
ORn-1

C C
ORn

OH

mH+

y1

bn-1

z1·

cn-1

...

How do Peptides With PTMs Cleave?

ECD

PTM PTM

IRMPD
CAD
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V T V P C P V P S T P P T P S P S T P P T P S P S C C H P R L
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V T V P C P V P S T P P T P S P S T P P T P S P S C C H P R L
V T V P C P V P S T P P T P S P S T P P T P S P S C C H P R L

H2N C C N
OR1

C C N
ORn-1

C C
ORn

OH

mH+
z1·

cn-1

...

electron capture
dissociation

Can We Locate O-glycosylation Sites?
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[M + 3H]3+

~ x 40
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225 228 230 232



8

m/z13001100 1500900 19001700 2100 2300 2500

2υ

V T V P C P V P S T P P T P S P S T P P T P S P S C C H P R L

[M + 3H]3+ [M+3H]2+• & [M+2H]2+

~ x 100 ~ x 5
~ x 5

z9

c12

z17

AI-ECD
= Gal
= GalNAc

z14

16801685

2120 2125

c14

= Gal
deficient
GalNAc

225 228 230 232 236233   or

Can We Locate O-glycosylation Sites?

V T V P C P V P S T P P T P S P S T P P T P S P S C C H P R L

V T V P C P V P S T P P T P S P S T P P T P S P S C C H P R L

V T V P C P V P S T P P T P S P S T P P T P S P S C C H P R L

4 GalNAc / 3 Gal

4 GalNAc / 4 Gal

5 GalNAc / 4 Gal

225 228 230 232 236

225 228 230 232

225 228 230 232

233   or

V T V P C P V P S T P P T P S P S T P P T P S P S C C H P R L

Profiling IgA1 glycoforms: 
IgA1 Hinge Region 
Specific Proteases

V P S T P P T P S P S T P P T P
225 228 230 232 236

V T V P C P V P S T P P T P S P S T P P T P S P S C C H P R L

C. ramosum
(AK183)

N. gonorrhoeae
(HF48)
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900800600 700 11001000 m/z

GalNAc4Gal3

GalNAc4Gal4

GalNAc5Gal4
GalNAc4 Gal4 NeuAc

GalNAc5 Gal5

ESI FT-ICR MS of (Mce) IgA1 HR
IgA specific proteases AK183/HF48

1200 m/z1000 1400 1600800 1800

1200 m/z1000 1400 1600800 1800

[M + GalNAc5Gal4]3+

[M + GalNAc5Gal5]3+

[M + GalNAc6Gal5]3+

[M + GalNAc6Gal6]3+

well B8

well B10

[M + GalNAc4Gal4NeuAc]3+

[M + GalNAc5Gal4NeuAc]3+ [M + GalNAc5Gal5NeuAc]3+

[M + GalNAc6Gal5NeuAc]3+

Micro scale-LC Fraction Collection
NanoMate
ESI FT-ICR MS

Chip-based ESI source 
NanoMate by Advion

• 20x20 array of 8 µm nozzles
• ~300 nl/min flow
• Sample as low as 1 µl from 3 total
• 3 µl can produce ~30-40 min spray 
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850 950 1000 1050 1100 1150 1200900 1250850 950 1000 1050 1100 1150 1200900 1250
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800 1000 1100 1200 1300 1400 1500900800 1000 1100 1200 1300 1400 1500900
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3 23 2
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1100 1300 140012001000 1500
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3 13 1
3 23 2

4 14 1
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Myeloma IgA1 Hinge Region O-glycans
Mce IgA1 HR

FT-ICR MS FT-ICR MS FT-ICR MS

Ste IgA1 HR Gou IgA1 HR

CH2
-Pro-Val-Pro-Ser-Thr-Pro-Pro-Thr-Pro-Ser-Pro-Ser-Thr-Pro-Pro-Thr-Pro-Ser-Pro-Ser-Cys-

(CHO) CHO CHO CHO (CHO)

225 228 230 232 236

CHVKHYTNPSQD VTVPCPVPSTPPTPSPSTPPTPSPSCCHPRL  SLHR

1 2 3 4 5

CH1

Trypsin + pepsin 

IgA proteases

Clostridium Streptococcus
Haemophilus

Neisseria (HF 13 , 48)

1300900 1000 1100 1200 1400m/z

5 44 4

4 3

3 3

5 3
5 5

6 4

6 5 3 2 3 3

LTQ-FT MS

IgA1 (Mce) Hinge Region O-glycans
V P S T P P T P S P S T P P T P

= Gal
= GalNAc
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LC-MS IgA1 (Gou) O-glycans
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GOUtopSW #1328-1434 RT: 23.38-24.55 AV: 23 NL: 1.83E6
F: FTMS + p NSI Full ms [ 300.00-2000.00]
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Typical ESI of O-glycans

Options:
Negative ESI
Permethylation

FT-ICR MS for the diagnosis 
IgA Nephropathy?

•IgAN patients
Severe symptoms
Moderate symptoms

•Non-IgA related glomerulonephritis

•Normal healthy controls
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VH

VH

Cα1

Cα1

Cα2 Cα3

Cα2 Cα3

FcFab

O-glycans N-glycans

Ser/Thr

GalNAc

Gal

(NeuAc)

(NeuAc)
β1,3

α2,3

α2,6

O-glycosylation

Ser/Thr

GalNAc

Gal

(NeuAc)

(NeuAc)
β1,3

α2,3

α2,6

O-glycosylation

1 2 3 4 5 6 7

= GlcNAc = mannose = Gal = Fuc = NeuAc

IgA1 N-glycans

Are they altered
in IgAN?

HR



12

Error 
(ppm)

Monoisotopic
mass(theor)

Monoisotopic
mass(meas)

GlycoformIgA1 glycopeptide

0.5463079.3243079.320Gal2 GlcNAc3 Fuc1 Man3GlcNAc2A452GKPTHVNS4602a
-0.0223093.3383093.337Gal2 GlcNAc3 Fuc1 Man3GlcNAc2L451AGKPTHVNS4602b

0.003192.4073192.407Gal2 GlcNAc3 Fuc1 Man3GlcNAc2L451AGKPTHVNSV4612c
2d

1e
1d
1c
1b
1a

-0.1173291.4753291.475Gal2 GlcNAc3 Fuc1 Man3GlcNAc2L451AGKPTHVNSVV462

-0.1253088.3963088.397Gal2 GlcNAc2 Fuc1 Man3GlcNAc2L451AGKPTHVNSVV462

0.002989.3282989.328Gal2 GlcNAc2 Fuc1 Man3GlcNAc2L451AGKPTHVNSV461

0.1582975.3122975.313Gal2 GlcNAc2 Fuc1 Man3GlcNAc2A452GKPTHVNSVV462

0.1832890.2592890.260Gal2 GlcNAc2 Fuc1 Man3GlcNAc2L451AGKPTHVNS460

0.7612876.2442876.246Gal2 GlcNAc2 Fuc1 Man3GlcNAc2A452GKPTHVNSV461

Error 
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Monoisotopic
mass(theor)

Monoisotopic
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GlycoformIgA1 glycopeptide
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1000950 1100 120011501050900
m/z
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1d 1e 14.5 LTQ-FT MS

1000600 1800 260022001400
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+
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+

2700 2715

[c9 + Gal2 GalNAc2 Fuc1
Man3GlcNAc2]+

[M + 3H]3+

~ x 25
~ x 2

L451 A G K P T H V N V S V V463L451 A G K P T H V N V S V V463

AI-ECD

trypsin-pepsin fragments
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= GlcNAc = mannose = Gal = Fuc = NeuAc

IgA1 N-glycans
IgAN patient vs. Normal healthy control


