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 Swayne, D.E. (Ed.), Avian Influenza, p. 62. Copyright © John Wiley & Sons (2009) 
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*H1N1   23,068 

*H3N2   23,609 

*H7N9         694 

*H5N1          273 

*B Victoria     4500 

*B Yamagata     5394   

57,538 



*Generalized 
approach 
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~ 100, 000 A and B entries database 
Curated influenza plus host cell proteins plus contaminants  

 

Influenza proteins -  
three or four strains 15 μg hemagglutinin/0.5mL ea 
A(H1N1)    A(H3N2)    B 

http://www.itqb.unl.pt/labs/protein-
modelling/activities/haemagglutinin 

http://www.rcsb.org/pdb/explore 



  1 DTLCIGYHAN NSTDTVDTVL EKNVTVTHSV NLLEDKHNGK LCKLRGVAPL   
_51 HLGKCNIAGW ILGNPECESL STASSWSYIV ETPSSDNGTC YPGDFIDYEE 
101 LREQLSSVSS FERFEIFPKT SSWPNHDSDK GVTAACPHAG AKSFYKNLIW 
151 LVKKGNSYPK LSKSYINDKG KEVLVLWGIH HPSTSADQQS LYQNADAYVF 
201 VGSSRYSKTF KPEIAIRPKV RDREGRMNYY WTLVEPGDKI TFEATGNLVV 
251 PRYAFAMERN AGSGIIISDT PVHDCNTTCQ TPKGAINTSL PFQNIHPITI 
301 GKCPKYVKST KLRLATGLRN IPSIQSRGLF GAIAGFIEGG WTGMVDGWYG 
351 YHHQNEQGSG YAADLKSTQN AIDEITNKVN SVIEKMNTQF TAVGKEFNHL 
401 EKRIENLNKK VDDGFLDIWT YNAELLVLLE NERTLDYHDS NVKNLYEKVR 
451 SQLKNNAKEI GNGCFEFYHK CDNTCMESVK NGTYDYPKYS EEAKLNREEI 
501 DGVKLESTRI YQILAIYSTV ASSLVLVVSL GAISFWMCSN GSLQCRICI  

- Increased instrument resolution and sensitivity.  
- Increased peptide IDs,  ~50% sequence coverage 

Hundreds of ambiguous IDs 

*Strain ID – Method Development 



1 dose vaccine (15 µg HA/500 µl) 

Transfer to filter (10K MWCO) 

Reduction, alkylation, quench reaction 

Centrifugation wash steps 
Deglycoslyation (+3) 

Protein digestion - centrifuge enzyme 
solution through filter 

New collection tube 

Dry down flowthrough (=peptides) 
Resuspend in injection buffer 

trypsin chymotrypsin 

DTT 
iodoacetamide 

DTT 
iodoacetamide 

PNGaseF in 
H2O18 

PNGaseF in 
H2O18 

Synapt : LC-MSMS 
Triplicate injections 
Autocat exclusion lists 

Peak list processing 
Merge 6  LC-MSMS runs search 
In-house influenza database 



Hemagglutinin and neuraminidase sequences in the 2007–2008 trivalent vaccine showing identified sequence in bold red. N-
Glycosylation sites are highlighted in green, as determined by incorporation of 18O during enzymatic deglycosylation with PNGase F. Blue 
= partially glycosylated, as evidenced by the identification of both the modified and unmodified peptides. Note that the low observation 
of partially glycosylated peptides by this approach suggests that the glycosylation of the identified peptides is near 100%. 



*MS Protein 
Quantification 

*Signal intensity is not representative of peptide / 
protein amount. 



*MS Protein Quantification 

Average signal intensity from the three 
most intense peptides ~ protein amount 
(± 15% for proteins of similar mass) 

Silva JC, Gorenstein MV, Li GZ, Vissers JP, Geromanos SJ. Absolute quantification of proteins 
by LCMSE: a virtue of parallel MS acquisition. MCP 2006 5:144–56. 

Presenter
Presentation Notes
Mol Cell Proteomics. 2006 Jan;5(1):144-56. Epub 2005 Oct 11.Absolute quantification of proteins by LCMSE: a virtue of parallel MS acquisition.Silva JC, Gorenstein MV, Li GZ, Vissers JP, Geromanos SJ.SourceWaters Corporation, Milford, Massachusetts 01757-3696, USA. jeff_silva@waters.comAbstractRelative quantification methods have dominated the quantitative proteomics field. There is a need, however, to conduct absolute quantification studies to accurately model and understand the complex molecular biology that results in proteome variability among biological samples. A new method of absolute quantification of proteins is described. This method is based on the discovery of an unexpected relationship between MS signal response and protein concentration: the average MS signal response for the three most intense tryptic peptides per mole of protein is constant within a coefficient of variation of less than +/-10%. Given an internal standard, this relationship is used to calculate a universal signal response factor. The universal signal response factor (counts/mol) was shown to be the same for all proteins tested in this study. A controlled set of six exogenous proteins of varying concentrations was studied in the absence and presence of human serum. The absolute quantity of the standard proteins was determined with a relative error of less than +/-15%. The average MS signal responses of the three most intense peptides from each protein were plotted against their calculated protein concentrations, and this plot resulted in a linear relationship with an R(2) value of 0.9939. The analyses were applied to determine the absolute concentration of 11 common serum proteins, and these concentrations were then compared with known values available in the literature. Additionally within an unfractionated Escherichia coli lysate, a subset of identified proteins known to exist as functional complexes was studied. The calculated absolute quantities were used to accurately determine their stoichiometry.



*

    



Digest 

LC-MS 

Quant 

in
te

ns
ity

 

m/z 

Hi3 QconCAT Synthetic Peptides 
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Protein Peptides 
BSA – Bovine Serum Albumin  
(Bos Taurus) 

1- LGEYGFQNALIVR, 2- LVNELTEFAK,  
3- DAFLGSFLYEYSR, 4- HLVDEPQNLIK 

ADH – Alcohol Dehydrogenase 
(Saccharomyces cerevisiae) 

1- VVGLSTLPEIYEK, 2- LPLVGGHEGAGVVVGMGENVK,  
3- SISIVGSYVGNR, 4- ANELLINVK 

H1 – Hemagglutinin  
A/California (H1N1) 

1- EVLVLWGIHHPSTSADQQSLYQNADAYVFVGSSR, 2- STQNAIDEITNK 
3- MNYYWTLVEPGDK, 4- MNTQFTAVGK  

N1 – Neuraminidase  
A/California (H1N1) 

1- TFFLTQGALLNDK, 2- YNGIITDTIK,  
3- YGNGVWIGR, 4- GDVFVIR  

H3 – Hemagglutinin  
A/Victoria (H3N2) 

1- IDLWSYNAELLVALENQHTIDLTDSEMNK, 2- STQAAIDQINGK,  
3- SQQAVIPNIGFRPR, 4- LNWLTHLNFK  

N2 – Neuraminidase  
A/Victoria (H3N2) 

1- TLLMNELGVPFHLGTK, 2- LVDSVVSWSK,  
3- SGYSGIFSVEGK, 4- GWAFDDGNDVWMGR  

HB – Hemagglutinin 
B/Brisbane 

1- LSGAMDELHNEILELDEK, 2- FTSSANGVTTHYVSQIGGFPDQTEDGGLPQSGR,  
3- NLNSLSELEVK, 4- ADTISSQIELAVLLSNEGIINSEDEHLLALER 

NB – Neuraminidase 
B/Brisbane 

1- GVTLLLPEPEWTYPR, 2- LNVETDTAEIR,  
3- YGEAYTDTYHSYANK, 4- GNSAPLIIR 

OV – Ovalbumin  
(Gallus gallus) 

1- GGLEPINFQTAADQAR, 2- ISQAVHAAHAEINEAGR,  
3- LTEWTSSNVMEER, 4- NVLQPSSVDSQTAMVLVNAIVFK 

QconCAT Final Sequence:   
MAGR ~ BSA-1 ~ ADH-1 ~ H1-1 ~ H3-1 ~ HB-1 ~ N1-1 ~ N2-1 ~ NB-1 ~ OV-1 ~ OV-2~ NB-2 ~ N2-2 ~ N1-2 ~ HB-2 ~ 
H3-2 ~ H1-2 ~ ADH-2 ~ BSA-2 ~ HB-3 ~ N1-3 ~ N2-3 ~ NB-3 ~ OV-3 ~ BSA-3 ~ ADH-3 ~ H1-3 ~ H3-3 ~ H3-4 ~ H1-4 ~ 
ADH-4 ~ BSA-4 ~ OV-4 ~ NB-4 ~ N2-4 ~ N1-4 ~ HB-4 ~ LAAALEHHHHHH 

QconCAT Sequence 

- 4 peptides 
- link peptides with a spacer (ASGK) 
- Peptide set are dispersed  
- C-terminal polyhistidine tag 

Presenter
Presentation Notes
Table 1: QconCat protein design.  Peptides from each protein of interest are dispersed throughout the polypeptide sequence and concatenated using “sacrificial linker” tetrapeptides ASGK (designated by ~).  Additional N- and C-terminal sequences are present for gene expression and protein purification.
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*Low cost commercial peptides from JPT Peptide 
Technologies  

*Custom synthesized peptides 

*Peptide quantified via a coupled chromophore 

*Chromophore tag removed by trypsin 



Reference antigens M1 and M2 contain 46 and 35 µg H1/mL, respectively 

A 

 F 

 D  C B 

Hemagglutinin – H1 

Presenter
Presentation Notes
13-164 Influenza Antigen A/California/7/2009 (NYMC X-179A) contains 35 ug HA / mL
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 F B 

Neuraminidase – N1  

Presenter
Presentation Notes
Absolute quantitation based on one peptide.  Mean triplicate analysis, error bars represent standard deviation 



* Quadrivalent vaccines have NB from both B strains.  

A 

C D 

 F 

B 

Neuraminidase – NB  

Presenter
Presentation Notes
Absolute quantitation based on one peptide.  Mean triplicate analysis, error bars represent standard deviation 



*Comparison 

Presenter
Presentation Notes
Measured content of the hemagglutinin antigens in the 2014-2015 influenza vaccine using Hi3, QconCAT, and SpikeTides quantification techniques. (Right) Calculated accuracies of the QconCAT and SpikeTides quantification techniques by measurement of known quantities of the BSA primary standard.  Error bars are standard deviations of the measurements from three preparative replicates.



*
*Issues that can be addressed [what?/how much?] 

*What proteins are in a sample? 

*What are the rel.conc. of proteins between samples? 

*Are the proteins degraded? 

*Are there unexpected proteins (HCP) present? 

*Other types of questions are more problematic 
*Why is …..? [may be answered by what/how much] 

*Who … 

*When … 

. 

. 

. 
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Virus deactivation with propriolactone 

http://en.wikipedia.org/wiki/File:N-Acetylneuraminic_acid.svg
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