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The determination of HbA2 is accepted as 
the gold standard in the screening for β-
thalassemia carriers. 

Highly accurate and precise measurements 
are needed, also because the difference 
between normal and pathological HbA2 
values is slight. 
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….Here, we describe the evaluation of ESI-MS for 
measurement of glycated (GHbF) and acetylated (AcHbF) 
fetal hemoglobin and the identification by mass of different 
chains of fetal hemoglobin……….. 

AIM: To develop a reference measurement 
procedure based on the quantification of intact 
globin chains by LC-ESI/MS 
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Analytical conditions 



RT: 11.00 - 27.00 SM: 7G
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Only	
  few	
  words	
  
on	
  ESI-­‐ion	
  trap	
  

mass	
  
spectrometry….	
  



The general term "atmospheric pressure ionization" (API) 
includes the most notable technique, electrospray 

ionization (ESI) 

The gas phase peptide ions can be generated  from the 
online eluate of a LC column or from direct injection 



ESI is able to produce single or multiple charged ions, 
depending  on several factors. 
 

Hb_39a #1804-1953 RT: 18.86-19.79 AV: 150 NL: 4.16E5
F: ITMS + c ESI sid=10.00  Full ms [600.00-1500.00]
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α chain 

Since MS measure the mass-to-charge (m/z) ratio, the ESI 
mass spectrum for a large molecule typically contains 
multiple signals corresponding to the different charge states. 



S#: 1 RT: 0.01 AV: 1 NL: 1.54E7
T: + p Full ms 
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The target molecules are ionized into multiple charge 
states producing a waveform spectrum that can be de-
convoluted into parent peaks. 
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2 MULTICHARGED ION DETECTED Hb_39a #1804-1953 RT: 18.86-19.79 AV: 150 NL: 4.16E5
F: ITMS + c ESI sid=10.00  Full ms [600.00-1500.00]

600 700 800 900 1000 1100 1200 1300 1400 1500
m/z

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

R
el

at
iv

e 
Ab

un
da

nc
e

1164.78
1081.68

1009.66

1261.74

946.65

891.03

1376.32
841.63

797.40

757.60

721.60 954.31 1274.931177.30898.16 1400.10688.84 963.01636.51 1316.691215.16 1446.73

α chain 

Hb_74b #1179-1267 RT: 13.66-14.30 AV: 89 NL: 3.10E4
F: ITMS + c ESI sid=10.00  Full ms [600.00-1500.00]
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RT: 7.00 - 24.00 SM: 13G 
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Calibrator 
2 multicharge-  

HbA2 = 3.9 
Theoretical value = 4.3 



10 MULTICHARGED IONS HAS BEEN DETECTED 

10 Multicharge  

δ/α = 0.043 

RT: 7.00 - 24.00 SM: 13G 
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II STEP: 
VALIDATION OF THE METHOD  



Samples 

Human frozen hemolysates treated to remove most of the salt adducts with 
proteins (no plasma, no leukocytes, no platelets).  

 
 
 

 4 calibrators (HbA2 concentration determined by Tosoh G8 WHO calibrated; 2.5, 
3.4, 5.6 and 6.2%) 

12 samples to be analyzed  in triplicate 
 
 
4 calibrators (HbA2 concentration determined by Tosoh G8 WHO calibrated ; 2.5, 

3.6, 4.9 and 6.3%) 
18 samples to be analyzed  in triplicate 

 

15 

Second batch: sample 17-38 

First batch: samples 1-16 

Third  batch: samples 39-78 

4 calibrators (HbA2 concentration determined by Tosoh G8 WHO calibrated ; 2.4, 
3.3, 5.1 and 6.1%) 

35 samples to be analyzed  in  triplicate 
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SD	
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   0,10	
   3,17	
  



RT: 7.00 - 24.00 SM: 13G 
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Rela>onship	
  between	
  HbA2	
  measured	
  by	
  the	
  MS	
  and	
  
HPLC	
  techniques	
  



III STEP: 
INTERLABORATORY COMPARISON 



TAKE-­‐HOME	
  
MESSAGE	
  

home 

The	
   possibility	
   to	
   perform	
   the	
   quan3ta3ve	
  
determina3on	
  of	
  HbA2	
  without	
  protein	
  diges3on,	
  
has	
  been	
  explored.	
  	
  

ESI-­‐MS	
   of	
   the	
   intact	
   Hb	
   chains	
   appears	
   to	
   be	
   a	
  
viable	
   method	
   for	
   determining	
   the	
   δ-­‐chain	
   and	
  
hence	
   detec3ng	
   β-­‐thalassemia	
   trait	
   in	
   blood	
  
samples.	
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