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Hemoglobin Isotypes 

Hemoglobin (Hb) is a tetramer of: 
 2 alpha chains (Hbα) 
 2 beta chains (Hbβ) 
 4 heme groups 

 
1427 known isotypes, many single 
amino acid substitutions 
 
Some isotopes affect heme-
binding and result in anemias 

 Sickle cell (Hbβ E7 —> A7) 



Hb Isotype Resolution by LC/MS 

Not all isotypes can be resolved by 
mass (MS) and/or charge 
differences (LC or CE) 
 
The size of the chains (> 15 kDa) 
inhibits mass discrimination of  
<5 Da because of the long isotopic 
pattern (15+ isotopic peaks) 
 
Characterization of the specific 
hemoglobinopathy can determine 
clinical treatment 
 
Need for a statistically-valid 
method to automate isotype 
analysis when isotypes overlap 
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Unresolved Hemoglobinopathy 

Patient J has full wt Hbβ 
Patient T has wt + mutant Hbβ 

 (unresolved by elution time 
 or mass) 

 
Visual inspection shows a slight 
elevation of the low mass 
isotopes in patient T, but 
 



Unresolved Hemoglobinopathy 

Patient J has full wt Hbβ 
Patient T has wt + mutant Hbβ 

 (unresolved by elution time 
 or mass) 

 
Visual inspection shows a slight 
elevation of the low mass 
isotopes in patient T, but 
 
Isotopic error prevents detection 
of the mutant Hbβ at 95% conf 
for any isotopic position 
 

Error	=	±	t(df=21,	α=0.05,	2-tailed)	x	σ isotopic RA  



Isotopic Abundance Vector 

A mass spectrum is a 
histogram of the number of 
counts (abundance) at a mass 
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A mass spectrum is a 
histogram of the number of 
counts (abundance) at a mass 
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represented as vectors of 
masses and abundances 
 
 

~m = {882.126, 882.181, 882.236, 882.291, 882.347, 882.403, 882.459, 882.514, 882.569, 882.624, ...}
~a = {0.124, 0.221, 0.363, 0.567, 0.776, 0.947, 1.027, 1.000, 0.898, 0.735, ...}



Isotopic Abundance Vector 

A mass spectrum is a 
histogram of the number of 
counts (abundance) at a mass 
 
The centroids can be 
represented as vectors of 
masses and abundances 
 
 Abundance error for each peak 
can be statistically-determined 

 • from σ over multiple scans 
 • or with special software 
    (e.g., PeakInvestigator®) 
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Isotopic Vector Angle (IVA) Analysis 

~a = isotopic abundance vector1 =
�
13C0,

13 C1,
13 C2, . . .
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IVA Comparison Hbβ from Patient Samples 
Patients with known Hbβ 
hemoglobinopathies 

 Patients A, C, K, & Q all have 
  wt + resolved mutant Hbβ 
 Patient J has double wt Hbβ 
 Patient T has an unresolved 
  wt + mutant Hbβ

 

Compare J (wt control) to wt Hbβ 
in all other patients 

 J to J —>    IVA = 0% 
  (perfect match) 
 J to A, C, K, & Q —> IVA ≤ 3.7% 
 J to T —>         IVA = 8.9% 

 

Error in the IVA is determined by 
Monte Carlo simulation of Isotopic 
abundance vectors over their 95% 
confidence values 

J	is	statistically	lower	than	T	
with	a	p-score	of	<	0.001	

All	others	are	statistically	the	same	as	wt	Hbβ



Hbα as Internal Control for the Method 

All Patients have known 
double wt Hbα
 
IVA Analysis (using Patient J 
Hbα as the control) shows all 
other Patient IVAs agree 
within 1.6% (no statistical 
difference detected) 



Spectral Deconvolution and Hbβ mutant ID 

Predict a combined convolved spectral profile for the 
overlapped wt and mutant Hbβ species from: 

~zcombined = f ⇥ ~zwt + (1� f) ⇥ ~zmutant

where, ƒ = fraction of wt Hbβ

Assume zmutant = zwt with the abundance terms offset 
by a unit mass shift  
 
Compare zcombined to ameasured for Patient T, for different 
mass shifts by optimizing ƒ to minimize the IVA 

~ ~

~ ~



Spectral Deconvolution 



Mutant Hbβ Identification 

A zero charge mass shift of -1 Da corresponds to: 
 Possible   Composition   Theoretical 
 Variants          IVA (to wt) 
 N → I    C731H1133N195O201S4      0.19% 
 E → Q   C729H1129N197O201S4      0.01% 
 D → N   C729H1128N196O202S4      0.00% 
 E → K   C730H1133N197O200S4      0.09% 
 wt Hbβ   C729H1128N196O202S4      0.00% 

N	→	I		variant	would	not	affect	the	net	charge	
and	seems	most	likely	



Conclusions 
IVA analysis can be used to: 

 •  provide statistical detection of overlapped species 
    in MS spectra 
 •  quantitatively deconvolve overlapped species 
 •  provide more sensitive detection than examination 
    of individual isotopic ratios 

 

IVA analysis has the potential to automate spectral 
analysis in many MS analyses:* 

 •  compositional identification 
 •  isotopic peak assignment 
 •  charge state deconvolution 
 •  chromatographic start and end point detection 

*		Schneider,	L,	Isotopic	Vector	Analysis	in	Mass	Spectrometry_v2	(Veritomyx,	2017),	
	https://www.researchgate.net/publication/321685760_Isotopic_Vector_Angle_Analysis_in_Mass_Spectrometry_v2		


