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Introduction: Protein histidine phosphatase (PHP) hydrolytically cleaves phosphate groups 
from histidine residues. It was described for vertebrates in the year 2002 [1, 2]. ATP-citrate lyase 
[3] and other substances have been identified as physiological substrates. 
Recombinantly expressed human 16 kDa PHP [4] forms multimeric complexes in physiological 
buffer [5]. Regular series of PHP multimers can also be observed up to 200 kDa in matrix-
assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS). Since 
high-quality PHP can be produced, its use as calibration compound for high mass ranges is 
discussed. Available calibration standards typically cover the range up to 100 kDa and are 
based on well known proteins such as apomyoglobin, trypsinogen and bovine serum albumin of 
high to moderate purity. Calibration of higher mass ranges is still not an easy task. While 
proteins of larger molecular weight can be purchased, e.g. standards for gel electrophoresis, 
they are often mircoheterogeneous and their purity is mostly not sufficient for MS measurement 
resulting in peaks of low resolution. Authors have suggested use of different classes of 
aggregate or macromolecule forming substances such as poly(dimethylsiloxanes) [6], but those 
compounds are only available as mixtures of average molecular weight so that their use as 
calibrants is limited to very specific applications.   
Experimental: PHP was recombinantly expressed [4]. Gel filtration, gel electrophoresis and 
activity tests were performed to study complex formation in physiological buffer [5]. For MS, the 
protein was desalted using ZipTips C18 (Millipore, Bedford, USA). The tips were washed with 
elution buffer (75 % acetonitrile, 0.1 % trifluoroacetic acid (TFA)) and equilibrated with aqueous 
solvent (5 % methanol, 0.1 % TFA). Aqueous PHP solution (3.5 µg in 15 µl) was applied and 
rinsed with equilibration solution. The protein was eluted into 5 µl elution buffer. Sinapinc acid 
(SA) was used as matrix for MALDI-TOF MS. Following target preparation with 0.5 µl of 
saturated SA in acetone, 0.5 µl of PHP solution and 0.5 µl of saturated solution of SA in 
acetonitrile / 0.1 % TFA 1:2 were added. Chemicals and solvents for MS were of highest quality 
(Sigma). MALDImicroMX (Waters Corp., Manchester, UK) was used in positive linear mode with 
high mass detector turned on for measurements in mass ranges >50 kDa. For manual 
nanoelectrospray ionization (ESI)-MS [7], Q-TOF Premier (Waters Corp.) was employed. 
Results and Discussion: First indications of PHP aggregation were observed in gel 
chromatography. Cluster sizes of ~113 kDa, 209 kDa and > 600 kDa were measured indicating 
multimers of 7, 13, and more than 37 units, respectively. The tendency of PHP to aggregate 
increased with storage time (1 day to 3 months) and experiment temperature (4 °C versus room 
temperature). Aggregates formed independently of protein concentration (tested for 10, 100, 
1000 µg / 100 µl). An active mutant missing eight amino acids at the N-terminus [8] also 
aggregated. When gel chromatography fractions were re-chromatographed, they eluted with a 
similar profile as the original solution indicating that equilibrium formed among the different types 
of aggregates. It could not yet be determined whether PHP activity was due to the monomer or 
one of the aggregate forms.  
PHP was expressed with a His-tag having a molecular weight of 16222 Da (http://php.uni-
muenster.de). It could be produced with >90 % purity as estimated by ESI-MS measurement 
(Fig. 1). When PHP was investigated with MALDI-TOF MS, adduct ions were observed with 



 

decreasing intensity to higher mass ranges (Fig. 2). This was also true for PHP without His-tag. 
Adduct formation was regular and reached up to m/z values of ~200 kDa, a feature which can be 
used for calibration in regions where mass standards are scarce. PHP delivers a calibration 
point every 16 kDa (Table 1) and some of the doubly-charged ion species can also be used. 
Since PHP reliably delivers a large range of well resolved adduct ions, it is of interest as a 
valuable alternative to high mass calibration standards of lower purity. 
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Table 1: Average molecular weights of singly 

and doubly protonated PHP multimers. 

 
 

 

 

 

 

 

Figure 1: Q-TOF nanospray mass spectrum of desalted PHP. 

Satellite peaks correspond to residual contaminants from 
protein isolation, which cannot be easily removed. PHP 
sequence is given as inset. 
 

Figure 2: MALDI-TOF spectra of His-tagged PHP. Monomer up to hexamer (observe zoom for range > 

m/z 3700); Right: Trimer to dodecamer. For peak assignment see Table 1.  

n M+H+ M+2H+ 

1 16223 8112 

2 32445 16223 

3 48667 24334 

4 64889 32445 

5 81111 40556 

6 97333 48667 

7 113555 56778 

8 129777 64889 

9 145999 73000 

10 162221 81111 

11 178443 89222 

12 194665 97333 


