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Shotgun lipidomics is similar in technique to shotgun proteomics, in that it analyzes 

many forms of the biological molecule at one time [140]. This method would allow us to take a 

snapshot of the types of lipids being expressed in our various models of PHPT1 expression and 

disease state. This method is beneficial in that it would give us an idea as to which lipids are 

being influenced and would provide direction to further investigate specific lipid families [141]. 

However, the limitations of this method coincide with its robustness. The highly complex lipid 

molecules are often very abundant and usually lead to high degrees of overlap in parent ion 

mass between multiple lipid types [142]. This makes it far more difficult to quantify a specific 

conformation when no isolation or fractionation has occurred prior to analysis. The 

implementation of shotgun lipidomics would be the first step in analysis, and it will determine 

which lipid classes should be isolated for further investigation in each sample.  

Following identification of lipid targets, ideally, we would be able to isolate and determine 

expression changes in these targets between cohorts. Quantification would be accomplished 

using parallel reaction monitoring (PRM) on the Q-Exactive hybrid Orbitrap instrument [126]. 

This instrument allows us to specify a parent ion mass and the product ions created from it by 

fragmentation to monitor intensity levels and quantify lipid classes specifically. PRM allows us to 

specify multiple parent ion targets (lipid classes) for quantification from the same sample 

simultaneously [126]. Targeted lipidomics via PRM will provide reliable and reproducible 

quantification of the lipids present in each sample to determine how their synthesis is influenced 

in each cohort, and it will provide additional insight into the mechanism of phosphohistidine 

signaling influencing lipid homeostasis.  

Mechanistic Validation 

The use of mass spectrometry to determine protein expression changes between 

treatment groups is currently a widely excepted method among many scientific fields [76, 143-

147]. Instrumentation has advanced significantly over the past 20 years and provides highly 

reliable and reproducible results, which can be further solidified by technical or biological 
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had a range of ALDs varying from mild steatosis up to severe late stage hepatitis. A majority of 

the samples, however, are from patients in the later stages and from individuals with 

backgrounds of existing liver disease, or familial history, making them less likely to fit the 

requirements for our study. This outcome is most likely due to the initial asymptomatic 

progression of the disease, making early onset very difficult to detect unless an existing liver 

disease is already present [11]. 

Nonetheless, human tissues could provide additional insight into the role of PHPT1 in 

progression of human ALD. It would not be difficult to screen the expression levels of PHPT1 in 

various disease states, and normal levels of PHPT1 expression in human liver tissue is already 

available. The human tissue aspect of this investigation would be the final step in validating any 

mechanism identified in the mouse model in human liver tissues. Therefore, although these 

tissues are currently available, it would make most sense to obtain them following all previously 

described experiments to make the most out of the sample provided. Human tissues could 

immediately be screened for other targets of PHPT1 and phosphohistidine identified, and for 

phosphohistidine modifications using the same methods described previously (Chapter 5: 

targeted search for phosphohistidine phosphatase proteins). Human tissue analyses would 

provide high confidence in terms of overall relevance of PHPT1 and phosphohistidine signaling 

in ALD pathogenesis, and these samples would provide a novel avenue of study on the role of 

phosphohistidine in mammalian cellular processes.   



90 
 

[136] Saha, A., Ahn, S., Blando, J., Su, F., et al., Proinflammatory CXCL12-CXCR4/CXCR7 Signaling Axis 
Drives Myc-Induced Prostate Cancer in Obese Mice. Cancer Res 2017, 77, 5158-5168. 
[137] Waxman, D. J., P450 gene induction by structurally diverse xenochemicals: Central role of nuclear 
receptors CAR, PXR, and PPAR. Archives of biochemistry and biophysics 1999, 369, 11-23. 
[138] Shan, G., RNA interference as a gene knockdown technique. International Journal of Biochemistry 
& Cell Biology 2010, 42, 1243-1251. 
[139] Tan, N. S., Shaw, N. S., Vinckenbosch, N., Liu, P., et al., Selective cooperation between fatty acid 
binding proteins and peroxisome proliferator-activated receptors in regulating transcription. Mol Cell 
Biol 2002, 22, 5114-5127. 
[140] Schwudke, D., Liebisch, G., Herzog, R., Schmitz, G., Shevchenko, A., Shotgun lipidomics by tandem 
mass spectrometry under data-dependent acquisition control. Lipidomics and Bioactive Lipids 2007, 433, 
175-+. 
[141] Jung, H. R., Sylvanne, T., Koistinen, K. M., Tarasov, K., et al., High throughput quantitative 
molecular lipidomics. Biochimica et biophysica acta 2011, 1811, 925-934. 
[142] Li, M., Zhou, Z. G., Nie, H. G., Bai, Y., Liu, H. W., Recent advances of chromatography and mass 
spectrometry in lipidomics. Analytical and bioanalytical chemistry 2011, 399, 243-249. 
[143] Zhang, W., Progress in Mass Spectrometry Acquisition Approach for Quantitative Proteomics. 
Chinese J Anal Chem 2014, 42, 1859-1868. 
[144] Prakash, A., Peterman, S., Ahmad, S., Sarracino, D., et al., Hybrid Data Acquisition and Processing 
Strategies with Increased Throughput and Selectivity: pSMART Analysis for Global Qualitative and 
Quantitative Analysis. Journal of Proteome Research 2014, 13, 5415-5430. 
[145] Kleparnik, K., Recent advances in combination of capillary electrophoresis with mass spectrometry: 
Methodology and theory. Electrophoresis 2015, 36, 159-178. 
[146] Tyanova, S., Temu, T., Sinitcyn, P., Carlson, A., et al., The Perseus computational platform for 
comprehensive analysis of (prote)omics data. Nat Methods 2016, 13, 731-740. 
[147] Aebersold, R., Mann, M., Mass-spectrometric exploration of proteome structure and function. 
Nature 2016, 537, 347-355. 
[148] Guzman, C., Benet, M., Pisonero-Vaquero, S., Moya, M., et al., The human liver fatty acid binding 
protein (FABP1) gene is activated by FOXA1 and PPAR alpha; and repressed by C/EBP alpha: Implications 
in FABP1 down-regulation in nonalcoholic fatty liver disease. Biochimica Et Biophysica Acta-Molecular 
and Cell Biology of Lipids 2013, 1831, 803-818. 
[149] Green, S., PPAR: A mediator of peroxisome proliferator action. Mutat. Res.-Fundam. Mol. Mech. 
Mutagen. 1995, 333, 101-109. 
[150] Mukai, S., Flematti, G. R., Byrne, L. T., Besant, P. G., et al., Stable triazolylphosphonate analogues 
of phosphohistidine. Amino acids 2012, 43, 857-874. 
[151] Kee, J. M., Oslund, R. C., Couvillon, A. D., Muir, T. W., A Second-Generation Phosphohistidine 
Analog for Production of Phosphohistidine Antibodies. Organic letters 2015, 17, 187-189. 
[152] Kee, J. M., Oslund, R. C., Perlman, D. H., Muir, T. W., A pan-specific antibody for direct detection of 
protein histidine phosphorylation. Nature chemical biology 2013, 9, 416-U428. 
[153] Oslund, R. C., Kee, J. M., Couvillon, A. D., Bhatia, V. N., et al., A phosphohistidine proteomics 
strategy based on elucidation of a unique gas-phase phosphopeptide fragmentation mechanism. Journal 
of the American Chemical Society 2014, 136, 12899-12911. 
[154] Cai, X. J., Srivastava, S., Surindran, S., Li, Z., Skolnik, E. Y., Regulation of the epithelial Ca2+ channel 
TRPV5 by reversible histidine phosphorylation mediated by NDPK-B and PHPT1. Mol Biol Cell 2014, 25, 
1244-1250. 

 





100 
 



101 
 



102 
 



103 
 

 



104 
 

 

 

 

Appendix B – Nature: Scientific Reports, Supporting Information 



105 
 



106 
 

 



107 
 

 

 

Appendix C – Scientific Reports: Permissions 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



108 
 

 

 

 


