
This thesis, The Biochemistry of Zinc and Iron - Proteomic Studies, consists of five
sections. We were studying the biochemistry of two different metal elements - iron and
zinc, therefore the thesis has two main aims (iron and zinc related) and each of the
experimental sections are divided into two logical subsections A and B.
The first section - Introduction includes a general introduction reviewing the current
knowledge about the biochemistry of iron and zinc and it also specifies the objectives of
this study.
The first part of the Introduction is a review of iron biochemistry. It has following seven
chapters: General properties of iron; Iron absorption, storage and toxicity in human; Iron
transport and homeostasis; Iron regulatory proteins - IRP/IRE system; Mitochondrial
iron metabolism; Liver and iron and Iron disorders.
In the second part of the Introduction, the biochemistry of zinc is reviewed in these eight
chapters: Zinc - general properties; Zinc transporters; Zinc finger proteins; The role of
zinc fingers in leukemogenesis; Functions of zinc in cellular signalling; Regulatory
functions of zinc in cell proliferation; Role for Zinc in cell differentiation and apoptosis;
Zinc - remarks and perspectives.
The third part of the Introduction introduces the specific objectives of this thesis. It gives
a brief overview of proteomics in general, proteomics of metalloproteins and native
separation methods. In the final part of the first section the factual aims of this thesis are
specified.
The second section - Materials and metods summarizes the detailed experimental
designs and protocols that were used in experiments in order to achieve our goals.
Materials and metods A part has following five chapters: [59Fe] hemin synthesis, Cell
culture and [59Fe] hemin cell labeling, Flow protein liquid chromatography, Native
electrophoresis and gel processing, Tryptic digestion and MS analysis.
Materials and metods В part has following six chapters: Cells and BBM preparation,
Radiolabeling of BBM with 65Zn, Blue native electrophoresis and native Western blotting,
Immunoprecipitation and immunodetection, Proteolytic digestion and sample
preparation, Mass spectrometric analysis.
The third section is comprised of our achieved results.
Part Results A presents the chromatogram of erythroid cellular lysates radiolabeled by
[59Fe] hemin that was separated on MONO Q anion-exchange column and the
radiogram showing native electrophoretic separation of heme containing protein
complexes in selected prepurified radioactive fractions. Also included are the
representative examples of MS/MS spectra of tryptic peptides originating from carbonic
anhydrase, alpha hemoglobin and heme-binding protein p22 HBP followed by Table 1,
where all of the proteins identified by LC-MS/MS in this experiment are summarized.
Part Results В presents native electrophoretic separations of intestinal brush border
membranes (BBM) which include Blue Native PAGE separation of protein complexes
present in isolated BBM on 4-20% gradient gel, the immunoreactivity of aminopeptidase
N on Western blot made from BBM lysate blue native electropherogram and radiogram
of 65Zn-labeled BBM.
The functions and relative percentage of 55 individual proteins from BBM identified by
LC-MS/MS are presented in a circle/pie graph.
Co-i mmunoprecipitation of zinc binding protein aminopeptidase N and its associated
proteins sucrase isomaltase and aminopeptidase A is showed on Western blots.
Finally the summary of proteins identified in BBM by LC-MS/MS is presented in Table 2.
In the fourth section our achieved results are disscused considering the previously
published knowledge.
In the part A we discuss a total of 13 heme binding protein complexes represented by



bands A-M on autoradiographs. Upon the composition and migration pattern of isolated
complexes we propose that 13 detected bands represent different stages of dissociation
and variable isoforms of four novel individual multi-protein heme containing complexes
(Complex I—IV). The detailed composition and possible physiological functions of
Complexes l-IV are examined and we suggest that Complexes l-IV represent four
different snapshots of hemoglobin metabolism in the erythriod cells.
In the part B, the use of BN-PAGE as an effective tool for the study of native membrane
proteins and metalloproteins in BBM is discussed. The functional properties and
interactions of identified proteins are examined. We propose the presence of zinc
binding protein complex composed of digestive enzymes aminopeptidase N,
aminopeptidase A and sucrase isomaltase. Final conclusions from the results are made
in the fifth section of the thesis.


