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Abstract 

In this thesis ―Purification, Characterization and Binding of Metals to Zinc Alpha 2-

Glycoprotein (ZAG) by Employing Various Techniques‖ the development of several 

techniques were carried out to analyze the interaction of biologically important metals of 

Irving William Series. The expression and purification of the ZAG protein was also 

optimized for the preparation of samples. The folding to the native conformation was also 

carried out. That ZAG protein is present in almost all fluids of the body. Since the discovery 

of ZAG, several studies have been carried out. The importance of ZAG as an important 

biochemical agent is known long before. The growing number of literature since today 

demonstrates that it’s an important biomarker for the cancer cachexia, prostate cancer, lipid 

mobilizing agent and obesity suppressor. 

The crystal structure of ZAG reveals that the fold and distribution of domains are 

similar to the Major histocompatibility complex-I (MHC-I) molecules. This class is known 

for their immune regulation and thus ZAG is believed as a central player in the immune 

system and cellular signaling. There is no clear evidence of ZAG participation in the 

cancerous conditions but over expression is dealt as a biomarker. The study shows that the 

ZAG interacts with several ligands. There interaction with metals is known for boosting the 

bioactivity of ZAG. Although, it’s believed long ago that the ZAG is an important protein 

that participate in several biochemical processes and little is known to understand the ligands 

bound conformations of ZAG with their targets like peptides and metals.  

In this current project, we were focused to get the good expression and purification 

procedure for the preparation of ZAG. The unnative aggregated fold of ZAG from the 

inclusion bodies was transformed into the native fold using refolding and dialysis method 

optimization. The introduction of histidine tag to the C-terminal and their successful removal 

by the Carboxypeptidase Y enzyme was also carried out. The results of the cleavage of 

histidine tag were evaluated with gel electrophoresis, Mass Spectrometry and Fluorescence 

Spectroscopy. The confirmation of native fold and bioactivity was also confirmed from 

DAUDA binding affinity using fluorescence emission. The formation of metal complex of 

Irving William Series with ZAG and their respective complexation analysis was also studies 

using MALDI-TOF MS and Fluorescence Spectroscopy.  
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It was found that the ZAG has multiple binding sites that interact with metals even in 

the presence of DAUDA. The X-ray tube analysis using FPXRF shows that Fe (III) and Co 

(II) has similar concentration of atoms bound to ZAG molecules. 
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Chapter 1: Introduction 

1.1 Zn- α2-Glycoprotein 

Zinc- α2-glycoprotein (ZAG) is a glycoprotein with 41kDa molecular weight and 

exists in soluble state. It was first determined and isolated from the plasma of human in 1961. 

ZAG precipitates in less concentration of zinc like 20 mM and the concentration of zinc 

bound to the ZAG was also determined on Sodium dodecyl sulfate polyacrylamide gel 

electrophoresis (SDS-PAGE). It’s the reason that this protein was named α2- microglobulins 

(Burgi & schmid, 1961). The ZAG protein was determined in the several secretions of body 

tissues. These includes liver, urine, saliva, milk, seminal and breast cyst (Delort et al., 2013; 

Kumar et al., 2013; Ullah, Baloch, & Khattak, 2016). 

Several conclusions were extracted from the comparison at sequence alignment where 

the amino acid types constituting ZAG (Tomohiro Araki et al., 1988) and the structure 

determined using X-rays crystallography were considered (Tomohiro Araki et al., 1988). The 

ZAG displays numerous aspects of resemblance with immunoglobulin gene super family. 

The study proposed that ZAG may participate in Immunity (Zorin, Zorina, & Zorina, 2006). 

The concentration of ZAG is abundant in plasma or serum of mammals and quantified in the 

range of 5 µg/mL (Bondar, Barnidge, Klee, Davis, & Klee, 2007; Gong et al., 2009; Stejskal 

et al., 2008). Several studies shows that ZAG play an important role in the body weight loss 

in the conditions of cachexia. The depletion of fats and body weight was also observed in 

several fetal syndromes (L P Hale, Price, Sanchez, Demark-Wahnefried, & Madden, 2001). 

Studies showed that the concentration of ZAG is different in normal and cancerous patients. 

In some condition/stages of cachexia, the concentration of ZAG was observed 20-fold in 

excess than that of normal individuals (L P Hale et al., 2001; H. Zahid et al., 2016). 

Structurally, the ZAG molecule contains a hydrophobic groove that is known for its 

interaction with hydrophobic molecules or ligands. These ligands contains molecules similar 

to fatty acid important for signaling (C. Bing, Mracek, Gao, & Trayhurn, 2010; McDermott, 

Freel, West, Bjorkman, & Kennedy, 2006). Its biological function has been reported as a 

lipid-mobilizing factor (LMF). This biological activity is important for the regulation of 

several functions like body weight, obesity and melanin expression under normal and stressed 

conditions of malignant melanocytes (Bennett, Lebrón, & Bjorkman, 2000; Delker, West, 
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McDermott, Kennedy, & Bjorkman, 2004). ZAG a novel adipokine, has been recognized as a 

LMF in cancer cachexia (Bao et al., 2005; Chen Bing et al., 2004). Furthermore ZAG plays a 

role in the lipid consumption via the mechanism of up-regulation of uncoupling proteins (C 

Bing et al., 2002). One other important activity of ZAG is the lipid mobilization where the 

stimulation occurs via interaction with β3-adrenoreceptors (Kouzo Hirai, Hussey, Barber, 

Price, & Tisdale, 1998; S T Russell, Hirai, &Tisdale, 2002). The over expression of  ZAG 

was found in the obesity conditions where the knockout animals model of ZAG that exhibit a 

significant weight gain comparing to their wild-type mates kept under equal diet conditions 

(Eckardt, Gmbh, & Bing, 2011; Garrido-Sánchez et al., 2012). The ZAG interacts with the 

adipocytes and mobilize lipids by stimulation of glycerol (S T Russell et al., 2002). Thus, the 

mobilization of lipids was also observed on adipocytes due to ZAG expression.  

Furthermore, the over expression of ZAG was found in the adipose tissues of cancer 

patients (Steven T. Russell, Zimmerman, Domin, & Tisdale, 2004). This result was 

considered as ZAG participation in metabolism in the adipose tissues and a possible role of 

local regulation  (Tzanavari, Bing, & Trayhurn, 2007). These findings are regarded as an 

evidence that ZAG has a prominent role in the modulation of the fat mass in the body (C. 

Bing et al., 2010). Moreover, ZAG level have been correlated with a variety of diseases, such 

as athersosclerosis (Shearer, Rosenwasser, Bochner, & Fantuzzi, 2005), type II diabetes and a 

number of carcinomas (Delort et al., 2013; Taylor, 2012). Recent studies show that the ZAG 

is a novel adipokine. The production of ZAG was also found in the white and brown 

adipocytes tissues. The cachexia conditions are associated with the adiposity reduction and 

thus these white and brown adipocytes are playing a substantial role. The ZAG expression is 

linked with the mobilization of fats mass due to its expression in adipose tissues and several 

studies in the literature are focused on the fact (Chen Bing et al., 2004; Mracek, Ding, et al., 

2010). There are several structural and biochemical evidences about ZAG binding to a 

ligands, but there is no single example experimentally demostrating from the body fluids 

where the isolation and purification of ZAG is accomplished in complex form (Bao et al., 

2005; Chen Bing et al., 2004; Qu et al., 2007). 

The complex formation or target recognition by ZAG is experimentally evaluated in 

several studies. It has been proved in vitro as well as in vivo that ZAG interacts with multiple 

targets and stimulates several biochemical processes. The ZAG protein is a known 

stimulating lipolysis. It is known for the stimulation of murine epididymal adipocytes via 
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adenylatecyclase in GTP-dependent biological processes (Kouzo Hirai, Hussey, Barber, 

Price, & Tisdale, 1998) as several studies shows that binding is regulated via β3-

adrenoreceptor (Bao et al., 2005). It has prominent role in the depletion of fatty acids 

produced by the adipose tissues. It’s the reason that ZAG is known as a lipid-mobilizing 

factor (Kouzo Hirai, Hussey, Barber, Price, & Tisdale, 1998). The up regulation of ZAG in 

the cancer cachexia is followed by the rapid loss of weight due the lipid mobilizing (Kouzo 

Hirai, Hussey, Barber, Price, & Tisdale, 1998). The quantification of ZAG protein assay 

(Irene Díez-Itza et al., 1993) and the expression of mRNA (Mracek et al., 2011) in the tumor 

of mammary shows that the ZAG level should be marked an important histologic stage in the 

analysis of breast cancer. 

The ZAG studies carried out using humans are deficient in literature. The possible 

role of ZAG in fitness of body organs and muscle and role in energy consumptions is not 

known yet. However, few studies shows that the plasma ZAG level present in leans muscles 

and obese young aged individuals are same (Garrido-Sánchez et al., 2012). On the other 

hand, the ZAG expression was found down regulated in omental adipose tissues comparing 

the obese and non obese individuals. The ZAG level in the subcutaneous adipose tissues were 

also different for the obese conditions then the normal non obese (Eckardt et al., 2011). 

However, this aspect of ZAG expression level may vary with the weight loss and exercise. 

Several studies show that the ZAG expression in adipose tissue for some regions is different. 

For example, an inverse relationship of ZAG expression was determined for the abdominal 

fat area parts. The visceral and subcutaneous ZAG expression was found opposite to each 

other. The ZAG over expression was also characterized in the serum as a representative of 

prostate cancer. It is so obvious its characterization as the biomarker of serum for prostate 

cancer (Frenette et al., 1987). Besides the ZAG high level resemblance with class I MHC 

proteins folds, also the primary sequence and structural similarities are also present 

(Tomohiro Araki et al., 1988; Rolli et al., 2007b; L. M. Sánchez, Chirino, & Bjorkman, 

1999).  

The three dimensional structure of ZAG as predicted by the X-rays crystallography 

represents a large groove that is also present in the class I MHC. This large groove is 

regarded as the peptide-binding groove. The positioning of the groove in the structure is an 

important epitope and characterized by its potent role in the immunity and lipid metabolism 

(L. M. Sánchez et al., 1999). In one other studies the mutation of residues constituting the 
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peptide binding groove clearly indicated that ZAG is a unique protein in respect of fold 

resembling the MHC class I (Malcolm W Kennedy, Heikema, Cooper, Bjorkman, & 

Sanchez, 2001; L. C. McDermott et al., 2006). The crystal structure of serum ZAG displayed  

high degree of resemblance with class I complex molecules of histocompatability (L. M. 

Sánchez et al., 1999). The ligands interactions studies with ZAG shows that the amino acid 

based ligands does not bind to the hydrophobic groove. The other non peptidic molecules 

show significant interaction with hydrophobic groove. This property of ZAG is related to the 

signal transduction (L. M. Sánchez et al., 1999). Further studies illustrates that the ZAG 

interacts significantly and preferentially with fatty acids comparing to the synthetic organic 

molecules. These fatty acids include poly unsaturated ligands like linolenic and arachidonic 

acids etc. The preferential affinity for these moieties are classified as natural ZAG ligands 

(Malcolm W Kennedy et al., 2001; L. C. McDermott et al., 2006). 

1.2 Site of Expression 

The gene responsible for ZAG protein was identified in visceral fat. The gene of ZAG 

was also determined for human subcutaneous in 2004 (Chen Bing et al., 2004). The discovery 

of mRNA of ZAG was identified for human mature adipocytes. The mRNA in the cells 

medium of adipocytes were also determined in the same year (Bao et al., 2005). All these 

evidences demonstrate that ZAG is secreted by the adipocytes tissues. The concentration of 

ZAG is present in the seminal secretion. It was found that the serum contains as less as 6 

times to the concentration of ZAG found in the seminal fluid of humans (Ohkubo et al., 1990; 

Schwick & Haupt, 1981). These findings justifies that ZAG is a key component in the 

process of fertilization although the experimental evidence is still lacking. The structure 

characterization found that the ZAG contains a secretary peptide bound to N-terminal region 

of the sequence. This finding classified ZAG as novel adipokine. These structural features are 

characterized as an evidence of communication for adipose tissues, muscles and important 

body organs. These organs includes liver and brain (Bao et al., 2005). The ZAG mRNA 

expression was found different in obese women or obese man for the fats of subcutaneous 

and visceral adipose tissues. The down regulation of expression was found in these adipose 

tissues (Dahlman et al., 2005). However, the concentration of ZAG was found up regulated in 

the adipose of abdominal subcutaneous (Ceperuelo-Mallafré et al., 2009; Mracek, Ding, et 

al., 2010; Mracek, Gao, et al., 2010; Selva et al., 2009). The adipose tissues of the cachexia 

were found decreased in size due to over expression of ZAG. The protein concentration was 
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found several folds to the normal conditions (~ 3 folds) (Mracek et al., 2011). The ZAG 

concentration was found 50% greater comparing to the weight stable normal individual and a 

patient of cachexia. On the other hand, for the both individuals, the difference of ZAG 

concentration in the serum was not substantially different (Mracek et al., 2011). One other  

evidence of no change in ZAG concentration was also reported for the subcutaneous adipose 

tissues and arterialized comparing the normal healthy individual and cahectic patient (Rydén 

et al., 2012). These finding suggests that ZAG is not driving the adipose important for the 

plasma pool. This study was based on the mixed sex group of 7 men and 3 women 

individuals. As we know from the previous study that man and women have different fat 

mobilization rates. Therefore, it is important to consider another data set of same sex group 

individuals that is still not present in the literature (Rydén et al., 2012). As we know that 

ZAG is present in number of tissues as secretary constituents where the ZAG has a modified 

N-terminus. The over expression of ZAG in many diseases are related and linked to this 

leader peptides of modified N-terminal (K Hirai, Hussey, Barber, Price, & Tisdale, 1998). All 

these issues of over expressions are used as markers in several carcinomas like prostate (K 

Hirai, Hussey, Barber, Price, & Tisdale, 1998), breast (L. M. Sánchez et al., 1992), oral 

(Brysk et al., 1999) and epidermis cancer (Lei et al., 1997). 

1.3 Gene Structure and Regulation 

The expression of ZAG is regulated and modified by several factors. These factors 

include hormones and other agents but still the complete and exact mechanism of the ZAG 

expression and regulation is unknown. The chromosome 7q22.1 is gene for the ZAG. It 

contain four exons and three introns as determined by the florescent hybridization 

karyotyping (H Ueyama, Niwa, Tada, Sasaki, & Ohkubo, 1991). In the gene map, exon 1 is 

responsible for the cap site region up to 6
th

 residue that is Glycine. The 2
nd

 exon region 

extends from the 6
th

 amino acid glycine to the 93
rd

 residue (Glycine). The third exon (exon 3) 

extends up to 185
th

 amino acid (Aspartate) and the exon 4 exhibit the sequence to the end of 

N terminal (H Ueyama, Deng, & Ohkubo, 1993). The exon 4 is represented by the whole 3´ 

untranslated portion that also includes six nucleotides AATAAA. This region is responsible 

for the poly adenylation signal of the gene (Freije et al., 1993). The ZAG from the serum 

displays the entire nucleotide sequence homology to the prostate along the signal peptide (G 

Lei et al., 1997) where the complete ZAG gene is identified by Freije et al group. The 

complete expression of the entire gene sequence for the ZAG protein comprises an open a 
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long hydrophobic signal peptide of 18 amino acids as an open frame encoding and a mature 

and evolved protein of 278 amino acids. 

The chemical methods used to isolate the serum ZAG and its sequence was 

determined and compared with the nucleotide sequence for the identification of portion 

responsible (Tomohiro Araki et al., 1988). It was found that the some minor differences can 

be seen in the sequence. The protein sequence determination reveals that in the primary 

sequence there are some differences like amino acids 65 and 222 of the polypeptide sequence 

are Gln and Glu respectively, where in other case the Glu and Gln are present in these 

respective positions 65 and 222. One other difference can be seen for the residue pair 75 and 

76 (Ile-Phe) as determined from the nucleotide sequencing of ZAG protein compare to the 

sequence determined by the chemical methods (T Araki et al., 1988; Freije et al., 1993). The 

sequence analysis on the nucleotide level of ZAG gene realized some template sequences 

(Freije et al., 1993). The intron analysis showed that it is large enough to accommodate the 

arthrobacter luteus (ALU) repetitive sequence. It was found that there are total of nine 

sequences of ALU. The location of the first 5 ALUs are present in first intron and other 4 are 

present in the next intron. The orientation of these ALU sequences are present in the ZAG 

and found in opposite direction of ZAG and only one was found aligned (Freije et al., 1993). 

The MER (Greek meros, ―part‖) sequences are also presents that belongs to the subfamilies 

12 and 14 (D. J. Kaplan, Jurka, Solus, & Duncan, 1991). It was also found that both introns 

contains one mammalian interspersed repetitive (MIR) element (Jurka, Walichiewicz, & 

Milosavljevic, 1992). The ZAG gene is regulated by the progestin (Chalbos, Haagensen, 

Parish, & Rochefort2, 1987).  

One other factor that regulate and over express the ZAG is glucocorticoid (S.T. 

Russell & Tisdale, 2005). The transcription of gene analysis revealed that the 5´ region has a 

dominant role in the transcription of ZAG gene (D. J. Kaplan et al., 1991; Stanislaw Piorek, 

1994). Several transcription factors are influencing the expression of ZAG. The key features 

of lipolysis were studied in the presence of dexamethasone and anti-ZAG antibody. The 

presence of β3-adreno receptor of the ZAG gene can´t be ignored for the purpose of 

expression of ZAG gene (Agustsson et al., 2007; Chalbos et al., 1987) 
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1.4  Structure of ZAG 

The ZAG’s crystal structure was solved in 1999. The three dimensional crystal 

structure of ZAG represents a structure resemblance to MHC class 1 proteins (Freije et al., 

1993). The class I MHC molecules are known for their activity against cytotoxic T cells and 

play an important role in the immunity regulation. The class I MHC molecules are associated 

with β2-microglobulin. On the other hand no such association was found for the ZAG nor the 

binding affinity for template peptides known for class 1 MHC molecules. The binding site of 

peptides is modified with an unfavorable electron density and thus hindering the assembly of 

protein and peptide complex.  

 

 

 

 

Fig. 1: The ZAG Structure 

The Fig.1 represents the three dimensional structure of ZAG fold. The fold is divided 

in three domains α1, α2 and α3. The proper positioning of the α1 and α2 results in the 

formation of groove that has a hydrophobic in nature. The Fig. 1 represents the β-pleat sheets 

of the PIP region shown in color green. This domain interacts with the α3 domain using 

electrostatic interaction and polar contacts of hydrogen bonds. This structure of the ZAG is 

based on the PDB: 3ES6 and the software Chimera was used for structures generation. 
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The unfavorable electron density consist residues of area around 4.5 Å that is 

important for interaction with fatty acids of intracellular membrane. These fatty acids 

includes a charged fatty acid anchor that is arginine rich and a several hydrophobic residues 

(Storch & McDermott, 2009). These residues are conserved across sequences of many 

species (McDermott, Freel, West, Bjorkman, & Kennedy, 2006). Several studies of 

isothermal calorimetry (ITC) and fluorescence emission spectroscopy experiments identified 

the interaction of ZAG with florescently labeled fatty acid called DAUDA (Kennedy, 

Heikema, Cooper, Bjorkman, & Sanchez, 2001). The dissociation constant (Kd) was found a 

1.5 µM. Several other compounds was also found bound to the ZAG in the X-rays 

crystallography studies like polyethylene glycol that was used as an additive for 

crystallization (Delker, West, McDermott, Kennedy, & Bjorkman, 2004). The fatty acid 

binding sites were determined by the Alanine scanning. The scanning of Alanine for the 

residues like Tyr14, Arg73, Ile76, Phe77 and Tyr161 mutations elaborates that positively 

charged as well as hydrophobic residues are important for the interaction with fatty acids 

(McDermott et al., 2006). 

The MHC-I molecules are known for their α1- α2 domain in their three dimensional 

fold. The ZAG domains also represents similar orientation and symmetrical domains (Lebrón 

et al., 1998; Madden, 1995; Matsumura, Fremont, Peterson, & Wilson, 1992). The orientation 

in three dimensional space of α1 α2 and α3 domains are little different for their binding with 

β2M as ZAG is lacking binding, compare to the MHC-I molecules. The interaction with T 

cell receptor which is MHC restricted and peptide binding are characterized for the α1 and α2 

domains (TCR). These two domains constitute an important part of fold that is composed of 

four antiparallel β sheets and thus form the N terminal end of the domain. These α-helices are 

present above the antiparallel β sheets and facilitates the formation of groove like three 

dimensional structure (Madden, 1995). 

1.5 Fold and Stability of ZAG 

 The three dimensional structure of ZAG represents regular secondary structural 

regions as revealed by the X-rays structures. The secondary structure comprises the 23% α-

helices, 27% β-sheets and 22% β turns and loops (Tomohiro Araki et al., 1988). The 

secondary structure elements folds into three domains and each domain contains equal 

number of residues of the primary sequence. The homology of fold was found for the ZAG 

with MHC-I for the presence and position of disulfide bonds. These disulfide bonds are 
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crucial for the binding of antigens with MHC-I class molecules. The ZAG protein displays an 

important sequence constitution and tertiary folding of domains in the structure and placed in 

the gene of immunoglobulin superfamily (Tomohiro Araki et al., 1988). The domains folding 

of ZAG is cooperative and orient well even in the absence of other factors as that was found 

for the MHC-I molecules dependent on the presence of peptides and β2M. 

The structure of the MHC-I was determined in complex form with the β2M. The 

complex is stabilized by the non-covalent heterodimer β2M: a peptide of 8 to 9 amino acid 

residues with the poly peptide chain of MHC-I molecule. The generation of peptide is 

associated with the cleavage of protein in the cytoplasm and these peptides are then 

transferred by another complex. This complex is regarded as the transporter associated with 

antigen and present in the endoplasmic reticulum of the cell. As a result the MHC-I is formed 

(Delker et al., 2004). After the formation of complex, transport to the cell surface by the golgi 

bodies takes place. The important feature of proper folding is assisted by the presence of 

β2M. it is determined by the knockout mice models where β2M was lacking for the proper 

function and folding of the MHC-I (Karpenko, Kaupová, & Kodícek, 1997; Matsumura et al., 

1992; Rock, Rothstein, Gamble, & Benacerraf, 1990). These experiments suggest that β2M is 

an important stabilizing factor for the cell surface and facilitates the binding of the peptides 

of antigens with the cells surfaces and plastic surfaces. It is also playing big role in the 

generation of peptides with high binding affinity sites at the MHC-I molecules in the solution 

phase (Rock et al., 1990).  

The far UV and CD spectrum reveals that the strong and intense peak at 218 nm for 

the ZAG (pH7 and 25 °C) fitted with a linear combination decipher the secondary structure 

composition of the protein molecule. It was found from the linear combination fitting that 

there are 3% α helices and 60% β sheets. The β turns are less than 1%. The rest of the 

polypeptide chain (~36%) was estimated as unfolded and random region. The primary 

sequence analysis for the secondary structure prediction was in agreement for the prediction 

of random and disorder region (Karpenko et al., 1997). The other aspects of structural 

features can be observed at the near UV range (250 nm to 320 nm) and 265 nm in the CD 

spectrum analysis. These absorption were found due to presence of the disulfide 

chromophores (Karpenko et al., 1997). Moreover the peak for tryptophan was also found at 

typical position of 295 nm. The transition of secondary structure elements as function of 

temperature was determined using CD. At 218 nm wave length disappearance of the intense 
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negative peak was found at gradual increase in the temperature from 25 °C up to 85 °C. The 

point of denaturation (Tm) was found at 66 °C as determined from the shape of the peak. 

Comparing these facts of the stability with the MHC-I molecules, it can be easily concluded 

that the MHC-I is thermally unstable then ZAG even in the presence or absence of peptides 

or β2M. The ZAG stability is exhibited in the absence of all such kind of factors. The ZAG 

protein melting point were determined as 65 °C and can be compared with the melting point 

(Tm) of the MHC-I class which was found 57 °C in the presence of bound peptide that 

increases stability (Fahnestock, Tamir, Narhi, & Bjorkman, 1992).  

Some other molecules of MHC-I class were 66 °C for HLA-A2 (Orr, Lancet, Robb, 

Lopez de Castro, & Strominger, 1979). The melting point obtained for the MHC-I class 

without any stabilizing factor was found 43-45 °C where the ZAG displayed substantially 

higher melting point of 65 °C (Fahnestock et al., 1992; Karpenko et al., 1997). The complex 

obtained for the ZAG with the prolactin-inducible protein displayed an increase in melting 

point and was found at 75 °C. The effect of binding peptides or other factors that increases 

the stability of MHC-I class influences negatively on the stability of the ZAG. These 

stabilizing factors made clear after the structure determination of serum ZAG with X-rays 

crystallography (L. M. Sánchez et al., 1999). In fact the crystal structure showed that the 

ZAG three dimensional structures contain a network of hydrogen bonding. This hydrogen 

bonding network is abundant in the domains of α3 and α1 and α2. In contrast no such kind of 

hydrogen bonding network is present while binding of β2M or other binding proteins. One 

other aspect of hydrogen bonding network can be seen for the β4 sheets (residues 51-54) and 

α1 domain that is helical region in ZAG while no such network was found in the MHC-I class 

molecules. The surface area exposed by the fold of ZAG is 670 Å while in MHC-I is 660 Å. 

This increase in the surface area provide a relax space for the expansion of α3 domain 

relative to the other two α domains (L. M. Sánchez et al., 1999). 

1.6 Scope of Work: Hypothesis 

The literature is showing the important contribution by ZAG in the cellular machinery 

and regulation of various mechanisms. The ZAG is an important target of many peptides and 

it can be used as a substrate to understand the binding mechanism of peptides, antigens and 

other ligands. The previous studies of the ZAG shows that its function is altered by the 

interaction of peptides and affinity with T cells as described by the MHC-I molecules 

(Sa´nchezsa´nchez, Lo´pezlo´pez-Oti´noti´n, & Bjorkman, 1997). The interaction of ZAG 
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with targets is reported many times in the literature but still there is need to decipher several 

aspects of protein ligands interactions. Here in this study we tried to analyze the detailed 

relevant information of ZAG that’s important to understand the function. The present study 

aimed to purify ZAG and evaluate the metal binding by ZAG using the more efficient and 

sensitive techniques of mass spectrometry like MALDI-TOF-MS and Field Portable X-rays 

Fluorescence (FPXRF). This may be advantageous in preparing medicine and or drugs which 

are used for body weight regulation. A purified recombinant ZAG using nickel 

chromatography, followed by removal of the histidine tail with carboxypeptidase enzyme was 

used. The techniques like polyacrylamide gel electrophoresis (SDS-PAGE) and Ultraviolet 

Spectrophotometry (UV) were used for purity judgment and concentrations determination, 

respectively.  The complexations of metal ions of Irving William Series with ZAG were 

evaluated using MALDI-TOF MS and fluorescence.  

1.7 Aims and Objectives 

ZAG is present in almost all secretions and all kinds of body fluids, and express in 

almost all types of tissues. The omnipresent ZAG is characterized as the lipid mobilizing 

factor and plays an important role in several diseases, like cancer of cachexia and stimulates 

the process of lipolysis. The structure possesses a class I MHC folds that facilitates the 

binding with fatty acids. The affinity is comparable to human serum albumin. ZAG is also 

known for binding with small hydrophobic ligands and α1 and α2 helices are regarded as the 

active sites of interactions.  

The literature revealed that ZAG is very important for the control of bodyweight and 

energy consumption. This important function of ZAG in cellular machinery provides several 

important substrates for analysis. For example fatty acids and other organic and metallic 

complexes act as platforms for the interaction of ZAG and evaluation of its multi-functional 

characteristics. Furthermore, the preparation of ZAP protein sample remained always a 

challenge due to several factors of expression and purification.  

Therefore, the objectives of this study were to examine ZAG purification, metal 

binding with ZAG and the evaluation of complex using various analytical techniques like 

MALDI-TOF-MS Fluorescence and FPXRF. During the cellular expression using E-coli 

transformed cells, the ZAG protein unfolds and stays in non-native state in inclusion bodies. 

A try was made for the purification of insoluble protein in non-native state and refolding to 

native state by optimizing the purification methods and applying the affinity chromatography 

techniques with Nickel column and incorporating the Histidine tag with sequence in pET23a 
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plasmid. The preparation of sample was done for the evaluation of the binding affinity of 

ZAG protein with the Irvine William Series (Mn, Fe, Co, Ni and Cu) using MALDI-TOF MS 

analysis and Fluorescence spectroscopy. 

As discussed earlier that ZAG protein is present in almost all body fluids and in some 

biochemical processes, the over expression is observed and considered as important 

biomarker. This current study aimed the interaction of metals with ZAG protein to elaborate 

further its function and activity. Biologically important metals like Irving William series are 

widely known for interacting with proteins and implicating its biological role in cellular 

systems. Literature shows several studies indicating the interaction of ZAG with Zinc and 

DUADA. Their preferential affinity has been widely discussed and studied Lindsay 

McDermott in detail. However, the other important metals like Mn (II), Ni (II), Cu (I) and Fe 

(II) widely known to interact with protein are still lacking. In this current research study, 

binding affinity of Irving William series metals was studied.  

In our view, this study will provide an important aspect of ZAG ability to bind with 

other divalent metals and suppositions for a broader role.  The research scope will be 

extended to carry out binding affinity with aspirin, caffeine, hydrocortisone and epinephrine. 

The metal binding affinity will broaden our scope to elaborate further the three dimensional 

structure that will be used as template for the development of rational drug design. Very 

recently the role of ZAG protein in the diabetic patient was discovered for lowering the blood 

sugar. It is therefore, the possible use of ZAG as therapeutic agent in adult onset diabetic 

patient treatment to control the blood sugar level.  
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Chapter 2: Literature Review 

The ZAG protein is an important protein that puts its impression on several biological 

and biochemical processes. The effect of metal binding and its interaction with other targets 

like Zinc complexes, DUADA and other proteins of cellular machinery results in several 

processes that makes ZAG an important biomarker and a substrate for binding. The literature 

sites several studies illustrating that ZAG protein is an important biomarker, playing an 

important role in cancer, fertilization, Immunoregulation, cell adhesion, lipid metabolism and 

chemotherapy etc. The importance of ZAG is becoming evident day by day with growing 

number of literature. The headings below mentions some studies from the literature that 

shows several aspects of ZAG biological and biochemical importance.  

2.1 ZAG as a Biomarker 

The ZAG is known for participation in tumor proliferation but still the actual 

mechanism is unknown. There are many studies revealing that the over expression of ZAG is 

accompanied by tumor proliferation conditions (Gangadharan, Antrobus, Dwek, & Zitzmann, 

2007; Irmak et al., 2005; Varghese et al., 2007). Therefore the expression of ZAG is 

sometimes regarded as the biomarker for different kinds of carcinomas (Abdul-Rahman, Lim, 

& Hashim, 2007; Chen Bing et al., 2004; Henshall et al., 2006; López-Boado, Díez-Itza, 

Tolivia, & López-Otín, 1994; S T Russell & Tisdale, 2005; Ullah et al., 2016). The ZAG is 

present in the prostate because prostate is the site of synthesis of ZAG. Therefore, it is present 

in the prostate secretions and other secretions of other related tissues (Frenette et al., 1987). 

Moreover, the ZAG concentration is monitored to understand the pathology and physiology 

of prostate. The concentration of ZAG level in the prostate biology and more especially in 

adeno carcinoma is regarded as an important analysis for the immune and histochemical 

processes (Gagnon, Têtu, Dubé, & Tremblay, 1990). In one other studies, it was found that 

the anti ZAG antibodies reacted with cancer cells of prostate (35 to 48 cancer cells) (Laura P. 

Hale et al., 2001).  

Furthermore, the ZAG was found over expressed in the high grade tumor cells 

comparing to the tumor with moderate grade (Laura P. Hale et al., 2001). The technique of 

cDNA microarrays was used for the gene expression of ZAG to understand the over 

expression phenomenon in prostate cancer (Jacques Lapointe et al., 2004). The results 

revealed that the ZAG genes express differentially in the prostate cells affected by the 
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carcinoma. The results also showed that the increase in the expression of ZAG was analyzed 

by 232 tumors cells using the methods of immune histo chemistry. It was found that strong 

staining (positive results) for ZAG was obtained with increased risk. The clinical and 

pathological studies was performed by the group of Prof Hull et al (Hull et al., 2002). In their 

independent study, it was found that several variables like pathology, Gleason grade, 

prostatectomy, and surgical margin status are important. In recent studies, the ZAG 

expression was analyzed in prostate cancer cells samples. It was determined that the 

expression of ZAG can be regarded as putative biomarker for the progression of the disease. 

In this study semi automatic microscope were used for analysis (Descazeaud et al., 2006). It 

was found that there is a relationship between expression and tumor growth in prostate 

carcinoma. The level of expression of ZAG is an important parameter for clinical diagnosis 

and the metastatic state tumor. The low expression of ZAG is determined for the recurrence 

of prostate cancer (Henshall et al., 2006). The over expression of ZAG was identified and 

compared using gel electrophoresis and MALDI-TOF mass spectrometry in the normal 

samples and samples of prostate cancer fluids from semen (Hassan et al., 2007). Several 

studies showed the association of ZAG over expression in the breast cancer and known as 

biomarker. The samples of normal, benign and malignant breast cancer cells were analyzed 

and the ZAG expressions were determined. It was found that the elevated concentration of 

ZAG in the cancerous cells (Bundred, Miller, & Walker, 1987).  

Literature also confirmed that ZAG is putative immune histochemical marker of 

apocrine cells. The ZAG plays a role in the differentiation of mammary epithelial tissues 

(Irene Díez-Itza et al., 1993; Freije, Fueyo, Uría, & López-Otín, 1991; Vizoso, Sánchez, 

Díez-Itza, Luz Lamelas, & López-Otín, 1992). In one other study Sanchez et al (L. M. 

Sánchez et al., 1992) studies that ZAG is not the only protein that over express in the breast 

cancer cells but several other proteins were also found in higher concentration. It is important 

to mention that the higher concentration of ZAG was found in well mature tumors than other 

tumors with moderate and poorly differentiataion. All these facts reveals that the ZAG is 

putative biochemical marker for the breast cancer differentiation (Irene Díez-Itza et al., 

1993). In one other study Lopez-Otin et al (López-Otín & Diamandis, 1998) illustrates that 

there are five biomarkers for prostate and breast cancer. Among all these biomarkers ZAG is 

one of them. It is found that liver has also the  expression of ZAG and the benign and 

malignant breast tissues was found for the expression of ZAG (Ring, Zabaglo, Ormerod, 

Smith, & Dowsett, 2005). Under these conditions the plasma concentration is higher than the 
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threshold level that is required for the lipolysis. Furthermore the over expression of ZAG is 

also characterized for the cachexia (Bao et al., 2005; Chen Bing et al., 2004; Steven T. 

Russell et al., 2004). The ZAG has a crucial role of affecting the lipid mobilizing. This ability 

to stimulate the lipid and cyclic AMP formation was studies using cancer patient urine. The 

relationship of the expression of ZAG in the urine sample of patient suffering with cancer 

cachexia is established in this study. Due to all these reasons, the ZAG is termed as 

biomarker for cancer cachexia and measured from its concentration in urine. The recent 

studies revealed that the ZAG can be treated as a biomarker for other cancer besides prostate 

cancer. Using the patient of hepatitis C of liver fibrosis, investigation of biomarker were 

performed using gel electrophoresis and Mass Spectrometry. The healthy patient serum 

samples were found different from the sample of patient of cirrhotic. It was found that the α-

trypsin inhibitor, anti-chymotrypsin inhibitors, pre-albumin, apo-lipoprotein L1 was found 

decreased in concentration in cancer patient serum compared to the normal individuals 

(Gangadharan et al., 2007).  

One other studies revealed that using the techniques of immunoblotting and 

histochemistry, two protein were identified for their over expression or higher concentration 

in the sample of the patient of bladder cancer. These two proteins are orosmucoid and human 

ZAG (Lauritzen et al., 2003). The perilesional normal and oral squamous cell carcinomas 

were compared to evaluate the ZAG expression and it was found that ZAG concentration is 

higher in well differentiated tumors comparing to less differentiated tumors. Moreover the 

expression was much higher than normal cells. These studies indicate that ZAG is a 

biomarker for the oral epithelial maturation (Tanaka, Imoto, Wada, Sakemura, & Hasebe, 

2008). 

Several studies carried out on the sweat glands were carried out for immune 

histochemical localization. The ZAG was expressed in higher concentration out of 41 benign 

sweat gland tumors. They found well differentiated in apocrine and eccrine tumors (Brysk et 

al., 1999)(Brysk et al., 1999; Mazoujian, 1990).  

The ZAG over expression was also found in the gynecologic cancer (Jamaludin, 

Mohammad, & Ahmad, 2014). The cervical cell carcinoma and adenocarcinoma of patients 

and normal individual were considered for the ZAG expression. The proteomic analysis of 

the vitreous secretions from human was carried out. The quantitative measurements of 

protein expression levels were compared and analyzed. The patients with diabetic retinopathy 
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and normal individuals were compared. Furthermore the differential gel electrophoresis was 

also carried out. The ZAG was found an important player for the pathology of proliferative 

diabetic retinopathy (Jain et al., 2005). Furthermore ZAG was found together with other 

proteins in the urine sample of diabetic patients. All these expression level of proteins can be 

considered as indicative moieties for pathological and clinical analysis of diabetic. The 

glomerular disease is was also marked with ZAG over expression (Varghese et al., 2007). All 

these findings reveal the importance of ZAG as an important marker for prostate and breast 

cancer. It is also playing an important contribution in the clinical analysis of other common 

occurring carcinomas.  

2.2 ZAG and Cancer 

The seminal fluid is constituted by number of protein and their concentration varies 

up to 30%. It is believed that the ZAG of seminal plasma is expressed in the epithelial tissues 

cells of prostate (Ding et al., 2007; Ohkubo et al., 1990). The concentration of ZAG in the 

seminal fluid is varied by the over expression. In some case, for example the prostate tumors, 

the over expression is too high that the ZAG concentration reached to 70% (L P Hale, Price, 

Sanchez, Demark-Wahnefried, & Madden, 2001). It is also mentioned in the literature that 

tumor differentiation is also related to the ZAG. This observation shows resemblance to what 

found for the breast cancer. The down regulation of ZAG expression level is a negative test 

for the tumor differentiation. There are several others prostate proteins like prostatic acid 

phosphatases and antigen. In the prostate tumor differentiation, all these proteins were found 

with decreased expression level (Cordon-Cardo et al., 2007; López-Otín & Diamandis, 1998; 

Veveris-Lowe, Kruger, Walsh, Gardiner, & Clements, 2007). The malignant transformation 

decreases the expression of ZAG in prostate tissue (Gagnon, Têtu, Dubé, & Tremblay, 1990). 

More recently the gene expression profiling studies showed 62 prostate tumors in primary 

stages. In this study 41 specimen of prostate tissues (normal) and 9 lymph node in the stage 

of metastases were determined using the technique of molecular biology (cDNA) where 

microarray were constituted by 26,000 gene (J. Lapointe et al., 2004). These studies provide 

an important platform for the classification and pattern of gene expression. The tumor 

subtype is an important tool to improve prognostic evaluation and treatment. The human 

breast cancer and apocrine cell differentiation can be measure by ZAG as a marker using 

immune histochemical analysis. It is regarded as a standard for the prognostic of breast 

cancer in early stages (J. Lapointe et al., 2004). There is found that the higher concentration 
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of ZAG in the well differentiated breast cancer tumor and early staged tumor. The 

comparative analysis performed for the mammary tissue revealed that the cancer disease is 

marked by the enhanced expression of ZAG. It is also found in the benign breast lesions and 

variable expression for the breast carcinoma (Bundred, Miller, & Walker, 1987; Kouzo Hirai, 

Hussey, Barber, Price, Tisdale, et al., 1998). The ZAG over expression was also found in the 

tumors of eccrine and aprocrine (Vranic et al., 2013). It’s also regarded as the oral epithelial 

marker (Brysk et al., 1999). The serum ZAG level was found systematically increased in 

conditions of cachexia and prostate cancer and thus it is an important diagnostic tool in 

identification (L P Hale, Price, Sanchez, Demark-Wahnefried, & Madden, 2001). The weight 

loss in cachexia at extreme higher rate is characterized in the disease identification (J. E. J. E. 

Morley, Thomas, &Wilson, 2006).  

There are large number of scientific evidences that cytokines has an important role in 

the pathogenesis (John E Morley & Baumgartner, 2004). The Bing et al was the first to 

discover the phenomenon of cancer cachexia (Chen Bing et al., 2004). It was found that ZAG 

is produced in the adipose of white and brown tissue, in their messenger RNA. The 

production of large quantity of ZAG in mice adipose tissues was determined in cancer 

cachexia. It was also hypothesized that the ZAG is an important factor with unique local 

characteristics that modulates the metabolism of lipids. It is also contributing in the reduced 

adipose cachexia. The ZAG has the ability for the induction of uncoupling expression of 

other proteins. It’s directly related to the concentration of ZAG in cancer. The epithelial cells 

in the prostate produced a seminal fluid. This seminal fluid contain ZAG produced by the 

seminal plasma (Ding et al., 2007). The concentration of proteins are as high that around 30% 

of the fluid contains proteins (Poortmans & Schmid, 1968). Hale et al. (L P Hale et al., 2001) 

characterized ZAG expression in tumors of prostate. The concentration of ZAG was found in 

the fluids up to 73%. In the well differentiated tumors of cancer, the ZAG concentration is 

much higher than compared to the poorly differentiated prostate tumors or normal. This 

finding was also found similar to the conditions of breast cancer. The ZAG concentration was 

found linked to the progress of disease as discussed in the prostate tumor differentiation 

(López-Otín & Diamandis, 1998). The over expression of specific proteins of the antigen of 

prostate and prostate acid phosphatase was found significantly reduced in conditions of tumor 

differentiation (Cordon-Cardo et al., 2007; Steuber, Helo, & Lilja, 2007; Veveris-Lowe et al., 

2007). The transformation of tumor in the malignant condition was also characterized using 

ZAG as marker. It was found that there is a partial decrease in the expression of ZAG 
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(Gagnon et al., 1990). Some other studies suggested after (J. Lapointe et al., 2004) the 

profiling the expression of gene in prostate cancer in 62 prostate tumors in the initial phase 

and 41 normal prostate samples and nine lymph nodes for the prediction gene expression 

profile of prostate cancer. It was found that prostate tumor is linked to their gene expression 

pattern important for their the tumor subtypes classification. These finds are very important 

for the diagnosis and clinical investigations. The importance of ZAG in the immune 

histochemical analysis as marker is well known. The human breast apocrine cells 

differentiation can be determined by monitoring the ZAG expression level (I Díez-Itza et al., 

1993). Such analyses are important in the beast analysis of women. The advanced breast 

cancer is characterized with higher concentration of ZAG level compare to the normal breast 

tumors or disease in the early stages. The analysis of mammary tissues revealed that the ZAG 

gene expression of benign lesions and cancer of breast was found different in each of them 

(Bundred, miller, & walker, 1987; Freije, Fueyo, Uría, & López-Otín, 1991). The apocrine 

and eccrine differentiation of tumors are also characterized by the ZAG over expression and 

an important marker for oral epithelial (Brysk et al., 1999; Vranic et al., 2013).  

The ZAG in the serum fluids can be used to monitor the prostate cancer and cachexia 

(L P Hale et al., 2001). The condition of weight loss in these conditions and decrease in 

weight of muscles is an important event (J.E. Morley, Thomas, & Wilson, 2006). All the 

literature studies are evident that cachexia pathology has a direct relationship with cytokines 

(John E Morley & Baumgartner, 2004). After the discovery of cachexia by Bing et al, it was 

found that the white and brown adipose tissue produce ZAG in substantial level (Chen Bing 

et al., 2004). The modulation of lipid metabolism by the ZAG is an important contribution to 

reduce the adipose. The ZAG over expression is also characterized by the reduction of their 

proteins expression via uncoupling. It is also influencing the expression of several other 

proteins in conditions of tumors differentiation (Liu et al., 2018). The ZAG displays an 

important fact of similar homology with protein of lipid mobilizing factors. This sequence 

homology is an important aspect of its activity of lipid mobilization (Kouzo Hirai, Hussey, 

Barber, Price, & Tisdale, 1998; Kamoshida et al., 2006; Todorov et al., 1998). The biological 

activity resemblance of ZAG with the protein of lipid mobilizing factor protein is important 

for the biological and pharmacological evidences like lipolysis studies (S. T. Russell, Hirai, 

& Tisdale, 2002). Several studies for example Russell et al (Steven T. Russell et al., 2004) 

analyzed the effect of lipolysis. They performed in vivo experiments to determine the 

influence of ZAG in the lipolysis. The conformational change in the ZAG is an important 
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aspect for the binding affinity of ZAG with β3-adrenoreceptor. This conformational change is 

characterized for the boosting the biological activity of ZAG. In one other study the knock 

out model of mice was used where the ZAG gene was deleted from the genome (Rolli et al., 

2007). The pathophysiology of the ZAG ablated genome mice was studied. It was found that 

knock-out model is overweight compare to the other mates. These studies indicate that ZAG 

is linked to decrease in body weight in the conditions of cachexia. The temporary progression 

of bladder cancer is also related to the ZAG. It’s also found that transformation of this 

superficial conditions to the invasive form is also characterized with the expression of ZAG 

(Irmak et al., 2005). All the literature reviews committed to the fact that the ZAG is an 

important biological and clinically important protein. It has a wide range of biochemical 

effects in many diseases more especially in tumor proliferation. 

2.3 ZAG as a Candidate Gene for Obesity 

The ZAG is an important fat mobilizing agent in the adipose tissues. Several studies 

shows that the over expression of ZAG is associated with significant loss of body fats. It is 

considered a novel adipokine due to its structural features that plays a vital role in the 

mobilization of fats. The literature mentions some studies on the mice suggested the 

important role of ZAG for the control of body weight. Due to its crucial role of fats mass 

mobilization, it is considered as an important gene for obesity control (Gohda et al., 2003). In 

this study, it was found that single nucleotide polymorphism takes place. This was considered 

as a key player for the type 2 diabetic that is important for obesity (Gohda et al., 2003). The 

knockout model of mice was used for the analysis of ZAG role in weight gain or loss. It was 

found that without ZAG, tendency of weight gain was evident compared to the ZAG 

containing mice (Rolli et al., 2007). The gain in body weight was considered due to the 

reduction in the lipolytic responses as a stimuli (Rolli et al., 2007). On the other hand ZAG 

over expression was monitored in transgenic mice. The over expression results in the 

reduction of body mass and fats (Gong et al., 2009). The crucial role of ZAG metabolism of 

cholesterol was also demonstrated. Again the single nucleotide polymorphism was 

responsible for the metabolism of cholesterol in human (Olofsson et al., 2010). The ZAG 

modulates several adipokines that is important for the ruling of adiposity. Several studies 

disclosed an association of ZAG-mRNA and adiponectin-mRNA present in visceral 

(Ceperuelo-Mallafré et al., 2009; Mracek, Ding, et al., 2010). The presence of adiponectin is 

important for the stimulation of insulin and imflamation activity (Guerre-Millo, 2002). In 
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contrast the other such kinds of adipokines that includes leptin and monocyte chemotactic 

protein-1 are up regulated with fat mass buildup (Bulló, García-Lorda, Megias, & Salas-

Salvadó, 2003; Sartipy & Loskutoff, 2003). All these regulations are focused on the 

adiponectin are important for the reduction in obesity level (Bruun et al., 2003). One other 

aspect of adiponectin is the stimulation of AMP kinase and thus activates glucose 

consumption and fatty acid (Whitehead, Richards, Hickman, Macdonald, & Prins, 2006). The 

recent study demonstrates that ZAG regulation of adiponectin production in SGBS 

adipocytes. It was mentioned through the ZAG using the physiological conditions of 

increasing the concentration of adiponectin (Mracek, Ding, et al., 2010). All these results 

demonstrate that ZAG act as a stimulator for adiponectin. It is therefore crucial for the up 

regulation of insulin-sensitizing (Orci et al., 2004; Y. Zhang et al., 1994). It is well 

recognized that expression of leptin in adipose cells are studiedin obesity (Kettaneh et al., 

2007). The leptin and ZAG are found opposite to each other for the fat mobilization 

(Marrades, Martínez, & Moreno-Aliaga, 2008). Recently, we have demonstrated an 

inhibitory effect of ZAG on leptin production in vitro, as the treatment with recombinant 

ZAG led to a decrease in leptin release by differentiated SGBS cells (Mracek, Ding, et al., 

2010). These studies provides an important conclusion that the ZAG play a partial role in 

modulating the generation of adipokines that is important in satiety and energy balance in 

adipose tissues. All these factors clearly indicate that ZAG plays a role for the susceptibility 

to obesity. 

2.4 ZAG as Lipolytic Agent 

Several studies performed in vitro for human plasma showed the ZAG active role in 

lipolysis. The linkage of ZAG and cholesterol is due to single nucleotide polymorphism. The 

increase in the rate of lipolysis was also observed by the addition of ZAG in adipocytes. 

Besides other factors the increase in the plasma glycerol concentration was also observed in 

the plasma of obese individuals. This factor was much significant for the loss of fats where 

the lean body weight was remaining unaffected (Blaak, 2001). The Ryden et al presents the 

adipocytes secreted ZAG action which is for local lipolysis and plays a silent contribution in 

plasma ZAG levels (Rydén et al., 2012). The increase in the fatty acids in plasma in cachectic 

heart patients was compared with non-cachectic heart. The plasma level was kept constant in 

both cases (Tedeschi et al., 2012). The positive results were found for cachectic individuals 

where the fatty acids and ZAG displayed a relationship. In one other study the high density 
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cholesterol level was compared with the level of ZAG in men (Ceperuelo-Mallafré et al., 

2012). It is well known that cholesterol is present in the adipose tissue. The results obtained 

in this study are important for the role of ZAG in lipolysis. In one other study carried out for 

the human individuals at the Swedish Obese Subjects Reference also known as the SCARF 

project reveals that that levels of ZAG is directly linked to the cholesterol level in weight loss 

(Olofsson et al., 2010). The genotype analysis of patients (387 individuals) that were 

suffering from the problems of myocardial infarction confirmed that the phenomenon of 

polymorphism is exiting. The gene of ZAG in an axon that also represents the cholesterol 

(rs4215), was identified in Chinese individuals. It was found that this gene is also linked with 

obesity. The polymorphism participating in this case consist of mutation of Ala > Gly. This 

mutation was not reported for alteration of amino acid residues (Zhu et al., 2012). In this case 

the affinity towards the fatty acids was not altered. In one other study the single nucleotide 

polymorphism of C > T was observed. This mutation was again found that playing no 

significant role associated with obesity. However the importance of rs4215 single nucleotide 

polymorphism is linked with obesity and cholesterol. All these studies could not established a 

direct role of ZAG with cholesterol (Malcolm W Kennedy et al., 2001). 

2.5 Sequence Analysis of ZAG 

Firstly, the sequence analysis of ZAG as showing it as full polypeptide chain was 

determined by Araki et al. (T Araki et al., 1988). The cDNA sequence analysis was done for 

the prediction of amino acid sequence. The sample of ZAG from different sources were used 

for the analysis of sequence prediction (Freije et al., 1991; Fueyo, Uría, Freije, & López-Otín, 

1994; Hisao Ueyama, Naitoh, & Ohkubo, 1994). The ZAG of different sources suggests that 

it contains almost the same polypeptide chain composition. The number of amino acids and 

type is the same in all the samples of ZAG from different sources. 

 However, some differences can be seen due to the effects of posttranslational 

modification. ZAG is a 295 amino acid polypeptide chain in the immature state. It contains a 

signal peptide of 17 amino acids. In the mature state of ZAG, the signal peptide is cleaved 

after the removal of N-terminal. In this immature state the 18
th

 amino acid residue is 

Glutamine (Q). This glutamine residue (Q) residue cyclized to form pyroglutamine. It’s the 

reason that the serum ZAG is found in unique form where the N terminal is blocked. In the 

next steps of maturation, when the deletion of 4 to 6 amino acids of the N terminal occurs, 

thus ZAG is able to display a proper N terminal.  
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In the recent studies of ZAG complexes with prolactin inducible proteins obtained 

from the sample of serum contains a unique sequence characters. The N terminal of the 

sequence was blocked due to pyroglutamine. Overall the mature state of ZAG is believed to 

contain a single polypeptide chain of 278 amino acid residues with molecular mass of 31889 

Da. There are several tryptophans and tyrosines and significantly effects the extinction 

coefficient. The three dimensional structure of the ZAG comprises of three folds. The 90 % 

of polypeptide chain of the amino acids constitute secondary structure elements. The domains 

of the ZAG in the folded form are divided in the three distinct domains called α1. α2 and α3. 

The ZAG is an important substrate for the glycosylation.  

Literature shows that there are four putative glycosylation sites Asn80, Asn89, 

Asn106 and Asn239. All these sites contain the glucosamines except Asn92. The Asn239 is 

substituted with the manose located at α3 domain. The molecular mass added by the presence 

of glycation to the ZAG protein is 6,644 Da and thus the total mass of the protein becomes 

38,478 Da (Tomohiro Araki et al., 1988). The three dimensional fold of the protein is also 

stabilized by the presence of cysteine residues and disulfide bond formation. It was found that 

there are half-cysteines contributing an important biological and structural analysis. The 

disulfide bonds are present between 101-164 and 203-258. These long distance disulfide 

bonds contribute immensely to the three dimensional structure. The sequence homology of 

the ZAG was compared to the MHC-I molecules and was found that several conserved 

regions of the primary sequence are similar for mammals. It was found that the sequence 

alignment in the α1 and α2 are highly conserved. It is an indication of its importance in gain 

of function. The development of groove due to the formation of these domains is an 

important aspect of ZAG biological activity (Delker et al., 2004; McDermott et al., 2006). 

The sequence alignment of the α3 domains mentioned that residues present are less conserved 

comparing to the other domains. This aspect can be seen in the view of evolutionary aspects 

where domain α3 is supposed to be less developed. The disulfide bonds cysteines also 

conserved in mammals and all the glycosylation sites were also found conserved.  

2.6 Functions of ZAG 

As mentioned before that ZAG protein was discovered in 1961 (Burgi & schmid, 

1961). The growing number of literature till today about ZAG clearly justifies the important 

role in cellular machinery. The ZAG is still termed as ―protein of mysterious function‖. The 

presence of ZAG in the seminal plasma is one of the aspect of its function in fertilization. The 

resemblance with MHC-I molecules provide evidences of its role in immunology. The 
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expression of ZAG at different level in the differentiation of tumors, benign and poorly 

differentiated tumors postulates its active role in the cancer pathology. These aspects can be 

seen as discussed below. 

2.6.1 Fertilization 

 The ZAG is present in the seminal fluid but still it is doubtful whether the fertility is 

dependent on the ZAG. The concentration of ZAG is almost 6 times higher than that of 

serum. This higher concentration is one of the indication that it has a role in fertility (Murthy 

et al., 2014; Ohkubo et al., 1990). There are key factors to evaluate like the semen quality and 

its role in the fertilization. One of the aspect is sperm motility (Byerley et al., 2010; Geraci & 

Giudice, 2005; Petrunkina, Volker, Brandt, Töpfer-Petersen, & Waberski, 2005). Studies 

shows that this sperm motility is controlled by the several factors (Myers, Somanath, 

Berryman, & Vijayaraghavan, 2004; Pal et al., 2006; H. M. Parker & McDaniel, 2006). 

Among several factors, the phsopholipids composition is an important aspect. The ratio of the 

cholesterol to the phospholipids is dominant factor that describe the sperm maturation (Jones, 

1998). The modulation of sperm motility is very much related to the lipid metabolism (Gilles 

Frenette, Thabet, & Sullivan, 2006). The ZAG as lipid metabolizing agent plays a vital role in 

the process of sperm motility. The studies showed that the ZAG has the affinity to bind with 

the sperm membrane and induce motility. With this mechanism, the cAMP is responsible for 

the activation of cytosolic cAMP (Jha, Kameshwari, & Shivaji, 2003; Schuh et al., 2006). 

More recent studies showed that the ZAG protein is important for the sperm motility and thus 

important for fertilization (Ding et al., 2007). 

2.6.2  ZAG as a Carrier Protein 

The urine contains several glycoproteins. These glycoproteins are secreted by the 

membrane of glomerular. The isolation of these glycoprotein revealed that the secretion may 

be from the glomerular membrane or nephritogenic glycoprotein that secrets ZAG. After the 

determination of the ZAG proteins, it is hypothesized that ZAG is associated with the 

nephritogenic renal glycoprotein (Lee et al., 2016). The similarity of ZAG with MHC-I 

molecules due to the absence of C terminal residues helps the transportation substances like 

non polymorphic. It is also known to transport the substances to the intercellular recognition 

processes (Freije et al., 1993). The binding affinity of ZAG arises from the presence of α1 

and α2 domain that generate a groove in the three dimensional fold. This groove is a known 

epitope to bind with hydrophobic ligands (L. C. McDermott et al., 2006; Uzzo, 2006). The 
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key role of ZAG in the lipid metabolism and the hydrophobic groove is responsible for the 

binding affinity (Kouzo Hirai, Hussey, Barber, Price, & Tisdale, 1998). The ZAG solubility 

facilitates the elimination of RNA as by-product from the cell and thus the damaged RNAs 

and or partially synthesized RNAs are removed from the cell (Deutscher, 1993). The 

presence of hydrophobic binding properties was also revealed in the in vivo studies. 

2.6.3 Immunoregulation 

 The resemblance of ZAG sequence and structural fold with MHC-I molecules is an 

important feature. Due to this resemblance ZAG protein is responsible for the immune 

response (Tomohiro Araki et al., 1988; Burmeister, Gastinel, Simister, Blum, & Bjorkman, 

1994; Burmeister, Huber, & Bjorkman, 1994; Chapman, Heikema, West  Jr., & Bjorkman, 

2000; Gastinel, Simister, & Bjorkman, 1992; Lebrón et al., 1998; Madden, 1995; Raghavan, 

Chen, Gastinel, & Bjorkman, 1994; L. M. Sánchez et al., 1999; West & Bjorkman, 2000; 

Willcox, Thomas, & Bjorkman, 2003). These features classify ZAG as an important member 

for immunoglobulin super family. All such proteins interact with the peptides like CD1 and 

deliver them to cytotoxic T cell (Burmeister, Huber, et al., 1994; Maeshima & Fernandez, 

2013; Matsumura et al., 1992; Z. Zeng et al., 1997). It is also known that HFE receptor for 

binding protein important for iron homeostasis (Gross, Irrinki, Feder, & Enns, 1998; Parkkila 

et al., 1997; Waheed et al., 1997, 1999). The interactions of β2-M with ZAG protein were 

determined using isothermal calorimeter. However the mutation of key residue C282Y 

significantly decreases the binding affinity. This aspect is important for the iron loading in 

the patients of hemochromatosis disease (Waheed et al., 1997). The other member of the 

MHC family showed no affinity with β2-M (Bennett et al., 2000; Sa´nchezsa´nchez et al., 

1997). The three dimensional fold resemblances also provide a basis for the immunological 

activity of ZAG. The affinity of ZAG with the lipids and their delivery to T cells is an 

important aspect of immune response (Attinger et al., 2005). However, the absence of ZAG 

could not alter the regulation of immune system indicating that ZAG plays a secondary role 

for the regulation of immune system (Rolli et al., 2007). 

2.6.4 Cell Adhesion 

The cells adhesion of ZAG protein is attributed by α3 domain. There are several Arg-

Gly and Asn residues present in this domain (G Lei et al., 1999). The presence of repeated 

amino acid sequence RGDV showed that ZAG is an evidence for the attraction of cell 

adhesion. In one study the ZAG coated plates showed less attraction compared to vitronectin 
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and fibrinogen (Q.-G. Zeng & Sun, 2001). There are several post translational modification 

found in the ZAG of semen. The RGD peptides used for the evaluation of cell spreading 

interaction displayed an appreciable inhibition (Q.-G. Zeng & Sun, 2001). The presences of 

divalent Mg
2+

 cations are required for cell adhesion. This property of cell adhesion by ZAG is 

only display either by the Mg
2+

 or Mn
2+

 (Gailit & Ruoslahti, 1988). The interaction with 

synthetic peptides of RGDS and amino acid sequence ELRGDV showed affinity with the 

RGD region (Kuvibidila et al., 2006; Loskutoff, Curriden, Hu, & Deng, 1999; Uzzo, 2006). 

The ZAG is also reported to show cell adhesion with vitronectin receptor. The presence of α3 

domain is the characteristic domain that exhibit the property of cell adhesion and accelerate 

ZAG mediated MC3T3E1 (Loskutoff et al., 1999). The ZAG interaction with cell is so strong 

enough that can be compared with fibronectin (G Lei et al., 1999). 

2.6.5 RNase Activity 

Among several other activities, ZAG is known for its RNase activity and thus 

participates in the oral tumor. The importance of ZAG in physiological processes is evident 

from the RNase activity. As the ZAG constitutes various body secretions, it is therefore 

believed that the RNase activity is responsible for the regulation of immune system, infection 

and activity against tumor. The comparative analysis of RNase of the ZAG with other 

template RNases of human pancreatic RNase and frog oocyte onconase were performed 

(Gang Lei, Arany, Tyring, Brysk, & Brysk, 1998). The study revealed that the RNase activity 

is comparable, although the structural and catalytic activity was different (Sorrentino & 

Libonati, 1994) (Arboledas, Olmo, Lizarbe, & Turnay, 1997). The comparison of ZAG 

RNase activity displayed a same response as shown by the onconase and panreatic RNases 

considering the polycytidyle acid and ploy uridyleic acid inhibition. The onconase has the 

sequence similarity to the ZAG where the cyclization of N terminal glutamine takes place. 

The studies showed that the presence of pyroglutamine is required for the RNase activity 

(Arboledas et al., 1997). Besides the RNase activity, ZAG is a known substrate that binds to 

the by-products of RNA in cellular processes. It also binds to the partially or incorrectly 

synthesized RNA or the RNA damaged or degraded during the processes of stressed 

conditions (Koonin & Deutscher, 1993). 

2.6.6 Lipid Mobilization 

In cancer patients the process of lipid mobilization is directly proportional with ZAG 

protein as it is involved in lipid catabolism process (Todorov et al., 1998). The serum ZAG in 
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amino acid sequence, electrophoretic mobility, and immune reactivity is similar with human 

LMF which directly goes to same biological activity (Kouzo Hirai, Hussey, Barber, Price, & 

Tisdale, 1998). A tumor derived from LMF is also homologue to ZAG due to its high level of 

amino acid sequences present in it which is shown in cancer cachexia. It is a dramatic loss of 

adipose tissue which is highly associated with it. ZAG also stimulates lipid loss in vivo as 

well as in vitro from adipocytes (S.T. Russell & Tisdale, 2005; Steven T. Russell et al., 

2004). The lipolysis process is regulated by phosphorylation. This process of phosphorylation 

is regulated by the presence of a Serine residue. The presence of cAMP that is kinase 

dependent is also important for the catalysis of this serine residues (Holm, Davis, Schotz, & 

Langin, 1994). The rate of lipolysis is directly affected by the concentration of cAMP in 

adipocyte which is modulated and regulated by several hormones and ligands associated with 

ZAG. The ZAG as well as LMF revealed that lipolysis is regulated by isolated murine 

epididymal adipocytes. The regulation is linked through the stimulation that is occurred 

through the activation of adenyl actecylase (Kouzo Hirai, Hussey, Barber, Price, & Tisdale, 

1998; Tzanavari et al., 2007). This results in the loss of body weight mainly due the body fats 

mobilization due to lipolysis by the ZAG (Steven T. Russell et al., 2004). The literature also 

showed that in the cachexia, an alternative mechanism of eicosapetaenoic acid preservation in 

adipose mass. The regulation of ZAG expression is regulated in brown adipose tissue due to 

the mechanism of lipolysis (S.T. Russell & Tisdale, 2005).  

It is still unknown that how the eicosapentaenoic acid regulate the expression of ZAG 

via glucocorticoid (Clarke, 2000). It is also found that the increase of ZAG up regulation in 

the process of expression is influenced by the lipolysis (Lacasa, Agli, & Giudicelli, 1988). 

Dexamethasone is another attenuating agent that is used in adipocytes treatment in cell by 

increasing the expression of ZAG (Knapp, Al-Sheibani, Riches,’, Hanham, & Phillips, 1991). 

In the knock out model of mice where the ZAG gene were deleted from the genome was 

found obese and overweight compare to their other mates (Rolli et al., 2007). These results 

suggests that the loss of weight in cachexia is due to the presence of ZAG over expression 

(Rolli et al., 2007). The role of ZAG is promised to the regulation of body weight. The age 

dependent changes are also linked with the obesity state or changes (Gohda et al., 2003). 

2.6.7 Regulation of Melanin Production 

The ZAG also plays a role in the production of melanin. The B16 tumor cells were 

used for the production of melanin. The cell lines were produced by the process of 
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transfection. The other way of production of cell lines are the treatment with exogenous 

ZAG. The melanin production was performed in vitro. The reduced level of tyrosinase 

protein was used that is important for the production of melanin (Laura P. Hale, 2002). The 

ZAG is known for the anti-melanin synthesis. The assay was performed in the B16 cells. The 

ZAG was found to decrease the tumor cell growth. The melanin synthesis is also linked to the 

expression of ZAG in some experiments performed in vivo. An important aspect is that ZAG 

is important for the inhibition of melanin activity and on the other hand it’s important for the 

production of melanin. The effect on the tumor necrosis where the factor A is inhibited by the 

melanin synthesis present in the primary melanoma of humans and B16 cell lines (Martínez-

Esparza, Jiménez-Cervantes, Solano, Lozano, & García-Borrón, 1998; Swope, Abdel-Malek, 

Kassem, & Nordlund, 1991). The ZAG inhibition of melanin production in the cell lines of 

B16 via the mechanism of the tumor necrosis factors is evident (Lei et al., 1997). The 

keratinocyte dependent factors are also influencing the melanocyte behavior. It is considered 

that the melanocyte proliferation, dendricity are produced in the melanin production (Gordon 

& Gilchrest, 1989; Gordon, Mansur, & Gilchrest, 1989). 

2.6.8 Hindering Tumor Proliferation 

 The activity of ZAG as hindering tumor proliferation was also carried out. It was 

found that the cyclic dependent kinase regulation is reduced by the ZAG. This is important 

for the regulation of G2-M transition and regarded as a rate determining reaction step in the 

cell. Thus the importance of ZAG can´t be ignored in hindering tumor progression (He, 

Brysk, Tyring, Ohkubo, & Brysk, 2001). The evolutionary studies of ZAG determined that 

the ZAG is a precursor of the macroglobulin family and there is a conserved link of these 

families with the immune system. This biological activity represents an association with the 

immune system. The tumor growth and proliferation inhibition are linked. On the one hand, 

the invasion of tumor via enzymes is inhibited by the hydrolyases of the macroglobulins 

(Zorin et al., 2006) but on the other hand the excess of hydrolases complexed are responsible 

for apoptosis of cells (Zorin et al., 2006). The tumor cells accumulates the pregnancy 

associated protein of the superfamily of macroglobulins (Zorin et al., 2006). It was also found 

that the ZAG in the pregnancy is inhibiting MHCs of the tumor cells of humans.  

2.6.9 Biomarker for Colon Cancer Diagnosis 

ZAG is regarded as biomarker in several malignancies. In clinical diagnosis a ZAG 

value is evaluated in serum. The patients of prostate cancer and breast cancer were studied 
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and reported. The up regulation of ZAG was found in patients of colon carcinoma. Therefore, 

it is consider as the biomarker for the diagnosis. The study was carried out using real time 

PCR and western blot. The 28 tumors of colonic mucosa were studies in Chinese patients. 

The ZAG level was found up regulated in more than 100 patients. The 40 normal individual 

was used as control for comparison. The results obtained were than compared and analyzed 

in the light of receiver-operating characteristic (ROC). The curve obtained is used as an index 

for clinical diagnosis. The value for the prediction of ZAG is 19 – 9 for the CEA and 

Carbohydrate. The CEA value is important for better investigation and diagnosis. The 

diagnostic value is reliable as confirmed by the 200 samples of colon tissue affected by the 

cancer compared with the normal tissues of colon. The over expression of ZAG was found in 

130 to 190 samples. All these results concluded that the combination of the investigation of 

ZAG, CEA and CA19-9 are significantly important for the diagnosis. The accuracy of 

~76.2% sensitivity and 74.5% specificity was observed. Colon cancer is found one of the 

most common among different types of cancers in the world now a day. The death toll of the 

colon cancer is 2
nd

 on the USA among other genetic diseases (Labianca et al., 2010; Nelson 

& Thorson, 2009). However, several clinical therapies were administered in the last few 

years. The removal of effected parts by surgery combined with chemotherapy improved the 

survival rate (Xue et al., 2015). However the 5 year survival rate for colorectal cancer in the 

phase of metastatic approximately less than 10% (Jemal et al., 2007).  

The wide spread of colon cancer in china and other countries are linked to several 

factors. The most important among them is the changes in lifestyle and related dietary habits 

(Jiang, Wang, Geng, & Wang, 2009; S. Zhang et al., 2009). In the early stages the effected 

portion of colon is removed by surgery and then treatment with chemotherapy (Xue et al., 

2015). Besides several other markers like adenomatous polyposis coli (APC) and vascular 

endothelial growth factor and colon epithelial stem cell markers are analyzed for the finding 

and prediction of colon cancer (Ahluwalia, Jones, Szabo, & Tarnawski, 2013; Amri, 

Bordeianou, Sylla, & Berger, 2013; Byun et al., 2014; Devesa & Chow, 1993; I Díez-Itza et 

al., 1993; Fan et al., 2013; Halvey et al., 2014; Watanabe, 2013).  All these findings are 

evident that the ZAG is important for the prognosis of cancer in colon and rectum (I Díez-Itza 

et al., 1993b; V Dubois et al., 2010; Falvella et al., 2008; Henshall et al., 2006). ZAG also an 

important biomarker for prostate cancer and used for early identification of cancer (G 

Frenette et al., 1987). In prostate cancer, the diagnostic value of ZAG is also well established 

in serum (Bondar, Barnidge, Klee, Davis, & Klee, 2007).  



29 

 

2.6.10 Serum Biomarker for Prostate Cancer 

 ZAG is considered as biomarker in the prostate cancer. The study carried out using 

the LC-MS/MS mass spectrometry to measure the ZAG concentration in serum. The 

proteolytic cleavage of the protein was carried out for the quantification measurements. The 

tryptic peptides of ZAG with sequence 147-EIPAWVPEDPAAQITK-162 was used a internal 

standard for the measurement of protein concentration. The recombinant ZAG obtained from 

the bovine serum albumin with concentration of 50 mg/mL. The protein was denatured, 

reduced and alkylation with methyl iodine and then digestion was carried out using trypsin 

beads. The concentration of ZAG was determined using the ratio obtained from the intensity 

of ZAG and internal standard. The ZAG was determined with concentration of 0.08 µg/mL 

(Delker et al., 2004b; L. L. M. Sánchez, Chirino, Bjorkman, Science, & 1999, 1999).  

Biochemically, ZAG stimulates lipid degeneration in adipocytes and appears to be 

involved in cachexia, a wasting syndrome that can affect people with cancer, AIDS, and other 

terminal illnesses (C Bing, Bao, Jenkins, …, & 2004, 2004; ST T Russell et al., 2005). ZAG 

appears naturally in most body fluids, such as blood (Bürgi, Chemistry, & 1961, 1996) sweat 

(Medicine, 1990; Nakayashiki, 1990), seminal fluid (Buergi, Simonen, …, & 1989, 1989), 

breast cyst fluid (L. Sánchez, Vizoso, Díez-Itza, Research, & 1992, 1992), cerebrospinal fluid 

(Davidsson & Nilsson, 1999), and urine (K Hirai, Hussey, Barber, Price, Research, et al., 

1998) and is also found in secretory epithelial cells of the liver and the gastrointestinal tract 

(Tada, Ohkubo, Niwa, …, & 1991, 1991). 

Literature shows several examples with over expression of ZAG in malignant 

tumors. In these studies analytical technique like 2D electrophoresis and immune histology 

assays were used for the quantification of ZAG. It was found that the ZAG may be used as a 

biomarker in these cancerous tissues (L P Hale et al., 2001) (Irmak et al., 2005). ZAG 

quantification in serum by immunoassay found circulating concentrations ranging from 40 

mg/L in healthy individuals to 120 mg/L in some diseased persons (Ekman, Johansson, & 

Ravnskov, 1976). In this study, LC-MS/MS spectra were used where the LC flow rate was 

maintained with high 250 μL/min. The proteolysis was carried out for the protein and then 

subsequent injection of sample in the column for separation of fragments generated. The 

evidence displays strong recommendation that ZAG can be served as a potential biomarker 

for prostate cancer. 
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2.7 Similarities with Classic MHC-I Molecules 

The sequence alignment of ZAG when compared with MHC-I class molecules a 

substantial similarity was found. The class MHC-I molecules are known for the biological 

activity with antigen binding and the residue are highly conserved in the sequence of protein 

(McDermott et al., 2006). The sequence homology found between these two proteins is 

around 30% and in some cases increased to 47%. This sequence similarity enables ZAG to 

function as MHC-I molecules and their interaction with the cytotoxic T cells (Lehner & 

Cresswell, 1996; O’Callaghan et al., 1998). The one other aspect of homology is the folding 

of MHC-I and ZAG. The three dimensional structure is distributed into three domains of α1, 

α2 and α3. The difference between the structure of ZAG and MHC-I molecules lies in the 

region of C terminal (L. M. Sánchez et al., 1999).  

Another study showed that the conserved residues of the sequence when comparison 

of sequence of ZAG with other  known antigen binding molecules like FcRb, HFE and CD1 

The sequence alignment of multiple sequences of ZAG of different species with classic 

antigen-binding molecules were performed. It was found that residues bind with antigen are 

highly conserved. Among the conserved residues the disulfide bond forming cysteines are 

also present. The structure was aligned with the proteins of low sequence identity. For 

example HLA, CD1, HFE and FcRn. It was found that the binding cleft that is responsible for 

the interaction is narrow and rather flat as compared to other domains. The same findings 

were found in the CD1 and MHC-I molecules. This portion is hydrophobic in nature that 

facilitates the interaction. Besides many other difference, it was found that ZAG interact with 

TCR where the residues responsible are not conserved as found in MHC-I molecules. The 

mutation to residue Trp245 enables the binding of CD8 with ZAG (Rudolph, Stanfield, & 

Wilson, 2006).  

In the case of MHC-I molecules the α2 domain C-terminal is responsible for 

interaction with CD8. The loop arising from the α3 contains acid residues that were also 

involved with CD8 interaction. These results revealed that negatively charged residues of the 

loop of CD8 are responsible for interaction (Ibegbu et al., 1989). On the other hand the ZAG 

represents number of hydrophobic residues in this loop region where only three among them 

are acidic. These residues mutation significantly reduces the activity of ZAG. Under these 

mutation conditions the ZAG failed to interact with TCR and antigen. 
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2.8 Phylogenetic Analysis 

The evolution of ZAG was traced from the phylogenic tree. The other sequences of 

MHC-I and immunoglobulin were also used to generate the tree. The clustal W program were 

used for the sequence alignment (GCG). The neighbor joining method was used for the 

construction of tree (Saitou & Nei, 1987). It was found from the analysis that the duplication 

of gene is common in MHC-I and ZAG (Kulski, Dunn, Gaudieri, Shiina, & Inoko, 2001). It 

was also hypothesized that the evolution of ZAG from the MHC-I molecules occurs around 

f60 years ago (H Ueyama et al., 1993). In the evolution of ZAG, the ZAG interacts with 

polymorphic molecules and enables their transport to plasma. It was found from the analysis 

that the ZAG and MHC-I molecules are the precursors of immunoglobulin protein family. 

And thus, it’s the reason that both exhibit the ability of transport and cellular recognition 

(Williams & Barclay, 1988). This study on the sequence alignment via phylogenic tree and 

genome analysis revealed that the ZAG and other similar proteins like CD1 and HLA are 

protein of immunoglobulin family and got their ancestor abilities. 

2.9 MALDI-TOF MS 

Mass spectrometry is an important analytical tool that is used to measure the exact 

molecular mass. The general principle is the conversion of molecules in to their respective 

ions. These ions passed via an electric chamber and separated on the basis of their respective 

mass to charge ratio (m/z). The ions with charge +1 and +2 are equal to their respective 

molecular mass and half molecular mass respectively. The formation of ions is an important 

step where energy is supplied to the molecules. The formation of ions and their breakdown 

into their respective fragments is an important event. The magnetic chamber utilizes the 

magnetic field that influences ions speeds and then reach detector. The result is evaluated in 

the form of a chromatogram where the y-axis represents the signal intensity and x-axis 

represents the m/z ratio.  The time-of-flight (TOF) separates ions which are based on their 

kinetic energy and the m/z of each fragment or molecule influencing the detection.  

The proteins molecular weight is routinely determined using Mass spectrometry. The 

ionization of protein is assisted with a matrix and energy is provided by a laser source. This 

technique is called Matrix-assisted laser Desorption and ionization (MALDI). This is an 

important tool for the molecular weight determination of proteins and peptides. The 

ionization source of MALDI is a soft source where sample is ionized by the matrix. This soft 

ionization helps the prevention of the degradation of biomolecules. The sample is employed 
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on a matrix and dried. After the evaporation of solvent, the sample is mixed with matrix. The 

irradiation is carried out by a laser source for the ionization of sample.  

The MALDI-TOF MS is an important analytical tool for the determination of protein 

or peptide in the sample. The samples obtained are subjected to get mass spectrum. The 

molecular masses based on the m/z ratio are evaluated and prediction of concern sample is 

carried out based on exact molecular mass.  

The MALDI-TOF MS, first introduced in 1988 by Hillenkamp and Karas (Karas & 

Hillenkamp, 1988). It is found in the few years that MALDI-TOF MS is a robust tool for 

analytical analysis of macromolecules like proteins and peptides, other biomolecules and 

natural products like carbohydrates and lipids (Beavis, Chait, & Fales, 1989). MALDI-TOF 

MS has been successfully applied as an identification procedure in clinical microbiology and 

has been widely used in routine laboratory practice because of its economical and diagnostic 

benefits (Biswas & Rolain, 2013; Lewis, Wei, & Siuzdak, 2000). The range of applications of 

MALDI-TOF MS has been growing constantly, from rapid species identification to 

laboratory intensive proteomic studies of bacterial physiology (Bird & Shin, 2002; Strupat, 

Karas, & Hillenkamp, 1991). In this technique the ions are produced by an efficient matrix-

associated laser applied desorption. The ions produced from the matrix are intact with 

analyte. This method allows that determination of the analysis of small quantity like sub pico 

mole or nano moles (Ghafouri, Tagesson, & Lindahl, 2003; Lewis et al., 2000; Sauer & 

Kliem, 2010). 

2.9.1 Mechanism of MALDI-TOF MS 

Each Mass spectrometer consists of three functional units: an ion source, to ionize and 

transfer analyte ions into the gas phase; a mass analyser, to separate ions by their mass to 

charge ratio (m/z); and a detection device, to monitor ions. MALDI provides for the non-

destructive vaporization and ionization of both large and small biomolecules (Calderaro et al., 

2015; Cohen & Chait, 1996). In MALDI analysis, the analyte is first co-crystallized with a 

large molar excess of a matrix compound, usually a UV-absorbing weak organic acid, after 

which laser radiation of this analyte matrix mixture results in the vaporization of the matrix 

which carries the analyte with it (Hrab k, Chud c  kov , & Walkov , 2013; Vorm & Mann, 

1994). The matrix is the source of ionization when exposed to the soft ionization by laser 

light. This indirect generation of ions are much stable then direct expose to ionization source 
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(Biswas & Rolain, 2013). The matrix works as a H
+
 donor and receptor. The ionization of 

analyte is carried out either by addition or subtractions of H
+
 (Annan & Carr, 1996). 

Literature shows theories to explain the mechanism of desorption or ionization process of 

large biomolecules by MALDI. Among them, the very famous theory called the thermal-

spike model suggests that the local heating sublime the matrix molecules when laser is 

applied. The increase in the laser intensity increases the rate of desorption. The ejection of 

intact molecules is attributed to poor vibrational coupling between the matrix and analyte 

which leads to a bottleneck in the energy transfer from the matrix to the internal vibrational 

modes of the analyte molecule. Another theory called the pressure pulse theory proposes that 

a pressure gradient is created normal to the surface and desorption of large molecules might 

be enhanced by momentum transfer from collisions with fast-moving matrix molecules. It is 

generally thought that ionization occurs through proton transfer or cationization.  

The ionization depends critically on the matrix–analyte combination, but is not 

critically dependent on the number of acidic or basic groups of the analyte. This suggests that 

a more complex interaction of analyte and matrix, rather than simple acid–base chemistry, is 

responsible for ionization (Calderaro et al., 2015; Hrabák et al., 2013; Wu, Chatman, Harris, 

& Siuzdak, 1995).  

2.9.2 The MALDI-TOF MS in Clinical Chemistry 

MALDI-TOF mass spectrometry is an important analytical tool for investigation of 

several diseases. The diseases based on the markers like ZAG is determined based on their 

exact molecular weight. It is therefore, considered an important clinical tool for investigation 

and diagnosis of diseases. Furthermore, the mass spectrometer in low cost instrument with 

reasonable operating cost. Simple acquisition protocols and sample preparation are other 

features of versatility. The assays for the diagnosis in the clinical studies are robust and 

reliable when carried out with mass spectrometry. The results obtained are independent on 

the presence of other analytes in the sample.  

The use of MALDI-TOF MS is increasing in the field of clinical chemistry (Chang et 

al., 2007). The robustness of MALDI-TOF MS techniques classified it an important 

analytical tool comparing to others. It is very common and easy to practice for the processing 

of routine applications. In this section, we want to evaluate the MALDI-TOF MS and the 

advantages in field of clinical chemistry. In the beginning, the MALDI was used to determine 
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the molecular mass of pure peptides and proteins after isolation and purification processes. 

Later one, the complex formation by ligands with their biological targets were also analyzed 

(Wang, Wang, & Han, 2015). The studies of carbohydrates (glycomics) (W. Gao, Stalder, & 

Kirschbaum, 2015), hormones  (W. Gao et al., 2015; Yi, Warunek, & Craft, 2015) evaluation 

of drugs and their respective metabolites (Buck & Walch, 2014) and DNA and RNA (X. Gao, 

Tan, Sugrue, & Tang, 2012) are routinely studies. 

In the linear mode of MALDI-TOF MS, the identification of very higher molecular 

weight is achievable. These include the proper sample preparation for the sample of 

molecular weight 100-1000 kDa is necessary. On the other hand, low molecular weight 

peptides ≤1000 Da are also possible. The workup in such less molecular mass samples 

requires operating modifications and standard sample preparations (W. Gao et al., 2015). The 

MALDI mass spectrum does not produce multiple charges on the analyte that complicates the 

analysis of results of biopolymers. In the typical principle, the primary ions is generated in 

the presence of matrix by a soft ionization source, therefore the most dominant peak in the 

spectrum is single protonated [M+H]
+1

 m/z peak. In some cases double and triple charged 

fragments are also formed by double protonation [M+2H]
+
, and triple protonation [M+3H]

3+
. 

Higher charged fragments are very less abundant. The complex formation of protein or 

peptides is evaluated as the total mass of the complex. The complex formation of Na
+
 and K

+
 

with protein is considered as [M+Na]
+
 and [M+K]

+
 respectively. The formation of aggregates 

or dimeric or trimaric form of protein is complicated. The molecular mass is evaluated as 

[2M+H]
+
 and [3M+H]

+
 for the dimers and trimers. The formation of adducts with matrix is 

also reported as [M+matrix+H]
+
.  

2.10 Field Portable X-rays Fluorescence (FPXRF) 

In Instrumental analysis the X-rays fluorescence (XRF) spectrometry is one of the 

most widely used and acceptable instrument due to its robustness and versatility. This 

technique has the ability to measure the multi-elemental analysis in a non-destructive 

approach. Furthermore the analysis utilizes the wide range of dynamic concentration ranging 

from µg to mgs with excellent relative precision with negligible standard deviation.  

` The versatility and broad range of applications maintained the importance of 

technique till today and still widely used. In principle the X-rays fluorescence (XRF) 

spectroscopy is an emission spectroscopy technique. Its utilizes the physical principles of the 
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interaction of γ or X-rays, where the excitation of atoms in the sample are measured as an 

analysis (Kilbride, Poole, & Hutchings, 2006; Kim, Kim, Ahn, & Lee, 2007). 

The excitation state of the atoms is achieved by the external quantum of radiation 

where an electron from the inner energy shell of the atoms is removed. The vacancy created 

is instantly occupied by the electrons of the inner shells that are the higher energy shells. 

Thus the excess of energy is released in the form of X-ray photon. The wave length of the 

photon is characteristic and can be used to identify the presence of metal/element in the 

sample. The number of photons represents the energy and can be correlated to the number of 

atoms of element.  

In this way the XRF spectrometry is regarded as both quantitative and qualitative 

analytical technique. The XRF spectrometry due to its applications for the detection of metal 

ions stayed indispensable analytical measure and widely used for the identification of positive 

metal ions and waste screening for analysis (Stanislaw Piorek, 1994, 1997).  

2.10.1 Composition of FPXRF 

An FPXRF spectrometer consists of the following four major portions. 

(1) A source that provides X-rays 

(2)  A sample presentation device 

(3) A detector that converts X-ray-generated photons emitted from the sample into 

measurable electronic signals 

 (4) A data processing unit that contains an emission or fluorescence energy analyser. For 

example MCA that processes the signals into an X-ray energy spectrum from which 

elemental concentrations in the sample may be calculated and a data display and storage 

system. 

2.10.2 Scope and Applications of FPXRF 

This method is an in situ protocol for the invasive study of the biological molecules 

and their interaction with metals. This method is dedicated to heavy metal for the better and 

conclusive results where light metals are used rarely. These light metals includes Li, Na, Mg, 

Al and Si and higher metals are metals of Irving Williams series like Mn, Fe, Co, Ni and Cu. 

In this technique the elements/metals with atomic number greater than 16 are used for 

detection and quantification (E. H. Kaplan et al., 1975; McComb, Rogers, Han, & 

Tchounwou, 2014).  
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The FPXRF is an important confirmatory test for the formation and quantification. 

The results are as reliable as found in other reference techniques like flame atomic absorption 

spectrometry etc. The advantage of this technique is the robustness and fast acquisition of 

screening procedure, easy to handle the instrument and low cost of maintenance. The method 

is a sensitive method and depends on several factors. The nature of analyte, concentration of 

analyte, nature of detector, time of irradiation physical and chemical matrix effects are 

important parameters for the improvement of sensitivity (Hunter et al., 2011; Piorek, 1997). 

All these parameters are judged with proper protocols and their influence on the acquisition 

and results interpretation are mentioned in the following papers (Palmer, Jacobs, Baker, 

Ferguson, & Webber, 2009). 

There are several limitations of this technique. The instrument must be handled by 

proper trained instructor to avoid exposure to X-ray radiation. The analyst must handle the 

proper calibrated instrument such that the reproducibility of the experiment may be achieved.  

The FPXRF instrument uses sealed radioisotope sources or specific modified X-ray channel 

tube during the process of radiation of sample. This helps to avoid the exposure to irradiation. 

This process is known as the photoelectric effect (M. W. Parker, 2003). During the process of 

irradiation, the electrons absorb energy and get dislodged. This vacant space is occupied by 

the electrons of the outer shells of the atom, and thus the outer shells get a space for electron. 

The difference of energy states in the outer and inner shells contribute to in this phenomenon. 

Under this cascade conditions the emission of X-ray irradiation is produced that is 

characteristic for each atom. In this processes the emission or generation of X-rays is known 

as X-ray fluorescence (E. H. Kaplan et al., 1975). 

This method is a sensitive method and the lower limit of sample detection is related to 

several factors. These factors include the analyte nature, strength of X-ray irradiation source, 

duration of irradiation of sample and inter element spectral interference. These lower limits 

applied quartz of silicon dioxide that was free of inter element spectral interferences where 

the long count time was used for data acquisition (100 -600 second).  

The electrons of the first three shells are involved in this process. The emission of X-

rays fluorescence from a samples atom shells are generally the K, L and M shells. The 

emission of X-ray from either of these shell produce a typical pattern. This pattern is called 

the emission spectra. Generally, many metals produced the X-ray emissions from the K and 
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L. However the higher atoms mass elements (greater than 57) exhibit the emissions of M 

shell that is very much characteristic and with measureable emission spectrum. 

 After the determination of emission pattern for each shell, X-ray line is defined with 

the letter K, L, or M. These emission labels signify shells of the original vacancy and by a 

subscript alpha (α), beta (β), or gamma (γ) etc. The annotation of these emissions is labelled 

as Kα that represents that vacancy of the K shell is occupied by the electron of the L shell. 

The vacancy filled by the M shell electron in the K shell is termed as Kβ. The Kα transition of 

electron and their respective emission is much probable then the transition of the Kβ 

transition. The intensity of the Kα emission is around 7 times more intense than the Kβ 

emission. The Kα emission is therefore considered as the line of choice for the measurement 

in the FPXRF. 

The emission obtained from the K lines is generally preferred for the analysis because 

it is the most energetic lines. The X-ray emissions obtained from the L transition are 

comparatively less energetic than K line emission. The wave length of both Lα and Lβ are 

equal in energy.  The L emission lines are useful for analyses involving elements of atomic 

number 58 to 92. 

For the emission of X-ray from an element, the source X-ray energy must be of 

greater than absorption edge energy. The absorption edge energy is characteristic for each 

element. This absorption edge energy is greater than the line energy. It is found that the K 

absorption edge energy is much greater than the line energy. For example, the total energy 

obtained from the K, L and M line energies are less than the K absorption edge energy. In the 

FPXRF analysis, the sensitivity towards an element depends on the excitation energy of X-

ray. For example, the analysis of Zirconium is carried out with Cadmium 109. The improved 

sensitivity is the results of the closest values of excitation energy 22.1 kilo electron and 15.77 

kilo electron for Cadmium and Zirconium respectively. 

The FPXRF is an important analytical tool for the analysis of inorganic analytes. The 

elemental analysis is carried out for quantification and identification. The emission obtained 

from each element is characteristic and used for the identification of elements. Each sample 

can be irradiated from three different sources for the accuracy of the results. The three 

different composition of excitation source is carried out to get a wide range for the detection 

of elements in the sample. After the irradiation by the three sources, the excitation efficiency 

for each element is selected using the proper source of excitation.  
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The sample analysis in the instrument is carried out using a probe window located in 

front of irradiation source. Two kinds of protocols are present. In the first protocol, where 

analysis is carried out in situ where the soil surface is place in direct contact with the soil 

surface or analyte. In the other method the analysis is carried out in intrusive mode. Inthis 

method the analyte is prepared as per protocol for analysis and placed in a probe window for 

analysis or sample cup. This sample cup later is placed in the top of the window for the 

protection of analysis. 

Sample analysis is carried out by exposing analyte to the radiation source. The 

florescent and emission obtained as backscattered X-rays are carried out to the detector. 

These emissions are detected in the form of electrical pulses. There are several kinds of 

detector. These detectors include the solid-state detector and the gas-filled proportional 

detector. These detectors have the ability to transfer the background emissions of X-rays into 

the pulse of electrical train. An electronic multichannel analyzer (MCA) receives the 

electrical pulses and converts them into the pulse amplitudes. This pulse amplitude is 

interpreted in the form of quantification. In the analysis, the number of counts obtained is 

proportional to the element concentration in the analyte. This is the basis of quantitative 

analysis using FPXRF experiment.  

The time required for experiment acquisition range from 20 seconds to 400 seconds. 

The initial analysis or data acquisition is carried out with less acquisition time like 30 

seconds. To get the precise and accurate measurement, long measuring time is used to get 

good quality of data. Before the acquisition of data, the proper calibration of instrument is 

needed to get reproducible results. The internal fundamental calibrations adopted by the 

manufacturers are important to consider that is based on the ratio of the Compton peak. The 

backscattering of the source radiation is produced. 

2.11 Fluorescence 

Fluorescence is the process where the discharge of radiation takes place from any 

substance that has absorbed light or other such type electromagnetic radiation. This type of 

fluorescence is called luminescence. In most cases the discharged light/ radiations are smaller 

as compared to the immersed light/radiation. The greatest conspicuous instance of 

fluorescence arises when the immersed light/radiation is in the region of ultraviolet region of 

the spectrum where it became invisible to the human eye, while the discharged light/ 

radiation is in the observable visible region. The florescent substance has a distinctive color 

https://en.wikipedia.org/wiki/Electromagnetic_radiation
https://en.wikipedia.org/wiki/Luminescence
https://en.wikipedia.org/wiki/Ultraviolet
https://en.wikipedia.org/wiki/Spectrum#Electromagnetic_spectrum
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on the exposure to UV light (J. Li et al., 2018). The Florescent resources ended once when 

the immersed light stops or glow nearly different to phosphorescent materials, which 

continue to emit light for some time after.  

There are many application of Fluorescence process in our daily life such as florescent 

lamps, the cosmic rays fluorescence, the mineralogy fluorescence, the medicine fluorescence, 

the labeling fluorescence, the dyes fluorescence, the biological detector fluorescence etc. 

Furthermore in mostly minerals and in several biological states, fluorescence also 

occurs frequently in nature especially in animal’s kingdom and in others branches too. 

(Stanislaw Piorek, 1994). Commonly the experiment of a fluorescence evaluation includes a 

light source and as such other that may produce and emit so many different wavelengths of 

radiation/light. In over-all, a solitary wavelength is obligatory for a specific investigation so 

that we find it in proper way and then select it for the filtration of the light. In this way it is 

conceded through machine line monochromator. From this monochromator, we simple bean 

of wave length is chosen for measurement (Ghisaidoobe & Chung, 2014).  

Subsequently florescence absorption as well as re-emission of the energy, the wave 

length will be appear due to the process of transition of electron and stokes shift 

phenomenon. To separate and analyze them, the florescent radiation after separation and 

analyzing it, it is processed with monochromator emission process and experiential 

selectively by a indicator (Ramakrishnan & Okkema, 2014; Vivian & Callis, 2001). 

The application of fluorescence in the field of life sciences is widely used as a non-

destructive technique of stalking or investigation of biological substances by means this type 

techniques  such as florescent discharge/light  at a definite regularity wherever there is no 

circumstantial from the excitation radiation/light so that a naturally florescent relatively 

occurred as a cellular mechanisms (called intrinsic or autofluorescence). 

 Actually fluorescence process especially for protein or other component can be 

"categorized" so that small or large molecules can be identified with an specific technique 

called extrinsic fluorophore techniques so that  a florescent dye, small molecule , protein, or 

any dot may be used as biological application for this processes (Fluorescence Spectroscopy: 

A tool for Protein folding/unfolding Study PC3267, 2007; Vivian & Callis, 2001).  

From the last 25 decades there are so many fluorescence techniques with their 

applications had been established but now florescence is used as analytical tool in 

biochemistry and in biophysics. It determines the presence of specific molecules in solutions 

https://en.wikipedia.org/wiki/Phosphorescence
https://en.wikipedia.org/wiki/Autofluorescence
https://en.wikipedia.org/wiki/Protein
https://en.wikipedia.org/wiki/Fluorophore
https://en.wikipedia.org/wiki/Dye
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in routine way for studying molecular interaction and in dynamics process both in cell as well 

as in solution form. In clinical chemistry florescence is used for determination antigens and 

for specific antibodies especially for the discovery of drugs. Beside these it is also used the 

analysis of DNA sequencing especially in nanotechnology. It is also used for the 

identification and characterization of new materials too. It becomes more popular and 

widespread due the improvement in sensitivity nature of the instrumentation which allows for 

surveillance of single molecules on monotonous basis.  

Besides these, it is also considered the boundary of the composition with the 

individual computer has amplified the computerization of the numbers gathering and the 

complexity of the data investigation. By this reason it is suggested that its increased 

achievement is payable on the behalf of to the outline the past history more than 20 years 

innumerable and in intrinsic chemical probes that may be used as biomarker for any display  

or emission of light in the process of fluorescence. 

The degree of the submissions of fluorescence has promoted from the growth of the 

Green Fluorescence Protein (GFP) personal that permits for the appearance of florescent 

proteins in the tissue as well as in the cells so that it permits the alchemist to monitor the 

location of proteins in living cells and even tissues of animals in living form.  

Unexpectedly, fluorescence in respect of the abilities with the relation of 

computerization that is a new challenge. It brings instrumentation attached to computer which 

is a novel practice in this field. From the last 20 years, several literatures and articles have 

been published in this regard. 

The targeted application in the field of life sciences and in chemical sciences, a detail 

description regarding florescent techniques has been published. A short term study can’t 

cover its significance; therefore a detail report has been prepared for this purpose to identify 

the fundamental principles and to achieve its goals in the sense of fluorescence. It is 

commonly mentioned to here that the emission of light from the sample desired in the form of 

photon absorption. It is mention to here that there are so many means that producing 

fluorescence in any sample such as Bio-luminescence, Sono-luminescence, and Electro-

luminescence. 

 Below phenomenon produced and originated by engagement of radiation and light 

which is exclusively referred. Luminescence is the fluorescence which is part of a general 

class of phenomena that is distinguished by the process of phosphorescence. That occurs in 
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time of micro seconds. The fluorescence takes place in a much short duration that is around   

nano seconds.  These two are distinguished based on the quantum mechanics terminologies. 

The real practice the fluorescence is measured to for the measurement of 5 parameters. These 

parameters are shown below  

1. Excitation spectrum 

2. Emission spectrum 

3. Decay times (fluorescence lifetimes) 

4. Quantum yield 

5. Anisotropy (or polarization) 

In last decade several advances were achieved in the field of fluorescence 

spectroscopy. The additional parameter like diffusion correlation time and brightness were 

able to measure using fluorescence microscopy. In this current study, we focused our interest 

to the measurement of emission and fluorescence using spectrofloremeter. The fluorescence 

measurable parameters are best understood using the Perrin-Jablońsky diagram. This diagram 

represents the concept of quantum mechanics of the energy levels of a molecular structure.  

The data acquisition is performed by measuring important parameters of emission and 

fluorescence. The instrument used for the fluorescence is called spectrofloremeter while the 

instrument specifically used for the measurement of emission is called spectroflorimeter. 

Sometime the decay time is measured by using spectroflorometer. Anyway, this distinction is 

not a universal as many instruments are able to acquire all parameters. The advancement in 

the instruments enabled us to measure the steady-state excitation and emission spectra 

parameters and the decay times and rotational correlation times.  

The sample is placed in cuvette of quartz place vertically to the source of optical light 

beam. This orientation where the sample is place at 90 degree to the optical light beam is 

important for the emission collection and reduction of vacant space of the instruments. The 

absorption of sample is monitored by using spectrophotometer. A spectrophotometer 

typically measures the absorption intensity difference two signals where one is sample 

absorption intensity and other is a blank zero (100% transmittance). On the other hand the 

spectroflorometer measures a signal of the fluorescence compared to the zero background. 

The spectroflorometer is composed of light source, the mono chromator and the light 

detector. 
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2.11.1 Applications of Fluorescence 

1) Used for lighting purposes 

2) Used as analytical  tool in Bio-Chemistry 

3) Used in spectroscopy 

4) Used in Biochemistry and in medicine 

5) Used in forensics 

6) Used in mechanical  and electrical engineering 

7) Used in signage 

8) Used in optical brighteners in biochemistry 

2.12 Irving William Series Metals (Mn, Fe, Co, Ni and Cu) 

The biological processes in the cellular machinery require the presence of particular 

ions. The presences of these ions are important to trigger some biological phenomenon. The 

entire list of these essential elements is not known yet. Furthermore the importance and 

function of non essential elements is unknown in greater extent. In the literature the growing 

number of scientific papers discusses the biological importance of these elements and their 

role in the cellular machinery. 

The biological point of view is very important to understand that what is mean by 

essential or non essential. In the biological sciences the role of metal is known long before. 

The importance is evident from the fact an integrated approach research area were developed 

in the past decade to elaborate the importance of metals. This new emerging field is called 

metallomics where the biologically important metals ions are studied for their possible role in 

function or biological process. 

The Irving-Williams series complexes are regarded as relative stable complexes in the 

divalent metal ions among the first row transition metals. Among the series the order of 

stability varies from Mn to Cu. It is found that Mn (II) are more stable then Fe (II) then Co 

(II) then Ni (II) then Cu (II) for their respective complexes. The ultraviolet spectroscopic 

techniques and atomic absorption spectroscopy revealed that relative stability based on the 

stability constants using the ethyleneediaminetetraacetic acid (ETDA).  

https://en.wikipedia.org/wiki/Fluorescence#Lighting
https://en.wikipedia.org/wiki/Fluorescence#Analytical_chemistry
https://en.wikipedia.org/wiki/Fluorescence#Spectroscopy
https://en.wikipedia.org/wiki/Fluorescence#Biochemistry_and_medicine
https://en.wikipedia.org/wiki/Fluorescence#Forensics
https://en.wikipedia.org/wiki/Fluorescence#Mechanical_engineering
https://en.wikipedia.org/wiki/Fluorescence#Signage
https://en.wikipedia.org/wiki/Fluorescence#Optical_brighteners
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There are different reason for the stability of these series metals complexes (M. Li, 

Henderson, Martinez, Hausinger, & Emerson, 2018). Firstly, the ionic radius decreases from 

Mn (II) to Zn (II). This periodic trend accounts for the increase in the stability of these metal 

complexes. Secondly, the Crystal field stabilization Energy (CFSE) increases from Zero to 

Mn (II) and then maximum at Ni (II). This effect is an important measure for the increasing 

stability along the period. Thirdly, Cu (II) is less than that of Ni (II) in terms of the CFSE, the 

complexes with octahedral geometry of Cu (II) complexes exhibit a dominant the Jahn-Teller 

effect, therefore octahedral complexes of Cu (II) exhibit and exceptional stability. Contrary to 

reasons above, it’s still unknown the Irving–Williams series metals complexes stability 

(Milicevic, Branica, & Raos, 2011; Henna Zahid et al., 2016). 

In biological systems, the importance of these metals is known long before. These 

metals and their corresponding complexes are important moieties for the modulation of 

several biological processes (Strelko, Malik, & Streat, 2005). Their interaction with multiple 

proteins and receptors provides an evidence of their importance role in biological process. 

The interactions of these metals complexes are used widely in the literature for many diseases 

therapies, developments of Drugs and discovery (Thamilarasan, Jayamani, & Sengottuvelan, 

2015; H. Zahid et al., 2016). 

 

2.13 Novelty of the Current Work 

 

The detailed review of the literature shows the importance of ZAG protein. ZAG is a 

protein that participates in several biological and physiological functions. It is regarded as a 

biomarker during the growth of tumor and thus over expression is an important indicator for 

the cancer progression. It has direct role in the lipolysis and immune system regulation. The 

obesity was related to ZAG and it was found that ZAG can be considered as a candidate gene 

for obesity.  

Keeping in view the above studies from the literature, the interacting ability of ZAG 

with important ions must be addressed. The interaction of Zinc is well known and due to this 

ability, ZAG acquired the name. However, the other divalent ions like Irving William series 

metals are still not studies. These are important metals ions known for regulation of several 

protein based functions. In the current study, we assumed the binding affinity of ZAG with 

divalent ions of the series. The robustness of the protein in the presence of these metals ions 

may provide an avenue to understand other biological processes like diabetics and rational 
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drug discovery and development. Thus the ZAG protein will provide a platform that will be 

utilized to study the effect of interaction of Irving William series metals and their biological 

activity.  
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Chapter 3: Materials and Methods 

3.1 Details of Materials Consumed 

3.1.1 Bacterial Cell Culture 

A. Agar (Melford) as Nutrient that contains important ingredients for cell culture 

B. LB media (20g) in one litre (1L) of distilled water (Fisher Scientific) 

C. Antibiotic Ampicillin Salt (Sigma) 

D. IPTG (β-D-thiogalactopyranoside) (Sigma) 

E. Incubator Shaker (Model G25, GMI New Brunswick Scientific co. INC) 

F. UV/Vis spectrophotometer (Perkin Elmer Lambda 35 ) 

3.1.2 Sonication: Cell Lysate and Chromatography 

A. Guanidine Hydrochloride as denaturing agent (GdnHCl) (Sigma). 

B. Reagent for Cell lysate; Bugbuster Protein Extraction (Thermo). 

C. Benzonase nuclease reagent to decrease cells viscosity (Novagen). 

D. The histidine binding buffer, histidine Charge buffer, histidine Wash buffer and 

histidine elute buffer (Novagen). 

E. Beckman J2-HS Centrifuge Machine. 

3.1.3 Preparation of SDS PAGE (15%) 

The SDS PAGE gel of (15%) was prepared by combining the following reagents.  

1) The running phase was prepared from: Distilled water 6.1 mL, Acrylamide (30%) 

1.2 mL, TrisHCl (pH6.8) 2.6mL, SDS (10%) 100µL, Ammonium Persulphate 

(10%) 60 µL, Triethylmethylamine (TEMED) 5 µL (Sigma)  

2) The preparation of Staching Gel: Distilled water 2.5 mL, Acrylamide (30%) 5mL, 

TrisHCl (pH6.8) 2.5mL, SDS (10%) 100µL, Ammonium Persulphate 50µL, 

TEMED 10 µL (Sigma). 

3) Preparation of Sample Buffer: Distilled water 8mL, TrisHCl (0.5M), Glycerol 

1.6mL, SDS (10%) 3.2mL, DTT 0.8mL and Bromophenol 0.4mL (sigma)  

4) Preparation of Running buffer (10 times): Tris Base 30g, Glycine 144g, SDS 10g, 

Distilled water 1L and pH adjusted to pH 8.3 (Sigma-Aldrich) 

5) Staining Buffer: The 2g/L Brilliant Blue R dissolved in 25% ethanol, 10% glacial 

acetic acid, distilled water 68% of the total volume of the solution. 
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6) Preparation of destaining buffer: ethanol 25%, glacial acetic acid 10% and H₂O 

65%. 

3.1.4 Refolding Buffer 

A. Dialysis Cassettes Slide-A-Lyzer
 TM

 (Thermo) 

B. 20 mL Disposable Syringe (Luer-Lok BD
TM

)  

C. Detergent removal spin columns (Thermo) 

D. 24.2g TrisHCl (Thermo), pH8.4 

E. 8 mL EDTA (Thermo) 

F. 164.56 g Arginine hydrochloride (Thermo) 

G. 0.62g oxidized glutathione (Thermo)  

H. 3.08g glutathione reduced (Thermo) 

3.1.5 PBS Buffer 

A. 16g NaCl (Sigma) 

B. 0.4g KCl (Sigma) 

C. 2.88g Na₂PO₄ (Sigma) 

D. 0.48g KH₂PO₄ (Sigma) 

E. Distilled H2O to 2litre   

3.1.6 Sodium Acetate Buffer 

A. 62.06 g sodium acetate (Sigma) 

B. 1.6 M Sodium acetate (Sigma) 

C. 2L distilled water  

D. pH adjusted to 6.5 

 3.1.7 MALDI-TOF Mass Spectroscopy 

The instrument used for the sample analysis was MALDI-TOF MS (Bruker). The ion 

source was 1:20.000 kV and lens 7.42 kV. 

The other reagents used for the matrix preparation were Sinapic acid (3,5-Dimethox- 

4-hydroxycinnamic acid) (Sigma) and hydroxybenzoic acid (Sigma). The standards used 

were Albumin of source chicken egg (Sigma), α-cyano-4-hydroxycinnamic acid (Thermo), 

0.741 Molar stock solutions 
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3.1.8 Fluorescence 

 SpexFluoro Max Fluorometer (Spex Industries, Edison, NJ) 

 Silica cuvette 2 mL (Sigma) 

 Hepes (10 mM) (Aldrich) 

 Sodium chloride (137 mM) (pH 7.4) (Fisher BioReagents) 

 Intrinsic tryptophan (0.12 µM)(Aldrich) 

 Fatty acid DAUDA (0.3 mM) (Molecular probes, Eugene) 

 Divalent metal chloride (20 mM)(Aldrich) 

 Docosahexaenoic acid (DHA) (Sigma) 

 8-anilino-1-naphthalenesulphonic acid (ANS) (Aldrich Chemical Co) 

 Retinol, DACA, cPnA& Oleic acid (Sigma) 

 Phosphate buffer (PBS) NaCl 170 mM, KCl 3.4mM, Na2HPO4 16 mM, KH2PO4 1.9 

mM and pH adjusted to pH 7.2) (Thermo) 

3.1.9 Portable X-ray Fluorescence  

 XRF Spectrometer 45SEA5120 (Seiko Instruments, Chiba, Japan) 

 Cool- X & Niton analyzer (Thermo Fisher Scientific™) 

 10 mL sample cups with sealing film (Niton UK, Hampshire)  

 Mercuric Iodide (HgI2), Silicon pin diode 

  Lithium-drifted silicon Si(Li) (Aldrich Chemical Co) 

3.1.10 Irving William Series Metals  

 1.20 g iron (III) chloride(Sigma-Aldrich) 

 0.961 g cobalt (II) chloride(Sigma-Aldrich) 

 0.7333 g copper (I) chloride(Sigma-Aldrich) 

 0.932 g manganese (II) chloride(Sigma-Aldrich) 

  0.960 nickel (II) chloride (Sigma-Aldrich) 

 10 mLPBS buffer solution (pH 7.4) &20 mL falcon tube (Convex Biotech) 

 0.741 molar stock solutions 
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3.2 Methods 

3.2.1 Expression and Purification of ZAG Protein 

3.2.2 Transformation 

Aliquots of competent E. coli BL21 (DE3)pLys cells (Stratagene, La Jolla, CA, USA) 

have been transformed with the pET23-based vectors containing the gene coding for protein 

sequence of ZAG. The cells have been thawed on ice and 1.0 µL plasmid DNA (40 ng/μL) 

has been added to 50 µL of the cell suspension. After a 30 min incubation period on ice, the 

reaction mixture has been heat-shocked for 60 seconds at 42 °C and cooled for 2-10 minutes 

on ice. Following the addition of 500 µL LB sterile medium (Sigma), the cells were allowed 

to grow for 60 min at 37 °C, followed by centrifugation 30 X 100 RPM for two minutes. 

 The cell suspension was then platted on ampicillin-containing (100 mg/mL) LB agar 

plates and incubated over night at 4 °C. The plates of the transformed cells were kept at 37 °C 

for another 12 hours. The pET23 based vectors contain a gene for ampicillin resistance and 

IPTG inducible T7 promoter for protein expression (Davis et al., 1990; Fisher et al., 1992). 

3.2.3 Bacterial Cell Growth 

The transformed cells of E-coli cells were observed next day and well dispersed and 

well separated colonies of transformed cells were picked for pre-inoculation in 15 mL 

sterilized LB broth culture containing ampicillin (100 mg/mL) at 37 °C in shaker (Model 

G25, New Brunswick Scientific co.INC). On next day this overnight culture was transferred 

to LB media of volume 1 L containing ampiciline (100 mg/mL). The initial optical density 

(OD) was measured using a UV visible spectrometer (initial O.D = 0.1 at 600 nm). The UV 

visible Spectrometer camspec M330 was used.  

The growth of E- coli cell culture was measured using OD of 600 nm after every hour 

until the OD reached to 0.6 (exponential growth phase). The IPTG of final concentration of 2 

mM was added for activation of T7 promoter for ZAG sequence. After addition of IPTG, the 

cell culture was kept in shaker (Model G25 New Brunswick Scientific co.INC) for a further 3 

hours at 37 °C. The final concentrations of cells were estimated from O.D that was found 1.6 

at 600 nm. The cells were harvested in centrifuge at 8,000 x g at 8 °C for 25 minutes to 

separate the LB culture from pallets. The supernatant (LB culture) was discarded as per 
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standard laboratory protocols. The pellets were transformed in 50 mL falcon tube and stored 

at -20 °C for further processing. 

3.2.4 Sonication: Preparation of Cell Lysate 

The pellet weighing 3g was solubilized and suspended in 10 mL of Bugbuster Protein 

Extraction Reagent. The cells were suspended gently to avoid bubbles and solubilized 

aggregated cells extract. The lysozyme present in the Bugbuster mixture which breaks the 

bacterial cell wall and other protease inhibitors to prevent the cleavage of peptide backbone. 

To further increase the solubility of lysate, 15µL of benzonase nuclease was added to reduce 

the viscosity of the pallets. This thoroughly soluble cellular extract was mixed on a Stuart 

roller mixer with gentle movements for 20 minutes. This solution was centrifuged using a 

Beckman centrifuge run at 12,000 x g, at 8 °C and for 30 min. The ZAG protein during the 

expression phase expelled by cellular machinery to endoplasmic reticulum where it is present 

in the inclusion bodies (L. C. McDermott et al., 2006).  

The pellets (non soluble part) and soluble part were evaluated for the presence for 

ZAG and found in the pellets using SDS page. The pallets of the inclusion body were washed 

with bug buster reagent to remove the other debris of the cell. After washing, the mixture was 

centrifuged at 12,000 x g at 8 °C and for 20 min and the supernatant was removed. The 30 

mL of binding buffer in GdnHCl 6M was added to the pellet to solubilize the protein and 

completely unfold. This final elution was kept in a 50 mL falcon tube and labeled as step 0. 

3.2.5 Nickel Affinity Column Calibration 

The nickel affinity Column was used for the purification of ZAG proteins that 

contains a Histidine tag. The Nickel column was cleaned with five volumes of distilled water. 

After cleaning, the calibration of column was done with 5 volumes charge buffer that contain 

no histidine. The column was sealed for no leakage and avoids dryness and stored at 4 °C for 

the next step of protein purification.  

Before protein loading to the resin, the wash of nickel resin were also performed for 

efficient loading of protein sample and liberation/restoring of all binding sites of the resin. In 

this procedure several buffers that include washing, binding and elution were prepared during 

the process of affinity chromatography and refolding buffer for the native folding of ZAG 

protein. The washing buffer (30 mL 6M GdnHCl wash buffer (17.19g GdnHCl)), 50 mL 6M 
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GdnHCl elute buffer (28.65g GdnHCl) and  30 mL 6M GdnHCl binding buffer (17.19g 

GdnHCl). The pH of the buffers was set at pH8 using HCl (Sigma). The calibrated buffers 

were stored at 4 °C. The Nickel resin were transferred to 50 mL falcon tube and mixed gently 

to resuspand and break all the aggregated resins. The 30 mL wash buffer was added to resin. 

As the wash buffer contains 6M GdnHCl that helps to break all the aggregated proteins 

associated with nickel resin. This the preparation step of the nickel resins. The nickel resins 

were stirred for 30 min and subsequent centrifugation at eppendorf centrifuge 5804R at 3000 

x g speed for 10 minutes. The wash buffer was removed as supernatant by pouring. In this 

way the nickel resin were washed. This process was repeated three times. 

3.2.6 Protein Purification 

The Nickel affinity column was prepared by adding 5 mL histidine binding resin in a 

column. The resin was solubilized in water or buffer to get homogenized layers and settling 

in the column. The new nickel affinity matrix was washed with 10 volumes of distilled water 

followed by the wash buffer to remove all trace moieties attached with the resin. The column 

was washed or cleaned with five volumes of distilled water followed by the three volumes of 

charge buffer. Five volumes of binding buffer were passed for the proper charging of nickel 

binding sites for histidine and equilibration. The resultant charge resin was transferred to 50 

mL falcon tube for further purification steps.  

In first step, the resin was calibrated with GdnHCl (2 times volume of the column) 

and centrifuged and supernatant discarded. The ZAG sample was induced to the resin in the 

solution containing GdnHCl (6 times volume of column). The sample was mixed with the 

column at the room temperature with gentle shaking for 30 minutes. The sample was 

centrifuged and supernatant stored at separate falcon tube of 50mL. This step is the protein 

loading steps where ZAG is exposed to the nickel resin for binding.  

In the next step, washing of the ZAG loaded resin was performed. The binding buffer 

of 3 times volume of the column (15mL) was added and stirred gently. Centrifugation was 

performed after incubating for 5 minutes. The supernatant buffer was removed and stored in 

separate falcon. In this step, the undesirable products of the protein sample including 

unbound ZAG sample were removed from the resin. The ZAG bound to the nickel resin was 

eluted by adding elute buffer. The elute buffer contains 200mM Histidine. The addition of 

5mL elute buffer and incubation for 10 minutes was performed at room temperature. After 
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the subsequent centrifugation, the supernatant was separated from the resin and stored in 50 

mL falcon tube. The supernatant of this step contains ZAG protein and stored at 4 °C for 

further steps or experiments.  

3.2.7 Dialysis 

The purified protein sample was dialyzed to get the native fold using hyper dilution 

method. The dialysis was performed using Slide-A-Lyzer Dialysis cassette. The membrane of 

molecular weight cut off 10,000 MWCO was used. The volume of the Sample was 3-12 mL 

where another solution containing 2 L in a beaker with 0.1 M sodium acetate buffer was 

placed. The protein of total volume of 15 mL was placed in a BD 20 mL syringe using a 

sterile needle. The protein was injected into the membrane in drop wise manner. The 

refolding buffer was prepared using standard molecular biology protocol of the lab. 

Preparation of 100ml 1M TrisHCl pH8 (12.1g): 12.1g of TrisHcl was measured on a balance 

and placed in a 100 mL duran flask; 100 mL of ddH2O was poured into the flask, all contents 

were mixed until all of Tris was dissolved. pH of solution was checked using a pH meter, if 

pH was too low NaOH was added and if it was too high HCl was added, 84.28g L-arganine 

hydrochloride, 0.31g oxidized glutathione, 1.54g reduced glutathione and 4 mL of EDTA 

were all measured and placed in a 1 litre bottle. The 100 mL of TrisHCl from (5) was also 

poured into the same bottle. The bottle was filled up with ddH2O until it reached the 1 litre 

mark. The contents were mixed using a stirer. The refolding buffer was kept at 4 °C.  

The refolding protocol using dialysis was performed for 10 mL of ZAG protein and 

pipette in drop wise manner into volume of 2 liters of refolding buffer. This method is called 

hyper dilution method and the protocol takes around 30 minute. In this method 0.5 mL of 

protein sample was added drop by drop to the refolding buffer such that each drop of ZAG 

protein dissolves completely before the next drop. The slow and gentle stirring was used for 

to dissolve the drops of ZAG proteins. This protein in the refolding buffer was kept at 4 °C 

overnight and gentle stirring. On the next day this hyper diluted sample was concentrated by 

vivaspin-20 with 5000 MWT cut off (MWCO) membrane (YM3) at centrifugation at 4500    

xg. 

The ZAG protein contains several tryptophans. Therefore the concentration of the 

ZAG protein was determined at 280 nm absorbance where the extinction coefficient of 68560 

m
-1

cm
-1

 determined by Protparam Expasy tools (https://web.expasy.org/protparam/) using 

UV/Vis spectrometer. The control sample of the absorbance was an empty quartz cuvette. 

https://web.expasy.org/protparam/
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The absorbance of this empty cavette was considered Zero. Then protein absorption was 

measured using another cuvette and the absorption at 280 nm was measured. The 

concentrations of protein were calculated using Beer-lambert law equation.  

3.2.8 SDS-PAGE 

The protein purity and molecular weight were confirmed by SDS-PAGE during all the 

process of expression and purification. The electrophoresis was performed after and before 

induction of IPTG, supernatant and supernadent after lysis and at each critical step of 

chromatography to confirm the presence of ZAG protein in the sample. The SDS-PAGE used 

during the process was 15% and were prepared in the following way as per standard 

procedure of laboratory. 

1. Making 15% resolving gel buffer: mix 6.1 mL DDI H2O, 1.3 mL of 30% Degassed 

Acrylamide/Bis, 2.5 mL of 0.5M TrisHCl pH 6.8 and 0.1 mL 10% w/v SDS making 

up a total of 10 mL. 

2. Making 4% stacking gel buffer: mix 2.6 mL Distilled water, 5 mL of 30% Acrylamide 

solution, 2.5 mL of 0.5M TrisHCl pH 6.8 and 0.1mL 10% w/v SDS making up a total 

of 10 mL. 

3. 50 µL 10% APS and 5 µL TEMED were added to the resolving gel which was 

pipetted in between the two glass plates (This step needs to be quick before resolving 

gel polymerises). 

4. 50 µL 10% APS and 10 µL TEMED were added to the stacking gel and was also 

pipetted in between the two glass plates. 

5. This was left on the bench to set and solidify. 

6. The five samples (10 µL) were mixed with equal volume of comassine blue sample 

buffer and heat shocked for 4mins at 60 °C to denature it, and then once the gel had 

been set, samples were pipette. The 5µL of PageRuler Prestained protein ladder by 

company Ferments was pipetted into lane 1. The 12µL of the samples from tube 0 to 4 

were pipetted into lanes 2 to 5 respectively.  

7. SDS-PAGE was run for 30mins at 400 Volts. 

8. The Gel was removed from the glass plates and then placed in coomassie brilliant 

blue dye for staining, heated at 30 seconds in microoven and then left for 1 hour with 

slow agitation.  After staining the gel, the comassine blue dye was removed, washed 
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with distilled water for three times and then kept for destaining in solution (an aquous 

solution containing 25% acetic acid, 50% ethanol). 

3.2.9 Measuring the Concentration of ZAG 

The refolding buffer containing ZAG was added to four vivaspin 20 mL tubes and 

centrifuged with 4500 x g for ~ 30 minutes. The flow through was removed and filled again 

for centrifugation. The concentration of the ZAG protein was measured time to time to avoid 

higher concentration that leads to the subsequent aggregation of ZAG protein. These steps 

were repeated until the entire 1 litre of protein was concentrated to 5 mL. The final 

concentrations were found 200 µM.  

Beer-lambert law: A= εcl where A is the absorbance at a given wavelength of light, ε 

is the molar extinction coefficient, c is the concentration of the molar solution and l is the 

length of the light path (1cm). The molar extinction coefficient depends on the presence of 

aromatic side chain of the amino acid consists of tryptophan, phenylalanine. The molecular 

weight of ZAG is 32145 Da and the ε at 280 nm is 68560 M
-1

 calculated by ExPASy – 

ProtParam tools (https://web.expasy.org/protparam). 

When using spectrophotometer, the wavelength was set to 280nm, the clear side of the 

cuvette was positioned in a left to right orientation and the blank was used to set the 

absorbance to 0. The final protein concentration after process of purification was found 200 

µM/10mL. 

3.2.10 Lipidex and Detergent Removal 

The bottom closure was removed from the column, placed in a falcon tube and 

centrifuged for 2 mins at 1000 x g speed. PBS buffer was added to the column, placed in the 

same falcon tube and centrifuged for another 2 mins. This step was repeated two more times. 

The flow through buffer was discarded and column was placed in a new falcon tube. The 1.5 

mL of the purified ZAG (after passing it through cellulose acetate syringe) was then added to 

the top of the resin, incubated for 2mins at room temperature then centrifuged for 2mins. The 

sample found in the falcon tube was collected and the used column discarded. 

3.2.11 Histidine Tag Removal from ZAG 

For more easy and robust purification of ZAG protein, the Histidine tag was inserted 

in the C terminal of the primary sequence. The affinity of histidine tale was used for the 
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purification using nickel affinity column. The recombinant protein was cleaved from the 

histidine tag using carboxypeptidase Y enzyme that selectively interact with the histidine 

residues when found in the series in the primary sequence.  

Carboxypeptidase (CY) enzyme was used for the removal of histidine amino acid 

residues of tag of the purified ZAG protein. The CY and ZAG protein concentration was kept 

1 mg/mL. The CY enzyme was prepared in 0.5M sodium acetate buffer and pH was adjusted 

to 6.5. Different ratio of the Carboxypeptidase Y enzymes were used with ZAG protein and 

the removal of number of histidine residues of tag were evaluated with MALDI-TOF MS and 

florescence emission spectroscopy (Ajayan, Stephan, Redlich, & Colliex, 1995). The samples 

incubation with carboxypeptidase Y was evaluated at two different temperatures 25 °C and 

37 °C. The resulting removal of histidine residues of the tag were evaluated by the 15% SDS-

PAGE (Tsai et al., 2013).  

3.2.12 Fluorescence Spectrometry 

The ZAG protein was analyzed with fluorescence to evaluate the formation of 

complex with DUADA and the binding affinity with metals ions of Irving William series 

(Mn, Fe, Co, Ni and Cu). The carboxypeptidase enzymes Y were applied to the ZAG protein 

to remove the Histidine tag. The activity and functionality of ZAG proteins were studied 

using DUADA as template binding moiety and its interaction were considered as the 

presence of native fold and conformation of ZAG protein. The florescence emission 

spectroscopy experiments were always performed after the removal of lipidex and detergents 

from the ZAG sample.  

The removal of Histidine tag with CY at two different temperature 25 °C and 37 °C 

were performed. The CY enzyme may affect the conformation and fold of protein, so the 

DUADA binding affinity was used as template to evaluate the activity of ZAG protein 

sample. The interaction of ZAG with DAUDA was recorded by SPEX Fluxo-Max 

Flourometer, Spec Industries, Edison, NJ (M W Kennedy et al., 1995; L McDermott et al., 

2001; Lindsay McDermott et al., 2002). The temperature was maintained at 20 °C for the 

inner compartment of the sample. The ZAG samples were prepared using PBS 180 mM 

NaCl, 3 mM KCl, at Na2HPO4 (1.8mM) and KH2PO4 (1.8mM). The pH were kept at 7.2, 

close to physiological range as per literature (Kumar et al., 2013). The range of excitation 

wave length for DUADA{11-(dansylamino) undecanoic acid} and ZAG protein was kept at 
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345 and 290 nm (Arnau, Lauritzen, Petersen, & Pedersen, 2006; Gundry et al., 2009; 

Solomon, Gorelsky, & Dey, 2006). The fluorescence scans were made for PBS buffer, free 

ZAG sample with tag and with ZAG sample without histidine tag in the presence and absence 

of DUADA (H. Zahid et al., 2016).  

The ZAG protein complex formations were evaluated with Fluorescence Emission 

Spectroscopy. The freshly prepared pure ZAG protein was treated with their respective metal 

chloride. The control experiments were performed with and without the presence of ZAG 

protein. The dilution factors were minimized by the preparing 0.745 M stock solution of each 

Metal Chloride. The titrations of each Metal chloride were performed by increasing the 

concentration from 10% to 10000% to ensure the ligand binding and subsequent effects on 

the protein conformation. 

3.2.13 MALDI-TOF MS Experiments 

The CY assay for the removal of histidine tag was evaluated with SDS-PAGE. The 

SDA-PAGE was found deficient to give precise and accurate results. Therefore, the exact 

number of histidine residues removed was evaluated with MALDI-TOF MS spectrometry. 

The molecular mass based analysis of histidine residues removal by mass spectrum where 

each histidine is represented by 155 Da. The CY enzymes were treated with ZAG protein in 

different concentration. The protein concentrations were kept at 50 µM where the CY 

enzymes were subjected to 0.5 µM, 5 µM and 50 µM for digestion of ZAG. The exact mass 

of free ZAG and free CY enzymes were also determined. 

The determination of the accurate molecular mass of ZAG after treatment with CY 

enzyme or metal chlorides was determined by MALDI-TOF MS. The matrix for the sample 

analysis was prepared from the 3,5-dimethoxy-4-hydroxycinnamic acid (Sigma), 2,5-

hydroxybenzoic acid (Thermo) and cyano-4-hydroxycinnamic acid (Sigma). The instrument 

was calibrated using Albumin (Chicken egg white) dissolved in TFA (Thermo). The ZAG 

protein sample of quantity of 1 µL of the different protein samples treated with CY was 

pipette out on the matrix plate. The software used for the acquisition and processing was 

Launchpad Software Version 2.4.0 (Shimadzu) where MASCOT distiller software Version 

1.1.2 was used for the identification of mono isotopic ion (Cherkaoui et al., 2010; Sauer & 

Kliem, 2010). 
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The transformed bacteria with ZAG (pET23a vector already contain the sequence of 

ZAG) was used for the production of Protein sample. After purification with 

chromatographic techniques, the pure protein sample was subjected to MALDI-TOF analysis. 

The protein samples were loaded on the steel plate together with matrix and shot with a laser 

and fragments were obtained and separated by size/charge (m/z ratio). Mass Fragment 

patterns are regarded as a fingerprint that can be used for identification and subtyping of 

agents. To determine the complexation of ZAG protein with the metal chlorides, the 

following protocol was used. Evaluation of ZAG binding with Irving-William Series Metals 

was performed. 

For MALDI-TOF MS experiment, 10 mL of five metals (0.741 molar stock solutions 

for each metal) in PBS solution were taken.  

An iron (III) chloride (1.20g) was taken and solubilized in the 10 mL PBS solution. 

The other metal chlorides like cobalt (II) chloride (0.97 g), copper (I) chloride (0.74 g), 

manganese (II) chloride (0.94 g) and Nickel (II) chloride (0.970 g) and dissolved in PBS 

solution (10 mL) in 50 mL falcon tube. The internal standard proteins were Insulin (m/z 

5734.51), cytochrome (m/z 12360.97), myoglobin (m/z 8476.65) and ubiquitin (m/z 8565.5). 

The Sinapic Acid of molecular mass 224.07 (1 µL) was loaded on to all samples and 

acquisition was made on the MALDI-TOF MS. 

Step 1:- Pure sample of ZAG protein is taken. 

Step 2:- A thin layer of ZAG protein on a MALDI plate is made. 

Step 3:- Waited until the complete dryness of the sample.  

Step 4:- 1 µL matrix over the loaded protein sample is added and left the sample until 

dryness. 

Step 5:- The sample(s) is then registered to MALDI machine 

Step 6:- The plate is then loaded to MALDI machine and results are obtained. 

Step 7:- All sample of human ZAG was prepared at pH 7.4 in PBS.  

Step 8:- 6 M GdnHCl denatured ZAG incubated under shaking conditions. 

Step 9:- Refolding buffer containing 2mM of Metal. The sample of Mn (II), Fe (II), Ni (II), 

Cu (II) and Co (II) were prepared.  

Step 10:- The final concentration of each metal was 2mM while the zag protein was 7.5 mM 

(~ 250 times excess). 

Step 11:- The final complex was dialyzed with PBS overnight.  

Step 12:- All the samples were subjected to MALDI-TOF MS analysis.  
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3.2.14 Portable X-ray Fluorescence Experiments  

The aqua regia extraction protocol was adopted to increase the accuracy, sensitivity 

and efficiency of the analyzer. Thus the accurate measurement of the metal chloride was 

calibrated (Piorek, 2004). The comparison data of each metal was acquired by FPXRF. In the 

FPXRF analyzer, the elements are first irradiated with X-ray and then the emitted irradiation 

is measured that represents their characteristic energy levels. These energetic X-ray dislodge 

inner shell electrons from an atom in the test sample creating a vacancy. This vacant space is 

then immediately filled by an electron of a higher energy shell. This transition of atoms 

results in the emission of X-ray radiation that is characteristic to each atom. This energy 

difference is measured by the spectrometer and then processed for the identification and 

quantification of respective atoms of elements. The quantified X-ray radiation is the 

representative of the sample quantity present in the mixture or analyte. The sample in placed 

in a cup for analysis and then sealed using sealing film during the analysis (Niton UK, 

Hampshire) (Ulmanu et al., 2011). 

3.2.15 Statistical analysis 

Results of the current study are represented as mean ± s.e.m with significant 

differences at P < 0.05. The line of regression was plotted between metals binding affinity 

and ZAG related obesity parameters were determined by Pearson and partial correlation 

coefficients. An SPSS 12.0 (SPSS Inc. Chicago, IL, USA) software was used for all statistical 

analysis (Timischl, Date, & Nemoto, 2012). 
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Chapter 4: Results and Discussion 

4.1 Bacterial Growth and Induction of Expression 

The ZAG protein sample preparation is an important and challenging aspect. The 

ZAG is a toxin protein and cellular machinery store in the form of debris. The recovery of 

this precipitated protein and refolding into the native state remains a challenge. Furthermore 

to boost the protein expression level is another aspect to consider for sufficient and proper 

amount of sample (Hassan, Kumar, Singh, & Yadav, 2008). 

Different protocols were adopted to increase the expression level like temperature (15 

°C, 25 °C and 37 °C) and presence of proper nutrient in the sample (like YM3: a yeast 

extract, sigma), concentration of IPTG (0.5mM, 1mM, 1.5mM and 2mM) and time of 

induction after IPTG (3, 4, 5 hours or overnight). The conclusive results were found at 37 °C 

for the growth of bacterial cell (E. Coli BL21(DE3) or pLysS) continous shaking and 

observing the OD after equal interval of 1h where the initial concentration was 0.069 at 

600nm. In the presence of nutrients of yeast extract (YM3), growth of the bacterial cells was 

found satisfactory. The initial log phase of growth was around 2h and then an exponential 

growth phase was observed until the OD reached at 0.6. An IPTG of 2mM were added for the 

induction of expression of 1 litre of LB culture. The overall growth of bacterial cells can be 

seen in the table. The results are shown in Table below: 

 

Table 1: Expression of ZAG Transformed E-Coli Cells 

Time (hr) OD at 600nm 

1
st
  0.069 

2
nd

  0.099 

2.5 0.12 

3
rd

 0.14 

4
th

 0.3 

5
th

 0.59 

Induction of IPTG (2mM). 

8
th

 1.6 
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The Table represents the growth of bacteria cell culture of transformed E Coli DE3 

before and after IPTG. The log phase and exponential growth phase can be observed in the 

first few hours. The bacterial cell culture was harvested and ZAG protein was found insoluble 

in inclusion bodies. An optimized refolding protocol was applied for collection of protein 

from pellets using Bugbuster reagent and steps of dialysis for the proper refold to native state. 

4.2 Purification of ZAG Protein 

The pallets of ZAG were solubilized in 6M GdnHCl. The addition of GdnHCl also 

completely unfolds the ZAG protein. ZAG sample were subjected to a series of purified steps 

of nickel affinity chromatography. The 15% SDS-PAGE was run to check the purity and 

confirm molecular weight of ZAG. Results are shown below in Fig: 

 

 

 

 

Fig. 2: ZAG Purification 

The 15% SDS-PAGE is shown in the Fig. 2 Each step of the purification was 

analyzed in the SDS PAGE to access the progress of purification. On the extreme left 

molecular weight marker Protein Ladder was induced (5 µL). Then the consecutive step of 

the pallets of ZAG in GdnHCl 10 µL (Sample 2). The supernatant of the next step of 

centrifugation of ZAG in GdnHCl 10 µL (Sample 3). The sample from binding buffer 10 µL 

(Sample 4) after incubation. The sample from wash buffer incubation 10 µL (Sample 5). The 



60 

 

Sample from final elute buffer of ZAG 10 µL (Sample 6). All samples were labeled as shown 

in the SDS gel. 

The ZAG protein contains 32 kDa molecular weight. ZAG is present in the 

glycosylated form in the cellular machinery. In the SDS PAGE, the molecular weight was 

confirmed as shown by the red square in the Fig. 2. Comparing the molecular weight of the 

ZAG with the standard protein ladder further confirms the presence of ZAG in the sample 

where it appears in the range between 25 and 35kDa. Some higher molecular weight 

impurities like in sample 2 and 6 were also found during the purification of ZAG. These 

might be the higher oligomeric state of the ZAG. These impurities are shown by the blue 

squares.  

The samples from the initial step of purification where ZAG was solubilized in the 

GdnHCl (sample 2) up to the elution of ZAG from the nickel affinity resin shows the 

progress of purification. The pure ZAG protein can be seen in the sample of elute buffer from 

the resin as shown by the sample 6. The quantification from the intensity of ZAG bands 

shows that the initial elution of ZAG in sample 2 is much concentrated as compare to the 

sample 6. Under some conditions the oligomerization of ZAG or the impurities from the 

exclusion bodies can be seen as higher molecular weight proteins as shown by the blue 

squares.  

4.3 Refolding Protocol of ZAG 

The get the proper and native fold of ZAG, the refolding protocol of hyper dilution 

was used. The diluted sample of ZAG of around 1 liter was concentrated to 10 mL using 

ultra-fast concentrators (Vivaspin 20). In the subsequent step, further purification of ZAG 

was performed using lipidex column. In this step, the bound fatty acid with ZAG was 

removed as ZAG shows a natural affinity to bind with fatty acids (L. C. McDermott et al., 

2006; Qu et al., 2007). The concentrated sample of ZAG was dialyzed in sodium acetate 

buffer (100 µM) with slow stirring, at 4 °C and overnight. The removal of higher molecular 

weight protein impurities was confirmed by the SDS Page. The results of the refolding and 

dialysis can be seen in the Fig. 3 below: 
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            Fig. 3: Refolding and ZAG Purification 

            The 15% SDS-PAGE of refolded ZAG is shown here. The samples were loaded in 

the following sequence:  1: 5 µL Molecular weight Marker Protein Ladder standard, 2: 

Empty spaced lane, 3: Pure ZAG after refolding (10µL), 4: Empty spaced lane, 5: Pure 

ZAG (20 µL) 

The observation of the pure ZAG sample shows that purified protein is a homogenous 

solution. The ZAG protein was compared to the standard protein ladder and band appears at 

the awaited place as shown by the sample 3 and 5. Different concentration of ZAG was 

loaded to see the relative intensity difference in 3 and 5 (Darker). The purity of the ZAG can 

be assessed in the gel where higher molecular weight impurities are absent after the refolding 

and dialysis steps.  

4.4 Concentration of ZAG Protein 

After the refolding and dialysis of ZAG, the ZAG concentration was measured. The 

absorption at 280 nm for the ZAG was observed where the spectrum range of 230 and 400 

nm was acquired. The results of the UV spectrometer for the concentration of ZAG are 

shown below. 
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            Fig. 4: UV Analysis of ZAG 

 The UV absorbance was measured between 400 nm to 230 nm range; an increase in 

absorbance can be seen at 280-295 nm, peaks at 280 nm confirming presence of protein 

(Malcolm W Kennedy et al., 2001; L McDermott et al., 2001). The concentration of ZAG 

for the 1 litre of expression was determined as 0.168 mg/mL using the standard equation of 

Beer Lamberts law. The equation used is A=εcl. 

4.5 Enzymatic Cleavage of Histidine Tail 

 The Carboxypeptidase (CY) is an enzyme that shows affinity for the amino acids of 

C-terminal. In this case the CY enzyme was used to hydrolyze the histidines of the C-

terminal present in the ZAG. The histidines tag was introduce for easy and robust purification 

using nickel affinity column. However, the histidines tag removal is an important step for 

sample preparation. In order to achieve the goal, an assay of CY enzyme was used. The 

digestion of histidines tag was carried out with different concentration of CY enzyme and 

effect of temperature were monitored. Different conditions were employed to see the 

efficiency of the CY enzymes for the hydrolysis of histidines of C-terminal. The tail removal 

was carried out at 37 °C and 25 °C. After applying digestion with CY enzyme, in the first 

experiment 37 °C was used for the hydrolysis of histidine by CY enzyme as shown by the 

sample 1 to 6 in the Fig. 5.  

These results were compared with hydrolysis at 25 °C by CY enzyme as shown by the 

sample 1 to 6 in Fig. 6. The progress of digestion of the histidines tail removal was evaluated 

with 15% SDS-PAGE electrophoresis gel for both experiments. The difference in the 
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molecular weight due to cleavage of histidine residue at 25 °C or 37 °C are shown in Fig. 5 

and 6 shown below. 

 

 

            Fig. 5: Carboxypeptidase Assay at 37 °C 

 

 The following Fig. 5 represents the histidine tail digestion at 37 °C. After 

incubation of CY enzyme with ZAG, the samples were loaded in the gel in the following 

sequence. Sample 1: Molecular Weight Marker Protein Marker Ladder 5 µL (BioLabs). 

Sample 2: 10 µl of free ZAG from stock (50µM) as control, Sample 3: 10µL (50µM ZAG 

+ 0.5µM CY), Sample 4: 10µL (50 µM ZAG + 5 µM CY), Sample 5: 10µL (50 µM ZAG 

+ 50 µM CY), Sample 6: 10µL (50µM CY as control). 

 

The hydrolysis of ZAG at 37 °C shows that there is no significant molecular weight 

reduction in the ZAG. By observing the molecular weight of uncut ZAG (with tail) and ZAG 

(without tail) shows that no difference was observed as shown by the sample 2 and sample 3 

to 6. In the ideal case of hydrolysis, the decrease in the molecular weight of ZAG should 

appear due to elimination of histidine amino acid residues. In this easy, it was found that 

ZAG was found at their respective molecular weight and CY enzyme as expected for 64 kDa. 

The loading of ZAG is affecting the shape of ZAG bands and becoming thicker and broader 

as shown by the purple rectangles. The free ZAG is shown by the orange rectangles. 
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            Fig. 6: Carboxypeptidase Assay at 25 °C 

 The following Fig. 6 shows the hydrolysis of ZAG with carboxypeptidase Y at 25 

°C. The samples sequence loaded in the gel are following. Sample 1: 5µL Molecular 

Weight Marker Protein Ladder. Sample 2: 10µL (ZAG 50 µM). Sample 3: 10µL (ZAG 50 

µM + CY 0.5 µM), Sample 4: 10 µL (ZAG 50 µM + CY 5 µM), Sample 5: 10µL (ZAG 

50µM + CY 50µM); Sample 6: 10 µL (CY 50µM). 

 The comparison of ZAG samples incubated with different concentration of CY in Fig. 

6 shows a slight size difference of molecular weight. The sample 3 is showing a reduction of 

mass comparing to uncut ZAG indicating the elimination of histidine on hydrolysis 

comparing to sample 2. However, the incubation of 0.5 and 5 µM CY shows no significant 

reduction in mass as the concentration of enzyme is very less. The increase in the 

concentration of enzyme up to 50 µM as indicated by the orange square considerable 

decreases the molecular weight.  

However, the degradation of CY enzyme can be seen in the band. The molecular 

weight contribution of the histidine tail to the ZAG is 0.930 kDa (930g/mole). The removal 

of such mass from the total mass of ZAG is considerably less and their loss can´t be clearly 

indicated by the gel. In this case the MALDI-TOF MS experiments will be used to clearly 

measure the difference. 
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4.6 MALDI-TOF MS 

The histidine tail molecular mass is 930 Da where each histidine residue is 155 Da. 

To evaluate the elimination of histidine residues by the mass spectrometry is much precise 

and accurate then gel electrophoresis. The reduction from mass of ZAG can be interpreted as 

number of histidine residues hydrolyzed. The observation of bands in the gel of 25 °C shows 

a molecular weight difference but no precise conclusion was obtained. The analysis of these 

bands at MALDI-TOF MS clearly predicts the loss in the molecular weight of ZAG that can 

be interpreted as elimination of histidine residues. 
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Fig. 7: The MALDI-TOF MS Analysis of ZAG Digestion with CY 

 

Sample 6 (A): The MALDI-TOF MS fragments are shown in the Fig. 7.  

The sample contains free ZAG as can be seen by m/z 33508 [M
+1

]. Peak on the left 

represents ZAG [M
+2

] peak representing 16754 m/z value of ZAG. 

 

33508 [M
+1

] 

16754 [M
+2

] 
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           Fig. 8: The MALDI-TOF MS Analysis of ZAG Digestion (Sample B) 

 

 Sample 6 (B): The MALDI-TOF MS fragments are shown in the Fig. 8. The sample 

contains ZAG 50µL with 0.5µL CY. The ZAG digestion with CY enzyme can be evaluated 

with decrease in the molecular weight. Peak at the left represents ZAG [M
+2

] molecular 

weight. 

 

 

 

 

 

 

 

Free ZAG with His tag = 33508 [M
+1

] 

One Histidine = 155 Da 

Difference = 438 Da 

No. of His removed = 3 

33070 [M
+1

] 

15534 [M
+2

] 
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         Fig. 9: The MALDI-TOF MS Analysis of ZAG Digestion with CY; Sample 6 (A) 

 

 The MALDI-TOF MS fragments are shown in the Fig. 9 for 50 µM of ZAG incubated 

with 5 µM CY. The resultant peaks are represented by labelled [M
+1

] 32947 m/z and [M
+2

] 

16446 m/z respectively.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Free ZAG with His tag = 33508 [M
+1

] 

One Histidine = 155 Da 

Difference = 561 Da 

No. of His removed = 4 

32947 [M
+1

] 

16446 [M
+2

] 
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 Fig. 10: The MALDI-TOF MS Analysis of ZAG Digestion with CY;  

 Sample 9 (D) 

 

The MALDI-TOF MS fragments are shown in the Fig. 10 for 50µL of ZAG with 50µL CY.  

The molecular weight of digested protein was found 32666 [M
+1

] where two small peaks of 

[M
+2

] can be observed on right and left peaks respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

Free ZAG with His tag = 33508 [M
+1

] 

One Histidine = 155 Da 

Difference = 842 Da 

No. of His removed = 6 32666 [M
+
] 

ZAG 

CY 
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        Fig. 11:The MALDI-TOF MS Analysis of ZAG Digestion with CY; Sample 9 (E) 

 

         The MALDI-TOF MS fragments are shown in the Fig. 11 for 50µM CY. The [M
+2

] 

peak can be seen at 27387. 

 

 

 

 

 

 

 

 

 

 

27387 [M
+2

] 

Free CY= 27387 [M
+2

] 
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The mass spectrum is shown in this Fig. 11 for the free CY enzyme as control. In this 

assay of hydrolysis with CY enzymes that leads to the loss of histidine of C-terminal was 

analyzed using MALDI TOF. The decrease in molecular weight of each 155 Da was 

interpreted as loss of one histidine residue. The resultant hydrolysis can be seen by 

interpreting the loss in the molecular weight of histidine.  

These entire five Fig. 7-11 are representative of hydrolysis carried out at 25 °C. In the 

Fig. 7, free ZAG molecular weight as determined as 33508. In the first assay, the 0.5 µM CY 

was used for incubation and the molecular mass of the ZAG protein were reduced to 33070. 

The loss in the molecular weight is representative of 3 histidine residues as shown by the Fig. 

8. The increase in the concentration of CY enzyme to 5 µM leads to the reduction of 32947 

molecular mass of protein. This loss is interpreted as loss of 4 histidine residues from the C 

terminal as shown by the Fig. 9.  

Finally, by maintaining the CY concentration equal to the concentration of protein (50 

µM), the all 6 histidine residues were hydrolyzed as shown in the Fig. 10. The difference in 

the molecular weight were mentioned on each Fig. where the change in the intensity of each 

m/z peak is also mention in the table 3 which presents the stability of meta stable protein 

fragment peak. Although the hydrolysis assay was carried out successfully at 25 °C but still 

there are some important points to consider for the applicability of this protocol. At lower 

concentration of CY enzyme of 0.5 and 5 µM 3 and 4 residues were removed from the C-

terminal. Increasing the concentration of CY to 50 µM shows the capability of cleaving all 6 

histidine residues but the ZAG protein sample degradation were also observed.  

Therefore, due to concern of the lower stability of ZAG at higher concentration of CY 

enzymes, the CY enzyme was not found ideal for cleaving all histidine residues or higher 

concentration.  
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Table 2: MALDI-TOF MS Analysis of Incubation with CY Enzyme 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Concentration of ZAG   Concentration of CY Mass to charge ratio Intensity of [M]
+1

,
 
[M]

+2
 

50 µM 0.5 µM 16738 394.42 

   16844 342.8 

   16945 169.72 

   33508 5017.83 

   33709 3740.85 

   33910 2316.93 

50 µM 5 µM 16524 429.21 

   16587 534.83 

   33070 4282.36 

50 µM 50 µM 16446 59.56 

   16521 97.01 

   32947 920.19 

   33085 1108.89 
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The analysis of CY enzyme digestion is evaluated by gel electrophoresis and Mass 

Spectrometry. The conditions applied for digestion provides an avenue of how the cleavage 

of histidine tag is accompanied by CY digestion and number of histidine residue cleaved as 

function of concentration of CY enzyme. 

4.7 Florescence 

The ZAG when treated with CY enzyme raised several questions. The increase in the 

concentration of CY enzyme degraded the ZAG protein. To determine whether the ZAG is 

still maintaining the same conformation as found before treatment of the CY enzyme, 

florescence experiments was performed. The binding affinity of the ZAG with DAUDA was 

performed using florescence spectroscopy before and after removal of the histidine tail. The 

florescence measurement shows that the ZAG binds with DUADA in the same fashion as 

found before and after the removal of histidine tag.  

 

 

 

A) 
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            Fig. 12: Florescence Emission of ZAG 

 

 The Fig. 12 shows the florescence emission of ZAG. The florescence emission of 

ZAG was carried out after the hydrolysis with CY enzymes. In the Fig. A) represents the 

emission spectra before the treatment of ZAG in the presence of DUADA. The florescence 

emission of ZAG was determined for the stock solution of DUADA in PBS and PBS as 

control. B) The emission spectra after incubation of ZAG with CY enzymes. 

 

In the florescence emission spectra the DUADA was observed at 545 nm as a 

characteristic region. This florescence emission studies on DUADA was carried out by the 

group of Kennedy which shows the characteristic region 545 nm (Kennedy at al 2001).  In 

the experiment, it was found that the addition of 0.168 mg/mL of ZAG in the presence of 

ZAG decreased the emission wave length. This change in the florescence emission was 

interpreted as the binding of ZAG with DUADA at 545 nm, 540 nm and 535 nm with 

increasing concentration of ZAG. The ZAG before and after the cleavage of histidine tag was 

analyzed in this experiment by measuring the binding affinity with DUADA. It was found 

that the binding affinity by the ZAG is maintained after and before treatment with CY 

enzymes. 

4.8 Metal Binding Affinity Results via MALDI-TOF MS 

 MALDI-TOF MS is a robust technique for the evaluation of metal binding affinity. 

As mentioned before in the introduction part, the ZAG protein is an important target for 

b) 
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Metals of Irvin William series. The MALDI experiments were designed as shown below by 

the table below.  

 MALDI-TOF MS experiment was performed for five metal chlorides of Irving 

William Series. The higher concentration of each metal chloride 0.741 M stock solution was 

prepared in the PBS solution for the complex formation analysis via MALDI TOF. 

Table 3: Preparation of Metal Chlorides Solutions 

1. Manganese (II) Chloride (MnCl2) 

If                      

 

1 Molar required MnCl2 =125.844 g/mol 

 

Then                0.741   required MnCl2        =93.250 g 

If                      

 

1000 mL dissolved in           =93.250 g 

Then                10 mL dissolved in  =0.932 g MnCl2 

2. Iron(III) Chloride (FeCl3)  

If  1 Molar required FeCl3 =162.20 g/mol 

Then 0.741   required =120.19 g 

If  1000 mL dissolved in        =120.19 g 

Then 10 mL dissolved in            =1.20 g FeCl3   

3. Cobalt (II) Chloride (CoCl2) 

If  1 Molar required CoCl3 129.839g/mol 

Then 0.741   required CoCl3 96.181g 

If  1000 mL dissolved in        96.181 g 

Then 10 mL dissolved in            0.961 g CoCl3 

4. Nickel (II) Chloride  (NiCl2) 

If  1 Molar required NiCl3 129.839g/mol 

Then 0.741   required NiCl3 96.181g 

If  1000 mL dissolved in        96.181 g 

Then 10 mL dissolved in            0.961 NiCl3 

5. Copper (I) Chloride (CuCl) 

If  1 Molar required CuCl 98.999 g/mol 

Then 0.741  required CuCl 73.358 g 

If  1000 mL dissolved in        73.358 g 

Then 10 mL dissolved in            0.733 g CuCl 
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 As mentioned in the table the 0.740 M stock solution of each Fe (III), Co (II), Cu (I), 

Mn (II), Ni (II) was prepared. The higher concentration of each metal chloride was chosen to 

decrease the dilution factor after titration with ZAG protein. The proteins used for calibration 

and standards during the acquisition of Mass spectrum were insulin (5734.51), cytochrome 

(12360.97), myoglobin (8476.65) and ubiquitin (8565.5). The 1 µL sinapanic acid was as 

matrix.  
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            Fig. 13: The MALDI-TOF MS Analysis of Standard 

 

The Standard protein samples were analyzed by MALDI from Sinapic acid matrix and 

instrument and mass range were calibrated as further analysis.  
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            Fig. 14:  MALDI-TOF MS of Manganese (II) Chloride (MnCl2) 

The m/z of MnCl2complex with ZAG was found at 32784 [M
+1

].   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Free ZAG = 32276  

ZAG + Mn(II) = 32784 

Mass Difference over 

Mn(II) complexation =508 

Equivalent to 4 molecules of MnCl
2
 

MnCl
2
 Molecular weight= 125.844 
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            Fig. 15:  MALDI-TOF MS of Iron (III) Chloride (FeCl3) 

 

The FeCl3 complex with ZAG was found at 32756 [M
+1

]. The peaks are labeled with 

their respective M
+1

accurate mass.  

 

 

 

 

 

 

 

 

 

 

 

 

Free ZAG = 32276  

ZAG + Fe(III) = 32756 

Mass Difference over 

Fe(III) complexation =480 

Equivalent to 3 molecules of FeCl
3
 

FeCl
3
 Molecular weight= 162.204 
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            Fig. 16: MALDI-TOF MS of Cobalt (III) Chloride (CoCl2) 

The MALDI-TOF MS analysis of CoCl2complex with ZAG were found carried out 

and found at 32670 [M
+1

] as shown in the Fig. 16. 

 

 

 

 

 

 

 

 

 

 

 

 

Free ZAG = 32276  

ZAG + Co(II) = 32670 

Mass Difference over 

Co(II) complexation =394 

Equivalent to 3 molecules of CoCl
2
 

CoCl
2
 Molecular weight= 129.8 
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                  Fig. 17: MALDI-TOF MS of Nickel (II) Chloride (NiCl2) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



80 

 

 

 

3
2

4
7

5

6
0

1
8

6
1

4
5

2
2

1
0

5

9
2

7
3

1
6

6
2

9
1

6
5

2
9

1
2

1
3

6

1
1

1
7

7

0

2000

4000

6000

8000

In
te

n
s
. 
[a

.u
.]

5000 10000 15000 20000 25000 30000 35000 40000 45000

m/z  

             

            Fig. 18: MALDI-TOF MS of Copper (I) Chloride (CuCl) 

 

4.9 Evaluation of ZAG Binding with Irving William Series Metals 

 After evaluation of complexes of metal with ZAG Mass spectra were analyzed. It is 

found that the binding affinity of Mn(II), Fe(III), Co(II), Ni(II), Cu(I) were found for the 

ZAG protein. The ZAG protein is found to be attached with multiple metals. The table below 

shows a detail description of ZAG-Metal Complex and their respective accurate mass. The 

number of ligand bound to the ZAG is shown in the extreme right of the table.  

 

 

 

Free ZAG = 32276  

ZAG + Cu(I) = 32475 

Mass Difference over 

Cu(I) complexation =199 

Equivalent to 2 molecules of CuCl 

CuCl Molecular weight= 98.99 
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Table 4: Analysis of MALDI-TOF MS Data 

 

Ligand M.WT of ligand Free ZAG ZAG-Ligand Complex No. of Ligand 

MnCl2 

 

125.844 32276 32779.376 4 molecules 

FeCl3 162.204 32276 32762.612 3 molecules 

CoCl2 129.8 32276 32665.4 3 molecules 

NiCl2 129.5 32276 32664.5 3 molecules 

CuCl 98.99 32276 32473.98 2 molecules 

 

 The protocol as discussed above was found success for the complexation of metals 

and their analysis using MALDI TOF. It’s important to mention that the four ions of Mn (II) 

where three ions of Fe (III), Co (II), Ni(II) and two ions of Cu (I) interact with ZAG.  

4.10 Florescence Measurement of ZAG – Metal Complexes 

 Another aspect of metal binding affinity is to measure of florescence. The metal 

chloride was titrated with the DAUDA and their respective emission at observed at 550nm. 

The free DAUDA was found to show maximum emission at 550 nm. Upon addition of ZAG 

the maximum intensity was found shifted from 550 nm. Another shift was observed upon the 

titration of metal chlorides. The maximum emission was found shifted initially from 550 nm 

to 547 nm and then to 536 nm when DAUDA were added. This decrease in the maximum 

emission was due to the hydrophobic nature of DAUDA that binds with hydrophobic patches. 

Further decrease in the maximum emission was noticed upon titration of metal chlorides (523 

to 519 nm). This decrease was interpreted as the complex formation of ZAG-DAUDA. It was 

found that the dissociation constant (kd) of metal chlorides ranges between 126-146 µM. 

These findings on the binding of a synthetic florescent fatty acid, DAUDA by ZAG, 

demonstrated that ZAG can bind the hydrophobic compounds/natural ligands such as 

polyunsaturated fatty acids present in the cellular environment. The literature shows that 

among the binding site of ZAG is the presence of hydrophobic groove constituted by the α1 
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and α2 domains. These metal chlorides interactions were interpreted in the same way 

although the current study could not provide sufficient information about the binding sites. 

To be biologically active, ZAG proteins must bind to a receptor. Up to now, for ZAG, no 

receptor has been described. However, the presence of ligand can modify the interaction with 

a receptor and thus, specifying the biological activity of the recipient cell (particular receptor 

activated). Whatever the case, it is important to mention the nature of ligands interacting with 

the domains of ZAG, and the in vivo biological effects of ZAG. 

In the previous studies, it was found that increased concentration of zinc is inhibiting 

the binding affinity of C16-BODIPY. The fatty acids binds to the hydrophobic region of ZAG 

where increasing the concentration of Zinc, compete for the attraction with the binding site. 

However, in the presence of other fatty acid like DAUDA did not influence the binding 

affinity (Kumar et al., 2013). In the current study, using metal chlorides in the presence of 

DAUDA provides another evidence for the presence of multiple binding sites and important 

hydrophobic sites of interaction in the ZAG. 

 

 

            Fig. 19: Mn (II) Florescence Emission Spectra with ZAG 

Florescence emission spectra of manganese (Mn) upon addition of zinc-alpha2-

glycoprotein (ZAG) 
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            Fig. 20: Fe (III) Florescence Emission Spectra with ZAG 

Florescence emission spectra of Iron (Fe (III)) upon addition of zinc-alpha2-

glycoprotein (ZAG). 
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            Fig. 21: Cu (II) Florescence Emission Spectra with ZAG 

Florescence emission spectra of Cu (II) upon addition of zinc-alpha2-glycoprotein 

(ZAG) 
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            Fig. 22: Ni (II) Florescence Emission Spectra with ZAG 

Florescence emission spectra of Nickel (Ni) upon addition of zinc-α2-glycoprotein 

(ZAG). 
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            Fig. 23: Co (I) Florescence Emission Spectra with ZAG 

 

Florescence emission spectra of Cobalt (Co) upon addition of zinc-α2-glycoprotein 

(ZAG). 

 

 The florescence measurement shows that the Ligand binding with ZAG protein were 

observed and compared to the other members of the series.  Different concentrations of Metal 

salts were used to evaluate the conformation variability by observing the decreased in the 

Emission florescence spectra. The higher concentration of Fe(III) and Co(II) were found 

different from the Ni(II), Cu(I) and Mn(II) where drastic effect on the emission florescence 

was observed may be due to change in the conformation of ZAG protein. 

4.11 Effect of Metals Concentration and FPXRF Quality 

 The effect of metal chlorides concentration was analyzed using FPXRF data. All the 

five metal chlorides samples were analyzed to determine their concentration bound to the 

protein sample. The effect of particle size which represents the FPXRF and aqua regia 

concentration were determined using equation of linear regression. The good quality data 

were acquired for all the metal of Irving William Series with FPXRF analyzer. The results 
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obtained were mentioned in the table 5 and 6. The results show good quality of data. It was 

also found that particle size is not a prominent factor either for dual source or the X-ray tube 

analyzer. 

 

Table 5: CONCENTRATION LEVELS (MG/KG) OF IRVING-WILLIAMS SERIES 

METALS 

 

The Table shows the concentration levels of Irving William series metal (mg/kg) 

determined by FPXRF.  The aqua regia extraction analysis were performed to determine the 

concentration level of each metal chlorides (n = 81) 

 

S. No Metals Average Mini: 25
th
  %tile 50

th 
%tile

 a
 75

th
  %tile Max: 

1 Mn 1566 7 175 621 1001 38386 

2 Fe 32229 491 14009 36101 41200 91680 

3 Co 701 4 59 121 165 40400 

4 Ni 28 2 10 19 28 96 

5 Cu 271 4 57 153 225 5153 
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Table 6: FPXRF ANALYZER AND X-RAY TUBE ANALYSIS 

 

The following table represents the data obtained from the X-ray tube. The FPXRF 

data showing the concentration range of all the metal chlorides and their respective data 

quality.  

 

S. 

No. 

Metals-

chlorides 

Aqua-regia 

extractable 

conc: range 

(mg/kg) 

FPXRF 

conc: 

range 

(mg/kg) 

n
a
 r

2
 

(Relative 

standard 

deviation) 

Gradient 

of line 

y-

intercept 

Data quality 

level 

1 Mn 6-38267 0-95478 79 0.71 16.2 0.96 (-0.40) Quantitative 

2 Fe (III) 482-91566 
433-

144026 
81 0.93 2.4 (1.00)

b
 (-0.07) Definitive 

3 Co (I) 5-447 2-74356 79 0.89 8.8 (1.00) (-0.17) Definitive 

4 Ni (II) 1-79 30-623 83 0.39 10.1 0.59 1.41 Quant: 

5 Cu (I) 3-5139 3-12419 69 0.91 11.4 1.41 -1.90 Quant: 

 

Figures in brackets are non-significant parameter estimate 
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Chapter 5: Conclusion 

ZAG is a narrative adipokine having a key role in normal healthiness and in chronic 

diseases. Preferentially it is implicated in the depletion of fatty acids from the adipose tissues, 

and for that reason named as lipid-mobilizing factor. Another possible use of the ZAG 

protein may be for the treatment of diabetes because ZAG lowers blood sugar levels, it opens 

up the possibility of the protein being used for the future treatment of adult onset diabetes. 

These results demonstrate that the purified ZAG is able to bind metals. ZAG 

expression was first evaluated from pET23 recombinant vector that contains ZAG sequence 

gene used for the transformation of E. coli competent cells. The level of expression is boosted 

by optimizing the expression conditions like temperature, nutrients in the culture and 

concentration of IPTG.  

The histidine tag was introduced at C terminal for rapid and fast purification using 

nickel affinity chromatography. The folding procedure of hyper dilution for ZAG from 

aggregated and precipitated inclusion bodies was adopted. It’s found from the interaction of 

ZAG and DUADA interaction that the native fold of ZAG has been achieved with refolding 

protocol. The higher molecular weight impurities of lipidex and detergents were removed by 

the cellulose acetate column adjusted in syringe. The purity of ZAG was evaluated by the 

SDS PAGE and the concentrations of purified protein were measured that was 1.86mg/mL.  

One other aspect studied in this research studies was the removal of histidine tag. 

Conventionally binding site for thrombin or enterokinase are used between the histidine tag 

and primary sequence. In this case, the recombinant vector pET23 was lacking the cleavage 

site for enzymes. Therefore the Carboxypeptidase (CY) enzyme was used to remove the 

histidine residues. The assay was optimized for the efficient temperature and concentration of 

CY. The efficiency of method was evaluated by Gel electrophoresis and MALDI-TOF MS 

for decrease in mass of ZAG due to cleavage of histidine residues. The results were evaluated 

using SDS PAGE (15%) for the confirmation of loss in the molecular weight.  

The expected size difference after the loss of histidine tail (6 amino acids) is 0.930 

kDa. The Gel electrophoresis technique was not capable to visualize this reduction of mass in 

the ZAG total molecular weight. Therefore, it was found necessary that MALDI-TOF MS 

must be carried out to get more precise evaluation of decrease in the molecular mass of ZAG 
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over incubation with CY enzyme. It was found that visualizing the bands of cut (ZAG with 

histidine residues tag) and uncut (ZAG without histidine residue tag) on the gels, an obvious 

size difference can be seen but exact decrease in the molecular mass of protein can’t be 

determined.  

The comparison of the ZAG before and after CY assay, the m/z of the corresponding 

samples to their highest intensity of cut and uncut ZAG were carried out. We concluded that 

almost six histidine residues were removed upon higher concentration of CY. However under 

mild conditions three histidine residues have been removed. The effect of CY on the change 

in the conformation of the ZAG was also evaluated. We considered the binding affinity of 

DUADA with ZAG before and after removal of histidine tag. We found that the binding 

affinity of DUADA still present in the cut ZAG sample showing that the enzyme CY only 

removed the histidine tag and the conformation of protein has been untouched.  

After the purification of ZAG and removal of histidine tag, the binding affinity was 

evaluated with Irving William series Mn (II), Fe (III), Co (II), Ni (II), Cu (I). Two different 

techniques were employed for the confirmation of complex. The technique of choice: 

MALDI-TOF MS were used for the confirmation of complex formation using the standard 

procedure of accusation.  The increase in the mass upon complexation of each metal chloride 

was compared with free ZAG. The number of metals binds to the ZAG was also determined 

along with confirmation of complex formation. 

ZAG is an omnipresent protein of all body secretions and play an important role in 

several biological and biochemical process. The fold of ZAG is an important fold and 

belongs to MHC-1 class. It’s believed that the fold of ZAG is evolved as multi-functional 

fold and therefore and important template for the development of drugs and pharmaceuticals. 

In this current study we evaluated the important metals chlorides of Irving William Series 

already known for their impact on the biological aspects. Using MALDI TOF, we were able 

to probe the complex formation and the numbers of metal ions bind to ZAG molecule. After 

evaluation of complexes of metal with ZAG Mass spectra were analyzed. It is found that the 

binding affinity of Mn(II), Fe(III), Co(II), Ni(II), Cu(I) were found for the ZAG protein.  

The ZAG protein is found to be attached with multiple metals.  The protocol 

optimized for metal binding was found successful for the complexation of metals and their 



91 

 

analysis using MALDI TOF. It’s important to mention that the four ions of Mn (II) where 

three ions of Fe (III), Co (II), Ni(II) and two ions of Cu (I) interact with ZAG.  

The metal binding affinity was also measure using florescence. The DAUDA 

florescence experiments in the presence of metal chlorides provide an important clue about 

the binding sites. It was found that the presence of DAUDA or metal chlorides did not affect 

the binding affinity of each other. This can be interpreted that the metal chlorides and 

DAUDA interact with different interacting sites of ZAG and they are not for the competition 

of same binding site. The kd of 126–146 µM was found for all the metal chlorides. In this 

current study all the metals of Irving William series binding affinity were evaluated using 

florescence spectroscopy. Their respective effect on the maximum emission was monitored 

and binding affinity of each metal was determined.  

5.1 Future Perspective 

 The future perspective of the project is oriented on the sites responsible for the 

interaction of the ZAG. We are planning to map the interaction of metals and their complexes 

with ZAG. The theoretical studies using Gromacs and Rosetta platform will be used for the 

identification of epitope mapping. The identification of these sites will help us to understand 

the structural biology of ZAG and the will help us to understand the molecular interact with 

other small molecule or metal complexes.  

The above fluorescence study is an important aspect and will be used in future to 

elaborate the interaction of ZAG with other targets. We are planning to manage a study using 

aspirin, caffeine, hydrocortisone and epinephrine etc. These are known and potent 

pharmaceuticals and used in daily life. Their interaction with ZAG will be providing an 

avenue that how this abundant protein of secretion interferes with these potent molecules. 

The three dimensional structure of ZAG bound with these ligand will be an obvious study. 

Their 3D structure will be used as a template for the development of rational drug design. 

The use of ZAG protein for the treatment of diabetes is also in the scope of our interest. ZAG 

is known for lowering the sugar level thus opening a window for the diabetes related research 

work. 
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