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Abstract 
The aim of this study was to develop a reliable plasma sample preparation 
method and apply 2-DE proteomic analysis, using plasma from zinc 
deficient rats, to find novel biomarkers of zinc status. 50 rats were randamly 
divided into 5 groups and fed for 2 weeks with the semi-synthetic diet 
containing different Zn content: acute zinc deficiency (<1 mg Zn/kg), zinc 
deficiency (3 mg Zn/kg) and zinc adequacy (35 mg Zn/kg), along with 
pair-fed groups. The ideal method and reproducibility were tested for using 
Seppro rat spin columns which can remove the seven most abundant 
proteins and the ProteoExtract Albumin/IgG removal kit used to remove the 
abundant proteins from plasma. The concentration and separation 
methods of depleted protein sample were optimized. Different protein 
loading amounts, two sizes of 2-DE gels and two staining procedures were 
also compared. Significantly up or down regualted proteins were used for 
protein identification by LC-MS/MS.The research results showed that the 
acute zinc deficiency animal model had been established by the 
measurement the plasma zinc concentration. An optimum method for the 
depletion of high abundant protein with Seppro column and ProteoExtract 
Albumin/IgG kit has been established. The reproducibility of the depletion 
of the Seprro column is not good among samples, e.g. the ratio of 
measured depleted protein(D) to total protein(B+D) was stable at about 
25% in first 24 times of depletions, but it increased therefore up to 57% 
after 48 times of depletions. ProteoExtract Albumin/IgG column showed 
good reproducibility in the depletion high abundant proteins. The coefficient 
of variation of depleted and bound protein among the 6 samples was below 
10% among individual depletion procedure. Even more, after the 
concentration, there was 81% of depleted plasma protein and 82% for 
bound plasma protein recovered. Seventy protein spots showed up or 
down-regulated changes in the volume among the groups in 2-D gels. 
Among them, 37 proteins were identified by LC-MS/MS. Their identities will 
need further investigation. 
 
Key Words: Zinc, acute deficiency, Seppro column, ProteoExtract 

Albumin/IgG column, plasma, depleted proteins, abundant proteins, 2-D 

gel. 
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Introduction 

The zinc content in the earth's crust is about 0.004%. Zinc is an essential trace 

element in vivo and its amount is second to iron. Zinc was recognized as an essential 

trace element for rats and mice in the1930s, for pigs in 1955, and for humans in 1963 

(O’Dell, 1989). Zinc remains 10-100 mg/Kg, average 30 mg/Kg in variety of mammals 

and birds in vivo. Zinc mainly exists in skeletal muscle, which accounts about 50 to 60 

percent of the total zinc in the body, about 30% of zinc exists in bone. The locations of 

zinc absorption locations are variety among the animal species. The zinc absorption of 

monogastric animals takes place in the remote small intestine. Zinc absorption is via 

zinc and plasma albumin binding to specific transporter in the blood circulation and 

then is transferred to tissues and organs. Zinc is transported in the serum bound 

principally to albumin (70%), to α-2-macroglobulin (18%), and other proteins such as 

transferring and caeruloplasmin. A very small amount (i.e., -0.01%) of zinc is bound 

with amino acids, especially histamine and cysteine. Different tissues and organs 

show a variety of zinc turnover rate. Liver is a major organ for zinc metabolism with 

faster turnover. Zinc metabolised is slow in bone and the nervous system. Hair zinc. 

Zinc excretion is mainly through bile, pancreatic juice, other digestive juices, and the 

feces. In addition, sweat, breast milk, shedding of hair is also another route of zinc 

excretion (Oteiza, 2012). 

1.1 The physiological function of a zinc 

Zinc plays an important role in maintaining health via 3 very basic functions: catalytic, 

structural, and regulatory. Zinc is required for structural and functional integrity of more 

than 2000 (one third of the total body), transcription factors (Coleman, 1992),and over 

300 enzymes (Vallee and Falchuk, 1993). The third basic zinc function is the 

regulation of gene expression. The basic components include a metal-binding 

transcription factor (MTF) and a metal response element (MRE) in the promoter of the 

regulated gene. The MTF acquires zinc in the cytosol or nucleus and then interacts 
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with the MRE to stimulate transcription. 

The total body zinc content of adult humans ranges from about 1.5 to 2.5g, (Jackson, 

1989).  Less than 0.2% of the total body zinc content circulates in plasma. 

Homeostatic mechanisms maintain serum zinc concentrations in healthy persons 

within a narrow range (about 12-15 μmol/L; 78-98 μg/dL), even in the presence of 

markedly varying zinc intakes. Zinc levels are regulated by two families of zinc 

transporters- ZIP ( Zrt-, Irt-like protein) family and Znt (SLC30) (Liuzzi and Cousins, 

2004). 

 

1.1.1 Zinc and enzyme 

Zinc is a component of more than 300 types of enzymes and functional proteins. Zinc 

enzymes are involved in the metabolism of DNA, RNA, protein, carbohydrates, lipids. 

Activities of vitamins, mineral metabolism involved in zinc, such as: oxidoreductases: 

alcohol dehydrogenase, SOD, malate dehydrogenase, lactate dehydrogenase; 

transfer RNA polymerase enzymes: DNA polymerase, reverse transcriptase; 

hydrolytic enzymes: alkaline phosphatase, collagenase; The polymerases: carbonate 

liver enzymes; The isomerase phosphate isomerase; Ligases: tRNA synthetase. Zinc 

takes part in the activity as functional proteins such as metallothionein (MT), nuclear 

proteins, receptors and other components, thus zinc plays a wide range of 

physiological and biochemical functions (Coleman, 1992). 

1.1.2 Zinc and protein metabolism 

Zinc is an essential component of the enzymes activators involved in a mamalian 

physiological and biochemical reactions, thereby affecting protein metabolism. For 

example, zinc deficiency in animals will cause lower growth and development. 

Because zinc deficiency can affect many amino acid catabolism, causes several 

problems e.g. methionine, leucine, lysine metabolic disorders, thus affects protein 

synthesis. Zinc is also involved in the composition and synthesis of hormone. Zinc 
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deficiency can cause many clinical syndromes, including mucocutaneous lesions, 

delayed wound healing, immune dysfunction and abnormal, neurobehavioral 

development etc (Gibson, 2006).  

1.1.3 Zinc and vitamin, mineral metabolism 

Zinc participates in the composition of vitamin A reductase in the liver. This enzyme is 

important in the synthesis of retinene in retina. Thus zinc deficiency will affect the 

normal and dark vision of the animals by affecting liver vitamin A storage and transport 

(Das, 2012). Zinc deficiency can decrease absorption of vitamin C; in contrast zinc 

supplementation can reduce the excretion of vitamin C. Zinc deficiency can affect 

blood alkaline phosphatase activity, and affects calcification of the bone, thus affects 

the bone growth and decreases bone mineral density. 

1.1.4 Zinc and appetite, growth and development 

Zinc supplementation can improve the body's digestive function and appetite. Zinc is 

related to taste factors and also affects the structure and function of the oral mucosal 

epithelial cells. Zinc deficiency causes oral mucosal hyperplasia, which results in 

incomplete contact between food and the taste buds. Zinc deficiency will lead to a 

decrease in the differentiation of nucleic acids, proteins and digestive enzyme activity. 

Structure and function of taste buds will be affected and these may also reduce 

appetite (Gibson, et al., 1998a, b). Serum zinc is lower significantly in patients with 

anorexia nervosa. - Zinc deficiency reduced DNA and RNA synthesis and cell division, 

differentiation, so zinc affects on the growth and development of young animals 

(Hasan, 2012)  

1.1.5 Zinc and membrane functions, structure 

Zinc interacts with phospholipids and membrane protein thiol to stabilize the 

membrane. It is reported that zinc deficiency may cause membrane damage. The 

copper-zinc superoxide dismutase (Cu-Zn-SOD) is a key enzyme for the elimination of 

the superoxide radicals, SOD enzyme activity is reduced in zinc deficiency. 
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Peroxidase activity is also reduced, resulting in a pair of O2
0-

 peroxide injury. Harris et 

al., (1992) reported that Cu-Zn-SOD can play an important role not only in the removal 

of O2
0-, a free radical produced by many enzyme systems, but also decreases 

membrane unsaturated fatty acid lipid peroxidotin. MT is induced by zinc production 

and Zinc containing against some metal toxins, e.g. methylmercury and other heavy 

metals cytotoxicity. MT can provide a SH to protect the conformation of membrane 

proteins. Zinc binding with thiols can competitively block the combination of iron and 

thiols, thus reducing or preventing destructive catalytic oxidation of iron to prevent the 

formation of new free radicals (Kurita et al., 2012). 

1.1.6 Zinc and immune function 

Appropriate levels of zinc can ensure that animal tissues and organs function in the 

best condition, strengthing the animal’s immune system and enhancing the animal's 

resistance to diseases. When the animal is zinc deficient, it will affect differentiation of 

immune cells and inhibit the immunoglobin synthesis. Zinc deficiency can decrease 

the activity of immune cells and the number significantly as well. Zinc deficiency can 

decrease thymus weight, which returns to normal after zinc supplement. The 

intracellular zinc plays a decisive role on macrophage cell viability and neutrophil 

bactericidal ability. In the fetal or childhood period zinc deficiency inhibits the growth of 

lymphoid organs (Prasad, 2012). Zinc’s physiological function has been summarized 

in Figure 1.1 
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                   Figure 1.1 Biological Essentiality of Zinc 

1.2 Zinc homeostasis 

Approximately 90% of the body’s zinc reserves turn over slowly and are therefore not 

readily available for metabolism. The remaining zinc comprises the so-called rapidly 

exchangeable zinc pool (EZP).This EZP is about 100- 200 mg. Unlike other trace 

elements such as iron, there is no storage form of zinc in the body that can be readily 

mobilized when intakes are inadequate, which emphasizes the need for a regular 

dietary supply (King et al., 2001). The diagnosis of a deficiency of nutrients with 

specific functions is relatively straight forwards, zinc is a classic example of type 2 

nutrients (King, 1990). Type 2 nutrients are required for multiple general metabolic 

functions and therefore respond to insufficient intakes quite differently compared to 
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type1 nutrients such as iodine and selenium. 

A highly effective homeostatic mechanism responds to alterations in zinc intake, 

regulating absorption and conserving losses via the gastrointestinal tract and kidneys 

when intakes fall. An inadequate zinc intake in experimental animals or humans 

causes an avid reduction of excretory losses to conserve zinc (Baer and King, 1984). 

Endogenous fecal losses decrease markedly within a couple days. With severe zinc 

depletion (﹤1 mg dietary zinc/day), urinary losses also decline (King et al., 2000). If 

the decline in fecal and urinary losses fails to re-establish zinc balance, additional 

metabolic adjustments occur to mobilize zinc from a small, vulnerable pool for zinc 

function. Tissue catabolism may also occur to release zinc. By using isotope tracer 

techniques, it was predicted that when dietary zinc fell from 12.2 to 0.23 mg/day in a 

group of adult men, fractional zinc absorption could increase to virtually 100%, with 

urinary excretion falling from 0.36 to 0.006 mg/d and fecal excretion falling from 11.8 

to 0.23 mg/d (King et al., 2001). When homeostatic mechanisms fail to ensure that 

requirements are met, clinical symptoms of zinc deficiency will appear. 

Zinc homeostasis in cells is tightly regulated by multiple zinc transporters and 

zinc-binding proteins. There are nine members of the ZnT and 14 of the ZIP families of 

transmembrane cation transport proteins (Giacconi et al., 2012). They work 

individually or collaboratively to decrease or increase cytoplasmatic zinc. Depending 

on their localization on the plasma membrane or intracellular organelles, these 

transporters regulate the cellular zinc content or its intracellular distribution. Altered 

gene expression of these transporters has been demonstrated during differentiation.  

Figure 1.2 shows zinc is transferred across the cell membrane via the zinc proteins, 

ZIP and Zn transporters. ZIP has the ability to transfer zinc into the cell, and ZnT 

fluxes zinc outside the cell in order to maintain cell zinc homeostasis. Inside the cell, 

zinc takes part in the cell metabolism by binding a variety of enzyme and zinc proteins, 

zinc affects the RNA translation, and affects protein expression. . Zinc was regulated 

at the mRNA level through metal-responsive transcription factor 1 (Mtf1). 
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          Figure 1.2  Zinc is transported into and fluxed outside the cell  

MTf1 is a recognised zinc-sensory transcriptional activator and it can transport zinc 

into the cytosol (Zhang et al., 2012). Metallothioneins (MTs) have a high binding 

affinity for zinc and play a very important role in maintaining stable intracellular zinc 

availability through the binding or releasing of zinc. The Slc30 (ZnT) transporter family 

is responsible for the flux of zinc away from the cytosol, either into organelles or out of 

the cell (Foster et al., 2011). Chaperones are proteins that assist the non-covalent 

folding or unfolding and the assembly or disassembly of other macromolecules 

associated with zinc metabolism. 

1.3 Zinc nutritional biomarker 

High rates of zinc deficiency exist in large populations in developing countries, e.g. 
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India (Bhaskaram and Hemalatha, 1992; 1995) and China (Zhou et al., 1999), and 

also affect some of the lower income or vulnerable people e.g. elderly and pregnant 

women in developed countries (Meunier, 2005 a, b; Coudray et al., 2006; Kwun et al., 

2009; Taneja et al., 2009). In the UK, marginal deficiency exists in lower income family, 

elderly people and hospital patients. A report by the Scientific Advisory Committee on 

Nutrition has highlighted concerns over zinc nutrition in several age and gender 

categories of the UK population. Recommended adequate dietary zinc intake for 

optimal health has not been accurately resolved due to the zinc status required for 

optimal health, not being defined completely. There are no reliable markers of zinc 

status or most of the zinc nutritional status based on investigating the epidemiology 

and long-term health effects of marginal zinc status (Hambidge, 2000). Each country 

has a variety of Reference Nutrient Intake  (RNI) values of zinc based on their diet 

component, physiological conditions, economic level and life style. In the UK, the RNI 

of 9.5 and 7.0 mg Zn/d and lower RNI (LRNI) values of 5.5 and 3.0 mg Zn/d have 

been proposed for adult men and women, respectively (Buttriess, 2000). Less than 

10% of adults aged 19-64 years have a zinc intake below the LRNI, but up to almost 

40% of younger and older males and females have intakes below the LRNI for their 

age and gender. Zinc dietary intakes are stratified according to socioeconomic status, 

with lower income groups having lower zinc intakes. Pregnant women and 

vegetarians are more likely to have sub-optimal zinc intakes due to increased 

requirements and lower dietary intake, respectively (Whitton, et al., 2000).  

The lack of a reliable, responsive, and specific indicator of zinc status means that the 

diagnosis of marginal zinc deficiency is difficult. Many items have been explored, they 

are zinc concentrations in plasma, urine, saliva, zinc enzymes, zinc binding proteins, 

e.g. MT.   

Plasma zinc concentration is the most used biomarker for screen zinc deficiency in 

humans. The average plasma zinc concentration is 15 µmol/L or 100µg/dL. Zinc is 

combined mainly with pre-albumin and partly with α globulin. Zinc in circulatory blood 
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is only about 0.2% of the total zinc. 

    

Figure 1.3 Geographic distribution of zinc deficiency in children under 5 years old. 
The indicators show in the Table 1.1 In developed country: zinc deficiency is 10%, 
developing country: 61%, and worldwide: 20% (Brown and Wuehler, Zinc and 
human health, 2000; International Zinc Nutrition Consultative Group et al., 2004) 

Table 1.1 Risk of inadequate zinc intake and stunting (%) for area in Figure 1.3 

Category of Zinc deficiency in  

children under 5 years old 

% at Risk of inadequate 

zinc intake 

Stunting 

High  ≥ 25 ≥ 20% 

Intermediate  >15  and <25 >10 <20% 

Low  ≤15 ≤10% 

Zinc concentrations in tissues, e.g. muscle and liver are 50 times higher than in blood. 

Thus, the release of zinc from these tissues will affect blood zinc levels (Scott and 

Bradwell, 1983, International Zinc Nutrition Consultative Group et al., 2004).  

Plasma zinc has been used frequently for screening zinc deficiency in population or 

communities. When zinc supplementation is for a few days (i.e. from 15 days to 30 

days), the zinc concentration gradually increases. Several researchers regard blood 

zinc level as a reliable zinc biomarker as long as the population is in a stable status, 

which means there is no infection, no malnutrition etc. In children, exclude the factors 
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of diet and infection, zinc concentration is a reliable marker for assessment zinc status. 

e.g. in 3-6 year-old children, zinc supplementation can significantly improve the 

children’s growth in lower zinc groups (plasma zinc is lower than 11.47 µmol/L, n=140). 

After the supplementation the lower zinc group showed higher body weight and height. 

Which nearly reached the normal zinc group (plasma zinc is above 11.47 µmol/L, 

n=166) (Jia et al., 1994). Another study (Bahl et al., 1998) in children aged 15-59 with 

acute diarrhea. There was a higher predication suffering from diarrhea if their plasma 

zinc was below 8.4 µmol/L, compared to the plasma zinc above 8.4 µmol/L (RR: 1.47, 

95%CI: 1.03, 2.49). Furthermore, zinc deficient children has more severe symptoms, 

i.e. watery feces up to 5 motions/24 hours (RR: 1.70; 95% CI: 1.66, 2.72). The results 

showed that lower plasma zinc concentration increased the risk of children suffering 

from diarrhea, and there was a clear relationship between the plasma zinc 

concentrations to the diarrhea rate. From this study, the authors also suggested that 

plasma zinc concentration was a good biomarker for zinc deficiency.  

In using plasma zinc as a biomarker, several factors should be considered. Stress and 

infection will lower plasma zinc, thus, the reliability of using plasma zinc as the 

biomarker of zinc intake will be doubted if the community is suffering from high rate of 

infection. Stress can induce liver MT synthesis and thus reduce the zinc plasma 

(Brantely et al., 2012). Stress caused by skin and muscle injury in rats, has been 

shown to reduce, plasma zinc dramatically after 24 h from 26.9±5.8 µmol/L to 20.8 ± 

4.1 µmol/L), after three days the plasma zinc increased to 35.5 ± 8.4 µmol/L (Cheng et 

al., 1996). Other factors which directly affect albumin levels, e.g. protein malnutrition, 

kidney and liver disease, will indirectly affect plasma zinc concentration. Other 

physiological and pathological situations also affect plasma zinc concentration, e.g. 

hunger will induce zinc release from muscle, and increase the plasma zinc levels 

(Mellman et al., 1993). Sport and different pregnant periods, surgery et al., all affect 

plasma zinc levels. In animal and human studies, infection can decrease the plasma 

zinc and increase copper, and plasma proteins, e.g. c-reaction protein, anti-trypsin 

and lipid protein (Ruz et al., 1992 a, b). Infection can stimulate monocytes and 
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phagocyte to release interleukin-1 and tumor necrosis factor-α. In animal studies, 

Interleukin-1 injection can increase the zinc concentration  in liver, marrow, and 

thymus, and decrease zinc in bone, skin and intestine. This will decrease plasma zinc 

level (Bui et al., 1994). Nutrients, e.g. calcium, copper, iron, affect plasma zinc level 

too. Lower calcium intake can increase plasma zinc concentration (O’Dell, 1989). 

Other factors needs to be considered when using plasma zinc to assess zinc 

nutritional status, e.g. collection time for plasma, fasting status, exercise performance 

etc. There is a need to avoid blood cell lysis when collecting the plasma, because the 

red and white blood cell containing higher amount of zinc will release zinc into the 

plasma. 

In summary, zinc concentration in serum (plasma) is commonly used in the evaluation 

of body zinc nutritional status indicators, but most studies suggest that it is not a 

sensitive indicator for marginal zinc deficiency. However, there are many researches 

that are still using it as a first choice biomarker if it is used in a controlled situation, 

avoiding the factors that may affect plasma zinc concentrations. 

Zinc contents in white blood cells is 25 times higher than in red blood cells, However, 

due to the life of white blood cells being shorter than the red blood cells, the zinc turns 

over more quickly in white blood cells. There is a positive relationship between white 

blood cell zinc and tissue zinc. Zinc content in white blood cells is sensitive to zinc 

supplementation in elderly people. Thus zinc contents in white blood cell has been 

regarded as an important potential zinc biomarker. However, the half- life of different 

subtypes of white blood cells varies, and also their zinc contents are quite different. 

Meadous et al. (1981) showed a positive relationship between zinc content in white 

blood cell and the zinc content in muscle. It reflects the zinc used in the body more 

compared to the plasma zinc, thus it is a more reliable zinc nutritional status compared 

to plasma zinc. More researches have been focused on zinc contents from each 

subtype of white blood cells, however, much larger volumes of blood are needed to 

obtain enough white blood cells to measure zinc content. Also it’s difficult to get 
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purified white blood cells because of the problems of separating them completely from 

platelets. Determination of MT content in tissue enables one understanding in vivo 

absorption of trace elements, its transit and storage. The evaluation of the MT as a 

maker of nutritional status of some trace elements has been explored but, it is not a 

sensitive one either. Alkaline phosphatase activity is decreased in zinc deficiency, and 

it can indirectly reflect zinc nutritional status in growing animals (Zhou et al., 1999). 

The Cu-Zn superoxide dismutase (Cu/Zn-SOD) is also affected by the impact of zinc 

(Zhou et al., 1999). 

Lowe et al. (2009) carried out a systematic review of methods for status assessment 

of zinc status in humans. They reviewed 48 studies, and a total of 32 potential zinc 

biomarkers, 17 biomarkers of zinc status in zinc supplementation trials, and 25 

biomarkers in zinc depletion trials were identified. The summary of all the biomarkers 

identified, including the number of studies, participants, and the results of the primary 

analysis where relevant is presented in Table 1.2 (Lowe et al., 2009) 

Plasma or serum zinc concentration respond in a dose-dependent manner to dietary 

manipulation in adults, women, men, pregnant and lactating women, the elderly, and 

those at low and moderate baseline zinc status. It is the most used indicator of 

individual and population zinc status (Wessells et al., 2010).  Urinary zinc excretion 

responds to zinc status overall and in all subgroups for which there were sufficient 

data. Hair zinc concentrations are also responded, but there are insufficient studies on 

subgroup analysis (Yeudall et al., 2002). Platelet, polymorphonuclear cell, 

mononuclear cell, and erythrocyte zinc concentrations and alkaline phosphatase 

activity do not appear to be effective biomarkers of zinc status. 
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Table1. 2. Primary analyses( the greatest duration and the greatest supplementation dose) for each of the identified biomarkers for supplementation with zinc and zinc depletion (Lowe et al., 2009) 

Biomarker 

No.of studies 

(no.of included participants) 

Pooled effect size  

WMD(95% CI) 

Measure of  

heterogeneity, I2% 

Appears effective 

 as a biomarker? 

        

Plasma/serum Zn (μmoi/μmol/L) 50(1454) 2.88(2.24,3.51) 93.6 Yes 

Urinary Zn (mmol/mol creatinine) supplementation 5(373) 0.31(0.20,0.43) 0 Yes 

Urinary Zn (μmol/d) depletion 4(30) 3.89(1.01,6.76) 92.9 Unclear 

Erythrocyte Zn (μmol/L) 7(537) 2.20(-4.58,8.98) 0 No 

Mononuclear cell Zn  (μmol/1010 cells) 5(95) -0.05(-0.21,0.11) 37.7 No 

Polymorphonuclear cell (μmol/1010 cells) 6(101) 0.05(-0.13,0.22) 83.3 No 

Platelet Zn (nmol/109 cells) 5(105) 0.09(-1.1,1.30) 76 No 

Hair Zn (ppm) 3(93) 13.4(11.91,14.56) 0 Yes 

Plasma alkaline phosohatase ( IU/L) 6(410) 4.14(-2.38,10.65) 56.6 No 

Aminolevulinic acid dehydratase( IU/L RBC) 2(19) 7.88(-7.90,23.66) 89.4 Unclear 

Erythrocyte metallothionein (μg MT/g protein) supplementation 2(25) 121.82(-2.65,266.29) 90.7 Unclear 

Erythrocyte metallothionein (nmol/g protein) depletion 1(5) 0.30(-0.43,1.03) N/A Unclear 

Monocyte metallothionein cDNA (pg cDNA/ng RNA) 2(40) 1.02(0.48,1.56) 0 Unclear 

Saliva Zn (mg/dL) 1(50) 2.8(-2.67;8.31) N/A Unclear 

Salivary-sediment Zn ((μmol/g dry wt) 2(14) 0.7(-0.07,0.60) N/A Unclear 

Plasma extracellualr superoxide dismutase (IU/ml) 1(52) 0.50(-1.46,2.46) N/A Unclear 

Lymphocyte Zn (μmol/1010 cells) 3(18) -0.36(-1.61,0.90) 99.7 Unclear 

Lymphocyte ecto-5'-nucleotidase (nmol.h-1.10-6  cells) 1(6) -0.60(3.91,.71) N/A Unclear 

Nail Zn (ppm) 1(60) 24.10(4.69,43.51) N/A Unclear 

Plasma angiotensin-converting enzyme ( IU/L) 1(5) -19.40(-38.34,-0.46) N/A Unclear 
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Neutrophil Zn (μg/1010 cells) 3(26) 7.44(-15.71,30.58) 95.0 Unclear 

T lymphocyte metallontionein -2A mRNA (fg MT-2A mRNA/pg 

β-actin mRNA)  
1(7) 6.60(-1.77,14.97) N/A Unclear 

Plasma 5'-nucleotidase (Shinowara units) 1(15) 1.75(0.54,2.96) N/A Unclear 

Mixed-saliva Zn (μmol/L) 1(7) -0.73(-2.49,1.03) N/A Unclear 

Endogenous Zn excretion (μmol/d) 1(5) 36.70(33.96,39.44) N/A Unclear 

Plasma Zn flux (mmol/d) 1(5) 3.74(2.42,5.06) N/A Unclear 

Exchangeable Zn pool (mmol) 1(5) 0.92(0.27,1.57) N/A Unclear 

Carbonic anhydrase (IU/g Hgb) 1(5) -0.10(-0.89,0.69) N/A Unclear 

Feces Zn (μmol/d) 1(5) 60.39(57.00,63.78) N/A Unclear 

Neutrophil α-D-meannosidase (nmol product.h-1.mg protein-1) 1(15) -5.30(-58.75,48.15) N/A Unclear 

Neurrophil alkaline phosphatase (nmol product.h-1.mg protein-1) 1(15) -122.80(-294.85,49.25) N/A Unclear 

Erythrocyte membrane Zn (μmol/g protein) 1(15) 0.05(-0.11,0.21) N/A Unclear 

Erythrocyte alkaline phosphatase (nmol product.h-1.mg protein-1) 1(15) 0.15(-0.04,0.34) N/A Unclear 

Erythrocyte membrane NP (nmol product.h-1.mg protein-1) 1(15) 0.00(-0.15,0.15) N/A Unclear 
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1.4 Zinc estimated average requirement (EAR)  

Rich sources of dietary zinc include meat, fish, shellfish, nut, seeds, legumes, and 

whole-grain cereals. However, plant source are considered to be less bioavailable 

because of the presence of phytic acid that binds to zinc-forming insoluble complexes, 

which thus inhibits zinc’s absorption (Hunt et al., 2003). 

The current recommendations for dietary zinc intake in adults range from 7 mg/d (UK 

Reference Nutrient Intake) to 11 mg/d (US Recommended Dietary Allowance) 

(Geissler, 2005). The broad range reflects in part the variation in requirements due to 

differences in the bioavailability of zinc from different national diets and also the 

difficulties associated with estimating the requirements for optimal health, which 

depends on a reliable indicator of status (King, 1990). The International Zinc Nutrition 

Consultative Group (IZiNCG) (2004) presented a revised set of recommendations 

(Table 1.3, Table 1.4) for international use. 

When homeostatic mechanisms fail to ensure that requirements are met, clinical 

symptoms of zinc deficiency will appear. Severe zinc deficiency is associated with 

stunted growth, immune dysfunction, and poor wound healing. These symptoms of 

severe zinc deficiency are most dramatically observed in acrodermatitis enteropathica, 

a congenital condition in which the infant is born with impaired gastrointestinal zinc 

transport, which limits the ability to absorb zinc (Atherton et al., 1979). 
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Table 1.3 Estimates of dietary zinc absorption, as developed by the World Health Organization (WHO), the US Food and Nutrition 

Board/Institute of Medicine(FNB/IOM), and IZiNCG and summaries of the data used to derive them (Hotz et al., 2007) 

Variable WHO FNB/IOM IZiNCG 

Diet types 
represented 

Highly refined 
Mixed/refined 

vegetarian 
refined 

Mixed (N=5), Semipurified (N=4) 

EDTA-washed soy protein(N=1) 

Mixed (N=11) 
refined vegetarian 

(N=3) 

Unrefined， 
cereal-based(N=1) 

Study type Single meal and total diet Total diet 

Subjects NA NA NA Men19-50yr 
Men and women 

20+yr 

Men and women 

20+yr 
Phytate:zinc 

molar ratio 
<5 5-15 >15 NA 4-18 >18 

Zinc absorption 50% 30% 15% 41% 
26% men 

34% women 

18% men 

25% women 
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Table 1.4 IZiNCG (2004) Estimated average requirement (EAR) for dietary zinc intake 

according to life stage and diet type 

Life stage Sex 
Reference 

body weight 
(kg) 

IZiNCG EAR for zinc(mg/day) 
Mixed or refined 
vegetarian diets 

Unrefined cereal 
based diets 

6-11 mo M+F 9 3 4 
1-3 yr M+F 12 2 2 
4-8 yr M+F 21 3 4 
9-13 yr M+F 38 5 7 
14-18 yr M 64 8 11 
14-18 yr F 56 7 9 

Pregnancy F - 9 12 
lactation F - 8 9 
>19 yr M 65 10 15 
>19 yr F 55 6 7 

Pregnancy F - 8 10 
lactation F - 7 8 
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1.5 Proteomics technique in zinc biomarker discovery 

The WHO recognises zinc deficiency as being one of the most important health issues 

globally but there are no reliable biomarkers of zinc status to assess this health risk 

(Hambidge, 2000). Reliable analysis of zinc status is therefore a key to defining 

optimal zinc status, understanding the health implications of marginal zinc status and 

setting evidence-based reference intake levels. Currently, the most widely used 

marker of zinc status is plasma zinc (Zhou et al., 1999; Taneja et al., 2009). However, 

plasma zinc homeostasis is well maintained over quite a wide range of zinc intakes, 

and so marginal deficiency remains undetected (Hambidge, 2000). In addition, stress 

and infection can cause decreases in plasma zinc levels, which complicates status 

assessment by this means. The activity of plasma alkaline phosphatase and 

erythrocyte superoxide dismutase, both zinc-dependent enzymes, are useful for 

identifying more severe cases of zinc deficiency (Zhou et al., 1999), but their utility for 

marginal deficiency is questionable. The expression of retinol binding-protein (RBP) is 

zinc-dependent and there is evidence that plasma RBP and plasma retinol levels may 

be indicative of zinc status (Coudray, 2006). A positive relationship between zinc and 

biological activity of thymulin has been found (Mocchegiani, et al., 2004 a, b; Chen et 

al., 2005). Another potentially useful marker of zinc status is MT, a zinc-inducible and 

zinc-binding protein. Zinc deficiency decreases plasma MT in rats whereas other 

stress factors such as endotoxin and starvation increase or do not affect plasma MT 

(Sato et al., 1984a, b; Mocchegiani, 2004a). Other biomarkers have been suggested 

but none is able to indicate status independently of other variables.  

Proteomic technique had been widely used to screen the different protein profile of the 

experimental conditions, e.g. physiological, pathological conditions. Because the role 

of zinc is involved in the function of 3000 different proteins (Figure 1.3), proteomics 

may provide useful information (Kitteringham, 2009) in identifing sensitive functional 

targets of zinc deficiency leading to biomarker discovery (Figure 1.4).  
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Figure 1.4 Schematic representation of the steps involved in gene expression 
(centre), the stages at which zinc can modulate these processes (left), and the 
functional genomics techniques used to analyse each stage (right) – modified from 
Elliot, BMJ 

Zinc or zinc structured proteins can directly affect DNA transcription or RNA 

translation, thus, affecting  their final products, and thus expression. Zinc or zinc 

proteins can affect directly the cell’s activities and metabolism. After completion of 

human genomic program, techniques of omics: transcriptomics, proteomics and 

metabolomics, have been developed rapidly they provide suitable tools for further 

applications to zinc biomarker discovery. 2-D gel technology, one of the basic 

techniques in proteomic technology, was applied into the study, because up to 2000 

proteins can be separated in a single 2-D gel. As zinc is involved in up to 3000 

different proteins, 2-D gel technology will be a powerful tool to understand complex 

relationships between zinc, proteins, and pathophysiology. 
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Although plasma is a suitable biological medium for biomarker discovery, 

low-abundant proteins with greater diagnostic potential are often masked by the 

presence of the high-abundance plasma proteins. Thus, a study was focused on the 

depletion of high abundant proteins by comparing the efficiency and reproducibility of 

two commercial immunoaffinity columns which remove high abundant proteins. They 

have the � HYPERLINK "http://dict.cn/potential" �potential� to deplete specific high 

abundant proteins such as albumin, IgG and transferrin from rat plasma samples. In 

this thesis depleted plasma protein samples were subsequently analyzed by 2D 

SDS-PAGE and significant different protein spots were further analysed by 

LC-MS/MS.  

For this research, an animal model of zinc deficiency was set up. The plasma was 

collected for the analysis of zinc biomarkers. The reproducibility of the commercial kits 

used for the depletion of high abundant plasma proteins were investigated and the 

efficiency of 2-D gel in separation the proteins were further studied. The different 

expressed proteins were identified by LC-MS/MS.  

http://dict.cn/potential�
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2.1 Introduction 

Zinc deficiency is widely spread across developing countries and in some groups of 

populations in developed countries, e.g. aged person, persons living in low income 

family (Bhaskaram and Hemalatha, 1995; Sheng et al., 2006). Most of the zinc 

deficiency is chronic, however, in some cases acute zinc deficiency will occur, e.g. 

reduced zinc intake due to illness or zinc loss because of impaired zinc absorption. 

There is a good chronic zinc deficiency animal model (Ruz et al., 1991). The aim of 

this study was to set up an acute zinc animal model and to provide blood samples for 

the measurement of plasma zinc and related proteins in order to find zinc sensitive 

biomarkers in following chapters. 

2.2 Animals and diets 

Fifty  8 weeks old male SD strain rats were randomly divided into 5 groups and fed 

with the semi-synthetic diet (Table 2.1) with different Zn content for 2 weeks. Zinc 

contents in the diet group are acute zinc deficiency (AZD, <1 mg Zn/kg diet), zinc 

deficiency (ZD, 3 mg Zn/kg diet) and zinc adequacy as normal control (C, 35 mg Zn/kg 

diet), along with pair-fed groups to AZD and ZD group, PFA and PFD, which amount of 

diet (both PFA and PFD diet containing zinc 35 mg Zn/kg diet) intake is same as AZD 

and ZD groups. Animals were maintained at 20 ◦C, 12 h/12 h day/night cycles in 

stainless steel cages with free access to deionized water and the diet. After two weeks, 

rats were anaethesied and blood was taken by cardiac puncture. Blood was collected 

in a heparinized syringe (BD Biosciences, USA) and then transferred to a 15 ml tube. 

The tubes were inverted up and down 8 times and immersed in an ice bath in 10 

minutes. The tubes were centrifuged at 2000×g (3300 rpm) for 15 min at 4 ◦C. 

Supernatant (plasma) was separated from erythrocytes and buffy coat and were 

aliquoted into 100 μl tubes mixed with 2 μl of protease inhibitor cocktail (Sigma-Aldrich, 

UK, P8340) and  kept at −80 ◦C until analysis. Atomic absorption spectrometry was 

used to measure the concentration of zinc in the rats’ plasma. 
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Table 2.1 Components of the diets 

(100 kg of semi-synthetic diet) 
Ingredient Weight (kg) 
Egg White 20 
DL-methionine 0.3 
Corn Starch 15 
Sucrose 48.427 
Cellulose, BW200 5 
Corn Oil 5 
Mineral Mix(Table 2.2) 4.973 
AIN 76A Vitamin Mix 1 
Choline Bitartrate 0.2 
Biotin Mix (Table 2.3) 0.1 
Zinc chloride As required 
Total 100 kg 

 

 

 

 

 

Table 2.2 Mineral Mix 

          
Ingredient     Weight (g/kg) 
CaCO3 1500 
Na2HPO4 660 
KH2PO4 1570 
KCl 110 
MgSO4.7H2O 510 
Na2SiO3.5H2O 76 
Trace element mix 500 
CuSO4.5H2O 1.97 
FeSO4.7H2O 24.9 
MnSO4.7H2O 20.3 
Total 4973.17 g 

 

 

 

 

 

Table 2.3 Biotin Mix 

             
Ingredient  Weight (g/kg) 
Biotin 0.5 
Egg white 99.5 
Total 100g 
  
NiCl26H2O 0.406 
Cr2(SO4)3.K2SO4.24H2O 4.8 
SnCl4.5H2O 0.592 
Na2SeO3 0.022 
Sucrose 493.4 
Total 500g 
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2.3 Statistical analysis 

Data were analysed using SPSS 13.0 for Windows Student Version. P <0.05 was 

considered to be statistically significant. 

2.4 Results 

2.4.1 Food intake in different groups during experimental period 

The food intake in different groups during the experimental period is shown in Table 

2.4 The two weeks study showed that in the case of the free eating of group AZD, ZD 

and C, compared with normal controls. With the decline in the zinc content in the food, 

animal food intake also decreases. AZD group had the lowest average food intake for 

two weeks, it was 237.0 g ± 17.1 g, compared with the normal control group. The 

average daily food intake decreased 5.0 g, a decrease of nearly 25%. For the ZD 

group, the average food intake at two weeks was 292.7 g ± 14.4 g, compared with 

normal control. The average daily food intake thus decreased 1.0 g, a decrease of 

nearly 5%. It also once again showed that zinc deficiency can affect appetite.  

Due to the decline in food intake, after two weeks there was a marked difference in 

animal weight. The weight changes are shown in Table 2.5 and Figure 2.1. 

Compared with normal controls (C), after 2 weeks, the average body weights of the 

AZD and PFA groups were lower by 14.9% and 10.3% respectively. The difference is 

significant (p<0.0001 and p<0.001, respectively). The average body weights of the ZD 

group was lower by 3.8%,the difference is very significant.（p=0.0125）and the PFZ 

group was lower by 2.2% , but the difference is no significant（p=0.1844）.   

Compared with PFA, the average body weight of AZD was lower by 5% (p=0.007), 

Even though the food intakes were basically same in the AZD group and PFA group, 

this has proved a serious lack of zinc intake in a short period of time can affect the 
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growth of the animal.  

The analysis of variance shows： 

1. For diet intake, there were no differences between the groups of AZD and PFA 

and the groups of ZD and PFD. There were significant differences between the 

groups of ZD, PFD, C and AZD, p <0.0001. There were significant differences 

between the groups of AZD, PFA, C and ZD, p <0.001. 

2. Comparing the mean of zinc intake of each group, there were significant 

difference between every group (p <0.001). 

2.4.2 Zinc concentration in blood  

The plasma Zn concentration of the AZD group was the lowest, it was 0.648 mg/L, 

then ZD group was 0.875 mg/L, for PFA, PFD and C were 1.306 mg/L, 1.470 mg/L, 

and 1.578 mgL respectively. Comparing the mean of plasma Zn concentration, there 

were no significant difference between the groups of C and PFD, and the groups of 

PFA and PFD. There were significant difference between the groups of ZD, PFA, PFD, 

C and AZD, p <0.001. There were significant difference between the groups of AZD,  

PFA, PFD, C and ZD, p <0.001.  
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Table 2.4 Zinc status of cute zinc deficiency animal experiment 

 

* There are no statistically significant difference the two groups with same letter in the 

same column in the table, or else, there is significant difference between the two 

groups if different letters showed, p<0.001. 

 

Zn group No of 

rat 

 (n) 

Diet intake 

(g) 

Zn intake 

(mg) 

Plasma Zn 

concentration. 

 (mg/L) 

AZD 10 237.0±17.1 a* 0.237±0.018 a 0.648±0.145 a 

ZD 10 292.7±14.4 b 0.878±0.0431 b 0.875±0.266 b  

PFA 10 234.9±15.6 a 8.220±0.545 c 1.306±0.206 c   

PFD 10 284.1±12.3 b 9.945±0.432 d 1.470±0.187 c, d 

ZA 10 307.0±12.6 c 10.745±0.441 e 1.578±0.154 d 



 

28 
 

 
Figure 2.1. Food intake(g) during the experimental period 

 
Figure 2.2. Total Zn intake(g) in different groups in 14 days exprerimental period 

 

Figure 2.3. Average body weight (g) of each diet group 

(g) 
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2.4.3 Body weight of rats during the experimental period 
 
    Table 2.5 The change in body weight (B.W., g) 

* Day 11 is the date after 10 days acclimation in the breeding room, the start date of 

experiment. There is no statistical difference between the two groups with same letter 

in the same column in the table, or else, there is a significant difference between the 

two groups if different letters are shown, p <0.05. 

       

  

           Figure 2.4 Correlation between plasma zinc and intake of diet 

Zn group rat No B.W. at D11 B.W. at D25 Increase in B.W  

AZD 10 292.3±11.4 a* 309.1±11.3 a 16.8±7.3 a 

ZD 10 301.4±10.4 a 325.7±13.2 b 24.3±11.3 b  

PFA 10 293.3±9.1 a 351.3±10.6 c 58.1±8.9 c   

PFD 10 297.7±13.7 a 353.0±15.9 c d 55.4±9.6 c 

C 10 294.3±13.7a 363.1 ± 10.3 d 68.7±6.8 d 
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The results showed that two weeks of feed can cause varying degree of zinc 

deficiency in rats fed zinc content of either <1 mg/kg or 3 mg/kg, compared with eating 

the same amount of normal zinc diet group (PFA group), plasma zinc concentration 

decreased by 50% in AZD group and 40% in ZD group. The two weeks feeding study 

showed the successful zinc animal model as reflected by the reduced zinc 

concentrations in the plasma. 

2.5 Discussion 

2.5.1 Acute zinc deficiency model set up.  

Zinc deficiency is important as it causes many health issues, such as reduced food 

intake and appetite (Lyckholm et al., 2012)  and lower immunity (Prasad et al., 2008). 

Most of the zinc deficiency is of the chronic type, either consuming food with lower 

zinc contents, poor zinc absorption caused by zinc-poor quality food e.g. plant food 

(Arsenault et al., 2010) or disease (Lyckholm et al., 2012). In experimental human 

model studies, in which was given zinc 3 to 5.0 mg during the zinc-restricted period, 

the plasma zinc concentration remained within the normal range, and and it 

decreased only after 4–5 months of zinc restriction. However zinc concentration in 

lymphocytes, granulocytes, and platelets decreased within 8–12 weeks (Prasad, 

1988). There is less acute zinc deficiency cases in human except the person suffering 

from specific diseases, e.g. acute diarrhea (Sazawal et al., 1995) which significantly 

reduced food intake. The acute zinc deficit rat model has been used for some 

researches (Hamdi et al., 1997). However, the different models reported suit different 

purposes. This model has been tested by Beattie et al. (2008). Here, result shows that 

acute zinc depletion caused the zinc concentrations to decrease significantly even in 

two weeks’ time. The results show the model is successful. The potential protein 

changes in relation to the zinc nutritional status will be further investigated.  

2.5.2 Food intake decreases after acute zinc deficiency  

Food intake affected by zinc deficiency was reported widely either in human and 
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animal studies (Chesters et al., 1970). Zinc supplementation can improve food intake 

in zinc deficient human and animals. It also shows a trend toward improvement over 

time after zinc supplementation. Zinc has been regarded as an appetite stimulator 

(Suzuki et al., 2012), e.g. zinc supplementation improve the symptoms of anorexia in 

experimental animals. Anorexiahad been reported in zinc deficiency in human and in 

animals. The mechanism is not clear. Zinc intake orally rapidly stimulates food intake 

in zinc deficient rats, and a zinc-sufficient diet containing zinc chloride stimulated food 

intake after short-term zinc deprivation. In our study, food intake decreased in rats with 

lower zinc intake (Table 2.5).  Studies have shown increased orexigenic peptides 

coupled to the afferent vagus nerve, increased the expression of neuropeptide Y 

(NPY) and orexin mRNA in these studies (Suzuki, et al., 2012). Furthermore, when 

vagotomized rats were tested, zinc administration did not affect food intake which 

showed further investigation to test the role of connection between zinc and the 

afferent vagus nerve with subsequent effects on hypothalamic peptides associated 

with food intake.   

In summary, the results showed that the plasma zinc levels were significantly 

decreased in acute zinc deficiency rats. This shows the zinc deficiency model had 

been successfully set up. The plasma samples can be used for test the zinc related 

protein profile in plasma by using the proteomic technique in the following 

experiments.  
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Chapter 3 

 

 

An investigation into the optimum conditions 
for efficient separation of abundant plasma 

proteins by a Seppro column 
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3.1 Introduction 

Plasma is one of the easily available bio-fluids and it is frequently used for analysing 

the biochemical changes in relation to a disease status. Plasma makes up 55% of the 

blood volume. The dissolved materials are protein, glucose, amino acids, vitamins, 

minerals, etc. Among the proteins (7-8 g/dL), the most abundant proteins are albumin  

globulins  and fibrinogen which are composed of 60%, 30%, and 4% of tatal plasma 

proteins. Albumin is important to maintain osmotic pressure of plasma, it assists in the 

transport of lipids and steroid hormones. Globulins are used in the transport of ions, 

hormones and lipids assisting in immune function. Fibrinogen is essential in the 

clotting of blood and can be converted into insoluble fibrin. The remaining 1% of 

proteins are regulatory proteins and are composed of thousands of other small 

amount of proteins, such as enzymes, proenzymes and hormones etc. All together, 

these proteins play an important role in building up cells, regulating body’s 

metabolism, and maintaining blood pH etc..  

Biochemical marker testing has improved the evaluation and management of patients 

with earlier diagnosis in order to prevent the disease progression. Plasma as a 

common metabolic pool has become a very important material. Abnormal metabolism 

of protein exists in most diseases, thus, the changed proteins and related metabolites 

are target biomarkers. Zinc is involved in the function of more than three thousands 

protein or structures. Thus, zinc related proteome research will reveal zinc biomarker 

potentially. Current research regarding blood plasma proteins is centered on 

performing proteomic analyses of plasma in the search of biomarkers. Unfortunately, 

these proteins of disease biomarkers typically appear at low concentrations 

(Anderson and Anderson, 2002).  
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 The ten most abundant proteins represent approximately 90% of the total proteint mass 

in human plasma 

 The most abundant proteins are said to represent approximately 99% of the total protein 

mass in human plasma 

 

Figure 3.1 Plasma protein and its highest abundant twenty proteins in plasma 
(adapted from Sigma-Aldrich document) 

Identification of these proteins has significantly increased study of the human plasma 

proteome. These efforts started with two–dimensional gel electrophoresis(2-DE) in 

the 1970s and in more recent years this research has been performed using LC-MS 

based proteomics. However, the plasma proteome has a large dynamic range of 

individual protein concentrations (10 orders of magnitude). Therefore, identification of 

low amount proteins of interest using 2-DE is difficult. This affects the biomarkers 
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discovery. To tackle this problem, several commercial columns have been developed 

in order to deplete the higher abundant proteins. Among them, ProteoPrep
™ 

20 

Plasma Immunodepletion Kit (PROT-20) (Sigma-Aldrich Lt.d) is the most used one 

and is designed to remove the twenty most highly abundant proteins.Seppro Column 

(Sigma-Aldrich Lt.d) specified for rat plasma is designed to remove seven highly 

abundant proteins. The Albumin/IgG removal kits (122642-1KIT) and PROT-20 are 

antibody-based resin, which has been developed to deplete 20 high-abundance 

proteins from human plasma. This depletion technology uses a mixture of small 

single-chained recombinant antibody ligands along with conventional affinity purified 

polyclonal antibodies. Depletion of 99% of these 20 high-abundant proteins removes 

97–98% of total abundant plasma protein. Following 2-DE or LC separation, greater 

visualisation of proteins that typically are masked by the high-abundant proteins was 

observed. This is caused by depletion high abundant proteins and therefore allows 

the remaining less abundant proteins to be loaded at a 20–50 times higher level for 

improved identification of lower-abundance proteins. Seppro Column is one of 

frequently used by published papers (Corrigan et al., 2011; Polaskova et al., 2010; 

Cellar et al., 2008). It can remove the top 7 highly abundant proteins in rat/mouse 

plasma, and it can be repeatedly used up to 100 times according to the company 

document.  

Most studies have focused on the efficiency of the column, which showed high 

efficiency of binding related abundant proteins, however, there is no research on the 

longevity of the column to be used efficiently and reproducibility in depletion of the 

abundant proteins. Another issue is how the information of the whole protein profile 

regarding the zinc related biomarker will require the scarce proteins, which may bind 

to the abundant proteins during the depletion procedure, and the abundant proteins 

as a whole protein profile. Because we have fifty plasma samples thus, our priority is 

to test how many samples can be treated reproducibly by using this column; and also 

set up a standard procedure for the depletion. Sample preparation information is not 

fully clear in the company’s documents and also this information varies in the 
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publications. Thus a thorough evaluation of this Seppro Column using 2-DE combined 

with image analysis software was performed to examine the following criteria: (i) 

efficiency of high-abundance protein depletion, (ii) optimize each procedure in using 

the column and optimize the concentration methods of depleted protein sample; (iii) 

removal of non-specific proteins other than the targeted proteins; (iv) total number of 

protein spots detected on the gels following depletion; and (v) to test the efficiency of 

the column after n times depletion abundant protein.  

3.2 Method and materials 

3.2.1 Seppro rat spin column (Sigma-Aldrich, UK SEP130-1KT) was used Seppro rat spin 

column can deplete 7 high abundant plasma proteins: rat serum albumin, IgG, 

fibrinogen, transferrin, IgM, haptoglobin, and alpha1-antitrypsin. The depletion 

workflow is been shown in Figure 3.2 as a general guideline and more modified 

procedure had been shown in the detailed procedure.  

  
Prepare spin column 

Centrifuge 30 sec to remove storage buffer 
 

Column equilibration 
(500 μl of dilution buffer, mix the beads and the buffer by inversion and shaking the column, place 

it on an end-to-end rotator, and incubate at RT for 15 mins) Centrifuge 30 sec to dry the beads 
Sample preparation 

 
(Dilute 20 μl rat plasma with 480 μl of dilution buffer) 

Remove particulates with a 0.45 mm spin filter, centrifuge for 1 minute at 10,000 g. 
 

Add sample to column 
(500 μl of diluted sample, mix the beads and the sample by inversion and shaking the column, 

place it on an end-to-end rotator, and incubate at RT for 15 mins.) 
Centrifuge 30 sec to collect the flow-through as depleted protein 1(1) 

 
Wash the column 

（500 μl of dilution buffer, mix the beads and the buffer by inversion and shaking the column, 
place it on an end-to-end rotator, and incubate at RT for 15 mins.） 

Centrifuge 30 sec to collect the flow-through as depleted protein 1(2) 
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To remove the non-specifically bound protein 

Wash beads with 500 μl of dilution buffer, a total of 3 times. Centrifuge 30 sec to collect the 
flow-through as 2(1), 2(2),2(3) 

 
Bound protein elution 

4 times, each time: 500 μl of stripping buffer, mix the beads and the buffer by inversion and 
shaking the column, place it on an end-to-end rotator, and incubate at RT for 3 mins. Centrifuge 30 
sec to collect the flow-through as bound protein 3(1), 3(2),3(3),3(4). Pool four eluted samples (~2 

ml) and neutralize with 200 ml of 10×neutralization buffer 
 

Regeneration of column resin 
600 μl of neutralization buffer, incubate at RT for 6 mins. Centrifuge 30 sec. 

 
Resuspend used beads  

0.5 ml of dilution buffer (for storage, buffer contain 0.02% sodium azide) 
 

Figure 3.2 Workflow of the depletion  

The methods were based on the protocols provided by the company (see 

http://www.sigmaaldrich.com/etc/medialib/docs/Sigma/Bulletin/sep130bul.Par.0001.Fi

le.tmp/sep130bul.pdf , access May, 2012), but several parts have been modified and 

showed in the followings.  

3.2.2 Set up a method to deplete high abundant plasma protein with Seppro rat 
spin columns.  

The experimental procedure is shown as in the follows: 

1) Place the column in a 2 ml collection tube (labelled 25A CT1) 

2) Centrifuge the column for 30 seconds at 2,000 rpm, 20°C, with the parameter of 

accelerate: 9, and brake: 9, with the balance tube, 74 mm fixed angle rotor. Every 

collection tube was put it on the ice after centrifugation. 

3) Place the end cap on the column tip, add 0.5 ml of 1×dilution buffer immediately on 

the dried beads in the column. Seal the column with the top snap cap. Mix the 

beads and the sample completely by inversion and shaking the column ( shaking 

10×3 times, inversion 10 times, shaking 10 times, invert 10 times, shaking 10 

times), place it on an end-to-end rotator, speed 14, and incubate at room 
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temperature for 15 minutes. Run one blank samples (buffer only) to remove any 

residual non-covalently bound IgY from the beads. 

4) During the 15 minutes incubation, rat plasma tube was taken out of the -80°C 

freezer and thawed at room temperature, two aliquots of 20 μl were removed into 

two 0.5ml tubes (25A DS & 25B DS) separately and the tubes stayed in ice. 480 μl 

of 1×dilution buffer was added into 25A DS, votexed well, then transferred all the 

diluted sample into a 0.45μm spin filter (labeled 25A), do not remove the tip. Use 

another 20 μl pipette to add 15 μl 1×dilution buffer into the 25A DS tube, use 200 μl 

pipette with the same tip to transfer this 15 μl buffer into filter. The filter was 

centrifuged with the balance tube for 1 minute at 10,000×g . 

5) After 15 minutes incubation of the SEP130 column, inverte the column to remove 

the end cap, place the column in a 2 ml collection tube (labeled 25A CT2), and 

centrifuge for 30 seconds at 2,000 rpm to obtain dried beads. 

6) Place the end cap on the column tip and adde 0.5 ml of diluted sample 

immediately on the dried beads in the column. Seal the column with the top snap 

cap. Mix the beads and the sample completely by inversion and shaking the 

column (shaking 10×3 times, invert 10 times, shaking 10 times, invert 10 times, 

shaking 10 times), place it on an end-to-end rotator, and incubate at room 

temperature for 15 minutes. 

7) Invert the column. Remove the end cap, placed the column in a 2 ml collection 

tube (labeled 25A 1(1)), and centrifuged for 30 seconds at 2,000 rpm. 

8) Add 0.5 ml of 1×dilution buffer to the beads. Mixed beads and buffer completely by 

inversion and shaking the column (shaking 10×3 times, invert 10 times, shaking 10 

times, invert 10 times, shaking 10 times). Place it on an end-to-end rotator, and 

incubate at room temperature for 15 minutes, place the column in a new 2 ml 

collection tube (labelled 25A 1(2)), centrifuge for 30 seconds at 2,000 rpm. This will 

obtain maximum yield of the flow-through sample. 

9) Inserte the end cap, then add  0.5 ml of 1×dilution buffer, and seal the column 

with top snap cap. Mix the beads and buffer completely by inversion and shaking 

the column (shaking 10×3 times, inversion 10 times, shaking 10 times, inversion 
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10 times, shaking 10 times), place it on an end-to-end rotator, and incubate at 

room temperature for 5 minutes, remove the end cap while inverting the column, 

and place it in a 2 ml collection tube (labelled 25A 2(1)). Centrifuge for 30 seconds 

at 2,000 rpm. 

10) Insert the end cap, then add 0.5 ml of 1×dilution buffer, and seal the column with 

top snap cap. Mix the beads and buffer completely by inversion and shaking the 

column (shaking 10×3 times, inversion 10 times , shaking 10 times, inversion 10 

times, shaking 10 times), remove the end cap while inverting the column, and 

place it in a 2 ml collection tube (labelled 25A 2(2)). Centrifuge for 30 seconds at 

2,000 rpm. 

11) Insert the end cap, then add 0.5 ml of 1×dilution buffer, and seal the column with 

top snap cap. Mix the beads and buffer completely by inversion and shaking the 

column (shaking 10 × 3 times, inversion 10 times , shaking 10 times, inversion 10 

times, shaking 10 times), remove the end cap while inverting the column, and 

place it in a 2 ml collection tube (labelled 25A 2(3)). Centrifugefor 30 seconds at 

2,000 rpm (Step11 and 12 are to remove non-specifically bound protein from 

beads). 

12) Insert the end cap, then add 0.5 ml of 1×stripping buffer, and seal the column with 

top snap cap. Mix the beads and buffer completely by inversion and shaking the 

column (shaking 10×3 times, inversion 10 times, shaking 10 times, inversion 10 

times, shaking 10 times), place it on an end-to-end rotator, and incubate at room 

temperature for 3 minutes, remove the end cap while inverting the column, and 

place it in a 2 ml collection tube (labelled 25A3(1)). Centrifuge for 30 seconds at 

2,000 rpm and collect the elute into 25A3(1). 

13) Repeat step 15 for 3 times and their elution were collected into 25A 3(2), 25A 3(3), 

and 25A 3(4) separately.  

14) In order to regenerate the spin column after stripping bound proteins, immediately 

add 0.6 ml of 1×neutralisation buffer to neutralize the beads. Beads and buffer 

were mixed completely by inversion and shaking the column. They were placed on 

an end-to-end rotator, and incubated at room temperature for 5 minutes. 
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15) During the 5 minutes of step 14, use a 200 μl micropipette to transfer the bound 

protein from 25A 3(2), 25A 3(3), 25A 3(4) all into 25 A 3(1), mix and neutralised 

with 200μl of 1× neutralization buffer. 

16) When the 5 minutes incubating of step 14 is finished, placed it in a 2 ml collection 

tube (labelled 25A CT3). Centrifuge for 30 seconds at 2,000 rpm.  

17) Re-suspend used beads in 0.5 ml of 1×dilution buffer by inversion and shaking the 

column (shaking 10×3 times, inversion 10 times , shaking 10 times, inversion 10 

times, shaking 10 times) , place it on an end-to-end rotator, speed 14 and incubate 

at room temperature for 15 minutes ( same as step 6, get ready for the second 

depletion) . 

18) During the 15 minutes incubation, took 25B DS out of the ice, diluted with 480μl of 

1×dilution buffer, other the same as step 7. 

19) When the SEP130 Column is finished with the 15 minutes incubation, invert the 

column. Remove the end cap, place the column in a 2 ml collection tube (labelled 

25B CT2), and centrifuge for 30 seconds at 2,000 rpm to obtain dried beads. 

20) For the second time depletion for the real sample repeat from step 9 to step 19.  

21) Re-suspend used beads in a 0.5 ml of 1× storage buffer by inversion and shaking 

the column (shaking 10 × 3 times, inversion 10 times, shaking 10 times, inversion 

10 times, shaking 10 times), place it on an end-to-end rotator, speed 14, and 

incubate at room temperature for 5 minutes. Store it in the cold room at 6 OC. 

3.2.3 Concentration of depleted plasma fraction and bound proteins 

Four concentration methods were used to try to concentrate depleted 

plasma fraction and the bound proteins in order to achieve the 

concentration to more than 5 μg/μl.  

1) Vivaspin4 5 kDa MWCO concentrator 

Low or high-abundance plasma protein fractions from two runs were combined 

separately and each was concentrated using Vivaspin4 concentrators with a 

fixed angle rotor to a final volume of 50 μl (depletion from Seppro column 

treated) and 120 μl (for both depletion and bound fractions from ProteoExtract 
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and bound fraction from Seppro column treated). Samples were desalted using 

pH7.4 50mM Tris buffer.  

2) B.YM-3 Microcon—3 kDa MWCO concentrator 

0.5 ml each of depleted protein fraction or non-specified bound protein fraction 

and 2 ml for bound protein were concentrated using YM-3 Microcon (3,000 

Nominal Molecular Weight Limit, Millipore) 25°C, at 7000g.  

3) Trichloroacetic acid (TCA) precipitation 

Five hundred microliters of protein collection from Seppro treatment was added 

with 500 μl of ice-cold 6.1 mol TCA (Sigma-aldrich) solution containing 80 mM 

DTT (sigma). The mixture was incubated for 1h at 4°C to allow the protein to 

precipitate completely. Then the extraction was centrifuged at 10000×g for 

10min at 4°C. The supernatant was discarded, and the pellet was washed twice 

with 500 μl of acetone (Vsample:Vacetone=1:1) containing 20 mM DTT; the 

pellet was recovered in each step by centrifugation at 10000×g. Thereafter, the 

centrifuged pellet was dried by air evacuation. For 2-DE, the pellet was 

resolubilised in rabilloud buffer (7 M urea, 2M thiourea, 4% CHA.PS, 2.0% 

bio-lyte 3/10 ampholyte). The tube was pierced and put into liquid nitrogen and 

then stored at -80°C freezer. 

3.2.4 ReadyPrep 2-D Clean up Kit  

ReadyPrep 2-D Cleanup Kit （Sigma-Aldrich）was used to concentrate the 

solution. The protocol is shown as in the followings: Deplete high abundant 

plasma protein with 

1) Transfer two 100 μl of sample1(1) & 3(1) into a 1.5 ml mirocentrifuge tube( 

marked ck1(1)1,ck1(2),ck3(1),ck3(2)) 

2) Add 300 μl precipitating agent 1 into the mixture of protein and mix well by 

vortexing. Incubate the samples on ice for 15 min. 

3) Add 300 μl precipitating agent 2 to the mixture of protein and precipitating 

agent 1. Mix well by vortexing. 
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4) Centrifuge the tubes at 13000 rpm for 5 min to form a tight pellet. Remove the 

tube promptly once the centrifuge stops so that the pellet does not disperse. 

Without disturbing the pellet, remove and discard the supernatant using 1000  

μl & 20 μl pipettes. 

5) Position the tube in the centrifuge as before (protein pellet facing outward) and 

centrifuge at 13000 rpm for 30 sec to collect any residual liquid at the bottom of 

the tube. Use a pipette to carefully remove the remaining supernatant. 

6) Add 40 μl of wash reagent 1 on top of the pellet. A precipitate may form along 

the tube wall. In these cases, vortex wash solution over the pellet several times 

to ensure entire pellet is thoroughly washed. Position the tube in the centrifuge 

as before and centrifuge at 13000 rpm for 5 min.  

7) Add 25 μl of Milli-Q water on top of the pellet. Vortex the tube 20 sec.  Protein 

pellet may disperse, but it will not dissolve in the water. 

8) Add 1 ml of wash reagent 2 (stored at -20°C) and 5 μl of wash 2 additives. 

Vortex the tube for 1 min. The protein pellets will not dissolve in wash reagent 

2. 

9) Incubate the tube at -20 °C for 30 mins. Vortex the tube for 30 sec every 10 

mins during this incubation period. 

10) Centrifuge the tube at 13000 rpm for 5 mins to form a tight pellet.  Remove the 

supernatant to a 1.5 ml tube marked ck1(1) A,ck1(2) A, ck3(1), ck3(2) (For 

RC-DC assay to measure the protein loss in this step later). Centrifuge the tube 

30 sec and remove any remaining wash. The pellet appear white at this stage. 

11) Air-dry the pellet at room temperature for no more than 5 mins. 

12) Resuspend each pellet by adding 20 μl vercoe buffer to the pellet. Vortex 30  

sec. The tube was pierced, put into liquid nitrogen and then -80°C freezer. 

3.2.5 Protein quantification 

Protein quantification was performed with the bicinchoninic acid (BCA) protein 

assay kit (Thermo Scientific Pierce) according to the manufacturer’s instruction 

which are briefly listed in the following steps. After protein quantification, 
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samples were stored at -80°C until further analysis.  

1) Duplicates of 25 μl of each standard or unknown sample were removed into a 

microplate well. 

2) 200 μl of the working reagent was added into each well and the plate was 

placed on a plate shaker for 30 seconds. 

3) Plate was covered and incubated at 37°C for 30 minutes. 

4) Cool plate to room temperature for 12 minutes. 

5) Measure the absorbance at 562 nm on a plate reader 2 times.  

3.2.6 The RC-DC Protein Assay 

This assay is based on the Lowry assay but has been modified to be reducing 

agent compatible (RC) as well as detergent compatible (DC).  

1) Made 3 mg/ml γ-globulins stock solution (Sigma-Aldrich, Lot 032k7041 G-500g) 

with rabilloud buffer (7 M urea, 2 M thiourea, 4% CHAPS, 2.0% bio-lyte 3/10 

ampholyte). 

2) Prepare standard dilutions(0,0.25,0.50,0.75,1.00,1.50 μg/μl)  

3) Add 25 μl samples or standards into clean dry 1.5 ml tubes 

4) Add 125 μl reagent Ⅰ into each tube, vortex and incubate 1 min at RT.  

5) Add 125 μl reagent Ⅱ to tubes, vortex and spin at 14,000×g, 5 mins, 4°C. 

6) Removed the supernatant by using the 1000 μl and 200 μl micropipette 

completely. Repeat steps 4, 5, 6. 

7) Let it air dry with the lid off at RT for 1 hour. 

8) Add 127 μl reagent A, vortex and incubate at RT for 5 min or until precipitate 

has dissolved.  

9) Vortex and add 1 ml reagent B, vortex immediately and leave at RT for 5 min to 

allow colour to develop. 

10) Transfer 250 μl from each tube to well in 96 well plate. Read absorbance at 750 

nm. 

3.2.7 One and two-Dimensional SDS PAGE electrophoresis    

A. One-dimensional SDS PAGE  
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1) Dilute appropriate volume sample(15 μg of protein loaded in each well, 45 μg 

prepare for duplicate and spare for tips) with rabilloud buffer into same 

concentration to 2.55 μg/μl (if the lowest concentration lower than 2.55 μg/μl, 

then diluted others into the lowest concentration) 

2) Add the volume as 25% of the total volume of XP sample buffer (Bio-Rad, 

Catalog 161-0791). 

3) Add the volume as 5% of the total volume of Reducing Agent (Bio-Rad, Catalog 

#161-0792). 

4) Make up to the total volume with milli-Q water, Wrap with parafilm. Put into tube 

rack. (*IMPORTANT, otherwise the water will fill into the tube) Heat sample at 

95°C for 5 mins in a big beaker. 

5) Load the denatured samples into the wells of a 4-12% Bis-Tris CriterionTM  XT 

precast  gel ( Bio-Rad Catalog 345-0124) with a pipette using gel loading tips, 

the electrophoresis performed in a CriterionTM cell (Bio-Rad, Catalog 165-6001) 

with 1× MOPS running buffer (Bio-Rad , Catalog  #161-0788) as running 

buffer. 

a. Insert the electrical leads into a 200 volts constant power supply with the 

proper polarity- Power Pac 200 (Bio-Rad, catalogue 5052). 

b. It took about 1 h for the bromophenol blue run to the bottom. Turned off 

the power supply, remove the gel and stain with Instant Blue (Triple Red 

Ltd). 

B. Two-Dimensional Gel Electrophoresis 

Protein samples (200 μg for Seppro column, 300 μg for protein extraction) were 

diluted with rabilloud buffer (7 M urea, 2 M thiourea, 4% CHAPS, 2.0% bio-lyte, 

3/10 ampolyte) to the volume of 325 μl. Samples and 15 μl DTT were then loaded 

onto 17 cm readystrip IPG strips (Bio-rad, catalog# 163-2007) with linear pH 

gradient of 3-10 by passive in-gel rehydration. Rehydration is performed at 20OC 

for 1 hour without applied voltage (Passive program for 1h) on a BioRad IEF cell. 

After 1 hour each lane is overlaid with mineral oil to prevent the strips drying out. 

The rehydration is switched to active mode for a further 16 hours (50 V/strip) after 
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which the strips are transferred to a clean tray of appropriate length. The trays 

need to be prepared in advance by placing a paper wick at the anode end of the 

tray which is then wetted with 10 μl of ddH2O and a wick wetted with 15 μl of 

3.5%DTT is placed at the cathode end before transferring the IPG strip. The strip 

is then overlaid with mineral oil and the initial start up and ramping protocol 

followed as per the Bio-Rad instruction booklet for the IEF cell. After 1h the strips 

are removed to a tray containing fresh wicks and overlaid with mineral oil. The run 

proceeds until the preset Volt hours have been reached after which the voltage is 

held at 500V total until the strips are ready to be transferred to the second 

dimension SDS-PAGE step. IPG strips were removed from the focusing tray and 

reduced by equilibrated the strips side up in 3 ml 6M urea, 2% (w/v) SDS, 20% 

(v/v) glycerol, 375 mM Tris-HCl (pH 8.8), 130 mM DTT for 13 minutes at room 

temperature with gentle agitation before alkylated in 3 ml 6 M urea, 2%  (w/v) 

SDS, 20% (v/v) glycerol, 375 mM Tris-HCl (pH 8.8), 135 mM lodoacetamide for 13 

minutes at room temperature. 

The strips were trimmed from both the anodic and cathodic ends to 15.5 cm and 

applied to the top of an 18 x 18 cm gel cassette (8–16% cast gels) with the lower 

pH end of the strip to the extreme left and overlaying with molten 2% (w/v) 

agarose in DALT tank buffer (24 mM Tris base, 200.5 mM glycine and 0.1% (w/v) 

SDS) containing 2 mg/100ml Bromophenol blue. The second dimension 

separation (SDS-PAGE) was performed in a Hoefer ISO DAKT TANK (Bio-Rad) 

filled with the DALT tank buffer. The gels are typically run at 200V for 9.5 hours or 

until the bromophenol blue front has reached the bottom of the gel. A holding 

voltage of 50V is applied after the gel run to prevent diffusion. 

3.2.8 Gel stain 

A. Coomassie stain 

The gels were fixed in 200 ml 50% (v/v) ethanol, 2% (v/v) ortho-phosphoric acid, 48% 

H2O  for 3h and washed with H2O for at least 1 hour with a couple of changes for 

rehydration. Then stained with 200 ml Coomassie blue (34% Methanol, 2% 
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ortho-phosphoric acid, 64% H2O containing – 17% (NH4)2 SO4 and 1 mg/1ml 

Coomassie blue sprinkled) for three days according to the manufacturer's instructions. 

The gels were then scanned with the GS-800 Calibrated Densitometer and analysed 

using Progenesis SameSpots (Nonlinear, UK). 

B. Flamingo stain  

The gels were washed with H2O for at least 1 hour with a couple of changes and 

stained with Flamingo Fluorescent Gel stain (Bio-Rad) for 9 hours covered with a 

black bag according to the manufacturer's instructions. The gels were then scanned 

with Molecular Imager FX (Bio-Rad) and analysed using Progenesis SameSpots.  

3.2.9 Statistics  

After normalisation and spot matching on Progenesis SameSpots, the normalized 

volume (densities) of all matched spots were statistically analysed using Genstat 

(VSN International, Hemel Hempstead, UK), SPSS (Statistical Package for the Social 

Sciences, IBM Corporation, USA), R package V2.13.0 and Excel software. 

Exploratory analysis of the data indicated that a log-transformation was advisable for 

most data sets. For reasons of consistency all data sets were analyzed on a 

log10-scale and back transformed to report correlation and fold changes. One-way 

ANOVA and multiple comparisons were used to compare protein spots from all 5 

groups were performed using the Genstat. All matched spot data were then subjected 

to principal component analysis (PCA) of the correlation matrix and presented as 2-D 

plots of the first and second component scores for observations (rats) and loadings for 

variables (spot densities). Factor analysis including zinc intake, food intake, plasma 

zinc, were performed by SPSS and following a correlation analysis between the 

treatment and spot normalized volume. Partial Least Squares (PLS) analysis was 

used for comparing spots from Zn deficient and pair fed and Zn adequate (Spots were 

chosen if their intersection of VIP score is above 1 in three groups AZD, PFA, C; 

ZD,PFD,C or AZD,ZD,C). In order not to miss any interesting spots, spots were 

selected those p<0.05 in analysis of covariance by using R package as well. 

http://en.wikipedia.org/wiki/IBM_Corporation�
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3.3 Results 

3.3.1 Protein recovery in the collection of Seppro spin column 

Two plasma samples were separately tested to deplete the abundant proteins by the 

Seppro spin column. The proteins of depleted protein, non-specified bound protein, 

and bound protein were measured and protein recovery rate of each step after Seppro 

spin column treatment were: (1) depleted protein 27.7%; (2) non-specified bound 

protein 2.4%; (3) bound protein 25.2%. Total protein recovery rate was 55.3%. 

3.3.2 Effect of different methods on efficiency of concentration by methods of 
TCA precipitation, ReadayPrep 2-D Cleanup Kit and Vivaspin4 5 kDa 

 

3.3.2.1 The concentration methods of TCA precipitation, RedayPrep 2-D Cleanup Kit 

or Vivaspin4 5 kDa with the different rotor were used to test the optimization method, 

the protein recovery is shown in Table 3.1.  
 
     Table 3.1. Recovery rate of concentration methods 

Concentration methods  Concentration  Mass Recovery 
rate   (μg/μl) (μg) 

TCA precipitation (1) 5.38 134.38 66% 
TCA precipitation (2) 5.49 137.25 68% 
ReadyPrep 2-D Cleanup Kit (1) 2.37 118.90 68% 
ReadyPrep 2-D Cleanup Kit (2) 2.91 145.05 84% 
Vivaspin4, Fixed angler rotor,9000×g 3.98 119.54 61% 
Vivaspin4,Swing out rotor,3000×g 2.76 132.68 51% 
Vivaspin4,Fixed angle rotor,5000×g 3.25 124.98 57% 

 

 
3.3.2.2 The appropriate amount of different concentrations of rat plasma loaded into 
1- D gel  
 
Different amount of proteins were loaded into 1-D 4-12% Bis-Tris Criterion XT Precast 

Gel in order to find an appropriate concentration and amount of the protein.  Results 

from Figure 3.3 shows the 15 μg of protein with highest concentration could generate 

clear bands (data of bands density were not shown here) 
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Figure 3.3  1- D gel of loading different amounts of protein made from different 

concentrations rat plasma. Lanes: 1-3, 10, 20, 30 μg of protein using the plasma in the 

concentrations of 3.06 μg/μl; lane 4, 10 μl of precision plus protein dual color 

standards (Bio-Rad, 250, 150, 100, 75, 50, 37, 25, 20, 15 and 10 kDa ); lanes 5-11, 

10,15,20,25,30,40,50 μg of protein using the plasma in the concentrations of 2.55 

μg/μl; lanes 12-18, 10,15,20,25,30,40,50 μg of protein using the plasma in the 

concentrations of 7.89 μg/μl.  

 
3.3.2.3 Effect of three treatments on protein separation 
Effects of three treatments on protein separation were studied by loading the samples 

from three treatments into a 1D SDS-PAGE gel (Figure 3.4). Results show that 

proteins from TCA and Vivaspin4 treatment had similar separation.    
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Figure 3.4  1-D gel image of rat plasma proteins which were treated by 
Readyprep 2-D cleanup kit, TCA precipitation, and Vivaspin 4 5 kDa MWCO.  15 
μg of protein were loaded to each lane. Lane S, 10 μl of precision plus protein dual 
color standards; lane CD and CB, depleted protein or bound protein   treated by 
readyprep 2-D cleanup kit 5 reaction size (Bio-rad); lane TD and TB, Depleted 
protein or bound protein treated by TCA precipitation; lane 10 and 16, crude 
plasma; lane VD and VB, Depleted protein and bound proteins treated by 
Vivaspin4 5 kDa MWCO. 
 

 
3.3.2.4 Effect of TCA precipitation and Vivaspin-4 on protein separation  
Effect of TCA precipitation and Vivaspin-4 on protein separation were studied by 

loading the samples from two treatments into a 2-D SDS-PAGE gel (Figure 3.4). The 

collection combined from 2 runs of Seppro depleteion was used. Proteins were 

concentrated by TCA precipitation and Vivaspin-4 and 200 μg protein was loaded into 

18 cm size 2-D gel (Figure 3.5). 

Gels were subsequently analysed by Progenesis SameSpots software. The spots of 

those normalization volumes less than 35317 were deleted at the filtering step. An 

extensive manual editing performed after the automated gel alignment and spot 

detection. The number of detected spot proteins was 600 spots for crude plasma 

precipitated with TCA, 604 spots for depleted protein precipitated with TCA, 565 spots 

for depleted protein concentrated by Vivaspin4 5 kDa MWCO, 495 spots for the bound 
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protein with TCA, 659 spots for the bound protein with Vivaspin4 5 kDa MWCO.  

Although there were 39 more spots on TCA gel than the Vivaspin4 for the depleted 

protein, there were 164 more spots on the Vivaspin4 gel than the TCA one for the 

bound protein. The resolution of the low-molecular weight spots showed better on 

bound protein treated by Vivaspin4. Thus, the method of protein samples 

concentrated by Vivaspin4 was chosen. 

 

   A                      B                      C 

  
D                   E                              

 
 

Figure 3.5 Two-dimensional electrophoresis images of protein samples treated 
different . 200 μg protein was loaded onto pH 3-10 IPG strip (18 cm) and 8-16% SDS 
gels in the second dimension. The gels were stained with Coomassie blue. A, crude 
rat plasma protein precipitation with TCA; B. depleted protein precipitation with TCA; 
C. depleted protein concentrated by Vivaspin4 5 kDa MWCO; D. bound protein 
precipitation with TCA and E, bound protein concentrated by Vivaspin4 5 kDa MWCO.   

3.3.3 Effect of proteins, crude and depletion abundant protein, separation in 
different size of gels 

Proteins of crude and depleted high abundant proteins by Seppro depletion were run 
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on 2-D gels. The depletion of seven high-abundant proteins from plasma allowed the 

application of 200 μg protein of the enriched fraction. Therefore,  spots previously 

masked by the high-abundant proteins could be detected. It becomes clear that 

especially albumin covers a large area on 2-DE gels of crude plasma that can be 

resolved upon depletion. New spots appear in the gels of the depleted plasma. 

Duplicate of 200 μg depleted, bound protein or crude plasma sample for 

reproducibility test were loaded on 11 cm and 18 cm size of gels（Figure 3.6）. 

There was a better resolution on the 18 cm gels and there were more low molecular 

weight protein spots. However, more spots also existed in the 11 cm size gel. This is 

because the same amount of protein is concentrated in a smaller spot area., This 

causes higher staining density. However, the resolution in small size gel is not good as 

it in the big size gel.  

Gel was analysed initially without deleting any spots at the FILTER step.Then the 

spots whose volume was less than 35317 at the FILTER step were deleted, because 

there were too many spots whose volume less than 35317. And whole plasma wp1, 

wp2 and wp3 samples were run onto 11 cm and 18 cm size of gel in order to compare 

the reproducibility.  

The numbers of the spots detected on 18 cm gels had significantly number of spots 

(3657+ 363, n=6) than the spots (2604+ 294, n=6) in 11 cm gel. However, the mean 

resolution (ratio of peak height/normalized volume) in 11 cm gels were 1.3 fold higher 

than in 18 cm cm gels. Even though the resolution was poorer in 18 cm gels, it could 

load more samples, thus the 18 cm 2D gel had been chosen for this experiment. 
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    A                     B                    C 

      

                    D                                   

                     

                    E 

                     

                    F          

                     
 
Figure 3.6  Proteins separated in 11 cm gels and 18 cm gels. (A). depleted proteins 
in 18 cm gels; (B) bound proteins in 18 cm gels. (C). crude plasma proteins in 18 cm 
gels; (D). depleted proteins in 11 cm gels; (E) bound proteins in 11cm gels;(F). crude 
plasma in 11 cm gel. 
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3.3.4 The effect of different loading protein amount in 2 D gels  

 

    

    
 
Figure3.7 Different amount of rat plasma proteins were loaded onto the 2-D gels.  
Rat plasma proteins were fractionated using Seppro spin column and concentrated by 
Vivaspin4 5 kDa MWCO. 400 μg crude rat plasma proteins (A), depleted plasma 
proteins (B), and bound plasma proteins (C); 200 μg crude rat plasma proteins(D), 
depleted plasma proteins(E), and bound plasma proteins(F). The gels were stained 
with Coomassie blue.  
 

The results showed in Figure 3.7. for the loading amount of 200 μg, the number of 

spots was 565 spots, 659 spots, 600 spots in the depleted plasma fraction, crude 

plasma and bound protein sample respectively. For the loading amount of 400 μg, 

there were more spots overall observed in the depleted plasma fraction (707 spots), 

the crude (744 spots) and bound protein (495 spots). However, the spots were too 

streaky and they didn’t show much improvement of the detection of more protein 

sports in the low molecular weight compared with protein spots in gels of loading 200 

μg protein. Even more, it was difficult to prepare this large amount of protein samples. 

It needed four runs of Seppro column and 2 runs of Vivaspin4 to get the 400 μg 



 

54 
 

protein for each sample. This was a time consuming and it also enhanced the 

variations between samples since the depletion efficiency of the column would be 

decreased with the frequently use of the column. . 

3.3.5 The effect of staining methods on 2-D gel  

Coomassie blue R-250 stain and Flamingo fluorescent stain were used to compare 

their ability to detect lower-abundant plasma proteins. Coomassie blue R-250 can 

stain 10-25 ng protein with a linear range of 2 orders of magnitude densitometer. 

Flamingo fluorescent stain 0.25-0.5 ng with 3 orders of magnitude. Figure 3.8. shows 

the gels stained with Flamingo first, after scanning the images were recorded. Gels 

were further post stained with Coomassie blue. 

Same gel stained with different staining was analysed using Progenesis SameSpots 

software as described in Materials and Methods. Based on the normalization volume 

of both stained gel, for depleted protein gel, among the 590 spots with the 

normalization volume larger than 100000, 415 spots showed a mean 1.5-fold higher 

normalization volume on Flamingo stained gel while 174 spots showed a mean 

1.1-fold higher on Coomassie blue stained gel; among the 490 spots whose 

normalization volume was less than 100000, 308 spots showed a mean of 1.2-fold 

greater normalization volume on Coomassie blue stained gel and only 182 spots 

showed a mean of 1.2-fold greater normalization than Flamingo stained gel. For the 

bound protein gel, among the 480 spots with the normalization volume larger than 

100000, 331 spots showed a mean of 1.4-fold higher normalization volume on 

Flamingo gel while 149 spots showed a mean of 1.1-fold higher on Coomassie 

stained gel; among the 159 spots whose normalization volume less than 100000, 34 

spots showed a mean of 1.3-fold greater normalization volume on Coomassie blue 

stained gel and only 125 spots showed a mean of 1.3-fold greater normalization on 

Flamingo stained gel. Based on these results, Coomassie blue  was chosen for 

staining 2D gels. 
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Figure 3.8  2D gels of crude rat plasma proteins (A), depleted plasma proteins (B) 
and bound plasma proteins (C) were stained with Flamingo first and then they were 
re-stained with Coomassie (D-F).  

3.3.6 Reproducible of the optimized sample preparation method used Seppro 
spin columns  

The order of the preparation of 50 plasma samples obtained in Chapter 2 was 

planned randomisely by zinc groups, body weight and dissection date. Figure 3.9 is 

the comparison of column efficiency of Seppro depletion for AZD study rats, with the 

increase of sample used, the ratio of depleted protein to total recovered proteins was 

increased. 

 

3.4 Discussion  

A reproducible method for sample preparation and a purified protein sample are keys 

to a successful 2-D gel analysis. The Seppro column, which is regarded as the best 

efficient performance of highly abundant 7 proteins from plasma samples, has been 

further tested in order to explore a standard method of depletion, concentration, and 

also reproducibility during the 50 samples preparation.  



 

56 
 

    
 
Figure 3.9 The comparison of column efficiency of Seppro depletion in AZD study. 
Depleted (D) or; bound protein (B) were pooled from every two run of Seppro 
depletion. The ratio of D/(B+D) or B/(B+D) was used to draw the figure in order to 
indicate the column efficiency. 

3.4.1 TCA precipitation shows a good reproducibility both in the protein 
concentration and recovery rate  

Results from Table 3.1. show that good reproducibility of TCA precipitation in 

duplicate treatments. Although the recovery rate from cleanup kit can reach 84%, the 

final concentration was lower compare to TCA treatment. By comparing the speed of 

centrifugation and protein recovery by using two kinds of rotor, the fixed angle which 

speeds up to 10000xg and swings out rotor which speeds up to 4000xg, results 

showed that the fixed angle rotor had little lower protein recovery rate (61%, when it 

was speed at 9000xg, and 57%, when it was speed at 5000xg) but with higher 

recovery of proteins when their molecular weight was lower than 5 kDa. Therefore, 

fixed angle rotor, speed at 5000×g was chosen for Vivaspin4. 

3.4.2 Fifteen  micrograms of protein with highest concentration was used for 
1-D gel assay  

Appropriate amount of protein loaded into 1-D or 2-D gel is important to generate a 

clear separation in order to achieve the maximum protein spots. However, the amount 

Times 
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of protein sample is not always available.  Even more after preparation, the samples 

also existed in different concentrations. Thus the aim of this test will generate the best 

amount and concentration loading into the 1-D gel. 1-D gel (Figure 3.3) was loaded 

with different amount protein (10, 15, 20, 25, 30, 40, 50 μg of protein) from variety 

concentrations of rat plasma (2.55 μg/μl, 3.06 μg/μl, 7.89 μg/μl). Results clearly 

showed that 15 μg of protein with the highest concentration could generate clear 

bands   

3.4.3 Effect of Readyprep 2-D cleanup kit, TCA precipitation and Vivaspin 4 5 
kDaMWCO on protein separation in 1-D and 2-D gel 

Results showed that proteins from TCA and Vivaspin4 treatment had similar 

separation in 1-D gel (Figure.3.4). Thus, the effect of TCA precipitation and Vivaspin 4 

on protein separation was further studied by using 18 cm standard format of 2-D gel 

(Figure 3.5). The number of detected spot proteins was 600 spots and 604 spots for 

crude plasma, depleted protein precipitated with TCA , and 565 spots for depleted 

protein concentrated by Vivaspin 4 5 kDa MWCO, 495 spots for the bound protein 

with TCA, 659 spots for the bound protein with Vivaspin 4 5 kDa MWCO. Although 

there were 39 more spots on TCA gel than the Vivaspin 4 for the depleted protein, and 

there were 164 more spots on the Vivaspin 4 gel than the TCA for the bound protein. 

The resolution of the low-molecular weight spots showed better on bound proteins 

treated by Vivaspin 4. Thus, the method of protein concentration by Vivaspin 4 was 

chosen. Effect of protein samples was further analysed on 11 cm and 18 cm size of 

gels in order to test which size of gels could achieve the highest resolution (Figure 

3.5). It showed apparently that albumin covers a large area on 2-D gels of crude 

plasma sample. When albumin was removed this can be resolved and more spots 

appeared in the gels. It had a significantly number of spots (3657+ 363, n=6) on the 18 

cm gel than the spots (2604+ 294, n=6) in 11 cm gel (p<0.001). Even more, there 

were more low molecular weight protein spots on the 18 cm gel compared to 11 cm 

size gel. Even the mean resolution (ratio of peak height/normalized volume), in 11 cm 

gel was 1.3 fold higher than that in 18 cm gel.  Considering it could be loaded on 

more proteins, the 18 cm 2D gel had been chosen for this experiment. 
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3.4.4 The appropriate protein amount loaded on 2D gels  

The range of protein amounts loaded into 2-D gel varies between 100 μg to 1 mg. 

However, too low or too high amount of protein will affect the separation effect. Also 

the higher amount of protein will not be always available. In this study, the amount of 

rat plasma was limited volume. Even more, this column could only generate lower 

amount of depleted protein, e.g., it only generated about 100 μg of depleted proteins 

in each run. In order to get the appropriate protein amount loaded on 2D gel, 200 μg 

and 400 μg were tested.  For the loading amount of 200 μg, the number of spots was 

565 spots, 659 spots, 600 spots respectively in the depleted plasma fraction, crude 

plasma and bound protein samples. For the loading amount of 400 μg, there were 

more spots overall observed in the depleted plasma fraction (707 spots), the crude 

(744 spots) and bound protein samples (495 spots). However, protein spots in low 

molecular weight were difficult to be detected compared with proteins in gels loading 

200 μg proteins. Thus, 200 μg proteins was used for all the studies in order to reduce 

the preparation time and further reduce the variation between sample preparations.   

3.4.5 2-D gel stain 

Coomassie blue R-250 can stain 10-25 ng protein with a linear range of 2 orders of 

magnitude densitometer. Flamingo fluorescent dye can stain 0.25-0.5ng with 3 orders 

of magnitude. Results from same gel with different staining (Figure 3.7) were 

analysed using Progenesis SameSpots software. Based on the normalization volume 

of both dyes stained gel, for depleted protein sample, among 590 spots with the 

normalization volume larger than 100000, 415 spots showed a mean of 1.5-fold higher 

normalization volume on Flamingo stained gel while 174 spots showed a mean of 

1.1-fold higher on Coomassie gel; among the 490 spots whose normalization volume 

less than 100000, 308 spots showed a mean of 1.2-fold greater normalization volume 

on Coomassie gel and only 182 spots showed a mean of 1.2-fold greater 

normalization than Flamingo gel. For the bound protein , among the 480 spots with the 

normalization volume larger than 100000, 331 spots showed a mean of 1.4-fold higher 

normalization volume on Flamingo gel while 149 spots showed a mean of 1.1-fold 
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higher on Coomassie gel; among the 159 spots whose normalization volume less than 

100000, 34 spots showed a mean 1.3-fold greater normalization volume on 

Coomassie gel and only 125 spots showed a mean of 1.3-fold greater normalization 

than Flamingo gel.  Based on these results, Coomassie stain was chosen in this 

experiment.  

 

3.4.6 Reproducible of the optimized sample preparation method used Seppro 
spin columns  

Results also showed that the ratio of measured depleted protein(D) to total 

protein(B+D) was stable at about 25% in first 24 times of depletions, but it increased 

thereafter up to 57% after 48 times of depletions (Figure 3.8). 

 

In summary, the optimized method for sample preparation using Seppro to deplete up 

to 7 highly abundant proteins from plasma has been set up. The fraction of samples 

were concentrated using Vivaspin 4 5 kDa MWCO concentrator, 200 µg of proteins 

were loaded into 18 cm size gel and gels were stained with Coomassie blue. Even 

though the results show a good reproducibility of depletion of high abundant proteins 

up to 24 times of sample preparation using same column, however, it is difficult to 

reach the ideal results for using one column to prepare 50 samples in this experiment.  
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Chapter 4  

 

Investigation into the efficiency and 
reproducibility of ProteoExtract Albumin/IgG 
removal kit in depletion of the high abundant 

proteins from rat plasma 
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4.1 Introduction 

Plasma has been used widely for the identification of potential disease markers. It is 

the largest version of the human proteome and is a convenient and easily available 

biofluid. However, a major challenge for disease biomarker discovery in plasma by 

proteome analysis is the extraordinary range of abundance of proteins present in the 

sample. Proteins in plasma differ in concentration by a factor of one billion. Plasma 

albumin and IgG constitute 75% of total plasma proteins separately. The presence of 

these proteins can obscure others and make the resolution of lower abundance 

proteins difficult to discover. Removal of albumin and IgG eliminates approximately 

75% of the total protein present in plasma, allowing the visualization and analysis of 

the remaining proteins. Results in Chapter 3 showed that efficiency of the Suppro 

column had been dramatically reduced after 24 sample preparations. According to the 

description in product document, the column could be used up to 100 times. Therefore 

another column with higher efficiency and reproducibility has to be replaced.  

ProteoExtract™ Abundant Protein Removal Kits has been developed for the purpose 

of enhancing resolution of low abundance proteins since 2004. It wasn’t our first 

choice, because it only removes 2 abundant proteins, and Seppro column can remove 

7 abundant proteins equal to 75% of plasma protein. According to the company 

document, ProteoExtract™ Abundant Protein removal kit can efficiently remove 

albumin and IgG, enable the visualization of low abundance proteins; the document 

also states the column has highly specific, exhibiting little to zero non-specific binding; 

uses a combination of the albumin specific resin and a unique immobilized protein A 

polymeric resin. ProteoExtract™ removal kits provide a binding capacity of 0.7 mg IgG 

and/or 2 mg albumin per column, this shows one column can be used to treat plasma 

no more than 30 µl, based on an albumin concentration of 7 g/dL. Depletion of 

albumin and IgG from human serum samples is consistently higher than 80% without 

binding significant amounts of other serum proteins, so that a 3-4 times more enriched 

sample can be loaded on a 2-D gel. It is regarded as ‘remarkable selectivity provided 
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by the resins and the optimized design of the columns result in background binding of 

less than 10% to other plasma proteins’. Another advantage of the product is pre-filled 

disposable gravity-flow columns, which allows the parallel processing of multiple 

samples. The whole procedure takes about 30 minutes, rather than the whole 

procedure of Suppro column which takes about 12 hours. 

ProteoExtract Albumin/IgG removal kit has been tested for different purpose (Olver et 

al., 2010; Sawhney et al., 2009; Murray et al., 2009; Liang et al., 2007 and Björhall, 

2005). Most of studies used it for the depletion of the Albumin/IgG from plasma, serum 

or even from tissues proteins. However, no study shows the reproducibility among the 

columns. Thus, in this chapter, the reproducibility and efficiency of the column was 

tested. 

4.2 Method and materials 

4.2.1 Chemicals  

Laemmli buffer, SDS, glycerol, Tris base, BCA protein assay (All from Sigma-Aldrich 

Ltd, UK); ProteoExtract Albumin/IgG removal kit (Merck, USA). 

4.2.2 Procedure of column equilibration and sample depletion using 
ProteoExtract Albumin/IgG removal kit  

Procedures weremainly showed in the product protocol, however, several steps have 

been modified due to the experimental needs, e.g. the evaporation time and final 

concentration of the protein in the sample. The basic steps are shown in the 

followings: 

1. Blue cap was removed from a proteoextract Albumin/IgG Removal column. 

The column was inverted on a tissue paper to allow for fast removal of column 

storage buffer (for 5 mins) 

2. The lower tip of the column was removed and placed in a 15 ml tube 

3. 850 µL of the binding buffer was added to the column and allowed passing the 

resin bed by gravity flow (8 mins) 

4. 40 µl of rat plasma was diluted with 360 µl of biding buffer 
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5. The collection tube was discard 

6. equilibrated column in a fresh 15 ml collection tube was placed before applying 

the diluted sample 

7. The diluted sample to the column was applied. The sample was allowed to 

pass through the resin bed by gravity-flow (6 mins). 

8. 600 µl of biding buffer was added to wash the column by gravity-flow. It was 

collected in a same collection tube when it was flow-through.  

4.2.3 Procedure of eluted bound protein 

1) Laemmli buffer [50 ml Laemmli buffer containing 0.3785 g Tris base, (62.4 

mM); 1.0279 g SDS (2%); buffer 1 containing  9.92 ml glycerol (25 % W/V) or 

buffer 2 which containing 3.97 ml (10% W/V), pH 6.8] (2 ml) was added into a 2 

ml top pierced tube. The tube was then put in a rack and boiled for 5 minutes in 

a beaker with boiling ddH2O.  

2) The tube was taken out of the water bath and cooled at room temperature for 1 

minute before loaded onto the column.  

3) 850 µl of Laemmli buffer was added on the column with a new 15 ml collection 

tube. Allowed to pass through by gravity-flow for 15 minutes.  

4) Step 3 was repeat for further washing to elute the bound protein.  

4.2.4 Procedure of concentration of both depleted and bound protein 

Each of depleted and bound protein solution (70 µl) were left for protein assay, the 

remaining eluted solutions were used for concentration, using 94 mm fixed angle 

rotor with speed of 5000xg, for 125 mins at 20oC. The final volume of depleted 

and bound protein elution samples was 59 µl and 160 µl, respectively. Duplicated 

samples of 5 µl were used for protein assay.   

4.2.5 Protein assay by using BCA method  

The procedure was based on the following procedure, 5 µl each BSA at 

concentration of 0, 25, 125, 250, 500, 750, 1000, 1500, 2000 µg/µl BSA were 

used to generate a standard curve (Figure 4.1). The equation generated was 

used to calculate the samples protein’s concentration.  
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The elution buffer was tested to find the optimum way to elute the bound protein in the 

column. 

 

In order to compare the depletion ability between ProteoExtract Albumin/IgG removal 

kit and Seppro kits, the concentration of protein sample was adjusted to 3.5 µg/µl with 

50 mM tris-HCl pH 7.4 before treated with sample buffer. Protein (15 µg) from both 

treatments were loaded into each well of a 1-D gel according to  the protocol 

(Chapter 3). Samples of depleted and bound proteins from ProteoExtract 

Albumin/IgG removal kit were run on 2-D gels in order to see the difference between 

the treatments and also identify the proteins of binding to the abundant proteins. The 

protein spots in 2-D gels were analysed and proteins spots were cut and used for 

identification by LC-MS/MS. 

4.2.6 Protein identification by LC-MS/MS 

Interesting protein spots were cut manually, proteolysed in a Mass Prep Station and  

analysed by LC-MS/MS using an Ultimate Nano-LC capillary chromatography system 

(Dionex, Camberly, UK) hyphenated with an Applied Biosystems 2000 Q Trap. 
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Laddered peptide fragment mass spectra yielded the sequence of separated peptides 

and the peptide fingerprinting web resource program MASCOT (Matrix Science, 

Boston, USA) was used to interrogate the MSDB database (Release 20063108) for 

matching proteins. Search parameters were as follows: fixed modifications, 

carbamidomethyl (C); variable modifications, oxidation (M); missed cleavages, up to 1; 

peptide tolerance, 1.2 Da. 

4.3 Results and discussion 

4.3.1 Tested on an elution buffer to elute efficiently the bound protein in the 
column 

The ProteoExtract Albumin/IgG Gremoval kit was tested to determine whether it was a 

potential replacement of Seppro column. The elution buffer to elute the bound protein 

on the column was not provided by the kit. The interested biomarkers discovery not 

only focused on the elution part of the samples, but also considered the nonspecific 

binding part of the samples, potentially co-exists in the mixture of bound proteins in 

the column. Thus efficient wash out of the bound protein from column was important. 

Laemmli buffer (62.4mM Tris base, 2% SDS and 25% glycerol) (50 ml) was used. 

However, the concentration of bound fraction was really slow and could not be spun 

down to 120 µl as required subsequently, protein concentration couldn’t reach 3.5 

µg/µl. Better result obtained with 1-D and 2-D gel if protein concentration was lower 

than 3.5 µg/µl. This might be because the high percentage of glycerol. For 

optimization of elution buffer for ProteoExtract Albumin/IgG removal kit, 2 ml of 

Laemmli buffer containing 10% glycerol and Laemmli buffer containing 25% glycerol 

were added into 2 ml tubes and boiled for 5 mins in boiling Milli-Q water. Tubes were 

kept at room temperature for 1 min, 630 μl of Laemmli buffer was added into a 

Vivaspin. The concentration was performed with 94 mm fixed angle rotor, 5000×g, at 

20°C. The Laemmli buffer containing 10% glycerol was chosen as elution buffer 

because it can be spun down to 115 μl. The concentration volume changed during the 

concentration procedure was recorded in Table 4.1. 
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          Table 4.1 The concentration volume changes during the  
                    concentration procedure 

 

 

 

 

 

 

 

 

 

 

 

 

4.3.2 Reproducibility of ProteoExtract Albumin/IgG removal kit were further 
tested  

Six pieces of 40 µl of plasma from one rat was tranferred into a tube containing 360 µl 

of binding buffer separately. The eluted volumes of depleted and bound protein were 

measured. Protein quantities were analysed. Table 4.2 shows the results of the 

reproducibility testing of ProteoExtract Albumin/IgG removal kit,  before and after the 

concentration with Vivaspin.  

Time (min) 
Volume (µl)  left 

in Laemmli buffer 
with 25% glycerol 

Volume (µl) left 
in Laemmli 

buffer  with 
10% glycerol 

0  1630 1630 
10  600 420 
15  470 300 
20  360 280 
25  300 230 
30  300 210 
38  280 200 
53  250 190 
68  210 180 
83  205 180 
98  200 140 
113  200 120 
123  195 115 
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Table 4.2 Reproducibility of ProteoExtract Albumin/IgG removal kit before and 
after concentration 
 

 
Before 
concentration
* 

cv
% 

After 
concentratio
n* 

cv
% 

Recovery rate 
after 
concentration 
to before  
concentration
** 

cv

% 

Depleted 
proteins (µg)   

967 ± 68.2 7.1 749 ± 40.5 5.4 81 ± 6 7.1 

Bound 
protein (µg) 

668 ± 66.2 9.9 534 ± 49.5 9.3 82 ± 8 10.4 

Depleted 
proteins to 
total protein 
(%) 

43 ± 3.1 7.1 33 ± 1.8 5.5   

Bound 
protein to 
total protein 
(%) 

28 ± 3.0 10.4 24 ± 2.2 9.2   

(D +B)/WP% 74 ± 5 6.4 58 ± 4 7.7   

D/(B+D)% 59.2  58.4    

B /(B+D)% 40.8  41.6    

(D+B)/CP 73.8  58    

Elute 
volume 
during 
depletion 
(µl) 

1535 ± 12.1 0.8     

Elute 
volume 
during wash 
out bound 
protein (µl) 

1705 ± 59.0 3.5     

 
B: bound protein; D: depleted protein; CP: crude plasma, n=6; * calculated by the total 
volume x concentration; ** the amount (µg) of the depleted or bounded protein after 
concentration to the amount of protein without doing concentration; CV: coefficient of 
variation 
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The depletion process was based on gravity, thus, the elution volume variation 

showed the quality and reproducibility of individual columns, the CV of the evlution 

volume (µl) during depletion protein and during wash out bound protein was 0.8% and 

3.5% respectively. It showed a good reproducibility for the individual columns. The CV 

of depleted and bound protein among the 6 same samples during the process was also 

below 10%. These data show the good reproducibility among individual columns and 

also the depletion procedure. However, the data of recovery rate has not met the 

theoretical target, e.g. the depletion of the protein which meant without higher albumin 

and IgG, it was 59% of total recovery proteins, the column can not bind higher than 

40% of abundant proteins from plasma, if plasma contained 75% albumin and IgG, 

there are still 35% albumin and IgG left in the depleted proteins. The data also showed 

the total recovery protein from the whole process was 58%, which means proteins had 

not been fully washed out from column, or wall of tube etc., The obtained data has 

been a good example to show the loss in the concentration process. After 

concentration, there was 81% of depleted plasma protein and 82% for bound plasma 

protein were recovered compared to the same sample without concentration, which 

means there was a 19% sample loss during the concentration process. The 

reproducibility testing of ProteoExtract Albumin/IgG removal kit was better than 

Seppro kits. Even this column cannot fully deplete higher abundant protein as the 

document stated. Samples from ProteoExtract Albumin/IgG removal kit and Seppro 

kits were run on 1-D gel (Figure 4.2) to compare the difference between two 

treatments, and samples from ProteoExtract Albumin/IgG removal kit were run 2-DE 

gels (Figure 4.3) in order to see the proteins identity of binding to the abundant 

proteins.  
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Figure 4.2  1-D gel image of loading depleted and bound proteins prepared by 
ProteoExtract Albumin/IgG removal kit and Seppro column kits in order to compare 
the efficiency of the two columns. The samples’ concentration was adjusted to 3.5 
µg/µl with 50 mM tris-HCl pH 7.4 before treated with sample buffer. 15 µg of protein 
was loaded into each well. S: precision plus protein dual color standards, PD: 
ProteoExtract depleted protein, PB: ProteoExtract bound protein, P: crude plasma, 
SD: Seppro depleted protein, SB: Seppro bound proteins. Data analysis was not 
shown here.  
 

From Figure 4.2, clear and dense bands among 66 kDa have been shown in bound 

proteins collected from both columns. However, several bands above 75 kDa were 

observed in the samples of Seppro column kits. Clearly, depleted proteins prepared 

by Seppro column kits had more bands generated in the gel. Also some dense bands 

around 140 kDa and 190 kDa had been lightly stained compared to the sample 

prepared by ProteoExtract Albumin/IgG removal kit. Comparison to the crude sample 

with abundant proteins (lanes 5 and 10), samples of depleted protein from 

ProteoExtract Albumin/IgG removal kit still increased the loading of more proteins 

which showed more bands across the gel bands (lane 2,3, 6). This was caused by the 

amount of depleted proteins might be lower and they couldn’t be observed if the 

abundant proteins co-existed.  
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Figure 4.3 2-D gels for ProteoExtract Albumin/IgG removal kit, (A) 2-D gels of crude 
rat plasma; (B) depleted plasma protein; (C) bound plasma protein concentrated by 
Vivaspin 4 5 kDa MWCO. 200 μg protein was loaded onto pH 3-10 IPG strip (18 cm) 
and 8-16% SDS gels in the second dimension. The gels were stained with Coomassie 
blue. 
 
Samples from crude plasma without any treatment generated 457 spots in a 2-D gel, 

and after removal of the abundant proteins. 553spots were observed. There were 

about 582 spots existed in the abundant protein gel. This clearly showed the benefit of 

removal the abundant proteins before the plasma sample was ran. There were about 

60 spots matched in 2-D gels in both depleted and abundant proteins. 23 spots from 

bound protein gel were manually cut and subjectted them into LC-MS/MS analysis for 

their identification. 16 spots are serum albumin, others are, Loc362795 protein, 

plasma retino-binding protein precursor, apolipoprotein A-I precursor. Because zinc 

nutritional status had affected this protein expression, for this reason, the bound 

proteins were also analysed.  

In summary, introducing the lower level content glycerol from 25% to 10% in Lamili 

buffer clearly improved the elution speed during the depletion process by the 

ProteoExtract Albumin/IgG column and also improved the efficiency of the 

evaporation of the concentrated samples. ProteoExtract Albumin/IgG removal kit did 

not show the ability to remove the higher abundant protein as stated in the document, 

however, this column showed clearly good reproducible character and improved the 

separation of lower abundant proteins, which showed in results of both 1-D and 2-D 

gels.    

A B C 
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Chapter 5  
 
 
 

Zinc protein biomarker discovery by applying 
2-DE and LC-MS/MS  
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5.1 Introduction 

Gel electrophoresis has been developed for about 40 years. Even though some new 

technology had been introduced, this technique is still an essential technique in 

separation proteins in a complexe sample. 2-D gel electrophoresis starts from 1-D 

isoelectric focusing gradient (IPG) strip with a gradient of pH applied to a gel, proteins 

were equally distributed along the IPG strip during rehydration stage, and after 

isoelectric focusing (IEF), the proteins will be distributed along the IPG strips via 

protein’s  isoelectric point based on the protein charge. If they are positively charged, 

they will be pulled towards the more negative end of the gel and if they are negatively 

charged they will be pulled to the more positive end of the gel. Proteins will stay where 

pH value of the IPG strip is PI of the protein which the net charge is zero.  Proteins in 

isofocused IPG strip are loaded into a piece of gel and proteins are further separated 

by the protein molecular weight in an electric current field.  In 1-D electrophoresis, 

proteins are separated in one dimension, so that all the proteins will lie along a lane 

and then proteins are spread out across a 2-D gel. The gels with separated proteins 

will be stained by several staining method, e.g. coomassie blue staining, florescent 

dye (Sypro ruby, cy2, 3, 5, flamingo) or silver staining, and the image of stained gel 

proteins will be measured and analysed by a gel software, e.g. Samespot, Decyder, 

PDQuest  etc.. Even though software can provide automatic match, there are many 

challenges for using these software-based analysis. These include: incompletely 

separated spots caused overlapped; weak stained spots (e.g., "ghost spots"); poor 

reproducible between gels caused by running differences (e.g., protein migrates to 

different positions on different gels); spots couldn’t be matched or detected, leading to 

missing values; spots mismatched; errors in quantification (several distinct spots may 

be erroneously detected as a single spot by the software and/or parts of a spot may 

be excluded from quantification); differences in software algorithms and therefore 

analysis tendencies. After gel image analysis, a series of gel protein spot picking lists 

will be chosen. The spots can be cut by either automated spot picker or manually, 
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then subject them to in-gel digestion, and mixed peptides are subject to identify the 

proteins by mass spectrometry.  

In order to generate a reproducible gel, several methods had been investigated in 

previous chapters, e.g. loading protein sample amount into the gel, enriching low 

amount of protein in plasma masked by the high abundant albumin/IgG; finding a 

column with reproducible of depletion lower amount of proteins from plasma; an 

appropriate gel size of 2-D gel; the economic and suitable gel staining method. Here, 

the samples of protein from 50 rats given different zinc treatment were prepared by 

ProteoExtract Albumin/IgG removal kit, and some of the samples were prepared by 

Seppro columns. The protein samples were analysed in 2-D gels, and the gel image 

stained by Coomassie blue were analysed by same spot or PDquest, and significant 

different protein spots were identified by LC-MS/MS.  

5.2 Method and material 

Four plasma samples from each of group of rats treated with AZD, PFA, ZD, PFD, C, 

were used to deplete high abundant proteins by Seppro spin columns (Sigma, 

catalogue SEP130), the procedures had been stated in Chapter 3. While 10 plasma 

samples from each of group of rats treated with AZD, PFA, ZD, PFD, C, were depleted 

high abundant proteins by ProteoExtract Albumin/IgG removal kit, the procedures had 

been stated in Chapter 4. The depleted and abundant proteins from both preparation 

procedures were subjected to 2-D analysis, and gels were stained with Coomassie 

blue. Gels were scanned by G800 (Biorad), and images were further analysed by 

Samespot and potential candidate proteins identified by LC-MS/MS.  

After normalisation and spot matching on Progenesis SameSpots, the normalized 

volume (densities) of all matched spots were statistically analysed using Genstat, 

SPSS, R package V2.13.0 and Excel software, etc., which had been stated in 

Chapter 3.  
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5.3 Results and Discussion  

Applied ProteoExtract Albumin/IgG removal kit to prepare samples of rat plasma 

sample and the order of the sample preparation was planned randomized by zinc 

group, body weight and dissection date. 300 μg of both depleted and bound plasma 

protein from 50 rats and 6 quality controls were analysed on 2-DE gels and the 

identity of 37 significantly changed proteins was obtained by trypsinisation and 

LC/MS/MS. Figure 5.1 was an example of a spot which shows the relation of protein 

volume and the nutrition status of zinc.  

 

 

 
 
 
 
 
 

 

     
 
Figure 5.1 A typical spot separated from 2-D gel, and its density of the spot in different 
zinc treated groups.  
 

 

AZD ZD PFA PFD C 
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   Figure 5.2 Volume changes in spot number 662 

Figure 5.5 and Figure 5.6 identified proteins marked on 2D gels representing real 

sample depleted with Seppro and ProteoExtract.Table 5.1 shows the potential 

candidate proteins identification by LC-MS/MS. When considering the zinc biomarker 

using the protein spot volume or density changes, it can be either positive increase or 

decrease if it is theoretically changing, e.g. protein amount either C> 

PFD>PFA>ZD>AZD or C<PFD<PFA<ZD<AZD (e.g. Figure 5.2 spot 662). The 

explanation could be that zinc deficiency caused the protein to increase. This could be 

used as a good biomarker. 
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Figure 5.3 PCA-ANOVA 2-D plots analysis of the gels from different groups 
 
All matched spot data were then subjected to principal component analysis (PCA) of 
the correlation matrix and presented as 2-D plots of the first and second component 
scores for observations (rats) and loadings for variables (spot densities). Factor 
analysis including zinc intake, food intake, plasma zinc, were performed by SPSS and 
following a correlation analysis between the treatment and spot normalized volume.  
 

When compared the three groups with different food intake, C>PFD>PFA, which 

causes the different zinc nutritional status, C>PFD>PFA, and when the different zinc 

level caused different food intake, and different zinc nutrition, one spot (No376) 

(Figure 5.4), has showed the correlation of the spot density to zinc levels. 
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   Figure 5.4 Volume changes in spot number 376 

When the zinc intake increased, PFA<PFD<C, the zinc content in diet is the same (35 

mg/kg) in three groups, only the diet intake is increased in three groups. In other 

groups, AZD<ZD<C, the dietary zinc contents are increasing, and rats in these groups 

intake food freely, and with the increase zinc intake the protein spot area is decreased. 

However, there is no difference between their density in ZD and PFA statistically 

(Figure 5.4).  

Seventy protein spots showed significant up or down-regulation in the volume 

changes among the groups. Eleven protein spots (Figure 5.5) from the depleted 

protein sample by Seppro column, and 59 spots from protein samples of 

ProteoExtract column (Figure 5.6). They were manually cut out for LC-MS/MS 

analysis. 37 proteins identities are listed in the Table 5.1. The future work will focus on 

the validation of the identification by using specific antibody and ELISA or Western 

Blot using the zinc deficient and normal zinc rat blood plasma.  
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Figure 5.5 Eleven protein spots from the depleted protein sample by Seppro column 

and they were manually cut out for LC-MS/MS analysis. 
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Figure 5.6 59 spots from protein samples of ProteoExtract column, they were 

manually cut out for LC-MS/MS analysis. 
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    Table 5.1 The potential candidate proteins identified by LC-MS/MS 

    

Note: For confidentiality, identifies 1-33, were not shown here. 
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Chapter 6 

 

Summary and Conclusions 
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Zinc, an essential trace element, has been recognized to play important physiological 

roles in human health for about half a century. Zinc is required for structural and 

functional integrity of more than 2000 transcription factors (Coleman, 1992), Zinc 

deficiency is a major problem affecting human health in developing countries and 

children in developed countries. Zinc deficient rate is about 10% in developed country, 

61% in developing country and an average of about 20% worldwide (Brown and 

Wuehler, 2000; International Zinc Nutrition Consultative Group, 2004). However, there 

is no reliable biomarker for zinc nutritional status and this delays early diagnosis in 

zinc deficiency and prevents the treatment of zinc deficiency. Zinc nutritional status 

identification is mainly based on the epidemiology investigation and long-term health 

effects by marginal zinc status (Hambidge, 2000). 

Many efforts have been made to explore the biomarker for zinc deficiency in the past 

half a century. However,  no major progress has been made. Research has been 

carried out on a number of materials biofluids, e.g. serum, plasma, saliva, urine; 

tissues, e.g. hair, nail; organs, e.g. muscle, bone, liver, etc.; zinc excretions, e.g. feces; 

cells, e.g. red blood cell, white blood cells, lymphocyte; gene expressions, e.g. zinc 

transporters, etc. Works are mainly done on the measurement of zinc concentration 

directly, or  zinc related enzyme activities, e.g. oxidoreductases: alcohol 

dehydrogenase, SOD, malate dehydrogenase, lactate dehydrogenase. Among them, 

the most biomaterial used is plasma, because it is easily available, Zinc related 

protein expression has not been studied systematically and these studies will provide 

valuable information on the suitability of using protein expression as  a biomarker for 

zinc deficiency  

Zinc homeostasis in cell is tightly regulated by multiple zinc transporters and 

zinc-binding proteins (Liuzzi and Cousins, 2004). Less than 0.2% of the total body zinc 

content circulates in plasma. Serum zinc concentrations in healthy people have a 

narrow range, which is about 12-15 μmol/L (78-98 μg/dL). Zinc concentration in serum 

(plasma) is commonly used in the evaluation of body zinc nutritional status as a first 
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choice biomarker even though it is not a reliable one (Lowe et al., 2009). Proteomic 

technique has been widely used to screen different protein profiles in  different 

samples. Zinc is involved in the funtion and structure of 3000 different proteins. 

Proteomics may provide useful information and leading to biomarker discovery 

(Kitteringham, 2009). When using plasma as a source of proteomic analysis, 

low-abundance proteins with greater diagnostic potential are often masked by the 

presence of the high-abundance plasma proteins.  

In this research, an animal model of zinc deficiency had been set up and plasma zinc 

concentration was evaluated in the first investigation. Then the plasma was collected 

for the analysis of zinc biomarker. In the second part of the study, investigation was 

focused on depletion of the high abundant proteins by using commercial depleted 

immunoaffinity columns. The efficiency and reproducibility of the columns were tested. 

Finally, both ddepleted and abundant plasma protein samples were analyzed by 2D 

SDS-PAGE and different expression protein spots were further analysed by 

LC-MS/MS.  

Results showed that feeding the zinc deficient diet for 14 days, the rats plasma zinc 

reduced significantly compared to the rat ate normal zinc diet. The lower zinc intake 

has also caused lower food intake and reduced weight growth significantly. The 

plasma Zn concentration of group AZD was significantly lower to other groups, the 

concentration of the plasma zinc in each groups is, AZD (0.648 mg/L) < ZD group 

(0.875 mg/L) <PFA (1.306 mg/L)< PFD(1.470 mg/L)< C (1.578 mg/L). The significantly 

reduced plasma zinc shows the acute zinc deficiency model had been successfully 

set up.  

To the second part of the study focused on the investigation into the optimum 

condition for efficient separation the abundant proteins from plasma, e.g. albumin, 

globulines and fibrinogens etc. Remove the high abundant proteins benefits the lower 

amount of proteins discovery. Seprro column was designed to remove 7 proteins and 

it can be used up to 100 times based on the information provided by the supplier. Our 
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results did show the modified protocols have dramatically improved the separation 

capability, and generated higher resolution 2-D gels. However, the reproducibility was 

not ideal. The ratio of measured depleted protein(D) to total protein(B+D) was stable 

at about 25% in the first 24 times of depletions, but it increased thereafter to 57% after 

48 times of depletions. This is the first finding in using this column to deplete more 

than 7 high abundant proteins from plasma samples. This finding enabled us to 

explore a new method to deplete the abundant protein. Further test had been done on 

another column, ProteoExtract Albumin/IgG column. This column specific binding 

mainly two main proteins, but, it is used for individual sample per column. The results 

showed it had good reproducibility in depletion high abundant proteins, albumins and 

IgG, from the same source of plasma samples. The research also focuses on 

investigations into the methods for improving the depletion of high abundant proteins, 

and higher recovery of protein from eluted solution. TCA precipitation shows a good 

reproducibility. Fixed angle rotor, speed at 5000×g was chosen because it shows 

higher recovery of proteins of lower 5 kDa. The method of protein samples 

concentrated by Vivaspin 4 was chosen based on the 2-D gel’s separation results: 

protein spots number and the  resolution of the protein in lower molecular weight. 

When the effect of protein separation was further analysed on 11 cm and 18 cm size 

of gels, it has a significantly higher number of spots on the 18 cm gels than the spots 

in 11 cm gel and there are more low molecular weight protein spots on the 18 cm gels 

compared to 11 cm size gel. By comparing the protein amount, 400 or 200 μg loaded 

on 2D gels, even there are about 10% protein spot generated in gels loaded with 400 

μg compared to amount of 200 μg, however, protein spots in low molecular weight are 

difficult to be detected compared with proteins in gels of loading 200 μg protein. Thus, 

200 μg protein was used for all the studies in order to reduce the preparation time and 

further reduce the variations between sample preparation. Coomassie Blue was 

chosen compared to Flamingo stain, this is based on spots number with the 

normalization volume, in both depleted and abundant protein gel. Reproducibility of 

ProteoExtract Albumin/IgG removal kit was further tested in 6 plasma samples from 

one rat. Introduction of the lower level content glycerol from 25% to 10% in Lamili 
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buffer (62.4mM Tris base, 2% SDS and 10% glycerol) clearly improved the elution 

speed during the depletion process by the ProteoExtract Albumin/IgG column. The CV 

of depleted and bound protein among the 6 same samples during this process was 

below 10% which shows the good reproducibility among individual column and the 

depletion procedure. After the concentration, 81% of depleted plasma protein and 

82% for bound plasma protein was recovered respectively.  

Samples of protein from 50 rats given different zinc treatments were prepared by 

ProteoExtract Albumin/IgG removal kit. 20 samples were also prepared by Seppro 

columns. Among the 20 samples, four plasma samples were from each group of rats 

treated with AZD, PFA, ZD, PFD, C. The depleted and abundant proteins from both 

preparation procedures were subjected to 2-D analysis. Seventy protein spots showed 

significant differences in the volume changes among the groups. They were either 

up-regulated or down-regulated, Eleven protein spots from the depleted protein 

sample by Seppro column, and 59 spots from protein samples of ProteoExtract 

column. Their identities (Table 5.1) were analysed by LC-MS/MS analysis. Future 

work will focus on the validation the identification by using specific antibody with 

ELISA or Western Blot using the zinc deficient and normal zinc rat plasma.  
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