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A Size exclusion Chromatographic analysis was carried out to study the co-elution pattern as well as the 

molecular interaction between neurotoxic Amyloid beta oligomers and human blood plasma proteins. Four 

different types of Chromatographic columns like Sephacryl S-100 HR, Superose 12HR 10/30, Superdex 75 HR 

10/300 and Superdex 200 HR10/300 used for analysis and among these columns, Superdex 200 HR 10/300 

shown to be the most convenient column with better resolution where 20 mM sodium phosphate, pH 7.4; 150 

mM sodium chloride proved as best working buffer at 0.5 ml/min flow rate. Co-elution study of mixture of 

amyloid β oligomers and human plasma serum showed weak molecular interactions with blood plasma proteins 

but no strong interaction could be observed.  
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1. INTRODUCTION 
 

Alzheimer’s disease (AD) is an age-related progressive 

degenerative disorder which leads to progressive cognitive 

decline and subsequent death. Several studies have proved that 

the amyloid-β (Aβ) peptide, which is derived from the Aβ 

precursor protein (APP), is responsible for AD [1–3]and is 

supported by hundreds of studies over the past two decades [4-

11].  After synthesis from APP, Aβ spontaneously aggregates 

into β-sheet rich fibrils, resembling those in plaques. Aβ is 

soluble in its monomeric and oligomeric states but can aggregate 

into fibrils and deposit as extracellular plaques in the brain 

parenchyma. Surprisingly, the mechanism by which Aβ causes 

neurodegeneration is still unclear [12]. Blood serum is a complex 

body fluid contains various proteins that range in concentration 

over at   least   9 orders   of magnitude.    Plasma   derived  serum 

contains 60–80 mg of protein/ml in addition to various small 

molecules including salts, lipids, amino acids, and sugars [13].   
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Serum contains several major proteins like albumin, 

immunoglobulins, transferrin, haptoglobin, and lipoproteins [13, 

14]. Serum also contains many other proteins synthesized and 

secreted or lost from cells and tissues throughout the body [15, 16]. 

Including most of very low relative abundances, about 10,000 

proteins may be present in serum [17].  There have several 

techniques have developed for the quantitative assessment of the 

aggregation, including dimers and multimers, of the active protein 

but Size exclusion Chromatography is predominantly favored for 

routine and validated analyses because of both its speed and 

reproducibility. As one of the very important issues in biomedical 

research is to find out any biomarker to identify the disease in early 

stage and human serum is the most important specimen to detect 

the biomarker [18, 19, 20, 21]. Since serum is easily available so, 

the biomarkers that are found in serum can be used to diagnostic 

tests and is target for therapeutic inventions. Currently no drugs are 

approved that prevents or slow the progression of AD. The 

development of effective AD therapeutics is clearly a tremendous 

medical challenge. The molecular structure of its fibrils and            

pre-fibrillar oligomers is crucial for elucidating the aggregation              
. 
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pathway involved in plaque formation and for developing 

therapeutic and diagnostic agents. The aim of this study was to 

study the elution pattern of both Aβ oligomers and blood plasma 

proteins according to the size and to find out the Aβ binding 

proteins from blood plasma which is very important for 

therapeutic studies against AD. 

 

2. METHODS AND MATERIALS 

All of the experimental parameters of size exclusion 

chromatography were considered step by step in this study. 

 

2.1Columns used for Chromatographic analysis 

Four types of columns used in this study : Sephacryl S-

100 HR (GE Healthcare), Superose 12HR 10/30(GE Healthcare), 

Superdex 200HR and Superdex 75 HR (GE Healthcare). 

 

2.2 Optimization of the running conditions 

2.2.1 Buffer Selection 

Three different buffer compositions: 20 mM Na-

phosphate pH 7.4; 50 mM NaCl, 20 mM Na-phosphate pH 7.4; 

100 mM NaCl and 20 mM Na-phosphate pH 7.4; 150 mM NaCl 

were tested for chromatographic analysis of Aβ oligomers and 

blood serum proteins. All of the chemicals and water used in this 

study were molecular biology grade. 

 

2.2.2 Resolution 

The resolution (Rs) between two peaks in a 

chromatogram is presented by, 

Rs=   2∆Z/ WA+ WB 

= 2 [(tR) A- (tR) B ] / WA+ WB; 

Where, the separation between peaks A and B is indicated by ∆Z 

and WA and WB are the width at the base of peaks A and B 

respectively. Acceptable resolution is on the order of Rs= 1.0 and 

baseline between two peaks requires Rs> 1.5.Resolution was 

calculated after careful analysis of the elution pattern of both of the 

samples.  

 

2.2.3 Flow rates 

Different flow rates started from 0.1 ml/min, 0.2 ml/min, 

0.3 ml/min, 0.4 ml/min and 0.5 ml/min were appliedand the 

resolution of the separation was observed. After optimizing the 

Conditions 50 µl of Aβ oligomeric solution and 25 µl of blood 

serum were loaded in column to observe the effect of flow rates 

inelution pattern. 

 

2.2.4 Aβ oligomer and blood serum 

Aβ42CC was co-expressed withZAβ3 Affibodyin 

Escherichia coli origami B cells [22]. Aβ oligomers were purified 

after several purification steps of Immobilized metal ion affinity 

Chromatography (IMAC), Size exclusion Chromatography(SEC), 

denatured IMAC and dialyzed overnight against 20 mM sodium 

phosphate pH 7.2; 50 mMNaCl with 5 mM EDTA. Aβ oligomers 

formed spontaneously during dialysis against sodium phosphate at 

pH 7.2. The blood serum (normal human serum, single donor) 

used in this experiment was purchased from 3H biochemical AB, 

Uppsala, Sweden. 

 

2.3 Interaction study between Aβ oligomers and human blood 

serum proteins 

Mixtures of different ratios of Aβ oligomers and human 

blood serum proteins containing fractions (in 1:1; 2:1; 3:1 ratios 

respectively) were loaded on column toobserve the co-elution 

pattern and molecular interactions between the molecules. 

Fractions of Blood serum proteins was mixed with Aβ oligomers 

in ratios of 1:1, 1:2, and 1:3 which is followed by the loading of 50 

µl mix on Superdex 200 HR 10/300 equilibrated with 20 mM Na-

phosphate; pH 7.4; 150 mM NaCl. Several optimized conditions 

like prior loading incubation on ice for different time durations, 

different concentrations, sample volumes also studied. After 

elution, the blood serum protein containing fractions were pulled 

together and concentrated for further interaction study with the 

concentrated fractions using the same ratios of Aβ oligomers and 

human blood serum proteins containing concentrated fractions 

(1:1; 2:1; 3:1 respectively).  The eluted fractions from both of the 

experiments were analyzed by SDS-PAGE which is followed 

bysilver staining [23]. 

 

3. RESULTS AND DISCUSSION 
 

After IMAC fractions containing Aβ-ZAβ3 were 

collected and concentrated up to 3.967 AU at 280 nm. Aβ-ZAβ3 

containing fractions were concentrated up to 4.502 AU at 280nm 

after SEC also and finally separated from ZAβ3 after denature 

IMAC. Aβ containing fractions were confirmed by SDS-PAGE. In 

SDS-PAGE image (Fig.1) it was observed single bands of about 

6.2 kDa which indicates that those fractions contained Aβ 

oligomers. Those fractions were concentrated using 3 kDa cut-off 

to a final concentration of OD 280=1.3-1.8 AU. The sample was 

dialyzed against 20 mM sodium phosphate pH 7.2; 50 mM NaCl 

with 5 mM EDTA. Aβ oligomers (0.49mM) formed spontaneously 

during dialysis against sodium phosphate at pH 7.2. 

 

250 KD                                                           250 KD 

 
Fig.1: SDS-PAGE of corresponding Aβ oligomeric fractions prior dialysis. 

 

3.1 Buffer composition, resolution and flow rate 

Among of different buffer compositions 20 mM sodium-

phosphate; pH7.4; 150 mM sodium chloride showed better 

separation of both of the molecules. Sephacryl  S-100 showed Rs 



042                                                           Anuj Kumer Das / Journal of Applied Biology and Biotechnology 3 (05); 2015: 040-043 

 

value 1.76, Superose 12 showed Rs value 1.33, Superdex 75 HR 

10/300 showed Rs value 0.95 and Superdex 200 HR 10/300 

showed Rs value 4.26 (fig.2). Acceptable resolution is on the order 

of Rs= 1.0 and baseline between two peaks requires Rs> 1.5. So, it 

was observed that Superdex 200 HR 10/300 showed the best 

resolution than other tested columns. Different flow rates starting 

from 0.1 ml/min, 0.2ml/min, 0.3 ml/min, 0.4 ml/min, 0.5 ml/min 

were applied using Superdex 200 HR 10/300 using 20 mM 

Sodium-Phosphate; 150 mM sodium chloride; pH 7.4 as running 

buffer with both of Aβ and Blood serum and found Rs value 2.54, 

2.39, 2.19, 3.44 and 4.26 respectively.  Among all of the flow rates 

0.5 ml/min showed the best resolution (4.26) of separation. 

 

 

Elution Volume (ml) 

Fig.2: Size exclusion chromatogram of Aβ oligomers and Blood serum at 280 

nm in Superdex 200 HR 10/30.  Superdex 200 HR 10/30 GL showed Rs value 

4.26 at 0.5 ml/min flow rate. 

 

3.2 Interaction study of Aβ oligomers with blood serum 

 Laterin this experiment co-elution study of Aβ oligomers 

and blood serum proteins was conducted to study any molecular 

interactions. 

 

 
        Elution Volume (ml)                                        Elution Volume (ml) 
 

Fig.3: (a) Gel filtration chromatogram of Aβ oligomers and blood serum 

fractions (not concentrated) (1:1). Aβ oligomeric fractions were started to elute 

at 7.98 ml and ends to elute at 12.33 ml of elution volume. (b) Gel filtration 

chromatogram of Aβ oligomers and blood serum fractions (not concentrated) 

(1:2). Aβ Oligomeric fractions were started to elute after passing 7.41 ml and 

ends at 12.78 ml of elution volume. The corresponding fractions were analyzed 

by SDS-PAGE. 

 

Fig. 3(a) and 3 (b) shows the chromatographic elution 

pattern of mixture of fractions of Blood serum proteins and Aβ 

oligomers. In both of the chromatograms the first peak indicates 

the Aβ oligomers which elute at around 7.98 ml of elution volume 

and later at around 19 ml of elution volume blood plasma proteins 

started to elute separately. The other conditions used like 

incubation time on ice, concentration, sample volume showed 

almost the same results. The comparative elution pattern of 

mixture of concentrated fractions of blood serum proteins with and 

without Aβ oligomers is shown in fig. 4. According to this 

experimental hypothesis if proteins would bind with Aβ oligomers 

then the bound molecules were supposed to elute together. 

However, all of the corresponding fractions (fractions containing 

higher molecular weight) were analyzed on SDS-PAGE. In the gel 

bands of only Aβ oligomers or only of blood serum proteins 

appeared which indicated that Aβ oligomers and blood serum 

proteins were not interacted strongly (fig.5) 

 

 
Fig. 4: Chromatogram showing the elution pattern of mixtures of concentrated 

blood serum fractions and Aβ oligomers and only blood serum fractions 

without Aβ. 

 

 
Fig. 5: SDS-PAGE image of concentrated blood serum fractions with Aβ, 

without Aβ and only Aβ fractions. Samples loaded as the following order (from 

left to right): M: Marker (LMW),1: only Aβ fraction, 2: blood serum protein 

fractions (with Aβ), 3: without Aβ, 4: With Aβ, 5: without Aβ, 6: With Aβ 

(concentrated blood serum fractions), 7: without Aβ (concentrated blood serum 

fractions), 8: only Aβ fraction, 9: With Aβ, 10 and 11: only blood serum 

fractions (concentrated). From gel image it was observed that bands of only 

either Aβ oligomers or blood serum proteins were appeared but no strong bands 

of interacted molecules were appeared. 

 

4. CONCLUSIONS 
 

Size exclusion chromatography is an excellent technique 

to separate the molecules according to their sizes. Several 

biologically important molecules or other chemically synthesized 

molecules can be mixed with Aβ oligomers and SEC based 

chromatographic study can be applied to find the binding ligands. 

If the molecules interacted then it could be further analyzed by 

Mass spectrometry. In this experiment chromatographic conditions 

were optimized for better separation of Aβ oligomers and blood 

plasma proteins.  In future Aβ oligomers can be further analyzed 

using these experimental conditions for several drug discovery 

efforts. 
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