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Abstract 
Heart failure is a medical emergency when the left 

ventricle gets expanded and this further stimulates the 

secretion of the BNP hormone into the blood. BNP can 

be used as diagnostic and prognostic marker for 

patients with heart failure. The concentration of BNP 

in a patient’s blood can be detected through the 

interaction of BNP with Anti BNP-SCFV antibody 

fragment. In this study we reported the detection of 

BNP by using Anti BNP-SCFV-based immunosensor. 

Recombinant Anti BNP-SCFV was produced in the 

periplasm of Escherichia coli host. Furthermore, Anti 

BNP-SCFV was immobilized on the surface of carbon 

electrode, coated with gold nanoparticles (Screen-

Printed Carbon Electrode-Gold Nanoparticles = 

SPCE-GNP).  

 

The result showed that Anti-BNP-SCFV with molecular 

weight of 28 kDa was successfully produced in E. coli. 

Standard BNPs with concentration range from 1 pg/mL 

to 10.000 pg/mL were tested on SPCE-GNP-Anti BNP-

SCFV immunosensor to determine their sensitivity and 

detection limit. The detection limit of Anti BNP-SCFV 

immunosensor was 1.03 pg/mL. Measuring of BNP 

concentration in normal blood serum by using Anti 

BNP-SCFV immunosensor showed that the BNP 

concentration in the normal blood was 0.55 pg/mL. 

Measurement of serum sample added with BNP showed 

that the recovery value was 93.5%. Anti BNP-SCFV 

immunosensor with SPCE-GNP electrode can be used 

to detect BNP levels in the blood serum. 
 

Keywords: Recombinant Anti BNP-SCFV, heart failure, 

BNP, immunosensor. 

 

Introduction 
B-type natriuretic peptide (BNP) is a 32-amino acid peptide 

primarily secreted by the cardiac ventricles in response to 

increased myocardial wall stress due to volume overload or 

higher end-diastolic pressure inside the ventricle. BNP 

levels rise primarily in the presence of left ventricular 

dysfunction1. BNP has been recognized as a powerful 

cardiovascular biomarker for a number of disease states 

specifically heart failure2,3. BNP can be used to guide the 

therapy of heart failure and determine the patient’s stage of 

disease. A large amount of data supports extending the use 

of BNP from a diagnostic marker to a prognostic marker4-6. 

 

BNP is produced as a 134 amino acid pre-pro-BNP peptide 

that is cleaved soon after secretion to yield the 108 amino 

acid pro-BNP. Further cleavage produces the biologically 

active 32 amino acid BNP peptide (BNP1-32) which 

contains a 17 amino acid ring closed by a disulfide bond and 

also the linear 76 amino acid N-terminal peptide (NT-pro-

BNP1-76)7. The biologically active BNP1-32, the pro-BNP 

and the NT-pro-BNP1-76 can be measured in the plasma. 

Among cardiovascular biomarkers, BNP and NT-pro-BNP 

have emerged as powerful diagnostic tools for acute heart 

failure and as screening tools for detecting left ventricular 

systolic and diastolic dysfunction. BNP has estimated half-

life of 20 min compared to 90–120 min for NT-pro-BNP8. 

 

In most cases, BNP and NT-pro-BNP levels are higher in 

patients with heart failure than people who have normal 

heart function. The normal concentration of BNP in the 

blood is less than 30 pg/mL and NT-pro-BNP is less than 

125 pg/mL9. 

 

The level of BNP in blood plasma can be measured by point 

of care Triage Meter Plus assay (Biosite Diagnostic) that 

uses immune-fluorescence technology. Approximately 250 

μL of whole blood was used as sample. This analysis can 

measure BNP concentration between 5-5000 pg/ml10. A 

BNP immunosensor using a microfluidic device equipped 

with portable surface plasmon resonance (SPR) 

spectroscopy achieved a detectable concentration range 

from 5 pg/ml to 100 ng/ml, covering clinical and 

pathological levels of BNP in blood11. NT-pro-BNP 

determination by using electrochemiluminescence (ECL) 

imunosensor demonstrated a quite wide linear range of 0.01–

100 pg/mL12. 

 

Recombinant antibodies are highly specific detection probes 

in research, diagnostics and have emerged over the last two 

decades as the fastest growing class of therapeutic proteins13. 

A wide variety of recombinant antibody formats have been 
engineered, the most popular being the single chain variable 

fragment (SCFV) that consists of antibody variable domains 

connected by a flexible linker14. Antibody fragment against 
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BNP (Anti BNP-SCFV) is suitable to be used as diagnostic 

tool for BNP detection due to its small size compared to 

whole antibody15. 

 

Electrochemical biosensors have a unique place in the 

determination of hormones due to simplicity, sensitivity, 

portability and ease of operation. Unlike chromatographic 

techniques, electrochemical techniques used do not require 

pre-treatment16. Screen-printed electrodes were modified 

with nanomaterials to enhance the sensitivity of sensing 

devices which have been widely exploited. Among them, 

gold nanoparticles have been extensively used due to their 

unique properties such as large surface area, good 

biocompatibility and excellent catalytic and electronic 

property17.  

 

GNPs work in increasing the electroactive surface area 

which enhances the electron-transfer between the electrode 

and the analyte18.The basic principle of electrochemical 

biosensors is the chemical reaction between immobilized 

biomolecule and target analyte produces or consumes ions 

or electrons which affects measurable electrical properties of 

the solution such as electric current or potential19. 

 

Anti BNP-SCFV has been expressed in methilothropic yeast 

Pichia pastoris and has been used as biosensor for detection 

of BNP by using planar type electrode. This electrochemical 

immunoassay exhibited excellent analytical performance 

with a detection limit of 1 fg/ml and a wide linear detection 

range from 1 to 10,000 fg/ml15. 

 

Escherichia coli have been successfully employed to 

generate genetically-engineered Anti BNP-SCFV antibody. 

The recombinant Anti BNP-SCFV was expressed in the 

cytoplasm of E. coli. However, most of the expressed SCFV 

(approximately 73.4%) formed insoluble inclusion bodies20. 

In the previous study, we used E. coli extracellular 

expression system to express our recombinant Anti BNP-

SCFV and secreted it to periplasmic space21. However, Anti 

BNP-SCFV expressed in the periplasm still contains another 

protein. In this study we reported the production and 

isolation of Anti BNP-SCFV from the periplasm of E. coli 
and its application for the detection of BNP using 

immunosensor.  

 

Hartati et al22 used monoclonal Anti BNP and streptavidin-

biotin system to immobilize the antibody to the surface of 

SPCE electrode. The detection of BNP using this 

immunosensor gives the linear range between 0,01-100 

ng/mL and detection limit of 3,3 pg/mL. In this study, to 

improve the sensitivity of immunosensor we used nanogold 

modified SPCE. The use of small size recognition molecule 

(Anti BNP-SCFV) hopefully will increase immunoaffinity.   

 

Material and Methods 
Material: E. coli BL21[Anti BNP-SCFV] was from Gaffar 

et al.21 The growth medium used was: Luria Bertani (0.5% 

yeast extract, 1% tryptone, 1% NaCl, 2% bacto agar). All 

materials for growth media were purchased from Oxoid. 

HRP labelled Anti BNP, 3,5,3’,5’- tetrametyl benzidine 

(TMB) and BNP antigen was purchased from Abcam, UK. 

All chemicals used in the experiments were purchased from 

Sigma Aldrich.  

 

Apparatus: Differential pulse voltammetry was carried out 

using potensiostat Metrohm® μAutolab type III connected 

to PC with NOVA software. The SPCEs-GNP electrode 

used consists of an Ag/AgCl as reference electrode, platinum 

electrode as an auxiliary electrode and carbon electrode with 

nanogold particle (0.5 mm) as working electrode 

(Dropsens). 

 

Production and Isolation of Anti BNP-SCFV from E. coli 

E. coli BL21 [Anti BNP-SCFV] was used to express Anti 

BNP-SCFV following the procedure of Gaffar et al21. Anti 

BNP-SCFV was isolated from E. coli peripheral by using 

osmotic shock method and TSE method (Tris-Sucrose-

EDTA), following the procedure of Quan et al23. Twenty 

microliter of protein fraction was analyzed by SDS-PAGE. 

Protein band were detected using Coomassie brilliant blue 

dye. Protein concentration was measured following Lowry 

method24. 

 

Detection of BNP by Anti BNP-SCFV Immunosensor 

Immobilization of the Anti BNP-SCFV: A solution of 20 

μL Anti BNP- SCFV (50 μg/mL in 0,01 M PBS buffer) was 

immobilized on SPCEs-GNP electrode. The SPCEs-GNP- 

Anti BNP-SCFV was incubated overnight at 4°C. The 

electrode surface was washed by immersing into PBS (0.01 

M; pH 7.4). Later, non-specific bindings were blocked by 

incubating the electrode surface with BSA 1% for 15 

minutes22. 

 

Analysis of immobilized immunoreagents: The 

attachment of immunoreagents on SPCE-GNP was 

measured by observing cyclic voltammograms from redox 

activity of electroactive species 10 mM [Fe(CN)6]3- in 0,001 

mM KCl. Measurement was performed after addition of 

each immunoreagent at potential ranging from -0,6V to –

0,6V with scanning rate at 50 mV/sec. 

 

Optimization of Anti BNP-SCFV concentration: Anti 

BNP-SCFV with various concentrations (50, 100, 150, 200 

and 250 µg/mL) was immobilized on the surface of SPCEs-

GNP and incubated for 60 minutes. Non-binding electrode 

surface was blocked by incubating the electrode with BSA 

1% for 15 minutes. Furthermore, 20 µL of BNP antigen (1 

ng/mL) prepared in 0.01 M PBS was added onto the 

electrodes surface and left to react with the Anti BNP-SCFV 

capture antibody for 1 h. Afterwards, the surface was washed 

by immersing electrode into PBS (0.01 M; pH 7.4).  

 

Furthermore, 20 μL of 5 μg/mL HRP-labelled Anti BNP 
detection antibody was dropped and incubated for 60 

minutes20. The electrodes were washed prior to electro- 

chemical measurement. Immunosensor measurement was 
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done by an addition of 50 µL TMB (1:1000) as substrate and 

it was allowed to react for 10 minutes. Immunosensor 

responses were measured by differential pulse voltammetric 

by scanning at 50 mV·s−1 and potential ranging from −0.6 V 

to 1.0 V. The schematic method for BNP detection by 

immunosensor was is shown in figure 1. 
 

 
Figure 1: Schematic protocol of BNP determination by 

electrochemical immunosensor using SPCE-GNP. 

 

Calibration curve and LOD determination: BNP with 

various concentrations (10-2,10-3,10-4, 10-5 and 10-6 µg/mL) 

were added onto SPCEs-GNP electrode that has been 

immobilized with optimum concentration of Anti BNP-

SCFV. Immunosensor responses were measured as 

mentioned above. 

 

Measurement of serum BNP: Serum was separated from 

whole blood by centrifugation. Only 20 μL serum was 

needed for measurement. Serum with an addition of 10 

pg/mL BNP was used to calculate the recovery value. 

Concentration of serum BNP was calculated based on 

calibration curve. 

 

Results and Discussion 
Production and isolation of Anti BNP SCFV from E. coli 

periplasm: Anti BNP SCFV was produced on the periplasm 

of E. coli by using signal peptide of E. coli OmpA protein20. 

However, the result showed that periplasm still contains 

another protein (figure 2). Periplasmic proteins are estimated 

to constitute only ~4–16% of the total cellular protein in E. 

coli. To isolate only periplasmic protein, we used two 

methods: osmotic shock and TSE extraction procedure22. 

Contamination of periplasmic protein extraction is cytosolic 

protein that was released due to cell lysis during the 

repetitive pelleting and resuspension steps of the osmotic 

shock procedure.  

 

Sucrose in the extraction buffer increases the extracellular 

osmolality causing the cells to shrink and release water and 

periplasmic contents into the surrounding medium. Sucrose 

can go through the outer membrane to enter the periplasmic 

space but is unable to penetrate the inner membrane. The 

presence of sucrose at the water–inner membrane interface 

presumably helps to stabilize the membrane and therefore 
prevents cell lysis24. SDS-PAGE characterization (figure 2) 

shows that Anti BNP-SCFV with molecular weight of 28 

kDa was succesfully expressed into pheriplasmic space of 

E.coli. Figure 2 also shows that isolated protein by using 

TSE method contains less contamination compared to 

osmotic shock method.  

 

Immunosensor Responses of Anti BNP-SCFV: Cyclic 

voltamogram from redox activity of electroactive species 

of 10 mM [Fe(CN)6]3-  in 0,001 mM KCl after addition of 

each immunoreagent is shown in figure 3.The decrease in 

peak current after immobilization of Anti BNP-SCFV 

means that a part of SPCE-GNP surface has been covered 

by Anti BNP-SCFV. Therefore, it caused the impediment 

of electron transfer between [Fe(CN)6]3- and electrode. It 

also occured after the addition of BSA, BNP and Anti 

BNP-HRP. This means that the addition of immunoregents 

caused the electroactive species [Fe(CN)6
3-to become far 

away from electrode surface which consequently blocked 

the electron transfer. 

 

 
Figure 2: SDS-PAGE characterization of periplasm 

protein. (M) protein marker; (A) periplasm protein 

isolated with osmotic shock method and (B) periplasm 

protein isolated with TSE method. 

 

 
Figure 3: Cyclic voltammogram of SPCEs-GNP with 

addition of 10 mM K3[Fe(CN)6] in 100 mM KCl with 

scan rate 50 mV/s. (1) Bare SPCEs-GNP  in 0.01 M PBS 

pH 7.4. (2) SPCEs-GNP-Anti BNP-SCFV (3) SPCEs-

GNP-Anti BNP-SCFV-BSA (4) SPCEs-GNP-Anti BNP-

SCFV-BSA-BNP (5) SPCEs-GNP-Anti BNP- SCFV-

BSA-BNP-Anti BNP-HRP. 
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The most important criterion in the immobilization of 

functional biomolecules onto solid-state surfaces is to 

maintain the biological activity while retaining the 3D native 

structures26. The immobilization of Anti BNP-SCFV onto 

the functionalized surfaces of SPCE-GNP was achieved via 

physical absorption. GNP works on increasing the 

electroactive surface area which enhances the electron-

transfer between the electrode and the analyte.  

 

Although the non-specific immobilization of biomolecules 

on solid-state surfaces may be the rapid, simple and cheap 

method, such non-specific immobilization of biomolecules 

on a solid-state surface often leads to highly random 

orientation of the immobilized biomolecules and it may 

induce significant conformational change to the native 3D 

structure of biomolecules, thus causing severe loss of 

biological activity26. However, using small factional 

molecule such as Anti BNP SCFV will reduce 

conformational changes. 

 

Anti BNP-SCFV optimum concentration: Various 

concentrations of Anti BNP-SCFV were tested to measure 

the optimum concentration which gives higher peak current. 

Figure 4 shows that 150 μg/mL of Anti BNP SCFV gives the 

higher peak current. Anti BNP-SCFV with higher than 150 

μg/mL gives lower peak current. Our previous study used 

biotinilated Anti BNP capture antibody and the optimum 

concentration is 5 μg/mL22. Higher concentration of Anti 

BNP-SCFV was needed, may be because anti BNP-SCFV is 

a small molecule, but it may also be because the anti BNP-

SCFV produced in the periplasm of E. coli was mixed with 

another periplasmic protein. 

 

 
Figure 4: Optimum concentration of Anti BNP-SCFV 

 

Calibration curve and limit of detection: Figure 5 shows 

that the calibration graph for oxidation peak was linear from 

1 to 10.000 pg/mL and obeyed the equation:  

 

Y = 9,958x + 0,1365 

 

where y and x are the peak current (μA) and BNP 

concentration (pg/mL), respectively. The correlation 

coefficient (r) was 0.9926. Detection limit was measured by 

using the equation   of Y= 4.933 x + 0,0950 (BNP 

concentration 0-10 pg/mL) with r2 value as 0,998. The 

detection limit was estimated as 1,03 pg/mL. 

 

Anti BNP-SCFV immunosensor was used to measure BNP 

concentration in normal blood serum. We found that the 

concentration of BNP was 0,55 pg/mL. Recovery value was 

measured by addition of 10 pg/mL standard BNP into 

normal serum and we found that the recovery value was 

93,5%.  

 

 
Figure 5: Calibration curve of BNP concentration 

 

Since many factors can elevate BNP, interpreting blood 

levels of BNP can be complex. Most experts now agree that 

it is appropriate to use two cut-off values in assessing BNP 

levels-a lower value that reliably excludes heart failure and 

a higher value that accurately confirms heart failure. A BNP 

value of less than 100 pg/mL essentially rules out heart 

failure whereas values greater than 400 pg/mL indicate 

a 95% likelihood of heart failure. Values between 100 

pg/mL and 400 pg/mL warrant further investigation. A 

suggested “normal” range for BNP is 0.5-30 pg/mL9. 

 

The most important use of natriuretic peptides is in helping 

to establish the diagnosis of heart failure (HF) in a patient in 

the urgent care setting within whom the diagnosis is 

uncertain. The reference values of BNP are different to 

exclude or confirm a diagnosis of heart failure. These values 

also depend on age and gender and are higher in elderly 

persons and women9. 

 

The good immunoaffinity of Anti BNP-SCFV was attributed 

to the smaller size of Anti BNP-SCFV than that of the whole 

antibody. Indeed, the small size of Anti BNP-SCFV 

facilitates its highly concentrated immobilization on the 

electrode surface. 

 

Conclusion 
Recombinant Anti BNP-SCFV with molecular weight BM 

of 28 kDa was successfully produced in the periplasm of E. 
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coli. Anti BNP-SCFV immunosensor with SPCE-NGP 

electrode can be used to detect BNP concentration with the 

detection limit of 1,03 pg/mL. Measurement of serum 

samples with addition of standard BNP showed that the 

recovery value was 93,5 %.  
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