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Abstract – The new biotechnical approach to ecological 

monitoring and medical devices design using biosensor 
systems based on luciferase enzyme is described. Main 
scientific, engineering and technological principles of 
PCR-free nanoparticles-based biobarcode amplification 
assay are given.
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I. INTRODUCTION 
 Recent few years are new era of biotechnical and medical 
devices. They based on ultrahigh-sensitivity biodiagnostic 
system called the bio-barcode assay that using nanoparticles 
redefines “undetectable” prostate-specific antigen and 
biochemical recurrence [1]. The first fabrication of a few 
nanoparticles complexes with protein [2] induced 
biobarcoding and luminescent biochips. A nanoparticles-
based biobarcode assay (BCA) that has PCR-like sensitivity 
for both DNA and protein targets have been developed [3, 4]. 
It has useful clinical application in medicine [1]. The first 
design of a luminescent biochip with nanodiamond and 
bacterial luciferase [5] and luciferase-based poly-enzymatic 
assay for ecological monitoring [6] is basis of our discussion
of main engineering and technological principles of 
luciferase-based biobarcode amplification assay (LBCA) here. 

II. TOWARDS LUCIFERASE-BASED BIOBARCODE
 Correct and high amplification of biological signals is idea 
of our approach. The recent review helps us to discuss all 
amplification strategies: enzymatic - polymerase chain 
reaction (PCR), enzyme-linked immunosorbent assay 
(ELISA) and luciferase-based assay, and non-enzymatic - 
optical, e.g. surface-enhanced Raman scattering (SERS) and 
surface plasmon resonance (SPR); electrochemical, magnetic, 
mechanical and BCA. Functionalized nanoparticles allow 
realizing both enzymatic and non-enzymatic strategies of 
biological signal amplification by BCA technique [7]. 
 Luciferase is enzyme that transforms chemical signal into 
light, therefore we suppose that high sensitivity of modern 
photomultipliers (PMT) and avalanche photodiodes (APD) 
allows detecting in principal a few molecules into probe. But 
realization of this limit into luciferase biosensor needs more 
smart electronic amplification. E.g., dB gain of PMT is 160 
that is equal to 108 times and APD registries of small optical 
power  10-9W, but the limit 1 photon/s is ~ 10-18W. We 
should take into account internal noise into photon counting 
mode of PMT or Geiger-mode APD together with chemical 
and biological noise too. As result our LBCA should have 
biological and electronic modules with total dB gain ~ 400 for 

sensing of zeptomolar (10-21M) concentration (1 zmol of 
bacterial luciferase contains 602 protein molecules). 
 Flowcharts of a few variants of electronic modules included 
PMT and/or APD, operational amplifiers with multiple stages 
in cascade with limited dynamic range to increase gain, 
companding (compression + expanding) for better signal-to-
noise ratio (SNR), and programmable gain amplifier are 
described. Main realized idea is to make electronic module 
with total dB gain ~ 400 using with different biological 
modules. Biological modules of LBCA are described briefly 
with accent to gain factor, SNR, specificity and 
transformation of biological and chemical signals. 
 The established techniques of PCR and ELISA together 
with suggested here in the first time LBCA will eventually 
give way to methods that offer comparable amplification, 
greater multiplexing capabilities and the prospects of lower 
cost and portability. 
 New materials - in particular nanodiamond, noble-metal 
nanoparticles, quantum dots etc - are now redefining 
analytical benchmarks for sensitivity, selectivity and 
versatility. When proteins and other non-nucleic-acid analytes 
can be detected as robustly as nucleic acids and with a 
technology as sensitive as PCR, the field of molecular 
diagnostics and medicine will be revolutionized [1]. 

III. CONCLUSION 
 We discussed the technical solution of electronic LBCA 
module for amplification the luciferase-based biological assay 
signals for ecological and medical applications. 
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