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Abstract. Ultra-weak Bioluminescence is physiological phenomenon widely presenting in all 
biological life activities, which reflects the integrated vital signs of organisms. This paper analyses 
the current application of Ultra-weak Bioluminescence in biomedicine, agriculture, environmental 
science, food detection and other aspects based on discussing the generation mechanism and 
detection of ultra-weak Bioluminescence. 

Introduction  
As early as the 1920s, Ultra-weak Bioluminescence phenomenon was first discovered when 

Soviet scientists Gurwitsch research on onion root tip cell division mechanism. However, detection 
results of this radiation are not ideal and not repeatable due to the limitations of technical means at 
that time and therefore not recognized [1]. With photon counting technology advances, Italian Colli 
had further studies and indeed proved biological function of photon radiation at 1954[2]. 
Subsequently, research on UBL had developed comprehensively. To the 1960s, found that almost all 
life forms have ultra-weak luminescence. 

The mechanism of Ultra-weak Bioluminescence 
There are a lot of theoretical studies on the mechanism of Ultra-weak Bioluminescence and can 

be initially divided into two major aspects of physics and chemistry. It mainly has "metabolism 
luminescence" mechanism in chemistry and "coherent radiation" mechanism in physics [3].  

"Metabolism luminescence" mechanism consider UBL is stochastic and spontaneous 
chemiluminescence in organism. This view is based on optical biochemistry and linked excited state 
to produce photon radiation with metabolism in life body. In this view, this kind of luminescence 
mainly stems from metabolic reactions, such as redox [4]. "Metabolism luminescence" mechanism 
include generation of reactive oxygen and control and can better explain the possibility of ultra- 
weak luminescence caused by free radical. But it can not fully explain the ultra- weak luminescence 
of biological systems [3]. According to the "coherent radiation" mechanism, a part of photons of 
spontaneous and light-induced ultra-weak bioluminescence originate from a highly coherent 
electromagnetic field in biological systems, which is likely Communication foundation within 
living tissue[3]. 

Detection of ultra-weak bioluminescence 
Intensity of Ultra-weak Bioluminescence is extremely weak, so we must use a very high 

detection sensitivity and low background noise photoelectric detection equipment to effectively 
detect.  

At present, there are many kinds of detecting instrument used in detection of Ultra-weak 
bioluminescence. According to the structure and performance of the instrument can be divided into 
two categories: one is single photon counting detection system lead by the photomultiplier tube and 
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provides time domain information of ultra-weak bioluminescence; Another is ultra-weak 
luminescence image detection system lead by micro-channel plate and a kind of micro-channel 
plate image intensifier as the core of ultra-high sensitivity imaging systems. The system can provide 
two-dimensional intensity distribution information and images of sample in real-time. The use of 
ultra-weak luminescence image detection device can visually monitor ultra-weak bioluminescence 
and changes in real-time on different parts of organisms, different metabolic stages or in different 
environments [5]. 

Applications of ultra-weak Bioluminescence 
UBL has a broad and clear application prospect. UBL is a kind of natural biological function and 

inevitably associated with a variety of life processes. We can deeply understand of these life 
processes in greater detail through the measurement and analysis to UBL. Based on this various 
means (physical, chemical, medical, etc.) can also be used to artificially adjust UBL and control the 
life processes. UBL as an extremely sensitive indicator has been used in medicine, pharmacology, 
agriculture, environmental science and food science, etc. [6]. 

Ultra-weak bioluminescence had a great development in the recent twenty years, especially 
widely used in the biomedical field , has become an integral part of modern biotechnology. In 
particular application of luminescent immunoassay technology and luciferase reporter gene has 
been gradually formed an industry. Currently application of Ultra-weak bioluminescence 
technology in the biomedical field mainly includes cytology detection, molecular biology, hygiene 
and bio-detection sensors etc. Cytology detection mainly use luciferase bioluminescence caused by 
ATP in cell to count viable cell. At present, it has achieved rapidity, dynamic, single cell analysis. 
At the same time, some new cytology index related to bioluminescence and chemiluminescence 
also were found. Applications within the field of molecular biology major as a reporter gene and 
molecular hybridization, in recent years, some people launched real-time DNA sequencing 
technology; Detection in hygiene mainly uses molecular hybridization or bioluminescence caused 
by ATP to detect microbial contamination; in biosensors, the current major study is biological 
sensors based on immune response [7]. With luciferase gene as a report gene has been increasingly 
applied and studied, people began to explore and use the similar principle to build microbial sensors 
for environmental monitoring.  

Currently, effects of moisture, light and temperature in grow on ultra-weak luminescence of the 
growth process is widely used in selection of resistant varieties (such as Drought-resistance, 
flood-resistance, cold-resistance, heat-resistance, salt-resistance etc.). For example, so far, there are 
more than ten kinds of drought indicators from morphology to physiology in the study of drought 
resistance, but these indicators are obviously deficient. Therefore, to explore whether the ultra-weak 
luminescence can be taken as physical indicator of identification of drought-resistance has 
important practical significance, and research in this area has made encouraging progress. Many 
studies show that drought-resistant varieties under simulated drought conditions have fast 
germination and intense ultra-weak luminescence. These studies involved mostly wheat, corn, 
soybeans and various vegetables. 

Plant life needs during growth, such as moisture, temperature, light, nutrients, etc., is closely 
related with the growth activity and metabolism of plants. Metabolism activity is an important 
factor to ultra-weak bioluminescence, so plant life needs during growth can be manifested through 
its ultra-weak luminescence. When Plant life needs during growth is just met, metabolism of plant 
is fastest and its ultra- weak luminescence is also strongest. When life needs are not met or overly 
satisfied, metabolism of plant will reduce and its intensity of ultra-weak luminescence also 
decreases. 

The field is currently at an initial stage. Studies have shown that some of the biology under 
participation of reactive oxygen species and pathological reactions can produce emitted photons, 
then ultra-weak luminescence show enhancement. Such ultra-weak bioluminescence is released 
when the biological body is pathological state and macrophages resist germs to produce 
toxicological response. At present, this is a new technology on research of plant disease resistance 
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mechanisms. 
Ultra-weak bioluminescence is very sensitive to many metal ions, so it can quantitatively 

determine concentration of Ca2+, Cu2+, Zn2+, Mn2+, Fe2+ and other elements. Ultra-weak 
bioluminescence is more sensitive than traditional chemical analysis for the detection of waste 
liquid, heavy metals and pathogens in industrial effluent [1]. 

Food security issue of agricultural products has become an important factor affecting social 
stability and sustainable agricultural development. Controlling and monitoring agricultural 
production and circulation process is foundation to ensure the safety of agricultural products. The 
development of simple, rapid, low-cost agricultural products safety testing technology is very 
important. Present study found that changes in emission intensity after spraying pesticide are faster 
than growth indicators. Such as 5×10-8mol/L herbicides can cause significant changes in ultra-weak 
luminescence intensity, so it can be used to monitor pesticide pollution and pesticide poison to the 
environment or crops. By detecting ultra-weak luminescence of vegetable crops can directly reflect 
the impact of pollutants on physiological metabolism of vegetable crops, thus can provide a 
theoretical basis for detection of non-pollution vegetables and green vegetables. Living body can be 
detected in real time. We can quickly determine the type and status of environmental contaminants 
through change of the biological radiation spectrum caused by different types of pollution [8]. 

Experimental results show that the level (only 0.2μg/m3) of SO2 in the atmosphere can affect the 
ultra-weak bioluminescence of some plants, so we can analyze quantitatively the content of SO2 in 
the atmosphere through detecting ultra-weak bioluminescence. Before the earthquake, some 
increased substance content in the atmosphere can make ultra-weak bioluminescence of some plants 
change obviously. Detecting this change may provide a basis for earthquake prediction [9]. 

Conclusion 
Ultra-weak bioluminescence as an extremely sensitive indicator in life processes has been used 

in many fields and will be more widely used. It is an encouraging development. But it should be 
noted on the fundamental research for UBL there are many important unresolved issues, such as 
biological mechanisms of ultra-weak bioluminescence production. In addition, from the perspective 
of quantum science, UBL photon statistics should contain a wealth of biological information. How 
to get the biological information bringing practical value by statistics and measurements of UBL 
photon are important theoretical and practical problem to be solved. A large number of research 
data show that the scope of research in plants for UBL is quite narrow, and mostly concentrated on 
field crops. Studies in the trees and fruit trees are relatively small and mostly concentrate in 
drought-resistance research. Therefore, we also need to make a lot of research work to mechanism, 
application etc. of UBL, in order to better service the development of agriculture and other sciences. 
Although there are many deficiencies in the current study for UBL, but UBL show a bright future 
due to revealed life sciences proposition. 
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