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 " Life Science"  and what does it mean for you 

Annotation 
Many people have lately become familiar with Electromagnetic waves in the terahertz 

(THz) frequency range, thanks to the implementation of wireless communications and microwave 
devices.  About the same time it became clear that sub-THz frequencies  or THz waves could be 
extremely important for "life science" related applications because of the unique capability of 
this radiation to interact with low energy vibrations of atoms linked by the weakest,  hydrogen 
bonds,  and  produce specific molecular fingerprints - unique absorbance spectra for biological 
molecules.  

 Fig.1.  In water  Fig.2.   In DNA  Fig.3. DNA and THz 

Chemical (covalent)  bonds  in water molecules or in the backbone of a DNA strand 
– are strong.  Hydrogen bonds between water molecules, and between base pairs in
double stranded DNA  (shown by dots on the left)  are weak  ~ 5% of the strength of
covalent bonds. These "weak" hydrogen bonds, however :

- stabilize the structure of bio-polymers
- hold the two strands of the DNA double helix together

These weak bonds are vital for cellular processes and biomolecule interactions 
relating to DNA, enzymes, proteins,  and other biological functions 

All biological molecules and cells absorb THz radiation, which excites  vibrations of the 
hydrogen bonds, and produces molecular fingerprints - absorption spectra .  

THz spectroscopy is the only technique that can detect hydrogen bonds. 
Because THz radiation is very low energy, it is non-destructive.   
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Below are examples of THz  fingerprints from biological molecules, including DNA 
and protein. These are spectra showing the  absorbance of THz radiation by 
molecules.  
Both, the frequency of radiation and the intensity of peaks, are unique and  
important. 

 Absorbance  of DNA from E.coli cells  (http://www.scirp.org/journal/abb/). 

Absorbance of protein thioredoxin from bacteria cell  E. coli, simulation and experiment 
using Vibratess THz spectrometer  doi: 10.1007/s00894-011-1238-6, 

Bacteria and their cells and spores are very complex biological objects. 
THz radiation  propagates through the entire object and all molecules inside contribute to 
spectral fingerprints. 

THz vibrational spectroscopy technique for identifying and characterizing biological 
objects is based on the specificity of their absorption spectra that reveals as resonances 
at characteristic frequencies. 

THz vibrational spectroscopy is just an emerging technique for fingerprinting biological 
molecules and species.  

The frequency and wavelength domains shown below in the oval were named  the 
“Terahertz Gap” – as so little was known about sub-THz radiation. 

Because of this, THz vibrational spectroscopy is just now emerging as a technique for 
fingerprinting biological molecules and species. 



Vibratess and the major breakthrough in subTHz Spectroscopic Sensing of Bio 
materials 

Vibratess, LLC (Vibrational Terahertz Spectroscopic Sensors) formed in 2007 as a spin-off 
from the University of Virginia to develop and commercialize low terahertz (THz) resonance 
spectroscopy for detection, identification and characterization of biological materials and 
has received more than $2,000,000 in continuous funding from DOD SBIR & STTR Grants 
and Contracts. 

Vibratess develops technology and spectroscopic instrumentation for bio-materials 
characterization in the sub-THz frequency range. We also do computational modeling to 
predict and analyze molecular absorption signatures produced by radiation in the sub-THZ 
frequency range, to create a database of spectroscopic signatures for  molecules of 
interest, and to validate the technology. 

Vibratess is a women owened Small Business, NAICS CODE: 541712, Research And 
Development In The Physical, Engineering & Life Sciences. 

The recent introduction of new sources and detectors operating in the sub-THz frequency 
range has allowed Vibratess  to design and build instruments for multiple applications of 
vibrational resonance spectroscopy for fingerprinting  of bio-molecules and  entire 
biological cells.  

Through support from DOD and self-research, Vibratess has developed and built 3 
generations of instruments (spectrometers) for very fast (5- 20 min) bio-sensing of ultra-
small amounts (nanograms) of sample materials in solution with high sensitivity, high 
spectral (1 GHz) and spatial resolution (150 micrometers). 
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Fig.1. Vibr-2  spectrometer for general 

laboratory applications with a sample table 

movable in 2 directions (0.13 micron step) 

and a detector movable in the Z direction. 

The objective is focused on a surface of a 

periodic chip with channels and a 50 microns 

probe and their reflection in the metal is 

visible on the monitor screen .Parameters for 

experimental scans  are specified on the left 

of the screen.  

 

 

 

 

 

 
Vibrational resonance spectroscopy in the sub-THz range is now an emerging technique 

for bio-sensing that can be used for many applications important for people. 
 
 

 
 

In collaboration with professors from the UVA School of Medicine, these instruments 
have now been applied to biomedical applications focused on early cancer and infectious 
diseases detection. The results demonstrated the uniqueness of spectroscopic 



 

signatures, promising a new analytical technique to facilitate and accelerate 
understanding of diseases. 

 

 

 

 

Absorption spectra  from Ovarian cancer (brown)  

and normal control (green) samples 

Absorption spectrum of Breast cancer sample  

   

 
In many cases of cancer and other devastating diseases, early detection tests are the 

only chance for successful treatment. Advances in sequencing technologies have led to 
an increased focus on blood-derived approaches for biomarker discovery.  

 
MicroRNAs, discovered 10-15 years ago as a novel class of small (18–24 bp 

nucleotides) molecules, are very attractive potential biomarkers A number of 
publications in the medical literature suggested that microRNAs can be extracted and 
reliably determined in body fluids like serum  using less invasive procedures such as 
blood draws rather than the need for biopsy, and could potentially be used to detect 
disease at an earlier stage. MicroRNAs in body fluids are stable and reflects 
physiological and/or pathological conditions. Sets of highly abundant serum microRNAs 
have been found in patients with cancers and other diseases. These data from 
biomedical publications indicates that circulating microRNAs might be good non-
invasive markers, which could contribute to improving established clinical diagnostic 
tests at the early stage.  

At the same time, current methods for extraction of cell-free microRNAs and their 
reliable detection and subsequent quantification are multi-step, time consuming 
procedures. These methods are costly, and typically yield terabytes of data requiring 
significant bioinformatics analysis capabilities. As a result, there is currently no 
agreement between medical researches regarding using microRNA as bio-markers.  
Implementation of optical spectroscopic technology for fast microRNA visualization,  
identification and quantification could revolutionize disease diagnostics. 

 

 



 

 

 
In our studies, sub-THz spectroscopy was combined with computational modeling to 

predict absorption spectra, and confirmed the role of specific microRNAs in the 
development of ovarian cancer and other cancers. These relatively small molecules are 
known to pass through the cell wall and circulate in body fluids. The relatively high 
absorption of microRNA compared to other molecules allows for fast, simple and accurate 
THz spectroscopy analysis of very small samples. Using the unique capabilities of this 
technique, we hope to solve the main problem of circulating miRNA - quantification, 
because of which these molecules are not currently utilized as biomarkers on a routine 
basis. Molecule specific spectroscopic information generated by sub-THz spectroscopy 
can profile specific miRNAs in bio-fluid samples as potential non-invasive biomarkers for 
early detection of cancers. THz spectroscopy could thus make miRNAs profile 
modifications promising bio-markers for monitoring cancer development including early 
stages of disease detection using simple blood tests.  This new opportunity can help 
researchers move their research to the molecular level and further accelerate scientific 
discoveries.  

 
Vibratess has broken the sub-THz barrier for biomaterials and has developed highly 

innovative and cost effective real-time diagnostic, screening and research tools for 
multiple life science applications, which require studies at the molecular level, including 
biomedicine (biomarkers for early diagnostic of cancer, infectious  diseases, mental and 
elderly problems), pharmaceutical industry  (new drug developments and control of 
therapeutic effects),  identifying biological and environmental agents (food and water 
quality), forensic  and homeland security. 
 



Sub-Terahertz spectroscopy technology with high spectral and spatial resolution is to be 
introduced as a less expensive, optical, label-free and reagent-free highly innovative 
approach to improve molecular and cellular characterization analysis for early detection, 
diagnosis, prognosis, and therapeutic treatment of cancers that are currently difficult to 
detect.  This companion technology to be developed, promises to open an entirely new 
field for cancer research and clinical care.  

     Due to the unique capabilities of this technique, we hope to solve the main problem of 
circulating miRNA - quantification, because of which these molecules are not currently 
utilized as biomarkers on a routine basis. We are going to use the molecule spectroscopic 
information generated by sub-THz spectroscopy having high spectral resolution and 
discriminative capability to evaluate the presence and the profile of specific miRNAs in 
biofluid samples as potential non-invasive biomarkers for early detection of ovarian and, 
hopefully, other cancers. Our innovative technology is based upon already existing 
spectrometers and our expectations have been confirmed in our preliminary results.  

     The proposed Sub-THz Resonance Spectroscopy technology has the potential to 
provide an entirely new complimentary analytical method for cancer research, evaluating 
cells and molecules in ways that have not been explored before. If successful, this 
technology will be capable of assessing, distinguishing, and/or monitoring cancer stage, 
and progression, and will enable substantially improved early cancer detection and/or 
cancer risk assessment.  

     By targeting molecular levels of detection, the proposed instrumentation promises to 
simplify and facilitate diagnostic procedures, in both, obtaining and analyzing the results. 
By detecting changes occurring at the molecular level, this new technology will also help 
in discovering and deciphering the basic mechanisms underlying cancer initiation and its 
progression. 

Terahertz Spectroscopy is a very advanced characterization method. In addition to 
all computational method for results analysis, it permits immediate graphical results 
visualization. Thus,  it is  very informative and simple to be used.  It can be useful in 
multiple applications. 

If you decide to exploit THz Spectroscopy, we are ready to help. 
We can build  you a standard spectrometer or optimize a system for your specific needs.  

Standard spectrometers are equipped with user friendly software with the graphical results 
presentation. They can have an option to compare the results with a data-base, or collect 
the results into a new data-base. We can help in creating your own data-base.  We can 
teach young investigators  to predict the signatures of molecules that are important  for 
your research 

     Research is becoming a more exciting process with this new research tool that helps 
in visualization of molecular signatures within complex objects and to make new 
discoveries. Make your life more interesting,  becoming a detective. With this instrument, 
your work will become a detective story with you being a central figure, and at the same 
time helping other people. It is interesting  and more awarding than any game!     

    We are welcome everybody who is interested in solving problems to join us in this 
research toward further development and commercialization of any life science 
applications.  Please, contact us with your questions, ideas, suggestions for 
participations, collaborations, and whatever comes to your mind. 

 Thank you ! 
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434-296-2400

email: globus@vibratess.com
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e-mail: jerome@vibratess.com

Barbara Peskova 

Chemical Engineer & Communication person 
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