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I  Overview 
 
Vibratess, LLC (Vibrational Terahertz Spectroscopic Sensors) was  formed  in 2007 as a spin-off 
from the University of Virginia to develop and commercialize low terahertz (THz) resonance 
spectroscopy for 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 molecular dynamic simulations to predict and analyze 
molecular absorption signatures produced by radiation in the sub-THZ frequency range. 

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

Utilizing technology developed both at  UVA  and Vibratess, we built instruments for 
spectroscopic measurements in the sub-THz frequency range, tested these instruments, and 
conducted experimental characterization of diverse biological molecules and cells using our 
instruments. In parallel we developed and performed molecular dynamic (MD) simulations to 
predict absorption spectra of radiation by biological molecules in this frequency range, to create a 
database of spectroscopic signatures from  molecules of interest, to validate  the technology and  to 
facilitate the analysis of experimental results.  

Relatively recently it became clear that THz waves could be important for life science 
applications because of the unique capability of this radiation to interact with low energy hydrogen 
bonds between atoms within biological molecules.   These weak bonds are vital for cellular 
processes and for biomolecules interactions relating to DNA, enzymes, proteins, ribosomes, and 
their functions.  Excitation of these vibrations produces specific molecular absorption spectral 
fingerprints and each type of biomolecules has its own vibrational signature, allowing each to be 
identified and characterized. Because sub-THz radiation propagates through an entire specimen, 
such as a bacterium, or biological cells, all molecular components can contribute to a detailed 
signature.  This optical technique can provide valuable information, in particular by monitoring 
molecular structural changes in response to physiological stimulus or by differentiation of different 
bacterial species that is possible with this method. 
 

II.  Specific product or services?   
 
 Vibratess has developed Sub-Terahertz (THz) vibrational spectroscopy as a novel 
technique for fingerprinting biological molecules and species.  Through support from DOD 
Vibratess LLC, has built 3 generations of sub-THz spectroscopic systems having the necessary 
sensitivity, spatial and spectral resolution for bio-sensing. 
Current Products:  
● Automated, simple optical  spectroscopic and microscopic instrument prototypes  (Systems) for 
fast scanning  (2-30 min) at room temperature,  with high sensitivity, high spectral resolution 
(selectivity), spatial resolution below diffraction limit ( ~150 mkm), and integrated with a 
microfluidic chips for characterization of less than nano-gram amounts of sample materials. User 
friendly Operational Software for Spectroscopy System. 
● Customized THz Biosensor Working Prototypes for Specific Life Science Related 
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Applications. 
● Customized THz Sample chips for Dry and Nano-Fluidic Samples 
● Microdetectors  in a Customized Waveguide Housing 
● User friendly Operational Software for Spectroscopy Systems 
Services: 
• THz Spectroscopic characterization of biological and organic materials: macromolecules, cells 
and microorganisms. 
• Creating Experimental database for THz spectroscopic signatures from specific biological 
materials and objects. 
• Computational modeling for prediction, verification and automated analysis of experimental 
spectroscopic  signatures from bio-materials. 
▪ Consulting services on potential applications of this new technology 
 
III. The biggest achievements in the past 12 months? 
a) Experimental demonstration of uniqueness of spectroscopic signatures produced by diverse 
microRNA molecules using fast spectroscopy analysis of  small samples from biopsies of patients 
with cancer and normal epithelia control tissue. This uniqueness makes it possible  to detect cancer 
at its early stage, to identify and discriminate  different cancers (ovarian, breast), to identify the 
disease status and prognoses, and possibly the effects of therapeutic treatment.    First results are 
published  [3-1]. Globus T, Ferrance J, Moskaluk C, Gelmont B, Bykhovski A (2018) "Sub-Terahertz Spectroscopic 
Signatures from micro-RNA Molecules in Fluid Samples for Ovarian Cancer Analysis". Case Rep Lit Rev 2(2): 
100012, https://www.onjourn.com/case-reports-and-literature-review.php. 
 
b) Application of sub-THz spectroscopy to study ovarian cancer from tissue samples. The 
characteristic spectroscopic features in absorption spectra, particularly the presence of absorption 
peaks near 13 cm-1 , which are very  similar to the signature from 2 ovarian cancer  lines samples 
(earlier  published results [3-2]): T. Globus, I. Sizov, J. Ferrance, A. Jazaeri, J. Bryant, A. Moyer, B. Gelmont, 
M. Kester and A. Bykhovski, "Sub-terahertz vibrational spectroscopy for microRNA based diagnostic of ovarian 
cancer". Converg. Sci. Phys. Oncol. 2 (2016)  http://dx.doi.org/10.1088/2057-1739/2/4/045001, ),  have  been 
identified as this cancer indicators. We demonstrated that miRNA molecules dominate 
spectroscopic signatures of both cancer and normal control samples, although the miRNA profile 
is changing with cancer development. We also demonstrated that tissue samples heterogeneity, 
reflected by diverse spectral signatures, provides additional, very specific information that may 
be used for identification of cancer subtypes, clinical behavior or sensitivity to specific therapies. 
Because sub-THz spectroscopy provides information not reflected in tissue morphology, there is 
promise for this methodology  as a supplemental analysis to traditional tissue diagnostic  
approaches. The paper has been submitted for publication [3-3]. T. Globus, C.Moskaluk, P. 
Pramoonjago, B. Gelmont,   A. Moyer, A. Bykhovski, J. Ferrance,  "Sub-Terahertz Vibrational Spectroscopy of 
Ovarian Cancer and Normal Control Tissue for Molecular Diagnostic Technology."  submitted for publication  to 
Cancer Biomarkers Journal. Tracking number 18-2120). 

 
IV. How do we ensure our patient or client’s needs are met? 

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. Many of differences between 
normal and malignant cells have revealed alterations in DNA, proteins and associated messenger 
RNA (mRNA) changes, and deregulated noncoding RNA expression in the blood stream. If 
appropriate biomarkers are available, human serum and other body fluids can be measured in 
routine clinical diagnosis. Multiple evidence in medical research suggest that microRNAs are 
involved in cancer and other diseases development. As such  expression levels of microRNAs, 

http://dx.doi.org/10.1088/2057-1739/2/4/045001
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discovered 10-15 years ago as a novel class of evolutionarily conserved small (18–24 bp 
nucleotides) non-coding RNA molecules, are very attractive potential biomarkers A number of 
publications in medical literature suggested that cell free 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; that cell-free microRNAs in body fluids are  stable; and that microRNA abundance profile 
of bodily fluids reflects physiological and/or pathological conditions and, furthermore, does so 
more accurately than a messenger RNA abundance profile. Profiles of circulating microRNAs 
have been explored in many studies aimed at the identification of novel non-invasive biomarkers 
and 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 using a TaqMan microRNA assay or other methods with 
amplification 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 our spectroscopic technology for fast microRNA visualization,  
identification and quantification could revolutionize disease diagnostics. 

 
V. Research and development innovations?  

 
Innovation and New Capabilities.   

The recent introduction of new sources and detectors operating in the sub-THz frequency 
range has allowed Vibratess to take advantage of this opportunity to design and build instruments 
for multiple applications of vibrational resonance spectroscopy for molecular bio-sensing  and 
identification of specific resonance features, molecular fingerprints in absorption spectra of 
molecules or entire biological cells.  

Vibratess has developed  and built instruments for characterization of ultra-small amounts of 
sample materials in solution with high sensitivity, high spectral and spatial resolution. The first 
instruments combined spectroscopic functions with imaging of sample materials that is important 
for applications in research laboratories. High sensitivity  of  these instruments and spatial 
resolution ~ 10-20 microns became possible via a novel solution to the fundamental problem of 
improving THz radiation coupling to biomolecules based on a local electro-magnetic field 
enhancement through the use of metal array sample holders. All Vibratess instruments are 
operating at room temperature between  315 and 490 GHz with a spectral resolution better than 3 
GHz (~0.03 cm-1 ). The latest version of our  spectrometer is a rather small, simple and easy to 
use instrument with a spectral resolution of 1 GHz or better   The instruments have been 
intensively used for more than 6 years and tested for sensitivity, accuracy and reproducible 
results. The measurements procedures  have been optimized, the required optimal amount of 
sample material and concentration in liquids have been found, and software for  using the 
instruments have been developed.  

New molecular diagnostic technology and instrumentation were introduced by Vibratess for 
accurate and predictive cancer detection, and identification of specific subsequent treatments that 
help identify the biology involved in cancer development and progression and promise to 
improve patient outcomes Vibratess' emerging technology is based on unique combined 
experimental and computational approach to predict, verify and validate the results of 
measurements and facilitate their analysis. We develop computational modeling techniques to 
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study THz spectroscopic signatures of large macromolecules of DNAs, RNAs, proteins and other 
molecular components of cells using energy minimization, normal mode analysis and  Molecular 
Dynamic (MD) approaches. Combining simulations with experimental techniques improves 
analysis and understanding of measured spectra and even provides predictive capabilities for 
modeling.  

Using this combined approach, Vibratess introduced subTHz spectroscopy technology with 
high spectral and spatial resolution as an optical, label-free and reagent-free highly innovative 
approach to improve molecular and cellular characterization. THz spectroscopy is the only 
technique capable of directly detecting the weakest hydrogen bonds and other non-bonded 
interactions between atoms within biological molecules. The reality of the observed resonances 
in absorption spectra of biological molecules due to hydrogen bonds vibrations has been 
confirmed by computational  modeling that demonstrated the existence of long lasting relaxation 
processes  within molecules resulted  in detectable absorption peaks  ([5-1]. T. Globus, I. Sizov and 
B. Gelmont,  Sub-THz specific relaxation times of hydrogen bond oscillations in E.coli thioredoxin. Molecular 
dynamics and statistical analysis.  The Royal Society of Chemistry 2014, Faraday Discuss. 2014, 171, 1–15 | 3. 
DOI: 10.1039/c4fd00029c ). Multiple resonances due to low energy vibrational modes within 
biological macromolecules and bio-cells have been unambiguously demonstrated in the sub-THz 
frequency range in agreement with the theoretical prediction (see Fig.1 for illustration [5-2]). 
Thus, unique spectroscopic signatures do exist in absorption spectra of biological materials in 
this frequency range and are available for sensitive, specific characterization of bio-molecules 
and species. The fast and inexpensive spectroscopy technique provides useful genetically 
relevant information using less than nanogram of sample material.  The results have been 
published.  The demonstrated results of measurements and analysis are leading to multiple 
potential applications of a new technology including Oncology, where cancer is studied at the 
molecular level. These technology developments will move researchers toward early detection, 
diagnosis, prognosis, and therapeutic treatment of cancers and other diseases that are currently 
difficult to detect (Fig 2). Our optical sub-Terehertz spectroscopy technology does not require 
the extraction of microRNA and at the same time is solving important problems of their 
visualization and quantification, since the  presence of microRNAs in serum or other liquid is 
revealed as a set of absorption peaks at specific frequencies and with their intensities  specific to 
particular disease and it stage.  
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Fig.1. Absorption   spectrum  of protein thioredoxin from  E. coli:  MD  
simulation and experimental results using  Vibratess spectroscopic  
 sensor  [5-2].  
 

Fig. 2. Absorbance of   Cancer  S-line in 
 isopropyl alcohol   (brown)  & normal  
 control (green)  

[5-2] Globus T, Gelmont T. and Sizov I. ,Overview of  THz spectral characterization for biological identification.   
Chapter 10, p. 281-312, In: Biological Identification, 1st Edition.  DNA Amplification and Sequencing, Optical 
Sensing, Lab-On-Chip and Portable Systems. Ed: Schaudies P. Woodhead Publishing, UK, ISBN :9780857095015, 
470 p., May 2014; . 

 
VI. Important element of Vibratess' work: 
 
 The technology that is under development by Vibratess describes a simple way to build  
scientific instruments, THz spectrometers, combined with  microchips for sample material that 
permit visualization and quantification  of major molecular components in  traces amount of 
biological material samples with high sensitivity and selectivity.  In our experimental  and 
computational analysis, we have shown that our technology can distinguish between different 
types of bacteria down to the level of strains of the same bacteria.  We have shown unique 
spectral fingerprints for cancer cell samples as well as for cancer tissue  from patients with 
ovarian cancer. Examples of signatures can be found in our multiple publications.  
 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, infection  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. 
 Thus Vibratess' is working on THz resonance technology and instrumentation with the 
goal to help the multimillion army of scientists and researchers  working on life science 
problems  to facilitate discoveries at the  molecular and cellular level in multiple important 
applications  
 

Vibratess' most significant achievements are: 
 

1. High sensitivity of spectroscopic instruments developed and built by Vibratess  with 
demonstrated capability to detect and characterize nanograms of sample material or to discriminate 
a single biological cell through enhancement of the interaction between sub-THz radiation  and 
biological  molecules as predicted by theory.  
[6-1]   Gelmont, B., & Globus, T. (2011). Edge Effect in Perfectly Conducting Periodic Subwavelength Structures. 
IEEE Transactions on Nanotechnology, 10(1), 83–87. doi:10.1109/TNANO.2010.2064785. 
[6-2]  Ferrance, J. P., Khromov, A., Moyer, A., Khromova, T., Gelmont, B., Sizov, I., & Globus, T. (2013). Portable 
sub-terahertz resonance spectrometer combined with microfluidic sample cell,  SPIE 8726, Next-Generation 
Spectroscopic Technologies VI, 87260I (May 29, 2013); doi: 10.1117/12.2015811  
[6-3] Globus T, Gelmont T. and Sizov I. Overview of THz spectral characterization for biological identification.  
Chapter 10, p. 281-312, In: Biological Identification, 1st Edition. DNA Amplification and Sequencing, Optical Sensing, 
Lab-On-Chip and Portable Systems. Ed: Schaudies P. Woodhead Publishing, UK, ISBN :9780857095015, 470 p., May 
2014; . 
[6-4]  T. Globus, B. Gelmont  (2014). Biological Detection with Terahertz Spectroscopy, Chapter 11 In Bioaerosol 
Detection Technologies, Integrated Analytical Systems,.  Edited by P. Jonsson.  DOI 10.1007/978-1-4419-5582-1_11, 
© Springer-Verlag New York 2014. 
[6-5] T. Globus, A. Moyer,  J. Ferrance and B. Gelmont, "Terahertz Spectroscopy characterization with high spectral 
and spatial resolution for biological and chemical sensing and method of use", n/p Patent No. 13/957.395 No 9,417,193,  
filed 08-01-2013. Date of Patent: Aug 16, 2016 

 
 

2. The reality of observed resonances in absorption spectra of biological molecules due to 
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hydrogen bonds vibrations has been confirmed by computational modeling that 
demonstrated the existence of long lasting relaxation processes within molecules responsible for 
these intense features and making them detectable  
[6-6] T. Globus, I. Sizov and B. Gelmont,  Sub-THz specific relaxation times of hydrogen bond oscillations in 
E.coli thioredoxin. Molecular dynamics and statistical analysis.  The Royal Society of Chemistry 2014, Faraday 
Discuss. 2014, 171, 1–15 | 3. DOI: 10.1039/c4fd00029c.].  
 
 
3. Developing Molecular Dynamics Simulations to predict vibrational modes in absorption 
spectra from biological macromolecules   
[6-7].  Alijabbari, N., Chen, Y., Sizov I., Globus, T., Gelmont, B. (2012) Molecular dynamics modeling of the sub-
THz vibrational absorption of thioredoxin from E. coli, J Mol Model, 18(5), 2209-18. doi: 10.1007/s00894-011-1238-6, 
PMID: 21947449 
[6-8].   THz Spectroscopic Signature Development of Chem/Bio Materials. Monthly and Final Report, A.Bykhovski,  
Vibratess Initiative Computational modeling to predict THz signatures of biological molecules (Lysozyme, Ovalbumin, 
Insulin)  (W911SR-15-P-0031), March 2016,  
 
4.  Demonstrating promising application of sub-THz vibrational Spectroscopy for 
Biomedicine, specifically for early cancer detection 
I. Publications listed in previous sections  
3-1. Globus T, Ferrance J, Moskaluk C, Gelmont B, Bykhovski A (2018) "Sub-Terahertz Spectroscopic Signatures 
from micro-RNA Molecules in Fluid Samples for Ovarian Cancer Analysis". Case Rep Lit Rev 2(2): 100012, 
https://www.onjourn.com/case-reports-and-literature-review.php 
3-2.: T. Globus, I. Sizov, J. Ferrance, A. Jazaeri, J. Bryant, A. Moyer, B. Gelmont, M. Kester and A. Bykhovski, "Sub-
terahertz vibrational spectroscopy for microRNA based diagnostic of ovarian cancer". Converg. Sci. Phys. Oncol. 2 
(2016)  http://dx.doi.org/10.1088/2057-1739/2/4/045001, ) 
3-3. T. Globus, C.Moskaluk, P. Pramoonjago, B. Gelmont,   A. Moyer, A. Bykhovski, J. Ferrance,  "Sub-Terahertz 
Vibrational Spectroscopy of Ovarian Cancer and Normal Control Tissue for Molecular Diagnostic Technology."  
submitted for publication  to Cancer Biomarkers Journal. Tracking number 18-2120). 
5-1. T. Globus, I. Sizov and B. Gelmont,  Sub-THz specific relaxation times of hydrogen bond oscillations in E.coli 
thioredoxin. Molecular dynamics and statistical analysis.  The Royal Society of Chemistry 2014, Faraday Discuss. 
2014, 171, 1–15 | 3. DOI: 10.1039/c4fd00029c.. 
5-2 or 6-3. Globus T, Gelmont T. and Sizov I. ,Overview of  THz spectral characterization for biological 
identification. Chapter 10, p. 281-312, In: Biological Identification, 1st Edition.  DNA Amplification and 
Sequencing, Optical Sensing, Lab-On-Chip and Portable Systems. Ed: Schaudies P. Woodhead Publishing, UK, 
ISBN :9780857095015, 470 p., May 2014; . 
 
II. Proposals submitted by Vibratess, LLC  to  the NIH/NCI. 
1. Terahertz Spectroscopic Signatures from Ovarian cancer and related micro-rnas: experiment and 
computational prediction,  1R21CA191499-01, Febr 15_2014 2014, SBIR 
2. Sub-Terahertz Spectroscopy Technology and Instrumentation for Early Cancer Detection, Diagnosis and 
Prognoses, 
1 R43 CA193089-01 (MPI); SBIR-IMAT, PAR-13-327; May 29 2014, SBIR  
3. THz Resonance Spectroscopy of HPV-Related Molecular Components for Cervical Cancer Early Detection 
& Prognosis, Sub-contract with UVA,  1 R01 CA195591-01, July-10-2014  
4. Cell-Free Nucleic Acid-Based Assay Development for Cancer Diagnosis. Contract PHS 2015-1,  Topic NCI 
337, Nov 02, 2014 
5. Sub-Terahertz Spectroscopy Instrumentation for Early Cancer Detection. 1 R43 CA  214342-01, June 04-2016 
6. Development of Sub-Terahertz Spectroscopy and Instrumentation as Novel Optical Biomedical Technology 
for Early Cancers Detection, Diagnosis and Prognoses. PAR 14-088,  Direct Phase II , 424 R&R and PHS 
Specific,  January -5-2017 
7.Cloud Based Software for Diagnostic Results from sub-THz Spectroscopic Measurements 1 R44 EB025100-
01,  PAR-15-288, 1-5- 2017, Direct Phase II SBIR Grants to Support Extended Development, Hardening, and 
Dissemination of Technologies in Biomedical Computing, Informatics, and Big Data Science (R44, January -
5-2017   

http://dx.doi.org/10.1007/s00894-011-1238-6
http://dx.doi.org/10.1088/2057-1739/2/4/045001
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8. "Development of sub-THz Spectroscopy as a Tool for Companion Non-invasive Cancer Molecular 
Diagnostics Based on micro-RNA Profile", PA-18-574,PHS 2018-02, Omnibus Solicitation, Apri-4-2018 
 
 
 
VII.  Future  plans 
 
 
 One example of possible applications in future is using sub-THz spectoscopic 
characterization for  fingerprinting artificially designed DNA monocrystals- potential structural 
elements of  19 century bio-molecular electronic.   Sizov I., Rahman M., Gelmont B., Norton M. L., 
and Globus T. Sub-THz spectroscopic characterization of vibrational modes in artificially designed DNA 
monocrystal, Chem. Phys., vol. 425, pp. 121–125, Nov. 2013. 
http://dx.doi.org/10.1016/j.chemphys.2013.08.015. 
 
 
 Our nearest plans include research focused on  
 
 
a) "Sub-Terahertz Spectroscopy Technology and Instrumentation for Cervical Cancer Prevention, 
Diagnosis and Treatment Selection" 
 
b) "sub-Terahertz or mm-Wave Spectroscopy Technology and Instrumentation for Low Resource 
Settings" 
 
c) MicroRNAs Biomarkers Important for Possible  Hearing Restorations 
 
d) MicroRNAs Potential Biomarkers for Neuro-Science and Elderly Problems 

 

http://dx.doi.org/10.1016/j.chemphys.2013.08.015

	2019 Biotechnology
	Relatively recently it became clear that THz waves could be important for life science applications because of the unique capability of this radiation to interact with low energy hydrogen bonds between atoms within biological molecules.   These weak b...

	II.  Specific product or services?
	a) Experimental demonstration of uniqueness of spectroscopic signatures produced by diverse microRNA molecules using fast spectroscopy analysis of  small samples from biopsies of patients with cancer and normal epithelia control tissue. This uniquenes...
	IV. How do we ensure our patient or client’s needs are met?
	Innovation and New Capabilities.
	Our nearest plans include research focused on
	a) "Sub-Terahertz Spectroscopy Technology and Instrumentation for Cervical Cancer Prevention, Diagnosis and Treatment Selection"
	b) "sub-Terahertz or mm-Wave Spectroscopy Technology and Instrumentation for Low Resource Settings"
	c) MicroRNAs Biomarkers Important for Possible  Hearing Restorations
	d) MicroRNAs Potential Biomarkers for Neuro-Science and Elderly Problems

