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Abstract 

Many studies showed that the enveloped viruses, including coronaviruses, HIV-1, and influenza 

inactivate significantly faster in water than the non-enveloped viruses. It looks that there is a certain 

mechanism controlling this phenomenon. However, the epidemic spread of SARS-CoV-2 

indicates that this virus – water interaction mechanism is not effective enough to fully inhibit 

coronavirus reproduction. We hypothesized that a spatially extended layer of the ordered water 

molecules, formed around CoV due to the spike’s glycans – surrounding water interaction acts as 

a buffer inhibiting CoV motion and its attachment to the host cell receptor. There is experimental 

evidence that water molecules while interacting with glucans experience the long-range ordering 

and repulsive forces. Our findings revealed new features that can promote its interaction. It was 

shown that the glycans and water molecules have the same far ultraviolet (UV) absorbance peak 

at ~185 nm. This peak is a manifestation of the still little-known physical properties possessed by 

hydroxyl (OH) groups, including those contained in glycans and water molecules. Many studies 

show that the carbohydrate hydroxyl groups are a key element in the long-range antifreeze 

glycoproteins activity which is closely correlated with our issue. To further increase ice inhibition, 

a sugar-based (usually trehalose) water solution, further slowing down the water dynamics is 

commonly used. Our experiments with sugar-based compounds dissolved in water showed that in 

such solutions the UV absorbance at ~185 nm (activity of the OH groups) can be essentially 

increased with respect to the bulk water. The spike’s glycans – water long-range interaction, 

activated due to the dissolved sugar-based compound, creates the glass-like stabilizing hydration 

layer (like in case of the trehalose) effectively inhibiting the virus – host cell binding. It was shown 

that the chemical structures of the known compounds with proven inhibition of SARS-CoV-2 entry 

into host cells agree with our findings. The described approach can be effective against human 

immunodeficiency viruses, influenza viruses, and possibly other enveloped viruses.  

Key words: SARS-CoV-2; enveloped viruses; spike’s glycans; water; hydroxyl groups; far-UV 

absorbance peak. 

 

mailto:valeryshalatonin@gmail.com


2 
 

INTRODUCTION 

The novel severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has emerged as a 

human pathogen, causing fever, severe respiratory diseases, pneumonia, and systemic 

inflammatory response syndrome, leading to a worldwide sustained pandemic. The coronaviruses 

(CoVs) are a group of enveloped viruses, 100-160 nm in diameter, spherical, single-stranded RNA 

with large genome and a unique replication mechanism. They are characterized by club-like spikes 

(S) that protrude from their surface. The spike glycoproteins are densely coated by heterogeneous 

N-linked glycans which are vital for proper folding and for modulating accessibility to host 

proteases [1], [2]. Both SARS-CoV-2 and the original severe acute respiratory syndrome 

coronavirus (SARS-CoV) enter host cells through an interaction between the spike glycoprotein 

and the angiotensin converting enzyme 2 (ACE2) receptor. Therefore, the spike glycoprotein is 

the main target of neutralizing antibodies [1-4]. At present the underlying physical mechanisms 

responsible for the specific binding of SARS-CoV-2 RBD and ACE2 are not fully understood, 

which prevents the development of anti-coronavirus drugs and therapies [5-7]. In particular, the 

interaction of the spike glycoprotein surface with surrounding water molecules in extracellular 

medium is poorly studied. The protein hydration is fundamental to structural stability of protein 

because non-aqueous solvents in general denature proteins [6]. It is difficult to explain how the 

hydrophilic side chains at the binding site can get rid of their hydrogen-bonded water molecules, 

and then interact with each other during the docking process. The previous and recent studies gave 

surprising information about coronaviruses interaction with water, especially in comparison with 

non-enveloped viruses [8-11]. Many reports have focused on the impact of air parameters, mainly   

temperature, and humidity on the spread of SARS-CoV and SARS-CoV-2. The obtained data 

provide evidence that activity of coronaviruses may be partially suppressed with temperature and 

humidity increase [12-15]. It turned out that coronaviruses appear to be inactivated significantly 

faster in water than non-enveloped human enteric viruses with known waterborne transmission. 

The enteric viruses are small and naked icosahedral particles with no obvious surface structure. 

They do not have any spikes, susceptible to water molecules. These viruses are found in ground 

water more often than other viral types, and they have been abundant in untreated river water. The 

interesting observations were made for human immunodeficiency viruses (HIV) [8]. Over half of 

the mass of the trimeric envelope spike in HIV are N-linked glycans, more than in the 

coronaviruses. It was shown that either free HIVs or cell-associated HIVs exposed to water were 
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rapidly inactivated, with a 90% loss of infectivity within 1 to 2 h at 25°C. In comparison, 

polioviruses (PV-1, nonenveloped viruses) showed no loss of infectivity over 24 h. Coronaviruses 

reduction was quicker in the filtered tap water. However, in both filtered and unfiltered tap water 

at 23°C, PV-1 survived six times longer than SARS-CoVs [9]. SARS-CoV was detected in hospital 

wastewater, domestic sewage, and tap water for 2 days at 20°C and up to 14 days at 4°C, thus 

demonstrating temperature strongly influences viral persistence [10], [11].   

 

The similar effects regarding humidity and temperature have been previously reported in numerous 

studies of influenza viruses. It is an enveloped virus covered with glycoprotein spikes that are 

spread over its surface [16-20]. Influenza virus causes seasonal outbreaks in temperate regions, 

with an increase in disease and mortality in the winter months. Dry air combined with cold 

temperature is known to enable viral transmission.  Model predictions suggested that 

approximately half of the average seasonal differences in US influenza mortality can be explained 

by seasonal differences in absolute humidity alone. Temperature modestly influenced influenza 

mortality as well, although results were less robust [17].  Exposure of mice to low humidity 

conditions rendered them more susceptible to influenza disease. It was shown that increasing 

relative humidity from 20% to 50% can decrease mortality of mice by nearly 50%, indicating that 

the effect of low humidity is very strong [18]. An exogenous humidification could serve as a 

scalable non-pharmaceutical intervention for influenza or other viral outbreaks [20].  While these 

studies clearly show that environmental conditions affect transmission of influenza virus, the 

impact of ambient humidity on host response to influenza virus infection and disease outcome 

remains unclear [18]. The known explanation is based on a suggestion that normal homeostasis of 

tissue cannot be properly maintained, when the general antivirus function of mucins (highly 

glycosylated proteins) that are secreted onto our mucosal barriers is perturbed by dry air [21-22].  

The above studies show that humidity acts not only as a non-pharmaceutical intervention for 

influenza but furthermore, in a sense, the surrounding water can be regarded as antiviral against 

the enveloped viruses [20], [23]. Viral envelope proteins from a variety of human pathogens 

including SARS, HIV-1, and influenza virus are extensively glycosylated [24], [25]. We 

hypothesized that the long-range interaction between the extracellular water and spike’s glycans 

can lead to a spatially extended layer of ordered water molecules around CoV. This layer acts as a 

buffer that inhibits CoV attachment to the host cell. Glycans (short, branched sequences of sugars) 
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tend to be hydrophilic, often do not have rigid structures, and instead have significant freedom of 

motion in aqueous solution [26].  

 

 Many research studies show that water-glycans interactions have specific still unexplained 

properties related mostly to the existence of the long-range interfacial forces. The glycan antennae 

of the surface-adsorbed glycoproteins apparently impose an ordering on the water, resulting in a 

strong repulsive force over some tens of nanometers. When the glycan orientation is modified by 

chemical means, this long-range repulsion disappears [27]. The long-range propagation of the 

hydrogen bonding in water imposed by the glycans was found in [28], [29]. When studying the 

properties of water in aqueous solutions via terahertz (THz) absorption, proteins show a long‐

ranged influence on water network dynamics, and even small saccharides influence the dynamics 

of several hydration layers [30]. At nanometer separations, hydrophilic surfaces and 

macromolecules experience hydration repulsion and remain separated in water [31]. The much 

more extended long-range ordering of water (tens of micrometers) contacting with hydrophilic 

surfaces (EZ water) was described in many studies [32], [33].  

 

Spatially extended ordering of bound water due to the long-range glycans-water dynamics 

correlates with antifreeze glycoproteins (AFGPs) activity [34]. AFGPs enable the survival of 

organisms living in subfreezing habitats and serve as preservatives. They are specific proteins that 

can lower the freezing point of aqueous solutions relative to the melting point. Although their 

function is known, the underlying long-range mechanism is still unclear [34], [35]. The focus of 

research is shifted towards the analysis of behavior of the hydration shell around AFGPs and the 

impact of water-dynamics retardation caused by AFGPs on ice crystal growth [36]. The hydration 

water seems to adopt a state like that of a glass. It means, the water molecules motion is dependent 

on that of their near neighbors. By impressing a pseudo glassy character on its hydration sphere, 

the glycoproteins may suppress crystallization at low temperatures, which might afford freeze-

tolerance [37]. The molecular or other mechanism underlying the long-range interactions remains 

unclear. It was noted in [38] that “the current understanding of biological hydration does tell us is 

that the issues are more subtle than is often supposed, because water’s biological roles are not 

easily reduced to a handful of properties that follow self-evidently from its molecular nature, or 

indeed even from the characteristics of the pure bulk liquid.” That problem probably correlates 
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with a non-chemical, distant method of communication that glycans (glycoproteins) can use to 

modify the water molecule's behavior. Among candidate mechanisms, electromagnetic radiation, 

including infrared and ultraviolet radiation appear to have the most experimental support [39].  

 

The described and other results show that water molecules being near hydrophilic glycoprotein 

surfaces experience the long-range ordering and repulsive forces. We assume that the hydrogen-

bonded, glass-like ordered network of water molecules can prevent the cell surface binding to the 

CoV spike’s glycans. Nevertheless, the wide spread of SARS-CoV-2 shows that the described 

water - glucans interactions mechanism is not effective to fully prevent the spread of CoVs. The 

activity of coronaviruses can be only partially suppressed with temperature and humidity increase.  

Therefore, the purpose of our study was to increase the efficiency of the glycans-water interactions 

to prevent CoVs entry into host cells. We established a distinctive physical characteristic of water 

which most likely is mainly responsible for the interaction. It was shown that the water hydroxyl 

(OH) groups have specific properties giving them a key role in interaction between glycoproteins 

and biomolecules including DNA and RNA. The measurements indicated that pure water has an 

ultraviolet absorption peak at nearly the same wavelength as glycans have, and this peak relates to 

the water molecules OH groups. Small water molecules surrounding the spikes and having nearly 

the same wavelength of the absorbance peak as the spike’s glycans have interfere with CoV 

binding to the host cell. It was shown that activity of the water hydroxyl groups can be essentially 

increased by adding to water the sugar-based and some other compounds containing OH groups.   

 

METHODS AND MATERIALS 

Spectral measurements 

All UV spectral measurements were taken using a dual-beam Cary 5000 UV-Vis-NIR 

Spectrophotometer (175 – 3300 nm) having a photometric accuracy of 0.00025 absorbance units. 

A series of measurements (treated and controlled water) from 180 nm to 350 nm took less than 10 

min to complete for 0.4 nm wavelength intervals. Quartz 1-mL cuvettes with 10 mm path length 

were used for all measurements. No lids were used to cover the cuvette. Absorbance does not have 

special units and was measured in dimensionless absorbance units, or AU. That is a logarithmic 

ratio between the light intensity before and after the beam of light passes through the sample. A 

zero/baseline correction was applied to all scans using two matched empty cuvettes. All spectra 
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were measured with an empty cuvette used in the reference beam. It should be noted that most 

studies using UV spectroscopy have been carried out at the wavelengths larger than 190 nm 

because commercial UV-Vis spectrophotometers are mostly available only for that region. The 

main difficulty in obtaining far-UV spectra (122 – 200 nm) in the liquid phase of a sample is the 

strong absorption of oxygen and solvent, including water. We found that the acceptable absorbance 

and noise level gives the real possibility to obtain meaningful UV spectra beginning from 

approximately 180 nm. During the measurements, the obtained spectra were sometimes noisy 

(several pulses were superimposed on a spectrum). In such a case this measurement was being 

repeated several times (usually not more than two-three times). It is important that every time the 

basic shape and the absorbance peak wavelength of a spectrum were kept practically the same. 

 

Sample preparation 

The deionized (DI) water used in all experiments was obtained from a Barnstead D3750 Nanopure 

Diamond purification system, Dubuque, IA (type 1 high-performance liquid chromatography 

grade, resistivity is 18.2 MΩ·cm at 25°C). All experiments were performed under laboratory 

conditions, at room temperature, 21 ± 1°C. The experiments were repeated several times (usually 

three). Representative results, taken in different time intervals or at different concentrations of 

water solutions are introduced below. DI water, DI water solutions, and DI water suspensions with 

ascorbic acid, quercetin, d-ribose, and bromelain were used in the experiments. Additional 

parameters and details are given in the text.  

 

RESULTS  

Far-UV absorbance peak of water 

To obtain more information about properties of CoVs in water and to explain in more detail the 

water antiviral effects, we analyzed a common method of water purification using the two-wave 

ultraviolet (UV) radiation: far-UV (λ ~ 185 nm) and UV-C (λ ~ 254 nm) [40]. UV radiation has a 

lot of support in relation to COVID-19 because of its ability to kill bacteria and inactivate viruses. 

The SARS-CoV-2 has not yet been specifically tested for its ultraviolet susceptibility but many 

other tests on related coronaviruses, including the SARS coronavirus, have concluded that they are 

highly susceptible to ultraviolet inactivation in water, in air, and on surfaces. Virus-laden water 

droplets and aerosols were usually used in experiments [40-42]. UV radiation at 254 nm is the 
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most germicidal because this is the special wavelength near which nucleic acids maximally absorb 

UV light (at λ ~ 265 nm) [43]. The UV radiation usually emits by electrical discharge of low-

pressure mercury vapor lamps. Their large resonance line is ~ 254 nm. Additionally, a second 

much weaker emission line at ~185 nm is produced. Photons of the second line, having higher 

energy (~ 6.7 eV), can induce photolysis of water and it, possibly is the main factor for the water 

purification process [44]. The high far-UV absorption of water due to electronic absorption and 

Rayleigh scattering limits the possibilities of the 185 nm radiation to directly destroy bacteria and 

viruses in water. Nevertheless, it was determined that radiation emitted at 185 nm leads to the 

unusually large growth of inactivation rates of some bacteria in water if given suitable transmission 

distance (direct impact). It was shown, for example, that although only 5% of the energy of a 

mercury UV lamp may be attributed to the 185 nm line, the corresponding increase in inactivation 

rate of gram-negative bacteria was 40% [45]. The addition of UV light emitted at 185 nm to UV 

light emitted with a peak of ~254 nm significantly increased cell mortality of P. subcapitata [46]. 

However, the effect was not detectable in T. suecica, indicating greater tolerance in this marine 

alga compared to the freshwater P. subcapitata. It probably means that sea water (3.5% solution 

of sodium chloride) and pure water respond differently to the 185 nm radiation influence. The 

reason for the extraordinary influence of the ~ 185 nm far-UV radiation remains unclear. Our 

experiments (provided below) and results obtained in [47] show that the far-UV spectrum of water 

has an absorption peak near this emission line of a vapor lamp. This peak is shifted when water 

gets salty [47]. It may help explain the specific antiviral properties of the 185 nm radiation in 

water.  

 

Far-UV absorbance peak of DNA and RNA  

The research studies analysis shows that the far-UV range radiation is also a specific one for DNA 

and RNA. It was found that genome structures have an absorption peak in the range of 185-186 

nm [48-52]. Vacuum-UV circular dichroism (CD) spectroscopy was mainly used for the 

measurements. CD instruments (known as spectropolarimeters) measure the difference in 

absorbance between the left and right circularly polarized radiation components. It is significant 

that positive and negative peaks at the CD spectra directly correlate with the usual absorption peaks 

[48]. The exceptionally large positive band at about 185 nm occurs at the vacuum UV CD spectra 

of the right-handed double- and single-stranded RNAs [48], [49]. RNA usually meets as a single-
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stranded molecule with a right-handed helical conformation. It was found that the right-handed A- 

and B- forms of RNA and DNA all have an intense positive CD peak at ~ 186 nm [50]. The vacuum 

UV CD bands of the double‐stranded (G·C) ‐containing RNAs, were larger than the measured 

vacuum UV CD bands of their constituent single‐stranded RNAs and were similar in having an 

exceptionally large positive band at about 185 nm [51], [52]. The interesting results are introduced 

in [53]. It was shown in experiments with adenoviruses that UV radiation at the wavelengths of 

210 - 240 nm induces increasing damage to a viral component when the wavelength decreases. It 

is the surprising change in a viral damage level because nucleic acids maximally absorb UV 

radiation at λ ~ 265 nm where they usually have the biggest damaging effect on viruses. We 

suppose that this phenomenon could be due to the presence of the DNA (RNA) absorbance band 

at around 185 nm. The smaller the wavelength the closer this band and stronger its influence.  

 

Hydroxyl groups are a cause of the far-UV absorbance peak  

The experimental results described in [54] helped to define a part of DNA (RNA) which is 

responsible for the appearance of the 185 nm far-UV absorption peak. Three sugars (glucose, 

fructose, and sucrose) were chromatographically separated and detected with the far-UV-

absorbance detector. They are important carbohydrates, commonly referred to as 

monosaccharides. The results showed the presence of the absorption peak at around 185 nm for all 

sugars [54]. The most important monosaccharides are ribose and its deoxygenated form, 

deoxyribose. In DNA, the phosphate-sugar backbone contains the deoxyribose, and in RNA it 

contains the ribose. The chair form of the ribose has a similar pattern as that for the glucose and 

fructose (Table 1). Therefore, just the ribose (deoxyribose) might be responsible for the peak 

absorption at the wavelength of ~ 185 nm. The sugar-phosphate backbone where ribose 

(deoxyribose) holds the DNA together, allows it to dissolve in water, and is used by cells for 

specific functions. The far-UV-absorption spectra of two types of peptides (diglycine and 

triglycine) were measured in [55]. The curves of the spectra resemble those reported in [54]. The 

peak observed at around 185 nm is attributed into an almost additive absorption by the carboxylic 

acid functional group (–COOH) [55]. Comparing the structures of the ribose and the carboxylic 

acid group (Table 1, compounds 3, 4) it can be concluded that the examined absorption peak at λ 

~ 185 nm most likely is a hydroxyl (OH) group property.  
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Far-UV absorption properties of the SARS-CoV-2 spike glycoprotein 

 In comparison with SARS-CoV-2 (100-160 nm in diameter) water molecules (~ 0.28 nm in 

diameter) are much smaller. Previous and new studies of SARS-CoV and SARS-CoV-2 spike 

glycoprotein structures showed that coronavirus S glycoproteins are densely decorated by 

heterogeneous N-linked glycans protruding from the trimer surface [1]. Glycan is any chain-like 

polysaccharide composed of single sugar molecules, containing hydroxyl groups. They are the 

primary functional group that is found in organic compounds, including sugars. It means that the 

SARS-CoV-2 spike glycoprotein structures (glycans) have the same far-UV absorption peak as 

water and other compounds containing hydroxyl groups. Water shell of the genetic material is also 

of great relevance to the natural biological functions of DNA and RNA.  The sugar–phosphate 

backbone of RNA contains an OH group attached to the 2′ carbon atom of the ribose ring. This 

hydroxyl group which is absent in DNA strongly affects the hydration pattern at the RNA surface. 

The 2′–OH groups induce a regular and well-defined hydration pattern in the minor groove of the 

RNA helix. X-ray diffraction studies and molecular dynamics simulations have suggested that the 

first hydration layer around RNA contains a somewhat larger number of water molecules in a more 

ordered arrangement, compared to DNA [56].  These findings show that the hydroxyl groups can 

interact with the bound water sheath, and their joint impact is likely more effective. 

 

Far-UV absorbance spectra of water  

As mentioned previously, our measurements of the far-UV absorbance spectra of water show the 

presence of the absorbance peak at ~ 185.8 nm. The measured spectra for three types of water are 

given in Figure 1. It is seen that the absorbance peak wavelength of the waters is a little bigger, 

than the value of the same parameter (λ ~ 185 nm) measured in [54], [55]. This is most likely 

because water molecules contain specific hydroxyl groups: covalent bonds are formed by two 

hydrogen atoms attached to the sides of a single oxygen atom. The little shift in the absorbance 

peak wavelength is not important for the purpose of this research, so its emergence is not analyzed 

here in detail. It was found in [47] that the absorption peak has a gradual blueshift, getting wider, 

and bigger as the concentration of a substance without hydroxyl groups (NaCl, KCl) increases. It  

means that sea water (3.5% solution of sodium chloride) and pure water can have different 

influences on CoVs activity [46].  
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Figure 1. UV absorption spectra of different types of water: 1 – DI water, 2 – rainy water, 3 – tap 

water. They have the same UV absorbance peak at the wavelength of ~ 185.8 nm. 

 

Far-UV absorption spectra of ascorbic acid (AA)  

Ascorbic acid is a natural water-soluble vitamin (vitamin C). Its chemical structure is given in 

Table 1. The AA acts as an antioxidant and has lots of other useful properties. The AA powder 

was dissolved in DI water and UV spectra of the resulting solutions were measured (Figure 2). It 

is seen that there is a sharp absorption peak at ∼ 185.8 nm and an absorption region between ∼ 

215 nm and ∼ 300 nm. There is a good consistency between the obtained UV absorption spectra 

(Figure 2) and UV absorption spectra given in [57] for wavelengths bigger than 200 nm (no data 

seems to exist for λ ˂ 200 nm). It was concluded in [48] that “AA absorbs between 210 and 290 

nm with a maximum at ∼ 247 nm for concentrated aqueous solutions.” The absorption of the 

solution gets bigger as the concentration of AA increases. At the same time, the wavelength of the 

peak and its sharpness does not change. On the contrary, the absorption band shows a trend toward 

its increase. One more interesting feature. The UV absorption values of the AA solutions including 

the 185.8 nm peak (Figure 2) are mostly bigger in comparison with the water samples spectra 

(Figure 1). It looks like that hydroxyl groups in the dissolved ascorbic acid are more active. They 

absorb 6.67 eV photons (λ ~ 185.8 nm) much better and possibly activate usually not-so-active 

water hydroxyl groups. 
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Figure 2. The UV absorption spectra of the ascorbic acid dissolved in DI water: 7 – 14 mg/100 

mL; 6 – 9 mg/100 mL; 5 – 7 mg/100 mL; 4 – 5 mg/100 mL; 3 – 3 mg/100 mL; 2 – DI water; 1 – 

two empty cuvettes. 

 

Far-UV absorption spectra of D-ribose  

D-ribose is a component of the ribonucleotides from which RNA is built. It is a polar compound 

that readily dissolves in water. The number of primary and secondary hydroxyl groups in ribose 

(five-carbon sugar) are one and three respectively (Table 1). In addition to its role in RNA, ribose 

is critical to the production of ATP (adenosine triphosphate). The D-ribose powder was dissolved 

in DI water and UV spectra of the resulting solutions were obtained (Figure 3). The peak 

absorbance value is being increased as the D-ribose concentration increases. The far-UV spectra 

shapes (curves 2, 3, and 4) practically repeated the shape of DI water far-UV spectrum (curve 1). 

The peak absorption wavelength (λ ~ 185.8 nm) remained the same in all cases. It is not a 

surprising result because the molecular structure of D-ribose consists mostly of the hydroxyl 

groups which like in case of the ascorbic acid have the bigger absorbance (activity) than in water 

molecules. 
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Figure 3. The far-UV absorption spectra of the D-ribose dissolved in DI water: 1- DI water, 2 - 

12 mg/100 mL, 3 – 30 mg/100 mL, 4 – 50 mg/100 mL. 

 

CoV survival in filtered and unfiltered tap water  

It was found that SARS - CoV inactivation was faster in filtered tap water than unfiltered tap water 

[9], [10]. Virus survival was determined in both unfiltered tap water and tap water passed through 

the 0.2-μm pore size filter to remove bacteria. For poliovirus (PV-1) which is composed of an 

RNA genome and a protein capsid, however, filtration made little difference in its survival in tap 

water. Our findings can explain this phenomenon but only if the cellulose-based filters were used. 

We showed experimentally that water when passed through the cellulose-based filter can increase 

its far-UV absorbance. Cellulose is a linear organic polysaccharide composed of many glucose 

monosaccharides. It is also essential that cellulose is a hydrophilic substance insoluble in water. 

Its thousands of linked glucose molecules have lots of OH groups creating the far-UV absorption 

peak (Table 1). Based on the preponderance of the hydroxyl groups, cellulose polymer is very 

reactive with water. Water molecular smallness promotes the reaction with the cellulose chains 

and immediately forms hydrogen bonds [58]. Therefore, the properties of water passed through 

the cellulose-based filters can be changed, especially at the far-UV absorbance peak region which 

is directly related to OH groups. Such water interacts more strongly with CoVs spikes, susceptible 

to water molecules and it can lower the CoVs survival. We suppose that it happened with the 
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filtered tap water [9]. To see whether the filtered water changed its far-UV absorption spectrum, 

we tested 100% cotton, which consists of about 95% cellulose. A flat piece of cotton (4.5 cm x 3 

cm) was gently placed into a glass petri dish (50 mm inside diameter) with 10 mL of DI water 

(Figure 4). The same amount of DI water (control water) was poured into another petri dish (PD)   

 

 

Figure 4. The water-soaked peace of cotton in the petri dish 

 

placed near the PD with the piece of cotton. The far-UV spectra of the cotton-treated and control 

water were measured in different time intervals after the experiment had started. Cotton is a good 

absorber of water, therefore in 15 min it absorbed practically all the water. Therefore, to have a 

water sample for measurement (1mL) we had to softly press the cotton surface. The water samples 

were taken from the edge of the PD at the maximum distance from the cotton. The far-UV 

absorption spectra of the control and cotton-treated DI water are shown in Figure 5. The cotton 

surface was pressed to obtain the water samples in 30 and 45 min after the beginning of the 

experiment (curves 3 and 4). The control water far-UV spectra have been changed to a slight 

extent. The treatment produced the significant growth of the absorbance by approximately 0.7AU. 

The fifth water sample which was taken in 90 min gave practically the same far-UV spectrum (not 

shown) as for the previous water sample (curve 4). It is not surprising that growth of the absorbance 

is limited. 
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Figure 5. The UV absorption spectra of the control and cotton-treated DI water: 1 – DI water, 2 

– 15 min, 3 – 30 min, 4 – 45 min.  

 

 

Far-UV absorption spectra of quercetin  

Quercetin (originally labeled vitamin P) is a well-known flavonoid whose antiviral properties have 

been investigated in numerous studies. The quercetin has been found in laboratory studies to inhibit 

a wide variety of viruses, including SARS-CoV. It was shown that quercetin can antagonize 

SARS-CoV entry into target cells [59]. It is consistent with our approach because quercetin, as a 

plant flavonol has two hydroxylated benzene rings in its structure (Table 1, compound 7). Like 

cotton, quercetin is insoluble in cold water, and in powdered form was obtained from Samsara 

Herbs Inc. To test the possible influence of the quercetin on water far-UV spectrum, we added 

some amount of the powdered quercetin and DI water into a vessel, then covered it and gently 

shook for half a minute. To have control water, the second vessel with DI water was similarly 

shaken. Before measurement, to precipitate the quercetin suspended particles, these two vessels 

were put in a dark place for three hours. Then, the UV absorption spectra of the prepared samples 

were measured (Figure 6). It is seen that the water treated by quercetin (50mg/100mL) has the 

absorption peak at ~185.8 nm, and it is higher than the same peak in the control DI water. The 

increase of the absorption was also observed in our experiment with the cotton. It means that water 

increases its hydroxyl groups activity when contacts with insoluble compounds containing 
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hydroxyl groups (cotton and quercetin in our experiments). This phenomenon needs to be studied 

in more detail. 

 

Figure 6. The far-UV absorption spectra of the quercetin: 1– DI water, 2 – DI water with 

suspended powder of quercetin (50mg/100mL) which was saved for three hours to precipitate the 

quercetin suspended particles. 

 

It was recently shown that quercetin in combination with vitamin C have synergistic effects and 

can be used against SARS-CoV-2 [60]. Their chemical structures (Table 1, compounds 5, 7) and 

our experimental results confirm such a possibility. 

 

Chemical structures of the antiviral compounds 

To check how our findings correlate with the known compounds for COVID-19 treatment, several 

of them have been analyzed briefly. We directed attention to Chloroquine, Emodin, β-D-N4-

Hydroxycytidine (NHC), bromelain, luteolin [61-66], and tetra-O-galloyl-β-d-glucose (TGG) [59].   

Chloroquine. This drug does not contain hydroxyl groups (Table 1, compound 10) and from our 

point of view (interaction with the surrounding water) cannot be used as an inhibitor of the 

coronavirus’s spike activity. It was shown recently that chloroquine does not inhibit infection of 

human lung cells with the SARS-CoV-2 [61].  

Emodin is a natural anthraquinone derivative that occurs in many widely used medicinal herbs. It 

was shown that emodin blocks the SARS coronavirus spike protein [62]. This data correlates with 
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the emodin structure containing hydroxyl groups (Table 1, compound 9). However, emodin could 

lead to hepatotoxicity, kidney toxicity, and reproductive toxicity [63]. Probably, this is a reason 

why this drug is not used in COVID-19 treatment.  

NHC. The widely known NHC (Table 1, compound 8) is a bioavailable ribonucleoside analog that 

has been shown to have broad-spectrum antiviral activity against various viruses including CoVs 

and is a promising candidate for future clinical development [64], [65]. The NHC structure 

contains a ribose ring, which hydroxyl groups can promote antiviral activity against CoVs.  

Bromelain. Bromelain belongs to thiol proteases, and is a proteolytic enzyme extracted from 

pineapple, mainly found in the stems and in fruits. It is a glycoprotein with an oligosaccharide in 

its molecular structure. It was shown recently that bromelain inhibits SARS-CoV-2 infection in 

VeroE6 Cells [66]. It seems that our findings are consistent with these results. The OH groups 

which are in the molecular structure of bromelain define its reactivity, including the above-

described interaction (Table 1, compound 11). To test the possible influence of the bromelain on 

the water UV spectrum, bromelain powder was dissolved in DI water and far-UV spectra of the 

resulting solutions were measured (Figure 7). It is seen that there is a sharp and stable absorption  

 

 

Figure 7. The far-UV absorption spectra of the bromelain dissolved in DI water: 1– DI water; 2 – 

12.5mg/100mL; 3 – 50mg/100mL; 4 – 100mg/100mL; 5 – 200mg/100mL. 
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peak at ∼ 185.8 nm. The peak absorbance value is being increased as the bromelain concentration 

increases. According to our findings, a big number of hydroxyl groups in the bromelain molecular 

structure create much larger absorption peak at λ ~ 185 nm in water molecules surrounding CoV 

and that in turn leads to the inhibition of the virus entry into the target cell. 

Luteolin and Tetra-O-galloyl-β-d-glucose (TGG). These two small molecules were identified 

from extracts of 121 Chinese herbs [59]. They appear to be highly effective in inhibiting the entry 

of both wild-typed SARS-CoV and HIV-luc/SARS pseudotyped virus into Vero E6 cells. It was 

also noted that the detailed mechanism by which TGG and luteolin exert anti-SARS-CoV activity 

has not been established. As is shown in Table1 (compounds 12, 13) these two compounds contain 

mostly hydroxyl groups and therefore tend to dissolve in water. The properties of functional groups 

play a significant role in the characteristic chemical behavior of individual compounds 

incorporating these specific groups. It means that just the OH groups specific properties define the 

reactivity of these compounds including their antiviral activity.  The TGG chemical structure and 

antiviral properties are fully in agreement with our approach. 

 

Table 1. Chemical structures of the selected compounds 

 Compound Chemical structure 

1  

Water 

H2O 

 

 

 

2 

 

Fructose 

C6H12O6 

 
 

3 

 

D-Ribose 

C5H10O5 

 
 

4 

 

Carboxylic acid functional 

group 

(–COOH) = –CO2H 
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5 

 

Ascorbic acid 

C6H8O6 

 
 

6 

 

Cellulose 

(C6H10O5)n 

 
 

 
7 

 

 
Quercetin 

 
 

 

 

8 

 

 

 

 

β-D-N4-hydroxycytidine 

(NHC) 

(a bioavailable 

ribonucleoside analog) 

 
 

 
9 

 

 

Emodin 

 
 

 

10 

 

 
Chloroquine 
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11 

 

 

 

 

 

Bromelain 

 

 

 

12 

 

 

Luteolin 

 

 
 

 

13 

 

 

Tetra-O-galloyl-β-d-glucose 

(TGG) 

 

 
 

 

14 

 

 

 

Polyvinyl alcohol 

 

 

 

CONCLUSIONS AND DISCUSSION 

Many studies showed that coronaviruses are rapidly inactivated in water. The other enveloped 

viruses, such as HIV-1 and influenza also appear to be inactivated significantly faster in water than 

the non-enveloped viruses with known waterborne transmission. The seasonal increase of the 
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temperature and relative humidity can only partially suppress the coronavirus infection. It looks 

that there is a certain mechanism controlling this phenomenon. In this study we have tried to reveal 

this mechanism and to find the possibility to further inhibit the CoVs activity. Most enveloped 

viruses are extensively glycosylated by a shell of heterogeneous oligosaccharides. There are 

experimental results showing that the water molecules being near glycans can experience the long-

range ordering and repulsive forces. The underlying precise mechanism of this complex interaction 

is still not fully understood. It was suggested that the ordered layer of the water molecules under 

certain conditions can act as a buffer that inhibits coronavirus mobility and attachment to the host 

cell. The wide spread of SARS-CoV-2 shows that the intrinsic spike’s glycans - water interactions 

cannot fully inhibit CoVs attachment to the host cells. Our findings revealed new features that can 

promote this interaction. It has been shown experimentally that water (tap, distilled, DI) has the 

peak (maximum) value of absorbance at the wavelength of ~185 nm, and this is a manifestation of 

the little-known properties possessed by hydroxyl (OH) groups in the far-UV region. Hydroxyl 

groups are the primary functional group that is found in organic compounds, such as sugars. 

Therefore, the far-UV spectra of the glycans (polysaccharides) also have the same absorbance 

peak. Several scientific studies have shown that DNA and RNA also have the far-UV absorption 

peak at nearly the same wavelength as water and glucans have. It is assumed that the reason of this 

peak are the hydroxyl groups containing in its pentose sugars.  

 

It is well-established that the carbohydrate hydroxyl groups are a key element in the long-range 

antifreeze glycoproteins (AFGPs) activity mechanism, which is closely correlated with the long-

range glycan-water interactions and studied much better [34]. To further increase the AFGPs ice 

recrystallization inhibition, a sugar-based water solution is commonly used (mostly on the base of 

the disaccharide trehalose). The known hypothesis links the efficiency of its protective role to 

strong modifications of the tetrahedral arrangement of water molecules in the sugar hydration 

shell.  Sugars may strongly slow down protein dynamics by forming hydrogen bonds with the 

protein hydration water molecules [67], [68]. The neutron scattering and modeling of a protein–

water – trehalose interaction show that the proteins are preferentially hydrated, and analysis of the 

dynamical properties show that the protein residues are slowed down because of reduced dynamics 

of the protein hydration shell, rather than because of direct trehalose – protein interactions [69]. 

These features can be explained that the trehalose, like other sugar-based compounds, increases 
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the water OH groups peak absorbance (i.e., its activity) at the wavelength of ~185 nm. That 

increases the activated water – AFGPs long-range interaction and “further suppresses 

crystallization of the solvent when the intrinsic “glassiness” of hydration water is not sufficient” 

[37]. The appearance of a very slow, glass-like water dynamics decreases the protein motions [70]. 

The long-range ordering interaction of the spike’s glycans with the activated surrounding water is 

like the AFGPs long-range interaction with the trehalose aqueous solution. Such spike’s glycans 

– water interactions, activated by the dissolved sugar-based compound, creates the glass-like 

stabilizing hydration layer that in comparison with the ordinary water can inhibit the virus – host 

cell binding much more effectively. Our experiments showed that adding the sugar-based or some 

other OH-containing compounds to water can essentially increase the peak absorbance with 

respect to the bulk water. It has been demonstrated for some water soluble (ascorbic acid, d-ribose, 

and bromelain) and insoluble (cellulose, quercetin) compounds.  

 

The important function of the hydroxyl groups in AFGPs activity was established still many years 

ago. It was concluded in [71] that the functional groups responsible for the activity appear to be 

the hydroxyl groups of the carbohydrate side chains. The synthesis of the synthetic analogues of 

AFGPs also showed that the OH groups are an important part in the mechanism of their action 

[72]. Remarkably, polyvinyl alcohol (PVA) containing primarily OH groups (Table 1, compound 

14), displays some of the same cryoprotective properties as many antifreeze proteins found in cold 

tolerant organisms [73]. Although it lacks the complex polypeptide backbone of most AFGPs, 

PVA is like AFGPs in that it contains the OH groups, which have been found to be a key element 

in the ice recrystallization inhibition effect of PVA [74]. A study [75] suggests that the 

concentration of hydroxyl groups is the relevant parameter, guiding both water-sugar and sugar-

sugar interactions, and no specific effect of trehalose was detected that could provide an 

explanation for the better bioprotective features of this disaccharide. It means that the long-range 

slowing down of water dynamics probably can be achieved by increasing the number of OH groups 

in aqueous solutions or (and) its activity. It looks that the essential increase of the water OH groups 

activity can lead to the appearance (or increase the number) of photons with the energy of ~ 6.67 

eV (λ ~ 185.8 nm).  They can be found by using the sensitive far-UV photodetectors. The detection 

of the ultra-weak UV emission will not be very surprising, because its availability in many 

biological systems is already long known [76].   
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The examples of some compounds with proven inhibition of SARS-CoV-2 entry into host cells 

are given in Table 1. Their chemical structures mostly agree with our approach. Bromelain, 

luteolin, and TGG (Table 1, compounds 11, 12, and 13) contain primarily the OH groups which 

define specific antiviral and some other biological properties of these compounds. The well-known 

vitamin C (ascorbic acid) mainly consists of the OH groups too (Table 1, compound 5) and has 

great promise in therapy for COVID-19, influenza, and some other diseases [77].  The described 

approach can also be effective against human immunodeficiency viruses, influenza viruses, and 

possibly other enveloped viruses. Further studies will provide a better understanding of the 

proposed mechanism and may lead to novel therapeutic findings against viral infections. 
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