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Water is the most common liquid, it is also one of the 
most unusual, with many peculiar properties:
• Increased density upon melting;
• Decreased viscosity under pressure;
• Density maximum at 4 °C;
• High surface tension, etc.

Water - the most anomalous liquid

Morawietz, T., (2016). PNAS Tytik, D. L. (2021). J. Struct. Chem. 2

Water is the key compound for:
• Biological properties
• Geological properties
• Chemical properties

Water is not a homogeneous liquid, it 
contains heterogeneities – «clusters»

Gao Y., (2021). Sci. Rep.

Hydrogen bond (H-bond);
Van der Waals interactions

Despite its simple chemical formula, water is a complex
substance with a variety of unusual properties resulting

from its ability to form hydrogen bonds. Secondary 
interactions in solutions play a decisive role in the 

formation of complexes of water-organic molecules 

Aim of the work:
Summarizing some ideas about the role 

of water in biomolecular properties



Water plays an important 
role in the structure and 
functioning of proteins 
and other biomolecules

Water and structure of biomolecules
Water clustering effects on the catalytic activity of enzymes:

The spatial distribution of water occupancy at CALBsurface calculated 
for the CALB/MTBE systems at water activities
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Changes in the vibrational entropy of
insulin during dimerization

v, cm-1
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↑ pH2O(w) → H2O molecules accumulate in
enzyme “hotspots” → formation of Н2О
clusters overlapping the active site of the 
enzyme → ↓vreaction & catalytic activity of 

lipase enzymes
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(30 Hz, amplitude 5 мм)
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External physical effects on water
Mechanical stress of aqueous degassed solutions :
• ↑рН
• ROS formation

Water luminescence occurring in blue 
range of spectrum ∝ ↓ [dissolved gas]

Plasma-activated water acquires long-term, highly pronounced 
antibacterial and antiviral properties

P. aeruginosa

Gudkov S. V. Int. J. Mol. Sci. (2020), 21, 8033 Rathore V. Plasma Chem. Plasma Process (2021), 41(3), 871-902.S

Antioxidant water improves the germination of legumes and cereals

t = 6 h

t = 7 days

Deionized water Deionized water+QELBY

Hwang S.G.  IJBCB (2017), 2017

Physical-chemical properties of aqueous solutions change
non-monotonically as the stock solution is diluted

The effects significantly 
change the physical-chemical 

properties of water



External physical effects on water can lead to 
changes in the physical-chemical properties of 
water, which determine the structural and/or 

functional properties of the dissolved biomolecules 
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Parameter Untreated tap water 1000 G-treated
Conductivity, mS/cm 650 + 8.1 710.0 + 8.9*

pH 7.60 + 0.07 7.85 + 0.02*
Density, mN/mL 50.1 + 2.25 40.0 + 2.12*

Surface tension, dyn/cm2 60.5 + 2.8 50.4 + 2.9
Lindinger M. I. Journal of Animal Science (2021), 99(5), skab063

Physical properties of untreated and magnetically treated tap water

Three water environments 
defined by their dynamical 
properties can be observed:

• Bulk
• Surface
• Buried

Silvia M. TSWJ (2013)

Mechanical 
stress

↑ [H2O2] Changes in the 
functional 

properties of 
biomolecules

Influence of the ordering effect of proteins on water

Gudkov S. IJMS 21(21), 8033 (2020)

Conclusion

*Significantly different from untreated tap water. 

↓Trpfl by 75–80%
↓α-helical content
favours the aggregation

stirring
of the
protein
solution

Protein-bound water molecules and their dynamics are 
essential for proton transport and biological function of

other proteins such as bacteriorhodopsins

Johnson K. (2012) J Biol Phys.38(1)
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