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Motivation

Why are some viruses removed and inactivated more effectively than others during water and wastewater treatment processes?

Experimental Approach

Mixed virus samples were used to conduct UV, TiO, photocatalysis, and ferric chloride
Although vast quantities
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Ultraviolet (UV) Disinfection

The formation of pyrimidine dimers is thought to be the primary mechanism responsible for
viral inactivation via UV irradiation. Accordingly, increased UV resistance would be expected
for viruses with capsids comprised of high percentages of aromatic amino acids (which are
the only amino acids with significant extinction coefficients in the UV-C range of 200 — 280
nm). By absorbing germicidal UV light, these amino acids would reduce UV penetration and
damage to the viral nucleic acid.

COLLIMATED BEAM DESIGN

Titanium Dioxide (TiO,) Photocatalysis

Advanced oxidation processes (AOPs) such as TiO, photocatalysis rely on the disinfection
capabilities of highly reactive radical species. Proteins are more susceptible to radical-
induced cleavage at specific amino acids, particularly at proline, glycine, and alanine.
Therefore, viruses with high levels of these amino acids in their protein capsids may be more
susceptible to photocatalysis.
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Ferric Chloride (FeCl;) Coagulation
The isoelectric point (pI) of a viral particle, which depends on the AmlnoaCIdS that Iate pI
amino acid composition of the protein capsid, is believed to strongly P -
influence viral adsorption in soil and water. The relationship between
pI and fractional amino acid composition of virus capsids was —
examined to determine the potential effect on viral behavior and -

stability in water. .
RELATIONSHIP BETWEEN THEORETICAL
VIRUS ISOELECTRIC POINTS -\ EMPIRICAL ISOELECTRIC POINTS

TITANIUM DIOXIDE
« Degussa P25 TiO, = 75% Anatase and 25% Rutile
« Individual particle size = 25 nm
« Particle aggregation = 500 nm
15-Watt,
Low-Pressure,
254-nm UV Bulb

Supports

POSSIBLE HYDROXYL RADICAL
AMINO ACID TARGETS
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The monochromatic output (254 nm) of low-pressure
UV bulbs is considered the most effective wavelength
for disinfection purposes.

AROMATIC AMINO ACIDS
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Virus removal during coagulation experiments generally An approximate 1:1 relationship exists between theoretical and
reflected the trend shown for the above pls. For example, empirical pIs. Theoretical pI calculations may be less accurate
qualitative bacteriophage removal was generally PRD1 < MS2 for viruses with empirical pIs toward the extremes (e.g., MS2
< phi-X174 < fr, which follows the pI trend. and fr), perhaps since the calculation doesn’t account for
75-W / 254-nm chemical modifications.
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EFFECT OF PROTEIN CAPSID COMPOSITION
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Correction Factors:
Petri = 0.890 Divergence = 0.984
Reflection = 0.975  Water = 0.995

Intensity Calculation:
Iy = IoX PF x RF x DF x WF= 0.13 mW/cm?

I~ 0.15 mW/cm?

Dose Calculation:
Dose = Iye X Time
Unit = mW-s/cm? = mJ/cm?

Virus Ms2 PRD1  phi-X174 fr CoxB6 Echol12 Poliol

Total number of 53 450 303040 42,336 23,400 905220 120780 39,540 55980 52,860
amino acids
720 12,120 2,19 900 39,99 5940 1,800 1,800 2,220
(3%) (4%) (5%) (4%) (4%) (5%) (5%) (3%) (4%)
360 2,200 516 360 12,744 2,520 600 1,500 780
(2%) (1%) (1%) (2%) (1%) (2%) (2%) (3%) (1%)
720 17,220 1,800 720 47820 3780 1,560 1,800 2,340
(3%) (6%) (4%) (3%) (5%) (3%) (4%) (3%) (4%)
89-9.0 5.5% 460  489%  623% 7.0-82

Phenylalanine

Tryptophan

Hawkins and Davies (1998) and Jones et al. (2007) reported OHe
specificity with alanine, glycine, and proline residues. The protein
capsid compositions of the bacteriophages supported these theories.

Tyrosine

Isoelectric point  3.5-3.9 3.0-4.2 6.6
UV dose (4-log)
(mJ/cm?)

The existence of trends between the fractional composition of the amino acids or amino acid groups in the virus capsid would
contribute to an improved understanding of the affect that capsid composition has on viral particles and their behavior/stability in
water. As shown in the above figures, no such trends are readily apparent.
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RESULTS: The amino acid capsid compositions of the bacteriophages MS2, PRD1, phi-X174,

RESULTS: A correlation between isoelectric point and UV disinfection appears to exist, but
possible mechanisms for this are unclear. The analysis did not provide conclusive evidence
supporting a correlation between relative composition or absolute quantities of aromatic
amino acids and UV inactivation.

and fr appear to correlate with photocatalytic inactivation on the basis of absolute amino acid
quantity and hypothetical surface density. For example, PRD1 experiences the highest level
of photocatalytic inactivation and also contains the most alanine, glycine, and proline
residues. Other factors may play a significant role in photocatalytic inactivation, but the data
seems to correlate well with the presence of hydroxyl radical amino acid targets in the capsid.

RESULTS: Physical removal of viruses by adsorption during coagulation was strongly
correlated to pI (-0.5 < Pearson Coefficient < 0.5), but not to virus size. The analysis did
not identify a strong relationship between capsid amino acid composition, pI, and
adsorption. Additional analyses of the affects of protein folding and surface exposure on pI
and adsorption are recommended.
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