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Vil’llS es Viral infection

o * First, bacteriophages attaches on surface of host cells
* Most abundant entities on the planet . he poljow core pierces the cell wall

eath . * Contractile tail sheath injects the phage DNA into the host
* Ubiquitous cell
* Obligate parasites .

Hijacks the metabolism of the host cell

Two types of viral replication

. 1. Lytic cycle (Virulent cycle): Viral replication process
(capsid) . rapidly kills the host cell

* Two distinct lifecycle: Lytic and 2. Lysogenic cycle (Temperate cycle)

* Made up of a core of DNA or RNA
surrounded by a protein coat

Lysogenic lifecycle The host cell is not immediately killed
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Phosphorus removal dynamics

Viruses in engineered bioreactors

* Wastewater treatment plant contain highest
concentration of viruses108 to 10° phage-like
particles per mL

* Drives microbial diversification

* maintains functional redundancy

* ensures performance stability in engineered
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Implication of viruses on host metabolism

* Primary source of mortality

Uninfected cell HP1-virocell HS2-virocell
* Changes in flow of nutrients and
. . o o el *;T”’Tgﬁm
microbial composition ¢ ¢
. Phages cpnstltute a repository of genetic o Nk 2 u-\
information e e
.. . \
* The genetic information is necessary for
. . -
evolut.mn and ecophysiology of host R
Org anl Sm - Phage-host complementarity
* Phage infection can introduce new genetic N
information into ho St Organism Or Viral Ezgiﬁizfﬁgggig,ri);;i;(igbg;l\(/,irI:)/I(;CIKIéj ];"Z:tgn]\,’[ gji;:;ll,oln;&l;?,g 18\11,_ 8Z935y.ed, A. A., Jang, H., ... & Duhaime, M. B. (2020). Phage-specific

progeny

* Hijacks bacterial and archaeal cellular
machinery causing reprogramming of host
metabolism

* Agents of horizontal gene transfer
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Viruses in anaerobic digesters

Metabolic potential and lifestyle of
phages not studied in detail- especially
in complex engineering ecosystems
such as anaerobic digester

Diverse microbial communities in
anaerobic digesters

Interaction between microbes
important for stability

Viruses can cause nutrient
regeneration, horizontal gene transfer
Microbial abundance, composition,
ecosystem function can be effected

Complex biopolymers
(proteins, polysaccharides, fats/oils)

Fermentative
bacteria

Broken down monomers and oligomers

(Sugars, amino acids, peptides)

Fermentative
bacteria

Propionate
Fermentative Fermentative
bacteria Buwrate’ etc. bacteria
(short-chain volatile
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Anaerobic digesters

* Anaerobic digester hosts microbial community
with diverse functional traits- hydrolysis,
fermentation, acetogenesis, methanogenesis

* Produces renewable energy

* The syntrophic activity between the microbes
enhances the stability of the process

* Understanding the microbial community dynamics
and their interaction with viruses must be expanded

* Anaerobic digestion process can be mesophilic
(35-40 °C) or thermophilic (55-60 °C)

* Samples from mesophilic and thermophilic
anaerobic digesters were collected
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Isolation of viral fraction from digested sludge

Sample -
_|_ s
> 1% potassium > i t@ y
citrate (3x | § ,«
volume) A
Sequential
Centrifugation 5
= filtration

Transmission electron Cesium chloride  Resuspension of
microscopy purification pellet

Centrifugation
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Phages in anaerobic digester

* Viral fraction 1solated and
purified

* Morphological diversity of
the viral community was
observed

* To identify the metabolic
potential, genomic DNA of
the microbial and the viral
fraction has been sequenced
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Extraction of genomic content and sequencing

* Genomic DNA from sludge samples was
extracted using DNeasy Powersoil kit
(QIAGEN)

* Viral DNA will be extracted using Phage
DNA 1solation kit (Norgen Biotek Corp.,
Canada)

* Sequencing was performed on Illumina
NovaSeq platform
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Analysis of microbial community

100
< &0 * Clostridia, Bacteroidia dominant 1n all
5 . anaerobic digesters
3 * Anaerolinea identified in thermophilic
£ o digester
" 0  Construction of metagenome assembled
genomes will give idea about the
0 DC Water Salt Lake City WRF  Central Valley WRF metab011c pathways
[ | Others
| | Alphaproteobacteria B Bacill
I Gammaproteobacteria [ SAR324 clade (Marine group B)
I Actinobacteria ___|Syntrophia _
[ ] Verrucomicrobiae I Incertae Sedis
I Synergistia __ |D8A-2 N
I Syntrophorhabdia Il Bacteroidia

[ | Syntrophomonadia

I Clostridia

I Cloacimonadia

I Limnochordia
B Anaerolineae

I Spirochaetia
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Analysis of viral community

* A total of 2349, 4758, 3402 viral scaffolds identified in anaerobic
digested sludge from DC-Water, SLCWRF, CVWRF

* Auxiliary metabolic genes for carbohydrate, energy metabolism was
detected.

* lysine 2,3-aminomutase involved on lysine degradation detected
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Identification of virus-host association

Abund t1 ' -
undance| | Genetic CRISPRS Exact Ohgqnucle
profiles homology matches otide
profiles
\ )
!
Co-binning

Random Forest Assignment of Hosts (RaFAH)

BACPHLIP: Predicting bacteriophage lifestyle from conserved protein domains
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Conclusion

* Viruses can impact host metabolism

* Viruses in complex engineered ecosystems like anaerobic
digesters not studied in detalil

* This study investigated viruses in mesophilic and
thermophilic digesters

« Auxiliary metabolic genes identified in viruses

* Virus- host association can provide more detail towards
Impact of virus on the reactor performance
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Thank you for participating!

Contact us with questions:

Presenters: Bishav Bhattarai
bishav.bhattarai@utah.edu
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means, including photocopying, recording, or other electronic or mechanical methods, without the prior written permission of the author(s).
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