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Algal Bloom Action Team
The Algal Bloom Action Team is a collaboration of water professionals, researchers, and
educators from twelve states in the North Central Region of the United States. Team members
include the national network of Water Resources Research Institutes (WRRI), the North Central
Region Water Network and university Extension within each state in the North Central
Region.
University partners include the University of Illinois, Iowa State University, Kansas State
University, Michigan State University, University of Minnesota, University of Missouri,
University of Nebraska-Lincoln, North Dakota State University, The Ohio State University,
Purdue University, South Dakota State University and the University of Wisconsin-Madison.
https://northcentralwater.org/habs/

Today’s Presenters
•

Halis Simsek, Assistant Professor of Agricultural and Biological
Engineering and Environmental and Ecological Engineering at Purdue
University: Cyanophages and Algal Virus for Removal of Toxic Blooms

•

Pankaj Bhatt, Researcher, Purdue University: Cyanophagecyanobacterial Interactions and its Application in Cyanobacterial Blooms
Removal

Halis Simsek
Dr. Halis Simisek is a faculty member in Agriculture and
Biological Engineering at Purdue University in Indiana.
He has active in algal research for the past 20 years. His
team mainly explores the application of algal cultures for
wastewater treatment. Currently, he is working on
cyanophages and algal viruses for the removal of
harmful algal blooms from the environment.
In addition, Dr. Simsek also explores the downstream
processing of algal biomass for the production of valueadded products. Dr. Simsek secured the grants and has
published articles on algal and cyanobacterial cultures
and their implication in wastewater systems.
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Cyanobacteria
• Cyanobacteria (also known as blue-green algae) are aerobic
photoautotrophic prokaryotes and
o They are able to reduce molecular nitrogen (N2) to ammonia in water
environment.

• Excessive proliferation of predominant cyanobacteria genera in
water bodies usually forms surface blooms.
• Certain types of cyanobacterial blooms can produce cyanotoxins
that are harmful to the environment.
• Most cyanobacteria produce phycocyanin which gives cells a blue
color that can be visible in higher concentrations.

Cyanobacteria

• Overgrowth of cyanobacteria in a water
environment is not a simple process
that is caused by a single factor, but
rather multiple factors occur
simultaneously.

Harmful algal bloom - Wikipedia

• Excess nutrient loading through treated or untreated sewage systems,
agricultural runoff, or industrial discharge cause the proliferation of
cyanobacteria in the water environment.
• In addition, warm water temperature, and the composition and
characteristics of the water ecosystem will be opportunities for the
cyanobacteria to grow.
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Before and After Algal Blooms in the Lake Erie, Ohio
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Source: Photos of Lakes Before and After Algal Blooms | US EPA

Cyanobacteria
• Cyanobacterial harmful algal blooms (cyanoHABs) are increasing
throughout the world and contaminating aquatic ecosystems.
• Poor watershed management and various environmental conditions
increase the HAB occurrence.
• Phosphorous accumulated at the bottom of the lake could be released
during the summer and promote cyanobacterial growth.
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Cyanobacteria
• The blooms cause severe
environmental problems including
unpleasant taste - odors and cyanotoxin
production.
• Cyanotoxins have been reported to be a lethal agent for living beings that
treat:
o Animals, people, and aquatic species
o Drinking water reservoirs

o Recreational condition of surface waters.
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Cyanobacteria
• Types of cyanobacteria are:
Anabaena, Hapalosiphon, Aphanizomenon, Geitlerinema, Symploca, Planktothri
(Oscillatoria), Phormidium, Nostoc, Pseudanabaena
, and Lyngbya.

• The common cyanotoxins are:

o Microcystin (most common)
o C ylindrospermopsin (C YN)
o S axitoxin

o Anatoxin-a

• These metabolites must be removed when they contaminate the drinking
water sources.

Cyanobacteria
• Cyanobacterial population growth and surface bloom formation in
marine and freshwater environments have been elucidated by
researchers;
o However, the conditions that cause the decline in the cyanobacterial
population in water body have not been addressed properly.

• Viral infection could be one of the reasons for the population decline;
o For example, a study proved that the populations of cyanobacteria and
cyanophage are positively correlated
o A decline in cyanophage causes an increase in Microcystis aeruginosa.

CyanoHABs
in the lakes
• For determining best management practices to suppress cyanoHABs in
the lake ecosystems, we need to know;
o If the lake serves as a reservoir for an adjacent drinking water
treatment plant
o If the lake receives any upstream discharge from any wastewater
treatment facility
o If any river or stream is introduced continuously to the lake
o If any water is withdrawn from the lake by humans for some purpose.

CyanoHABs
in the lakes
• Continue …
o If the recreational activities on the lake are allowed
o If the lake regularly experiences cyanobacterial blooms that cause
taste, odor, and turbidity in the lake
o If copper sulfate or other algaecides has been (can be) applied to the
lake to stop cyanobacterial growth

Removal of cyanotoxin
• Effective treatment options should be applied to
remove cyanotoxins from the drinking waters.
• Conventional drinking water treatment methods are
not effective to remove cyanotoxins.
• Chemical and biological treatment options for cyanobacteria should be
investigated;
o However, the chemical treatment might produce harmful by-products in the
system.

Removal of cyanotoxin

• During the drinking water treatment process, removing
the cyanobacteria in the disinfection unit or using
copper sulfate may create stress conditions on the
cyanobacteria and cause to produce cyanotoxin in the
water.
o Therefore, even though the cyanobacteria are removed
from the water, the toxins may remain in the water.

• Powdered activated carbon (PAC) or granular activated carbon (GAC)
can be used as a pre-treatment method to remove toxins.
• Nanofiltration or reverse osmosis are both used effectively to remove
cyanotoxins.
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Biological removal of cyanobacteria

• Cyanotoxins should be degraded biologically in the
water ecosystem.
• Implementation of biological filtration (sand
media) is one of the promising methods to
degrade cyanobacterial metabolites.
• The water contact time and hydraulic retention
time are crucial for the biodegradation of
metabolites.

Biological removal of cyanobacteria
• Most of the cyanobacterial metabolites present in
the water bodies are susceptible to biodegradation
(treatment) by bacteria.
• Studies show that microcystin in
o Drinking water sources, wastewater lagoons, and
stabilization ponds can be degraded by bacteria.

• The biodegradation of microcystins does not
produce toxic by-products.

Biological removal of cyanobacteria
• Cylindrospermopsin (CYN) can be degraded
by bacteria in a natural water ecosystem
o at the appropriate temperature
o at the presence of copper-based algicides.

• Biodegradation of saxitoxin and anatoxin-a
by bacteria in the water environment has
been documented.

Cyanophage
• Viruses are the most widespread and
abundant biological entities in the
environment.
• Bacteriophage (phage) is a virus that infects
bacteria (the host).
• Cyanophage is a virus that infests
cyanobacteria (the host).

Lytic vs Lysogenic – Understanding Bacteriophage Life Cycles | Technology Networks

Cyanophage
• Cyanophage technology helps to protect the environment by controlling
the cyanoHABs in water ecosystems.
• In addition, the technology can be used for rapid detection of
cyanobacteria in the aquatic system.

Cyanobacteria / cyanophage interaction
• Cyanobacteria and cyanophage represent a diverse group in marine and
freshwater environments.
o They both can live in every condition and can adapt to new conditions.

• Successful replication of cyanophage in the host depends on the
environmental conditions including;
o Temperature
o Rainfall
o Flood pulse
o Turbidity.

Cyanobacteria / cyanophage interaction

• In practice, there are some biotic and abiotic factors that influence
cyanophage infection (lytic and lysogenic) in a natural microbial
community including:

o Rapid increase of host mutant in the water body (phage-resistant mutants)
o The changes in the morphology of the cyanobacterial cell that prevent phage
interaction
o Water temperature and water column depth
o Solar radiation, pH, cation concentrations
o Salinity
o Seasonal variations
o Microbial community.
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Cyanobacteria / cyanophage interaction
• Sulcius et al. (2018) conducted a study to investigate cyanophage
infection and lysis of the filamentous cyanobacteria (Nodularia
spumigena, isolated from the coastal water in Sweden) for the removal
of hepatotoxin nodularin (NOD). The experiments were conducted in the
laboratory condition.
o The cyanobacteria cell density was reduced by 93%.

Cyanobacteria / cyanophage interaction
• Thomson et al. (2016) reported a cyanophage infection study on marine
cyanobacteria (Prochlorococcus and Synechococcus) under light/dark
conditions and they monitored the phage replication.
o They found that phage was produced in the light but was not produced in the
dark.

• Yoshida-Takashima et al. (2012) proved that a cyanophage (Ma-LMM01)
successfully infected and took over the host metabolism of marine
cyanobacteria (Synechococcus and Prochlorococcus).

Cyanobacteria / cyanophage interaction
• Zhang and Hu (2013) have compared the removal of Pseudomonas
aeruginosa biofilm in wastewaters using chlorine and bacteriophage.
o They found that chlorine removed 40% whereas the bacteriophage removed
89% of bacteria.
o They also found that consecutive application of bacteriophage and chlorine
removed 96% of the bacteria.

• We can conclude that consecutive applications of cyanophage and
chlorine could be applied to remove cyanobacteria in a drinking water
treatment plant.

Cyanobacteria / cyanophage interaction
• Antosiak et al. (2022) reported that cyanobacteria play an important role
in the photosynthesis and CO2 fixation process in the environment. They
conducted experiments to address the question of:
o “how cyanophage infection could alter the photosynthesis and CO2 fixation
process during the infection”

• They isolated a cyanophage (vB_AphaS-CL131) and a cyanobacterium
(Aphanizomenon flos-aquae) from a lagoon.
• They found that photosynthesis and CO2 fixation activities were reduced in
the host because of viral infection.

Cyanobacteria / cyanophage interaction

• Overall, cyanophage-cyanobacteria interactions are well studied in
laboratory conditions, and the following parameters were measured and
monitored :
o Phosphate and nitrate uptake
o Photosynthesis and CO2 fixation
o The impact of light-dark cycles
o Solar UV radiation
o Composition and characteristics of cyanobacteria
o Characteristics of the water environment.

Cyanobacteria / cyanophage interaction

• If the replication speed of cyanobacteria is faster than infection of phage,
then cyanoHAB can occur.
o Other environmental conditions are also important.

• There are several reproduction cycles of cyanophage; lytic and lysogenic
cycles are the most dominant cycles.
• Previous studies showed that nutrient availability and other
environmental conditions may cause cyanophage to switch the
reproduction cycle between lytic and lysogenic in water environment.

Cyanophages application

• Cyanophage can be found in the same environments inhabited by host
cyanobacteria and
o Eeach cyanophage will target only specific cyanobacteria.

• Phage in a lake environment should be able to adapt to various
environmental conditions and
o Survive against environmental and external forces

• Cyanophage efficiently replicate within the host cell and ability to stay
dormant in the host.

Cyanophage application on lakes
• To prevent cyanoHABs occurrence in lakes and reservoirs using
cyanophage technology, the parameters that need to be considered are
as follows;
o
o
o
o
o

Water circulation rate, depth of the water (deep or shallow)
Seasonal temperature variation, heat transfer, nutrient loading,
Sunlight exposure time and intensity
Wind effect, stagnant (standing) water, circulation/turbulence of water
Volumetric flow rate, the residence time of water.

Conclusions

• The relationship between cyanobacteria and cyanophage can be managed
by adjusting some environmental parameters in a lake environment.
• In other words, on one hand, an excess nutrient loading in a lake will
promote the rapid growth of cyanobacteria, causing the bloom.
o On the other hand, the type and concentration of nutrients can support the
efficacy of the cyanophage infection in the cyanobacteria thus increasing
cyanobacterial lysis.

• This natural biocontrol cycle should reduce cyanobacterial production in a
lake environment.

Conclusions

• Laboratory experiments are helping to understand the phage-host
relationship. However, the application of cyanophage to control
cyanobacteria in a surface water body is still challenging.
• Cyanophages have the potential to improve the quality of surface waters if
we can understand the interaction of cyanophage-cyanobacteria very well
• Prevention, control, and mitigation of cyanoHABs in surface waters will be
inexpensive, rapid, and environmentally friendly.

Conclusions

• Mixed culture cyanophage cocktail could be formulated to terminate all the
cyanobacteria species in a lake environment.
o Cyanophage may not kill all the host cells and phage-resistant host mutant
may reform the bloom.
o High concentration of toxin release may occur and spread in the lake

Future study
-Cyanobacteria versus green algae
• In the lake environment, which organisms will outperform?
Cyanobacteria or green algae?
o Some studies explained that the green algae predominated over cyanobacteria
while other researchers explained excessive nutrient entrance to a lake
environment enables cyanobacteria to suppress algal growth.
o Therefore, the impact of N:P ratios on algal and cyanobacterial growth in the lake
environment must be studied.
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Pankaj Bhatt
Dr. Pankaj Bhatt is working as a researcher at Purdue
University in the department of Agriculture and
Biological Engineering. He did his undergraduate in
Biotechnology in 2009 and postgraduate in Microbiology
from Kumaun University in India. He completed his
doctoral degree in microbiology in 2015, from G.B Pant
University of Agriculture and Technology in India.
Presently, he is investigating the impact of harmful algal
blooms on the environment. He is actively involved in the
isolation and characterization of cyanophages from
various water samples in the USA. He is cultivating the
algae using synthetic media as well as with wastewaters.
In addition, Dr. Bhatt working on the cyanobacterial
cultivation and isolation of cyanophages under different
conditions. This study will explore and give insight into
pictures of the cyanophages and their interaction
mechanism with cyanobacteria.

Cyanophage-cyanobacterial interactions and its
application in cyanobacterial blooms removal

Pankaj Bhatt, Ph.D.
Agriculture and Biological Engineering
Purdue University
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Cyanobacterial bloom formation

Rastogi et al., 2015

Cyanobacterial growth curve

Cyanophages
 Viruses (bacteriophages) that infect cyanobacteria.
 Present in marine and freshwater environment.
 Contains double-stranded DNA as nucleic acid.
 Cyanophages are responsible for 10-80 % of cyanobacterial mortality.

Cyanophage MinS1 infecting the
Microcystis aeruginosa
Zhang et al., 2022

Cyanophages
 The first cyanophage (LPP-1) was discovered in 1963 by Safferman and Morris.
 LPP-1 is able to infect the genera Lyngbya, Plectonema and Phormidium.
 Currently 12 cyanophages are identified for the Microcystis infection.
 Cyanophages exist with broad and narrow host ranges.
 Cyanophage properties matched with the bacteriophages such as T-7 phages but modes of action are
different.
 Host range specificity categorized cyanophages as LPP group, A, AN, NP group, AS, and, SM group.
 Ecologically they are classified as marine and freshwater cyanophages.

Host range and specificity
1.

LPP group: Attack three different genera of non-heterocystous.

filamentous cyanobacteria; Lyngbya, Phormidium, Plectonema.
2. A, AN, N and NP groups: Anabaena sp., Nostoc spp, Plectonema.
3. AS and SM groups: Anacystis, Synechococcus, Microcystis.

Cyanophages family

Podoviridae
Ma-LBP,
ΦMHI42

Sort bulky tail
cyanophage

Myoviridae
Ma-LMM01,
MaMV-DC

Contractile 160 nm tail, nonenveloped

Siphoviridae
VLP

Non-enveloped head
and non-contractile tail
https://en.wikipedia.org/wiki/Podoviridae#/media/File:Podoviridae.svg

Cyanophage-cyanobacteria interactions
Environmental factors
affecting interactions

Depth, temperature,
solar radiation, pH,
cation concentrations,
salinity, seasonal variations

Transmission electron micrograph of cyanophage Ma-LMM01

Yoshida et al., 2006

Cyanophage life cycle
Lytic cycle
a) Cyanophage attachment.
b) Cyanobacterial cell entry.
c) Cyanophage replication.
d) Production of new
cyanophages.

https://www.technologynetworks.com/immunology/articles/lytic-vs-lysogenic-understanding-bacteriophage-life-cycles-308094

Lysogenic cycle
a) Also known as temperate or non-virulent infection.
b) No host cell lysis.
c) Injection of cyanophage DNA into the cyanobacterial genome.
d) Prophage formation.
e) Cell division and DNA replications.
f) Transition from lysogenic to lytic occurred due to stress.
g) Transition from lytic to lysogenic called induction.

Cyanophage life cycle

Isolation and identification of Cyanophages
Preservation of
samples at 4°C
until use

Top agar + M.
aeruginosa

Collection of water
samples

Bacteriophage ΦS1 + P.
fluorescence
Pure culture of M.
aeruginosa
M. aeruginosa

BG-11 agar plates
cyanobacteria with cyanophage
plaques
Zhnag et al., 2022

PhiMa05 inhibits Harmful Microcystis sp.

Plaques of cyanophage PhiMa05 on the lawn of SG03

TEM thin section of Microcystis SG03
Naknaen et al., 2021

Abiotic and biotic factors regulating the cyanophage-cyanobacterial interactions

Jassim and Limoges et al., 2013

Cyanophage genome
 Complete genome sequences showed the unique genetic resources in cyanophages.
 Cyanophages acquire diverse genes from the host genome.
 Host-derived genes contribute to the ecological success of cyanophages.
 Genes encode the specific proteins and enzymes for cyanophage life.
 Comparative genomics suggested the majority of the genes showed similarity with the
host DNA sequence.
 Cyanophages infecting Prochlorococcus and Synechococcus carry the psbA (D1) and
psbD (D2) genes which, play role in PSII.

Origin of Host-Derived Metabolic Genes
 Host-like genes transferred by horizontal gene transfer in cyanophage.

 psbA gene was observed in more than 50 % of cyanophages infecting
Synechococcus in the Red Sea.
 PSII core reaction system encoded psbA (80%, cyanophages), whereas 50% of
cyanophages encode both psbA and psbD genes.
 Acquisition of photosynthetic genes in cyanophages is a wider event.
 Freshwater cyanophage encodes for the nblA gene (phycobilisome).
 Host-derived genes help cyanophages for ecological fitness.
 Cyanophage encoded host genes affect the central metabolic pathways in host
cyanobacteria.

Cyanophage host-like genes in metabolic pathways

Gao et al., 2016

Cyanophage degrading the CyanoHABs
 Water samples from western Lake Erie were screened for cyanophage by Jiang et al.,
2019
 Ma-LEP infecting the M. aeruginosa Ma.
 Ma-LEP affected the M. aeruginosa Ma with dynamic changes in chlorophyll and
phycocyanin.
 Cyanophage Ma-LEP negatively affects photosynthesis.
 Mechanical stiffness of M. aeruginosa Ma membranes observed after cyanophage
infection.
Jiang et al., 2019

Conclusion
• Human activities increase the nutritional load of the water system
which leads to the formation of cyanoHABs
• Further needs to understand the complex microbial communities in
the water environment
• Cyanophages to treat the cyanoHABs is a promising technology
• Massive cyanophages require for the removal of blooms from the
large reservoir

Future research directions
 Behavior of cyanophages and cyanobacteria involved in CyanoHABs.
 Interaction between cyanobacteria and cyanophages.
 Physical characteristics of the cyanophage interactions.
 Identification of novel cyanophages and development of molecular
markers.
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Question and Answer Session
We will draw initial questions and comments from those submitted via
the chat box during the presentations.
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