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Cyanobacterial blooms become a serious environmental threat to the freshwater
ecosystem, and several physical and chemical methods have been developed for con-
trolling the blooms. In order to develop a biocontrol agents for controlling the blooms, we
carried out screening of the alga-lysing bacteria among the genus Bacillus. The alga-
lysing characteristics bacteria isolated from various sources have been studied.Six
strains of Bacillus: B.0.2.2.2., 57D, M2, M2a, 10.1, M18T, with strong algicidal activity
against the species of Anabaena hassalii, Microcystis aeruginosa, M. pulvereae were
selected. Wide algicidal activity ranged from 40 to 60 % was shown. It was established
that the studied Bacillus strains did not possess marked lytic activity against Chlorel-
la spp. and their activity did not reach beyond 15 %. Thus, investigated bacterial strains
of the Bacillus genus have algicidal effect towards cyanobacteria and do not such effect
towards green algae. The lytic effect of different parts of the bacterial cultures indicated
that the algal cells were lysed by the algicidal active compounds in cell-free filtrate. Our
results suggest that the studied strains of Bacillus sp. may have a potential for a use in
controling growth of harmful algal species.
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INTRODUCTION

In recent years water blooms of freshwater environments and the occurrence of
cyanobacterial and algal blooms become a serious problem all over the world [11, 13,
14]. These blooms cause a wide range of social, environmental and economic prob-
lems, such as deterioration of water quality, damage of aquaculture industries, recre-
ational activities and human health [1]. Cyanobacteria can produce some toxins that
cause the death of fish, shellfish and other organisms in the natural environments.

Many chemical and physical methods have been proposed to mitigate or control
harmful algal blooms (HABs) [2, 6]. However, these methods have strong inhibitory ef-
fects on the growth of harmful algae, received much criticism because of the disadvan-
tages of high costs, frequent reappearance and secondary pollution. Moreover, such
approaches cannot resolve the problems completely and water blooms are still very
serious problem.
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Recently, biological methods have gained increasing an attention of researchers as
a control mean that have some preference to chemical and physical ones [5, 12]. Bio-
logical control has been seen as an economical and environment-friendly solution due
to the low treatment cost and no secondary pollution. Biological agents, including bac-
teria, actinomycete, viruses, protozoa, macrophytes and microalgae are considered as
potential suppressors in controlling the outbreak and control of HABs. Algicidal bacteria,
as an important fraction of biological species in hydrophytic ecosystems, play important
roles in controlling water blooms and limiting algal biomass. Most known algicidal bacte-
ria are classified within either Alteromonas, Bacillus, Cytophaga, Flavobacterium, Mic-
rococcus, Pseudomonas, Vibrio and are prevalent in both marine and freshwater bacte-
rial communities [3, 4].

The aim of our study was to carry out the screening of the alga-lysing bacteria of
the Bacillus genus and to study their alga-lysing characteristics.

MATERIALS AND METHODS

Bacterial and algal cultures. One hundred thirty-five strains of bacteria isolated
from different natural sources (soil, fresh and sea water, cotton, gastrointestinal tract of
human). All isolates are maintained in the Ukrainian Collection of Microorganisms in Zabo-
lotny Institute of Microbiology and Virology, National Academy of Science of Ukraine.

The bacterial strains were cultivated at 37 °C for 24 h in Luria-Bertani (LB) medium
[9]. Then bacteria were incubated at 37 °C for 24 h in 20 ml liquid LB medium with ro-
tary shaking with a frequency of 250 revolutions per minute (rpm) and then the bacterial
cultures were concentrated by centrifugation (6 000 g for 10 min) [3].

Cyanbacterial species of Microcystis aeruginosa, M. pulvereae, Anabaena hassalii,
A. cylindrica, Nostoc linekea; and two green algae Chlorella vulgaris, C. Kesleri were
obtained from the Algal Culture Collection, Institute of Hydrobiology, National Academy
of Science of Ukraine. They were cultivated in an BG11 medium at 25 °C under the
12L:12D light-dark cycle [10].

Analysis of algicidal mode and activity. Cyanobacterium and algicidal bacterium
were cocultivated in LB medium and optical density was measured to estimate algicidal
activity [8]. The data of optical density absorption at 580 nm were monitored. All the cell-
free filtrate of each bacterial culture were transferred separately into each well micro-
plate, added of cyanobacterial culture(1:1 = ml:ml), followed by cocultivation at 37 °C for
24 h. LB broth served as a control. Algicidal rate, representing the algicidal activity, was
calculated using the following equation:

Algicidal rate (%) = (Nc — Nt)/Nc x 100,
where Nc represents the number of algal cells in the control group and Nt represents the
number of algal cells in the treatment group. All operations were performed in triplicate.

The lytic ability of the bacterium was regarded as strong when the data of optical
density in the treated cyanobacterium/alga was more than or equal to 50 % compared
to the control. The lysis phenomenon was ascribed to the ordinary when the reduction
in treated cyanobacterium/alga was less than 50 %.

All experiments were done in triplicate and the results were presented as mean +
standard deviation. Statistical analysis was performed using the software package for
PCs Microsoft Excel. Differences between groups were determined by Student ¢ tests.
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RESULTS AND DISCUSSION

Algicidal mode and activity of Bacillus sp. We found that the 20 % of all studied
Bacillus strains (135 strains) with algicidal activity were isolated from aquatic ecosys-
tems (see Figure). In addition, a great number of algicidal bacterium Bacillus sp. were
isolated from soil — eight strains (14 %). Active strains were not isolated from the gastro-
intestinal tract.

70 A Il inactive strains
Il active strains

The number of strains

The distribution of the Bacillus strains isolated from
different sources with activity towards cyanobacteria

Po3anogin wramie 6auun, BUAINEHNX i3 PI3HUX xe- Soil Water  Cotton Gut
pen 3a akTUMBHICTIO LLOAO LiaHoGakTepil Source isolation

Our results correlate with those of other researchers, according to which the highest
number of actinomycetes with antagonism to Microcystis sp. were isolated from soil and
freshwater environment [12]. This phenomenon is quite natural, because these ecosys-
tems are most common for cyanobacteria.

According to literature data, diverse Microcystis and Anabaena species are most
common types of cyanobacteria that cause algal blooms in natural ecosystems. Their
population composes almost 90 % of the total biomass of phytoplankton. Therefore, we
investigated algicidal activity of 22 Bacillus strains with high algicidal activity against
a wide range of cyanobacterial Anabaena hassalii, Microcystis aeruginosa, M. pul-
vereae and low activity against green algae Chlorella vulgaris and C. kesleri. To deter-
mine the possible toxic effects of microbial strains to higher plants we used Chlorella as
a convenient object like other green algae.

It was found that the level of lysis of the test cultures of cyanobacteria by these
Bacillus strains ranged 25.6—61.6 % (table 1). Six strains of B. 0.2.2.2., 57D, M2, M2a,
10.1, M18I" were the most active then others (tab. 1). Their lytic activity against cyano-
bacteria Anabaena hassabi, Microcystis aeruginosa, M. pulvereae ranged at 44.2—
61.6 %. All other studied strains showed low lytic activity, which was 23.5-56.4 %
against M. aeruginosa, 12.8-47.3 % to M. pulverea and 12.7-44.4 % to A. hassalli.

It should be noted that algicidal activity of the investigated bacterial strains was
determined by cocultivated of cyanobacteria and cell-free filtrate of each bacterial cul-
ture and optical density was measured. Therefore, the reduction in the optical density
does not fully reflect the algicidal activity level of Bacillus. The remains of dead cells of
cyanobacteria can increase the optical density of the mixture and leads to false-nega-
tive results.

However, there is a possibility that algicidal compounds produced by the Bacillus
strains could have negative affect to other organism in aquatic ecosystems, in particular
on higher plants. Thus, it is necessary to investigate lytic activity of the Bacillus against
green algae Chlorella spp. It was established that the studied Bacillus strains did not
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show magnificent Iytic activity against Chlorella spp. — their activity does not reach be-
yond 15.6 %. Thus, investigated bacterial strains of the Bacillus genus have algicidal
effect on cyanobacteria and have not on green algae.

Table 1. Algicidal activities of Bacillus sp. against different cyanobacteria and green
algae species

Tabnuus 1. AnbriumaHa akTUBHICTL GakTepilt poay Bacillus wopo pisHMx BUAiB LiaHoGak-
Tepin i 3eneHnx BogopocTen

The value of OD % mixed of cyanobacteria / Bacillus

N  Bacillus sp. and green algae / Bacillus

M. aeruginosa M. pulvereae  A. hassalii  C. vulgaris C. kesleri
1 Illa 56.4+2.2 37.7£2.3 29.6+0.9 10.2+1.1 8.4+0.8
2 16.1 25.9+1.7 14.8+1.1 23.9+2.0 8.5+0.8 6.5+0.5
3 BO0.2.2.2. 54.6%2.9 45.2%1.5 44.2%2 1 15.5+1.2 12.8+1.4
4 78/6u 46.6+1.9 43.6+2.6 29.7+1.4 11.8+1.9 9.3+1.4
5 SVP1 35.4+2.1 44.4+1.9 44.4+2.0 13.1+0.9 10.4+1.2
6 6/4 29.6+2.0 28.4+1.6 12.7+41.1 8.4+0.8 6.8+0.8
7  30/24 44.2+2.4 42.1+1.1 23.6+1.8 12.2+1.3 10.4+1.2
8 36/6D 38.4+t1.4 32.8+2.0 15.5+1.2 10.4+1.2 8.4+0.8
9 KM1 50.7+1.9 37.5+0.7 35.1+2.0 12.8+1.4 11.8+1.9
10 57D 61.6%2.5 47.6%1.9 50.3+2.4 14.4+1.0 12.8+1.4
11 18/54 46.6+1.9 44.8+1.5 29.7+1.5 9.3+1.4 6.8+0.8
12 KM2 42.4+2 1 12.8+2.7 23.3+1.6 7.8+0.9 9.3+1.4
13 M2 50.6%1.7 47.7%1.9 44.9%2.2 11.1+£1.0 10.4+1.2
14 M2a 58.5%2.4 48.4%1.7 47.1%2.0 15.6+1.3 10.2+1.1
15 26D 46.6+1.9 442422 32.5+1.7 12.241.1 9.3+1.4
16 10.1 60.8+2.2 55.7+1.8 44.4%2.0 13.9+1.6 10.4+1.2
17 78/114 44.4+2.0 34.4+2 1 32.7£1.9 9.2+1.3 6.8+0.8
18 CS33 25.9+1.4 34.842.2 23.5+1.7 7.8+0.9 6.8+0.8
19 M18T 60.5+2.4 45.9%1.8 47.3%2.0 9.3+1.4 8.4+0.8
20 Mer 48.6+2.6 47.3+2.0 35.1+£1.8 10.4+1.2 9.3+1.4
21 56/14 23.5+2.1 30.5+1.4 18.7+£0.7 8.4+0.8 6.5+0.5
22 56/24 25.6+1.8 34.4+2 1 19.4+1.0 7.8+0.9 8.4+0.8

Cyanobacteria are capable to photosynthesis use of solar energy due to their pig-
ment system. Pigment apparatus of cyanobacteria consists of three groups of pigments:
chlorophyll A — green pigment, phycobilins — blue pigment, carotenoids — a reddish yel-
low pigments. The content of pigments and their amount could be changed depending
on lighting and cultivation conditions. Chlorophyll A is the main pigment in cyanobacte-
rial cells. All investigated cultures of cyanobacteria were colored green, which means
they contain chlorophyll A. It gave us reason to rate algicidal activity also visually by
a colour change of the incubation mixtures of planktonic forms of cyanobacteria and
bacilli. Also in our experiment we observed a discoloration of the mixture, indicating the
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full lysis of cyanobacteria. The color of the mixture changed from green to light-yellow,
which can indicate about chlorophyll destruction.

The populations of cyanobacteria are heterogeneous at morphological and physio-
logical-biochemical characteristics. Therefore, we can expect differences in the sensitivi-
ty diverse ages of cyanobacteria to algicidal action Bacillus. Different age populations of
cyanobacteria were investigated: young — 2 weeks, mature — 8 weeks and old culture
— 16 weeks. According to the data presented in table 2, cyanobacteria cultures of 2 and
16-week were most sensitive to algicidal actions of Bacillus.

Depending on the age of cyanobacteria, value of the optical density ranged from
34.5 to 70.5 % for M. aeruginosa, 35.4—75.9 % for M. pulvereae and 35.4—67.5 % for
A. hassalii. Cyanobacteria cultures of 8-week were less sensitive to action of the studied
Bacillus strains and the value of optical density was slightly lower compared to the va-
lues obtained for 2-and 16-week cultures: 34.5-59.2 % relative to M. aeruginosa, 35.4—
52.7 % relative to M. pulvereae and 35.4-54.7 % for A. hassalii.

Table 2. The sensitivity of cyanobacteria of different age to lytic action of Bacillus
bacteria

Tabnuys 2. YyTnueicTb LiiaHoGaKTepii pisHOro Biky Ao anbriuMaHoi Aii pisHMX wramis 6ak-
Tepin poay Bacillus

The value of OD % of a mixture of cyanobacteria and Bacillus strains

M. aeruginosa M. pulvereae Anabaena hassabi

Bacillus sp.
The age of the studied cyanobacteria, weeks

2 8 16 2 8 16 2 8 16

M2 70.5+ 345+ 682+ 614+ 354+ 455+ 455+ 354+ 58.2+
3.0 1.4 2.7 2.0 1.6 1.8 1.8 1.6 24

5710 704+ 592+ 704+ 65.8f 527+ 527+ 604+ 50.7t 65.9+
3.1 23 3.1 1.9 24 2.4 2.9 2.1 2.0

B.0.2.2.2 68.2+ 455+ 682+ 65.84 39.5& 455+ 67.5+ 429+ 60.4+
e 2.7 1.8 2.7 1.9 1.7 1.8 24 2.0 2.0

M2a 56.7+ 47.6+ 685+ 73.1f 35.6& 412+ 57.7+ 429+ 58.8+
2.5 1.7 2.5 2.8 1.5 1.6 2.5 2.0 2.6

101 64.6+ 50.7+ 704+ 759+ 39.5+& 522+ 631+ 547+ 65.9+
’ 22 2.1 3.1 2.1 1.7 2.6 2.0 2.1 2.0

M18r 64.6+ 59.2+ 70.5+ 58.8+ 484+ 522+ 412+ 46.9f 63.1%
2.2 23 3.0 2.6 1.8 2.6 1.6 1.9 2.0

In general, algicidal bacteria inhibit growth of cyanobacteria or lysis of their cells by
direct or indirect attack types. Duo to indirect attack bacteria lyse algal cells through the
extracellular production of algicidal substances, while another type of bacteria kill algal
cells by cell-to-cell contact mechanism [7]. These compounds can be proteins, pep-
tides, amino acids, antibiotics, etc. Only some algicidal bacteria inhibit growth of algae
through direct contact or penetration into the cell [4].

We investigated lytic activity of cell-free filtrate and washed twice with physiological
saline the biomass of the investigated strains of Bacillus. As can be seen from table 3,
activity was detected only in the supernatant. It could be due to release of specific bac-
terial metabolites from the bacterial cells and their presence in the cell-free filtrate,
which provided algicidal activity of the investigated strains.
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Table 3. Algicidal activity of different parts of Bacillus sp.
Tabnuuysa 3. AnbriumgHa akTMBHICTb 6e3kniTUHHOro dinkTpaTty i 6iomacu Bacillus sp.

The value of OD %

Bacillus sp. M. aeruginosa M. pulvereae Anabaena hassabi
cell-free bacterial cell-free bacterial cell-free bacterial
filtrate culture filtrate culture filtrate culture
M2 53.2+2.7 0 37.5£1.7 0 42.2+1.6 0
570 61.442.0 0 47.4+1.9 0 48.4+1.8 0
B.0.2.2.2 47.6+1.7 0 39.6+1.9 0 48.4+1.8 0
M2a 31.4+2.0 0 18.6+2.3 0 34.5+1.4 0
10.1 57.2+2.4 0 53.2+2.8 0 52.2+2.6 0
M18r 50.7+2.1 0 47.441.9 0 46.5+1.8 0

Therefore, algicidal effect is not associated with direct contact of bacteria with the
algae cell, and fully depends on metabolites produced by the Bacillus.

CONCLUSION

Our results showed strong algicidal activity of six strains of algicidal Bacillus sp.
bacterium against cyanobacterial cells. The algicidal activity of Bacillus strains might
come from metabolites produced by the Bacillus. This implied that our strains of Bacillus
lysed the algal cells by releasing active compounds to cause the dysfunction of algal
cells or inhibit the growth. The studied strains of Bacillus sp. could be a potential candi-
date for use for controlling HABs in the aquatic environment.
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AnbriungHI BIIACTUBOCTI BACILLUS SP.
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LIBiTiHHA BOOM CTaHOBUTbL CEPMO3HY EKONOriYHy NpobrnemMy Ans nNpiCHOBOAHOI eKo-
cuctemun. Hapasi Bigomi pisHi isnyHi Ta xiMivHi 3acobu NpUrHideHHs pocTy BO4OpPOC-
Ten. 3 MeTo po3pobku GionpenapaTy ANst KOHTPOSIO UBITIHHS BOAM HaMK NPOBEAEHO
CKPWHIHI anbriungHoi akTUBHOCTI cepef wTaMiB Oaktepin pogy Bacillus, BugineHnx
i3 pisHMXx oxepen. BigibpaHo 6 HaakTMBHIWKMX WTamiB 6auun, a came B.0.2.2.2., 57D,
M2, M2a, 10.1, M18T, anbriunaHa akTUBHICTb AKMX LWoao Anabaena hassalii, Microcystis
aeruginosa, M. pulvereae konuesanacb y mexax 45—-60 %. 3’acoBaHo, L0 AOCNiLKYBaHi
WTamm Gauun He NPOSIBNSANM BUPaXKEHOI Mi3yodoi Aii Woao 3eneHnx BoJopocTen poay
Chlorella spp., ixHa akTUBHICTb He nepesBullyBana 15 %. OTxe, gocnigxeHi 6akTepii
pony Bacillus xapakTepu3aytoTbcsi BUBIPKOBOI Ai€t0 Ha LiaHoOakTepii Ta Ha 3eneHi Bo-
aopocTi. BctaHoBNEHO, Lo anbriuMaHuin edbekT NposiBNSAnM ek3omeTabonitv OCigxy-
BaHux WTaMiB H6aLmn Tinbkun B cynepHaTaHTi, biomaca Oyna HeakTMBHa. Hawi pesynbra-
TW CBigYaTb Npo Te, WO Aocnimpkeri 6akTepii pogy Bacillus MoxyTb OyTn NepCnekTUBHU-
MK 00’eKTamMm y noganbLIOMy AOCHISKEHHI iX MOXITMBOrO 3aCTOCYBaHHS 41151 KOHTPOSHO
pOCTy LiaHObaKTepin.

Knrovoei crioea: anbriumaHa akTUBHICTb, bakTepii pogy Bacillus, uiaHobakTepii.
AlNbrMUUOHBLIE CBONCTBA BACILLUS SP.
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LlBETeHVIe BOAbl ABNAETCA CeprSHOVI 9KOSOrMyeckom I'IpOGJ'IGMOVI ana npecHoBoA-
HOW akocucTeMbl. CerogHst U3BECTHbI pa3nnyHble cbwamqecwle N XnMn4yeckmne cpeacrtea
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YrHeTeHns pocta Bogopocrnein. C uenbto paspaboTkm Guonpenaparta Ansg KOHTPOIs
LBETEHUSA BOObl HAMW NPOBEAEH CKPUHMHT anbrMumaHOM akTUBHOCTU Cpean LUTaMMOB
OakTepuii poga Bacillus, BbigeneHHbIX U3 pa3HbIX MCTOYHNKOB.

OTobpaHo 6 Hanbornee akTMBHbIX LUTaMMOB Gauwun, a umeHHo B.0.2.2.2., 57D, M2,
M2a, 10.1, M18I, anbruumaHas akTMBHOCTb KOTOPbIX NPOTUB Anabaena hassalii, Micro-
cystis aeruginosa, M. pulvereae konebanacb B npegenax 45-60 %. lNoka3saHo, 4TO
nccrnegoBaHHble WTamMMbl 6aumn He NPOSIBMASNM BbIPaXXEHHOTO MNM3UPYIOLLEro AENCT-
BUS OTHOCUTESNBHO 3erneHbix Bogopocrnen poga Chlorella spp., nx akTUBHOCTb He Mnpe-
Bblwana 15 %. Takum obpasom, nccnegosaHHble 6akTepuu poga Bacillus xapaktepuay-
t0TCS 3bMpaTtenbHbIM AENCTBUEM Ha LUMaHobakTepun 1 Ha 3eneHble Bogopocnu. Ycra-
HOBIIEHO, YTO anbMMUMAHbIA 3EKT NPoABRANN IK30MEeTabonuTbl UCCNEOOBaHHbIX
LITaMMOB Gaumn TONbKO B CynepHaTaHTe, buomacca 6bina HeakTMBHa. Haluv pesynbsra-
Tbl CBUAETENBLCTBYHOT O TOM, YTO UCCNeAoBaHHble GakTepun poga Bacillus moryT ObiTb
nepcneKkTMBHbIMU 0ObeKkTaMu B AarnbHenweM NCCnegoBaHny X BO3MOXHOIO NpuMeHe-
HWUS1 4NS KOHTPOMs pocTa uuaHobakTepui.

Knroyeenie cnoga: anbryumgHasi akTUBHOCTb, OakTepuu poga Bacillus, unaHo-
bakTepum.
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