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Abstract 

Parasporins are Cry proteins produced by Bacillus thuringiensis (Bt) strains 
during sporulation processes and notable for targeting the cancer cells with 
their unique cytotoxicity mechanism without exerting haemolytic effect on 
normal cells. Parasporins are specifically produced by Bt strains with non-
insecticidal effect. Although the studies on parasporins go back to the 1970s, 
comprehensive scan about the cytotoxicity of parasporins was performed by 
Mizuki and colleagues. Considering that these proteins exhibit selective 
toxicities on human cancer cell lines but not on normal cells, detailed studies 
about the mode of action of anti-cancer effect was investigated in several 
countries. Specificity and abundance of parasporin producing Bt species in 
nature brought them into an important position in terms of developing anti-
cancer agents. Parasporins are classified into six groups by the committee of 
parasporin classification and nomenclature as parasporin-1 (PS1), PS2, PS3, 
PS4, PS5, and PS6 by taking the amino acid homology into account. Activated 
parasporins display cytotoxicity at varying degrees in different cancer cell lines. 
There are numerous studies about promoting the use of Bt parasporins as anti-
cancer agent in human, but in depth studies should be carried out about their 
usability in model organisms. Researches should also be deepened especially in 
vivo due to production of different types of parasporins with different 
mechanism of action by different Bt strains. Clarification of the molecular 
mechanisms of toxicity for every candidate parasporin on cancer cell lines may 
ease the development of anti-cancer agents. Thus, the present study was 
conducted to provide a review about the cytotoxic impacts of Bt parasporins 
on human cancer cell lines 
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1. INTRODUCTION 

1.1. Bacillus thuringiensis and an Overview of Its Toxin Proteins  

Bacillus thuringiensis (Bt) is an aerobic, Gram (+) and spore forming entomopathogenic bacterium belonging to 

Bacilluscereus group together with Bacillus anthracis [1], [2]. It was first discovered in diseased larvae of the silkworm, 

Bombyxmori by Ishiwata and characterized by its well-known insecticidal δ-endotoxin proteins [3]. It has a simple life 

cycle and under appropriate environmental conditions and nutrient supply their spores germinate and go into vegetative 

form.  But, if one or more of compounds as carbohydrates, oxygen, amino acid or others are insufficient in their nutrient; 

they form parasporal bodies together with spore and delta endotoxins (Figure 1).  
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Figure 1. SEM view of Bt SY49.1 spore crystal mixture [4] 

 

Cry proteins are widely used worldwide as insecticidal biopesticides in agricultural fields. But, it was also reported that the 

number of non-insecticidal strains of B. thuringiensis in natural environments are more widely distributed than insecticidal 

strains [5], [6]. Mizuki et al., [7] observed the first group of functional Cry proteins, known as parasporins, in non-

insecticidal Bt stains. Parasporins are grouped into six family as PS1-PS6 by the parasporin nomenclature committee [8]. 

They specified as non-haemolytic and preferentially kill cancer cells [9].  Bt 89-T-34-22 isolate belonging to 

serovarshandongiensis revealed at least three potent toxicity on human leukemic T cells [10], [11]. 

1.2. The Discovery of PSs 

Parasporins are the type of δ-endotoxins produced as Cry proteins by Bt species. The most prominent feature of parasporins 

is that they don’t exhibit insecticidal activity but prefer cancer cells to control. They are firstly discovered in non-

haemolytic and non-insecticidal B. thuringiensis isolates A1519 and A1190 by Mizuki et al. [12] after an extensive 

scanning program and named as parasporin proteins. Studies revealed that they have cytotoxic activity on leukemic T cells 

and some other human cancer cells [7]. The first discovered protein was named as PS1Aa1 [8], and discovery of new 

proteins are followed by scientists in Vietnam [13], Canada [14], Malaysia [15] and Japan [16]. It was indicated that spore 

morphology and some other characteristic properties of parasporin producing Bt strains are different from their Cry 

producing counterparts [17]. Parasporins exert their cytotoxicity on cells without any serious deterioration on cell surface. 

It was reported that parasporins thought to have disruptive effect on cells via more specific mechanism other than known 

colloidal-osmotic swelling of cells and fragmentation caused by Cry proteins [18]. In a screening study carried out on sheep 

erythrocytes, potent proteins was obtained from more than 60 Bt isolates with strong haemolytic effect on organisms 

ranging from vertebrates to invertebrates [19]. Likewise, some of the parasporins with nonhaemolytic and non-insecticidal 

activity was found to have cytocidal effect against MOLT-4 (human leukemic T-cells) [12]. When PS1A1 was applied to 

cell lines from mosquito (Aedesalbopictus) cultures (NIASAeA1-2) and cells from B. mori (BMN), sensitivity was not 

observed [7]. However, in more detailed studies using parasporins high cytocidal effect was observed on HeLa, MOLT-4 

and human lung cancer cells at various levels [12]. Such a situation revealed that parasporins have varying degrees of 

specificity on a wide variety of cancer cells. 

1.3. Mode of Action and Target Specificity 

High doses of parasporins result in cessation of respiratory activity in variety of cells (Caco-2, MOLT-4, HL60, Jurkat, HC 

TCS, HepG2, MRC-5, Sawano, HeLa and A549) following large morphological alterations and subsequently swell, begin 

to separate from holder and come apart before cell death is realized [20]. Due to death of the cells at high doses before the 

start of apoptosis, these morphological events are the indication that cytotoxicity is not an apoptotic result. The researchers 

also specified that every toxin protein have unique and specific target spectrum in mammalian cells because of their 

receptor recognition property. Wong et al. [21] studied the binding behavior of purified parasporins and put forth that 

product of Bt 18 has quite high affinity against CEM-SS (leukaemic cell line) cells. Heterologous competitive binding 

analysis revealed that parasporins attach to distinct positions in different cancer cells and thus may have disparate mode of 

action. PS1 group of proteins demonstrate their cytocidal effect through apoptosis [22]. PS1Aa3 and PS1Ab1 without any 

insecticidal and haemolytic effect, indicate a considerable toxicity on HeLa cells (human uterus cervix cancer cells), but, 

not on uterine smooth muscle cells (UtSMC) [23]. In studies with simultaneous application of parasporal proteins and 

commercial anti-cancer drugs as doxorubicin, cisplatin, navelbine, etoposide, and methotrexate on CEM-SS cell lines, 
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competitive relation was not reported. That’s why it has great importance to clarify in vitro differential activity mechanism 

of every parasporin on different types of cancer cell lines.  

Cytotoxic action was not evident upon application of 16 and 60 kDa parts of PS1Ac2 separately on HeLa and MOLT-4 

cells; however, their mixed application resulted in cytotoxicy on HeLa cells but not on MOLT-4 cells [24]. Such a case has 

been attributed to refolding activity of proteins. These researchers suggested that depending on the lack of intracellular 

LDH release, the mode of action of PS1Ac2 was not associated with pore formation in cell membrane, but directly related 

with the start of apoptotic signal in susceptible cells through Ca+2 influx. While PS2Aa1, PS3Aa1 and PS4Aa1exhibit their 

cytotoxicity in 1h on susceptible cells, PS1Aa1 reveal in 8-10h on the same cell types [25], [26]. The situation shows that 

parasporal proteins can structurally be different from each other and reveals that mode of action of PS1Aa1was 

considerably different from other parasporins [7]. PS1Aa1 doesn’t cause pore formation in cell membrane but rapidly 

increase the concentration of intracellular Ca+2concentrations and physiologically result in a considerable decrease in DNA 

and protein synthesis [22]. PS2 structurally resemble to aerolysin-type β-pore-forming toxins [27] and exerts its cytocidal 

effect through lysing the cells [28]. But PS2 may also induce caspase activity at low doses [20]. The first step of PS2Aa1 in 

cytotoxicity is its specific connection with an undetermined putative receptor in cell membrane and increase in membrane 

permeability. With the production of PS2Aa1 oligomers, pores are formed and cells become lysed [9]. Despite the lack of 

detailed information about the mode of action of PS3Aa1, the 3-domain structure of this protein as in Cry proteins suggest 

that it can perform the cytotoxic effect on cancer cells through pore formation [26]. In some data it was stated that PS4 has 

pore forming activity similar to PS2 [29], but, these two proteins have different target cell spectrum and exhibit varied 

cytocidal activity mechanisms [30]. Sensitive CACO-2 and MOLT-4 cells and resistant HeLa cells were subjected to 

various concentrations of PS4 and seen that wide pore formation on target cell membranes were induced [29]. PS4Aa1 

differs from other parasporins in many aspects and also thought that it has different mechanism in terms of mode of action 

[9]. However, there is no detailed information as in PS3. 

1.4. Types and Specifications of Parasporins 

Parasporins are characterized by their non-hemolytic but preferentially cancer killing properties. So far as noted in Table 1, 

a total of 19 parasporin proteins have been isolated from 17 Bt strains and classified into 6 groups as PS1-PS6 [8]. 

Parasporins need to be activated proteolytically for exhibiting toxicity on cancer cells [20]. PS1, PS3, and PS6 are three 

domain proteins with five block conserved sequences. PS1 is the most well studied protein with 81kDa precursor structure 

and 15-56 kDa active heterodimer [27]. PS3 is similar to PS1 with 88 kDa inactive and 64 kDa active forms [26]. PS6 is a 

protein with 84 kDa inactive form and 73kDa active forms with 14-56kDa heterodimers [31]. On the other hand, PS2 is a 

low molecular weight (37 kDa precursor, 30kDa active forms) protein with unconserved three-domain structure [27]. PS4 

is the protein with molecular weight of 30 kDa inactive form and 27 kDaproteolytically activated form [32]. PS5 is also 

low molecular weight protein which lack five block conserved sequences [27]. 

 

Table 1: Known parasporin proteins 

Type of Parasporin Corresponding  

Cry No. 

Bt source strain Reference 

Parasporin 1 

PS1Aa1  Cry31Aa1 A1190 [7] 

PS1Aa2 Cry31Aa2 M15 [14] 

PS1Aa3 Cry31Aa3 B195 [33] 

PS1Aa4 Cry31Aa4 Bt 79-25 [34] 

PS1Aa5 Cry31Aa5 Bt 92-10 [34] 

PS1Aa6 Cry31Aa6 CP78A, M019 [31] 

PS1Ab1 Cry31Ab1 B195 [33] 

PS1Ab2 Cry31Ab2 Bt 31-5 [34] 

PS1Ac1 Cry31Ac1 Bt 87-29 [34] 

PS1Ac2 Cry31Ac2 B0462 [24] 

PS1Ad1 Cry31Ad1 CP78B, M019 [31] 

     

Parasporin-2 

PS2Aa1 Cry46Aa1 A1547 [20] 

PS2Aa2 Cry46Aa2 A1470 [35] 

PS2Ab1 Cry46Ab1 TK-E6 [36] 

     

Parasporin-3 
PS3Aa1 Cry41Aa1 A1462 [26] 

PS3Ab1 Cry41Ab1 A1462 [26] 

     

Parasporin-4 PS4Aa1 Cry45Aa1 A1470 [37] 

Parasporin-5 PS5Aa1 Cry64Aa1 A1100 [27] 

Parasporin-6 PS6Aa1 Cry63Aa1 CP84, M019 [31] 

Available at: http://parasporin.fitc.pref.fukuoka.jp/list.html 
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1.5. Haemolytic and Cytotoxic Effects of PSs 

There are large number of isolates without haemolytic activity and high selective toxicity to a wide variety of mammalian 

cells lines. For example, while PS2Aa1 selectively kill liver and colon cancer cells, it didn’t exert cytotoxicity on non-

neoplastic cells, chronic inflammatory cells or blood vessels in the same organism [20]. Cytotoxicity spectrum of 

parasporins from these isolates exhibit heterogeneity. While some of them have toxicity over a wide range of human cells, 

others are strictly specific to few cells [38]. Ito et al. [20] revealed that cytotoxicity levels of recombinant parasporin vary 

from cell to cell. Among the cells that they examined, while the highest toxicity was observed on MOLT-4, Jurkat, Sawano, 

and HepG2 with 10-40 ng/ml concentrations, MRC-5, HC, TCS, A549, and HeLa cells were reported to be resistant. 

Nevertheless, a clear common characteristic among susceptible and resistant cell lines couldn’t identified, but, it was clear 

that tumor cells are more sensitive compared to normal cells. Different anti-cancer cytotoxicity spectrum and activity levels 

of parasporins on human cell lines are their most striking features. Some PS2 and PS4 types reported to have broad 

spectrum of activity through indicating lethal effect on six of the nine cancer lines [20], [22], [26], [32]. However, PS3 

exhibits moderate cytotoxicity with narrow spectrum in a limited number of cancer cells. It is also interesting that Jurkat, 

TCS and HeLa cell lines were reported to have monosensitivity against one of PS1Aa1, PS2Aa1 and PS4Aa1[20]. 

In a study carried out with recombinant PS5, while quite high toxicity (EC50<0.1 μg/mL) were evidenced on HepG2, 

COS7, HeLa, MOLT-4, TCS, Vero, and Sawano cells, weak toxicity (EC50, 0.1 to 1 μg/mL) was seen on Jurkat, CACO-2, 

NIH3T3, MRC-5, CHO-K1, and UtSMC cells. On the other hand, cytocidal activity was not observed on U937 and HC 

cells (EC50>10 μg/mL) [27]. Therefore, a determined specific toxicity mechanism was not proposed for PS5. 

2. CONCLUSIONS 

Bacterial parasporins provide promising results for decelerating or preventing the proliferation of cancer cells. In this 

respect, parasporal proteins with different activity spectrum on cancer cell lines can be obtained from a variety of bacterial 

species. Thus, screening studies should be conducted to find new putative parasporins and their mechanisms of cytotoxicity 

have to be elucidated on variety of cancer cell lines. 

 

REFERENCES  

[1]  C. Johnson and A. H. Bishop, “Bacillus thuringiensis,” in Mortality, vol. 144, no. 71, 1998, pp. 138–144.  

[2]  A. I. Aronson and Y. Shai, “Why Bacillus thuringiensis insecticidal toxins are so effective : unique features of their 

mode of action,” FEMS Microbiol. Lett., vol. 195, pp. 1–8, 2001.  

[3]  S. Ishiwata, “On a new type of severe flacherie (sotto disease) (original in Japanese),” DainihonSansiKaiho, vol. 

114, no. 114, pp. 1–5, 1901. 

[4]  S. Yılmaz, “Molecular characterizatıon of Bacillus thuringiensis strains isolated from different locations and 

theireffectiveness on some pest insects,” Erciyes university, 2010.  

[5]  M. P. Meadows, D. J. Ellis, J. Butt, P. Jarrett, and H. D. Burges, “Distribution, Frequency, and Diversity of Bacillus 

thuringiensis in an Animal Feed Mill.,” Appl. Environ. Microbiol., vol. 58, no. 4, pp. 1344–50, Apr. 1992.  

[6]  M. Ohba and K. Aizawa, “Distribution of Bacillus thuringiensis in soils of Japan,” J. Invertebr.Pathol., vol. 47, no. 3, 

pp. 277–282, 1986.  

[7]  E. Mizuki, Y. S. Park, H. Saitoh, S. Yamashita, T. Akao, K. Higuchi, and M. Ohba, “Parasporin, a Human Leukemic 

Cell-Recognizing Parasporal Protein of Bacillus thuringiensis,” Clin. Diagn. Lab. Immunol., vol. 7, no. 4, pp. 625–

634, 2000.  

[8]  S. Okumura, M. Ohba, E. Mizuki, N. Crickmore, J.-C.Côté, Y. Nagamatsu, S. Kitada, H. Sakai, K. Harata, and T. 

Shin, “Parasporin nomenclature,” 2010.[Online]. Available: http://parasporin.fitc.pref.fukuoka.jp/.  

[9]  M. Ohba, E. Mizuki, and A. Uemori, “Parasporin, a new anticancer protein group from Bacillus thuringiensis,” 

Anticancer Res., vol. 29, no. 1, pp. 427–433, 2009. 

[10]  D. Lee, H. Katayama, T. Akao, and M. Maeda, “A 28 kDa protein of the Bacillus 

thuringiensisserovarshandongiensis isolate 89-T-3422 induces a human leukemic cell-specific cytotoxicity,” vol. 

1547, pp. 57–63, 2001.  

[11]  D. W. Lee, T. Akao, S. Yamashita, H. Katayama, M. Maeda, H. Saitoh, E. Mizuki, and M. Ohba, “Noninsecticidal 

parasporal proteins of a Bacillus thuringiensisserovarshandongiensis isolate exhibit a preferential cytotoxicity against 

human leukemic T cells.,” Biochem. Biophys. Res. Commun., vol. 272, no. 1, pp. 218–223, 2000.  

[12]  E. Mizuki, M. Ohba, T. Akao, S. Yamashita, H. Saitoh, and Y. S. Park, “Unique activity associated with non-

insecticidal Bacillus thuringiensis parasporal inclusions: In vitro cell-killing action on human cancer cells,” J. Appl. 

Microbiol., vol. 86, no. 3, pp. 477–486, 1999.  

[13]  K. Yasutake, N. D. Binh, K. Kagoshima, A. Uemori, A. Ohgushi, M. Maeda, E. Mizuki, Y. M. Yu, and M. Ohba, 

“Occurrence of parasporin-producing Bacillus thuringiensis in Vietnam,” Can. J. Microbiol, vol. 52, pp. 365–372, 

2006.  

http://parasporin.fitc.pref.fukuoka.jp/


 

European Journal of Sustainable Development Research 

 

61 EJSDR, Volume 2, Issue 1 (2017) 

[14]  Y. C. Jung, E. Mizuki, T. Akao, and J. C. Côté, “Isolation and characterization of a novel Bacillus thuringiensis 

strain expressing a novel crystal protein with cytocidal activity against human cancer cells,” J. Appl. Microbiol., vol. 

103, no. 1, pp. 65–79, 2007.  

[15]  V. D. Nadarajah, D. Ting, K. K. Chan, S. M. Mohamed, K. Kanakeswary, and H. L. Lee, “Selective cytotoxic 

activity against leukemic cell lines from mosquitocidal Bacillus thuringiensis parasporal inclusions,” Southeast 

Asian J. Trop. Med. Public Health, vol. 39, no. 2, pp. 235–245, 2008.  

[16]  A. Uemori, M. Maeda, K. Yasutake, A. Ohgushi, K. Kagoshima, E. Mizuki, and M. Ohba, “Ubiquity of parasporin-1 

producers in Bacillus thuringiensis natural populations of Japan,” Naturwissenschaften, vol. 94, no. 1, pp. 34–38, 

2007.  

[17]  M. Ichikawa, A. Uemori, A. Ohgushi, and K. Yasutake, “Phenotypic and Morphometric Characterization of Bacillus 

thuringiensisParasporin 1 Producers : A Comparison with Insecticidal Cry Protein Producers,” Science (80)., vol. 52, 

no. 2, pp. 307-313, 2007.  

[18]  A. Namba, M. Yamagiwa, H. Amano, T. Akao, E. Mizuki, M. Ohba, and H. Sakai, “The cytotoxicity of Bacillus 

thuringiensis subsp. coreanensis A1519 strain against the human leukemic T cell,” Biochim. Biophys.Acta - Gen. 

Subj., vol. 1622, no. 1, pp. 29–35, 2003. 

[19]  B. H. Knowles, P. J. White, C. N. Nicholls, and D. J. Ellar, “A broad-spectrum cytolytic toxin from Bacillus 

thuringiensis var. kyushuensis.,” Proc. Biol. Sci., vol. 248, no. 1321, pp. 1–7, Apr. 1992.  

[20]  A. Ito, Y. Sasaguri, S. Kitada, Y. Kusaka, K. Kuwano, K. Masutomi, E. Mizuki, T. Akao, and M. Ohba, “A Bacillus 

thuringiensis crystal protein with selective cytocidal action to human cells,” J. Biol. Chem., vol. 279, no. 20, pp. 

21282-21286, 2004.  

[21]  R. S. Y. Wong, S. M. Mohamed, V. D. Nadarajah, and I. A. T. Tengku, “Characterisation of the binding properties 

of Bacillus thuringiensis 18 toxin on leukaemic cells.,” J. Exp. Clin. Cancer Res., vol. 29, no. 1, p. 86, Jan. 2010.  

[22]  H. Katayama, H. Yokota, T. Akao, O. Nakamura, M. Ohba, E. Mekada, and E. Mizuki, “Parasporin-1, a novel 

cytotoxic protein to human cells from non-insecticidal parasporal inclusions of Bacillus thuringiensis,” J. Biochem., 

vol. 137, no. 1, pp. 17–25, 2005.  

[23]  A. Uemori, A. Ohgushi, K. Yasutake, M. Maeda, E. Mizuki, and M. Ohba, “Parasporin-1Ab, a novel Bacillus 

thuringiensiscytotoxin preferentially active on human cancer cells in vitro,” Anticancer Res., vol. 28, no. 1 A, pp. 

91–96, Jan. 2008.  

[24]  S. Kuroda, A. Begum, M. Saga, A. Hirao, E. Mizuki, H. Sakai, and T. Hayakawa, “Parasporin 1Ac2, a Novel 

Cytotoxic Crystal Protein Isolated from Bacillus thuringiensis B0462 Strain,” Curr. Microbiol., vol. 66, no. 5, pp. 

475–480, 2013.  

[25]  H. Saitoh, S. Okumura, T. Ishikawa, T. Akao, E. Mizuki, and M. Ohba, “Investigation of a Novel Bacillus 

thuringiensis Gene Encoding a Parasporal Protein, Parasporin-4, That Preferentially Kills Human Leukemic T 

Cells,” Biosci. Biotechnol.Biochem., vol. 70, no. 12, pp. 2935–2941, 2014.  

[26]  S. Yamashita, H. Katayama, H. Saitoh, T. Akao, Y. S. Park, E. Mizuki, M. Ohba, and A. Ito, “Typical three-domain 

cry proteins of Bacillus thuringiensis strain A1462 exhibit cytocidal activity on limited human cancer cells,” J. 

Biochem., vol. 138, no. 6, pp. 663–672, 2005.  

[27]  K. Ekino, S. Okumura, T. Ishikawa, S. Kitada, H. Saitoh, T. Akao, T. Oka, Y. Nomura, M. Ohba, T. Shin, and E. 

Mizuki, “Cloning and characterization of a unique cytotoxic protein parasporin-5 produced by Bacillus thuringiensis 

a1100 strain,” Toxins (Basel)., vol. 6, no. 6, pp. 1882–1895, 2014.  

[28]  Y. Abe, H. Shimada, and S. Kitada, “Raft-targeting and oligomerization of parasporin-2, a Bacillus thuringiensis 

crystal protein with anti-tumour activity,” J. Biochem., vol. 143, no. 2, pp. 269–275, 2008. 

[29]  S. Okumura, H. Saitoh, T. Ishikawa, K. Inouye, and E. Mizuki, “Mode of action of parasporin-4, a cytocidal protein 

from Bacillus thuringiensis,” Biochim.Biophys.Acta - Biomembr., vol. 1808, no. 6, pp. 1476–1482, 2011.  

[30]  K. Inouye, S. Okumura, and E. Mizuki, “Parasporin-4, a novel cancer cell-killing protein produced by Bacillus 

thuringiensis,” Food Sci. Biotechnol., vol. 17, no. 2, pp. 219–227, 2008. 

[31]  Y. Nagamatsu, S. Okamura, H. Saitou, T. Akao, and E. Mizuki, “Three Cry Toxins in Two Types from Bacillus 

thuringiensis Strain M019 Preferentially Kill Human Hepatocyte Cancer and Uterus Cervix Cancer Cells,” Biosci. 

Biotechnol.Biochem., vol. 74, no. 3, pp. 494–498, 2010.  

[32]  S. Okumura, H. Saitoh, T. Ishikawa, N. Wasano, S. Yamashita, K. I. Kusumoto, T. Akao, E. Mizuki, M. Ohba, and 

K. Inouye, “Identification of a novel cytotoxic protein, Cry45Aa, from Bacillus thuringiensis A1470 and its selective 

cytotoxic activity against various mammalian cell lines,” J. Agric. Food Chem., vol. 53, no. 16, pp. 6313–6318, 

2005.  

[33]  M. Uemori, A., Ohgushi, A., Maeda, M., Mizuki, E. and Ohba, “Cloning and Characterization of parasporin-1 genes 

of Bacillus thuringiensis Strain B0195.”Unpublished.https://www.ncbi.nlm.nih.gov/protein/88687360.  

https://www.ncbi.nlm.nih.gov/protein/88687360


 

European Journal of Sustainable Development Research 

 

6222 Yilmaz et. al. 

[34]  M. Yasutake, K., Uemori, A. and Ohba, “Characterization of cancer cell-killing Bacillus thuringiensis in Vietnam.” 

[Online]. Available: https://www.ncbi.nlm.nih.gov/protein/114842167.  

[35]  S. Okumura, T. Ishikawa, H. Saitoh, T. Akao, and E. Mizuki, “Identification of a second cytotoxic protein produced 

by Bacillus thuringiensis A1470,” Biotechnol.Lett., vol. 35, no. 11, pp. 1889–1894, 2013.  

[36]  T. Hayakawa, R. Kanagawa, Y. Kotani, M. Kimura, M. Yamagiwa, Y. Yamane, S. Takebe, and H. Sakai, 

“Parasporin-2Ab, a newly isolated cytotoxic crystal protein from Bacillus thuringiensis,” Curr. Microbiol., vol. 55, 

no. 4, pp. 278–283, 2007.  

[37]  S. Okumura, H. Saitoh, N. Wasano, H. Katayama, K. Higuchi, E. Mizuki, and K. Inouye, “Efficient solubilization, 

activation, and purification of recombinant Cry45Aa of Bacillus thuringiensis expressed as inclusion bodies in 

Escherichia coli,” Protein Expr. Purif., vol. 47, no. 1, pp. 144–151, 2006.  

[38]  N. a Logan, “Bacillus anthracis, Bacillus cereus, and other aerobic endospore-forming bacteria,” Topley Wilson’s 

Microbiol. Microb.Infect., vol. 1–2, pp. 922–952, 2010. 

 

https://www.ncbi.nlm.nih.gov/protein/114842167

