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Novel system to produce highly functional proteins as protein inclusion in
Escherichia coli.
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4AaCter is a peptide-tag derived from mosquitocidal Cry4Aa toxin, and fusion
with this tag facilitate formation of the protein inclusion in Escherichia coli. In this study,
through the analyses using various truncated mutants of 4AaCter-tag, two domains (MIF1 and 2) that
related to formation of protein inclusion were identified in the amino acid stretch of 4AaCter. Our
data suggested that MIF domains polymerize by binding itself and/or each other, and facilitate
formation of protein inclusion. In addition, proteins (designated as P49 and P50) which may be
related to the formation of protein inclusion were detected in Escherichia coli proteins. In this
study, the potency of 4AaCter-tag was investigated to prepare the formulation of insecticidal
Cry46Ab toxin. Application of 4AaCter-tag yielded excellent results, including increase in the
production level, simplification of the product purification and high toxicity against Culex pipiens

larvae.

Bacillus thuringiensis 4AaCter-tag Cry4Aa Cry46Ab



Bacillus thuringiensis(BT )

(Cry
) (
) Cry
BT
Cry
( )
130 kDa
Cry
C
CrydAa C
(4AaCter, 1°° P™
(Hayakawa et a., 2010) 4AaCter
TpN
(Hayakawa et a., 2010)
C (Hayashi
et a., 2013)
(70 kDa
30 kDa ) Cry
4AaCter
Bt

BT Cry
CrydAa
4AaCter
4AaCter
4AaCter
4AaCter
()
p4AaCter-C
C 4AaCter
S (GST)
C 4AaCter

(pGST-4AaCter 696-851, Hayakawa et
al., 2010) GST

(MCY9)
PreScission protease
Site directed
mutagenesis
pP20 Bt
P20
pP20
P20 pTR20 (Yoshisue
eta., 1992) PCR
GST
pGEX 6P-1 (GE Healthcare)
GST pAGST P20

P20 MCS



P20
pP20 MCS
P20
mRNA

()

BL21
0.5 mM
IPTG 37°C,4h
(Axio Observer Al, CarlZeiss)

(12,000 g, 5 min, 4 °C)

SDS-PAGE

100 pg
500 pl
NaHCO;, NaOH, pH 9-12)

(50 mM

30 min

SDS-15% PAGE
(QCM)

Single Q 0500 quartz crystal microbalance device
(As One) Ko

Q-up analysis (Scinics)

()
4AaCter

50 % (LCsp)
(Finney 1971)

(D4AaCter
4AaCter
4AaCter
(4AaB7, F*? E®%
(Hayakawa et al.,
2010; 2011)
4AaB7
4AaB7
4AaB7
N C
GST
4AaB7 GST
92.9+1.0% GST
18.8+4.9% N
5 (N807,

N812, N817, N822, N827)
42.443.2, 34.245.3, 43.5£6.0, 34.0£3.1,
17.3+£0.8%
N807  N827
C 4
(C809, C814, C819, C824)
52.9+2.3, 48.7+3.6, 45.8+2.6,

70.0+£3.6 C
C809 (824
4AaB7
2
(F302_K 309 L3228

MIF1 (FSOZ_K809) MIFZ(LBZZ—SSZQ)
4AaB7 Cry



MIF1 MIF2 B7

MIF  4AaB7
MIF1 MIF2
MIF1 MIF2
MIF1  MIDF2
C809 (MIF1 ) N&22
(MIF2 ) QCM
MIF1 MIF2 MIF1
MIDEF2 (KD) 6.6 £3.8,
14+£09,48+2.8 uM MIF1
MIF2
4AaB7
MIF
MIF
MIF1
49 52 kDa
4AaCter
MIF MIF1
Bt P20
Bt israglensis
P20 Cry
P20 4AaCter
P20
pTR20 (Yoshisue et al.,, 1992)

pP20  pl5A
pGEX ColE1

P20
pP20 ( )
P20
P20
(2) 4AaCter
4AaCter
Bt
(
(pH
10.5) ) 4AaCter
Bt (
)
Cry46Ab
Bt TK-E6 Cry46Ab
Cry46Ab
Cry46Ab 30 kDa
4AaCter
Cry46Ab
Cry46Ab
61%
4AaCter C
(p4AaCter-C)
Cry46Ab 100
4AaCter
Cry46Ab 4
(Cry46Ab 31 + 3 mg/l
culture; Cry46Ab-4AaCter =118 £ 8



mg/1 culture) Cry46Ab
Cry46Ab
( )
4AaCter
Cry46Ab LCs 0.10 £ 0.03 uM

Cry46Ab-4AaCter

Cry46Ab-4AaCter

pHI9-11
Cry46Ab
37
30 Cry46Ab-4AaCter
Cry46Ab (LC5=0.09
+ 0.02 uM)
4 h
8 h
Cry46Ab-4AaCter
156 £ 12 mg/1 culture
Cry46Ab-4AaCter
4AaCter
Cry46Ab 37
°C,4h) Cry46Ab-4AaCter (30 °C, 8 h)
2 4
( )
4

Cry46Ab

2 4 LCs

0.06 +0.01 0.07 £0.01 uM
Cry46Ab-4AaCter LCs
0.05+0.02 0.05 £ 0.01 uM
4AaCter

Hayakawa T., Yoneda N., Okada K., Higaki A.,
Howlader M.T.H., Ide T. Bacillus thuringiensis
Cryl1Ba works synergistically with Cry4Aa
but not with Cry11Aa for toxicity against
mosquito Culex pipiens (Diptera: Culicidae)
larvae. Applied Entomology and Zoology,

, Vol. 52, No. 1, 2017, 61-68, doi:
10.1007/s13355-016-0454-z

51
7 2016,41-42

Matsumoto R., Shimizu Y., Howlader M.T.H.,
Namba M., Iwamoto A., Sakai H., Hayakawa T.
Potency of insect-specific scorpion toxins on
mosquito control using Bacillus thuringiensis
Cry4Aa., Journal of Bioscience and
Bioengineering, , Vol. 117, No. 6, 2014,
680-683, doi: 10.1016/j.jbiosc.2013.12.004.

( ) 4AaCter
Cry 29
2017 3
21-22
( )
12
( ) 2016 9 15
-17
) Cry



2016 3 17 -18

() Bt Cry
38 88
2015 12
1 -4
( )
4AaCter
27
85 -

2015 9 26 -27

( ) BT israelensis
CytlAa
11

2014 9 18-20

( ) Cryl1Ba

11
2014 9 18-20

( ) Cry4Aa
11
2014 9 18-20

( )

11
2014 9 18-20

Protein production method, fusion protein,
and antiserum
Hiroshi Sakai, Toru Hayakawa
Okayama University, Japan lamb Co.,
Ltd.

Patent No: 8865428
2014 10 21
(USA)

(M

HAYAKAWA Toru

30313555



