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Mosquito Larvicidal Activity of Synechocystis PCC6803 Transformed with
the cry11Aa gene to Culex tritaeniorhynchus and Anopheles sinensis

Dae-Weon Lee

School of Agricultural Biotechnology, College of Agriculture & Life Sciences, Seoul National University,
Seoul 151-742, Republic of Korea

ABSTRACT : Bacillus thuringiensis produces crystal proteins toxic to medically and agriculturally
important pests during sporulation. To improve the activity of insecticidal crystal protein in applying to
mosquito larval control, an expression vector, pSyn4D harboring the mosquitocidal cryl//Aa gene
under control of psbA promoter of Amaranthus hybridus was constructed. This expression vector was
transformed into Synechocystis PCC6803 and a transformant, Tr2C was selected with kanamycin. The
mosquitocidal cry//Aa gene was stably integrated into genomic DNA of Tr2C in PCR detection using
cryl IAa-specific primers. The transformant expressed 72-kDa Cryl1Aa protein and median lethal
time (LTs,) was approximately 2.1 days for Culex tritaeniorhynchus larvae and 0.7 day for Anopheles
sinensis larvae, respectively. These results suggest this transformant can be used for mosquito larval
control as a biological control agent.
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= & : Bacillus thuringiensis'= ZARA7] o] HAsZo} FAAF) SAE Hol: )
E4 hiAs Qg sa Al mr] §3 dR &S Fol7] s, A6l AAsle
psbA promoter2 27 AFHEAl cryllAa §AAE Wsl= pSyndD WEIE A|2}sla, ®7) §50] |
o]l2 o] &3] Synechocystis PCC6803¢) HAAZAZIT} A EL kanamycino] 23+ #j
ZAlel|A ADEE g on], A AEZHA-S T3l FAASA Tr2CE APL3IATh cryllAa A=
A 3k4 ¢] genomic DNA| A o2 ZFH o] = A& PCRE o] &3le] FHelslgint. 34
%A Tr2Cx <F 72-kDa Z7]2] CryllAa shiizl& wHEsle] o, 2wt zbal w71 (Culex
tritueniorhynchus) 38 §33} ZFAEI7 27 (Anopheles sinensis) 33§30l 75%7} Y= Az
S w9t 27] 5o gk AASA ] QeAAAZHLT )2 223 27§33 $2d
SN 2T] el dal 27 213 0.7d o]t o] HAAEL PAAFA Tr2Cr) 27] 5%
uhAel] 8314 ol 8" 4 9lg-& HeiFET)

HABO] : 7)) 8= Bacillus thuringiensis, cryl 1Aa 2=}, Synechocystis PCC6803
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A& Fl &3 27l HY, P 2P (dengue
fever), 399 (yellow fever) 59 AWE &7|& ¥H
2 48x olem, RIS s F1EAE AEA
$} Bacillus thuringiensis (Bt) 57} 9= US54
i zlo] ARG T 9lct. Bto] Arpadhe ZAFAYY)
Sob welEE Wsa e s vhehied, 43
w%—e AN d3e TR Aronson e
L., 1986; Gill et al., 1992). 3315 Bt 755 FojA]
Bt subsp. israelensis®} morrisoni PG-14%= =2] & 3
20 BAL Hol YE4L giiAES 9em S
A A E(Cry4Aa, Cry4Ba, Cryl0Aa, CryllAa,
CytiAa, Cyt2Ba) Abolel = A=Y Axasxs) 9)
= Aoz H1FEYTHHofte and Whiteley, 1989;
Crickmore et al., 1995; Poncet et al., 1995; Wirth et al.,
1997; Khasdan et al., 2001). =54 A 1x149)
Z}‘%*Hi“(ﬂ":‘ 7—21—,0,] )\]-:L]/q]ﬂ ol =) B E 4 S0
le B34 dA S B4R 2
2499 YL Azt FE
7, AA oz AAle] o2

L=y

Bt subsp. israelensis= 203 0] 34 27 $F
o] Al4Eo] gtow, o] ®7| A FellA
R uE 2z gl Margalith and Ben-Dov, 2000). &
U ok 27X 27] 5-FWAlE 913 Bt subsp.
israelensis®} A-8o\A A71HE FA AN AHYAle)
o3t Zh& AFAFES WAl g AAA v
4371 FAE vl 2% zAe 7Y, 484
(Hemolytic activity) 2 742 cyr §-4242) gbAA S0
1tk Thomas and Ellar, 1983; Waalwijk et al., 1985;
Pfannestiel er al., 1986; Delecluse et al., 1991; Margalith
and Ben-Dov, 2000). 28122 Cry sha2-& §-5u)
A ol ggFozn HAANE FABIL, EEH AEFE
A= H8l $AFoz AT o} & EAHE of9
27300 Bjokgol 2% B3tk AT aH) =
2= UV-A/BE 32l W54 el 4o
Fgshe Hloz AAEI gt o3 HHE S5
317] S8 A A 2pdAl A7) 5o FoMH e A=
A& 483} "HCohen et al., 1991), E¢kov} A2
R Al A7) et o]’ A
E317) 918, LA AE AN WSA DA
S o2 WHAZ £ ol W AE gAY o
2A=Ele] ge}(Raymond et al., 1990). 53] cyano-
bacteria®] tjofsl ZEol M4l UV-BE Besie

ZF A
AP

0
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-8~ 8} (Ehling-Schulz et al., 1997), 7] §39]
2 ARS8} cyanobacteria® E7)AEA $AA
:—?3 23 =2 dFsled gvHTandeau de Marsac

, 1987; Angsuthanasombat and Panyim, 1989;
Murphy and Stevens, 1992; Soltes-Rak ef al., 1993; Wu
et al., 1997; Lluisma et al., 2001).

£ d7eM e Z7R5 PAA Bt
Ao ofg] M geA] A|7|H 1 e
8}, Amaranthus hybridus®) Z3A] Foddle=
psbA promoterE o] 83}ed, PCRE Z=Z¥ cryl]Aa
AxE sl AAEF Synechocystis PCC6303
S AL, 2] -3l 93 AFEadE FFe

2 ZAR

2 o

ﬂm‘,EJE_\L
s

EENY

Mz % Y

ZF A x|

Synechocystis PCC6803¢} Bacillus thuringiensis (Bt)
subsp. morrisoni PG-14 43 7tz Bogorad ©}A}
(Harvard Univ., USA)&} Gill ®FAHUniv. of California,
Riverside, USA)ZHE 2 °}%ﬁl‘;]'. S. PCC68032 30
‘Collxl Az} DAdzAL 16:8 v]E= BG-113}
Medium C (Cote and Gherna, 1994)2 o|-8-5}e] ufjof
&}9dv). Bt subsp. morrisoni PG-142} Escherichia coli
5= Zt7z} 28°C¢} 37°Cel|A] Luria-Bertani vj %] &
olgse] Hopstalct

w{Eqo| X%

WFAE pSyndDE A 2317) 30, cryllAa §RA
o o)A <al primer(cry-F&} cry-R)E A%l 53
o2 cryllAa $ARAE 2331 ¢l= pCGS HEHE
°) 3-89 cHFig. 1A). cryl1Aa FAAE $FA)7)7) 9
&), 0.2 uM PCR primer, 0.1 ug pCG5 ¥ &, 200 uM
dNTP, 1 ul Tag polymerase(S units, Promega Co.,
USA), 10X uhs-8t3l g Y1, AFZF{HPE o83}
of AHAHEIE S0ulE =23F F polymerase chain
reaction (PCR)S& $3)38} 9} PCR ¥H-£-2 94°Col|A] |
B 55°ColA] 18, 72°Collx] 28 307 vr2A)71=
F712 403) ¥lE-sl9ivh PCRE 2ZF cryllAa 4
A2 Hindlll$}+ Salle s 23t &, cyanobacteria-E.
coli o) ¥EfQ]l pOV81e| ZF='d3led pSyndDE #j=}
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Fig. 1. The construction of a pSyndD (A) and detection of the cryl/Aa gene in the transformant, Tr2C (B). (A) The PCR-amplified
cryl1Aa gene was transferred from pCG5 to pOV81 by HindlIll-Sall double digestion. The resulting recombinant plasmid was designated
as a pSyn4D. (B) M, A DNA digested with Hindlll; 1: Synechocystis PCC6803; 2; transformant Tr2C; 3: pCGS5. The primers (cry-F and

cry-R) were used to detect the cryl 1Aa gene.

BFgivkFig. 1A). PCR primer 492 cry-F (sense pri-
mer): 5'-cccaagettaggaggtiatatggaagatagttctttag (o] =2
A Hindlll QAR D& 2 BEL2 AA=E)FH
cry-R (anti-sense primer): 5’-acgcgtcgacattacaagaggage-
cacaatac (o] A= Sall QJA1 29, UZ 3] 2R A
2@ E)o]r}. T PCR primer: 332 A 34 2] genomic
DNA\A cryllAa F73AFe] ®Aol| = A}-4-31%] 0}

Synechocystis PCC68032] genomic DNA 22|

S. PCC6803 genomic DNA% Porter®] ¥}(1988)-%
Waste] Felsisinh. WAMBAL 20 ug/ml kana-
mycine] A2]% Medium Ce|A] QD5 A 7ke] 27}
g #71x] wjekst kg, 4,500 rpmol| A 4°C, 5% <t
dAra)stedcth AAEE 50 ug/ml lysozymeo] S0
8l% 5ml TEN 2&(50 mM Tris-HCI, pH 8.5, 50
mM NaCl, 5mM EDTA)o. 2 ZEo]F thg, 37°Cel|A
1A} 72k HRS-A1 7t Al 2o lysis £9M(20% SDS 2.5

ml, 20 pg/ml proteinase K 150 pl)S A7ls} 1, 50°Col
A 8A1Z A A 2g AeH 222 rge] ¥
Foz AHelq golos 23 2o ke ¥
DNAZ HAAZ vh8, —70°Coll A 3087 =]k
o AlBE 15000 g, 108 53t 4°Colx YAlEe]s)
a2, 10 ug/ml RNase7} Eoi¢lx= 10ml TE 310
mM Tris-HCI, pH 8.0, | mM EDTA)¢ &2 =9t}

Cyanobacteria®| &gt

S. PCC68032] 32 x 32 Dzelzkans®} Bogorad ]
R (1986)S W33l £33} S. PCC6803 &
BG-11 v #}ellA] OD730 =Azke] 0.8-1.27} & w7}
A i eFskaz, 2,500 pmel| A 25°C, 5E F<tF YAl
ok A E-S BG-11 wix 2 et & Axe] 5
=7} 10%mlo] H=5 A3}l Sug pSyndD HE
£ S PCC68033} & o}L 28°CollA] 12A]7F ot
weraledel. A28 1.5% BG-11 top agars} A3, 1%



38 Korean J. Appl. Entomol.

BG-11 Hahul =)ol =uks}ed, 12A]7F Fo)| kanamycin
Q0 ug/mh 2 Aursleict 25Y 3o FohulR]o] Y
et 117] F2UE8 AL, kanamycine] 3719
BG-11 Hl Aol =dsle] sk 37 F=24E
& st AEAAE B 23R 3
g £33 7B B2 2A4E ¥9l 3AAsA T2C

& 2 A7l o)&3tulH

cHEl 239l Western blot analysis

Bt subsp. morrisoni PG-142] 54 tiizle] g
= Kim er al. (1998)9] uh& o] g3loiet ALs 3
A4 Tr2CE 20 ug/mi kanamycine] H7}% BG-
11 w2 el A OD;30ell A &A3ke] 1.27} & w74A] wf
oFatdet. vkl & —70°CellM $A3}AL, Hol: 7
& 23] uHE3}151, 3,000 g, 4°CollA] 5% F<t AR
2t ot AHES 2N A (50mM glucose, 25 mM
Tris-HCI, 10mM EDTA, pH 8.0)% 7}8}A &5o] &
the, 37°CelM 10% < WS AIZE AEE 7.000g
M 5% E<t ApeIST, AAEe 939 A=
HAolFLir} A 85 329 B (1 mM Phenylmethyisul-
fonylftuoride, 10 mM EDTA, 2% SDS)® ZEo]F 11,
—70°CellA] 1087 WX|gF o8, 37°Coll A 1087 1
$A17i5k NaOH®] 2 F5 =7} 0.1Ne| =5 Hr}
sk, 37°CelA 3087 AT BUAN R 3
e0(0.25 M Tris-HCl, pH6.8, 10% 2-mercaptoethanol,
4% SDS, 10% Sucrose, 0.004% Bromophenol blue)-&
A7VSha, 387 Fula, 3,000 g, 4°Col A SE B
QAlstel AAale Amz ALgakas.

Western blot-2 Laemmli2] ®(1970)2.2 SDS-
PAGEZF & Towbin®] HF(1979)e] wial 431= 9l
t}. ehul A2 Nitrocellulose (NC) membrane (Advantec,
USA)e =2 £7) % 50ml PBST k3o 21, 10%
blocking (5 g skim milk/50 ml PBST ¢}3=oll) g-ollo]] A}
2ol A 217 5 A= Bkt CryllAa e A ] &
Ax FHoA AL polyclonal &3 & o83ttt
CryllAa A2 1,0000] 3]A43te] 3A17F F<t kg
A)7]13, PBST gk o = 587} 33] Ho]F9)v). Goat
anti-mouse IgG-alkaline phosphatase conjugate &
10,0000 3] A3ted, NC membranes} 1A]7F £ 8H
A17]a1, PBST kel o 2 587t 53] o] ok o
2l ekx]= ECL detection kit (Amersham Co., USA)
£ o]§std Xeray D52 At
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Al A Tr2CE BG-11uA]off HEsl3,

1.5-2.00] @ w7pA wjorat o,
2,500 goll A 3% Fob AAEE s M2 »eE
109 cellsy/ml 2A)313, 3ubEo 2 Xesielch ARE
Z 0 7 A2wl7}x v 7)(Culex tritaeniorhynchus)$} %
Zd 237l 27)(Anopheles sinensis) 38 38 AH-
. =72 2d¥ S PCC6803E o] &3+
AR 24X 7k} 2AFEEG] 0, probit BA4E &
A FZA A ZHLTs) & AAYskAT-

2% 9 1@

Synechocystis PCC6803) A 27] ArEA cryllAa
FAAE HAA7)7] S8, pCGs HElE F3 o= 8
o] cryllAa 345 PCRE o438 FF3l9v. 5%
2 cryllAa $AAS Hindlllg} Sallez 228},
Amaranthus hybridus®] Ao FHg3lE= psbA
promoter7} ZAH3= 9)X|ol] F2Jsled pSyndD
& A28k (Fig. 1A). pSyndD WEE Saclz}
Pudlz #2)sted o), -2k 9.2kbs} 6.4kb, 2.8 kbS
viebe] cryllAa §327F S249E A& #elsks
chm|AA] A2). BHEHE pSyndDE S. PCC68039]
PAAZsl PAHE F2UE 23] ZA kana-
mycin A¥gAAE W FRUES AU, o F
2z} et 74 2 1 7)(Culex tritaeniorhynchus) §-3o} 7}
2 54 29 ¥AAEA Ti2CE #HE ALk
o} FAAZA Tr2Cell A cryllAa FAAHE &3]
&}, AFH3] S. PCC68033 Tr2CelA] genomic
DNAE #2813, cryllAa f7Akel E-<]2Q) primer
(cry-F, -R)E °]43}d PCRE 4343 A} Tr2Ce}
FAA 2T 2] pCGS HE|ANAMTE cryllAa 5347
o Hel4el PCR AHE-& A9lom, 7 =7]% o 20
kb wHFig. 1B). Wu et al. (1997)-2 Bacillus thuringi-
ensis (Bt) subsp. israelensis7} == WS4 oz
S A2 Anabaena PCCT120¢] A8 sle], 2+
S i ) A2 ekl o8 Ruskile
™, Livisma er al. (2001)-2 Wu ef al. (1997)¢] H_ 113+
HAAZA 7L 497 AdEgle] 9l M =)
Frzell A SA o] A=, FAASA 9] AbEa}
FAE WEAS lldl AR FA A s Y
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-—— CryllAa

Fig. 2. Western blot of the tranformant Tr2C expressing Cryl1Aa
protein using anti-Cryl1Aa antiserum. Lane 1: Synechocystis
PCC6803 as a negative control; lane 2: transformant Tr2C; lane 3:
crystal proteins from Bacillus thuringiensis subsp. morrisoni PG-
14. The arrow indicates the Cryl1Aa protein.
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Fig. 3. The larvicidal activity of Synechocytis PCC6803 and the
transformant Tr2C to Culex tritaeniorhivnchus (A) and Anopheles
sinensis (B). Data are the mean =+ SD of triplicate assays from two
independent experiments. Each measurement was done with 20
larvae.

genomic DNAo| &30 23 7I=3lctn B 33}
o} o] At 2] $2o] SAE Ro)= oryllAa §-
A7} FAARA 2] genomic DNAG Exf&o 24,
Az FAAEA T} A A HEA DA S
& 4 2S5 B FEoHFig. IB).

HAAZA Tr2ColA cryllAa $32P) L8 E=
& =AW kel AN AT CryllAa S
2ol FAE o] L-3led Western blotg $3) sk} oF
A ZF2. Bt subsp. morrisoni PG1428] W54 v
2, A zT2 243 S PCC6803e| wide
Abg-slget. oF 72-kDa =712 CryllAa s3] o] Bt
subsp. morrisoni PG-149} 3AAZA Tr2Colx] =)
Holovt, A3 S PCCCO803A = o il s

HAHA Fshek(Fig. 2).

HAMFA Tr2Co mI) {3l oigt AZadE
A7) s, AU R e} TSN
28 ol L3l SAY T2 A4d S PCC6803
< AHgshsieh Ak =) 3% el et AR
A BAARA 2] F 12 Abelo] A} A4 F
7}%}9&0\4 A8 5. PCCOB03L ZA7)7F Eok AF
FA4E Mol AdUYTHFig. 3A). FIFISINEY] 3
= %%—4 73‘—?—"11"15 FAARAE HE F 1Y o
& Bgon}, A4y AP &
e B ‘il% AFEE ¥olA sbek(Fig. 3B).
Tr2C3] _‘?_7]11-%—] et AZad} WP S oo}

]& 733el] mE ArEE & wbpAALA
A3l ci(Table 1). 3AA%A] Tr2C
27) %ol vlsiM SR &
20| ‘:‘] B“F‘ %—"- = vglow, 233 S. PCC6803

+ Holx] oo} TE FAHY £ A
o 27] §% 79 AFEHe Aer 27 43
% 25 FAABAY Qo) B2 T 0B %
olel Ho=z A7t} A% cyanobacteriad o]
43} A== B. sphaericus 1593M T-53-2) AEA] $-4
A2 Anacystis nidulans R2|A & A|xFHglom,

\I
5
o
—
“OL
r«lm
— _L_

Table 1. Median lethal time(day) of third instar larvae of Culex
tritaeniorhynchus and Anopheles sinensis

Median lethal time (LTs)'

Strain -
Cx. tritaeniorhynchus  An. sinensis
Transformant 2.07+0.30 0.73x£0.24
Synechocystis PCC6803 ND? ND?

'Data are the mean = SD of triplicate assays.
>ND = Not determined.
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&) 21 7] 3} % A2 FEscherichia coliol A LAA 7S
H)5:§ AZ2a7E B useH(Tandeau de
Marsac et al., 1987). Angsuthanasombat and Panyim

£ o
)
lo

(1989)2 cyanobacteria®] phycocyanin (P,,p) pro-
moterE |83}, crydBa -FRAAE Agmenellum qua-
druplicatum PR-60Y| 4] W& Al 7] o7, Aedes aegypti -
Zoll W3 FAAZA Y AEFHL 45%2 Loyt
Murphy and Stevens (1992)% Angsuthamasombat and
Panyim (1989)8] 7oA o] &% Py promoter=.
phycocyanin B-subunit®] N-w<t BEa 25
cryllAa §3A% RS FAABAE A3
)} o] AAHIAE Culex pEipiens' & o8l AHE=
F 60A17ESF AFH S Bolx) ‘Asterk AF F 72
AZRE AFEe noon Th ¥ AFEI
A% F 594 83%Hct FAAIA Y BERAAR| T
< oF 96A17te g, AFaAE Tr2Ce vjug]ld Wy
o} o¢ A eldr) Soltes-Lak et al. (1993)2
ferredoxin (petF1) promoter, tandem promoter (lacZ-
endogenous Bacillus promoter), endogenous Bacillus
promoter& ©| 43t} CrydBa Tl U3l A
ARAE 27 Atsige o5 FAHRAE FoAA
Cx. restuans -3l W3] perFI promoterE- o} £-3t 3
AARAT A ¥ A3HE ngler], 43
7R Tr2Cel ul3b)] 1-294kelo)] 73 ¥4 v}
elyd}. Wu er al. (1997)2 tandem promoter (cyano-
bacteria®] P2} E. coli®] THE o] 43t crydAash
cryllAa SAAE EAe] A PCCT12004 a3 A F
c}. tandem promoterE o] &3&}ed Wax CryllAag}
Cry4Aa shil 22 BroflA] H7%l AXEH Ae. aegypri
frzell Hs A34sads Bylow, A s
(LDso)= oF 10°cells/mle] gl o, 71 52 XAMES
2 ¥xE¥F 5x10°cells/mle] o} Soltes-Lak ez al.
(1993)8] A= o 2A P,y promoters  ©]8-3]
CryllAa Tl A gke 8sl= A3 3kA = tandem
promoter (P, TT)E ©]-83 §AHMTA ueh W43
AP (eF 5% 10°cells/ml) =9Fch AR5 Tr2Co)
WA ARy 2 A2 v 7] {3l e 7x10°
cells/mlz, F W54 shiiAd-g Al DHAA A3
Aeaitg ¥oF JAARA(Wu er al,, 1997)0] H]
3 Aoz ot 2yt 24 promoterE o]$
g PAAIJAEY] 2] 3ol dg AFHEHE ¥n
3, Tandeau de Marsac er al. (1987)3} Murphy and
Stevens (1992)7} ¥ 1% §AAAe) A3Hnc) ¥

43(1), March 2004
ko, Tr2Ce] A& WIAIZRE HE F 3YHE
WA fEe BHEFI e AT
(Murphy and Stevens, 1992)ol] u]sl| AZ&s}r} wj$-
whe A vebateh o 4e] AskE-S TRCHA A hybri-
dus®] psbA promoter7} cyanobacteriaol| A cryllAa -
AAE Aoz WHA TN, WHH CryllAa o
AL 7] FFel & AFEE 7EE A4S By
=
HAARA Tr2Cx 2R of8 =ZAHAA
HpEs} 2APIBENET) 2142 A 2
Al sk Ao 2AFH o], oksl BANN = A3 E3}
7t AL E A RHENA A 2F7). o] AL A
A Tr2Cx of)Z7el A Ap) Aol djaiA] ofsF
& WA i, el Wskm 2Asked, 2] §3o)
PAAZINAE Hol|z ol8gozH, WS CryllAa
Do) 27§39 44 F4E Astes odd)
3= Ao = A7} Manasherob et al. (2002)-2 =}
sl @AKEEDA 1% JRARE A PCCTI20%
Bt subsp. israelensis®] 433 H 321§ ol A, Bt subsp.
israclensisie A}9148] 7o) whehy Azele] dol
A v, YAHNPA = Aol W) JeE B
w151}, @A Llvisma ef al. (2001)-& A, PCC71200)
A $A%E dEe B fadEe] GUAE
2y, 27 FEFUAIE $3 dFS2]e] uhEe
AAFro =z, 27|83 9A| A A] cyanobacteria®] &7}
d FarksA e AAfeke

ol e AAEL TSI, cryllAa RS LY
S $AABA TCH FeuRY Rt FFAS
GNEZ) foll st 2 54, oFAEY A
N 2 AFaEy A4H] AFadE Hiloz
A, Bt 54 thifale] v7] f3ubAleA A 718 @
HES FE3lx, YB3 wAledoz gad &
9% Aoz 47Re
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