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Characterization of Synechocystis PCC6803 transformed with cryIVD gene
of Bacillus thuringiensis subsp. morrisoni PG-14 and its mosquitocidal ef-
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Hyo Sok Yu, Keun Young Kim and Seok Kwon Kang

For the effective control of mosquito larvae, Anopheles sinensis, the expression vector pCYASKS-1 containing
crylVD gene of Bacillus thuringiensis subsp. morrisoni PG-14 was constructed and transformed into the cyano-
bacterium Synechocystis PCC6803. The transformants were selected on BG-11 medium containing kanamycin.
The expression of cryIVD gene in transformant was confirmed by SDS-PAGE and Western blot analysis. The
mortality of A. sinensis larvae was scored for 3 days. Furthermore, growth and distribution rate of transformant
were examined. The results showed that Synechocystis PCC6803 transformed with crylVD gene of B. thurin-
giensis subsp. morrisoni PG-14 was highly toxic to A. sinensis larvae, demonstrating that it will be a potential
agent for mosquito control.

KEY WORDS Bacillus thuringiensis subsp. morrisoni PG-14, Synechocystis PCC6803, crylVD gene, Ano-
Ppheles sinensis

Bacillus thuringiensis subsp. morrisoni PG-148] crylVD §4 22 ¥338l1 3l 4@ E pCYASKS-1E A
A3l Synechocystis PCC6803] HARAGAIT) ¥, 812 27| (Anopheles sinensis) 3o thg S48 AR}
ch. Kanamycino] £3+€ BG-118A]ollA] At FAH @A o} crylVD £3 22 SDS-PAGES} West-
em biot B4 02 BRIt FAADA = A sinensis 3 ddl] £ 4L Jehidon, 3L ok
Q1 Synechocystis PCC68032} FALSIRTE. & o4lol e FAABA S EXE ZAlM AAH o2 &F
Exo] A¥SFz B¥ES gyt o|21§t A= B. thuringiensis subsp. morrisoni PG-142] crylVD
FAAZ FAADE Synechocystis PCC6803°] 27| frF WAl A& o2 ]84 F 35S HEIT
2 M O Bacillus thuringiensis subsp. morrisoni PG-14, Synechocystis PCC6803, crylvD A4}, g2 271
(Anopheles sinensis)

9} 1984rdol] "X LHE subsp. morrisoni PG-

289, {49, 9148 59 A S Huste 74 ¥
AEe 2 deA glom, §F7]d FAYEE 3
Z579 AT Holz M3 dch(Thiery ¥ 1991).
WA R gE| 8o 54& el Bacillus thuring-
iensis(B.t) W 54 Th A& o]&-3le] = A7} o] Fo]
A goh 2rl9 AA v 59 {3l SolFHQ 54
& 7H B il g vles BtEe 197640 ©)
gl X WA B. thuringiensis subsp. israelensis

14 #3371 Ut} (Goldberg®} Margalit 1976, Padua &
1984). o] & FF= BF 49 W54 dijFe] &4
3, 2L o] WEA A E 71 JH A
o3 Aoz ¥aEQrHChilcotte} Ellar 1988, Earp
¢} Ellar 1987, Wu$} Chang 1985, Yu 5 1987). B.
thuringiensis subsp. israelensisS} morrisoni PG-142]
el W54 dlFEL oln] gr|AFe] HER e
o, 1 A7]& 135, 125, 72, 28 kDald], 0|59 /A

A&t 54 &3t (Department of Agricultural Biology, Seoul National University, Suwon 441-744, Korea)
&N EA FAEE A A (National Sericulture & Entomology Research Institute, R.D.A., Suwon 441-100, Korea
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AL 42} crylVA, crylVB, crylVD, cytA F-3A2
B =]t (Hofte S} Whiteley, 1989). £3] & #39]
crylVD fFARE 176407 G7]el|l M2t 3}o]& Ho)
o, §87 Sl o) YEhtE ofuleAt PN
€ ZolE HolA] Y Aoz YEFHFrtos 5
1991).

BtE o] &3 me]E 53 WAl o] B. thurin-
giensis subsp. morrisoni PG-14& 2 A3 7 o] 4 -&-3)=
o, WS4 wds) A% gu fHz} AHel
|84 oz olgl(Pfannesticl 5 1986, Visser S 1986)
HFFE] EFHE g7 e}(Delecluse & 1991, Gill
3} Hornung 1987, Hurley % 1985, Thomas$} Ellar
1983) Y54 wuldo] 21539 AN S4 4
Aol EAsHA] &3, FHoz RE JlEge 24
o] gitt. o]’ RAHES A stuAl FA e A ol
A Bt 5L 9lAdS Ao AL § Qe
Wog Js4 dud fAXE 2839 Yoz
°|&5]& cyanobacteriac] A3l WA=
A =7} 28] 5] ] th(Angsuthanasombat 9} Panyim 1989,
Raymond 5 1990, Soltes-Rak ¥ 1993, Tandeau de
Marsac 5 1987, Xudong 5 1993). 121} cyano-
bacteria Wl A B. thuringiensis WS4 Sl A o] vt
A& Az 2ol Ud 54 A EA) go} W
b iy 4 ) o=

meb E ATe 8842 ZAE s, =
7193 5/4€ vl B. thuringiensis subsp. mor-
risoni PG-149] crylVD -FAALE o] &8l AHAEH S
AFeli, Br]fFe] Holz AHsle Synechocystis
PCC68030] HAAFAIA, 38ta 7] (Anopheles
sinensis) frzol U3 A5 EI}, FAAGA Y A 2
X0 #3ld =AY

M2 3 e

=5 3 HiX|

A}-8-3tF Bacillus thuringiensis subsp. morrisoni PG-
14= ¢ Kyushu t)&}2] Ohba ¥} FE], & cyano-
bacteria Synechocystis PCC6803-& uv|=+ Havard tj) &}o]
Bogorad ¥fAl2RE] Bt} Synechocystis PCC
6803 HjF2 ¥jx] C& BG-11(Kratz®} Myers 1955,
Murray 5 1994)%, B. thuringiensis subsp. morrisoni
PG-14% GYS 8| X] (Nickerson 1974)2 o] 83} t}h.

galAan|e
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E. coli-B. thwringiensis shuttle®¥]E] pCG5(Chang 5
1993)= ©]= California thate] Gill Al HE o9
o, E. coli-cyanobacterium Y&WE] pOVE1L =1
2T LA T2 9B MALE Y BopigiT)

&Y E pCYASKS-19| R|%t

A E pCYASKS-12 pCGS5AA crylvD e} cytA
FAAE X3sln = 6.87 Kbe] AHE elutiondt
H, AFELE Sacls} Kpnlo 2 A z]d pOVSld] T4
DNA ligase(Poscochem Co.)& ©]|&3}l 16°ColjA]
12728t ¥HgAlA pCYASKSES Al&sta, thAl
pCYASK5o| A& &AL Sacld®t EcoRVZ #2]3}o]
cytA FHAAE AAT &, Klenow fragment
(Poscochem Co.)¢} ¥+-8-A]7] 3L T4 DNA ligaseE A%
AlA A =sr .

Dot blot

Dot blot2 BlWIAlA #A] 2 &3 Kit(Boehringer
Mannheim Co.)& |43l en, %3l (probe)
erylVD FAXE Dral2 2 2 e}ste] d& 2k 1.2 Kb
DNAE ©]&3llth. &3 P4 dETF2& pCGS5E,
4 Z7E pOVEl HEE A3l LdHHE
pCYASK53} pCYASKS-10] Hol¥]31 UV-crosslink-
ing®d UYdg merhbrane—% prehybridization 89 [5x
SSC, 1%(w/v) blocking reagent, 0.1% N-lau-
roylsarcosine, 0.02% SDS]|A] 68°C, 2A|7FHE<E vl
Al7]31, DIG(Digoxigenin)© 2 FA|@ €17} 68°Col|
A 8AZto] R HHgAIZL &, AlF& [2xSSC, 0.1%
SDSJe & A-2oA] 308&-5<t 38]014 AT} AH€
YU E membrane2 anti-digoxigenin-antibody-alkaline
phosphatase conjugate®} A}-2oflA] 308-5<t A EA|7)
7, ©Al Lumigen PPD™ 2983} 6l-8-A|7] 31, X-ray ©
Foll 20~30-53 Aol =2A7 o2 A4S
o}

Cyanobacterium S ZIEEHH|0| My

Cyanobacterium ¥ 3A$-2 Dzelzkans®} Bogorad
(1986)2] WS WAFsle] 31U} Synechocystis
PCC68032 viA] CollA] OD5 Fho] 0.8~1.27} HEE
ujoFalar, 1,500 golld SEEQH AR F, oA
Wiz] Coll 24A1A 10° cells/mlo] H =2 ok t}-8's
ng pCYASKS-1 DNAE #7)sle] 28°CellA] 6~124]3¢
< vk}, Wik X Synechocystis PCC6803% 1.
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E
5% BG-11 Aol ThA] 12A12HgRt wheksls
kanamycin& F2H (5, 10, 15, 20 pg/m)2 X 2|3}
o} 1259 F, FeelAlol Yehd 22UEe 134 4
uhel 1 kanamycino| FEH (5, 10, 15 pg/mhE A€
BG-11 H@efAlo] ThA] E2sid, ke 22UE ¥
AXEA R HF AL

CryIVD B3 QAL

ol dFE 2 A1 Murphy £} Stevens2] ¥HH(1992)
oz syt FHAA/AE 250 ml BG-11 ¥ g
o HE3te] 28°CollA 0D 2 27} B H7R] vk
sta, wkelg 3,000 gollA 1023 AAEEF A 3
7% %, lysozyme(S mg/ml)o] Hrig &3] &< [50
mM glucose, 25 mM Tris-Cl (pH8.0), 10 mM EDTA]
off BRAIA -20°CellA] Fela d2oA =ole WY
& 23] ¥HEG 5, Laemmli®] ¥PH(1970)] wheh Als
g8 %9 [60 mM Tris-Cl (pH6.8), 10 mM di-
thiothreitol, 2% SDS, 16% glycerol, 0.01% bro-
mophenol blue]& H7isle] 2820t A F, 12.5%
SDS-PAGEE 883l t}t. ZRFE2E Synechocystis
PCC68032 A3l Tt

Western blot-& Towbing] W3 (1979)°] we} SDS-
PAGEE 3% gel blotting ¢+3<} [Tris 9.4 g/, pHS.
3, glycine 45 g/l, methanol 200 mi/ijol A T4 W=
£-& nitrocellulose membraneol] Ao]Al7]5L, 1% BSA
(Sigma)Z blocking A]7] 3, nitrocellulose membrane-<
AF A L& CrylvD FA ¢ 1XZEE<t A7
PBST ¢+ [NaCl 8.0 g/l, KCl1 0.2 g/l, KH,PO, 0.2 g/
1, NaN; 0.2 g/l, Na,HPO, 2.0 g/l, Tween-20 0.5 ml/1]<
2 527 33 AARC A ¥ membranes Goat
anti-mouse IgG-alkaline phosphatase conjugate(Sigma)
9} 1x)7t F9b ¥he-A)7) 3, PBST &Rz 583
23] A& ), 7130 £3E 4489 [2M MgCL, (5
ul/ml), nitro blue tetrazolium(l mg/ml), bromochloro-
indolyl phosphate(5 mg/ml)}© 2 22BA|Z ),

MEAN

A&igtn AZEE AT BFEe 2~38
814 R 7] (Anopheles sinensis) -3 g YEHF L
BHE pCYASKS-15 L¢3l e FAARANE
WlA] Col|A] wjoFated A Ry] ulg] B 7.25% 10°-107
cells/ml F=2 H2g H, AAEE ZARIATH A
&8 24Xt ZHA o2 T2AERE ZARIE o, B2

ar
T

%= 8 3 A Vol. 35 No. 1

T2 Synechocystis PCC6803-2 AME-31 ).

Synechocystis PCC68031} SaAXEA|Q| MEAIM
ZA

Synechocystis PCC6803% FAAEA 2] A2 o
| Col| ODgnegkol 0.10] H =& 42 HFstx 28°C,
160 pmo.2 vjeksiEA, uf 24A]2kekch 1 mle] A S
& Fstu ~A¥EZ ¥ En|E(Phillips 8600)F o] &3}t
o] ODp k22 ZAFS T

£ 20/0] E HEANEA L BE

£Z Zold wE FAAFA EXE Eggers-
dorfer=} Hader2] ¥PH(1991)0.2 ZARSIHLE AA
842 kanamycin(10 pg/ml)e] H7tE wix] ColA
ODpsegko] 2.0 8 wi71A] v et o5 WA &
A 24X Et AN F, do] 1om Piet 1mle] Al
28 Hstn ~¥ES T eo|E (Philips 8600)8 °]&
3la] Zold W2 BXE FALE oW, ml F A ES
£ [(0.D.-021)/1.48]x 10°2 2 A3 315iT}.

2n 9 o

W4 e pCYASKS-19f R|Z}
B. thuringiensis subsp. morrisoni PG-142] cryIVD U]
=4 wNd 4748 BAsHE FAABAE Az}

Sacl

E.coli ori

5
7245 \\\\ \\\ pOVa1

€803 LocZ  Kmf(s)

B.t ori

Kpnl + Sacl l
‘Ligase

Sact EcoRv

\\\\ \\\\\ pCYASKS

B M TG B

crylvD

Eccl
CORV
fenow

Ligose

6803L cytA Km(r)

EcoRv

MIinm

6802R

= perasks-1

cryIlVD Km(r)

Fig. 1. Construction of expression vecrtor pCYASKS5-1.
The crylVD and cytA genes eluted from pCGS
were ligated to pOV81 digested with Sacl and
Kpnl using T4 DNA ligase to generate pCYASK
5. The expression vector pCYASKS-1 was constr-
ucted by excision of cytA gene from pCYASKS.
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A B
M1 234 1

2 3 M

Fig. 2. DNA Pattern of pCYASK5(A) and pCYASKS5-
1(B). (A) M , A-DNA digested with HindIII;
Lane 1, pOV81; Lane 2, pCYASKS; Lane 3,
pCYASKS digested with Kpnl; Lane 4,
pCYASKS digested with Sacl. (B) M, A-DNA
digested with HindIIl; Lane 1, pCYASK5-1 dig-
ested with Bg/IT; Lane 2, pCYASK5-1 digested
with Kpnl; Lane 3, pCYASKS-1 digested with
Kpnl and Spel.

Fig. 3. Dot blot analysis of expression vector. Dral-res-
tricted pCYASK5 DNA fragment harboring
cryIVD gene was used as a probe. 1, pCYASKS
digested with Dral; 2, pCYASKS digested with
Sacl; 3, pCYASKS-1 digested with Bglll; 4,
pOV81 digested with Sacl; 5, pCGS digested
with HindIIL

7] A% THHE & pCGSZHE] crylVDS} cytd 53
AFE pOV81e] AFAIA pCYASKSE WA A|2}s}w,
PCYASKSOA cyrA FARE A|AT H, wEHE
pCYASKS-1& A|Z3tthFig. 1). &= AFHE
pCYASKS-19] crylVD 1S54 9)d §Axbe] 4Hg]
oqFe AFEL Ao 2% agarose gel F7|FE
(Fig. 2)7} dot blot(Fig. 3)0.2 EA3lt}. o]Ate] 2
HERZ crylVD WA A §Axp7) A=t Wy
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Fig. 4. Selection of transformant harboring pCYASKS5-1
in culture plate. The concentration of kanamycin
was treated with 10 pg/ml. 1, Synechocystis
PCC6803; 2, transformant 1-3; 3, transformant 2-
13; 4, transformant 2-17.

¥E] pCYASK59} pCYASKS-10] ZAj3}3 9e-e
A& = Uk £ HAFo| GAME pCYASKS-10]4
cytA FRAA R AAERAEH, ol CytA gz o] A
FH WolA HFFE M EE ssle B}
Y= ZAe 2 B 3% (Pfannenstiel 5 1986, Visser
S 1986), I B& ATNN cyd /AR G F 7]
A Z3t gle ZeR BRaHAs dEelt
(Delecluse 5 1991, Park 5 1995).

TSN My

BHHE pCYASKS-1-2 Synechocystis PCC68039]]
FAAEA 7] 2 kanamycino] A 718 BG-11 2 o=
ANA FHAAGAE HL3YTh. Fig. 404 Rz
AAY tZTFQ  Synechocystis PCC6803L  ka-
namycin(10 pg/ml)o] A2]d BG-11 Fujz|oA A
AotA gstov, FAARAE LY SR
kanamycin A34d fAxte] d@O 2 kanamycin(10
ug/mhe] x2jE BG-11 HoRloA Asigic}. 2
AN e FAAEE 37)9 FF SollA FAADA)
1~3& #HF ALt

SEAXEAOIM LIS SR | By
AdE FEAGANM VD fHAle] wye
SDS-PAGE$} Western bloto.2 R-A3lgtH(Fig. 5).
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Fig. 5. SDS-PAGE (A) and Western blot analysis (B) of
transformant harboring pCYASKS-1. Mouse-pro-
duecd CryIVD protein antibody was used as a
primary antibody. M, Protein size marker; Lane
1, B. thuringiensis subsp. morrisoni PG-14; Lane
2, Transformant harboring pCYASKS5-1; Lane 3,
Synechocystis PCC6803. The arrow indicates
CryIVD protein detected by mouse-produced
CryIVD protein antibody.

SDS-PAGE #4 ¢l 23t FAASA ] crylVD FH%}
¥ -2 B. thuringiensis subsp. morrisoni PG-143} ¥)
@ o T3 #FEHA = @gto), CrylvD T2
YAE ©]8% Western blot ¥4 ZH3} B. thurin-
giensis subsp. morrisoni PG-149] CryIVD wwj A3} 7F
< A oF 72 kDao] Y54 ©ild =g gl
g F AU} ol2i g A= FEHE pCYASKS-1 4]
o] 2R3 6803RT} 6803L H o] o3 )2Fo s
Synechocystis PCC6803 genome Woll crylVD -4 A2
FFAQA Aol o)FolFSS Ueln, = & 14
HE oA cyd FAAZ AAHRAZA = CrylVD T
o) kA o2 AHAHYEH], ©]= Dervyn 5(1995)
o] %3l 19 K §3z}d] oja] E4AY e¥ 2 725
71 CrylvD @i A& H@ A 7IThe Bas} YA e
AF}E 147, »

HEFEHA MEAE

FAAGFA NA THE CrylvD ©hizle] 3h2 5]
5ol did AR HE goley] Y5, FAAEA
€ w2 HFI AF(Fig. 6), HF T 194 7.25%
10° cells/mle] A2 EEToNA 68%2] JAMHEE BY
on], 725%10" cells/mle] X EEFrs 82%9)
2 AAES JeERIRE AE F 295 EE 7.25%
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Fig. 6. Toxicity of Synechocystis PCC6803 transformed
with pCYASKS-1 against Anopheles sinensis lar-
vae.

: Synechocystis PCC6803 (7.25 X 10° cells/ml)
M : Transformant (7.25 X 10° cells/ml)
[ : Transformant (7.25 X 107 cells/ml)

Transformant
-
Control

I

OD(730nm)

/|
//

)] - 4 8 7 [: E:
Hours

Fig. 7. Growth of Synechocystis PCC6803 and transfor-
mant harboring pCYASKS-1.

10° cells/mle] &= AE 81%, 7.25% 10 cells/
mle] M2 FEToME 85%9] XASS Hol T 2
FET B9 2 AARRE Uehlidlen, oY =
4L 3UA7A] FAIEHAJS. i 272 AHEE
Synechocystis PCC68032] A% AAXAL 52 29
ol 2l3) o 10%9] AAALES Bt

SA%7] f30 e 4EAY Aoe Soltes-Rak
5(1993)°] Bacillus promoter$} petFl promoterc]]
crylVB RS 2YAA THE FHAAEA AN Ba
& v 54 F7F ATkl 48A1ztoluidl A dA)5}
™, Murphy$} Stevens(1992)7} phycocyanin promoter



March 1996

90+

70

601

50+

40+

Mortality (%)

30

Days

Fig. 8. Distribution of transformant harboring pCYASKS5-
1. Control indicates the concentration required
for mosquitocidal effect.

ol crylVD - AAE A3e LAYE & o] 83l F2
ABA AN Bad 275l H 50%c]de 54
2 A F 4do|ieo] A AT vuE o, B LY
A AZE FAASAY crylVD 42 HE ] uhe
B2 vl w2 Zos eyt

YANEANQ| HF AL
FAAGA ] 4GS golir] s, Synecho-
cystis PCC6803¢} A 4-&-S vl ch(Fig. 7). 334F
Ao BHXE AAFY kanamycin(10 pg/ml)e] M7}
A uiA] CeollAM R FAASA = Synechocystis PCC
6803 wla} Aol of 24AZHH = A AHUTE. o]
g 4ol ztol& wiA] Coll A2]¥ kanamycino] 2
A o) 4] AL et 8oz 83
(7] W Eo 2 Ko, A4 ok Z8-Al= kanamycin©]
EABA) 7] W&ol Rl Aol7} Y& A= A}
g9}

T3 Hololl ME FEATEA 2 2X

PAHEA e EXE ZHold| wE MESe} AR
7] $r3ol] i3 NALETHZ ZALSFYCH(Fig. 8). $H o
2RH 1cm o9 AEees 45505 Yeple 5
ol Hla] ok WA FHOZHE o] 2em ©]
Aol ZA3le FAMEN = AFFHE Y ¥ e
FE oo R B¥ele S 4 4 Ut

o] 3t A= B. thuringiensis subsp morrisoni PG-

149 NS4 wizlo] m)Fol ols) slzer] HEo]
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FABHAANA A&HQN AFEHAE TR B
wbd | A& AZE Synechocystis PCC6803& oo w}

FAAR FEEXE A TAQ FHel5H F
FA g FHQA HFPEETE stz oy
(Raymond 5- 1990), 27]o)| &4FE3& Yehle 5=
7t A o] 1 emPE E£X3m, FAHEA L
S A A AEE dFHOE FAZE 5 Ut
€ WA B.to] W54 il v of-¢ &<
Aoz BANHoA, o}ge] AA| ofel HEAFo
o Lo Edl=

ZhAlel 2

E dT3e Agthdtn FIAE AiA 7
Fr=aeAete] XYoo g SIS,

olges
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