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SUMMARY

Bacillus thuringiensis is a Gram-positive spore-forming bacterium characterized by
producing a parasporal crystal, which consists of proteins, during the stationary phase
of its growth cycle. The insecticidal activity of B. thuringiensis was attributed largely
or completely (depending on the insect) to the parasporal crystals. This observation
led to the development of bioinsecticides based on B. thuringiensis for the control of
certain insect species among the orders Lepidoptera, Diptera, and Coleoptera. The
mode of action of the B. thuringiensis Cry proteins involves several steps such as
solubilization of the crystal in the insect midgut, proteolytic processing of the
protoxin, binding of the Cry toxin to midgut receptors, and insertion of the toxin into
the apical membrane to create ion channels or pores. There are more recent reports
of B. thuringiensis isolates active against other insect orders (Hymenoptera,
Homoptera, Orthoptera, and Mallophaga) and against nematodes, mites, and protozoa.
B. thuringiensis is already a useful alternative or supplement to synthetic chemical
pesticide application in commercial agriculture, forest management, and - mosquito
control. It is also a key source of genes for transgenic expression to provide pest
resistance in plants. To date, many insecticidal crystal protein (cry) genes have been
isolated from B. thuringiensis. In 1998, Crickmore et al. proposed a nomenclature
system according to their degree of evolutionary divergence as estimated by
phylogenetic tree algorithms. They have been classified cryl to cry32 and cyt by
degree of amino acid sequence homology. B. thuringiensis is now the most widely
used biologically produced pest control agent. In 1995, worldwide sales of B.
thuringiensis were projected at $90 million, representing about 2% of the total global
insecticide market. it was reported that the annual worldwide distribution of B.
thuringiensis amounts to 2.3 X 106 kg. As of early 1998, there were nearly 200
registered B. thuringiensis products in the United States. While the use of biological
pesticides in agriculture remains significantly behind that of synthetic chemical

pesticides, several environmental and safety considerations favor the future



development of B. thuringiensis. Cry proteins that have been studied thus far are not
pathogenic to mammals, birds, amphibians, or reptiles, but are very specific to the
groups of insects and invertebrate pests against which they have activity. Cry-based
pesticides generally have low costs for development and registration. B. thuringiensis
subsp. israelensis, for example, had a development cost estimated at 1/40 that of a
comparable novel synthetic chemical pesticide. Finally, the mode of action for the Cry
proteins differs completely from the modes of action of known synthetic chemical
pesticides, making Cry proteins key components of integrated pest management
strategies aimed at preserving natural enemies of pests and managing insect
resistance. Mosquito-borne diseases affect millions of people worldwide each year.
some species of mosquitoes can transmit diseases such as encephalitis, dengue fever,
and malaria to humans, and a variety of diseases to wildlife and domestic animals.
Many countries have used chemical pesticides to combat mosquitoes and the public
health hazards they present. however, the chemical pesticide is not effective to
mosquito control and not favorable to ecosystem. Since Bt israelensis is highly
effective against mosquito larvae and favorable to ecosystem, biological control using
Bt pesticide is recommended. Bt israelensis produces a parasporal crystal composing
Cry4Aa, Cry4Ba, CryllAa and CytlAa. Whereas Cry4Aa, Cry4Ba and CryllAa have
high host specificity, the CytlAa has not. CytlAa is a potential hazardous toxin
because of its hemolytic activity. We constructed a Bt israelensis strain having
cytlAa deletion. This strain may use a biological pesticide with environmental safety.
Most of the crystal protein genes in B. thuringiensis are transcribed at the
sporulation stage because their promoters have consensus sequences recognized by
RNA polymerases containing sporulation-specific sigma factors, ¢® and 0‘28, that
share homology with ¢ E and ¢ K from B. subtilis, respectively. Since the expression
of crystal protein genes is dependent on sporulation process, the sporulation frequency
of B. thuringiensis cells is an important factor for the production of B. thuringiensis
crystal protein. That is, the enhancement of sporulation efficiency causes the

increased production of crystal protein in B. thuringiensis. Among the Gram-positive



bacteria, B. subtilis of which genome is completely sequenced is well known its
sporulation process. B. subtilis sense and respond to their environment by
two—component signal transduction system composing sensor histidine kinase and
response regulator. Sensor kinase autophosphorylates at a conserved histidine residue
in response to the signal. The phosphorylated histidine kinase catalyzes the transfer
of the phosphate to an aspartyl of the response regulator. The phosphorylated
response regulator is a transcription factor governing the initiation of sporulation or
competence. Response regulator aspartyl-phosphate (Rap) phosphatase modulates the
sporulation and/or competence by detaching the phosphate from the phosphorylated
response regulator. The activity of Rap phosphatase is inhibited by a peptide
comprising the last five amino acids at the C-terminal end of the Phr protein encoded
by a small gene translationally coupled with rap gene. However the regulation of
sporulation such as Rap/Phr system has never found in any other spore-forming
Gram-positive bacteria. In this study, a pair of genes, orfo0fin and orf4fin, involving
sporulation regulation in B. thuringiensis was identified and characterized. A
comparison of the deduced amino acid sequence of the OrfS50fin with those of proteins
in the GenBank database using the BLAST network service also shows significant
similarity to the Rap phosphatases of B. subtilis. The phr-like sequence (orfffin)
coding for a 43-amino-acid protein was also found in the C-terminus of orf50fin with
translationally coupled. The roles of Orf50fin and Orfdfin on sporulation of B.
thuringiensis cells containing plasmid pBP58 or pBP59 or pBP60 were investigated.
Plasmids pBP58, pBP59 and pBP60, which exist multicopy in Bacillus cells, contain
both orf50fin and orfdfin, and orf50fin only, and orfdfin only, respectively. The
sporulation efficiency of B. thuringiensis subsp. israelensis cells containing pBP58
was similar with wild type cells. The cells harboring plasmid pBP59 showed
sporulation deficiency, whereas the cells containing plasmid pBP60 showed
significantly increased sporulation efficiency. The similar results were obtained in B.
thuringiensis subsp. kurstaki. These results revealed that the Orf50fin and Orf4fin

exerted negative and positive effects on sporulation of B. thuringiensis, respectively.



The Orf4fin closely resembles Phr protein, a secretory protein, by presence of a
positively charged amino terminus, a hydrophobic amino-terminal domain and a
hydrophilic carboxy-terminal domain with a potential signal peptidase cleavage site
separating the two domains. To study whether the secretory proteins or peptides
from B. thuringiensis cells regulates intracellular OrfS0fin activity, we tested the
complementation of sporulation deficiency in B. thuringiensis cells containing pBP59
by growth in sterilized culture supernatants of wild type cells or cells containing
plasmid pBP60. The culture supernatants of wild type cells or cells containing plasmid
pBP60 restored the capability of sporulation of B. thuringiensis cells containing
plasmid pBP59. This result revealed that the secretory components suppressed
intracellular Orf50fin activity, and the components might derive from Orf4fin. To
confirm that the secretory derivatives of Orfdfin regulate the Orf50fin activity, the
chemically synthesized peptide composing C-terminus 19 amino acids of Orf4fin was
added in culture supernatants of B. thuringiensis cells containing plasmid pBP59. The
result showed that the chemically synthesized Orf4dfin derivative suppressed the
sporulation deficiency caused by intracellular Orf50fin activity. Thus, it was speculated
that the secretory derivative of Orf4fin might re-enter into the cells and inhibit the
Orf50fin activity like mode of action of Phr. orf50fin-like genes are widely distributed
in B. thuringiensis strains suggested from the data of Southern hybridization. Among
them, B. thuringiensis subsp. kurstaki HD1 and subsp. israelensis strains are most
widely used as biological control agents. The importance of these two strains in
industrial field led us to clone genes for regulation of sporulation. The sequence
analysis of orfb0isr was revealed that it encodes a 424-amino-acids protein having a
predicted molecular weight of 50.34 kDa. A comparison of the deduced amino acid
sequence of the OrfS0isr with those of Orf50fin revealed that the OrfSOisr protein was
79.5% identical to that of Orf50fin. A small open reading frame (orfdisr) encoding a
43-amino-acids protein was found downstream of orf50isr. The deduced amino acid
sequence of Orfdisr was 39.5% identical to that of Orf4dfin. Like Orfdfin, Orfdisr is

also considered as a secretory protein. The orfS0kur encodes a 424-amino-acids



protein having a predicted molecular weight of 51.06 kDa. A comparison of the
deduced amino acid sequence of the OrfS0kur with those of Orf50fin and OrfS0isr
revealed that the OrfSOkur protein was 67.1% and 68.6% identical to those of Orf50fin
and Orfblisr, respectively. Interestingly, the amino acid sequence of OrfoOkur was
96.2% identical to that of Prel. of Lactobacillus sp. A small open reading frame
(orfdkur) located downstream of orfoOkur is also considered as a secretory protein, by
presence of a positively charged amino terminus, a hydrophobic amino-terminal
domain and a hydrophilic carboxy-terminal domain with a potential signal peptidase
cleavage site separating the two domains. However, Orfdkur has different character
from Orfafin or Orfdisr. Orfdkur encodes an 84-amino-acids protein that is larger
than Orfdfin or Orfdisr. Comparison of Orfdkur with other proteins showed that the
deduced amino acid sequence of Orfdkur is 91.8% identical to that of a protein (Orf9)
encoded by a gene located downstream of prel of Lactobacillus sp. The
orfo0kur-orfdkur structure is closed resembled to preL-orf9. These results indicate
that, at least, two types of regulators for sporulation exist in B. thuringiensis strains.

Similar structure of orf50fin-orfdfin was surveyed in the orf50fin homologous genes,
preL, nprA and B. anthracis orfX. Interestingly, all three genes contain the phr-like
sequences at C-terminus of each gene although B. stearothermophilus orf5 and B.
anthracis orfY are not translationally coupled with their partners. Like Orf4fin, the
Orf9, Orf5 and OrfY also possesses the typical characteristics of Phr protein. This
fact suggests that other Orf50fin-homologous protein also might function similarly
with Orf50fin. Homologs of the B. subtilis Rap phosphatases have been also identified
in Clostridium acetobutilicum. Therefore the regulatory system via Rap phosphatase
and Phr may be a general concept in Gram-positive bacteria. Since the expression of
crystal protein genes is closely related with the sporulation process, the enhancement
of sporulation efficiency may be favorable for the industrial production of B.
thuringiensis crystal proteins. Thus, the application of orf50 and orfd genes in
industry will be of benefit that they may increase the productivity of B. thuringiensis

product by controlling sporulation efficiency.
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Despite many efforts to reuse of food wastes, most case has been restricted to use
as compost or animal feed. We have developed a novel cost-effective method using
two-stage fermentation system to produce valuable products from food waste. As
amylase and cellulase were key enzymes for degrading food wastes, we isolated
Bacillus thermoglucosidasius (EFB 3) producing the enzymes from food wastes. And
this strain was mutated by NTG and UV for resistance against glucose catabolite
repression. The phenomenon, catabolite repression, is widespread system in
microorganisms, whereby the presence of a rapidly metabolizable carbon source in the
growth medium inhibits the synthesis of catabolic enzymes for other caron source.

The primary fermentation step using the catabolite repression insensitive mutant of
thermophilic Bacillus thermoglucosidasius, producing amylase, protease and cellulase,
was designed for preparation of glucose-rich standardized substrate for bacterial
cultivation. In the secondary fermentation, the useful microorganisms were cultivated
in the supernatant from the primary step. The growth rate of B. thuringiensis was
higher than in case of cultivation in the rich media such as Potato dextrose broth, MRS
broth and Nutrient broth. The primary fermentation of food waste at 55T fdr 24h
resulted in the reduction of initial solid content of 7% to 2.5%, and increasing of
glucose concentration from 5g/1 to 8g/l. For scale-up of the bioconversion system, we
also pretreated food wastes by heat shock (R0C for Smin) instead of autoclave (121C
for 15min) and condition for primary fermentation was optimized. The optimal
temperature, fermentation time and maximum solid content of food wastes were 55T,
24 hours and 8% (w/v), respectively. In secondary fermentation for cultivation of Bt,
optimal C/N ratio was 40. In fed batch bioconversion system having biofilter for
removal of unpleasure odor, products of 90% from primary fermentation was used
standardized substrate for secondary fermentation for Bt, and the rest of products was
used as seed culture for consecutive fermentation. And this system was compared with
anaerobic digestion system. Digestion ratio of solid confent and cell number of BtgMu
series in this system were 40% (w/w) and 15x10" CFU/ml till sixth batch,

respectively. Our results revealed that the products from the primary fermentation of
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food waste could be used as a medium for the cultivation of useful microorganisms
such as Bt, and this novel method could be a powerful tool for bioconversion of organic

wastes including food wastes to valuable microbial products.

Gram-negative bacteria can communicate with each other by N-acyl homoserine
lactones (AHLs), quorum-sensing autoinducers. Recently, the aiiA gene encoding an
enzyme catalyzing the degradation of AHL has been cloned from Bacillus sp. 240Bl.
From the ongoing B. thuringiensis subsp. morrisoni genome project, an aiiA
homologue gene in the genome sequence was found. These results led to
consideration of the possibility of the widespread existence of the gene in B.
thuringiensis. aiiA homologue genes were found in 16 subspecies of B. thuringiensis,
and their sequences were determined. Comparison of the Bacillus sp. 240B1 aiiA gene
.With the B. thuringiensis aiiA homologue genes showed high homologies of 89.95%
and 90.96% in the nucleotide sequence and deduced amino acid sequence, respectively.
Among the subspecies of B. thuringiensis having an aiiA gene, aizawai, galleriae,
kurstaki, kyushuensis, ostriniae, and subtoxicus were shown to degrade AHL. It was
observed that recombinant E. coli producing AiiA proteins also had AHL-degrading
activity, and could also attenuate the plant-pathogenicity of Erwinia carotovora. These
results  indicate that insecticidal B. thuringiensis strains might have potential to
compete with gram—negative bacteria in natural ecosystems by autoinducer-degrading
activity. The distribution of aiiA-homologous genes in the insecticidal B. thuringiensis
is reported, and the possibility of biological control of plant-pathogenic bacteria by B.

thuringiensis is discussed.
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A5 A Bt Aly B4 3 AsAYG B B A FHR 82
Lo QTEBET oo e 82

2. ALBIHPM oo ettt ’4

3 AT AT D EIZE oo 6

(1) Bt GENOME AT oottt sttt s 36

(2) BtFolA aii A AR A @ duld ojul A AA ... ]7

(3) Bt T Y] AHLE- B35 oottt 90

(4) AiA FYHAsE A2 BT A2 AHLESNS e 91

(5) A5 LA Bacillus% IS 2334 wAEY BAd 3 92

A4 BAGHAE D BHBOFNY 7]HE i o4
A5 A AEND HIFY FLAIE oo 97
A6 AFMNTHAGNA - YT E AR e 99
Al T A FFTL T ettt 104
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Mo AL nM ] e

37 2 AUARSED ol Abxtet AH|AE TG UGS st V&
s oks AT = e FFH AEFek sigo] A &

%2 AL 95t d=71dd AFEH BAAT 5+ de I AF
= Mok s, olF s A5 ¢FsAY AF A7 "ol A2 BT A4

59} o] Masolor @, Bre obXLE WA 1T YHFOR k% BATH @

gy ztzhol By|f-Fol dis dF84E )
Aa gk ey Btizh Adets S499d F CytAE the Sagfdd v 5o
Aol doev HEF35 siste §FEAH L A dvh wEbA BHE AHEHoEH A
7l FEgdd g Rae obd AR ZAH fEeiE A dv @29 § A
TEo] oleytA FAAY AAS BAA 55E 5 v ded (353 A 5736513
T % 5304484%), cytA F AR F30o) dlgy 22 wo] Al (erythromycin) A4 WA #3
A2 AYste] CytAol B3¢ At 23y A WA FHdAE 18T WS
S AdA ZXsE AL VA g ARE 20T 5 A7) @i ofo] diF Al

t}. Btix Cry4A, Cry4dB, CryllA 2 CytA 52
A



15t Qek wAARFe A, B2 ol 8w
2 Qe ez geld Ao g 2old % 3
A% Fol7) A Brsh 2ol 3 ClAE A3 $& B HdS AP 274

Pl &5 ool ¢ 4

Aol Fol I Wtz AAAHCZ wolel @ Hahrt A Folvn 3

o 27 FEE Fstel ddWe sy BRE 23 T AFA 7 2 AdE
Fe Aoz @A Atk 277 wAste Agose 2l Wrg, 4E¥Hd, A
T % B Tol Aok 53 weote] A A AAHeR wd 35939 AR ¥

7F 2SI T 2000 A= AbgEbed EdolAlel, ofZegt 2 Fdw FolA

S

A7k ok FHAAE 19939 FAD 22| ARE Lelo} Bt RuHs] A%
of 1994 & 21, 199830 = A=

a

o2 33009 olAate] AUt BHAEE B HHE ¥
A7 4bEl s v} wEtx o)e e Al A EAE AFsy) g8 dEA vAaEQ
Bt §&d #3 A7 aFH
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H 2 & =le 7lse g
Fulls Bt ATE st el WS Jew ARFIATAE AYduE AL
, AT 5 R dstlM Br ATE £Askw Ak WY AFE F2 B 27
&>

2 g, AETTATLY BAY @FA L oA efficacyE F3ATN7] AR
bioencapsulation 7149 7Bt KAISTY Al#s3 BAS 93 BtAle M 52 Ak}
Ag. el A A
ALt FFe AEstE RojAw & aRE J|YsrlE & Welrh EI B
Z9 BAE A o7 5o AL o4 PHE AHYOY 5 5 2dol 4
g B mFHAE 4 5 QlojA A&stEHA RIdd. 3 WAAEAAE ol &
5AgAE o}g Awd FHol .

o9 A Btiv 437t HolA m Al olx 9low Br kurstaki The o
2 B AFol AiHel AvEu glvk iy B AES HAHT AT T3
IRE BE 719 fEel A4S dokw B4 vehied Bid AENS A% o
T2 Fe A ] 29 o Aol dojupA BAFFol AAE A o ft

=

dtol BiAZk 9ol 2AFL MTE 5 YA sk

A B7] AF WY Fuoz 23 I AL AEAE AFIE

o]

Zlol AFEHAVF de SAYERA FHAAE FHAAA F o ARAQ) ZUPTAE A=
3k Aol t} (Soltes—Rak E. et al. 1993)(Yap W.H. et al. 1994).
Bti= Cry4A, Cry4B, CryllA % CytA So2 AHE UY5aE FAsted os
gz Zhzbol Bl dis) H4FEA4L /HAT i 28y Burk Adste =
A2gid T CytA® tE Sag@dd vs] SolAe] How HEF4E 3yst= &4
4L 7HAD Jdok mEBA BHE Ao RN Ar7e Bgo] i Bue oA glA
B AAE AFeAsE v gk Zabxo g AFH] o oytA FAAL] AAt &
dd 5318 53 v ded (553 Al 57365135 % 5304484%), cytA A St
of g ~Zrto]al (erythromycin) &84 WA FAxE AAste CytAd BAEE Ad
Ao v FAA WAd FAAE 23 sAES AdAC FEsE AL A7A
2 AFAE 2P 5 A7) w2l o dig FACE AR ZstHo] stz ok wEA
AR5 AQ Bti #59 MFo] 2 3AT

\
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35dE 7ML e o] Aant HeE Ax A% AT 28 FAe] 1Y

|4

Hojopgk &4 & ZHAl "t} (Baum & Malvar, 1995) (Brown & Whiteley, 1988). ol&
X A

e Qo] TAYY AR dEgoldt AL & F ded EAFH] B

P
ol

d 75 Sadide] YEde ot wetAd Bre] XAPHES 2HFE 549
2

EAE FAste 189S AT F AA As 3% E4o] €59 (Kunst et al,
1997) Bacillus subtilis?l X x84 w7l Fo] & 484 Aot B subtilist A<
histidine kinase®} response regulator2 T4 % two-component signal transduction
systemel] 93] F9 #74E& AAstT ¥EFr} Sensor kinase: FH FAL UAA A
conserved histidine residue®| autophosphorylation ¥ $ phosphateE response
regulatorel Al A3} A =4 phosphorylation® response regulatori: transcription
factor2 283t sporulation®lY} competency Sl 943%S FA Hrk (Grossman,
1995). sporulation®] Z7IFAHS ZFdseE F& AAZ Rap (response regulator
aspartyl-phosphate) phosphatase’l =t ol & response regulatoroll 4l phosphate®
Holie &8 533024 sporulationd] AL 531 Qr}. ©] Rap phosphatase
8742 Phr C-299 57} ojvlxitog AR =2 Felol=o] o& Wz ok
phr 32X rap? translationally coupled®lo] =4 Phro] 2d=E AE 92 i
7F dold ¥ 59 olviatoz AE HLe HAelol=g Barl dojuba o] R e] oA
AE WE Eol9 Rap? w3 osx Rape] FAL =Astm Ut (Perego et al,
1996). 22y ©]# & Rap/Phroll ©J =& 7| 2o] B. subtilisE A3 02 TAFAY 2
FE AT o7 wrAE Hol gl
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3 F ATHLSY g 2 2

A 1A EEEgo] AAR B #59 A
1. A7
Btit= Cry4A, Cry4B, CryllA 2 CytA 522 74" UWE4LE JAsted oF

Agid Zhzho] RIIGZFol tief 4FEAS AR Ao Zeu Btivk Adtste =
299 d F CytAs o8 Sadidd b3 Solde] Hor APFE AAste &8
44E 7HAR ik weEbd BtiE AMEEeEs A7E FAE] g Eis obF §iA
T A AFeas P Ak ZEgs) g AFgoe] o] oytd ke A<t #
49 53% 45¢ v Qv (1F53 A 57365135 2 530M4843), oyid K AR F3
of ojgj2Zwulo]Al (erythromycin) 3434 WA F445 A4t CytAd 44& Ad
stk Zeiv FAA WA FAAE TS WAES AQA dXse A2 AV]A
2% 2742 AT F AY] G oo Wi FAV ZA Astso] st Ak wEkA
BA M B dF 9 MFeo] aFH

A e a4, T4 DNA ligase, DIG-High Prime @ Southern blot& $13 A& HH
A7+t (Boehringer Mannheim)Aol A Fstg o, 384 2 71g A5 Sigmait
AA FHIATh. B AYo) AM&® Bt israelensis, kurstoki R finitimus<
BGSC(Bacillus Genetics Stock Center, Ohio, USA)ellA £ wo} AME3tH o1 DNA
Y& M= LB MiAE £AYAP S 9alxe= DS A (Shaeffer er al, 1965)& A}
83t 30= oA wlFst o

(2) Southern hybridization
Bt @3¢ AA DNAE Kalman S[Kalman et al, 1993]¢] #y o2 B sto] o7}t
A AgdEasz a3 L 0.8% agarose gelol A7)|9EFHAT. ¥ DNAE

Trans-Vac TE80 vacuum blotter(Hoefer Scientific)& ©]-&3t9} nylon membraneo. 2 &
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Zth. DNAE gelol 4] membrane® 2 &7|& %¢ denaturation £ 405 N NaOH, 15
M NaCl)©.2 15%, neutralization £ 2(1.0 M Tris-HCl], pH 7.5, 1.5 M NaCh2 2 15,
233 2XSSC (1XSSC, 0.15 M NaCl plus 0.015 M sodium citrate) 2 15%3F 223t
t}. Membrane2. 2 DNAE &7 g, UVE 387 A gste DNAE 2AZAIHY. 18ja
DNAZF Z3d membrane® 002 % SDS9® 1.0 % blocking agent(Boehringer
Mannheim Biochemicals) ¥ 0.1% N-lauroylsarcosine®] *¥3¥ 5XSSCZ 63ColA &+
NZHESk prehybridizationd AN F SEWEL hybridizationg AA AT olH A}
&3 probe DNAE Bt #59 A DNAE F3o= 7z} 549id 34 2 T4 &
WAFHELE FAz] Bl Zeo|v] & ALE3te FF A7 PCR &S dAlB7wst

A42He] Dig-High Prime®.2 343 Zlolt}. Hybridized DNA®] o3 #32 The DIG

M

System User’s Guide for filter Hybridization (Boehringer Mannheim Biochemicals)®l

Zled Wy wgkth

(3) Colony hybridization

Az SHavl=2 AASY E coliZ nylon membranel 2 &3 ¥ 0.19% SDS
7F 334 denaturation 89, neutralizationd 9 ¥ 2X SSC &4& ZZt 1624 A& s
i UVE AHS8te] DNAE 4842 o3 0.1% SDS7F g€ 3XSSCoA 1A ¢
LA A A ES] FEE AASIAT. th&ell 68TolAl 1417 §<F prehybridizations 4
Al3ti probe DNAZ} E3# prehybridization §9ol 2ol 68Tl 3225k

hybridization* Z t}. o] ¥ #$A-2 Southern blotting® 52 stA 2 A8ttt

(4) BAAS

FHAASS 93 Bt subsp. israelensis @3+ Kalman 59 ¥ [Kalman, 1995]°] <
73t &3 o] Fulstgrt. Bt subsp. israelensis TF
plus 05 M sucrose)oll HE3le] 600 nme Aol AM F3x= 027F @ wizbx] 30CelA
A gstAtt. 482 HAEZE Rold FYId Eye 5 mM HEPES

& BHIS(brain heart infusion

(N-2-hydroxyethylpiperazine —~N’-2-ethane —sulfonic acid [pH 71)-0.5 M sucroseZ %t
H, /10 #92 F i o Ao FAg mAte g 1/10% 99 5 mM HEPES-05 M
sucrose®l % 35044 electroporation®ll A&}tk Electroporation 1.25 kVe¢t 3 u
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FZ 0.2-cm electrode gap cuvetteo] Al AAjetith. A71%24 & 713k 2 $ 5mie] BHISE
wa 30CoA 33X &< wigs & AdAAAZE "7k TBAB(tryptose blood agar base)
G Al o] =2srgieh ol F A WA FAA D Bacillus ©121¢] DNA BH& A7
371 et FRAATE TFEO] YA e LB A oA 24A7F g & AERQ

=7} 239 LB obt MA) M $H8L IS 275 A9stac

rir

(G) 844 434
Az Bti #FoA S3dA o] AAHAEA Lotir] 9std HAE79 AE o83
Majumdar 59 ¥ (Majumdar et al, 1990)2.2 £33 AAsIAh

(6) Sequencing

A

A7 L AL 9% nested deletion mutant= exonuclease IIE ©]§3lo] &% Wiow

o3} AZratdth (Henikoff, 1984). Sanger dideoxy-mediate chain termination ¥4 ol

o3t dA714g BA LS g ARt At A F31E WE o ® Dig tag DNA sequencing kitS AR
ato] stk '

(M F714E &4

G71E @ opn| Al Y B DNASTAR A Lasergene Z2I1HS ARS8t ow 2y
Md #4 2 signal peptidase [9] FHH9Y o3& SignalP ZZIHE AT (Nielsen et
al., 1997).

(8 =¥ue] Bti monitoring

EE 1g& AEE 9mle 085% saline &9 AFAIAE ARE A= T2 °F
st 2EES A8d T Zed AR 05mle 45mle tubed] AT BT AT
A #Ag wHEsta g §/ g Al FA] LB wjA o] =estal Ex

80l A 157t 7}

)

g AlEe

3. v+ 245 2 u2
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(D oytA 7372 245 % Az Setan=9 Az

A oA FdAE 22987) fstel By ¢ F2FE DNAS 2059 ¥ (Appl
Environ. Mirobiol. 59, 1131-1137, 1993)2.& % #3531 o]Z EcoRVS EcoRl ATFEAE
G T oytA FRA BolHoz Ajsts TEBE ALEEe] AL Sto] R t)o]
A o] d(Southern hybridization)& 33t < 25kb Fxo AldS lstst} ol g

AEE ZRHE oA FAAA Seldos AFss Lebo|r B ALg3tel Brisl DNA
3

T

27y A g4 FTE-L(polymerase chain reaction) 0.2 Az Y4B E
£ THA] Yl DNA #¥% 7|E(DIG-DNA labeling Kit, #9474 wetgd AHE o] £-3}o
ehidl gt $ ARS8 Y. WEbA EcoRVE EcoRICZ AWd Btid) DNAE Zgiv=
pUC194] Smal % EcoRI $1xel Ztzt AZA)71 & gig#o] F2Adsdr. 23

d d@AToE2RE d3te fAAE 224 tolrEtho| Aol A(Colony hybridization)

[.

(The DIG System User's Guide for Filter Hybridization, Boehringer Mannheim
Biochemica, 40-43, 1993)& &3t9 &M on ojmf A& Z2BE 4r]e] AL¢d
stojBejrtelalo] del A AEF ZRHel FUF RAoln), o]RA FRYH EFIAVEE
YAl Xbal# EcoRle.2 Hed & Fehxv|= pDIAS3049 59& X Adstdo.
°]& tA Pstlo®2 Ao & ZFehav= pBS1 (Park et al, 19DO2XRE & AZ2Q
= a4 E 39 DNA AL 4t ‘3%’3\‘4 ol#EA HFAHLz LEojW FHgLv=
pSK80L oyt #d7k oll A chobal FAA7 Adsol Qo] AAHA CytA Bud

g0 B3ttt

(2) A=3 Bti #F9 A7

FT4TUE pSK80E Kalman 59 W (Appl. Environ. Microbiol. 1995. 61:3063-3065)
2 pti #7 EAF A Fepavs pSK0L wpdE A FHe EAlz)de] @l
7l diEel 222wy Ze]l TgE MACdA Brol d4A HE 49" AW AT S
Al Bk oz A U FRAe b a o] oA R DNA dHS A7
3t7] 15t pSK80ol =¥ Bti 755 Z22Yu|UFo] 8= e LB ujx oA
90 Ad sk st olw) pSK80ol =Y ® B #F WA AAHoZ DNAS A
el douA =Hed FREgdUZe 238 wiAME AgA ZEHA AEZQ

= 2ABAL ML Qe #FE YNF 2% B 29y A=F Bi #F
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(cytA:cellulase)?! BSK69E A1z =3t} (Fig.l).

Bti 72 MDa CytiA
resident plasmid .

In vivo recombination

Bti 72 MDa
resident plasmid

Fig. 1. Construction of non-hemolytic Bti

(3) A= Bti oF2 T

$d® BSK69E Felstr]l fsted wA AME stelntiolAe]dE
BSK692] DNAE EcoRV+Bgll, EcoRV+EcoRlI 2 EcoRV+HindllI2 g P& 27t
46, 30 2 41 kb9l DNA HHo] A1dz Yelve A2 RHol oytA FAA 3
AgetolAdl FAA7E Ad=Eel 9S4 + Ao Btigt BSK69E MGYS HiA|
((NH4)2504 2g, yeast extract 2g, K2HPO4 3.3g, Sodium citrate 1lg, glucose lg,
MnS0O4.H20 0.05g, CaCL2 0.08g, MgSO4.7H20 0.41g, pH7.5)ol 4 ®lgste] @ia 7]
FE< AAF A BSK69A 27Kdel CytA S4gHaE wor rolx g+ Aow
Hol BSK69 A= CytA7F AAHA &2 & & AJT (Fig. 2).

Bti?t BSK69E CMCE =33 LB zAuixolA wjgal-S wf BSK69el At CMC
TAEAES #AS = JJd (Fig. 3). ol Buol vldl BSKE9A HE2= Z3
4ol EAHASS 9n @ BSK69A S840 AAHJEA Eolrr] st
HEZI] A 0] &3t Majumdar 52 "8 (J. Appl. Bacteriol. 1990, 69: 241-246)

2
_O‘_lll
52
=

_25_.



control Bti BSK69

Bti BSK69

Fig. 2. SDS-PAGE analysis Fig. 3. CMCase activity

of Bti and BSK69 of Bti and BSK69 Fig. 4. Hemolysis assay

Of Bti and BSK69

mlo

o2 $¥YAE AAY A% BidAE AT HAso] §oho] Hede m
stel BSKE9IA = #d@4el 2oz e HAUAsAr (Fig. 4. oA %49 BSK69
FFE s Boh e g $58 HFEHE AU 980) FANAT (table 2).

Table 2. Characterization of Bti and BSK69

: Mosquitocidal CMCase Hemolysis
Strain activity activity activity
Bti + - +
BSK69 . + )

(4) HX F9 A BUd(ExH)e] BEEF 239 459
bR g% Bti A2 10" CFUZ I 2 o] o3 & 2uuge) B T4 $2

¢ A3 Fold A4 80% FErt £WoR wjE @ Ao AAHA. ol T

TRl Bti ZA7F 27 §3 & Ao Y& Ao o

A
S
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A2 A EA Y FARY 22y 2L 24P A

Bacillus$: v AE9 ZAPAL AA3E Suksk A5 d24, £ phosphorelayll 2|3l
2452}, Phosphorelays= 71&°] ¢ % two component A& HEe F ¢ H3}
HHo =2 olgx 1 ). 570 kinaseEF dtte] NEZA7F A7F Aaks 9SS do

3, o] 143}t Z7)7} HEZ SpoOF S3t response regulatorel]l g ol SpOOF”P7} Lla=

oL

N

o= a1, o] <143l 7|7 Spo0B phosphotransferaseo] 23l Spo0A response regulator
©]#} transcription factorol] @@ MEWe A2kstE SpolAS] F =7} IAFHAE A
zZret =), ol Vegetative AL A& AZ dAA=Y. Gram AT HEAEd o
2, B. sutbilisol = F7FA 9] oligopeptide’t A3 &2 2 zg3t= Ao] daA St
ComX (tryptophan®l isoprenoid’} modified® decapeptide), Pentapeptide ¢! PhrA <}
PhrE7} EA8te Aeg delA gtk ComXE ComQY =€23 AlEyrez FH[Ho,
sensor kinase?l ComPell bindingdto] autophosphorylation® A]Z1t}. Activated ComP™P
¥ cell W9 respose regulator? ComA<E phosphorylation*] 21t} A34HE ¢l ComA™P
T comS FAAE TS Y= sif operone activationA] AA cell competenceE 57}
At PhrAe] A$E #4159, processing® , peptapeptided B} 2 cell WHZ2 9
9}4 RapA (phosphatase)Z inhibitionA]# 4, ComA™P¢ dephosphrylation® <At
&S vl PhrA® 455 9E TZ  Competence and sporulation factor (CSF) 21
gttt o] ¥ Rap/Phroll & xAE7)Zto] B. subtilise AAT the IAFY 2HIA
oA otz A" Hol glvh. B AFoAE Bt 59 A FAATHA Helol=9f V)

TS 1943l sporulation A& A %34T

2. 29 ¥y
(1) Sporulation assay

BtZ2 FEEYIYE (6 ug/mbo] EFE LB agar ¥iAe] =2 F 0= 1641 R
o AIEE DS WAE AHE3 plateZHE 35d-F FR2AHMYEZ 6 ug/mbe] EFE 20 ml
2] DS iAo OD600IA 0.010] HA HFEsH 30=004 48417 Bt Mgt g Ax

= 34 4589 (10mM potassium phosphate buffer(pH7.4), 50 mM KCl, ImM MgSO4)ol &2}
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R0EANA 1057 A& 3 Ay A% AL 77 LB agar HjR)o) Z=2ts}

3. 97538 A3 ¢ uF
(1) EAEAR 224 FAAY] 29 2 F7IAE 24

vpd A FHAA XA obF HAYE| 2 (Bacillus thuringiensis subsp. finitimus) HD3
(cl3 Bt HD3)o.2%E Y434 234A4E 229U Br HD3 #5+ BGSC
(Bacillus Genetic Stock Center, Ohio, USA)ZXE v} WA Bt HD39) DNAE Z
T 59 B (Kalman et al, 1993)2.2 £ 3 F Hindll2 A3t ol& 08% of7t=
2o A7GEE Pt "ArldEe] Bd F optR= A £ & DNAE IHA}
(Hoefer Scientific Instruments, USA)¢} E# 2 (TransVacTM)2 Al-&3to] s 7Rt

3t Al (Boehringer Mannheim Biochemicals. Germany)el o4 UdE @Bl

by
o
o,

(positive charged nylon membrane)2. & ZZth 47 @xH#gde A 54
Qpglo) Soldon AFsle ZZHE o]l A¢dstolH ol Aol 4l (Southern
hybridization)& 2 A8tk oW AMg® Z2HE BGSCEHE 42 nhde]x FUz
A& obF F2E7] HD19] DNAE 37 2w 59 WHeg sty FY0= st
nprAl (5'-GGA GGG ACA GGC TCT GCG TTT-3)3 nprA2 (5'-AGT ACG CCT
TTA CCA GTT CCT-3"& =Zgo|vZ 3to] WHAADSLAL (Boehringer Mannheim
Biochemicals. Germany)®] PCR DIG @d# 7|EE A3l ghddsgy. AH¢dste]
Barjo|xlo]d A3} 34 kbe] Hindlll ARA Alxde] RPoerng 47| Hindll 24
S WZAWRsAAY DIG wEFd4 (nucleic acid) €A 71EE AHg3to] 71EC 3
S5 W] wEl FR2yYstol B tlolAo]lA (colony hybridization)S 438t

o] 98] WA Bt HD39 DNAE Hindll2 ZAw@3}li 2-5 kbl DNA HHE o7l=
z2A2RE Edste] ZEhanj= pUCI9e] FdRHd F2Ysqnh A& 22
Tgan=g gl =5t & FRJstolrettolAolder IAYPY =HFAA
orfplfin R orflfing LdH F2Y dlakelal 12 RH orfilfin R orffing XTI
Zo}v = pBP1E ¥l st

ed EF2v=9 oflfin R oorfdfing £ 34 kb DNA HHe Z20|7MA}
(Promega Co. USA)9] Erase-a-Base System$ AFg38te] of2j7}x] dole] DNA BHE

it
M
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Z WA s gAre] " DNA AlE4 71E (DIG tag DNA sequencing kit) 2

AR Pl weh grNge B4 (Fig. 5.

aagctttcgaaagtataaatcaaacaccgagcggcgattgtgaataccatctttccaatatgtataageccatattaattt
gatataaatctgtatgtaaggcatagctatcgtctttataataagtcatcgcgaaaacacctcecataatttggttatagt
ataccaatttttcaccgcttgtagcaaagaatggatatgaaggtgtagtcaagagggaaaaaaatgaaataatgcatatt
ttttagaaaattaacatttatcaa;;%%Latttctcaagattttatg&a%%g;ﬁagagtggtgggggtaaatgagaatgg

M 0 9 TLEZ KTIGTZ KIQUV F Y KU RILUGQOQZKMMTQE
49gagglcaATGCAACAAACATTAGARARAATAGGCARACAAGT CTTTTATAAACGGCTACAGCARAARATGACACAAGA

EL CQGICSsSVsS Y LS KTIENSGI KTIEA ASEETI
AGAATTATGTCAGGGCATTTGTTCTGTCTCATACTTAAGTARRATCGAARATGGAAAGAT CGARGCATCAGAAGAGATTC

L o L L CARULUETIA AUV T DILIRUDUVEZ&EDUV KG KL D
TACAATTGCTCTGCGCAAGATTAGAAATTGCCGTGACGGAT TTGAGGGATGTAGAAGAAGATGTGAAGGGGAAGCTGGAT

E WL NAILIURULUEI KV QVEZRTIZYNZETLUOQZEUDMOQH
GAATGGTTAAATGCACTAATCCGTTTGGAGAARGGTGCAAGTTGAACGTATCTATAATGAATTGCAAGAGGATATGCAACA

vi.DUPF¥ E I I NY Y KIUILU ILNTIWIRYULILMI KU RUDILUPYV
CGTTTTAGATTTTGARATTATAAATTATTATAAACTACT TAATATACGTTATTTACTGATGAAAAGGGATTTGCCGGTAA

I AE EL E QUL KK KA AYZ KKV F S P F Qg KL L YT Y S R
TTGCAGAAGAATTAGAGCAGCTTAAGARGGCATATAAGAAATTCTCGCCTTTTCAGAAGT TGTTGTATACGTATAGTAGA

G L L CCL QY KWK {QGUL S YL LETEVMATEKEL
GGATTATTATGCTGTTTACAATATAAGTGGARACAGGGATTAAGTTATTTAT TAGAGACAGAGGTTATGGCAAAAGAGTT

G Y H E T G I Y Y NTIAULT Y S H L E I Q HL T L H
AGGGTATCATGAGACAGGAATTTATTATAATATTGCTCTTACTTATAGTCATTTGGAAATCCARCATCTTACGTTACACT

¥F A NI AL EAFRNUEYI KV FRWNUVINUCQGQTIILTIATL
TTGCAAATATTGCACTAGAGGCATTTAGAAATGAGTATAAATTT CGGARCGTGATAAACTGTCAAATTCTTATTGCATTA

S ¥ AE 9 G QY EEALEMYZESTITULURUESEA ATFATD
AGTTATGCGGAACAAGGGCAATATGAAGAAGCTCTAGAAAT GTATGAGAGCATACTGCGGGAAT CAGAGGCTTTTGCGGA

K D VL KAITULSNTIGNTI Y Y KU K KEKYNIQAK
TAARGACGTTCTAAAAGCTATTACTTTAAGTAATATTGGGAATATATACTATAAAAAGARAAAATATAATCARGCARRAG

by Yy L E S$SL ¢ L Q K ¢ IDbDILNYIDTUL Y EMATLRA
ATTATTATTTAGAGAGTTTACAACTTCAAAAACAAATAGATTTAAATTATATAGACACATTATATGAAATGGCATTAGCT

¢ I KL D@ F EEATRIEWTIDI KTGTIVAA AI KT RIETERF
TGTATTAAATTAGATCAGTTTGAAGAAGCAAGAGAATGGATTGATAAAGGTATTGTTGCTGCCAAACGTGAARGAGAGATT

N T K L Y L L L M L RNIK Y FEU E®EAUZRIEYIKOQVFULEBE
TAARTACAAAATTATATTTACTACTCATGCTTCGARATAAGTATTTTGAAGAGGCGCGAGAGTATAAGCAATTTTTGGAAT

L BE A I P F Y K S A GUNEK I EULKI KV YMETLA AE Y F
TAGAAGCTATTCCGTTTTATAAATCAGCAGGTAATAAGATAGAACTARAGAAAGTATATATGGAGCTTGCGGAATACTTT

5 K S L ¥N F E Qg 5 N H Y Y KL V I EMILE S Y K E D E
TCTAAATCACTGAACTTTGAGCAAAGTAATCACTACTATAAGCTAGTTATTGAAATGTTAGAAAGCTATAAGGAGGATGA
K *

AAAATGRaaaaagcattagctggaattttagcagttgcagtagtacttacaattgtcggtggagtacagtatacgagtaa
M K K AL AGIILAV A VYV L TTIUVGG VYV QYT S K

accagatacttatggattagattctagtgtgtcacaaactgtaaatgtgtaatattgaaaaacccctttcgaaccggaaa
P b T Y G L D S S V S QT V N V * e

ggggtttttcaatatttgttccccaaaattctacaaaacttgagaaataaattaattgaatttttagtatattaatagtg

80

160

240

320

400

480

560

640

720

1040

1120

1200

1280

1360

1440

1520

1600

1680

1760

1840

Fig. 5. Nucleotide sequence of orf50fin and orf4fin, and their deduced amino acid sequences
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orfo0fin A} Hell 43789
3te orfdfin wAAZE AAA QAT OrfS0fine] o}
o)A G714 28 GenBank database®d Bl 3HH Bacillus subtilis®l Rap phosphatase

9} FAMAES BT} (Table 3).

A} 425749 oty Ato g FAHE whw
oluj=ato @ FAE WA S 3d

Table 3. Orf50fin—homologous proteins in 8. subtilis

Protein % of -
Identity Similarity
RapA 13 35
RapB 15 34
RapC 13 34
RapD 15 38
RapE 15 35
RapF 14 36
RapG 11 30
RapH 15 34
Rapl 15 36
RapJ 13 35
RapK 12 31

B. subtilis®] Rap phosphatase¥ phosphorylated response regulator=2+4€ <1471 &
gojdozgn IAPAHE FHde 71%E FIF Jded 2 FHL2 ap FEAS
translationally coupled HolgYE & §xA2 phrel C-terminal® 571 v =4t
TAE Fetoj=o 93 FA@m glon o] Phre ZH|gwWde 54 = N ©Hd
o] 24 oluAtd A =udg sz vt (Fig. 6) (Perego, 1998). & A7kl
A D orblfin-orfdfin® FEE o] rap-phrd T2 FAES Rt (Fig. 7).

HU
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P1

rapA
P “omA e
(442a) T

MKSKWMSGLLLVAVGFSFTQVMVHAGETANTEGKTFHIAARNQT
+ + *
I— Hydrophobic ——i |——Hydrophilic—{

Fig. 6. Structural organization of the PhrA

orf4fn T
T (42aa) T )

MKKALAGELAVAWLTiVGGVQYTSKPDTYGLDSSVSQTVNV
++ *
p—— Hydrophobic ———  I————— Hydrophilic ————

Fig. 7. Structural organization of the Orf4fin

(2) vpd el FAAA 29 TP did Orfs0fin 2 Orfafin®] &
OrfS0fin-Orf4fin F%= vhae A~ A Bee 29 Rap-Phr 729 §AIgHd RapAs vl
Ao Apde] o] YL S ‘211118}{— 71%5% & 93 PhrAS EAFAAE FHZ
7% s Aok wEtA Orfo0fink 2 Orfafine] vldEls FAMA 2] EAFAEE
25 gve MEE AR ol AF37] st A7kA #E pBP5S, pBP59 %

s

pBP60S A %39l pBPE8E orf50% orfd® =¥ TSR 13, pBPSYE orfi0%HE&
x3sta 9lon] pBP60 orf4wHs %3t gt} (Fig. 8).
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Fspl SnaBl

E l

orf50fin orf4fin
FstI SlnaBI Scal
pBP58 D
orf50fin orf4fin
Fslpl S‘naBl Scal
pBP59 D
orf50fin

Scal

Fspl SnaBl
pBP60 VH

Fig. 8. Construction of plasmid pBP58, pBP%9 and pBPG0

orf4fin

AA pBP58S Al#slr] flsted Fepavl= pBP1E FRE o2 dhar Z#kolw Btact9
b'-GAA GCT TAT GAG AAT GGA GGA GGA CAA TG-3)% Btprol (5'-AGA
GAG CAC ATT TTT AGA ATC C-3)& #}&3e] PCRS 338t PCR2 95° C
5% 95 C 30%, 55° C 30%, 72° C 189 702 30 Alo]&& FIdstAH. 7] PCR
Arge Z2u7kAe]l pGemT-easy WEC] F24Y 3 T EcoRIY HindlIZ ATste] &

~ul= pHPSY (Haima et al, 1990)9] 59 F9jo] F=ste ZT2v|= pBP5EE
st Ze2u = pBP58Y Scal# Spelo 2 Awrsla ZdHuf (Klenow) E4=
d=2 W= 3 A FrlolAl (ligase)Z AEste] Setavn|= pBP5YE A4 3HA
39, ZdlAulS pBP58L SnaBl¥ Avill2 e & grlobal (ligase)E 2 st
Z24u= pBP60E SASYY. o] AR Zetawl=: Bt israelensis 4Q7 R Bt
kurstaki 4D11¢l] & 2 7 33} AN ES FASA Y (Table 4, 5).
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Table 4. Sporulation efficiency of 8. thuringiensis subsp. israelensis strains carrying multicopy plasmids

Heat-resistant % efficiency of
Plasmid Insert Viable cell count spore count sporulation?
pHPS9 - 2.8 x 108 ' 1.7 x 108 60.7 (65.8)
pBP58 orf50fin-orf4fin 3.1x108 2.0 x 108 64.5 (54.5)
pBP59 orf50fin 1.9 x 108 1.0 x 107 5.3 (3.9
pBP6&0 orfdfin 1.8 x 108 1.7 x 108 : 94.4 (89.3)

aValues in parentheses refer to percentages of sporulation obtained in an independent experiment.

Table 5. Sporulation efficiency of 8. thuringiensis subsp. kurstaki strains carrying muiticopy plasmids

Plasmid Insert Viable cell count Heat-resistant % efficiency of
spore count sporulation®
pHPSQ - 2.8 x 108 1.7 x 108 60.7 (65.8)
pBP58 orf50fin—orf4fin 4.0x 108 2.3 x 10¢ 57.5(77.1)
pBP59 orf50fin 4.5 %108 4.0 x107 8.9 (8.7}
pBP&0 orfdfin 1.6 x 108 1.3 x 108 79.1 (93.8)

aValues in parentheses refer to percentages of sporulation obtained in an independent experiment.
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, Z@2v]l= pBP38 F,
ge gzTE AL ZTav
= pHPS9S 7HA2 Q& Axe TAFAEFH H|£T 645 %Ak 13 FFHAv=
pBP59 &, Orfc0fin®t 7FA 2 9+ HEEQ IAFPEL 53 BEA TAFAHEC] dA
ZAATe B2 5 Qi ol Orfs0fine] vhAes FAAA 2 ofF ojxe AU 20
FAEHES dAss Vsel Aee FAF 5 AUk W Z¥ave= pBPEO F,

Orfafin® 7FA 3 Qe AZEe IAALEL 944 %=X EAZAYE] @A 7t

b

AAA 2 ofF olAgdAA| A0 ZAHA
A
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webAl OrfoOfin B Orfafine whdejz FAAA ofF o2t dAA 2 B vpde &
QAL obF F2ET] o9l g uides [AAANL 7

_7]}]_
5 gloke Aol dardT:

(3) Buj¥ Orfafino] TAEA ] mxe 9

Orffin PhrAst Zo] Pujgwdel 54& Rolmz FuldE Orfdfinol AE W9
OrfS0fin &/44-& 2AsteA A Btk 5 orfilfin & EHT Feh2v = pBPE0Z
F#35k3 d= Bt ARE 3 A orffing E3D 9

T Bt AXY iP5 HoZ AT thg IAFHES ZASAY (Table 6).
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Table 6. Complementation of sporulation deficiency of BSK180 containing os750fin in muticopy
plasmid by culture supernatants of various strains.

Plasmid? Insert Viable cell count Heat-resistant % efficiency of
spore count sporulation®
pHPS9 - 1.2 x 107 6.0 x 106 50.0 (48.7)
pBP58 orf50fin—orf4fin 1.6 x 107 7.0 x 106 43.8 (38.9)
pBP59 orf50fin 1.6 x 107 0 0.0 (1.8)
pBP60 orf4fin 1.6 x 107 9.0 x 10° 56.2 (58.0)

a Bt cells harboring the multicopy plasmids were grown for 15 hr in DS medium with the addition of
chlorampenicol at a concentration of 5 ? g/ml at 30?2 C and centrifuged. The supernatants were filter
sterilized and inoculated with BSK180 cells entering the stationary phase. Cultures were further incubated
for 30 h at 307 C and tested for spore formation by assaying survival to heat treatment.

bValues in parentheses refer to percentages of sporulation obtained in an independent experiment.

T A% offfing B ALY WFFSAo) Orfslfingl B AABhE AR
o WASAT ol #wH Orffinel ThA AE W= Sols Orfs0fine] B4 24
the Ag St o1& BA A4s] Askel Orf4fing C T 197 ofvlwatos
4e Agol=g HeHoz R4 F whdes FAWAL 4Q79) wFlel Hrlsiol

o

u

-

EAGA ol 2HHAE=AE ZAME T

A FAIA HEEET) st "TSKPDTYGLDSSVSQTVNV”S] M i<
ztE Orf4fine] C Zwe] 19719 opviit Hetol=g sstdez A AUY. O
orfolfin FRAAE TS vpdY A FAAAN L 4Q7 FFE DS AN wFTE o 4
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BA7o Eo87) 308 Fol 47) Hetolmg wAel Hbstel thAl ABAIE W
9 EAYYES 28T (Fig. 9.

|

50 1

40

30

20

Percent sporulation

10

s ooy B £ —

0 0.1 1 10 50
[ M] peptide

Fig. 9. In vivo complementation of sporulation deficiency of
B. Thuringiensis cells containing orf50fin by chemically synthetic
peptide composing C—-terminus 19—-amino—acids of Orf4fin.

2 A% Orf4fing Wl Fol AW o0 FRAE TS MAYE FAWNS
Fo| TAYAEC 7S ¢ & Atk o) Orfdfin B 7 LREE wjFelol I
HAomA wdes FUANsY] EAVAES 24T F AT Scawds] P4

= 3 2~ (el 3 =
=@ 23¥ F e F5% F Ak

(4) Bt 5 Wl A Orfs0fine] X 2 Bt israelensis$} Bt kurstakiol 42} orf50
S oorfd 379} cloning R} F71ME 4
orfo0fin® FAM%E FARE Br #F WA of5lfinol SolA oz Z¥sE probes
AH23lo]  Southern hybridizationo ®  ZAbstanh. 1 A3 diRES Bt #FolA
positive signal® R 2w Bt indiana 2 tohokuensis| A& signale] WENFA] ekt
olZle Agidezn ve AEAE 7t FAAS EAs WEelHa Atsdn (Table

7. olF AgAozm wol BARIT YE Br kurstaki HD1 2 israelensiso A orfo0 2
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orfd TAF FAAE SRS GUIAES BAEHT F290 ASE Z2H
1 b 89 A} FAs. Bt israelensis®] 7S 424 o9 :=2HE
SHE orff0isr S AAE FQsdEd (Fig. 10) orf0findte obvl =2t A do] 795%9) &
i RAAdh orf5ofind WA Z orfp0isr A downstreamol] 4371 o}P] =

Aoz FA4E & ORF (orfisr)7t &A= Q=8 Orfdfin® Orfdisr A2 39.5%9
lem (Fig. 11, A) Orfdisre Frjgide] 545 7B ANH

W
ok
hat)
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(Fig. 11, B).

Table 7. Distribution of orf50fim-homologous genes in B. thuringiensis strains

Subspecies Southern Subspecies Southern
hybridization hybridization
kurstaki HD1 +++ morrisoni NRRL4049 - +
kurstaki HD73 + sandiego ++
thuringiensis HD2 + ostriniae HD501 ++
finitimus HD3 ++++ totworthi HD537 ++
alesti HD4 + tolworthi NRRL4050 +
alesti NRRL4041 ++ darmstadiensis HD146
dendrolimus HD7 + toumanoffi HD201 +
kenya HDB23 + kyushuensis HD541 ++
galleriae HD29 + pakistanf HD395 +
galleriae NRRL4045 ++ Israelensis IPS82 +++
canadensis HD224 + israelensis HD567 +
canadensis NRRL4056 + indiana HD521 -
entomocidus HD635 + dakota HD511 +
entomocidus HD9 + tohokuensis 4V1 -
subtoxicus HD109 + kumamotoensis HD867 +
aizawai HD11 + tochigiensis HD863
aizawai HD137 ++ colmeri1S720
morrisoni HD12 + thompsoni HD542 ++
morrisoni HD116 + morrisoni HD518 ++
ajzawai HD133 ++ B. subtilis 168 -

Levels of signal intensities are relative to that of B, thuringiensis subsp. finitimus HD3

as a positive control; + + +, strong; + +, medium: +, weak.
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GACTCGAGGAATTCTTCTT CABATT GTAATTCTGCTAARAT ARGCGATAT CGCTTT CAGTARAGC TGAAAT TTTCTATGTA $0
CTCTACAATT TTC TCAAGGCCAGCARRAACAGCGTAGCCGTTC TCAAAT GGAAGC TTTCGAAAGTATAAATCAARCACGG 160
ARCGGCGATTATGAATACCATC TTTCCAATATGTATAAGCCAT GTT GAT TTGATATAGGTC TGTATGTAAGGCATAACTA 240
TCGTCTTTATAAT GAGTCATCGCGAGAACACCTCCATAAT TTGGTTATAGTATACCAATTT TTCACCATT CGTAGCARAG 320

AAGAGATATT GAAGTGAAGTCAAGAGAGAAARAARTGARATTATGC ATATTT TTTAGAAAATTTATATTTATCAAT TTAT 400

Q Q E K
ATTTCTCCAAATT TTATGTATT ATT AGAGTAATGGGG TAATGA GAR GGACAATGCAACAMCATTAGMAAAA 480

I 6 K 0V F Y KR L Q Q KM T QEELCOGQGIC S V S
TAGGCAAACARGT CTT TTACAAACGGCT TCAGCARAAAAT GACACAAGAAGAATTATG TCAGGGCATTTGTTCTGTCTCA 560

Y L s K I BE N G K I E A s E E I L Q L ¢ T R L E I A
TACT TAAGTAAGATTGRAAATGGAAAGATCGAAGCAT CAGAAGAAATTC TACAAT TGC TCT GCACAARGACTGGARATTGC 640

D L R DV E E DV K G K L D E ®W H L D
CGTGACGGAT TTGAGAGAT GTAGAAGAAGAT GTGAAGGGGAAGCTGGAT GAATGGTTGAATGCACTAGTT CATTTGGACA 720

K ¢ ¢ V E R I ¥ E E L Q E H D N Y Y
AGCA}\CAAGTAGAACGTATI\TATGAAL;AGTTGCAAGGTGAMTGAAGCATGTGTTGGATTTTGAMTTATAMTTATTAT 800

X L L ¥ T R Y L I M X R D F P A L BEE L D KL K K V
ABACTGCTGTATACACGTTATT TAATTATGAAAAGGGATT TTCCTGCAC TCGAAGAAGAAT TAGATAAGT TGAAGAAGGT 880

Y Y s P F 9 KL L Y M Y S R L L Q¢ Y R W
ATATARAAAATAT TCTCCATTT CAGAAGTTATTATATATGTAT AGT AGAGGGTTATTGTGC TGT TTACAGTATAGATGGA 960

K b6 L DY L L KTEV M AI KEUGQGYHETSGTLT Y YN
AGGATGGGCTAGATTACTTATT AAAAAC AGAAGT AAT GGCCAAGGAACAAGG GTATCATGAABCAGGCTTGTATTATART 1040

I 2L A Y T H L DI H H L A I HPF V N MATULUETGT FEFR S
ATAGCGCTTGCATATACTCATT TAGATATTCATCATC TTGCGATTCATT TTGTAAATATGGCATTAGAAGGATTTCGTAG 1120

F RN I I N C Q@ I L I AV S Y T E K G Q'Y E E
TGAATATAAGTTTAGAAACATAATTAATTGCCAAATCCTTATTGCGGTAAGTTATACAGAAAMGGTCAGTATGAAGAAG 1200

A L X M ¥ E S I L R E AT S F ADI KDV L L A I T L S
CTTTAARAAT GTATGAAAGTATATT GAGAGAGGCCACATC TTT TGC TGATARGGATGTACTATTAGCTATTACTTTARGT 1280

Y Y K K G K Y Q Q A K K ¥ Y L DS L QL Q K
AATATGGGAAGTATCTATTATAAAAAAGGMMTATCAGCMGCGAAAAMTATTATTTAGATAGTCTACMCTTCAMA 1360

I Db L NY L DT I Y EMAIULUVCI KL EETULDE A
ACARATAGAT TTAARACTAT TTAGATACAATATATGAAATGGCATTAGTATGCATTAAATTAGAAGAGTTGGATGAGGCAA 1440

D K 6 I b A A K QEEIRVFNAI KT LY L L L M L
GGGCATTAXI'TGATAAGGGAATTGATGCAGCAMACAAGAAGAGAGATTTAATGCABAATTATACTTGCTTTTMTGCTT 1520

F E E A K D Y X L P L E N B A I P L Y K S A G
AGATATARATATTTTGAAGAAGCAAAAGATTATAAATTATTTTTGGAAAATGAGGCTATCCCGTTGTATBMTCTGCAGG 1600

N K I E L K K A F S N L S R F
AAATAAAATAGAATTAAAGAAAGTATACGTTGARCTAGCAGAACATTTTTCAAATTTATCCAGATTTGAAGAAAGTAATC 1680

R Y Y R L V I
GATATTATAGGTTAGT TAT TGATTT GAT GAATGATAATAAGGA GGAATAAAAATGAAAAAGATGGTATTTGGAG’I‘ATTAG 1760
K M V F 6 V L

CATT TATAGT GAC TCT TACI\GT TGC TGGAGvMTACATCAGTATAGCAGTMACCTGATAT TGTTGGTCAACAAGCTARA 1840
H Q Y 3 8 K P D I V G Q Q@ A K

ACTGTTGRACAAGTTAATTCATAAT AAT CCCCCTTTCCARCCGGAARAGGGGT TTTTCAATATTT GTTCCTCARAATTCTA 1920
T V B Q N s *
CAAAACTTGAGAARATAAT TAT TTGAAT TTT TAGTATATT AATAGT GGAARCATAATGCTAATATGAAACTACTCTITTT 2000

CAARAAAAATT ITTATTAGGGGGAAGGTTCAT GARAAAGAABAGTTT AGCCGT TAGTGT TAGCGACAGGAATGGCAGTTAC 2080

ARCGTTTGGAGGGACAGGCTCT GCATTT GCGGATTCT ARAAAT GTACTC TCT ACGAAGAAGTACAATGAGACAGTACAGT 2160

Fig. 10. Nucleotide sequence of orf50isr and orf4isr
and their deduced amino acid seqguence.
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(A)

Orfd4fin : 42
Orf4isr : 43
(B)
MKKMVEGVLAFNTLTVAGGIHQYSSKP DIV GQQAKTVEQVNS

*
M hydrophobic — | Hy drophilic ———

Fig. 11. Sequence alignment of Orf4fin and Orf4isr (A) and structural
organization of the Orf4isr (B).

Bt kurstaki HD19] 7% 42470¢] opniAto 2 A9 ORF (orfkur)?t 2AHA ™ (Fig.
12) Orf0fin 2 Orf0isr#He 27 67.1% 2 686%2 454S 7ML ATk orfblkur SA] 2H&
ORF (orfdkur)¢} translationally coupled ¥o] IEd o] Orfdkure #v|@HAe] E4& Holx
At (Fig. 13, A). 22y Orfdkures Orfdfin 2 Orfdisre T2 54§ Hola Jled JAL
4o otmator FAHo] tha A7)7} Ax AEA ZAMINE Lactobacillus sp.olX 2EE
Prel. (Maeda et al, 1994)2] downstreamoll #1313k Orf9z}t 91.8%9] %2 A4S HAte Ao
o+ (Fig. 13, B). o]8Jg A2 Bt #F Wele A= F714 €14)9] sporulation regulator?}

A= 2S¢+ Ak

i
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CCGCGTTGGGAGC TCTCCGGAT CCARGC TTT CGARAATAT AAATCAAAAACA GAACGGCGATTATGAATACCATCT TTCC 80
AATATGTATAAGCCATGTTGATTTGATATAGGTCTGT ATGTAAGGCATAACT ATCGICTTT ATAATGAGT CAT CGC GAGA 160
ACACCTCCATAAT TTGGTTATAGTATACCAATTT TTCACCATT GGT AGC ARAGAA GAGATATTGATG TGAAGT CAAGAGA 240

GAAAAAAATGARATTATGCATATTTTTT AGAARATTTATATTTATCAAT TTATAT TTCTCCARATTT TATGTATTATTAG 320

Q T L EEKTIG Q
AGTAATGGGGTAATGAGRA GGACAATGCACCAAACATTAGAAAAAATAGGCAAACAAGTCTTTTACAAACGGC 400

Q KM T QEELCQG I C SV S Y L S K I EDN G K
TTCAGCAAAAAAT GACACAAGAAGAATTATGTCAGGGCAT TTGTTCTGTCTCATACTTAAG TAAGAT CGAAAA TGGAAAG 4890

I EA S EEI L QL L CARTUILTETIA ATVTDULURUDV E E
ATCGAAGCATCAGAAGAAATTC TACAAT TGCTCT GCGCAAGAT TAGAAA TTGCTG TGACGGATT TGA GAGATG TAGAAGA 560

V KG KL D E WUILNAILUVHILTUDIEKQOQUV E
AGATGTGRAGGGGAAGCTGGATGAATGG TTGAAT GCACTAGTT CATTTG GACAAGCMCAAGTAGAACGTATATA‘I‘ GAAG 640

E'L Q 6 EMEKHV L DF ETIINTYZTYEZ KT LTILTZYTHZ RTZYTLM
AGTTGCAAGGTGARAT GAAGCATGT GTT GGATTTTGARAT TAT AAATTATTATAAACT GCT GTATAC ACGTTATTT ART G 720

M K R DL P AULETETETZLT DT RTLTIEKTE KTV VZYZ KT EKTZYSPTFOQ K
ATGAAGCGRGATC TACCTGCTCTTGAAGAAGAAT TGGACAGAT TGAAGAAAG TGT ACAAGARAT ACT CACCCT TTCAAAA 800

Y S KALULILSTL QY KHIKTE S5 L KZYTL I E
GTTATTGTATACGTACAGTAAGGCATTATTACTTAGT TTGCAATATAAGCAT AAGGAAAGT TTAAARTAT TTAATT GAAA 960

T EEMAKEGOQGY Y ETG.I Y Y NTLSTILATUY SHTLN
CAGAAGAAAT GGC TAAAGAGCARGGATATTATGAAAC GGGGAT ATATTA TAACCT AAGTCT TGCGTATAGTCATCTARAT 1040

I PHL AMMHTFOAHTIAMETG GTFU RUNETYT KT FI RYVIN
ATACCACATT TAGCCATGCATT TTGCTCATATTGCCA TGGAGG GGT TCC GTAACGRATATAAAT TCC GTTATGTAATAAA 1120

€ @ T I I AL S Y V E XK AQY EEA ATLZE KTVYE S TIL
TTGTCAAACGATTATTGCTTTAAGY TAT GTT GAAAAAGCACAATAT GAAGAAGCT CTAAAGATT TAT GAGAGTATATTAA 1200

R'E VvV DS F A EKDMTIUE K AMTTLNUNMGTETL Y H Y K
GAGAARGTAGATTCTTT TGCGGABAAAGA TATGAT TAAAGC TAT GAC TTTARATAATAT GGG GGAATTATACCATTATAAA 1280

S K D Y Q s F E L Q K T V N Y I E T
AATGAGCATGATAAATCTAAAGACTATT TTCTTCWGTTTCGAAT TGCAGAI-\GACTGTCAATATGAATTATATTGAAAC 1360

I ¥ G L A K Q ¥ I H L KR Y E E & Q E W I E K G I D
AATTTATGGACTGGCT AAGCAATACATT CATCTTAAACGT TAT GARGAAGCGCAGGAATGGATAGAAARAGGAATTGATT 1440

¢ S R S DEZXKUYWNI KMTIZYST FOCTITFTZ KTYZ XK VYT FGTE S Q
GCTCACGGAGTGATGAGARATACAATAARATGAT TTATTCATT CTGTATATT TAAGTATAAATATTT TGGAGAATCTCAA 1520

F L ENUEH BATIU©PUFTFK S V G S MKTETULTZ KTNA Y
GAATTTAAG}\GATTTTTAGAGAATGAGGCTATTCCGTTTTTTAAGAGTGTAGGTAGTATGAAGGAATTAAAAAATGCTTA 1600

L E L A MY L ENUETFI KTZYZ ETESDNI K Y Y KETU VTIZ KUV
TTTAGAATTAGCTATGTAT TTAGAGAAT GAATTTAAGTAT GAGGAAAGT AAT AAATAT TATAARGAAGTTATTARAGTTT 1680

L E E K E E L N *

TAGAAGAAAAGGAGGAATTGABTTGAAAAAGCGCATTTATGGI‘GCAGTAGGGCTTGGAATAGTAGCGATTCTTTCTTTAG 1760
K K I ¥ 6 A V G L G I

GCGT TAATTATTCAAATCCAGACATATA'I’GGGGTAAAGTCTTTAAAAGAAGGCTCAGTAAATTACTC TAATCCAGATATT 1840
G VvV N Y 8 N P I ¥ 6V K S L KEG S V N Y S N P DI

TATGGAT TARACGCTT TAAAAGAAAGTA GTATAAAAT ATT CTAACC CAGATATTTACGGTT TTAAAT TTTCAGRAGAARA 1920
Y G L N AL KE s s N P DI Y G F K F S E E K

GGTTATAAAT TACTCT AATCCAGAT ATT TATGGT TAAGAAAAT ATT GAAARA ACC CCTPTC CAATCGGRAAGGGGT TTTT 2000
vV I N Y S N P DI Y G *
TCAATATTTGTTCCTCAARATTCTACAARACTTGAGARAT AAATTARTT GAATTT TTAGTATAT TAATAGTGGARACATA 2080

ATGCTAATATGAAACTACTCTTTTT CAAARARTT TTT TAT TAGGGGGAAGGT TAT ATGAAAAAGAAGAGT TTAGCATTAG 2160

Fig. 12. Nucleotide sequence of orf50kur and orfdkur
and their deduced amino acid sequence.
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(A)

MKKRIY GAVGLGNVAILSLGVNYS NPD!YGV KSLKEGSVNYSNPDIY GLNALKESSIKYSNPDIY GFKFSEEKVINYSNPDIYG
H+

———Hydrophobic { } Hydrophilic |

(B)

Orfdkur :

: 48
Oorf9g : 48
Orfdkur :
orfo
Fig. 13. Structural organization of the Orf4kur (A) and sequence alignment
of Orfakur and Orf9 (B).
orf0-orftsh 4K T2E /T FAAE Bt #F 99 te IR TINE 2

Hed 2AE B anthracis, B, stearothermophilus 2 Lactobacillus sp. 5°Ith o]& 9A] &2
ORFE 743 9o o5 Eujgude] 548 wolx t} (Fig. 14). =& B subtilis®] Rap
phosphataset AR FAA7E GA) 245 HAste 2FFFT] Costridium acetobutilicum
M E dAYTGE Hurt gtk (Perego 1998). webA Rap phosphatase ¥ Phr 53 X434

24 714 TAE YA IRTIN AR Aoz AR,

D,

B. thuringiensis® 4992 {42+ sporulation 713l 9&% 9] sigma factorel 23] 2
o] %7} wio] E4agwdel WAL gporulation WES] gEH ol & F Ao}t wiA
JdE Orfs0 2 Orfd= AAgA o2 B thuringiensis AES AL

Fold e fgehA A
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] orf50fin 0 4f.-J

Lactobacillus sp. | preL | orfo l
J nprA Igrfs

IorfY

B. thuringiensis

B. stearothermophilus

B. anthracis | orfX

Orfafin  Myx- “ALAGILAVAVVLTIVGGV-~-QYTSKPDTYGLDSSVSQTVNV
++ *

orf9 MKKR-IYGVVGLGLVAILSFGV-~-NYSNPDIYGVKSLKEG---EEKVINYSNPDIYG

+++ *
Orf5 MKK--LLLGIMTFGIMSLLVLIG--SDQEPKYVAKDEHPPPTIIIAAKDEHPPATII
++ *

orfy MKK~-MVEFGALAFIVTLTVAGGI~-HQYSSKPDIVGQEAKTVQQINS
++ *

Fig. 14. The orf50fin-homologous genes (A) and structural organization of
Orf4fin—like proteins (B).
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=lellN oiF EAstn gl FAERAYIY Adst Rerx F2 AYAAGAE
< AR Mgty Alrsrh Alesa gt ey FAEA A7 Hulshs, 1) A2l
A RAskE O] o o3 EAE FWER M7 oY1, 2) HH|EA 9 F24E& g1
3b7] sl 33 WA FoAdel a7, )FAERAY] Fo Gl HulzAo] 48
SH3oF & o7 7HA EAFES AR Aok B SHEAAT] Y ARgE,
FrAL AAEE FASEA 57, FE8A717) i3, 2) FE1RG § AREA
o] =39 EUE W] of#en, 3) AR T 7h5el AEAH B3
£, 4) AR AZRA G Ao A2H S, 5) dEES 5o &
AR AAH3 vt w2ba FHu|shy Ataste 22 7)Ee] Ads HHEL 42X A7
o AEEH RN E Aol ol AY AT AZAFE Wrldde 7Iez oz od e @

AE 7HAAL A

SHBAAYY AREE DAL 2 & 9T Ae] B 1SS 2
ohol QAT BAY SABAATG ARG FEE 2% He] 2o AgolT), wpeta Tl
A U wgRT Y= SAEAAAE TAA0T ABET 5 i s1ee] Aol AvH
2 27Hs A%olt. % ATE ekl 1) Bu AEEE 5 1AL AZTAAT @
W B BuE oloe WANY 4 7, 2) veAE SATAAANE olg wAA olH D
DA aAS AP FFFOZA Tl WA Hol ol Ada # F
Ak E SHBAAY) o] Aol i wgol B3 glon AAH BHoPe osw

AAANNBA BE AQEE Fal A i 6§ gk A4A%E

b
rir
2
1)
)
2,
Ho

oh 27 B HTE] ol 5 orledB el i AR Balo] FEHUA 27pA 4
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WA A7 Sl glolH FUEARY vhao] FolA R At Aotk 0 20058%E S
2§ WHoR Susht Ausd oF AU} 43408 AEdD Qe oE Yot &

Zro] W2 AAL PGS WA T AdFute] 258 WF F glo

g
A o]5& Hefal sk 23] A Ak B d7E BACA digEdste S4ERAVIE

&E4 & o839 Single Cell Protein (AR, AF §22 Z8d7]d T2 7S

A ajAEF Aol A (Lactic acid) 59 HEAES g “YESME AEU|e” So] A

(1) &4ERNAZY Bar)|ds 97

7t SNBRAZY JRRY D EF/A2AY A 24}
S AR, Pl A Bske $AEAATIS) ARS SeE E S ol &St} A% 4

28 olgdt] $HBA/AV1E Jrshe AX2Ae ) Astdl e

D SAEAAYY Bod sk 0 SNBAANE QYA skl 94, 2948
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homogenizer& AF&-3dtol A7 0.1mm o|stZ v A3IA E45tAt

2) SHEAAZIY v 23 0 249 $HEAZE dilutionstd] FEEE ASE

Y3 3 398 & A9 alpha-amylase, cellulase, proteinase, lipaseE ©]-&3td &2

3) Key enzymed 24 : 9] 7} 34 & /P4 583 488 3 key enzymes 27] 9
3lo] 6% SHEAAZ) Fad 5H%, 24X BalEAAA 2alsS AL 74 i)
A% Hase 7|Ad wet Falss A Wyol thE. 24x3te]l AAF F ice
machineo] FY3t] o o] ga4xsAd o 23S AAT F amylased] BF F

AL F free ou|:At FE G spectrophotometer,

glucose &%, protease?

chromatography & o]&38to] &4

4) 2799 AME : Alpha-amylase, cellulase, proteinaseE EAo] A}&-3to] S4&

AA719 FAEH TS FAGA

proteinase) FYT A9-9) ¥ &S wwstel REVIES FAAAC 22F 712

dolel g Smaan

2) SHEAZ7Y Lardsts A4 WEAE LT F FA/58

. SABAANZRE FFY G

SHERNA7] L FAS @o2Ry ARE AFT ¥ nutrient agar plate ol =%
3t} 30°C ~ 50°C Z7A 24 ~ 72X)7F wikEt. Plate olA colonyE B3 TR
TFE 283 & 43 AAudste] single colony® B#E. 7} colony & plated] =

B 5 Grsel 0@ /)AE ol 8ol Th YL FHT AT ABYELAITF
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soluble starch, CMCZ amylase, cellulased] thdt 7|22 st A7t ez g4
#4488 A% 7} 3429 F4 =3 vhEe g3 Z2v Amylase ¥ cellulase 8739
AL 0.1% soluble starch & 1% cellulose &9 900po] o5 Bl 43A (24
a)-g 100pt A7Fst 55T A k1

acid) &94& Este] o 1582 A F 570nm oA §FEE SAst ALt
E2FAME £ dlal dEFE 100 B7HA §9 e F35E S48
@9} 24 (Unit)2 714 €93 55CollA] 3083 uhg-ste) 471 F7bHA 42 2+
g} vl of 00019 F2E @ zolg vehdA she Ehe] #Fo7 AosAt

S

30&7F A7l & 5H DNS (Dinitro salicylic

o 24 MR gA

55° C, AuAZANA 4847 ol widatAS A 2ol vldEe A% 54

@10 $ASE PIES plate BN el
. 22277 H484Y

o243 6% SAERA7E 71EE solid content(%), ATF(CFU/mD), Y%
(gram/liter)& =43tk

ol AR AF

HEAAZNE FF7IA8EtE {43 vAES gFLEANE] M E BEVA
o F&rmAdEe] BFstr] AT Jdre] BF EAstdor & T2u 187 E42E9
HRE BB E 3t JdRo]l BF nZd B¢ ZF7|AR AHEs]7) o9
& A EAAAET HFALEE RS ME T8 YES o8dtolof
. weba] EAQAE v AES AFStA glucose utilizations 3HA & EAWO| &
F2 MFE AYA EddelE UV 52 TGE AHEsidx e o 2o B4
& nutrient broth (beef extract 0.3%, peptone 0.5%) 5mlo] 55C 2% 702 24
A g F NTGE dF ImM Agste] oAl 2217 St A% wjalal
Slsle] AE B AFA7 1% F7HE gdgskdulA)o] £ A mehio g ToelY
. olo] Ha wiA|o] UVE 20 ergd 402 40z ¥ TAbst A wjgr] 4l
0mM e} 2-HEAIZF2AE 100p FUATE 1 F 55T A 24413 A g3kl
o vl F 2-HSAFF 20 FgAto R g uA wjdr] FARAZRYH 7o K]

dlo
e

£

T
=
o2
2
flo

N
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o] £
42l Group translocation®] ¥ % 31

ol
CMC (carboxymethyl cellulose)”} 1%
1/10N iodine &

&+
F2 A

5o
=

soluble starch
Fahdnh. 2443
st el @Av7F M

repression resistant '#o}

S O
A e

Fo W) F
=z}

E
T

72 AEadn.

0.1.4

Wt Adre
plate’d3} &n|7 Aol A
assay & 2A|ste] AALE

o
F4% =

148

ok
o

o

g opo] AAR BEIAH Y

ot 8 v 48

[+3]
A

714 2AE Hfrsha

3 Yo ZFE
Akt (Lactobacillus sp.) 2 Gram
FALeF T

17 EE

O X
o}

o

A% AES

Halelth, Feld WolFi

A

=

Adiell A A5she UAE
FlE R ol Eg Z Y|
Al glucose’} 0.3%,

;S

i
tlo

23t
A A

-

al

Eiid

A}

27k G 4

0.1% Congo-red

A3} sporulation

agar plate Aol A, sporulation ratex heat shocks

_('_Dr
}_

EEE

g0z A7

A3 amylase, cellulased] Z}Z} 5o]&<l catabolite

= 8% (Saccharomyces sp.),

3 1<l Acinetobacter sp.& A&3td] 7+ d&

(4) BAE A AL 9B 34 443
b1 AR 3R A4
D 3w g A4sk SAL A7Ye) TR Fee 8%olA 129 (w/w)kd 28
F AL wEE veld Wibelut ¥7]) T4l o BAMS Aol ngint
2) BF Py AN SN Gol4n AAF L neldte] 121TAN e FRE
Astis thale] BOTAA heat shock® APAZ F0A BF PHS A3 34l
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g

goll AHE&E7] Mol 244 (NaOH) A7k 12 &

gel AAY Py B3k 134 2

4

3)

3

e

o 24717

S

¥ 747 30, 37, 45, 50, 55T 2 43

ol
tfe
Uro
o

e

A
gz

O

L

s

°o]&

=
=

buffering 3% €9

3 A% A3} potassium phosphate

bol 4

3

2,

g

oy

=3
ol

O
o
piis
B
e

5 749 (NAOH) 7k

oj

H

o
il

o
5]

7]

glo] 1d g9z =

=
[=]

badge 9 A

3

A

e
=

o]

AERA719 90% (v/v)

Ton
g &

oo 23 AAe 2 34 A48

fo] A&

& ©

Q

A

KX
=

A EZy} Ultra filtration

4

g o5 A

g
ilg

DS s HAHoZ A Ul7] Hel 1A ZE A @

oy
gt

gt A4 729 pilot plante] ¥
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off
4
)
B
5
ol

AP F52 (5 liter) 9] piolot plantE AHA] A2 $4ste] uyE-9

2 AN st AdFHE sk A i dg vlasiiith £ vl FHE

dAse] B B9 oA B FEE S

7L ALFH

SHEANE 4o Bty 3ty Har|ds AAdste 1A4%ay g5sd
g o] &3ld Bt (25} 2L uFIP7HA AFE HE AN 222 R
o (29 1)

Two Stage Fermentation of Food Waste

'I

uonBUeLIS)
Aiewid

rl |~

uonBIUB LLIBY
A1epuoses

Ut SAEAAYIY RN R ZEV1E2A Y AHTESA 24
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=9 A, THeA HAste SAERAVIE B 23 T SRS 8416%, pHE
% 68, FLATHFS Id, AW, Aia, AR 2¥eE ARl 47 27.3%, 11.5%,
2.83%, 56.8% 2 SAHUT. oldol% ZidEo] 1.42%, potassiumo] 0.23% ol A
o FAERA AE2AL A 9] ARES BN E4F ol8dte] E8A0E 73

& 3% e - vRE 2E A 208 3E F AS AR FEAYT

D F42A7719 Bass 4R 248 SAERNAYIE 4%, 6%, 1%, 85%, 10%, 12%
A8 &49l alpha-amylase, cellulase, proteinase,

lipaseE °] &3t FHEHNAZE EaatAS. 2 27 6~7% FHEAAY] FEA 7}
FEEHoR 4 I3 FAEHAS. ol RE aRAEEL 6% FAEAAT FE

Z204 skt

2) Key enzyme® 474 : 9| Z+ 84 5 7FF 523 982 3= key enzymeS 27| $138}
oq 6% SHEANAZIY aad Bd%5S FAME 1 49 alpha-amylase’t 7V £2.3
key enzymel.2 W33 55T, 24417t £a|=7A A alpha-amylased] 49 6% 4%
AAZNE 21%7HA Baldo] 65%¢ Bal&S YER)o] glucoamylase (58%),
proteinase (30%), cellulase (55%), lipase (9%)o] ®la} =L &g e
Amylase’} 6% SAERNAZE 2.1% 77}7<] B35t key enzymel 2 AAHATG (2™
2).

BN

Solid content (%
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3) @27 el ALE : Alpha-amylase, cellulase, proteinase® &2l AH&3ly S2EA

4)

A71E B A3 6% SAERA7E 1.2%7H4] BslHo] 80% ol Fa&& v

WS ok 2830 SAERAYIY 2iAE M= key  enzymeR)

M}

alpha-amylase ©]9]}| cellulase$} proteinase’} A Y. E4%E F AR 1.2%

TA2A B F e AR Al

oX,
M
flo
ol

D9 AR Z4AE B FUE

g
SAENA7IE B A e 4% dAHeZ  (amylase, cellulase,
2

Solid content (%,

Method of treatment
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(2)

SATAATY B /1AHE AT YA EL T PARF 99 L 28

7

SASANZEE T wA

A SAERNA|E agar plate’do] EBEte] 377 ColA] 24~4847F viekdt & plate’d

oA zek Bl AE colonyE H2lE. Z} colonyE 3ml nutrient brothE AMgshe] widst &

M

Ag vlerek A Ba (Bacillus amyloliquefaciens), 132 (Bacillus licheniformis), EFB

S

(1-38, Bacillus thermoglucosidasius), Hot (1-8, #]54), New (1-5, vl54) ¥F& £

gohe 4378 #FE #, dR5A

Wow2e de a8 E A

223 437) 5% 27 soluble starch, casein, =8 CMCE 7|42 A}83t9 W& plate
of =asto] 24417 wgd ¥ plate’d2] clear zoned 2]%% ZAsle] 7t 73 g484
T2 zAbetny o1 A3 Ba, EFB3olA wl$- %8 amylase activity7} Z&H} o, 132
2t Hot8ol A 2Fztel amylase activity7} YFERR. Protease activity 2] -5 EFB39A 7}
Eoton 437 #FoA EF 4 aud Fasol FFHUS. CMCE Zdlishe
cellulase® 7% L32, EFB3, Hot39lA @Ao] #FHUon olF EFB39 cellulase
activity 7} oF 39 o] ¥& Aoz vkt

o 324 mage B

A9 437 FFE 55° C, AL AZANA 48417t o)A vidsld S 4% Hotl-8, Newl-5,
a2lx EFB1-380] R2oME A3 §484S FAES FA3ah

g} SAEH A7) HLAF

o] Al 23 6% 35}%&]7‘]7]% 714 2 Ba, 132, EFB3, Hot8, New2-3& A3}t 30° C
Z70 X 144X 777 A L8 T solid content(%), BTF(CFU/ml), 93 (gram/liter)S
ZA3t A3 EFB3olA 2.0%, 55 X 108, 1.7g/1Z, <A =R A7 U] 73 S g9E

4

. 143 E9ol § 8 (classical mutation)d) 93§ #F9 M

oy
o
2
L
oz,
i)
rfo
H
EN
)
=
=
o

AERAA7IE B F U T4 E AMNSE Bacillus
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thermoglucosidasius (°|3} Btg2® &718) #F

il
o
ofo
9‘L
£
dlo
k)
i
£
)
N
i
M
e
oh
b

=
M

e HojuA e FFE7) A B42A glucose YFES IZAI|E S TANAH
Z2F5Hd 712 Yol glucosed] 5571 98 A9 F83 &Y a&3AA TaAite] off
& el Btg #FZE classical mutation ¥HE o] 83ty Edwo] FFEE A3Fstd

glucose utilization pathwayZ blockdlx thAl & ©4dE ol&sle 58 /Mdstdnt

1) BtgMug] 782 : UV/NTGE o] &3sld E¢dolE a3t A3 Eddo] IFF glucose
2 ga902 o] gl ¥owWA amylase 49 FA o] 2rtd #FE I} (2

g 4.

2) BtgCelMu®] 7 @ UV/NTGE ©]83ld EduolE {3d 23 SdWo] d5F%F
glucoseE BAgoz o] &3l omA cellulase 49 &Ao] F718 A#FE R}

Aot (19 4).

kN

3) BtgMu$} BtgCelMu9 glucose utilization : BtgMu$} BtgCelMuZ} %57| 29 A
ks

A9 glucosed RHATIEA 55 Qe A3 F FF EF glucose 5=

7 4ee FASAG (28 5),

]

4) BtgMu% BtgCelMud 18 S&AEX7A7] Eal%s : Solid stated]A2] BtgMu9}
BtgCelMu Z7}9] S ER 77| Ell5S A 2% SAEAN7] F2%8 Ha4e
(Reduced Total Weight)$} BtgMu2} BtgCelMu®] & AdFolA 25 w53 g
& Atk SAEAA7Y i E vAEA TS 1370 FE5] 22 oF 66% A=

A2 dehia Aok (29 6).

i)

i

5 BtgMu$t BtgCelMud 94t S2EX77] ¥al%5 : Liquid stateo}Ae] BtgMu$t
BtgCelMu 272} S4EX 77| Balles A A9 SAEA/7] 3439 Fa3s
(Reduced Total Weight)7} 3180 Rt 43 Aag It FAERN AV Fae

THEEAE AERE ALY A 6%9A 2% 7HA] FZAE. =3 BtgMu$t
BtgCelMu®l A#5% AAR o2 Zyksle Aoz Jehgot (2 7).



5.0

45

40

3.5
3.04
25

20

Reducing Sugar (g/l)

1.5

1.0

0.5

0.0

—®— wild type
~—— BtgMu1

—&— BtgCelMu

8 16

24 32 40 48

Culture Time (h)

Cell Number (Log, CFU/ml)

a8 5. wild type @, BtgMu, BtgCelMu2 glucose utlilization

H 1

NN S—
—&— wild type

—&— BtgMu1
—&— BtgCe/Mut

20 30

Culture Time (h)

40 50

(A, reducing sugar ; B, cell number)
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Re) ko)
g Ho010 §
hel
e 4005 &
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D0 —&— total cel
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o
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o 10t
£
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— 8 -
E 7L
>
G 6
g s
2 ,L
5 BtgMu1
g3 —&— BtgCelMu1
2 5 —/— mixture
= —4— none
D 1
O
0 —4 <+ &
0 12 24 36
Time (h)

T

18 7. BigMut BigcelMu12] &t SAIE MAHJ| MEA| M HE (A) Y 1X YF AN

(BigMu1, BigMu! €+=33 ; BigeelMut, BigeelMul SHESEZ ; BigMul2t BigceMu18l SAIEZE ; none, 2RE)

6) BtgMu¢ BtgCelMu®] EFFUA A4 SAE2AM77] B35 : Liquid stateo]A 2]
BtgMu$} BtgCelMug Zguidste] £48S 4949 SAER7A7| a5 2 2
# amylase, cellulase 25 Z+z} 598 Ao vlwste] G490 o] ZrlslE AEgS

Hel ol F RS A 2AEAAI Edste] Easin
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250
—@— BtgMu1
—&— BtgCelMu1
_. 200 |- | =~ mixture
o) —&@— none
=3
2
s 150
13
<
$ 100
K
>
£
< 59
0 .
0 12 24 36
Time (h)
B.
600 e
—&#— BtgMu1
500 —&— BtgCelMui
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2> —<@— none
3 400 - -«
s
(5]
<
e 300
K]
3
° 200
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0 <+ ya-
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Time (h)

32 8. BtgMu®t BigCelMuE E315 51992 4% amylase(A)2} cellulase(B)2l
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33 9. BigMu2t BigCelMuE £t 8AIZF Zats SASM77|o 2F T vl

{a, BigMu ©H55¢; b, BigCeMu ©559 ; ¢, E352; ¢, 2A2)

7) A€ : Amylase, cellulase 5 SAEAZVIE Pifsted deod FAHE Adse

Bacillus thermoglucosidasius #5359 glucose A% FAH & B3] 98 classical

mutations ©]-&3dte] EQHOFFTE A A¥s AP} BtgMut BtgCelMu:
glucosed] th3t catabolite repression®] sl A4S 7HA = FAld 53 FAHITL
& AdshE, S4E2A 74719 bioconversion®] 7o A&sA LA e $3 A5
£ ;R

A% Protease?] @45 ul¢- &2 oy sjade] A7} 3, SHERA7IS] 2

y o

AHes S7MA FAXHY AxHE TMEEAE A7t 22 Ao #EHAT.

v 1 dEde) et $¢ 549 %

13 BEde o) 14 HE22 YEBAF Bad o] 549 ¥E A54L BAe) £ 2
I A9 A<3hA] amylased] 739 <k 3u)9) cellulase®] 793 °F 15819 &4 EA0]
TEHAG. A o|F Tadel XIHWUA 1 o] F

D). =3 old Ba0) B4 ke B93Y s GRS 7H BUY P

Ll

Nl
PN
)
Ul
w
™
=
=
)
=~

oA 84 g/literZ F7MXZh
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£ L 12 ZE] Aedhl o2 E4 B4

M=t S 0 1 2 3
Amylase activity (U) 0 119 219 368
Cellulase activity (U) 0 240 310 358

Reducing sugar (g/L) 5.3 6.6 7.3 8.4

AL, A&

=l

Bacillus thermoglucosidasius® 539 EFB3 @37} 124 vIAEZA vl

ity
Flo

amylase, cellulase activityE 7He FETFE gRg. gy SAEA7A7|Y AESHA
A3 EFB3 #3& AM4s7]2 stk =8 ndd Sddlo] s B8 £ 55 Wol

7). Btel R : 13 $FlA SABAATE £42 2t glucose’t FHE EEst
] 2% PR s AR s DRI AR AE

9 Bacillus thuringiensis (Bt)E ASA7 1¥% AA6E+ (24 10).

i
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o
rlj
gl
i
dlo
o

. AAHE Bte) 5] §2& o)ga AEstA ubg A% : 24 HEE Ea AN AR B
ko] 2 E% (spore ¥5)E 42 10°%H 10’ CFU/mIZ 243le] Agdae] Y1 o
7l 7] §%2 5uEA S Wb 3 2§59 APEES AREE A Kl o]
m} 10' CFU/ml®]’9] Bt spore7t H7Fe Aol M E 1447kt BE 27] f50] A
1y Bas 4 9ok E£3 10° CFU/mlo] 4] Bt spore?} H7}

okl BE 2] fEol AWEE BHET £ Ak AN ARE E 20 B
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32 dME oldE s 27 w&0l i WA AA

(CFU/m) dz=r
hrs) "0 100 100 100 10° -
00 5 5 5 5 5 5 5
05 4 4 5 5 5 5 5
10 1 2 5 5 5 5 5
20 0 0 5 5 5 5 5
40 0 0 2 4 5 5 5
70 0 0 1 3 5 5 5
40 0 0 0 0 5 5 5
90 0 0 0 0 5 5 5
30 0 0 0 0 3 5 5
80 0 0 0 0 3 5 5
1040 0 0 0 0 0 5 4
120 0 0 0 0 0 0 1
0O 0 0 0 0 0 1

o g8 F8 AR w0 EAPLE B4sla Qe vIAEQ) Saccharomyces cerevisae,
Lactobacillus sp., Acinetobacter sp.& 12} 2& ZA3} dojd FF3 7| A ujdsiod
3 ASE RS AR g 24N F 42 42X10°, 14%10°, 1.4x10" CFU/mlg) A
TFE JERloT ol FE50] 4% HlA FolA zARE AFF 3.7x10° 45x10°,
35X 10° CFU/ml Wt} & 4@ 17 SEoA Qola EE5 7132 Bt 21 op]
2t B2 & pAEd A48 4 dSS vz gl

% A AW ARG A5l was) 24

of £F714 € WE T o|F AR BiE 4NYL

RNANE vIBB R 242 Ras)

< Bte] A+ ¥ sporulation rate

oh‘. m{n

AX ZA Aozt iR (28 10) 238} Saccharomyces cerevisae, Lactobacillus
sp., Acinetobacter sp.9] A% oM E dut A Hp 22 AFFE e
o mebd FAEAAYE AR ol8ste FFSE V2R wEs 1uAgaTAs
FE3hd 712E o] 83t TRIPEA v AES e EdEhe 294 HEEHE A5

8kl scale-up® F Johd SAER A7) ok

au
)
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ofd
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o
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o
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%
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# 3k(bioconversion) A
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PP

=) o 2 -
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(04D ‘807 ) junod (e ) s10ds 2

(© )10 dqeIA

20 30 40 50
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=3 £ 3 -+

~

=)
=]

(quyngD $o7) nmoo ( @ )arodg %

(o) meo31qe1A

Culture time (h )

Culture time (h)

a7 10, defxi(A)et SMEMHTIE 2l 5t

4743

o3k A
i 070

)= XN
==

HE A 7|

=
=

(4)

7y 12 2E AAE HA g

3}aro] 85% o]Ato] HW agitation 2 aeration®]

s

2) dxz

7b) Autoclave WA &3}

—_—

S

autoclave

=
=

4% A7)

H7A719 29

i

] 37ColA 297k 1)
77) 1mlg 1x10°CFU o)< A4 29 v Zo]

I E

o] 3

[e]
4" 4=

3}o
=

BRI S

L4

& A9 B

i&

gy

@

o

A7V 80T EE& 0%olA 58 ALRE 407HA A&

1=

]

32 A

_61_



3
dAHF
oy Oday lday 2day
pH 6.67 5.28 5.09 5.19

T2 2 F

(CFU/ml)
I8 F F

52x10 1.0x10° 2.6%10° 10%0] 3}

10°018t  10°18k  10°13F  10%0] 3}
(CFU/ml)

Wb A7) AAY vl

AAYZ HF INS FEZ NaOHE Azslq $AE ®7A719 pH7L 127} He5 =
Baod 12203 A2ld Az 284 e ARTe) nYR FHe viasATh ol ZY
18 A T FEt AR S0l AL AT F AR 54 A% 2R

FFME HUE & FAEAATIS A Aol HeolA] gt

U 13 2E HHg

1)

2)

g 25d 12 BE AA 6% SAE AAVNE Bacillus thermoglucosidasius

catabolite repression resistant mutantS o|-&3}e 30, 37, 45, 50, 55 C A 2+ 13}

FRE BA8HY pH, BT, 18 F 1% 2 #9439 ARE vassich 243 Bae

37, 55C AW} 71 YA FUAF ko z B 30ColAE #4848 AstE Hole
55CdmME S7keke %S By (29 11). gA £ 342 55T I35

A o] 2 13 WwE 88 34 Ad: 37CoA 2 S widEt Ad 29 A
2 F4E 2878 22 €49 (80T, 5%2)9 autoclave (121TC, 15min)d $ 13 &

EE HAASYT 188 7S autoclavedt Ao] & 65%E P A Yoy AAFH

_62_



3)

)
o

Digestion ratio (%)

pH
O2NWHhUO~N®

60
50
40
30
20
10

A7 HE B99 SR HE UAZ olF] S7snE Ao wE ABE 2447
olFolof & Aoz @AY (1Y 13).

B
E [T after 24h = 10F
P27 after 48h § 9r
z 8r
o 7r
£ 6r
g 5
2 4
o 3
£ 2
3 1
7 0
1 2 3 4 5 8 12 3 4 5 6
Case Case
D
4
L o
i 251 :
©
oD
- 3
» 2L
- o
£
o 7
ok
A 0
1 2 3 4 5 6 1 2 3 4

Case Case

(1, culture at 4C ; 2, at 30°C ; 3, at 37°C ; 4, 45C ; 5, 50°C ; 6, 55C) (A, pH ; B, cell number ; C, digestion
ratio ; D, reducing sugar)
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pH
O = N W s OO~

O

Reducing sugar (g/L)

S =2 N W s O N

=7

3% 12, Exel gio] o2 1A 25 §8

Cell no. (LogX, CFU/ml)
O =2 NWHOONO
1

Case

100 -

80 -

60 -

40

Digestion ratio (%)

20

7

In

o 4ot

(1, #xe| Big 23 ; 2, 9#2| % Big && ; 3, auloclave Big #& ; 4, Big M3 2lol 2g) (A pH
B. ceil number ; C, reducing sugar ; D, digestion ratio)
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o

>
w

10 9
9 E 8
£ 7
8- S
. : °
s =5 A
6 2 T
= 2
5 —@— no-heated [+
R~ —&— heated o
1 [ T Tl A 1 L 11
0 8 16 24 32 40 0 8 16 24 32 40
Time (hrs) Time (hrs)
100 7 51
) s - B
= g
0 5
= =
s [
(=]
S £
B S
=4 T
Rz D
[a} 4
0 Y —— 8 16 24 32 40
0 8 16 24 32 40 48 0 6
Time (hrs)
Time (hrs)
O3 13 2E A7l W2 1A s 28

{A, pH : B, celt number ; C, digestion ratic ; D, reducing sugar}

4) £HE 2719 nYR S oA QAL dFE ZHE FJA BALS mEs A
o] 3B FHES 71E9 6% (w/w)ollA 8% (w/w)Z =9 pH, A

3
#4 0 1YL FEEL 2 EE BTN 49 5 olFo] Ak 27] 65

(W/w)BT 185 2122 Atu oAt Bae-2 on] 4 Jo 302 LEzt
o o & 9loith (2 14). o) BaSL 39%%on] AANS TS W BES £xo
2 FddHoe] 3

5) 878 Aol NaOH Ae] @Ee) §8 wa: 2 Q2sHd A8 71&dAe 14 2z}
T2 §AF HEole] 58S wE AZagnh A8TE 3714 A2 AP os A
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=
12744 &8 55 HAF F 2 vAE S Fostd 2aF Rola FAAE dAYs}
&

A Al A 2 dTtelA Ajbsle Wz FAEAAYE 0T AA 52 AA
g F 55T & TT& FYste] 2Ed Afolch 2art Aol we} pHY Wi
AAE WHeR FEg FAG FolA M & WstE Uehl 27] 794 % 56714 A
stehe A%L AT AFFE 975 APt FEE T3 PolNE o 24x10°
CFU/mlolst2 Uelton] 878 Ada FoAe o 10° CFU/mt ol4oz vehyd,
B AFelA Aeke FAoME oF 24x10" CFU/mIZ Yebgdeh 2 7)& F34A 9
BAEE /e PRERT BA dehion ®# Badd EA: #dYY FE
%F50g/L2 7HF 5 £AE BTG UEA £ el 29RL A9 st g
% Astehe 4

o
tlo
fz
o
M
A
a

6) Buffering effect A} @ %27] &4% H7A719 pHE %437l Y& potassium
phosphateE ©]83}9 bufferingg 24315t buffer 5% @& 14 289 §82
ZAst7] 18] 3% potassium phosphated] %2 2Z+2} 0, 5, 10, 50, 100, 200mMZ =
doto] AFE B &, A4 9 pH ¥3E SHIAY d2T7Ee TT HTS A &
2 A& AHESIA T buffer 3571 1I0mMS 238 4$ A 2 2y R P& F

A3l A A2 BAT + AU (29 16).

7 A% FHE FoA & BF 5 liter FEI|A  catabolite WolFE HF o 10°
CFU/ml (F 1% v/v)2 AFdtd 8%9) 348 2d7|2 12 285 AU LR 24
AP & g de] 10%E X7 AEEoR 9AFL A2 8% (w/w) 488 A
volume®] 90%E stth o] o9} 7 g wHESld nIHR e H pH E
A ¥zles #Estgy. =3 pH 24 WS %7] buffering® 343 5N NaOH
= o183 AF A W3, T/ AR ro] BaE AN 28 497A o
34% oliFe] Ral&g ®old Aol AFF710° CFU/ml olst2 Astsax F24s A
atat7] AlZbsteh AAA o2 buffering g o143 18 E &0l NaOHE ol &3 #

5 232 o189 BEdA nrh 2e A%E BIY (28 17).

o 23 #E AXe 2 2 UE 443
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1) Az H4s3

12 HEE 8000rpmel A 1583 AR F A& 5zt 14 FE Ao 27
BtZ AZstd WA TAS5E 248 A9 247 30%x10°, 29%10° CFU/mIZ et o

© 1A REdo] QAR G¥o Auglel BF BE Hdshed A8F 149e nolF

rr

2) 22+ Za HAs

12} H g HE 8,000rpmol A YRS £ FE5HE o] &3t 23T EE HA ST AL
T+ Bacillus thuringiensis2 WAE 5% 752 F 1% 552 AFHAD 4578 3
Fa71d waole) pHE NaOH % HCIZ 7002 3¢ & dade] gdad 4 449 &
FS 245 gA2939 2449 82 47 glucose?t ammonium sulfateZ 10, 20, 30,
40, 50, 60, 70% 2 XMttt A3 C/N H7t 40& dold B¢ A7 £ vlde 5 4

Aol 83 4L st WA A7 FF80 o 58 98 AUH (2F 18).

0

o]
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A. B.
10 =
E
Y
=
8 (&)
oD
T 6r 3
o o
S 3
4 —e— No-heat w
—=— Heat I
2 —&— Autoclave ‘__:
T w— — 3
0 1 2 3 4
Fermentation time (day)
C.
100 - J.
B r
<60 T
RS
840 -
c
RS
2
320 -
a
0 | 1 | !
0] 1 2 3 4

Fermentation time (day)

O A NWbhOOON®O

J% 14 DEE 8% (wiw) SAEMHZIE ol

(A, pH ; B, cell number ; C, digestion ratio)
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Fermentation time (day)




>
[o¥)

= 98F
£
7 - D
S8
T g
“ 6 <7t
©
(3]
| £ el
I~ J (o] . o
5¢ v 4 1 ¥ l—-gT[I[|l|T
0 6 12 18 24 30 1 2 3
Fermentation time (h) Fermentation type
D
C 100 6
95 L4
X | 5 °
2 5 4
©
c 20 | » 3
g 2
g S 2
2 O
a k> 1
0 0 1 I I L
1 2 3 0 6 12 18 24
Fermentation type Fermentation time (h)
Fermentation type —e— anaerobic fer.
—a— Btg fer. after NaOH
1, anaerobic fermenation —4a— Btg fer. after heat
of itself after NaOH treatment ;
2, aerobic fermentation
of Btg after NaOH treatment ;
3, aerobic fermentation
of Btg after heat treatment
a3 15 #I|H Merg el NaOH Mz| waetel 28 vlw

(A, pH ; B, total cell number ; C, digestion ratio ; D, reducing sugar)
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B
7 60
S0 1M
9
6 5 40k ]
®
5 §,20—
]_I 5
J b 10
NI o
0* 0 5 10 50 100 200 0* 0 5 10 50 100 200
Buffer conc. (mM) Buffer conc. (mM)
C
8 -
1 ]
E
5 7r
L
e
o
cC 6
o)
o
5 l_]

0* 0 5 10 50 100 200
Buffer conc. (mM)

I3 16. buffer 55 (potassium phosphatejol wt& 1A} &g &8

(A, pH ; B, digestion ratio ; C, cell number)
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N

U
fol
BN

32l 17. Fed batch 2o w2 1A}

Digestion ratio (%)
¥ g8 3

_
o

[=]

2 4 6 8

10
Culture time (day)

Cell no. (CFU/ml)
N w RN [4,] [o2] ~ o o]
I

I 1 1 1 ]
2 4 6 8 10

Culture time (day)

£e

(A, digestion ratio ; B, pH ; C, celi number)

SN BEE o AR (Rl I3k, obnlF, wg, WES)E 33

2] ZAFYTh g 2 A Adle] BAAI) AR biofilterS e
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TR

I N R
2 4 6 8 10

Culture time (day)

pH
= N W b OO N O ©
f

[e=]

12

—e— NaOH control
—a— gtart buffering

- NaOH control
: pH was adjusted by 5N NaOH
without buffering
- Buffered control
. pH was adjusted by
10mM potassium phosphate
at only start point everyday

k=3=3

o} =]



X 4. Biofilter o] W& 14 wrg o] o] 14 AE
etaL|ol st ol2IF olEtE OiEtE
(ppm) (opm)  (ppm)  (ppm)  (ppm)
Biofilter 32 A 0 2 2 100 80
Biofilter A3 & 0 0 0 10 6

(5) ENES 27

&
X
)
Ho
s
oX,
s,
)
il
HU
__VE
>«
mEE
N
=
ﬂl
2
2
=S
ox
m{n
o
S
r«{m
mkfl
s
e
rir
il
db
;m
I
ue

gz 52 549t AAGzAAY 1T 7714
o] 6-8%7F HEZ Jhsta 54 B Ho] o] F F2ow HAHY 1F
= F714 d71ge @714 2EE BAsy] ste 42EF (5)F W] (impeller, 6)F ©I
23 J A o] A (agitation)o] o]Fo] A}t @A xE JdAEXA] 12} Lgo 2Y F IS 1

FZ (8)) wls) 2-3uhe] & (40,000-60,000 £ )& AU At AX =AM AF &

71BE FE5E (DS B3 14 2Ex B2 $AA 4714 AFE FFF o]§sto] 55T A
B B AT 2] 24-48 Alteln okAs € HE oF 12~24 Aol HaAe 5
8 9% AX dAEYY] 102 $AX 1327 FFAo2 Fdoh 3599 & 10~
20%< 12 ZEX o &4 5 98 Aed (1) goh 27] FRA Z5 A9 yA 8
0~90%%F 22 HEX (12)2 $AA 23 2EY 7142 245N o] 4~63] o]
P2 Bee F60~70%%o] 24 TERE o)FHY YA 10~20%E A& HF B
AEsET. 18 AP 43 (138 58 Addoz Azxrg 549 $ Hulshy Alsst
TR0 &gl At 22k EE (12)M Y BaE HE vAdEd b ggFd 2hdM Al

o

BEAE o8 AtE £58 (10F 53 78 B B, 44 33E AAA HH

Te 08T Bre A3AL 7% (15)H0] AAxY JtrgoR 2on uFE

K

rlo
N,
N K
N
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(16)2 A & AFstdet. Azx7joA] 24 d& 378 (171)S F3l dolvAdez &84

i TFE TV FFY) 19)% B3 AALR, 14 #EZ, 2% $EE, AFE 544

2 JAl A s e vlE FE (192 53 vlele HE (biofilter,

A B
10 7
ol —
6 H I
8 - ~ - _
- [S
7 S 54 —
] L
T 6] O 4§ B
o, 5 L O 3 i
4 =
I =
3 H 8 21
2 H L
1 0
10 20 30 40 50 60 70 10 20 30 40 50 60 70
CIN ratio C/N ratio
C
s M)
€ _
S
2 |
= 4 ]
o]
c
2 34
o
Q.
[72] 2 a
10 20 30 40 50 60 70
C/N ratio
a8 18, =g 7|22 0|88 Bie| wa

(A, pH : B, spore number ; C, celt number)
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Hl

Iy ‘_—_
e S 14
19 itto hE ii19 19 ifro 19
! | |
L _,:“—‘ i T i
<+ i ! 15 i
o I
4 5 i i T
i
i

= wyss ﬂ ﬂ i ﬁ
: T

a8 19, 45N TMEVise| MA ZHE

IHE 6% 242 AA7|E, 2 AAd 252 EAs5= I4E (glucose)ol] 3
&S BA] &3 amylases} cellulase® WjZFo =z AAsIY glucosed F F4 F29
group PTS 7]#e] #ysle] 23 glucoseDs FFde 224 Bacillus
thermoglucosidasius®) catabolite repression Wo|Fol 2s) 12 L&
< Az F JAqt AAAog Fue SHERANE TR FU E4E o §59
TGRS B RIIAA AR EE 2E AES ANstE £F3 2R ALS
st7loll A3sn], B e Aa"e of 809% o4 =2 Hied nYgoEd S4E
AAZ] A= 588 Jeideh 253 7122 58 23 $Edd g E Bt
A G RS AR ASe) s BEFY WA TAFA A Aolg B
o] 2 R9k3l Saccharomyces cerevisae, Lactobacillus sp., Acinetobacter sp. 53 <

2 78 PIRESTY A9 dolAe 238 ARt =22 Ad5FE YeE
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Al 4 4 Bti A A3}

1. 77

2. A3y
(1) AR@Bt)e 42
D 9% dd : Ax FH 2% 6~7BIU
2) 4F9 44
7M1 5 1 =058
pH : 5.1 (5% solution, HO)
A% 1 10% - 87, 50% - 27.2, 90% ~76.7um
3 A A "nF AR (X100)
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2 AA HE

D AAREE Fddq Rt " 5 e 4EAd 943 F3A
(FL;Flowable) 9} FZFolA ®A4tsHE 24189 F3tA (WP;Wettable Power)2
FAAZ SFAT(ED

2) FL9] A% 8 2448 7HA719819 24§ SFAR stden F3g, B4 2

g AAMS A7) Yty FFo AWBAA(SAA ; Surface Active Agent)E AH&

3) WP 2% Kaoling THAZ stgonm #3434 5 2445 71471 HA3) 7
d 2448 Fred

4) AFe 71EAHQ EAHS A7) 939 FL9 3% dino-millg o] &3t 24 &4
42 WPE coffee-mills ©]-&38t9] 714 3ttt

5) RE AAFL EHAS AAstY EA Rg=HEE ARSI (£2)

1) FL : Methyl oleatec] ¥9¥(10%)& ¥ & ®¥4kA), &4A, F3A4 2 FHAE
7teta FE3) EFE ¥ dinomillE o439 52 BTt o] EHZ] 2

Z 298 718ta dino-mill2 1~23] o 4% & AF2=2 3
2) WP : Kaolin®] 948(10%)% AW AAE 71 § coffee-mill2 12 E443H4
AFoz stch
2-2. AE AA AFY A= L Y
(B ANE dAe Agste sdAdEAsstn 2380 FEHAR)
(1 AE fA
F 10meol A8k 10% SHo 2 wHEo] A4}
3 4 10meoll 1ge] kA E A skl AHE3t

ol\
b=l

2) A4 =

Aegstn 442FA74 2 FYuad AMSF ASLIA T ASFQ
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w2k 27| (Culex pipiens)#%S ¥4 wol 2 dAFdoA dF ASste] 3%

5% 49l Agstgt

(3) xg %7& 2 urgy]

AA e} 8% AAE H3A EEAE F A7t ImA FAste] 9mee] Brd
A FH54E 92 15m ZUZ FH (Falcon Co,USA)el =tk Z+ <HAE
vortexing (30%)% inverting (208)& ¥t FE3 EFAIz F 1000 ppm7HA
543 o TAl 200 ppmel A 0.064 ppm7tA 6708 FETE WE

plate (Nunc, Co., Denmark)ell 38 R7]%%2 10024 9 F 479 34

13 91 3wrEsta} 25 °C ALS Ao Fa UAN A HFEFHE ZALSI

ok (%3)

3. g7 4% R 12
(D A d5 Az

K

E 1AM MY HdE Ao

ol 5 X o 85 | HME | MY 2| MY | MY 4| MY | Y6 | LT | HLY 8
A & FL FL FL FL FL FL WP | wp
Bti e 10 10 20 10 10 10 10 10
SAA 1 = A 5 5 - 5 5 5 - -
SAA 2 EHEH| 25 7 5 7 5 5 - -
SAA 3 S| 5 10 10 10 7 7 - -
PAG EHA 1 1 2 05 - - - -
Oil 1 BExgx 45 37 - 37 33 10 - -
Qil 2 S R=* R R R R R - -
SAA 4 =2 10 -
SAA 5 S AHA - 10
Kaolin S| R R
Total 100 100 100 100 100 100 100 100
* R & rest
SAA 1 : Naphthalene sulfonic acid, polymer with formaldehyde, sodium salt

SAA 2 : Polyoxyethylene nonylphenol
Castor oail, ethoxylated
Polyoxyalkylene styryl phenyl ether
Dodecylbenzene sulfonic acid calcium salt
Xylene
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SAA 3 : Polyethylene glycol monoftristyrylphenybether
Dodecylbenzene salfonic acid calcium salt
Sorbitan monooleate
Methy! oleate

PAG : Sepiolits

Oil 1 : Corn Ol
Oil 2 : Methyl oleate

SAA 4 : Nonylpheno! ethoxylated. monoether with salfuric acid ammonium salt
Lignosulfonic acid, sodium salt
Siticon dioxide

SAA 5 : Alcohols, (CI2~14) ethoxylated, monoether with sulfuric acid sodium salt
Siticon dioxide
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EH
N
oz
g
N4o
n
0x
o
Hm
1Y
=

HeNo. | e 1| M2 | e 3| Hwa| A5 ML6| My 7| M8
& FL | FL | FL | FL | FL | FL | WP | WP
SESMM | %T | *T | HY | Y3 | ¥T | %3 | HE | HZ
SHBMY | ¥E | % | HE | Y5 | ®S | 25 | - -
22 o3R8 22 | og | Bs | w5 | 25 | 25 | %5 | ¢35
+ap | %3 | Y3 | %3 | ¥m | ¥3 | 25 | 23 | 23
sEaisa| s8al | a8 | a9 | sFel | sFa | 2% | - -

2 ¥E AR 25

3 27 750 e MY 45 g0 A

MH Ew n LCso” FLOs™ Slope H T
21 2(10%) 180 522 326 ~ 834 | 207 + 0.38
e { 240 2369 1476 ~ 3547 | 209 * 0.25
X 2 240 1382.91 107462 =1 54 + 051
1846.18
gk 3 240 10.05 679 ~ 1428 | 262 + 033
At 4 240 2494 |16275 ~ 407.03| 247 * 029
A5 180 > 200 -
A4 6 180 7136 | 4604 ~ 11244 | 246 + 053
ek 7 180 12.12 791 ~ 1836 | 265 + 056
At 8 180 10.17 647 ~ 1561 | 248 + 050

*n ME AIEEH 27] REF
» LCsy (median lethal concentration) ppm
x Flos (95% fiducial limits) ppm

D 271 59 A4 e £Fst7] 93t 78 30 FHde T A <

2) vlgol &2 A 33 T e AW 7, 8% ALdE Ao s RAES

2

3) FHAZL A AL AT fEH0) Ahste] bANTA JhAde]
B, |
4 FL Ao 4% 59 $44% 384 RE Auols F3stgot B Al com

oile] S8 Aol vyt
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A5 A BAlE B4 W A5 24 Rel 54§47

1. 973

AFHA ERE, BE 59 ATEL A ANA sEe L FAAT QA

o2 olgHo] gt 1y sEtrok 2 YA AMES EY L AW FEIF, K
2

AA ojAEo AxgA AF A AAE gALR 3}

Quorum sensing (AH ZADolS Aol Yo oair NEER] w7l ZAHN

oleld Fxkol o3 AFU I FHze Lol 2AHE AT (2H ).

54 8730 H&7] Asta] A2 AZEAZA AEW B fHAe 2de =4

>

1l &

st Ao IFSAAFANA HEAQA AFE AL N-acylhomoserine lactone (AHL) Al
g9 #3Eoln, AHLS ZF 2%+ OHHL(N- 8 -oxo-hexanoyl-L-homoserine lactone),
OOHL(N- 8 -oxo-octanoyl-L-homoserine  lactone), = ODHL(N- 8 ~oxo-decanoyl-L-
homoserine lactone), HHL(N- hexanoyl-L-homoserine lactone), BHL (N-butanoyl-
homoserine lactone) Fol €& vt ojzjgt AsdADEH o3 dHe FE=E
protease?} 72 exo-enzymed A, A FA, biofilm ¥39 dFF L ojAA4t
= A 24 5 LA A= Uk 53] ol NI EHe] BE F-

Al
2)
AdEE st o #AE fFedte Aoz 484 o g a2¥ed

rir

l:glﬂl-
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Gram-negative bacteria

AX

€ Target genes

= Virulence
Hydrolytic enzymes
Bioluminecence

= Antibiotics

@ Biofilm

ke e 2437 98 quorum sensingS AHE-sH7] WEdl W A
£ 98} quorum sensinge Adatr] & WHEo] HZ AFHI Uoh
Quorum sensingg 2estE WY Fo) SR AZAFAZA ANETEA (acylated

s

4 A

iy

o]

rﬁ

[&]

homoserine lactone) 2| A Al & Z3A (antagonists)E ©]€F F At dxEHA &
A2 alga®l 929 Delisea pulchra’t BA‘stE AMEEQl halogenated furanone©]
AHL-mediated gene expression2 Asi&d + Jde A2 BuFHo] vt F WA Y

P i
Suses”

Acyl-AC .

Direct inhibitors AHL \ Inhibitors of fatty
of AHL synthase™ H > synthase H acyl-ACP charging
;) F ¥y

ds

\
A . \ i
Signal generation l Methionine
s O

it

Signal reception i

AHL
degradation
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© % Quorum sensing #H target WA E2 A Z& inhibitor 7|&o] targete] @ &

Atk b3 FES AEAD 44 Phow A5 23 Barl YA Aw, NzEA B

AAAHL-
lactonase

3 T 3:Oxchexanoyl
; 0+ H0 homoserine

N

H r c G Q

) i
3-Oxohexanoyl AHl-acylase /\)k)LOH + N

hamoserine lacione
_') 0

3-Oxohexangic Homoserine
lactone

st ZoR 4y Mt T3 Bacillus cereus?ol £3tE Be 259 Bacillus sp.olAl
5 EZE& #3dt= AHL-lactonase® A HstE aild FAA7F Hoo Ba Fqo
B

thuringiensisv= ¥ 2% Z(H)% A3 2 S Ed dislyg nx9 EolAlx

ok

thuringiensis®| °12|¥ SA& &3t A5 2L A%, 58 2 AnAY wAF

of BESH AAE A% SAFANE YENEA ) LHT Yot Bacillus cereusTol

&3} B. thuringiensis % morrisonia®) U8t gemome project® T3 &= Fo
aiiA FAF A2 EAE genome data based T3 FestAoh 1AM BAEta e

16 B. thuringiensis o}E#E°] U3t NE 24 B3 FAA9} Esg FA3}A

oNF TFFEL oW AT WY AT Ao Fs4e 2AGA.

M

2.

ruz

a3
(1) Bt genome sequencing 2 2A

B thuringiensis HD12 #52 genomic DNAZ sonicator®2 ©#H33$ % mung bean
nuclease® A3l tH o] 2L HE Do s [3A7] thS agarose gel A7)9 58t} 25-3kb
Atele] DNA €& 22 Al sgdh HEE: pGEM3ZI(+) EIFAPEE Smalo g Aud o
dephosphorylation 3} insert DNAS} |43t E coli DHS e ol electroporation®.2 A A3 3}
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Aot Zelxul= DNAE alkaline lysis method$}t glass fiber filter plate (Whatmann)$ ©]-8-3}4
2 AAskd o

XE DNA sequencings ABI Prism 3700 DNA analyzer$t Big Dye terminator kitE ©]-8-5}
At GrINEE AAstn U ZA3E Phred/Phrap sequence assembly program= ©]-83}¢
contig assemblyE 834t Gap B2E primerE M2 st driMde ARSI
Contig assembly 23 W& A|grE (F)AEATE Gene prediction 2ZE9]0}9} in-house
DNA/Protein DBZ ©]-8-3tf #4{s}3ith

(2) Bioassay
30C, LBujR]ol A 24213t &<+ w3t Chromobacterium vioaceum CVO26 E+
Agrobacterium tumefaciens NT1(pDCI41E33)< LB- A=A 2}l overlay sttt LB
Z#olEol holeg TE T, holed] FAI B2 AT wiFd A5 20uE &9
stk 471 bicasaay& TAMAIE 30TelA 2447 wWlFE O3, hole FHo A2

2=
ey
FEMe] uto] o ghA|el E(violacein zone)e A7AE T3] AHLY TEFE SAH A

AHLY &3l 714 Zo]A, BHL(N-butanoyl-L-homoserine  lactone),
OHL(N-octanoyl-L-homoserine lactone), DHL(N-decanoyl-L-homoserine lactone) %
OdDHL(N—3—oxododecanoyl—lact§ne)% Quorum SciencesAtol Al FJshe] A8 o,
HHL(N-hexanoyl-L-homoserine  lactone)®  OHHL(N-3-oxohexanoyl-L-homoserine
lactone) F& <2 WH(Zhang, L., P. J. Murphy, A. Kerr, and M. E. Tate. 1993.
Agrobacterium conjugation and gene regulation by N-acyl-L-homoserine lactones.
Nature (London) 362:446-448)) w&} 23 st AL&-stdoth

AA AE 24 (whole cell bicassay)2 8, %% widd IBN110 #F& 35
(harvest)dlo] 100mM Tris-HCI(pH 7.0)°ll ODsw=1.0°] H == A@EsAt. Axde
A 5009k 40mM AHLs LN 50mE EFetm, FHE wnkstHEA 30CeA 3A w g
& 5, vjgF % 9Tl A 53 7HE3te] &S FTAAA

=

s|A 7l o, Atumefaciens

4

Hkgo]  FEXH  wjgde A3 E=x

A

NT1(pDCI41E33)-overlaid platet} Cuiolaceum CVO26-overlaid plate?] Zol] 293t



F7ta] &g tb S color zoned) A7|E =R skt

3. 49 2% % 132

(1) Bt genome ¥4

A7N\MEe AASe U2 ZIAE Phred/Phrap sequence assembly programs  ©] &3}

contig assemblyE T3 23 1,000 971 contigs #w e

(F)2ELZES] Gene predicion £2ZE ¢ 0]9} in-house DNA/Protein DBE

o,

BIiConti
1cel D8l

I~
T

o]F BT toxing FA4o2 Bt #39 Eol4d &4
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oo toxin FAATE RAHYDL SolAwd FAAE AAAA Bt FelA LAL

)
o
52
rir
=)
0=
i
r
lofs
rN
u
il
i)
Sh?
ol

J &<l acyl homoserine lactonase f+A 71 &A%

o] FAHGTE ot Bt #F APH o]§h5HE EelFE Adoln ol fuA

Gere . S *: Gene
Bacillus thuringiensis subsp. aizawai Cry1D (crylDal) gene Bacillus thuringiensis insecticidal crystat protein (NRcryV) gene
Bacilius thuringiensis cryID gene Bacillus thuringiensis insecticidal crystal protein (NRcryV) gene
Bacillus thuringiensis plasmid encoded Cry1Ba (cry1B3) gene Bacillus thuringiensis insecticidal crystal protein (NRcryV) gene
B.thuringiensis DNA for pseudooperon cryX-crylG Bacillus thuringiensis insecticidal aystal protein (NRcryV) gene

Bacillus thuringiensis subsp. entomocidus delta-endotoxin Cry1Ba2 Bacillus thuringiensis wuhanensis insecticidal crystal protein CryH2

Bacillus thuringiensis protoxin (cry1Ac) gene Bacillus thuringiensis wuhanensis insecticidal crystal protein CryH2

Bacillus thuringiensis subsp. morrisoni crystal protein CrylFb Bacilius thuringiensis subsp. entomocidus defta-endotoxin Cry1Ba2

Bacillus thuringiensis serovar leesis vegetative insecticidal protein Bacillus thuringiensis wuhanensis insecticidal crystal protein CryH2

Bacillus thuringiensis protoxin {cry1Ac) gene Bacillus thuringiensis wuhanensis insecticidal crystal protein CryH2

Bacillus thuringiensis insecticidal crystal toxin Cry1K (cry1K) gene Bacillus thuringiensis insecticidal crystal protein (NRcryV) gene

Bacillus thuringiensis subsp. finitimus Cry26Aal protein (cry26Aal) Bacillus thuringiensis insecticidal crystal protein (NRcryV)

Baciltus thuringiensis plasmid pBTC19 Cry1lI (cry1l) gene B.thuringiensis cry19Aa gene & ORF2

Bacillus thuringiensis insecticidal crystal protein (NRcryV) gene Bacilius thuringiensis subsp. entomocidus deita-endotoxin CrylBa2
Bacillus thuringiensis protoxin {cry1Ac) gene Bacillus thuringiensis wuhanensis insecticidal crystal protein CryH2
Bacillus thuringiensis crystat protein (cryl ET5) gene Bacillus thuringiensis crystal toxin gene

Baciltus thuringiensis wuhanensis insecticidal crystal protein CryEl Baciltus thuringiensis insecticidal crystal protein (NRcryV) gene

PESTICIDIAL CRYSTAL PROTEIN CRY1HB Bacillus thuringiensis insecticidal crystal protein (NRcryV) gene
Bacillus thuringiensis protoxin (crylAc) gene Bacillus thuringiensis insecticidal crystal protein (NRcryV) gene
Baciflus thuringiensis alesti defta endotoxin gene Bacillus thuringiensis cryID gene for insectidal crystal protein
B.thuringiensis DNA for pseudooperon cryX-rylG Bacillus thuringiensis insecticidal crystal protein (NRcryV) gene
Bacillus thuringiensis plasmid pBTC19 Cry1lI (cry1l) gene Bacillus thuringiensis wuhanensis insecticidal crystal protein CryH2
Bacillus thuringiensis plasmid pBTC19 Cry1lI (cry1l) gene Bacillus thuringiensis subsp. entomocidus delta-endotoxin Cryl1Ba2
Bacillus thuringiensis subsp. aizawai Cry1D (crylDal) gene B.thuringiensis cryIBc gene for delta-endotoxin

Bacillus thuringiensis crystal protein (cry2) gene Bacillus thuringiensis insecticidal crystal protein (NRcryV) gene

(2) BtFA aiil A F8209) AT L B ofe g A
HD12 Bt #Fo4 Azd2Ed Eas 447 2dHqonz g BT

ME EAs=A FAd57) st SRR

s olF 16 #FE AFeT #AA #7E AT A4 2EULYH G4A

T ogedt 2e Hde 2 TelelWE o gdte) PCR ¥4E FAR
RN

82 5= Bacillus thuringiensisol &

AIF Zz2}o|H : 5-TAAATG TAAAGGTGGATACATAATGACAGT
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AIR Zz}o| : 5-AGCTCATGACTTTTTGCACTATATATA

Z2Z3g DNAE pT7BlueT-vector (TaKaRa Corp.)oll &7 4 DNA sequencings 93
stel, 471G S ARG A7) 47142 E& GenBank/EMBL databasecl A3k
t}h, A¥H ofFo) BA o}FY HD code , 2429 DB ¥ % (access number) ¥ 279
obp| At A E& E 19 YEFHATH

~

(& 1]

SIS CorEd HD code 0B.Hs ME He
1 aizawai HD11 AF478045 Mo 4
2 alesti HD4 AF478046 ME 5
3 canadensis HD224 AF478047 Mg 6
4 damstadiensis HO 146 AF478048 M 5
5 galleriae HD29 AF478049 M 7
6 indiana HD521 AF478050 MY 4
7 israelensis HD567 AF478051 ME 5
8 kurstaki HD263 AF478059 Mg 4
9 kyushuensis HD541 AF478052 Mg 8
10 morrisoni HD12 AF478053 Md 5
1" ostriniae HD501 AF478054 ME 9
12 pakistani HD395 AF478055 M 10
13 subtoxicus HD109 AF478056 M 11
14 thompsor i HD542 AF478057 ME 5
15 tolwor thi HD537 AF478060 Mg 12
16 toumanoffi HD201 AF478058 M 13

271 FEEE FAA BN qiidd FEAC) dr FHAAY EAE I AY
A5rE RE obFolA aiid FEFAA7 FAHAT. L AEAL ofFel wet vga A
o]7b ojx kel dNMGR 89~95%0| 1, wulH o] oln):itAEdE 90~96% A
B odtmo) o3 wbdo® §)2WAlR Bacillus thuringiensis @#F% AHLS ®3ste &

29 #A4E dAAG D 95 ¢ & AR
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10 20 30 40 50 80 70 80 90 100 110 120
14: MTVKKLYFVPAGRCMLDHSSVNS PGELLDLPVWCYLLETEEGPILvul\;Mr‘b~AVNNEGLFNGTE'VEGQVLPKHTEEDRIWILKR?'G‘!EPEDLLYIISSHLHFDHAGGNGAFINTPIerH
R Toveineniind b b3 ; S CHS1% : N - R b N U

4

e

1

i30 140 150 160 170 180 190 200 210 220 230 240 2501
264z AEYEAAQHSEEYLKEC;LPNLNYKIIEGDYEVVPGVQﬁLHTPGHTPGHQSLLIETEKSGPVLLTIDASYTKENFENEVPFAGFDSELALSSIKRLKEYVMKEKPI‘S{FFGHDIEQERGCKVFPEYI
263t B... L E...H.. I i .1
2632 g
2647 ..
265: ..

1, Bacilius sp. strain 240B1; 2, B. anthracis Ames strain; 3, Bacifius. sp. sirain IBN35 isolated from soil; 4, B. thuringiensis subsp. foumanoffi HD201; 5, B.
thuringiensis subsp. kyushuensis HD541; 6, B. thuringiensis subsp. aizawai HD11, B. thuringiensis subsp. indiana HD521, and B. thuringiensis subsp.
kurstaki HD263; 7, B. thuringiensis subsp. galleriae HD29; 8, B. thuringiensis subsp. ostriniae HD501; 9, B. thuringiensis subsp. subtoxicus HD109; 10, B.
thuringiensis subsp. pakistani HD395; 11, B. thuringiensis subsp. tolworthi HD537; 12, 8. thuringiensis subsp. canadensis HD224; 13, B. thunngiensis subsp.
alesti HD4, B. thuringiensis subsp. darmstadiensis HD146, B. thuringiensis subsp. israelensis HD567, B. thuringiensis subsp. morrisoni HD12, and B.
thuringiensis subsp. thompsoni HDS42. Numbers 6 and 13 contain multiple conserved sequences.

Fig. Sequence alignment of putative AHL-degrading enzymes from various subspecies
of B thuringiensis

aizawai HD11
indiana HD521
kurstaki HD1
Bacillus sp. IBN35
galleriae HD29
ostriniae HD501
subtoxicus HD109
pakistani HD395
tolworthi HD537
canadensis HD224
Bacillus anthracis Ames

' Bacillus sp. 240B1
|: toumanoffi HD201
N kyushuensis HD541
alesti HD4
darmstadiensis HD146
israelensis HD567 —
morrisoni HD12 0 0.02
thompsoni HD542 :

Fig. Phylogenetic dendrogram of AHL-degrading enzymes
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(3) Bt #59] AHL*®s}%

B. thuringiensis @12 o}&Eo] A4 AHLS ®ald & Jd=AE A4k
& Wjdstl #AE F5359, 2mM ¢ ZnSO, & 33k 200mM MES buffer (pH
o ODew=1.07} HEZ dEAFG AxAee] 40 w9k OHHL(N-
-oxo~-hexanoyl-L-homoserine lactone)2 1600 pmoles 73 & 7HA= 40 s
FotAh. EFAE 37T oA 1AZHEF A g 95T A 585k g sie] w
S5 FAANAD

OHHL=Z £3fsto] EAnhg& F23sl= v AE C. violaceum CV026°] wi¥® 1)
¥ F o] E(CV026-overlaid plate)ol &< Qe T A7) wrgd 20 wE o HF
(loading)st Aot FHolEE 30CA 12417 wjeksld ol

7t EoMe LS ERlste] & 1 AMKNS TASGE, ® 29 YA vEAxE

%, YR AHL #3152 e,

4

i

N3
6.

5

r}o« m

T
~

[ 2)

No. Strain HD code h]:;ffnfigﬁ“"
1 aizawal HD11 +H+
2 alesti HD4 +
3 conadensts HD224 +
4 devnsiadionsis HD146 +
5 gallevae HD29 H

lf@g al 6  indiang HD521 +

a T igeenss HDS567 +
8 st HD1 +HH
9 bushuenss HD541 H
10 morrisoni HD12 +
11 oshiniae HDS501 +H+
12 pelasteni HD395 ++
13 subloxicus HD109 H
14 thompsoni HD542 +
15 tehworth HD537 +
16 - foumanofi HD201 ++
17 Bacilius sp. IBN35* - ++H
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= R EAH E F dRo], BT obFo| AHTd Fxo AHL #35& EIov, S
3| aizawai, galleriae, kurstaki, kyushuensis, ostriniae, 2 subtoxicust ™%~ 743 AHL
dlsg Y

o] A3%® RHol Bt IFEo old3 SEAYU FES B TAE BRI UAS

gAY 5 AT

(4) AlA FJTdst= Axd dddo Az AHLES S

B. thuringiensis ©}&olx AHL E3l5& 7IAs 49 FAAE 245t gi3dd
of 931 AHL Eal5< A8t ob&F morrisoni®t kyushuensis2%€ o}&3 72
< AEe Ze ZFonE o] &5d qid FAAE FEIAT

5-CCCCATATGACAGTAAAAAAGCTTTA Mg 14
5-GGGCTCGAGTATATACTCCGGGAACA Mg 15

Mg & 2EX 220 ZH2F Noel 2 Xhol 7t A= restriction siteOl CF.

SEZH FHAAE Ndel 3} XholZ digestion 3tiL, A}Hol] Ndel®d XholZ2 A2
PET22b(+) vector (Novagen)dl Astsidt. AF}AES giA RIANHE Zzt
pETAIM ¢ pETAIKZ ®WHsth 47 2dYWER E coli BLZU(DE3)E &2 783}
o AHL Ed &4 ANAZ i dstes A2 WA FE AR HUY. E coli carrying

pET22b(+); 1, E. coli carrying pETAIK; 2, E. coli carrying pETAIM. A& dF T &

i

O

LB ®iA| oA wigsted, OD600=0.7°] 2 =} IPTG inductiondts 3AIZbF-ol AEE 3]
Stol, 300 8] MES bufferol MAEAAT. 371 degde] 20 M AHLS 73
(OHHL, HHL % OHLZ 40 ¥ 718 £ &5t 37C oA 1AES A7 v
BTAA 525 7tEste] Hg& FAANAHAT  ojojx ¥rgARe] AHLS F=7}
OHHL<®} % 0.5pmoles, OHLY %% 25pmoles, HHL 9 7% 30pmoles®] HEZ 34
3k & 772 A. tumefaciens NT1-overlaid plate®} CV026-overlaid plate®] 2ol HF
(loading)dt$ith. AHLo] ZESfe] wie} CV0269] 7495 B, NT19 49T 34
o] HAHE A E o] &3te] AHLY 35S AR 1ddA A B, C 2 D
Zt7} OHL, OHHL, HHL ¥ OHHLS 7}¢ & uehdth. ¥4 N& AHL Esia
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A F427F Q1 pET22b(+) WEE 71x& di@w, pETAIKZ AASd g3, 28
pETAIMCO 2 PAAZE S o] 43 AL vepd.

I A3, ool B F dRel, aid FFAAE FHEUEHC AYAA e AiAYEF
A Az dFES o2 /A AHLS g#dog REste ez EAHAY. o=
A, B. thuringiensis® o8] 7}x] o}&o] 7HAn Q& ailA FAAE AHLS Fist=

a9 FAAGE e & 5 Aok

1, E coli carrying pET22b(+); 2, E. coli carrying pET22b(+)-aliA (kyushuensis), 3, E. coli carrying
pET22b(+)-aiiA (morrisoni). The arrow indicates the bands of recombinant AiiA proteins. OHL,
OHHL, HHL , and OHHL were used as substrates for A, B, C, and D, respectively. The reporter
strain for A and B was A. fumefaciens NT1 (pDCI1E33); that for C and D was C. violaceum
CV026.

®) LA E Bacillus " BES] 28334 nAEY H4A 74

271 AFBAL Bt 79 HAA AR Ao HE dotry] fF HAFEHE W
A FF21 o)A Yo} FtRER N Erwinia carotovora)°ll #8394 tt.

E. carotovora IBN98TFE ODewp=1.07}4] v] %3} saline solution (0.15M NaCl)2
2 A, o= dx 2 | FWAE Bacillus thuringiensisol &3t oFF vAE
= Wt oA saline solutione.Z A AESAT.  Erwinia carotovora IBN98
(ODgw=0.05) 3§54 A & Bacillus% |8 E (ODe=D)E T ¥I = €78 + &
20 3 A2 27 JEFSAY. AETE AR 27 30TANA 1843t LAF 2
3, AAFEHl AAA FATE FAsH R, oo FBAE Bacillusg VB E

U4 MRS Aojse AL FARYL,

oX



1, saline solution; 2, £ coli carrying pET22b{+}-aliA {kyushuensis); 3, E. coli carrying pET22b(+);
4, E carofovora ; 5, mixture of E. carofovora and E. cofi carrying pET22b{+)-ailA (kyushusnsis),
B8, mixture of £ carofovora and E. coli carrying pET22b(+).

ATFA WdTe] P=AA AZEFEA AHLE Flste A7 15348

T

Bacillus% " AIEd Z YA £A81, ]2 A3 BtFS ol &3t 2#SA WIA 1)

_93_



M4 sEEHE 9 2 Fotolel 7|6 e

HEZ1G "l =9 mlo]zAA Bt 5 R 8 &4 7&

W) B7)HE AFd4de] v B e 374 AskH )
Btiz} Aete Sa98d 5 CytAv 8 SagWde vig 4584 SolAd
o] How HIFE FAIde §IEHS 7HA 2 At WA Btig AR R
A A7 FAE dg Hie ofF %i?(]‘?l ZAAA AF24LE 7HA 3 YT o]
He ARBLAE AASH] AskA Bacillus subtilis 2 2 ’cellulase—% Bti9| cytA
FAAR T =dTFoEZN B w5 cellulase®] &4 AEAITH FA

CytA 529 d AL AdAste d75 A& cellulase”t Bti®) DNA

=
frt
k1
iR
ot
lo
fru
=
Jo
R
2
lo
2
2l
o,
o
o
ox
>
)

A1 in vivo recombination 7]1%&
=95t FAA g FAA T 9o DNA 2248 AAFGe2Z2A B 38HA
d FFE AFsA

h) Bti @79 ARt 54 g
wolE AR BE oY AFelAE AzE WAE Qe FA FolA 2]
g Aojste 5% vl gk A% Buol o9 FA 2HY oA F=2

= THet= Bk AESY S T8 wlEHR2 wiEd Bte 27 % o
af &FES Yehd s #Edelsdy. welkd BtE ARIMAE ARs A8t
FAtol Ao B71E 53 jold 5~ 48 Aeloh

Bt Saunde £A4%4 Hgd JEHoz Auus] WEe] £4YYe 2
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=
A% & ¢eiA Jed $r4% @A RapAsh PhrA-o] £A434e) Z7)%

#e)
AL zAstEY 83 I8 dadsta ot 2y 2xTdL A x84

aFFelA olel@ rapA L phrAsh FAE FAAE obd BIHA Yo
A2 AEARANE FB4L 71 FARE 2ATA Gtk B ATFIA

o]2] g RapA % PhrAst v]5d 4&& Br WelA @338tz Aoz BZ4HE #

)

18

Bt MAE AFA AMAE Axnsty ddd Bt Ad7EF AEE A8 Bt &
St 2 AFA e A 2ol

lo
)
é
X
af
tlo
;?L_',
i
ol
rir
e
s
e
ko
_O,lﬂ
v
sy
sl
av
O

A FAAT7| BN JAFS AEFF FF Bacllus thuringiensis ¢
A MR AN5ERD 2 FHAE F
He A

=

AgARAe] Adrbsded w3 dHE

2829 Hds FE7lANs 758 o8 29 Aoy, dANT Solz

2 Al 1020020017167%, 9L 2002. 4. 10]8t2, 2 Y&& mFH] B EsH3] A

e

V8t Applied and Environmental Microbiology 3¢ 2002d % 8930 A
AL Qe [Lee, S.J, Park, S.Y., Lee, J.J,, Yum, D.Y. Koo, B.T. and Lee JK.
(2002) "Genes Encoding the N-Acyl Homoserine Lactone Degrading Enzyme
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Are Widespread in Many Subspecies of Bacillus thuringiensis” Appl Environ.
Microbiol. 68(8) 3919-3924].

A AANE ANE B MAZAC @44 A% 2 A% AFE AR
57 %o

AA v ST F3atr] fstel kA A

F REYel Fabstel
P F F Qe e xgel fARHR Adskn S0 Ao Agd 94

=N

T A B AP AA D AAE AZstgct (Spec: FH
IU/mg).
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ﬂ%w.ﬂn%mﬁ%_ﬁwﬂz M% %&%w Eﬂwﬂﬂﬂﬁ%zr
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Table 3. Microbial pesticides registered by the U.S. Environmental Protection Agency

as of 1997
Agent Active ingredient(s) Crop Yr No. of Target pest
registered products

Bacterium B. popilliae, B. lentimorbus 1948 2 Japanese beetle larva
B. thuringiensis subsp. kurstaki 1961 127 Lepidopteran larva
B. thuringiensis subsp. israelensis 1981 26 Dipteran larva
B. thuringiensis subsp. Berliner 1984 1 Lepidopteran larva
B. thuringiensis subsp. tenebrionis 1988 6 Coleopteran larva
B. thuringiensis subsp. kurstaki EG2348 1939 4 Lepidopteran larva
B. thuringiensis subsp. kurstaki EG2424 1989 1 Lepidopteran larva
B. thuringiensis subsp. kurstaki EG2371 1990 3 Lepidopteran larva
B. sphaericus 1991 1 Dipteran larva
B. thuringiensis subsp. aizawai GC-91 1992 2 Lepidopteran larva
B. thuringiensis subsp. aizawai 1992 2 Lepidopteran larva
B. thuringiensis subsp. kurstaki 1993 5 Lepidopteran larva
BMP123
B. thuringiensis subsp. kurstaki EG7673 1995 2 Lepidopteran larva
B. thuringiensis subsp. kurstaki EG7673 1995 2 Colorado potato beetle
B. thuringiensis subsp. kurstaki EG7841 1996 1 Lepidopteran larva
B. thuringiensis subsp. kurstaki EG7826 1996 3 Lepidopteran larva
B. thuringiensis subsp. kurstaki M200 1996 1 Lepidopteran larva

Nonviable B. thuringiensis subsp. Kurstaki delta- 1091 2 Lepidopteran larva

microbial endotoxin in killed P. fluorescens

pesticide B. thuringiensis subsp. san diego delta— 1991 1 Coleopteran larva
endotoxin in killed P. {luorescens
B. thuringiensis CrvlAc and CryviC 1995 1 Lepidopleran larva
delta~endotoxin in killed P. fluorescens
B. thuringiensis subsp. kurstaki Cry1C 1996 1 Lepidopteran larva
delta—endotoxin in killed P. fluorescens

Plant B. thuringiensis Cry3A delta—endotoxin  Potato 1995 1 Colorado potato beetle

pesticide B. thuringiensis CrylAb delta- Corn 1995 2 Lepidopteran larva
endotoxin
B. thuringiensis CrylAc delta=  Cotton 1995 1 Lepidopteran larva
endotoxin
B. thuringicnsis CrylAb delta= Corn 1996 2 Lepidopteran larva
endotoxin
B. thuringiensis subsp. kurstaki delta~ Corn 1996 2 Lepidopteran larva
endotoxin from HD~1-derived plasmid
vector pZ01502
B. thuringiensis subsp. kurstaki CrylAc  Corn 1997 1 Lepidopteran larva

delta—endotoxin
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