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요   약   문

Ⅰ. 제  목

   Cyclic lipopeptide의 생산능이 증대된 길항 미생물 Bacillus의 개발 및 산업화

Ⅱ. 연구개발의 목적 및 필요성

오래 전부터 품종 개량, 비료 투입, 토양 개량, 화학적으로 합성된 농약의 사용 및 영농

의 기계화 등은 오랫동안 인류의 식량생산과 작물보호에 크게 이바지하여 왔다. 그러나   

반복적인 농약의 사용과 과다한 화학비료의 투입으로 인해 토양의 산성화와 농산물의 잔류

독성 및 환경오염 등으로 인해 많은 사회적인 문제가 대두되고 있고, 국내에서도 2013년까

지 현재 사용하고 있는 화학농약과 화학비료의 사용량을 40%를 감축할 예정으로 있어 농약

과 비료의 사용량을 감소시키면서 농산물의 생산성을 증가시키기 위한 생물학적 제제 이용 

연구가 활발해 지고 있다. 이러한 연구는 이미 오래 전부터 유용 세균을 대상으로 광범위 

하게 진행되어 왔고 초기의 연구에서는 질소고정, 인산의 가용화, 항생물질의 생산과 식물 

생장 조절제 등과 같은 식물과 세균의 상호작용에 대한 생리적인 면에 치중하였다. 이렇게 

식물의 질병을 억제하거나 생장을 촉진하는 능력을 나타내는 여러 종류의 길항 미생물들이 

오래 전부터 연구되어 왔으며 Bacillus sp., Pseudomonas sp., Streptomyces sp. 및 Trichoderma 

sp. 등 수 많은 미생물들이 생물학적 방제의 가능성을 나타내어 길항작용이 우수한 길항  

미생물들의 분리와 분자생물학적인 방법을 이용한 균주의 개량이 시도되고 있다. 특히 최근 

에는 well-being 문화의 확산으로 인해 청정 농산물을 요구하는 소비자들의 수요가 나날이 

증가하고 있고, 유기 합성농약을 대체할 수 있는 유일한 대안인 생물학적 방제제에 대한  

관심이 나날이 증가되고 있어 길항작용이 뛰어난 미생물의 확보가 시급한 실정이다.

   이러한 추세에 따라 국내 토양으로부터 분리한 6종류의 iturin을 생산하고, 여러 종류의 

식물 병원성 곰팡이에 대해 강한 항균활성을 나타내는 길항 미생물 B. subtilis 균주를 이용

하여 iturin 생산능이 증대된 균주를 개발하고자 한다. 또한 분자 수준에서 길항 미생물 

Bacillus 균주의 개량을 시도하여 균주 개발에 대한 과학적인 근거를 제공하고 산업화 활용 

가능성을 타진하고자 한다. 

  
Ⅲ. 연구개발 내용 및 범위

1). 조사를 통한 iturin 돌연변이주의 확보

2). 상업적인 제품에 활용되고 있는 Bacillus 균주와 iturin 돌연변이주의 항균활성 비교
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3). 야생주 B. subtilis subsp. krictiensis 균주로부터 얻은 iturin 생합성 유전자의 염기서열

  결정과 2차 대사산물의 분석

4). Iturin 高生産 돌연변이주를 이용한 iturin 생합성 관련 유전자 변이 조사

5). NGS 염기서열 결정으로 확인된 자외선 돌연변이주 B. subtilis BSM54의 point mutation에

  따른 iturin 생합성 유전자의 발현 양상 비교 분석

6). Iturin 高生産 돌연변이주 B. subtilis BSM54의 Botrytis cinerea에 대한 포자 발아 억제 효과  

7). 자외선 돌연변이주 B. subtilis BSM54의 장기 보존에 따른 항균력 변화 가능성 조사 

8). Iturin 高生産 돌연변이주 B. subtilis BSM54와 야생주의 iturin 생산능 비교

9). Site-directed mutagenesis 형질전환 벡터의 제조

 10). 분자 수준에서 iturin 생합성 유전자와 site-directed mutagenesis를 이용한 B. subtilis 균주의 

     개량 

Ⅳ. 연구개발 결과

1). 자외선 조사를 통한 iturin 돌연변이주의 확보

야생주 B. subtilis subsp. krictiensis로부터 유래된 자외선 돌연변이주 M1891과 UV4-II  

균주를 이용하여 더욱 더 iturin 생산능이 증대된 돌연변이주를 얻기 위하여 2.80 mW/cm2 

로 자외선을 처리하고 0.1% 이내의 생존율을 나타내는 적정 처리 시간을 조사하여 B. 

subtilis subsp. krictiensis M1891는 25분, UV4-II 균주는 30분으로 정하였다. 

Iturin 생합성능이 증대된 자외선 돌연변이주를 선발하기 위하여 자외선으로 처리한 B. 

subtilis subsp. krictiensis M1891과 UV4-II 균주 현탁액을 평판 배지에 도말하고 평판 위에 

F. oxysporum 현탁액이 함유된 soft agar를 분주하고 25℃ 에서 배양하여, 변이주 30,000여종

의 집락으로부터 자외선으로 처리하기 전의 모 균주보다 2-3배 항균력이 증대된 자외선  

돌연변이주 No. 54를 선발하였다. 

 2). 상업적인 제품에 활용되고 있는 Bacillus 균주와 iturin 돌연변이주의 항균 활성 비교

  자외선 돌연변이주 B. subtilis subsp. krictiensis No. 54 균주의 항균력과 상업적으로 사용

되고 있는 제품 (Serenade 2종, 에코제트 1종, Kodiak 1종)으로부터 분리한 B. subtilis 균주

들과의 항균력을 비교하였다. 분리한 각각의 균주를 iturin 생산배지를 이용하여 30℃에서  

72시간 동안 진탕배양하고 여과한 상등액을 F. oxysporum이 함유된  평판을 이용하여 활성

검정을 행한 결과 선발한 No. 54 돌연변이주가 다른 기존 제품에 사용된 균주보다 더 강한 

저해 활성을 나타내어, 이 균주를 B. subtilis subsp. krictiensis BSM54 균주로 명명하였다.
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 3). 야생주 B. subtilis subsp. krictiensis 균주로부터 얻은 iturin 생합성 유전자의 염기서열 

  결정과 2차 대사산물의 분석

    이전 연구를 통해 야생주 B. subtilis subsp. krictiensis ATCC55079의 genomic library로  

부터 염기서열 결정을 통해 6개의 ORF로 구성되어 있는 37,645 bp의 iturin 생합성 유전자

를 확보하고 GenBank에 기탁하였다 (GenBank accession No. KC454625). 이 유전자 가운데 

ORF3에 해당되는 중간 부위에 mini-Tn10 transposon이 삽입된 mutant-10 돌연변이주는 야생

주에 비해 iturin 생합성이 현저하게 감소한 것을 HPLC를 통해 확인하였으며,  또한 야생주

는 6 종류의 iturin (iturin A~F)을 생산하는 것을 LC-MS를 통해 재확인하였다. 야생주로부터 

얻은 iturin 생합성 유전자의 각 ORF들을 최근의 database를 이용하여 비교해 본 결과 

ORF2~ ORF5은 B. amyloliquefaciens subsp. plantarum 균주의 surfactin synthetase 유전자들과 

99%로 상동성을 나타내었다. 비록 야생주의 ORF들이 B. amyloliquefaciens 균주의 surfactin 

synthetase들과 높은 상동성을 나타내었으나, ORF3에 mini-Tn10을 삽입하여 얻은 iturin-less 

돌연변이주에서는 야생주에 비해 iturin의 생성능이 30% 정도 감소하였고, LC-MS를 통해서

도 야생주는 6종류의 iturin을 생성하는 것을 재확인하였기 때문에 야생주로부터 얻은 생합

성 유전자는 itutin 생합성 유전자로 추정되었다. 

   야생주 B. subtilis subsp. krictiensis 균주와 mutant-10 균주가 iturin 이외에 다른 cyclic 

lipopeptide를 생산하는지의 여부를 HPLC와 LC-MS를 이용하여 조사한 결과 야생주와 

mutant-10 균주 모두에서 iturin 이외에 소량의 surfactin도 함께 생산한다는 것을 알 수 있었

으나 생산량은 iturin에 비해 매우 미약하였다. 또한 mini-Tn10 유래의 spectinomycin 저항성 

유전자가 삽입되어 야생주보다 iturin 생산량이 30% 감소된  mutant-10 돌연변이주에서는  

검출된 surfactin 양이 야생주보다 오히려 2배 정도 더 많이 검출되었다. 이러한 결과들을 

종합해볼 때 비록 야생주로 부터 얻은 iturin 생합성 유전자가 B. amyloliquefaciens subsp. 

plantarum의 surfactin synthetase 유전자와 높은 상동성을 나타내었으나, 이 유전자는 

surfactin 생합성 유전자가 아니고 iturin 생합성 유전자로 사료되었다.

 
 4). Iturin 高生産 돌연변이주를 이용한 iturin 생합성 관련 유전자 변이 조사

    Iturin 생산능이 증대된 B. subtilis subsp. krictiensis BSM54 돌연변이주를 이용하여 야생

주보다 항균활성이 증진된 원인을 분자수준에서 규명하기 위하여, Next Generation 

Sequencing (NGS)을 실시하고, 야생주의 iturin 생합성 유전자 37,645 bp와 비교하여 돌연  

변이가 일어난 부위를 비교분석하였다. 자외선 돌연변이주 BSM54에서는 iturin 생합성 유전

자 중 6곳에서 야생주와 다른 point mutation을 발견하였는데, ORF1 upstream에서 1곳 (M1), 

ORF2 부위에서 5곳 (M2-M6) 등 모두 6 부위에서 다른 염기로 치환된 것을 알 수 있었다. 

또한 돌연변이가 일어난 6곳 중 ORF1의 upstream region에 나타난 M1 point mutation은   
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돌연변이가 일어난 부분의 mRNA secondary structure에 변화를 가져올 것으로 예측되었다. 

이러한 결과로 부터 M1 point mutation은 ORF 앞쪽 promotor에 대한 변화로써 transcription 

단계에서 iturin 생합성에 영향을 나타낼 가능성이 있는 반면에 M3 point mutation은 

translation후 얻은 최종 유전자 산물에 따른 phenotype의 변화로 나타날 가능성이 있을 것으

로 예상되었다.

5). Iturin 高生産 자외선 돌연변이주 B. subtilis BSM54의 point mutation에 따른 iturin 생합성   

   유전자의 발현 양상 비교 분석

   자외선 조사를 통해 얻은 iturin 高生産 돌연변이주 B. subtilis BSM54를 이용하여 iturin 

생합성 관련 유전자 ORF1부터 ORF5까지 각 ORF들의 발현양이 증가하였는지의 여부를  

야생주와 비교하였다. 먼저 돌연변이주 B. subtilis BSM54와 야생주 B. subtilis를 LB 배지를 

이용하여 30℃에서 24, 48 및 72시간 간격으로 배양하여 얻은 total RNA를 분리정제하고, 

cDNA를 합성한 후 real-time PCR을 행하였다. 그 결과 자외선 돌연변이주 BSM54의 

ORF2~ORF5의 발현량은 48시간 이후 야생주와 비교해볼 때 상대적으로 더 증가하였으며, 

특히 ORF2~4에서는 매우 커다란 차이를 나타내어, iturin 高生産 돌연변이주 BSM54는 point 

mutation에 의한 유전자의 변이로 iturin 생합성에 관련된 유전자들이 모두 야생주보다 그 

발현량이 증대됨을 알 수 있었다. 

6). Iturin 高生産 돌연변이주 B. subtilis BSM54의 Botrytis cinerea에 대한 포자 발아 억제 효과

 

   자외선 돌연변이주 B. subtilis BSM54와 야생주 B. subtilis를 iturin 생산배지에서 3일   

동안 배양하여 염산으로 처리하고 생성된 침전물을 중화시킨 후 다시 butanol로 처리하여 

얻은 butanol 분획물을 감압 농축하였다. 포자 발아를 억제하는지를 조사하기 위하여 잿빛 

곰팡이병 원인균인 Botrytis cinerea의 포자를 106 spores/ml가 되도록 현탁하고, butanol 분획

물을 각각 125~500 μg/ml가 되도록 첨가하여 hole slide glass를 이용하여 25℃에서 6시간  

동안 배양한 후 현미경으로 포자 발아 유무를 관찰하였다.

   동일한 농도인 125 μg/ml의 butanol 분획물 처리구에서는 돌연변이주 BSM54와 야생주 

간에 B. cinerea의 포자 발아 억제에 커다란 차이를 나타내지 않았으나 250 μg/ml의 butanol 

분획물 처리 시에는 돌연변이주 BSM54가 야생주에 비해 2배 이상 더 강하게 포자 발아를 

억제하였다. 특히 500 μg/ml 처리 시에는 야생주에서는 43.5%의 포자 발아 억제율을  나타

낸 반면 BSM54 균주에서는 포자 발아가 전혀 일어나지 않아, 250 μg/ml 이상의 동일 농도

에서는 돌연변이주 BSM54가 야생주보다 B. cinerea의 포자 발아를 더 강하게 억제하였다.
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 7). 자외선 돌연변이주 B. subtilis BSM54의 장기 보존에 따른 항균력 변화 가능성 조사 

   Iturin 高生産 자외선 돌연변이주 BSM54를 보존하는 동안 돌연변이가 일어나기 전의   

상태인 revertant로 복귀하는 지의 여부를 조사하기 위하여 자외선 돌연변이주 BSM54를 

glycerol에 stock하여 –70℃ 냉동고에 보존하면서 2개월 이후부터 1개월 간격으로 최대 2년

까지 저장 기간에 따른  항균력의 변화를 F. oxysporum에 대한 생육 저지환의 크기로 측정

하고 야생주와 비교하였다. 자외선 돌연변이주 BSM54의 항균력은 저장 기간에 따라 다소 

항균력에 근소한 차이를 나타내었으나, 전반적으로 보관 2개월부터 2년까지의 기간 동안  

항균력에 커다란 차이를 나타내지 않았다.

 8). Iturin 高生産 돌연변이주 B. subtilis BSM54와 야생주의 iturin 생산능 비교

    야생주 B. subtilis와 돌연변이주 B. subtilis BSM54의 butanol 추출물을 감압 농축하여   

얻은 butanol 분획물에 함유되어 있는 iturin 화합물의 생산능을 HPLC와 authentic iturin A 

화합물을 이용하여 비교 분석하였다. 야생주와 돌연변이주 BSM54의 butanol 분획물의 

HPLC 크로마토그램으로부터 iturin 생산능을 정량적으로 분석한 결과 야생주와 돌연변이주

는 butanol 분획물 가운데 iturin이 각각 4.175%와 8.716%로 나타나 동일 조건에서 돌연변이

주 BSM54로부터 생산된 iturin의 양이 야생주보다 약 2배 더 증가하였다.

 9). Site-directed mutagenesis용 형질전환 벡터의 제조

   야생주 B. subtilis에 자외선 돌연변이주 M1 point mutation 대상 부위를 포함하는 ORF1 

region을 클로닝하기 위해 primer ORF1_u-f (5′-TAATCGCCGTCAGTTCCTCG-3′)와 

ORF2-r (5′-TTCTCATCGACTCATACCGC-3′) 및 Accu Power Pfu PCR Premix를 사용하여 

약 1.8 kb의 PCR 산물을 얻었다. PCR 산물과 pUC19 vector를 모두 EcoRI으로 절단한 후 

4℃에서 16시간 ligation 반응을 실시하고 E. coli DH5α competent cell에 형질전환 하였다.  

이렇게 얻은 pBSM54-orf1을 다시 BamHI과 XbaI으로 double digestion하고, pIC333으로 부터 

위와 동일한 제한효소 처리로 얻어진 spectinomycin resistance gene cassette을 ligation하여 

pBSM5-orf1-sp 형질전환 벡터를 제조하였다.

 
10). 분자수준에서 돌연변이가 일어난 iturin 생합성 유전자와 site-directed mutagenesis를 이용   

   한 야생주 B. subtilis 균주의 개량 

       Iturin 高生産 돌연변이주인 BSM54의 iturin 생합성능을 더욱 더 증진시키기 위하여 point mutation

이 일어난 6곳의 site 가운데 아미노산 치환이 일어나지 않은 부위 중 먼저 iturin 생산에 영향을 미칠 

것으로 예상되는 M1 point mutation 부위의 염기를 대상으로 site-directed mutagenesis를 시도하였다.    

앞서 proofreading DNA polymerase를 이용한 PCR로 얻은 M1 point mutation site를 포함한 ORF1 
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유전자 부위와 QuickChange II XL site-directed mutagenesis kit 및 mutagenic primer들을 이용

하여 site-directed mutagenesis를 위한 형질전환 벡터 pBSM54-orf1-sp-1을 최종적으로 제조  

하였다.

   야생주 B. subtilis 균주를 site-directed mutagenesis를 이용하여 형질전환하기 위하여 야생

주를 modified Spizizen 배지에 배양하고, 580 nm에서 흡광도가 1.0일 때 배양액과 형질전환 

벡터 pBSM54orf1-sp-1을 혼합하고, 60 μg/ml의 spectinomycin이 첨가된 LB 배지에 도말하여 

생육한 집락들을 1차 선발하였다. 또한 선별한 집락을 대상으로 형질전환 유무를 확인하기 

위하여 orf1-f3, spcf1, spc-f2, hxlr1 및 hxl-r2 primer들을 이용하여 PCR을 수행하고 대조구와 

동일한 크기의 PCR 산물이 검출된 저항성 집락들을 먼저 선별하였다. 선발된 형질전환주의 

단일 집락들을 iturin 생산배지에 배양하고 얻은 상등액을 F. oxysporum이 함유된 검정용  

평판배지에서 활성검정을 행한 결과 형질전환주 T1과 T6는 야생주보다 F. oxysporum 균주

를 이용한 활성검정 시 생육 저지환의 크기가 더 증가하였다.

   한편 야생주와 형질전환주 T1 및 T6로부터 생산된 iturin을 정량적으로 비교하기 위하여 

각 균주를 30℃에서 3일간 배양하고 얻은 상등액의 부탄올 추출물을 HPLC로 분석한 결과 

site-directed mutagenesis를 통해 얻은 형질전환주 T1과 T6의 iturin 생산능이 야생주보다 각

각 16%와 22% 더 증가하였다.

Ⅴ. 연구성과 및 성과활용 계획

   Iturin 생합성능이 증대된 자외선 돌연변이주 BSM54의 genomic DNA를 분리하여 Next 

Generation Sequencing을 실시하고, 야생주의 iturin 생합성 유전자 37,645 bp와 비교하여 iturin 

생합성 관련 유전자 중 6 부위에서 야생주와 다른 point mutation을 발견하였다. 또한 돌연 

변이주 BSM54는 각 ORF들의 발현량이 대체적으로 야생주보다 많았고, Botrytis cinerea를  

대상으로 한 포자 억제 시험에서도 야생주보다 2배 이상 더 강하게 포자 발아를 억제하였으

며, iturin 생산량도 HPLC 분석 시 야생주보다 2배나 더 증가하였다. 이외에 야생주에 자외

선 돌연변이주의 M1 point mutation이 일어난 부위를 site-directed mutagenesis시켜 얻은 형질

전환주에서도 야생주보다 F. oxysporum 평판 배지에서 생육 저지환의 크기가 더 크게 나타

나 iturin 高生産 돌연변이주 BSM54의 point mutation이 일어난 M1 위치의 변이된 염기가 

iturin 생산능 증대에 관여한다는 것을 알 수 있었다. 이러한 결과들을 바탕으로 향후에는 

iturin 생합성 유전자를 이용한 길항 미생물 B. subtilis 균주의 개량이나 자외선 돌연변이주를 

이용한 생물학적 방제제 개발에 활용하고자 하며, 다른 한편으로는 iturin과 surfactin의 

synergic effect를 이용하여 항균력이 증대된 생물학적 방제제 개발에 활용하고자 한다. 이러

한 일련의 시도가 원활하게 진행되면 향후 화학합성 농약 사용량의 감축으로 인해 우려되고 

있는 농작물의 생산성 감소에 효율적으로 대처할 수 있는 생물학적  방제제 개발과 응용에 

효과적인 수단이 될 수 있을 것으로 사료된다.
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SUMMARY

I. Subject

    Development and industrialization of antagonistic microorganism Bacillus to enhance    
     the productivity of cyclic lipopeptide

II. Objectives and Significance

   The improvement of seeds, the use of chemical fertilizers and agrochemicals, the 
improvement of soils, and the mechanization of farming have been contributed to the foodstuff 
production and the crop protection for the human being for a long time. On the contrary, the 
acidification of soils, the remaining toxicity, and the environmental pollution, which are caused 
by the repeated use of agrochemicals and the use of the excess amount of chemical fertilizers 
have become a social problem. In Korea, the amount of agrochemicals and chemical fertilizers 
used was due to be reduced by 40% until 2013. Thus, there was a great need for the research 
to develop biological control agents to enhance the production of agricultural products while 
reducing the amount of agrochemicals and chemical fertilizers required. In fact, research to 
achieve these goals had been conducted, mainly utilizing useful bacteria. At the beginning, 
studies were focused on the physiology for plant-bacteria interaction such as nitrogen fixation, 
solubilization of phosphorous, the production of antibiotics and plant growth regulators. Various 
kinds of antagonistic microorganisms, which show the ability to prevent the plant diseases and 
to activate the growth of plant, were investigated and microorganisms such as Bacillus sp., 
Pseudomonas sp., Streptomyces sp., and Trichoderma sp. represent the possibility of such 
biological control. More recently, the isolation of useful antagonistic microorganisms and the 
improvement of microorganisms using genetic approach have been on trial. Especially, the 
necessity of clean crop productions, which are recently prompted by the spread of well-being 
culture among the consumers has gradually been increased. Moreover, the needs for the 
biological control agents as only alternatives for synthetic organic chemicals are greater than 
before. Thus, the acquisition of microorganisms with the outstanding antagonistic action against 
phytopathogens is highly demanded.
   With such background, this work was initiated to develop biological control agents with 
increased iturin production by using the Bacillus, which produced the six types of iturins with 
antifungal activity against various phytopathogenic fungi. We have tried to improve the activity 
of the antagonistic microorganism, Bacillus and to provide the scientific basis for the 
development of the Bacillus strain with high-yielding iturin production on molecular levels, and 
then to examine the possibility of practical use of this strain.
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. Scope of the study

1. Establishment of iturin high-yielding mutant by UV irradiation

  2. Comparison of antifungal activities between commercial products and UV mutant producing

     iturin 

  3. Sequence determination of iturin biosynthesis genes from the wild-type B. subtilis subsp.       

     krictiensis and the analysis of secondary metabolites

4. Identification of gene mutations associated with iturin biosynthesis from iturin high-yielding     

     mutant B. subtilis BSM54

  5. Comparison of expression levels of iturin biosynthesis genes associated with point mutation     

     from iturin high-yielding mutant B. subtilis BSM54

  6. Suppressive effects of iturin high-yielding mutant B. subtilis BSM54 on spore germination of   

     Botrytis cinerea

  7. The possibility of change of antifungal activity of UV mutant B. subtilis BSM54 during the    

     storage period

  8. Comparison of the iturin production from iturin high-yielding mutant B. subtilis BSM54       

     and wild-type B. subtilis strains 

  9. Construction of transformation vector for site-directed mutagenesis

 10. Improvement of wild-type B. subtilis strain on the molecular level using the point mutated 

     iturin biosynthesis gene through the site-directed mutagenesis 

. Results

 1. Establishment of iturin high-yielding mutant by UV irradiation

To obtain the UV mutant with increased iturin production by using the UV mutant M1891 

and UV4-II derived from wild-type Bacillus subtilis subsp. krictiensis, ultraviolet ray was 

irradiated with 2.80 mW/cm2 and the optimal treatment time of ultraviolet ray that showed the 

0.1% survival rate was examined. The treatment times of B. subtilis subsp. krictiensis M1891 

and UV4-II strains were determined as 25 min and 30 min, respectively.

 To select the iturin high-yielding UV mutants from these two strains, the culture broths of 

M1891 and UV4-II strains were spreaded and grown on LB plate and overlayed with the soft 

agar containing Fusarium oxysporum, and then incubated at 25℃ for 2 days. A UV 

transformant BSM54 was selected from the colonies of 30,000 transformants which showed 2-3 

fold increased antifungal activity over that of mother strains.
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  2. Comparison of antifungal activities between commercial products and UV mutants producing    

 iturin

The antifungal activity of UV mutant B. subtilis subsp. krictiensis No.54 was compared with 

that of the B. subtilis strains isolated from commercial products. The   isolated strains were 

cultivated in the iturin production medium at 30℃ for 72 hrs using a rotary shaker and filtered. 

The supernatants were used in bioassays against F. oxysporum. The mutant No. 54 showed a 

stronger inhibitory activity than commercial products and it was designated as B. subtilis subsp. 

krictiensis BSM54 strain.  

3. Sequence determination of iturin biosynthesis genes obtained from wild-type Bacillus subtilis    

     and the analysis of second metabolites

     The iturin biosynthesis genes, which are consisted of six ORFs and 37,645-bp sequence in 

length, determined by sequence analysis from the genomic library of B. susbtilis subsp. 

krictiensis ATCC55079 in previous study were obtained and deposited in GenBank under 

assession number KC454625. The mutant-10 strain in which mini-Tn10 transposon was inserted 

into the ORF3 of iturin biosynthesis gene exhibited markedly lower antifungal activity against F. 
oxysporum than the wild-type strain on HPLC analysis. The wild-type strain-specific iturin A-F 

peaks were reconfirmed on LC-MS analysis. Each ORF of the iturin biosynthesis gene obtained 

from wild-type strain was compared with the database published recently. The iturin biosynthesis 

genes from ORF2 to ORF5 showed 99% homologies with the surfactin synthetase genes of B. 
amyloliquefaciens subsp. plantarum CAU B946 strain. Even though these ORFs showed a high 

similarity to the surfactin synthase genes of B. amyloliquefaciens subsp. plantarum, the 

iturin-less mutant, which has a disrupted putative iturin biosynthesis gene, exhibited about 30% 

decrease in iturin production. In addition, the wild-type strain-specific iturin A-F peaks were 

detected on LC-MS analysis. From these results, the putative iturin biosynthesis genes obtained 

from the wild-type strain were thought to be iturin biosynthesis genes. 

     To check the possibility that the wild-type and the mutant-10 strains might produce any 

other cyclic lipopeptides, the second metabolites of these two strains were also analyzed by 

HPLC and LC-MS. Although several surfactin peaks on HPLC analysis were detected in both 

the wild-type and mutant-10 strains, the amounts of surfactin produced were quiet less than that 

of iturin. Notably the surfactin produced by the mutant-10 strain, which showed 30% decrease 

in iturin production over wild-type strain, was two-fold greater than that of the wild-type strain. 

These results suggested that the gene clusters identified in the genome of wild-type B. subtilis 

subsp. krictiensis are involved in iturin, but not surfactin biosynthesis, even though these genes 

showed high similarities to the surfactin synthase genes of B. amyloliquefaciens subsp. 

plantarum.
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  4. Identification of gene mutation associated with iturin biosynthesis from iturin high-yielding     

 mutant B. subtilis BSM54
  
       To examine the cause of increased antifungal activity in the iturin high-yielding UV mutant 

BSM54 strain on the molecular level, NGS sequencing for the iturin biosynthesis genes of 

mutant strain was performed and the mutation sites were identified by comparing with the 

37,645-bp sequences of iturin biosynthesis genes from the wild-type strain. Six types of point 

mutations in the iturin biosynthesis genes of the mutant BSM54 strain were found. One point 

mutation (M1) was detected in the upstream region of ORF1 and 5 other mutations were noted 

in the ORF2 region (M2 - M6). Among them, the M1 point mutation found in the upstream 

region of the ORF1 was predicted to cause the change of mRNA secondary structure.  The M1 

point mutation, which is located in the promotor in front of ORF, was expected to have the 

influence on iturin biosynthesis at the transcription stage, whereas M3 point mutation was likely 

to be responsible for the change of phenotype in accordance with final gene products obtained 

after translation.

  5. Comparison of the expression levels of iturin biosynthesis genes associated with point mutation  

    from iturin high-yielding mutant B. subtilis BSM54

   To investigate whether the changes in the expression of each ORF had occurred, the 

expression levels of ORF1 to ORF5 associated with itrin biosynthesis from iturin high-yielding 

UV mutant BSM54 were compared with those of the wild-type strain. Total RNAs of mutant 

BSM54 and wild-type strains were isolated after cultivating at 30℃ for 24, 48, and 72 hrs in 

LB broth. The real-time PCRs of cDNAs synthesized with purified RNAs were performed. The 

expression levels from ORF2 to ORF5 in UV mutant BSM54 strain were significantly increased 

over that of the wild-type strain after 48 hrs. Especially, the remarkable differences of 

expression levels between mutant BSM54 and wild-type strains were observed in the ORF2 to 

ORF4. The increased expressions of mutant BSM54 strain were found to be due to the point 

mutations of genes associated with iturin biosynthesis.

  6. Suppressive effects of iturin high-yielding mutant B. subtilis BSM54 on spore germination of

    Botrytis cinerea

      The suppressive effects of UV mutant BSM54 and wild-type strains on the spore germination 

of Botrytis cinerea were examined as follows. The culture broths cultivated for 3 days were 

precipitated with hydrochloride, neutralized, fractionated with butanol, and then evaporated in 

vacuo. The spore concentration of B. cinerea, the causative agent of cucumber gray mold, was 
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adjusted to reach 106 spores/ml and aliquots of the butanol fractions were added into each hole 

slide glass to be in a range of 125-500 μg/ml. The slide glasses were incubated at 25℃ for 6 

hrs and the spore germination rates were observed under the microscope. 

      Both UV mutant BSM54 and wild-type strains did not show the significant differences in 

groups treated with butanol fractions at the same concentration of 125 μg/ml, but the mutant 

BSM54 strain at the concentration of 250 μg/ml inhibited the spore germination over 2-fold 

stronger than that of the wild-type strain. Especially, the spore suppressive rate of the wild-type 

strain was 43.5% at the concentration of 500 μg/ml, whereas the spore germination in mutant 

strain did not completely occur at the same concentration. The mutant BSM54 strain showed a 

stronger suppressive activity on the spore germination of B. cinerea at the same concentration of 

over 250 μg/ml. 

 

  7. The possibility of change on the antifungal activity of UV mutant BSM54 strain during the    

   storage period   

 

   To investigate whether the revertants, which are returned to original conditions through back 

mutation, appeared during the storage in the –70℃ freezer in glycerol stocks, the changes of 

antifungal activities of the mutant strain were measured. The diameter of growth inhibition zones 

on bioassay against F. oxysporum was compared with the wild-type strain at intervals of one 

month from 2 months up to 2 years, The antifungal activities of mutant BSM54 strain showed 

the narrow margins during the storage periods, but the activities of the strain from 2 months to 

2 years did not show significant differences.

  8. Comparison of the iturin production from wild-type B. subtilis and iturin high-yielding mutant  

   BSM54 strains

      The production capacities of iturin in butanol fractions evaporated in vacuo from the butanol 

extracts of wild-type and mutant BSM54 strains were analyzed by HPLC and compared with 

authentic iturin A used as control. The amounts of iturins in each butanol fraction obtained 

from wild-type and mutant BSM54 strains were calculated as 4.175% and 8,716% from the 

quantitative analyses of HPLC chromatograms, respectively. Thus, the production capacity of 

iturin produced from the mutant BSM54 strain was about 2-fold higher than that of wild-type 

strain. 

  9. Construction of transformation vector for site-directed mutagenesis

   To clone the ORF1 region containing M1 point mutation site in the UV mutant BSM54 
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strain into the wild-type B. subtilis, the 1.8-kb PCR products were obtained by using the primer 

ORF1_u-f(5′-TAATCGCCGTCAGTTCCTCG-3′), ORF2-r (5′-TTCTCATCGACTCATACCGC- 

3′), and Accu Power Pfu PCR Premix. Both PCR products and pUC19 vector were digested 

with EcoRI, ligated at 4℃ for 16 hrs, and the aliquots of suspension was added to the 

competent cell of E. coli DH5α used in transformation. The pBSM54-orf1 transformants 

obtained was double-digested with BamHI and XbaI. The isolated insert was ligated with 

spectinomycin resistance gene cassette digested with the same restriction enzymes as previously 

described from the pIC333 vector to constructed the pBSM54-orf1-sp vector for transformation.

 10. Improvement of wild-type B. subtilis strain on the molecular level using the point mutated     

   iturin biosynthesis gene through the site-directed mutagenesis 

     To further increase the production capacity of iturin using iturin high-yielding mutant 

BSM54, site-directed mutagenesis was performed by using the gene of M1 point mutation 

region without the exchange of the amino acid among the six point mutation sites. The 

transformation vector pBSM54-orf1-sp-1 for site-directed mutagenesis was finally constructed 

using the ORF1 region containing M1 point mutation site obtained by PCR with proofreading 

DNA polymerase earlier, the QuickChange II XL site-directed mutagenesis kit, and mutagenic 

primers.

     To transform the wild-type B. subtilis strain by site-directed mutagenesis, the strain was 

cultivated until the absorbance of 0.1 at 580 nm was obtained in modified Spizizen medium. 

The aliquots of culture broth were then added to transformation vector pBSM54-orf1-sp-1. The 

suspension were spreaded on LB agar containing 60 μg/ml of spectinomycin and the colonies 

grown on the medium were primarily selected. The transformants were analyzed by PCRs with 

the orf1-f3, spcf1, spc-f2, hxlr1, and hxl-r2 primers and the resistant colonies that produced the 

PCR products of the same size as control were finally chosen. The single colonies of 

transformants selected were cultivated in the iturin production medium and the antifungal 

activities of the supernatants were examined on bioassays against F. oxysporum. The 

transformants T1 and T6 have exhibited larger growth inhibition zones than that of wild-type 

strain.

     To compare the contents of iturin produced from the wild-type strain and transformants  T1 

and T6,  these strains were cultivated at 30℃ for 3 days and the butanol extracts  of 

supernatants were quantitatively analyzed by HPLC. The iturin production of transformants T1 

and T6 obtained by site-directed mutagenesis was increased 16% and 22% over the wild-type 

strain, respectively.
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V. Prospects for application

    Six point mutations were discovered through the NGS sequencing of the genomic DNA isolated 
from UV mutant BSM54 and the comparison of iturin biosynthesis genes between  wild-type and  
iturin high-yielding UV mutant BSM54 strains. The expression levels of each ORF of UV mutant 
BSM54 strain were higher than that of the wild-type strain, with greater than 2-fold inhibitory 
activities over the wild-type on spore germination of Botrytis cinerea. The iturin production of the 
mutant BSM 54 strain has increased 2-fold over the wild-type strain on HPLC analysis. The 
transformants obtained from wild-type strain with the M1 point mutation of UV mutant BSM 54 
strain by site-directed mutagenesis have exhibited a larger growth inhibition zone than that of 
wild-type strain on bioassay against F. oxysporum. From these results, it was found that the 
mutated gene of M1 site occurred by the point mutation in iturin high-yielding mutant BSM54 
strain was associated with the increase of iturin production. The results of the study would lead 
to the improvement of antagonistic microorganism B. subtilis strain and development of biological 
control agents using UV mutants. In addition, the development of biological control agents with 
increased antifungal activities using the synergic effect of iturin and surfactin will be investigated. 
When a series of trial has progressed successfully, development and application of biological 
agents may provide effective means to cope with decrease in crops production, which would incur 
due to the reduced agrochemical usage required in the future.
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    , , , 
,1) 

.2,3) 1992 6 (UNCED)
25-75%

21 OECD 
2013 40% .4) 

, 2009 3 4,117 , 2010
3 6,506 , 2011 3 9,678 , 2020 6

6,283 ( 1).5) 2005
, 2013 4,080 2018 5,470
( 1).6) well-being  
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.7) 1900
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2010  73 ( 2),10) EU
38 (  3).11) 2012 3.35
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2008 2009 2010 2011 2014 2015 2016 2020

2,536 2,426 3,521 4,118 5,782 6,563 7,226 10,306

9,193 13,178 15,026 18,449 28,026 32,426 39,249 55,976

20,198 18,514 17,958 17,112 14,814 14,122 - -

31,927 34,117 36,506 39,678 48,622 53,111 46,475 66,283

    Table 1. The prospect of market shares for environmentally-friendly agricultural        
    products in accordance with certification stages
                                                                ( :  )

         
            Fig. 1. Global trends in organically farmed areas 2005-2018.
             *Source; Microbial Products: Technologies, Applications and Global Markets 
                      (BCC Research, 2013)

         Fig. 2. Global agricultural markets for products made from microbes 
         by application type, 2012-2018.
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   Table 2. Microbial pesticides registered in United States.10)
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  Table 2. Microbial pesticides registered in United States.10)
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   Table 3. Microbial pesticides active ingredients registered in the European Union with
   representative products that are registered in at least one Member State as of 2010.11)
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  Table 3. Microbial pesticides active ingredients registered in the European Union with
  representative products that are registered in at least one Member State as of 2010.11)

   

             Fig. 3. Global microbial pesticide market by segment, 2013.
             *Source; Microbial Products: Technologies, Applications and Global Markets 
                      (BCC Research, 2013)



- 27 -

2013 2018 6.5% ( 2).12) 2013
3.573 75% , Bacillus thuringiensis

, 17.5%, (nematode) 7.5%
( 3).13) 2012 11.5 , 2013

12 2018 15,4 .12)

    Agrobacterium tumefaciens
crown gall .13) 

Agrobacterium radiobacter agrocin A. tumefaciens
, A. radiobacter

. 
Pseudomonas fluorescens USDA Washington  

14 17) 10 Gaeumannomyces 
graminis var. tritici P. fluorescens

. 10 20% 
, Pseudomonas phenazine 18,19) 2,4-diacetyl 

phloroglucinol 19) . 8

phenazine Pseudomonas  sp.
.20,21) 

    Bacillus Gram 
,22) 

. B. subtilis  Saccharomyces cerevisiae
Lactobacillus sp. (FDA)

.23)   
Bacillus cyclic lipopeptide cyclic lipopetide

3 iturin family, surfactin family fengycin family , 
4 5 .24) Iturin A C, bacillomycin D, F, L, LC mycosubtilin

iturin family , heptapeptide 14~17 β-
.  Iturin surfactin ,  

, 
. iturin ion-conducting 

pore osmotic perturbation , surfactin
.25) Surfactin family cyclic lactone ring 

heptapeptide β-hydroxy ,26) surfactin biosurfactant
membrane integrity .25) Fengycin 

family fengycin A B ( plipastatin )
lactone ring β-hydroxy lipodecapeptide . Fengycin

iturin surfactin haemolytic filamentous 
, permeability
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.25) surfactin iturin,27) surfactin fengycin28) iturin fengycin
29) synergistic . Cyclic lipopetide Bacillus 

B. subtilis EcoGuard, Kodiak, HiStick, Serenade, 
Sonata Taegro 10) post-harvest, 

. USDA Dr. Pusey 
,30) Phae 

NB22 
.31) 2,000 AgraQuest Co.

Serenade Bacillus subtilis QST713 25
,32) 1 . 

Bacillus lipopeptide
biofilm (ISR, induced systemic resistance)

.28,33) B. subtilis 
flagellin-like  Botrytis cinerea

,34) Bacillus amyloliquefaciens Ralstonia solanacearum
(systemic acquired resisatance)

.35) B. subtilis 
, , Bacillus

Trichoderma (T. harzianum, T. viride, 
T. sp. T. hignorum, Gliocladium virens ) .36,37)

   

7)

   
, , 

.38) 70

. 

plant growth promoting rhizobacteria (PGPR) .39,40) PGPR 

.  

,41) 
siderophore
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Fig. 4. Structures of representative members and diversity within the three lipopeptide 
families synthesized by Bacillus species. Boxed structural groups are those that were shown to 
be particularly involved in interaction with membranes and/or are supposed to be important for 
biological activity in addition to the cyclic nature of the molecular. 
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Fig. 5. Overview of Bacillus lipopeptide interactions in the context of biological control of 
plant diseases. From left to right, the three photographs show bacterial spreading, fungal growth 

inhibition through the production of fungitoxic compounds by blue bacterial cells and leaf disease 
reduction following inoculation of the beneficial bacterium on roots. They illustrate how to get 
experimental indications about the potential involvement of one particular strain in the three 
phenomena schematically represented in A, B, and C. Establishment in biofilm and/or microcolonies 
of the rhizobacterium is represented in A, B represents direct antibiosis that can be exerted by the 
established biocontrol strain toward pathogens sharing the same microenvironment. In C, the arrows 
illustrate the emission of a signal following perception of the rhizobacterium at the root level. This 
signal moves over the entire plant leading to some systemic reinforcement allowing pathogen 
restriction at distal sites of infections (Trends Microbiol., 16: 115-125, 2008)
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,42,43) PGPR 
(systemic resistance)
.38,44) PGPR Pseudomonas
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.45,46) 

    
, .  

, 2000 4.9
6.5% 10% 

,  
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pheromone 

. 
    

 
6 iturin Bacillus 

iturin 
. iturin iturin 

NGS (next generation sequencer) , 
site-directed mutagenesis .   
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Agrobacterium sp, Bacillus sp, Pseudomonas sp, Streptomyces sp. Gliocladium 
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, 2018 4.9 6.5%
, 2012 11.5 , 2013

12 2018 15,4 .12)
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Bdellovibrio 

Pseudomonas syringae , Bacillus, Serratia Phytophthora 
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3).

     Agrobacterium radiobacter
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Gaeumannomyces graminis var. tritici  Pseudomonas fluorescens 
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Antagonists Pathogens

  (Parasitism or predation of hyphae)

  
Arthrobacter spp.
Bdeellovibrio bacteriovorous

Pythium debaryanum
Pseudomonas syringae

  

Gliocladium catenulatum
Pythium acanthicum
Pythium oligandrum
Talaromyces flavus
Trichoderma hamatum
Trichothecium roseum

Fusarium spp., Sclerotinia sclerotiorum

Sclerotinia sclerotiorum
Pythium spp., Rhizoctonia solani
Puccinia horiana, Spaerotheca fuliginea

  (Parasitism of predation of propagules)*

 
 

Actinoplanes spp.
Bacillus sp.
Serratia marcescens

Phttophthora megasperma
Sclerotium cepivorum
Sclerotium rolfsii

 

Gliocladium spp.
Nectria inventa
Talaromyces flavus

Trichoderma spp.
Verticillium biguttatum

Alternaria brassicae
Rhizoctonia solani 
Sclerotinia sclerotiorum

Rhizoctonia solani
  (Antibiosis)

 
 

Agrobacterium radiobacter
Bacillus subtilis
Enterobacter aerogenes
Erwinia herbicola
Pseudomonas cepacia
Streptomyces friseoviridis

Agrobacterium tumefaciens

Fusarium oxysporum f. sp. dianthi
Phytophthora cactorum
Fusarium culmorum
Rhizoctonia solani, Verticillium dahliae
Alternaria brassicicola, Rhizoctonia solani

 

Gliocladium virens
Penicillium frequentans
Talaromyces flavus
Trichoderma spp.

Pythium ultimum
Monilinia laxa
Verticillium dahliae
Fusarium oxysporum f. sp. conglutinans

  (Competition)

 
 

Alcaligenes sp.
Pseudomonas putida
Pseudomonas spp.

Fusarium oxysporum f. sp. dianthi
Fusarium oxysporum
F. oxysporum, F. oxysporum f. sp. cucumerinum

 

Fusarium oxysporum
(non-pathogenic)
Pythium nunn
Rhizoctonia solani
(non-pathogenic)
Trichoderma harzianum

F. oxysporum f. sp. cucumerinum

Pythium ultimum
Rhizoctonia solani
F. oxysporum f. sp. melonis and vasinfectum

Table 3. Examples of modes of action exhibited by potential biological disease control
  agents.
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 Pseudomonas  sp.
.20,21) siderophore 

Pseudomonas Fusarium B. subtilis, Pseudomonas 
cepacia, Streptomyces , Gliocladium, Penicillium, Talaromyces  Trichoderma 

. Alcaligenes, 
Pseudomonas Fusarium Pythium Pythium

Pythium (
3).7) B. subtilis

carnation Fusarium Colletotrichum lagenarium
Pseudomonas syringae , carnation Fusarium

Pseudomonas Serratia . U.S.D.A. B. 
subtilis brown rot Monilinia fructicola

,51) 
USDA Dr. Pusey 

,30) Phae 
NB22 iturin

.31) 2,000 AgraQuest Co. Serenade Bacillus subtilis QST713  
25 , 

,32) 1 .  
Bacillus  lipopeptide

, Xanthomonas campestris
.52,53) Bacillus lipopeptide

biofilm 
.28,33)  

B. subtilis flagellin-like  Botrytis cinerea
,31) Bacillus Bacillus amyloliquefaciens 

Ralstonia solanacearum
.35) B. subtilis 

, S. cerevisiae Lactobacillus sp. 
.23) B. subtilis

BacJ, EcoGuard, GB34, Kodiak, Histick, Serenade, Sonata Taegro 8
, EU Serenade 1 ( 1, 2) 

post-harvest, . B. 
subtilis 

, Bacillus
Trichoderma (T. harzianum, T. viride, T. sp. T. hignorum, Gliocladium virens )

.36,37)

      Bacillus cyclic lipopeptide iturin



- 35 -

iturin 

, 2000 B. subtilis RB14 

iturin A ,54) B. subtilis ATCC 6633 

mycosubtilin .55) B. amyloliquefaciens FEZ42 

lipopeptide lipopeptide surfactin, bacillomycin D 

fengycin ,56,57,58) 4′-phosphopantetheine transferase sfp 

surfctin B. subtilis 168 iturin A operon horizontal 

transfer sfp iturin 

.59) B. amyloliquefaciens subsp. plantarum CAU B946

iturin A ronribosomal gene cluster 60) 

.

     70

, 

plant growth promoting rhizobacteria (PGPR) .21,22) PGPR 

.  

,23) 

siderophore

,24,25) PGPR 

(systemic resistance)
 ( 4).20,26) 

1950

blasticidin S,61) kasugamycin,62)  polyoxin63) validamycin 64)

, 
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OECD 

2013 40%

. 

, , 
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   1980 1980
, , 

, , 
( , , ) . 2003

㈜ (B. polymyxa 
AC-1) (B. thuringiensis)

2012 12 37 2 39
( 5). 25 19 , 6

, 13 6 7 , 
1 . 2012 800

,  6.2% , 2016 1,029
.65) 21 OECD  

40% 2001 2005

, 
. 

    2006 Bacillus 
vallismortis EXTN-1 

, 
. 2006 10

100 .32)   
Bacillus subtilis 

subsp. krictiensis , cyclic lipopeptide
6 iturin , 
itrin iturin iturin 

37,645 bp .
    iturin cyclic peptide

2000 Bacillus . 
, , 

. 
, 

.
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연번 용도
제조

수입
취급분야 품목명 등록규격(%)

1 1501 1×109 cfu/g
2 1501 1×106 cfu/g
3 -9 1×107 cfu/ml
4 27 2×108 cfu/g
5 600 2×1011 cfu/g
6 1336 1×109 cfu/g
7 42-1 1x107 cfu/ml
8 238 5x107 cfu/ml
9 365 3×107 cfu/g
10 365 1×107 cfu/ml
11 401 2x107 cfu/ml
12 401 2x107 cfu/ml
13 1010 1x105 cfu/g
14 713 5×109 cfu/g
15 713 1x109 cfu/g
16 1121 1×106 cfu/g
17 1121 1×106 cfu/g
18 2808 1x109 cfu/g
19 324 1×105 cfu/ml
20 20 1×104 cfu/ml
21 5×107 cfu/g
22 94013 1×107 cfu/g
23 -1 1×108 cfu/g
24 459 1×108 cfu/g
25 -1 5×106 cfu/ml
26 3017 1x104 cfu/g
27 1×108 cfu/ml
28 -1 1×106 cfu/ml
29 8.5 BIU/kg
30 35,000 DBMU/mg
31 423 1×109 cfu/g
32 423 1×108 cfu/ml
33 413 1×107 cfu/ml
34 16 BIU/kg
35 10%
36 64 BIU/kg
37 0.15 %
38 -2032 5×107 cfu/g
39 53 %

Table 5. List of biopesticides registered in Korea as of December 31, 2012. 

*Source: (http.rda.go.kr/board/boarde/do?catgId=menu_id=ofc&boardId=openda)
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Table 6. Current Status of the types of microorganism-induced disease resistance in plants

*Source: . 2011. . ,  
        14(4): 1~11.
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3 

   Bacillus subtilis   

, 6 iturin A~F

Bacillus subtilis subsp. krictiensis ATCC55079  1992

. iturin iturin 

genomic library screening 30~40 kb cosmid iturin 

, iturin 37,645 bp

, iturin 

GenBank KC454625 . Iturin cyclic 

peptide iturin  2,000

, Bacillus 

,24) 21 OECD 

. 

6 iturin Bacillus subtilis subsp. 

krictiensis ATCC55079 iturin Bacillus 

. Bacillus subtilis 

subsp. krictiensis ATCC55079 

iturin , 

Bacillus 

. iturin   

iturin 

iturin NGS(next generation 

sequencing) , iturin 

, point mutation site-directed 

mutagenesis . Bacillus subtilis subsp. 

krictiensis ATCC55079 2 6 iturin cyclic 

lipopeptide HPLC LC-Mass , 

iturin HPLC
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Bacillus

  (1). 

   1). 

        Iturin 
  Bacillus subtilis subsp. krictiensis ATCC55079

. Bacillus 
(Kodiak, Serenade, , Cellus ) Bacillus sp. 

. 
          Fusarium 

oxysporum , potato dextrose agar
. 

   
   2). 

    Bacillus subtilis LB (Bacto-tryptone 10 g, Bacto-yeast 
extract 5 g, sodium chloride 10 g/liter) . Bacillus subtilis 

(sucrose 30 g, soytone 10 g, yeast extract 5 g, K2HPO4 0.5 g, 
MgSO4 2 g, MnCl2 4 mg, CaCl2 5 mg, FeSO4 7H2O 25 mg, pH 7.0/liter) 

, Spizizen (50% glucose 10 ml, 2% casein hydrolysate 10 ml, 10% 
yeast extract 10 ml, 1M MgCl2 2.25 ml, KH2PO4 6 g, K2HPO4 14 g, (NH4)2SO4 2 g, Na 
citrate 1 g, MgSO4 0.2 g/liter) 66) . 

3).
   

       B. subtilis subsp. krictiensis homologouos recombination vector 
site-directed mutagenesis vector construction pUC19 vector pIC333 vecotor67)

spectinomycin . 

  (2). 

   ( ). Fusarium oxysporum 

   Potato dextrose agar F. oxysporum potato dextrose broth
25℃ 2～3 waring blender
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(A550nm) 1.5 50℃ potato dextrose agar 50 
ml 10 ml potato dextrose agar

base layer 5~10 ml overlay
.

   
 . Bacillus in vitro 

  (1). 

        LB Bacillus LB broth 
30℃ 200 rpm 16 .  LB 

iturin 2% 30℃ 200 rpm 72
. 8,000 × g 10 0.2 

membrane filter paper disk 250 μl F. oxysporum 
25℃ 1 3

.

. iturin 

  (1). 

       B. subtilis subsp. krictiensis LB streak , 30℃
2 ml LB broth 30℃, 200 rpm 16~18 

, LB 100 ml 1% 550 nm
0.6 . 8,000 × g 10

(5 mM caffein, 0.1M MgSO4 7H2O, 0.03% tween 80) 2
A550nm=0.4 1.5 ml UV box ( 6) 

, 25 cm 10W short wave UV lamp 1 15 W short 
wave UV lamp 2 UV box UV 2.80 mW/cm2

, 0.1% 
.

  (2). in vitro 

       B. subtilis subsp. krictiensis 
iturin 

B. subtilis subsp. krictiensis 100~200
, . 
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                Fig. 6. Photograph of UV box used in this study.

    Fusarium oxysporum soft agar  25℃ 1~2

    . B. subtilis subsp. krictiensis , 

1 , iturin 

48~72 15,000 × g . 

F. oxysporum cylinder( 8 mm, 10 

mm, Fisher Co.) , 250 μl cylinder , 25℃

1~2 ,68) Bacillus 

subtilis subsp. krictiensis ATCC55079 2-3

BSM54 .

  (3). 

        Bacillus subtilis  

B. subtilis BSM54 

4 (Serenade 2 , 1 , Kodiak 1 )

Bacillus LB broth 30℃ 200 rpm 16

.  LB broth iturin 2%

30℃ 200 rpm 72 . 8,000 × g

10 paper disk 250 μl F. 

oxysporum 25℃ 1~3

.
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. B. subsilis BSM54

     single colony LB broth 30℃
glycerol 20% –70℃ 2

1 2
LB agar recovery

single colony iturin 3 F. oxysporum
.

. B. subsilis BSM54 iturin 

  (1). Genomic DNA

   Iturin 高生産 B. subtilis BSM54 B. subtilis 
BSM54 gDNA . 

BSM54 25 ml LB broth 30℃, 250 
rpm (A600=1.0-2.0) 8,000 × g 10

10 ml lysis (50 mM EDTA, 0.1 M NaCl, pH 7.5) 10 mg
lysozyme 4 ml lysis 37℃ 10 .   

20% (w/v) sarkosyl 0.3 ml 5 4 ml TE 
phenol 4 ml 4℃, 10,000 × g 10

DNA . phenol/chloroform DNA
, 0.1 volume 3 M sodium acetate (pH 5.2) 2.5 volume ethanol

DNA , DNA 70% ethanol
TE –20℃ .

   BSM54 genomic DNA Solgent Co.
Next Generation Sequencing (454 Pyrosequencing) , genomic 
DNA iturin 

B. subtilis subsp. krictiensis iturin 37,645 bp
.

 
. Iturin 高生産 BSM54 point iturin 

    

   iturin 高生産 BSM54 iturin 
ORF1 ORF5 5 ORF ORF

. BSM54 B. subtlis 
subsp. krictiensis iturin (sucrose 30 g, soytone 10 g, yeast extract 5 g, K2HPO4 0.5 
g, MgSO4 2 g, MnCl2 4 mg, CaCl2 5 mg, FeSO4․7H2O 25 mg, pH 7.0/liter) 30℃
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2% , 24, 48 72
Trizol (Invitrogen Co.) 

RNA .  RNA DNaseI (Takara Co.) 30
Trizol RNA genomic DNA

, RNA iScript cDNA Synthesis Kit 
(Bio-Rad) cDNA . iturin ORF 

(real-time PCR) PCR 7
.

   Real-time PCR cDNA 1.5 μg Light Cycler 1.5 (Roche 

Co.) LC FS Master Plus SYBR Green (Roche) .  95℃

10 , 60℃ 15 72℃ 15 45 cycle .  ORF

(internal control gene) gyrB Ct

ORF Ct delta Ct delta 

Ct delta delta Ct 2(-delta delta Ct) .

          Table 7. Primer sequences used in real-time PCR analysis

            

ORFs Primer Sequences

ORF1
5'-CCGTGATAGGCGGGAAGT-3'

5'-GGAGGGACGACAGGGTAAAC-3'

ORF2
5'-CGGCGGTATGAGTCGATG-3'
5'-GCTTGCTTGCCTCGTCAC-3'

ORF3
5'-AGACCGAGGAGGAACAGCAG-3'
5'-CAGCAGGGACGTTGTAGCTC-3'

ORF4
5'-GACCGGTCAAGCTGTTCG-3'
5'-CTTCATCAGCGCCTGGAC-3'

ORF5
5'-CCCGCTCCACACCTATCTTC-3'
5'-CTGTGGCCGAACAGGACA-3'

gyrB
5'-GGCTCTCGGGACAGGAAT-3'
5'-GGCGGCTGAGCAATGTAG-3'

. Iturin 高生産 BSM54 Botrytis cinerea

   iturin 高生産 B. subtilis BSM54 B. 
subtilis Botrytis cinerea

BSM54 LB broth 30℃ 200 rpm 16
. LB broth iturin 2%

30℃ 200 rpm 72  5N HCl
pH 3 4℃ . 

Tris buffer (pH 7.0) , 3
butanol , 4℃
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, 3 butanol 
. Botrytis cinerea B. cinerea 

potato dextrose agar streak 25℃ 7 , B. cinerea   
potato dextrose broth 3 potato dextrose 

broth 106 /ml , 
BSM54 butanol 125, 250 500 μg/ml

hole slide glass 25℃ 6
.

. Iturin 高生産 B. subtilis BSM54 B. subtilis iturin 
 

   Iturin 高生産 B. subtilis BSM54 B. subtilis iturin 
BSM54 LB broth 30℃ 200 

rpm 16 . LB broth iturin 
2% 30℃ 200 rpm 72

5N HCl pH 3 4℃ . 
, 3 butanol

, 4℃ , 
3 butanol , 

B. subtilis 0.7434 g, BSM54 0.7326 g . BuOH 
Amberlite XAD-7HP gel 

(Sigma aldrich, USA) column chromatography . XAD-7HP gel
acetone MeOH

. 0.1N HCl pH 2 , 
0.1N NaOH pH 12 . 
XAD-7HP gel column B. subtilis BSM54 
BuOH loading . XAD-7HP column

H2O, 30% MeOH, 50% MeOH, 70% MeOH 100% MeOH 
HPLC , H2O 

H2O MeOH , MeOH (0.2507 
g) BSM54 (0.2459 g) . B. subtilis subsp. krictiensis

iturin 高生産 B. subtilis subsp. krictiensis BSM54 XAD-7HP column 
iturin HPLC (high performance liquid chromatography, 

Agilent 1100 equipped with VWD detector and ALS autosampler) authentic iturin A 
, authentic iturin A Sigma Co. . 

BSM54 XAD-7HP column 
membrane filter (0.45 μm, 13 mm, Merck Millipore, Germany) HPLC   

. HPLC 8 , 
BSM54 iturin HPLC (retention time) LC-MS 
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(LC-MS, LCQ Deca XP ion trap mass spectrometer, Thermo Finnigan, U.S.A.) 9
. Mass spectra 50~2,000 positive ion mode

m/z .

   Table 8. HPLC conditions for qualitative analysis of iturin A 

  

Item Operating condition

HPLC system Agilent 1100 HPLC system equipped with VWD detector and 
ALS autosampler

Column YMC-Pack Tri art C18
(5 μm, 4.6 I.D. × 250 mm, YMC Inc., USA)

Solvent A;  H2O, B; 100% Acetonitrile
a Linear gradient elution from A to B for 60 min 

Detector UV210nm

Flow rate 0.8 mL/min

 Table 9. LC-MS conditions for molecular weight analysis of iturin A 

  

Item Operating condition

HPLC system Nanospace SI-2 (Shiseido, Tokyo, Japan)

Column Acentis Express C18
(1.7 μm, 2.1 I.D. × 150 mm, Supelco)

Solvent

 A:  95% H2O containg 0.1% formic acid,
 B: 95% Acetonitrile containing 0.1% formic acid
  80% of A/ 20% of B for 5 min
  80~20% of A/20~80% of B for 35 min
  20% of A/80% of B for 10 min
  20~80% of A/80~20% of B for 5 min
  80% of A/20% of B for 15 min
a Linear gradient elution from A to B for 70 min 

Detector UV210nm

Flow rate 0.8 mL/min

. B. subtilis iturin cyclic lipopeptide

      B. subtilis subsp. krictiensis 6 iturin cyclic 
lipopeptide , LB broth 
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30℃ 200 rpm 16 . LB broth iturin 
2% 30℃ 200 rpm 72  

5N HCl pH 3 4℃ . 
, 3

butanol ,  4℃
, 3 butanol 

B. subtilis 1.0013 g . BuOH 
Amberlite XAD-7HP gel (Sigma Aldrich, 

USA) column chromatography . XAD-7HP gel
acetone MeOH .   

0.1N HCl pH 2 , 0.1N NaOH
pH 12 . XAD-7HP gel

column B. subtilis BuOH 
loading MeOH 0.1971 mg . 

B. subtilis subsp. krictiensis XAD-7HP column iturin 
cyclic lipopeptide HPLC authentic iturin A surfactin 

, authentic surfactin Sigma Co. . 
BSM54 XAD-7HP column 

membrane filter (0.45 μm, 13 mm, Merck Millipore, Germany) HPLC   
. HPLC C18 column (YMC-pack Pro, 4.6 × 250 mm, 

5 μm, YMC Inc., USA) 210 nm UV detector . 
1 ml/ml CH3CN (A)/ 0.05% TFA in water (B) gradient 

. 20~60% of A/80~40% of B (v/v) for 50 nmin,  60-80% of A/40~20% of B 
(v/v) for 5 min, 80~100% of A/20~0% of B (v/v) for 30 min, 100% of A/0% of B (v/v) for 3 
min 20% of A/80% of B (v/v) for 2 min. . 
iturin HPLC (retention time) LC-Mass

, LC-MS Phenomenex C18 column (1.0 × 150 mm, 5 μm, Phenomenex, 
U.S.A.) . 0.5 μl/ml 0.1% formic 
acid CH3CN (A)/0.1% formic acid water (B)

. 35% of A/65% of B (v/v) for 5 nmin,  35~100% of A/65~0% of 
B (v/v) for 75 min, 100% of A/0% of B (v/v) for 5 min, 100~35% of A/0~65% of B (v/v) for 
5 min 35% of A/65% of B (v/v) for 10 min. . Mass spectra
50~2,000 positive ion mode m/z .

. iturin  site-directed mutagenesis  

  (1). Site-directed mutagenesis

      Iturin 高生産 B. subtilis BSM54 point mutation 6 site   
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, iturin 
promoter M1 point mutation site-directed mutagenesis

.
   B. subtilis M1 point mutation site ORF1 region

primer ORF1_u-f (5′-TAATCGCCGTCAGTTCCTCG-3′) ORF2-r (5′-
TTCTCATCGACTCATACCGC-3′) AccuPower Pfu PCR Premix (Bioneer, Korea)

1.8 kb PCR . PCR  94℃ 30 , 50℃ 30 , 
72℃ 2 30 , PCR pUC19 vector
EcoRI 4℃ 16 ligation . Ligation recombinant 
plasmid E. coli DH5α competent cell (RBCBioscience) , 
plasmid pBSM54-orf1 BamHI XbaI double digestion , pIC333

spectinomycin resistance gene cassette ligation
pBSM54-orf1-sp . 

  (2). Site-directed mutagenesis

      Iturin 高生産 B. subtilis BSM54 point mutation 6 site  
, iturin 

promoter M1 point mutation site-directed mutagenesis . 
pBSM54-orf-sp QuickChange II XL site- 

directed mutagenesis kit (Agilent, U.S.A.) site-directed mutagenesis . 
10 ng pBSM54-orf1-sp 50 pmoles/μl mutagenic primer ( 10), PfuUltra HF 
DNA polymerase (2.5 U/μl), dNTP mix, reaction mix reagent Thermal 
cycler (iCycler, Bio-Rad) 95℃, 1 95℃ 50 , 50℃ 50 ,   
68℃ 7 cycle 18 , 68℃ 7

. site-directed mutagenesis pBSM54- 
orf-sp-1  B. subtilis .  B. subtilis LB  

2 ml Spizizen (50% glucose 10 
ml, 2% casein hydrolysate 10 ml, 10% yeast extract 10 ml, 1M MgCl2 2.25 ml, KH2PO4 6 g, 
K2HPO4 14 g, (NH2)SO4 2 g, sodium citrate 1 g, MgSO4 0.2 g, 1 liter)
37℃, 200 rpm 16～18 . 1% 

, 580 nm 1.0 0.5 ml 1 μg
site-directed mutagenesis , 1 . 

, 60 μg/ml spectinomycin LB , 37℃ 24 
spectinomycin . Site-directed 

mutagenesis  (homologous 
recombination) orf1-f3 (5′-ACGCCATGTATAAGTGG- 
GGA-3′), spc-r2(5′-CCACCATTTACTGCTGAC-3′), spcf1 (5′-TATCGGGGAGAGTGTG- 
AT-3′), hxlr1 (5′-AACCTTGAAACACGGGCA-3′), spcf2 (5′-CAAAGGTGAAAGCACT- 
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CG-3′) hxlr2 (5′-TGATCTTCAAGCAGAAGG-3′) PCR primer 95℃
30 , 50℃ 30 , 72℃ 1 30 30 cycle PCR

, . 1
F. oxysporum 

2 1 LB 
, 30℃ 200 rpm 16 , iturin 

2% 30℃ 200 rpm 72 
. 8,000 × g 10 , 

F. oxysporum cylinder , 
250 μl 25℃ 1~3 F. oxysporum

.

Table 10. Mutagenic Primer sequences used in site-directed mutagenesis

       

Site-directed Mutation Mutagenic Primer Sequences

T (thymine)
5'-GGCAATGCGCTTTGTTTCAGCA-3'
5'-TGCTGAAACAAAGCGCATTGCC-3'

C (cytosine)
5'-GGCAATGCGCTCTGTTTCAGCA-3'
5'-TGCTGAAACAGAGCGCATTGCC-3'

A (adenine)
5'-GGCAATGCGCTATGTTTCAGCA-3'
5'-TGCTGAAACATAGCGCATTGCC-3’

  (3). Site-directed mutagenesis B. subtilis iturin 
      

   Iturin 高生産 M1 point mutation
site-directed mutagenesis B. subtilis T1 T6  B. subtilis
iturin site-directed mutagenesis LB broth 

30℃ 200 rpm 16 . LB broth 
iturin 2% 30℃ 200 rpm 72

5N HCl pH 3 4℃
. , 3

butanol , 4℃
, 3 butanol 

.  B. subtilis subp. krictiensis T1 T6 
T1-1 (26.9 mg), T1-2 (34.7 mg), T6-1 (38.5 mg) T6-2 (25.6 

mg) XAD-7HP column chromatography . XAD-7HP gel
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swelling open column (1.8 x 1.8 x 20 cm) , 
gel loading MeOH 

T1-1 (17.5 mg), T1-2 (17.22 mg), T6-1(16.19 mg) T6-2 (13.61 mg) 
80% MeOH 5 mg/ml

HPLC , .
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 . iturin 高生産

(1). 

         1990 B. subtilis subsp. krictiensis

M1891 UV4-II iturin 

. LB 

1% 550 nm 0.6

, caffein

A550nm=0.4 1.5 ml 6

UV box . 25 cm 

(10W 1 , 15W 2 ) UV 2.80 

mW/cm2  0.1% 

B. subtilis subsp. krictiensis M1891 25 ,  UV4-II 30 0.1%

25 30 ( 2, 3). 

   (2). in vitro 

         B. subtilis subsp. krictiensis M1891 UV4-II 

iturin 

B. subtilis subsp. krictiensis M1891 UV4-II 

100~200 , . 

F. oxysporum soft agar 25℃

1~2 . B. subtilis subsp. krictiensis 

M1891 UV4-II , 1

, iturin 72

, F. oxysporum

loading , 25℃ 1~2

. 30,000 B. subtilis subsp. krictiensis 

UV4-II 2-3 No. 54 . 
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       Fig. 7. Survival curve of B. subtilis M1891 mutant obtained upon UV irradiation.

       Fig. 8. Survival curve of B. subtilis UV4-II mutant obtained upon UV irradiation.
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Products No. of viable count (CFU/g) Remarks

Serenade (powder) 1.79 ×1011 2000

Serenade (liquid) 5.89 ×1011 (2012. 10. 31
)

(powder) 9.9 × 1011 Serenade 
(2009. 10. 31 )

Kodiak 2.25 × 1010 2000

 . Bacillus iturin 高生産

   (1). 

         ㆍ biological control agents Bacillus subtilis 
4 (Serenade 2 , 1 , Kodiak 1 )

viable count . 
, 4

2.25 
× 1010 ~ 5.89 × 1011 CFU/g ( 11).

      Table 11. Number of microorganisms isolated from commercially available 
      biological control products by viable count

   (2). 
       

        B. subtilis subsp. krictiensis UV4-II 1
B. subtilis subsp. krictiensis No. 54 

4 (Serenade 2 , 1 , Kodiak 1 )  B. 
subtilis . iturin 

72 , F. 
oxysporum loading , 25℃ 2

. 11.17~14.5 mm
No. 54 16.45 mm

( 9, 12), 
B. subtilis subsp. krictiensis BSM54 .
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Items Inhibition zone (mm)

B. subtilis subsp. krictiensis (Wild type) 11.17

Serenade-1 13.20

Serenade-11 13.73

14.28

Kodiak 13.75

Cellus 13.58

B. subtilis subsp. krictiensis M1891 14.50

B. subtilis subsp. krictiensis UV4-II 14.35

**B. subtilis subsp. krictiensis No. 54 16.45

            Fig. 9. Comparison of antifungal activities between commercial 
            products and UV mutants producing iturin against F. oxysporum. 

       Table 12. Comparison of antifungal activities between commercial products 
       and mutants against F. oxysporum

        * Serenade-1: 2001년도 제품, Serenade-11: 2011년도 제품, Cellus: (주)그린바이오텍 회사 제품
         ** No. 54 : B. subtilis subsp. krictiensis UV4-II 균주를 UV 처리하여 얻은 돌연변이주
         *** M1891: 야생주의 UV 돌연변이주,  UV4-II: 야생주를 UV로 처리한 돌연변이주
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. B. subtilis subsp. krictiensis iturin 
     2
 
 (1). Iturin iturin 

   B. subtilis subsp. krictiensis ATCC55079
( 5,155041, 1992. 10. 13) genomic 

library cosmid 6 ORF
37,645 bp iturin ( 10) GenBank KC454625 . 

iturin , ORF3
mini-Tn10 transposon mutant-10 iturin 

iturin 30% 
HPLC ( 11D), B. subtilis subsp. krictiensis iturin 

A~F 6 iturin ( 11A, 11C) LC-MS .   
ORF database

ORF1 B. amyloliquefaciens HTH-type transcriptional activator 99%
(GenBank Accession #HE 617159.1). ORF2 ORF5 B. 

amyloliquefaciens surfactin synthetase A, B, C D (GenBank Accession #HE617- 
159.1) 99% , ORF6 B. amyloliquefaciens aspartate aminotransferase A  

(GenBank Accession #HE617159.1) 99% ( 13). 
ORF B. amyloliquefaciens surfactin synthetase 99% , 

ORF3 mini-Tn10 iturin-less 
iturin 30% , LC-MS 6

iturin , itutin 
. ituirin 

ORF2 ORF3 10 kb , 
B. amyloliquefaciens  surfactin synthetase 1%

.

 (2). Iturin 2
 
   B. subtilis subsp. krictiensis ATCC55079 6 iturin cyclic 
lipopeptide

XAD-7HP column LC-MS
, authentic surfactin (Sigma Co.) . 

iturin surfactin iturin
( 11C). ORF3 mini-Tn10 

transposon mutant-10 30% iturin 
surfactin 2 ( 11 
D). iturin B. 
amyloliquefaciens  surfactin synthetase 99% homology

mutant-10 2 iturin 
, 2 14 .
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ORFs
(Nucleotide position) Significant   alignment E value Identities

ORF1
(2,828~3,181)

(HE617159.1) HTH-type transcriptional activator
 hxlR, [Bacillus amyloliquefaciens] 2e-177 352/354 (99%)

(CP002905.1) HTH-type transcriptional activator
 hxlR, [Bacillus subtilis] 1e-78 277/350 (79%)

ORF2
(3,770~14,525)

(HE617159.1) Surfactin synthetase A srfA,
 [Bacillus amyloliquefaciens] 0.0 10,675/10,755 (99%)

(CP002905.1) Surfactin synthetase subunit 2 srfAB, 
[Bacillus subtilis] 0.0 7,952/10,823 (73%)

ORF3
(14,546~25,306)

(HE617159.1) Surfactin synthetase B, [Bacillus 
amyloliquefaciens] 0.0 10,703/10,761 (99%)

(CP002905.1) Surfactin synthetase subunit 2 srfAB, 
[Bacillus subtilis] 0.0 8,035/10,808 (74%)

ORF4
(25,341~29,174)

(HE617159.1) Surfactin synthetase C, [Bacillus 
amyloliquefaciens] 0.0 3,817/3,837 (99%)

(CP002905.1) Surfactin synthetase subunit 3 srfAC, 
[Bacillus subtilis] 0.0 3,298/3,804 (87%)

ORF5
(29,194~29,925)

(HE617159.1) Surfactin synthetase thioesterase 
subunit srfD, [Bacillus amyloliquefaciens] 0.0 730/732 (99%)

(CP002905.1) Surfactin synthetase thioesterase 
subunit srfAD, [Bacillus subtilis] 2e-130 527/697 (76%)

ORF6
(30,047~31,357)

(HE617159.1) Aspartate aminotransferase A, 
[Bacillus amyloliquefaciens] 0.0 1,302/1,311 (99%)

(AY040867.1) Aspartate transaminase-like protein, 
aspB3, [Bacillus subtilis] 0.0 1,286/1,311 (98%)

  
   Fig. 10. The ORF and restriction map of clone pJJ71. 
   *ORFs of putative iturin biosynthesis gene are designated 1, 2, 3, 4, 5, and 6.

Table 13. Comparison of sequence homology of ORFs from clone pJJ71
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 Fig. 11. Qualitative HPLC analyses of the iturin and surfactin compounds produced by the  
 wild-type and mutant-10 B. subtilis subsp. krictiensis strains.
  A: Authentic iturin A (500 μg/ml), B: Authentic surfactin (500 μg/ml), C: Wild-type B. subtilis   
  subsp. krictiensis ATCC55079, D: Mutant-10 strain.
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Fig. 12. HPLC chromatograms of the iturin compounds produced by wild-type B. subtilis 
subsp. krictiensis ATCC55079

Fig. 13. MS spectrum of iturin A obtained from the peak detected at a retention time of 
22.61 min on the HPLC chromatogram in Fig. 12.
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Fig. 14. MS spectrum of iturin B obtained from the peak detected at a retention time of 
24.14 min on the HPLC chromatogram in Fig. 12.

Fig. 15. MS spectrum of iturin C obtained from the peak detected at a retention time of 
26.15 min on the HPLC chromatogram in Fig. 12.
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Fig. 16. MS spectrum of iturin D obtained from the peak detected at a retention time of 
26.44 min on the HPLC chromatogram in Fig. 12.

Fig. 17. MS spectrum of iturin E obtained from the peak detected at a retention time of 
27.20 min on the HPLC chromatogram in Fig. 12.
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Fig. 18. MS spectrum of iturin F obtained from the peak detected at a retention time of 
28.07 min on the HPLC chromatogram in Fig. 12.

    Fig. 19. HPLC spectra and molecular weights of surfactin peaks obtained with 
    authentic surfactin and wild-type B. subtilis subsp. krictiensis ATCC55079.
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Product and observed mass peaks(m/z) Retention time(min)      Assignment

Iturin 
    1043.5,   1041.5                  22.61       C14-iturin A [M + H, M - H]+   
    1057.5,   1055.4                  24.14       C15-iturin B [M + H, M - H]+

    1057.5,   1055.5                  26.15       C15-iturin C [M + H, M - H]+

    1071.5,   1069.5                  26.44       C16-iturin D [M + H, M - H]+

    1071.5,   1069.5                  27.20       C16-iturin E [M + H, M - H]+

1085.5,   1083.5                  28.07       C17-iturin F [M + H, M - H]+

Surfactin
    1008.4,   1006.4                  66.05       C13-surfactin [M + H, M – H]+  
    1022.5,   1020.7                  70.88       C14-surfactin [M + H, M - H]+
    1022.5,   1020.7                  71.93       C14-surfactin [M + H, M - H]+

    1036.5,   1034.5                  75.23       C15-surfactin [M + H, M - H]+

 Table 14. Cyclic lipopeptide products of the wild-type B. subtilis subsp. krictiensis
 ATCC55079 strain as detected by LC-MSa

  
a The data were obtained from the supernatant of cells grown in production medium as described 

    in the Materials and Methods. The HPLC peaks presented in Figures 12 and 19 were analyzed
    by MS spectrometry. 

 .  Iturin 高生産 B. subtilis BSM54 iturin 
     

   Iturin B. subtilis subsp. krictiensis BSM54 
BSM54

genomic DNA , Next Generation Sequencing (454 Pyrosequencing, Solgent, Korea)
iturin 37,645 bp

. iturin 6 
point mutation ( 20), point mutation ORF1 

upstream 1 (M1), ORF2 5 (M2-M6) 6 
( 15).  mRNA transcription amino acid translation 

point mutation asparagine aspartic acid
M3 point mutation , M2, M4, M5 M6 point mutation

silent point mutation .  transcriptional activator
99% ORF1 upstream region M1 point mutation

mRNA secondary structure
( 21). M3 point mutation translation

phenotype M1 point mutation ORF 
promoter transcription iturin 

. 
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 Fig. 20. ORFs and point mutation sites (M1～M6) of putative iturin biosynthetic
 genes from B. subtilis subsp. krictiensis BSM54 strain.

Table 15. Point mutations on the iturin biosynthesis gene from mutant BSM54 strain

 Point Mutation Change of Nucleotide Change of Amino acid

         M1 G → T -

         M2 TAC → TAT Tyr → Tyr

         M3 AAC → GAC Asn → Asp

         M4 GCC → GCT Ala → Ala

         M5 CAT → CAC His → His

         M6 ACG → ACA Thr → Thr

   Fig. 21. Possible change of secondary structure in mRNA by point mutation M1 
   on the upstream region of ORF1 (nucleotide position 2,748) from B. subtilis subsp.

  krictiensis BSM54 strain
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 . NGS B. subtilis BSM54 point mutation
  iturin 

   iturin 高生産 Bacillus subtilis BSM54 
iturin ORF1 ORF5 5 ORF ORF

( 20). 
B. subtilis BSM54 B. subtilis LB 30℃

iturin 2% , 24, 48 72
Trizol (Invitrogen) total RNA . 

total RNA DNaseI (Takara) 30 Trizol
RNA genomic DNA , 

total RNA iScript cDNA Synthesis Kit(Bio-Rad) cDNA ,
iturin ORF real-time PCR PCR primer

16 .
   Real-time PCR cDNA 1.5 μg Light Cycler 1.5 (Roche 
Co.) LC FS Master Plus SYBR Green (Roche) , 
95℃ 10 , 60℃ 15 72℃ 15 45 cycle . 
ORF internal control gene gyrB Ct 
ORF Ct delta Ct delta Ct

delta delta Ct 2(-delta delta Ct) . 
BSM54 ORF2, ORF3, ORF4 ORF5 48

, ORF2 ORF3 ORF4
( 22) 24 , iturin 高生産

BSM54 point mutation iturin 
. 

 
            Table 16. Primer sequences used in real-time PCR analysis

ORFs Primer Sequences

ORF1
5'-CCGTGATAGGCGGGAAGT-3'

5'-GGAGGGACGACAGGGTAAAC-3'

ORF2
5'-CGGCGGTATGAGTCGATG-3'
5'-GCTTGCTTGCCTCGTCAC-3'

ORF3
5'-AGACCGAGGAGGAACAGCAG-3'
5'-CAGCAGGGACGTTGTAGCTC-3'

ORF4
5'-GACCGGTCAAGCTGTTCG-3'
5'-CTTCATCAGCGCCTGGAC-3'

ORF5
5'-CCCGCTCCACACCTATCTTC-3'
5'-CTGTGGCCGAACAGGACA-3'

gyrB
5'-GGCTCTCGGGACAGGAAT-3'
5'-GGCGGCTGAGCAATGTAG-3'
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 Fig. 22. Analyses of the expression levels of iturin biosynthesis genes using real-time    
 PCR.
 

 . Iturin 高生産 B. subtilis BSM54 Botrytis cinerea

   B. subtilis BSM54 B. subtilis iturin 
3 pH 3 , 4℃

. 3
butanol 4℃
, 3 butanol 

. 
   Botrytis cinerea potato dextrose broth 
106 spores/ml , butanol 125, 250 
500 μg/ml hole slide glass , 25℃ 6

23 . 
125 μg/ml butanol BSM54

B. cinerea 250 μg/ml butanol 
BSM54 2

, 500 μg/ml 43.5%
BSM54 , 250 μg/ml 

BSM54 B. cinerea
( 24).
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   Fig. 23. Photomicrographs of suppression patterns between the wild-type B. subtilis and
   UV mutant BSM54 strains producing iturin on the spore germination of B. cinerea. 

                   

            Fig. 24. Comparison of spore germination rates of Botrytis cinerea 
            treated with butanol extracts prepared from the culture broths of 
            the wild-type B. subtilis and UV mutant BSM54 strains.
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 . B. subtilis BSM54

     Iturin 高生産 BSM54
revertant BSM54

glycerol stock –70℃ 2 1 2
F. oxysporum

 25 . BSM54
, 2

2 .

 . Iturin 高生産 B. subtilis BSM54 iturin 

B. subtilis  B. subtilis BSM54 butanol 

butanol ( : 668.1mg, BSM54: 698.8mg) iturin 

HPLC authentic iturin A . 

BSM54 butanol methanol membrane filter (0.45 μm, 13 mm, Merck 

Millipore, Germany) HPLC . HPLC 

17 , authentic iturin A Sigma Co.

, iturin A HPLC retention time

. iturin A calibration curve 26

iturin A . BSM54 butanol 

HPLC iturin 27 18

. butanol  iturin A  

butanol iturin 4.175% 8.716%    

BSM54 iturin 2

.

 . Site-directed mutagenesis  

    B. subtilis  M1 point mutation ( 14, 20)

ORF1 region primer ORF1_u-f (5′-TAATCGCCGTCAGTTCCT- 

CG-3′) ORF2-r (5′-TTCTCATCGACTCATACCGC-3′) Accu Power Pfu PCR 

Premix (Bioneer, Korea) 1.8 kb PCR ( 28). PCR 

94℃ 30 , 50℃ 30 , 72℃ 2 30 , 

PCR pUC19 vector EcoRI 4℃ 16 ligation   

. Ligation recombinant plasmid E. coli DH5α competent cell (RBC, 

Taiwan) . pBSM54-orf1 BamHI XbaI double
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            Fig. 25. The change of antifungal activities of the wild-type and 
           UV mutant BSM54 of B. subtilis against F. oxysporum occurred    
           during the storage period of two years at -70°C.

     Table 17. HPLC conditions for quantitative analysis of iturin A from wild-type 
     and UV mutant BSM54 strains 

Item Operating condition

HPLC system Agilent 1100 HPLC system equipped with VWD detector and 
ALS autosampler

Column YMC-Pack Tri art C18

(5 μm, 4.6 I.D. × 250 mm, YMC Inc., USA)

Solvent

A;  H2O, B; 100% Acetonitrile (ACN)
a Linear gradient elution from A to B for 60 min

80~40% of A/20~60% of B for 50 min
40~80% of A/60~20% of B for 5 min

80% of A/20% of B for 5 min

Detector UV210nm

Flow rate 0.8 ml/min

 Injection volumn 10 μl



- 69 -

           

          Fig. 26. Calibration curves for quantitative analysis of iturin A

        

       Fig. 27. HPLC analyses of iturin compounds produced by the wild-type 
       B. subtilis and UV mutant BSM54 strains. 
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Table 18. Quantitative analyses of iturin production obtained  from each HPLC 
     peak produced by the wild-type B. subtilis and UV mutant BSM54 strains.

                     

           Fig. 28. PCR products of 1.8 kb of ORF1 region from B. subtilis 
           subsp. krictiensis strain obtained using primers ORF1_u-f and ORF2-r.
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digestion , pIC333 spectinomycin 
resistance gene cassette ligation pBSM54orf1-sp 

( 29~31).
                   

. point mutation  iturin site-directed mutagenesis
  

    Iturin 高生産 BSM54 iturin NGS 
sequencing iturin , point mutation 6 site 

iturin M1 
point mutation ( 20) site-directed mutagenesis . site- 
directed mutagenesis mutagenic primer 32

, M1 G T point mutation
site-directed mutagenesis C A iturin 

. Site-directed mutagenesis proofreading
 DNA polymerase PCR M1 point mutation site ORF1 

QuickChange II XL site-directed mutagenesis kit (Agilent, U.S.A.) mutagenic 
primer , site-directed mutation

pBSM54orf1-sp-1 ( 33).
      B. subtilis site-directed mutagenesis

modified Spizizen 1%
30℃ . 580 nm 1.0 0.5 ml site-directed 

mutagenesis pBSM54 orf1-sp-1 1 μg 1 , 
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     Fig. 29. Construction of transformation vector pBSM54orf1-sp.

                          

  

             Fig. 30. Restriction enzyme patterns of a transforming vector 
             pBSM54-orf1-sp constructed with pUC19, ORF1 region (EcoRI) 
             and spectinomycin resistance gene cassette (BamHI/XbaI).
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              Fig. 31. PCR product of ORF1 region from B. subtilis 
              subsp. krictiensis using primers ORF1_u-f and ORF2-r.

              

Fig. 32. Mutagenic primer sets for site-directed mutagenesis              
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 Fig. 33. Construction of vector pBSM54orf1-sp-1 used for site-directed mutagenesis.

                     

        Fig. 34. PCR products amplified with primers spc-f2 and hxl-r2 
        from B. subtilis transformants (lane 1～14) grown on media 
        with 100 μg/ml spectinomycin and pBSM54-orf1-sp (lane 15).   
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  Fig. 35. Schematic diagram of homologous recombination for site-directed mutagenesis
    and specific primer sets for screening of B. subtilis transformants obtained from
    site-directed mutagenesis

             

       Fig. 36. PCR products amplified from gDNA of Bacillus subtilis transformants
       grown on LB media containing 60 μg/ml of spectinomycin using various 
       specific primer sets.



- 76 -

   , iturin 高生産 BSM54
point mutation M1 iturin 

. site-directed mutagenesis point mutation
. 

      T1 T6 iturin
3 HPLC

. HPLC T1 T6 5
iturin peak (iturin A~E) ( 39). 

5 iturin peak 3584, 2256, 3333, 937, 1192 T1
4316, 2608, 3706, 1124, 1388, T6 4478, 2852, 3949, 1168, 1400

site-directed mutagenesis T1 T6 iturin 
16% 22% . point mutation

M1 ( 20) point mutation single-   
crossover double-crossover site-directed mutagenesis iturin 

, . 

target vector sequence
iturin iturin 

. 



- 77 -

                       

          

            Fig. 37. Antifungal actvities of culture broths of the wild-type 
           and transformants T1 and T6 aganst F. oxysporum.
            * Wild-type: B. subtilis subsp. krictiensis ATCC55079

               T1 and T6: Transformants obtained by the site-directed mutagenesis 
                      of wild-type strain.

 

 

         Fig. 38. Comparison of inhibitory effects of the wild-type B. subtilis 
         and site-directed mutants T1 and T6 on the growth of F. oxysporum.  
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        Fig. 39. Comparison of the HPLC peak areas for iturin compounds produced 
        from the wild-type strain and site-directed mutants T1 and T6.
          * Each peak I to V indicate the iturin A to E, respectively.
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요   약   문

Ⅰ. 제  목

   Cyclic lipopeptide 高生産 길항 미생물 Bacillus의 대량 배양 및 산업화에 관한 연구

Ⅱ. 연구개발의 목적 및 필요성

   오래 전부터 품종 개량, 비료 투입, 토양 개량, 화학적으로 합성된 농약의 사용 및 영농

의 기계화 등은 오랫동안 인류의 식량생산과 작물보호에 크게 이바지하여 왔다. 그러나 반

복적인 농약의 사용과 과다한 화학비료의 투입으로 인해 토양의 산성화와 농산물의 잔류독

성 및 환경오염 등으로 인해 많은 사회적인 문제가 대두되고 있고, 국내에서도 2013년까지 

현재 사용하고 있는 화학농약과 화학비료의 사용량을 40%를 감축할 예정으로 있어 농약과 

비료의 사용량을 감소시키면서 농산물의 생산성을 증가시키기 위한 생물학적 제제 이용 연

구가 활발해 지고 있다. 이러한 연구는 이미 오래 전부터 유용 세균을 대상으로 광범위 하

게 진행되어 왔고   초기의 연구에서는 질소고정, 인산의 가용화, 항생물질의 생산과 식물 

생장 조절제 등과 같은 식물과 세균의 상호작용에 대한 생리적인 면에 치중하였다. 이렇게 

식물의 질병을 억제하거나 생장을 촉진하는 능력을 나타내는 여러 종류의 길항 미생물들이 

오래 전부터 연구되어 왔으며 Bacillus sp., Pseudomonas sp., Streptomyces sp. 및 Trichoderma 

sp. 등 수 많은 미생물들이   생물학적 방제의 가능성을 나타내어 길항작용이 우수한 길항  

미생물들의 분리와 분자생물학적인 방법을 이용한 균주의 개량이 시도되고 있다. 특히 최근 

에는 well-being 문화의 확산으로 인해 청정 농산물을 요구하는 소비자들의 수요가 나날이 

증가하고 있고, 유기 합성농약을   대체할 수 있는 유일한 대안인 생물학적 방제제에 대한  

관심이 나날이 증가되고 있어 길항  작용이 뛰어난 미생물의 확보가 시급한 실정이다.

   이러한 추세에 따라 국내 토양으로부터 분리한 6종류의 iturin을 생산하고, 여러 종류의   

식물 병원성 곰팡이에 대해 강한 항균활성을 나타내는 길항 미생물 B. subtilis 균주를 자외

선으로 돌연변이시킨 iturin 균주를 이용하여 산업화를 위한 대량 배양방법의 확립과  

제형화를 통한 시제품을 생산하여, 포장실험과 독성실험을 통해 제품화에 필요한 인자를   

확인하고자 한다.

Ⅲ. 연구개발 내용 및 범위

  1. 생물농약용 균주의 선발

  2. Iturin 高生産 돌연변이주 B. subtilis BSM54에 대한 최적 배지조성 디자인
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  3. Iturin 高生産 돌연변이주 B. subtilis BSM54의 최적 대량 배양 조건 및 공정 개발

  4. Iturin 高生産 돌연변이주 B. subtilis BSM54를 이용하여 제조한 시제품을 등록하기 위한   

     약효 및 약해 포장시험

  5. Iturin 高生産 돌연변이주 B. subtilis BSM54를 이용하여 제조한 시제품의 포장시험

  6. Iturin 高生産 돌연변이주 B. subtilis BSM54를 이용하여 제조한 시제품의 독성시험

Ⅳ. 연구개발 결과 

  1. 미생물 살균제의 산업화 및 제품화를 위해 최소 탄소원 및 질소원, 미량원소 조성비      

     설계, Pilot (50 liter, 500 liter)규모 및 5,000 liter 산업화 규모 대량 배양공정 설계, 동결   

     건조 공정 설계, 최적 동결 부재 및 수화제형 개발 완료, 상온 경시 2년 이상 확보 및    

     이화학성이 양호하였다.

  2. 잿빛곰팡이병, 균핵병, 풋마름병 및 시들음병 등에 대한 실내 시험을 완료하였고, 토양    

     병해에 대한 약효시험결과 방제가가 60% 이상을 나타내었다.

  3. B. subtilis subsp. krictiensis BSM54 균주의 여러 식물병 (풋마름병, 시들음병, 잿빛         

     곰팡이병)에 대한 활성을 조사하였으며, 배양조건 확립, 처리방법 개발, 작용기작 규명    

     등에 대한 연구를 진행하였다.

  4. 본 연구를 통하여 개발된 B. subtilis subsp. krictiensis BSM54는 친환경유기농업자재        

     등록을 하기 위한 일련의 독성시험을 진행한 결과 독성시험에 적용한 B. subtilis subsp.    

     krictiensis BSM54 AS(액상제)는 모든 시험에서 안전한 물질로 규명되었다.

Ⅴ. 연구성과 및 성과활용 계획

    Iturin 생합성능이 증대된 자외선 돌연변이주 BSM54는 각 ORF들의 발현량이 대체적으

로 야생주보다 많았고, Botrytis cinerea를 대상으로 한 포자 억제 시험에서도 야생주보다 2배 

이상 더 강하게 포자 발아를 억제하였으며, iturin 생산량도 HPLC 분석 시 야생주보다 2배나 

더 증가하였다. 또한 야생주에 자외선 돌연변이주의 M1 point mutation이 일어난 부위를 

site-directed mutagenesis시켜 얻은 형질전환주에서도 야생주보다 F. oxysporum 평판 배지에서 

생육 저지환의 크기가 더 크게 나타나 iturin 高生産 돌연변이주 BSM54의 point mutation이 
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일어난 M1 위치의 변이된 염기가 iturin 생산능 증대에 관여한다는 것을 알 수 있었다. 이러

한 특성을 가지고 있는 자외선 돌연변이주 BSM54를 주관기관으로부터 제공받아 우선적으

로 산업성을 평가하기 위하여 50 liter ~ 5,000 liter 규모의 배양조건을 확립하였고, 이후   

여러 제형별 제조 조건을 확립하였으며, 개발된 시제품을 대상으로 인축독성 및 환경독성을 

평가하여 안전성과 안정성을 확인하였다. 또한 여러 포장실험을 통하여 약효 및 약해를   

확인하여 개발균주의 실효성을 검증하였다. 이러한 일련의 시도가 원활하게 진행되면 향후 

화학합성 농약 사용량의 감축으로 인해 우려되고 있는 농작물의 생산성 감소에 효율적으로 

대처할 수 있는 생물학적  방제제 개발과 응용에 효과적인 수단이 될 수 있을 것으로 사료

된다. 
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SUMMARY

Ⅰ. Title

Mass cultivation and industrialization of cyclic lipopeptide high-yielding antagonistic
     microorganism Bacillus  

Ⅱ. Objectives and Importance of the Research

   The improvement of seeds, the use of chemical fertilizers and agrochemicals, the improvement 

of soils, and the mechanization of farming have been contributed to the foodstuff production and 

the crop protection for the human being for a long time. On the contrary, the acidification of 

soils, the remaining toxicity, and the environmental pollution, which are caused by the repeated 

use of agrochemicals and the use of the excess amount of chemical fertilizers have become a 

social problem. In Korea, the amount of agrochemicals and chemical fertilizers used was due to 

be reduced by 40% until 2013. Thus, there was a great need for the research to develop 

biological control agents to enhance the production of agricultural products while reducing the 

amount of agrochemicals and chemical fertilizers required. In fact, research to achieve these goals 

had been conducted, mainly utilizing useful bacteria. At the beginning, studies were focused on 

the physiology for plant-bacteria interaction such as nitrogen fixation, solubilization of 

phosphorous, the production of antibiotics and plant growth regulators. Various kinds of 

antagonistic microorganisms, which show the ability to prevent the plant diseases and to activate 

the growth of plant, were investigated and microorganisms such as Bacillus sp., Pseudomonas 

sp., Streptomyces sp., and Trichoderma sp. represent the possibility of such biological control. 

More recently, the isolation of useful antagonistic microorganisms and the improvement of 

microorganisms using genetic approach have been on trial. Especially, the necessity of clean crop 

productions, which are recently prompted by the spread of well-being culture among the 

consumers has gradually been increased. Moreover, the needs for the biological control agents as 

only alternatives for synthetic organic chemicals are greater than before. Thus, the acquisition of 

microorganisms with the outstanding antagonistic action against phytopathogens is highly 

demanded.

   With such background, this work was initiated to develop biological control agents with 

increased iturin production by using the Bacillus, which produced the six types of iturins with 

antifunagl activity against various phytopathogenic fungi. For the industrialization of iturin 

high-yielding UV mutant B. subtilis, we have established the optimal conditions of mass 

cultivation and various formulation. In addition, we have examined the factors such as stability 

and toxicity tests necessary for registration of the developed Bacillus. 



- 98 -

Ⅲ. Contents and Scope of the Research

  1. Development of a new microbial fungicide candidate using newly isolated strain

  2. Design of optimal medium composition for iturin high-yielding mutant B. subtilis BSM54

  3. Development of optimal bulk fermentation and process of iturin high-yielding mutant

     B. subtilis BSM54

  4. Evaluation of disease control efficacy of prototype prepared by iturin high-yielding mutant     

     B. subtilis BSM54 in fields

  5. Field efficacy of prototype prepared by iturin high-yielding mutant B. subtilis BSM54

  6. Toxicity tests of prototype prepared by iturin high-yielding mutant B. subtilis BSM54

Ⅳ. Results 

  1. We have developed several conditions for the optimal cultivation of B. subtilis subsp.         

     krictiensis BSM54. The optimum concentrations of carbon source, nitrogen source and micro               

           ingredient in cultivation broth  were established, and the optimum cultivation and formulation process  

          (freeze drying method) were  designed. The antifungal activities of products did not show significant    

          differences up to 2 years and  the physical properties were good.  

  2. The iturin high-yielding mutant B. subtilis subsp. krictiensis BSM54 showed high efficacies on      

          gray  mold, sclerotinia rot,  bacterial rot, and Fusarium wilt  diseases. Especially, the strain exhibited    

          60% efficacies on soilborne diseases. 

  3. To control the plant diseases such as bacterial wilt, Fusarium wilt, and gray mold, the optimal       

         fermentation conditions, the development of application methods, and  the elucidation of action mode    

         for one microbial fungicide, which is prepared from B. subtilis subsp. krictiensis BSM54, were   

         examined. We are under development new microbial fungicides using the strain in single or in               

          combination with   other antagonistic microorganisms.

  4. For the domestic registration of environmentally-friendly agricultural & organic agricultural     

     materials, the toxicities of the iturin high-yielding mutant B. subtilis subsp. krictiensis         

     BSM54AS was examined. Through stipulated manner of test, toxicopathological characteristics  

     of B. subtilis subsp. krictiensis BSM54AS were investigated. In all items of tests, the B.      

     subtilis subsp. krictiensis BSM54 AS strain was proved as safety. 
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Ⅴ. Prospects for application 

    The expression levels of each ORF of UV mutant BSM54 strain were higher than that of the 
wild-type strain, with greater than 2-fold inhibitory activities over the wild-type on spore 
germination of Botrytis cinerea. The iturin production of the mutant BSM 54 strain has increased 
2-fold over the wild-type strain on HPLC analysis. The transformants obtained from wild-type 
strain with the M1 point mutation of UV mutant BSM 54 strain by site-directed mutagenesis have 
exhibited a larger growth inhibition zone than that of wild-type strain on bioassay against F. 
oxysporum. From these results, it was found that the mutated gene of M1 site occurred by the 
point mutation in iturin high-yielding mutant BSM54 strain was associated with the increase of 
iturin production. The results of the study would lead to the improvement of antagonistic 
microorganism B. subtilis strain and development of biological control agents using UV mutants. 
For the industrialization of iturin high-yielding UV mutant BSM54 provided from the Korean 
Research Institute of Bioscience and Biotechnology, we have established the optimal conditions of 
mass cultivation (50 ~ 5,000 liter) and various formulations. The factors such as stability and 
toxicity tests necessary for registration of the developed Bacillus were examined. In addition, we 
have verified the effectiveness of the developed strains in field conditions of some valuable crops.

 When a series of trial has progressed successfully, development and application of biological agents 
may provide effective means to cope with decrease in crops production, which would incur due to 
the reduced agrochemical usage required in the future.
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2008 2009 2010 2011 2014 2015 2016 2020
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    Table 1. The prospect of market shares for environmentally-friendly agricultural        
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Fig. 1. Structures of representative members and diversity within the three lipopeptide 
families synthesized by Bacillus species. Boxed structural groups are those that were shown to 
be particularly involved in interaction with membranes and/or are supposed to be important for 
biological activity in addition to the cyclic nature of the molecular. 
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Fig. 2. Overview of Bacillus lipopeptide interactions in the context of biological control of 
plant diseases. From left to right, the three photographs show bacterial spreading, fungal growth 

inhibition through the production of fungitoxic compounds by blue bacterial cells and leaf disease 
reduction following inoculation of the beneficial bacterium on roots. They illustrate how to get 
experimental indications about the potential involvement of one particular strain in the three 
phenomena schematically represented in A, B, and C. Establishment in biofilm and/or microcolonies 
of the rhizobacterium is represented in A, B represents direct antibiosis that can be exerted by the 
established biocontrol strain toward pathogens sharing the same microenvironment. In C, the arrows 
illustrate the emission of a signal following perception of the rhizobacterium at the root level. This 
signal moves over the entire plant leading to some systemic reinforcement allowing pathogen 
restriction at distal sites of infections (Trends Microbiol., 16: 115-125, 2008)



- 108 -

biofilm (ISR, 
induced systemic resistance)

.24,28)   
    

, .  

, 2000 4.9
6.5% 10% 

,  
. 

pheromone 

. 
    

 
6 iturin Bacillus 

iturin iturin 

.
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     1900
. 

Agrobacterium sp, Bacillus sp, Pseudomonas sp, Streptomyces sp. Gliocladium 
virens, Trichoderma sp. . 

     , 
, 

.6) 
Bdellovibrio 

Pseudomonas syringae , Bacillus, Serratia Phytophthora 
Sclerotium , Gliocladium, Talaromyces,  Trichoderma, Verticillium 

( 1).
     Agrobacterium radiobacter

crown gall .9) crown gall  Agrobacterium tumefaciens
. 

Agrobacterium radiobacter agrocin
A. tumefaciens

A. radiobacter , 700
( : Nogall, Norbac, Galltrol). 

Pseudomonas fluorescens . 
U.S.D.A. Washington State University 

. Weller,29) Weller  Cook,30) Cook,31) Cook 32) 10

Gaeumannomyces graminis var. tritici  Pseudomonas fluorescens 
. 

10 20% , 8
, , 

. 
Pseudomonas phenazine 14,15) 2,4-diacetylphloro- 

glucinol 15) phenazine
 Pseudomonas  sp.

.16,17) siderophore 
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Antagonists Pathogens

  (Parasitism or predation of hyphae)

  
Arthrobacter spp.
Bdeellovibrio bacteriovorous

Pythium debaryanum
Pseudomonas syringae

  

Gliocladium catenulatum
Pythium acanthicum
Pythium oligandrum
Talaromyces flavus
Trichoderma hamatum
Trichothecium roseum

Fusarium spp., Sclerotinia sclerotiorum

Sclerotinia sclerotiorum
Pythium spp., Rhizoctonia solani
Puccinia horiana, Spaerotheca fuliginea

  (Parasitism of predation of propagules)*

 
 

Actinoplanes spp.
Bacillus sp.
Serratia marcescens

Phttophthora megasperma
Sclerotium cepivorum
Sclerotium rolfsii

 

Gliocladium spp.
Nectria inventa
Talaromyces flavus

Trichoderma spp.
Verticillium biguttatum

Alternaria brassicae
Rhizoctonia solani 
Sclerotinia sclerotiorum

Rhizoctonia solani
  (Antibiosis)

 
 

Agrobacterium radiobacter
Bacillus subtilis
Enterobacter aerogenes
Erwinia herbicola
Pseudomonas cepacia
Streptomyces friseoviridis

Agrobacterium tumefaciens

Fusarium oxysporum f. sp. dianthi
Phytophthora cactorum
Fusarium culmorum
Rhizoctonia solani, Verticillium dahliae
Alternaria brassicicola, Rhizoctonia solani

 

Gliocladium virens
Penicillium frequentans
Talaromyces flavus
Trichoderma spp.

Pythium ultimum
Monilinia laxa
Verticillium dahliae
Fusarium oxysporum f. sp. conglutinans

  (Competition)

 
 

Alcaligenes sp.
Pseudomonas putida
Pseudomonas spp.

Fusarium oxysporum f. sp. dianthi
Fusarium oxysporum
F. oxysporum, F. oxysporum f. sp. cucumerinum

 

Fusarium oxysporum
(non-pathogenic)
Pythium nunn
Rhizoctonia solani
(non-pathogenic)
Trichoderma harzianum

F. oxysporum f. sp. cucumerinum

Pythium ultimum
Rhizoctonia solani
F. oxysporum f. sp. melonis and vasinfectum

Table 1. Examples of modes of action exhibited by potential biological disease control
  agents.
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 Pseudomonas Fusarium B. subtilis, Pseudomonas 
cepacia, Streptomyces , Gliocladium, Penicillium, Talaromyces  Trichoderma 

. U.S.D.A. B. subtilis
brown rot Monilinia fructicola

.33) 2,000
AgraQuest Co. Serenade Bacillus subtilis QST713  

25 , 
,27) 1 .  

lipopeptide , 
Xanthomonas campestris
.34,35) Bacillus lipopeptide

biofilm 
.24,28) 

      Bacillus cyclic lipopeptide iturin

iturin 

, 2000 B. subtilis RB14 

iturin A ,36) B. subtilis ATCC 6633 

mycosubtilin .37) B. amyloliquefaciens FEZ42 

lipopeptide lipopeptide surfactin, bacillomycin D 

fengycin ,38,39,40) 4′-phosphopantetheine transferase sfp 

surfctin B. subtilis 168 iturin A operon horizontal 

transfer sfp iturin 

.41) B. amyloliquefaciens subsp. plantarum CAU B946

iturin A ronribosomal gene cluster 42) 

.

   

OECD 

2013 40%

. 

, , 

. 

  

   1980 1980
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, , 
, , 

( , , ) . 2003
㈜ (B. polymyxa 

AC-1) (B. thuringiensis)
2012 12 37 2 39

( 2). 25 19 , 6
, 13 6 7 , 

1 . 2012 800
,  6.2% , 2016 1,029

.65) 21 OECD 
40% 2001 2005

, 
. 

    2006 Bacillus 
vallismortis EXTN-1 

, 
. 2006 10

100 .32) 
Bacillus subtilis 

subsp. krictiensis , cyclic lipopeptide
6 iturin , 
itrin iturin iturin 

37,645 bp .
    iturin cyclic peptide

2000 Bacillus . 
, , 

. 
, 

.
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연번 용도
제조

수입
취급분야 품목명 등록규격(%)

1 1501 1×109 cfu/g
2 1501 1×106 cfu/g
3 -9 1×107 cfu/ml
4 27 2×108 cfu/g
5 600 2×1011 cfu/g
6 1336 1×109 cfu/g
7 42-1 1x107 cfu/ml
8 238 5x107 cfu/ml
9 365 3×107 cfu/g
10 365 1×107 cfu/ml
11 401 2x107 cfu/ml
12 401 2x107 cfu/ml
13 1010 1x105 cfu/g
14 713 5×109 cfu/g
15 713 1x109 cfu/g
16 1121 1×106 cfu/g
17 1121 1×106 cfu/g
18 2808 1x109 cfu/g
19 324 1×105 cfu/ml
20 20 1×104 cfu/ml
21 5×107 cfu/g
22 94013 1×107 cfu/g
23 -1 1×108 cfu/g
24 459 1×108 cfu/g
25 -1 5×106 cfu/ml
26 3017 1x104 cfu/g
27 1×108 cfu/ml
28 -1 1×106 cfu/ml
29 8.5 BIU/kg
30 35,000 DBMU/mg
31 423 1×109 cfu/g
32 423 1×108 cfu/ml
33 413 1×107 cfu/ml
34 16 BIU/kg
35 10%
36 64 BIU/kg
37 0.15 %
38 -2032 5×107 cfu/g
39 53 %

  Table 2. List of biopesticides registered in Korea as of December 31, 2012. 

*Source: (http.rda.go.kr/board/boarde/do?catgId=menu_id=ofc&boardId=openda)
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   Bacillus subtilis   

, 6 iturin A~F

Bacillus subtilis subsp. krictiensis ATCC55079  1992

. iturin iturin 

genomic library screening 30~40 kb cosmid 

iturin , iturin 

37,645 bp , iturin 

GenBank KC454625 . Iturin

cyclic peptide iturin 2,000

, 

Bacillus ,20) 21 OECD 

. 

6 iturin

Bacillus subtilis subsp. krictiensis ATCC55079 iturin 

Bacillus Bacillus subtilis subsp. 

krictiensis ATCC55079 

. iturin , 

Bacillus 

. 

iturin Bacillus subtilis subsp. krictiensis BSM54 50 ~5,000 

liter , 

. 

. 
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2.

. Iturin 高生産

 (1). Iturin 高生産 B. subtilis subsp. krictiensis BSM54 lab scale 

   iturin B. subtilis subsp. krictiensis BSM54 

(sucrose 30 g, soybean meal 

20 g, MnCl2ㆍ4H2O 5 mg, FeSO4ㆍ7H2O 50 mg per liter) ( )

Bacillus spp. GB-BS 

Davis minimal medium [Glucose 0.5%, K2HPO4 0.7%, KH2PO4 0.2%, (NH4)2SO4 0.1%, MgSO

4․7H2O 0.01%] carbon sources(glucose, fructose, mannose, maltose, 

lactose, soluble starch, pectin, xylose, galactose, glycerol, cellulose), inoganic nitrogen sources 

[NH4Cl, (NH4)2SO4, KNO3, (NH4)HPO4, NH4CO3, NaNO2, NaNO3, NH4NO3], organic nitrogen 

sources(yeast extract, tryptone, malt extract, beef extract, peptone, urea, soytone, soybean meal),  

inorganic salts(Na2HPO4, K2HPO4, KH2PO4, NaH2PO4, NH4H2PO4, MgSO4․7H2O, FeSO4․

7H2O, MnSO4․5H2PO4, MgCl2, CaCl2, NaCl, KCl, CaCO3, ZnSO4)

( glucose, sucrose, souble starch , 

, K2HPO4, FeSO4․7H2O, 

MgSO4․7H2O ), 

, 43) ( 3).

GB-BS Davis 

(CFU/㎖) 2.3E+09 4.4E+09 1.7E+09

(CFU/㎖) >>1.00E+08 >>1.00E+08 >>1.00E+08

F. oxysporum
inhibition zone(mm) 16.12 15.98 12.87

Table 3. No. 54 spore 

, 

GB-BS . 

5 liter jar fermenter (20℃, 25℃, 30℃, 35℃, 

40℃), pH (pH 4, pH 5, pH 6, pH 7, pH 8) , aeration, 
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. Lab scale(5 liter-jar fermenter)

, pH 5.0～8.0 

cell growth . 

30℃ . 1～5% 

2% ( 3).   

5 liter jar fermenter No.54 

, culture profile (2 )  

pH, DO, , 

iturin F. oxysporum (mm) iturin

.

 Lab scale(5 liter-jar fermenter) culture profile ( 4), 

1 . 6~16

2.1× 109 CFU/ml . pH

6 , 6 pH 

7.00～7.20 . 60

, 72 80% 

( 5). 

iturin 高生産

.

  (2). Iturin 高生産 B. subtilis subsp. krictiensis BSM 54 pilot scale 

    Pilot scale parameter 50 liter ( 6, 4) 500 

liter fermenter ( 7, 3) . , 

, pH, DO , 

iturin [F. oxysporum (mm)

iturin ] . 

   Pilot scale flask culture seed , 

7 8 . 18

, 5 liter fermenter 

, 

.
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Fig. 3. B. subtilis subsp. krictiensis BSM54

Fig. 4. 5 liter-jar fermenter B. subtilis subsp. krictiensis BSM54
patterns 
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 Fig. 5. B. subtilis subsp. krictiensis BSM54
 ⓐ: , ⓑ ,  ⓒ .

Fig. 6. Photograph of 50 liter pilot scale fermenter used in 
the study

항 목 배양 조건

온도 30℃
Aeration 0.4 - 0.7 vvm
Agitation 100 - 200 rpm
Initial pH 7.0±0.5
내부 압력 0.5 - 0.7 kgf/㎠
Ant ifoamer 0.1% silicone oil
pH, 온도 조절 없음

접종농도 2%

Table 4. B. subtilis subsp. krictiensis BSM54 working 
volume 40 liter
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Fig. 7. 50 liter pilot scale fermenter B. subtilis subsp.
krictiensis BSM54 patterns

Fig. 8. 50 liter pilot scale fermenter B. subtilis subsp. 
krictiensis BSM54
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    Fig. 9. 500 liter pilot scale fermenter used in the study

           Table 5. B. subtilis subsp. krictiensis BSM54 working volume 
           300 liter 
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   500 liter fermenter 50 liter fermenter seed 500 liter 

working volume 2% . 

16 

. lab scale 50 liter fermenter

(5.5 × 109 CFU/ml), 

( 10,  

11).

  (3). Iturin 高生産 B. subtilis subsp. krictiensis BSM54 plant scale 

    Plant scale culture profile 

plant scale parameter . 5,000 liter 

fermenter , 

pilot scale . Culture profile

pH, DO, ,  iturin

[F. oxysporum (mm) iturin ] (

12, 6). 

 Plant scale culture profile . Seed 500 liter 

fermenter 16

(3.7 × 109 CFU/ml). 

90% . 

, iturin 高生産

. pH 7.05 6.01 6

pH 7.0～7.2 . DO

. profile 

( 13). 

. 

.
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Fig. 10. 500 liter pilot scale fermenter B. subtilis subsp. krictiensis BSM 
54 patterns

Fig. 11. 500 liter pilot scale fermenter B. subtilis subsp.
krictiensis BSM54
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Fig. 12. 5,000 liter plant scale fermenter used in 
the study

               

             Table 6. B. subtilis subsp. krictiensis BSM54 working volume 
             3,500 liter 

항 목 배양 조건

온도 30℃

Aeration 0.5 vvm

Agitation 50 rpm

Initial pH 7.0±0.5

내부 압력 0.5 kgf/㎠

Antifoamer 0.1% silicone oil

pH, 온도 조절 없음

접종농도 2%



- 124 -

      

                

Fig. 13. 5,000 liter plant scale fermenter B. subtilis 
subsp. krictiensis BSM54 patterns

  (4). Iturin 高生産 B. subtilis subsp. krictiensis BSM54

Step 1. Agar plate : Glycerol stock LB plate . 24 30℃

single colony .

Step 2. 1st Seed culture (250 ㎖-△flask/working volume 50 ml)

  A. Medium         : LB broth

  B. Cultivation temp. : 30℃

  C. Cultivation time  : 12 hrs

  D. RPM           : 150 rpm

* Autoclave(121℃, 15min), (step 1) agar plate 1-2 .
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Step 3. 2nd Seed culture (2 ea × 3,000 ㎖-△flask/working volume 1,000 ml)

  A. Medium         :  LB broth

  B. Cultivation temp. :  30℃

  C. Cultivation time  :  12 hrs

  D. RPM           :  150 rpm

* Autoclave(121℃, 15 min), Seeding volume : 2%

Step 4. Main culture (working volume 40ℓ/50ℓ-Fermentor)

  A. Medium         :  GB-BS Broth

  B. Cultivation temp. :  30℃(± 0.5)

  C. Cultivation time  :  20 hrs

  D. RPM           :  150 rpm

  E. Pressure        :  0.5 Kgf/㎠

  F. Air             :  0.5 vvm

  *Autoclave(121℃, 20 min), Seeding volume : 2%

Step 5. Main culture (working volume 300ℓ/500ℓ-Fermenter)

  A. Medium         :  GB-BS Broth

  B. Cultivation temp. :  30℃(± 0.5)

  C. Cultivation time  :  20 hrs 

  D. RPM           :  120 rpm

  E. Pressure        :  0.5 Kgf/㎠

  F. Air             :  0.5 vvm

        *Autoclave(121℃, 20 min), Seeding volume : 2%

Step 6. Main culture (working volume 3 ton/5 ton-Fermenter)

A. Medium         :  GB-BS Broth

B. Cultivation temp. :  30℃(± 0.5)

C. Cultivation time  :  36-40 hrs

D. RPM           :  60 rpm

E. Pressure        :  0.5 Kgf/㎠

F. Air             :  0.5vvm

*Autoclave(121℃, 20min), Seeding volume : 2.5%
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(5). Iturin 高生産 B. subtilis subsp. krictiensis BSM54

   Plant scale , (1.0×109 CFU/ml ) 

(spore ) . 

44) ( 7). 

Step 1. Agar plate 

Step 2. 1st Seed culture

Step 3. 2nd Seed culture

Step 4. Main culture (40/50 L)

- : GB-BS Broth
- : 20hrs
- Seed : 2%
- 

Step 5. Main culture (300/500 L)

- : GB-BS Broth
- : 24hrs->20hrs
- Seed : 2%
- 

Step 6. Main culture (3,500/5,000 L)

- : GB-BS Broth->GB-BS Broth-1*

- Seed : 2% -> 2.5%
- : 40hrs->32hrs
- RPM : 50->65 (DO )
- 

Table 7. 

* GB-BS roth-1: GB-BS broth의 배지원 종류는 고정, 그 함량의 변화를 줌.

pilot, plant scale cultivation

sporulation ( 14).
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Traditional                New

 process                process

 
Fig. 14. B. subtilis subsp. krictiensis BSM54

(6). Iturin 高生産 B. subtilis subsp. krictiensis BSM 54

   Plant scale Iturin 高生産 B. subtilis subsp. krictiensis BSM54

(AS, 

) (SM, 

)

, gas 
45).

    ( ). pH 

        Iturin 高生産 B. subtilis subsp. krictiensis BSM54  5 ton 

( spore    

․ ) pH . 
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   ( ). 

  

B. subtilis subsp. krictiensis BSM54

, 

.

( ). QC 

      ①. 

    - (serial dilution) .

    - LB agar Incubator (30℃) 1～2

      colony .

  ②. 

    - , .

  ③. test

    - 30, 40℃ 1, 3, 6, 10, 15 pH, 

      , , ( 8). 

Table 8. B. subtilis subsp. krictiensis BSM54  QC 

검사 내역 기준 합격 판단

, , , , 

CFU/ml 10 
( )

(5 ) ․ ( )

Antifungal activity .

, . 
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   iturin 高生産 B. subtilis subsp. krictiensis BSM54

(AS) (SM) ․

, . 

, 

( , ) , ( 15).

Fig. 15. B. subtilis subsp. krictiensis BSM54 ( ) ( )

. Iturin 高生産 B. subtilis subsp. krictiensis BSM54 

(1). Iturin 高生産 B. subtilis subsp. krictiensis BSM 54

, ․ ․ , 
46,47). 

(suspension concentrate), (wettable powder), (water dispersible granule), 

(granule) . 

1 (AS, 
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) (SM, 

) iturin  

高生産 B. subtilis subsp. krictiensis BSM54 ,  

(WP, ), (GR, 

), (WG, 

) (GM,   

, ) , 

. 

(WP) .

 (2). Iturin 高生産 B. subtilis subsp. krictiensis BSM54 (WP) 

   

   
. 

(spray-drying), 

(convection oven) . 

. 

. , 

, . 

oven
48) ( 16).

 Fig. 16. 〔 〕
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( ). 

        Iturin 高生産 B. subtilis subsp. krictiensis BSM54

. 

, 

1 2

. , , 

, , 

. , 3

( 16).

Freeze dryer(F/D) Spray dryer(S/D) Convection oven(C/O)

 ○
 ○ stress 

 ○
 ○
 ○

 ○
 ○

 ○
 ○

 ○
    ( )

 ○
   ( )
 ○

Table 9. 

   9 , 

, 

. 

. 3

( 17).
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Fig. 17. 〔 ( ), , ( )〕

   3

iturin 高生産 B. subtilis subsp. krictiensis BSM 54

. 20%

1

. 

Bacillus sp. 

. 50℃ 

2 . 17

. 

, 

( 10).
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B. subtilis subsp. krictiensis BSM54 

80% 

30%

60%

Table 10. iturin 高生産 B. subtilis subsp. krictiensis BSM 
54  

( ).

.

.

 ①. 

                    ( 11). 

V

. M6

1.0E+09 CFU/g 

.
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(CFU/g)

Cultured Broth 6.8E+09 ( )

1 Cultured Broth 1L + V 1kg 1.0E+06

2 Cultured Broth 1L + V 1kg + M1 100g 5.4E+06

3 Cultured Broth 1L + V 1kg + M2 100g 1.0E+06

4 Cultured Broth 1L + V 1kg + M3 100g 1.4E+07

5 Cultured Broth 1L + V 1kg + M4 100g 1.0E+06

6 Cultured Broth 1L + V 1kg + M5 100g 5.1E+07

7 Cultured Broth 1L + V 1kg + M6 100g 8.0E+07

Table 11. B. subtilis subsp. krictiensis BSM54

②. 

   ( 12). 

.  

L1 20%

. L2 L3 

. 

L4

. L4

. L4 10% L5 10%

( L4 L5

). 

L4 10%+L5 10% . 

1.0E+09 cfu/g 

. 

13 .
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(CFU/g)

대조 Cultured Broth 6.8E+09 ( )

1 L1 20% 1.0E+06 

2 L1 10% + L2 10% 1.8E+07( )

3 L3 20% ( )

4 L3 10% + L2 10% 7.2E+07( )

5 L4 10% + L2 10% 1.1E+08( )

6 L4 10% + L5 10% 8.8E+08

7 L4 10% + L3 10% 4.6E+08( 下)

8 L4 10% + L1 10% 5.1E+07

9 L4 15% 1.0E+08

Table 12. B. subtilis subsp. krictiensis BSM54

 

a B. subtilis subsp. krictiensis BSM54 (100%) : L4(10%) : 
L5(10%) 

Inlet temp. 190℃

Outlet temp. 90℃

Air pressure 0.6 bar ( )

2.0 liter/hr ( )

Table 13. B. subtilis subsp. krictiensis BSM54  

         * a : (Wt)       

 ③. 

   ( 14). 

Bacillus sp. 

. F1-L1 F3-S1

. F3-S1

F1-L1 . 
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F1-L1 F4-T1 F5-W1

. F4-T1 , 
49-51). 

F5-W1 10% F1-L1 5%, F4-T1 5% . 

F5-W1 F5-W1

. 

F1-L1 F4-T1 20% 5% . 

F6-P1 F7-G1 1% 0.25% 1.5E+10

( 15). 

volume F1-L1: F4-T1: F6-P1: F7-G1

20%: 5%: 1%: 0.25% .

(CFU/g)

Cultured Broth 6.8E+09 ( )

1 F1-L1 20% 3.1E+09

2 F1-L1 10% + F2 10% 4.0E+09

3 F1-L1 10% + F3-S1 10% 4.8E+09

4 F1-L1 20% + F4-T1 10% 9.4E+09

5 F3-S1 20% 3.5E+09

6 F3-S1 10% + F2 10% 4.3E+09

7 F4-T1 20% 1.5E+09

8 F5-W1 10% + F1 10% 6.9E+08

9 F5-W1 10% + F4-T1 10% 1.1E+09

10 F5-W1 10% + F1-L1 5% + F4-T1 5% 9.5E+09

Table 14. B. subtilis subsp. krictiensis BSM54
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(CFU/g) (40℃, 7 )
1 F1-L1 20% 3.1E+09 7.4E+08

F1-L1 20% + F6-P1 1% 3.9E+09 8.2E+08

2 F1-L1 20% + F4-T1 5% 8.7E+09 8.1E+09

F1-L1 20% + F4-T1 5% + F6-P1 1% 9.4E+09 9.0E+09

3 F1-L1 20% + F4-T1 5% + F6-P1 1% 9.4E+09 -

3 + F7-G1 0.25% 1.5E+10 1.4E+10

3 + F8 5% 8.3E+09 6.2E+09

3 + F9 5% 6.6E+09 4.1E+09

Table 15. B. subtilis subsp. krictiensis BSM54

( ).

( , , )

. 1 500 ( )

(-20℃), , (40℃, 54℃)

.

( ). (WP) 

. 

, 45 μm 

, 325 mesh . 

, 

. 

hammer miller, pin miller, air-jet miller

( 16).
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Miller type Median 
Diameter(μm) 100% Pass (μm) 포자회수율 (%) 300 mesh 통과율

Air-jet Mill 6.5 29 79 99

Hammer Mill 9.8 58 88 80

Pin Mill 10.1 44 86 84

Control - - 100 57

 Table 16. B. subtilis subsp. krictiensis BSM54 , 
 

   air-jet miller 6.5μm 

, 300 mesh 99% 

. 79% 

. Hammer miller Pin miller 9.8, 10.1 

μm 300 mesh 80% . 

80-84% . 

pin miller

air-jet miller .

   , 

50 g/min , 

, 100 g/min 325 mesh 90%   

. air-jet miller

50 g/min . 

50 g/min air-jet miller

.

     ( , 

) ( , ․ , , 

, ) .

. Iturin 高生産

iturin 高生産 B. subtilis subsp. krictiensis BSM54 (AS,  
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) (SM, 

)     

 

( )

, 

.

 (1). Iturin 高生産 B. subtilis subsp. krictiensis BSM54

, , ,

.

Ⅳ ( : Ⅲ /Ⅳ ), Ⅳ ( : Ⅲ /Ⅳ ),   

(P.I.I) 0.0 ( : P.I.I 1.0 ), 

(A.O.I) 0.0 ( : A.O.I 10 )

.

 (2). Iturin 高生産 B. subtilis subsp. krictiensis BSM54

   

( ), ( , 

)

. ( ) Ⅳ ( )( : Ⅲ , TER 10 )

, 

.
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 (3). Iturin 高生産 B. subtilis subsp. krictiensis BSM54

   5

. 

5 ( ), ( 3 ), ( 2 ), ( ), 

( ) . 

 (4). Iturin 高生産 B. subtilis subsp. krictiensis BSM54 ․

    

    

- , , (CFU/㎖ or g) 5

, . iturin 高生産

B. subtilis subsp. krictiensis BSM54 B. subtilis subsp. 

krictiensis 6.1×109 CFU/ml . 

(Escherichia coli), (Salmonella sp,), 

(Staphylococcus aureus), (Listeria monocytogenes) 

(Bacillus cereus) .

. Iturin 高生産 B. subtilis subsp. krictiensis BSM54 ․

 (1). B. subtilis subsp. krictiensis BSM54

   . 

. B. subtilis subsp. krictiensis BSM54  1,000 , 500

7 3

( 17,  18).

   7 3

. , (1,000

) 60.6%, (500 ) 67.4% ( 18, 
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18) . 

, 

. 

B. subtilis subsp. krictiensis BSM54 
( )

(1.0×109 CFU/ml, 1000 , 7
3 )

B. subtilis subsp. krictiensis BSM54 
( )

(1.0×109 CFU/ml, 500 , 7
3 )

Table 17. 

  

Fig. 18. 
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처리구
이병주율(%) 유의차

(DMRT)
방제가

(%)
약해시험

결과1 2 3 평균

1,000배 6.2 5.9 7.6 6.6 a 60.6
약해 없음

500배 5.7 5.4 5.2 5.4 a 67.4

무처리 16.7 17.7 15.5 16.6 b - -

Table 18. B. subtilis subsp. krictiensis BSM54 

C.V--------------------------------10.7%

 (2). B. subtilis subsp. krictiensis BSM54

   

. , 

, B. subtilis subsp. krictiensis BSM54 1000

, 500 7 3 ( 19, 19). 

. 

B. subtilis subsp. krictiensis BSM54 
( )

(1.0×109 CFU/ml, 1000 , 7
3 )

B. subtilis subsp. krictiensis BSM54 
( )

(1.0×109 CFU/ml, 500 , 7
3 )

Table 19. 
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 Fig. 19. , , 
( )

   7 3

. , 

(1,000 ) 58.6%, (500 ) 66.7% ( 20, 

19). 500 1,000

. , 

. 

처리구
이병주율(%) 유의차

(DMRT)
방제가

(%)
약해시험

결과1 2 3 평균

1,000배 15.5 14.7 16.1 15.4 a 58.6
약해 없음

500배 10.7 11.1 15.2 12.4 a 66.7

무처리 45.0 35.6 30.9 37.2 b - -

Table 20. B. subtilis subsp. krictiensis BSM54
 

     C.V--------------------------------22.7%
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(3). B. subtilis subsp. krictiensis BSM54

   

7 7 2 . 1,000

(500 ) 

㎡ 1ℓ . 

, . 

1 , 8

. 

( 15% ) ( 20).

Fig. 20. , , 2

( )

 (4). B. subtilis subsp. krictiensis BSM54

   

. , 

, B. subtilis subsp. krictiensis BSM54 1,000 , 500

7 3 ( 21, 21). 

.
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B. subtilis subsp. krictiensis BSM 54 
( )

(1.0×109 CFU/ml, 1,000 , 7
3 )

B. subtilis subsp. krictiensis BSM 54 
( )

(1.0×109 CFU/ml, 500 , 7
3 )

 

 Table 21. 

 

Fig. 21. (B. subtilis subsp. krictiensis BSM 
54) ( ).

   7 , 

3

. , (1,000 ) 50.2%,  

(500 ) 59.7% . 

1

( 22, 22).
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처리구

이병주율(%)
유의차

(DMRT)
방제가

(%)
약해시험

결과1 2 3 평균

1,000배 12.0 9.5 10.1 10.5 a 50.2
약해 없음

500배 9.3 9.5 6.8 8.5 a 59.7

무처리 25.3 16.7 21.3 21.1 b - -

Table 22. B. subtilis subsp. krictiensis BSM 54 
( )

      C.V--------------------------------23.5%

            

Fig. 22. B. subtilis subsp. krictiensis BSM 54 

 (5). B. subtilis subsp. krictiensis BSM54

         

. ( ) 

. , 

( 23, 23). 
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B. subtilis subsp. krictiensis BSM54 
( )

(1.0×109 CFU/ml, 1,000 , 7 , 
3 )

B. subtilis subsp. krictiensis BSM54 
( )

(1.0×109 CFU/ml, 500 , 7 , 
3 )

Table 23. 

Fig. 23. (B. subtilis subsp. krictiensis 

BSM54) ( ).
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( , 10%)

. B. subtilis subsp. 

krictiensis BSM54 , 

, (500 ) , 

(1,000 ) ( 24).

Fig. 22. B. subtilis subsp.
krictiensis BSM54 

 (6). B. subtilis subsp. krictiensis iturin high-yielding mutant 

     B. subtilis subsp. krictiensis BSM54 

   . 

. B. subtilis subsp. krictiensis BSM54 mutant
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B. subtilis subsp. krictiensis .  

B. subtilis subsp. krictiensis BSM54 mutant 1,000 , 500

7 3

( 24).

B. subtilis subsp. krictiensis BSM54 
mutant 

( )
(1.0×109 CFU/ml, 1000 , 7
3 )

B. subtilis subsp. krictiensis  

B. subtilis subsp. krictiensis BSM54 
mutant 

( )
(1.0×109 CFU/ml, 500 , 7
3 )

B. subtilis subsp. krictiensis 
  

( : )
( )

( )
(1.0×108 CFU/ml, 500 , 7
3 )

Table 24. 

   7 , 

3 . 

, (1,000 )  B. subtilis subsp. krictiensis BSM 54 mutant 

62.1%, B. subtilis subsp. krictiensis 54.2%, (500 ) B. subtilis 

subsp. krictiensis BSM 54 mutant 71.2%, B. subtilis subsp. krictiensis 

62.5% .  

iturin B. subtilis subsp. krictiensis BSM54 

mutant , 

 ( 25). 
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처리구
이병주율(%) 유의차

(DMRT)
방제가

(%)
약해시험

결과1 2 3 평균

1,000배
(mutant) 10.5 12.1 12.8 11.8 a 62.1

약해 없음

1,000배
(wild type) 13.9 14.4 14.5 14.3 a 54.2

500배
(mutant) 8.2 9.3 9.5 9.0 a 71.2

500배
(wild type) 10.9 11.8 11.7 11.7 a 62.5

씰러스 11.4 13.1 13.4 12.6 a 60.0

무처리 32.7 30.4 30.5 31.2 b - -

Table 25.  B. subtilis subsp. krictiensis BSM 54 

( )

     C.V--------------------------------9.8%

 (7). B. subtilis subsp. krictiensis B. subtilis subsp.            

      krictiensis BSM 54 mutant

     

. , 

B. subtilis subsp. krictiensis . B. subtilis subsp. 

krictiensis BSM 54 mutant 1,000 , 500

 7 3 ( 26).
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B. subtilis subsp. krictiensis BSM54 
mutant 

( )
(1.0×109 CFU/ml, 1,000 , 7 , 
3 )

B. subtilis subsp. krictiensis 

B. subtilis subsp. krictiensis BSM54 
mutant  

( )
(1.0×109 CFU/ml, 500 , 7 , 
3 )

B. subtilis subsp. krictiensis 

( : )
( )

( )
(1.0×108 CFU/ml, 500 , 7
3 )

Table 26. 

7 , 

3 . ,   

(1,000 ) B. subtilis subsp. krictiensis BSM 54 mutant 60.4%, B. 

subtilis subsp. krictiensis  56.2% , (500 ) B. subtilis 

subsp. krictiensis BSM 54 mutant 75.5%, B. subtilis subsp. krictiensis 

62.8% . B. 

subtilis subsp. krictiensis BSM54 mutant  ( 27). 

B. subtilis subsp. krictiensis BSM 54 mutant B. subtilis 

subsp. krictiensis . iturin 高生産

, 

, 

.
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처리구
이병주율(%) 유의차

(DMRT)
방제가

(%)
약해시험

결과1 2 3 평균

1,000배
(mutant) 16.2 17.8 16.9 17.0 a 60.4

약해 없음

1,000배
(wild type) 18.2 19.4 18.7 18.8 a 56.2

500배
(mutant) 10.1 10.9 10.6 10.5 a 75.5

500배
(wild type) 15.4 16.7 15.8 16.0 a 62.8

씰러스 15.8 16.5 16.1 16.1 a 62.5

무처리 42.8 44.1 41.7 42.9 b - -

 Table 27. B. subtilis subsp. krictiensis BSM 54  
  ( )                      

     C.V--------------------------------6.2%
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구분 연도 세부연구개발 목표 연구개발수행내용 달성도
(%)

1차년도 2011년 Iturin 高生産 길항 미생물 B. 
subtilis 균주의 산업화 공정 확립

 pH, DO, agitation rate,  aeration
  temperature, moisture ratio 등 최적   
  배양조건 검토

100

○ 50/500/5,000ℓ로의 scale up에 따른    
  배양공정 조건 검토
○  후공정 진행 및 수율 안정화 시험

100

○ 생산 단가, 배양기간, 수율 등을 고려한   
  산업화 가능성이 높은 토양병해 방제용    
 미생물 선발

100

2차년도 2012년

Iturin 高生産 균주의 산업화를 
위한 시제품 생산 및 약효 포장 
시험(오이 잿빛, 고추 역병 등)

○ 기(旣) 확립된 최적생산조건을 기반으로   
한 2차 소재탐색(부재 및 보존제 선정).

○ 잿빛곰팡이병, 시들음병, 역병등 등 토양  
병해가 심한 실제 농가처리를 통한 현장  
평가(처리횟수, 농도, 방법 등의 확립,

화학 농약 혼용가부 시험을 통한 최적     
사용법 정립)

90

Iturin 高生産 균주의 활성화를 
위한 최적 제형화 기술 개발

○ 다양한 제형별 시제품 개발 후 최적      
타입 선정(처리제, 증량제 등 최적 소재    

탐색)
○ 각 제형별 경시안정성, 산업성, 포장      

약효 시험 등 다양한 평가를 통한 최종    
적합 소재 선정.

100

시제품의 안정성확인 
(돌연변이주의 안정성 확인)

○ 품질 인증 또는 목록공시 등재 항목      
수준의 독성시험 평가를 통한 산업성 
평가 

100
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구분 연도 세부연구개발 목표 연구개발수행내용 달성도
(%)

3차년도 2013년

Iturin 高生産 B. subtilis 균주의 
복합 제형을 이용한 in vivo 활성 

검정 및 포장시험

○ 각 제형별 안전성, 안정성 등 산업성   
  평가
○ 시들음병, 잿빛 곰팡이병, 역병 등     
  난방제 토양 병해가 심한 실제 농가    
 처리를 통한 현장 평가

90

Iturin 高生産 길항 
  미생물 B. subtilis 복합 제형에 

대한 산업화 추진 및 사용 매뉴얼 
제작 

○ 현장 적용을 통한 약효평가 및 문제점  
  수렴/개선
○ 적용대상, 처리시기, 사용량, 사용방법  
   등 사용 매뉴얼 제작-화학농약 혼용   
  가부 시험

90

Cyclic lipopeptide 高生産 B 
subtilis 복합 제형에 대한 
지적재산권 확보 및 홍보

○ 배지 조성, 배양 조건, 제형화 개발    
  기술 관련 특허 출원
○ 대중 매체, 전시회, 농민설명회, 교육  
   등을 개최하여 홍보(IPET 지원, 개발  
   홍보 예정)

90
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1.연구개발결과의 성과 및 활용목표 대비 실적

가. 연구성과 목표

구분

(예시)특허 (예시)신품종
(예시)
유전자원
등록

(예시)논문

기타
출원 등록 품종

명칭등록

품종생산
수입판매
신고

품종보호
SCI 비SCI

출원 등록

1차 년도
목표

달성

2차 년도
목표

달성

3차 년도
목표 1

달성 (1)

계
목표 1

달성 (1)

나. 연구성과 활용 목표

구분 기술실시(이전) 상품화 정책자료 교육지도 언론홍보 기타

활용건수
목표 1

달성 (1) (1)
*

*토양 미생물제제로 1차 등록하였으며, 추가 포장실험 후 천연식물보호제로 등록 추진 예정.

2. 특허 성과: 1건, 출원 진행 중.

국내외
구분 출원인 제목 국가 및 

출원/등록구분 출원/등록번호(일자)

국내 (주)그린바이오텍

○ B. subtilis subsp. krictiensis
BSM 54의 대량 배양용 배지    

   조성물 및 이의 배양방법
또는 

○ B. subtilis subsp. krictiensis
BSM 54를 이용한 식물병 방제   

  방법 및 수화제 제조 방법

대한민국/출원 2014-*******
(2014.10.**)
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   Bacillus peptide fatty acid

lipopeptide antibiotic , lipopeptide 

multifunctional peptide synthetase , 

surfactin fengycin itruin . surfactin 

fengycin β-hydroxy fatty acid α- amino acid 7 , 10

, iturin β-amino fatty acid 7 α-amino acid . 

6 iturin B. subtilis subsp. krictiensis

ion-conducting pore osmotic perturbation , surfactin

. surfactin iturin, surfactin fengycin 

iturin fengycin synergistic . Cyclic lipopetide

Bacillus B. subtilis EcoGuard, Kodiak, 

HiStick, Serenade, Sonata Taegro , post-harvest, 

, 2018

4.9 , 6.5%

. 2,000 AgraQuest Co. Serenade Bacillus subtilis QST713   

25 1

. Bacillus lipopeptide

biofilm 

. B. subtilis 

flagellin-like  Botrytis cinerea , 

Bacillus amyloliquefaciens Ralstonia solanacearum

. 

B. subtilis , 

.

   Iturin 1993 Shoda B. 

subtilis RB-14 iturin A surfactin lpa-14

iturin 

, Bacillus genome project B. subtilis 168 sufrfactin

iturin . 

1990 iturin surfactin
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iturin cyclic peptide peptide

, Bacillus genome project database

surfactin iturin . 

Genomic library screening cosmid 

37,645 bp 6 ORF iturin GenBank

(GenBank accession number KC454625). 

   B. subtilis subsp. krictiensis ATCC55079 iturin 

ituD, ituA, ituB 30-40% 

, surfactin B. subtlis 168 surfactin 70% 

2012 B. amyloliquefaciens subsp. plantarum CAU B946

surfactin 99% . B. subtilis subsp. 

krictiensis ATCC55079 6 iturin HPLC LC-MS

, iturin ORF3 mini-Tn10 transposon

iturin-less iturin 30% surfactin iturin-less  

2 , 37,645 bp

surfactin iturin . 

iturin 2 B. subtilis subsp. krictiensis 

BSM54 iturin NGS

iturin 6 point mutation , 

promoter M1 point mutation site-directed 

mutagenesis iturin . 

iturin , B. subtilis subsp. 

krictiensis ATCC55079 iturin iturin 

iturin 

, 

.
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해당사항 없음
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