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(
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.Ⅳ

Herboxidiene ,①

l S. chromofuscus genome 9,142,143 bp, herboxidiene 180

kb , Herboxidiene .

l 1 (herA) , herA

herboxidiene negative

.

②

l pACC152, pASA152, pSAM152, pAfsR152 pSA152 S. chromofurus S.

chromofurus ACC152, S. chromofurus ASA152, S. chromofurus ASM152, S. chromofucus

AFSR152 S. chromofurus SAI152 .

l S. chromofuscus SIBR 1.32 (0.976 g/L)

l S. chromofuscus AFS 1.7 (1.258 g/L)

l S. chromofuscus GIBR 3.85 (2.849 g/L)

③ ,

l HPLC LC-MS .

l 54.89 mg/L herboxidiene carbon/nitrogen 200.2-744.6 mg/L

(3.7-13.7 ) .

l Feeding : Glycerol ProFlo feeding herboxidiene 1087

mg/L (19.8 ) .

④

l in vitro Glucosyl-herboxidiene Galacosyl- herboxidiene .

l pSET152 galU yjiC pGYIBR S. chromofuscus GYIBR

herboxidiene glycoside .

l epoF HPLC-ESI-MS ,

.

l herboxidiene : ,

Tributyrin Esterase/Lipase 33 , , ORF ,

4 , Cold-active ES2-1 ,

, .

Herboxidiene⑤

l ; in vitro MIC , 8
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.

l Herboxidiene ( )

50 mg/L 2,850 mg/L 60

.

l herboxidiene in vivo in vitro glycosylation

( ) P450 herboxidiene aglycone

, herboxidienedmf

.
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제 장 연구개발과제의 개요1

1 .

,

herboxidiene

,①

② ,

③ ,

,④

herboxidiene⑤

2 .

1.

o

l 2004 318 USD (7,200 USD)

4.4% 2003 12.5% 4.8% .

.

l 2003

, 2004 2003 4.8%

. 2013 380 USD .

l

, EU

.

.

l , 10%

2013 25

USD .

o

l , 2003

969 9,280 10,249

.

l 10 2003 2 7 USD

. 2003 3 6

USD, 90 USD .

l ,
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2013 1 3

,

.

2.

l

.

l

.

l , OECD

2013 2004 40%

.

l

.

3.

l 40% ,

.

l ,

, .

l ,

.

l bialophos

(Fig.1) , ,

.

그림 1 토양미생물인 방선균유래의 대표적인

미생물제초제인 의 구조bialophos

l bialophos
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.

4.

l ,

.

.

l ,

. .

. ,

.

, ,

.

l , ,

.

,

.

.

3 . herboxidiene

1. Herboxidiene

l Herboxidiene Streptomyces chromofuscus A7847 (ATCC 49982)

(polyketide) (Fig. 2) 1992 Monsanto

. [J. Antibiot. 1992. 45(6):914-921].

Fig. 2 Herboxidiene

2. Herboxidiene

l Herboxidien , , ,
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, , [J.

Antibiot. 1992. 45(6):914-921].

l 35 g/hectare 90% , 7 g/ha

75% . 5.6 kg/ha

(Table 1).

l herboxidiene

,

.

.

Table 1. 의 에 대한Herboxidiene whole plant post-emergence activity

3. Herboxidiene

l Herboxidiene 1992 Monsanto

, 1997 herboxidiene S. chromofuscus A7847

Streptomyces Kyowa Hakko Kogyo

. [ Herboxidiene derivatives and their preparation from

Streptomyces GEX1 culture. Eur. Pat. Appl. (1997), 13 pp. EP 781772].

l S. chromofuscus A7847 herboxidiene

.

4 .

Herboxidiene○

l Herboxidiene

l

Herboxidiene○

l Random mutation herboxidiene

l

l
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Herboxidiene○

l herboxidiene

l herboxidiene scale-up‧

l Herboxidiene scale-up

Herboxidiene○

l (combinatorial biosynthesis)

l (precursor-directed biosynthesis)

l herboxidiene ,

○

l

l
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제 장 국내외 기술개발 현황2

1 .

1.

l 2004 318 USD (7,200 USD)

4.4% 2003 12.5% 4.8% .

.

2013 380 USD .

l

, EU

.

l

. ,

10% 2013

25 USD .

2. Herboxidiene (total synthesis)

l Herboxidiene

,

Novartis .

3.

l microarray, proteomics ‘omics'

(genome), (transcriptome), (proteome)

. S coelicolor [Nature, 2002, 417:

141] S. avermitilis [Nat. Biotechnol. 2003, 21: 526]

.

l genome shuffling

[Nature ,202, 415: 64].

[J. Ind. Microbio.l Biotechnol. 30: 480-488].

l

.
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2 .

1.

l , 2003

969 9,280 10,249

.

10 2003 2 7 USD .

2003 3 6 USD 90

USD .

l

. 2013 1 3

,

.

2.

l herboxidiene

.

l 1990

,

.

l

.

.

l

.

l

doxorubicin Streptomyces peucetius ATCC

27952 . S. peucetius ATCC27952

Streptomyces coelicolor Streptomyces avematilis ,

8.1 Mb, GC content 70.59% .

doxorubicin (global regulatory, specific regulatory),

doxorubicin (60 kb), precursor (glycolysis,

acetyl-CoA , ACP ), , SAM synthase, quorum sensor

5-10

.
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제 장 연구개발 수행 내용 및 결과3

1

1. herboxidiene

. Herboxidiene

l 2 (cluster)

, chromosomal walking

. DNA

, 9 Mbp

genome

2 , (probe)

(Fig. 3).

Fig. 3 생합성 유전자집단의 분리 및 분석 전략Herboxidiene

l Polyketide synthase (PKS)

Herboxidiene ,

polyketide synthase (PKS) ,

domain . PKS domain ketosynthase (KS)

domain PKS 70-80% PKS

KS domain herboxidiene

. , 2

2

PKS

.
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. Herboxidiene

l polyketide herboxidiene

l disruption deletion

. wild-type transformation

, cluster

.

. ( )

l S. chromofuscus A7847 , herboxidiene .

l flask herboxidiene

(D-(-)Fructose, Glucose, Lactose, D-(+)-Maltose, Mannitol, Soluble

starch, D-Sorbitol, Sucrose, Glycerol ) 1%(w/v) ,

.

l

, (CaCO3, NaCl, KCl,

CuSO4, K2HPO4, CaCl2, FeCl2, CoCl2 ) 0.1%(w/v)

.

.

l 250ml baffled flask 1L baffled flask

fermentor (1L, 5L) ,

.

. Herboxidiene scale-up

l S. chromofuscus A7847 ethyl acetate , acetone

, column chromatography, crystallization

scale-up .

. herboxidiene

l LC/ESI-MS/MS

, .

.

l polyketide polyketide synthase (PKS) aglycone
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post-PKS , Fig.5 oxidation, methylation

.

l Streptomyces venezuelae methymycin pikromycin

, (YC-17 narbomycin)

, hydoxylation

. pikC hydoxylase

methymycin/neomethymycin pikromycin (Fig. 4).

Wild-type S.venezuelae
S.venezuelae YJ029

(additional pikC in high copy plasmid)
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neomethymycin
methymycin

pikromycin
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No novamethymycin

YC-17 YC-17

Fig. 4 생합성 유전자의 증폭에 의한 생산성 향상의 예pikromycin

l

[Enzyme and Microbial Technology 2006, 39,

4778-4782].

2. herboxidiene

.

l Herboxidiene polyketide Fig.5

malonyl-CoA methylmalonyl-CoA . methyl group donor S-adenosyl

methionine (SAM) . malonyl-CoA, metylmalonyl-CoA

SAM herboxidiene .

l S. ceolicolor

.

. Malonyl-CoA metylmalonyl-CoA

l E.coli malonyl-CoA 100-200

.
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.

l acetyl-CoA carboxylase (ACC) malonyl-CoA

.

l ACC Fig. 5 .

§ 1 ATP bicarbonate phosphorylation carboxyphosphate

, carboxyl group biotin (enzyme-biotin) carboxybiotin

.

§ 2 carboxyltransferase carboxyl group biotin acetyl-CoA

malonyl-CoA .

Fig. 5 A 의 효소반응cetyl-CoA carboxylase (ACC)

l Fig. 6 1 ACC -subunit AccA2 2α β

-subunit AccB , ACC -subunitε

AccE , genome sequence S. coelicolor

[J. Biol. Chem. 2002, 277, 31228-31236 ]. AccA2, AccB,

AccE malonyl-CoA

(Fig. 6).

KmoriT Ori pUCint

pSET152 (Integration vector)

accA2 accB accE

Fig. 6 의 발현벡터의 예ACC pathway

l methylmalonyl-CoA propionyl-CoA

propionyl-CoA carboxylase .

. CoA acetyl-CoA

l E. coli pantothenate kinase panK , coenzyme A

acetyl-CoA

[Metab. Engineer. 2004, 6, 294-299].

l , acetyl-CoA , malonyl-CoA target

herboxidiene panK

(Fig. 7).
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l polyketide panK

.

Pyruvate

Acetyl-CoA

Pantothenic acid
PanK

CoA

Pyruvate dehydrogenase

Malonyl-CoA

Polyketide

CO2

Fig. 7 과발현에 의한 생산성 향상 전략PanK

. SAM

l S-adenosylmethionine (SAM) methyl group donor ,

herboxidiene methyl group (Fig. 8)

o

O OH

O

OH

O

SAM

.Fig. 8 생합성 전구체로서의 의 역할Herboxidiene SAM

l SAM methyl donor ,

. S.

coelicolor SAM , SAM synthetase metK S.

coelicolor actinorhodin [J. Bacteriol.

2003, 185, 601-609].

l SAM synthetase metK

herboxidiene .

.

l global (pathway-specific)

(Fig. 9). global , PCR

global ,

.
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l herboxidiene S. chromofuscus A7847 global

.

l herboxidiene

.

Fig. 9 방선균 조절유전자의 작용기작 및 이를 이용한 항생제 생산성 향상의 예

3. herboxidiene

. Herboxidiene glycoside

Herboxidiene field test , anticancer anticardiovascular

. herboxidiene in vitro in vivo

glycosylation herboxidiene .

in vitro YjiC

UDP-glucose NDP-sugar glycosylation .

in vivo in vitro

in vitro .

.

(1)

( , , , )

. ,
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,

.

(2)

vector system .

Integration vector Streptomyces chromosome phage-attachment site attB site

integration pSET152 promoter PermE* pSET152 (ermE*)

, high copy plasmid vector pSE34 promoter PermE*

pSE34 (ermE*) .

4.

.

(Monsanto) Streptomyces chromofuscus A7847

(Wideman et al., 1992).

post-emergence inhibition .

(wheat) ,

.
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2 1 S.

chromofuscus (MIC, minimum inhibition

concentration) .

,

. (Rice, ), (Wheat, ), (Chinese

cabbage, , ), (Pepper, , ), (Radish, , , ),

(Shallot / Scallion, , ; , ; ( ), ; ,

; , ; , ; , ; , ), (Garlic.

) .

50

.

750 . 76 , 112 , 233 , 329

. 433

.

( ) (Echinochloa crusgalli), (Digitaria sanguinalis), (Sorghum

bicolor) (Solanum nigrum), (Aeschynomene indica),

(Abutilon avicennae), (Xanthium strumarium),

(Arabidopsis thaliana) 8 .

7

( , 2005).

. (in vitro)

( 438) Preparative HPLC

lyophilize , (~pH9.0) .

500~4,000 g·mLμ -1 (Fig. 10).

O

OH O OH

Fig 10.

(Arabidopsis thaliana col-0), (rice, ) (wheat)

,

. 16 80% 5℃

. 4.43g·L-1
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Murashige & Skoog Basal Medium (MS with vitamins)

.

MS .

.

4

. Table 2 .

20 10~20mL .

Table 2.

전착제 품명 유효성분

동부카바 액제
Alkylaryl polyethoxylate, Alkylsulfonated alkylate sodium salt (60%),

Solvent (40%)

동방전착 액제
부동Polyoxy ethylene alkyl arylether(10%), Sodiumligno sulfonate(20%),

액 용제, (70%)

실루엣 액제 보조제 용제 증량제Siloxane (30%), , , (70%)

케어스 유탁제 계면활성제 증량제Paraffin (24%), , (76%)

. 55mm (Whatman No. 2) Petri dish

2000, 1000, 500, 250 125 g·mlμ -1 1ml Fume

hood , 1ml 20

25 (14h/10h, Light/Dark) 7℃

.

.

. 350cm2

( ) , 3 4

7 (30/20±5 , Light /Dark=14/10h) 9℃

. (1ml) , (Acetone 60%, 0.1%

Tween-20) 13ml 4000, 2000, 1000, 500, 250 125 g mL-1μ

laboratory spray gun

. hume hood

4 7 ‘ ( ; 0, ; 100)

.

5.

.
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esterification ester

group

. 2009 5

2,008m(St12-2; GPS 36°39.2‘, 130°36.9') 2,038m(St21; GPS 36°37.2‘, 130°42.5')

4~7m 2 . St12-2

, St21 . -7

0 frozen (~15g) (Fig. 11).℃

Fig. 11.

.

, phsophate buffer bead

lysozyme 10mg 37 30 , vortex mixer 20℃

PowerMax Soil DNA isolation kit (MOBIO, CA) DNA .

DNA CHEF(Clamped Heterogeneous Electric Field) 15kb DNA

(2sec 20sec ramp, 6V/cm, 120°, 0.5XTBE buffer, 14 ),→ ℃

polyphenol gel 2% polyvinylpyrrolidone

gel-patch . Ethidium bromide gel , 15 45kb DNA band∼

dialysis tube (10kDa cutoff, Spectraphore) 60V 0.5XTBE buffer 2

gel DNA electroelution .

DNA End-repair (End-It Kit, Epicentre, USA)

fosmid vector pCC1-Epi 2 ligation (FastLink Ligation system, Epicentre)

. Ligation Phage package extract package ,λ

phage E. coli Epi300 cloning

chloramphenicol (20 g/ml ) .μ

LB-Chloramphenicol-glycerol

384-well plate 42,000 ( insert

~35kb) -70 .℃

. (Esterase)

Esterase tributyrin (1%) LB plate
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5 (28 ) clear zone℃

. Esterase fosmid insert ORF

Insert DNA fosmid (HydroShear) 3.5kb

, T4 DNA polymerase, Polynucleotide kinase

end-filling . pZero vector(Invitrogen) blunt-end ligation

electroporation DH5 2 shot-gun .α

LB/Kan/Tributyrin shotgun pUC-universal primer BigDye

system contig , DNAStar(LaserGene), VectorNTI(Invitrogen)

Mega5 Multiple sequence alignment .

esterase ORF

. ORF PCR primer , HighPrime Taq polymerase (Takara,

Japan) reading-frame pET21a/b/c directional in-fusion

(In-Fusion cloning kit, Clone Tech, USA). Junction

, plasmid BL21(DE3) (20 , 0.5mM IPTG, 12hr).℃

50mL , 10ml

lysis buffer (50mM NaH2PO4 (pH8.0), 300mM NaCl, 10mM Imidazole)

. 15,000rpm 15 ,

. 6xHis-Tag Ni-NTA resin (Qiagen U.S.A)

(washing buffer; 50mM NaH2PO4 (pH8.0), 300mM NaCl, 20mM Imidazole, Elution buffer;

50mM NaH2PO4 (pH8.0), 300mM NaCl, 250mM Imidazole)). YM10 membrane (Amicon Ultra,

Millipore Co.) .

.

Native PAGE gel (12% Resolving gel, 4% Stacking gel) boiling 12 gμ

2 batch PAGE gel electrophoresis , gel coomassie brilliant blue

staining band gel 20% isopropanol 20min, Distilled

water 10 2 wash . gel 1.3% agar media (1.3% agar media, 1% tributyrin,

25mM Tris-HCl(pH8.0) 10mM CaCl2, 0.1% tween80) sealing

. 4 clear zone . p-Nitrophenyl butyrate(pNPC4)

p-Nitrophenyl decanoate(pNPC10) p-Nitrophenyl .

pNPC4 (0.1mM) (0.12 g) Tris (50mM, Trsi Cl pH8.5,μ ㆍ

400 l) 30 , 3min. , 2M acetone 200 l 65μ ℃ μ ℃

OD405nm . pNPC4 (0.1mM)

, pH pNPC4 alkaline autohydrolysis pNPC10

(0.1mM) . (kinetics) (parameter) 10

30 pre-incubation 96-well plate well (0.12 g)℃ μ

200 l ( 50mM TrisCl (pH8.5)) 35 , 1min. 405nmμ ℃

(Victor3, Perkin Elmer, USA). 0~5mM . pNP
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Molar Extinction Coefficient ( =17,456 Mε
-1
cm

-1
).

kcat, Km pNP (V0) plotting Michaelis-Menten equation Hanes-Woolf data fitting

(Hanes, 1932) .
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2

1. Strpetomyces chromofurus A7847

. Draft Sequencing

Roche 454 GS FLX 426.3bp 282,912 454 data

120,602,726bp . (~8Mb)

13.3x(genome coverage) .

Roche 454 GS FLX draft data

Data Type Total Read Total Base Avg. Cov.

454 Data 282,912 120,602,726bp 426.3bp 13.2x

. Assemble

454 data GS Assembler 353 contig

contig 9,142,143 bp .

GS assembler(Newbler)

Sum of Contig Length 9,142,143 bp Max. of Contig Size 175,929 bp

Number of Contig 353 contigs Min. of Contig Size 105 bp

Avg. of Contig Length 25,898.4 bp bp of Quality > 40 8,898,806bp

N50 60,730 bp % of Quality > 40 97.34 %

. NewGAS System

Draft Sequencing 353 contig automatic annotation system

(NewGAS) .

General Feature

Project Name Sch

TOTAL SIZE 9,129,061 bp

G+C 71.1 %

Protein Coding Region 86%

Transfer RNAs 70

Ribosomal RNAs 4
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2. Herboxidiene

. Herboxidiene genomic libray

� Herboxidiene Streptomyces chromofuscus ATCC 49982 library

.

� genomic Sau3A1 40-50 Kb

cosmid vector SuperCos .

. Herboxidiene .

herboxidiene -ketoacylsynthase acyltransferaseβ

gene fragment PCR primer

primer PCR .

-ketoacylsynthase acyltransferase 60-80% .β

Fig. 12 PCR product obtained from KS-BF and KS-BR

. Colony hybridization

� -ketoacylsynthase acyltransferase 50 colonyβ

, 12 cosmid .

Protein Coding Genes

...Conserved with protein function assigned 5,243

...Conserved with unknown protein function 1,899

...Nonconserved 1,359

...Total 8,501
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Fig. 13 Colony hybridization cosmid

� pHER61 cosmid herboxidiene polyketide

synthase (mmpV, mmpE), 3-oxoacyl-[acyl-carrier-protein] synthase (mupB and mupG),

Valyl-tRNA synthetase .

.

- Herboxidiene

Herboxidiene Streptomyces chromofuscus

Herboxidiene herA, herB, herC, herD, herE, herF herG

180 kb . Herboxidiene herA (regulatory gene), herBCD

(polyketide synthase typeI), herE (epoxidase), herF(methyltransferase) herG(P450)

, orf10 acetyltransferase, orf14 PKS typeIII orf15

P450 .

Fig. 14 Herbodiene

Table 3. Herboxidiene

Gene 　 Funtions

orf4 Possible nitrogen fixation protein

orf5 Nife Hydrogenase i large subunit

orf6 Nife Hydrogenase i small subunit

orf7 Hydrogenase nickel incorporation protein

orf8 Oxidoreductase domain protein

orf9 Xylose isomerase domain-containing protein
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- herboxidiene

Herbodiene 9 module , macrolide herboxidiene

hexagonal , opoxidation hydroxylation methylation heboxidiene

.

Fig. 15 의 예상 생합성 유전자집단 및 생합성 경로Herboxidiene

herA Transcriptional regulator, LacI family protein

herB Polyketide synthase typeI

herC Polyketide synthase typeI

herD Polyketide synthase typeI

herE Epoxidase

herF Methyltransferase

herG Cytochrome P450 hydroxylase

orf10 Putative acetyltransferase

orf11 hypothetical protein

orf12 abhydrolase

orf13 hypothetical protein

orf14 Type-III PKS

orf15 Cytochrome P450

orf16 Glycine betaine ABC transport system permease protein

orf17 Putative ABC transporter permease

orf18 Putative esterase

orf19 Glycine betaine/L-proline ABC transporter, ATPase subunit

orf20 　 Proline aminopeptidase
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3. Herboxidiene

. HPLC MS

(1) Herboxidiene , herboxidiene

.

herboxidiene .

(2) herboxidiene herboxidiene S. chromofuscus A7847

ethylacetate butanol ,

. , HPLC

peak MS (Fig. 16).

(3) , solid phase

extraction (SPE) (Fig. 18)

. SPE

Fig. 18 .
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(4) herboxidiene SPE . 3ml

100% 3ml 100% , herboxidiene , 3ml

100% , 5% Methanolic acetic acid (MeOH +

0.5% acetic acid) . C18 (Agilent Technologies) .

. HPLC LC-MS

(1) , 17 HPLC . SPE

1 , .

HPLC herboxidiene .

(2) HPLC herboxidiene , LC-ESI/MS

herboxidiene fragmentation

LC-ESI/MS .

(3) S. chromofuscus A7847 herboxidiene LC-ESI/MS (Fig.

19). herboxidiene M/Z 455.85 , retention time 30 herboxidiene

(Fig. 20).
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(4) herboxidiene Iontrap-MS/MS
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. Ammonium adduct (m/z : 417.42, 399.42, 331.08, 299.25) fragmentation

pattern (Fig. 21). m/z

.

4. herboxidiene

. Strpetomyces chromofurus A7847 herboxidiene

� ATCC Strpetomyces chromofurus A7847 polyketide

herboxidiene .

� 3 7 Strpetomyces sp A7847 morphology

Strpetomyces sp A7847 herboxidiene Fig. 22 HPLC

.
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Fig. 22 Morphology of Streptomyces chromofucus A7847 on ISP2 plate after 3 and 7 days.

Fig. 23 Typical HPLC traces of herboxidiene produced by S. chromofuscus. The peak corresponding to

herboxidiene is indicated by an arrow.
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. herboxidiene

(1) Seed

Strpetomyces chromofurus A7847 seed 500 mL baffled flask ISP2

(yeast extract 0.4%, malt extract 1%, glucose 0.4%) 50 mL shaking pH 7.2, 235 rpm

28 36 .℃

(2) Herbodiene

Seed 4% 4 carbon source (Corn starch, maltose, glycerol sucrose)

.

500 mL baffled flask 50 mL shaking pH 7.2, 235 rpm 28 5℃

.

Herboxidiene Table 4 carbon source 27.6-582.5 mg/L

glycerol (Fig. 24).

Table 4. Carbon source herboxidiene

Seed 4% carbon source 4 nitrogen source (peptome,

ProFlo, triptone soybean flour) .

500 mL baffled flask 50 mL shaking pH 7.2, 235 rpm 28 5℃

.

Herboxidiene Table 5 carbon source 200.2-582.5 mg/L

ProFlo nitrogen source (Fig. 25).

Media

Number

Carbon

sources

3.5%

Nitrogen

source

0.8%

MINERALS (%)

Production of

herboxidiene

(mg/L)

1

Corn

starch ProFlo

MgSO4.7H2O 0.1, KH2PO4 0.2, KNO3

0.2, NaCl 0.05, CaCO3 0.015,

ZnSO47H2O 0.001 and Fe-EDTA 0.018

54.89

2 Maltose ProFlo

MgSO4.7H2O 0.1, KH2PO4 0.2, KNO3

0.2, NaCl 0.05, CaCO3 0.015,

ZnSO47H2O 0.001 and Fe-EDTA 0.018

37.22

3 Glycerol ProFlo

MgSO4.7H2O 0.1, KH2PO4 0.2, KNO3

0.2, NaCl 0.05, CaCO3 0.015,

ZnSO47H2O 0.001 and Fe-EDTA 0.018

582.6

4 Sucrose ProFlo

MgSO4.7H2O 0.1, KH2PO4 0.2, KNO3

0.2, NaCl 0.05, CaCO3 0.015,

ZnSO47H2O 0.001 and Fe-EDTA 0.018

27.6



- 31 -

Table 5. Nitrogen source herboxidiene

Fig. 24 Carbon/nitrogen source herboxidiene .

Seed 4% carbon/nitrogen source 2 mineral source

.

Media

Number

Carbon

sources

3.5%

Nitrogen

source

0.8%

MINERALS (%)

Production of

herboxidiene

(mg/L)

5 Glycerol Peptone

MgSO4.7H2O 0.1, KH2PO4 0.2, KNO3

0.2, NaCl 0.05, CaCO3 0.015,

ZnSO47H2O 0.001 and Fe-EDTA 0.018

300.0

6 Glycerol ProFlo

MgSO4.7H2O 0.1, KH2PO4 0.2, KNO3

0.2, NaCl 0.05, CaCO3 0.015,

ZnSO47H2O 0.001 and Fe-EDTA 0.018

582.6

7 Glycerol Triptone

MgSO4.7H2O 0.1, KH2PO4 0.2, KNO3

0.2, NaCl 0.05, CaCO3 0.015,

ZnSO47H2O 0.001 and Fe-EDTA 0.018

200.2

8 Glycerol Soybean

flour

MgSO4.7H2O 0.1, KH2PO4 0.2, KNO3

0.2, NaCl 0.05, CaCO3 0.015,

ZnSO47H2O 0.001 and Fe-EDTA 0.018

388.7
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Herboxidiene Table 6 .

Table 6. Mineral source herboxidiene

Seed 4% carbon/nitrogen source glycerol

herboxodiene .

Herboxidiene glycerol 5% (Table 7/Fig. 25).

Table 7. Glycerol herboxidiene

Media

Number

Carbon

sources

3.5%

Nitrogen

source

0.8%

MINERALS (%)

Production of

herboxidiene

(mg/L)

6 Glycerol ProFlo

MgSO4.7H2O 0.1, KH2PO4 0.2, KNO3

0.2, NaCl 0.05, CaCO3 0.015,

ZnSO47H2O 0.001 and Fe-EDTA 0.018
582.6

6A Glycerol ProFlo

Except KNO3 other all the minerals of

media NO. 6 were added 585.0

Media

Number

Carbon

sources

Nitrogen

source

0.8%

MINERALS (%)

Production of

herboxidiene

(mg/L)

6A

Glycerol

3.5% ProFlo

MgSO4.7H2O 0.1, KH2PO4 0.2, NaCl

0.05, CaCO3 0.015, ZnSO47H2O 0.001

and Fe-EDTA 0.018
Tested on TLC

6A1

Glycerol

5.0% ProFlo

MgSO4.7H2O 0.1, KH2PO4 0.2, NaCl

0.05, CaCO3 0.015, ZnSO47H2O 0.001

and Fe-EDTA 0.018
Tested on TLC

6A2

Glycerol

6.0% ProFlo

MgSO4.7H2O 0.1, KH2PO4 0.2, NaCl

0.05, CaCO3 0.015, ZnSO47H2O 0.001

and Fe-EDTA 0.018
Tested on TLC

6A3

Glycerol

7.0% ProFlo

MgSO4.7H2O 0.1, KH2PO4 0.2, NaCl

0.05, CaCO3 0.015, ZnSO47H2O 0.001

and Fe-EDTA 0.018
Tested on TLC
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1 2 3 4

Herboxidiene

Fig. 25 Glycerol herboxidiene TLC. Lane 1: glycerol 3.5%, Lane 2: glycerol 5%,

Lane 3: glycerol 6%, Lane 4: glycerol 7%

Seed 4% carbon/nitrogen source ProFlo herboxodiene

. Herboxidiene ProFlo 0.25%

(Table 8/Fig. 26).

Table 8. ProFlo herboxidiene

Media

Numbe

r

Carbon

sources

(w/v) 5.0%

Nitrogen

source

(w/v)

MINERALS (%)

Production of

herboxidiene

(mg/L)

6A1 Glycerol ProFlo

0.8%

MgSO4.7H2O 0.1, KH2PO4 0.2, NaCl

0.05, CaCO3 0.015, ZnSO47H2O 0.001

and Fe-EDTA 0.018

Tested on TLC

6A4 Glycerol ProFlo

0.6%

MgSO4.7H2O 0.1, KH2PO4 0.2, NaCl

0.05, CaCO3 0.015, ZnSO47H2O 0.001

and Fe-EDTA 0.018

Tested on TLC

6A5 Glycerol ProFlo

0.4%

MgSO4.7H2O 0.1, KH2PO4 0.2, NaCl

0.05, CaCO3 0.015, ZnSO47H2O 0.001

and Fe-EDTA 0.018

Tested on TLC

6A6 Glycerol ProFlo

0.25%

MgSO4.7H2O 0.1, KH2PO4 0.2, NaCl

0.05, CaCO3 0.015, ZnSO47H2O 0.001

and Fe-EDTA 0.018

Tested on TLC
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1 2 3

Herboxidiene

Fig. 26 Proflo herboxidiene TLC. Lane 1: Proflo 0.25%, Lane 2: Proflo 0.4%, Lane

3: Proflo 0.6%.

medium No 1 54.89 mg/L herboxidiene

media No 6A6 13.5 744.6 mg/L .

Fig. 27 herboxidiene TLC. Lane 1, 2 3: control media

(medium No 1), Lane 4,5,6 7 (medium No 6A6)

1 2 3

Herboxidiene

4 5 6 7
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(dry mass) pH . 20 hr 0 - 120

4.5mg, 47mg, 57mg, 57.2mg, 33.4mg 32.1mg 60-80

, pH 7.2, 6.93, 6.54, 6.36, 6.30, and 6.42 (Fig.

28).

Fig. 28 Streptomyces chromofucus batch pH

� Feeding .

Seed 4% carbon/nitrogen source No 6A6 24 h, 36 h 48 h

Glycerol 2.5%, ProFlo 0.125% Glycerol ProFlo 2.5%-0.125% feeding

herboxodiene .

Herboxidiene Glycerol ProFlo 2.5%-0.125% 36 feeding

herboxidiene , 1087 mg/L (Table 9/Fig. 29).

19.8 .

Table 9. Fed-batch nitrogen, carbon nitogen/carbon feeding

Flask

containing

media No.6A6

Fed at 24 h

(w/v)(%)

Fed at 36 h

(w/v)(%)

Fed at 48 h

(w/v)(%)

Production of

Herboxidiene

(mg/L)

1 - - - 744.6

2 Glycerol-2.5 - - 660.5

3 - Glycerol-2.5 - 709.5

4 - - Glycerol-2.5 587.0

5 ProFlo-0.125 - - 629.4

6 - ProFlo-0.125 - 511.5
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Fig. 29 Fed-batch nitrogen, carbon nitogen/carbon feeding

5.

. positive S- (MetK)

afsR . S-

(MetK) 2

(Lee PC et al., Mol Microbiol, 43, 1413-1430, 2002; Maharjan S. et al., Biotechnol Lett,

30:1621-26, 2008). afsR 2

. Streptomyces lividans, S. clavuligerus, S. griseus S. venezuelae afsR-sp

actinorhodin,clavulanic acid, streptomycin pikromycin

(Parajuli N et al., Res Microbiol, 156:707-12, 2005; Maharjan S et al., Biotechnol Lett,

30:1621-26, 2008).

( )

7 - - ProFlo-0.125 759.2

8

Glycerol:ProFlo

(2.5:0.125)

- -

919.9

9

- Glycerol:ProFlo

(2.5:0.125)

-

1086.9

10

- - Glycerol:ProFlo

(2.5:0.125) 875.9
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� Herboxidiene polyketide acetyl-CoA propionyl-CoA

malony-CoA methylmalonyl-CoA

(Fig. 30).

Fig. 30 malony-CoA methylmalonyl-CoA herboxidiene .

� Malony-CoA 3 3 pACC152

pSET152 ( 24).

� Methylmalony-CoA 3 3

pPCC152 pSET152 .

� malony-CoA methylmalony-CoA

afsR metK1 pASA152 pPSA152 .

� pACC152, pASA152, pSAM152, pAfsR152 pSA152 herboxidiene

Strpetomyces chromofurus A7847 S. chromofurus ACC152, S. chromofurus

ASA152, S. chromofurus ASM152, S. chromofucus AFSR152 S. chromofurus SAI152

. S. chromofurus ASM152, S. chromofucus AFSR152 S. chromofurus

SAI152 PCR .

� table .
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accBE

accA2

ermE

lacZ

Apr

oriT

int

pACC152
  9500 bp

XbaI

SpeI

PacI

int

oriT

Apr
lacZ

ermE

accA2

accBE

metK1-sp

afsR-p

XbaI
EcoRI

XbaI

pASA152
  13600bp

PacI

SpeI

7.3 kb 
pSam152

int

oriT

Apr

lacZ

ermE

Sam1

BglII

BamHI

 pAfsR152
    9.0 kb

afsR-p

SpeI

BglII

Apr

lacZ

ermE

oriT

int

Sam1

ermE

lacZ
Apr

oriT

int

 pSA152
  10.3 kb

afsR-p

SpeI

BglII

BamHI

int
MCS

ermE

lacZ

Apr

oriT

pSET152
   6.0 kb

Fig. 31 Herboxidiene precursor

(a) pACC152, (b) pASA152, (c) pSAM152, (d) pAfsR152, (e) pSA152, (f) pSET152.

Table 10. .
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( ) Herboxidiene
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� Herboxidiene , S. chromofurus ISP

2 36 28 235 rpm 8 No.6A6℃

. .

Whatman ,

. C18 (4.6x250 mm, 50 m; KANTO Reagents,μ

) , 1 ml/ (Rt 28 ) 0.05%

100% (HPLC) .

ESI-QTOF mass, 1H-NMR, 13C-NMR . S. chromofurus

Herboxidiene .

� S. chromofurus 8 , S. chromofuscus SIBR

1.32 (0.976 g/L) , S. chromofuscus AFS 1.7 (1.258 g/L) , S.

chromofuscus GIBR 3.85 (2.849 g/L) .

� , S. chromofuscus SAM, S. chromofuscus IBR25, S. chromofuscus ACC, S. chromofuscus

ASA S. chromofuscus AS .

Table 11. S. chromofurus Herboxidiene
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6. Herboxidiene glycoside

Herboxidiene field test , anticancer anticardiovascular

. herboxidiene in vitro

glycosylation Streptomyces chromofucus

.

. in vitro herboxidiene glycoside

(1) Glucosyl-herboxidiene

Herboxidiene glycosylation Bacillus licheniformis ATCC 14580 glycosyltransferase

YjiC YdhE Glucosyl-herboxidiene .

Glycosyltransferase yjiC ydhE pET302/NT-His E. coli BL21

SDS-PAGE .

glycosyltransferase YjiC YdhE herboxidiene UDP-glucose in vitro

YjiC Glucosyl-herboxidiene YdhE .

Fig. 32 In vitro enzyme assay of both glucosyltransferases was carried out separately at 37°C to transfer

glucose moiety from UDP-glucose to herboxidiene in the presence phosphate buffer and MgCl2.

� HPLC YjiC herboxidiene glycosylated YdhE

.
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Fig. 33 Glycosylated herboxidiene HPLC . (A) Glucosylated analog of herboxidiene was obtained

only from the enzyme assay of YjiC. (B) Expected product was not detected when YdhE was used

Fig. 34 Glycosylated herboxidiene mass .
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(2) Galacosyl-herboxidiene

Herboxidiene galactosylation Streptomyces peucetius glycosyltransferase MshA

Galactosyl-herboxidiene .

Glycosyltransferase mshA pET302/NT-His E. coli BL21 SDS-PAGE

. MshA UDP-glucose UDP-galactose UDP-galactoseaks

herboxidiene galactosyl-herboxidiene .

(A)

(B)

Fig. 35 Galactosyl-herboxidiene HPLLC MS
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. S. chromofuscus herboxidiene glycosides

S. chromofuscus herboxidiene glycosides pSET152

UDP-glucose UDP-glucose synthase (galU) (yjiC)

pGYIBR S. chromofuscus (Fig. 36).

(A)

Ampr

Tsrr

ermE*

SCP2*

yjiC

galU

BamHI

EcoRI

HindIII

(B)

Fig. 36 (A) pGYIBR , (B) Herboxidiene glycoside

, C18-reversed phase HPLC

.

herboxidiene 100 30% herboxidiene glycoside

(Fig. 37), mass herboxidiene glycoside (Fig. 38
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Fig. 39).

(A)

(B)

Fig. 37 (A) herboxidiene, (B) herboxidiene herboxidiene glycoside.
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Fig. 38. (A) herboxidiene Mass , (B) 1H NMR (C) 13C NMR.
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Fig. 39 Mass .

7. Herboxidiene

. P450 plasmid

PKS aglycone (oxidation), (glycosylation),

(methylation) post-PKS tailoring ,

.

, Streptomyces venezuelae post-PKS ,

oxidation pikC (hydroxylase)

. , pikromycin․ S. venezuelae mutant

olendomycin feeding oxidation olendomycin ,

des S. venezuelae mutant erythromycin

hydroxylase eryF oleandomycin oxidase oleP

, (Fig. 40) [Adv. Synth. Catal.․

2005, 347;1369-1378].
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O

O

O

O

O

O
HO

N(CH 3)2

CH3

O

CH3

OH

OCH3

OH

O

O

O

O

O

O

O
HO

N(CH 3)2

CH3

O

CH3

OH

OCH3

OH

O

OH

O

O

OH

O

O

O

OH

O

OH

O

O

O O

OH

O

O

O O

OH

OH

O

O

OH

O

O

O

O

O O

OH

O

oleandomycin

PikC

 novel hydroxylated compound

EryF

10-deoxymethynolide narbonolide

novel hydroxylated compounds

OleP

novel epoxidated compounds

, , P450 S. chromofuscus herboxidiene

.

erythromycin hydoxylase eryF, pikromycin

hydroxylase pikC, oleandomycin oxidase oleP, monensin

epoxidase monCI epothilone epoxidase epoF pSET152 (ermE*)

pSE34 (ermE*) (Fig. 41).
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plasmid S. chromofuscus A7847 .

. P450

1) Streptomyces chromofuscus

) herboxidiene

� S. chromofuscus A7847 herboxidiene .

, herboxidiene (3.5% corn starch, 0.8% Pro Flo, 0.1% MgSO4·7H2O, 0.2%

KH2PO4, 0.2% KNO3 , 0.05% NaCl, 0.015% CaCO4, 0.001% ZnSO4·7H2O, 0.018% Fe-EDTA)

[Journal of antibiotics. 1992, 45; 914-921] 28 5 2℃

ethylacetate methanol .

� , R2YE (103g sucrose, 0.25g K2SO4, 0.1g casamino acid, 10.12g MgCl2·6H2O, 10g

glucose, 5.73g TES sodium salt, 5g yeast extract, 10ml KH2PO4(0.5%), 4ml CaCl2·2H2O(5M), 15ml

L-proline(20%), 7ml NaOH(1N), 2ml trace element solution, 22g agar) [Practical Streptomyces

Genetics. 2000] 5 28 0.7cm℃

2 methanol 28 3℃

. 2:3 H2O ethylacetate ethylacetate

. methanol .

hydroxylation ,

. , herboxidiene

S. chromofuscus , R2YE S.

chromofuscus A7847 HPLC LC-ESI/MS (Fig. 42).
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Time
5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00 55.00 60.00

%

0

100

5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00 55.00 60.00

%

0

100

5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00 55.00 60.00

%

0

100

5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00 55.00 60.00

%

0

100

YYJ_Strepcho_WT_R2YEplate_april132012 Scan ES+ 
471

3.11e8
41.73

YYJ_Strepchro_production_april122012 Scan ES+ 
471

6.05e7
21.14

19.16

26.33

YYJ_Strepcho_WT_R2YEplate_april132012 Scan ES+ 
TIC

1.45e10
29.58

11.23

18.14
14.58 19.88 41.73

YYJ_Strepchro_production_april122012 Scan ES+ 
TIC

1.84e10
29.50

26.36
22.68 32.34 34.48 43.09

, S. chromofuscus A7847 (retention time 41 )

, R2YE herboxidiene (M/Z 471)

(Fig. 42).

S. chromofuscus A7847 R2YE

R2YE S. chromofuscus

.

P450 HPLC , HPLC HPLC-ESI-MS

. peak

.

Streptomyces venezuelae

. ,

S. chromofuscus , transformation

S.

venezuelae . herboxidiene

. S. venezuelae YJ028 pikromycin

desosamine ,

. 10 , YJ028
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, herboxidiene , herboxidiene

(Fig. 43). P450 5

pSET152 (ermE*) (Fig. 41) pSE34 (ermE*) plasmid ,

transformation .

) herboxidiene

� R2YE .

2 2 herboxidiene

. herboxidiene .

� , R2YE 2 R2YE 2 30℃

herboxidiene 3 . S.

chromofuscus A7847 .

oleP, pikC, monCI, eryF YJ028 HPLC

(Fig. 44 45).
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YJ028+pSET152 vector 

YJ028+pSET152 ::oleP

YJ028+pSET152 ::pikC

YJ028+pSET152 ::monC1

YJ028+pSET152 ::eryF

YJ028+pSE34 vector

YJ028+pSE34::monCI

YJ028+pSE34::eryF

YJ028+pSE34::oleP

YJ028+pSE34:: pikC

pSET152 (ermE*) pSE34 (ermE*) HPLC ,

YJ028 (Fig. 44 45).

HPLC HPLC-ESI-MS

.

HPLC-ESI-MS , m/z 471 23.95 peak , epoF
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16 (Fig. 46).

herboxidiene m/z 455 retention time 29.84 . epoF

peak .

HPLC-ESI-MS/MS . epoF

herboxidiene fragmentation pattern (m/z 461, 417, 399, 5) 16

fragmentation pattern m/z 477, 432, 415 (Fig. 47).
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(1) 5 MS/MS fragmentation pattern 8 10

epoF

(Fig. 48).

(2) , NMR

. NMR .
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H3C
O OH

OH

OCH3

CH3
O

CH3 CH3 CH3

H3C
OH

O

H3C
O OH

OH

OCH3

CH3
O

CH3 CH3 CH3

H3C
OH

O

8. Herboxidiene

. herA

Herboxidiene 1 (herA)

(Fig. 49) [Journal of antibiotics. 1992, 45; 914-921; Applied and Environmental Microbiology.

2012,78(6),2034-2038]. (NCBI) , LacI

family transcriptional regulator LacI family

negative regulator .

Herboxidiene herA S. chromofuscus A7847 herA

. pSET152 (ermE*) ,

.

herboxidiene R2YE S. chromofuscus A7847 herA

herboxidiene HPLC (Fig. 50).

herboxidiene herA

herboxidiene (Fig. 51). S. chromofuscus A7847
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6 herboxidiene , herA

5 heroxidiene , S. chromofuscus A7847 30 %

(Fig. 51).

herA herboxidiene negative .
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. herA

herA DNA . S. chromofuscus

A7847 herA 35, 46, 54, 60 R2YE RNA

herboxidiene (herA: , PKS :herB, herC, herD,

post-PKS tailoring :herE, herF, herG) DNA (Fig. 52).
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S. chromofuscus A7847 herA

.

S. chromofuscus A7847 35 herA, herE 35 60

. herA 35

, 48 herD , 54 herC, herD, herF, herG , 60

herD, herE, herF, herG (Fig. 52).

herA negative .

herA herA herboxidiene

.
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10.

. (MIC)

(Arabidopsis thaliana col-0) (wheat) seed

MS medium (with vitamin) (25 ) 5 .℃

3~4 , 5

, MS medium 5 (Fig. 53).

농도

제초제
2.26mM 1.13mM 500 Mμ 50 Mμ 5 Mμ

Control

처리(Basta )
ND

허복시디엔

처리
ND ND

Fig. 53 Arabidopsis MIC . ND; Not determined

(Minimum Inhibition Concentration; MIC)

survival test , MIC 500 Mμ

(Fig. 54).
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Fig. 54 미생물 천연제초제 허복시디엔에 대한 애기장대(Arabidopsis thaliana 와 밀 의) (wheat)

각 개의 식물 시료를 대상으로 대조 제초제 와 허복시디엔에 의한survival test. 20 Basta( )

일간의 생존을 를 수행하였다 허복시디엔의 애기장대에 대한 은7 survive test . median survival

일 로 나타났으며 이는 통상 식물형질전환 마커로 사용되는 제초제에 비해 배3 (500 M) Basta 2μ

이상의 제초활성을 보였다 로 사용한 밀에서는 알려진 바와 같이 허복시디엔의. Control

제초활성이 나타나지 않았다 (Wideman et al., 1992).

.

Streptomyces chromofuscus A7847 . 2

. (121 , 15 lb psi.) 1℃

(Fig. 55).

미생물 천연제초제 허복시디엔의 열Fig. 55

안정성 검증. 허복시디엔을 로 물에500 Mμ

희석한 뒤 통상적인 조건에서 분에서, 15

시간까지 서로 다른 시간 동안 하여1 autoclave

상온에 충분히 식힌 후 애기장대에 처리하였다.

이후 허복시디엔의 제초활성을 일 동안 관찰한, 7

결과 하지 않은 경우와 동일 활성을autoclave

보였다. DAT; Day after treatment
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.

.

4 .

. , Paraffin

5

(Fig. 56).

,

. Sulfonate ,

alkylated sulfonate .

미생물 천연제초제 허복시디엔의Fig. 56

전착제에 의한 제초활성 증가 검증. 전착제

동부카바를 사용한 경우의 제초활성.

허복시디엔만 처리한 경우 이상에서500 Mμ

효과가 나타났지만 전착제와 함께 처리한 경우

에서도 제초효과가 나타났다 빨간100 M . (μ

테두리). H, Herboxidien

.

x (wheat) ,

.

. ,

.

(Fig. 57).
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미생물 천연제초제Fig. 57

허복시디엔의 벼에 대한

내제성 제초활성. 동진벼를

기내 배양하여 여기에

허복시디엔을 경엽처리 한 뒤

일간 관찰하였다5 . DAT, Day

after treatment

.

.

2000, 1000 500 g·mLμ -1 ,

250 125 g·mLμ -1 18.3% 53.3%

. , 250 125 g·mLμ -1

(Fig. 58, Table 12).

.

Table 12. (Arabidopsisi thaliana)

Conc.(ug mL-1) Germination rate(%)1) Growth inhibition after germination(%)2)

0 93.3±2.89 -

125 53.3±5.77 56.7±5.77

250 18.3±2.89 93.3±2.89

500 0±0 100±0

1000 0±0 100±0

2000 0±0 100±0

1)Germination rate of A. thaliana seeds at 7 days after application.
2)Growth inhibition represents by visual efficacy ranges from 0 (no control) to 100 (complete

inhibition).
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미생물Fig. 58

천연제초제 허복시디엔의

종자발아 억제 시험. 일7

경과 후에도 허복시디엔이

존재하는 배지에서는

종자가 발아되지 않았다.

.

(in vitro)

( ; 0, ; 100)

( x). 1

, (contact herbicidal efficacy) (burndown)

. . 4,000 g·mLμ -1

, 4 , , ,

, , 95, 95, 95, 100, 95, 70 90% , 7

(100%) . 2,000 1,000 g·mLμ -1

, 500 g·mLμ -1 . ,

7 4,000 g·mLμ -1 (recovery)

(Fig. 59).

.

in vitro MIC .

,

. 4,000 g·mLμ -1

8 ,

.
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Table 13.

Conc.

( g mLμ -1)
DAT1)

Herbicidal efficacy(%)
2)

SORBI ECHCG DIGSA SOLNI AESIN ABUTH XANSI

4000
4 95 95 95 100 95 70 90

7 100 100 100 100 100 70 100

2000
4 70 90 90 100 95 50 90

7 80 95 95 100 95 70 90

1000
4 50 60 80 50 80 30 80

7 50 70 90 50 80 40 80

500
4 30 30 50 0 50 10 20

7 30 30 40 0 40 0 0

250
4 20 20 20 0 40 0 0

7 10 10 20 0 40 0 0

125
4 0 0 0 0 0 0 0

7 0 0 0 0 0 0 0

1)
DAT : Days after treatment.

2)
Herbicidal efficacy was determined 4 and 7 days after treatment by visual injury.

Abbreviation; SORBI( , ), Sorghum bicolor; ECHCG( , ), Echinochloa

crusgalli; DIGSA( , ), Digitaria sanguinalis; SOLNI( , ), Solanum nigrum;

AESIN( , ), Aeschynomene indica; ABUTH( , ), Abutilon avicennae; XANSI(

), Xanthium strumarium.

허복시디엔 무처리 잡초파종지도< >

중요 잡초에 대한 허복시디엔Fig. 59

온실 제초 활성 검증. 허복시디엔 살포

일 후 어저리를 제외한 모든 잡초에7

살초력을 나타내었다.

허복시디엔 4,000 g·mLμ -1 2,000 g·mLμ -1

1,000 g·mLμ -1 500 g·mLμ -1
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.

.

.

, , , , ( ) 5 .

.

4~5 5

. , 1,000ppm

4,000ppm (Fig. 60).

Control
허복시디엔

500ppm

허복시디엔

1,000ppm

허복시디엔

2,000ppm

허복시디엔

4,000ppm

Fig. 60 . 1,000ppm g·mLμ -1

5 .

,

. 4,000ppm

(Fig. 61).
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Control 허복시디엔 4,000ppm

고

추

무

장

열

파

허복시디엔

Control 1,000ppm

허복시디엔 허복시디엔

2,000ppm 4,000ppm

장

열

파

Fig. 61 . 4,000ppm , ,

.

. 8 ,

15cm , . ,

(Fig. 62).
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허복시디엔 4,000ppm

허복시디엔 2,000ppm

허복시디엔 1,000ppm

Fig. 62 . 4,000ppm 6

.

,

. ,

(Fig. 63).
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허복시디엔에 의한 파의 성장장애 검증Fig 63. . 종의 파들에 대하여 각각 서로 다른 농도의6

허복시디엔을 처리하여 일 후 파의 성장 길이를 재었다 허복시디엔 에서는 모든 파의15 . 2,000ppm

성장이 정상이었으며 석창외대파 흑금장과 흑대파는 약 정도의 성장 억제를 보였다, , 20~50% .

( )

(Fig. 64). ,

.

허복시디엔에 의한 마늘의 성장장애 검증Fig. 64 . 마늘에 서로 다른 농도의 허복시디엔을 처리하여

성장억제와 약해를 검증하였다 자귀풀은 허복시디엔에 의하여 괴사하였으나 마늘은. Control ,

영향을 받지 않았다.
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11.

.

.

. (Fig.

65).

유지성분 분해 메타게놈 클론 선별Fig 65. esterase . 가 포함된Tributyrin 1%

배지에서 투명환을 형성하는 클론을 좌 와4-fold multiplex( ) master

우 에서 재확인하였다plate( ) .

fosmid shot-gun random library LB/Kan/Tributyrin

shotgun pUC-universal primer BigDye system contig

, VectorNTI 33 ORF

.

.

33 esterase-candidate 4

phylogenetic . 4

family esterase (Fig. 66).
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(A) (B)

(C) (D)

독도 심해토 메타게놈에서 유래한 신규 종 들의Fig. 66 4 esterase phylogenetic tree. 기존의 esterase

들과 비교하여 유전자는 새로운 에family MF36-E5(A), ES2-1(B), MF42-D9(C), MF129-G19(D) family

속하는 것으로 밝혀졌다. Bootstrap trial = 1000.

, 3

inclusion body 1 soluble (Fig. 67).



- 71 -

메타게놈에서 분리한 에스테라아제의 단백질 이종발현Fig. 67 . 각각의

에스테라아제 단백질이 발현되었으나 이 많았다 은ORF insoluble protein . ES2-1

과정을 거쳐서 순수 분리하였다 발현된 단백질은solublization . MF36-E3,

로59.4kDa; MF42-D9(2), 29.9kDa; MF129-G19, 28.1kDa; ES2-1, 29.9kDa

예상한 크기와 일치하였다. Lanes UI, Uninduced total protein; T, Induced

total protein; P, His-tag purified protein

. ES2-1

4 soluble fraction ES2-1

. Zymogram esterase

(Fig. 68).

신규 에스테라아제 의 분석Fig. 68 ES2-1 zymogram . M, protein size marker.

ES2-1 substrate pNPC4 , 30℃

pH8.5 . (0 ) 50%℃

cold-active . (bioconversion)

(Fig. 68-70).
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효소 의 기질에 대한 상대적 활성Fig. 69 ES2-1

차이. 사용된 기질(substrate); p-Nitrophenyl

acetate (pNPC2), p-Nitrophenyl butyrate

(pNPC4), p-Nitrophenyl hexanoate (pNPC6),

p-Nitrophenyl octanoate (pNPC8),

p-Nitrophenyl decanoate (pNPC10),

p-Nitrophenyl myristate (pNPC14),

p-Nitrophenyl palmitate (pNPC16),

p-Nitrophenyl stearate (pNPC18)

효소 의 온도와 에 대한 변화 확인Fig. 70 ES2-1 pH activity . 최적 를 찾기위하여pH 50mM

Na-acetate buffer (pH4.0~6.0), 50mM Na-phosphate buffer (pH6.0~7.5), 50mM TrisCl

buffer (pH7.5~10.5), 50mM TrisPhosphate buffer (pH10), Glycine NaOH buffer

을 이용하여 활성을 측정하였다(pH11.0) .

, ES2-1 pNPC4 Km 1.128mM Vmax 33.6μ

mol/min/mg (Table 14, Fig. 71).

Table 14. ES2-1 specific activity
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Substrate
Specific activitya

(Umg-1)

p-Nitrophenyl acetate (C2)

p-Nitrophenyl butyrate(C4)

p-Nitrophenyl hexanoate (C6)

p-Nitrophenyl octanoate (C8)

p-Nitrophenyl decanoate (C10)

p-Nitrophenyl laurate (C12)

p-Nitrophenyl myristate (C14)

p-Nitrophenyl palmitate (C16)

p-Nitrophenyl stearate (C18)

5.30±0.38

28.54±0.84

18.34±0.46

6.22±0.19

4.6±0.29

5.07±0.75

NDb

1.32±0.18

2.12±0.28

a
One unit of enzyme activity 30 1 mol℃ μ p-nitrophenol

b
ND, Not Detected

효소 의 기질에 대한 동역학적 분석Fig. 71 ES2-1 . 에서50mM TrisCl buffer (pH8.5)

에서 효소 을 사용하여 에서 분간 반응 후 로62.5~500 M pNPC4 0.12 g 30 5 , 2M acetone 100 lμ μ ℃ μ

반응을 종료시켰다 이후 에서 흡광도를 측정하였다. 405nm .
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제 장 목표달성도 및 관련분야에의 기여도4

(%)

herboxidiene

herboxidiene 100

l 54.89 mg/L herboxidiene

carbon source (Corn starch, maltose,

glycerol sucrose)carbon source

nitrogen source (peptome, ProFlo,

triptone soybean flour)

.

l carbon/nitrogen

200.2-744.6 mg/L .

l media No 6A6

13.5 744.6 mg/L

(dry mass) pH
100

l 20 hr 0 - 120

4.5mg, 47mg, 57mg, 57.2mg,

33.4mg 32.1mg 60-80

, pH 7.2, 6.93, 6.54,

6.36, 6.30, and 6.42

Feeding
100

l Glycerol ProFlo 2.5%-0.125% 36

feeding

herboxidiene , 1087

mg/L

l 19.8 .

100

l Malony-CoA

pACC152

l Methylmalony-CoA

pPCC152

l pACC152 afsR metK1

pASA152 pPSA152

l pACC152, pASA152, pSAM152,

pAfsR152 pSA152 S. chromofurus

S. chromofurus ACC152, S.

chromofurus ASA152, S. chromofurus

ASM152, S. chromofucus AFSR152 S.

chromofurus SAI152 .
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(%)

herboxidiene

l S. chromofurus , S. chromofuscus

SIBR 1.32 (0.976 g/L)

l S. chromofuscus AFS 1.7 (1.258 g/L)

l S. chromofuscus GIBR 3.85 (2.849 g/L)

l S. chromofuscus SAM, S. chromofuscus

IBR25, S. chromofuscus ACC, S.

chromofuscus ASA S. chromofuscus

AS .

herboxidiene

Herboxidiene
100

l S. chromofuscus genome

l Herboxidiene

l Herboxidiene

Herboxidiene

glycoside 100

l in vitro Glucosyl-herboxidiene

l Galacosyl-herboxidiene
l pSET152 galU yjiC pGYIBR

l S. chromofuscus GYIBR

l mass herboxidiene glycoside

Herboxidiene
100%

l

HPLC LC-MS

Herboxidiene
100%

l 2

(monCI:epoxidase, eryF:hydroxylase)

.

l E. coli DH5 ,α

JM110, ET12567

.

l herboxidiene

R2YE

, ESI-LC/MS

.

l

NMR

.
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(%)

herboxidiene

Streptomyces

venezuelae
100%

l Streptomyces venezuelae

P450 (monCI:epoxidase,

eryF:hydroxylase, pikC: hydroxylase,

oleP:oxidase, epoF:epoxidase)

.

l

pSET152

pSE34 .

l herboxidiene

feeding .

l HPLC ESI-LC/MS

.

l

NMR

.

Herboxidiene
100%

l herA

negative .

l herA herboxidiene

.

l herA

herA herboxidiene

negative .

herboxidiene

100

l in vitro MIC

l 8

l

100

l 5 ( , , ,

, )

l

100

l

l Sulfonate

( )
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(%)

herboxidiene

,

100

l

(

, 42,662 ,

~35kb insert)

l Tributyrin Esterase / Lipase

33 , , ORF ,

4

l

l Cold-active ES2-1 ,

,

l
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제 장 연구개발 성과 및 성과활용 계획5

2004 318 USD○

(7,200 USD) 4.4% 2003 12.5%

4.8% . 2003

, 2004 2003 4.8%

. 2013 380 USD

,

, EU

.

.

· .○

. , , , ,

,

.

,

.

,○

.

Herboxidiene (○

) 50 mg/L 2,850 mg/L 60

.

herboxidiene in vivo in vitro glycosylation○

( ) P450 herboxidiene aglycone

, herboxidienedmf

.
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제 장 연구개발과정에서 수집한 해외과학기술정보6

¡ 최근에 이 제초제 뿐만 아니라 다양한 생리활성으로 및herboxidien hypercholesterolemia anticancer

생리활성이 알려지면서 최근에 유기합성 방법에 의해 다양한 변형을 시도하고 있다 항암제로 개발하.

기 위해 유기합성 방법으로 유도체 합성을 시도하였으며 그 중에herboxidiene 을Herboxidiene GEX1A

전체 합성이 성공적으로 수행되었으며 가 뛰아난 것으로 알려져 있다, antitimer activity (ACS Chem Biol. 2011

Mar 18;6(3):229-33).

¡ 또한 생산 균주인 전체 지놈이 분석되어herboxidiene S. chromfucus (AEM, 2012, 78; 2034-2038)

총 로 밝혀졌으며 개의 을 가진 것으로 알려져 있다 이 논문에서 생9.6 Mb , 8,264 ORF . herboxidiene

합성 유전자 을 분석하여 생합성 과정을 밝히고 일부 유전자를 하여 유전자 집단임53 kb inactivation

을 확인하였음.
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제 장 연구시설장비 현황7 ‧
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,①

② ,
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Herboxidiene○ ; P450 , glycosylation GT
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○

Herboxidiene ,①

l S. chromofuscus genome 9,142,143 bp, herboxidiene 180

kb , Herboxidiene .

l 1 (herA) , herA

herboxidiene negative

.

②

l pACC152, pASA152, pSAM152, pAfsR152 pSA152 S. chromofurus S.

chromofurus ACC152, S. chromofurus ASA152, S. chromofurus ASM152, S. chromofucus AFSR152

S. chromofurus SAI152 .

l S. chromofuscus SIBR 1.32 (0.976 g/L)

l S. chromofuscus AFS 1.7 (1.258 g/L)

l S. chromofuscus GIBR 3.85 (2.849 g/L)

③ ,

l HPLC LC-MS .

l 54.89 mg/L herboxidiene carbon/nitrogen 200.2-744.6 mg/L

(3.7-13.7 ) .

l Feeding : Glycerol ProFlo feeding herboxidiene 1087

mg/L (19.8 ) .

④

l in vitro Glucosyl-herboxidiene Galacosyl- herboxidiene .

l pSET152 galU yjiC pGYIBR S. chromofuscus GYIBR

herboxidiene glycoside .

l epoF HPLC-ESI-MS ,

.

l herboxidiene : ,

Tributyrin Esterase/Lipase 33 , , ORF ,

4 , Cold-active ES2-1 ,

, .

Herboxidiene⑤

l ; in vitro MIC , 8

l : 5 ( , , , , )

.

l :

Sulfonate ( )

.

○

l · .

.
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l , , , ,

,

.

,

.

l ,

.

l Herboxidiene (

) 50 mg/L 2,850 mg/L 60

.

l herboxidiene in vivo in vitro glycosylation

( ) P450 herboxidiene aglycone

, herboxidienedmf

.
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Herboxidiene①

, Herboxidiene

l S. chromofuscus genome 9,142,143 bp,

herboxidiene 180 kb

, Herboxidiene

.

l 1 (herA)

, herA

herboxidiene negative

.

②

l pACC152, pASA152, pSAM152, pAfsR152 pSA152

S. chromofurus S. chromofurus

ACC152, S. chromofurus ASA152, S. chromofurus

ASM152, S. chromofucus AFSR152 S. chromofurus

SAI152 .

l S. chromofuscus SIBR

1.32 (0.976 g/L)

l S. chromofuscus AFS 1.7 (1.258 g/L)

l S. chromofuscus GIBR 3.85 (2.849 g/L)

l S. chromofuscus SAM, S. chromofuscus IBR25, S.

chromofuscus ACC, S. chromofuscus ASA S.

chromofuscus AS .



- 92 -

③

,

l HPLC

LC-MS .

l 54.89 mg/L herboxidiene

carbon/nitrogen 200.2-744.6 mg/L

(3.7-13.7 ) .

l Feeding : Glycerol ProFlo

feeding herboxidiene 1087 mg/L (19.8

) .

④

l in vitro Glucosyl-herboxidiene Galacosyl-

herboxidiene .

l pSET152 galU yjiC pGYIBR S.

chromofuscus GYIBR ,

herboxidiene glycoside .

l epoF

HPLC-ESI-MS ,

.

l herboxidiene

:

, Tributyrin Esterase/Lipase

33 , , ORF ,

4 ,

Cold-active ES2-1 , ,

.

Herboxidiene⑤

l ; in vitro

MIC , 8

l :

5 ( , , , ,

)

.

l :

Sulfonate (

)

.
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① S. chromofucus A7847

② Herboxidiene SPE HPLC-ESI-MS herboxidiene

③ Herboxidiene

④ Herboxidiene

⑤ Herboxidiene glycoside

⑥ Herboxidiene glycoside

⑦ Herboxidiene

④

⑤

⑥

⑦
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①

S. chromofucus A7847

․ . herboxidiene

.

②

SPE

herboxidiene

. HPLC HPLC-ESI-MS

, NMR

. herboxidiene

.

③

Herboxidiene ( ) 54

mg/L 1,080 mg/L 20

.

④

Herboxidiene (

) 2,850 mg/L 60

.

⑤

herboxidiene in vitro glycosylation

( ) ,

herboxidiene

.

⑥

herboxidiene

herboxidiene glycoside .

herboxidiene glycoside .

⑦

·

.

. , , , ,

,

.
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