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A A FAATe] R8RS o] &3t AeEEL A
I FAARES AAE U= DNA chips ek, §-34]
Ar7} oln] ¥3Z Smreptomyces coelicolor A3(2) M145 T2
genomic DNA % f734 LdF o] H3l=ALE 53] DNA

chip¥] 58 7FsAd& skt o E4o) ot

e %
A2 Y plasmid
AT 53R SFE2EYE Y3 ST O E Escherichia coli

DHSaF'E AH8-8t3loH, A8 F-34-9] cloning B sequencing
S 938 puC18® pGEM-T vector (Promega)E A3t A4
AGAEE A e T F Bride Ry At
(Table 1). E. coli= LB (Luria-Bertani) iAol &) 37°C, 13} ul}
g, HMFE R,YE iAelA 28°Coll M 2~3Y7t Rk
HY FSFATHS).
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Table 1. Strains used in this study
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Table 2. Comparison of DNA homology between the target genes for

Strains Products DNA microarray and the chromosomal DNA of S. coelicolor

Streptomyces griseus IFO 13350 Streptomycin Taget Probe size Gene Bank Homology
Streptomyces bluensis ATCC 27420 Bluensomycin gene (Kb) accession number (%)
Streptomyces spectabilis ATCC 27741 Spectinomyein I AG-BImC 1.1 AF210249 56
Streptomyces tenebrarius KCTC 9047 Nebramyein 2 AG-Des 0.5 Personal communication 61
Streptomyces abikoensis KCTC 41505 Destomycin 3 AG-Nbm 0.5 AJ579650 60
Micromonospora sagamiensis ATCC Sagamicin 4 AG-SpcM 0.7 AF145038. 59
Actinoplanes sp KCTC 9162 Acarbose 5 AG-Spes2 0.8 AF145039 59
Streptomyces albus KCTC 9015 Salbostatin 6 AG-SuBI 0.9 Y00459 57
Streptomyces hygroscopicus KCTC 1717 Validamycin 7 AG'SFSC 0.9 Y08763 58
Amycolatopsis orientalis KCCM 40595 Vancomycin 8 AN'R}fG Il AF040570 58
Amycolatopsis orientalis KCTC 9425 Ristocetin 0 AN-Rlﬂ{ 1.2 AF040570 >8
. , . 10 AN-Rifl 0.7 AF040570 59
Saccharothrix aerocolonigenes KCTC 9384 R.ebeccar.nycm 11 AN-RIfK 1.0 AF040570 58
Amycolatopsis medzterrc.zne KCTC 1739 leamycn.'l 12 COM-Novl 10 AF170880 56
Streptomyces hygroscopicus KCTC 9846 Rapamycin 13 COM-NovL 10 AF170880 60
Streptomyces noursei KCTC 1083 Nystatin 14 COM-NovM 1.0 AF170880 58
Streptomyces spheroids KCCM 40342 Novobiocin 15 ENE-ABC 05 AF546155 60
Streptomyces viridochromogenes KCCM 41485  Avilamycin 16 ENE-PKS 0.8 AF546155 66
Streptomyces macromomyceticus KCCM 12297  Auromomycin 17 GLY-Core 0.6 Personal communication 67
Streptomyces galbus KCCM 41354 Galbonolide 18 GLY-GTF2 0.5  Personal communication 60
Streptomyces steffisburgensis KCCM 40338 Steffimycin 19 GLY-GtiD 1.0 AF351621 57
Streptomyces coelicolor A3(2) M145 Actinorhodin 20 GLY-HPD 0.5 Personal communication 60
21 GLY-PGO 0.6 Personal communication 63
22 ID-GTF 1.0 AJ414559 56
293t DNA chip AZH-E- probes R (Table 2). T 23 ID-RebD1 1.0 AJ414559 58
AFFOZI plmid DNA el 77k 24 9 ygame M DRz 09 AT14559 5

- s 25 -RebD .
LREA) Rl Eoted A1), 26 ID-RebH 1.0 AJ414559 56
27  ID-RebO 1.0 AJ414559 57
DNA chip 2 XM=} 28 OR-AVIGI2 0.7 AF333038 58
DNA chip A& 2 #4]2 Takara Korea Biomedical A}ol A 29 OR-AViGT3 1.0 AF333038 57
3t BH e 92 Bl ¥EE 360 ng/plE B3 30 OR-AviGT4 1.0 AF333038 62
5. probe 20 ulol| spotting solution (2X SSCYS F7ISFAT}. Arrayer g; 8?2:11\1\:[[; i; igg;ggz §§
(Affymetrix A& AFE-8}<] probe DNAZE slideol| spottingdh 5, 33 OR- AviIXIZ 1:2 AF333038 58
spotting®] HEH slideE 70~80°C oA 1413} F<L WA 34 PKS-I-Dye 0.5 Personal communication 76
UV crosslink machineS ©]-83}4] slideol] AFHE 2AVGH &, 35 PKS-I-Gall 0.4 Personal communication 63
anhydrous succinic acid solution®l] B7} E50] F¢t}. olo], = 36 PKS-I-Gal2 0.9 Personal communication 70
R4 R SO0 GAO slideT 28) AR} AR gre T PRSILAA L] 135560 &
BASS AN, DEo2 00C ZE0] 25 Uzt 08 PKSINys 12 AAF71766 58
s=e CTES ST AL HA 39 PKS-I-Rapa2 1.0 AF007101 62
E71E AAZ F, X712 ethanoldl] 157 @71 FUo}. vhx|9) 40 PKS-I-Rapa3 08 AF007101 57
O ethanokd AAT F LA Hx AFich 41 PKS-I-Rif 1.2 AACO1711 62
42 PKS-I-Sal 0.6 AB087998 69
nrshen 12 ume 2
. . o o]s . -li-dps .

oﬂfﬁilj‘l\lg chip=] microanay©] 418 ;?%H"i AR s pksildpE 07 135560 58
Ho| B} R S coelicolor A3(2) M145 2] genomes AHE-S} 46 PKS-ll-dpsF 1.0 135560 58
4o} Hopwood 59 W (7)ol wle} 3478t genomic DNA © 47 PKS-l-Rapal 1.2 AF007101 60
HE random primingd (8)2F Cy5-dUTPE incorporation A]7] 48 POL-NysL 1.0 AF263912 56
33 wAetgdy. 3 E4 930 ALS-E genomic DNA, 49 POL-NysDI 1.0 AF263912 57
random hexamer ¥ human B-actin fragment (control)®] %2 2} 2(1) IE)C())[I: -E;ISSDD[III[ }8 2}32?33 g;
Z} 5pg, 1 nmol, 20ng ]2, 37°CAlA] 2.5 AFERL ¥kS- 52 PPA-RapPl 1.0 AF007101 59
A Zch FFFEA WHEAHEL G-50 Purification column®.& BRk 53 PPA-RapP2 1.0 AF007101 62
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Table 2. continued

Taget Probe size Gene Bank Homology

gene (Kb) accession number (%)
54 PPA-RapP3 1.0 AF007101 58
55 PPA-RapP4 1.0 AF007101 57
56 SAG-BuB 1.0 In our study 57
57 SAG-BtM 1.0 In our study 57
58 SAG-OXY 0.8 In our study 57
59 SAG-Scyllo 1.2 In our study 56
60 VA-AcbC 0.5 Y 18523 58
61  VA-AcbD 1.2 AJ293724 56
62  VA-AcbK 0.7 Y18523 58
63  VA-AcbO 0.7 Y18523 58
64  VA-SalL 0.9 In our study 58
65  VA-SalC 0.5 In our study 57
66 VA-SalM 0.9 In our study 58
67 VA-SalN 0.8 In our study 59
68  VA-SalO 0.8 In our study 60
69  Va-ValC 0.5 In our study 58

SES AASF O, chloroform extraction?} ethanol 34E A
Alsled 848t Bof] FF/ar 5.5 ol B t-o] Mg AMEE}
pil=d

DNA hybridization ¥ microarray &4

PJH ] e F3Fe] 2X hybridization solution (6X SSC,
0.2% SDS, 5X Denhardt’s solution, 0.1 mg/ml salmon sperm
DNA)S 718t 95°CollA] 283t A2l &34 € S
WA AT F, Ao 27 94 E88kd TR Uiel 2T
e HFH A 252 DNA chipdll 22 F1 cover glass®
2 & 37~65°ClA 12~16A17F 52 =2l A hybridization
AAE
Hybridization 3- 58°C2] 2X S$SC/0.2% SDS &l cover
glassS A AL 68°CY] 2X SSC/02% SDS |- A sEZE
A-22] 2X SSC Aol A sE7E 2] 0.05X SSC -§AolA 5
E7F AAEE AAE H, 500 x golA 5EF YR sl R
< AAsATE Hybridization® DNA chipS 428TM  Array
Scanner (Affymetrix)S ©]-8-5} Cy5 channeloll t&]l scanning3t
H, raw imageZ A} AT AZE imageZHE ImaGene =
Z 3 (BioDiscovery Inc. USA)S ©]8-8l] &49] raw intensity
& FE319-

o 4% (B

UM T o2 FE total RNAS| #2|

S. colelicolor A3(2) M145 T 55 Tryptic Soy Broth ¥+
peptide VAL AR (1% glucose (Sigma), 2% soluble
starch (Sigma), 0.5% yeast extract (Difco), 0.5% casein (Sigma),
4.6% MOPS (Sigma), pH 7.0)014] 28°CellA] 247 w3t Zof|,
18- 50 ml falcon tubedll E¢} 8,000 rpmo.2 1037 Y4
Hesle] #AE 33Hk 2ml9) X solution (I mM EDTA-
25 % SDS 1.5ml, 15% phenol 0.6 ml, DEPC water 7.88 ml)S
A7ysle] HEF AIF)A glass beadS Wol 1 7HFoE gt
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vortex SFATH &}719] 5mi9] phenol:chloroform (1:1y& 7)1}
o] 3487 vortex3he] RNAS 23 U}S, RNA easy clean
up Kit (Qiagen, USA)E ©|-8-3t RNAE &35t

¢DNA M & Y microarray &4
E2]E RNAE labelling®}3r A2 478 microarray®ll

hybridizationd} 5T}, ¢cDNAE Superscript 1I(-) (Invitrogen, USA)

9} RNA 3 ug, cDNA labelling random primer 0.25 ngg ¥-3-3}
o A8, oligo dT primerS positive controlZ 3141 TH
AAZ DNAY 5pg & 5 x ¥H2 buffer?} 5pt ¢ dANTP-
dUTP mix (dGTP, dATP, dCTP Z}Z} 0.5 mM, aminoallyl dUTP
02mM, dTTP 0.3 mM)YE F718F & 42°C o)A 2712t &<t 4t
5 A1# aminoallyl d-UTPE incorporation AlZTh ¥HS- ¥,
Microcon YM30 columns (Millipore, USAYS- A&} whg-
O ZRE] free amines A|A3}3L Speed vac (Savant, USA)SE2
Ax AT ©2, 005 M sodium bicarbonate (pH 9.0)°
FluoroLink CyS (emission 635 nm, Red) 1} Cy3 (emission 532
nm, Green) monofunctional dye (Amersham Pharmacia Biotech,
USAYE ¥-8-49] 1/16 THg F7iskar 1At 5t shaollA vhg-
Al A probes FF F2 St o E2H probed] hybrid
solution (Ambion, USAYS 78l 95°Coll A 587+ &8t
AR &, 68°C7HA A% v 42°ColA 18X T
hybridization A|Z T} FellE dye= Qia-Quick PCR purification
column (Qiagen, USAYSZ AASIFIL, hybridization®l] AH8-3}7]

213t probeZ Typhoon scanner (Ammersham, USA)E 7 3}

et FBEAE probedl hybrid 29 (Ambion, USA) & ¥l
95°Col A 5E-ZF denaturation A}F|I, 68°CE A3 F,
hybridization & 42°Coll A 18A]7F A A1} T} Hybridization®
slidex= Gene Pix 400A scanner Gene Pix 3.0 software (Axon
Instruments, USAYE- ©]-8-5} scanning 2 43}t

A 9 na

DNA microarray0fl 0| & ®¥X} probe &2

AdgdEd a5 T=E8 DNA chipS 7137l A3,
aminoglycoside A, valienamine -7 WA E4, glycopeptide
A4, indolocarbazole A€, ansamycin, pipercolic acid T+ =}
YAHE, polyene A, coumarin AlY, orthosomycin, enediyne
AY, macrolide, aromatics 5 127F4] AlY, & 69&9] A2|EA
2 AYE A= FARRE FESIATHLS, 6, 9-12, 14-
17, 1921). R A FAREE vigto g, AEHAED A4 A
TEZRE HGHEL AP FHAES PCR Wes &
2Y3gon, o] o831 DNA chip & AZsiQct. F=24
T FANET S coelicolor A3(2) M145 FRAH ¢}e] A4S
FARE A, Ao R 55-65% FEQ] FEAHS Holv A
& = UKUTE (Table 2). A=T probe FHAAS] AAZ S
coelicolor DNAS} A¥sh=AE 813t7] 443, A5l /13
=& PKS-l-gall probe (76%)9} PKS-ll-dpsA probe (70%)y2 A}
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8314, S coelicolor ] genomic DNAS} Southern hybridization
YL AAE A} positive ¥HS DO EH, DNA chipd]
84 vl AF FAGAEEAAA).

DNA chip} S. coelicolor genomic DNA2IS| HIS=74 2 E3s}

kA EA5) microarray-§ probe} S coelicolor A3(2) M145
genomic DNASIe] H&ukSz=0-8 g3}y A38l, S coelicolor
A3(2) M145 genomic DNAS] HT {5, hybridization 2%,
washing & %0] W& labeling = washing £-£2 vlw £431%1
o}

A, genomic DNA Addie] 93 whg-EE-LS Fig. 1914
HE nio}l 2o AstEA Smalo 2 AHAE A$Fig. 1 B)
7t AetA] $%ke ASFig. 1 (ARG vREAET) Ao
29 522 ¢ F Ak =3, ¥ {FH4XE AQae
DNA homology$} 8-zt 9le] gl MAH o= viHst
= Y JeRIYtHFig 2). Genomic DNAS E2Zoz A
2L A= 59T P VERIATGAEE A, TS
2 hybridization €% % washing 257} ¥h&E 8] VX< 9
o] i3l =AY AF= Fig 3 oA BE npe) 2ok s
coelicolor genomic DNAS A@&EA Ag & 65°C ® 37°C
o|A] Z}z} hybridizationd}e] Hln1gt A}, 65°CNA] hybridization
3 A9 (Fig. 3(A), 3@V} 37°C 1A Xeld F$- (Fig. 3(O),
3 (D)X} DNA homology®?} ¥H8% LE"‘]’°]—°’] BBA7
Ho|th. =, hybridization2 =7} & 7Sol= vi5o|d Ad
o] Wol, DNA homology$} W& %}E?J«l ABBA) e A
oz AU} A, washing@ =l e whgzhe o] FEF
o)zt QAT (Fig. 3(A)9} 3B) E 3(0)% 3(D) ZH2) Bi).

i X| Z70l W2 S. coelicolor 2] FEX} Lt H|

DNA chip®] A wg FAslA, BlX] F7o WE S
coelicolor FFAAZ] WAYANL ZASINLE. WA, S, coelicolor
A3(2) M145Z Tryptic Soy Broth$} peptide SHAIEZS] methyl-
enomycin AJ4HE H]RJ(Mops 46 g, glucose 10 g, soluble starch
20g, yeast extract 5g, malt extract 5g, tween-80 5g/IL) °llA]
Z}zh 247k wjekstdet. Wik 8. coelicolor TAAIZHH total

W) ®)

Fig. 1. Comparison of labeling and washing efficiency between non-
fragmented genomic DNA (A) and fragmented genomic DNA (B).
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Fig. 2. Relationship of DNA homology and reaction sensitivity
between fragmented genomic DNA(A) and non-fragmented genomic
DNA(B).

RNAZ E£25151.29, Tryptic Soy Brotholl 4] £]3} total RNA
E Cy3, peptide AAHE HjR|o|A H2]g RNAE Cy5E 74zt
3R 23928, Gene Pix 400A scanner ¢} Gene Pix 3.0
software (Axon Instruments, USA)E ©]-&-3la] EA314th(Fig.
4(A), 4B)).

Fig. 5(A) ol K= ule} 2], Tryptic Soy Broth oA %
& 7397} peptide ARG MiR|olA vl ARt AAHA
weZtes) o] E9kow, 271R] wix] EFoA PKS-I-Sal (#42,
homology 62%) +3Ae] =7} 7H E3tch

vk Ate 7t 74 =9k PKSI-Sal FARke] 27HA] wiA] e A
o] Zre g Ztzh 10002 sl wiA] FRol mE f3A T
Aol WslE At) Bl (Target gene 7HE/PKS-I-Sal &)

) ®)
Fig. 4. Total RNA analysis of S coelicolor depending on culture
medium. (A) Red : Cy3 (Tryptic Soy Broth), Green : Cy5 (Peptide
Antibiotic Production Medium) (B) Overlap image of Cy3 and Cy5.
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Fig. 3. Effect of hybridization and washmg temperatures on microarray sensitivity. (A) hybridization temperature 65°C + washing temperature 20
°C, (B) hybridization temperature 65°C + washing temperature 55-65°C, (C) hybridization temperature 37°C + washing temperature 20°C, (D)

hybridization temperature 37°C + washing temperature 55-65°C.

73}, AN-Rifl (#10, Aminoquinate/shkimate dehydrogenase)®] 73
£ TSB Hix]oll A vk =7} ) =A%t (Fig. 5(A)), production
medium®] ¥H3FE 7RSS 7Rbel s EW (Fig. 5(B)
.38 production mediumollA E713F 28 & 5 Ut 2
B O 2 [D-RebD1 (#23, Indole synthase), SAG-OXY (#58,
Sagamicin oxidoreductase), VA-AcbC (#60, Sedoheptulose 7-
phosphate cyclase) AT production mediumollA] 2Hel gk
o] JiHo R Frtsh= AL & F UATH (Fig. 5(B), Fig. 6 B)).
3HH, AG-SpecM (#4, Methyltransferase), AG-StsC (#7, L-arginine:
scyllo-inosamine amidinotransferase), ID-GTF (#22, Glycosyltrans-
ferase), ID-RebD3 (#25, Indole synthase), POL-NysL (#51,
Modification of the nystatin macrolactone ring), VA-AcbK (#62,
Acarbose 7-kinase) 59 WHZL Tryptic Soy Broth oA %k
g W Wl Aoz SN Ag @ 4 e
(Fig. 5(B), Fig. 6(B)). ‘
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HgEDS €Ykl AEe RS AU £ US )
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AL FR0 wlste] el FAA L AN B4
AT-E B ol Mgk Bag o7} 229, DNA-chip®] 4%
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Fig. 5. Comparison of RNA expression profiles of S. coelicolor A3(2)
M145 according to culture medium. (A) Comparison of DNA chip
sensitivity between Tryptic Soy Broth and peptide production
medium, (B) Relative sensitivity of the DNA chip according to culture
medium.
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Fig. 6. Comparison of RNA expression profiles of S. coelicolor A3(2)
M145 according to culture medium.
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ABSTRACT :; Construction and Analysis of a DNA Microarray for the Screening of Biosynthetic Genes
of Secondary-Metabolites formation in Streptomyces
Soo Jung Nam, Dae-Kyung Kang', Ki Hyeong Rhee?, Jong-Hee Kim, Sang Sun Kang’,
Yong Keun Chang®, and Seon-Kwang Hong” (Department of Biological Science, Myongji
University, Yongin 449-728, Korea, 'Bio-Resources Institute, Easy Bio System Inc., Chonan
330-820, Korea, “College of Industrial Science, Kongju Natinal University, Chungnam 340-
802, Korea, *Division of Science Education, Chungbuk National University, Chongju 361-763,
Korea, *Department of Chemical and Biomolecular Engineering, Korea Advanced Institute of
Science and Technology, Dacjeon 305-701, Korea)

Streptomyces produces many kinds of secondary-metabolites including antibiotics. Screening of a new com-
pound and elucidation of a biosynthetic pathway for the secondary metabolites are very important fields of biol-
ogy, however, there is a main problem that most of the identified compounds are already researched compounds.
To solve these problems, a microarray system that is based on the data related to the biosynthetic genes for sec-
ondary-metabolites was designed. For the main contents of DNA microarray, the important genes for the bio-
synthesis of aminoglycosides, polyenes group, enediyne group, alpha-glucosidase inhibitors, glycopeptide
group, and orthosomycin group were chosen. A DNA microarray with 69 genes that were involved in the bio-
synthesis for the antibiotics mentioned above was prepared. The usability of the DNA microarray was con-
firmed with the chromosomal DNA and total RNA extracted from S. coelicolor whose genomic sequence had
already been reported.



