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Step Treatment Time
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Plate No. PTP IB VHR Hypoxic HT29 HDAC/HAT PRL-3
(Diabetes) (Cell cycle) Ischemia (Tumor) (Cancer) (M ctastasis)
1 8 2 - - 2
2 9 3 s . 1
3 6 5 1 2
4 8 8 . i !
5 1 4 .
6 8 6 2 - i
7 6 4 4 1
8 10 5 3 3 1
9 8 2 7 1
10 15 7 3 -
1 3 7 . 3
12 19 2 2 . 3
Hit ratio 11.04 % 2.29 % 1.35 % 2.08 % 1.16 % 0%
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Step No. of species No. of fractionations
Ist lot (Mar. 2003) 1 - 455 1- 3,016
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4th lot (Dec. 2004) 893 - 1,101 5,693 - 6,824
5th lot (April. 2005) 1,102 - 1,298 6,825 - 8,645
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SUMMARY

Bacteria are almost unlimited sources of useful proteins. With the recent rapid expansion of
the list of sequenced microbial genomes, obtaining a target gene, which eventually encodes a
target protein, from microorganisms has become routine in microbiology laboratories. Moreover,
the diverse nature of the sequenced microbial genomes and the recent development of directed
evolution techniques essentially diminish the need to screen novel proteins from
uncharacterized microorganisms. The notion that finding a new protein or a protein with
modified function could be achieved from an already sequenced microbial genome in
combination with directed evolution techniques is especially applicable in screening a novel
biocatalyst with a target function. In this regard, the work presented in this report could be a
first step in using the sequenced microbial genome data for mining novel Dbiocatalysts.

Accordingly, we have chosen esterases, monooxygenases, nitrilases, and
cofactor—regeneration enzymes as our target enzymes to demonstrate the usefulness of the
mining of genes of interest from the sequenced microbial genomes. One hundred eighty seven
esterase genes, 51 monooxygenase genes, 14 nitrilase genes, and approximately 120
cofactor—regeneration enzyme coding genes were PCR cloned by using expression vectors
possessing hexahistidine—tag or glutathione S—transferase—tag. The cloned enzymes were
systematically classified by sequence and structure analysis based on sequence similarities and
functional regions for catalytic activity, and their activities were assayed. Some were further
purified and biochemically characterized.
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2) A brief history of novel drug discovery technologies. L.J. Gershell & J.H. Atkins. Nature Reviews Drug Discovery,
2003, 2, 321-327
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Drug Discovery Today

Taxol Drug Discovery Today
Figure 2. Structures of two newer drugs developed from
Figure 1, Structures of some of the crurrent best-selling drugs deviced from natural o ducts.
natival products.
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generation @A 9] AL AAE A4 B AP E HAgste HA9 weloln, $evtetst
Faford Wk Aol webA hit generationol] AHEE 219 AH A B gojE e, 53
I ZE40l AT vAE e golrdel s dHstE AL W T Abdolth

Probability of Success and Cost during Drug Discovery and

Development

Probability of Projects Needed Stage Cost per Total Cost per

completing for One Launch Project Launch

Stage ($ millions) ($ millions)
Target Validation 30% 50 32 158
Hit generation 90% 15 53 79
Lead optimization 90% 13 4.5 61
Biological validation 75% 12 6.7 81
Preclinical 50% 9 8.8 80
Phase | 70% 5 35.2 160
Phase 11 50% 3 429 136
Phase 11} 70% 2 123.6 196
FDA filing 90% 1
Cumulative 20%
Risk adjusted cost $950 million

Source : Drug & Market Development, March 2004
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Avte] F& dyrde] Hv vige] 248 FAHD vk ¥R 0EE BT HAR A9 v
ol Aitste BE ARA 8542 384 entity®R ZHFsta 72 7l g W Ax 3
L8 (®2). 2 e oHF HHo| webd wAE fFHf BYEH d7HA FFE T 3le
assay-ready G H| ] AEA24 glolBefzlE FE3c)
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Strategies to expand the range of natural products available
for drug discovery screening

Strategy Proponents Advantages Disadvantages
Untapped Drug Discovery Plant-based diversity =~ Concerns over sustainability of
geographical (Diversa) has been historically natural collecting

sources successful (Limited area such as Enzymes)

f productiol

s R N < o - 3 G - gt e s S e = s

Marine sources PharmaMar Unusual chemistry Identification of source organisms
Australian Institurte Recollection difficult on large scale
for Marine Sciences

Insects INBio Little studied Scale-up potentially difficult
CSIRO (Entomology)
Plant tissue culture  Phytera Control over genetic Concerns over access to genetic
pathways material sourced from developing
countries
Combinatorial Kosan Biosciences  Convenient production Restricted range of structures
genetics Galilaeus Oy using fermentor
Terragen technology

Source : Drug Discovery Ltd, UK. DDT Vol 5, No 7 July 2000
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ZAAY R, Aloko] H 5 9l ZIXQlE F4109 Ry FQ23 AR Aap AP Qi)
2004d o] %2} glojH g ?w?i-’% %xﬂ—t— AL GALE 28H3Er W R15)16)17)" =8 o] &
?‘& Xt} E}Oﬁ} l FAE 72 o, Bds] eant sed Qg

S >MF golryeld F&

(PubChem)ﬁr Ap= AT 74} 2] Z}Tri—‘r’~ Ol%a A3 roadmaps 2HAdsH7] ol o] Z R Th o] o]

<2 grojreigol Zlgelel B el 29 7= AL H I Jthe).
2}

=l Hxof 24 ol TS o, ok rhelA Ry AR} 5 2
Ao 2 ro g ded A AFoRE 444 l Agto] Qe tateta, WAl BAgEe
7788 F(race), 78 T 16870 E thitF(tribe), 108001%2] F 4 (scaffold) 2 Z F-3}0] 5
AT glolHeielol A 75 AFE SolBdeE ZH st Qv 71 e FEEE Z

Fat U Ank eolnef Y AR ofe) B33 2k,
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Library size

Bank/Library = Not a8 Contents
ize ote
R LRI
L"’L_ﬁ} e - 120,000 e 1200 MBem 357H 7189 1200 SEA|- FEE
{http://www.chembankork| (o4' g9 7)) Ry gustel sgtdel| @, 1,700 #2832 5% - 84 dB
Y
AT A4 L - 750 (&4 wEEE) ) f;g
e - 3,520 o o =7
(?)ttp://www.microbank‘re.k (23 weee o 7 | 1 ES R A 114 8] FaAg - 11_‘—:
RLA ] E) _ I x
r 4313 8 plates %) ) fhj gg
A} A} A2 - -1
(;tf j/? odrere ke 255 FEE, 0478, | e o A iRl T T
p//extract.pdrc.re kr/ex B = o1 il
tract/f.htm) H3E 71%) HE 3 - A4 dB
. - F2E
e FEE eq 0 BE0MITS o o as | FH A B gun] 27
- 28,300 () A gx 2 FF Ale 2= =] )
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’ - 79l dB
EZaALH 19996 Az, AT
(http//www Kkosef.re.kr/srb Aste} 2278 S &) AEdTaA #e
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# 3 FU A4F AE B dolrejy] dg
9] =4 Zholue] AL oo 49 o, G883} HA & gholB e
2 AotAbutet o} 10070 o) A4S Bushi glow, thet B AFE AFa% AAW B AR

A9 dF 5 et

Commercial Suppliers for Chemical
Compounds Library

[Source: Bioindustry (4

2 A1) 15(3): p 29 (2002)]

Chemical Supplier WEB Site Compounds
AsIlnEx Ltd. s oasiy 300,000
BioNet Research Ltd. R RTI 30,000
ChemBridge Corporation B due 220,000
Chemical Diversity Inc. 360,000
InterBioScreen Ltd. Ser 37 240,000
Maybridge Chemical Company 70,000
Ltd.

SPECS and BIOSPECS B.V. 170,000
Tripos Inc. i 80,000
Vitas-M Laboratory Ltd. frasmial 160,000

# 4. 483 oln g

=t
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U AERAA el MeRE ol A
b EPAT 7 BD oeg 2w 23 doludy 759S 20034 o)

T 3dodel A e AHE 7Fs e Bt A F e thRE(1,90009F o4he 35k o
< 1L,400F olds AA wigstsith olE wlkNL pre-profiling W& AH 770%F2) w4
& HjFeio] Aeyt Hao] AL HUx olF A profiling F3 S F3) 533F 2 vl EC] A
gEo] 8 vegEE 27318 7% a3 B2 E profilingS BE 2 Eo| s
TLC &4 online-UV F3E ARE 272 3o, ndE] a7 Y13, #52 <&
44& 1edt] @F bankE W FH(810F vial, -70% RISt
Lo e fH 2 degiEE 3, 2R bsd hg g Ade AY 2 F
ARSI, B9 W R e 29 BEIT oYM Az BAE AdE 2A Ho
lFele] AT 2dS vetEE Ao ALt F 1,20059 g WAHFE Fn
8Hl3, 1% 4000 & ojv] AH widkS AH 3009 F& ¥F WeEEE goluyy A
of ole] T AA oF 7004708 £3 vetEEo] FRHYY, dE vjHEL wjt
NE AL FE HAES AYska op. w3 250FE vial HHE AL BEHo 5= o
FAA Q] d$sta ot

o IAANAAE HH 8 deEEE =3, 2o g
cyanobacteria, WA 9] AL, FAALE TR}
AL 71dEta

& HTS hitg 27 84
t} value’} < go|Bg @

34 71E9 golryrt Ha 80%7H &
purityE Ko %—ﬂ AA =, Fzo gt 3 E FFo] FARE EEsT A 'H-NMRE ©]
S nelsdEa MAAEAR 52 274 9459 geolrdey FEE A AFE Yt
2 e, JRE LC/MS/MSE Sdl- B 8389 72749 gojpege e
=3

19) Marine natural products. JW. Blunt, BR. Copp, M.H.G, Munro, T. Northcote & M.R. Prinsep. Nat. Prod. Rep. 2004,
21, 1-49
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4 7 W § G

Ad g (species) ©14S #Hsle BAASEF Zoko A A
o2 A%W3 &<l International  Journal  of
Systematic and Evolutionary Microbiology(IJSEM)ef| =

%3t

e 43 FAHOZHE large sized-#74 DNAY F&5T
T AE 71€S ¥Ys 2 BAC, Fosmid vectorg ©] &3}
o §& veds gdelBee 7% 7les R

e T3, FH

9 g uAE 2 meAs A4y 528
3t & 4 ¥ Al2"(http//www.microbe.re.kr)<

e 120} Pl AETYYRol AT AYATRE Helw
=2 11,0004 75 oS 73, gx 4 HEF
o120} W ABCE R AFAYAZREE o epA A

o W, 587 4 Z35 3 10,0007 4718 oS £, gr 9 BEY
& #E vAE, vEAEAY |« At AR 300 F old62F oY §F)E F3H,
At e EAd 74 2 gn RED
o3, Bnd vAE Y dEAy Add o AdT
AfFAE o (MAAE, MO00001FE A2, wElAl A
G200001 %8 A12h). WME+ ¢F 553 37 A5 Fo
HeE A2g 3
o3, E@Rd vAE 3 WEAs ALY dHoly el
g 7EY
o 71", =3E vAE L vEAsAds 8 nES
A N2RBE 75, E8F
entzE Al2YS &83 vAdE 2 vEdE ZAd A
AH #HelE AT A=y F5F
o BEH wAE Ade AAH| - BE FF If wpzs B
HE YA &% A4 - TF 55 % DB A9 linkHEE A7
- a5 A/ A 7E
- AYA AR 4™ 2 B A" 7Y
o Metd) ATAEL YAoz 3 vAE AU % WA
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L3 55373 A9oeyy n4gs @4

)
A3 wiA), diffusion ¥HE, AERE 7) 23 Wy

T e W) AL B FHALY

SR R Ve Bt o 1000 FRol4S ¥l BRHUL, o|5S Yo BFIY
HATE FU AT F4 AR O dnaad.
2. %8 UIAE BAS 99 FALF 2 BAATER AW 28

7h. MIDI Al 292 o] §8 AW (fatty acid) ¥4

Cpe nlgEe) EEFF 2 2T dsl MIDIE ol§¥ FA AW BH ATE 5
g on) ol B APHL FEE YL Fig 30 18 Y. FAE 448 )

9 d

Aol wier = FATE e e FA oF 50mg (wet weight)S Teflon-lined screw cap
tube (13x100mm, pyrex)oll 7! ¥ reagent 1% 1ml ¥ 100TColA 3083+ 71E3to] Ao 4
itk 7] reagent 22 2ml A7Fst] 80T A 1087 71Este] W T 1.25ml9 reagent 3%
Yl 10ERE & Hojerh A2 A & ubg o] 29 Fo2 FEeHW sE ARt AA}n
3mle] reagent 4% #FH7bste] 5E3F AolE F, WA F 45N 2B4EE  septum-capped
sample vial (12x32mm, Alitech Associates, Inc., IL, US.A)2 &7 capping 3t9 A& =2 AL&3)
FAMEs®| #AMo]l& Hewlett Packard series II Gas Chromatograph model 6890A (Microbial ID,
Inc.,, Delaware, USA)7} o] €5 separation column< 25mx0.22mmx0.33m methyl phenyl silicone
fused silica capillary column (HP 19091B-102)& A}g3ltt. FAMEs profile Microbial
Identification System Software (Microbial ID, Inc., Delaware, USA)E ©]&3™ standard
calibration €9 (Microbial ID, Inc., Delaware, USA)7}¢] 8] o] 98] peak®] ¥4, retention time,
peak®] W4 WA HE&S FIrh Ao ol &5 Gas Chromatography® #71e o3 2o
Carrier Gas, Hydrogen; Column Head Pressure, 10psi; Split Ratio, 100:1; Split Vent, 50ml/min;
Septum Purge, 5ml/min; FID Hydrogen, 30ml/min; FID Nitrogen, 30ml/min; FID Air, 400ml/min;
Initial Temperature, 170°C; Program Rate, 5C/min; Final Temp, 270C; FID Temperature, 300C;
Injection Port, 250C; Injection volumn, 2/4.
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Harvesting
=

Third
4mm Loo
Quadrant P Coat bottom

Saponification

Add 1.0m¢ Vortex 100C, Vortex 100°C, 25min.
Reagent #1  5-10sec 5min 5-10sec p cool
Methylation
Add 2.0m¢ 80°.Ct1 °C,.
Reagent #2 10min.=1min
p cool
Extraction
Add 1.25m¢ 10min Remove Save
Reagent #3 bottom phase top phase
Wash
Add 3.0m¢ 5min Remove  Transfer to Cap
Reagent #4 2/3 top GC vial
phase

719 1. Schematic diagram for extraction of cellular fatty acids.

1}. Isoprenid quinone ¥4

A% A s wAR F3e 8ol ARy Z7d E2sd AFs 50mMe
| o] &3tAY 20T BE
L 2

Omlg ¥l 583+ &

potassium-phosphate buffer2 23] M3 % isoprenocid quinone ¥
sto] BAA] ARE 3T o] Ao chloroform : methanol (2:1, v/v) & ¢k
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£, AZxo| &8 isoprencid quinoned 7] &0 &0 223t} (Hiraishi et al, 1992).
Z w718 ue Fold X (Size No. 2, Whatman, England)E o] &3t} xS ojztat 3 oo
vacuum rotary evaporatorol X F5gt} o] 34L& 3M wE35ld isoprenoid quinoned A E Tt
2HE f7182 48 FE3 539 evaporator flaske] hexane dmlt ZHF 3ml =S
I EEWA flask BHol B0 9lE %% isoprenoid quinone®] hexane &=0.% FZH7 st} o
flaskE 1% AE AXA3}H haxane 3 FZ20%2 FEHH hexane 29 thE evaporator flask
of £74 &3 o)y Fol WA hexane 23 & Alole WEE FRo A U= AR
At old AfolE hexane® E& ZFH ¢ YoM 9 2¥g 44 . o3 #AHL 3
RbEske] isoprenoid quinoneg FFHFTh 3MA FF T ol hexaneE ¢ dry AT ¥

A7l isoprenoid quinone- THA] acetonel & FZ38t7] Y38lo] evaporator flask®] acetoned 3-4 Hb

=

il
==
=

< %32 FE% F, acetone FFNE silica-gel® thin layer chromatography(TLC) (Merck
Kiesel-gel 60 F254, 20x20 cm, 0.5mm thickness)ol] spot ¥t} Ubiquinone® menaquinone
standard® ¥/ spot ¥t} TLC plateZ petroleum benzene/diethylether (9:1, v/v) A 78} 100ml7}t
S0 e ANz Wu Aol TLC plated] § FEolA ¢ 3cm AEY =o|7txl AMFH
TLC plateE Aol F7] ol AEAZith. UV 254nmoll A} isoprenoid quinone band?} WERY}
= ARE Qs A=E2 JPEA band FHE EAF F, 2 bandE FojUlo] eppendorf tubedl
Y 7] acetone oF Iml AEE Yol 2 EEo] isoprencid quinoned FZ3te] 4T A 15000
rpme s of 58-I dAwgsrt daEey & 45 %S AR glass tubed] &7 F, tA
acetones Hol FE¢oh o2 HAE 3 wEs] 2L acetone FEHE FAIIAZ FE3Y
&2 ¥ microtubeo] &AM high performance liquid chromatography(HPLC)® A28 28t}
HPLC AMg¥2 72} 3Abe] 7]Fe] wie} o2, dwrdor oy & £HOR isoprenoid
quinone & #Agth HPLC ¥4 columne Uwrz o8 ODS AE L, sizeE 4.6x250mm A&
o o] Fgso] Sy 1 99 AL th&H 2t} Eluent; methanol : isopropyl ether (3:1,
v/v for ubiquinone); methanol : isopropanol (7:5, v/v for menaquinone), 275nm for ubiquinone,
270nm for menaquinone, flow rate; 1ml/min, column temperature; 30C. o]2 3 ZHo 2 2k 540
ALE HPLCY loading 3F9 retention time® ® peak® EAHL &3ttt (Shin et al, 199).
Isoprenoid quinone & ¥A3}7] 93te] P23 standard™ Sigma Chemicals AbollAl T84
71E9 BuHo FFoH FE8t AR5

t}. Diaminopimelic acid ¥4

DAP isomers #A4& AA 7FEa) e TLC(thin-layer chromatography) 49 F &4
2 o7t T2 Ax ¥4 4 3mgg screw-capped tubed] B3 7)) 6N HCL 1ml& H7}
gkol 100TolA 18417 B¢ 7R al gt o wsas HLeox A8 T (3o oty @
< qHA FHF IS FUbske Al d#sit} o) o AL vacuum rotary evaporatorol A %
A7 F, 5584 Iml FHFE H718e] vacuum rotary evaporatorol Al THA] =& A7) HE
HoR FEEY 03mlY FHTE s Agz AHgET o] AgF 3uE cellulose TLC
plate(20cmx20cm, Merck No. 5716, E. Merck, Darmstadt, Germany)°l spotdtsii, 0.01M
DL-diaminopimelic acid(Sigma Chemical Co., St. Louis, Mo., USA) 144E standard24] &4 spot
sttt TLCE methanol : water: 6N HCl :  pyridine (80:26:4:10, v/v)9] A7) £wj2 3A7F o)A
AAsHAT. A7) ¥ TLCOl ninhydrin solution (0.2% ninhydrin in water-saturated n-butanol)&
spraystd 100To Al 587 2A 71 & DAP isomers® spotS #415191th DAP isomers® sport
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= A% (dark-green)E YFERT, R 0299 LL-isomer”}, R 0240 4% meso-isomer”} 1+
doh 18 3 3-hydroxy-isomers R' 0.2001 4 Jepde)

)

2}. Polar lipid 9] ¥4}

Screw-capped tubeo] 50mg A=Y FAWAF TAE Y2 2ml Hexan 2 10ml ¢ 0.3%
NaCl €97} 100ml® methanol® 41 €4 2mlg Y3 1587 2 AojFu. g £z dAdR
gsto] AN AASR A Imle hexaned H7bste & 42 & dAEHstq A5AE AA
shoh. @A dolgleE tubes BT ol 5¥ 7 EolFAust 37T water bathollA A @t
Chiroform: methanol : 0.3% NaCl € %(w/v) = 90 : 100 : 30 (v/v)& A& 4% 23mlS #H7/Ig +
1A 7H59 tube rotatorol Al & AojFErh. e £r g AARE3 ¥ supernatantE WHE  tubed
2713, 92 tubed] chloroform : methanol : 0.3% NaCl€(w/v) = 50 : 100 : 40(v/V)& A&
£ 0.75ml & H7FE § 308 Fot tube rotatorol A # AojEr) g 2 AEHT F, A
Mg old Fedy & Hed A5 do 1.3ml chloroform ¥ 03% NaCl € 1.3ml & ¥3 4
e ARG 45 A AASNT & FEL 370N Aart22 AxzAAY dzd Al
5% chloroform : methanol = 2 : 1(v/v)& % 50ubell £3)3txL, 5405 silica gel2 coating® TLC
plate (6x6cm, Merck 5554)¢} baseline®] °F lemol spotting3 ¥ AZRAIZIth AAA WgFozH
chloroform : methanol : water (65 : 25 : 3.8, v/v)9 solvent &l A A7/HAZ] ¥ hood ¢tellA A
ol& 30% B ARAZIY. AZAZ TLC plates chloroform : methanol © acetic acid : water (40
D756 1.8 v/v)Y solventstll Al $uiA wrako g A/MAZITh AN ¢ platesE hoodQHel] A
a4 AxANZ F GFd spray £4E o] &5t spotE &g

e

1 o ot o

ul. DNA G+C mol%2] ¥4

DNA G+C g3 (mol%)e ¥2437] 9814 Tamaoka & Komagata (1984)¢] W& AH-&-3}
Ao 28, 44" DNA: B¢ 755 10 Qug/uh)dl S4AA 100Co A 58 EA st
DNAE WA & 42402 AT 4 WAH DNA Nuclease P1& A3t nucleotide®
e F HPLCE ©]&3td 270nm oA FHEE 431 G+CEFHS 5463

v} chromosomal DNA 9} ¥ g

et #4 3g £ 10ml ¢ TE buffer (10mM Tris-HCl, ImM EDTA; pH 8.0) & st
S lysozyme 100mg Y& Uth& 37ColA 30&z7F wigsoh. Al&o] 10% SDS(sodium dodecyl
sulfate) 2ml& 718 & Axdo] 459 Aol & HH phenol 10ml¥} 5M NaCl 1.5ml& #H7hgh

< 6000rpmell Al 1083 dAEe & F 45AE st chloroform

isopropanol® A AAZl F H)ES o) 43l DNAE I3t} 3
71 & TE buffer 10mlol @& & RNase AZ 20pg/mld F%
3F2 417 thE proteinase K 2 100pg/mle) T2 7k § 3
Hhgo] gl e ohael o] phenolZ 1 3, chloroforml =
= isopropanolZ HAAZ F frej8S ol &3t 5 F BT
E bufferd] deAjzich

o 2 W FEIY AEY
43 DNAE 371FoA A
74 5 37CAM 1 A7
TCAAA 1 Al &k %t

ol 12
=
o

L2
z

olo
>
oy o

]
Jot,
al
ok
kv
oy
e ol
. 12
g
lo
o
z
—
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A} 16S rRNA 9714 ¢ 24 2 2AA 54 24
16S rDNA & 5 789 ¢332 universal primergE AHgsle ZE3513d. ¥ universal
primer®] @712 o3 2t} Forward primer ¥ 5 -GAGTTTGATCCTGGCTCAG-3' (E.
coli 165 rRNA positions 9-27), Reverse primer = 5 -AGAAAGGAGGTGATCCAGCC-3' (E. coli
165 rRNA positions 1542-1525). PCR $%& & W39 100z F-PstHon o] wkg e 71749
primer 0.50M, dNTP mixture 200pM, DNA 200ng, reaction buffer 10x{¢} Tag DNA polymerase
25U & 339 PCRE $8 4 WS &% 2748 d&3 2} DNAY denaturation &
& 95 Coﬂ/ﬂ 1 2, primer 9| annealing 2 ¥3] 60T o4 1 &, DNA strand ¢ &4& 938 72T
AA 1 F EE 2 29 FAHE 353 il 21 AEEYY dhgo] 49 PCR products 1%
agarose geloﬂ/ﬂ 719 538 3 ethidium bromide® G433 & QJé}OﬂL] (Zrg 2).
FZo] e PCR 45L& A7 d w8-& 9alA QIAguick PCR purification kit (Qiagenih)E
Abgste] FHE R ALEst] Ao Fd Yol EA3hE universal primerg o] &3}
o ANMES AAINNY. FVIME AA wee ABI PRISM BigDye Terminator Cycle
sequencing Ready Reaction kit (Applied Biosystems) & Ab&3to] FHd WS AL g3ty 33}
Od"/} a7IME gL A 9% tubeol] 16S rDNA 90ng, Terminator ready reaction mix 4uf,
< AJts & 2vd %—E’“i 200 = U‘Zo}l‘:‘r d7IME g A 47 w39
25 }_74-3— S 2o 96ToA 10%, 50TelA 5 %, 60CA 4 ¥29 #$4E& 253 wHEse
SU WSEE 059% cthanol® o) B3el AN F 70% cthanolZ
AH HA-E Az F vacuum dryer2 AERA|ZG o] whE AE L HAFAHOZ AFHIUIAEENA
2] (Applied Biosystems models 310 or 377 automatic DNA sequencer)E A}-g3le] d7144ES 2
ettt

tjo

0

M1 2 34 5 6M

1Y 2. Agarose gel electrophoresis of 16S rDNAs amplified by PCR. Lanes: M, 100 bp DNA
ladder (BRL); 1-6, 16S rDNAs from different strains.

ool o Add 9rIAMEL vl5 NCBI? BLAST AAHHE AL&3te] 71&Eo 55
F8 ATES F33e GIAGR Mastel e FFHL dehhE AT 1§ 14502
JE B BAE AN 298 AANRe 2uE led 9

A 5, 39 gape AASAY ADE] FAHA

3} CLUSTAL W software (Thompson et al., 1994)&
l
71 dzel e ghe A Adete 24-%9 Pairpro T2 1Y
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£ o] &3std] Attt EAAESA AEFe 4L PHYLIP 2213 wI|AE ALt 43
39Tt (Felsenstein, 1993). #2173 A eli= DNADIST Z 23349 Jukes & Cantor (1969)8] &
5131?75*% o] &3t Al FHFH AE4E NEIGHBOR =219 49 neighbor-joining
Saitou & Nei, 1987)oll 7] 2 3|4 2t et 16S rDNAY direct F71ME 234 4 24
‘ﬂo}‘ﬁoﬂ ek efek RAe = a9 33 2o

3
&
:T‘

DNA ==

OIM= BHY HIgs

SIIAE
DN HiS
B L O

% 3. Overview of 16S rDNA sequencing and phylogenetic analysis

o}. DNA-DNA hybridization

DNA-DNA hybridization 4% & Ezaki 5(1989)¢] fluorometric ¥ & A& A 35 2d%
W ot Zol 3| s1ed & gk AAE DNA (200g/ml) 5uE 5% #AA WAL F 0IM
MgCl, & E&3E 271 PBS buffer & 7HA2 10g/mle) 52 3430 g4¥ DNA dgdL
microplate (Nunc A} Z}ZHe] well o 100444 5709 welld] =48 & 30ColA 8AZF < wjksic DNA
S84 WA F 45T oA 3087 microplate® 7 FA)Zith A% ¥ microplate prehybridization §4& 3
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7k & 37CoAM 10 #7F prehybridization A7l ©™& prehybridization £9<¢ WAtk Microplateo]
hiotinylated DNA £ 3£ hybridization £94-& 18 F 45Co A4 10 AlzF B¢ hybridization ¥&-$
g8t whgo]l Y microplates  1xSSC  fdozm 3 3 A T 2zt well
streptoavidin-D-galactosidase £ (05% hovine serum albuming Z33lE PBS buffer £ 10008} #4)
100262 748t} ol microplates ©HA] 37°Cel A 30 B2F Wigd 5 IxSSC £4o2 3 W AFsHEG. A F
°] €4 microplatedl & 4-methylumbelliferyl-D-galactopyrano- side§ % (dimethylform- amide £ 1mio|
714 10mg & E£¥stE £98 PBS buffer2 100 ¥ 34) 1003 H7be F 37°ColA 30 270 wjdaie,
Fluorescence % =% fluoroskan Il (Labsystems A}) & 7FA3 360 (excitation), 450 (emission)®] T}7of A
SAAD. b F2 F M 2 gH b B @e AAS 3 e @ #FS olgae] AEA @S
AAR&

3. AN MAS B4 2 RFEA /&S B4 A ALY du
A

‘e 04 Andnen o
A7 S

]

rt‘l
o
2,
°
i)
R
)]
He
=i
e
2
B
o
=
X
e
b ﬂ By
PO
Jot 2
ro
_grh

,um

1%
s -VL
odu rfr
Rt

N
I
& -

flo
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719 4. Light micrograph of Lentibacillus salicampi SF-20" from exponentially

growing culture. Bar, 4 M.

¥ 1. Lentibacillus, Salibacillus, Virgibacillus 4:9)

e
-

L x¥EY =

sphericai or

Cell morphology spherical or oval ellipsoidal ellipsoidal
S " terminal central or terminal or
pore postion ermina subterminal subterminal
Anaerobic growth - - +
NaCl range (%) 2-23 5-25 0-10
Maximum temp. for growth 40C 45-50°C 50C

: , anteiso-C15:0 is0-C15:0, z%ntexso-.C15:0
Major fatty acids 1s0-C16:0 teiso.C150 iso-C15:0 or

’ anteiso-C17:0

Polar lipids PG, DPG PG, DPG PG, DPG, PE
G+C mol% 44 40-41 37
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99.4[ Halobacillus litoralis DSM 104057 (X94558)
,_[ Halobacillus trueperi DSM 10404T (AJ310149)
Halobacillus halophilus NCIMB 22697 (X62174)
Gracilibacillus dipsosauri DSM 111257 (X82436)

100

Gracilibacillus halotolerans DSM 118057 (AF036922)
288 . Salibacillus marismortui DSM 123257 (AJ009793)

Salibacillus salexigens DSM 114837 (Y11603)
Virgibacillus pantothenticus TAM 110617 (D78477)
672] " Virgibacillus proomii LMG 123707 (AJ012667)
Lentibacillus salicampi SF-207 (AY057394)
Bacillus subtilis NCDO 17697 (X60646)
\ﬁgi—: Bacillus cereus 1AM 126057 (D16266)
Brevibacillus brevis JCM 25037 (D78457)

Paenibacillus polymyxa NCDO 17747 (X60632)
Alicyclobacillus acidocaldarius DSM 4467 (X60742)

87.4

13 5. Neighbour-joining tree showing the phylogenetic positions of Lentibacillus salicampi and
the representatives of some other related taxa based on 165 rDNA sequences. Scale bar
represents 0.01 substitution per nucleotide position. Bootstrap values (expressed as percentages of
1000 replications) greater than 50% are shown at the branch points.
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1% 6. Light micrographs of Jeotgalicoccus halotolerans YK]*IOIT (A) and Jeotgalicoccus
psychrophilus YKJ~115T (B) from the exponentially growing culture. Bar, 5M.

a2 7. Two-dimensional thin-layer chromatogram of polar lipids of Jeotgalicoccus halotolerans
YKJ~101T. Abbreviations: PG, phosphatidylglycerol;, DPG, diphosphatidylglycerol, PL, unidentified
phospholipid. The same pattern was obtained for Jeotgalicoccus psychrophilus YKJ—115T.
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Cell morphology cocci
Anaerobic growth + +
Acid production from

Arabinose + +

D-mannitol - -
Growth at 0% NaCl + -
Growth at 20% NaCl + -
Optimum growth temp. 30-35T 20-25TC
Temperature range for growth 4-42°C 4-34T
Peptidoglycan type L-Lys-Glys.4-L-Ala(Gly) L-Lys-Glys4-L-Ala(Gly)
Predominant menaquinene MK-7 MK-7
G+C mol% 42 42

Staphylococcus saprophyticus ATCC 153057 Staphylococcus haemolyticus ATCC 299707

. Staphylococcus warneri ATCC 278367
Staphylococcus auricularis ATCC 337537 ) ” TCC 149537
Staphylococcus intermedius ATCC 296637 Staphylococcus saccharolyticus A 149

Staphylococcus aureus ATCC 126007

Macrococcus carouselicus ATCC 518287
Macrococcus equipercicus ATCC 518317
Macrococcus bovieus ATCC 518257

Macrococcus caseolyticus ATCC 13548

Jeotgalicoccus halotolerans YKJ-1017

Jeotgalicoceus psychrophilus YKJ-1157

Salinicoccus roseus DSM 53517

Salinicoccus hispanicus DSM 53527

Bacillus subtilis NCDO 17697

Marinococcus halophilus DSM 204087
0.01

“1¥ 8 Neighbour-joining tree showing the phylogenetic positions of Jeotgalicoccus halotolerans
YKJ*IOIT, Jeotgalicoccus psychrophilus YKJ—115T and the representatives of some other related
taxa based on 16S rDNA sequences. Scale bar represents (.01 substitution per nucleotide
position. Bootstrap values (expressed as percentages of 1000 replications) greater than 50% are
shown at the branch points.
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v A& AdzRY PEd NS 4 Kangiella® 271
HMo A AYER Ves 2L M3 A¥ERYY 2 d#3(TT9
SW-1541)2 #x3le] 165 rDNA E7)1ME BAg Sy 75.31‘ Xl%”ﬁl Al RuH A &
23 ERgHoz g2/ Adgse AHES B9sg. T Aol el deeE, A - A
= 2

4 gt FEy AGE F7)
T 59 N2 g8 F F9 ez Fay angiella koreensis, Kangiella aquimarina & °©]& &
AA HAx2 HHste ZAder AW AZEFsteA ¢ International Journal of Systematic

ot

and Evolutionary Microbiology®l] 2 X3t Kangiella & 1+ 9 & AYm WA EAE
dstA] Fokth. F 4. isoprenoid quinone® 2 ubiquinone-8, F& AWt E iso-CisoE 7FA L 3
2om DNAY G+C 32 44 mol% °lAY. Kangiella £2 8 EdE E4 2 & 3o
2 #5" 39 o= ¥ 33 23 16S fDNA A7\ de) 7 %8 A3F Kangiella koreensis,
Kangiella aquimaring®] A2 3454 A= 29 99 2o

X

992 Marinobacterium georgiense ATCC 7000747 (U58339)

. _::— Marinobacterium jannaschii IFO 154667 (AB006765)
100 Marinomonas mediterranea ATCC 7004927 (AF063027)

Marinomonas vaga ATCC 271197 (X67025)
Oceanospirillum linum ATCC 113367 (M22365)
Oceanospirillum beijerinckii ATCC 127547 (AB006760)
Pseudospirillum japonicum ATCC 191917 (AB006766)
Shewanella putrefaciens LMG 2268" (X81623)
Alteromonas macleodii IAM 129207 (X82145)
Oceanobacter kriegii IFO 15467 (AB006767)
Halomonas elongata ATCC 331737 (M93355)
Halomonas desiderata DSM 95027 (X92417)
Marinospirillum minutudum ATCC 191937 (ABO06769)
97.4 Pseudomonas fluorescens 1AM 120227 (D84013)
T 100, Pseudomonas putida DSM 2917 (276667)

844 Pseudomonas aeruginosa LMG 12427 (276651)

100, Microbulbifer hydrolyticus ATCC 7000727 (U58338)
E Microbulbifer salipaludis KCCM 415867 (AF479688)

100~ Marinobacter hydrocarbonoclasticus ATCC 498407 (X67022)
Marinobacter aquaeolei ATCC 7004917 (AJ000726)
Alcanivorax borkumensis DSM 115737 (Y12579)
Alcanivorax jadensis DSM 121787 (AJ001150)
100;— Kangiella koreensis SW-125T (AY520560)
Lo Kangiella aguimarina SW-1547 (AY520561)
Methylococcus capsulatus ATCC 190697 (X72770)
Methylomicrobium agile ACM 33087 (X72767)
Psychrobacter immobilis ATCC 431167 (U39399)
Moraxella lacunata ATCC 17967T (AF005160)

St lla indologenes ATCC 258697 (M35015)
Cardiobacterium hominis ATCC 158267 (M35014)
Thiorhodococcus minor ATCC 7002597 (Y11316)

Thiorhodovibrio winogradskyi MBIC 27767 (AB016986)
Nitrococcus mobilis ATCC 253807 (L35510)
Xanthomonas campestris LMG 5687 (X95917)
Stenotrophomonas maltophilia LMG 9587 (X95923)
Xylella fastidiosa ATCC 35879" (AF192343)
C terrigena DSM 70997 (AJ420326)

61.)&

0.01
13 9. Phylogenetic tree based on 16S rDNA sequences showing the positions of

Kangiella koreensis and Kangiella aquimarina.
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i 3. Differential phenotypic properties of the genus Kangiella and other related genera.

Genus: 1, Kangiella; 2, Alcanivorax; 3, Marinobacter; 4, Microbulbifer; 5, Marinobacterium; 6, Oceanobacter

Characteristic 1 2 3 4 5 6
Rods or
Cell shape Rods Rods Rods . Rods Rods
cocci
Motility - v + v + +
Nitrate reduction + v v - or ND v -
Anaerobic growth + v - - - -
Hydrolysis of:
Aesculin - - - or ND v ND ND
Gelatin + - v + - -
Starch - v + - -
Tween 80 + + + or ND + + +
Growth at 45 C v - v v - -
Growth at 4 C v v v - v -
Growth at 10 % NaCl + + -+ v + ND
Optimum growth temp. (C) 30-37 25-30 20-45 25-37 37 20-30
Predominant ubiquinone Q-8 ND Q-9 Q-8 Q-8 Q-8
is0—Cis,
Cieo, Cig1 . %0
. . R C18:1 W9C, ISO—C17:1
Major fatty acid(s) 150-Cis0 wic, Ciei Cigo Ciea, Ciga
Cieo w9c,
wic .
ISO—C17:0
DNA G+C content (mol%) 44 53-66 53-64 53-60 55-60 54-56

+, positive; —, negative; v, variable reaction; ND, not determined.

% As AWERH P AFAE &
T e O o
ghel 165 1DNA 97149 24& $4% 2% A2 s uug
o g2 AsHE AAS FAYY. T @7 dfelA FeEA, A - 3,
Fros Wag 23 A7 J1E A nnEA Fe A AT £9 A

N

S z
F T AoR #FX Marinicola seohaensis & ©|&& AA Hxz wdslo] ZAFHOZ
ur

# AT EH <A International Journal of Systematic and Evolutionary Microbiology®l]

i = R R w A < <
o N - T > 1

AT Marinicola %<& 37149 29 HHS AUy yWAZAE FAsA @sioh
isoprenoid quinone®.E menaquinon-7, T ALACF is0-Crso, is0-Cizy, & X2
phosphatidylethanolamine, diphosphatidylglycerol, DNA9 G+C % 403 mol% ©°]%it}.

Kangiella % 2 R¥¥ 54 3 o0& Jado2 #d8 &3t ol # 48 21 165
rDNA Q71X dd 7123 A7 Marinicola seohaensis ¢ BAAEAESA Jx= 28 109 2

.
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97.1

LﬁSOJ

70.4

0.01

Hongiella mannitolivorans IMSNU 140127 (AY264838)
Algoriphagus ratkowskyi LMG 214357 (AJ608641)
Cyclobacterium marinum DSM 7457 (AY533665)
Belliella baitica BA134" (AJ564643)

__[—————— Sporocytophaga myxococcoides DSM 111187 (AJ310654)
. 5.9 Cytophaga hutchinsonii ATCC 334067 (M58768)
69.3 Marinicola seohaensis SW-1527 (AY739663)

Reichenbachia agariperforans KMM 35257 (AB058919)
Persicobacter diffluens NCIMB 14027 (D12660)

86.8 [Flexibacter] aggregans ATCC 231627 (M64628)
Flexibacter flexilis ATCC 230797 (M62794)
Flectobacillus major ATCC 294967 (M62787)
Microscilla marina ATCC 231347 (M58793)

Hymenobacter roseosalivarius DSM 116227 (Y18833)
Dyadobacter fermentans ATCC 7008277 (AF137029)

Sphingobacterium spiritivorum ATCC 338617 (M58778)
7_3._9{———_:_— Flavobacterium aquatile JAM 123167 (M62797)

» Myroides odoratus ATCC 46517 (M58777)

Polaribacter filamentus ATCC 7003977 (U73726)

Empedobacter brevis ATCC 433197 (M59052)

Chryseobacterium gleum ATCC 359107 (M58772)

Bacteroides fragilis ATCC 252857 (X83935)

Prevotelia melaninogenica ATCC 25845" (AY323525)

% 10. Phylogenetic tree based on 16S rDNA seguences showing the positions of

Marinicola seohaensis.

3£ 4. Differential phenotypic properties of the genus Kangiella and other related genera.

+, positive; -, negative; ND, not determined.

. . ) . . [Flexibacter]
Characteristic Marinicola Reichenbachia | Persicobacter
aggregans
Pigment colour Strong orange Orange Pink to orange Yellow
Catalase + - +
Flexirubin + - -
Optimal growth temperature (C) 30 25-28 25-30 ND
Maximum growth temperature (C) 40 35 < 45 35-45
Growth at 4 C + + - -
Max. NaCl tolerance (%) 6 ND
Carbohydrate utilization + +
Hydrolysis of:
Agar - + + +
Gelatin - + + -

. Starch - + + -
Predominant menaquinone MK-7 MK-7 MK-7 ND
Major fatty acids is0-Ciso, is0-Cisa| is0-Ciso, Ciea ND ND
DNA G+C content (mol%) 40.3 445 40-42 (42) 37-42 (37)
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vl g A P oy Nyt nAE ZF(species)? 24
T Tk A3 2 AF SoREH AR 4FE g Ry REEAS E3)
A 8 2 e ARAS AU g tdd AT S 60F o)A FxEtY el Ad

2L AE o 5E B AAHoz %3 A9l International Journal of Systematic and
Evolutionary Microbiology 5 23 &5itl &r 2 23 A £ gzl £9 2 F0o ExL
F59 2

ko

E5 AR ERF

e Strain SF-20" (= KCCM 41560r = JCM 11462T)
e dXoRRY P 394, Y AT £ H F

o Strain SM-1" (= KCCM 41586" = JCM 11542")

e FAZ B s Egoz Y FEd 9 AT F
e Strain AM49' (= KCTC 0766BP’ = JCM 11465")

o Algal cell®} harvesting$ $ 38 bioflocculating bacterium
* Strain AM1417 (= KCCM 415577 = JCM 11466")

e Algal cell?] harvesting& 938 bioflocculating bacterium
¢ Strains YKJ-103" (= KCCM 41559" = JCM 11463T) and
Psychrobacter jeotgali YKJ-105 (= KCCM KCCM 41558 = JCM 11464)
egERE 2ed PP AT F
o Strain SW-45" (= KCCM 415917 = JCM 11547")
o 53 AT st R RE Falgd 3949 M F
o Strain YKJ-101" (= KCCM 41448" = JCM 11198")
e NAZHE R FaPe] AlF & 9D =
o L-Lys-Glys-4+-L-Ala(Gly)3d 9] 5ol peptidoglycan T2&
13
e Strain YKJ-115' (= KCCM 41449" = JCM 11199")
eRZERE B 7RI AT & L 2
¢ 1-Lys-Glys-s~L~Ala(Gly)&8 &l Eo|d peptido-glycan +x&
744
o Strain HSL-3" (= KCCM 41590 = JCM 11546")
e s3] 32 FH sFEFH P sdHY A F
e Strains SW-46' (= KCCM 41642") and SW-52
Erythrobacter flavus o T3 AAFZ ey B3 s A =
o Erythrobacter o4 x a4 &‘.ii el e £
o Strain TF-117 (= KCCM 41588" = JCM 11544")
A3 AwzyE P 5949 Ui F
o Strain TF-12" (= KCCM 41589" = JCM 11545")
e A3 AU2HY FEst s AAF T
* Strains SW-47" (= KCCM 41638") and SW-49 (KCCM
Alteromonas marina 41639}

o 53] AT rEZHEEH st 94 AT F
e Strain TF-9' (= KCCM 41587" = J CM 115437
e A AuzRE 2P 594 AT F
o Strain GW-9" (= KCCM 41647")
e o] &2 RE B3t LL-DAP 3 AqdH HAT £
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Lentibacillus salicampi

Microbulbifer salipaludis

Paenibacillus kribbensis

Paenibacillus terrae

Marinobacter litoralis

Jeotgalicoccus halotolerans

Jeotgalicoccus psychrophilus

Halobacillus salinus

Bacillus marisflavi

Bacillus aquimaris

)

Planococcus maritimus

Nocardioides aquiterrae




Shewanella gaetbuli

o Strain TF-27" ( M 118147)

o AE) AMZRYH Rud agAe] AF F

Halobacillus locisalis

* Strain MSS-155" (= KCCM 41687 = KCTC 3788")
o M3l GHozRY Fest s@ge] A F

o

Microbulbifer maritimus

e Strain TF-17" (= KCCM 417747 = JCM 12187")
e NS AEERE Red 5949 AT B

Bacillus hwajinpoensis

e Strain SW-72" (= KCCM 416407 = JCM 11807")
e 53 iy FoP 5949 Uit F

Alteromonas litorea

e Strain TF-22" (= KCCM 417757 = JCM 12188")
o A3 Ez R a3 39 At F

Marinibacillus campisalis

e Strain SF-57" (= KCCM 41644" = JCM 11810")
M3 gHoRY 2o 5949 A %

Marinobacter flavimaris

* Strain SW-145" (= KCTC 12185" = DSM 16070")
e s R R

Marinobacter daepoensis

* Strain SW-156" (= KCTC 12184" = DSM  16072")
o 3 sl RE R sEAY G F

Kangiella koreensis

e Strain SW-125' (= KCTC 12182" = DSM 16069")
o N3 AHZEE Eed sdAY AT F

Kangiella aquimarina

e Strain SW-154" (= KCTC 12183" = DSM16071")
e X3} APERH FEd SEHY AT F

Hongiella marincola

e Strain SW-2" (= KCTC 121807 = DSM 16067")
oz frry wejd 29P Uit F

Erythrobacter aquimaris

e Strains SW-110" (= KCCM 418187 = JCM 12189"),
SW-116 and SW-140
e M8 gz FeY 5949 A

n{of

Janibacter melonis

e Strains CM2104° (= KCTC 9987" DSM 160637 =
JCM123217) and CM2110

e o) @pyY Fay A7 AT

Porphyrobacter donghaensis

2
e Strains SW-1327 (= KCTC 122297 = DSM 16220") and
SW-158
c B3 AFzvy Pd 594 A F

Shewanella marisflavi

¢ Strain SW-117" (= KCCM 418227 = JCM  12192")
e X3l TR HEY Fej3t SEHY AT F

Shewanella aquimarina

o Strain SW-120" (= KCCM 41821" = DSM  12193")
cAd sary 2@ s@H it F

Halomonas koreensis

e Strain SS207 (= KCTC 12127 = JCM 12237")
cA3 gHozve B sy AT ¥

Erythrobacter seohaensis

¢ Strain SW-135" (= KCTC 12228° = DSM 16221%)
eME AR Y PeY s949 A F

Erythrobacter gaetbuli

e Strain SW-161" (= KCTC 12227" = DSM 16225")
cAH AME Y B 59N AF F
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e Strain M37" (= KCTC 10562BP' = DSM 16190")
o] ABZRE 223 Td49 & lipase A4 AT E

e Strain SW-151" (= KCTC 122327 = DSM 16223

Photobacterium lipolyticum

Sphingopyxis flavimaris oM ARERE H3 £9A sphingoglycolipid 5 Al3F
k2
e Strains  JG-100' (= KCTC 12186' = DSM 16065') and
Psychrobacter alimentarius JG-102

M RH PP 3949 AR AE F

o Strains JG-219' (= KCTC 12256" = DSM 16327") and
Psychrobacter cibarius JG-220

o AT RE Zs 94 A7 A F

e Strains KSL-1" (= KCTC 190377 = DSM 16699"), KSL-9
Nocardioides alkalitolerans and KSL-10

e 7Y EgozRy 23 &7y A Al HHTE F

o Strains TF-26" (= KCTC 12302" = DSM 16505"), TF-28,
Tenacibaculum [utimaris TF-42 and TF-53

o N3 AMERE s sdA9 Al F

e Strain JG-30" (= KCTC 3830" = DSM 16189")

o ALRREH B3 3949 AT AT F

e Strain SW-152" (= KCTC 12312" = JCM 12600")

e A3 2Ry P s, Baggd Rt £ 9 T

e Strain MSS-160" (= KCTC 12309" = JCM 12598") and
Algoriphagus yeomjeoni MSS-161

e A3 dxozRE 3t sEA AT AT F

o Strain TF-16" (= KCTC 19035" = DSM 16306") and
Exiguobacterium aestuarii TF-19

e A3 AMERE E23 949 A AF F

e Strain TF-80" (= KCTC 19036 = DSM 16307")

o N3 AUZHE Fs sgA9 A AT F

Bacillus cibi

Marinicola seohaensis

Exiguobacterium marinum

4. et A s goluede 5

ES AR 10gS 10049 proteinase K (10mg/ml)E 88t 20me) DNA 58 &
&9  (100mM Tris-HCI [pH80), 100mM EDTA, 15M NaCl, 1% CTAB
[hexadecylmethylammonium bromidel)oll &EAIZ] 3 37T, 250rpme ZAA 1A17r FoF
AR o] T 20% SDSE 2m& Hrrste] 65TolA 2A7HESH v A F
6,000xg= 3077 YAHEEs ] A5AL Wol FF9 phenolichloroformisoamyl alcohol
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(25241, v/v/VEFEA S Hulslel F2590. 9 R8s %S F4dn 1 e 06
9] 1sopropanol— A7t DNAZ HAA AT DNA A28

of 22 F 70% (v/v) ethanol® M H& At 42S AAF & A8 AZAA HF5o =
o]i1 EFHe humic acid®} & B2 dd AA9 oF 30740kbP L2 DNA @do s
FE8ds7198) A PFGE(Pulse Field Gel Electrophoresis)& ©]&3te] M7 %38t1 Gelase
(Epicentre, USA)E Alg3le] A 829 Sy & 30740kbAEE AAE DNAE
end-repair &4 E% M (Epicentre, USA)S ©]-&3}lo] WEl Ay DNAZWS blunt end® A
Stk o] whg- o ZRE phenol extraction®} isopropanold o] &3 A BAHL AH DNA
= O ggste] 2aged At olg A 34" oF 02549 DNA® dephosphorylated
¥ blunt end®] pCCIFOS (Epicentre, USA) 05482 41014 16Tl A 124175 ¢t ligation B+
S2A71L T0CoANA 1087 ligase®] ZAS A3} ligation ¥-44ol] lambda packaging
extract (Epicentre, USA) 50iE AFol WA LA Hojx: = 30T 3A7F S
packaging #&& AlZth wh$e] ¥4uwW phage dilution buffer (10mM Tris-HCl [pH8.3],
100mM NaCl, 10mM MgCl) 1mé3} chloroform 25uE XA 02 7MW A HolZ 3, 1 4=
4 20 ;E 10mM MgS0:8F 0.2% (w/v) maltose’}t #7+8 LB brotholl 4 ODgp=0.88 £ & ¥
¥ E. coli EPI 300-T1} cell 200l H7Fske} 37ColA 458-%F infection ¥H2& 3ttt
Infection® cell> 50ug/ml chloramphenicolo] H7Fel wjA| ol platingde] 37°Coll A w3t o).
°F 30740A1F F Ryt FR3] Ad Folrelee AL AAIYH A9z 2 )9
FE2 A9t 50pg/mé chloramphenicole] #7+8 LB brotholl HE3le] 9 wjgs & =
&% plasmidl A &4 g slo] 49" DNAS 27|19 b S BHelstgoh

i
al

Metagenomic

#— DNA
=~ DY

oy

Y- 4 " "";"'TG, — 16 : Isolate DNA
f ‘—T—QA A ‘_5‘;’?‘ «— K correct size
o AAG
Cloned metagenomi End-repair
DNA fragment

— Q ':l) Q —_— Metagenomic library in E. coli

Do

Fosmid
75 kb

2™ 1L vIEAE gelrde 1 e
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5. 7AE R WeEgAE 449 AAY £ 2 nE N2d g
7l vldE R vgAE A 41, 552 9% Fd4

(http://www.microbe.rekr)& %3},

THE FHAE Tt 1 FoF ATFAYREF] R ujYE 2 We AL
o] F AE, M000001F-B A=, wlE}A sk G200001%-E A &EHm. W3

o
§ RAHES Arde PE).

3}
GRE MAAE R WEAEAYE Deep freezer, liquid nitrogen tank ° 2 glycerol
How REHT glow I EAAZH PE AHE - 4 CTol nodm ok
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6. MBE X vEgAFAd E2F

£ A7 A% Ed dug 042 9 e)EA0e T 4 o
oz RoFEe] gk LG A2AE, B

o B84 AFFYL Asel A%
Ga7d 5 T 19, AFL, 4 5
Q

[¢)

o=

A WAE R deAsAds Eddot 1
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H 3 et +d 8 o A1 (Z=2H|Z 2o

;q] 1 A, ;q]
L A& A4
7F @7IME 943 sime] gsE vlAE FAAY g
G718 435 siso] gad AuA PAE 2 chromosome2 FUle] KCTC 2 vl=9 ATCC
FZHE FYsEAR, AFAE AAg gl s vjdEte] genomic DNA HEj2 A, H¥ stAv. wl
UH PAEY FAAE genomic DNA extract kit (Intron biotechnology, Korea)ell &Jal A A= 3l

tm
05‘-
082

= f S o] g3l g vAE FHAZNE HFE5Y 5 UUCh
T A *}%5& pn'merQ] AL Ak primerd® Al ZEQ GRRO EcoR1 T& Sdll 9

+ t ORFY C-terminal €¥¥o) Hind M, Sal 1% Xho 19 AT
Ea ’S‘Qﬁ}&’i‘?}. PCR % & pfu DNA polymeraseE A}-&3tod & whg ol 502 F3q3t5H L

< Z+7}e) primer 10 pmol, % DNA 10ng, Perfect Premix(TaKaTa. co.) 25ul &
g3ttt PCRE & 2 wrg9 2% 248 423 2t DNAY denaturation & 913 94Tl
A 45%, primer 9] annealing & 98} 60ClA 45%, DNA strand ¢} €4S H3 72T oA 2 &
o] WAL 303 wHESE= 2AL AFEEST. o] PCR 2HEe AccuPrep Gel Purification Kit
(Bioneer, Korea) AAste] A 33 AasrsEz A8 & vy g3 C-Zdo] 6xHis tagel €9
Gl 2S AAFEE pET-21b(Novagen)'dd wWE ¢} N-Tdo] GST 3 9z s Aidsi=
pGEX-KG 2Zdulg e 4rdsly] flate A-e Ada2gs Agsigda E2YHAE T3
Rt

o
i
a8
!I.
O,?.&
?
<
é

2
flo

= E coli BL2IDE3)® E. coli
23 AzxgE F5FE ampicilline] 23"

Rosetta gami (DE3)E& A d3] AMgstart. A4S 3

LBa] Ao HF3le] 371802 37CoA OD7F 06 o 2 w7« 8% $ IPTG 0.25mM<
A7rste] 20T AA 1422 B3k widsto] dild wd g fF=3sc gl Axe dAdEest
o pelleto® FH3tg 1 A2 1md 524 2&u EH7i2 3 A7

G A T AAEEE E3)
TE4 aud ) g dlde EE3nh o 12%9] SDS-PAGEE E3) &4 =30,

(2) 24 FAAS HHA GA

6xHis tagel 29 gulas AHA A &4 od¥AE S50mM potassium
phosphate, 300mM NaCl, pH 7.0 ¥ 2 &3 A7l nickel NTA columno] &A1zl %
50mM potassium phosphate, 300mM NaCl, 200mM imidazole ¥ ¥ & o] &3l & & A7t}
GST tago] &€ w@wizaol A= =84 @¥dS 50mM potassium phosphate, pH7.0 H
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Hell vg H¥Ps A7 glutathion sepharose resin®] HEAIZ] F 50mM potassium
phosphate, 10mM reduced glutathion, pHS.0.H ¥ & o] &3ty L&A 71t e AAIN 2=
o & 50mM potassium phosphate buffer, pH 7.0.¥ # o =43} %t}

5\_9] /\ z:vizal m

w
.1
F°1'

1) Tnbutyrin plate &4 €29

374 esterase @49 A FMHAE Tributyring 43 FHaujA o 714 o]
walH o] el @49 haloringe #EgozA g & = 9k o)E, 10mlY tributyrin® 90ml o)
Gum Arabic solutiong blenderg ol&3} 2¥5<t w23} 3le 15% agarose gelo] Holgl: 7hzhe]
pH 50mM MES for pH 6.0, MOPS for pH 7.0, Tris-HCl pH80 and 9.0 and CAPS pH10.0 and 11.0
bufferg %ml¥ &3t HE A 20my Fol 23 F AF 07cmd] AT 18714 Fof wjx] <]
THIE vhS 50n19) esterase EA4E BFsle] FojA LEA] 124)7F wioksict

(2) Para nitrophenol §47]2& o] 43 &4 €Ay

AEFAQ esterased] A4S ©AE] Y8, 50mM Tris-HCl buffer (pHS.0), 4%
ethanol, 0.1 mM p-nitrophenyl acetate(C2), p-nitrophenyl propionate(C3), p-nitrophenyl

T o

butyrate(C4), p-nitrophenyl caproate(C6) 18]3 p-nitrophenyl caprylate(C8)S Ztzt FH=
Imlz &33te] 30CoHA a9 #w$ddr. whSEEE  spectrophotometer® o] 83}
405nmol A ZA 3
3) Esterase-J 59} pHoll i st g 3kAl
(b pHel W& 44
esterase?] pHel digh dgA L 37T A 50mM MES(pH 6.0), 50mM
MOPS(pH 7.0), 50mM Tris HCl (pH range 8.0~9.0), 50mM CAPS (pH range 10.0~11.0)
bufferg o|-&3ste] 7] WA whoz SAs 47ty & A3 ZAHE ERgS
Ztzk 1,100 M em ' at pH 60, 8500 M ' em™ at pH 7.0, 16700 M cm™ at pH 80,
17400 M em™ at pH 9.0, 18000 M em™ at pH 100, 17,800 M em ' at pH 11.00]c},
(W) 2x9d dg 934
AEE esterase?] S50 digt A GA Y] BAE HHoR FAsgon,
2}z 30°CT 70Tl A st
(4) SPRIZ 7|Wtos gt dad 3 x2d A
(7h SPRIZ ©] 2% six-His-tagged esterase® 2d 3}A 21jg e
Surface Plasmon Resonance Imaging(SPRD)Z ©]-83}% SDS-PAGEYA 4]
shel el o] e oAb muHYss whEe e dkgith ol NiT-IDA 2 FYE F=3 ®9d
o) six-His-tagged esterase’} S¥stA ZAdsli= Aoy, 7|F9] dho] nsle] W21 gRozn 2

O

() 943 mAE 39 Esterase? #E g9 7t
#7] 70 SPRI A|~818 o] 43}9 six-His-tagged esterase 30712 Ni“'-IDA
FE Fol tagging FOEA esterase®] LA dFE diFgoz nHoz 24 & 4 A HAch
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1}. Monooxygenase iiﬂ 24 94y
2 BHEAAE o] &ste] NADMP)HS 2HHE 340nmold &Hde W
R g4 9 F AAEHE A kE SA4 5 Irhl4-6]
Monooxygenase£4:9] §H§ & NADP)H/} ZE54AE o]§5vE A9 §4 FAHL 92ox] AlRHE=
NAD(P)H7} 714 o9& o2 213l5E v]&S M0nmolA] Ao zA 24319 sample cuvettes
o= 1m'd 50mM potassium phosphate pH7.0, 100uM NAD(P)H, 200uM substrate & 24 3}

Monooxygenase®] &4

Fo] B4E TFEY FAHE E2AHGT lunite o] B4 ZHdA 189 1uMe NADP)H
7V AgtE e G249 Jdoz A Itk AHA oz NADMPIHY s ##s 4 9= g4
o &AL whg F AAEE AE ge =H3ogzA BAE 2 9} Nitrilorilotriacetate 9%

EDTA monooxygenase®l 749, sample cuvettesol¥= 1m¢%d 20mM HEPES pH 7.6m, 500uM
MgClz,, 10uM FMN, 30U catalase, 0.2U NAD(P)H:FMN Oxydoreductase, ImM NADH g
i A Fe] FAE X Tt AL APEA o] SN E AMHE B4 glyoxylateE
phenylhydrazine-KsFe(CN)s methods® &40 22X o] &49 monooxygenase F4 < A3
ok lunitd o] #4 @A 1873 oM glyoxylateZ?t BAHE 49 ¢oz Ao 3l
t}.  Alkanesulfonate monooxygenase¥ Ellman’s reagent(5,5" -dithiobis(2-nitrobenzoic
acid))E ol&3dte] AAHE AHEQ sulfied AT oA S BT 5+ 2t sample
cuvettesl & 1m¢d 10mM Tris-HCl pH 9.1, 250uM NADPH, 3uM FMN, 500uM
sufonated 7] @, 0.2U NAD(P)H:Oxydoreductase & & &3t o] §428 x3alo] kL
S A7) 5, o] ¥FE AR F 200u1E 100p19] 5,5'-dithiobis(2-nitrobenzoic acid) (1mg/ml
in 100mM sodium phosphate buffer, pH 7.0)2} 700u12] DW} E&3e] A-&olA 287F W)
S 430nmell Al F3E& A AL EASA lunite o] wHgEAgA 1583 1luMe]

2ol Fow Aot AAE 49 WE F AHE AEL LC-MS

g9 DNA¢ w¥d <Fd& Comprehensive Microbial Resource genome

database [71914 AA= A4e Tate] F53dt. 2239 putative GRA S AAH o=
Asta BR/387] 98k, PSI-BLASTHMS A Ae9 3, Clusters of orthologous
group(COGs)AFol E 9} PROSITE database, Protein Database Bank (PDB) AFo]|EE o] &3}
o 99 families?t domaind #HH ARE IS5 F AL ADL T-coffee

program= AF-&3}t}

A2d A5 A3

1. Esterase 84 bank +%
(7}) A A esterased] F2Y 2 24
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database (The Institute for Genomic Research, MD)[1] 28 $x 39}

T B MY 4 sl ¢EH #F 2 FANZREH 189709 putative eteraseE TR A1,
T el M) Bd A 2 gubAQ 54 dojeuojAstate] 48 V)% AmR AFESIATH (2
1, 2).

§111111111113313111111111111

E
3

it R AE b ession, ShoetL /Shanth

F————

1% 1. Data base construction of the esterase pool [1] and SDS-PAGE analysis confirming
expression of the esterases. The E. coli cells harboring the expression vector were grown
LB medium. The protein expression was induced by addition of ImM IPTG at the optical
density of the culture broth 0.4-0.8 at 600nm. This selected predicted esterase genes from

the comprehensive microbial resource database.
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TesA

Cog0627

i p-lactamase

4

19 2. Overview of phylogenetic analysis of esterases pool

o] 1897h¢] F2YH putative esterase A2 JooZRE 1379 BB A G
T30 FAAE AEsAa (F 1), o)5S Zz dAdz BEAA SDS-PAGER &9ls}
RH2H 3).
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3k 1. Selected predicted esterase genes from the comprehensive microbial resource database

Neo Protein acession No Cene name Gene souree’ Name

S NP_559594 NCgli336 C.G Predicted esterase

5 BAB9S290 Celide? CG Esterase/lipase

83 BAB99906 Cel23i3 CG Deesterase

54 NP_R14963 EFI236 EF. Putative acetvi xylen esterase

§5 NP_415027 M4 EC. Arviesterase

86 NP 415212 Ho&s EC Putstive esterase/lipase precursor
7 NP 471876 fin2546 L.L Carboxylesterase precursor

58 NP_470192 Eni)830 L.L Similar o corboxylesterase

59 NP_464108 Imod380 LM. Phospholipaseicarboxylesterase
510 NP_251639 PA2949 P.A. Esterase

St NP_252548 PA3ESY PA. Probable carboxylesterase

512 NP _459501 STMUS sT. Arviesterase

Si3 NP_460874 STMisl? 5T, Protein-ghrtamate methylkesterase
814 NP 461139 STM2I94 ST. Esterase

Si5 NP_461995 STM307% ST, Putative acylransferase

st6 NP_439450 StMG454 ST. Puiative esterase

817 NP_459485 STMO49 5T, Acetyl esterase

518 NP 353548 AGR C 918 AT Probuble methyl esterase

§i9 © NP _354481 AGR_C 2713 AT. Faterase

520 NP_384534 SMo1i93 SM. Putative esteraseflipase

§24 NP_385554 SM01033 SM. Arviesterase

22 NP _435384 SMali2s9 S M. Prohable carboxylesierase

823 NP_4339% SMal3Y SM. Carboxylesterase

524 NP_436095 SMalsol) SM. Protein-ghotanuate methylesterase
828 NP_607143 sy MIR_H0S 5P Tribugyrin esterase

S26 NP_274324 NMBI3GS N.M. Putative esterase

827 NP_280298 VNGI424G HS. Carboxylenterase

$528 NP _(70544 AFI716 AF. Carboxylesterase

829 NP_s{7425 sy MIR 1320 sp. Protein-ghitamate methylesterase
S30 NP 69874 AF041 AF. Putative gsterase

® The abbreviations used for the strains are: AT, Agrobacterium tumefaciens C58 Cereon; AF.,
Archaeoglobus  fulgidus DSM4304; C.G., Corynebacterium glutamicum ATCC13032; E.F,
Enterococcus faecalis V583, E.C., Escherichia coli K12; H.S., Halobacterium sp. NRC-1; LI,
Listeria innocula CLIP 11262; L.M., Listeria monocytogenes EGD-e; NM., Neisseria meningitides
MC58;  P.A., Pseudomonas aeruginosa PAOl;, S.T. Salmonella typhimurium 1T2; SM.,
Sinorhizobium meliloti 1021; S.P., Streptococcus pyogenes MGAS8232.
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510 S115812 513 S14 S15 S16 S17 S18 519 S20

13 3. SDS.PAGE analysis confirming expression of the esterases. The E. coli cells harboring the
expression vector were grown in LB medium. The protein expression was induced by addition of 1
mM IPTG at the optical density of the culture broth 0.4.0.8 at 600 nm.

(1}) Esterase?] &4 =34
T %% esterase pool?) &4 AL AFsLY] 99, tributyrineS T3 o Hu) <) 9}
fed} 7

p-nitrophenyl estrs& ©|-§3% spectrophotomer 'S o] &34t} o] F WHe 5% duky
% esterase®] ©A 2 characterizationo] 2:0]E A wl¥olt}, Wz pHl it FaFS A

dstzl 98 4709 Z47] ©+& pH buffer (pH 6, 7, 8, NE ol&3ted TBN HuuAE 2531,
30CAM 12213t F¢k whgatglch. 2 A3 39 4049 2ol 71dS £aiste] AAE halo
ringe #AFoZ M pHell oidh 9IS F & F AUUd. 2 F 30709) ORFE 97 ¢
esteraseZ i}i FSAaL, ES 21709 esterasedty QFHE FAELS wuld @y 9lo] )
T4 G o] aagAdeol dedx & Aoz Alzdrh E coli K129 $38%
b04940)] A Tr?/Héf} esterase S5, S. typhimurium LT2¢] ##2} STMO050600 4 Fei3t S12, 1
2lal A, fulgidus DSM43049) #2F AF171694 5218k S282 =3 2zel4 pH WA
2 g4 B34S B9 EE P aeruginosa PAO19) vd 2 P A3859°ﬂ*1 Fegk S11, S.
melilott 10219] T2 SMc010339) 4 23 S218 A8 o] pHRO o] Adol A k7t A3}
= e EIHh esterase S13L FH|FAE A pHAlA 48 g284L v 131
pH<} 35‘_5:%”3 o] 4%-& p-nitrophenyl butyrateZ o] €% spectrophotomert
vt (19 5). S11S A3 T E esterase BF FBujz] =AY
Holl A 35S AdHE AJYIL, esterase S139) ALl 1% oA B Eo)

?

ol
mE X2

1_4

S

K
K
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A Aol At 2IgE A 5 gl
$1 52 83 S4 S5 6

87 S8 59 $10 511512

519 520 821 S22 823 524
pHE '

pH7?

pH38

pH9

% 4. Esterase activity assay on tributyrin plates. The crude cell extract of recombinant
E. coli cells was added into each arrayed hole of the plate. The plate was prepared with
four different buffers as described in the materials and methods. The plate was incubated
at 30 or 50 C for 12 h. The size of the halo ring formed around the hole was measured

and summarized in the table 2.

i 2 The tributyrin hydrolyzing activity of esterases

30 ¢ 504C
pH 8.0 H 7.0 pH 8.0 pH 9.0 pH 60 pH 7.0 PH B0 pH 9.0
St - ~ - -

52 - + + - No sotivity
53 - +F + +

S4

p +44 bt + +4 4 okt

+
*

by

S8

59

St
&1
S12
$13
Si4
StS
516
S17
5i8
Sty
[2G
821
822
£23
824
528
826
827
82K
829
S30

Ne activity

I I T S
T
+
-
-
+
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+
+
+
e
+
+
+
Ed
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No aotivity

bt

P R A R
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e
+
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+

No Botivity

+ o+

+
I I AR LI TR TE S R N SRS SRt

rs

+4 RS B
No activity

o + b
+
+

+
+
+
+
+
+
+

,\
R R R R A

F O N N N N O O A

+

 Esterases exhibiting significant tributyrin hydrolyzing activity are in bold character.
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12 1.2

o
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T
el
L

Relative activity
Q
o
Relative activity
f=
L=

b

b
T
L
F-9

02 r

Hed
[

]
8 7 8 8 10 25 35 45 55 65 75

(@) pH b Temperature ("¢}

1% 5. The effects of pH and temperature on the ester-hydrolyzing activity of selected
enzymes. (a) The pH vs. activity profiles of the ester-hydrolyzing enzymes S5 (), Si11
(&), S12 ([0, S21 (O), and S28 (A). The activity was assayed by measuring the initial
rate of the hydrolysis of p-nitrophenyl butyrate at various pH values at 30 C. (b) The
temperature vs. activity profiles of the enzymes S5 (H), S11 (&), S12 ([1), S21 (O), and
S28 (MA). The enzyme extracts were incubated for 20 min at given temperatures. The
remaining activities of the pre-incubated enzyme extracts were measured using
p-nitrophenyl butyrate as a substrate in 50 mM Tris.HCl (pH 8.0) at 30 C.

pH 274 A @3 npd7pA 2, 2o e gad4de W3 9 w5
o e AY 442 Fysidnh. & 2004 vt Aty rE
ol TBNS ghigh 3 ghul 2] of A 5“0* o] e oH, olF EF 1L
YE & esterase2 FFEt p-nitrophenyl butyrateZ ©} 83 spectrophotomer® i 22 T
5 A% oM a48Ade HAYF A3 S5 S12, S21 2@ S28 BF 50T7HA oA
F HEAH ool YS5HATY &3 50Tl 284S BYY esterase S11-S chromophoric
A B3 37Coldl A BT} g2 S L}E}LHE Aoz BAHEHUT. esterase SHS}
S12% 55TC7HA] A7 a4 A4S B, S2139 S282 60T 7HA A3 &4 A4S Y
o828 dl e 54 F MY S 34284 E By

50Col A 12A14F ek &}
o] S5, S12, S21 and S28
Lo A AT FA

0.4.4

A} Q.
=

¢
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(}) #dH Esterase? +8&A4

g8 24848 7t AT esterase(S3, S5, S11, S12, S13, S19, S21, S23 and
S28)¢k oFF AABAE HolE esterase(S10 and S15)E L E3 117) esterased] @@ 4§
Ae ZRIF 2 e a4agAo] gy uEe 28 Fo 7AddgE ANE & F
AAT (2" 6). SARE esterase SH9 S12% HI 2 e FgA AL PAE AN E A
A AsHA Yeid e e FEE gk Apd ot

515 519 S$21 523 $§28 Host E.coli

1% 6. Solubility of the selected esterases. Cells were sonified and the crude extract was
centrifuged. The supernatant (lane marked S) and the pellet (lane marked P) were analyzed
by 12% SDS.PAGE. Lane U is for the uninduced recombinant E. coli cell extract. Arrows
indicate the position of the target proteins in the gel.
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(gh) 712 504

AEE 5709 esterase (S5, S11, S12, S21 and S28)% p-nitrophenyl estersE 7] 2 &
Abgstel 718 Bold s #9 dddh 1 A esterase S5, S11 183 S12% p-nitrophenyl
caproate (CO)ollA 7} 743 S28A S B9, esterase S2139 S282 #HL Al (C27C6) <)
712 B oyt 2 AFE(Cl4, C16)9) 712 AME ke &4 BAS BAY (18 7)

1&2

Relative activity

85 §11 512 821 528

1% 7. Chain length specificity of esterases. Esterase activity was tested with wvarious

p-nitrophenyl  substrates (p-nitrophenyl acetate (C2), pnitrophenyl butyrate (C4),
p-nitrophenyl caproate (C6), p-nitrophenyl caprylate (C8), p-nitrophenyl myristate (C14),
p-nitrophenyl palmitate (C16), and p-nitrophenyl stearate (C18)). The columns (from left to
right) refer to activity toward C2, C4, C6, C8, Cl4, C16 and Cl8 pnitrophenyl esters. The
activity was measured using 0.1 mM substrates in 50 mM Tris.HCI (pH 8.0) at 30 C. Each
pomnt of the data was averaged value of triple measurements. The upper limit of the

deviation was shown as error bar.
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(v}) SPRIE ©]-&3 six-His-tagged esterase® W& 34 ¥ g

Ni*-IDA 2 99 2=3 %990 six His tagged esterase’t o]0z Agsi= 9
Surface Plasmon Resonance Imaging(SPRI)E o} &-3to] SDS-PAGEo]A EA415l%) wulg o) uhg of
< BUHY shz WS AR sl o) 71Ee] Wil ujgte} fy)Hoz wEn gigkes B
T 3l AAol AUk SDS-PAGES) viw Ade A3 A ik ARE A9 (23 ).

f

e o

A C
20 40m th 2h 4h %h

Insoluble

%,
=
E
- i
Soluble Insoluble |
B Solubl g
' ®B
8h
4h
2h
ih ‘ ' :
0 2 4 6 g
40m Time (h)
20m

T1¥ 8. Expression of esterase S21. Results of SDS-PAGE (A) and SPRI (B) analyses of
the expressed protein are shown. The supernatants of the centrifuged cell lysate are
marked "Soluble,” and the pellets dissolved in 8 M urea are marked "Insoluble.” Each
arrow indicates the target protein. (C) Signal intensity-versus—time plot of the SDS-PAGE
(F, E) and SPRI M, ) analyses. The open symbols are for the soluble fractions,and the

closed symbols are for the insoluble fractions.

(Mh 9F v AE 59 esterased) W2 =AW

471 7" SPRI A|2¥& o|gdta] 6xHis tagged esterase 3070E NiP'-IDA 2= Hoj
tagging & 2A esterase?] Wd L #= & F YU} o] 7129 9t nanoliter $F¢] vl
o kel ARE 3 Ho BEAsie] #9385 9t

MNEE ol &3t M array He) |
< Adste]l £4% £ 9lom SPRY signale]l W] Fgl ul#Ey)



¥ 9. SPRI analysis of the expression of 30 esterases from various microbial sources.
Samples were prepared from our previous expression vector constructs [3]. BSA, bovine

serum albumin.

2. Monooxygenase €4 bank 7%

(7}) Putative monooxygenase®] 43 g

Comprehensive Microbial Resource genome database2% 8 <& ¥ putative
monooxygenase DNAXE ARE wlgtox 28709 vAE FAANZEEH 12079
monooxygenase ORF listE 23t (29 10). 120709 monooxygenase ORFE & 5 3}7]
A3t target gene specific 41L& ¥ 3¥35tE PCR primerE A543, AAE 0 AE §4
As T2 5te] PCRE HASHY B %o B3 f:x AE2L A7) 93] DMSO,
Betain 712]31 GC-Rich enzyme mix$} 22 o2 7}x] PCR #H7A¢ o2 7}x] PCR 270 <
A&kl 2 23 120709 ORF 5 16709 wAE HAAZRE 51709 putative
monooxygenase A AE 5392 1 ARE ¥ 39 YUY
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2% 10. Overview of phylogenetic analysis of monooxygenase pool

-
it

3. Construction of putative monooxygenase pool

No. of cloned gene

No. of gene expressed
as soluble proteint

No. Organism - an ] Al
6xHis tag GSTtag cloned as 6xHis tag GST tag expressed as
only only both oniy only both

1 dgrobacterium tumefaciens C58 Cerepn 0 o 5 0 4 1
2 Bacillus haleduraps €-125 4] /] 1 0 0 0
3 Bacillus subtiljs 168 0 1 2 0 3 0
4 Caulphacter crescentus CB15 0 0 2 ] 1 0
5 Caryoebacterium glutamicum ATCC 13032 0 1 3 0 1 1
6 Escherichia coli K12-MG1655 0 3] 1 0 0 1
7 Halabagterium sp. NRC-1 ] 4] 2 V] 1 1
8 Mesorhizobium loti MAFF303099 0 0 3 o} [} 1
9 Mycobacterium tuberculosis H37Rv (lab strain) 0 o 1 0 1 0
10 Neisseria meningitidis serogroun A 72491 0 Y 1 o 0 1
1 Pseudomonas geguginosa PAO1 1 0 3 0 1
12 Satmonella typhimurium LT2 SGSC1412 0 0 2 0 1 0
13 Sinorhizobium melilati 1021 0 0 2 0 2 Y
14 Streptococcus pyngenes MGAS8232 0 o 1 0 1 0
15 Strentomyges coelicelar A3(2) 1 0 15 o 5 1
16 Sulfolohus selfataricys P2 1 0 2 o 2 0
Total 3 2 46 0 24 8
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Zt PCR 2HE2 A Aste] pET-21bWE (6xHis tag)9t pGEX-KG WE|(GST tag)ol z4zt 22
3 it o] 8 58S E coli Rosetta-gamiTM(DE3)oll Al @l g W X7 A3 C-Zeho)
6xHis tags 7 @dE 372%, N-ddeo] GST tags 7Fd @9 dL 686%9 vl &= 248
o A E total extract® ©]-€3 SDS-PAGE #4& Fdlo] & & ddvh(ad 11). 3
THE Gd FA solubledtAl Bd W RS A3 A3 6xHis tage]l @9 @l 7

5+ 176%, GST tagoe] @& ©@aladel A9 627%7} solubledtAl Hd QT welA] His tagd

GST tage]l @ ©¥d w5 ¥ 33t solubledtAl 2@ Gz 32702 el

mwmwwwwwwwwwww
3

Mo BAD DD WD M MAD NB AR VO A0 B A 3 D 14 0 MR MO MO (D
B 3

47 S'l s AIANRL S )]
A Sty

1% 11. Expression of the putative monooxygenase gene in E.coli Rosetta gami.
SDS-PAGE and Commassie Blue staining of total

bacterial extracts expressing
6xHis-tagged (A) or GST-tagged (B) proteins.

(}) Putative monooxygenase?] A BAM3 BE

Putative monooxygenase T84S A ] o2 BAsta BF37IAH 249 solubledtAl Ld
H guds A }03‘3} A5t AE sk @A 59 Mq9e Comprehensive Microbial Resource
genome database Al # £33t Conserved domain 7

M3} PSI-BLAST A& Eabe] o1
59 AY SAMT BHEAO nhet of 309 wMASe A% o Helel A1de ol g

23 A
=2
< 207FA 9 monooxygenase® EHATE AL A £ g olF F 49 YEh
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st 4. Construction of the monooxygenase clone pool from the comprehensive microbial
resource database.

Chazsficstion No.  Protein Accezsion No, Putstive Identificstion Soarce Organian MW (kD1)
2 AAKS9R44 EDTA moncoxvesmsse Aerobasterium mwmefasisn: (3§ Cereon 4838
13 Hitrilotriseztale MOROOXTESNASE SOMTOREEL A Corvnshasterium slutamicus ATCC 3632 518
& Alkeresuliczats monosxveanase Aevshasierium womalasiens C58 Cargon 4284
3 canesulfonate moroonveamass eiffus subtilis $98 LR
FAONE: wilizing Momooxsgense 33 Alkanesulfonste meroonveanas: Baviius subridy 63 4134
Alkanazulforats mesomxvoanass Escherichia el K1 2-MGIE55 424
BALYTTRS Alrarsl monsoxyveanste Sersptoroscuz pvowsner MRASEIFD 2836
12 CABIIE Alvansl monoorvesrase Bagifius subtils 103 3543
tos CABI ST Alians] monovxygeras: Streprowyess coslivalor A3 807
61 Safievlats I-moscorveme:s Prowdemona: asrueinosa P4G]
T3 Salicviats I-monoozvemass Satmenella nohimuriam 177 3GECIS12
FAD dependent Monoarygenase 25 Selicvlate T-moncoxvenase Streprowvess coslieslsr 4342
M MPsA03ES 4-Brdd 3 Corvnsbacissium elutamizum ATCC 13032
78 AAKSIR02 4-aminchanzosts hvdroxylase Storhicedium melilsti 1921
3 CABIS637 Oveledodaranone meneonvesnazs Soermmyesc coslicoloy A3
Besyer-Villiger Monooxygenase 182 CAB3®8£8 -brdroxvacatonhenone moncoxvEREAsS Sorevwmvces coelicslor 43¢2)
£ AAGH422T 4 Lydroxy ! v Prsudomonas asvuginoza PAGI
8% CaC4553; Tuiochroma P430 menvoavesnsse Storkicetivm melifon 18737
Crtochroms PAS0 Mamcomygamase 3¢ ASKILIL3 Cuiochrams P430 monooavesnase Aevobacterium mmafaciou CSE Cereon
14 CABI28%d Cytocheeme P43{ monooxygenase Baeiliur subti 165
11t AdKS12 Telusned-monooxvaenass svatam vrotsin A cacboxv and frazment fimoAY Sultlsbus zolfatarions P2
Mt posant phanol Thydroxyl 13 ASR4147? Telsans-4-monooxyesnsse svstem oyotein D. ftmoD Julolobuz otfmaricus F2
i CAB322¢6 Konopkenol moncoxypanase Soeptomycss zostivalor 43433
7 AARGSII Nitrilotriacstata monoosvesnasecomoonant B Serobastrium tumslacien: Cerson 1953
g ARKGG608 Niteifetriacat g 2 Aerobactavi = Careon 3336
Flavie NADDH Reductase ARRSGEE Nitrilotriscatats menooxveansse-comnoent B Seroborsevium mmefarion. 2o
43 NPIOTFS9 4-Freds henviacetats 3 small chain Mesorhisebinm loxi MAFFI5300F 1353
(5 AAGHT4TS 4-bydroxyphanylacsiats 3 gerase smail shain Posusemonaz assuginosa PAGT 1598
53 AGRT ivsine ] Falobacori ARG
Mohydsenylavag Monaoxyssnase g AAG20FTS Iesimeli8-hvdroxviass Halsbacoium o NXRC-}
98 CABI332§ L-praithine NS-bydrozylsse Speptompcs: sosliseior 43(3}
23 AAKIRITT L-lactate Z-monooxveansss Caulobiacter srassenms CBIS 433}
i AARATEY2 Allvene-1 monoonygansse Mieobacsrium mbescalaris HS TRy (b srain) LERE
Tdososnyganass - . .
33 CABRI3? Putstive monooxygeress = Uil family protain JE oai} Nelcseria meningitidiz rerogrcuy A 22481 4384
3 AAGI042 Puroziredexin Halobactevinm ap. XRC-F 3364

(t}) Monooxygenase &4 =4 2@ EAQRA

= 171 918k GST tagrt 2@ @il 10709} 6xHis tagol

rulo
e
o2
O

¥ monooxygenase?] A

¥ G os ddaigich o] dMAE L 059 BaAT reference BHAEH ) A SANAE
29 ddE 71do] e APAP S msie BEw monooxygenases oA AeEigelict 12
el putative monooxygenasesi= WA HAIFA = crude extractd) ArEjolA] gwimel

=3
.2 A3 9789 d]A4E monooxygenase’t 15

monooxygenase &/ FAel wel B4 BAsn
o] &/ we spectrophotometrical value?] W3lE I3t £ gt (13 12). Mo 24, Mo 61, Mo
73 283 Mo 99 30nmel Al EHEAAZ o] gate] 7)Ao oE% NADPIHE A3 Ax
S 5SS W 50%c1de) B4 BYS 2ot Qo= AU Mo 29 Mo 232 /14
= oxygenation $ORA AAH F g ANES ZAFoTAN FHS BMsgm, 7zt
%69 33%2] A F4E Rol= Aoz Ut Mo 63 Mol3e sulfonate 23S 7]
A2 S W 289 a4agHoR A8 AYHEE sulfite® ZH3e] BHS BASAL,
509% olde] AEE BATh 7 o9 37k4 wMEQ Mo 57, Mo 103 183 Mo 96& 7z
o 712t g 3e Axe) 848 Y= AL o 5 g
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00

RO

Relative activity (%)

Aslative ectivity (%)

24 L3 71 L1 57 104 11
Streia (34217

Mo 24; 4-hydroxybenzoate 3-Moncoxygenase Mo 2; EDTA Monooxygenase

Mo 61; Salicylate 1-Monooxygenase Mo 23; Nitrilotriacetate Monooxygenase
Mo 73; Salicylate 1-Monooxygenase Mo 6; Alkanesulfonate Monooxygenase
Mo 99; Salicylate 1-Monooxygenase Mo 13; Alkanesulfonate Monooxygenase
Mo 57; 4-hydroxyacetophenone monooxygenase Mo 29; Alkanesulfonate Monooxygenase

Mo 103; 4-hydroxyacetophenone monooxygenase
Mo 96; Cyclododecanone monooxygenase

% 12, Monooxygenase activity assay of crude extract. (A) The crude cell extract of
recombinant Ecoli of the putative monooxygenases was assayed spectrophotometrically by
following the rate of enzyme-dependent oxidation of NAD(P)H at 340nm or 370nm.

The activity was measured using 50 M substrates in various buffers. (B) The crude cell
extract of recombinent E.coli of the putative monooxygenases was assayed
spectrophotometrically by measuring the products in the enzyme reactions. Glyoxylate
produced by the EDTA and Nitrilotriacetate monooxygenases was measured by the
phenylhydrozine-KsFe(CN)s  method, and  sulfite produced by  Alkanesulfonate

monooXygenase was assayed by Ellman’s reagent.

BAEA 22 crude extractol Al E4 B4 ZA3 ZAAE ngoR AAP i WI =
A2 BRI Hstel AAHem e FABHE JEE AR JgEE 4709 monooxygenases]
Mo 6, Mo 13, Mo 23, 18] Mo 24E AH3A =

t} ol ¥ Mo 4& Corynebacterium
glutamicum ATCC 13032014 s §dA2 6xHis tage] 99 oA GST tage] v
2 B heterogeneous $2EQ Ecoliol X B& %Fo] solubledt Fejz a0} A9} B8
Aol 6xHis tage] @9 92L& Mestgdvh. Agrobacterium tumefaciens str. C581A €2
3 Mo 6, Bacillus subtilish A @83 Mo 13 283l Corynebacterium glutamicum ATCC
13032914+ Mo 232 6xHis tage]l 23l @widol F2EQ Ecoliolsl 79l soluble
fraction® ¥ 4 U3 GST tage] @& Tl Ao = vlwd Be o] soluble fraction
D2 F AT WF AL FAHEA A GST tage] 8 @il F S A LAY, o5& Z7)
Ni-NTA column#® glutathion sepharose resing ©] €39 crude extract A 743l 22359
o (29 13).

58



2 3 45

SoM1 2345 Dmqg234c5

(kDa),

19 13. SDS-PAGE analysis of purified monooxygenases. A : Mo 6-GST tagged protein
(42.84kDa), B : Mo 13-GST tagged protein (41.84kDa), C : Mo 23-GST tagged protein
(52.16kDa), D: Mo 24-6XHis tagged protein (43.95kDa) M ,molecular weight marker (with
molecular masses indicated on the left in kDa); lane 1, total cell extract of uninduced
E.coli Rosetta gami(DE3) cells ; lane 2, total cell extract of induced E.coli Rosetta gami
(DE3) producing protein ; lane 3, insoluble cell pellet ;lane 4, soluble crude extract ; lane

b, Purified protein.

Mo 63 Mo 132 alkanesulfonate monooxygenase® 2F¥ 5423 PSI-BLAST 7ML 23}
o E coli K129 SsuD f#azet 714 448 AEES 7k Aoz vewow zhzh 47%,
76%° N9 A8 BAth o]E9 monocoxygenase BAL 7B O 2-(4-Pyridyl)
ethanesulfonic acid® AH&-319] sulfite?] FAS =AsU 1, 2 A3 specific activity®= Mo 6
e -7 4078U/mg, Mo 132 98.78U/mg= vrebsteh. whebd Mo 69 Hlate] Mo 139] &8
dol oF 24ui7tE =ohe AL & £ 9tk Mo 63 Mo 139] sulfonated 71 2o oigh #9E
ZAFe7I 3l 18709 substitute®} unsubstitute sulfonate 7] 2& Alg3le] &4 BA S testd)

Aok 1 A= & 59 dEr T
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ik O. Substrate ranges of the Mo 6 from Agrobacterium tumefaciens str.C58 and the Mo
13 from Bacillus subtilis. ND* : Not detected.

Specific activity (U/mg)

Sulfonated substrate Mo 13 Mo 6
Taurne 29.26 0.7

HEPES 20.35 1.25

MOPES 31.67 1.8

PIPES 27.06 2.2
2-(4-pyridyl)ethanesulfonic acid 98.78 3.04
Sulfeacetic acid 25.41 ND?
L-Cysteric acid 4.61 1.4
Isethioni¢ acid 33.47 2.4
Mehanesuifonic acid 39.62 1.2
Ethanesulfonic acid 30.52 1.0
Propangsulfonis acid 24.89 1.1
Butanesulfonic acid 11.24 1.2
Pentanesulfonic acid 51.44 1.4
Hexanesulfonic acid 52.1 1.6
Qetanesulfonic acid 20.25 1.5
Decanesulfonic acid 22.59 1.4
Rodecanesulfonic acid 21.4 1.47
Tetradecanesulfonic acid 7.4 1.1

Mo 13& ClollA C107}A 9] unsubstituted alkanesulfonates 7123 th%3st substituted
alkanesulfonated 71l 3] desulfonation ZAS Yelgs ol #F Mo 69 A$
2-(4-Pyridyl) ethanesulfonic acid® AYstuye Awtdoz vo IS eyton
sulfoacetic acidl A= @A o] UERA] e S & 4 AW unsubstituted 7] ZolA Mo
139] &4 &AL chain  Zo|7}  hexanesulfonic acid7tA  Eold4E  Zstdlgrt
octanesulfonic acid¥Hl& HA 7FAs= Aol Yelwtx|gk Mo 6olAlE S8 Hgs 24d

T il

Mo 23 nitrilotriacetate  monooxygenase® EFEIoH, PSI-BLASTHAS  E3}
Chelatobacter heintzii®) nitrilotriacetate monooxygenase®] component A% 56%9) M&d §AAHL 1B
ol AoF YENTH Mo 239 £ #4L Y40 we T AES RARAAR Igo =z H

Ad 4l

| &9 7142 AHE-HE nitirilotriacetate &4 ¥HS T glyoxylate$} imidodiacetate® -2
S FAIAAZE glyosylated A4S 2088 £ v}t olHs FAHL B39 Mo 239 specific
activityE 43 27 1.602U/mg= etk Mo 239 @4¢ 98 £ tf2 222l imidodiacetate:

o]

o

60



NTA

106 1%2.0
3 80
S
=
é &0
<
2 40
w
& 20

0 L bl n‘l Ll T Y PP Y Lt

100 134 .1

«— IDA
80
60
132.8

40 P 1921

20

0 lllllvl'!f‘rlrl'[lrh‘lvﬂ—rl|||rl|'|"||1

120 140 160 180 200 220 240

miz

23 14. LC-MS analysis of the end products of NTA degradation by NTA-Mo.

NTA monooxygenase™ Z4 @A WhE Al metal ionS 292 3= Aoz ez k(8] wald Mo
239] &4 A9 0id thtdt metal ion®) QAL FAMEG T 1 ARE F 69 VERAS)

3% 6. Effect of metal ions on activity of the Mo 23 of Corynebacterium glutamicum ATCC
13032,

Control and added metals Specific activity (U/mg)
No metal added 0.5 0.1.
CaCl, 0.7 £ 0.15
CuSo, 1.2+0.2
MgCl, 3.5 4 0.11
MnCl, 2.7+ 0.24
Codl, 4.1+£0.2
InS0O, 4.2+ 0.1

Mo 24% 4-hydroxybenzoate 3 monooxygenase® ®H%¥3ow PSI-BLASTAMNSE £3to
Pseudomonas fluorescens® 4-hydroxybenzoate 3 monooxygenase®} 57%¢ Ad FAME S RHol:=
Aoz UEsth Mo 249 4 42 k3o ol45H= NADPHY AIALEE E34R478 %39
ZHgo 2 BXE 4 9o specific activity® 13868U/mg= YERGTE Mo 24

rlo
N
wy
Hu

>
>

o}

rir
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4-hydrobenzoateZ oxygenation AZOEA] AHRHOZ  protochatechulated AAsHA Hz, oF
LC-MS #41& Fstod g% 5 A (28 15).

100 153.1
] < Protacatechulate

2 80

i .

g

S 80

< 7

2 40 306 7

£ ]

B 1130 198.7

07 109.2 1541 2557
IR Ll B Y ALY R

1
0 30
80

A-hydroxybenzoate
B0 158 8

40

20

1807 2258 2087 3279 3724

o

50 100 150 200 280 300 350 400

2% 15. LC-MS analysis of the oxidated product of 4-hydroxybenzoate by 4-hydroxybenzoate 3—Mo.

Mo 249 kinetic parameter:® o2 7} 7)o tisle] &4 9 ¥he AZS @ NADPHS] 4
3} £ & 7|£°2 Lineweaver-Burk plot2 %3t st zhztel 71d & gk kinetic
parameter= ¥ 7o WER S

¥ 7. Steady-state kinetic parameters of the Mo 24 from Corynebacterium glutamicum
ATCC 13032. All experiments were performed in 20mM potassium phosphate buffer pH 7.0
at 25C. Turnover rates (Ku) and Micharelis constants (K,,) are determined at fixed
concentrations of either 4-hydroxybenzoate(0.2mM) or NADPH (0.1mM).

Aurzl o 7 4] gly 4-hydrobenzoate 3 Mo 7§ &4 ¥4 Al halogen ion®l

e QI THO] whel A Mo 249] &4 ZAelA 2 7FA] halogen ion®l T
o (29 16). ©] A3 Fh WEA 10mMe] NaF, NaCl, NaBr, Nal& 3
o FA L Z+7} 66.7%, 98.2%, 56.9%, 49.8%7tA A3tEHE AE & 7 A

62



Substrate K.y M Kgs? K /K, mwts?
4-hydroxybenzoate 723 10.4 0.143
2,4-dihydroxybenzoate 1214 32.2 0.26
4-aminobenzoate 264.3 11.8 0.044
3-fluoro-4-hydroxybenzoate 271.8 6.5 0.023
NADPH 60.4 8.4 8.139
NADH 214.4 5.2 0.024
600
500
400
10mM
v
E 300 M 50mM
=]
200 0 100mM
100
0

Control NaF

NaCl

NabBr

Nal

2% 16. Effect of halogen ions on activity of the he Mo 24 from Corynebacterium

glutamicum ATCC 13032.
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AZste] 050 7] Bestn Qov, o) wAHo2 NI B e+ U
=]

B A
37%° Fste 1,3480FE &8 mEEE G A& ATHE-5).

Microbial resources
Step Strepfgj;yces Str;\f)?;rxices Cyanobacteria | Extremophiles | Myxobacteria (Fl?r:lgl?ftc) Total
Collection 1,900 1,542 17 72 101 7 3,639
Culture 1,400 863 3 47 64 6 2,383
Stock, -707T 810 884 - 52 64 1 1,811
Fractionation 770 535 - 40 2 1 1,348

25 vAEY 3, I 2d A% A4

2. Mgt EE AdS A =

7}. Plate ] u]A]

BAEFY A g, AE, 9d 7 F
(glucose 10g, veast extract lg, tryptone peptone 2g, beef extract lg, agar 17g, D.W 1L)%}

N
S

22 93t 33w} A)= Bennett’'s agar media

SWC agar media(sea salt 15g, tryptone bg, veast extract 3g, glycerol 3ml, agar 15g, D.W
IL)E 283t

v W39 GSS WA wdx
Starch soluble(Sigma) 1.5%, glucose(Difco) 1%, soybean meal(Sigma) 1%, yeast
extract(Difco) 0.5%, peptone(Difco) 0.25%, NaCl(Junsei) 0.05%, K2HPO4(Junsei) 0.025%,
CaCO3(Junsei) 0.2%, MgSO4.7H20(Junsei) 0.056%& A1&3ldon, Wiy 25+ 2658 T
AHEsE L, Az el webA 30=71A AREstith sl 871 18E A Eeksd, 5EY
}z} 200 ml, 1.5-2.0
Age nHlo|2A

Wiz @ QR wpsulAAle) 4elE BE7)E AHEEd, WAL 2
g, 8gHE Agddt. w8, AF AAS A cuAL A2

Antifoam-B (Sigma) 2.5 mi/L& A3},

o8 EE &S Foly] A MRz
71E2] GSS WA BT} wlek Al7FE TEE 7] 93

o
P
oX,
=
N
b
—
[
sl
==
B
il
2
-4
o
Ol
o
&

o} Zth; Malto dextrin(EY®) 25g, Soybean meal (Difco) 10g, Peptone (Difco)
2.5g, Yeast extract (Difco) 5g, K2HPO4 (Junsei) 0.25g, CaCO3 (Junsei) 2g, MgSO.7H20
(Junsei) 0.5g, sea salt (Sigma) 1g, Mg3(P04)2.8H20(Wako) 5g, Antifoam-B(Sigma)
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3. MEtEE AAES A £
7}. adg 3 55

o] B P AE Ha g wEgE Z2 ofAES L1 HUbete] 0% ol W%

FEotth wjA) AEE B FAE filter R LA EHN o AAz T 50% SfdEe A
< F&sto] rotary evaporatorel o3 &ujES AABIAT ol AE ©Al 1:19] olE ofAlH o]
E=z 3 Aot THEAA wE2d & REE Ho}

W FEetd &WEFS Rol w53}
=1 1A

Y. g5 Aegt Al 9 9
50 mg WA Hdl 200mgell dFste G L FEH4E Sampleto] FEA7IL 2 &
A 5L AgaA &vlE &438 A2AASY dry loadings RIS 13] 2ol 470¢]
ANRE FA o Zgd H&ste ¥8& AAEA . Samplet®] loading ¥ gradient £33
(E #2)o® s &9 WEHEES 5 T8t 2 AEF 50 m¥ 48709 tubeo]l £
ZA] on-line UVAEZ %

ol

& 35edr. 2] tube WS EE TLCE T3 ®4isty, &
g Rz et vjwatHA FARE 287 AFA/3 Urdoh TLC 2302 4
Fhell Al H7H&"  CHClxMeOH(90:10)9) 3o AT A
CHyCl:CH3COCH3:MeOH(70:20:10) A7/} &ml& A&t 3, o} StaingS &3l ZF spotE &<l
39t} (p-Anisaldehyde 5%, H2S04 5%, Acetic acid 25%, EtOH 875%). w8 4183 o
=ZHd2 [FLASH 12+M KP-Sil silica Cartridge] 2 Silica samplet, [FLASH 12+M C-18
Reverse Phase Cartridge] @ C-18 samplet2 Biotageol A TQ3dte] A&ttt 52 9
8 EFRUL U5y d-63 TSk

N
E"&
o
L
M
Jou
11{0

FU
Hr
i
-9rL‘
32
Kl

Efution condition, % Code
Hexane EtOAc MeQOH
100 0 0 A
80 20 0 B
60 40 0 C
40 60 0 D
0 100 0 E
0 80 20 F
0 50 50 G
0 0 100 H

6 vF At 299 x4

25

t}. Assay-ready plate A&}
Z}7) E-tubed] =" 2FL DMSOZE &vjz st 96-well®] mother plate® A
assay plate2 ®F39th o] FAHL HTS A9 59 Liquid handlerOE °©] &3l #5242
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2 Ao HF assay plated) F2 FEE 50ug/100-DMSO/well2 Z=A 3t}
plate 7}t aluminium sealing tape % polypropylene sealing tapes o] &3lo] 4% =73

49 By P PFS e

o 5

k3
T

nAEY] wYg, FaAA, BF EFo Agd 77le vd23 2u; 4-channel
purification system (FLASH Collector, QUAD UV™ Module, QUAD 12/25™ Cartridge
Module, QUAD™ Pump Module, BiotageA} #1%), Robotic Liquid Handling System
(MultiPROBE® PackardA} #1¥), HPLC (HP 1100 series, HPAD), SpeedVac(SPD111V,
Thermo SavantAl), Rotary evaporator (Prep& 2 43 EYELAA}, Air blower (£u]jAZ,
EYELAA}), Shaking incubator, Fermentor (MarubishiA}l)

4. &3 vgEES A4 FA 239y

TAE =2 238 dolEde 84S i, kI dAHeR dgddELS
2azdsy] AsM dgd 23 dAd LE8E WEEES FYstAh Ras Woldl 93t
AA nYPehe] T FLF ExFQA FuldHe] b= SPA-beadE o] & 2 Y 23
QAT P dleng R vegEge TEAS MAste T2 dFoR AMREATH
2329 hit ratio B AHELE 7FoE AYPF FHaAge] T840 S AT F 4

@, ¥z BogE 23 uoRE solnei: el I Fod ZEAEQ
PRL-39] Aafl4 @4 A @ o] #ad =g
cell-based 22239 zebra fishe] wo} 24, #PAAY Az A, FHEF o]
HTS & &34

-2, igg &5 DB #oF

1. del 82§ A

B ES HEHEEolE profilinge FHIEA AEFA d=d vERYoEES I
AMA dge g2 AEHez 1 +8 e/ln Ao AR 640F9] HAE 2 dElE
gtolES FHEtn dHolgwo]2(dB)3 AFoH, ol#F dBE 7lFoz MS/MS #elB g

£, HIo gt dEiggel Bausdelglel B dvatse]l #AS zude
flavonoid#& #Hste] dBE THath. F 417F9 flavonoidF & FHHI &AH O R
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2. FE710e} MERE dolnde Y4 S 9F LCMS/MSEATH

7 e 2 E v

Zkzbo]l vl glo]Ec] izt MS/MS gholBEz AAE Y% FFEHLS
Sigma-Aldrich Co. (St. Louis, MO, USA)Z%¥ Fujsgdd. LC-MS F3& 93 7+
metabolite®] %%+ 50% MeOHE o] &3t 27zt 1mg/mL B Z2AdGed, 20 ¥ C18 4

FR- Fhete] AU

Y. LC #3x4%4
HPLC <3S 93 f&g&rzs= 24 £vid DW (Ed A /71 &9
acetonitrile (€0 B)el 2+7zt 0.1% formic acidE FH7}sto] ALgs¥ o HgEeo|Ee &5

2L 29-83% 2

2. MS/MS £~ Eq ojnyze 53 AAM

gdrd WEgEE S F, source, molecular weight, formula, activity?] AR & X &3}
dolE Mol A~ FEata, F5HE dojguoj~e &S 7FoE 7zt wEetEdo B
3 MS/MS ~#E3S Qual Browser 9 NIST mass spectral search program (version
0, FairCom Co., USA) AXZEo]E o]&3te] A#E golBggdE =39 MS/MS
HEedy AML  Xcalibur data system (version 1.4 SR1, Thermo Electron Co., USA)& A}

=2
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=3, WE A A veEE Fof

1. WletAl s gojB e A7}

el gtolBd e A&S A EG AES AUIE B FEYY A EGS A
Hstdek AAd ESCZHE 2mm 2o & 4 g AASG H AfF=
WHog BEYgOZHEE DNAE FE39t 5531 %)+ humic acid, pulvic
acid®} 22 E-EE5L H2d=E AHrg 5o 95 Xﬂﬁtﬁﬂiw E% DNAE AAstA
BAE EY DNAT YA 05% low-melting o}7t2 2o A7]g5 S stox] 25 kb o]
a719 DNA‘E’J Adslg. Ad¥dH DNAS EpicentreAl¢] EPIFos Fosmid library
Abgsto] wlEAE gtolB el E FEI AT .

)
Z
o=
=2
il

2.PCR % 2 &84
PKS &2 A¥E 9% PCRE ©ulx9 Perkin-Elmerrtel GeneAmp PCR system
97005 01%5‘}04 AYdE T 7] AZE dEgAls gdolreige 28 FdA Foi
U]= DNAE FZ35t9 o] PCRE 93 8 DNAZ At&stc. Zetelrie o2 B4
A9 type I PKSol €31+ ketoacyl synthase?] conserved active domaing 7] %2 A
2R st 1-sense 5 -CCSCAGSAQOACSTSTTSCTSGA 33 setl-anfisense 5/ -GTSOCSGTSOOGIGSGISTCIA-S
E ARSI (D). 2 plojeUor ] AccuPower PCR premixe] Z#4n= DNA (100-300
ng)¢ Zetol (10 pmole)E Wi opEel ZE oA wkEE AT 95TAlA 153t
inial denaturationsS 3+ & 95T A 122t denaturation, 65 Col 4 1¥7F hybridization, 72°C
ol A 183t extensiond] #HAE 300 HE 533 & 72T A 1087 final extensiong
dstatt. FEH oF 700 bp 279 AEL Q-bioAte Geneclean turbo kitE ©] &3ty A
Akl pGEM-T easy vectorel 22 st} AlAdE 9383

3. Colony hybridization =323

PCRE %3l A¥3® PKS I-positive % #o]A PKS I genesS 7I3 S£5 M3
71 913+ colony hybridization ¥ & AF&39th. Colony hybridization®] AF8-3 probe A2}t
S st PKS I-positive 8 ZdA ZgAv= DNAE %3 F set I-sense, set
I-antisense Zetojm & o] &3t PCR ¥Hg& Fazdth F%9 AHE-E Rochertel DIG
high prime DNA labeling kitZ ©]-&3} labeling3}o] probeo 2 AFE3l3 . PKS I-positive
2 Z9 717+o) FES 25 ug/ml %9 chloramphenicole] EojE LB vix|o] H3 v
SHA T AGe AV 2 Ag Z2EYEL nylon membrane & %21$ denaturation £ (0.5
M NaOH, 1.5 M NaCl), neutralization €< (1.5 M NaCl, 1.0 M Tris-HCl, pH 7.4), 2X SSC
(0,3 M NaCl, 30 mM sodium citrate, pH 7.0)2 Z+Z} #2359 nylon membrane¥ o] DNAS
UZEA1Z1 5 UV-cross linkerg ©]€39 DNAE membraneo] LAAAT HNEEEES A
7A3t7] A8t proteinase K (>30 U/mDE 37ColA 1A A& s olEA wHEox
membrane®] RocheAl?] DIG Easy Hyb &8 o]&3to 42TCdA  2AF &<
prehybridization ¥F-&S A7 ¥ DIG-labeled PCR product® probe® ¥olA 42TolA 1247+
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%ot hybridization ¥-&& A7t} Hybridization ¥-33°l membrane$ low stringency wash
buffer (2X SSC, 0.1 % SDS)$} high stringency wash buffer (0.1X SSC, 0.1% SDS)2 2442+
= wA =g 39t AHF Rocherte) NBT/BCIP £A4& o] §3te] dAukgS AAXM
DIG-labeled probe$} target Abol¢] hybridizationd AlZt& o2 #Zs3dTh

4. DNA AE8 24

PKS §Az ARE 3elstr] 918 DNA A48 #A4-2 w59 National Center for
Biotechnology Information®] BLAST =Z22% (2)% <X National Institute of
Immunology®] SEARCHPKS Z21d (3)& o]&8th Adx didd=s HdsMc
ClustalX Z21d8& o] &34t}

Al 24 A4 43
1-1 Fraction "€} &8& ¥ of

1. 138 Ao g
nAE gy A JlEL, 34
oz ARG E, AL gMte] A s Fad vAdE AU FATA AFE
3

2 AFA se BAE ALY 53 A&

3t wjg, 28 AL/ Ys R 19 AT FAE 3442F ol AA wdE
Z3d e 2263%0 ol2u, o|Fd WP 540 detd 1,64FL HEEES AdE 9
A -70% B B F5E FRIQT, R} FF F 1306F 2 AAZ HEHEEY B
< 93 wjkod ko] FLHAT} 7€ cyanobacteris, £EF, £gZE A, T3] 4¥E &
RIQon 3 AAATL T 03 BEAYogA AR FAA AT 718d
2 A0 1009ES AP0 FLa4. 39, dnd FFE HBuA AN ASEHE
A8 olnx 2 dB3t 3t APAH L TF FAL A A8 HAsich. AT o|vjA dB
(22-3)9 AAANTY dB(2E-4)E AR otefo] FASAT 24 192 Al A o] HE)
7 WD) TASE Aoz dHe ¥4 % dwry #F 4@E vEhiiv, SdE M4
Aol 9|3 FHMo] 7 A Z FAHUT
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172517 b

[22518-b

122520-b

172521-b

122530-b

122531-b

122533-b

172534-b

172536-b

172537-b

172539-b

172540-b

o
Ho
=
oZ
rx
=k
o
o
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mx1015-f

mx1055-1

mx1055-b

mx1145-f

mx1145-b

mxlO-f

mx1210-b

mx1270-f

mx1270

mx1280~f  mx1280-b

mx1296-f

“mx1300-f

mx1305-f

mx1305-b

mx1310-1

mx1316-f

mx1330-f

mx1330-b

mx1324-b

mx1334-f mx1334-b

mx1346-f

mx1346-b

mx1347-f

mx1351-f

mx1354-f

mx1354-b

| mx1365-f

| mx1380-f mx1380-b |
Y 4. EEF 2288 A3 988 sl AR FaAolA e A& o]u]A
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2. AL WegB2E2Wa B0 AF/A HFA T&
s

E golBelaly T2 F§ FRE 2opdeln], weba o Ao
A W Eeol HTSY AL 4 9 "HTS-compatible and assay-ready format”e] ¥z -
Zo) Bastglth HIS 288 stolnede &%, 4ol 9614 7122 one by onedd
o 7pE MAE AR ¥ PR Z2ESE 282 it mEA] g5 FdRAM F
gefojueiele] BAZNAE Sz B BRA Belst Dadel, B A 449 4¥WL
B 47| A4E TRAT. AL, Ty YepAye 54 dolneez 28 7
AE 23 veZg Wa 29 MFEREe, s B oy AE 2% F HA=S A9
SHER golry FHo Bad Y nd 29, AAEY AF7] #AH QAT 2 F
Sict. vlAlE B3 vERE goluele BAe AAMAA HAL obge F-73 govl, AF
7) #Ele 23 B3 vg2E 249 s 2AYAE a vAE sd SA% b OdFEH 9
Sgom AW BB ALFE AT Zundy SAAL O F A0
Step Treatment Time
Collection, culture | Flask culture (200 m¢), Fermentor 7 days
Acetone, Rotary evaporator 40 min
Single solvent Collected Ethvl acetate part 20 min
extraction Collected MeOH part, SpeedVac. (grouping, concentration, 4 hrs
weighing)
Samplet preparation (adsorption, dry) 4 hr

Application on QUAD system
(Dlnstalled 4 columns (silica or C18)
Fractionation @Wash/warm up

(4-channel system)| @Samplet loading 2 hrs
@Elution, continuous gradient solvent condition (5 min for
1 step fractions)

BWashed out with MeOH
Application TLC/UV_detector_for pre-profiling to fractions

. Grouping the fractions and concentration (rotary
Pre-profiling 6 hrs
evaporator) 1 hr
Collected into 10 mf tube and concentration (Speed Vac)
.. Sample dry in E-tube 3 hr
Weigh . .
c1ghing Weighing 5 min
dB_input, scanner | Numbering, Documentation 1 hr

E7 28 vuaEd A4 A5

A7) #A4E 3PS S99 B4 Bt &y
v FE<00 vlE 2 AA e EMEE%EFE A A o] “5151 2 7Hﬁ% o] & WrH Folt},
B gu F22E9 A4S JAHE BEEd AW WA SPRxo=, FHEAE
Flashs 2% 9 8% a4 AAsAG. =3 glojBeje 2 F8€& xo|7] 93, T4 4
7HA NE At bee dsEds 31%5}213(1%‘5) —)F‘E“j’ 7W€] fraction collector A& &

FERAE GE, 153 5

H
i
1K
t
Hﬂ
:0.;
k1
me
ol
2
BN
N

5317 938} multi-pin air blowe

Aot
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Soluble starch 10
Zoms . . . . . : Glucose 20
Microbial strain from indigenous sources: WO diversity Soybean meal 25
A Beef extract )
KW T _ Yeast extract 4
Culture in ﬁ%k scale: Metabolic diversity NaCl 2
~m K2HPO4 0.25
- o CaC03 2 g/L
Single solvent extract, pH7.2 / 200mt
(acetone/hexane/EtOACY:.

4 channel flash purification system:
Fractionation Diversity

ré"'oigggted sample fraction from silica/C18

250nm
Sy - G172 Pre-profilifigiby UV detector & TLC
T0x Gy
- B l Sample concentrat 6‘%\_%* weighirg
1 2 3 4 5 6

| dB input/ E-tube, wall platellabeling(MML) |

l Storage in freezer l

[ Screening |

a9 5. vl E fraction WEMEE glolB g WA AA

=R AYLE v ZHg o83 uE ¥ Aotk 50ml tube 487ME VEow B
= FAZeT, FRE, TLC 499 4 247 ARFsE 229998 SR8t
H-6)
1 .

House air, 30 psi

Culturé ex}ra&;}

Mobile phase

Samplet

Multi-channel cartridges

Analysis by TLC and UV detector

Multi-channel UV detector
. pre-profiling tool

o

e

1¥-6. Four~Channel QUAD purification system
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=

] ¥3td mycotoxin

lead compound 43 o]
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PRL-3 assay

—@— Myxo0l1075
—@— Myxoll05

100

]

T T L T
(=] (=] o (=]
© « o~

80

(101u02 30 %) £-Taid JO UOIQIYu]

-20

10

0.1

Conc. (ug/mL)

¥ 7. PRL-3 238 Ad &A

Bojs AT vetEF
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=
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5. AE B3 veBFe 97}

Fx 2=3Y A PTPIBE vlE3te VHR (cell cycle), hypoxic ischemia, HT29(F
%), HDAC/HAT(ZE ¢}), PRL-3(do)E iAoz 538 vegZE gol=gg 12 plate, 960
hel ol e)s A &ste] Z+zte] hit ratios FAFSITHIE-9). 4ol Ay Ao &

o} ¥hES Mol hito] M Holx e AL UAL, oWl AL¢E 10%0)Ae] hite® A
deo] AL AL AR 23 EFENME 5% W R hite] viyo] Wb go] ZolR
= €7 AUMNE-10). 2y il 23 A 1-2%9) hitS YERo], AR 28

) = 57 =L &
ole cebeln wadqe 2498 rdee o & A

)
e
z
A%
s Ez
N

Screening with the 1t Lot of Metabolome Library

80ca /96 well format, Smg/m)-DMSO well /10ul

Bioactive Hits

Plate No. PTP 1B VHR Hypoxic HT29 HDAC/HAT PRL-3
{Diabetes) (Cell cycle) Ischemia (Tumor) {(Cancer) {Mectastasis)
1 8 2 - - 2
2 9 3 5 - 1
3 6 5 1 2
4 8 8 1 1
5 1 4 -
6 8 6 2 - 1
7 6 4 4 1
8 10 5 3 3 1
9 8 2 7 1
10 15 7 3 -
11 8 7 3
12 19 2 2 - 3
Hit ratio 11.04 % 229 % 1.35 % 2.08 % 1.16 % 0 %

¥ 9. 1st lot B|AE BE g2 232y AL,

Bioactive HITs

Plate NO. PTP 1B VHR Migration
(Diabetes) (Cell cycle) (cell migration)
13 12 - -
14 7 - -
15 1 - -
16 7 - -
17 - - -
18 2 - -
19 3 1 -
20 8 1 -
21 7 -
22 - - : -
23 1 - -
24 1 - 2
Hit rate 5.104% 0.208% 0.208%

10, 2nd lot U4 E 3 deprge] 2wy 44,
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6. 77| NABE E}OIHE]EI 37t
g, U]/@E HEEEE 2YFES X 35802 e dd 2349 Holny
2 olg ool NPT HTS ARE =942 °

rOl
it

A HEEE 5 ?3% FE JAR By G Holnge g PN E B8E
N & ctolBelgd gk FRARE IgAFgoaH FH ghojHeed A % YT ol
Hejele] FEo] 8% £ g Zojh. olyd W wEt &Y FE FeolBYYE
proton NMRE& &3 &2lssla, kot B2 Ao v AAge] & As &I
AATHILH-8). Z+E "AE A F 1226100 =

B3 oo (29 #FZ, chemical shift 4 2 7
F 4, 7F 4L #FA2de gholr

A FFHogE X 7|9y nAE vEEE 2ol

e g Hag By o]F oz AX

o 4848 RA5AT oI 7
El 7

1Z 2610-3

iZ2610"agar plate

n] A& vl & QUAD purification system©. = 233 B8 & st #+x 7jute] &
I8 Zzadsy BALS 9 H'-NMRL o|43t929, druggable compound® JAA &
g A, Avgdozn AdA vieE FEIAT, FEREN FET RS 4o 4
T TEREA ZIHE o839 1 FH3FES Bk A4 BAAd AgE AAL oy 1
H¥-9¢} o} (HPLC, HP , J'sphere ODS-H80 ; 250X20mm 1D.; MeOH ; Water =85:15 ;

Flow rate = 4ml/min).
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1Z2610(2L)

L Si0, Column L
Hexane:EtOAc=40:60 Hexane:étOAc=20:80 EtOAc=100
1Z 2610/A 1Z 2610/B
! 1
HPLC HPLC
L I
1Z2610/B-H1
1Z2610/A-H1 122610/A-H2 (28mg)
(16mg) (41mg)
Analysis

a8 9, Fxz|bMbe g Felgt 2610 dEfE =9 A FoaA

$ 718" Hexane, Ethyl acetateZ ©]€3to] crude extract® column 3tH o™, °olF
Ethyl aceate 100%2 &% B EL TLCE pre-profilingdte] 122610/A3} 1Z2610/B= 72U
o} olg@A uU¥rol dojz  compound®E HPLCE o] &3dte] 1Z2610/A-HI, [72610/A-HZ,
172610/B-H1 ¢} 3 compound® 22 4 At} o] 3 compound?] ¥4} H'-NMReIA oh&
o 2e A7E 4g 5 AR=E(LF-10), ol 5 FFEL  ActinomycinesAlE e 722 W3

AT

2610/A-H2

2610/B-H1

o JE
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Sar. Sar !
PatahN Patah Sar Sar.
Tm Me-Val  Prd Me-Val Pl S Me-Val ;{,{ \I\fie‘v‘;i
D-Val O D-Val 0 D-Val O D-Val
N/ N N/ N
Ne=0 o=¢c" Ne=0 o=¢"
N NH, N NH,
~ ~
O ¢ H:N (& O
CH_; CH3 CH} CH;

Actionmycin D 7-amino Actinomycin D

NMR Z34E 7|Foz Add +5o gt ve2 e 4EAHS dAAn. &=, 1
H-11A8 F 7F2 GHEFE o] &3 HAESAH 23 oA Ao HELH 1722610 HEHE
F FEE 01 pg/my 52 GMEF AL Adste AL HoFdvHanticancer

M

activity; Glso on SW620, colon and MDA-MB-231, breast cance cells).

SW620 MDA-MB-231

100 A 100 4

80 80

60 4 60

40 1 40 |
20 A 20 4 \}\(

01 —@— 1722610/38/B HPLC 1 —@— 12261D/38/B HPLC
—(O— 2610/38/H1 a —O— 2610/38/H1
-20 4 —y— 2010/38/H2 & 20 —w— 2010/38/H2
: r e ¥ r T r r .
01 s = 0.001 - ] .
0.001 . 0.1 1 =S 0.1 1
Conc.(ug/mL) g Conc.(ug/mL)

a9 11. 1Z2610 showed anticancer activity (GI50 value) on SW620(colon) and MDA-MB-231(

breast cancer) cells

53, NMR 7]%‘—3& A'BE T} 5727 Streptomyces griseus$} 7] Y B 2754 ]
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122610
t Streptomyces griseus KCTC 90807 (M76388)

Streptomyces caviscabies ATCC 519287 (AF112160)

Streptomyces setonii ATCC 254977 (D63872)

122878

'— Streptomyces flavogriseus DSM 403237 (AJ494864)
Streptomyces peucetius JCM 99207 (AB0O45887)

Streptomyces bikiniensis DSM 405817 (X79851)

122549
T Streptomyces argenteolus JCM 46237 (AB045872)

Streptomyces venezuelae JCM 45267 (AB045890)
Streptomyces psedovenezuelae ISP 52127 (AJ399481)
ﬁ; Streptomyces resistomycificus DSM 401337 (AJ3109286)

Slreptomyces galilaeus JCM 47577 (AB045878)

T Streptomyces cyaneus DSM 401087 (AJ310927)
L Streptomyces galbus DSM 400897 (X79852)
Streptomyces echinatus ISP 50137 (AJ399465)
Stieptomyces clavuligerus JCM 47107 (AB045869)

S!feptomyces lavendulae IFO 127897 (D85116)
St/eptomyces subrutilus DSM 404457 (X80825)
Streptomyces virginiae IFO 37297 (D85119)

1% 12. Phylogenetic tree based on 16S rDNA sequences showing the
positions of 122610 ,1Z2549 and 122878 and the representatives of some

Streptomyces species.

7. VM AE 23 vegdFo 5% & §

AF714 Stoluee] A WEo] o] 5xlalel AA 8645709 TolBE WA
o]l 42} x 12 plate x 80 = 3,840 well (4,486%-8)2] ol ejg)s} 9% A7 oA FAHYT

AEAY AFEFE 13009AZ 5 F o 700 Balo] FuHASE % 4 JATHE-11),

Step No. of species No. of fractionations
1st lot (Mar. 2003) 1 - 455 1- 3,016
2nd lot (Nov. 2003) 456 - 681 3,017 - 4,566
3rd lot (May 2004) 682 - 892 4,567 - 5,692
4th lot (Dec. 2004) 893 - 1,101 5,693 - 6,824
5th lot (April. 2005) 1,102 - 1,298 6,825 - 8,645

£ 11 #9 HwegEE golude ds

Me

2003358 F 2339 Fdo] dNom(£-12), ¥ FH fraction MEIEEFS £UE
s 4zt iﬂa]‘a“’ﬂ AL, hit 2o wWE F& APE AN AT B gF
A=s AL steid)e A dFEeAHe] d¥AY 2 copy plateE P}

& 54 9] phenotype-based assay Al

lzer ol Fojsigich m=e AR(A) AEY)

2H Az of



g5t VIR WERE ol 144 1w 33 Axeted T2 T8k T
v A0 oo wer dool, PobA ol sadd A

A &= A
25718 4 ga - Splate# screening %%
Skt A stA A (Dr. A) #1~24 phosphatase inhibitor screening
St A 3-8k 91 (Dr. B) #1~12 caspase@A
= statd T #1~12 sotd 7 71E
= F AT ADr. O #1~12 oA screening(2¥ )
o 77+E 8 o) (Dr. D) o1z R ARAES A7)
= E3 screening
GRUNBAATAONL B g-1p  on mevalomatest PROIER W

A 23 target
HDAC 2 HATAHSI Al & (histone
acetylation®#)

?
SFAFLATAONL ) #1~12
__rL

AMr. Q) #1~24 cell migration

AN (Dr. H) #1~12

Non-mevalonate$} [PPo]&gt &

A target

F=stotaT Y #1~36 getd T 7"

A HFeAdF YA (Dr. E) #1~36

A&d Or. D #1~48 H 9 leadE 2 screening

X 12, 8 vgEF gojngee ¥
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20053 5€¢ dAAZEA 1000F ©)4e dvElEetolEE #FRsIYa, ol wigh o]
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19 137. Flavonoid#<

o] ~
£ 3], flavonoid# ¢ dBoll= LC-MS 23 § dojx velEelo]EQ o]&3 5
Asly LC £8xAdAe nFEXTH (retentlon time)d S ABRE Fes11 glo] FF H
ek Al 522 Z2te vElEgolEES F g 2& ARE AFsai
2. MS/MS ~HEq Az HA 3}
gkt FxF ARE $3¢E= MS/MS ~HEHS A79siA o|u] normalized
collision energy technology ¢ wideband activation technology”} B ¥ QcH1-2]. o] 39
ZolES Ma AAAAQE MS/MS ~HE" AHZASE o

Me FERA0E d4d HegE

T T
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sy e G :
0, name.: Adipamide iname s 900 elssEnawvostadecannis asid
class : . P [ class.: e
@ Fonree L grean alga Rhlzoclonium kieroglyphicym /\ goures : Cronsriivum tusiforme
I S VAP L A MW | PIRAES
Foarmula : CBHIZNSOZ A Formuls . CI18H3A03
Antivity ‘\, {\ Activity :
amount : [ \- 7 amount
30 namea : N-ettiviarthraniic acid ZBO IR 1 MMISITS nams oA Aruoeedinic scid
class clags :
1 source - magine Streptomyvees sp, B 7743 o source . Cephalosporium e,
ran MM 151,168 CC TN N AL oy AW B 8T
i Farmuis 1 CBHANGR I T Eocruln : CEHITNGS
Agtivity, " " Apbivite
amaunt : amount
name : 35 Dibromo-athedeosybanzaldeted 265 110D MMIBISY name : arResgrowiie, acid
ng (ST o Glags 3
souIcE o red Blue Folvsiphonis snhaerocamay source : Covhlioholus Iunata
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3449 49 28 4
Colony hybridizationo] <3t Ad® 4709 8¢ e s Z2lxulz DNAC =27]

H] 2, BamHI-restiriction profile, PCR confirmationg 333t (213 4).
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2% 4 HE 42" 40 2ed g B4

18 49 Bo A&} o], AE 4709 F£ ¢ BamHI-restriction profiles©] Z+7] Th&
RoeZ Rol o5 247 M2 U insertE 7FX 3 ok Eg 19 49 ColA FHd PCR
288 pGEM-T easy vectorol] z}zb 243l Ald2 £4& 3 27 (29 5 AEd 44
o] FE8E ZZ PKS4= Nostoc punctiforme PCC73102  polyketide synthase gene

(226-amino-acid[aa] alignment; GenBank accession number ZP_00110270.1)3} 62% identity,
PKS112 Lyngbya majuscula Curl gene (225-aa alignment; GenBank accession number
AAT70104.1)¢F  60% identity, ; PKS202 Nostoc sp. strain PCC7120 polyketide synthase
gene (224-aa alignment; GenBank accession number AI2140)9} 53% identity, PKS36-<&
Stigmatella aurantiaca MtaD gene (228-aa alignment; GenBank accession number
AAF19812.1)%} 63% identity®] ¥& identity® 7S ¢ + AUTh
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amino acid sequences
of set 1-sense primer

pfam00109 1 [POORLALEAAWEALEDAGIDPASLEGSDRTGVFIGSGSGDYEELQALDSGGGPRRVSPY - 60

PKS4 POORLLLECSWAALE-AGYDPERYPGAV--GVFAGARMSWYLMN-VY SHPELVRAVGDLT

PKS11 POORVFLEVCWEALENAGQS-GDVYGSS-TGVFAGVCSFDYAGLK- FASNR-QQATIDPY ~

PKS20 POORLFLEVTHDALEDGGITRAELQRSN-VGVFT GAGSSDYMS---LDSGH-KEHVDGY -

PKS36 POORLFLECAWEALEDAACVPESFRGLI --GVFAGSGFCRYLLNNLATNPDLLPKLGDLQ
****: * % * k% .. * Kk k Kk * T,

pfam00109 61 GTGAWMPSVAAGRISYRLGLRGPSVTVDTACSSSLVALHAAVRSIPPGECDLALAGGVEA 120

PKS4 AQIANDKDYLATRVSYKLNLGGPSVTVQTACSTALVATHMACQALLSGECDIALAGGVAV

PKS11 FATGNAICAVSGRTSYVLGLKGPSLSIDTACSSSIVSVHYACQOSLRNRECDMALAGGVNL

PKS20 YGIGNSHNLLAGRISYFLNLKGPSLAIDTACSSSITALHFAVQSLRQGEIDLAIVGGVNI

PKS36 IATIGNERDSLCSMVSYKLDLRGPSLAVQTFCSTSLVAVHLACQSLVNFECDVALAGGVAT

* * *.* ***::::* **:::_: * * s * *:*:.***

pfam00109 121 PLTPGGFAGFSAAGALLSPDGPCKAFDPFADGEFVRGEGVGAVLLKELSEAY~=-—~~—— AV 180

PKS4 RLP-DYGYVFRQSD-INSPDGHVRAFDAGAQGT I FGNGMGAVVLKRLADALADGDTVRAV

PKS11 LLTPELSICFSQAG-MLSPEGRCRTFDARANGYVRSEGCGVVVLKRLSDAIAAGDNVIAL

PKS20 IVSPDLTLAFSQAK-MLSPSGRCKTFSADADGYGRAEGVGVIVVRCVADEDLEHHAIRCE

PKS36 DLPOQEKGYLFTPGG-VLSPDGCCRTFDAEAQGSIMGNGVAIVTLKRLEDAIADRDPIRAV
: * . HE HEH I N A A

pfam00109 181 IAGSAVNHDGAAHNGLTAPNGPAQARAIRAALADAGLDPEDVDYVEAHGTG|231

PKS4 VKGSAVTNDGSQKVGYTAPGVDGQYRVIRAALATAEVAPESVSYIETHGTG

PKS11 IRGSAVNODGPS-GGLTVPSGPAQEDVI—————————— PADVSYIPTHGTG

PKS20 VTATAVNQDGRS~-NGIAAPNGNSQVRVIRAALDRAGLSPANIAYLDTHGTG

PKS36 IRGSAINNDGVQOKVGYTAPGLDGQAAVIAQALGSAGVDPGTVTYIETHGTG

:*:_:** * :.*. .* '* * . *:::****
amino acid sequences
of set 1-antisense primer
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