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x)3+o]| WE double perovskite?] Hall effect 4 QT
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2 9 : Hall effect 4 AHES AAslaL AZFste], X3k w}& double perovskite Sri.9Aoi1FeMoOs
(A= Ca, La, Ba, K) tbdA Al59 Hall A5E 53300tk La® 9k Ca® o] X3¥ Al&°] Hall
AdE 29 #e=, Ba® 9 Kol X35 Al89 Hall AFE 49 #goez 247 yewn. 49
& 2= A5 E hole dopingdll 2% p-typedS, &9 #& ZE AlE+= electron dopingdll <%

n-type9< & 4 AU
1. A&
A7 Woll A Astrl 2ol ZAlzo] WMzS wZ+F 3 (Lorentz Force)9|
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A ol= A3l 2838+ Lorentz Forcet
F, =—-qvB (2)
7F A (D3 (9] F o] HPS o]FER
gE, =qvB (3)
olth. g AF FAE d, F& b 1L HolE cpal ¥ HF I =
I =ngvdb 4)
olth. AAlel A= At V=Eb oln= FAHHE I, B, VEFEH ns 7+ F
ATk EZ V=vdb olmR o5 (Dol Y, vE 278t ng ek vsdt
Fag=
n:qld—BV (5)
oA71M ne e grolojof stE®, o]RFEH qf FIE AAT F JdoH, Ve
Algel S 7lEe® dto] ofgf Wl A= Astolt. A (5)2H-E Hall
Al
R L
IB ng
= 25 T doH, Ry Hdakxwrate] F7 e o] &Hrh. 3 Hall 4%}
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Y 2o yEhd A} o] double perovskite AsFeMoOg 732 Al 9
A= Ba®, Sr*f, Ca® o ol&ubAol] uwel ATz 7t A A

HAH[1]. Ba®"¢ #H9$ cubic T, Sy Ca¥E= 77 tetragonal®



28] u}bE double perovskite? Hall effect 54 A

orthorhombic +3%Z 7}Zt}. Double perovskite AsFeMoOgollA AAE] S A
2|83t ¢ carrier doping, anti site(AS)9] =7}, A A7) W3R <l
T24 @9l o8& 7.F 9&S Wit Navarros Sr?t Agle] o] 2ukAo]
H] 223k Ca? 9} La®* & #3838t SryoCaFeMoOs®t Sro-LaFeMoOgE THEo0] A

7.0l ®sts SAT. SHAY ASH A =7 8]le] #& A carrier
dopinge] 7. F7Fe] HAA dlolgtar Hueklvh[2]. BasFeMoOs (BFMO)
A& Ba® Aol KY 4 La¥e FEEAFEL BFMO cubicTEE
AN s o] 2NHE S WStAIZIAL AR BElE W skAIXIY. BKFMO9]
A5 Ba®el Kol o]2wtd oyt Hol Axt 4ol WEE 17 A
AR, 7.9 & #avh Aok 2Ey BLEMOS A$- La¥t 7= Q)
W oleutAoel 7astm TF Z7betgdti(3]. BKEMOOIA 7.9 749}
BLEMO®I A &] 7.9 S7h= o] whe] Wsto] wpg 32 20K carrier
doping®] &¥E E 4 Ut} oo B =FAE SrFeMoOgs (SFMO) Al &9
Sr#* Aol o] 2ubo] w523k Ca* 9} La™, Ba® 9 K& 247} X &3k A8
Hall A& =A3}o] carrier doping® &37} electron X holed wWE

An kg WA S,

o
o0

2. Hall effect measurement system®] 77

1% 32 Hall effect measurement system® A4l 448 UeERd Aolth
713 A4 4 inch® electromagnet® Lake Shore model 647 power
supplyE o] &3l th A2 54 Al sample carde Lake Shore model 75013
Abg3tg Tt Hall effect switch card® Keithley model 7065% AF&3FSi T,
Voltagex= ] 7VY Keithley model 20002 Z=A3tgGtt. 183 current
sourcex= H o 100mA, FH4 500fA¢] Keithley model 220 A}g&3F%T}.
Resistance range: ol 200 GQ, 24 1600 mQ =& 40 mQO 2, current
metert Keithley model 4852 A}&3}3th. Gauss metert Lake Shore model

450< A3ttt



3. AEAZR 2 Ay
D A &A=

Sra-xAsFeMo0s®] THEA Als= AAFHT-EH O R A =5kt Srol A(A=
La, Ca, Ba, K)& x=0.19 H]&= X 3sto] ZFabdrh. SrC03(99.99%)
Fep03(99.99%) 1831 Mo03(99.99%)°] 7t #EEo  Las03(99.99%),
CaC05(95.99%), BaC03(99.99%), K2C05(99.99%)< Z+7Z} Sr : A @ Fe : Mo =
1.9 :01 11 ¢ H& 3g A%7F HE=s Azt vlefds o]&3ho
- ZmEA A Zdolrd E3E BdS AlOs crucibleo] ®ol AE 2=
Zdol 7hsg H7|Ee Yol stAAZT HAVIEe 2EE 900 °CE frA
AZIH A w) 24A17F mit} crucibles 7AW THA] mhefrdbs o] &ato] AaL Tk
S A vbESATE 18] al tube A 7|20 Ho(5%)/Ar gasE ¢ FHA
900 °Cell Al oF 4AZF A= AAeqith. o] £3kd s X229 8mm EUHE
o] g3sle] F7A 2mm AEY pelletS 2708 wEJTE o] pelletES ALO;
boatol] Hol gasE: EH=E F Y+ tube HA7IEANA Ha(5%)/Ar gasE
E#FAA 1100 °CollA] 5A17F A% 2Z3te] 4717 A28 A28t}

=l

A ARE A or Zepd 4 2AMY 2o gold wireg ©] 835}
Sl F S 2 sample cardd F-#8lth AlgRel| oz oF 2000 Oseo] A7 HS
3L ¢F 100 ~ -100 pA¢ fixed current® ZSA3ATE UF-o A&
SAst7] s 24 RAgAdA AR A4S Rorzi=Vae/la, Rizas=Vas/ly,
Ra2.41=Va1/Is2, Rog1a= Via / I23, Ras12= Viz / iz, Raa21= Va1 / Iss, Ruas= Vaz /

Lis, Ru132= Vs /Iy A2 AFE S8 FHA ALS 5435}

ot
)
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B3 to] Hall effect® =43+ Axfoltt. =4 ZA37} standard sampled]

o AF=E #4915 g Sro-

AFeMo0sd T2 A 859 Hall effects =43 273 #F 20 veAch
Hall effect S 25 ¥ ¢ Hall A5 #oZ25EH A=

Z n-type 217} hole doping®l W& p-type U718 AAIT 4= Y} La 9

Ca®* o] doping® A& Hall A5 &9 #oz, Ba®9 K'"e] doping®

AlEe] Hall Al g ghoe= 247 yepsdeh o @& 2= AlE+ hole

doping®ll 23+ p-typed S, &9 IS Zt= AR T electron doping®l] 23 n-

7} electron doping®l|

typed S & 4 AATH

FAAEF
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I(—l
l th!\mv E
@' e WJ ;
\— fnstrument Console .
|3 y
3 |13 AI 3
j—i—samplemdule
19 3. Hall effect mesurement system® 7| &%,
¥ 1. ITO A &9 Hall effect 4 A},
Sampl I B I;If?lli ot Resistivity Mobility Conductivity
ampie coetiere [Qcm] [cm?/Vs] [1/Qcm]
[m?/C]
Standard
(ITO) data 2.114E-2 5.299E-4 3.989E+ 1 1.887E+3
0.1mA 0.5T
ITO &4 -1.909E-2 5.298E-4 3.603E+1 1.888E+ 3
¥ 2. Sro-xAFeMo0se] tH2aA A &E9] Hall effect =4 A7},
Hall Resistivit Mobilit Conductivit
Sample I B coefficient ! Y 9 v Y
9 [Qcm] [cm®/Vs] [1/Qcm]
[m*/C]
SCFMO -3.685E-1 2.228E-1 1.654E+0 4.488E+0
SLFMO -1.413E+1 2.587E+1 5.464E-1 3.866E-2
100pA | 0.2T
SBFMO 1.895E+1 2.692E+0 7.037E+0 3.714E-1
SKFMO 2.926E+0 4.233E-4 6.911E+3 2.362E+ 3
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S—adenosyl-L-methionine2] #}ZF2+S = AMEF P. pastoris w71

S-adenosyl-L-methionine® I ZFAWLAE 3=
ANz P. pastoris TF N

A4S, o @

2 °F : S-adenosyl-L-methionine(SAMe)o] & A|3o] FA3l= natural substance® S+ amino
acidQl L-methionine®] metaboliteZ4 3-9¢-&F AR A 2 7HE3 N5 HEZAZ Bo] 2o]al 9]
£ E4dolt} o]# 3 SAMeE 1AAFEH7] f5le] SAMeE WHEojU= &4:¢1 SAM synthetase2 -
AAE  cloningsta 2&3FAT o] FAAES methylotrophic yeastél P. pastoris®] genome®ll
integrations - &3dle] SAMeo] AAS F2ldgdch. T3 SAM  synthetase29] substrate$l
methionines #7}8le] SAMe2l A4t#Eo] B& F7lste AL sy

2t

o

I. A&

)

S-adenosyl-L-methionine(SAMe)o] & A| X F£A|d}= natural substance® Z

4= amino acid®! L-methionine®] direct metabolite®] t}H(Fig. 1). ¢] &2 oF 40

A9l AU st wkge] #olstE Aoz dHA Un. dE EW AEE
antioxidant9] glutathione #Z2 Sulfur 3 =2 TFH ol cell WH X =34t
B37|%5S 33}t =3 dopamine®|Y serotonin 53 T2 AAALGER F
AA T4 E49 gAo 42l AW methyl group donorg4 &S 433

tH2,5).

NH,
N
N& \ﬁ
K\ | N
N

CH,
|
~OOCCHCH,CHy—S+—CH;
NH, (§1

H OH

Figure 1. chemical structure of S—Adenosyl-L-methionine

g solvlgha 8] Ao slate] o] Foizl A9,
2 G| toj o) ot al Ao}



£ 3] SAMe+ dopamine®] Y} serotonin®] #&& E#|35A Y receptor molecule
o AAE THEst AlA FE&F hAMe we T8 JTS FAsHH,
anti-inflammatory 71 7FA3 lojA #-AA S AFEE o] A 5 ATh5).
SAMe< F = fermentationol] o]&] Aitmw, F2 o)k yl AZAE] A5 =
ARG AL Sl oL FEA o] = et

ey SAMew= vk wFol A AAbe] AlmEQQov, 1 AL o] vkol AkS
3 HolAA Lottt A S cerevisiae TFANA AAE A EFT ¢

Abekol w9 vt Ao m oA JYrh9). o]y g ofF witel SAMeE WF A
As7) Yete] B AFoXE P pastorisE o) &3tFTE P pastorise
methylotrophic yeastZ" methanol¥ carbon source® ©]&€% 4 Qi1

4ol golste] A AR H2 4009 7HA 9 @ AS diFAAstar 9l

Mo
£
LI

t}. o]+= $XA gene targeting, cloning® #L FHA ZFo] ZtHIL
AOX(alcohol oxidase)promoter®} Z-2 7= 3t inducible promoterE 7}FA 1L )9
Aoddte d@iEE oiF A 2 o+ A7l wEolth. 18 al glycosylation,
disulfide-bond formations 3} 2 post-translational modificatione 3 & <
A7) wZe A B {83 dMA S P pastorisol A HdE A A THT,R).

S. cerevisiae?l A SAMeo] FAAIAAHE HHE SAMe SAMe synthetaseZl=
g4 ©Jsf A methionine®t ATP7F Z3ste] Ak th(Fig. 2)(1,6).

S. cerevisiae 4l ©] enzymeS coding 3tE FAAE dAA 2 EF7F 4HA
TH(SAM1, SAM2). ©] % enzymeZ 90%°]42 homologyE 7}A I Lo}
regulation mechanism< H 2 <4# 2 vp7k 1oH3).

SAM?2 429 levelS =olx Aoz SAMe® productions &3 og =
ZEAZ = gtk 1 o]fr= SAMeel 93t key& 49 end-product feedback
inhibition®] &) t}(4). &3] Methylenetetrahydrofolate reductase (MTHFR)-
Methionine metabolism?] Z4do| wj$- FQ3 7S FPds= oz dHA
A= enzymel & SAMeol 2]8)] feedback regulations Wi Ao g dex vt
(3). & A2 ol SAMe® =7} =old 49 SAMe¢] MTHFR® activity=
AsstAl =il A= methionine®] /de] Ao SAMe9 overproductions
W eh9). weka] B Ao s SAMeE nAMEE AR FFE A FEH)
Y -4 SAM2 FHAE E83Fa cloningdlte] P. pastorisol A L& A 7t}
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Sering
4

1 THF Methionine —

Glycine S-adenosylmethionine

X
CH,-THF
3 CH,-X
2 j\ S-adenosylhomaocysteine
CHy-THF Homocysteine 4*-"':

9 e 6
enne—h\‘
Sulfide !
P Cystathionine
Sulfite
g 7
/i
/’ L 2
Sulfate Cysteine w—= s—= Glutathione

Figure 2. Metabolism associated with methyl-group donation in S. cerevisiae

The re-methylation, transulfuration, and sulfur assimilation pathways are
shown. Genes and enzymes catalyzing individual reactions are: 1, SHM1 and
SHM?2, serine hydroxymethyltransferase (SHMT; EC 2.1.2.1 [EC] ); 2, METI12
and MET13, MTHFR (EC 15.1.20 [EC] ); 3, MET6, methionine synthase (EC
2.1.1.14 [EC] ); 4, SAM1 and SAM2, S-adenosylmethionine synthetase (EC
2.5.1.6 [EC] ); 5, SAH1, S-adenosylhomocysteine hydrolase (EC 3.3.1.1 [EC] );
6, CYS4, CBS (EC 4.2.1.22 [EC] ); 7, CYS3, cystathionine ¥-lyase (EC 4.4.1.1
[EC] ); 8 METI14, adenylylsulfate kinase (EC 2.7.1.25 [EC] ); 9, MET17,
O-acetylhomoserine (thiol)-lyase (EC 2.5.1.49 [EC] ). X represents any methyl

group acceptor.
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Table 1. yeast, bacterial strains and plasmids

strain or plasmid Genotype Reference

Strain
P.pastoris SMD1168  Histidine dehydrogenase™

S.cerevisiae Yeast Wild type

F'ltetlmerAA (mrr—hsd RMS-mcrBOW80 lacX74deoRrecAl

E.coli TOP10F"
araD139(ara,lew)-7679 galU gal k ArpslL endAl nupG

plasmid
pGemT-easy vector Amp', T/A cloning vector
pGemT easy-SAMZ2  containing S.cerevisiae SAM2 gene This study

Amp', Km", E.coli-yeast shuttle vector, integrative and __ .
pPIC3.5K vector ) o This study
expression vector, containing HIS4

Amp', Km", E.coli-yeast shuttle vector, integrative and

pPIC3.5K-SAM2 . . . This study
expression vector, containing HIS4, containing SAMZ2 gene

2. dFu Y

Ecolilx AzxZF vector®: F=3}7] $siAd= LBUO0g tryptone, bg Yeast
extract, bg NaCl in 1 liter of DW)& A}&3te] 37ColA vt oy, Afx3t
T+ growth 93 HIRAZ+= 1% yeast extract, 2% peptone, 100mM
potassium phosphate(pH 6.0), 1.34% YNB, 4x10-5% biotin, 1% glycerole] 7}
Hol = BMGYHi Aol A v Fetdet. 22l Axd o5 el e SAM2 ©
WA WyS 93 HixEE BMGYHIA]  WelA  Glycerol thale] 05%
methanolS #7}eF BMMY ®j Aol A 447+ wlFah9d o),

=

3. Scerevisiae®l genomic DNA ¥4 =

YPDH] A (1% yeast extract, 2% peptone, 2% glucose)ll S.cerevisiae®] colony

= HES 3 T overnight culture® o] centrifugeE %314 cell& harvestsdt$d

b 283l zymolaseZ ©]-&3}o] cell& #Z0 T} phenol/chloroforms # 2] 3}¢]
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cellfol A= YA S =F AAG T ethanol precipitation®H S ©]-&3}4

Atk

S.cerevisiae®] genomic DNAE F&3

-

4 PCR & o] &% SAM2 #4474 5%

(¢}

S.cerevisiaeZ 5B %3+ genomic DNAZYE SAM?2 +#4#2 PCR WH$
o]-g3to] FEag o oo AL-&¥ primer sequences th&3 7t

SAM?Z forward : 5'-GGA TCC ACC ATG TCC AAG AGC AAA AC-3
SAM2 backward : 5'-GAA TTC CGG GAC CAG CCT AGC-3'

PCRE o] &3 SAM2 A9 53 712 Table 27 #th

Table 2. Thermal cycling for the SAM2 gene by PCR

Temperature(C) 1st cycle(min) 2nd cycle(min) 3rd cycle(min)
Pre—denaturation 94 4 - -
Annealing 64 0.5 0.5
Elongation 72 1.5 2
Denaturation 94 0.5 0.5
Number of cycling 1 30 1

5. SAM2 A #}¢] cloning

PCRE o] &3l =Z3¥ SAM?2 +3A=2 pGEM-T easy vectordl cloning %1
. 3H, pGEM -SAM2 vector®?} pPIC35K vectorE BamHI 3 EcoRI A|3gh&
& AHE ¥ SAM2/AAE DNA ligaseE ©| 8§39 pPIC3.5K vectordl cloning
S FYton ol digtel FHHAE At

6. P.pastorisZ2 & 23t

P. pastoriso| A2 @A AL LiCl WS AM&319 Y. P. pastoris SMD1165%
YPDuj Aol sp5rt wfFgk 5, o] & thAl A HFske] OD6007F 0.8 2w 74X
W gstE. AxE YAEEE T, 4000 rpm, 10 min)d & D.Wol 3}
washingS 3 % thA] 94 #gste] MEZ harvestdt Atk Z#l Imlel 100

o



)
o
o

ol &

et

mM LiClel =% resuspensiond & thA] 94 Eglsle] AlEXZ harvestst
olg€ A A& M IEE thA] 40009 100 mM LiClel resuspensiond & 1 % 50
WE competent cell® AFE3F T o] Competent celldl 2 mg/ml¢] salmon
sperm DNA, 240 2] 50% PEG3350, 36491 1 M LiCl, 18] Bglll A|gt& A
2 A8 3pPIC3.SK-SAM?2 vector 10 pgE &7 mixsdtgd. 2 3 30T
incubatorel 30%&37F WFx] g ¥ 42 CollA 25%3F heat shockS 33 v
Histidine®] #7FE o)A &+ MD(1.34% YNB, 4x10-5% biotin, 2% glucose)
Hj =] o] = hek gt

7. P. pastoriso| A 9] @A A% &l

P. pastoris genomic DNAW®E %% vector’} integration® =% 2213}7]
sl FAAsE MD plastecl A =gk 70 2 HE genomic DNAS E@3lx

PCRel &l &elstdtt. o 7)ol A A}&3F primer sequences o}l ¢ 2t}
5'AOX primer : 5 -GAC TGG TTC CAA TTG ACA AGC -3’
SAM?2 forward : 5'-GGA TCC ACC ATG TCC AAG AGC AAA AC-3
SAM?2 backward : 5'-GAA TTC CGG GAC CAG CCT AGC-3’
8. Azt P. pastorisol A SAM2 44 &d Fk=
ol A AxF FFE BMGYHIRI A OD600=107+] =jeF3t 3=
BMMYH® A & 0OD600=5¢ %3 Atransferdt 100% methanolS ©]&3fo] 447

WjeFstE Al SAM2 AN E S FEsAr

9. SDS-PAGEE ©] &% SAM

\)

E}uﬂ

=5

D)

FaAe wd B

Az dFE A F SAM2 @ E FHEAE HES dolrv] $8kd
SDS-PAGEZ +alstarh. M=% #5% BMGY#M Aol A ODE00=10717] ok
3k & BMMYHIA| 2 0OD600=5° 9# A transfergs stdth 28] 3937 100%
methanol 1 ml& #H7F8HA] inductionS F738) ¢ % digd 1 mi¥ S +83H3
o} 12]3l glass bead$t PBSE o] &3lo] cells 721 ¥ thA] U4 EEste] 12%



1F

S-adenosyl-L-methionine®] I ZFALS dFi= AMNE3JF P. pastoris w71

acrylamide gelol| runningdt$itl. T ¥ coomasie blue EME E3}lo] samplet
o = G AS A

10. SAM2 @i fFxpe] @7k mE SAM A S7F 21l

SAM2 @¥d fxxpe] @S] wE SAME A

S BMGY®W A A 7] 93 thA] BMMY®| A & transfer =

Ho 7 5¥7F methanol® inductionAl At AIXE =83 & glass bead®} PBS
5 ol &3te] celle 2 F Y4 FEg s A5 H 10E SAM assayoll A&
stk SAM assay & Mediomicsiit®] Bridge-ItR S-adenosyl methionine

fluorescence assay kitE AF&3tdom AN FALS wlwd-S wpgir)

FQL o&i
olN
N
=
il
do
rO
p‘L

L
(@]
@,

M A 59 a3
1. S. cerevisiae®] genomic DNA ¥ % SAM2 F4# x

YPDul A (1% vyeast extract, 2% peptone, 2% glucose)dl S cerevisiae®]
colonyE HE& 3 % overnight culture¥ ol centrifugeE %38]A cell€ harvest
3tk ZEla zymolase®t 1% SDSE Ay celle At
phenol/chloroform= A& &te] cellol & dHAS ZF A AI F ethanol
precipitationd & & o] &3}o] S cerevisiae®l genomic DNAE FZ3130 T}
S.cerevisiae®Z 5 FE3F genomic DNAZFE SAM2 FHdAE A7)
PCR< s383at3ltt (Fig. 3).



1.9Kb—>

1.2Kb—»

lane<1> : DNA size marker

lane<2> : SAM2 PCR(MgCI2 1.5mM, Template 1ul)
lane<3> : SAM2 PCR(MgCIz 1.5mM, Template 1/10D 1ul)
lane<4> : SAM2 PCR(MgCIz 1.5mM, Template 1/10D 2ul)
lane<5> : SAM2 PCR(MgCI2 3.0mM, Template 1ul)
lane<6> : SAM2 PCR(MgCIlz 3.0mM, Template 1/10D 1ul)
lane<7> : SAM2 PCR(MgCIz 3.0mM, Template 1/10D 2ul)

Fig.3 Isolation of SAM2 gene from S. cerevisiae by PCR

olg& A 22 PCR product® pGemT easy vector®] subclonings a3} o,
£ o]&3to] SAM2 FHAE gttt (Figd). SAM2 F32E5 7HA

3 e AZEF plasmid FHA A =& Fig. 59F 2}

1 2 3

3.0Kb— Ll

1.2Kb —

—0.5Kb

lane<1> : DNA size marker
lane<2> : pGemT easy-SAM2/ BamHI, EcoRI
lane<3> : pGemT easy-SAM2/ Ncol

Fig.4 Characterization of recombinant pGemT easy-SAMZ2 with restriction
enzymes. 1.2Kb SAMZ2 DNA is shown in lane2
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pGemT easy-

SAM2(ORF)

Fig5 Structure of recombinant plasmid containing SAM?Z gene
2. SAM2 FA A2l expression vectord] cloning

ol A AW %ol pGemTSAM2 vector?t pPIC35K vector® BamHI ¥
EcoRI A3+& A 7] o] pPIC35K vectordl cloning 3ttt o2 A4 A& A%
3t plasmide A& 4 BamHI, EcoRIE ©]&3te] SAM2 #HA7F Sup=
cloning ¥ AL #eldddg (Fig. 7). SAM2 +HAZ pPIC35K  vectoroll
cloning¥d R A% & Fig. 69 e A T}

BamHI

BamHI EcoRI

SAM2 gene

Fig.6 Strategies of cloning of SAMZ2 gene in pPIC3.5K



8.4Kb—|

1.2Kb—

lane<1> : DNA size marker

lane<2> : pPIC3.5K-SAM2 supercoil
lane<3> : pPIC3.5K-SAM2/ BamH I
lane<4> : pPIC3.5K-SAM2/ EcoR |
lane<5> : pPIC3.5K-SAM2/ BamH I, EcoR |

Fig.7 Analysis of recombinant pPIC3.5K-SAM?Z2 with restriction enzymes.
1.2Kb SAM?2 gene is shown in laneb.

Xn
ML

3. A 2% vector(pPIC3.5K-SAM2)2] P.pastoris SMD1168W] & 2 A3k 2 FA

A Z3 plasmid pPIC3.5K-SAM2E P. pastoris®] chromosomeW® integration
371 M= AtaEAs Salle AP skAY BglllE * st Campbell type
recombinations frXE38Fe]oF gt} Fig. 82 o] HAS BAH o2 et}

SAM2 gene(ORF) Kanamycin

P.pastoris AOXI gene

Figure 8. Schematic diagram of integration of recombinant plasmid by

Campbell-type crossing over
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o] WO 72 recombinatione FE3A HW host®] AOX1 geneZ} vector?
AOX1 gene Abololl A recombination©] ¥t} hoste AOX1 geneo] I3 Ft},
wekA] methanols carbon source® A& F §l7] wWFo] methanol®] sole
carbon source?] MM(Minimal methanol media)®] x| ol A =2 Al A&+A ok

2 A AE SAM2 F422 7FA 1L 9= A %3 expression vectorES Bglll
2 Awd & P pastoris SMDI1168d5 )] transformationst gt o] 2 A
transformationdl] = & MMuj XA =2 A A&t +S AHATh Fd A%
¥l P. pastoris®] genomic DNAZE isolationdle] SAM2FAAe]  primer2}
5'AO0X primerE ©]83}o] PCR W 2% host genomic DNA® 9] integration®]
B2 gl dth(Fig. 9. 2 A3 S cerevisiase il ¢l SAM2 FAAZS oA A
o= JHAL = AxY FFE 242 ]G

12 34567891011 12 13 14 15 16 17

4t

+—1.4Kb
+=1.2Kb

-

lane<1,17> : DNA size marker

lane<2> : candidate #3-SAM primer PCR

lane<3> : candidate #3-A0X primer PCR

lane<4-5> : candidate #23-SAM/AOX primer PCR
lane<6-7> : candidate #25-SAM/AOX primer PCR
lane<8-9> : candidate #26-SAM/AOX primer PCR
lane<10-11> : candidate #27-SAM/AOX primer PCR
lane<12-13> : candidate #28-SAM/AOX primer PCR
lane<14-15> : candidate #29-SAM/AOX primer PCR
lane<16> : candidate #29-A0X primer PCR

Fig.9 Identification of integration of SAM2 by PCR. 1.4Kb(by using AOX
primer)and 1.2Kb(by using SAM2 primer)are shown.

4. AN zZ3% P. pastoriso)l A SAM2 A=} &3

g

A e Az tFE 0130}04 SAM2E ¥ #=

k3 &tk BMGY#i A o]
A FFE A gFstel 4% & BMMYH| Aol transfergt th5 Al

A zxF SAM2 &



figure A

lane1, 10: protein SM

: host(uninduction)
vector(uninduction)
#23(uninduction)

: #26(uninduction)

: host(induction 1day)

: vector(induction 1day)
#23(induction 1day)

: #26(induction 1day)

} ~— 64KDa

| == 50KDa

CONOARWN

figure B

lane1, 10: protein SM

: host(induction 2day)

: vector(induction 2day)
#23(induction 2day)
#26(induction 2day)

: host(induction 3day)

: vector(induction 3day)
: #23(induction 3day)

: #26(induction 3day)

CINONBWN

Fig.10 Expression of SAM2 in P. pastoris. Cells were induced for lday(A) or
2-3days(B). The expression was analyzed by SDS-PAGE. The
arrows(44KDa) indicate the expressed SAM?2.

[«

5. SAM2 #A# wae] mE SAMe WA % 71 sl

SAM2 fHA7F dd gl we SAMeo] FTUletE AE dolry] 95k
SAMe assayES 33ttt Fig. 11 SAM assay'H<S vepbdch 7has] AH
3t oS3 ZY. Met] methionine repressor protein®] DNAZ2] specific
sequence®] binding & @ ligand$l SAMeo] oW Met] protein® binding o]
Z=7FskAl ¥ ™, Met] protein©] specificdtAl binding 3F+ DNA strandE°] 2%
Al €t olg A =W Z+7E 9] strandoll fluorescein® OysterR 645 fluorophore
7V AFE & A Hol S HAsHA "

I A3 SAMe9 %S FlourometerE o] &3ko] x40z £

7.

e

T A =
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II'II!I'EIIISAH}

MetJ protein

—

== =

Fig.11 Principle of SAM assay by fluorescence.

ol¢} & Wown Az wF SAMeMAHFS A3 A= Fig. 129 2
oh. oA B ule} o] £FEQl P pastorisel WlEl S cerevisiae <
SAM2 FHAE 717 A2F #72 SAMeo] Ait#e] dA3 S71ES &g
T Aok T3 SAMe A4te] F4A<Ql =A<l methionines 0.75% 73l F
RNe w2 Aol M FA &g Bl HlE) FUHE S SE AT o=
cell el SAM2 &47F S7FHA7] wiiEol 714 IMethionines 713t o 24
SAMeZ 9] REgAo] F7FEA7] Wi ez Alg¥th 28y methionines %7}
3 T AdAA 7] A SAMee] M Ho] o ol FTUlEA i Ao R Ho}
(data not shown)SAM27} feedback inhibitionS %71 metabolism*}2] T3¢
o 4 o]W regulatione W& 7hsAol v ASE AT Wl g9 ol F

Zrol inhibitiong Al stojof & Ao = Wt}
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0 @ Methionine £&7t
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Fig.12 Overproduction of SAMe by the recombinant P. pastoris. Detailed

methods are described in text.
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Foo] BAL BI)5S (Hg?) B 8742 (phenyl mercury acetate, methyl
mercury &)< BT AEAWAM FAHS ey olF #2840l

| HEbdTR(12). AR mAAES 2ol thst detoxification
7122 T2 F2e od FEHE mer genel] Hdo s dojdtt. mer
operon< F2of oA 1 Ido] fFEHE FEXES W QoA 0]
s weoles 2d @l MerRol operatorel| ZAEste] WS AA st
Aot Lol AE UYE Eoj2W MerR—Hg dimerE A3t AANHE
A 3CH(7,9). ©] detoxification 7|12 IA F spectrum®® E 4 Qlth

Narrow spectrum< F7152 9] He®" |e|S Hg'® whiro] ZubAl7]M| broad

—d

>,
4

2
o
HU
'y
Y

spectrume 7] F£&E {71857 Fr|FLoR, dAHHow RU$4eS H
2 ukEh 9ol sk bpel ol {fUle2d FUg2steE 549 ok3E
fEsty He'=e dge &7 systemsold FEAAZ w@th mer

operons merR, merl, mer P, merC, merA, merB, merDSLZE T% ]
ATH(7,9). o]=FolX merAx mercury reductase, merBY organomercurial
lyaseo] HAE genel.Z merASt merBe &2 HFo webA narrow
spectrum?} broad spectrum©®Z YERATE mer gened XHol #HAH
FAAE merR¥M merDEA F&o 9% inductions HEeth ol&
e wol= oln Aikd =H T@dl MerRo] operatorell Agsto] w3
AAstT Aokt F20] AE YE 592 MerR—Hg dimerE 94
AAGEHE  siAlelE x=E VRS 2 Jdu(©@2). AE7HA G mer
operon< Tn21, Tn501, mer2, R831, Hg", R8310mrs°] %lom o]&9]
A7 el s WS Fito] deEA UTh(2,4,8).

o2t mer genewE = thst 4ol G EAskH, v E S gene
exchange? Wil weh olFst AFAdHEE ZAor A A=Y
olgst A= PAE A5 AL o YErIE shv, $F 3 &=
g wste] AdzEx yedu. old mer genel U} EExE @S
Sab ol Al I 9] wiZdel tH(3,5,10).
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T WA Aol AYi= mer gened v X

& wrollde vt slieet gerel EAske VIBERNE mer
XS A ESiTh old V] wide] 24 ddE

FAARELZAE oz B35 FAA 2] 4E 42 Fohuu Ak

II. Material and method

1. A& A

Al

il

Are gred ZA5 a3y, Ga9 ARFE AR o
Aol e sgo] EASH, oleld BAoERE fEAE T35 2go] dlauol
of Aedeln ARE ATk E A AR PxA 2HAN AT A

skl (Fig. 1).

2. Hg" bacteria £

A AEZFEH NA agarel HgClE® 50 pg/mlE FH7lste] Hg'
bacteria® 37 TollA 247+ wjokste] Ea1g ). = PCR amplificationS 938l
50 pg/ml HgCloS &3t Luria brothellA 37 C, 250 rpm, 2 43+ vjFic)

3. & WA AlgolA DNAY &3

297 LB media®l ®1%¥  colony® microwaveE ©]E3t9] DNAE
a8ttt Freeze—Thaw WS o534 o] AMEslth. Microwave
HHHS Q34+  microcentrifugeolA 8,000 rpmolA 5 minE<¢t cell
harvesting= 3 & microwave low levelolA 2%7F A& 3ttt DNA &<l

1% TAE agarose gel electrophoresis 3FiT}.
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4. PCR Amplification

Primer= 16S rRNAE &4 27F, 1489R <o EA+ASl primers
A3 2| mer gene Tn501¢] conserved regions A 88t R(5'-GGG
AGA TCT AAA GCA CGC TAA GGC GTA-3)¥ P(B'-GGG GAA TTC
TTG ACA GTG ATC GGG CA-3)%E Ad¥atsitt, 11). Amplification
predenaturation(94 T, 60 sec), annealing(58 T, 60 sec), elongation(72 C,
60 sec) denaturation(94 T, 60 sec), post—elongation(72 C, 120 sec) oA
30cycled] Aoz AE3AT. HFEEHL = 50 & DW 4310, 2mM mixture
dNTP 1w, 200pM mixture primer 1u, isolated DNA 1ul, 7aq polymerase
10x buffer 50, 7ag polymerase 0.25x0 (2.5 unit)® 3ttt PCR

products® #el2 1% TAE agarose gel electrophoresis® 213} t},

5. Sequence analysis

A7 E BAS 9 =ZF PCR product® PCR purification kitZ
o] g3slo] AAE FAsA}. o] A H PCR productE macrogen®l| 7|85}

16S rRNAS®} mer gene? 97144 E4S 9 F 33

BAE 7149 sequence blast® E3] thkst B8 a49lon vecter
NT ver 5.0 & 0|23 homology <& #4354t}

II. Results and Discussion

1. Heterotrophic bacteria®} mercury resistance bacteriall ¥



T WA Aol AYi= mer gened v X

el Fol EAlete TS5 A mdES SR A9 ARkE
WA Ao slaA e, A9 Y, FAA A WFEA oA Zhzt
ANEE AT el A E sampled ¥4% AT (Table 1, Table 2),
S5 A9 A8 heterotrophic bacteriax 10°—10'CFU/mlAFo]ol] &4 3h,
S WA vAES AEFHA Stk &l EAEE  bacteriar 10'-
10°CFU/mlo. 2 A8, #& WA s seAeyd A4 wurie
A3t aEsk7ke A 10°~10° CFU/mIZb EAIkdTh. olgh 28 ol i+
5= {7159 Y] A1, sampling AV #HE = @A AG=Ql

Aqddiolmz yEhd Al o AxIH
*9k sl sample?] PIAES] wddS dotrR7] 9lste] 16S rRNAS]
F7NIML S FFHste] 1 VI EAS skelem, I 971495 gene bankell
A71FE  v|lwsle] identified species®t similaritysS A3k 1
A3} (Table 3) ©5< FAd, BiWdde] A2 AlzmoX= AeromonasSt
Pseudomonas, Entrobacteria®l H]&©°] Z}2F 35.6%, 26.7%, 8.9% % EFL}A
0] $AFoR, UmA mABES AFR 30%5 AASE JoR #ldd &
AT HiE s ko] wiakbE ddiel AjvkE WEAl A lA
TolM = Aeromonas®y Pseudomonas, Entrobacteria7t 2+ZF 11.5%, 32.6%,
3.1%8 =A7F gRlEo] ol vAdEe] $AFLRE FXEs= FOE UEEH
FEUWAAFAL} EAE ol gt TaSE A A BES dotny] 98t
= 2 wjeksilvh. 1 A3
ot e WA Aol AekAl AW ol #AE F9
o] #FolEglom, & x99 sediment sampleolA 10* CFU/ml
=o] EA st Aer gRlHa ok ¥ 5(1995) &
ool wmel £ g wAES 10° CFU/mleldo]l EA3dw
Hasgtuprp glov, 2 A7 A wEeA U mAEe] EA7F gl HA
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AAA el A dntd oz £ A mAES AT £ AT A
T WEsEA A7IE oy e 93 o9 Ado]
YA mAES @A 7E Aow Azdrt
Fo A UAES el ofabutel M 0.1%(10° CFU/mD, FE%
g @743 el 10%(10° CFU/mD7F WA FdAE Ado
EPY

Bdta Quk(l). &, F£eo7 995z s Ay =
7

el " del EAlstE TS5 WAFAAR] mer gened WIS}
therd S #elslr] $18e, 16S rRNAQ merR ¢ conserved sequence®
o] g-3to] 16S rRNAS} mer genes TElste] 1 97 L& vlw #4330t
A7Igel vlm BAoE vecter NT programe ©]8€3%°W, sequence
wAe Fdll 72 WAdFaA 12 homologys ARSI

WA mAE BEXE XA A% (Fig. 2), Aeromonas spp., Pseudomonas
spp., Klebsiella spp. &% w5 theFst FoX mer geneo]l &A= RS
golgd £ Q3o dFe A 2 WAAATS Pseudomonas, Aeromonas,
Entrobacterol| Xl 7t7t 24.2%, 15.1%, 18.1% =27t $HFo=E JeEwor I
Q) Bacillus spp. 5°] A2FE 21.0%7} €Ast= Jeigon, S5 HA$
Peudomonas, Aeromonas’t 21.0%, 18.4%% $AZFTo=Z ety A5

oAl wAEol  28.9%7F EAst= Aom dERu S5 &



Y% Pseudomonas’t 7V ¢RAFCR EA 9 ov, = Aeromonas,
Entrobacter, Acidovoraoxsx W% @& H[EA 18.1% L7t +2
WAFAAE AYes Ao®E g 5 it
T WA vAEANAN mer genes Wkl 1 homologysE AR AT
mer genel W59 Dol mer gene homology 2] patterne Athd o=z
2 FHE e ok WA g A, 2 Folde vl
gene FAME S YEMR Y (Fig 3). & Pseudomonass WHE A= FARE ]
F& mer genes AU glom, dfge EAlsk: wIA =X E mer gene©]
EZAst= AoZ yergtt. 22y marine Aeromonas® mer gened}
Acidovorax, Entrobacter 52 mer genes A2 TFE Fof %38t n| Y Eof A
EAEASTAE fFAHdol =& AoR YeREth oldd A Fre st
T AL oF A, At HA oF A T A A W ol

14 Feld 2FAA A48 dehln ek AAFe A6l g FAA

=2 mer

o] BA¥ mer genel parttens L TO7 J{o] Pseudomonas® =
652 B9 dFZ o] 1 homologys dolrotth. 1 A3 (Fig. 4),
ol B8 ¥ B69, B54, B68, B&9W 59 Pseudomonas’t MZ A2
group2 ©|FH dFoA EEl® 27, H6111 #59+ mer gene? A7|A 49
2ol 7k EA TS A = Qv dlel M Eel¥ Pseudomonasol A E &

Zdox B3 theFst mer gened X7 BEEQ oW, o]l &4

2 e
X

+

B 8¥E  Pseudomonas spp.2l mer gene¥= TFE S #elg
At} Aeromonas® QA F59 dAFolA BEE mer gene? homologyE
AHE Ay g EAeks 5% AeromonasE EElErow, 11 w2l
N5 ZHE T WARHAAE FESIGT E @A =4FY
gt 2 WA FAA = sl A

2@ B72, B77 #F9 @A B89 19, 26, 22752 A UFoiA=

il

Aeromonas®H-¥l mer gened] &7



P

& Fag 5+ Ak A 29

Aeromonas’t AY+= mer gene® TAFEE &l & F QlqlTh

2

79 mer gene fFAAE HFY

3 3H oA mer genel X+ UE 7|8 % mer gene? homology 7}

=T o] A= el vwd B FolAd FHAE mEko] o] FolA
NS AAFSEY] Fth mer gene AE3E] A 97 wldS AW FTEH
A FAxtZ ZAA el A gene transfer$t &AWl 55 A sh=d vl
folst Ao th(3, 10,13). %o ® v WS mer geneol It ABE

Z=23to] AAA WolA gene transferst ZwHolo] hd mer gene

A solof dta Yzdtet.
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A Simple Algorithm for Local Polynomial Estimation of

Boundaries!

Seok-Oh Jeong?

ABSTRACT : The local polynomial estimation in Hall, Park and Stern (1998) is not tractable to implement due
to the nonlinearity in optimization procedure. We propose an alternative formulation of the estimating procedure as
the linear programming problem. The proposed procedure results in exactly the same estimate as that by the original

procedure by Hall et al. Furthermore it is much faster and gives stable answers during computing the estimates.

1. The Problem

Suppose we have a set of observed data points S, = {(Xi Y ), =12, n} assumed to

be a randomly distributed inaset G [0,1]2 , where

2
G={(xy)efoaf|0<y=<g()]
for a boundary function g >0 defined on [0,1]. The problem is to estimate the function

g based on the observation S . For the optimality issue of this type of problems, see

Korostelev and Tsybakov (1995), Haerdle, Park and Tsybakov (1995), Korostelev, Simar and
Tsybakov (19953, b), and references therein.

2. Local Polynomial Estimator

The local polynomial estimation for the boundary function was originally proposed by Hall,
Park and Stern (1998). Fix X & [0,1]. Given an integer p >0, when the function ¢ is
smooth, we have

g(U) = 6, + G U—X)+E,(U—X)* +---+ 6, (U—X)°

Do = 20068 FRI Tt St SHEATH] Aol oste] o] ol ).
2 gl solojeta A seil st Y uEA G £as



Seok-Oh Jeong

for UG[X—h/2,X+h/2] with h>0 being small enough. The local polynomial

estimator is obtained by fitting the lowest locus of the above polynomial that roofs all data

points in the strip [X—h/2,X+h/2]x[O,1]. Then the coefficients (éo,él,---,ép) is

obtained by the following steps:

1. (élé ) minimizes H(élé

b ) where

p

{exxf—@i—u+nlwﬂ

T

H(él,~--,ép): max(x’{Yi -

j=1
and max™ denotes the maximum over i=12,---,n such that

X, e[x=h/2,x+h/2].

2. 6,= max‘x){Yi —Zp:éj(xi —x)’}.

i1

Then the estimator §,,(X) of g(X) is defined by

A

gh(X)Z 90 :

3. Formulation as a Linear Programming Problem

A

It can easily be shown that the optimizing procedure to find the coefficients (6’0 ) él, ey ép)

in the previous section is equivalent to the linear programming problem:

To minimize with respect to («90, 01,---,19,3)

h h? h?
90+§91+?¢92+---+

7]
p+1 °

subject to
Y <6, + 6, (X; —X) +0,(X; = X)* +---+ 6, (X, —=x)P
forall i such that Xie[x—h,x+h], i=12,---,n.

Note that the above linear programming problem is feasible with probability tending to one
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as the sample size N goes to infinity. See Figure 1 for an illustration of the estimated

boundaries and the true boundary.
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Figure 1. Boundary estimates (red: local constant estimate, blue: local linear estimate) and
the true boundary ('Y = Sin (27zX)+ 2, black dotted) with simulated data points (+).
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Superconducting properties of doped MgB2!

AFlAE Mg, Ti, 283 BE ok AFugilE £Fst 2HZ=AQD (Mg, Ti)B2 polycrystal-S
A#srgek o 3uk 719kl agelA AR oEd AEES WEsh o dg Adsisich
ZAZSANEZAZ magnetizations F3 Ay FHE Ho]&E9l  superconducting volume
A 2 ATelA] Aled

fractiono] =3 o] Yst=nl g2 AT HOF o]FojFHS

<
e ERe FR MgB2e ZAMEY Avel A
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59 ¥¥7ol vortex pinningel F= W3tE zlo] AgHa Q. (8]

SHH chemical dopingel 2JafA MgB2o] X% =Ao] o9A 7Hd=
A=7He 2ve BAlALEe stuolth. 53] MgAkelel Tivt Alse]l =535
dsol YoldAE REHE olE8dT9 5% UAATH[9] olHd A9 =
(Mg, TDHB2el oist ==y FHE AR 2= 54S #dostn I
A A S grEEtE s =80l 2001-2d¢ A AdENMFE e
[10,11]
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Figure 1. Volume magnetization vs. temperature curves for Ti—doped
MgB2 with doping levels of x = 0, 0.1, 0.2, and 0.4, measured at 10 Oe in
the ZFC process. The data for the sample with x=0.4 are multiplied by a
factor of 2000. Inset: Variation of critical temperature Tc and the
diamagnetic signal represented by the volume magnetization at 5 K and 10
Oe with doping level x for Ti—doped MgB2 samples. Ref.[10]

"1 dZaFAA olFofxl dyddtelt[10] M 2 ™S Tied
Aol we 9 Ag&s ke webd ™ Zlojrh WEAQ

s
10%, 20%, 40%2 A EE zero field cooling@gelA 10 7F9¢-29 =713



Superconducting properties of doped MgB2

stold SR Zlolth [7]14 BEAelds AL Ae TAHE=ES ¥ WE
Z|[Eo® 3 Zola, AA A dete AT A8 E=3o]  Ho
SAHATE AL olUd] WEAY 40%%FE AEE A&7 20004
ghfso] aE AT $ew 2 Iye AR AFo Al a8 2d%
Aol E 19 7

A7 FHEEoF & AL WrAH THAH T uwElA  superconducting
volume fraction ©o] ZAA #FAsrh= Aotk AWt o== tigk order &
FAoF A o7 E=sgo] qkd MgB2 o BlsfA A9 1 Wk o]
A5 7F Zopxlth, b v 40 HAEY o] HIE 2HE Mol E9
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Gl Aol Mg Aol &3] XA Fol7kA] s R A A
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Figure 2. a) HRTEM photograph for Ti—doped MgB2 (x=0.1). A dotted
network is drawn for convenience to enable one to see the nanoparticle
structure. b) A typical grain boundary indicated by closed triangles Which
shows a very small grain boundary thickness. Ref.[11]

Figure 3. a) Two—dimensional EDX mapping for the distribution of the
Ti element in which the white points represent the Ti—rich area. b)
Schematic illustration of the MgB2 nanoparticle structure with TiB2
nanograin boundaries. Inset: EDX spectra using a nanoprobe show that the
Ti element exists only in the grain boundary. Ref.[11]

12—mm cubic multi—anvil—type Z# A5 AFE3e] 3 7 7|golA &

dA st A A=RE AR (4] FZFHel Al Magnesium Foid,
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Ti 391, 183 Boron Yolgl& &3, £33 tb5 Ta &l YT WEs
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Figure 4) Magnetic susceptibility of (Mg, Ti)B2 measured at 20 Oe.
Zerofield cool and field cool data was obtained for each doping levels. For
undoped one, —4 my was higher than 1.5 and this value remained higher than
1.0 even for 40% Ti doped sample. Superconducting transition was very
sharp for all the samples and the superconducting transition temperature
decreased by more than 10 K by 40% Ti doping.
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SHZFANA AeromonasEs AT Ex!

32,z ) g
QL & Fd AA, e Ao} slgl 2 AT ddlelA A2 E AFEe vAES BE
ofFel AAlE AWe Hasle FE uAEQA Aeromonassel & Ao EEXE AW EC
I Ay, G9k sigolr ESF Pseudomonas, Aeromonas’t $AECE UEYOH, FolAE

Aeromonas® X7} 15T T dfolA] EEl®l 59W 7= 16S rRNA 443

Aeromonas?} homology”7l ¥ Ao ® W3 F oY, Fx4e H3x 90%=E Hr}.

4

I_}\-]E

T

Aeromonas spp.= fafultatively anaerobic bacteria®]™, Gram—negative
bacteria® Aeromonadaceae vibronaceae®l] <3t} o] bacteriat cold and
warm blood animal E5%] broad host spectrum< 7}A™, psychophile ¥}
mesophile® €& A t}(11). o]FolA+= hemorhagic septicemia, fin rot,
soft tissue®}t furunculosis® YA, FHitel|i= Bangladesht} <QlEe} T
FFolrlotell Al Aeromonas sobria®l 23t Epizootic ulcerative syndrome
(EUS) o] kAo & J&l& F=v= 2t )11 e, Switzerlandol A &=
perch, Perca fluviatilis L. farmeol4 A. sobria’} fish disease? causative
agentZb= BH1 % ATt (10, 14). ¥ Aeromonase 3Fo|A+= diarrhea$}
gastroenteritis® %38k, o] vo] septicemia, wound infection,
endocarditis, meningitis, pneumonias 4.7t} (7, 15).

1990dd] o]F, ExFAEH 7]%<l PCR(polymerase chain reaction),
DNA sequencing, DNA-DNA hybridization5& ©o]&3st= Aol
St Ak ol o] Altsrdoly Al Ee] A e A Eiks

o] =82 20068 dE st9sroltjstm st Yo 9ste] o] Fojx A4,
2 el solusty At dsho et A ek



Ay gtk o)yst WHF 16S rRNA FdA= Alxde] B2 ko]
A, AdesF FEoE TEET Qv AERE "I Se 99°E 97
Mo WstE FARAE Foreted F8stth(8). E=E A3ke] HR7F -
e B ATt ¥EAoR e BER 97 AL olxg2E e o
n A= FAolv v AE R EA o] 7hsstth(3,4).

As Ao R S EFSIE, IA AAATY AZATCE Y=
T SA "t} Hugenholzt et al.(1998) 2 nuljoko] 23t HIHo| o} rRNAE
71%%2 3} bacteria® 3671  division®®  EF3IAT. olF o

Proteobacteria’} %2 AA3AHo| EAst= FHAoER RIS 9]

Proteobacteria®x ©A] a—, 7y —, 80—, &— subclasses® EF3F. 34
e A QoA wAEY] ¥ B Qe HedHY. T Agse)

o
e A Ade v e A FEE UEdY AYsE wels
proteoubacter® y —proteoubacter7} e H| &S A 1, o=
proteoubacter’} $dEFE olEt. ¥hd o A
SHAFOoR HuHUTH(2,3,4). EH 879 A5 a5
HWH s a7t ol wAEY] S FAskA Xstda gtk <]k
kel Astw AMHel= a—, B—, d—, e —Proteobacteria, Acidobacteria /
Holophaga Z1¥]3l green nonsulfur bacteria 7} ©}eFstAl £A8ta, o] F
Proteobacteria Iig°] 7 3EZFoA 69%, ATAXE 46%= FHETOE
veEbba 3o B, S dskrelM s ool Pseudomonas,  7h=ele
Pseudomonas and Alcaligenes s A&l wet & vAE +3& Yehta
ATH).
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2o THE velw
AA "L, Aeromonas spp.dl AEEA X9k EEE AdHor @ A
TE QolBoRH MR o] FI IS Totslel BFE wrt
A FAE 5 s AR Erh 7 =EoAE gt dlFelA e nAdES)

T Aeromonas spp.8] AEIEHA A E Lolr 1A} shr,
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Srar =AM Aeromonas?y AT £E
0. As 92 34

1. A= A%

AE AFE ARE wzA ddsh waws A g
ASSSold ARG Fig. 1. A5 AAE 59 95z 24 T2a
o1t

lo

+

[\
=
0%

Mz

Ar¥ A EE2HE DNase test agar$} nutrient agarg ©]g3to] #5&
glataral sklom zhzbel B Mulgel stAl FeldE colonyE AlEsklth wief

& 250 A] 24A17F 9Tt

3. DNase A|l#2Z HE S DNAY &3

297 LB media®l #Wl¢kE colonyES microwaves o]g€3lo] DNAS #alst
ATt Freeze—Thaw W th53 o] ARE3sElth. Microwave W& 913l
]+ microcentrifuge®l A 8,000rpmollA 5minE<¢t cell harvestings 3+ &
microwave low levelolA 2%3%F 23} th. DNA &21& 1% TAE agarose

gel electrophoresis 3}%t}.

4. PCR Amplification

Primer= 16S rRNAZ 84 27F, 1489R 9] EAFA <l primerE AF£-3t9)

t}. Amplificatione predenaturation(94C, 60sec), annealing(58C, 60sec),

elongation(72C, 60sec) denaturation(94°C, 60sec), post— elongation(72TC,



120sec) oAl 30cycle®] 7o ® AEFgt ¥S2ke = 50ul® DW 43ul,
2mM mixture dNTP 1ul, 200pM mixture primer lul, isolated DNA 1ul, Taq
polymerase 10x buffer 5ul, Taq polymerase 0.25ul(2.5 unit) 3} tt. PCR

products® &<l 1% TAE agarose gel electrophoresis® #2135} t},

5. sequence analysis

A7IYE S 98] =33 PCR product® PCR purification kitE
ol g3}o] purifyE F3sF3th. o] purify® PCR product® macrogen®l
713t 16S rRNAS}F mer gene?] 7144 £45 oAt

FEXE A7 9L sequence blastE & thokst EAS 390, vecter

NT ver 5.0& 0] €39 homology 5<& 2439t}

[¢]

. 23 2 E9]

Aeromonasie WREZQl @olA EAst= v EoIth. 53] ©] bacteriax
cold and warm blood animal X% broad host spectrume 7}AH,
psychophile?} mesophileZ ¢# A Utk (5, 6). 18 o] u|yE°] sl
o] 2 7}A] extracellular proteinE< "AE A5 283 HAA | wWo] #Holsla
A= AowE dHA Tt

oy 4 T Ge ol Aeromonas®l EAEFe 1 AAAEE
orotr izt JoFujA el Al v, st #FE 16S rRNA E4]3to] ool st
ARZ 53890, o vdE Aeromonas® 35 AHESIG. 11 A3
(Table 1), @A AA, "L AFTY AlmeAE  Aeromonas®t

Pseudomonas, enterobacteria®l H]&o] 22} 35.6%, 26.7%, 8.9%=Z =7
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Uebgton ymA e AFR 30%E A s Ao® AT = Yt
b el WA R el AfwbE W EA]l Al AFHET A RAM =
Wzl el @l Aeromonas®t Pseudomonas, enterobacteria 327} Z}Z}
11.5%, 32.6%, 13.1%%2 TXsh= o= Yeixgton, 1 9 Lg2 A3
nAgES] EX7F 21.1%% WERUE tddo]l "Holxe Zowm uuy

Y53kl ZAMFE vAES X Aeromonas®t  Pseudomonas,
Enterobacteria group®] Z+Zt 15%, 15%, 20% 3 =% X% (1) waba
B 2AME FStel #AE wAEY RBExe gGEAdstrelA Ak A
AT AR T HES v Zolrl QAT B wlEelA Y] mAES
2%, s SolA EAEteE vAdE EExe A Sl uwep =
Uel}7) = SFA9F @ —proteobacteria, y —proteobacteria®} ¢HES o|FE

g Hu¥E3 QYH(E, 4). Gamma Proteobacteria group <QFolE

b |
4l

@
o

Pseudomonadales, Aeromonadales, Enterobacteriales (Escherichia),
Vibrionales, Xanthomonadales$©°] a9t webad ojze] Hud oy
NEolAel Aokl fAFst A5 Yl gloy, dAAR1 dF1A] Azl
A

FRlA = oha) g shelo] A g sttt

r,

)
>

-

WE g e nAEe] BxXE AHE AI Aeromonas®] +XE7
el Al 7R ool E=AZE FRJAEHGT o9k 22 olfe A=
AF 730l el @] AAEHE Adew SANAM dl¢E Aeromonas®
4 wWied Aolzpa gzdrt.

=

il

2. Aeromonas spp.8] X

N3 Aeromonas spp.d] +XE AHRT] A8 Aeromonas®] 16S rRNAZQ
A7ILS g5t 1 971 LS vecter NT 5.09 program= ©]83}o]
A8kl

O A, Sl M= A hydrophila, A. punctata, A. popoffii, A. media, A.
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salmonicidia §°] EAse Z& GJATF UtH(Table 2). o]FolA A
popoftiit A.mediaZ?V Z+Zt 38.0%, 38.0%7} £Adt= Ao xE Yehtes Zow
UERSTE. Nam at al(2002) 59 Hite] ofsphu o)t a7€
hydrophila®: A. popoffii, A. sobria, A. media, A. caviae7} SR, A.
popotfii, A. sobriaZt WWN 14~28%, 63~72%% HEFO =2 A3t} wehi
ol=9 A= AT HlE Fol ol v Aol7} glom o]= ko] Rol
obd efuixt FA o #HFolu A AMFTl FA ZANA ARE AF A
Aeromonas® 328 zto]7F e Ao w Azt

I §Jo)A/E= A, hydrophila, A. punctata, A. mediad EE°] EA 5=
Zow Yeth o5 77 A& F]te] &3] EAete sk A A4 9
vk 7oA, AR HoE Alste AN A AlmelA AEHJUH o]
Aeromonast WA vEe 3% GurEel AlmA Ees wjA e
Tu&ol  FarE HiAelAd  ®EEst A==l dgelA ¥
Aeromonas®t WEANA Feld® o8 Aeromonas$t homologys w4 dto] &
A (Fig. 2), 9FAAe  Aeromonasi= 3] groupl @ d|FH 9
Aeromonast % W& grouplZ P RS FAT 5 QT FFHH 9
AeromonasW AN % A. hydrophila, A. punctata, A. media®} 7xo] EAsFA] %k

S5A A9 A hydrophila, A. punctata, A. media=3}= AZE k7ol g7t

)

ol

=]
=

Q= Row gt w, 59 Aeromonas spp. = sequence blasterd )

[18{_'4
NI

744 Z7Eo] Qe o= FdE dATA AN, Aeromonas7t 7V
homology7} &2 Zo =2 Yty skAY 59 5+ Aeromonas U oA
ol 3% 7FF 3F& 90%°]5Fe] homology A¥E el 9o MRS
AT ThsAol w& AeR FFHA vk dibHdd AFe] V£ 16S
rRNAS] 971 A9 F 3%2 71448 Aeol7t St AFom F8tH(9).
shAIRE H2 w=iel sk, 2%9 7] MYl Aolk AFow Hokdtii
7] wZe] 10%01d #pol7b EAlsk= 599 52 =34 7oA+ Erha

st 4 ok . 599 Aeromonas spp.2 7

o
Jo
>~
o
%
=
g‘
Q

spp. 2t



S A oA Aeromonass A E3E
Entrobacter spp.$}i= T FAFE7F YWolr @2 AFE A

A7k

5]0]: sz 74 o7

Aeromonast WE2 FoAFAAM WS dOoAAN Ear]d XAl nA=E=2
a4 Qo(11). HFEES Aeromonas® AEIEA A= Ugdo] EA 5=
G wol AFEHo] 23 UATE AW wAES] FEE AFEe
Ao sFn|AET Zo] k7 FRlEo] AMER BHS A HAUAh
HZY S5 dlgete] AA AlRo] AWM= @A uAEo|Y, S5
[ AESY] AZ2E FHCRE FYS 2HsA Hu, ol wE A S AYEo|
Q3% AEstd AFHAE dFE ol#st FoA o RE AEESHE WolE
AL AeE F Q7 ka2t
V. Za17d
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gty gk,
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FEAYS o] 8T AEIJAEA Y AT A

Aq 23 d

8 o E =R REYoA AAST Qe A& FA(credit exposure)] EAEE AEA
FEAY(Importance  Sampling)s  F g3t WHY 1HE ZHIEEZ  EHAF(Monte  Carlo
simulation)# Bl ste] FREAR ] e FE8AHE Aste Zlo] HF otk RS A&
A G F (credit risk)el wiEt o]E7 #HA g lEkd o, A8 EHA Mertond

=
el ¢ 91 % & (one-factor model)e] ©]23 WP WHE AAEAT. B =EE AL ATAY
=

=) A A28 (BIS, Bank for International Settlement)-> H}4-2-3) 7+ 9] 9 3] (BCBS,
Basel Committee on Banking Supervision)2] A7]AFEFA] oS tiA|sl=
AR 2R A] Foks =gl oln eyt 2008 dHH =Y
Zolh([1], [2]) o] Ao &o] Axng ALY, 998 U AFAES

S95n 1o mE ARAARNES AHT 5 dE AFAS Fojdtol
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X (loss distribution)
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O92. 1348 2EHIER RYAY E5%E
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A 2 EAFALS AFEE 19 240l A dE BAAAZ thE 1,0008
wotel A+ 20007 wES S ol w Alug el Aldebct
of ARgETh 19 AAFE A4 REATEEE WEER
RN drE AAST odA AdE 18 dgE @Rl
e gk 11718 AAF7E Ha Auelert vk w wiee 11719
s oAl AAE e oF stk AAdE 18] dee 1wl akjizE zpak
’$¥3) H(correlation matrix)s  Z#| 7] E3l(Cholesky decomposition)E &3l
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1.00 0.73 0.59 0.90 0.76 0.64 0.80 0.85 0.68 0.83 0.59
0.731.00 0.53 0.85 0.65 0.65 0.57 0.73 0.53 0.63 0.59
0.59 0.531.00 0.54 0.54 0.50 0.47 0.55 0.37 0.54 0.59
0.90 0.85 0.541.00 0.83 0.79 0.72 0.92 0.70 0.85 0.59
0.76 0.65 0.54 0.831.00 0.80 0.66 0.83 0.69 0.85 0.59
0.64 0.65 0.50 0.79 0.801.00 0.51 0.75 0.51 0.66 0.59
0.80 0.57 0.47 0.72 0.66 0.511.00 0.75 0.80 0.72 0.59
0.850.73 0.55 0.92 0.83 0.75 0.751.00 0.77 0.82 0.59
0.68 0.53 0.37 0.70 0.69 0.51 0.80 0.77 1.00 0.77 0.59
0.83 0.63 0.54 0.85 0.85 0.66 0.72 0.82 0.77 1.00 0.59
0.59 0.59 0.59 0.59 0.59 0.59 0.59 0.59 0.59 0.59 0.59

I3 1170 A =AF e E

FHAATE YR 1Y AJAFE e SRAFE tad 2ol AEd

SRAT =Y AFAA G AN D)

H]S | 0.001 | 0.024 | 0.063 | 0.096 | 0.015 | 0.117 | 0.105 | 0.269 | 0.160 | 0.005 | 0.145

2. ARdENF

H 2EAEE AES] 93 AFE 18AFE EFEFEEA Y
T s AR 13 Aol
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HulEAd g o] Hu o &S st Fdo] o de]EaFdo] Hi= Aot
5. 48
99 Hge 20 W ANl A BEASE RIAAN FEPUL
Hlwd] BEsE ek 20 ¥ AAIgE o AelEd S A a3 2o
3¢ SR 2oAd FEAH
1 262,033 ¢ 216,110 €
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A s WA FAE!

3 9 2
8 ¢k : pseudospectral(PS) {3} finite difference (FD) Yol thalA /1@<
T o oR % 4 BT RS Rol F WRo] FYTS ol T|E
ZA18E reviewo] tf,
1. A &
SE&EANA A7 AvE HHA(PDE) & s Azl
FE % e ASE ofF =2 w= 28w AF FeudE 1
e A4S stAY SAE P4 sted HE AEF oA ettt
3 Joje A EE HulE AN F83 4 Q. &
AxA AL = = W= finite element(FE),
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N
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+
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°
lo

9] el

°H T

finite difference (FD)

83l #H<S] spectral method 7F Utk Aol Yo HIAAHY Ha=wde
R HAE7E olE FeA g e AdEsed Faod aclo]l Hrh
FE W ¥4l 3 a2k FxE Zo] 7|etetAor ofF H3e Al #
ot gk PSRl Az ok 22 et 7)skehA Rl EAlelA ase
golAt} ot Holjdk HEEE 95 4 vk FD WS FHS W99 FEr9
Qe tisiA Ads] H33e g dgelA & ZEeitt

FE ®3} FV R 5 W% 2% FD W of5 dAE A7 vk FEW S 5
2235 FD & wEa 248=d 283 Had g8 exE =8 F =
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Enhancement of Astromicin Production by Strain
Development in Micromonospora olivasterospora?

Fe 23

Astromicine Micromonospora olivasterospora ATCC21819=2 K- A4ty
+ aminoglycosideA|€ 2] A A olt}. E Ao A= astromicn AAHAES I
XA 7171 YA Micromonospora olivasterospora ATCC218195 RdT2
3te] UV mutation¥} & classical mutations =33}tk UV mutation 2
W, LA S M= HFE 530l o] 55 HM12-A8°]ekal g6l
o}, WMo|FHM12-A8E L AAME Yele g A8 wE Vicromonospora
olivasterospora ATCC218199} v 2s}¥ S ] pigmentE A3} pathway
2o 580 74sta AAH SR astromicin FAAE AASE= pathway =
o] 3 Eo] AL ATt AlgHTE EiFol Wo]FHMI12-A89 astromicin
oS mlastz] 918 Al wi¥ F-, bio—assayE A8kt Bio—assayol
M Bacillus subtilis ATCC6633& test organism@ % ARE3FAT.
Bio-assay A3}, Micromonospora olivasterospora ATCC21819% clear
zones FASA RFUAIRE, WHolF HMI12-A89 Z-5-o= Z7Zeo] 0.8cm?

clear zoneg #Asle= Zo=w AEHUC

(<3

I.A4 &
Astromicin(=fortimicin A)2 M&A 27 %E aminoglycoside AE2 A A
ojtt. XgF7k4] & aminoglycosideAl€ 9] A= 3EF 725 /AL
JAIT astromicine 29F TEZE o]FAA At (Figure 1). Astromicine
A7t %] HAFE thE aminoglycoside AlE Aol WAS 7}A = bacteria

o s &Aool gram positive bacteria®l gram negative bacteria®l] =

1) °] =2 20068Pd % Stare]arojujetal shed u] Ao ofste] o] Foj7 L.
ETA

2) @atelolojska Al et st A3 ek}



T oaERAelth =g UwkA<Ql aminoglycoside AIE] A S A F-oll=
ototoxicity®} nephrotoxicity7} =tk imAlH o] JAA T astromicin®] 7 -l
= ototoxicity®} nephrotoxicity’} S@thil &#jA v}l E3F astromicine
WE7IRAGE, Y, HAEwd, AeAA, BEd, B9, 385 soll a3F o]
ghar d# A Qvh. Astromicing  AAVEl e HFTE  Micromonospora
olivasterospora ATCC 218190]t}. o] #5& Y42 Hiroshima citye] EF
oA EZH+=d gram positive bacteria©]|™ sporeE A= TFo|t)
WS s, %7]ol= light wheat color(2dA)E wX gk, Z7]o= dark
olive green color(d x2)E WA Hh(Figure 2).

£

I“J — COCH:NH
2
CH

3

Figure 1. The structure of Astromicin.

Figure 2. The shape of colony of Micromonospora olivasterospora.

aAY|, Micromonospora olivasterospora ATCC218199] astromicin 34t
o] w9 iy wjEo B AFolMNE= Micromonospora olivasterospora
ATCC218195 E 5= classical mutations F33Fe] 1 ¥7}9] astromicin
A 75 daz) s



I A= % W
1. WAz %

Micromonospora olivasterospora ATCC21819¢ colony EE5S 9aliA
complex agar medium(Glucose 6g/l, Soluble starch 4g/l, Tryptose 2g/l,
Yeast extract 1g/l, Beef extract 1g/l, FeSO4-7H20 100mg/1)& A}-&3}% 1L,
79 activation® 93 A rich medium(Glucose 5g/1, Soluble starch 20g/l,
Peptone 5g/l, Yeast extract 5g/l, Beef extract 3g/l, MgSO4 7H,O 0.6g/1,
KH,PO, 0.2g/1, CaCO3 1g/)& A}-&3}t}. 18] 2 astromicin A4S <l s}
7] 93 production mediumeZ flask <97} wjA|(Soluble starch 60g/],
Soybean meal 20g/1, Peptone 5g/l, Dried yeast 50g/l, MgSO,-7H>0 0.5g/1,
KyHPO, 3g/1, KHoPO, 1g/1, NaCl 2g/1, Ca-pantothenate 10mg/DE AF&3F3
t}.

Slant =+ plate(complex agar medium)ol A ¥ %3t 5, seed mediuml & 7
%3} seed mediumol| 4] PMV zko] 4~5%<Y ul, production medium. = 10%
HEsto] m st

2. Classical mutation (UV mutation)

Slant =% plateol A A& #4 272+S 0.1% Tween 80¢] #7}¥ peptone
diluent®l| suspensionA]Z1t}. Vortexingdl®] mycelium® 25 ¥ sporeEs &
3] Zo]& ©v}e, Whatman paper number 1S A}&3}o] filtering3Ftt.
Filtering® spore suspension solutione glass petri—dishol] #5383 UVE
AP R ZALEEE olw] UV lamp$t} plateAte] o] AglS AAS A FAAA
F31 UVE ZASH=E A1 g 24 s UVE 243 g8 & repair 7]
¢l photoreactivations WAet7] fla]A 2413F &b hwkg& A AEH. o
H-S- I go] FumE 279 solutions serial dilutiondle] plating3dttl. 18]
31 colony’} BAEW  screening methodE ©]g83le] mH7}e] WolF
(mutant)E& &3 W}

24

a7

3. Screening method

UV mutations 33 t}5, colony’} FAEWH test organism®l Bacillus



subtilis ATCC6633< pouringdtth. 30T incubatorol A 24417+ =<F kst
9, clear zoned sizeE #&sF+=d] o|ul, clear zoned size’} & colony e
T2 At olglA dxAowE MHEE colonysES A Wl
Hjoko] EU bio-assaysS E35+e] astromicing A #A3kt}.

4. Astromicin 97} B4 (Bio—assay)

Micromonospora olivasterospora® astromicin AAES =43s17] A
ol S Al estel wAE AAT & 2 wiYgds Al o3 & FH, agar
diffusion WHel|l A}&3lt}. Test organism® Bacillus subtilis ATCC6633<
30CoNA TGYNA wviA](glucose 10g/l, tryptone 10g/l, yeast extract
10g/l, NaCl 5g/DolA wlgste] OD660nmelA 2.5~39 w 50T<S! top
agar(glucose 10g/l, tryptone 10g/l, yeast extract 10g/l, NaCl 5g/l, agar
7g/Doll 2% HA £33 . 15ml base agar (glucose 10g/l, tryptone
10g/l, yeast extract 10g/l, NaCl 5g/l, agar 30g/D7}F 0+ plateo] 2ml<-
EE=. Top agarZ} vE & X5 0.8cm?l cylinderE Sd#Ei 1 ¢to ¢
T v 60uE Eolm T 30TolA 18~24A12F Fot it} 1g

il clear zone9 sizeE TW&E3IHFigure 3).

@

Base agar 20ml (TGY medium, Agar 3.0%)
% Bacillus subtilis

_

Base agar 20ml + Top agar 2ml (TGY medium, Agar 0.7’ /)

v ﬁ
Rt

<—> I

v ﬁ oy
S VW

Figure 3. The procedure of bio—assay.

m 23 4 12z

1. Bacillus subtilis ATCC66339] overlay A& (1)



Test organism$] Bacillus subtilis ATCC66332] growth curved 743}
Bacillus subtilis®] overlay AHE gg3tqlth. Growth curve &4 ZA¥},
Bacillus?7y 7V activedt AEI?l OD600nmolA] 2~2.5 o d], =, middle
log phasedl A overlayst== 233} tH(Figure 4).

6

Cell growth(0D660nm)

0 10 20 30 40
Culture time (hrs)

Figure 4. Growth curve of Bacillus subtilis ATCC6633.
2. Bacillus subtilis ATCC66339] overlay A& (2)

Complex agar mediumol A9 Micromonospora olivasterospora®l colony
A %, Bacillus subtilis®] overlay A< 47 $Jdl- QAH=E overlayE
3to] clear zone?l FAS ZASIAY. 1 A¥, complex agar mediumol A
colony’} 8A4%® %, 79 ¥ Bacillus subtilise overlaydt< 74, clear
o

d
zone©°] 4%

AZ3 = AdArt = colony A F, 79 oluol = clear
zone ¥Ao] mH|EHA dojutm g 7} vl Z“‘LO}X] o} 7Y o]F

= Bacillus subtilisE overlaysl7|o] &uitia ALz H T}

]

A)

Figure 5. Establishment of a point of time of overlay.



- A) bdays after formation of colony

- B) 7days after formation of colony

3. Bacillus subtilis ATCC66339] overlay volume

Bacillus subtilis®] overlay volumes H3}7] 9alX Bacillus®] v
300, 500, 700, 1000ulE Z+Z} overlayste] clear zone® =715 F43HS
o} 2 A3}, Bacillus® #lE¥N 700ulE overlaystR S 9o A3 clear
zoneo| FAHAT. =, A AAA AR} Fste] test organism?! Bacilus
subtilisE overlay® A, Bacillus subtilis®] growth7} OD600nmol A
2~2.5%9 o, vk 700ulE overlaydt== 3},

Figure 6. Formation of clear zone according to overlay volume.
- A 300ul , B 500ul , C 700ul , D 1000ul

4. WolF HM12-A8 A4

Micromonospora olivasterospora ATCC218195 X2 3}l classical
mutation?! UV mutations 83t 23}, o #AXAMES ws Hol|FE E 5351
HFigure 7). A& A4S o EgFo] Hld LAANE w= WHo|FE
secondary metabolite?! pigment FA L ZE o FEo] ZHAFHJTILL /\}E%V/}.
=, WolF HM12-A82 Ryt M]3l pigment®e] ZFo

© % astromicin FAA Aato gl TEL FUIEHAS Ho= /\}f—i%ﬂ-.



Figure 7. Comparison of color of colony between Micromonospora
olivasterospora ATCC21819 and mutant HM12-A8.

- A) Micromonospora olivasterospora ATCC21819

- B) Mutant HM12-A8

5. Astromicin 97} AARAES 93 =4 &g

Bio-assayE &3 E5¢ Wo|F9 astromicin AAHHS H|wEtr] e,
bio—assay°ll A& 3t test sampled volumeS FHstrAl 3T 59 Hj
9kl 20, 40, 60, 80, 100ulE Z+7Z+ cylinderd] Hil clear zoned sizeE =
A3]2 A3}, sample volume©] 60uld WH-E clear zoneo] FA =AY =,
astromicin® 97} #AALS 93 bio—assayol A= sample? volumes 60ul®
gdste] 43S Y8k tH(Table D).

Table 1. Formation of clear zone according to sample volume.

Sample volume (ul) Clear zone size (cm)
20 0
40 0
60 0.8
80 0.8
100 0.8

6. Astromicin 97} @A (Bio-assay)

WHdF M. olivasterospora ATCC21819¢} ®Wo]l HM12-A89] N ok



S YT g, MgdES o] &3t bio-assayes FHsIATE 1 AT, M
olivasterospora ATCC21819% clear zoneS WASHA LUAE WolF
HM12-A89] -+ #7Zo] 0.8cm% clear zones FA3te Aoz #F
A, &, WHolg HM12-A80] R M. olivasterospora ATCC21819KH.
t} astromicin®] A Mol o =uhal AR

Strain Clear zone size (cm)

M. olivasterospora ATCC 21819 0

mutant HM12-A8 0.8

Figure 8. Comparison of clear zone size between M. olivasterospora
ATCC21819 and mutant HM12-A8.
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AALEAE QA NFAT 8494 =29 &84 2 @484

8 o AAEUAA NFATE B8 W ATNA ofe] AolEre 3 AT FW wude uw
Aol Fog AUE e g WHge 4 ¥ 2Ud FAE AT Brh NFAT-gal E
2 =7k FAA] HAHA AYE Jurkat T MEFE o] &38le] NFAT AAEAS A 8= 771
e S sIgETolRYYERE Ay A¥E FIFEELS 29 - 256 nM T NFAT 49
Aol ek IC50 #2 vebith Ad 338 NFATS A4ksE 22151¢] o NFATY =9
o AR oA AL BAT & AAT
L AE
HAREgS QR 2 RE Iy e= BHYUAE AASIY 8 AAE HEd=
A3s 7HA A AR, T BRI AYAAY 5L dFHoR Ao R sty
23y AA ME 7FeE HollA A5 FHAA WA JA7} o
371 %= 3t} Nuclear factor of activated T cells (NFAT)= A3ty WA E
So A WHYuks-o] frel Zdo d4AQd o3 cytokine FAA (IL-2, -3, -4,
-5, GM-CSF, TNF-qa, IFN-y, %) % AlX 3FW A (CD40L, FasL, IL-2Ra) &
o] ol FQ3k IS st HAZRA I A (transcription factor)e]th(1, 2). &
sl S YedlEe 3AECAdAA NFATS 7|50 ZAEX

cytokine ko] WEo] FA A Aol AME AFdEHo UTH2). 53] vl 5
Tk AGgAEHE QA dE AFEEHI Ade HAYAA cyclsorporingk A
(CsA) ¢} FK-506°] 93t cytokines A9l Wal7t 2 NFATS 7|5S A
sto Ay o]FoXutE= Aol &y uweh(34), calcineurin® #2 AIX W Al
sAG] FH iR obd HEF GEARD HAFRAJIA NFATO 7les
AR BHOR AAFoZN 7|EL HAAAE] 7HA L e F2E(2)5)
= AAAE F e AR HdgA HHES 92 5 degea 7tEnh
4709 FAYDNFATI-4)o 2 o —?‘Oi?ﬂ NFAT family members® 43+
Ca2+/calmodulin-¢] &4 @z &2l4 & 49 calcineurin®l 9 S|A] wl¢- ¢
AstA dEY. NFAT ©@d S vj@Adst deje] AxeA <Qlitstd Aef=

le=]
-
¥ 44 B9aY
=13
=
=

& ekl Aol o % A7AT.
2 gas)soloieta Aol stalo et A F e
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Ao EAett), SdAdFgAe A= o Fied AEUe Ca2+ sk°
Z7t2 FA 39 calcineurinel ol a4 gelarstdtt. =l akstEl NFATE 3
2 o)sdte & HAREAAEY A NFAT 4 -Fd2e] drAs 249 s,
ol#st NFAT A3t 4%, CsA9t FK-5062 O]‘éo A XE FEA
cyclophilins ¥ FK-506 binding proteins (FKBPs) ¢} z+2} 2433} calcineurin
o] &Qlitkst Vs s Ao e NFATO Eelikst& “J:GHB‘}T- Ao g Al
FAWe NFAT @#do] 3 W= oFst= e Walgth(6,7). NFAT @4
o] EelxitalE Ao 7= calcineurin® AL & W E o]F53 NFATS A4S
[e)

FrAst=dE dedt Aow A AxWe] Caz+ F=7F #Aast7 v CsA

=)

E= FK-5069 #glell 9&| A calcineurin &4 ©] A
S NFAT @l d 2 thA] Q14bsts] il DNA Z3bsS 8] 3
Acdt FAS vepdo (2). websd i kst A

U 1A % DNA 2359 ®sle NFAT &4x4dd 548
ol g Akl @49l GSK-3, CKla, JNK2 5°] NFAT?| 14ts}e}l &) o 25 H
MEAR] ol5e FFHgt= HolA NFAT kinase? 7]5& Sty B
HAtk (7,89).

B =FoA= NFATE f40= = Mz W49 /S 9t
NFAT reporter gene constructE ¢H4 4 22 transfectiond Jurkat T cell A3
FE ol&3t FF=gtolnyeE BFAEAL, o] ZRH NFAT HAAEA S v
T ERHoR dAEte FRELAS ddon, o5 Aitst HdHE XASHA
t}.

II. 238 A5 2 =Y

AEF R

Jurkat ¥ Jurkat NFAT A%+ RPMI 1640 (GibcoBRL, USA)el 10 %
Fetal bovine serum (HyClone, USA), 2 mM L-glutamine, 100 U penicillin/
streptomycin & 73k af X ol A wjFsFATh Wl 37 T, 5 % CO2 ujg7]ol
A o]lFojxom FHQo wEtA 20 ng/ml PMAS 2 pM ionomycin® 2 M ¥EE
2=kt NFAT Aol Ao i3k positive controlZ AFEE CsA 35 1
ME AH8-33l
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NFAT &4 84

gty whEolzxl AMEE = NFAT 244 #£42 NFAT
reporter construct®] pNFAT-galS Jurkat cell®] +HA|= <tg = o 2]
THE Jurkat NFAT MXE2FE o] &3] 4390 AW HLS 24 well #2411
< o] &3tHaL 2-33] o] WHE HYS Bt HF AAE deth AR 1
T 7x105cell/well 2 24 well plated] HE3 & 20 ng/ml PMA (Sigam, USA)
2} 2 uM ionomycin (Sigma, USA)C. 2 AXE A 33U A E F3FES A
M FEE Hrhgk 3 37 TellA 6A17F w15 ml tubeol] &4 AXEE
=23, 1x PBS 500 pl= 13 A3, 1x reporter lysis buffer (Promega, USA)
110plZ ¥l vortexste] AEE 7tk 4 C, 12000rpmell A 108 7+ 44 &2 3
T cell lysateE A tubeol =71t} 96 well dark plateo] 20- 30 pl9 cell
extractZ B-galactosidase (NFAT #A) £4 wr38H 150 plel stA € 37
Coll M 3023t wks-apdnh wkg-gofe] 242 vha¥ 2k 1 mM MgCl2 , 50
uM 2-Mercaptoethanol, 1 mM 4-methyl-lumbellifery—-galactoside (MUG), 100
mM  sodium phosphate buffer, pH7.3. ®w$S #x 3 plateE
Fluoro/Lumino-combined plate reader (Fusion TR-FRET, Packard Bioscience)
%2 excitation: 440nm, emission: 365nmeol Al ¥F-g-AFE <9l 4-methyl-lumbelliferone
o ¥Fs 4

NFAT Western blotting

Jurkat cells (1 X 106 cells)oll 1 uM CsA E+ 43 o Ad¥dH 33E
S 208-7F 370C oA HA Ags 3 1 uM ionomycinl & A EE 3027 F7}

2 AFst9d. AEE $8ste] 30 pl buffer (40 mM Tris—HCl, pH 7.8, 60
mM sodium pyrophosphate, 10 mM EDTA)d] tA Zx1 7Z& Huo 20%
SDSE ¥ 10#3F &l AXE st 587 dAEeste] dsqs 7%
SDS-PAGE geloll A/ 283} th geloll A E8]8 @9 &S nitrocellulose filterel
&2 %, Western blottings 33t th Anti-NFAT1 ©@dZ&# A (BD
Bioscience)E 1:2500 2]413}¢] primary incubationS <33} 1, 1:5000 341
anti-mouse IgG-HRP 3&AE secondary incubation 3 %, Luminol Reagent
(Santa Cruz Biotechnology)® X3l th. Jurkat Alxe] My Mxad REIE
$38t, Fraction buffer A(10mM HEPES pH 7.9, 1.5mM MgCl2, 10mM KCl,



0.05% NP-40)& #7tell Fi 1027 L&
Au F Al glstA ). 1200rpmel A 108 3+ '?l
24 duwldo] XgEoQl= AT A A FHo| &7 3 o
A Fold= pelletd Fraction buffer C(20mM HEPES pH 7.

420mM NaCl, 1.5mM MgCl2, 0.2mM EDTA)oA] 3083t Lo W3
12000rpmell Al 1047F Al ste] 3 dlHo] >x3hg ’%%O—H% A AT

m. 2= ¢ 1%
Jurkat NFAT AMEFE o] &3 NFAT X4 A F3E &4
NFAT @uidel Ax#YE dAshs sgEel D42 9ste] NFAT
q

reporter construct’} A Well Aoz AYJdHE T cell MAESF Jurkat
NFAT ME2FE o] &3ste] st=x3tE 239 Ux3sFgES FAsA Y. Jurkat

NFAT A XEXFE= reporter f A2 B-galactosidaseE 71A| 2 Pom™, o] FHA}
9] A EXML 4-methylumbelliferone B-D-galactopyranoside (MUG)ES 7] & =
o] &3}o] AtE <l 4-methylumbelliferone (4-MU)9 HAAEE &3S =H s}

O

wjg- s A S8 ok (Figure 1A). ©] AEFE o] &3t 3tE &4
& A3 NFAT 245 oAst= 2 /he d9des & + 2 5
HWY-4213t, HCI-12031, HCI-12080, HCI-12096, HCI-12097 s°] %< A&
e ves Aoz yehgth (Figure 1B).

A E 3 E S NFAT A &4

e golree BAE Eé}oq @gg-
®2817] §18ke] NFAT %‘r*jgixﬂq]
Asp AwE HFRS 29 - 2 5 |
Udglﬂgquﬂ %]'/‘égi Zﬂlﬂﬂl Udo—dl ﬂ /\111—/] 0% 0]}2}% _]'X]é]—jl o) = CSAQ]
IC50 ZFo] 1.0 nM o]l Holl A o9} m<e SA3 AASTAHLS VeI oS

L
& 4

8 n
o]



AAFZH A4 NFAT 24074 249 B4 2 2484

3 X IL-2 NFAT

p—oal

Jurkat NFAT cel line

Fluorimetric assay of 8-galactosidase

4-methyvlumbelliferone B-D-galactopyranoside (MUG)

—— Ad-methylumbelliferone (4-MU) and galactose
f-galactosidase

B
160 [
%140' i : T
u=] R
§I2D { { i
%IDD'_ t
T oanf
= "
P g0
= o
_gew- ~
B _ i
alln | ] AN e AR
D_ — T L e = T = e L T~ N e Y = N = = N = A = P =
DcEn@,Tmml_%%%%agggmmmmmmmmmmmmmmmmm
EEE555C55550888255285888885¢8888:385
2 iz Pl > rocooLcoooDoOLDOCODOLDODDLDOLDODODLDDLDOGO
ErsE=5L::£:TT2 2228228222288 82¢8¢
] TTTITFITTxT

Figure 1. Screening of NFAT inhibitor from a small chemical library (A) Jurkcat
NFAT cells established by stable transfection of a pNFAT-gal construct. (B) B

—galactosidse assay for the selection of NFAT inhibitor from a small chemical library
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1Cqy of selected compounds for NFAT inhibition

Compound 1C so(n)
HWY 4213t 25.6
HCI 12031 16.5
HCI 12080 29
HCI 12096 4.7
HCI 12097 4.2
Cyclosporin A 1.0

Figure 2. IC50 values of selected NFAT inhibitors To determine IC50 concentraiton of
the selected NFAT inhibitory compounds, NFAT reporter assays were carried out at

4-5 points of different concentrations. IC50 values are summarized in the table.
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Figure 3. Effects of NFAT inhibitors on its phosphorylation and subcellular localization
(A) Western blot assay of NFAT from Jurkat cells after treated with the increasing
amounts of HCI-12031. Jurakt cells were treated with the selected compounds as
indicated for 30 min. Whole cell lysates were subject to the Western blot assay. (B)
Subcelluar localization of NFAT by the Western blot assay. After treatment with the
compounds as indicated, Jurakt cells were fractionated to the nucleus and the cytosol.

NFAT proteins present in each fraction were detected by Western blot.
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Selection of small organic compounds that inhibits transcriptional activity of
NFAT

Jungchan Park
Dept. of Bioscience and Biotechnology, Hankuk University of Foreign Studies

Abstract: Transcription factor NFAT plays pivotal roles in transcriptional
induction of many cytokine and cell surface protein genes which are
important for induction and coordination of the immune response. By using
Jurkat NFAT cells that contain stably transfected an NFAT reporter
construct pNFAT-gal, several small organic compounds were selected from a
chemical library. The selected compounds have shown very strong inhibitory
activity with the IC50 wvalues of 29 - 256 nM against NFAT. These
compounds promoted NFAT phosphorylation and also substantially inhibited

translocation of NFAT proteins to the nucleus.
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)\JI:eXp (7 )\)
!

flz)= . 2=0,1,2...(0>0)

o

olW, Hito] A, #AE= X < ZHA "o

e
L
il

1.2 Multivariate Poisson Random variable A4

o] Ao A}E %= Poisson Random Variable & X3jl# =z AAE =Y, X3
© X13h X2 gde] Agow oot WS} 39 B9 X1, X2 7 44

=

£ 3x3 FHAZ 1Ist columne intercepto] i, 2nd colol Al 0& FAE 1& A=
X1

=]

o

oju et 12 Al 3rd col ARFel &S vt &, X1dE2 IAF X2 3
& ozke] Az ol

101 111
X1=|10 2 . X2 112
103 113
101
10 2
0.1
[ Xx1]_|10 3 _
X_[XZ] 11 1] ° b‘[é‘ﬂ
112 ’
113

WE ST} 490 A9 X1, X2 7 AEe 4x3 AAR Azke] sgo] & AR F7he)

101 111
102 112
XL=11 ¢ 3 » X2Z=10 3

10 4 114

o€ w5l Xa ™2 Multivatiate Poisson distribution & WZ2&= YE d49
oz A XdEL POl SJ(7‘/‘M 2005) &are]Fol 94'11 Ao Ade
. 5=1{01, 10, 02} & 1A T Zt7z}o] ZHHFE =
WM vl y2,y3E AA St} Poisson E¥0]2 2 yo| Hit exp(Xv) 2 ALt
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2.1 CS(Compound Symmetry)el] <3, Simulation 23}

CS(Compound Symmetry)ol A A& da RS 3 Zo] HoJe}

T ™~
T =D
T P D
_—D DD

X3 &9 Groupell Wz} Subject & NS=( 50, 100, 200 )= Astx A&3FE a
={0.001, 0.3, 0.5, 0.8, 0999 } = AAH3I F Iteration number=5002.= =
Simulations 303 E 7}53F9th Simulation 7Hs & AAE = 2449 Y1, Y2,
Y3Abolo] tigh AddaAle] FatS Tk 9o duelFe] Ay v 2ok

rl2 3x3 4x4
N = 50 0.2806 0.3969
p = 0.001 N = 100 0.2667 0.4026
N = 200 0.3065 0.3545
N = 50 0.4171 0.6031
p =203 N = 100 0.4355 0.6006
N = 200 0.4735 0.5554
N = 50 0.5696 0.7178
p =05 N = 100 0.5720 0.7162
N = 200 0.6148 0.6809
N = 50 0.8325 0.8532
p =028 N = 100 0.8530 0.8670
N = 200 0.8457 0.8655
N = 50 0.9301 0.9232
p = 0.999 N = 100 0.8899 0.9102
N = 200 0.9114 0.8999
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r13 3x3 4x4
N = 50 0.4157 0.3975

o = 0.001 N = 100 0.4492 0.3998
N = 200 0.4458 0.3653

N = 50 0.5411 0.5786

b =03 N = 100 0.5713 0.6071

N = 200 0.5660 0.5877

N = 50 0.6819 0.7355

b =05 N = 100 0.7006 0.7379

N = 200 0.6958 0.7261

N = 50 0.8563 0.8533

b =08 N = 100 0.8643 0.8623

N = 200 0.8531 0.8473

N = 50 0.8753 0.8802

b = 0.999 N = 100 0.8899 0.8687
N = 200 0.8902 0.8558

r23 3x3 4x4

N = 50 0.3063 0.3178

p = 0.001 N = 100 0.3007 0.3798
N = 200 0.3203 0.4005

N = 50 0.3848 0.5490

b =03 N = 100 0.4296 0.6129

N = 200 0.4556 0.5803

N = 50 0.5195 0.6804

p=05 N = 100 0.5538 0.7148

N = 200 0.5800 0.6871

N = 50 0.7751 0.8573

p=0.8 N = 100 0.7819 0.8577

N = 200 0.7889 0.8331

N = 50 0.8749 0.8954

p = 0.999 N = 100 0.8671 0.8793
N = 200 0.8718 0.8707




ARABA AN BEF] JFEA

W SETE 490 A, X1, X22 AAEE YE 4x4 matrixZb HolA,
Y12(r12), Y13(r13), Y23(r23) 9ol Y14, Y24, Y347} A€t} afAwr &A=
Aol QkE7E 390 9o AAAEE Y A Ee] 7H7e] element$t WEd
of B HAC o FBE HlAelER Y14, Y24, Y34 AFEgich

=]
-

-

2.2 WEZW po] gF AVE v L

WAL 32 Agek 4 Aol pel
CS(Compound Symmetry)oll 23+ R matrix”7}
v 2 AWEFEAE UEde shve HE7F 2 5 s
Sample Size(NS)=100, R={0.001, 0.5, 0.999}%1 A% ¢ F &
gt Box-Plot & YEbd Ao|t}.

® Rell g Corr(Yi, Yj)

= = -

uuuuuuuuuu

2% 1 rho=0.5 (r23) 29 2 rho=0.5 (rl3)
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L= — A — ]

a9 3 rho=0.001 (r13) a9 4 rho=0.001 (r23)

3" 5 rho=0.001 (rl2) a9 6 rho=0.5 (rl2)

=

e
i i

! i
] ? ]
i ‘7 ‘ i

wn

[}

a9 7 rho=0.999 (r12) a9 8 rho=0.999 (r13)



13 9 rho=0.999 (r23)

i}

¢ Box-Plotg AHEW R = 0001 21 %%, Corr(Yi, Yj)7]- T aE BT Y
037-038% UE}T 3 F 1E7he] vije] Wels We fm e R
= 052 A%, Corr(Yi, Y)7F ¥ 18 2% ¢F 067-069% wW3sta 9 R =
0.001¢ wiet mizbbA =) = 2F7HY Yije duAT] "Hdwsis dHE glva
Hol A& R EARS WHEFETE SThgke whel Stk Rages RoFal 9
o} 28y R=0.999%1 A%, Corr(Yi, Y))E w1 Et} 1529 correlation®] H
SA UEtF o RA, 5 2F3Ee] Zpolrtb ol HA Aol7l vbEdes & g UL
T3 Yijel element?! rl2, r13, r23°] WiE pol Aozt vEhdtiE M & &
A IE1elA9] Yije= 0.88-0.92% yERYaL il 272004 9] Yij& 0.85-0.87
=2 UHﬁrur"’ Ues & T Adnh weEpA, wES7E F7Fghel whel Ay
2 A A= WS AV|rt 3R Y F AS TA 24T A7 g

o

2.4 Rol Fo1x2 we gud p9 o] AH

oF Ao A wkE=o] wel R-value’t Fol A4S W, 24479 /001 Ht} =& F
A& YeEhy 9,1%% & 4 gJArk. 2EhH, Simulationg E3] Aol Yol
sl Al Z}7Fe] element(rl2, r13, r23)7F Fo1% R-value¢t *}ol7F A=A HAT

ol

R=05% FolAS ul, vtEw pol td g4A4S A4

Aot
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@® dim(x)=3
The TTEST Procedure
T-Tests
Variable DF t Value Pr > |t
rl2 499 72.68 <.0001
rl3 499 81.84 <.0001
r23 499 75.42 <.0001
® dim(x)=4

The TTEST Procedure

T-Tests
Variable DF t Value Pr > |t
rl2 499 71.23 <.0001
rl3 499 79.39 <.0001
123 499 76.70 <.0001

H FoW 7 Hy :op = 0591 W3 p-value7b WHES=7)
9] element’} T FoFE St BT V14E S
gt} wetd T 189 pol 058 Fald 7 dvkn @ 4 9tk

Fol mHT @Aol Jzrgel ek F 2FS pe Rovaluest TE @
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24 el dE e dimensiond E7Fo] d#@Ao] JEAS Lol = S Ao

o} N=50, R = {0.001, 0.3, 0.5, 0.8, 0999}l A + 1+&¢ Simulations &
3 A HiES 77 element¥ = MW E AT ( Hy oy = py vs Hy
py # gy ) T L

A w4 005 oA HeZ 7143HA E&HA 5 Rol
0594 HeE 71738t &, Ro] 0.001, 0591 A%,
dimension®] W& A#IAFI AEZ 2o & £ Q3 Ro] 099991 H ¢

dimension®l] w& A o & 4 gl
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on
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e
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M

m 2 &

Fo]7 data’} 5 HA&(independent data)”} obd AF#-A} & (correlated data)
ol X3FHY B} FoHS ul, CS(Compound Symmetry)ol 2] RS 0.001,
0.3, 0.5, 0.8, 0.999 & W 3}A| 71" A Multivariate Poisson #¥ 5 2= Y A
stk wek Xaldo] 3xkQ1 A 9-oF 4441 A9, el duglFor AHdE Y
Zrzve] AAAFE BEAsEY o] 50082 Simulations F3 AdAS<]
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