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mTORC2 &4 &4 /!

mTORC1 Al f | 9 F 7o whet F3283% olghz-g2 #3& fFAstes 2dA4=
gAF S5, o, st #oiEo] Qlth I8 mTORC2E AHXE SRZRE AdHE AIARE
whol M2 BE, oAl AE =74 ¥EE 2dste AR o, Ad, Zd Do #ojro] QiTh
mTORC1¥} mTORC2E mTORE catalytic subunit® 33t FAGMA] Aojst gz EHatg =z
mTOR®] kinase #7442 A% 9AshE AsfAE mTORCI ®+ mTORC2EHS ofAlets A€
A A7 2 4 glok. REA protein-protein interaction (PPI) A3 A= catalytic subunit® 3
UEHE A AL Zolo] wel A FEo] ARHER A=A AAsE H 5 Ut
Aol A= PPL AsAl B Alx"le] ARESEE7] 918 mTORC2 24 A4S /N@sklch mTORC2
EH3A gAd el A scaffol

]
mLST8S AlghA| o] & A]7]31 Flag-mLST8S Flag A& WAXRAA Flag-mLST8| A3t

Q..
8
gg
mlo

T3 3F= mLST8l| Flag tags A Az=gste] £3H3 ™, Flag-

mTORC29] #A4l& =74&tgth 3 mTORC1S 7]%ol 52 Raptordll Flag tags E$18H
mTORC1 &4 Z3¥E /Mdsqlch & Ao s mTORC2 &4 Z4H2 mTORCI &/
S-S mLST8 T Raptore] 1$1d 07 EAWo] 3]0 7}3dl 22, mLST8} Raptorol] 2 3sl=
A mTORC2 E mTORCl A#AS Awslr] sk PPl As|Al &4 AAdog {8357

Mechanistic target of rapamycin (mTOR):= PI3K family ]l 43}= kinase & mTOR
complex 1 (mTORCI)¥} mTOR complex 2 (mTORC2), F+ 7}# ol whuiz
E5EA o A catalytic subunit ® ZF-83Fch mTORC1 < AMEZ Y JF U oy
W g4 3lE o], 4EBP1 ¥} p70S6 kinase &
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mTORC1 & TFEB 9} Ulkl & QIAtg}Iste] QESAE oAz o]ju] A3t
i gl Az g 273 EElE AE ().
mTORC1 = ©E7A mTORC2 = A QF-EREH dAgses A3 JRE

A wol AlxXEd, tirk, AlE =4 ®ligks: 2dse 28R Fsdn 3).
oAE So] ol Aglzte] o8 PI3K 7} A3 =, o]o wa} mTORC2 7}
Holo] &Agstert. FA3E mTORC2 + Akt & <4H3F3Fe] mTORCl
Ao 2H F3AES FHWITE I SGKI ¥ SGK3 & 14tk
FA 31271, o]o] we} NDRG1 ¥} FoxO3a & SQAFSIAA A A&} Y
=215t} o9k g7 mTORC2 & PKC & S43MA 7 MAE 345 2439
A5 AR wet Az FH WstE st oSt E st

o] 9} 7Fo] mTORC1 ¥ mTORC2 &= A|E8A, t)A}, AlXE F7 W3l st
a4 2EARE Fgsta gler, kel Adhelx WA A wWgle Fo
dlol & 4 Qv AARE 9k, v HFo|A = mTORCI %+ mTORC2 7}
&g stE o] ek Wb mTORCI I+ mTORC2 & ©] & AF A5A4 /Lo
T2 Ezlo] #r (4).

mTORCI = mTOR, mLST8, Raptor & T4 o] Q= @ HIA o],

O

FU

H

12

=

|
mTORC2 = mTOR, mLST8, mSinl, Rictor & -4l & o] Qli= vz Zgkzolt} (5).
mTOR = mTORC1 ¥} mTORC2 7} &3l catalytic subunit ©] =2, mTOR 2
catalytic &S A3} ATP analog & #3841+ mTORCI 2} mTORC2 BF5
oAAsHA Ho] A AA| 7} HA] IR o] &b thE A O F mTORC 34
A4S 9ASHE  protein-protein  interaction (PPI) A 3A|i= mTORC1 %+
mTORC2 & Mg Aoz AT F e A93 AsfiA7t 4 4 Utk PPl
AsAl AR G AsAZE AFsteE FAE tEstl A= AA
AFEFL7E =ddold FAGNARE IAE HFAE AAAteto], Hd Al st
AsAL] A aE ST 5 v FA FYH 27HT B AFedA =
mTORC2 ¢} mTORCI 5A Ao FQo3sk Addwzel mLSTS ¥} Raptor ©l
Flag tag St A X3 ZeA2v|=F A F8F3l, Flag tag ¥ FAGNAZ JAHE



mTORC2 &4 49 7

mTORC2 == mTOR1 & AJ2ksle] PPl A& A2l A& &%5S =T 4+ 9=

(1) M3 vjeF 2 transfection

HEK 293T A|3XE 10% heat inactivated FBS®} 2mM Glutamaxs 3 7}3t
DMEM HjoF ol Al wljoFaFod Tt 100mm ¥l F Al 8 x 10°7]19] HEK 293T A X &
A2 o, 193 v Fsk . 1ml OPTI-MEM®] 42ul Lipofectamine, 21pl plus reagent,
18] 31 21pg plasmid DNAS 412 5, oA 25:23F 219310 transfection DNA
mixtureS  A| 31 TF  transfection DNA mixtureS $F W& HA3] Ao
Aglsta, SAIZE wiYF RS AR wjgdoer 1

Astgon, 1 F

4841 1 vl et St

(2) pCAG-Flag-mLST8%} pCAG-Flag-Raptor A|%}

HA-GbL (Addgene plasmid #1865)2} pLIM1 Flag-Raptor (Addgene plasmid
#26633)% David Sabatini®=H¥ 7|=1F9)ch (6, 7). pCAGEN (Addgene plasmid
#11160)=> Connie CepkoZ-E 7153k th (8). HA-GbL plasmid DNA®I A HA-tag
e Alstas EcoR 17 Sal 10% #ef Al A &, I zkgo $/d 3 Flag-tag

o

NA ZA#-S Yo] pCAG-Flag-mLSTS plasmid DNAS #2131 t}.

pLIMI1 Flag-Raptor plasmid DNAE template® ©]-23}] Flag-Raptor ORF&
PCR WO &2 FZ3% % PCR AHES pCAGEN plasmid®] EcoR I3} Not I -]l
AF]18ke pCAG-Flag-Raptor plasmid DNAS A &3} T}

(3) in vitro mTORC?2 kinase assay
pCAG-Flag-mLST8E transfectiond}®] Flag-mLST8= IUHAAIZl A EXE
CHAPS buffer (5S0mM HEPES (pH7.4), 100mM NaCl, 2mM EDTA, 0.3% CHAPS, 10mM



sodium pyrophosphate, 10mM sodium B-glycerophosphate, ImM PMSF, 1ug/ml leupeptin,
lug/ml pepstatin A, 10nM aprotinin, ImM Na3;VOs, 10nM calyculin A)=Z SHA] 7] 3L
4oCoA 13,000rpm o= 10:27F AAEE dto] ATAE o] cell lysateH
2535kt cell lysate®] ¥z F %= BCA protein assay kit (Thermo Fisher
Scientific)® A3 TE 1mg?] cell lysateol] 30ul®] anti-Flag M2 affinity gel (50%
slurry, Sigma)E Y& 5, 4°CeollA] 3A17F &b Xgsqltt. 1 5, affinity gel=
CHAPS buffer® 33|, A% & kinase buffer (5S0mM HEPES (pH7.5), 2mM DTT, 10mM
MnCl,, 10mM MgChL)= 13] A3l 10ule] kinase buffer[-substrate-ATP] (50mM
HEPES (pH7.5), 2mM DTT, 10mM MnCl,, 10mM MgCl,, 10nM calyculin A)E affinity
gelol W2 % 30°ColA 1537F XGskqict. 1 %, 10ul®] kinase buffer (50mM
HEPES(pH7.5), 2mM DTT, 10mM MgCl,, 10mM MnCl,, ImM ATP, 500ng GST-Akt,
10nM calyculin A)E FH7F skl 30°CeollA 453 FEslo]  kinase RHEg&

[‘ E

&3+ T}, affinity geloll 14ul12] 4X SDS sample buffers ¥ th, 95°ColA 51t

8

o W= FESFATE mTORC29 7]A<Ql GST-Akte] Serd73 JALSh= Akt
A (#4691, Cell signaling) 2} phospho Ser473 Akt 33| (#4060, Cell signalig)S A}t
immunoblot +4& Fa3ste] FAFGITE AZD80SsCl °]$t mTORC2 &4 =3
U=
kinase bufferE A}F&-3} % T}

Ay

Asl7] A= AzZD80557F X3 kinase buffer[-substrate-ATP] 2}

(4) in vitro mTORCT1 kinase assay

pCAG-Flag-RaptorS  transfectiond}®]  Flag-Raptors FU&AIZl  AMEE
CHAPS buffer (50mM HEPES (pH7.4), 100mM NaCl, 2mM EDTA, 0.3% CHAPS, 10mM
sodium pyrophosphate, 10mM sodium B-glycerophosphate, ImM PMSF, 1pg/ml leupeptin,
lug/ml pepstatin A, 10nM aprotinin, 1mM Na3;VOs, 10nM calyculin A)Z S3A]7]| 3L
4°Coll Al 13,000rpm .2 103 AAFEE o] ATHS dof cell lysates:
535ttt cell lysate®] ©¥Z -5 %=i= BCA protein assay kit (Thermo Fisher
Scientific)® A3 TE 1mg?] cell lysateol] 30ul®] anti-Flag M2 affinity gel (50%
slurry, Sigma)E E 5, 4°CollA] 3A17F &b ettt 1 %, affinity gel=

4
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mTORC2 &4
CHAPS high salt buffer (50mM HEPES (pH7.4), 500mM NaCl, 2mM EDTA, 0.3%
kinase buffer (25mM HEPES-KOH (pH7.4), 20mM KCI) = 13]
30°Coll Al 153t

M A3 TE 10ul9] kinase buffer[-substrate-ATP] (25mM HEPES-KOH (pH7.4), 50mM
uo &
S '7‘,

elo 14pl®] 4X SDS sample
)

Flth. mTORC1E] 7]

2 s
Zol e

A & ki
P Tk 1 %, 10ul9] kinase buffer (25mM HEPES-KOH (pH7.4), 50mM KCl
o
o
47

CHAPS)=Z 33|, A3
o
KCI, 10mM MgCl,, 10nM Calyculin A)E affinity gel®ll
FSITF. affinity
TES
phospho Thr389 p70 S6 kinase & (#9205S, Cell
&9k i
Asl &S

93k mTORCI1

2%
18}3}o] kinase HFSS
buffers ¥ U, 95°ColA 577+
Signaling)?} GST A (#A190-122A, Bethyl Laboratories)E AF&-3F immunoblot
ol =

10mM MgCl,, 500uM ATP, 100ng GST-S6K 1, 10nM Calyculin A)S 3 7}3}al 30°Col| A
g
IS .
buffer[-substrate-ATP] 2}  kinase

30°Co| Al 4583t
immunoblot

4533k
GST-S6K1°] Thr389 <l14ks}
5
s a8kl S8l AZD8055
438171 SldiA= AZD80557F EFE  kinase
bufferg AFE&3FA Tt
a3 5l 3
mLST82 mTORC2 E3&A IS wj7/ist=  scaffolde] ™, mLST8Y}
mTORS A WHashd mTORC2 EHFTA AL A, AgHozm
mTORC2 &4& AL + Stk & A= mLST83 mTOR A=
o} A| 3= protein-protein interaction #] 3l A| | AFE-3H7] 918t in vitro mTORC2
kinase assay & 7l'&3}F Sl T
N-Z&+ Flag tag mLST8S pCAG vector®] subcloning 31 pCAG-Flag-mLSTS
plasmidE #| %33t} (Fig. 1A). pCAG-Flag-mLST8 plasmid DNAE A A 325 HEK
293T A|3Eef transfectiond}®] Flag-mLST8= IUhH&AA|Z © ™ (Fig. 2A), 71 $
anti-Flag M2 affinity gelE AF83}°] Flag-mLST8¢] &4 st mTORC2 H3A|E
2] 8k . Flag-mLST8¢] &/d 3t mTORC2°] mTORC2 7] <1 GST-Akt®} ATPE
Gsto]  kinase Wha= XA O™ GST-Akt
Brog =A3o] mTORC2 A9 A u=
5)

=]
A7k
AAeHE

Ser473 9]



AFE-3FA T (Fig. 3A). Flag-mLST8S = 3HA] &2 tlZ oA+ GST-Akt Ser473
QAL A FHAEHA Edth HEH Flag-mLST8S =13 AT oA+= GST-
Akt Ser473 JAFsZE HAA S| FrFsERtE I8]al o] F7FSE GST-Akt Serd73
1 4F3k= dual mTOR A& A1l AZD8055° o -8 74Tt o] A3k in
vitro mTORC2 kinase assay©llA] =73t GST-Akt Serd73 <14Fs}7} mTORC2¢] 2]l
A AdE owmsith. o]Z4 Flag tag AXY plasmidZ25F-H EHAT
mLST87} ¥/d3sh= mTORC2 &A= =4 4 %l in vitro mTORC2 kinase
assays T oF AT

Raptor= mTORC2 H§tA|ol= EAsHA] &
A A AR, 7140l mTORY Adste A )
mTORC1 of HiHojr}, & AT A= Raptore] ZAE3Fe] mTORC1 45

TO
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mTORC1 A&l #] 7fke]l &-&-317] 913t in vitro mTORC1 kinase
=8
N-Z+ Flag tag RaptorE pCAG vector®| subcloning 3} pCAG-Flag-Raptor

assays 7Hobd

plasmidE #| %3}t (Fig. 1B). pCAG-Flag-Raptor plasmid DNAE AFA| 325 HEK
293T A3 transfectiond}®] Flag-Raptors T A7 © ™ (Fig. 2B and 2C), 71
% anti-Flag M2 affinity gel& AF-8-3}°] Flag-Raptor’} 3/d s mTORC1 &A=
=233t} Flag-Raptor”} &7d ¢k mTORC1¢] mTORC1 7]& <l GST-S6K 2} ATPE
A7ystar 30°Cell A 45%7F F®WEte]  kinase WHES WA CW  GST-S6K
Thr389%] <IAFS}E  immunoblot w202 730 mTORC1I 4o A %=
AHE-3I T (Fig. 3B). Flag-Raptors ©Q18FA] &2 tjZ 7oA GST-S6K Thr389
QUi 7 Aol HAH A &kl WHA Flag-Raptors =413 AT olA = GST-
S6K Thr389 <l4tstrh dAs] F7hsidivh. 12]ar o] S7het GST-S6K Thr3g9
?14F8}= dual mTOR A3 A|*1 AZD80S5 o] 3l o2 ZFaskivh o] A3+ in
vitro mTORC]1 kinase assay®ll ] =73t GST-S6K Thr389 <14ts}7} mTORC1¢] 2]
AdE AYE gulgtth. o] M Flag tag MEF plasmid=F-E] & A Z] Raptor7}

3= mTORC1 E4-& 573t in vitro mTORCI kinase assay S -5 o 1 T



mTORC2 &7 S4W W
mLST8> mTORC2 H3A Ao AFZQl scaffoldo] =2 mLST8¥ mTOR

Atole] Aol W= mTORC2 H&A7F P A Eet} (9). H]F mTORCI

EHA A E mLSTS> =43, Raptor’}  scaffold 7]s= thalstal 3l

mLST87} $1oJ = mTORCI H A= FdAow JAHT S A8 (10)
w2k mLST8¥ mTOR Abele] ARE olAlst= PPI A &A= mTORC2+
oJAsk= ¥ mTORCLS 9 AlskA] &+ A # 2 mTORC2 A7} = + Uth
B AFo = mLST8o| AEate] mTORC2 E3H4 A4S o A|st= PPI A &) A
gl A AElof] ALE3EL7] 913 HAH o7 mLST8Y okE Ag FYo <gFow
=dWolE =Y 4 3+ in viro mTORC2 &4 FHHES /sl 2
AFolA 7ltE in vitro mTORC2 &4 ZAH-> AdMA 7 A5t o= B
ol S JhsetA & Zold, ol mEt HEHOF mTORC2 A
qeli k= PPI A a2l 7ol 7]oje Ao w Y|oje
Raptor= mTORC1 E3A] S wi7fdt= scaffold® 2H&3h 8yt ofye}
mTORC1 7|de] AFste] mTORe| st AAbstE 7hsatA st 52
TG Aotk (11). o]o] wE} Raptort= mTORCIS ¢ A3F= HWEH mTORC2:E
A 3HA] 2 AEAdE Zh= mTORCI PPI A& Al 7] =2 El7l v ol
Aol A= Raptore] oF= AR Folol QIfIFCE EZAWlE =Y
¢l in vitro mTORC1 &4 SAWS /fEslRon, 2 Ao 7§ee in vitro
g4 SHANS Yo Mulx oz mTORCI FAS Asdh= PPI
g Zlojt},

mTORCI
AefAl el &
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Figure 1. Construction of pCAG-Flag-mLST8 and pCAG-Flag-Raptor. (A) The HA tag of
pHA-GbL was replaced by the synthetic Flag tag. The HA tag of pHA-GbL was removed by
EcoR I and Sal I digestion, and the synthetic Flag tag was subcloned into the Eco R I and Sal
I sites of pHA-GbL to produce pCAG-Flag-mLST8. Agarose gel electrophoresis of pCAG-
Flag-mLST8. M: size marker, lane 1: uncut, lane 2: digested with EcoR I, lane 3: with Sal I,
lane 4: with EcoR I and Sal 1. (B) The ORF of Flag-Raptor was amplified by PCR. The PCR
product was digested with EcoR I and Not I, and then subcloned into the EcoR I and Not I
sites of pCAGEN to produce pCAG-Flag-Raptor. Agarose gel electrophoresis of pCAG-
Flag-Raptor. M: size marker, lane 1: uncut, lane 2: digested with EcoR I, lane 3: with Not I,
lane 4: with EcoR I and Not [.
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a-Flag @ <« Flag-mLST8 Flag | - NS, g < Flag.
a-Flag i <+ Fiag-Raptor a-Raptor ,ﬁ_” Flag-Raptor

Figure 2. Expression of Flag-mLST8 and Flag-Raptor. pCAG-Flag-mLST8 (A) or pCAG-
Flag-Raptor (B and C) was transfected into HEK 293T cells. Cell lysates was analyzed by

western blot with the indicated antibody. Control: non-transfected.

A B

None Flag-mLST8 None Flag-Raptor

_ - A - - A

<« p-Ser*”8 Akt
*4— ns . . <« p-Thr¥ 86K
—
RIS .

Figure 3. in vitro mTORC2 and mTORCI1 kinase assay. (A) mTORC2 was isolated from
HEK 293T cells transfected or not transfected with pCAG-Flag-mLST8. mTORC2 kinase
reactions were performed using GST-tagged Akt as a substrate. Reactions were
immunoblotted with anti-phospho Ser473 Akt antibody or pan-Akt antibody. AZD:
AZD8055 was pre-treated before the start of mTORC2 kinase reaction. (B) mTORC1 was
isolated from HEK 293T cells transfected or not transfected with pCAG-Flag-Raptor.
mTORCI kinase reactions were performed using GST-tagged S6K as a substrate. Reactions
were immunoblotted with anti-phospho Thr389 S6K antibody or anti-GST antibody. AZD:
AZD8055 was pre-treated before the start of mMTORC] kinase reaction.
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&-go)| X Ee ¥ Frondihabitans sp.2] 54 47!

Qok EUERYHE 124 FF5 283, 16S rRNA gene @744 BHS F59
Frondihabitans sp. 19 w55 I8t V1A doe] 548 w55 ALty A9s #+5 27
HMG2925, HMG2935, HMG2936°.%2 WHa3la, o #5592 Adxx Aedsist 5445
ZARIATE Al #FEE 23 Y o Z 30°C, pH 7, 0.5% NaCl FXold HH oz Aassd

T3, 7)ol &4 oxidase®l catalase &84S Zk=th NBRIP WA E o] &3te] &It <At

7H&-8hs> HMG29259 HMG2935%F 4ol gle Ao 2 vrepsttt

AES Ve, 55 53 22 o2 &4 acloly st Ay ARAES
st AR O Sl AEd e 8% videEs A= e

Ny T2 Ego|y A& By Ekoa AMAst= 2@ v =Y
A= s xFEs AT A= dE HAES Oe=E
A3y =) 2t} (Sivakumar et al, 2020; Subrahmanyam et al, 2020). Be] 3] 2

nAdE T2 BEY #E, BEA olE AE, AE F O 55 AP wet
Aas] veretd, AEo] Enlete EEAR AEddA /ol SAS 7R

<3 AAE A A dEFE & o+ dd
(Subrahmanyam et al, 2020; Chaparro et al, 2014). o1& £ ¥ (Oryza
sativa)®] @ E  Proteobacteria, Acidobacteria, Actinobacteria %

Chiloroflexi 7} 2 T YA, 5ol Proteobacteria, Actinobacteria,

A8 A o] ool o] Fol1 29,



g oA 8% Frondihabitans sp.2] &4 A

Firmicutes Y Acidobacteria 7} 33ttt (Lu et al, 2018; Ding et al., 2019;
Mendes et al., 2014).

E3) EoF nAE FHO FQ Fomw BERE= WM (Actinobacteria) &

T8 v ER YA slen, B Ak AstA Al s 2dS
Walste] Ed o oo Tash dds vt w1 oy A 5o FAHS

wel AEe wsaAd, A% F=Ed §A8 HFEL Adee] AT

WA 59 3PSl Frondihabitans 452 A 274 % Wl ¥ (Frondihabitans
sucicola GRS42"Y, F. cladoniiphilus CafT13Y, F. australicus EIHC—02%, F.
peucedani RS—15M 0] RuHy, 25 A&7 #dy A goa] a5t
(Kim et al., 2014; Cardinale et al, 2011; Lee, 2010; Greene et al, 2009).
Htol A= A9 vAE YA Bk A oNA Frondihabitans <ol
e = F=ol HAHT Qv HIT AEY AL AEHAES 4stsiAY
Az s FXee e RS 9% A duls Ay =y
vtetaryote] opy AE 3 wlrjol SHAMEC] ofolH] (Hedera helix) elA
NEEQ, A3 A3 vkt AltS £ Frondihabitans 59 w57 &
gelstgdth (Stevens et al, 2021; Vega—Celedén et al., 2021).

2 Aol e EdgolA e At FollA Frondihabitans 40l 33 E =
A HF (HMG2925, HMG2935, HMG2936) 9 <1ab 7hg3F 53 4

A 24 e BAeTA SoT

kel

3o
= =

Ag 8

Ats syl 9t AEE Axse 49 AuFedA  ENEs

AASAT. BrE AAAAF 10 mie] 2A A EHE 192 Wl 587



Hdeh=, 439, Migd, ZHE

5k 3 R2AS} ISP2 agarel

st B4

—_

3ttt Alse AFIAHE ol&d 34
H A&ttt Agar platex= 30TColA 5U%h
1

welsit. Eele w77 R2A 9 ISP2 agarell 4Edho]

T 2d9¥E #FE F4s7] fste]l 16S rRNA Fd2 #4& F3staltt.
WA Al 16S rRNA f32Hg xetoln] (27Fs} 1492R) & AHE-3te] PCRE
FAsFA T} o] & PCR AFES vlo] A EALY] A A 2 sequencings 2 sl
°F 1,400bp ©]e  @UIAES STk o] @7IA9S EzBioCloud
(https://www.ezbiocloud.net; Yoon et al., 2017) ¢k NCBI
(http://nchi.nlm.nih.gov) ¢ database® 16S rRNA F3A Q714 <LEF
Hlaste] ¢ 55 st e 2AFHe] AEsE 4e 9l EzEditor2
(Jeon et al, 2014)92F MEGA7 (Kumar et al, 2016) X213 o] £35}o]
AsEE AT

)
##e Gram-—staining 38l #8#v]4 (Nikon E100) o2 ##3sldct
(Hucker, 1921). A% x1& Abe 2%, pH 9 & 2Este] wjekst

=
Sof #AASIAY. HA x4 A 25 HY = #FE R2A agarel HEsHA

Z+Zy 4T, 10T, 15T, 20C, 25T, 30T, 37T, 42TColA wjFate] golsk3iy,
HA dx 9 PG A% FARE 0-2% NaCl (0.5% +4), 3-6% NaCl (1%
A) & A7FeE R2A brothell Z2b #F5 AFske] &lsla, A 78k pH
Heleh AL =g obry] flke]l pH 4-102% pH 14 Afol7} Y=
& R2A brothel #55 HFske] 30TeolA miFsialtr. @714 =7edA
Az o] 9l oxidase$} catalase &4 FAE F<l1dtt (MacFaddin, 1980).
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rlo

9 Asstd 542 API 20NES ZYM kits ARS8t ZAlskqlth
ARE el meEbd 24E FdEa, #FE HER kit 30T
HjFstitt. theFst wj Ao o] A o FE LotrR7] $]8ke] Marine agar,
TSA agar, MacConkey agar®l o5 HE35te] 30TCoAA vf S35+ T).

o
™
N
)
ofo
o,
o
8.
o
off
ol
)

A4 #1814 NBRIP (National Botanical Research
Institute's phosphate growth medium) ®JA]& AFE3F3tE (Nautiyal, 1999).
NBRIP HiAlol] w5 HFst & 30TColA wjkste] Z2Y Fdo] T
BN oAFE s FEEe] IAE A A FHile FHe=E

HAsg . dwa BESS gesr] 98] skim milks 3% H7bsko]

A wAE VxRS Azl A4 wiAe d5E HES ¥

Axs et wAdA AHAE EWSEHE 47 60 #5¢ 64 dTE T
weedt. 2gE F5E FFsH] fstel 16S rRNA 342 dA7I4EE
A% Ay, A¥X3 EWEoA Ea® o FolA  Actinobacteria®l

A
GHe dFe 17% (10 #5), 249 EWacdA e 45 SolAe

Z 19¢F7F 28990 2+ #5599 16S rRNA §HAe] d7AgEs A=

B wste] 100% A3 #5355 AQstal, Frondihabitans 40 G EH = A
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7] A

=
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5 (HMG2925, HMG2935, HMG2936) & A3t 1 54 #4353

HMG2925 3+ Frondihabitans sucicola GRS4278} 99.1% FAFsE o=
ek, HMG2935 #FE 99.0%, HMG2936 w5+ 99.0% A% Zo=
Uetwtth, M o5 25 Frondihabitans sucicola GRS421e} 74 GAFE7H
=9k, F. cladoniiphilus CafT13", F. australicus DSM 17894", F. peucedani
RS—15" #FE7 098.3-98.6%< FAIRE HAth ®E® #FEL
FAIEE Blustd HMG2925 59 HMG2935 % 99.6% #AMShL,
HMG2925 59 HMG2936 +#++ 99.5%, HMG2935 9 HMG2936
T+ 99.9% frAFsEaith (Table 1).

Al 2} Frondihabitans <°) 3X3VE Microbacteriaceae ¥}l &3l X
=29 165 rRNA #F3x d7IMd= wlastel Ages Atk HMG2935
592 HMG2936 w57 7H 7HaAl HEe clusterg @JAASAL, Al 5
XX Frondihabitans sucicola GRS42'¢} 37 cluster® A &}o],

Frondihabitans <°l 9%+ d579S A 4 Q3o (Figure 1).

Fad AFEY HHE EAS dolry] 939 Gram-—stainingS
FysE . HMG2925, HMG2935, HMG2936 #+%
e, e > Fddezx FAFHAY. M #FES R2A  agardl
HEsto] 30TCelA 54zt wieFatd 5 dAst w=ddo FrYE FA S

o|5 ¥3l Frondihabitans %+ 4552 FH & FAMES Ak

HMG2925, HMG2935, HMG2936 w5+ R 4-30TColA o] ks
30ColA HA9 RS 8, 0-5% NaCl sxolA Aol 7Hsdiy
0.5%°14 A2 AFS HAT HMG2925 w5+ pH 5 — pH 8olA A3 o]
7beskal, HMG29358F HMG2936 it 5+ pH 6 — pH 8|4 %ol 7hsgom,
A A5 25 pH 7oA HAS AR ®Hth @VIY 2holAM AFAFEE
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gQlst Ay, M d5F BT IV d5E FQlEAn Tk A 745 BF
oxidase®} catalase Aol Qv RoT YVErNTy.  Frondihabitans 2

_

TTES oxidase Aol ¢l Aoz HIUHJAT, M F5F5 Ao
(@)

APT 20NE®} ZYM kitE AHgsto] #5559 a4 44 9 &@53s 248
8= AT A3 7 gdFeknt Aot e gQlElt HMG29256 w5+
API 20NE kitollA A —galactosidase, D—glucose, D—mannose, D—mannitol,
D—maltose, potassium gluconate, D-—maltose, potassium gluconates
¥ © 2 E}YLIL, nitrate reduction, indole production, glucose fermentation,
arginine dihydrolase, wurease, gelatinase, L—arabinose, N-—acetyl—
glucosamine, capric acid, adipic acid, malic acid, trisodium citrate,
phenylacetic acid&®= 240 % YeErgth API ZYM kitolA esterase (C4),
esterase lipase (C8), leucine arylamidase, valine arylamidase, acid
phosphatase, naphthol-AS—BI—-phosphohydrolase, « —galactosidase, S —
galactosidase, a —glucosidase, B —glucosidase, @ —mannosidase+
oF © & eI, alkaline phosphatase, lipase (C14), cystine arylamidase,
trypsin, a —chymotrypsin, B —glucuronidase, N—acetyl— 5 —
glucosaminidase, @ —fucosidasex 54392 YEFYT. HMG2935 #++ API
20NE kitelA esculin hydrolysis, A —galactosidase, D—mannose, D-—
mannitol, N—acetyl—glucosamine, D—maltose+ <d o2 eI, API ZYM
kitel A esterase lipase (C8), leucine arylamidase, valine arylamidase,
cystine arylamidase, acid phosphatase, naphthol—AS—BI—phosphohydrolase,
a —galactosidase, B —galactosidase, « —glucosidase, B —glucosidase, a —
mannosidaser 5422 YES oW, YyHA= S22 YERgt. HMG2936
o5+ API 20NE kitell A esculin hydrolysis, B —galactosidase, D—glucose,

L—arabinose, D—mannose, D—mannitol, N—acetyl—glucosamine, D—maltose,

17
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potassium gluconate:= A o2 ey, API ZYM kitoll A esterase (C4),
esterase lipase (CR), leucine arylamidase, valine arylamidase, cystine
arylamidase, acid phosphatase, naphthol—AS—BI—phosphohydrolase, «a —
galactosidase, B —galactosidase, a —glucosidase, B —glucosidase+=
ddoz YElgow, uywxl= SAHo=® ettt Frondihabitans 4Ol
AFE= I+ #5753 vluws|wd alkaline phosphatase, esterase (C4),
leucine arylamidase, valine arylamidase, cystine arylamidase, «@ —
galactosidase &4 Ao Ao]l7} Q3, D—glucose, L—arabinose, D-—
mannose, D—mannitol, N—acetyl—glucosamine, potassium gluconate ©]-&

el Aozt = o ® YEbHTE (Table 2).

2E59 AFE FRe= 5 AL
HMG2925% HMG2935 #517F Aol Q= Zoz yehyrth. HMG2925
T2 Aol AyHoer F

= ATl e dFEe] b JFEEE Tbest Aow Hop A&

(O,
27

Ao gL = 5 9= wAAER yZHET L FUF AFE E)A
7He3 58 HA3E 5 A= =4S 3, ACC deaminase A & 4

A FAsEed dsiA E2ATTH F FokellA A em o] go] Tt

i

olr
i)

Acknowledgements

o] At 2020 e =ofrstul Sta ] A el sl o] Fofxl AS).
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Table 1. Similarity matrix based on 16s rRNA sequence comparisons of strains HMG2925,
HMG2935, HMG2936 and related type strains of the genus Frondihabitans.

Strains: 1, HMG2925; 2, HMG2935; 3, HMG2936; 4, Frondihabitans sucicola GRS42T; 5, F.
cladoniiphilus CafT137; 6, F. australicus EITHC-02"; 7, F. peucedani RS-15T.

1 2 3 4 5 6 7
1 100
2 99.6 100
3 99.5 99.9 100
4 99.1 99.0 99.0 100
5 98.6 98.6 98.5 98.2 100
6 98.5 98.6 98.5 98.0 97.5 100
7 98.5 98.5 98.3 98.7 97.5 98.4 100
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Frondihabitans sp. HMG2925

Frondihabitans sucicola GRS42T (JXR76867)
Frondifiabitans sp. HMG29235

Frondihabitans sp. HMG2936

Frondifiabitans cladoniiphilus CafT 137 (FN666417)
Frondihabitans australicus DSM 178947 (RBKSG1600001)
Frondihabitans peucedaniRS-157 (FM998017)
Subtercolavilae DB165T (MF276890)
Subtercoialobariae 9583bT (KM924549)
Microterricolaviridarii DSM 217727 (LT629742)
Parafiigoribacterium mesophilum MSL-087 (EF466126)
Galbitaten soli KIS82-17 (TX876856)

Marisediminicola anmtarctica ZS3147 (GQ4S6083)
Glaciihabitans tiberensis MP203T (KC256553)
Lacisediminihabitans profinda CHu30b-6-2T(MF770244)

Frigoribacterium faeniNBRC 1030667 (BIUV01000064)
-T"{_——- Frigoribacteriwn endophyticum EGI 65007077 (KM114212)
Conipostinionas suwoneisis SMC46T (JN000316)
Planctomonas deserti 1351-31 (MH287062)

Rathayibacter oskolerssis DL-329T (KX758084)

83 Rathayibacter iritici DSM 7486T (X77438)

100

Rathayibacter caricis VEM Ac-1799T (AF159364)
Rathevibacter festucae DSM 15932T(CP028137)
Rathavibacter rathavi VKM Ac-1601T (OCNLO1000027)

Figure 1. Neighbor-joining phylogenetic tree based on 16S rRNA gene sequences, showing
the taxonomic positions of strains HMG2925, HMG2935 and HMG2936. Bootstrap support
values (>70 %) based on 1000 replications are shown at branch nodes. Micromonospora

inyonensis DSM 461237 (FMHUO01000001) was used as an outgroup. Bar, 0.01 substitutions

per nucleotide position.
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Table 2. Differential characteristics of three isolated strains (HMG2925, HMG2935 and
HMG?2936) and related type strains of the genus Frondihabitans.

Strains: 1, HMG2925; 2, HMG2935; 3, HMG2936; 4, Frondihabitans sucicola GRS42T
(Kim et al., 2014); 5, F. cladoniiphilus CafT13" (Cardinale et al., 2011); 6, F. australicus
E1HC-02T (Zhang et al., 2007; Greene et al., 2009); 7, F. peucedani RS-15T (Lee, 2010).
Data for the type strains were taken from the references listed unless indicated otherwise.

+, Positive; -, negative.

1 2 3 4 5 6 7
Sap of .
Isolation source Pine cone  Pinecone  Pine cone Acer Thgllus of Leaf litter Rhlzosp here
lichen soil
mono
Growth at 4C + + + +
Growth at 37C - - - - - T +
Growth at pH 4 - - - + + _ _
Oxidase + + + - - - -
Assimilation of :
D-glucose + - + + + + S+
L-arabinose - - + - + - -(+Y)
D-mannose + + + + - + -(+)
D-mannitol + + + + - + -(+)
N—acetyl.- ) 4 N N . N o
glucosamine
potasstum i ) + ) i . )
gluconate
Enzyme activity of :
alkaline .
- - - + _ _ _(+
phosphatase +)
esterase (C4) + - + + + + e
leucm_e N . N i N . .
arylamidase
Va11n§ N N . i i . )
arylamidase
cystine ) N N i ) ) ]
arylamidase
a-galactosidase + + + - - + -(+9

* Data from Kim et al., 2014.
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Figure 2. Clear zones produced by phosphate solubilizing bacterial isolates HMG2925 (a),
HMG2935 (b) and HMG2936 (c) on NBRIP agar plates. Bar, 0.5 cm.
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4 FEtol= HLSAY 3+, X4 84 2 A4

AU, old#!

ABSTRACT : A& =ZE#H Al (human lactoferricin, hLfcin)< hLfE pepsin®Z 23|}
AAE A fragment®2 svFEA hLfe] N—terminalel]l €X% AWMA alpha—helix 70|
cationic antimicrobial peptide(AMPs) 2 &&A Qlth. & AFoA AMEEE HLSAE &3
hLfcin Mg & Fdddol #=A devs 54 obvxil A4S v o= hlfcine 209
obu] e ARTE 31W opm| A7k o] M-S Gln24Lys, Asn26Ala, Met27AlaS® W e Zlo|t}
o] HLSAE o83}y Staphylococcus aureus ATCC 25923, Candida albicans ATCC 10231, C.
albicans ATCC 140535 wido= 34, I 243 Abskdoh. 1 A3 S awreus®) 735
1.562 ug/mle] MIC ztel, C. albicana ATCC 102313 C albicans ATCC 140539 7#A$+=
FTYetA 6.25 ug/mle] MIC #E= RS =EA Aget &, X o] USS A8k
T E coli ATCC 8739, S. aureus ATCC 6538, Pseudomonas aeruginosa ATCC 9027,
Aspergillus brasiliensis ATCC 164045 AFg3Fo] 4 £+ &4, S+ S ZAE Ay
bacteria® Wdo® 3 A9 1 Aol 100% FAHAL, Ads tdez & AflE 60%
o)de Aol fFAEHUT. ol Ayr Hol & AFoA ARG dF FEMO|E HLSA+ ¥
T, Bl A4S AT o, O 84 w3 AR fAHE Aow AlREH

)

A B

)

A S EH Y (Human lactoferrin, hLf)2 ZAFst oA 9o %, ¥&, o,

st & A4 wEnlde] xgHo Qe wMAR o, Fuloly s, XA

B
12

gt

&S 7FAM innate immunityE FoIsE Wl F
hLf= N-lobe?} C— lobegt= F 719 lobe® T4
domaing 7FA3L Qlo] A o]y AFT = Urk(

homeostasis®] #oJ8}o] fungi, bacteria, virus ol 23 &+, FHF 5=

k=t 2719l hLf 9 @+, X Aol H oS ILAAA mAE
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S A= iron chelationd] 93k Z o2 AdHA UAA, HAAE host
cell ~ QFellA el  endocytosis®}  aggregation &%  iron—independent
mechanismoll &= #oJstriar de ] SItH(6).

At S EH 24l (Human lactoferricin, hlLfcin) < hLfE pepsin®® #3fslo]
AdE AMP%  shyolm  hLfe N-—terminalel] $IA|g ofn|x=4F 1-49
residues & T4 ¥ o] Qth(7, 8, 9). hLfcin loop structure= 7FA 11 =1
0] Cys203 Cys37 Abol9) disulfide bondell & FAEH, o5 FAst=
18 residues?t @+, @+ 4 s9H& 7HA= FewE deAd A0, 11,
12). 18 residues % 20—-31 residuest™ 7]£9 native peptide XU}
Soldor w2 I EAE vehdr. & Aol AFE¥ = HLSAE hLfein
20-31°4 =& I A4S Hehde Zo® o4zl 54 ofveal MdS

71% 2 3to] GIn24Lys, Asn26Ala, Met27Alal. 2 W33 Zo|th(Fig. 1) (13).

|

CEOD O OO

Figure 1. Amino acid sequence and helical wheel structure of hLfcin, hLfcin
20—31, and HLSA. The positively charged residues are shown as
pentagons. HLSA was modified from hLFcin20—31.

B oAt gEdd foe wEE FFAHels HLSAE sHegow

26



B AFNA ARt #5= wEHE LR A Staphylococcus aureus ATCC
25923, S. aureus ATCC 6538, E. coli ATCC 8739, PFseudomonas
aeruginosa ATCC 90275 AMg3t9 1 AF O 2= Candida albicans ATCC
10231, C. albicans ATCC 14053, Aspergillus brasiliensis ATCC 16404%
A3 Th AFS-8E FlElo] = HLSA+ Peptron Inc.ol &4 < #8to] AF4-3H3ic}

AntAQl A9 B AFo|A AN E colie B]ESE BHH 2ol LB HIX]of A
kst Tt C. albicans®y A. brasiliensis ATCC 16404% SD (Sabouraud
Dextrose) broth (1% peptone, 4% dextrose) & AFg3to] 30 C, 220 rpm
F3 oA Hl kAT

3. ¢ " X &4

|\
o

=
%
=
1o
otk

@ 9

U
odk

& H A 4S5 &8 8l colony countingH S
AFE-3FQlTh Indicator strain®®= S, aureus ATCC 259233 C. albicans
ATCC 10231, C. albicans ATCC 140535 A3ttt S aureus = LB
brothel] 37 C, 220 rpm, C. albicans ¥+ SD brothe] 30 T, 220 rpm
Z213ke 12 AZF vkt H, A28 LB broth®t SD brothel| 2%7F ¥ %= A

T & g2 zddAA wiFsth S aureusi= ODgoooll Al 0.80] & o,

]
=]
73 ZH5E AFE8] 1/10* fold2 dilutiondlol AFE8Q T, Calbicans=
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ODgoo®llA 0.8 ] & wl, dast FHFE A&l 1/10% fold% dilutionaho]
ARESFA T S, aureus®] 79 A peptide HLSAE filtering 3 HPLC
waterE ©] 83} 6.25 png/ml, 3.125 pg/ml, 1.562 pg/ml, 0.781 pg/ml, 0.391
pug/mlo 2 dilution 3+ ¥ Z}7F 100 pl & indicator strain 100 pl ¥ 47¢
37 TColA 2 A7 Eer ¥t A F T} C albicans= A peptide HLSAS 12.5
pug/ml, 6.25 png/ml, 3.125 pg/ml, 1.562 pg/mlC.Z dilution 3t 3 Z+z} 100 pul
£ (. albicans 100 ul & 4o 37 TeolA 2 Az w<et HES-A|FHT. HE-&o]
2y 3o S aureuss peptone agar plate (1% peptone, 1.5% agar)°l =%
5l & 37 ColA, C. albicanss= SD Agar plate (1% peptone, 4% dextrose,
1.5% agar)ell =& s+ % 30 C oA 24hr 72} wloFstoitt. o] % HLSAE
22814 & negative control plate? colony %} ZF X2 HLSAZS A g3t
plate®] colonyE AlFdte] Hlw o 2H o 9 I A= 33l
4. HLSAS &4, I &4 A8 54

HLSAS] &<t, G0+ 4] e S48t 98k E coli ATCC 8739,
S. aureus ATCC 6538, Pseudomonas aeruginosa ATCC 9027, Aspergillus
brasiliensis ATCC 164045 dl’do = sto] 7] A3t I+, I+ &4

o

WS AU o 4SS fskel 1~4 Fare] Ao

1. HLSA®] &+ 3 1w &4

%/d peptide HLSAS] &+t 2 X A4 1S fall S aureus ATCC 2
59233} C. albicans ATCC 10231, C. albicans ATCC 140535 A}&3}3it}.
ol target TT°| peptideE L HE AHZstey MIC (Minimal

InhibitoryConcentration) & =743t4tt. S aureuss= 6.25 ug/ml, 3.125
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73 FEto]= HLSAS @+, v &4 2 444

pg/ml, 1.562 pg/ml, 0.781 ug/ml, 0.391 pg/ml B%E% peptides,
C.albicans+= 12.5 pg/ml, 6.25 pg/ml, 3.125 ug/ml, 1.562 pg/ml %2
peptides 7zt target strain® 100 pl 2 AFg3ste] WESSFSITYE. S aureus
ATCC 259239 49 1.562 ng/ml ¢ HLSAE A2 39S wl 100%°] F+t
A= yEhdl o] EF AbEskE Zle gelsklvh ®EgE 0.781 pg/ml,
0.391 pg/ml ¢ == AHsidls wl oF 70% o8 o] Abdsh= A&
gl 8 4= A (Fig 2). C. albicans®] 7% C. albicans ATCC 102319} C.
albicans ATCC 14053 E.5F 6.25 ng/ml 2] HLSAE A 39S W 100%2
PR S JWER o] B APEskE Ale g1 skt (Fig. 3). ©f
HE &2 w2 AFeA AREst MY E HLSA+ uheglots}l X 27l A

1)
P w32 MIC# S HYo=A ZAEst o, X @A4S 7HHe 3o
sy

d

o
2

i)

o

e

’

debE Tt ey Ao - genusell whek &1 & yEA YElus
Zlo] UEFH O B % (data not shown) th/del wet AbE w25 XA stojof &
o AR EH

A
o

120

relative viability(%)
8 8 8 8 8

o

HLSA HLSA HLSA HLSA HLSA NC

0.391pg/ml 0.781pg/ml 1.562pg/ml 3.125pg/ml 6.25pg/ml
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Figure 3. Antifungal activity assay of synthesized HLSA against C
albicans ATCC 10231 and C. albicans ATCC 14053. HLSA shows 6.25

ug/ml of MIC against both strains.

2. HLSA?C &+, X &9 A
B gtofl A A3 WdE HLSAS target strainel] W& o 2 &2+ &

Aol A S ZAFSFA T Target strain®. Z+ £ coli ATCC 8739, S. aureus
ATCC 6538, Pseudomonas aeruginosa ATCC 90273 22 M3 <l
Aspergillus brasiliensis ATCC 164045 AFE-3}lo] 2.5~10 ppmY HEA 4
T W& FA 7 o HAES gRlelth. 1 A¥ HLSA+ ARES B
v wollA FoI B V|bel &t &A4o] FAHA 9 Ae &l sdld £
coll ATCC 87392 A9 Wh& Azt HLSA wXel A#gle]l 45 &<t 99%
o] o] fAH ATt (Fig. 4). S. aureus ATCC 65389 A o= WHg-A]
b9 HLSASEe] Aaglel 45%3F 99% olde It EAo] FAHUT

(Fig. 5). P. aeruginosa ATCC 90279 4% 2.5 ppm® HLSAE A zlslo] 3,
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Figure 4. Stability of HLSA activity against Escherichia colif ATCC 8739.
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HIGH CONCENTRATION OF ELECTRIC FIELD IN
INTERFACIAL REGION IN-BETWEEN CONDUCTORS

KIHYUN YUN!

ABSTRACT. When a small conductor is located inside of a hole of an-
other large conductor, this paper is mainly concerned with the electric
field in the interfacial region in-between two conductors. Especially,
there is very high concentration of field in the case when the conduct is
very close to the other. We establish the optimal estimate for the field
in terms of the distance between conductors.

1. INTRODUCTION

High shear stress concentration may possibly occur in fiber-reinforced
composite. Especially, the stress is concentrated in narrow region in-between
fibers. So far, there have been a lot of studies related to it. Refer to
[1, 2,3, 4,5, 6, 7,8, 10, 11, 12, 16, 18, 19, 20, 21, 22, 23, 24] for de-
tails. This model has something common with a 2 dimensional electrostatic
model. Considering the cross-section of fiber-reinforced composite, the out-
of-plane displacement plays role as the electric potential, and the shear
stress is for the electric field. Thus, we deal with a conductivity model
related to these studies.

Let ©Q and Dy be bounded domains in R? with C**-boundaries. Let
D. = Dy + (¢,0) for any € € (0,1/10). We suppose that

D. C Q for any € € [0,1/10),
9Dy N 002 = {(~1,0)},

2010 Mathematics Subject Classification. 7T8M30, 35Q60, 35J57.

Key words and phrases. High Order Derivatives, Conductivity Equation, Fiber-
reinforced Composites.

Department of Mathematics, Hankuk University of foreign Studies!, Email:
gundam@hufs.ac.kr.
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CONCENTRATION OF ELECTRIC FIELD IN INTERFACIAL REGION

and the curvature at (—1,0) of 9D is larger than the one at the same point
of 9€2. We consider the solution u to

Au=0 inQ\ D,
with
Joq Ovuds =1
u =0 on 0f2
u = C¢(costant) on dD..
Here, v is the normal vector pointing towards the interior of Q. It is worth
noting that v depends on € as well as the constant value on the boundary.

Theorem 1.1. Let u be the solution to the equation above. For a sufficiently
small €, there are a point p € Q\ D, such that

Vu(p)| 2

Sl

Meanwhile,

Vu(x)| 2

Sl

for any x € Q\ D,.
2. PROOF OF THE MAIN RESULT

Without any loss of generality, we can assume from the Riemann mapping
theorem that
Q = B,(0,0).
From now on, B, (c) is the open ball with radius r and centre c. There exist
r1 and ry regardless of € € [0,1/20) such that

O<r<r<l1
and
B, (ri+€¢—1,0) C D. C B,,(ra +¢—1,0).
For ¢ = 1,2, we define V; by the solution to
AV; =0 in Q\ B,,(r; + € —1,0)
with

V; = 1(costant) on 9B, (r; +¢—1,0).
By Hopf’s lemma,

{w_o on 9Q,

C.>0.
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By the maximal principle,
CVi<u in Q\ D,
CVa>u in Q\ B,,(r, +¢—1,0).
We use Hopf’s lemma again to have
0< CO,Vi <9yu < C0,Vs in 0N
Thus,

C. 8 Vids < dyuds < C. 0, Vads.
Gy a0

It follows from [, 8,,uds =1 that

1 -1
< &,ngs> <C. < < &,Vlds> .
o0 1%)9)

To estimate the upper and lower bounds above, we employ Lemma 2.4 in
[22].

Lemma 2.1. ([22]) There ezist two conformal mappings ¥, and ¥y such
that

U, (0B1(0,0)) = ¥9(9B1(0,0)) = 9B4(0,0),

(9Br1 (7”1 +€— 1, 0) = \Ifl(aBl_al\/g+o(\/g)(0, 0)),

OBTQ (1"2 +e—1, 0) = W2(6B1,a2ﬁ+0(\/g)(0, 0)),

for some a1 > 0 and ay > 0, and especially,
1

4 = e elVO) s ety

fori=1,2, where §;, v; and k; are positive constants.

Hence, V1(¥;) and V5(¥,) are harmonic functions defined in By(0,0) \
Bi_a,eto(ve)(0,0) and in By(0,0) \ Bi_q, /etro(ye)(0,0), repectively, satisfy-
ing

V;(\I/l) =0on 631(07 0),
VZ(\IIZ) =1on aBlfaM/ngo(\/g)(O, O)

for i = 1,2. They are explicitly constructed as follows:

1
Vil¥)(@) = 31 T = an/e + o(vd)

log |% + 1|
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for (z,y) € B1(0,0) \ Bi_4, /ero(y/e)(0,0) for i = 1,2. Thus,

-2
/aglm,m 0 (VW) ds = o i e F o1 (V)
= 271'(0(1'\&)_1 + 02(\@).

By change of variables, it can be shown easily that

/ 0, Vids = / 0y (Vi(¥)) ds
9B1(0,0) 8B1(0,0)

for ¢ = 1,2. Hence, we have

(2m) " asv/e +o(Ve) < Cc < (2m) " anv/e + o(Ve),

and
Ce~ /e

for small € > 0.
We establish the lower bound. It is noted that

u(—=1,0) =0 and u(—1+¢€,0) = C.

due to (—1,0) € 9Q and (=1 +¢,0) € 0D.. By the mean value theorem,
there is a point p such that

u(—1+¢0) —u(—-1,0) 1 1
=-Cc~ —.
€ Ve
On the other hand, we consider an upper bound for |Vu|. For any x € Q\
D,, u can be extended into B,(x) as a harmonic function, since u is constant
on 02 and 0D, and the distance between 92 and dD.. The extended u
in B.(x) is bounded by 2C.. Apply this bound to the standard gradient
estimate for harmonic functions (refer to [9]), we have the desirable upper
bound so that

|Vu(p)| > |0.u(p)| =

€

C. 1
Vu(x)| < — ~ —.
VS
Therefore, we obtain the lower and upper bounds and hence have the the-
orem. O
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Fig. 1. Typical potentiodynamic and linear polarization curves of iron electrode in the
solution of bicarbonate buffer (pH = 8.80, dE/dt = 1 mV/s).
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Fig. 2. Comparison of Pd-curve in bicarbonate buffer (pH 9.08) with Pd-curve in borate
buffer (pH 9.01).

Table 1. Electrochemical parameters in Fig. 1. Bica. B.(Bicarbonate buffer), Bora. B.(Borate
buffer)

Eeom V E, V En, V En V En, V B mV | o, mV
Bica. B. 9.08 -0.756 -0.589 -0.045 0.426 1.03 133 154
Bora. B. 9.01 -0.763 -0.578 -0.038 0.447 1.04

Leor, LA/cm? Li, pA/em? | L, pA/em? | L, pA/em? *mass transfer correction
Bica. B.9.03 | 9.4 22.9 203 13.4 Tnie = ()X /(T — 1)
Bora. B. 9.01 11.5 30 17 11.1
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pH dependence of electrochemical parameters
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Fig. 3. Potentiodynamic polarization curves of iron electrode for various pHs in bicarbonate
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Fig. 6. Chronocoulometric response for iron electrode in bicarbonate buffer (pH 9.08). The
initial potential was -1.0 V, and the step were various potentials in the region of the
first oxidation (inset of Fig. 2.)
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Fig. 7. The assumed reaction scheme of oxidation of iron in borate buffer.
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Reaction mechanism of passivation and corrosion

Fig. 1 ©] XHol= Al Agg-fglols dojih= AbsiNEES E, oA
{Fe(0)—Fe?", Fe(OH),, FeCOs;}, Epn °IAl {Fe(OH),, FeCO;—Fe;0s}, Ep °llA
{Fe(OH),—FeOOH} 2} 72 W37} dojd 7oz HuFEQLL62 2% borate
gegdolM  ASAN7E B ¥ En Abolel S wW, {Fe(0)—Fe*'} ¢}
{Fe(0)>Fe(OH),} 7} Aoz <dojur z+ wste] &% AAFGA= 1-34
dolgbar AQkstdtk 18y Fig. 2(inset)®} Fig. 7 ¢ Z3IZ  bicarbonate
buffer olA= 1-87 o8 £x AAYGEAVE AHHoz dojup= o=
Holtk sdd AS5HdSdeld AAE Asyvs XA 3E ¥ (Xeray

diffractometer) ©. % FAFSIO] FeCOs; 7} A ES Hast 20 A5 Fasto] v
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Fe + OH™ = FeOH fast 2
FeOH_,. - FeOH.;; + e~ rds (3)
FeOHy4s + OH™ — Fe(OH), + e~ fast (4)
Fe(OH), — FeO + H,0 field assisted dehydration (4—1)
FeOH,;, + HCO; — FeHCO{f + OH™ + e~ rds (5)
FeHCO} + OH- — FeCO; + H,0 fast (6)

e QEFH FEE 0/(1-0=Ko[OH]Z rds 1 WRE(3)el o]o] mhE
HES-(4)7F dojdtta 7Hgstd 5% 412 1=2Fk;0exp{a;FE/RT}o] ¥ i1, 6—0 A
AFYUEE s = 2FkK [OH Jexp{a;sFE/RT} ] # T} o] & t4d= R std

=)

log Ipass = const. +  pH + 03E/0.0592 ©] o] o & 12 2 K Tafel 717]1(B.)E ©F
120 mV ©]22 o]= tablel o] FAg 133 mV 2k 2§ qrellA dA g,
Fe(OH), 7} A == 34 9] wke-21(3)3}, FeCO; 7} A= A9 HkS-2](5)=
AHHow dojub= AYOR Fig. 7 9 A¥ 9% AATH o]e} Ho] whE
@2} (6)°l &3t Fe(OH), 2} FeCO; == {Fe(OH),'FeCO;}?* = &7 3t pre-passive
film'72 0% H=H297F By Bop &FO 2 o] F3te] Ep B Ep 7F HWH <HsH
passive film, Fe;O3, Fes04 52+ FeOOH 5 C. = W3}e Zlo|t}

THY Eeor 2 Ep AFolol Al A ¥ Fe(OH), 2] Ky, = 163, FeCO; & K, =
105 2 v 22 3 Ao w2t &8 = vk

Fe(OH), = Fe** + 20H™ (7-1)
Fe(OH), + OH™ = Fe(OH); (7-2)
FeCO; = Fe* + C0% (8-1)
FeCO; + HCO; = Fe(C03)5” + H? (8-2)
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Reaction mechanism of reduction:
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Electronic Properties of Oxide films

Fig. 9= A3}y F-1, -2, @ 3 AYET & AFA9A 120% EoF A3}
S doFl Fof Pd-mAS S5t =5 Fe-d=(-1.0 V prered.)®] Pd-=41
S e Zloltt ZF Pd-=r A e F2A1 918 Eeor£10 mV (ES) 17} Bl &5k
G el) Akl 9] dE/dIZF-E] -3+ Rer (charge transfer resistance)E table 21 7 2]}
T} Table 294 AFA A3l (precondition) A7} o] #hdF= Atstyule] Ao
Aol Frtetr R AR SUbeto] A9 ko WEFo R o]Fst
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2
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rlo

::I,
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Fig. 9. Potentiodynamic polarization curves of the anodized iron electrode.

Table 2. Electrochemical parameter in Fig. 9.

Precondition, at E, V -1.00 -0.370 +0.280 +0.740
Precondition, time, s 120 120 120 120
Ecomr, V -0.756 -0.747 -0.711 -0.685
Rer, kohm-cm? 2.60 2.58 5.56 5.46
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kel Al At Fe-d=9] AbSt Whg7"22HH oAE = Atsauts 2AR
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Fig. 10. Mott-Schottky plots of the passive film formed under different potential by single
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frequency measurement.

Mott-Schottky ©] &l we} S5AsLE0] n-type HHEAY] A7]4 S B
g o, 1) 7 o] (Cse)?2} Eapp AFO1S] 712 717F F2] gh& HQITp234,

“ i
= 7{5'@1, — Ef — —} forn
£e0qNp q

— type semiconductor (11)

o17]A  Np(donor,&=7)= 3o WA F% e FF3t o {45
(dielectric constant), € o= & % S(vacuum permittivity, 8.85x10“Fem™),q&
HEA o] k(A AFe] 749 1.602x10"coul.),ki= Boltzmann constant(1.38x1023J/K), T+
A%, Epe B ﬁ—?%(ﬂatband potential)©] TF. e} (11)/5, o] A 7] &7 ZHE
NpE Ttk Heo FF3t ol BAEE Abstyvre] fA4+= 10~15 A
oje] W Z}A HTHISE glovt e=125 I&sh= A97F Wrh2SSuiehA
Fig. 10914 e=125 AF&38to] AALSE Np#k 5 A7]3keH4 datES
oFst Aot

table 3° &

Table 3. The parameters in Mott-Schottky plots by single frequency (1 kHz) measurements

Eapp,V Slope Intercept | R? Np, cm™ En, V
(120s) (x10%) (x108) (x102)
-0.37 9.45 1.79 0.98 1.24 -0.189
0.28 7.73 1.19 0.96 1.59 -0.161
0.74 5.04 0.815 0.99 2.33 -0.162
dollAl =% HFsh Wk REETERENE -037 Vol & =3
A2 GN] AH-E Fe/FeO/Fe(OH),FeCOs/-2 <N, 0.28 VOl Al = Fe/FeO/Fe,03/-2 <Y

0.74 Vol X] = Fe/FeO/FeOOH/ &N o 7 F=H Tk 4

ATt
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