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EXISTENCE OF 1BOUD2IDED SOLUTIONS FOR
"+ —u — n—2u + f(u) = 0.
r r

JAEDUCK JANG!

ABSTRACT. In this note, we study a model which consists of one com-
plex scalar field with the most general type of renormalizable potential
in (241) dimension. We prove the existence of global topological and
nontopological vortex solutions which are radially symmetric.

1. INTRODUCTION

The equation we consider is derived from

(1) ou — Ao = g(|8])9,

where ¢ : R'™ — C is a complex scalar field and g € C*(R,R).
In this paper, we are interested in the existence of solutions satisfying the
boundary condition

©) ot 0) =0 >0 as o] — o,
and look for the configuration of the form
(3) ¢z, t) = e u(r), v =lal,

where (r, ) is the polar coordinate, w € R is a constant and n is a nonneg-
ative integer called vorticity.
Then, we obtain the following ODE for u from the field equation (1) :
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Department of Mathematics, Hankuk University of foreign Studies!.
This research was supported by the research fund of Hankuk University of Foreign
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n2

1
(4) u'+—u'— —u+ f(u)=0, r>0
r T

where
fu) = u(w? + g(u)).

We assume that the function f has two nonnegative zeros o; < 09 and

(5) f(0) =w? 4+ g(0) <0, f'(o1) >0 and f'(03) < 0.

We also assume that F', the primitive of f defined by F'(u) = / f(s)ds
0

has the unique positive zero o, in (o1, 09).

e Behavior of solutions to (4) near 0.

Proposition 1. For each a € R, there exists a solution to (4) satisfying
that, near 0

et 1 () e n+2
(6) u(a,r) = ar +mr + o(1)r"*=.

Proof. Let us consider the following initial value problem :
w” 4+ —(Q"TH)w’ +r"f(r"w) = 0,
w(a,0) =a >0, w'(a,0)=0.

(7)

A straightforward computation shows that u(a,r) = r"w(a,r) satisfies
the equation (4) and

(2n 4+ 2)w"(0) = — lim r " f(r"w) = —af'(0).
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2. MAIN RESULTS

Theorem 1. There exists a topological vortex solution of (4) satisfying that
0 < u(r) <oy for all r > 0 and lim,_ u(r) = o9. Moreover if 0. = o9 then
u'(r) >0 for all > 0.

Theorem 2. If o, < o9 then there exists a nontopological vortex solution
of (4) satisfying that 0 < u(r) < oy for all™ > 0 and lim u(r) = 0.

r—00

e Classification of solutions to (4).

Using a > 0 as the shooting parameter, we set

At = {a>0 : supu(a,r) > oy },
r>0

A" = {a>0: supu(a,r) =09 },
r>0

A" = {a>0 : supu(a,r) <oy }.
r>0

Maximum Principle and the classical ODE Theory yields :

(a) A~ and AT are open sets.
(b) For a € A° wu(a,r) — o9 as r — oo.

Lemma 1. Let ry = ri(a) be the first solution of u(a,r) = o1, then r(a) —
0 as a — oo and ri(a) — 00 as a — 0T,

Proof. Choose m > 0 so that f(u) > —mu for all u > 0. Then Maximum
Principle implies that

eV e Vmr

ar < u(a,r) < ar™( 5

) for r € (0,7r1(a)).

Lemma 2. If a is sufficiently large, then a € AT,
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Proof. Let

u
M= sup ——=and 7" =

n
o1<u<oy u V 2M

Then

(ru'Y () = 22— rf () >

For each solution u(a,r) of (4), we define an energy function

(8) E(a,r) = %7’21/((1,7’)2 — %QU(CL,T)Q +7*F (u(a,r)).

Straightforward computation shows E’(a,r) = 2rF(u(a,)).

Lemma 3. If a is sufficiently small, then sup, u(a,r) < o, and consequently

ac A" .

Proof. r* = r*(a) be the first zero of u(a,-) = o*

ry = ri(a) be the first zero of u(a,-) = o] = o1 ;La
n2
—7(0*)2 < E(a,r™) < E(a,r}) < E(a,r;) < E(a,0) =0
For small a > 0, ri(a) <7 < 7ri(a),
2 2 2 2 %
u'(a,r)? < ne 2F (u(a,r)) < PO 2F(01) < B.

72 ri(a)?
Thus 7} (a) —ri(a) is bounded below by the mean value theorem. And then

—%2(0*)2 < E(a,r}) < /T1 2s5F(u(a, s))ds < F(o7)(ri(a)*~ri(a)?) — —oc0.

T1

g

Corollary 3. There exists a, € A° such that (0,a,) C A~.

Lemma 4. If 0, = 09 then v/ (ay,r) > 0 for all r > 0.
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Proof. Suppose that there exists r; > 0 such that u/(a,,r;) = 0 and let ry
satisfy u(ay, 1) = u(a.,r2). Then

(9) E(ay,m) < E(ay, ).

This leads to a contradiction since E'(a,r) = 2rF(u(a,r)) < 0 for r €

(r1,72).
]

Proposition 2. There exists a,,a* with 0 < a, < a* such that
0,a,) =A™, [a,,a*] = A° and (a*,00) = AT.

Auxiliary equation: given o > 0 and (3 > o1, we consider

1 1 /! n2
U +;U —§U+f(U):0, for r > 0,
Ula) =03, U(a)=0.

We denote the unique solution of (10) by U(«, 3 : 7).
For each p > 0, set

(10)

Q, ={(a,8) : U(a, f: R) =0 for some p < R < a}.

1. Q, # ¢ : Fix 1 € (6%, 0), then(a, 1) € Q, for all sufficiently large a.
2. Q, is open and unbounded.
3. Q,, CQ,, if p1 < po.

Lemma 5. Qq is connected and consequently (0,a,) = A~.

Proof. Choose 1y < oy so that f'(u) < 0 for all u € (ug,02) and let py > 0
be a number such that u(a., py) > uy and u'(a., ) > 0 for all r > py.

If R(a, ) > 19, then U(a, 5 : 1) < u(ay,r) for all r > R(«, 3) by the
Maximum Principle.

Now choose (ap, B0) € Q,, and (aq, 1) € 982, where Qf is the connected
component of ) that contains (ag, F)-

And let (a(t),5(t)) be a path in Q] such that

((0), 5(0)) = (a0, Fo) and (a(1), 5(1)) = (e, B).
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Then apply the strong maximum principle to conclude that
Ulon, B : 1) < ulas,r) for all 7 > 0.
Therefore
Ulay, B1:7) = u(a,r) for some a < a, — Qf = Q.

Now let a* € A° be the number such that (a,,o00) C AT.

Then we have :

Lemma 6. [a,,a*] = A°

Proof. Fix asmall 6 > 0 and g be a nonnegative smooth function supported
in (o9 — 9,09 + 0).

For each small € > 0 let f. = f +eg and let A=, A2, AT, Qf be defined as
A=, A% AT Q with f replaced by f..

Observation 1. : A~ expands, A7 shrinks as € > 0 increases
Observation 2. : A° C A-.

Now let a € (a.,a*) N AT. Then For sufficiently small € > 0,
a€ Af and a* € A-. — Qf is not connected.

O
For a € A~ let Z(a) be the first zero of u/(a,-) and let us define
A7 = {a€(0,a") :ula, Ry) <0, for some Ry > z(a)},
A; = {a€(0,a"):0<u(a,r) <oy Vr>0 and u'(a,-) has the unique zero z(a)},
A; = {a€(0,a"):0<u(a,r) <oy Vr>0 and u'(a,r9) =0 for some rq > Z(a)}.

Clearly, A~ is the disjoint union of A, A; and Aj.
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u(a,r) A+
’ oI
’ ! e ,40
|
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Auxiliary equation: given p > 0 and v > 0, we consider

" 1 / n2
(1) u +;u —T—2u+f(u):O, for r > p,

u(p) = o1, u'(p)=—7.
We denote the unique solution of (11) by u,(r;7).

Lemma 7. For each p > 0, there exists a unique v = v(p) satisfying that

(12) Tim u,(r;7(p)) = 0.
Moreover,
(13) lim 5(p) = v/ =2F(o1).

Proof. Let p > 0 be fixed. Define
F;f = {v>0:u,(ro;y) <0, Iry > p},

[0 = {y>0:u,(r;7) >0 and u)(r;y) <0, Vr > p},

I, = {v>0:uy(r;y) >0, Vr >0 and u),(ro;y) = 0, Iro > p}.

i - 0
I't and I'; are nonempty, I') # 0.
Fg has only one point.
To see this, assume that vy, € Fg and y; < .. For simplicity, let us
write u;(r) = u,(r; ;) and define w.(r) = us(er) for 0 < e < landr > p/e.
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Then, w;, is a supersolution of (11) on (p/e, 00), namely, w. satisfies that

2

w? + %w; — Z—Qwe + flw.) = (1 -&*)f(w.) <0  forr>p/e.
We note that there exists ¢ € (0,07) such that f'(u) < 0 for 0 < u < 0.
Let 9 = p/to < 1, where ty > p satisfies that u;(ty) = 0o. We have two
alternatives: either w,, intersects u; for some ¢, < g, or w. and wu; does
not meet each other for any ¢ < gy. In the first case, if ¢; is the first
intersection point, then w., — u; has negative minimum point on (t;,00)
which contradicts to following inequality

Alwe, — ) — (%2 . f’(C))(wal —w) <0 on (t,00),

where ( lies between w,, and u;. In the second case, there exists €5 > ¢
such that w., touches u; from above which is impossible since w., is a
supersolution of (11) on (p/eq,00). This proves the claim. Furthermore, it
holds that if (p) is the only element of I'), then

(14) Iy =(p),o0), T, = (0,7(p).
Finally, let us prove (13). Let v,(r) = u,(p + r) for » > 0. Then,
1 n?
"4 o
A

As p — 00, v, converges uniformly to V on [0, R] for any R > 0, where V
is a solution of

5 Up + f(vp) =0.

V'+ f(V)=0, r>0.
Multiplying this by V' and integrating it on (0,00), we have V'(0)? =
—2F (0y). This proves (13). O

For p > 0, a(p) < p be the first number at which u)(a(p);v(p)) = 0.
For all p large enough, a(p) is well-defined and

B(p) = up(a(p);1(p)) > 0"
The continuous curve (a(p), B(p)) extends as far as

" . . n26(p) — fla
1MMMWWD—Q@P fla(p)) <O0.

2= {(0h): 2~ 5(9) <0},

There exists p > 0 such that p € 9Z~ and (a(p), B(p)) € Z~ for all p > p.

Let
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Since 02y C Z~, the curve (a(p), 5(p)) must intersect 0€)y. and therefore
(0,a,) N AT # 0.
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Ui FEE 0|43 AC 75 #71eFax
Had, FA72

B4 Y538 (carbon nanotube, CNT)E AR&3to] AC % 219 #7344~} organic light
emitting device, OLED)E W=ttt o] AxE= ITOZF 2¥dE 8 Yol 44 = 7] &4=
adga W Yo F& AF For F MY For FAHY. CNTE poly(2-methoxy-5-(2'-
ethylhexoxy)-1,4-phenylene vinylene)(MEH-PPV)$} 4jojr f#-7]w4 &S wts1 o 5
A F fel ZREUT CNT9| s wet o] Wst s & 5 ARed, v5
utgl tEX e CNTS £33 237t CNTS E¢ax @t axing &9 357 9 2L

A3E A& F AT

rfu

A

7147183322 organic  light emitting  display(OLED)S 7=t}
19874 A=V C.wW Tang = A A Tris(8-
hydroxyquinolinato)aluminium(Alg3) 2} temperature programmed
desorption(TPD)et= o35 A&A F7]& ¥s st &3 ol
Mg Ao wgdsge] wAHAY. 1 F AEX OLED Y& o]9
Mol S&ER w27 o]fFojxlom iiAH(polymer) 7|¥ke] OLEDel| gt
A3 A3t HUAY[1,2] OLEDE F M2l A= Alold] f7id3Aas
o] gsto] wE FA Al7la, T A AFE EEFH, 5% S594
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2l 9 1 #2429 OLEDE wE7] fdl &+ o a&49 +x2&5 e

24

OLED9] A& wE7] A4, 2 dgF 20A X9 indium tin
oxideTO)7} &¥ % 3x3em rel& ARSI 253k AlF7]0 20 A=
T2 E AA3 L d & spin—coaterE AFE3F cyanoethyl pullulan(CR-S) =
8 3}al W &, furnaceo] 308 €& Iy 18 ¢ & thA] poly(2-
methoxy—-5-(2'—-ethylhexoxy)-1,4-phenylene vinylene)(MEH-PPV)E CR-S¢
of Z¥star W & furnace® 30 min €& 7}t th wiAE @A E thermal

evaporationg ©]&3lo] AlS 532 it}

Al Al > CNT
——— S—
MEH-PPV R = ﬁ
o CR-S P

ITO

Glass

(a) (b)

CH,0R CHyOR

CH,
0 0 0,
OR J OR OR
OR (8] 0 (]
OR OR OR
n

R=H or CH,CH,CN

(©)

a¥ 1. OLEDY 7= ¥ 3824 +x (a) AI/MEH-PPV/CR-S/ITO/glass (b) Al/ MEH-PPV
composited CNT/CR-S/ITO/glass (c) Cyanoethyl Pullulan.
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cryogenic crushing method& ©]&3}lo] ~ 30mg of CNTs (CNI Co. 601B)S o
2F1 mL2] ethanol¥} milling-ballg ¥4 cryogenic crushing vesselo] ¥al
% liquid nitrogen cooled bathell ¥ 3l cryogenic crushero] 20% Z&A|F o=
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2 3

18 29 (a)¢} (b)x= OLEDs9 E#eo A
V)E HoFEL 8= 97| 10 kHz & A3l =4S 8t o] AF

dataell doIA, 29 2(a)= A& A S turn-on voltage & Ho] F&=4],
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|
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81 —m—Reference (1o CNT) 5 i —un—Reference
—8—CNT 003 wt% / /' —+—CNT 0.015 wt%
—A-CNTo08we 40 Vtum_o/‘ : 44 /‘ / / o g:$ g?}g W:E,O

/ —— 06 wt%

Current (mA)
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£
o) /- ’
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< /)
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e 1/ I
= ] [ / //
£ /e
.g [ -
. P 0 he—u
EI ‘nb 2|D SLZI I 40 Sb Glll Sh 160 15:0 200
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(a) (b)

¥ 2. CNT sxo wE dFe 3w M3l (a) current® turn on voltageo] W& OLEDse &4
7]9h #stel ©hE OLEDs®| £74.

CNTs7} gl 27ke] 9= CNTs7h §ls 2k vlug &gle o s

S Adireh AdskelA dlo] ver] AlFsiin. " 2(h)e] 49 CNTs
e wg =S 2 5 Jded, CNTZF I 49+ e 4520 ¢ 327}
E%3, ONT %7 BS55 dddes 3wt o Foe 3s & F+ 3

o] AL oA EITIAY CNTse F3H EA 93] impact ionization®= <13k

o|\

Zo7Z CNT F9 73t local electric field 7F A 4 91, large
capacitance®} o] CNTs and electrode/dielectric AFo]9] =0l o] A3t

A% Yo AF Adoletn ¥ % vk
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CNT/polymer7}A4] alternating electric field o ¢|8] A& o= Ao} A Fo]
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Ao AFEE BE A8 n-GaN template$]oll A 4% S o™ buffer layer= low
molecular concentration Indium¢] X3%E InGaN =-2 high growth temperature
AlGaNe] F FH7F ol &HAth. MAE LM, FAE HTZ xds7|2 gt
Buffere ddslx &2 AlsE8% THHJATE MQW-2 AlGalnN/InGaN 732}
AlGaN/InGaN®] 7 FF5 7tz Aadth Well layere] A% &%= 830°Co]aL
barriere] A& Al7F& 15%0]dth. 3 F=F buffere} FH MQWE z&a)A
671l A&, 1E]a LM bufferglo]l MQWol A=A 2 AlE7kA] F 779
A =7 ARRERT AR olF3 54l i 1o AHelHo] Urh. MQWS
Az T AEsdd et Gexl 21 vargke] A H ol

PLS 1m spectrometer® ¥-333}o] photomultiplier tube® 733} 2w, PLO
AL&3E o] 7] 39S HeCd lasere] 325nm lines AH&3lQITh A3 Ao A Ei=
He closed-cycle refrigerators AF83lo] Alg2] =5 10KE Yo S8 =)



InGaN T %2929 strain @3l I3 AT 7

H| 11

A& | Buffer layer MQW Barrier Al Well Al 5 #

A% | compo. | Al

(°C) (%) Hx)
LM-0 LM-InGaN None 0810-1
LM-A | LM-InGaN AlGalnN/InGaN 850 7.34 20 0512-1
0-A None AlGalnN/InGaN 850 7.34 20 0810-2
HT-A HT-AlGaN AlGalnN/InGaN 850 7.34 20 0813-2
LM-B LM-InGaN AlGaN/InGaN 830 7.06 25 0810-4
0-B None AlGaN/InGaN 850 7.34 20 0810-3
HT-B HT-AlGaN AlGaN/InGaN 830 7.06 25 0813-1

E 1. A%9 og3} 574

@ b)

= = LM-B
[=4 [=3
B 2 RT PL ‘\"\,
2 2 .
< RT PL < HT-B
2 LM-A 2
5 ™ 5
= HT-A = 0B
o ™ 7 -
o;éww My
e e M- O] MLM'OM
350 400 450 500 550 600 350 400 450 500 550 600
Wavelength (nm) Wavelength (nm)

a3 1. (a) 0-A, HT-A, LM-A¢} (b) 0-B, HT-B, LM-B¢] -2 PL spectrum.
A7 9 E9
a9 19 AoA e Z AlFE9 PL spectrumo] H Xt MQWS] barrier7}t

AlGaInN$] A set (0-A, HT-A, LM-A) 3} AlGaN¢! B set (0-B, HT-B, LM-B) ©] z}7}
@), (o)oll v ek (H7]el ASIEE ol = shift o] Ath) MQWo] §lal
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buffer layer7} InGaN¢l LM-0 ¢] PLE o] ®ojzlt}h 370 nm 312 MQW peak
550 nm & FACE dh= A9 yellow band7F 2 YERY . Al 5] A A<l
PLS =L7]+&= alignment 59 <5 Q21 it & v & 7FA| L A= &t 0-
B A& well width7} 531 barrier®] Al composition©] Z=w =7] wj&o] LM-BY
HT-BET} MQW peake] =2 oluvx] Aol yelby o] 9x= QW F+x7}
H] 523k Aseries A 52 MQW peak 919} 7o] 2t} 2 PL HlolH S BG4S
= buffere] @ado] we AoldS B 4 gich

717 20 T=10KellA Z7A ¢ PL spectrumo] vreblth WA MQWol AE A
2 LM-0 Al=ZolA = 7|3 buffer layeroll 4] 7]213}= PL peakES ¥
2lth.  SharpsdtAl YFEUE 356.6nmeF 360.0nme] peakES ZH7} n-GaN template 2}
InGaN buffer layerol 4] 1} 9.+ bound exciton peak®]iL, 382nm ~ 405nm A}o] 2] A

o 4

JIN'

peakS-2 GaN bulk donor-acceptor pair (DAP) recombination®} & ¥ Z o]t}

() (b)

2 A LT PL VA 2

5 =] LT PL

o N\‘ el

< HT-A— < LM-B

2 2

(%) (%)
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o 0-A o

o a 0-B—1

M N j\/\—\m.o

6 3 0 2 : 3E‘30 3 0 4&0 41'10

340 360 380 400 420 440 340
Wavelength (nm) Wavelength (nm)

a9 2. (a) 0-A, HT-A, LM-A¢} (b) 0-B, HT-B, LM-B A2(T=10K) PL spectrum.

A seriess WA s Wz Buffer’t A AE A &S 0-A AlRoA = 356.6nm2)
GaN peake] Xolm 361nm<} 368nmoll A MQW peak®] doubleto = U}ERGTE
oA 368.5nmoll A MQW peako] Aol A= 361nmell A LpERLRH,
368nm<] peak<> indium segregationell °]gk W& o= 9] local stateel A 71?1
peak .2 R ITE 24 MQW peake] dominate3t™. =2 local state®] -&7+%]

o
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= e Aow AzZtAt HT-A A BolAE 348nm 3]l A buffer layer®

A
e

291 AlGaN peak¥} 356.6nm<] GaN template©] 41 2] peako] <F3}lA #=51, MQW
peak>  362nmoll 4] YEFUFAL Qlth. DAP peakE°] MQW peak AEe] A7E
7HAaL B35 E 5 71% Stth LM-A A= A= buffer layert} GaN template 2]
peakE°] #F5 A o 362nm<e} 366.5nm2] doubleto. 2 MQW peakE©] K1t}
366.5nm2] peako] A& PLAIA= © A YERFARE e PLI H]aALEH 0-A

AlE el m7EAI R 362nme] peakS RFEE QWEC] ¥ B2 REYXE S &

2 PLO A5-¢F mPTHAR AlREY ARl PL A7 TaeA] AL
& AR Wl e wE PLe A7) W= oulE 7RI o] WIkE
AHEH A series AMEES AedAs AY Mg A7) 2 FdEHE PL
spectrumS- K. o] X7k A2 A= substrateol] A 7]Q13F= peako] ZF Holw Qw
#4 peakEo] 308 AR A]FE (0-A) €} substrate peakEo] Z Holx| gFrom QW
peak'= LTFA] AA A o A|RE ( LM-A : 6H], HT-A : 46H] ) ¢ F R F=E
UyolA= As & ¢ Ak

B seriesol A= buffer’} A=A &2 0-B Al5oA+= 361.5nme] QW peak©]
oFetAl =% bulk DAP peako] AthA o2 = A veEbdTh HT-B Al BolA =
AlGaN buffer layere] peak (~348nm)3} 356.6nm<] GaN templateol 4] 2] peak©]
#=5H1, MQW peaks 374.6nmell A YElal 9tk LM-B AlEeAE GaN
template, InGaN buffer layerol| A 2] peakE©°] H.o]™ 368.0nmolA QW peako]
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Change of Dihedral Angle along the Reaction Coordinate of Organic Peroxide
Dissociation?

Hyung-Rae Kim?

Abstract: Ab initio computation for intermediate structures of organic peroxides during dissociation has been performed using three
different quantum mechanical methods. In particular change of dihedral angle with lengthening of O-O bond is investigated for different
types of peroxides and compared to one another. These results are used to suggest method of distinguishing among several different types of
motion that involve change of dihedral angle: torsional vibration, hindered rotation and free rotation. These are critical in statistical
computation of reaction rate constant due to difference in frequency values along the reaction coordinate.

Introduction

Organic peroxides dissociate easily along O-O bond yielding two neutral radicals [1][2].

R(H)-0-O-R(H) ->R(H)-O + O-R(H)

This type of reaction is very important in atmospheric and combustion reactions because the reaction provides
radicals that drive and propagate radical chain reaction. Therefore it is crucial to know the rate constants for
these reactions at all temperatures, especially for the purpose of performing kinetic modeling of thermal
reactions involving radicals[3][4]. However these radical yielding peroxides are very unstable thermally and
sometimes lead to explosion. Experimental difficulty of handling the reagents made it extremely difficult to
obtain accurate rate constant values for these compounds. Thus theoretical calculations of rate constants using
statistical methods are necessary. In order to calculate rate constants for radical dissociation reactions which do
not possess well-defined transition states, it is necessary to do variational transition state (VTST)[5][6]
calculations. For VTST calculation all the intermediate structures have to be known. In particular molecular
parameters for those modes that change significantly as the reaction proceeds need to be calculated. So we set
out to calculate dihedral angles for the relaxed intermediate structures because in most cases torsion mode
slowly changes into hindered or free rotational motion as the reaction proceeds and the oscillator frequency
changes significantly. Along with the change of frequencies geometrical parameters also change. In this work
we calculate only dihedral angle change.

! This research was supported by the research fund of Hankuk University of Foreign Studies, 2011.
2 Department of Chemistry ,Hankuk University of Foreign Studies
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Computational Detail

In order to perform ab initio calculation of intermediate structures of peroxides for increasing R(O-O) distance,
ground state equilibrium structure of parent molecule has to be calculated first. Geometrical optimization for the
parent is done using DFT, HF and MP2 methods using 6-311G(d,p) basis sets. Once the geometrical
optimization is done, then a new Gaussian input file is prepared for the relaxed scan of R(O-O). Starting from
initial R(O-0O) we increased it by 0.1 A for about 10 scan points. Scanning more than 10 points was not possible
due to convergence failure. Computational method and basis set should be the same as in the equilibrium
structure calculation. The scan must be done in a relaxed mode because the scan coordinate should be made to
be the same as the reaction coordinate.

Computation was done using Xeon based Intel cluster that has 6 nodes, each node being a quadcore processor.
Quantum chemistry package used was Gaussian 09[7]. Initial structure was obtained using GaussView
packagel[8].

Calculations were performed for three organic peroxides: hydrogen peroxide, methyl hydroperoxide, dimethyl
peroxide.

Result

Ground state formaldehyde is non-planar at equilibrium as can be seen in Figure 1.

Figure 1. Equlibrium geometry of formaldehyde optimized by a) density functional theory (left panel) and b) MP2 (right
panel)

This non-planarity is certainly related with hindered internal rotation of O-H fragments. Torsional mode is very
much of vibrational character. As the O-O distance increases, the torsional vibration becomes less stiff and O-H
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motion resembles free rotation instead of vibration. When this happens the dihedral angle t approaches 180
degrees yielding planar structure. Figure 2 shows the change of dihedral angle with O-O distance for H,0,
dissociation. Hartree-Fock method is known to fail badly for large O-O distance due to neglect of electron
correlation by Hartree-Fock method. Density functional theory (DFT) calculation employing B3LYP hybrid
functional yields nice result. Planarity is attained for R= 2.1 A. On the other hand MP2 calculation shows a
maximum at less than 180 degrees, which is unrealistic for this type of reaction. We therefore conclude that the
torsion becomes free rotation at R=2.1 A.

For HF 7 is off 180 deg. As R(O-0) increases (dissociation process begins) the T angle approaches 180. When
the dissociation is complete, the dihedral angle should be 180 degrees because at this point torsional potential is
essentially zero and fragment rotation is free. When this is the case, sum of state and density of state can be
easily calculated using molecular properties of the fragments. 6 angle (bending angle) could also be used to
obtain the decrease of valence force with lengthening of O-O bond. However the change of 6 does not exhibit
discontinuity and cannot be related with discontinuity appearing in t vs. R.

Dihedral Angle change with O-O Dissociation

180 : r B v -
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Figure 2. Dihedral angle vs. R(O-0O) for H202

For Methyl Hydroperoxide, CH3z OOH, ground state equilibrium structure is given in Figure 3.
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Figure 3. Left panel: MHP optimized using DFT. Right panel is by MP2.

For MHP ground state equilibrium structure is also non-planar. From Fig 4 it is seen that planarity is obtained at
R=1.55 A, at significantly short distance than for H,O,. This does not mean that the torsional motion turns into
free rotation. Actually the rotation starts but soon encounters a great steric hindrance due to the presence of
methyl group. A small blip in DFT curve is due to poor convergence but it recovers quickly. In order to calculate
density of state or sum of state for the intermediate structures, it is necessary to use hindered rotor formula
instead of free rotor formula.
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Figure 4. Dihedral angle vs. R(O-O) for MHP

For Dimethyl Peroxide (DMP) ground state equilibrium structure of C-O-O-C is planar.
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Figure 5. DMP equilibrium geometry Left: DFT optimized. Right: MP2 optimized.

The valence force giving rise to off planar structure is absent due to the presence of two methyl groups. The
force responsible for apparent torsional motion is of different character than for the case of H,O, and MHP. The
severely hindered rotations prevail in the equilibrium structure. As the O-O distance increases, the range of
angular movement becomes wider and the rotations become less and less hindered. The C-O-O-C dihedral angle
remains at 180 degrees. MP2 result at large R is in error because of insufficient electronic correlation.
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Change of Dihedral Angle with O-O Dissociation
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Figure 6. Dihedral angle vs. R(O-O) for DMP
Discussion

We summarize the results of our calculations as follows.

For HP and MHP dihedral angle approaches 180 as R(O-O) increases. For HP the R(O-0O) starts to reach
180 degrees much later than for MHP. This is due to the fact that the valence force responsible for giving
rise to non-planarity is much stronger for HP than for MHP. This is due to the absence of methyl group in
HP. In other words methyl group acts to make dihedral angle tend to 180 degrees at even short R(O-0O).
This has great consequences when calculating sum of states and density of states for intermediate structures
of the dissociation because for HP the mode related with dihedral angle motion has to be treated as a
torsional vibration while for MHP the mode has to be treated as a hindered rotor. In the meanwhile dihedral
angle for DMP starts from 180 degree. This is due to the fact that two methyl groups force planar C-O-O-C
structure because of strong steric hindrance of methyl groups. Therefore the mode has to be treated as a
strongly hindered rotor in all the intermediate structures for the dissociation until all the valence force
vanishes. At distances of R(O-O) greater than the valence force vanishing point the mode has to be treated
as free rotor.
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BAF53 N-terminal motife] 3}t}utd o]
AXE QS nxE g

Q9F : actin-related protein ¢ BAF53 & B-actin o] FA3}# &+ N-terminal motif,
MSGGVYGG, & AYal dtl BAF53 9 N-terminal motif, & BAF53(N)2 BAF53 ortholog
oA wj$- 2 BEHO] 9lom, BAF53(N) deletion B3 S2A, Y6A, S2A/Y6A mutant Frpdd &
AZAES AAAZT 2 AFs BAFS3NS 71%S olslsly]  913ke]  BAF53(N)-YFP
SEEMAS AxsRon, o]E Hela Ao WdAA BAF53(N)e] YFP 9] subcellular
localization ¥ BAF53(N)¢] Frph#doe] MEAE wx= dFE ZARSIGITE. BAFS3(N)S
YFP 9] subcellular localization o= @&E& 7AA] &&o] #2HA WA, BAFS3(N)-YFP 9]
Hoptde HEYES FARAIFT ST FEAE BAFS3N)-YFP Fopddo s Qld F& MXdAs
of Fojzk= F A AMEZE A= vl 28 EAEH fAR dE=e]l BAFS3(N)-YFP 2@

ALE Holx Aol #FHYr). o] AxE BAF53(N)-YFP o}t o] mitosis BEE mitosis

Actin-related protein(ARP):= actin superfamily ZA] 303} A E 4o
thFstAl EAETE [1]. BAFS3 & o EA8= ARP olth [2]. BAFS3 &
SWI/SNF, TIP60, TRRAP, TIP48/49 ¢} &2 chromatin—modifying complex <
Aol pAYLorA EAZCE o] complex & transcription, apoptosis,
DNA repair, oncogenic transformation ° ¥#el= o] it} [3]. BAF53 & B-
actin ¥ heterodimer & ©°]F°] complex °| &A)3tt}. A9 chromatin-

modifying complex o4 BAF53 ¢ &3t 7]'52 o}z ¥ra| x| X ka1 it}

, o] ERE 0SS IXIXAATR FEATH) ALA A5 IR0l AL,
: 743}



108 R4, A

Human, Drosophila, C. elegans, 18] 1l yeast ¢ BAF53 ortholog ¢ gtz

Aqde HasjE A3 BAF53 = B-actin o= EA8A] %= N-terminal

l

motif & XYL 1o &<l Ht} (Fig. 1). MSGGVYGG A ¥EE zk+= BAF53
N-terminal motif, & BAF53(N)2 F AlojolA uwl¢ Z HEHO om,

rl

-

phosphoryoation ¥ Z-2 post-translation modification ©] & dojd 4 A&
serine ¥} tyrosine ©] ZtZt 1 7% EA13c}h [4]. oA =Fo ¢]3H BAF53(N)
deletion mutant & A3 el Frhdd A[71 45 == BAFS3(N)S] Ser2 ¢
Tyr6 & Ala & X8k S2A, Y6A, S2A/Y6A mutant 5 Frhdd AJZ] A e A]
A ABER7E dAS] doiAlE Ao zd oW QAo 4, 5l

kA BAFS3(N) Al A& d52Ql 7ss 738 7ol A & =

e

A

B Ao A= BAF53(N) motif 9 7]%S £ © olsisly] Ystd
BAF53(N)E  F@dwizel YFP o AFAX FFEHdS Azxsgion,
BAF53(N)-YFP & HelLa AXo] tphd  A]#A BAF53(N)o]  whale]

subcellular localization ¥} A|E Ao v X|&= AJ3FS XA T

A As 2 49 ¥4
(1)Cell culture

HelLa & 37T, 5% COgz incubator °lA] 10% fetal bovine serum, 100U/m{
penicillin, 100 wg/m¢ streptomycin ©] X &¥ Dulbecco's Modified Eagle's
medium(DMEM)E AH-8-8ho] uj s} 3ict.

(2) Transfection
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Transfection < Lipofectamin &  ©]&3le] 3319}, Plasmid

1~2 pgE 0.6% lipofectamin ¥} &3} o]& M o] FF BT o,

I 3 5 AZF FoF widstsitt. AlEE 10% fetal bovine serum ©] X3SHE

DMEM 0.2 2% Alold 5 Alme wgkelo] s 48 A7k vgatgict.

(3)Plasmid construction

BAF53(N)-YFP(Venus) plasmid + polymerase chain reaction (PCR)&
o] &3ty Ax3kTE. PCR 2 Venus & T3z 3o F dAE AA
A&EAT AFEE primer o @7IMEEe og3 2tk 1st PCR FP(5'-CGG
GGA GAT GAA GTT GGA GCC ATG GTG AGC AAG GGC GAG-3"), 2nd PCR
FP_FLAG(5'-GAT GAA TTC AAT GAG CGG CGG CGT GTA CGG GGG AGA
TGA AGT TGG-3"), 2nd FP_No FLAG(5'-GAT GAG CTC ATG AGC GGC GGC
GTG TAC GGG GGA GAT GAA GTT GG-3"), BP(5'-GCA CTG CAG GCC GTA
GCC CAG GGT-3". PCR product & EcoR1 ¥ Pstl ¥+ Sacl ¥} Pstl o=
Adst 3 o]l& Venus 9 EcoR1/Pstl H& Sacl/Pstl #Fglel Adsksit
BAF53(N)-YFP A1 %3} plasmid += DNA sequnecing & &3 #<2135}3lt}.

2% ¢ 17
(1)BAF53(N)-YFP plasmid A&

Human BAF53(N) motif E£3F3F & 13 79| ofw|w=ato 2 A H polypeptide
(MSGGVYGGDEVGA)E YFP ¢ N-wto] ZAztst S ds wrE7] 9sho
BAF53(N)-YFP & A %3} t}F. Venus plasmid & yellow fluorescent protein
(YFP)E 2&3h= plasmid 24, YFP = 91X 5014 glo] AlZ oA d&sin
HlaL A M2l gk HAdo] vt
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BAF53 9] N-terminal motif & YFP ¢ A x%str] Y3t oz PCR &
o] 83} t}. PCR 439 QA3 primer = forward primer ° Venus vector ©
A8k Al

a
(1-13) 9714 49S EZ3AA Venus vector ol BAF53 ¢ N-terminal motif =

rﬁ
2

AHE-9Q] (EcoRl =+ Sacl)@ BAF53 ¢ N-terminal motif

e ¢ U%EF primer & AFEATH PCR & 3t & Zol7l 259bp 2l
- 7HA] product, 5‘-Sacl_BAF53(N)_Venus_Pstl-3', 5°-
EcoRI_BAF53(N)_Venus_Pstl-3'7} A€ttt ol 2}z BAF53(N)-YFP H+
FLAG_ BAF53(N)-YFP A %ol A}-&3}3ic),

PCR product & EcoR1 ¥ Pstl ¥+ Sacl ¥ Pstl 22 A3l & o5
Venus €] EcoR1/Pstl H+= Sacl/Pstl #tgloll A4ttt BAFS3(N)-YFP Ei=
FLAG_. BAF53(N)-YFP 7} guHl2A AZRHIJSS AFasrE AT
mapping & Fds] 1 AAHo&E I8]il DNA sequencing & T35t

23 o2 sttt (Fig. 4).

(2) BAF53(N)-YFP Fohde] o3 ATZE §%

ok A Z3 BAFS3(N)-YFP T+ FLAG_ BAF53(N)-YFP plasmid =
Lipofectamin & ©]&3}4 Hela cell 9 transfection 3 % BAF53(N)-YFP ¢
+a] 2 subcellular localization < confocal microscope = ##3F3t} (Fig. 4).
YFP, BAF53(IN)-YFP 18|31 FLAG_ BAF53(N)-YFP =% Axd 92 &
ol A =3 HAq Fdshs o] AU, o] A= BAFS3(N)°] YFP 9
= T4 gas v

YFP & 2dsts AEES T2 443 Az dopdle Axs aEHd.

w
c
lon
o)
o
=
aQ
=
o
S
=
=
aQ
[y
o
5
=2
rlr
of
o

W BAF53(N)-YFP X FLAG. BAF53(N)-YFP & 233l AXoAs
o7t AMEEC] tg #FE HTh HE YFP £ 2EstE A XM=
S
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Aol A ZE sk A oA BAF53 N-terminal motif 7} Al Al &S =83t
7FeAd s AT A Aljke.

Human BAF53 . MS-GG--VYGGDEVGALVFDIGSYTVRAGYAGE
Drosophila BAF53 : MS-GGTMLYGGDEIGALVFDPGHHSLRVGYAQE
C. elegans BAF53 : MS-GA--VYGGDEVSGLVFDAGSQSFRVGFAGE
Yeast Act3 . MSNAALQVYGGDEVSAVVIDPGSYTTNIGYSGS
Human B-actin Mo DDDIAALVVDNGSGMCKAGFAGD

Figure 1. Comparison of amino acid sequences of the N-terminal motif of human BAF53, Drosophila

BAF53, C. elegans BAF53, yeast Act3, and human B-actin.
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Figure 2. Flow chart for the construction of BAF53(N)-YFP plasmid.
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Figure 3. Construction of BAF53(N)-YFP plasmid. (A) BAF53(N)-YFP was cut by Sac | and Pst I. (B)
FLAG_ BAF53(N)-YFP was cut by EcoR | and Pst I. They gave the band with 254bp.
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Figure 4. Expression of YFP, BAF53(N)-YFP, and FLAG_BAF53(N)-YFP in HelLa cells. At 48 hr

after transfection, YFP was observed by confocal laser scanning microscopy.
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Ab initio calculation of potential energy profile along the O-O coordinate in
dissociation of organic peroxides*

Hyung-Rae Kim?

Abstract: Ab initio calculations were performed for relaxed intermediate structures for H,O,, CH;00H and CH;00CHj dissociation along
the O-O bond. Potential energy profiles were obtained by fitting the calculated eigenvalues with Morse function. The D, B and R, parameters
for three peroxides were compared to one another. Changes of HOMO shape were used to interpret the general features of potential energy
profile.

Introduction

Organic peroxides dissociate along O-O bond and yield two radicals [1][2][3][4]. These radicals play important
roles in the propagation of chains in the atmospheric and combustion reactions [5][6][7][8][2]. Thus the
dynamics of dissociation for this type of reaction is very important in understanding the atmospheric and
combustion processes. For kinetic and dynamics studies accurate potential energy surfaces are needed [10][11].
Even though complete three dimensional potential energy surfaces for these reactions are not available,
one-dimensional potential energy profile along the reaction coordinate can be easily obtained using ab initio
quantum calculation utilizing relaxed scan method [12].

We performed ab initio quantum chemical calculations for intermediate structures for dissociation of hydrogen
peroxide (HP), methyl hydroperoxide (MHP) and dimethyl peroxide (DMP) using R(O-O) as reaction
coordinate..

Methods used were density functional theory (DFT), Hartree-Fock (HF) and Moller-Plesset perturbation theory
(MP2). Even though HF method is not expected to provide accurate data, it was included in the study to help
find the effect of electronic correlation.

As dissociation of peroxide proceeds along the O-O bond, the geometry of other parts of the molecule change.
Orbital shape also changes with the lengthening of the O-O bond. These changes play important role in the
dynamics of the peroxide dissociation process. For calculation of unimolecular dissociation rate constant using
variational RRKM theory [13][14] intermediate structures of the molecule along the reaction coordinate must be
known. Experimental determination of these structures is impossible at the present. Ab initio calculation of
intermediate geometrical structures as well as potential energy profile along the reaction coordinate can be done
using relaxed scan method of quantum structure computation.

! This research was supported by the research fund of Hankuk University of Foreign Studies, 2011.
2 Department of Chemistry, Hankuk University of Foreign Studies
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Computational Detail

Quantum calculations were done using the Gaussian 09 package [15]. Initial structures were obtained using
GaussView program [16]. Mainly DFT and MP2 were used for structure calculations. HF was used for checking
the effect of electron correlation. For good convergence in geometrical optimization, quadratic convergence
SCF option was employed. As coordinate system, Z-matrix option was used. For basis set moderately accurate
6-311G(d, p) was used for all cases. Diffuse functions were not used because we are interested only in neutral
species. For initial structures (ground state equilibrium structures), more accurate single point energy
calculations such as CCSD(T), QCISD(T) with aug-cc-pvQZ basis set and G2 were done to check individual
geometrical structures but optimization of geometry was not attempted. Scan was done in the relaxed mode
starting from initial R(O-O) and increasing R by 0.1 A for about 10 scan points. In a relaxed mode, all
coordinates other than the fixed R(O-O) are optimized to yield potential energy profile along the reaction
coordinate. Due to the convergence failure the scan could not be extended beyond 10 points. Since the scan
coordinate is more towards the reactant, the unrestricted spin was not used. Using unrestricted spin gave almost
the same result.

Results

Potential energy (PE) profiles were plotted against R(O-O) in Figures 1-3. As can be seen from the figures HF
energies are generally higher than those of DFT or MP2. The difference is due to correlation effect. Since
correlation effect is non-negligible, HF calculation is seen to be inappropriate for this type of calculation. For all
cases DFT values were lower than those of MP2 results. It is uncertain whether second-order perturbation is not
enough for our purposes. From the point of view of variation principle we mainly use DFT results for our
analysis.

Figure 1 shows relaxed scan results for potential energy at different scan points for HP. DFT (density functional
theory), HF (Hartree-Fock) and MP2 (Moller-Plesset second order) results are shown.
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Figure 1. PE profile for H202. Energy is in hartrees, R in Angstroms.

Due to the absence of electron correlation HF results show high potential energies. The electron correlation
effect is higher for large R values. DFT results consistently give the lowest energies. Therefore we think that the
DFT method gives the best result and the most reliable due to its effective treatment of electron correlation.

Similar behaviors are shown for MHP and DMP as well. Figure 2 and Figure 3 show relaxed scan results for
MHP and DMP, respectively.
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In order to obtain dissociation energy steepness parameter as well as equilibrium bond distance, calculated
potential energy profiles were fitted to Morse function using gnuplot. These fits are plotted in Figures 4, 5 and 6.
As can be seen from the figures, fits were quite accurate and fit parameters were found easily.
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Figure 4. Morse fit of PE profile along R(O-O) for H202

Fit parameters for H202 PE profile are as follows.

DFT HF MP2

D 0.199434 0.299314 0.127304
B 1.41799 1.38406 1.81275
Re 1.45502 1.37175 1.45082

wn

When compared with experimental value (D=D0+ZPR-ZPP where DO is the dissociation energy, ZPR is the
zero-point energy of reactant, and ZPP is the zero-point energy of the product), DFT calculation is the most

reliable. Therefore we perform only DFT data fit.

Figure 5 shows MHP dft fit to Morse function.
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Figure 5. Morse fit of PE profile along R(O-O) for MHP

Fit parameters are as follows:

D 0.164869
B 1.54371
Re 1.45703

Figure 6 shows Morse fit of DMP data.
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Figure 6. Morse fit of PE profile along R(O-O) for DMP

Fit parameters are as follows

D 0.156201
B 1.42635°
Re 1.46573

In order to analyze the difference of D and  parameter values for different peroxides, we looked at HOMO’s

for these peroxides at different stages of dissociation.

HOMO’s for HP calculated with DFT at R=1.48 (equilibrium bond distance), 1.88 and 2.18 A are shown in

Figure 7.

103
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Figure 7. HOMO changes with dissociation for HP. Top left: at R=1.48 A, top right: at R=1.88 A, bottom: at R=2.18 A

For methyl hydroperoxide (MHP) HOMO change (DFT result) is shown in Figure 8.

]

Figure 8. HOMO changes with dissociation for MHP. Top left: at R=1.45 A (equilibrium bond distance), top right: at
R=1.85 A, bottom: at R=2.15 A

For Dimethyl hydroperoxide (DMP) HOMO change (DFT result) is shown in Figure 9.
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Figure 9. HOMO changes with dissociation for DMP. Top left: at R=1.48 A, top right: at R=1.88 A, bottom: at R=2.18 A

Discussion

We have found that methyl group has a crucial role in the dissociation process. Potential well becomes
shallower with the presence of methyl group. D parameter decreases from 0.199434 hartree for HP to 0.164869
hartree for MHP and to 0.156201 hartree for DMP. However § parameter does not depend on the presence of
methyl group in a simple way. It increases from 1.41799 for HP to 1.54371 for MHP but decreases to 1.42635
for DMP. These facts can be analyzed in terms of change in HOMO. For HP HOMO looks very much like a
distorted ©* orbital. As O-O bond elongates, the distortion disappears and the orbital is shaped like a regular 7*
orbital. This change occurs at a large R(O-0) value for HP. When methyl group is present, the HOMO is almost
like a regular w* orbital for MHP and the distortion disappears at a much smaller value of R(O-0). When two
methyl groups are present (for DMP), the HOMO starts out as a regular n* orbital like shape and stays same
symmetry with the elongation of O-O bond. Changing HOMO from less anti-bonding to more anti-bonding
character for HP will make its D have larger value than for MHP or DMP where anti-bonding characters do not
change much with elongation of O-O bond.
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PBSE o] &3t diig]l 2 AojF+= AAS 7+ W Faste] AgstA] kg
antibodyE AA3] Fom o]F FITC-labeled ™#+2 confocal lazer

scanning microscope system (LSM 700, Germany)< o]-&3a] #2353t}

A3 2 12

AZS AR lipase A 2L A

3+ 2] lipoprotein signal peptide9} @bz S o153} st Y= 429

FARNE §FIAA V. metchnikovii 3 lipase®t 4| tac promoterd}ol
WS FE3tA pGSVALZ2E A #sksdth. pGSVAL2E )&+ TOP1OF Y=
FAHE A7l % lipase®] Td ofF-F F2IsIQT). Lipased ¥d o= PCR

Zgell A lipase FAAFe] 3 FHo AfHo= 6719 histidine s
A3 7]l mouse anti-his antibodyZ ©]-&3F Western blotting2 & &
oAgR= ol & 4 tl, 18 29 Western blotting 23 oA BE A} o
°f 36 kDa A4 band7} g1l wel tac ZREE o] °F 16 kDa
A71e] gyt el Lpp’ OmpA @& A V. metchnikovii & 20 kDa
2719 lipase @ o] A wrEo] M-S & & 5 AU

Mz oto] wtEo] Wi Q= lipase’t £4FA S UeEx &l §17]
A8 lipased 71EZEZA  1%9 tributyrin®] H7FE LB agar HiA| <
AN dts HAAske] 2441 WA o]F FRUY Folo FHg o
AR EA AR5 Flstqltt. 1 23 19 3BollA ¢k o] haloZb #&EATH
o] pGSVALZ2E =91¢h A=3 diidto] &4 2 lipased WHEI AU+

e,

—

Jﬂ

tlo

Az AFFANA lipase AEEH 2F
PGSVAL2E Xgd Axd tiddels Hde lipaseZt AEZWZ 913
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=AE @9 3}7] 93 Immunofluorescence confocal microscopy=
Aot 2dH lipase @A C-dek F-9lo] 67§12 histidine©]
mouse anti-his antibody®} FITC-conjugated anti-mouse
antibody & ©] &3] #ze] 7hssly ¥ 404 B Aypel o] pGSVAL2E
ZgetA e txaY A5 dFs HEFE F glAAR pGSVAL2E =3
%! DA = Ak o]F pGSVAL2 EFAH|=E

o
=
38 AxF #F AS lipase FAAE B@skH EF Ao

glom 3 AALLo] TlF3 Aol ATt V. metchnikovii £ lipaseE
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T
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Strains/Plasmids Genotype/Characteristics Reference
Strains
E_ coli TOPLOE’ F’[(laclTn10(Tet")/mcrAAmrr-hsdRMS-
merBC)(80lacZ AM15 AlacX74  deoR  recAl
araDI139 A(ara-leu)7697 galU galK rpsL(Strr)
endAl nupG
V. metschnikovii RH530  Protease and lipase producing strain 9
Plasmids
pGEMT Easy Amp", T/A cloning vector Promega
pGEMT Easy containing tac promoter and This study
PGS Lpp 'OmpA
pGEMT Easy containing tac promoter, This study
pGSVAL?2

Lpp 'OmpA and lipase gene

Table 1. Strains and plasmids used in this study
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Primers Sequences (5°—3’)
Ipp(F) CCATGGGTAAAGCTACTAAACTGGTA
Ipp(B) CAAAGCCAACATACGGGTTAATACCCTGATCGATTTTAGCGTTG

OmpA(F) CAACGCTAAAATCGATCAGGGTATTAACCCGTATGTTGGCTTTG
OmpA(B) CCATGGGTTGTCCGGACGAGTGCC

tac(F) CCGACATCATAACGGTTC
val(F) GGATCCGCAGATTATTCTTGTTCA
val(B) CTGCAGTTAATGATGATGATGATGATGGCGCCGGAAGCGGTCATAAC

Table 2. Primers used in this study

E. coli genomic DNA

Lpp OmpA
l OmpA (F) l pTRC99A
Ipp(F) i i e
l Ipp(B) l OmpA(B)
w“ling /
OmpA(B)
Ipp(F) pGSVAL2
l Recombinant PCR
Lpp’OmpA

¥ 1. Recombinant PCRYl 93t Lpp OmpA AR 834 2 pGSVAL2 A %3

Eopavs A4 R

1>
ol



124

=A%, g, oA

SM 1

70

50
35
25

(kDa)

¥ 2. Western blottingol] ¢+ A %3 lipased] T3 el ->+= 43 §F lipaseE

et} SM: Protein size marker, Lane 1: pGSVAL2E WX3 AQxg )&
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Vibrio metchnikovii RH530 -2l lipase®] ¥+ ¥W o3& &

A B

pGS PGSVAL2

% 3. Halo @Adl 93 Ax3 #59 lipase A &2l
=

o
&

_]
o
pGSVAL2E e td=te] 49 colony F9ldl FHe o] P4 As

= ulr

A: pGS ZZ AN =5 W¥E3F YA (negative control)

B: pGSVAL2 Z&v=5 WEs gt
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Fluorescent

9 4. Immunofluorescence confocal microscopyE &3 lipase?] AX¥EH &
FFE veEhdE dAE FRAV A 38 dn)Fd o2 #EE Y mergedte] # imageE
=5 U=
21 pGS ETm=EE WES g (negative control)

ol#l: pGSVAL2 ZAv=E WEgh i+
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ABSTRACT: Ared pigmented, Gram-staining-negative, rod-shaped, strain HMC6020", was isolated from a saltern
in Jeungdo, Republic of Korea. The major fatty acids were is0-Cis. (32.4%), summed feature 4 (comprising iso-Ci7.1
| and/or anteiso-Cy7.1 B; 29.7%) and iso-Ci7.9 30H (5.4%). The DNA G+C content was 42.1 mol%. Phylogenetic
tree based on 16S rRNA gene sequence showed that strain HMC6020T formed a lineage within the genus
Pontibacter. The strain HMC6020™ was closely related to Pontibacter korlensis (97.6% sequence similarity),
Pontibacter actiniarum (96.4%) and Pontibacter roseus (96.1%). On the basis of the evidence presented in this

study, strain HMC6020T represents a species of the genus Pontibacter.

A2

SEvEtE B, ' AFe] vtuE E8 Ao glom, o Fol A Al dF
Haotell = AdAS Aitshs dxdo] wol EAgth f-Evete] AU Aake
s ddez FYA T, HIEY utg T oAAE ol8ste sgE
SN AL, A og Agd Ve vUEss w5AA AdFlTdeE AvS
Akt oleie HAdde AARHNE Z¥ A9 FAEY NaCl 9d=
otheket F71ES Frskal glof, A foldt £29 Fra IS W
Awo] AMEE SEyEte] Aol bt mAEe]l AAsta e Ao
HiE 5l gtk (de Beer et al, 2005). olelgh oAl f&rAEe] & 42

WA ATE SPveh EAsks A9ge] ANRE AN EAs
A% AF7k Ags ol gk,

Pontibacter %8 Cytophagaceae 3o <438 Nedashkovskaya et al
(2005)e o8 Aoz F7E F AAZA 6Fc] HAHANS EE HTol

e

Dol =i 20118 E el srolthstal skl n] Aol ©jshe] o] fofzl Al



gatsl Ay AYPEHL Y= BFAolY. Pontibactere= BHoR %
w0l o] FEHE AYn, WY colonyE: FASE 54S Ak ¢
Tl &3t MtE2 Pontibacter actiniarum, P. akesuensis, P. korlensis, P.
roseus and P. xinjiangensis (Nedashkovskaya et al, 2005; Suresh et al,
2006; Wang et al, 2010; Zhang et al, 2008; Zhou et al, 2007)5°] &A)s}H,
soil, sediments®] thsk 7oA LA §

T dTE AdebdE A SR G ARddA mAdsS 9 dlen, 1
FolA AFAA A HaEA] ke wAE HMC6020 0] =t o
T2 ez AT, FHA, Asiets 5S4 diste] dvna
H Sj Aol wiete] drobr arap g

Ml

H =2 3
T’:TT—I

1. AlE AH
Aas HAgdg® 2okt FTxeo AAddA A, A5E TAF
B AHH S o] 83} tryptic soy agar (TSA; Difco)oll =23 & 30Tl A]

Mete] #FE ¢4 RS

2. A8E #F9 16SrRNA #7144 4
wE g #FE TSACA 293 30C= ¥ § A& colonyE o]&3ate] 16S
rRNA FZ& 93 Colony PCRE Fd3sltt. #59 97| ¥E2 EzTaxon
server 2.1 (http://www.eztaxon.org/; (Chun et al.,, 2007))°] ulz} FWHS&
A3t 3L, Ribosomal Database Project (RDP; http://rdp.cme.msu.edu),
GenBank (http://ncbi.nlm.nih.gov)9] databaseollA 7| LS g<2lsl3iT).
71 dE e HEE 77 AeHATA AaaAE setstr] 9@
phylip®} MEGA version 4 program< ©]-&3to] A H3} (Tamura et al., 2007),
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neighbor-joining method (Saitou and Nei, 1987)¢} maximum-likelihood
(Felsenstein, 1981), maximum-parsimony (Fitch, 1971)& A} &3l AEEE

A4 sk,

W ksteleh 9 %+ 0, 0.5, 1.0, 1.5, 2.0, 3.0, 4.0, 5.0%= =43l HdT&
) st o

5o APy 534S dotrr] fste] API 20E, 20NE, ZYM kit
(bioMrieux)®} MicroPlate GN2 (BIOLOG)E AF&3F3itl. Catalase®} oxidase
gAS A= AIdS AFgstgd e (MacFaddin, 1980), chromatic shift
test® F 383 flexirubin type pigment®] Al HZE ol H gttt (Bernardet
et al, 2002). DNA G+C H]&2 HPLCE A3t #4]3k3lth (Mesbah and
Whitman, 1989).

g w5 A 24S dotiy] g HA3S Fdskt. A E Sl
MIDI/Heulett Packard Microbial Identification
System= o] &3e] EX3}3tt.  Sherlock softwareE o] &3te] EXAH
chromatogram¥® dataZ® AHAA % AHF BEASa, o= libraryet WhEsHo

ARk W sl

4
N

(o]
N
o
22
tlo
Sl
e
r
ot
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HMC6020"e 23 S 7+go & TSAOA 30C=E 297F wjekst Z$-
WA colonyE FAgth 16S rRNA FAdxfe] Q7|AMES FAg Az
Pontibacter korlensis® 97.6% ++AYstal, P actiniarum®t=  96.4%, P,

roseus?i= 96.1% FAFSE Ao w2 YElWt AlSEE SslA Pontibacter 42
FEI 2SR fAG e e #@dd & AdH (Fig. D). #F
15~30CelA A 7hsatw HHo %= 25~30TARe]l o]tk pH7~8¢l A
A7 7hsskal, pH8AlA Harel AS gtk NaCl 0~56%0lA Aol 7Hsdhs
H At} Flaxirubin type pigmenti:= 7FA 3 YA] &1, casein®} CM-celluloseE
YR g8 4 Art. Oxidase® catalase, arginine dihydrolase, lysine
decarboxylase, ornithine decarboxylase, urease 9 &AL o7 eyl
tryptophan deaminase, P-galactosidase®t L-phenylalanine deaminase®]
gxge oo g YElTE. API ZYM kitoll A= alkaline phosphatase, esterase
(C4), esterase lipase (CR), leucine arylamidase, valine arylamidase, cystine
arylamidase, trypsin, a-chymotrypsin, acid phosphatase, naphthol-AS-BI-
phosphohydrolase, a-glucosidase, N-acetyl-B-glucosaminidase & &AL
dMo=w yelyow, lipase (Cl4), a—galactosidase, B-galactosidase, B-
glucuronidase, B-glucosidasea-mannosidase, a—fucosidase 9] g
T2 YEETE MicroPlate GN2& ©]-83F carbon ©]& o5& &1 A
N-acetyl-D-galactosamine, D-cellobiose,i—erythritol, D—fructose, L-fucose,
m-inositol,a-D-lactose, lactulose, D-melibiose, B-methyl-D-glucoside, D-
psicose, L-rhamnose, sucrose, D-trehalose, pyruvic acid methyl ester,
succinic acid mono-methyl-ester, acetic acid, cis—aconitic acid, D—galactonic
acid lactone, D-galacturonic acid, D—gluconic acid, D-glucosaminic acid, B-
hydroxybutyric acid, itaconic acid, a-keto wvaleric acid, malonic acid,

propionic acid, sebacic acid, succinic acid, bromosuccinic acid, succinamic
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acid, glucuronamide, L-alaninamide, D-alanine, L-alanine, L-alanyl-glycine,
L-asparagine, L—-aspartic acid, L-glutamic acid, glycyl-L-aspartic acid, L-
histidine, hydroxy-L-proline, L-leucine, L-ornithine, L-phenylalanine, D-
serine, L-serine, L-threonine, D,L-carnitine, urocanic acid,Inosine, uridine,
phenylethyl-amine, 2-aminoethanol,2,3-butanediol, glycerol, D,L,a-glycerol
phosphate, a-D-glucose-1-phosphate®]t}. X, a-cyclodextrin, dextrin,
glycogen, tween 40, tween 80, N-acetyl-D-glucosamine, adonitol, L-
arabinose, D-arabitol, D—-galactose, gentiobiose, a-D-glucose, maltose, D-
mannitol, D-mannose, D-raffinose, D—sorbitol, turanose, xylitol, citric acid,
formic acid, D-glucuronic acid, a- hydroxybutyric acid, y— hydroxybutyric
acid, p~hydroxy phenlyacetic acid, a—-keto butyric acid, a-keto glutaric acid,
D,L-lactic acid, quinic acid, D-saccharic acid, glycyl-L-glutamic acid, L-
proline, L-pyroglutamic acid, y—amino butyric acid, thymidine, putrescine, D-
glucose—6-phosphates= ©|&3}# E3t= ZAo=w yetwtt (Table 1). 5%7}
v HEsE AAste 78 A4 iso-Ciso? summed feature 4
(comprising iso-Ci7:1 | and/or anteiso-Ci7:1 B)# iso-Ci7:0 3OH7} E&A)3 < tf
(Table 2). DNAS] G+C H|&-& 42.1 mol%=Z ElRT).

mEba]  SEe fdxelA  REld HMC6020'¢]  16S  rRNA  f+x1#}e]
A7NEE EA AL, FHA, Aesets 5EAS vus A3 Pontibacter <0

S5 AF TFYL FARYUT

d
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characters 1 2 3 4

isolated source saltern soil marine soil



132

Growth at 15

Growth at 37

Growth at NaCl 5 (%)
Growth at NaCl 10 (%)
APl ZYM

Cystine arylamidase
a-chymotrypsin
a-galactosidase
B-galactosidase
B-glucuronidase
B-glucosidase
Macromolecules
DNA

Casein

Cellulose

Macconkey agar

Carbon Source (BIOLOG GN2)

a-Cyclodextrin
Dextrin
Glycogen
Tween 40
Tween 80
L-Arabinose
D-Arabitol
D-Cellobiose
i-Erythritol
D-Fructose
L-Fucose
D-Galactose
Gentiobiose
a-D-Glucose
m-Inositol
a-D-Lactose
D-Trehalose
Turanose
Xylitol
Cis-Aconitic acid
D-Gluconic acid

oY
ol
e
ujr

BN

+

+ +

o o+ o+ o+ o+ + o+ o+

+ + + + + +

+ o+

oX,

+ 4+ + +

+ +

+ + + + + + + + + o+ o+
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D-Glucosaminic acid - - +
D-Glucuronic acid - - -
a- Hydroxybutyric acid

y- Hydroxybutyric acid
p-Hydroxy Phenlyacetic acid
Itaconic acid

a-Keto Butyric acid - - - -
a-Keto Glutaric acid - - -
a-Keto Valeric acid - +

D,L-Lactic acid - - -
Malonic acid - -
Propionic acid - -
Quinic acid - - - -
D-Saccharic acid +
Succinamic acid +
Glucuronamide +
L-Alaninamide -
D-Alanine

L-Alanine -
L-Alanyl-glycine +
L-Asparagine -
L-Aspartic acid -
Glycyl-L-Glutamic acid +
L-Proline - -
L-Pyroglutamic acid
D-Serine

L-Serine - + + .
DNA G+C content (mole/%) 42.1 48.7 51.4 48.2

+ + + + + +

+ 4+ + + + + + 4
+ + + o+
' + + + 4+ + + +

+ +
+ + + 4+ + +

+
+

Table 1. Differential phenotypic characteristics of strain HMC6020™ and species of the genus
Pontibacter.
Strains: 1; HMC6020T; 2. Pontibacter actiniarum KCTC 123677; 3. Pontibacter akesuensis KCTC
12758T; 4. Pontibacter korlensis KCTC 223377, All data from this study except the DNA G+C content
of the 4 reference strains (Nedashkovskaya et al., 2005; Suresh et al., 2006; Zhang et al., 2008; Zhou et

al., 2007). +, Positive; —, negative reaction. nt, not tested.

Fatty acids 1 2 3 4
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unknown 11543 0.9 0.7 0.6 0.9
i50 C13:0 0.4 0.1 0.6 nd

unknown 13.565 5.0 3.3 2.2 6.2
i50 C14:0 nd 0.1 nd nd

Ciao nd nd 0.2 nd

I1s0 C151 G 15 0.4 nd nd

is0 Ci51 F nd nd 0.7 nd

i50 Cis:0 324 19.7 35.5 25.9
anteiso Cisy 0.6 0.7 0.3 0.6
Ci51 o8¢ 0.6 nd nd nd

Cis:1 ©6C 1.2 1.6 0.2 0.1
Ciso 1.6 0.7 0.3 0.3
is0 Ci6:1 H 1.3 1.6 nd 0.3
is0 Ci6:0 0.9 0.8 0.4 0.4
Ci6:1 W5C 0.7 1.3 1.1 15
Ciso 0.5 0.8 0.4 0.7
iso Cis:0 30H 4.0 2.9 3.8 4.1
Cis0 20H nd 0.2 nd nd

iso C17:1 W9C 2.3 1.3 2.1 1.0
is0 Ci7:0 2.3 35 1.4 6.8
anteiso Ci7 nd nd nd 0.4
Ci7:1 08¢ 0.7 0.2 0.1 nd

Ci7:1 06¢ 3.3 5.4 0.9 2.2
Ciro nd 0.3 0.1 0.3
iS0 C16:0 30H 0.4 0.5 0.3 0.5
Ci6:0 20H nd 0.4 0.1 nd

i50 Ci8:1 H nd 0.3 0.1 0.3
Ciso nd 0.8 0.9 0.2
is0 C17,0 30H 5.4 6.8 4.7 5.7
summed feature 1 1.3 2.7 34 0.3

summed feature 3 1.0 2.6 45 2.0
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summed feature 4 29.7 39.5 335 37.9
summed feature 5 1.0 nd 0.7 0.6

Table 2. Cellular fatty acid profiles of strain HMC6020T and species of the genus Pontibacter.

Strains: 1; HMC6020T; 2. Pontibacter actiniarum KCTC 123677; 3. Pontibacter akesuensis KCTC
12758T; 4. Pontibacter korlensis KCTC 223377. All data from this study. All strains were grown on
TSA at 30°C for 2 days. Only the fatty acids amounting to at least 1.0 % of the total fatty acids in at
least one strain are shown. tr, trace(<1%); nd, no detected.
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Hymenobacter tibetensis XTMO03T(EU382214)
Hymenobacter norwichensis NS/507 (AJ549285)

99

Hymenobacter yonginensis HMD1010T (GU808562)

49 Hymenobacter xinjiangensis X2-1gT (DQ888329)

%0 —————— Hymenobacter chitinivorans Txc1T (Y 18837)
Hymenobacter deserti ZLB-3T (EU325941)
2 {Hymenobacter ocellatus Myx2105T (Y18835)
Adhaeribacterterreus DNG6T (EU682684)
o Adhaeribacter aquaticus MBRG1.5T (AJ626894)
& W'Edhaeribaoteraero/atus 6515J-317(GQ421846)
% Adhaeribacter aerophilus 6424S-25T (GQ421850)
Pontibacter populiHYL7-15T (HQ223078)
Pontibacter salsaro HMC5104T (FJ903180)
Pontibacter sp. HMC6020T ( FJ903178)
|:onlibacter korlensis X14-1T (DQ888330)
Pontibacter niistensis NI-0905T (FJ897494)
Pontibacter roseus SRC-1T (AM049256)
Pontibacter xinjiangensis 311-10T (FJ004994)
Pontibacter actiniarum KMM 61567 (AY989908)
Pontibacter akesuensis AKS 1T (DQ672723)
— Persicobacter diffluensNBRC 159407 (AB260929)

I — Persicobacter psychrovividus Asr22-197 (AB260932)
Marinoscillum furvescensNBRC 159947 (AB078079)
% Roseivirga spongicola UST030701-084T (DQ080996)

ﬂoseivirga ehrenbergiiKMM 60177 (AY608410)

100 Roseivirga echinicomitans KMM 60587 (AY753206)

Sphingobacterium spiritivorum ATCC 33861T (AC01000008)

100

67

002
Fig 1. Neighbour-joining phylogenetic tree. Phylogenetic position of strain HMC6020T within the
group genus Pontibacter based on 16S rRNA gene sequences. Bootstrap percentages from both
neighbour joining (above nodes) is shown. Reichenbachiella agariperforans KMM35257 (AB058919)

was used as outgroup. Bar, 0.02 substitutions per nucleotide position.
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nAES Btz vhso] ®ol B0zt HaAEd AXFTHFEZHE lactic acid bacteria & 2 2 433 Th 16S

rRNA sequencing & B3 &4 3 Ay 12 /MY 55 F58=d 2 5 ASol 71 Hold Lactobacillus

plantarum strain < K56 o]g} @9t K56 & AFEste] pH @ WHEHAHAd EAS Ay HEgEd, K56 & pH 3-8
1

Wl o] 713l bile F=7F 0.
I . Introduction

Lactic acid bacteria & THE 2Hasdle] oUAE S8t thEe lactic acid & WA S

rr

Ao Ao & “lactic acid bacteria”’°]gtil FZ2&= o5 #HEHoluw EFIHHQA YRE

7H 71 AL olYt}. Lactic acid bacteria & Aol AH3gtal
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A7l ALS Aol 2 wrgEle] ZHE 9o R RE lactic acid & AAIC A YA S
Yetll= Zlo] @il IS wlg Hidste] @R ol¢dd W TR/ ofn ikl
HIERRLS 98ty o, #5d met v ERE 7HeA oW ASE  gle e QUth
lactic acid bacteria Z& &2 wat A/t (homo)lactic acid & o] (hetero)lactic
acid ¥a = F ot} lactic acid bacteria <& FAbE oy 2 FAAFE Aoy &S] #5744
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Lactobacillus plantarum(X56)& x|, Z+57] 59 AFo|x BAHET}. Gram positive #o]iL
wEAAE flom A FAES sHA &gvnh 2ol w2 1 9 BYES shal Jlew RE
ZolE= 3-8um AEolth. Facultative anaerobe ©]i 15TCoAE S Hol 45T
A ZF=tvh. 183 lactic acid 9 F isomer & AAFSITE Glucose oA AHEH gas &
AR &3, BE catalase & WEA O} oW strain 2 glucose 7} AFHAQL Ab3ol A
A2 u] pseudocatalase activity & Ho]7|%= 3t} Amygdalin, cellobiose, aesculin, D-fructose,
galactose, B-gentiobiose, N-acetylglucosamine, D—-glucose, lactose, maltose, mannitiol, D-
mannose, melibiose, trehalose, salicinn, sucrose oA & ¥t} Adonitiol, D—arabinose, L-
arabitol, erythritol, DL-fucose, 5—ketogluconate, methyl B-xylose, 2-ketogluconate, inositol,
inulin, D-lyxose, L-sorbitol, D-tagatose, DL-xylose oA+ Y& FHA ¥+=t}. Arginine &
deamination ¥ A] #°2™ meso-Diaminopimelic acid 7} Al¥XH®eo] A3t} DNA ¢ G+C
content & 44-46 mol% ©]tH1).

w23 2 sWdd e RN dAEd 2 FdzHE
Aetad Fol Uk whEe FAEe O FAAN A4 A, &R ® 3o e BE
nA L 535 oz deld 9l Dewit & S vis ARE H7VeHH Clostridium
botulinum ° %2ARE AT 4 Avkal Hi 3lth2). Fietcher 2 whEel 84
FE=ES H7VHA Staphylocouccus aureus @ Ao A Eria B 3FQITH3). E3F, Yoshida
& v FAES KAl HtH4). Small # Bogin Tl olatd oy § whme] A AEES

allicin ¢ Eal#4 £ AW allicin thiosulfonate 717} -SH 719} 7Z3HA whg3lo] A EALS

Asigckn Bustdeks. A2 Wyl v@ wAol FUA §88 AF2AQ vhizel U@
AHAFES wAlel Fobdm, AL HEE ol§F FE, FEAE L AV BEAE S
FAFAY A Q77 Qg Fol Ak SAW, vhse A 7 fEAd e S )
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HEFH o7 MAEE 12 F9 AT sl Colony PCR & o] &3} 16S rRNA sequence =
BEMetn 5 FA4sEY. Colony PCR S $3F forward primer + 27F(5'-
AGAGTTTGATCMTGGCTCAG-3)E, backward primer = 1292R(5'-

TACGGTTACCTTGTTACGACTT-3)s AF&3l%lal, PCR 7171 BioRAD ¢ MyCycler &

AR5 T
A=

TAsEE FASY] 8 FA WGAS FHTFE= HJ-3] FA3ste]  spectrophotometer
3}

(Thermospectronic, 20 genesys)® 600nm oA 3 =5 =435}
%7] pHl %& K56 ¢ A%

7] pH o w2 K56 9o S A8zl $13] H+ ek MRS broth & 5N HCI ¥} 5N NaOH

=
goe Abgstel 27 pH & 3 o4 9 7 77t BAR 5 PN B @AEES

1

K56 ¢ gEAS 24387 98l MRS broth o Z+2F 0%, 0.1%, 0.2%, 0.3%, 0.5%,
1.0%(W/V)7} 5|%Z Bile(SIGMA, Bovine Ox Gall Powder, Dried, unfractionated)& % 7}3s}o]
ARESATE S F 37TColA 6 AIRE 12 AR wlFdlS w) MRS agar o =@ete] wjfst &

AdrsE SASATH.

!
of

colony count & %
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IMI. Result and Discussion

s WA AR 2

2FA A 7 F, wMF AN 3 F, ARAANA 2 F, F 12 F Feshe] Table 1 % 2ol
F5E W,

3L

HF Fad #FE5S o sE SupsA (S E)o] 50% % MRS broth oA vj<Esh
TAsEE 543 A3 Table 1 oA Hi= nle} o] Z-5F7]oA Eask o
oA ®3 fFFERT A8l £9kal, 1 F K56 o /M & ASHEE BT

uebs 2 AgolM s AT aFed of&d Al mEo] THE F2 Ao A= KSe dFE

N
|t
o
=
A
oY,
£

Source Strains Growth(ODsoo)
K43 5.26
K44 7.18
K46 7.05
G K52 5.96
K53 6.05
K54 6.30
K56 8.65
i B51 3.63
2] B52 3.63
B56 2.93
G E 7] X Y51 2.65
Y56 3.08

Table 1. Comparison of lactic acid bacterial strains isolated from Korean Kimchis in the presence of 50% of garlic juice.?
2 Cells of the isolated microorganisms were grown in the medium consisting of garlic juice and MRS broth(1:1) at 30°C,

250rpm, for 72 hours.
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K56 2 Uz #Fo tiaf vbs Aol A+ Aoz ddy o] 16S rRNA sequencing & &

A4S T8

16S rRNA sequencing & B3 54 3 Z3E EZTaxon Sever o 4Esle] vAE &
g5 Fole o, Table 2 oA ®E ule} o]l Lactobacillus plantarum °.Z2 3
BFQ1%| o] L.plantarum K56 &2 33t}
Source | Strains Results of identification Similarity

K43 | pediococcus pentosaceus DSM 20336 99.19%

K44 | pediococcus pentosaceus DSM 20336 98.56%

K46 | pediococcus pentosaceus DSM 20336 97.58%
ZHE7) K52 | pediococcus pentosaceus DSM 20336 98.92%

K53 | pediococcus pentosaceus DSM 20336 98.74%

K54 | pediococcus pentosaceus DSM 20336 99.11%

K56 | Lactobacillus plantarum subsp. plantarum ATCC 14917 98.84%

B51 Werssella confusa JCM 1093 98.93%

w37 | B52

B56 Leuconostoc holzapfelii BFE 7000 99.55%

Y51 Lactobacillus sakei subsp. sakei DSM 20017 99.90%
973

Y56 Leuconostoc holzapfelii BFE 7000 98.74%

Table 2. Identification of the isolated lactic acid bacterial strains by the sequential analysis of 16S rRNA.

rod

o

o\
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K56 544+

A7 HAQd AT aFA AFEE7IA A-HE K56 dFE ATE Qs
L

%7] pH| w& K56 9 A%

K56 o] %7] pH ol ute} el JFs =] dolry] A wixe] 7] pH & 3-

9fh Z+7} w438ty #AFEE SAEA . Fig.l oA vehd vpel o] pH 9 oA+
2 Uegon pH 3 dAE 1§ =8 &7 AFes Ao

LElth pH 4 = pH 3 Bube A Axrt £hon pH 5, 6, 7 ol A& ZFo]7) ¢lgith

K66 = pH 9 o] Zdzel sAdAM+= ASFEA Xatal pH 3 o #AolA=

A8 A o Ao

A st 1 &Eob S dE 2 ok ¢ vk A9 pHeln A7 pH 6, 7
Ee 0 2ol #AelAE 27] pH o Aol K56 of AAA A% HelE AL

10 4
g
s\ S oA
7 - ;f ﬁ___.-”‘ — —4—pH3
E 6 - Ly —-pH4
g 51 yd —&—pH5
E 4 /f f
.' i ______‘,__——'."_—* _}thE
3 I
) T —4—pH7
" [
_—
0 T T T T T T 1 pHS
] 12 24 36 48 &0 72 B4
Time(hours)

Fig. 1. Time cource of growth of L.plantarum K56 according to the initial pH of MRS medium.

HEEFA A
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Ao Eu|EE UYEFA YAS H7] 98] primary bile acid €1 SIGMA AR9
Bile(Bovine Ox Gall Powder, dried, unfractionated)& A &1s}o] A3} Th.

K56 €] bile WAS Felsttt. Fig.2 9 #o] Bile %7F 0.1% ¥ w3g A5

GFe A7 g 05% ool HW AEEe] ol =i AsHe FFe
o159 et

9E+09

BE+DB* =17
7E+09 \ s ST
GE+09
5E+09 \
4E+09 \
3E+09’$§E.\'\
2E+09

1E+09

Cell number (CFU/ml)

00 01 02 03 04 05 06 07 0B 05 10

Bile conc.[%)

Fig. 2. Resistance of L.plantarum K56 to bile salt.

aFect AR w2 pH oA Aol Hyal bile salt FE=ol AFAHAET F3eh=
Aow wol g7tA] AotA 717 JE Ao Atrdrh K56 & GAAR AREE}H]

el A= Holgo] A H starin improvement 7F TR E Ao AlEH

kv
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(a) U-version(Hjort, Jones, 1996), &lu.vl=1

(b) C-version(Copas, 1995), &lwv)={1—u)/(1—v)

(¢) T-version, £lw.vl=u/v

oli olw), ulzf)=103/38)og{flz.8)}o)c}.

(4) 7 HAE AF 2% (mean integrated squared error)
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S AAEsE A o)t} Rosenblatt (1991)9]
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7Vs% FA% local MLE ¥ T4 7Fex FAHS ou|siy r & A4
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Analysis of Variance |

FValue 11.02 R-Square 0.4513
ProbF 9.12E-08 Adj R-Sq 0.4104

Parameter Estimates |

Variable DF Estimate StdErr tValue Probt

Intercept 1 2.382724 0.171881 13.863 <2e-16
w5 1 0.053791 0.027522 1.954 0.0548
x5 1 0.001896 0.028438 0.067 0.947
yl4 1 0.111871 0.025878 4.323 5.23E-05
72 1 -0.031102 0.022768 -1.366 0.1765
z3 1 0.016647 0.022664 0.734 0.4652

et gt

Price = 2.382724 + 0.053791(w5) + 0.001896(x5) + 0.111871(y14) — 0.031102(z2) + 0.011647(z3)
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2. HF A4 A
Analysis of Variance |
FValue 10.11 R-Square 0.4615
ProbF 5.001e-07 Adj R-Sq 0.4159
Parameter Estimates |
Variable DF Estimate StdErr tValue Probt
Intercept 1 2.409256 0.164405 14.654 < 2e-16
wb 1 0.062976 0.028822 2.185 0.0329
x5 1 0.006894 0.030142 0.229 0.8199
yl4 1 0.141463 0.030276 4.672 1.77e-05
z2 1 -0.010682 0.023789 -0.449 0.6551
z3 1 0.004362 0.031182 0.140 0.8892
tgol HE R, 3IHAEAe xRkl Wiz 7EVHAHS 594,
A, EREAC A IAHEA S Al sk AT
Z = 2.409256 + 0.062976(w5) + 0.006894(x5) + 0.141463(y14) — 0.010682(z2) + 0.004362(z3)
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slee S7HS heAel s Lol (HRAFAY o)A,
http://quake.kigam.re.kr/overview/intro.html)

2 2s, (23 2]dAM BTol t-HASAH frol -2.44(F9&E 0.010024
1998 W o]F FHA AT FolsA SHETa B o dow, oF
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Predictions for Regression Model
o
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(3) Al A4 (Time Series) #4529
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AALEA (Time Series Analysis)ollA  AF8-3F=  Autoregressive error

correction modele]t}. PROC AUTOREG: o}#fj ¢} & =& AS 714 3o},

ye =x8+ 1

Vt = —Q1V—1 — P2Vt-2 — ... — PmVi—m + €
2

e ~ IN(0,0%)

A7IA, s FEAR WASE FEUTFE, years FH
SH124& PROC AUTOREGE ARgate] el motth eabe] 534 of s
Durbin-Watson &7%ell <) HAA = Fhol 1.9780] ol o] Aol
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sy 1 RS

Atk w7 oot de dx A7]dH(T order autocorrelation)<

7hgske] el Bt
o AZ¥ [3F 119 22wkl uvskEd, AR19 FAgkel AL 00l 7HA
Ugtemw Azl wE Aadds fFYskA @ FA419
0.1744(F2.2F 0.075)7F Hof Alzkell w& F7h5A17F A4 o2 fofsitta
T Atk whebA, AlRbo]l sEd wet FbA Rl BASIeE Sk [E

11 o] BYAL APgstel el HAE S} FAE bk,

1 -340.6528 150.0285 -227  0.0308
1 01744 0.0753 232  0.0278

1 -0.0482 0.1855 -026  0.7970

¥ 1. PROC AUTOREGO 9J3t B4 F4 3|

Predicti for Aut relation Model

quake_feel

T T T T
1980 1990 2000 2010
year

quake_feel —— — trendhat |
¥ 4. PROC AUTOREG®! 9]¢ F41374

a8
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AR o|FTH dar ol TvFd JAEAYT oL
i wady!

o 4 37

olgAER ZHHE Y Amd P I olFwH darglwol AAFHALY, duF T8
el Aoz d| AMEEH7I7F GolakA] st olo] dial [14]e4 EHA FE e o)F A
duelsS ANYFFEHS ol &sto] Attt 7|4 Abgd A PE Wol o&

lassoM A S o] &3ttt £ w=iolAe= lassoE A o)¢le] A 7b5e hardd A % scad¥F &

ol g3te] olgPol Ue olFEH] HE vl % HrsH=E BHo] gl

w FH

A

rf

==

o] = # (biclustering)

=
W Eag gHEelt. 4Rt AUz BANAS 0, 0T BuES
g !

g3)do] <L (continuous variable)Z o] Fo] X AS-, thekd o]FT+F
WHEEC] AAEHSATHL-10]. sHANE o3t WHEES AR 540 Ao
obl o]t g (binary data)® o] FojX A hefx = A FetA] Frh. Ho
oA R R olFolxl AmAH] tigt olTtF] HargFol AAEJATH11-13].
a8y olEgk 7jEe WHES WHE A o dAFES A JdTH14).

ds 84, () Atd 7€ daudse Ao o 7he 2/ (tuning

o

parameters)el]l ol&] A FFgFS WXt 2HNSFE A= HES E=S

Dol =2 20118 e soltigtal S ] Ao 9fsto] o] Fo1xl Zig).
5 wetge 248 W
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AAEA Fskar Atk (2) Y darelse HAs EAl=

aEsforst HA o & 3ts & JtHNP-hard). ol ZE4 &4 ==
G (greedy search)S &3l @S 2A =, Aoz olyg digwS

Hlg&2ol dojx= dl= FHHol ofyti(sub-optimal). (3) 37 o2

s 1 #S T2 FHe= FEEE(1-prevalent subblock; 1-E3)uS
A QbESY] wiel, 0-EFolv 1-550] FAldd dEehves olga g
e A olx] etk (4) mHAHoR, SAHLFU oliEstelr] ofdE
Bl ARE AFA Adste B9 FF SATNE, 7Y ARES
ASA 7 EAStE A5 darglwe] A&l B7bssith
olglgt YHES EF fAstHA gaHAel oFaHS Fdse WHE
[14]1 A At A [14]= A=A dEhds o2 o] S (bicluster) &<
oAzl 7§e] F(ayer)ol FIHE=ZF EI3}sta ol F4s5H7] A8 ol@dAg 9
54 Hkdsle] w250l ¥ (Bernoulli distribution)& A&3te 9
=% (likelihood  function)E HWistst= WS FH3d olegel 2z
=4  mE3}Her  YgdA 7] ¢, 3 A= AH(sparsity-inducing

penalties)&  ©ol&ak3itt.  FaEAHY  ol&e  FoeH wyS AWNEE

A ew AASES st olFL e EIE U WS HoFe 9T

sith, gadEo=z [14]olM = lasso EHES o]&siglon, HoAd

HAAAZE Edteo] AAG Wl aHAow AWGES Fed Todd S
s ATSIATE lasso BA ol¢okE scad WA, hard A § oY
s adAE] EAg B AFdAE oye JA-HAES o]gste] [14]]
WHEY Ass vl disted 2 B35 o] ot



n/fel EE 9 oprje] WEE UM oldAm dES Y=(y;) = E7IeHAL
A7l A yy = BeFdE m; AR FHS HESFo] FEWge HAYow
7@k wEkA olgdAE yyv= 0 B 1 % XA Bd. AFsEe] g
WAoo w =AM S(logit transformation)?l 6y = log{m;/(1 — )} & LelstaL
o]Z A F RS (canonical parameter)til F-Ert}. o]o] g gHsto 7 n(e) =
{1+exp(=0)}'E Aot my =n(y) = E7|skAF 2, o|dAE Yol wigh
215 (log likelihood):= thr3} #o] Iterdh ez R &

n P
t = Zzlog“(%ei]‘)

i=1 j=1
A7IAM qy =2y — 12 -1 = 13 77 "k
ZJ%E'{[: e]] Oﬂ EH‘S—]'O% K7H‘(ﬂ }‘é%% ;%'E‘ Gi,-=u+2fleskuikvjk %Eﬂi E%ﬂ'
ghok. 3 el e KA AES fue F(ayeneoldta F=m ozt

28 s ASEE (multi-layer model)e]gt H-Et}, o] dHFHe 2 Fr|stA

¢

0 =(8;) & 0=p1,1] + 35 s, ¥y = p1,17 +USVT 02 37T
&% P UeR™K I Ve RPKE= Tojdole] AWEE 7HAH,
S = diag(s) = diag(si)x=1,..,x °ItF. A1 EFAM p= 74T SE
Fi 9lom, & KU AwES 7EATEENA Hlod AERes 3
A devs fold FERES Ul Fuh 27139 "eE 98 ves
18-kt

Job

[o:

o
o



Aol WAaE (sl W) ol oJsl Z2AEH, o & F Jie] #WE G 2k ¥ 9
214 (outer product) °o|F T TXE YEU L 4o FIE Ze s v AT
<ol YEdE 29 ZAxEE dEY. e P 4o FES
Sy, ensg 8 A7 TR AFET & Aok g AAE A MR
F7IHMo® A=USS B=VSE gt 12d AFA Aole d4 A¢ BY
k#A e A7 ac=sdly B by =5 7F "k ZAAHoR 0 =p1,1] +

T AW =pl, 1)+ AVT EE 0 =p1,17 + TR Wbl = p1,17 + UBTE HHES

=
7y FolA YElUE Bl EA A WS glell7] fElA JabHAETE o] &3
W7 &A% 49, 29 HH$E(negative penalized likelihood)E

Haglohs BE AgoR TAE AP 59 HASEes ofdler 2

o714 pA) B RMB) © doo Iarlyom Fold S Uk [14]91A
lasso BA[15]< o]l &3+t o]+ o3 A

PR (A) = annak||1 = Zznkmlu

i=1 k=1

P K
pjasso(B) = 2:7\k||i3k”1 = Ak [bikl.
= =1 k=1
ol 3 daElEe [14]94 FEESIYE B E=RelAdE 7 ole uE
A geE ol &etart vk WA hard A F[15]=

Perd () = Zznkmalu #0),

i=1 k=1

K )\2
> Z1(Jby| = 0)

k=1

M'c

p}tlal’d (B) —

)

1l
[y

i

2 FoAXA =™, scad A E5[16]
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n K
Pnscad (A) — Z Z pen(laiklﬂ nk);

i=1 k=1
p

K
PE4(B) = > > pen(lbyl &)

=1 k=1
2 FolAn o714 AL F4E e ge FuE A,

x?—2aax|+a?
a—-1

AA71M a>2% T vE AGFEA [16]01A AAG Hiel 2ol a=37 S

o) 351t

pen(|x|, a) = 2a|x|I(|x] < a) — I(a < x| < aa) + (@ + 1)2a®I(|x] > aa)

2435 HAgshr] 98 dugss 7] fs [l T O7HA
FAE ol &t BAgsE Haslele EaE AjHor e giald
FAE42 A 3Hupper-bound  optimization) 2 Z3E3}eF 4 3Hcoordinate
descent optimization)& ©]&3ste] BIHAHJA HAI}E JlFeEkA s
BAFTHAS = T Fo masrol g oz} AAFTE A5 olE
Ao R HAE Al A&t Aotk AT W& [14]1E FxstA
vhgtth, o] & o] &stA HwW

AR Arlel AAE EHEeEE ol&siAl dAnd A8

=
P,L
o%
BN
X
oy
it
b
i
X
o,
oo
1
¥
%0,
N,
o
rlr
=

p
BEIEY) = ) ) (xy = 0)% + 2B (A) + 2P, (B)

Gl

o714 Aol Ael® WMLMAE  x =09 +4q,(1—n(q 0} oItk ol
ol gato] HAF A w

Ll
e
X
"

o] ol gHE BFEY Y ArEe

fius



24 JolAW o7 A WEE xf=x; - T s otk Theo
WSS X = %~ Tk StV % AL k@A Zol oSl

=]

=

Axol UF ANTAE ofelst Lol FolArh WA lasso

i

[¢]

2 Folzlth hard MAFSE o g3 A9 AAFAL

2 FojxH, scad EH IS

sgn( - 1xl]vjk) {|ij_1xi*jvjk| —nk} , for |Z]p_1x{‘jvjk| < 2mx
ascad = {(a -1) Z 1 XijVjk — sgn (Z] 1X”V]k) ank}/(a —2),for2n, < |Z] 1X1]V]k| < any
Z]P:lxijvjk,for |Zi=1X1,‘ij| > ang
sgn(Z}’zlXi"juik){|2}’=1xi"juik| - )\k}+, for |Z{1=1Xi*]-uik| < 2Xq
Bjslfad =1{@-DIL, xju — sgn(Z{‘zlxi"juik)aKk}/(a —2),for 2 < |Z{‘=1Xi*juik < aly
it Xjjuj, for |Z{‘=1xi*]-uik| > alg
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AL 1zl sl AFNL, 0gkel sl AN vhehyieh 0E® 9 a¥e F39
AR S-S UEhln 9% oldle FHA 3% HelFm Uk i MM, S5t
shebal, 0t AMom EAHAG. T F& 2] 1-BS3 0-22S vehya g
S 2 & Qrh 98F ojdt T T3} FAE RIFEL BF ol §aHA e o
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o [e] 2=
z7 o e AL B 4 Ak
=1~ =1 2~ oy =] P
hard HA%4E lasso HESFY scad HAHSFE o= &8 EdE5ESS
(discontinuous function)e]22 H A3} Ao HZHE A7|7x] A H o]
=) [e) = =4 s =) = A~
¥ote 9HEs Ado. ojgd EAHEE st #E A EEelA  hard
1~ o ). o) =] 5 3 5
HARre] o] 82 Itk WA &t shAIRE 7] oAl Aol e
PN — = o) = = =) S (e} [e) [e)
T Axol, ZAEHE A% vHEo] & F Ul e vlE) v AL v
[e] i [e} >~ = [e} - L.
e Holmw oy FE&ETANA A2 o I AR Hd¥Es HHoR
[e] [e) 37
AREE W I fFRAe] S Ao ddEHy
False positive rate False negative rate
n,b\p, 50 60 70 80 90 100 50 60 70 80 90 100
Lasso Penalty
1-block 30 0095  .0138  .0155  .0152  .0149  .0152 0001  .0001  .0000  .0000  .0000  .0000
40 0147 0198 0210  .0205 0198  .0196 0000 0000 0000  .0000  .0000  .0000
50 0151 0217 0261  .0260 0256  .0258 0000 0000 .0000  .0000  .0000  .0000
0-block 30 0088  .0142  .0155  .0153  .0145  .0139 0001 .0001  .0000 .0000  .0000  .0000
40 0130 0181  .0209  .0203 0196  .0190 0000 0000 0000  .0000  .0000  .0000
50 0153 0231  .0256  .0264 0256  .0246 0000 .0000 0000  .0000  .0000  .0000
Hard Penalty
1-block 30 0005 0003  .0003  .0003  .0004  .0004 0022 0028 0032 .0036 .0042  .0046
40 0004 0003  .0003  .0004 0004  .0005 0003 0003 0003 .0004 .0004  .0005
50 0003 0005 .0003  .0004  .0003  .0004 0001 0001 0001  .000L .0001  .0001
0-block 30 0003 0003  .0004  .0004 0003  .0005 0022 0025 0030 .0035 .0040  .0044
40 0004 0004 .0005 .0004 0004  .0004 0003 0004 0004 .0004 .0004  .0004
50 0004 0005 .0005 0005  .0004  .0005 0000 0000 0000  .0000  .0001  .0000
SCAD Penalty
1-block 30 0189 0207 0179 0180  .0165  .0160 0009 0001 0001  .0000  .0000  .0000
40 0196 0206 0209 0208  .0202  .0196 0000 0000 0000  .0000  .0000  .0000
50 0133 0150 .0176  .0220 0178  .0191 0000 0000 0000  .0000  .0000  .0000
0-block 30 0189 0198  .0187  .0174  .0160  .0156 0013 0001 0006 .0000  .0000  .0000
40 0189 0210 0209 0201  .0200  .0196 0000 0000 0000  .0000  .0000  .0000
50 0151 0159 0175  .0208 0195  .0188 0000 0000 0000 .0000  .0000  .0000
5 S5 5 = o o
E 1. 2ojAgolA AdE 100719 ol&aide] gk &3xd A% vE 2 ke g

vl &oll g G gk,
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