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STABILITY OF ELECTROMAGNETIC WAVES FROM AN
OPEN TE CAVITY

KIHYUN YUN!

ABSTRACT. A time harmonic scattering problem of electromagnetic waves
from a two-dimensional open cavity is considered. The problem is chal-
lenging both mathematically and computationally, due to highly oscilla-
tory nature of the solution. A variation calculus reduces the scattering
problem into a bounded domain problem. The stability of the solution
is established for the reduced problem as well as the explicit dependence
on the high wave number is also provided

1. INTRODUCTION

Radar cross section (RCS) is used to measure the detectability of a un-
known object with a radar system. A large variety of practical problem
such as RCS reduction have been considered so far and many other issues
have been proposed ever since the invention of radar system. Mathematical
method of scattering problem [1, 2, 3, 13, 14, 15, 16], the time-domain finite
difference method (FDM) [5], the finite element method (FEM) [10, 12] and
several hybrid methods [4, 9, 11] are included in such problems. The main
problem is to accurate prediction of the unknown object. The overall RCS
of the target is often dominated by cavities so that the scattering from the
cavities has significance on the prediction.

A time-harmonic electromagnetic plane wave incident on a cavity embed-
ded in an infinite ground plane is considered in this paper. This paper is
mainly concerned with TE (transverse electric) polarization to study the
propagation of the scattered wave from the cavity, especially large one.
Dealing with a large cavity, it has been supposed that the cavity has an

2010 Mathematics Subject Classification. 78M30, 35Q60, 35J57.
Key words and phrases. Improved Stability, Electromagnetic Waves, TM Cavity.
Department of Mathematics, Hankuk University of foreign Studies!, Email:
gundam@hufs.ac.kr.
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2 KIHYUN YUN

rectangular cross-section. Ammari, Bao and Wood reduced the infinite na-
ture of the scattering problem into a bounded domain (the cavity) problem
via a variational approach [3]. Moreover, they showed that the bounded
domain problem in TE polarization attain a unique solution for a general
cavity medium [3].

In this paper, we establish a stability of the solution to the bounded
domain problem presented by Ammari, Bao and Wood. Moreover, the sta-
bility analysis also gives an estimate of the dependency of the well-posedness
on the larghe wave number k.

Let D be a rectangular domain given by

D = (0,7) x (0,y0),

[:=1[0,7] x {yo}, ' :=R x {yo} \ T and S := 9D \ I. Here the domain

D is the cross-section of the cavity under y = yo. Throughout, an open

cavity with a rectangular cross-section is considered. It is assumed that the

medium for the half plane {(z,vy) | ¥ > yo} and the cavity is homogeneous.

It is further assumed that the cavity is on a perfect conducting ground.
re r re

(7.(7?/0) Y=Y

)

The original problem in an unbounded domain D U {y > y} can be
reduced to another problem restricted only in D as follows:

Au+Eku=0 inD
ou

(1) — = on S
ov
u=POu)+h onT
where
1 1 —
Pw)=— —(wp)e@df.
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In this paper, we consider the stability on the problem in D. Especially,
this paper focuses on what role k£ plays in the stability, assumed that k is a
sufficiently large positive number.

Theorem 1.1. There is a constant C' independent of k such that
19
IVull oy + &l 2y < € (K% ) 1Al

for any sufficiently large k.

2. SET-UP AND THE PROOF OF THEOREM

Taking an advantage of the rectangular shape of D, we consider the so-
lution u such as

u(z,y) = i a, CoS (My) cos(nz).

For convenience, let u,, (0,u), and (P(0,u)), be defined as follows:

[ ]
Uy, 1= @y, COS (\/ k2 — n2y0> )

Thus, we have
u|F(x) = Z Uy, cos(n).
n=0
(O,u)y == —a,Vk? — n?sin (\/ k2 — n2y0> )

Thus, we have

o

(’9,,u|r(;r) = Z(&,u)n cos(nz).
P(O,u)|(x) =Y (P(dyu))n cos(na).

Two norms A and B are defined on I as follows:

Iflla= | D Fo—=
n=1 |k

1

_n2|+y%
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and

7l =\ 3 2 ( ] + yi)

when f=>" f,cosnz.

Definition 2.1. The sets L and H are defined as follows:

L:{n€N|ngk:orym/|k:2—n2|§1}
and

H:{HEN]nzkandyox/|k2—n2\>1}.

It is worthy noting that the sets L and H are different from the ones
defined in the case of TM cavity.

Lemma 2.2.
2

2
~ Z U (Opu), =~

A neH

Z (O,u), cos(nz)

neH

Z Uy, cos(nx)

neH

)

B

where av >~ B if and only if there is a positive constant C independent of
k > 10 such that Ca > > %a.

Proof. We can prove easily that

= (Msin (\/m%))Q

|k? —n?| + ?%
~ —Vk? —n?sin <\/ k2 — n2y0) cos (\/ k? — n2y0>
1
~ < |k? — n?| + y_> cos’ <\/k2 - n2y0>
0

for n € H. U
From now on, we consider two cases as follows:

e Case I:

lu—POu)llp = €llull -
e Case II:

lu—POu)llp < ellull-
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The constant e shall be chosen later.
In the following sections, we shall find the dependency C(k) of the sta-
bility on £ such that
Ck) [hllg = NOvull 4 + [lull -

Based on this, we can obtain Theorem 1.1.

Proof of Theorem 1.1. As the results of Case I, II-1 and II-2 in the following
sections, we have

14
C (k%) I0llp = 100l 4 + Jull
From definition, one can prove that
k10l 4 + ull5) 2 11Vl 2y + k2o -

It implies that

19
C (%) 1bllp = 1Vl o) + F lul 2 o -

3. Casg 1

The bound of ||u|| 5 was already given by the assumption as follows:
1Pl g = €llullg -

Thus, the bound of ||J,u|| , shall be considered. We begin by establishing
the bound of || P(d,u)|| 4 so that

1
(1+3) 1y 2 = P@I, + Tl
> |1P(Oyu)ll g -
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This means that

1
<1 i z) 1Pl 10l 4 = 1 P@) 1 5 10l o

> /r PO u)(z)0,u(x)dx

1, ul?de

=

1 —
- —— |Dyultde —

el<k / k? — &2
=2 /m'

Here, the weight term 1/4/]k? — £2| is not large enough to be a bound of the

fourier transformed cos(nx)r. Thus, we take an advantage of the support
of O,u restricted in I', and extend cos(nz)r to the larger interval I, in order
to get a better infinite behavior as the following lemma.

10, u|?d¢

1
>k \/§% — k2
ul*dg.

Lemma 3.1.

7r+% ) N -
/ cos(nx)e "'dr = 5 n & ((—1)”6_5(”%)Z + e%&> )
_ n< —

2n

This lemma implies that for any n € L,

/8ucos f
S;/\/W—leﬁ

|( 1)n —&(m4m/n)i

|(Du)al” =

+1 df/ \/7 10, u|d¢
2 <Ck /— B, ul?d¢

(2) s W—&?\' °

where I, = [—7/2n, 7 + (7/2n)]. Therefore, we have

2

Z(a,,u)n cos(nx)

neL

1
Ck —hlpllovull, 2

A
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-1
Now, we consider » g <\/ k? —n? 4+ y—10> |0, un|®. From the assump-
tion of Case I and Lemma 2.2,
1 2 2
= Rl = [lulls

Z 0, cos(nx)

neH

2

>C

A
Thus, combined with ..., it is reduced to

1 k
¢ (Wl + £ Wl 10l ) = ovuly
Hence,

1 2 1 1 2
Sty + kol (218,5) = 5 0.l > 0.

where C'is a positive constant. Solving the second order polynomial above,
we have

C 1
= > (V2 +1— > .
“llhlly = (V1= k) [9,ully 2 o 9,0l

Therefore, from the assumption of Case I, we have

k
(3) C=lhllp = 10sull4 + llull s -

4. CASE 11
We begin by considering

/hm dr = /(u — P(0,u)) d,u dx
r r

—

2
d,u| d€

)
dg

/ ou d +'/ !
uouder+1 | ——
r R k2 — &2

o,u

/ O, u dx + L
u O,u dx _
r lel>k /&2 — k2

1 —_— 2
o, u
2

dg
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where both of Re and Im are real values. Then, the Im term is non-negative,

and satisfies
1 _
(4) R — / ho,u dx
gl<k /K* — &2 r
In the other hand,

Re = Z Un (O 1)y,

neL

(5) + D un(Du)n + /pk \/ﬁ

By Lemma 2.2, the second and the third terms of Re are always non-
negative. Note that | [ hd,u dz| > |Re|, and €||ul|; > ||h|| due to the
assumption of Case II. It follows from (5) that

Z U (01,

neL

—

2
d,u| dfé =Im <

—

o,u

2
d¢.

+ellull g [|0yull 4

1 2
(6) > un(dyu), + / —— |u| de.
,;I ek /€2 — k2
We consider two cases as follows:
e Case I-1:
Z (Oyu), cosnz|| <9 Z Uy, COS NI
neL A neL B
e Case II-2:
Z (Oyu), cosnz|| >0 Z Uy, COS NI
neL A nel B
We shall choose a proper § later.
4.1. Case II-1. The assumption of Casell-1 and (6) yield to
2
4] Z upcosnx|| +ellull g ||Oull 4
neL B
(7 3" unld,) |Gl a
Z Un\OyU ) p, +/ — U .
oy N RVAS I
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We now are going to eliminate the second term with € in (7) so that the right
hand side terms are dominated only by the first term with . By Lemma
2.2, we have

B>

E Uy, COSNIT E Uy, COSNT

€ l[ull g [10vull 4 <e (

nel B neH
( g uy cosnx| + C E Uy, COSNT )
neL nGH B
< Oy (56—1—6 E u, cosne| + — E Un (0
neL nEH

Here, we choose
(8) e=C.5

where C. is a sufficiently small constant independent of k. By (7) and
Lemma 2.2, we have

) E Uy, COS NI

neL

2

1
> un U )n +/ T
,LGZH ek /&% — k?

The first term HZneL Uy, COS anz shall be replaced with

2
oyu| dE.

(9)

2

> (P(du)), cosnx

neL

B

at (9). To do so, we use the assumption of Case II so that

2 2
e Jlull > [lu— PO,u)|

2
> Z (up — (P(Oyu))n) cosnx
n€eL B
| 2 2
> 5 Z Uy COSNT|| — Z(P(@Vu))n cos nx
neL B neL B
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Thus, we have

2
s E Up COSNT

neL

2

< Z(P(@Vu))n COSNT

B neL B
2
€2 Z up cosnz| +C Z Un(Opu)p | -
neL B neH

Here, we move the term €2 HZneL Uy, COS mz:Hi3 to the left hand side, and
this applies to (9) so that
2

Z(P(@Vu))n COS NT

neL

B

—

o, u

(10)

v

)
¢ | .

1
<neZHun et /€|>k VE — k2

¢
)
(P(0yu)), for n € L as follows:

Now we estimate

|(P(3uu))n|2

2

/\

o 8 u cos(nx)pdé
u dﬁ/ /|k 52 52 )2 | )" O 1|2d§-
Note that
1 £ n —§7r7, 2
/R \/m ( 52 2 | 1‘ dg§

1 ¢ 2
< n 7§7T’L 1 d
> /|,€2_§2|<k k2 —£2| (n (n2 — £2)2 ‘ ’ £

1 £ e 1%
+/W—£2lzk k2 — €2] (n? 5“‘ e

C

IA

/\

)

2
—dé )cos )
/ﬁik|<1 k2 — &2 [k2—£2|>k NG

IN

-

C
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Thus, we have

2
o,u| d€.

|(P(

oo [ 1
o <o [ Ve

It implies that

1 2 1
vk / S dé + / S —
el<k / |k — &3 gl>k A/ |k? — &2

>y (V= L (o

—

o,u

—

o,u

“)
dg

neL
2
(11) > Z(P(ﬁyu))n COS Nx
neL B
C i 1 2
(12) > =2 (Oyu)p, cos nx —|—/ —— (D de|.
0 neZH L e V/E R
The last inequality above results from (10). We now choose
Cs
13 0= —F+=.
(13) Y

Here, Cjs is small enough independently of &k so that Cy/d — CikvVE >k /2.
Thus, by (12) and (13), we have

1
cf
<k / |k — &3

Then, it follows from ... that

2 1
Py
g1k \/[k? — &2

—

2
o, u o,u| d€.

CkvVk / hou| > CkvVk - Du| d¢

r el<k /|k? — &2
2
1 2
> kvVk (Oyu)p cosnz|| + —— Oyu| dE
( nEZH L ek /& — k2
2
(14) + Z(P(@Vu))ncosnx

neL B
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Owing to (2), this means that

/hm
T

|2
CikVk Oou| de

> (Y

1
e NGE

> VE |0l -

Thus, we have
Cklhllp = [|0yull, -

Meanwhile, we shall use (14) one more time. Lemma 2.2 implies

2 2
(15) Z(@,,u)n cosnz|| >C Z Uy, COSNT
neH A neH B
and the assumption of Case II means that
e lullp = |1 P(9u) — ull
2
> Z ((P(0yu))pn — uyp) cos(nx)
neL B
. 2 2
> 5 Zun cos(nz)|| — Z(P(@Vu))n cos(nx)||
neL B neL B
that is,
2 2
211 12
(16) Z(P(@,,u))n cos(nzx)|| > 3 Z up, cos(nx) || + € |lullp-
neL B neL B
Here, we apply (15) and (16) to (14). Then, we have
CkVE ||h]| 5 |0sul 4 > C/.m/%’/hay_u dz| > ||ull}, .
r

Therefore, we have

5
(17) Cki[|hllp = 10sull 4 + [l 5 -
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4.2. Case 1I-2. We begin by applying the assumption of Case I1-2

Z (Oyu),, cosnx J Z Uy, COS NT

neL neL

A
o (6). With help of Lemma 2.2, we have
2

B

1
- Z(&,u)n cosnz| +e€llullg||0ull 4
neL A
2 . )
(18) (Oyu), cosnz|| + — (9 dc.
HEZH L ek 62— R

Here, the term with € is estimated as follows:

1
e||u||B||81,u||A§e<5 > (@u)ncosnz|| +C || (Dyu), cosna )
neL A neH A
X ( Z(é’yu)n cos nx Z(&,u)n CoS Nx ) .
neL A neH A

Since € = C.v/d and the constant C. is a sufficiently small, (18) yields to
(19)

¢
)

2

Z(@Vu)n COS NI ’ dg.

neL

Z(@Vu)n cos nx

neH

o, u

1
s ek /€2 — k2

Now, we shall find the constant C(k) in terms of k£ such that
2

8u g >

Y

A

Z(&,u)n cos nx

neL

because the other terms are bounded by } HZ
To do so, we assume that

e (Ovtt)n cosnzzH?4 in (19).

2

(20) =1.

Z(d,u)n cos nx

neL

A
Thus, we shall find
2
dg.

a lower bound of

lel<k \/ N
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Then, we can obtain the desirable constant C(k) in terms of k.
Now, we need another assumption to use the following lemma.

Lemma 4.1.

/Fcos(n:c)eigxdx - e {iin2 ((=1)"et™ —1).

Thus, if n is even, then
/cos(nm)e_iff‘daﬁ =0 for any even interger & except n,
r
and if n is odd, then
/Cos(n:v)e_igxda: =0 for any odd interger & except n.
r
Without any loss of generality, we assume that
h is an even function with respect to x = g
Then u, 0,u and T'(u) are also even. Then, u,, (d,u), and (Tu), are 0 for
any odd n. The case of odd h is also similar.

For any even number n € L, let E \ n be the set of all even natural
numbers including 0 except n. Then, we shall consider u as follows:

8/1,2 = (8,,u)nL (e‘gm — 1) + Z (Opu)m, & (6_5” — 1)

52_712 m2_§2

meE\n
and

Dyu =~ (&,u)n% (e¥™ —1) for & ~n.

To make it more precise, we consider

2

meE\n

. 1/2
(8,,u)mm2£—1£2

<[ ST

1
meE\n ’kz o m2| + Yo

1/2

. | 2 (VE=r ) e

meE\n
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Lemma 4.2. Let f(x) be a decreasing positive continuous function defined
in the interval (0, 2]. Then,

11
O k_/f wdr+ f()3

Lemma 4.3. For any even numbern € L as it mentioned above, if | —n| <

%,then
1 ¢
2 — m? S <ok
Z(' m'*.y)( “e <

meE\n

Proof. The conditions |§ — n| < 3 and E \ n imply that |m —¢| > 1 for

m € E\ n. Then, Lemma 4.2 yields

T, L &
Z( Ix m|+yo) (m? — £2)?

meE\n

1 4k2

1 1
<9 / dr+ 2k | +4
jo—e/k1>1/k (z — %) k

= 9%.

U
Meanwhile, the other factor of the upper bound in (21) can be estimated
as

1
(22) > |(ayu)m|2 < loul’ <1+ 05

m2| +

meE\n

Thus, applying the lemma above and (22) to (21), we have

(23) >

meE\n

&

-| < CK*WVE = CE1

(v ) m m2
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4.2.1. Three Pigeonholes. From the assumption,

= 1.
A

Z (Oyu),, cosnx

neL

Let n, be the largest even number with n, < k, and n,, be the even number
with n,, > k and n,, € L. For given k and gy, we have at most one n,.,
and

[nee = k[ S

el e

Then, we have

1 -1
1= (W—n2+—) (@),

nEL\{n*,n**} yo
-1

1\ ! 1
+ ( k2 —n,2+ y_) |(8,,u)n* ]2 + ( |k? — n2| + y_) \(&/u)n**
0 0

According to the pigeonholes principal, the one of three terms above is
greater than or equals to 1/3. Thus, we consider three cases as follows:

2

e Pigeonhole 1:

3 (m + i)_l (Ou), 2 >

1
3
NEL\{nu,nxs} Yo

e Pigeonhole 2:

( kz—n*2+l)1|(8,,u) 2>1
Yo T3

e Pigeonhole 3:
1\ > 1
k2 — n,.2| + —> ou > <
(VIF=n ) @), [ > 5

4.2.2. Pigeonhole 1. Now, we find the desirable lower bound of

1
/|£<k V2 = &2
Let P; be the set of all even numbers in L \ {n.,n..}. The integration
is considered only in small intervals near even numbers n in Py, ie., | —
gi(e=€mi-1)

527”/2

—

2
d,u| dE.

n| < v for sufficiently small . Since Du = Y neeven (Ovt)n and
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(A+ B)* > 1A% — B?, it follows from (23) and the condition of Pigeonhole
1 that

2
dg

o,u

1
1<k \/K? — &2

1
> -
B n;I A—n@ vV k2 — &2
2
1 13 (e—gm‘ — 1) ? E(etm— 1

nx—2
1 2 5/2.3 \ 1
> C (21; ﬁ“aﬂM 7) - O (k‘ gl Z N
nePi
(24) > Csy—Cy kK2 45,

Here, we choose

1

’Y:CW

where C' is small enough independently of k.

4.2.3. Pigeonhole 2. The assumption of Pigeonhole 2 implies

1
25 ), |* > —.
(25) O, [ = o
Then, we can choose
Ve = L5/4°
Here, C is small enough so that
1 2

‘(auu)n*

P 2 (0.
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It follows from (23) that

2
dg

1 _
ek /K2 —g2 1
MNx 1
> -
> [ =

, 2 2
1 E(etm —1) §(e~tm —1)
<13 (&/u)n*w - meg\n (Ovt) m, & d¢
>0 / _( (@), | — K1242) de
> & (@) de

- 2 Tl — Vs \/ 2_
(26) > Cy | (Dvu)n.

VEE — (0. — %)

. 1
Here, we consider two cases when 4/k? —n2 > ol and when /k? —n2 <
. . 1 . .
yio, in order to continue (26). The first case when /k? —n2 > m implies

2

Q

k—nx > — > 2,
n*_k_ 87

Thus, the inequality (26) is reduced by the assumption of Pigeonhole 2 to

C, ik (D). [
\/E\/ k — Ny + ’Y*

Ve
> Oy (Byu),

Vx
* Yo

2

2

1
2 _ 2 1
The second case when +/k nz < ;o means that

1 1
k—n*ﬁCE, and’y*<<E,
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since k is supposed to be large enough. Thus, the inequality (26) is reduced
by (25) to

2

C ik (D).,

Therefore,

2
| dé > Cyy, > Ck™/4,

l§1<k

4.2.4. Pigeonhole 3. We consider Pigeonhole 3 only when n,, exists. We
need a additional lemma to consider n,, because it is large than k.

Lemma 4.4.

1 1 1
> \k2—m2|+—)ﬁ§k3for]£—k\§—
Proof. Note that
|m—¢&| > 1
for m € E \ n,., since n,, is very close to k. We consider ng% -+« and

Y msar - - - separately. Thus, Lemma 4.2 yields

=, 1)1
Z*( * m'%)(&?—mzv

meE\n
= 2 (5 TR m—
mEE\n., and m<2k m>2k
1 1 1
SO\ B

mEE\n.. and m<2k

1 1 1
= <</l> Kz —§)* k_> ’“_>
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U
This lemma and (22) imply that for £ with [£ — n.,| < 3,
> I IS oy
(Oyu),, @—me
mGE\n** (5 mEE\n 5k m2| +
1/2
1 1
Z V‘kQ_m2|+_> 2 24
MEE\Nx < Yo (5 -m )
< O§k3/4k3_3/2
(27) < CkY4,

Based on this, we consider

d [ & 1
dé (n;) Ot (&2 — m2)>
(28) =-2 ((&,u)n @t S (B, 5 )2>.

m;én**

Under the assumption h is a even function, (9,u),, = 0 for any odd m.
Here, we choose

Vax = C**k_5/8

for some sufficiently small constant C,,. Thus, the inequality (27) implies
that for & with [£ — M| < Vex,

§

R

(Oyu) =

Y

£
Z (&,u)m (52 _ m2)2

m;én**

since
| (81/“) y0/6'

Applying the inequality above to (28), we have that >~ (J,u),, @
is strictly monotonic for £ with 0 < n.. — & < 7. and the derivative has a
bound as follows:

Mo | —
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in the same interval. Meanwhile, we have
1
Therefore, we have
1 2
—— (Oyu| d§
el<k \/k? — &2
k 1 2
> / — |Oyu| d§
k—(1/2)7.. /K2 — &2
2
/30 1 x e—tmi 1
2 / N Z(&u%% dé
(/207 VK2 =& 0T £ —m
R=(1/3) e k2 Nayx — k + 1 *ok 2
>C min / ( 3] ) k(€ — &)2d¢
E0€[k—(1/2)Van s k—(1/3)viex] (1/2) e \/kQ 1/2)%*>

kQ’)/Q .
_ Tex 3.1/2.2
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7% ekE B (0001) eFolvt. B AlE+= sapphire 7|3 9]¢l 500nm 9]
AR AEden, buk AEES 05mm FAR, 7tz O dAket zn 9k
Holl A o] SHE xol& 7HAaL vk o] AlmEs 22 ¥, O-face, Zn-
face A 82 F27|2 vk A WRe Aolo] wet 4 Ao adrt
oEA FepA=A dotry] fste]l ZF Algel da 4 ETh=vk AYE
ST ZEt=nt A= RF ZEk=nt @ AAX| oA base pressure & 5.0x10°
Torr BT} ZA §A8tHA] 2.0x102 Torr Xt} 22 process $FElS o] &31% )
AgY &% 300C oo™ 40W 2 RF power & 4 7]AE ZEtEvlE
RSl 60 et WA ZTR[4]

NBEe FEAL A2oA  photoluminescence (PL) WS o] &3lo]
ZASFA T 1mW 2] HeCd laser 325nm line & ¢}7] F9¢o & o] &3¢ o™, 1m
single monochromator (SPEX 1702) & ‘&3l 3% 2-& photomultiplier tube =
A=t AlZ59 PL spectrum ¢ 7] HIWE flste] AJg7F ubd o v
A=A Aol AgEglon), Aol 2 Hl ool A7 AeolE: WY uirt

23 % E2

a4 1o e AE adEe] 7 AlREe PL 2 ER o] HolAal gt
3.3 eV A9 UV peak & ZnO 2] band-to-band transition ol ]3| e} exciton
peak ©|™, 3.287eV x| Tlol= FAMo] 1ojx 9tk Htehdl O-face
Al zo| A= A7 LA 8Fo] neutral donor bound exciton (D°X) peak o = AJZ}| v,
Zn-face A ZAAME F7F EE AUYAE 7FA 2 & acceptor bound exciton ©] FA

Aoz HRIth 25eV A 2] broad $F visible peak = impurity 2} ¥ ¥ peak &=,

o

olo] Wats] walA] QA= ZAT oxygen ©]u zinc 2] vacancy = interstitial
site o] o]8] LA TE W aE] QQTh[5] PL spectrum & HrEro A 7 AA O-
face A|E X th= 58] HX, Zn-face Al SR U= 10 ¥ o]/ & DX peak & Ko
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3 ) Wb visible peak = HFEol A = w9~ 2o, O-face A F oA Koo
256V A9 226V 39 T broad peak ©] A A FAHE Ao= HIL O-
face A5 A= 256V peak o] O FA YEFIA|RE Zn-face A& ol A= F broad
peak o] 7|7} AQ] H|=EHAl #SH ) Bulk A&l A impurity ©F ¥ H visible
peak o] A YR crystal Ao /g0l W E = UV peak o A717F A

Ao w wWol whak Ao Hls) 4G Ao o] e EEEC] FHENSS & F

gy 2 o E8t=vl Agd ARES Wy & ¥HEE BoFa drh

Zdk=vl AE $ UV peak ¢ A7]9 WstE BW v Alme oF 13 A
23k 9k O-face ©F Zn-face A&+ 2 H] o] AX T Visible peak 9] UV

peak ° g Azl A7+ T4 AR AS5E o= E9=vt At
Wkt pulk Al gol PIA = FFol A= RHSlS oW gtk UV peak o 1A=
vk A 2ol AL A WskshA] Zsror}l bulk ABEEC A9 e oy
AAZ ol Fsles & F AUrh olHg A o]} exciton peak 718 F7h=
Zetznt Ag9 Zno oA YEhE Ao R G240 93 passivation I} exciton
binding energy 2] ®W3l= A ct[6] vt A7) Aol as grown AE|ol A
¢l EAY E5ES0] bulk AlERT HojA F£4 Zb=ul A vt 93]
A HgdE Aaiste] DX peak 7|7} #HAd Aoz AZbE
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a RS Ad)e Sebz=e AgE AEEA Ad)9 PL 2FERS log
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7V G 2 Aem 4R Jorg 22 eV 9 peak & FEZ< ATtEd o
as grown A &0 A IS5FH T =42 passivation o] & AlElA = FHo 2 Holu
25 eV 9 peak = TFAR EAVE SAEAE Holdle FoRE Hol AHAAR
EAete BoEod 93 deep trap ol gt emission .= AJZFEITE Terminate ¥

Wol whE tolup wpulste] Aol o ATE Aaw k.

FH

Acknowledgements
o] A= 2015 F=rolmoltistul S ARl A el ofsf o] Folxl Agl.

ATER

[1] W. Y. Liang and A. D. Yoffe, Phys. Rev. Lett. 20, 59 (1968).

[2] D. C. Reynolds, D. C. Look, B. Jogai, C. W. Litton, G. Cnatwell, and W. C. Harsch, Phys.
Rev. B 60, 2340 (1999)

[3] N EES MTI corporations =3 7-wj 3

[4] =R, o145, =AY, A7AAA 53] =] 23, 93 (2010).

[5] U. Ozgiir, Ya. I. Alicov, C. Liu, A. Teke, M. A. Reshchikov, S. Dogan, V. Avrutin, S. —J.
Cho, and H. Morkog, J. Appl. Phys. 98, 041301 (2005).

[6] =AY, AE, o]AF, A7) AAFA =283 =5-%] 247,173 (2011).



J. Basic Sci., HUFS, 41 (2016), pp. 51-62

Aol A Pax6-intein® DIx2-intein 3z o] ay!

747, A8 AW

QoF Pax6$t DIx2 ClAtE, AAZI|AE7 AAMNER Bilsles FAAA, TrEAE AAAMEY
THE AA e F4AF dAIAtelt wEkA Pax6et DI2E A E7|A e BEA7IH EVAE
AE 2 FAAAFAAN 5 FRH AAAEL FHY BT aE 719 & A Paxest

Db A Aol AHget7] A Pa sk Dbe RS AFZE7AEN Eqslof H
b mAubgel A Wds g kA BAZE Brbssl suslAl A o wAlE
w0z s)dss WO R Pax6st Db AHE WA FElw Axel Egshs Wl detow
A

-
<9

@
_ﬂﬁi Jo

~

I 9lth. Polyarginine®} S cell penetrating peptidet= A 39 g A zus Es = 9=
F7kskAl "k B Aol s Pax6el DIx2 w el C-reko] cell penetrating peptide$l
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Anaty]l A% FAAE AR 2 FAANDAA 5Y AFAE FHs

2318 Fe7] A% BHoR F83A AEE F 9

iy

Pax6 i+  Paired box(Pax) family member o] &3 WE=

&1 Q8 (Homeobox) S A HARIzlo]t), Paxe £ AA=7]AES] F4&

8 ar HATA QL AlF Il A o] fed wEk AAFEV A ESE R3hE
FAE = AAAEY THE AASHA "k Paxé 71Ee] AEo] & Paxé
EdWo] F@Sey)ol A FHA Islet-2 7} HEE= FHUA ST FA o)
AfH =, 7] Pax6e & tAl =YsHH Islet-2 7F EHae FHAG A
o] 3Bt (Osumi et al., 1997). =3+ Pax6 = wjo} th 2 A A subgranular

zone oA Thr2 ¢} Ngn2 & @wdste= SFEMOIEA AAAX] P& FHsnt
(Hodge et al, 2008). WFA Pax6 mutant & HtpEEA]7|H GAD 9 GABA =
Aikst= 7habd A 23ket AAwAEY F3rF SXIskAl fnh whebA

Pax6 = ZRA ABAE 2 FFEOIEA AABAES EaAAS S8k
b Tk Al ek A A Eme] BEAAHS Adles APEVIAES] AE

AA=7IAE7F 7k AR AER E3hsks £ DIx2 9 Mashl ZARIA e
sl A4Hch dlx AW wjYgel] DLX2 % DLX5 & HdA7]|W GAD o]
Z7FAt} (Stuhmer et al., 2002). Basal ganglia & 7}e}A]l Al A Eo] H3} ol
J=of = DLX FAA7F 4o dQa3 o= 9a Y} (Long et al., 2009).
g DIXU/DIx2 null mice A& 7HHA MM E3Rel o] Fo] A7tF

A =] FA4F o]F =7 ¥t} (Cobos et al., 2005).

lo

™

rp

o=3fol ™ X uj(Alzheimer’s disease)v™= E| P4 HAZOZA F= 7], T
#Hegt Hx2 EA4E Fote R HAAE Ak A ABAIEY
APEe Aol FQagk a9lo] &lifol™  (Henderson 1996), dA dutx o=
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ARG Al ARAE oMEEd WAl ARA R oMAEEd EaAlas
A Az An TS S3tsle HHow AREE v wEbd  Fd9A

s
AAEE Bste] 7103t ot SES 2RA0R HRAE FFA AR

HAA w2 (seizure)S AlAAle] SFEMOIE F&A9] A EHAQ FA 3]

op71E ™, AAG Thebd AAAE AHS FX skl SFEHO|ESL e
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i
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o
il
ol
ol
N,
Ho
o
o
p
o

7IWME ek AL VAR AR adE A A

sldstz] ¢13k WO R Paxé ¢ DIx2 oF 2 AAZVIAES] AE TF 5olH
TGS Aufsks AARQIAb] FAAE AAETVIAE sk el 1
ot EAsel gk aEy =]IF fAAE AAs s 7iWHe #AA

i
AARRIZLE wd FER AlEe] ddet= WHel 9 EAlE SEALS
Azt Wt 2 ARMEATE H|E Tl

ol AE WE AEEA 2o} cell penetrating peptide = A waze
METS THste] ME HZE o]5E 4= 9t} Cell penetrating peptide & HIV-1
Hpol#f 9] Tat @ Ao A] Aoz WHAEQ O™, 1 o]F penetratin, transportan,
Xentry 5 o8 72 FF7F A EAT (Heitz et al., 2009). °]E < TAT cell
penetrating peptide ¢} polyarginine 2} 7+ arginine-rich cell penetrating peptide & ©]
7 w2 amd dgagsy @ H2Ee AExEsAds Za e Ae=

BuEdck. gwtk  arginine-rich cell penetrating peptide ¢ AW Ux
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Expressed protein ligation 7|32 @uwldo] C-dwte Felo|=g HAezx o=z
AAAATFE 7IHO=R, ool g Cre recombinase ] C-Eehol
polyarginine peptide & A&z o g ZAEA7 cell-permeable Cre recombinase =
Aitets WHos Aoz HEg® vk 3tk (Lyu & Kwon, 2015).
Ao A= Pax6-intein 2} DIx2-intein W AS AAst= AR FAAE
Azxstdon, Axdd A2 A= ddds FEAEAA Paxé-intein I}
DIx2-intein @GN AS Tdst= S AAHSHSITE Pax6-intein 2+ DIx2-intein

g A S pax6-polyarginine ¥ DIx-2 —polyarginine & A5 expressed

i3

m&

protein ligation 7| o 2 Aakel= Aol x7] 7122 &&= Aot

43 B

1. Pax6-intein & DIx2-intein & WE] A2}

AZF Pax6}t DIx2 FAHE o= tigdtolAe] did WdS % 5)e7]
9]3}+e] codon optimizationS =333} Tl Codon optimization® <13+ Pax6<}l DIx2
A 33 5 witko] ZhzE Nde 13 Sap | AlFEA HAd RS HULsko]
cDNAZS  Aslg o, o2  pucCs7 vectorel 4Fdsle]  pUC57_Pax6$}
pUC57_DIx2E A|2+3F3lt} (GenScript). pUC57_Pax6<} pUC57_DIx2E Nde 17} Sap
1oz ddslo] 942 AE-S pTWIN_His vector (Jena Bioscience)2] Nde 13} Sap |
-9 Aol &2 4+913te] pTWIN_Pax62t pTWIN_DIx2E A 2353t} pTWIN_Pax6+
Pax6<} mini-intein (Mycobacterium Xenopi gyrase Aol -2, Mxe GyrA), 67112] His
Tag= TAE ST AS, pTWIN_DIx2E DIx22} mini-intein, 670 His Tag®
TAY g AdS a3 Pax6s) intein 2 DIx29} intein Alololl= E& % Q)
intein "7 AHS 93] Leu-Glu-Tyrg A sksith



)43t A Pax6-intein} DIx2-intein 3wt g o] Wy 55

2, tAtol A Pax6-intein 2 DIx2-intein &3tk Aol whe =7 A 3}

pTWIN_Pax62}  pTWIN DIx2S  BL21(DE3), BL21(pKJE7), BL21(pG-Tf2),
BL21(pTF16)oll &2 HA$advl. BL21(PKIE7), BL21(pG-Tf2), BL21(pTF16)
gl LEEE dmEe] gaidS Hdsty]l flal @A foldingS
o}

H
X

= o3t chaperone 58 @Idsh= FEAv|=E BL2I(DE3) #FA

F o]t} (TAKARA). pKIE7S dnaK, dnal, grpE Aol &%, pG-Tf2:= groES,
groEL, tig APl &S, 18]a pTfle2 tig AR &S Hd st Zk~r| =]t} 50ml
LB #ixlol A 37ColA &5 S 7] tF#S 1L LBujAol 1/20u1=

)
l‘%

HEe. HF Al 50ug/ml  ampicillin?}  20pg/ml  chloramphenicol & ¥ o] =11
0.5mg/ml L-arabinose =i+ 5ng/ml  tetracyclineS YolFo] ApdE dAS

TAA T A3 WA= 37TCollA 7] OD600nm #to] 0.6°] HAS o, 1
mM isopropyl-p-D-thiogalactopyranoside (IPTG)E % o] =t}. Pax6-intein 83 o] d 2
26l A 3AZHES WAA7|M Dix2-intein & F WA 18TolA 64
LHAXNA HA s SAoA Raldol e sFENES deh

ri
0

3. Pax6-intein ¥ DIx2-intein 8- A A

Pax6-intein 2 DIx2-intein AN AES DS oS dHUEERE 58 &
NAALZ - 5FF o] 80T Bt s doolA wo] gt
suje] F-3jef &3t Breaking Buffer(20 mM NaH2PO4, 500 mM NaCl, pH 7.5) =
Fojerh 25 TAAGA 2 AEE Y-S 717 F 1% Triton-X 1005
Jo]Ft}h 4TColl A 10,000xg LAET 2 galAdo] = ST AS By
o] @S Ni-NTA(QIAGEN)S}H 4Tl A 1A 75t 4l o] =T

Ni-NTA &218]5 ZAddl A5 A 5812 Buffer A(50 mM NaH2P04, 300 mM
NaCl,pH 8.0)5 ZAH ] &5 HolFi A7 53] Wash Buffer(50 mM NaHzPOs,
300 mM NaCl, 50mM Imidazole pH 8.0)5 Z &l =& thA] HA7S Aol Pax6-

intein 2 DIx2-intein &3 22 Elution Buffer(50 mM NaH2POs, 300 mM NaCl,
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250mM Imidazole, pH 8.0)2 FZ73}o] Cleavage Buffer(50 mM NaH2PO4, 250 mM NacCl,
pH85)ell Wil 4T A 3F5mt

4, Aol intein v Agt

Cleavage Buffer(50 mM NaHzPOs, 250 mM NaCl, pH 8.5)¢l =45} Pax6-intein %
DIx2-intein &t ] intein w7 HAvhS DTT = MESNAZ 1&gt}
DTTS AF£3} cleavage reactione 50mM DTTS #H7}slal dAAx7l~5 Ags &
4T A 24X 7H5¢t w371tk MESNAES  AF8-3+ cleavage reactione 50mM
MESNA2} 3mM TCEP(pH8.5)2 H7letar #HAA7t~E Ag3k F 4TolA
247 7H5 2 HE-G-AI I

Pstl T3Z Petl 7504

Xhol 6847 ..--‘His_hg — Xhol 6020 P A L

Dix2

N 5552 - DPTWIN_DIx2 )
. 7824 by on
P
| Ndel 5662 —

lac! -~ S Iacl

Figure 1. Structure of pTWIN_DIx2 (A) and pTWIN_Pax6 (B).
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pTWIN_Pax6 pTWIN_DIx2 pTWIN_His
M U N X S N/X N/S M U N X S N/X N/S M N/X N/S

Figure 2. Construction of pTWIN_Pax6 and pTWIN_DIx2. The human Pax6 gene and the human
DIx2 gene containing Ndel site at the 5’ end and Sapl site at the 3’ end were synthesized and subcloned
into pTWIN_His using Ndel and Sapl sites. U : Uncut, N : Ndel, X : Xhol, S : Sapl, N/X : Ndel and
Xhol, N/S : Ndel and Sapl digestion.

2% 4 2%

gdtoz IES HAst  FAT A Paxest DIx2 FHAE
pTWIN_His #E1°] NdelZ} Sapl Alstar Aot F9jo AUsle] pTWIN_Pax6<}
PTWIN_DIX2 ZEet=m|=5 AZedvr (Fig. 1). Sapl AT F-915 AR8-ao]
ligationa}™  Sapl F$17F AAEEZE pTWIN Hisol 413 Sapl 9+
pTWIN_Pax69} pTWIN-DIx2ol A= EAskA] @A "l Al2HsE pTWIN_Pax6<}
pTWIN_DIx2:=  Saplell  <Ja] A== vl (Fig. 2). pTWIN_Pax6<}
pTWIN_DIx20li= Xhol Ht F-97F ASiet fdxfel] fFdatA & 7| EAjght.

o o

A &gk pTWIN_Pax62} pTWIN_DIx2+= Xhol

Z12]31 Ndel2} Xhololl ]3] 4F¢)et Pax6<l DIx2 712 =711 1,267 bp<el 985 bp

71 "ol A=A ol w2} pTWIN_Pax69t pTWIN_DIx27} -84 o=

AAE NS Bela it pTWIN_Pax6$t pTWIN_DIx2:= 2Hz; Pax69}t DIx2<] C-
1

gk ek o 2 mini intein®l GyrAZF §3Eo] 9 C-#Y o His tag”t
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Table 1. Caperone plasmids that help the folding of proteins expressed in E.coli.

Plasmid Chaperone
pKJE7 dnaK-dnaJ-grpE
pG-Tf2 groES-groEL-tig
pTF16 tig
A B
34°C 26°C 34°C 26°C
- + - + PTG - + - +
MWS PWS P MWS PWS P MWWSP MWWS
e . - - <
: ) 4 « e e -« - s
& 3 = - o
ok 8- .- g ¥
‘82
v - - PR =
e ——

e —

Figure 3. Expression of Pax6-intein in BL21(pKJE7) (A) and BL21(pTF16) (B). The expression of
Pax6-intein was induced either at 34°C and 26 C with 1 mM IPTG for 3 hrs. Proteins were subjected
to SDS-PAGE and stained with Coomassie brilliant blue R. The expected size of Pax6-intein is 69 kDa.
The size of dnaK is 70 kDa. The bands of Pax6-intein () and dnaK (<I) were overlapped in SDS-

PAGE. M : protein size marker, W : Whole cell extract, S : soluble proteins, P : insoluble proteins.



) &Fol| A Pax6-intein®} DIx2-intein &3l 2 o] w3 59

34°C 18°C 34°C 18°C

- + + IPTG - + - + IPTG

M W W S8 P M WW S P MWW S P MWW S P
paed -

- « - - <

B -y — - < -——

- . |

: & 4

- -
._‘_‘;  c— — ; ——

Figure 4. Expression of DIx2-intein in BL21(pG-Tf2) (A) and BL21(pTF16) (B). The expression of
DIx2-intein was induced at 34'C with 1 mM IPTG for 3 hrs or at 18°C with 1 mM IPTG for 6 hrs.
Proteins were subjected to SDS-PAGE and stained with Coomassie brilliant blue R. The expected size
of DIx2-intein is 59 kDa. The size of groEL is 60 kDa. The bands of DIx2-intein () and groEL (<)
were overlapped in SDS-PAGE. M : protein size marker, W : Whole cell extract, S : soluble proteins,
P : insoluble proteins.

pTWIN_Pax62}  pTWIN DIx2S  BL21(DE3), BL21(pKJE7), BL21(pG-Tf2),
BL21(pTF16)oll &2 HA$advl. BL21(PKIE7), BL21(pG-Tf2), BL21(pTF16)
gt Al Iy E dde] &S Ryl fs @A folding =
Lol theke chaperone & WHEsE ZEAv|=E BL2Y(DE3) A

Agket FFoltd  (Table 1). pTWIN Pax69t pTWIN DIx2o.2 &2 A3y

¢

BL21(DE3), BL21(pKJE7), BL21(pG-Tf2), BL21(pTF16) 7ol IPTGS 1mM &%=

Agfste] FerdHd TAS fFEsiQlth 37TolA ¥ Pax6-intein?}t DIx2-

intein ST E2 o5 insolubledt FENZE #HZEATE Pax6-inteine} DIx2-
S3lde MAEY] el 2=k AE WEATIY ddS

ettt o A3 Pax6-inteine BL21(pTF16)ol 2 A3 #5

3NZE e HES FEg A FolA], DIx2-intein> BL21(pG-Tf2)<l
Z

TFE 18ColA 6AI3F ¢ T3S FEgt 490l HA Edx} Bads

26C ol A

ot
N

3&‘

o
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A Ni-NTA B Ni-NTA
M Whole Sup FT Elu. NT DTT MESNA M Whole Sup FT Elu. NT DTT MESNA
- - - ) « Pax6-intein
<« DIx2-intein
’ -— o Pax6
-5 4 Dl
-
< Intein 4 Intein
D o

Figure 5. Purification and intein-mediated cleavage of Pax6-intein (A) and DIx2-intein (B).
Pax6-intein and DIx2-intein expressed in BL21(pTF16) were purified by Ni-NTA affinity
chromatography. Pax6-intein and DIx2-intein proteins were incubated with either 50 mM
DTT or 50 mM MESNA at 4C for 24 hrs. Proteins were subjected to SDS-PAGE and
stained with Coomassie brilliant blue R. M: protein size marker, Whole: whole cell extract,
Sup: supernatant after centrifugation, FT: flow through, Elu: eluent with imidazole, NT: non-
treated, DTT: treated with DTT, MESNA, treated with MESNA.

C-#et o His tage]l 249 Pax6-intein¥} DIx2-intein S22 Ni-NTA
affinity chromatographys =e§3te] A &Fdch (Fig. 5). Ni-NTA affinity
chromatography®ll 4] imidazoleol]l 23} elution® fractionol 4] 69 kDa<] Pax6-intein}
59 kDa®] Dix2-intein ©jdo] Fo wWEz AHAHJEFS SDS-PAGEE
gFolskslt). Pax6-intein@} DIx2-intein©] intein-vf 7] 27} Ad eSS 4
=

A=A

gkol3lr] 98l, Pax6-intein®} DIx2-inteinol] 50 mM DTTE, =+ 50 mM

i

MESNAS} 3 mM TCEPS 4TolA 24r7F A3k 3, SDS-PAGEZ A&}tk
(Fig. 5). Pax6-intein> DTT L= MESNAc°| <]&] t}-i 46 kDa Pax6<} 23 kDa



) ol A Pax6-intein} DIx2-intein - 3Fehul = o] -3 61

intein®. = Ad% o™, DIx2-inteine DTT = MESNAo] 23] & 36 kDa
DIx29} 23 kDa intein. = AuE ). o] AIFi= Pax6-intein¥} DIx2-intein®] intein-

WA AE A weg EEAoR £AT 5 des HolFAh

E Ao A= Pax6-intein?} DIx2-intein S¢S W3 s =
1

el
F1 0™, Pax6-intein¥} DIx2-intein &M AS &d FuE= H5as
&)

7S

HAHo Iy 1S St 2o il A AtE &3 F e Paxe-
intein®} DIx2-intein  §FTN AL intein-vl/) A Hd 9SS aEHow
Tt = LS 2233t} Pax6-inteind} DIx2-intein poly-arginine peptideS C-
thetoll A$HA| 7] expressed protein ligation ¥F-S-2] 7] A 24 cell-permeable Pax6 <}

cell-permeable DIx2 AJ4tel] €849 Ao = 7|d F].
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K.k Corynebacterium glutamicume GRAS 5 %4] amino acidE°]t} Ak 5 o]2] metabolites 2
24A A AR gHA Ak o] #FE o]&dte] AgAHeR fE&d B

AArsl7] Yl £ biosynthetic pathwaye] #24]ol w2 metabolic engineeringe] T2 o g2 Q- At}
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2 3 ag e g ofux] EAS AT F Jerz

ol promotere] WAREE ZHEFoTH 7Tl oE 8 B Ao A W oy
Fe&2 2o Fuldo] ¥ glutamate dehydrogenase (gdh) f+Ax+=S W&} promoter 25-E truncated
form< ©]83}o] promoter library (PL)E 53} Th Truncated form PL PCRS ©]83}] 5 bp
Zol7} t2 el & C. glutamicum ATCC 130322] chromosomal DNAZR-E A2} 3t} o]5 PLL gdh
ORFe} 73] pCES208°] cloning 3dtith o] A% plasmide= C. glutamicume] gdh FAx=
knock-out3t strain JS02¢l =15l GDH activity assayE 4% 3}th. 2L Z 3} promoter2] regulating
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Corynebacterium glutamicum-> Gram+ bacteria® Escherichia coli®.th 73317 o
3k Aol 7Fatar, v 2E o] oAl GRAS (Generally Recognized as Safe) 2
AAA7] wWel AFHFE oy AEHVE T dEAYd AF AMREHE
52 484 At C. glutamicume &2 2l amino acide]yt A 71EF o
metabolite 59| AibtF AREE L Itk FHZol= EAMI=HA QL toolo] 7z
o] kst duioly A B wdo] o]Fo] A glow, 53

=
24 Ao A =& STUE 913 metabolic engineering®] @ol o] Fo] X

o

N
=

54 promoter ] W3 tIAHS do PL & FF3)
promoter library (SPL) T-Zoll 2|3t promoter 3714 W& 3}, natural promoter 2

Aolg 248 truncation 3= el Slth X Aol A=pL o] A% 9ld) C

rr

W o 2= synthetic
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glutamicum 2] TCA cycle o4 F3F thAFEZ <2 2-oxoglutarate & glutamate =

conversion 3= GDH & &3} gdh - AH2] promoter (6, 7, 8, 9, 10, 11, 12) &

A3t = Promoter @] truncation & o] &3} thoksk Zdojeo] PL & HHEI,
o]5 Xl gdh promoter (10)9} activity S HIwEFE S W] WA ol glofA
ThFhS Hol= promoter 5 Ak QT & Aol A FEHS oheks I d

4S5 7FA&= Coryne & PL 2 AFd8 #20 C. glutamicum 2] metabolic
engineering ¥}7g A4 biosynthetic pathway ©] Hud ZHS T3] HEIAYS

Aaonsn BHEA A4F ZUol G831 A8 B + U 4

A B
1. #F 2 plasmids
=

Aol A A3 9} plasmidi Table 1 ¥} e},
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Table 1. Bacterial strains and plasmids.
Strain / Plasmid Genotype References
Strain
E. coli Top10F' F'{laclg, Tnl10(TetR)} mcrA A(mrr-hsdRMS-
mcrBC)®80lacZAM15 AlacX74 recAl araD139
A(ara leu) 7697 galU galK rpsL (StrR) endAl nupG Invitrogen, Inc.
C. glutamicum Wild-type, biotin auxotroph ATCC13032
C. glutamicum C. glutamicum wild-type
JS02 Agdh strain This study
Plasmid
pGEM-T Easy Amp', T/A cloning vector Promega Co.
pK19mobsacB Km'; vector for allelic exchange
in C. glutamicum 13
(pK18 oriVe i SacB lacZa)
pK19mobsacB pK19mobsacB derivative containing gdh
_— This study
-gdhAB homologous sequence for recombination
pGFP Amp', containing of GFP
pCES208 E. coli-Corynebacteria shuttle vector
16
pCES208- pCES208 derivative; gdhP400, gdh
This study

gdhP'length’-gdh

2. TF] W
A3 plasmid vectorE E. colidl 4] %% wjol|:= LB (Luria Bertani) broth (10 g

tryptone, 5 g yeast extract, 5 g sodium chloride in 1 L of distilled water)& A}-8-3} 37 T,
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250 rpmo=  ShERF wjkEtelth. AZ3 DNAE /Xl A AEA o] A
WS sz wiAol ampicillin (50 gg/ml) =& kanamycin (25 ug/ml)S
H7Vshe] wkslsith. C. glutamicume] ¥iFS LB brothE AF&3Fe] 30 C, 250
rpmo.= 48 A7 5ot v kSl

3. gAAS

E. colie] FdAZS 9air cCaCl,e ©]&3le] competent cell (CP cell)S
A 2Felsl o™, Sambrook 5 (13)9] WS wgkth C. glutamicume] F A A IS
AN A= electroporation WHS  AFE3S}SIt (14). CP cellA| 22 93)4 C.
glutamicum= LB brotholl &3k wlest $ 2.5% glycine, 0.5% Tween 80, 0.4%
isonicotinic acid”} % 7F¥ LB brotholl &% th ©]E ODew=0.47} 2 wj7}#] 30 T,
250 rpmo. 2 vt 5 iceol Al 103 F<F & H AEE YA (3,600 rpm, 15
min, 4 C)3 thS, 1/2 volumed 10% cold glycerol® A|XZE &¥ &lo] 23]
A sttt o] 5 oAl YA Eelste] HFH o2 1/200 volumee] 10% glycerolo]
AE AlA 100 wH w535k CP celle Ax3Hth 4% CP cellol DNAE
71k 3 0.2 cm cuvetteol] ¥ ] GENE PULSER (Bio-Rad Co.)& A}-&3}o] 2.5 kv,
25 uF, 600 QoA electric shockS & ¥, 1mle] LB brothZ 3 7}3}lal heat shock

(46 C, 6 min)S FAtt o= 30 TollA 0% E<¢t wjdd 5 25 ug/mlo
kanamycine] 3 7}¥ LB agar plateol] =23}o] 30 CollA] vjekst & AH &k},

4. PCR primers

gdh promotere} 72 253} vector constructiono] A8 primer= Table 29}
2t} o]E forward primerE-> gdh promoter Zo]7} 5 bp¥ =}o]7F Y& A=}
Hom FEE FAAE o8&t PLE TFoFAATH
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Table 2. Used primers and sequences.

Primer Sequence (5' — 3")
gdhP400(F) ACT AGT CTT CAT GCAGTT ACC GCG
gdhP395(F) ACT AGT TGCAGTTACCGCGCGTTTT
gdhP390(F) ACTAGT TTACCG CGC GTTTTG GC
gdhP385(F) ACT AGT GCG CGT TTT GGC GAT ACA
gdhP380(F) ACTAGT TTT TGG CGATAC AAAATT GAT AAACCT
gdhP375(F) ACT AGT GCG ATACAAAAT TGATAAACC TAAAGAA
gdhP365(F) ACT AGT ATT GAT AAACCT AAAGAAATTTTCAAAC
gdhP360(F) ACT AGT TAAACC TAAAGAAAT TTT CAAACAATTT
gdhP350(F) ACT AGT GAAATTTTCAAACAATTTTAATTCTITG
gdhP345(F) ACTAGT TTT CAAACAATT TTAATTCTTTGTTGT C
gdhP340(F) ACTAGT AACAATTTTAATTCTTTGTTGTCATTCT
gdhP335(F) ACTAGT TTTTAATTCTTTGTT GTCATT CTGTGC G
gdhP330(F) ACTAGT ATT CTT TGT TGT CAT TCT GTG CGACAC
gdhP325(F) ACTAGT TTG TTG TCATTC TGT GCG ACACTG
gdhP527(F) ACT AGT TCT CCG ATG TAG CGC CTATAAAA
gdhP313(F) ACTAGT TGT GCG ACACTG CTATAATTT GAA
gdhP276(F) ACT AGT CAG CCTAAATGT CCG CAG TGAG
gdh-NotI(R) GCG GCC GCT TAG ATG ACG CCC TGT GC (Notl)
A(F) ATG ACA GTT GAT GAG CAG
A(R) CAA CAG CCT CAG GGG TGG AAG GCG AAACCACGG TTG ACG

B(F)

TGG
CCACGTCAACCGTGGTTTCGCCTTCCACCCCTGAGGC
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B(R) TTAGAT GACGCCCTGTGCC
Km'(F) ATG ATT GAACAAGAT GGATTGC
Km'(R) TCAGAAGAACTC GTCAAG AAG G
208 seq(F) TGCTCAGGG TGTAGC GGTTC

208 seq(R) CGATCAGCGACGCCGC

* Restriction enzyme sites (Spel and Notl)} are underlined.

5. Glutamate dehydrogenase (gdh) A =}€] knock-out

Homologous recombination = &%k gdh -f-7 2+ knock-out = 1@l plasmid vector &
A =skeler, WA gdh A AFe] start codon &2 F-E| 240 bp F7]<2] fragment &
primer A(F)¢} AR)E Al&3ste] SE31%om (A fragment), stop codon © = 4-E]
300bp & primer B(F)¢} B(R) & AM&3lo] ZE3QTHB fragment. %% F DNA
I Adssitt. AZ2% gdhAB fragment +

o

fragment = recombinant PCR < &

ofr

PGEM-T Easy vector ©l| cloning 3+ %, E. coli ToplOF' S = transformation &} t}.
Plasmid S @]3}o] EcoRl o2 ZH3d 3 AB fragment S 9 s, o] = A
EcoRl © & ZHutsl pKl9mobsacB vector & %71 sacB system (15)2 ©]&-3F gdh
72 knock-out = 9%k plasmid vector & A|Z3FSlal ©]E  pK19mobsacB-
gdhAB = w3t gdh %A} knock-out & #1383 Eeh~W = pK19mobsacB-
gdhAB & elctroporation "' 2.2 C. glutamicum 2.2 transformation &}3ith. 32
A2k C. glutamicum S 25 xg/ml2] kanamycin ©] 7}¥ LB agar plate o =%
stod crossover 7} doldt clone & A sigith A € clone & ©]$ colony

PCR & ©]£3}9 knock-out & 3¢l 3s}5ith

6. Truncated form gdh promoter library =2}
gdh promoter & thF$t 7] = truncation ¥ FERE L7] #1814 colony PCR <
=33} T}, Forward primer = Table 2 2] primer (gdhP400~325)% A}-&-3litt. ol &

primer = TFYgE Zo]e] promoter & 7] 913l start codon 4 400 bp EHofxl
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FH-E 325 bp Wzl X7FA 5 bp A HAS o] annealing o] 7hsetE s 747
A 2+l Foward primer o= 3% plasmid vector o A¢jo] £9o|8=5 Spel
site & 718} T} Reverse primer = gdh ORF 2] stop codon 7}4] annealing 3t =5
AZE gdh-Notl(R)E AH&3F3lar, ol& vlhE7FA| 2 plasmid vector 22 4¢1S
#13ke] Notl site & H7Fsksith &4 2= truncation ¥ gdh promoter = 5'-Spel-
truncated promoter-gdh ORF-Notl-3' 2] el = = 1t}

PCR 2 &5% truncated form gdh promoter-gdh ORF £ pGEM-T easy =
cloning ko] E. coli ToplOF' S = transformation &} TF. ©]$ Spel 2} Notl restriction
enzyme S AF£3}o] DNA fragment & 92 ]2, pCES208 (16)2] &< site W=

A3) ko] plasmid vector #|2HS $F&3FS T}

7. Glutamate dehydrogenase (GDH) assay

A =E ZF plasmid  libraryE knock-outell 9] 3k gdh-deficient  strain o =
transformation &}o] WSO H#FE kanamycino] 20 ug/mlo] F71¥ LB media
brothol 5] 30 C. 250 rpm2. & ODgw=2.57FA ®jF3loit}. wiks A|EE harvest
(4 C, 6,000 rpm, 15 min)3}o] PBS buffer (0.136 M NaCl, 0.002 M KCI, 0.01 M Na,HPOu,
0.002 M KHPO4, pH 7.4) 2 A3k & 0.1 mm glass bead (BioSpec Product Inc.)=
lysis3} 3 Th. ©] & ThA] harvest (4 C, 14,000 rpm, 15 min)3}<] supernatantE A oj
airSAo AL83FSlth GDH assayES 913 Z 23+ buffere] =42 Table 39} £t}
(9). BufferS A:B:C:D =25:2:1:19] H]& =2 4] 3 30 CT9| buffer solutionS &4 %
=S 93 cuvetteo] 700 w0S AL enzyme solutionS 223k dilution rate®
dilutiondle] 50 wE FH713F F cuvettedtoll M Ao} FAuh o] F 1% 13
607t NADH 7} NAD*Z W3}sl= %S ODwolld A3kl 7=
o] fof ofzfe] AAkAel ulEl volume activityS AlFSFal whlE ko] wE
weight activityS Al4F F2lth o] ) 1 units 1 93 1 pmole®] NADHE NAD*Z
AbstAl7) = BE ofn gt
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Table 3. Buffer composition for GDH assay.

Buffer Composition
A 0.1 M Tris-HCI, pH 8.3
B 3.3M NH.CI
C 0.225M 2-oxoglutarate, adjust pH 7.0~9.0 with NaOH
D 7.5 mM NADH

Volume activity(U,/m¢)
A OD/min (A OD test — A OD blank) X Vtx df
622X 1.0 X Vs

Weight activity (U/mg) = (U/n€) x 1/C

Vit : Total volume

Vs . Sample volume

6.22  : Millimolar extinction coefficient of NADH at 340nm (ci'/umole)
1.0 . Light path length (cm)

df . Dilution factor

Cc : Enzyme concentration in solution (mg/ml)

23 4 Ko

1. gdh FZAF2] knock-out

Homologous recombinationS &3+ gdh - 2F¢] knock-out2 913l homologous
3k regionS Fig. 13 o] A A3 tl. DNA fragment A9t BS 5317 9JaiA
A(F)/A(R), B(F)/B(R) primer setE ©]-&3}o] A fragment (240bp)¢} B fragment
(300bp)E F5 3kt AR)SH B(F) primer:= recombinant PCRS 93 97} A &2
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e

A%, AR, o8B

)

R Aol HEE Ao, k¥ DNA fragment A9t B Fig. 2A%F o]
A(F)¢F B(R) primers AF-&3}o] recombinant PCR<S &3l A 3HA| Zt}. Recombinant
PCRS %3 239 A2l B DNA fragmentZ gdhAB (540bp)2tal M3l al (Fig.
2B), °]E pK19mobsacB plasmid vector®] EcoRI site® 4F¢13}o] Fig. 3A<F #9]
knock-out plasmidE 443151 2™ o] & pK19mobsacB-gdhABZ} ™8 ™ 5} 3L, agarose
gel electrophoresisell o] &lA  gQlak3itt (Fig. 3B). ©|% knock-outs  913H
pK19mobsacB-gdhABE-  wild-type C. glutamicum® = transformationd}o] 1%}

homologous recombination-- %= 3} o}

start stop

Figure 1. Homologous regions A and B for knock-out of gdh gene. 240 bp from start codon (A

fragment) and 300 bp (B fragment) from stop codon are shown.

A B

SM 1

B(F)

N\
B(300bp)
= 1111} i
A(240bp) B(R)

A(R)
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Figure 2. Construction of gdhAB fragment by recombinant PCR. A) Simplified diagram of
recombinant PCR. B) Confirmation of amplified gdhAB fragment by agarose gel electrophoresis. SM:
DNA size Marker, lane 1: gdhAB DNA fragment. Primers for PCR are marked as arrows.

pK19mobsacB
5.7Kbp |+ 6.26Kbp

-gdhAB
6.26Kbp

Figure 3. Construction of plasmid vector for knock-out of gdh using sacB system. A) Structure of
knock-out vector. B) Agarose gel electrophoresis of constructed knock-out vector. C: pK19mobsacB,
lane 1: pK19mobsacB-gdhAB.

gdh -7 #2] knock-outZ} integration¥l pK19mobsacB-gdhAB plasmid vector2]
AAE 93] sacB systemS E3+ 22} crossoverS =3kt 12k crossover”f
dojt cloneS 10%2] sucrose’} H7Fd LB agar platec] =% 3 & ehts
colonyES A& Th o]E5 colony £ chromosomal DNA%FS]  homologous
regions =3k 2x} crossoverol 9@l sacB - dAE A AEO] wjxlo] HrzbwA
sucroseE levan sucrose® el d 4 itk o= & gdh ] knock-outs
o3t Fig. 4= 2%} crossovere] HE|ES m2ado=w yeERH o]t} Knock-out
< A(F), B(R) primer2 A}&3F colony PCRS %3l gdh fzbe] 32 AAS
o= vl Flsklvt (Fig. 5). ZdolA R Hkel o] knock-
out¥l 75~ agarose gelolA 0.54 kb2 gdhAB fragment= YERWITE T3 Km'(F),
Km(R) primerE A}F-8-8t colony PCRZX kanamycin selection markere] 23S

glgto =4 gdh F2H] knock-outs 53T} (data not shown). gdh -7 27k



74

e

=].-©
zke- AR

, A, old®

¢

knock-out ¥ wild-type C. glutamicum < JS02=

ok
2L
3
o

A region 4 Z ) ¥ S
A B [ SacB Ori A gdh ORF B
single crossover
l A region l B region
2nd crossover 2nd crossover
A gdh ORF B —-A_§>_
Revertant

Knocked-out
Figure 4. Rationales of second crossover recombination by sacB system. Depending on the
recombination, two recombinants can be possibly produced.

sm 1

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Jso2
Figure 5. Confirmation of gdh knock-out by colony PCR. SM: DNA size marker, lane 12: JS02 (gdh
knock-out candidate), lane 13, 15: 1st recombinant clone. Other lanes: revertants.

2. Truncated form gdh promoter library2] |2}

gdh promoterE truncation 171 913l Table 22| primerg A}F-83}o size7} &0l &
promotere} o] ¢} AAZA ¥ gdh ORFX= 37 colony PCRE &

3] =
=

a5ith. Fig. 6 PL
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AZHS 918 PCR WS HoFEt) Fig. 7 2 5 bp A712 E94 2% gdn
promoter®} gdh ORFE AZAA T A1 DNAQ] agarose gel ARZlo|t}, Z19 ol A

1

= v} #o] promoter’F 5 bpX 015 DNAZ &<l & &= Qo zH FZo]

-~
[
-
T
wn
=
Qv
—

Z olRoH S & 4 9l 3 gdh promoter truncation R

codon©. 258 527bp, 313bp, 276bp ZHo]o] promoter®= W& & S 93

<

HEg PCRE %3 5 39ut (data not shown). PCRZ ¥ 5% DNA
fragment5-2 pCES208 vector=2] A4S 9130 Fig. 83 o] 5 Zehe] Spel siteE,
3 Ukl Notl sites sttt AlZ%¥ DNA fragments= pGEM-T Easy=9]
subcloningS A * SpelZ} Notl &= dtslo] pCES2089] w4 site= A3t
(Fig. 9).

395 385
527 400 390 380

325

Figure 6. Schematic diagram for truncation of gdh promoter by PCR. Size of each promoter is

indicated by arrows. The size of each primer is different only 5 bp.
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9 10 11 12 13 14 15 16

Figure 7. Amplification of gdh ORF fused with truncated promoters (400~325bp). SM: DNA size
marker, lane 1~16: Amplified gdh ORF with truncated gdh promoter (400~325).

1.6Kbp~1.8Kbp

Notl

Spel

Various length

Figure 8. Structure of truncated form gdh promoter fused to gdh ORF amplified by PCR.

Truncated form gdh
promoter-GDH

expression vector
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Figure 9. Construction of plasmid vector for GDH expression by various lengths of truncated gdh

promoters.

3. GDH assayE& &3t promoter 4]

gdh -2} &7 PCR & F3al 4o 5 bp A truncate ¥ gdh promoter =
pGEM-T Easy vector & cloning ¥t Th3 E. coli ToplOF'= transformation &}3itt.
%X DNA fragments 7} A plasmid vector S 1% 3}o] Spel 3} Notl site =

mN
FXL

3k o2, 5d3 Agtasrz A pCES208 vector o truncated form gdh
promoter-gdh ORF & E]e] DNA fragment = 3k ¥, E. coli ToplOF °.&
transformation &}o] A 3ttt (Fig. 9). €439 plasmid vector 58 THA] F=33}9]
GDH activity assay & 93l gdh %27} knock-out ¥ C. glutamicum JS02 5=

transformation 3} c}.

il

Aztd AZF C. glutamicum FFE o] 83k GDH assayS %3}o] truncated
promoter®] & & A SkQlth. 1 A¥ promotere] Zojo whebx thekgh
GDH 3 o] Apol& Heols RS skt (Fig. 10). L#lolA B wpet
%ol gdh promoter -2 Zo]Ql 527 bp Zo]e] promoter® Tt} 375 bp o]
promoter7} & Fo] w& Ao EFYTE o] full-length gdh promoter2]
upstreamol] ©}v}I= negative regulationdl] #oI3H= sequence”’t 917 WlEd HO=
FSHY (7) ol F9 AR de A9 Zag ez Alsdr. o]9f
truncated promoteri= promoter’dell E=A|sk= thESH regulation regiono] TAHE

e yitel whet teke dd de v
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specific activity (U/mg)

375 345 380 350 360 335 340 330 325 390 527 395 400 313 385 276 365 W/T JS02

Figure 10. Analysis of truncated gdh promoter activities by GDH assay. A vertical axis represents
specific activity of each promoter and a horizontal axis represents length of the promoters. JS02 was
used as te negative control. Plasmid pCES208-gdhP527-gdh was used as positive control.

oo s AHdE 752 98 AFEEE C. glutamicum 2] gdh promoter =
o] g3te] thE =7 promote & A PL < truncation © ]3] A|xa}gith.

gdh = glutamate dehydrogenase(GDH)ZE coding 3} A= 4] TCA cycle A 2-

rr

oxoglutarate & glutamate = H3A7]= &S = @Aolth Glutamate
AW A ofm it A ohdd =4 ATA=A v ST
AAE AAstar vk wEkA gdh fFAARe] BdS oSl s A
o|=HH ¥l gdh promoter o YHEAI S thdstA WA A C. glutamicum ©
metabolic engineering A ol ©]&3l= 2 wl$- 997} Q. B AFolA Azt
gdh PL & natural promoter 2T} 5 bp # 1 =7|E Zo] #A1%3 truncated

form e 24 tdd Fd S 7HAAL 3= Ae® YEKth o8 o835t C.

Lo
o
et
o,
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glutamicum 9] o= WA} A=Z W3] lo]A biosynthetic pathway <] WdS

=
AR 24 2art e o v F88 ARS E 5 dled Asdh
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PyrosequencingS o]-£3F E3 A wAE 3 ZAM

Hats, 239, 27142

E3lAe W& Aj$-¢l Ed}(Caridina denticulate denticulataa)E FUEE 3l AAEE=

g 2 =RdAe B mAE 3 gdAdS FAEH] 91814 pyrosequencingS: o] 43
nAE S 243130 PyrosequencingS ©]-8-3ke] 6517 readS A3 A3} Salinivibrio(72.2%) <t
Alkalibacterium(26.2%)°] $-H3ta &= Ao 2 eyt ol¢h g wjgHor B3 Auldie
Bacillus(36.5%), Staphylococcus (28.8%), Salinivibrio(11.5%)7} T2 WA= o  Alkalibacteriumo]
HAER gttt o] S Alkalibacteriums wWidHo = EEstr] fsiA= WA Aol uigh
A7 28F ZoE ATt AAS v E daAFelx EE == Staphylococcus equorume]
EsHAAE FEH At wEba] dE AES sk BAGdA FdoRE o)&E JsAde] U S

equonm EFF YT Y4B REsh Esiel BE v L Fvlel g2 vAE oz
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O F ESAS AAACR fde A dE da AFeR d¥e A
el FAT shdoly L AHA R = ERA AMAdte wE A T AW
o]((3} : Caridina denticulate denticulataa)s TH5 =2 s A Zo|th B F

A8Q EstE ol e AESY #AAGFEH)0l 2o de Az ALgol doiA
Azstol gy, BEatale HF - $4 Aol wE e 4o ga Adde
EAEA] = vlwd Eargko]l A& chitin oligosaccharide®] XAl o] F7bd ), o

B4 504, 4 ol Wl A PulaEA o

Agdo= dubxog Yo = 599 EAS 712 5714, €7]4 bacteria’t
HE2S AAEH, Ade wa 9@ Ao #HAsteE vAE ToERE

2~

Micrococcus <3, Brevibacterium Zx &= 2=

=
2, Leuconostoc 4, Bacilus <, Pseudomonas <,
Flacobacterium 4 59| bacteria®} 2% yeast 5°] < THKim et al., 2009).

10804 T FubA vl B e Ry AT A8 dRre vAE s
& AEuAg olgd wd Py ANAE 08T AR s BRee

WS AESHRAT, AW 3047 TAE GES ATshed oA RAu

24 H2e F420 ¥EE AT @46 EAstE AES A wgEtA
&L, 159 A (metagenome)E A4 F=ste] AAAY mAdE AHAE =

AtstAY E&stel= HE A gelBee] 75 2 2aed sl AMEE AT

BEo] 79 165 rRNA F4AE PCRE FEa|A #A3t} 2007 Solexa’}
MNlumina Akl & A 2RA el G714 A 24 (Next generation Sequencing, NGS)©]
= 807k ARG 7] AIAFSEGIAL, NGS7I=e] el j9lo] &% HVIAE
AE7E DS WEEe] vla Boh fda Augor E4% 5 A HATH
] Zo]A, metagenomics
o] ofg] Fopelld g A7 AARGUH. WA= ZFH B4 Aol=
pyrosequencing= &S o] &3k cloning ©HAI7F 2L §lal, sequencingH] &%
Sanger ¥ R A 93k 3 WES FESH7] 913 barcode] o] 8§02 B

=& 3ol sequencingo] ZhsElF oM, o= EA WA ke AHA, &

A

ol

Pyrosequencing< sequencing®i= A7|Ade] Hol7l i
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>
bl
i

o]

A TrFAd ol ofs) we e Ao] @79 w §-83lth(Roh etal., 2010).

71% AT ARl Yt Adwert v dAAS HA4 daEAT7IEA AR
S8t S Loty fsle] WA Al A #-E] st Bacillus=+-E B.subtilis p-4
protease2} B. licheniformis p-5 protease’} 2w it 3k Aj-A o AdxA F
9o Ao o= e dv A hdFe chitin®] Fit Aol &4
717ko]l doj e mEl A H Ak A A (Park et al., 1996)7F At} o9}
ol @Al thE AWk A9 A= &s] o] FolAaL YARE EFAY A=

1

Wb, B AT Edse mAaR $He ATer] 9% 7% Aust 9

AR R P

A& A
Aetn 3 Qe AFoA AE Az WHow Axd EsFS T8
4Co| Bl A 72 o]&39t)

MIHES o] & MAE = 4
1 o5 &4
FF A9 EsHA AlRolA oYd & FEshr] #18ke] Nutrient agar,

Marine agar, Tryptic soy agar, MRS agar(Difco)S A}-&3t3ith v &S H357] 9
A EstAe wabA 34 WS o] &ste] Zhzbe] wjA|o] =wsidlth. =Ed

A E 3URE 20TAA mMFE & FYH HeH(colony) & THFEA A EskGle,
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A Fal VRS #rEe s

wElE v AES 16S rRNA s 53417171 9@l colony PCRS 3}

3-S5t} PCR-premix(Solgent, Inc.)¢} &3t3+ 5 bacteria 16S rRNA geneoll 5-o] 4 <l
27F9} 1492R 3 z}o]m(Cho and Giovannoni, 2003)Z Al&3le] PCRS 33} th.
Z2¥ PCR AFHELS Solgentrloll 9 #dte] 714 9S BAelqith #59 16s
rRNA ¢ 7] 4 &2 EzTaxon-e server(http://eztaxon-e.ezbiocloud.net/; Kim et al., 2012)<}
NCBI (http://www.ncbi.nlm.nih.gov/)2] BLASTnS o] &3] 7]<Ee] Ry v E9]
16STRNA 171X 3} fFAREE Hlaste] WAES 435k

Pyrosequencing= o] &3t HAE
1. E3}51¢] DNA =
B A9 EsHA AlRoA DNAE FE3817] 918F9] PowerSoil DNA Isolation
Kit(MO BIO Lab.)& ©|-&3}%th. Buffere} bead”} =&¥ el A|FH PowerBead

Tubeol 025 g9 EsHHle ¥ §F FF A JFs3d. FE2 A

S|
&

ME

PowerSoil DNA Isolation Kite] A Aol AA|E W o=z 23Ystuc) =3 DNA
T -20TAA Bytaha.

2. Pyrosequencing 2 HIAE 3] 4]

E3IA A F&3 DNAE ©]83}4 ChunlabAlll pyrosequencings 2] 2 3}t
Pyrosequencing®ll = ChunlabAtel| Al |83}  bacteriag Zzfo]H & o] &3}¢lth
Pyrosequencing] Z¥}+= ChunlabA}H(http://www.chunlab.com/)oll A A &3l 3 &
Al =731 Clecommunity™-S o] &-3Fo] 41331 TH(Chun et al., 2010).

Pyrosequencings &3l Aojxl 7|AM Do = read® EAISHL, EHO ol

He AYA A = 2 2 v]sk= Operational Taxonomic Unit(OTU)S 97%
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sequence similarityell o]l ¥l F(species)] oW = 21T} CLcommunity™ 32
2agjor #Ashe A e ouE AREstelal, o2 OTUE T8t= W
H FoA CD-HIT T2138 o] 838} th(Li and Godzik, 2006). A& 2] OTU &
T8 g AAR EASE OTU #& FA3te] & S (species richness) b=
TeHA "tk & FH= Rarefaction curve(Heck Jr et al., 1975), ACE(Chao and Lee,
1992), Chao1 richness(Chao, 1984), Shannon diversity index(Hill et al., 2003)Z 2] 5}

F43r9lo.

-
e 2o ZX B gdde At E40 ol &3 WS FHell ®ol
°o|&

=
Algol M= 5271 colonyE kel EAsGitE HA EEld dFE59 16S
rRNA 71X Es B4 da oA o859 2
Table 1] t}. Bacillus 36.5%, Staphylococcus 28.8%, Salinivibrio 11.5%, Aerococcus 3.8%,
Macrococcus 3.8%, Pseudoalteromonas 3.8%, Weissella 3.8%, Colwellia 1.9%, Gramella
1.9%, Marinilactibacillus 1.9%, Psychrobacter 1.9% <=¢] B]& = 27 % 2 th(Fig. 1).

o] % Bacilluse} Staphylococcusi= pyrosequencing ZAIfoll A= 1% H|gHe] v &2
Hxshs o YeptAnt v or A3 Ay es M w2 HES

AA sk 54 wjAlE o] &ste] #FE EElete HidHe 548 2 wiA el
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Guan -5 (2011)°] Hi¥FHo= AAY WAZE LS AR AdoA=
Staphylococcus”} 48% = -7 =FA|35F%1aL, Salinicoccus(10%), Lactobacillus(7%),
Salinibivtio(4%), Kocuria(4%), Salimicrobium(4%) =S 2 YElSt 53] 544171
2AAY SAAAZ] Az xw #2 dwhg AE 7 Aol & Staphylococcus

equorum”} 2] = Lt}
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Table 1. Identification of the bacterial 16S rRNA sequences of isolate

Isolate Number Closest type strain Similarity
HME7452 Aerococcus viridans ATCC 11563(T) 99.9
HME7435 Bacillus amyloliquefaciens subsp. plantarum FZB42(T) 99.8
HME7096 Bacillus aryabhattai B8W22(T) 99.9
HME7076 Bacillus hwajinpoensis SW-72(T) 99.3
HME7092 Bacillus marisflavi TF-11(T) 100.0
HME7089 Bacillus methylotrophicus CBMB205(T) 99.9
HME7454 Bacillus polygoni YN-1(T) 100.0
HME7080 Bacillus pumilus ATCC 7061(T) 99.7
HME7071 Bacillus stratosphericus 41KF2a(T) 100.0
HME7070 Bacillus subtilis subsp. inaquosorum BGSC 3A28(T) 100.0
HME7438 Bacillus tequilensis 10b(T) 99.9
HME7095 Bacillus vallismortis DSM 11031(T) 99.9
HME7073 Colwellia aestuarii SMK-10(T) 99.6
HME7072 Gramella echinicola KMM 6050(T) 98.7
HME7434 Macrococcus caseolyticus JCSC5402 99.9
HME7456 Marinilactibacillus psychrotolerans M13-2(T) 99.9
HME7075 Pseudoalteromonas nigrifaciens NCIMB 8614(T) 99.7
HME7074 Pseudoalteromonas translucida KMM 520(T) 994
HME7094 Psychrobacter faecalis 1s0-46(T) 100.0
HME7430 Salinivibrio costicola subsp. alcaliphilus DSM 16359(T) 99.5
HME7415 Salinivibrio sharmensis BAG(T) 100.0
HME7437 Staphylococcus equorum subsp. linens RP29(T) 100.0
HME7079 Staphylococcus succinus subsp. succinus AMG-D1(T) 99.9
HME7439 Staphylococcus xylosus ATCC 29971(T) 99.7
HME7432 Weissella cibaria KACC 11862(T) 99.9
HME7445 Weissella halotolerans NRIC 1627(T) 99.9

89
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M Bacillus B Staphylococcus
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Figure 1. Cultured bacterial diversity of Toha-jeot at genus level
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¢k & (2011)0] A Ao Ao FFE VA= A B 7Hs T bacteriaEs
A Aol s FAA A QYA A A -5l 4] Staphylococcus
7F o= 5%l Salinicoccus,  Salimicrobium, Bacillus, Planococcus,
Salinivibrio 5] ¥z %lt}l. 53] Staphylococcus equorum-> Aj-$-% 2] - F o7
YEE o 25% NaClo] 71 | viA|l A w= S vehdie] A2 A3 &
dEAds ¥ e Fgoer  UheAS  AASAY EsA
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o #dol J&e FAL + AUk

|
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Pyrosequencings o] &3t FF A9 EA Az mAE ¥ dddE =
A}ek A3} 6517 read”} A E 1o, 99 OTUZF =4 5 At} Sequence readsS w4
slo] dojx]= OTU 8 F7F=rA o= 3 S rarefaction curveo] A1+ 6500 read
oo g2 FwlAIR read ol HlSle] 99 OTUR WA A2 =2 FAGE At
T THEE BA3% 23 ACEL 110.58, Chaol<> 105.60, Shannon diversity indexi=
37302 FAHHIIY. EsHAY & THEv W HOoE e

E3131 9] bacteria w- X5 A(class) ol Al A8 A3 Gammaproteobacteria”t
725%= W9 o Hl&S 2RSS, BacilliZh 27.2%, 71EF 1% W ERS x}A] )
= THO] 03%2] H&ES AABFSTE Z(genus) G0l A= Salinivibrio 72.2%,
Alkalibacterium 26.2%, 1% W|Whs 2FA] 8k o] 1.6%= YEFT (Fig. 2).

Roh 5(2010)©] barcoded pyrosequencing= ©]-&-3}o] Aj9-A 9] mAE F+H& &
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A 7}o]] A= Halorubum 42.5%, Halalkalicoccus 42.0%, Halobacteriaceae 14.0%2]
NEE 594 MRSl URES A Aew vehdth E&R A9A
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A ekt oA G wiAE ol &ste] HFE WelstalAl A skl ANk
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e HA 2e S Hol dAl 2HoRE AU AAEH AfEhA Re
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L
ot
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Figure 3. The taxonomic composition of Toha-jeot bacterial community at genus level
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oA E A pyrosequencing—% o] g3lo] MAE TS B4 & A7 ES)
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A 4]

Qg ATk EaAe vhntEel A
=3

gl gl MAs= A9l EetE o]E8tr] wikel

uebd E AEs Adtste AAFdA FHoR olfd JheAel e

Staphylococcus equorumE- 333tk Salinivibrio, Alkalibacterium, Bacillus, Staphylococcus,
Salinivibrio 5 T3t n A& Fx7F Bt wa g 2 Fujo] JIgS v
Ae Ao St
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