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On characterizations of ruled real hypersurfaces
in a complex hyperbolic space

IN-BAE KiM AND AE HEE PARrRk!

1. Introduction

A complex n-dimensional Kaehlerian manifold of constant holomorphic
sectional curvature 4c is called a complezx space form, which is denoted by
M, (c). The complete and simply connected complex space form M, (c)
is a complex projective space P,(C), a complex Euclidean space C*, or a
complex hyperbolic space H,(C), according as ¢ >0, c =0 or ¢ < 0. Let
M be a real hypersurface in M, (c). The almost contact metric structure
(¢, <,>,&,7m) on M is induced from the complex structure J and the Rie-
mannian metric tensor <, > of M,,(c), where £ are said to be the structure
vector field. The shape operator or the second fundamental tensor field
of M in My(c) will be denoted by A. In general, for a submanifold M in
My (c), M is said to be minimal if the trace of the shape operators vanish
on M, and totally geodesic if all of the shape operators vanish on M.

The rank of the shape operator A at a point p of M, say t(p), is called
the type number of M at p. It is well known([2] and [5]) that there exists
real hypersurface M in My,(c), ¢ # 0 and n > 2, with ¢(p) = 2 at every
point p of M, and called it a ruled real hypersurface. It is also known that
there is no complete ruled real hypersurface in P,(C) ([3]). On the other
hand, H. S. Kim, R. Takagi and one of the present author have revealed
that there is a homogeneous ruled real hypersurface in H,,(C) ([1]). Re-
cently M. Lohnherr and H.Rechziegel ([4]) constructed an example of a
homogeneous minimal ruled real hypersurface in H,(C).

In this paper, we shall investigate a characterization of minimal ruled
real hypersurfaces in H,(C), n > 3. The main purpose is to prove
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Theorem. Let M be a minimal ruled real hypersurface in a complex
hyperbolic space H,(C) (n > 3). Then M admits a 3-dimensional totally
geodesic submanifold, which is an almost contact metric manifold.

1. Preliminaries

Let M be a real hypersurface in a complex space form M,(c). In a
neighborhood of each point of M, we choose a unit normal vector field N
in M,(c). Then the Riemannian connections V in M, (c) and V in M are
related by the following Gauss and Weingarten’s formulas for any vector
fields X and Y on M:

(1.1) VxY =VxY+ < AX,Y > N,

(1.2) VxN = -AX,

where <, > denotes the Riemannian metric on M induced from the Rie-
mannian metric <,> on M, (c) and A is the shape operator of M. An
eigenvalue of A at a point p of M is called a principal curvature of M at
p and the eigenvector corresponding to the eigenvalue called the principal
curvature vector at p.

It is known that M has an almost contact metric structure induced from
the complex structure J of M,,(c), that is, we define a tensor field ¢ of type
(1, 1), a vector field £ and a 1-form n on M by < ¢X,Y >=< JX,Y >
and < £,X >=n(X) =< JX,N > for any vector fields X and Y on M,
then we have

¢’ X = —X +n(X), ¢§ =0, n(€) =1,

(1.3) < ¢X,9Y >=< X,Y > —n(X)n(Y).

In general, if an odd-dimensional Riemannian manifold M has a unit vec-
tor field ¢ and a tensor field ¢ of type (1,1) satisfying (1.3), then M is said
to be an almost contact metric mansifold.
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Since the complex structure J of M, (c) is parallel with respect to the
Riemannian connection V, it is easily seen from (1.1) and (1.2) that

(1.4) (Vxd)Y =n(Y)AX— < AX,Y > €,

(1.5) Vxé = pAX.

Let R be the Riemannian curvature tensor field of M. Then the equa-
tions of Gauss and Codazzi are expressed by

RX,Y)Z =c{<Y,Z>X-<X,Z>Y+ < ¢Y,Z > ¢$X
(1.6) — < ¢X,Z>¢Y —2< ¢X,Y > ¢Z}
+ < AY,Z > AX—~ < AX,Z > AY,

(1.7) (VxAY — (VyA)X = c{n(X)pY — n(Y)$X — 2 < ¢X,Y > €}

for any vector fields X,Y and Z on M respectively.
The holomorphic distribution T is defined by

Tg(p) = {XP € TP(M) | Xp 1 fpa D € M}7

where T, (M) is the tangent space of M at p.

2. The ruled real hypersurfaces
Let M be a ruled real hypersurface in a complex hyperbolic space
H,,(C). If the structure vector field £ of M is principal, then £ is given by
AL =g,

where « is a local constant, and we call such M a Hopf real hypersurface.

Assume that M is not a Hopf real hypersurface in H,(C), that is, the
structure vector field £ is not principal. Then it follows from (1.3) and
(1.5) that

(2.1) AL =W + v¢,
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where we have put

W =—¢V{ and v =n(Af).
It is easily seen that the length ||W|| of W does not vanish on M, and
denote it by u. Since W € T}, we also see that ¢W € Ty.

As for a characterization of ruled real hypersurfaces, the following is
known

Lemma 2.1.([2],[5]) Let M be a real hypersurface in a complex space
form. Then M is locally congruent to a ruled real hypersurface if and only
if the shape operator A is given by

A =vE+W
(2.2) AW = pg
AX =0 (for any X L& W),

where W is a unit vector field orthogonal to &, and v and u are scalar
fields on M.

By Lemma 2.1, the ruled real hypersurface is not Hopf one, and the
converse is not true. In fact, it is recently known ([1]) that there exist
many real hypersurfaces which are neither Hopf nor ruled real ones in

H,(C).

Let M be a ruled real hypersurface in H,(C), n > 2. Then we see from
Lemma 2.1 that there is a local orthogonal frame field

(23) {51 Wa X37"')X2n—~1}

on M such that AX, = 0 for @ = 3,...,2n — 1. Moreover we see from
(2.2) and (2.3) that the principal curvatures of M are given by

v v? v v?
. Y Z 4z d
(2.4) 5 1 + W, 5 4+u and 0

with multiplicities 1, 1 and 2n — 3 respectively. We see from (2.3) and
(2.4) that M is minimal if and only if v = 0.
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It follows from (1.5) and (2.2) that
(2.5) Vxé=0 for X €Ty

Since we have < VxW, £ >= — < W, Vx¢ >= 0 for X € Tp by (1.3)
and (2.2), we obtain

(21” VxWeTy, for X €Ty

With respect to the frame (2.3), we can express the vector field AV X for

X eTpas
2n—1

AVeX =af + bW + Y caXa,

a=3

and we see from (1.3) and (2.2) that the above vector field is given by

AV X ={—v < oW, X >+ < VX, W >}£
—< oW, X >W for X e€Tj.

(2.7)
It follows from (1.7) that

(2.8) (VxA) — (VeA)X = —cpX for X €Tp.

By use of (2.2)and (2.5), we have

(2.9) (VxA)E = (X0)€ + VW,

Using (2.2) and (2.7), we also obtain

(VeA) X ={v < oW, X > + < X, VW >}£

2.1
(2.10) +< oW, X >W+ < X, W > ¢oW.

Therefore, from (2.5), (2.6), (2.8), (2.9) and (2.10), we have

(2.11) Xv=v<o¢W, X>+< VW, X > XeT,,

(212) VW =<¢W, X >W+ <X, W > ¢W —cpX, X € Tp.
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Using (1.3), (1.4) and (2.12), we can find

(213) VxoW =— <X, W>W+< X, ¢W > ¢W +cX X To.

3. Proof of Theorem

At first, it is easy to see from (2.12) and (2.13) that

VwW = (u— c)pW, Vew oW = (1 + c)pW,
VowW = (p+ )W, VwoW = —(u—c)W.

(3.1)
Since M is minimal, that is, v = 0, we see from (2.11) that
< VW, X>=0 for X eT,.
Using (1.5) and (2.2), we obtain
< VW, € >=0.
Thus the above two equations give rise to

(3.2) VeW =0.

Let © be the distribution spanned by £, W and ¢W. Since we see from
(1.4), (1.5), (3.1) and (3.2) that

[57 W] =0, [5) ¢W] = —#5, [W, (ISW] = —2;1,VV,
the distribution ® is involutive. Therefore the maximal integral manifold

of ® is a 3-dimensional submanifold of M, which is denoted by M3.

We see from (2.3) that the normal vector fields of M? in M are given
by X4, where a = 3,...,2n — 1. Let D be the Riemannian connection
of M? with respect to the Riemannian metric induced from <, > on M,
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and H, be the shape operators of M3 in M with respect to X,. Then it
follows from (1.5), (3.1) and (3.2) that

VeW =DeW + > < Hoé, W > Xo =0,
(04

(3.3)  VedW =DegW + 3 < Hof, ¢W > Xo = —p,

Vw¢W = Dw oW + > < HoW, ¢W > Xo = —(u— c)W.

Thus we can see from (3.3) that < H, X, Y >= 0 for any vector fields X
and Y on M3, and hence M?3 is a totally geodesic submanifold of M.

We see that £ is a unit vector field to M3. If we denote the tensor
field ¢ restricted to M3 by the same symbol, then it is easy to find that
¢, £ and <, > satisfy (1.3). Therefore M3 is an almost contact metric
manifold. O

References

[1] H. S. Kim, I.-B. Kim and R. Takagi, Fztrinsically homogeneous
real hypersurfaces with three distinct principal curvatures in H,(C),
Preprint.

[2] M. Kimura and S. Maeda, On real hypersurfaces of complez projective
space, Math. Z., 202(1989), 299-311.

[3] H. Kurihara, On real hypersurfaces in a complex space form, Math.
J. Okayama Univ., 40(1998[2000]), 177-186.

[4] M. Lohnherr and H. Reckziegel, On ruled real hypersurfaces in com-
plex space forms, Geom: Dedicata, 74(1999), 267-286.

[6] Y. J. Suh, A characterization of ruled real hypersurfaces in P,(C),
J. Korean Math. Soc., 29(1992), 351-359.



J. Basic Sci., HUFS, 14 (2002), pp. 9-15

On properties of ruled real hypersurfaces
in a complex projective space

IN-BAE KiM AND TAE Yong Kim !

1. Introduction

A complex n-dimensional Kaehlerian manifold of constant holomorphic
sectional curvature 4c is called a complex space form, which is denoted by
M, (c). The complete and simply connected complex space form M,(c)
is a complex projective space P,(C), a complex Euclidean space C, or a
complex hyperbolic space H,(C), according as ¢ >0, ¢ =0 or ¢ < 0. Let
M be a real hypersurface in M,(c). The shape operator or the second
fundamental tensor field of M in M, (c) will be denoted by A. Let (¢, <
,>,&,7m) be the almost contact metric structure on M induced from the
complex structure J and the Riemannian metric tensor <, > of M,(c),
where ¢ and £ are said to be the structure tensor field and structure vector
field respectively.

The rank of the shape operator A at a point p of M, say t(p), is called
the type number of M at p. It is well known([3] and [6]) that there exists
real hypersurface M in My(c), ¢ # 0 and n > 2, with ¢(p) = 2 at every
point p of M, and called it a ruled real hypersurface. The ruled real
hypersurface M in M, (c) is characterized by

(0.1) AL=vE+W, AW =ut, AX =0

for any vector field X orthogonal to £ and W on M, where v and p = || X]||
are scalar fields on M (see [4]). The vector field W on M is orthogonal to
&, and the length of W gives a measure of £ being in principal direction.

Recently H. S. Kim, R. Takagi and one of the present authors ([2]) have
found that there is a homogeneous real hypersurface in H,(C), and M.
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Lohnherr and H.Rechziegel ([5]) constructed an example of a homogeneous
minimal ruled real hypersurface in H,(C). It is well-known that all of
the principal curvatures of a homogeneous real hypersurface in H,,(C) are
constant. It is natural to consider the existence of a ruled real hypersurface
with constant principal curvatures in P,(C).

The purpose of this paper is to investigate the nonexistence of ruled
real hypersurfaces in a complex projective space P, (C). Namely we shall
prove

Theorem 1. There is no ruled real hypersurface M in a complex
projective space P,(C) (n > 2) such that the length of the vector field W
given in (0.1) is constant on M.

The following is commented in [5] without stating any reason, and
immediate from Theorem 1.

Theorem 2. There is no ruled real hypersurface in a complex projec-
tive space with constant principal curvatures.

1. Preliminaries

Let M be a real hypersurface in a complex space form M,(c). In a
neighborhood of each point of M, we choose a unit normal vector field N
in M,,(c). Then the Riemannian connections V in M, (c) and V in M are
related by the following Gauss and Weingarten’s formulas for any vector
fields X and Y on M:

(1.1) VxY =VxY+ < AX,Y > N,

(1.2) VxN = —-AX,

where <, > denotes the Riemannian metric on M induced from the Rie-
mannian metric <,> on My(c) and A is the shape operator of M. An
eigenvalue of A at a point p of M is called a principal curvatrue of M at
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p and the eigenvector corresponding to the eigenvalue called the principal
curvatrue vector at p.

It is known that M has an almost contact metric structure induced from
the complex structure J of M, (c), that is, we define a tensor field ¢ of type
(1, 1), a vector field £ and a 1-form 5 on M by < ¢X,Y >=< JX,Y >
and < &, X >=n(X) =< JX,N > for any vector fields X and Y on M,
then we have

$*X = X +n(X)E, ¢¢ =0, n(€) =1,

(1.3) < ¢X,pY >=< X, Y > —n(X)n(Y).

Since the complex structure J of M, (c) is parallel with respect to the
Riemannian connection V, it is easily seen from (1.1) and (1.2) that

(1.4) (Vx)Y = n(Y)AX— < AX,Y > €,

(1.5) Vxé=¢AX.

Let R be the Riemannian curvature tensor field of M. Then the equa-
tions of Gauss and Codazzi are expressed by

RX,YVNZ =c{<Y,Z>X-< X, Z>Y+< @Y, Z > ¢X
(1.6) — < ¢X,Z > Y —2< pX,Y > ¢Z}
+ < AY,Z > AX—- < AX,Z > AY,
(1.7) (VxA)Y — (VyA)X = c{n(X)pY — n(Y)9X — 2 < ¢X,Y > £}

for any vector fields X,Y and Z on M respectively.
The holomorphic distribution Ty is defined by

To(p) ={X, € T,(M) | Xp L &, p € M},

where T, (M) is the tangent space of M at p.

2. The ruled real hypersurfaces
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Let M be a ruled real hypersurface in a complex projective space P, (C),
n > 2. If the structure vector field £ of M is principal, then £ is given by

A€ = of,

where « is a local constant, and we call such M a Hopf real hypersurface.

Assume that M is not a Hopf real hypersurface in P,(C), that is, the
structure vector field £ is not principal. Then it follows from (1.3) and
(1.5) that

(2.1) AL =W + ¢,
where we have put
W =—¢V and v =n(Af).
It is easily seen that the length ||W|| of W does not vanish on M, and

denote it by u. Since W € T, we also see that pW € Tp.

As for a characterization of ruled real hypersurfaces, the following is
known

Lemma 2.1.([3],[4]) Let M be a real hypersurface in a complex pro-
jective space. Then M is locally congruent to a ruled real hypersurface if
and only if the shape operator A is given by

AL =vE+W
(2.2) AW = pg
AX =0 (for any X L& W),

where W is a unit vector field orthogonal to &, and v and p are scalar
fields on M.

By Lemma 2.1, the ruled real hypersurface is not Hopf, but it seems
that the converse is not true. In fact, it is recently known ([2]) that there
exist many real hypersurfaces which are neither Hopf nor ruled real ones
in H,(C).



On properties of ruled real hypersurfaces 13

Let M be a ruled real hypersurface in P,(C), n > 2. Then we see from
Lemma 2.1 that there is a local orthogonal frame field

(23) {ga Wa X3a-‘~aX2n—-1}

on M such that AX, = 0 for = 3,...,2n — 1. Moreover we see from
(2.2) and (2.3) that the principal curvatures of M are given by

v [v2 v [v?
(24) §+ Z-HL’ 5“‘ Z‘FM and 0

with multiplicities 1, 1 and 2n—3 respectively. It follows from (2.4) that M
has constant principal curvatures if and only if both v and p are constant.
A real hypersurface M in P,(C) is minimal if the shape operator A for M
satisfies ir(A) = 0. We see from (2.3) and (2.4) that M is minimal if and
only if v = 0.

Since we have < VxW, £ >= — < W, Vx& >=0 for X € T by (1.3)
and (2.2), we obtain
(2.5) VxWeTy, for X e€Tp.

With respect to the frame (2.3), we can express the vector field AV X for

X €Ty as
2n—1

AVeX =af + bW + Y caXa,

a=3

and we see from (1.3) and (2.2) that the above vector field is given by

(26) AV X ={-v < oW, X >+ <V X, W >}¢
—p< oW, X >W for X €Ty.
It follows from (1.7) that
(2.7) (VxA)E — (VeA)X = —cpX for X €Ty
By use of (2.2) we have

(2.8) (VxA) = (Xv)¢+ VxW.



14 In-Bae Kim and Tae Yong Kim
Using (2.2) and (2.6), we also obtain

(2.9) (VeAX ={v < oW, X > + < X, VW >}¢
' +u< oW, X >W+ < X, W > ¢W.
Therefore, from (2.5), (2.7), (2.8) and (2.9), we have

(2.10) Xv=v<¢W, X >+< VW, X > XeTy,

(211) VxW=p<¢W, X >W+< X, W > ¢W —cpX, X e Tp.

3. Proof of Theorems

In this section we shall prove Theorems 1 and 2.
Proof of Theorem 1. Since u =< W, W >, we have
Xp=2<VxW, W>.
Substituting (2.11) into the above equation and using (2.2), we obtain
(3.1) Xp=2(p+c)< X, W> for X eT.

If the length of W is constant on M, then we see that Xy = 0 for any
vector field X on M. Therefore (3.1) shows that

(3.2) p=—c.

Since the holomorphic sectional curvature 4c of P, (C) is positive constant,
(3.2) gives a contradiction. O

Proof of Theorem 2. We have already seen that M has constant prin-
cipal curvatures if and only if both v and p are constant on M. Therefore
Theorem 2 follows from Theorem 1.
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On Regular CS Modules

KYOUNGON BAEK AND EUICHAN LEg!

ABSTRACT. Let M be a finitely generated regular module and let § =
End(M). It is shown that if M is a CS module which satisfies the condition
C3, then S is a right continuous ring, and that if S is a right CS ring,
then M is a continuous module.

1. Introduction

Let M be a module. A submodule N of M is said to be essential in M
if NN K # 0 for every nonzero submodule K of M. A submodule N of M
is called a closed submodule of M if it has no proper essential extension in
M. In any module M, both 0 and M are closed submodules of M. Also
every direct summand of M is a closed submodule of M.

Utumi [8] defined a ring R to be left continuous if R satisfies the fol-
lowing two conditions:

(1) For any left ideal I, there is an idempotent e € R such that Re is
an essential extension of 1.

(2)If Rf, f? = f, is isomorphic to a left ideal J, then J is also generated
by an idempotent of R.

Dually, a right continuous ring is defined. A ring which is both left and
right continuous is said to be continuous.

Any left self-injective ring satisfies the conditions (1) and (2), so that
it is left continuous. Hence the concept of a continuous ring is a general-
ization of a self-injective ring. Utumi [7], Jeremy [3], Oshiro [6], and Ming
[4] obtained various results for continuous rings.

In analogy to the definition of continuous rings, Mohamed and Bouhy
[5] defined a module M to be continuous if M satisfies the following two
conditions:

1Department of Mathematics, Hankuk University of Foreign Studies.
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(1) Every submodule of M is essential in some direct summand of M.

(2) If a submodule N of M is isomorphic to a direct summand of M,
then N is also a direct summand of M.

If N is a submodule of M, then N has a maximal essential extension in
M by Zorn’s lemma, and this maximal essential extension of N is a closed
submodule of M. A submodule K of M is called a complement of N in
M if K is maximal in the set of all submodules B such that NN B = 0.
A submodule N of M is called a complement submodule of M if N is a
complement of some submodule of M in M. The closed submodules of M
coincide with the complement submodules of M.

Then M is a continuous module if and only if M satisfies the following
two conditions:

C1. Every closed submodule of M is a direct summand of M.

C2. If a submodule N of M is isomorphic to a closed submodule of M,
then NV is also a closed submodule of M.

A ring R is right (left) continuous if and only if Rg (gR) is a continuous
module. Every quasi-injective module is continuous. Thus the concept of
a continuous module generalizes that of a (quasi-)injective module.

In this paper, we investigate the finitely generated regular CS modules
and its endomorphism rings.

Throughout this paper, all rings are associative with identity, and all
modules are unitary right modules. For a module M, End(M) denotes
the endomorphism ring of M. Every module M has a minimal injective
extension which is called the injective hull of M and is denoted by E(M).

2. Regular CS modules

Definition. A module M is called a CS module if every closed submo-
dule of M is a direct summand of M, i.e., M satisfies the condition C1.
A ring R is called a right CS ring if Rg is a CS module.

All semisimple modules and quasi-injective modules are CS modules.

Let M be a CS module and let N be a closed submodule of M. Let K be
a closed submodule of N. Then K is closed in M. Put M = K @ B where
B is a submodule of M. Then N = MNN = (K& B)NN = K&(BNN),
Hence N is a CS module. Thus every closed submodule of a CS module
is a CS module. Since every direct summand of a module M is closed in
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M, every direct summand of a CS module is a CS module.

Zelmanowitz [10] defined an R-module M to be regular if for any
m € M, there exists f € Hompg(M, R) such that m(fm) = m. Every
regular ring R is a regular module as a right R-module. As an immediate
consequence of the definition, any submodule of a regular module is also
regular.

We list some of the properties of regular modules which will be used
later:

Theorem 1. ([10], Theorem 1.6) Let M be a regular module. Then
every finitely generated submodule of M is a direct summand of M. Every
countably (or finitely) generated submodule of M is a direct sum of cyclic
regular modules.

Theorem 2. ([10], Theorem 2.2) For an R-module M, the following
are equivalent:

(1) M is regular.

(2) For every m € M, mR is projective and a direct summand of M.

(3) For every my,...,my € M, Z:zl m;R is projective and a direct
summand of M.

Theorem 3. ([10], Theorem 2.8) >".., ®M; is regular if and only if
each M; is a regular module.

The endomorphism ring of a regular module need not be regular. In
deed, Ware [9] have noted that the endomorphism ring of an infinitely
generated free module over a regular ring R is regular if and only if R is
an Artinian ring.

Theorem 4. ([9], Corollary 3.2) Let M be an R-module and let S =
End(M). Then S is a regular ring if and only if for each f € S, Ker f
and Im f are direct summands of M.

Theorem 5. ([10], Theorem 4.1) Let M be a finitely generated regular
R-module. Then End(M) is a regular ring.

Proof. Let M be a finitely generated regular R-module and let f €
End(M). Then f(M) = f(m1)R®- - -®f(my)R for some my,... ,m, € M
by Theorem 1, and f(M) is a direct summand of M by Theorem 2. Let
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M = f(M) & N where N is a submodule of M. Since each f(m;)R is
regular, there exists h; € Homg(f(m;)R, R) such that f(m;)h;(f(m;)) =
f(m;) fori =1,...,n. Let g; = h; on f(m;)R and g; = 0 on f(m1)R &
@ f(mi—1)R® f(miy1)RB- - f(my,)RON, then g; € Hompg(M, R) for
i=1,...,n. Now if we define g; : M — M by g;(m) = m;g;(m),m € M,
then g; € End(M) fori =1,... ,n. Let g =37 + -+ + Gn. Then for any
m € M with f(m) = f(m1)7'1 + -+ f(mn)rn7
(f9f)(m) = f(g(f(mi)r1+ - + f(mn)rn))
= f((@1+ -+ Gn)(f(m)r1 + - + f(mn)rn))
= f@(f(mi)ri+ -+ f(mn)ra) + -
+ Za(f(ma)re+ - - + f(ma)rn))
= f(mag1(f(ma)rs + -+ f(mp)rn) + -+
+ mngn(f(ml)rl + 4 f(mn)rn))

= f(m1g1(f(ma)r1) + -+ + Mugn(f(Mmn)rn))
= f(maha(f(mi)r1) + - - - + mphn (f (mn)rn))
= (f(m)hif(mi))ry + -+ + (f(Mn)hnf(mn))rn
= f(m)ri+---+ f(mn)rn
= f(m).
Therefore End(M) is a regular ring.

Let M be a CS modules and let S = End(M) be a regular ring. Now
we will consider the following condition:

C3. If e and f are idempotents of S such that eS N fS = 0, then
eMn fM =0.

Every continuous module satisfies the condition C3.

Lemma 6. Let M be a CS module and let S = End(M) be a regular
ring which satisfies the condition C3. If Zz‘e 1 ®eiS is a direct sum where
ei?=e; €8 for eachi € I, then ) ;. ®e;M is a direct sum.

Proof. We may assume that the index set I is finite. Assume that if
Y7l eiS is a direct sum, then Y7 ;M is also a direct sum. Since S
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is a regular ring, 22:11 e;S = eS for some e* = e € S. Suppose that
S ,e:S is a direct sum. Then eM Ne,M = 0 by the condition C3.
Since " e;M C eM, (X0 esM) Ne,M = 0. Thus 3, e;M is a
direct sum. This completes the proof by induction.

2

Lemma 7. Let M be a CS module and let S = End(M) be a regular
ring which satisfies the condition C3. Let ) ,.;®e;S be a direct sum
where e;2 = e; € S for eachi € I. If Zier ®e; M is essential in eM where
e’ =ec S, then Y ,.; ®e;S is essential in eS.

Proof. For each i € I, e,M C eM if and only if ;5 C eS. Hence
>ic1 ®eiS CeS. Let f € eS such that (3_;.; ®e;S)N f5 = 0. Since S is
regular, we may assume that f is an idempotent of S. Then (3_,.; ®e;M)®
fM is a direct sum by Lemma 6. Since fM C eM and ), ., ®e;M is
essential in eM, we have fM =0, i.e., f = 0. Thus ZiEI @e; S is essential
in eS.

For a subset X of an R-module M and m € M, let (X : m) = {r €
R|mr € X}. Then the singular submodule of M, denoted by Z(M), is
defined to be the set {m € M| (0 : m) is essential in Rg}. A module M
is said to be nonsingular if Z(M) = 0. If K is an essential extension of a
submodule N of M, then (N : m) is essential in Rg for every m € K ([2],
Lemma 5.3).

Lemma 8. A regular module M is nonsingular.

Proof. Let m € Z(M). Then mR is projective by Theorem 2. Hence
the short exact sequence 0 — (0 : m) — R — mR — 0 splits. Then (0: m)
is a direct summand of R. Since (0 : m) is essential in Rg, (0 : m) = R.
Thus m = 0.

Theorem 9. Let M be a finitely generated regular module and let
S =End(M). If M is a CS module which satisfies the condition C3, then
S is a right continuous ring. Conversely, if S is a right CS ring, then M
18 a continuous module.

Proof. Assume that M is a CS module which satisfies the condition C3.
Let K be a right ideal of S. Then there exists a direct sum ), ; ®a;S
of principal right ideals of S such that ) .., ®a;S is essential in K by
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Zorn’s lemma. Since S is regular, we may assume that a;2 = a; for every
i € I. By Lemma 6, ), .; ®a; M is a direct sum. Since M is a CS module,
> iz DaiM is essential in eM for some e? = e of S. Then ), ; ®a;S is
essential in eS by Lemma 7. Let 0 # a € K. Then (}_;.; ®a;S) NaS is
essential in aS since ) ;. ; ®a;S is essential in K. Since ) ;. ; ®a;S C eS,
aS NeS is essential in aS. Then J = (eS : a) is an essential right ideal of
S. Since aJ C eS, (ea — a)J = 0, and hence ea — a € Z(Ss). Since S is
regular, Z(Ss) = 0, so ea = a. Hence a € eS, and thus K C eS. Since
> icr DaiS is essential in eS and ), .; ®a;S C K, K is essential in eS.
Thus Sg satisfies the condition C1. Let I be a right ideal of S such that
I=eS forsomee? =e € S. Let f:eS — I be an isomorphism. Extending
f tog € End(Ss) by g =0 on (1 —e€)S, we have I = Im g. Since S is
regular, I is a direct summand of S by Theorem 4. Hence I = uS for
some u? = u € S. Thus S is a right continuous ring.

Conversely, assume that S is a right CS ring. Let K # 0 be a closed
submodule of an R-module M, and let I = Hompgr(M,K). Then I is a
right ideal of S, and I # 0 by Theorem 2. Since S is right CS ring, I is
essential in eS for some e’ =e € S. Let 0#k € K. Then M =kR® N
by Theorem 2. There exists g> = g € S such that kR = gM. Since
geICeS, g=esforsomeseS. Hence k € gM = esM C eM. Thus
K CeM. Let 0 # em € eM with m € M. Since M is regular, M =
mR @ C by Theorem 2. There exists f2 = f € S such that mR = fM.
Then 0 # (em)R = efM = (efS)M, so efS # 0. Since [ is essential in
eS,efSNI#0. Let 0# efs e I with se€ S. Since 0 # efsM C K and
efsM C (efS)M = (em)R, K N (em)R # 0. Hence K is essential in eM.
Since K is closed in M, K = eM. Thus M satisfies the condition C1.
Let N be a submodule of M which is isomorphic to a closed submodule
K of M. Then K is a direct summand of M. Put M = K ® C where C
is a submodule of M. Let f: K — N be an isomorphism. Extending f
tof: K®C — N C M such that f = f on K and f = 0 on C. Then
fe€End(M)=Sand Imf =Imf = N. Since S is regular, N is a direct
summand of M by Theorem 4. Therefore M satisfies the condition C2,
and thus M is a continuous module.

Since every continuous module satisfies the condition C3, we have the
following,

Corollary 10. Let M be a finitely generated regular module and let
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= End(M). Then the following are equivalent:

(1) M is a continuous module.
(2) S is a right continuous ring.
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Nonexistence of Monotonic Solutions to a Shadow System

Jang, Jaeduck?

Abstract

We consider a shadow system which is the limit case of a reaction
diffusion system. The existence of monotonic solution is shown to depend
on the primitive of the nonlinear term.

1. Introduction

We consider the following semilinear elliptic system

eAu+ f(u,v) =0in Q€ RV,
%Av—}—g(u,v) =0in Q € RV,
9u — 9v () op 9N,

v T Bv
where f and g are smooth functions and ¢ > 0 and 6 > 0 are small
parameters.

Bifurcation analysis is the usual way of establishing the existence of the
nontrivial solutions, for € > 0 and § > 0 in a certain range, near the trivial
solutions, i.e. the common zeroes of f and g. Being not a constructive
method in its nature, bifurcation analysis hardly gives the profile of the
solution which we are interested in for the physical reason.

To study the properties of the solutions we reduce the system into the so
called ’Shadow System’ which is essentially a single equation with integral
constraint obtained by letting § — 0 :

1This research was supported by the research fund of Hankuk University of Foreign
Studies., 2002
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eAu+ f(u,£) =0 in Q € RN,
9u =0 on 01,
Jo 9(u, §)dz = 0.

In this note, we let NV = 1 for the sake of simplicity, and take

4
flu,v) =ba—u— 1f22 and g(u,v) =u— 1——_%1;—2,

which arise in the mathematical model of CIMA [WMG]. Explicitly, we
consider the following :

e2u’ + 50 —u— 4y =0, 0<7 <1,
(Se) ¢ w(0)=v/(1) =0,
fo dr-&fo Tz dr = o
Throughout this paper, we let

(€)= faglw) = 50— u = g,
fa(zz(f),ﬁ) =0,72=0,1,2 and 0< 29 < 21 < 22 < da.

Theorem A. Suppose that f:: fag(u)ds = 0 and f,, ((20) < fo¢(22)-
Then there exists €9 > 0 such that, for 0 < € < &g, (Se) possesses no
nontrivial monotonic solution.

Theorem B. Suppose that f;l fae(u) # 0. Then there exists g¢ such
that (Se) possesses no nontrivial monotonic solution for € € (0,¢o).

2. Proofs

Let ue(# Z;(€)) be a monotonic decreasing solution of

{ e2u + fae(u) =0, 0<r <1,
' (0) = u'(1) =0.
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Define

e (1)

E.(r) = %u’e(r)z +/ fa,e(u)ds

0

Since

L Bo(r) = {20 (1) + faoe (ue(r) il () = O,

u¢ (0) u(1)
E.(r) = E.(0) = / Fae(s)ds = / Fuc(s)ds

Zo Z0

Thus we have

ug (1)
/ fae(s)ds =0
uc(0)

One can show, using maximum principle, that either lim,_,o u.(0) = 25 or
lim, 0 ue(1) = 2zp must be true. Then the usual sweeping argument with

f us((ol)) fae(s)ds = 0 gives the proof of Theorem B and we omit the detail

here.
To prove Theorem A, it suffices to show lim inf fol ue(r)dr > a.

Lemma A.1. For any smalln > 0 fized, there exists C > 0 such that

0 < uZt(ue(l) + 1) — uZ(ue(0) — ) < Ce.

Proof. IfuZl(z1) <r < uz(ue(1) +n), then

g2 Lo ue (1) ue(r)
FuP = [ faclods— [ fagts)ds
2o

20
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If u7 (ue(0) — 1) < 7 < uZl(z1), then

e, . [w© e (1)
—é—us(r) =/ fa,g(s)ds—/ fa,e(s)ds

20 20

u.(0)
= / fae(s)ds

e(r)

ue(0)
> / fae(s)ds > Cy > 0.
ue (0)—7

Thus [ul(r)] > Ce™!, for all 7 € (uZ(ue(0) — n),uT (ue(1) +1)). This

proves the lemma.

Lemma A.2. Suppose that f,, ((20) < fg, ¢(22). Then there exist eg > 0
and 1o > 0 such that for all e € (0,ep) and n € (0,7),

uZ M (ue(0) — ) > 1 —ult(uc(1) + 7).

o

Proof. Let o > 0 and no > 0 be chosen so that f,, .(20) = f4 ¢(22)+20 <0,

f(;&(u) < f&,g(zo) + o for all u € (2o, 20 + 2mp)

and
&,E(u) < fCIY,E(Zz) —oforallue (2'2 — 21, 22).

Since u¢(0) — 22 and u.(1) = zp as € — 0, there exists g9 > 0 such
that for all € € (0,&9) and 7 € (0, 1),

foe(ue(0) —m) > foe(20) — o
and
fae(ue(l) +n) < fo (1) +o.
For 0 < n < ng, let
ue(1)+n ue(0)—n
s = [ fag(ods= [ faelods

20 20

(a7 (ue(0) = m)? = S (uz (ue(1) + )
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Since
ue (1) ue(0)
Se(0) :/ fa,g(s)ds——/ fa,e(s)ds

= S0 - S )

=0,
we have

52(0) = fa,ﬁ(ue(l)) - fa,E(us(O)) <0

and

Se(M) = foeue(l) +n) — f&,g(ue(o) - 1)
< foe(20) + 0 — (faelz2) — o)
<0,

Se(n) <0forall0<n<mn

/%mndww+/”ﬁu®@4u@@<m4m
2o ’ ue(0) ’ ’
Hence
ul(uz (ue(1) + 7)) > ul(uz (ue(0) — 1))?
ul(uZ (ue(L) + 1)) < ul(uz ' (ue(0) — 7))
(uz ) (ue(0) — m) < (uZh)' (ue(l) +m)
/ " (W) (e (0) — m)dn < [ @y w0 +mn
u M (ue(0) — m) <1 —ug (ue(1) +m)

Combining Lemma A.1 and Lemma A.2, we obtain the following Corol-
lary A.3.
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Corollary A.3. Suppose that f, ((z0) < fg,¢(22). Then for every suffi
ciently small n > 0 fized, we have

I T -1
>1 llg}}glfus (ueg(1) +n).

DO} =

lim inf u-* (u(0) — 1) >
e—0

On the other hand, since

.fa,E(u) =da — U~ 451-:’112’
fa,f(zi(f)) = 07 1= 07 1a27
0< 29 <21 < 29,

we have z
ba — 2z = 46—,
a-a =4y + 22
1-22
! =—1-46—"1
fa,f(zl) 6(1 T z%)z
Z1 123
~-1-4
é‘1 + 22 21(1 + 22)
— (ba — 21)(1 — 2%)
- 21(1 + Z%)
>0
and
(22 = 1) (5o~ 21) > 21 (1 + 22)
(500 — 221)2% > 5a > 0.
Consequently,

5 5
721 < ia, 20 + 29 > Ea (20 + 21 + 22 = ba).

Now we obtaln

1 uZ  (ue (0)—n) 1
/ ue(r)dr >/ usdr—l—/ uedr
0 0 uZ ! (ue (0) =)

= ;! (e (0) — 1) (e (0) — m) + (1 — uZ* (ue(1) + )20

= L (ue0) + 20— m) — {5 — (1~ w5 (ue(1) + )}
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Hence we have

1 —
liminf/O ue(r)dr > Zij’__;_o__ﬂ = Za—g>aif’n> %,

which leads to a contradiction to complete the proof of Theorem A.
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RADIAL SYMMETRY OF THE GENERALIZED
CHERN-SIMONS VORTICES

JONGMIN HAN

ABSTRACT. In this paper we show the radial symmetry of topologi-
cal one-vortex solutions in a generalized self-dual Chern-Simons Higgs
model. We also prove the radial symmetry of one-vortex solutions in a
generalized self-dual Abelian Higgs model.

1. INTRODUCTION

Let us consider the following equations in R?;
(1) D¢ = D9,
. —— 1
2) (1-I¢P)F2 = i(D1¢D2¢ ~ D1¢D2¢) + 5’)’(1 — l¢1*)?]g)*.

Here, ¢ : @ — C is the complex Higgs field, A : @ — R? is the coupled gauge
potential, D;¢ = 8;¢ +iA;¢ (j = 1,2) are the gauge-covariant derivatives,
Fy is the magnetic field, i = v/—1, and v is a positive constant.

The equations ( 7?) and ( ?7?) arise from a generalized relativistic self-dual
Chern-Simons model [?]. As well known in the relativistic Chern-Simons
theory, Chern-Simons solitons behave like both electrically and magneti-
cally charged particles, and such a model have some applications in high-
temperature superconductivity.

In view of the finite energy condition, the equations ( ?7) and ( 77) are
equipped with the following boundary conditions; either

(3) 8| =1,  (1—|¢])|Dagl> =0  as  |z| = oo,
or
(4) |¢] — 0, |Dgo2 — 0 as |z| — oo.

Department of Mathematics, Hankuk University of Foreign Studies.
This research was supported by the research fund of Hankuk University of Foreign
Studies. 2002.
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Here D¢ = (D19, Dogp). The former is said to be topological, while the
latter nontopological.

We say that (¢, A) € H(Q, C) x H'(, R?) is gauge equivalent to (1, B) €
HY(Q,C) x H'(Q,R?), if there exists a function x € H?(Q, R) such that

(¥, B) = (¢%¢, A+ V).

It is easy to see that ( ?7) and ( ?77?) are invariant under the gauge trans-
formation.

In order to reduce the equations ( ?7?) and ( ??) to a simpler form, we
adapt the standard Jaffe-Taubes argument [?]. In fact, one can show by the
Poincaré Lemma that the equation ( ?7) implies that ¢ is holomorphic up
to a nonvanishing multiple factor and has exactly N zeros allowing multi-
plicities for some positive integer N. Thus we may assume that ¢ takes the
form

k
1 .
(5) ¢(z) = exp ( §u(a:) +1 an arg(z — p;) ),
i=1
where the points py, - - - , pg, called the vortezr points, are the distinct zeros of

¢ with multiplicities n,, - - - , ng, respectively. Obviously ny +---+n, = N.
We observe that the arbitrary choice on the imaginary part of ¢ merely
reflects the gauge invariance of ( ??) and ( ??). Now the equation ( ??7) can
be reduced to

k
(6) (1 —e*)Au—e¥|Vu|* = —y(1 — *)%e* + 4r anépj in R?
j=1

Here 6, denotes the Dirac measure concentrated on the point p. In terms
of u the boundary conditions ( ??) and ( ?7) are rephrased as

(7) topological: ~u—0  as |z| = oo,
or
(8) nontopological:  u— —oco  as |z| — oo,

Conversely, once we find a solution u of ( 7?7), we may recover A from ( 77)
by the formula

9) Ay +iAy = 2i0In §,

where 8 = (0, +18;)/2. Therefore for the study on the existence of solutions
to (??) and ( 77), it is enough to investigate the equation ( ??7). From now
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on we will concentrate the equations ( 7?) with the boundary conditions
(??)or (27

This paper is organized as follows. In the next section we review some
results for the existence of solutions to ( ??7) with the boundary conditions
(?7) or ( 77), and state the main result. In section 3 we provide the proof
of the main theorem. In section 4 we discuss the radial symmetry of one-
vortex solutions in a generalized self-dual Abelian Higgs model.

2. KNOowN RESULTS AND MAIN THEOREM

The first result for the existence of topological and nontopological solu-
tions to ( ??) is the following:

Theorem 1 (Tchrakian-Yang, [?]). Suppose that all the vortex points are
equal to zero and rewrite the equation ( ??) as

(10) (1 —e*)Au — e*|Vul> = —y(1 — e*)2%e* 4- 47 N, in R?.

(1) There ezists a unique radial solution to ( 77) with the boundary condition
(7?).

(ii) For each B € (2N +4,00), there ezists a radial solution u to ( ??) with
the boundary condition ( 7?) such that

u=—@1In|z| + o(1) near oo.

For the existence of topological multi-vortex solutions, the following the-
orem was established.

Theorem 2 (Yang, [?]). For any prescribed the vortexr points py,--- ,p

with multiplicities ny, - - - , ny, the equation (?7) with the boundary condition
( 7?) admits a negative solution u with the property
u=0(eV?(-9l=l)  pear co

for any € € (0,1).

On the other hand the existence of nontopological multi-vortex solutions
can be found in
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Theorem 3 (Chae-Imanuvilov, [?]). For any prescribed the vortezr points
D1, Dk with multiplicities ny, - - -, ng, the equation ( 77) with the bound-
ary condition ( 77) admits a negative solution w with the decay property

u=—F1In]z| + o(1) near oo
for some 3 > 2N + 4.

In this paper we are interested in the one-vortex topological solution. We
establish

Theorem 4 (Main Theorem). Every solution to ( ??) with the boundary
condition ( 77) is radially symmetric about the origin.

A simple corollary of Theorem 7?7 combined with Theorem ?7 is the fol-
lowing:

Corollary 5. The equation ( 77 ) with the boundary condition ( ??7) admits
a unique solution which is radially symmetric about the origin.

We give a proof of Theorem ?? in the next section.

3. PROOF OF MAIN THEOREM

For the proof of Theorem 7?7 we use the method of moving planes as in
[?7]. To this end, following [?] we introduce a new variable w defined by

w=Fu)=1+u-—e"

It is easy to see by the maximum principle that every solution of ( 77) is
negative. Clearly F' : (—o0,0] = (—o00,0] is strictly increasing and has an
inverse v = G(w). With this in mind we can rewrite ( 7?) as

(11) Aw = —(1 — )28 4 4 NG, in R?.
The boundary condition of w corresponding to ( ??) is given by
(12) w— 0 as |z| — oo.

Obviously in order to prove Theorem ?7, it suffices to show that every
solution to ( ?7?) and ( ?7?) is radially symmetric about the origin.
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Since every solution of ( ?77?) is negative, it follows that if w is a solution
to ( 77) with the boundary condition ( ??), then w < 0. For A < 0 and a
solution w to ( ??) and ( ?7), let

= {.’L‘ € R2|.’L'1 < )\}

'y = 0%,

Iy = (2/\, 0) B

wi(z) = w(2A — z1,22) for z € ¥y = T)\{z)}

vy = wa(z) — w(z) for z € T,
Lemma 6. There exists a number Ry > 0 such that vy, < 0 in i,\ for all
A< —Ry.

Proof. Let
f(t) = —7t(1 )"
Then f'(t) > 0for 1/3 <t < 1. We also observe that G'(s) > 0 for all s < 0
and G(0) = 0. A simple computation gives
Avy = f'(e99)e VG () (wr — w) = g(z)(wr — w),

where ((z) lies between wy(z) and w(z). Hence
(13) Avy—g(z)un=0 on  Xy.
Let 5o < 0 be chosen such that G(s) > —1n3 for sp < s < 0. Since w — 0
as |z| — oo, there exists 75 > 0 so that w(z) > s for |z| > rq. Let

m = sup w(z).
|lz|<ro
Choose Ry > 2r¢ satisfying that w(z) > m/2 for |z} > Ry. Now if
A < =Ry, then vy(z) < 0 on B,y (z)). Moreover for z € T)\B,,(z)) we
see that w(x) > sp and wy(z) > so, which implies that {(x) > sq and hence
g(z) > 0. Thus we can use the maximum principle to ( ??) to obtain vy < 0
on X)\B(zy, 7). O

Now let
Ao =sup{ A <0]|v,(z) <0 in &5, Vu<}
Lemma 7. Forz € ¥, Ow/0z, < 0.

Proof.  For z € %), let A = z;,. Since vy has its maximum value
on 'y over ¥ \{z,}, the Hopf Lemma implies that dvy/8z; on I'y. But
Ovy/0zr; = —20w/8z;. 0O
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We claim that A\g = 0. Assume the contrary, namely, \y < 0. Then we
arrive at the following result.

Lemma 8. Let ) is a positive mazimum point of vy on 5. Then |z}| <
Ry =19+ 22X, where vy is the number defined in the proof of Lemma ?7.

Proof. 'We note that w(z) > s and wy(z) > so for |z| > R;. Hence
g(z) > 0 for all |z| > R; and X € (A, 0).

We claim that |z}| < R;. Otherwise set z)(z) = v (z) — va(zp) on Z,.
Then by ( ?7?7) we obtain

Azy — g(x)zA = 9(33)1})\(.’17())\) >0 on {.’L‘l < —-Rl} C S)\ VA € (/\0,0)
Since zy(z) < 0 in {1 < —Ri} and 2)(z}) = 0 with z), < —R;, it comes

from the maximum principle that z)(z) = 0 on {z; < —R;} which is im-
possible. I

Now choose a sequence A\ \; A\g and let z; € by A; be a positive maximum
point of vy. Then by Lemma ?? (xx) is bounded, and passing to a subse-
quence we may assume that zy — x5. Obviously zy € )_Z_Ao = Xy, U,
Uno (Z0) > 0, and Vv, (zp) = 0 which give a contradiction.

In fact, if 2y € Xy, the fact that Vv, (z¢) = 0 contradicts to Lemma ?7.
Suppose that zy € T'y,. Since vy,(z) < 0 in Iy,, the Hopf lemma applied
to ( 7?) implies that dvy,/0z1(zo) > 0, a contradiction. Since Ay = 0,
w(—z1,x2) < w(z1,x3) for z; < 0. Now by virtue of the standard argument
of moving planes, we arrive at the desired conclusion. This completes the
proof of Theorem 77?.

4. RADIAL SYMMETRY FOR A GENERALIZED ABELIAN Hices MODEL

In this section we discuss the radial symmetry of one-vortex solutions in a
generalized Abelian Higgs model [?]. The corresponding self-dual equations
are

(14) D1¢ = iD2¢7
. —_— = 1
(15) Fu = i(Di¢Dsd - DigDs) + 37(1 - |87,
with the boundary condition
(16) o] — 1 as lz| — oo.
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As in Section 1, letting u = In |¢|2, by use of the Jaffe-Taubes argument we
can transform the equations ( 72 ) - ( ?7) into

k
(17) (1—e*)Au — e*|Vul> = —y(1 — e*)® +4n andpj in R?,
=1

u—0 as |z| — oo.

The existence of solutions to ( ??7) can be found in [?]. For the one-vortex
solutions we have the following.

Theorem 9. If there is only one-vorter point, say, at zero, then every so-
lution to ( 7?) is radially symmetric about the origin.

The proof is quite similar to that of Theorem 7?7. As in Section 3 the
new variable w = F(u) satisfies

Aw = —y(1 — @2 4 47N, in R?.

(18) w—0  as |z| = oo.

The key ingredient in the proof of Theorem ?7 was that the function f(#)
defined in Section 3 satisfies f'(t) > 0 for all ¢ < 1 sufficiently close to
1, which enables us to use the maximum principle. We also define the
corresponding function h(t) in ( ??) by h(t) = —y(1 — ¢t)?. Then h'(t) > 0
for t < 1. Hence we can show the radial symmetry of solutions to ( 7?) by
the same argument as the proof of Theorem 77. We omit the details.
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SecelF) = {Su(f) + Syu(f) —2Cy(f) cos (kdy) — 2Qu(f) sin (kdy)}/ 4,
S op(f) = {Su(f) + Su(f) —2Cy(f)cos (kdy) +2Q(f)sin(kdy)}/ 4;,
Cep(f) = { — Su(f)cos (2kdy) — Sy () +2Csy(f) cos (kdy)}/ 4y

Q co(f) = {Sxu(f)sin(2kdy) —2Cy(f) cos (kdy)}/ 45, (41)

4, = 4{ sin (kdy)}? .



DR X kL 57

 AelA T FHELY o FaREdst A3

&% BEiéd a8y 347 ERedE o] 2 4 (22)% (23)
2 A (245 ol &3t Ao RREAS FaE ved 2ol € F 3o

_ Saa(f)
TL(pressure) 1010g Scc(f)+{SCD(f)}*+SCD(f)+SDD(f) }(42)
_ Saa(f)
TL(veloaty) 1010g Scc(f)—‘{SCD(f)}*_SCD(f)+SDD(f) l (43)
TL (intensity) = 10 log SAA(f) (44)
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CazFeMoOg2 A713 54 A
e R, % o

8 ¢ : Double perovskite *ZE& ZtE CaFeMoOs(CFMO)9 A7 2 2713 EXd]
@& A7E +Y}Ath Gde CFMO NEE 5% HyAr £ gas 297] st A
wggoz AT CFMOE 07T9 98 7304 300KY we 3%, 16KY w=
20%9 A7IMHMR) 2718 B9 CFMOY magnetization(M) e @972 A% 16Kl
A 32 usE EFRHAY. coercivity 9 remanence® A2 AL godoz A 7o) uig
EF Zasdch AZ71F44 MRol Mol Hl#sigien, ol CFMOdAS MREAAE
grain AANA 23] Mo o AYL &+ Yk

z
Gl

I.A4 &

Double perovskite As2BB’Os &+ QA Q1 perovskite ABO: T&'¢] B-sited)
M2 g8 F FF AolgE oo vhiky AEE Ju2, Z+7 BOss B'Os &
AA (octahedral)7t 2 APE F2E 20> B-site 0|23 B'-site o] &o]
ME ZRE HEE FERE o|F7] s F Ho|FE ol2o] AE FERFHA
of 3t=tH], dvtF o= o] WR EE ol AHY Holrl F AFLd shsairh
ol2{g B-0O-B’ Al <93 2#F3 3L (exchange interaction)©] double
perovskite 2289 A7) 2 A7 42e AASA b @A A-sites] X &
alkaline =+ rare-earth ¢]2¢] AP Aoz 24 3'3:015’]‘7] BT Aoz, 24
gz EAL uHo] 71HHo = A7l @ A7H EA gFe w A}, o] & 3k
double perovskite T7Z¢ 3FEL 2 AXH A3t T“ﬁﬂ‘ﬂ?&o‘—}“ &
SFMO(Sr:FeMoOs) ©EA AgoA A3 @& A71Zd A 27148 (MR;
magnetoresistance) E#7} LAPLZA P o] B By EAI 24 7154
of Mz& AAY el H g3, EI Be AFI A Ro] o]Folxm gt
SFMO°1 4 2] MR @42 magnetic domain & grain A A 9142] spin-polarized
tunnelings] &j¢ &a#z H9stn Yok’ 410-450Ke] EE  Te(Curie
temperature)” “$} -3 (half-metallic) 47 W&o o] 3B AT A
SAME & 28-UF FE7 92 o £ Ak’ o) e EHo] AL
spin valve$®} magnetic tunnel junction device AZ}24 SFMOY 2471548
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HoF 3 gth

¥ 1€ 1960dtH % Patterson9] 3] dT¥ AFeMoOs(A=Ca, Sr, Ba)¥ AR Tx
gt T.E Yed Re2 CFMO(CaxFeMoOs)E SFMO% BFMO(BaFeMoOs) 9t v}
A7} 2 double perovskite FZE olFH, TJt LS ¢ & Atk? £ 429
A7 4 ddNE Hl2d EL MR HE Holm glo* 1 §& JMsAe) F
Rez 7IgHn Yok 2P E EF3tx, CFMO9 %% SFMO$ BFMOe] H] 3}
ANH B AF7t AL o]Fojx YA F& AAelh wEpA & AFoAE ol
23 A& 7ot CFMOY #7134 54& AT3Arh

I A= Az 9 FA

CFMO 2 A A 8% A AE) -84 (solid-state reaction) 2.2 A Z-at At 1A
AeutgHold A8 PAEY Ha Er 444 IFES dite HEE F A
gxlgdoza AR AZ(polycrystalline sample)E& T=E  wWyelth. WA
CaC03(99.95%) ¢} Fex03(99.99%) 8] 1 Mo03(99.998%)2] Z+ Ca : Fe :
Mo=2:1:1¢ H=E Eud 230 AFE AT § vlxf LS o] &3t nf
a2A 43 Zotx &£3E EZE ALOs crucibled] ®ol 900°Ce 72 ¥
o] 24X 7 F¢t dA st dHY 25 E 900°CE FAAFIEA u] 2443 w}
t X" 2Eg A 9A vt “a‘% o] 43ty 3 7k THAFE 3 HHES}
At o] EFE BT P29 8mm EHE &3 F7 2mm =9 pellet
02 wrEo] ALO; boatel Bo} tube AZIZA 5% Hy/Ar gasS ZTHFHA
1000°C A 2417 B¢ dxystd A28 AFRSHT o1ZA A¥EA CFMO ©
ARAAE B2 x-4 3-AH(XRD; x-ray diffraction method)& ©]& 3t T YUAto]
gAHe] Qe FAstgdtt X0 WE HAY FHL 49A4 ac AFSAAEE
o] &3t .
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3 @ 2 7 = 2 ATA) To(K)
CazFeMoOs ortho 553 | 7.73 | 542 377
SroFeMoOs cubic 7.89 419
BaxFeMoOs cubic 8.08 337

¥ 1. Double perovskite A;FeMoOs(A=Ca, Sr, Ba)3&E 2] AA4+¢ T. (ref. 2).
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a9 1. (@ 1000C &7 oM 282 Bak 4588 A|&¢] XRD pattern.
(b) 1000°Cell A} 5% Hy/Ar gas® ZFHAAM 2417 ¢ 948 AR XRD pattern.
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m. &34 12

XRDE o] &3t Azd AgEY EAXge wE BATE 4L E4SAL
a8 1 (a)= 1000°C F7] FoA 241z 5 €A s A5 (b= 1000°ColA
5% Hy/Ar gas® & FHA 271 T Exeld A& XRD patterng ERH
Aoltk. XRD &A A% CFMO+ P2/ne F7TZFE 7FAal 129, monoclinic
ARz Mg P Miller) AFE 2 1 (bl TAEFHT 714 d =S5
= perovskite @9 29 aulE Q) ay by oo 71 QE V2a, V2by, 2,2 Fol
Aok, 29 la)dlA 2E utgt Zol 37 FoA ARE A8 35 CaFeMoOs
9] Gdito] AHAX A Fi, BEEE U CaMoOs2} CaFeOs0l EATE dA
A Foz &9d £ ot zEy, 2™ 1bh)dAE F7] FoA EXETT AR
2] XRD patternol Al Hold EEEAS AFFAIL CaFeMoOso| @@l d4E
S A & UATh ARE FAHsE 27 loiA HYAr £971d49 €48
HAHL AR ddds A oA Fad 942 HEFEE & F AU

a3 2& CFMOY 2= o&ste AdE A Aot =7 F7hgd w
gl 180K7HAl & XﬁM E#EA Frtshrl 180KelFole "olAle AE ¢ F
ATk HAFE AegddodE 3502-cmol 2 MY A= 38502-cmol ).

400 1

380 .

R(€2-cm)

3 40 1 1 s ' i N 1 N
0 50 100 150 200 250 300
T(K)

a9 2. CapFeMoOs®] 2Eo] w2 v AF
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a¥ 32 CFMO9 7|13 ¥ste] W& MR 4o, A71% stolA Az A
= 990X A=, 53] AAGdM MRS ®E7r 13eE 23

g AT MRe| A7E ofdg 2ol st

MR(T, H) = [o (T, H) - o (T, 001/ 0o (T, O (1)
A7NA e ()= AZIFe]l 04 we] vlAE goli, o ()T A71Fe] 7tsd A

Bfoll A o] Bl A7 gholth. MR Hle Z2o]M Hu AH2oM ZA Yety, 27173
mE H A Fo] 2 B A2oA RASA Hite AE @ 5 A0

29 3. CaFeMoOs®} A7} Ap717%gel & MRIA
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07Te A7 AZ1EE 7185 w, 300KA 3%, 16KelA 20%< MR HE »
ol At MR & 27174el ofd pshidkel Azl 7z Aeole i) w
2t BAA L 2o Ago] FolEo] AR o]Fo] &LolatA Ho| o] E9
7] Wi Are f4dolstn AZ4dr

ad 4e 07T AVRE JMsE AEYA CFMOS 2E®sd #E
magnetization M(T)2} 9 &8 (inverse susceptibility)2 WEld 2ot} 219
M HAL Hol&x ol A HAE &S linear fittingd A& UEIH Aoz,
Curie-Weiss H3E& m21 &< ¢ 4 U Datag fittingd ZAHZHE

Curie 4+ 04, paramagnetic effective moment= 45up T 385KY € ¢ F

AN

L

28!

L.

f.
N
e

=16}
12}
0.8
0.4/
0.0l

N &8 8 8
((wo/slow), X

29 4. CaFeMoQs8] 0.7Tel A & X uh& Magnetization 43 2} 31-&



2A" - &Y - o]n 3 75

¥ 5 AVNZE -07T ~ 07T7AA MSA|AZIH 2717 e] Mg g 16,
100, 150, 200, 250, 300, 350, 400Kl A A& z7]ojgFAdeltt I8 5olA HE
R Zol CFMOY M #& 300KoA 18up, 16KelA 3242 ZAHHIAY.
CFMO9 M #2 1T ol&te AAY FHoA E3EA gfe=vh. CFMOE cubic
ABOs perovskite & ¢tollA F2F A E RUZ HF5 AolFdE Fest Mort
A3 9 double perovskite TZEA ABB'0s2 ZATZE 712t} B-sited
A% Fe¥' (3, S=5/2)0]&0] o] %8 B'-sitec] X 6708 Mo (@d', S=1/2)¢]
237 97224 (antifferomagnetic) 28-S 3 &2 A (ferrimagnetic) 24 A 2= o
A}, Wt CFMO9 ¥ 3} 3H(saturation magnetization) MsZt-2 o] AF o2 @
T2 (formula unit) & 4pp°) dAEY 28y 2AZ B8 MEREL 4us
BT Fe 25 - 36402 Mge B/B'site Alo] 2] Fe/Mo ©] 259 ordering

_4 — PN SIS NSRS S E N R
0.8 06 04 0.2 0.0 0.2 04 06 0.8
H(T)

28 5. CazFeMoOss] £=9 z7|old T4
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of 1zetA oETE & F Avk A7IA Mgkel 24 olf& B/B'site?] Fed}
Mo ©]2E7re] R E3<Ql disorder® <13 antisite defects®] Aol Ayrzel 4
zto)t} 51 Monte Carlo simulation''s] @@ Mgo] o]2H o2 40up/fus 7}
Aob stA W, A¥A AIE old WAA XeE 32us/fu 7t YT A& JMEE
A7V ol FEX XA, Fest Mo H&3 <l disorderel 7121 %o,

a9 62 29 ¥l Wi coercivity(Ha)9 remanence(My)& e
agM & F dxol 227 Helzde mE Hos Mot S7henh. 2571 W8z
of wgl 7] Wale] wE spin® 37} hard magnete] 48 Yz gl

(o3 e) P
S ¢ 4 U

8 R 3
(@0)1oH

NS g8

T(K)

29 6. CaFeMoOs 9 Hy ¢ M
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oy 7% 20KeF 300KelA el MR #shtde] #AE vehd Zolth. MRe]
grain AAMY 2ag Age 71dste AL, AA7FANA MRS Mo A Fol
Blggich. 2o & F dxo] MRo] M9 A Bl s A& CFMOSA
o] MR @42 SFMOY BFMOOIA & mta7t A 2 grain AAdA e #3d 29

o argel o@ AL ¢ F Ak

0.0+ 410.0
-0.5}+ ] 0.2
S -1.0f 1-04
a
~ 1.5}
~N 1-0.6 =
< 20t los
2.5} ]
41-1.0
3.0+ 1
—-1.2
ol 10.0
| 1-0.2
51 ] .
§ -'0.4 ’g
2-10r 1-0.6 =
N o=
15+t 41-0.8
20l _-1.0

g
-0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8
H(T)
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Iv.3a &

e/

Double perovskite +&& Z= o

3¢ CFMO 24¢ @A st 271 2 2]
4 E4o U A7E SRt B

0]
A7 BEL

e

1. Double perovskite TZ& Z'+ CFMO AlEE zAAHwEHo=z
gAstginh 1000°C 571 FoAA dAelgd N8 5% H/Ar £ gasi 9
7] stollA dX g A5 XRD patterng Blwde] B w 5% Hy/Ar
T3 gas®H7] stellA EA S AEI dddS 4TS & F Ui

2. CFMO® M(T) X322 CFMO9 T.& 38KYS & F Atk M@
2 300KNA 19up/fu, 16KNA 32pp/fus & EHUTE Monte Carlo
simulation''e] WawW, o]gH o2 M#E 40up/fug 7tk AT 4
3 Age old mAA Ede 32upfurt YeE ALE Hol Fe' 2

14
Mo™ o] & REHQ disorder’t U< & + Utk

3. Ho%t Mgt A2 2Lz 257} S713dl weh 25 Fisn
IS BFE F AU

4. CFMO%E 0779 9% #7173 thst 300K 3%, 16KelA 20%<)
MR HlE Holxm lth. MRe] M? Hlalsls RoZ Hel CFMOSA <
MRE & A7 Fel o s Aspirdke] Aol Zk zbo]e] i o
AANA G Axpe] Atgho] EojEo] HAAY o]F o] §olEA Hol AHFo
Zo] E7] Wi AVl ddelgtn AZEd.
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CO bound Mixed Valance Cytochrome bo%} 0,9]
k3 oA AAHAEHE P formol #d AT

7 4awd

8 9 : Escherichia coli2%¥ %% cytochrome bool COE #7713t TE
bound mixed valance cytochrome bo2t 0;9] ¥tg-olA A=+ P formes F9 3}‘?}
233e ol gstd A7k 00, FHUALE AHEE ZF P forme] Fe=O 3
E57b 806/772 cm'A  EAHNReH  o]E  cytochrome amdt FHATIA 2
cytochrome 60% P form&] ©AelA 0=0 o|FZFo] Z1Z & v g}

L. A &

Escherichia coli23¥ %%3% Cytochrome bo-type ubiquinol oxidaset Y9
heme-copper terminal oxidase®]th.'? Cytochrome bo: F 71¢] ubiquinol-82.2
Be 7tz 2709 AAE wol o] & o] &3ty AAE EVA FLAIIE e F
Aol 490t vl A F4 FHE MY E cytochrome aoséte BE
cytochrome bot X A 718 84 F4 F 5 /4 heme iron# ¥ 719
copperg 7}A 31 Y& Bolt} Low-spin heme(heme b)2 F 709l axial histidine
o o3te] mi$I=lo] ol cytochrome aasz?] cytochrome a$} #AFstt} High-spin
heme(heme 0)2 proximal histidineg 7FA3 o8 1 7t7tole] Q& Cuset
A Ozl 3 binuclear binding site® BAst=tdl ©l& aas-type oxidaseo] 3]
A1 9] cytochrome as-Cus binuclear center$} ©}-$- #AF8lth, Cytochrome aas type
oxidaseo] H3 Cua’} $1E cytochrome bo9l A 709 redox-active metal
centerstheme b, heme o 8|3 Cus)e © &4 subunit 14 ¥ god
cytochrome aas’t cytochrome cZ2%E HAE wol=gl= d ¥ cytochrome bo
¥ quinol2Z2HE AAE @t} olgld Holdx ETFSI cytochrome aas®}
cytochrome bo2] subunit I, II, Il A}¢]2] primary sequences$®} X-ray %7} o
< Aol W Ag2

A oA Arae B AL ol sy] A3t A&Vt E7MA §dHE BA
oAl W&+ cytochrome aas$t cytochrome bo?] AbAebe] g ZEZhAo] st

D gFosoidgtw AA#stdie 553 a5
E =Fe dFoFojuistn 20023 E mulgtedTe 2 del o dragdy.
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EEA A7 BEASA olFoAAsT. B FF BERAFAd YEdH
reduced cytochrome aasv= At49 WHE3dle] Ao oxy speciesE TEW o=
fully oxidized cytochrome aas®l ¥|3te] 607nmolA FE o2 73 peakE 71A
P species(607nm species)Z W3t P speciestE THA] 580nmeol A difference
peakE 1A= F species(580nm species)® AAH tA] oxidized (O) species’} ¥
1" Cytochrome boE ©]9} & A2 Fdto] MH42E B7tx LA 7HA
B4 FF BFATF £4 A hemeE 9 i3 #49 AHE wdsed
vls] Iyt EFATE &4 BAAEY AARY w¥g F3AY AT
(Fe-oxygen)& A FAY & YA Fo2H olgd TAE & A9 &
B4L olFfsE MEE AHES Fo FAd FTHHAT EZFAF s
cytochrome aas®] oxy speciesE v (Fe-Ox)7t 57lem’’, P2 A3 A& ironoxo
forme v (Fe=0)= 804cm’’, Fol 3123 3t= ferryloxo form®e v (Fe=0)E 78cm’
2832 ferric hydroxy form® v (Fe-OH)E 450cm ‘oA z+z A=
Cytochrome bo2l 7% 568cm ol Al oxy species, 8065cm™o1A P species 181
783cm o) A F species?t A H QoY ferric hydroxy forme o}z Fwelute] ¢
ste] BEHA @

A7t EASA FE AHdAM  cytochrome aazE CO W3-8l mixed
valance CO bound cytochrome aas® THETh o] A% heme as°% CuaZ 48}
Aejol CO7F Z %3t binuclear center® heme as -CO, Cus™¢ 4 HHES &
A&t3 Qrd. & 2o mixed valance CO bound cytochrome aas®] heme as®-COd
8 Fe-C stretching mode$} Fe-C-O bending mode’t ¥ % etukg o]&3td &
A8 3 mixed valance CO bound cytochrome aasz® 022 ¥H&-AAdE°] P formo]
e Ae Rad v Y’ o] =EeAE cytochrome aast de 7R FALG
cytochrome bo®l mixed valence CO bound form¥ 029 ¥hgolA AAHE P
forme] FZE F9HH BFPoR ATt cytochrome agslA FEH= P
form¥ Hlx B35
m 4 9

Cytochrome bo® Escherichia coli GO103/pHN3795-1(cyo+ 4dcy©l cyo+)Z5H
FA st AQt® o)¥A AdL& cytochrome boE 0.1 % sucrose monolaurate®
39353 9dE 50mM Tris-HCl (pH 7.4)0 = Age] o F w712 -80 C 4
30 H@stgrh AP dA &A Adstdeie] @43 E pulsed cytochrome bo



)
rf.

i 33

g ws57] 989 cytochrome boE 4mM sodium ascorbate®} 50xM
5-methylphenazinium methosulphateE ¥ 33 £doA FLAZ F o] r}A
pH 10.0 &l ¢ 50mM potassium borate, 0.5 mM potassium EDTA Z&3 0.05
% Triton X-1008 E&stx 3l &AM cytochrome bo7t THA] Abstd o 71A]
= A1 71tk Mixed valance CO bound cytochrome bo® AtAE A A g AHe] o) A
COE #7tsle 24413t o]/} incubation Al#H Ao optical 2HEFHE T3
£ #9139t} Hitachi U-3210 2378 Al83}4 optical 2HEHE +41
o IBM PC% Igor 2138 AME3led difference optical 2HEH AR
Diode laser(Hidachi Metals, ICD-430)& ©]&3}] 421.6nm excitation lineg& A%
o scattering pointol 4] #olA powertE 1.0mWE X3t} Scattering
light® sample2 ¥ 33190+ spinning cello]l AL #olx ol 90 HFgko] A
dAglon dAAALZ WYZAHE charge-coupled device(CCD) detector® & 32Heh
single polychromator& o}-&3le EASAT EE AP 20TAA AH .

lo o

<

mo e no

12 on

o

m. 23 ¢ 22

2¥ 1€ pH 100904 pulsed cytochrome bo®}t CO bound mixed valance
cytochrome bo, 2812 CO bound mixed valance cytochrome bo$t 02 #Fg-o A
AR EE P formol ™3 optical absorption 2FEHo|t} A BHE uie}p 2
o] pulsed cytochrome bo2] Soret Hdl FF33<¢ 409nm+= CO bound mixed
valance cytochrome boolAl 416nm=Z #ol=H ™ 550nm H# &9 FFurt e
B % 9lth. Optical spectrum® ©]#d W3t COZF cytochrome o*'of 2E =AY
ow "k cytochrome bE o}AE AFAH = +37}8 A1 P& RAF
2 21t} CO bound mixed valance cytochrome bodll O:Z H7}stA P formeo] ¥
AE, ol Soret Aol F4HFo] 412nmE Helgo2H AT + . 19
1 ¢tol] Sojde= 22 ¥ 2 cytochrome bo?l P form™ oxidized cytochrome bo
Alol 9] difference A~FEHolt} Difference 2FEZ 9] ¢ 405nmolA ZF4& 3
21nm A Fdi & Zeoh

a9 2+ tholo= oA 4216nm lined Al&3te] 242 P forme TRyt
~HEgolth IHAA (a)s} (b)e Z+z ‘0 ®0g 71A YE P forme] 29
Efold, ()= (a)% (b)9 difference 2HE™(c = a - b)o]td, 2@ A BEEul
o Zo] XENY MIFoZRYH FAHE EE vibration modeE & difference &
SE P AtgrA® 27 0,800 dlste] 7¢3lE oxygen-isotope-sensitive



84 CO bound Mixed Valance Cytochrome bo%t 0;9] ¥H&-olA A= P formol @3t A%

mode 806/772cm 'wto] wWlw# FgdA ebdth  806/772cm e Fe=09]
stretching mode°lt}. ol& 4ta 39 A F o] P form GAAA 0=0 Ao
FolRAE ou|g}. oj9t & difference 2HEHY Fele F7]1F 9 CcO9 CO
E AN F A4 NS 12N o) MRS W yEr] AFEH. ole
cytochome aaz®l ®l&] P form® AAwr&e] F3 s RS BQFEL
Cytochrome aas|A AAH+E= P forme 387 2HEHGA dojx& Fe=0
(804/768cm™) RER =0 H8t o cytochrome bol Al FAEHE P forme 2HEH
& Fe=0 AERE (806/772cm™ )9 intensity’} B4 ok #wt o}t 740cm™ 3
2ol YI7tE] B peakel vEbATH o] X ¥ ¢FF intensity® cytochrome bodll A XA
5l P form®] cytochrome aaz1A THEAAE P formol H|s| W EIAEA
23422 sampled] A P form¢] ¥o] A& BHAFa g1o™, 740cm ‘el vl 7}E]
B peake P formol & 3t AAE & o AAHFHE F forme2FH FH¢
Aoz Bt} o] CO bound mixed valance cytochrome aaz$t 029 uH8 713
3} cytochrome bod] W& 7]&¢ th& Holt}. cytochrome aaz®] 7% P form °]
4 Wl o oy AARE IE& F flo] HFF AHER HEH YA,
cytochrome bo2] 7% oW WAL ZEX AAE Ao F form7tA ¥-§-o] AP
2 ] Yo}rkA oxidized cytochrome bo7bA] ¥tgo] APHE BAFE Aot

IV. 7419 =

E T Fed ARES AL F QA 3
Kitagawa 259} Q7o o8] 7HA2 =& & &

A zupEg EFUT.
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B e

V.33 &3

1. Trumpower, B. L., and Gennis,R. B. Annu. Rev. Biochem., 63, 675-716, 1994.

2. Mogi, T., Tsubaki, M., Hori, H., Miyoshi, H., Nakamura, H., and Anraku, Y.
J. Biochem.Mol.Biol.Biophys. 2, 79-110, 1998.

3. Tsukihara, T. Aoyama, H., Yamashita, E., Tomizaki, T. Yamaguchi, H,
Shinzawa-Itoh, K., Nakashima, R., Yaono, R., and Yoshikawa, S. Science
272, 1136-1144, 1996.

4. Wilmanns, M., Lappalainen, P., Kelly, M., Sauer-Eriksson, E.,, and Saraste,



o
2
=

85

M. Proc. Natl. Acad. Sci. U.S.A. 92, 11955-11959, 1995.

5. Iwata, S., Ostermeier, C., Ludwig, B., and Michel, H. Nature (London) 376,
660-669, 1995,

6. Saraste, M., Holm, L., Lemieux, L., Lubben, M., and van der QOost, ]J. B-
iochem. Soc. Trans. 19, 608-612, 1994.

7. Babcock, G. T., and Wikstrom, M. Nature 356, 301-309, 1992.

8. Orii, Y. Ann. N. Y. Acad. Sci. 550, 105-117, 1988.

9. Wikstrom, M. Nature (London) 308, 558-560, 1984.

10. Michel, H. Proc.Natl. Acad. Sci. U.S.A. 95, 12819-12824, 1998.

11. Kitagawa, T and Ogura, T., in Progress in Inorganic Chemistry, ed. Karlin,
K. D. (Wiley, New York) Vol. 45, 431-479, 1997.

12. Han, S., Ching, Y.—¢, and Rousseau, D. L., Nature (London), 348, 89-90,
1990.

13. Ogura, T., Hirota, S., Proshlyakov, D. A., S., Shinzawa-Itoh, K., Yoshikawa,
S., and Kitagawa, T., J. Am. Chem. Soc., 118, 5443-5449, 1996.

14. Varotsis, C., and Babcock, G. T. J. Am. Chem. Soc. 117, 11260-11269, 1995.

15. Hirota, S.,, Mogi, T., Ogura, T., Hirano, T., Anraku, Y. and Kitagawa, T
FEBS Lett. 352, 67-70, 1994,

16. Kim, Y., Shinzawa-Itoh, K., Yoshikawa, S., and Kitagawa, T. J. Am. Chem
Soc. 123, 757-758, 2001,

17. Moody, A. ]., and Rich, P. R. Eur.]J. Biochem. 226, 731-737, 1994.

18. Kim, Y., Babcock, G. T., Surerus, K., Fee, J. A., Dyer, R. B., Woodruff, W

H., and Oertling, W. A. Biospectroscopy, 4, 1-15, 1998.

19. Li, X-L., and Spiro, T. G. J. Am. Chem. Soc., 110, 6024-6033, 1988.

20. Wang, J., Ching, Y-C.,, Rousseau, D. L., Hill, J. J., Rumbley, J., and Gennis.
R. B. J. Am. Chem. Soc., 115, 3390-3391, 1993.

21. Argade, P. V., Ching, Y. C., and Rousseau, D. L. Science, 225, 329-331.
1984,



86

CO bound Mixed Valance Cytochrome b0t 029] ¥H-&olA AA4HE P formol B¢ |7

©
@— < 60
(b) -+ , 40 - Q
©--- 20
)\ ".’o 0
[N} %
X (b) - ()
]
|

Absorbance

|Tl||IITIllllllllll’llll‘l‘rfllllll
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Fig1. Optical absorption spectra of {a) oxidized cytochrome bo at pH 10.0, (b) cytochrome bo
incubated with CO in the presence O, and (¢} cytochrome bo incubated with CO in the absence

of O,; incubation, 1 day at 20 degree. The inset represents the difference spectrum between
traces (b) and (a).
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Fig2. Resonance Raman spectra of the P form derived ater 1 day incubation
18 18
of cytochrome bo at pH 10.0 under CO with (a) Oz and (b) Og, and

their difference spectrum [c=2*(a-b)] Expemental conditions; excitation 421.6 nm,
0.5 mW at the sample, temperature, 20 degree;concentration, 30 micro mole.
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Fabsl g AL A
JA @Y, o%x2)
I. A &: 7l gA FAA 2334 AL A%

FAA A7 2AFAHE 2y 19400 HUA-™, 1960d Y] HEALCEH,
ol Fel@Alo| =4 A, SEFHAYZS AAH 198090 A=E, AFGELE
g, sty o2 ojolA st Yt

1940t A. Flemingol ¢jaf =iy
AA ot A 433 FasA QAAEH
FAAE TAS o] AU A

do] 2AY o F prlactamA FAAE F
2 gom AAAZRH AL f-lactamA
2 Bd n ZEsn FBPA We @

AAE MEr] 4 =go] ALEHo] §ir) o9 e x¥H HAE FEL J
-lactamA FAA T MEERe g ole] 4 FAF AR AU TEE
A S5} 2y FAA AREe Frld we Boh Aol A WAATE]
A&Hoz Fd@stn Jor wata od dad F e FAAY ML ALKE
ojokgt di= FHAZF HAU
Classical NonClassical
1
m 00 A0 AT
OJ{;{Q ® 7N N o N
Cefem (Cepharosporin} Carbacefem Oxacefem Isocefem
1 1
5o = o s = u
2 2
o’ : 3 o N\/> o7 § 3/ o N o)/::|NH
Penam (Penicillin) Penem Carbapenem Oxapenam Monobactam

299 1. BB f-Lactam ZAAS 43

1) Chirogene. Co. Ltd.
2) gdF9Foldiga AJFAgy FsH wg
E =22 200284 ® 5 QFgodidtE v gedTy] Ao sl ATE UYL



90 Fhotal g A A

19769l Woodwarde ¥4l (penem)?] T2 & A3t 0™ MerckAe] 79
S0 AQE (Streptomyces cattleya)| M €] thienamycin®] 52 2 wHozHE
B-lactamA A e HluAAHA FAAE] HH D Aol AARF Y
A1 Al e HYddoly Az axds 2L FYAS oulsin y)
TRAlg e 2 e FAYA stutsly (carbapenem), penem, oxapenem,
monobactam% & Zgtch (2 1).

1984'd el o]2% Shih ¢ Christensen® 7hulsly ZF Ao C-19) -AErigs =
g e E-w e skl Y (18-methylcarbapenem)! MK-591 (1@ 2)¢] Ao
FetREE o)A A el thienamycine 2t} 508 kAP om o] HH A
2l la-mehylcarbapenem®2. t} HF @ o] 43519},

[=2}

H
3

OH
H
PSR "
N ~
o/ NH

a9 2. MK-591

olo] we} el 7k e A&AI C-19 Ao £ FFGA 2L 53HH o
4743 DHP-1°] g Aol v AFHUYG. 2 Yd2 o2 (methyl)?] o
A B=FA] (hydroxy), WEAl (methoxy), oM EA] (acetoxy) T Z=d
(fluorine)®] A &A =ho] AEHUEH o2 A &4 L dAAol 2"y
o olgd AT Fol 1veg-vEsiasge 8 %7—5,9-% Zt3 Fiutsy 49
C-2 Z7FAe pyrrolidin-3-ylthioZ17} 2" &dAAA 1
SumimotoAtoll A Aol AF3t] G Zenecartol 93] 19943 E FE oz )
EEof AU Z 7S 2 WYL ondye dEdL A Zx
dRov 8% v A FL sdsA 2y

12 A AHFA FhutedA d3ae) B g9kt Aotk olnH I
2] Fx-24 FadA dsME vl go) A3y Z ud#A
a9 32 w2 F2-84 #AAE =402 JUetd Aotk p-udr)E Fhut
A 3o 5}3ha A7 DHP-19] tiah A e Frs 31 C-69 =&
Al NE71E serine f-lactamased] ™E (AAAHE B Frh T3 C-2771x 9
S-C-C-N¢ &7 thienamycin® olvj#lyl], #HZHddME $X5HE FAHAOR
Pseudomonas T tia] 71 £& €42 2348 F+ Aoz 484 Q)
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High stabihty to serine B-tactamase i . .
High chemical stability

High stability to DHP-]

High antimicrobial activity empirically
( Pseudomonas)

a9 3. "EAYY T84 FEBA(SAR)

ol
Hu
it
£

-EEt o g v ohgy

ofml #33 - DHP-19] ti@ @& 4 (E4 AR cilastatin® 1:1144 Fo)

- =3Y s

colmls el Hsl BWE 3 G

gy - A=A (A BEAQ betamipron® BE-5Fo)
-H93E a8

colElAg Y BHE RE e

Wz F3F FAEFAAM olWHd R % Az

S AN 93 #E

E L A g A 57

ol¢t &L WAFAAM E df, WEZHY dHE ANEdn Y & FFEH
zte it S g °P7] Aste 83, YEFHoZ hgAdo] BAH W=
& JI1EEAZ 33, F C-2 Z7IAY pyrrolidinylthio”?] &
pyrrolidinylZ] ¢l C-5'Z7}x] W& & F3o] Y=L JhulAde A= Ro) K3
o1 £ F Utk

Soll A AuE ule} Zo] AMd FAA I RFRoler ¥ 2HAOEE TheT Zo]
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A A g thFd R TE
5}3’— 9\101 ﬂﬂhﬂﬁ 3“3111«1 g8 7}217} A FHAL 7] dEeitt 4
318t H 0.2 DHP-1¢ dia] A sjof a4 A=A

S dEhlioR goh AR, et dA FAA e A9

of fu e L1
SEFPI—\.iJ@FIFrBLHF:UﬁIJ

N

< BEAE Z2se ¢+ dE FHIA EHS Ayl It

T HE2dAdY 71 2F4e fASHA FJEHdY C-59A dHHE
Hooezag £33 FJHZ 2z d7|4de A3 JFvu g =95ty
Zg7)9 Fazhe] AAFAAE LolRE Ao Fude ZAixE Wd
7], B=EAlY], oFl7] §& =98t AESHA 4L DHP-1¢) did dAAde
FEaAe] g ol RAE o BEHoE 19
[do] TdHUE M2 1vel-wdsiuta gy 78
e de FxAA 5 17 49 Yehddd.

g Rl

N

.41

Ry=H, NH;, CH,
Rz=H, Nh,
Rs=H, NH,, CF3, OH

Aromatic heterocycles
(pyrimidines for basic site)

[ High antimicrobial activity]

[ Pyrimidine Substituents]

CF3 NHZ
N= Ne=
a: §—<\Nj/> b: §~<\N:>
NH, NH,
D & N
¢ H\Q "<
NH NH,
CHj NHz
N= N=
e: 5—(\N:/§ f: §—<\N;>‘NH2
OH OH

a2 4 devideg v EedE o-1ue-vE sutsdan o 71x Aeng
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M. 2 % deudeedsgede e 14t
SRR EER ¥

7l B39 Fhutd g A& X AFolE 59 {4

Fhatsi el mElo]l FAHL o7 JHA] #Wge] HuEo gloy B ATdAE
(35,48)-3-[(R)-1-(t-butyldimethylsilyoxy)ethyl]-4-[(R)-1-carboxyethyl]
-2-azetidinone(BMA, 7)o.ZHE HEeEAEN2HZEZ 16& AL ol& EAY of
A=t ¥rE3ted totx S E 178 FAEF, 2F st ndsste Merck
Abel g °}%°P%E} nE gy 388 182 diphenylphosphoryl chloridest ut
$3d Rid g AL T A olE b7F AP o= v El-WEsnigy §
el 7+ %*B-EP FAZ AMEETH

BMASY &4 WeEAEAIHEZE =Yyl 43 Agoez ALE37] 3t
meldrum’s acid(12)& &9 &2 3lo w2ie] %% p-nitrobenzyl (PNB)7]Z
B339 vadgd 153 FAsdd. PNBE A5 shutsldel C-2 X0 =9
g mEgde ofv|xr]e] RIFI7IE A8 p-nitrobenzyloxy carbonyl (PNZ)3}
A AAE] ko] dEd Aol

o o HO M ' o o

T\f + k@\ — HO 0/\©\_"—- Mg** <'o/u\/u\o/\©\ >
X NO, NO, :
12 13

NO,
14 15

TBDMSO TBDMSO TBDMSO Na
iv H H o
> “PNB
NH © O o NH 0 O

TBDMSO TBDMSC

)jj\% )j;-%op(oxocs”&z

18 5

Reagents and reaction conditions: (i) CH3CN, reflux, 24 h; (i) Mg(OEt), THF, 0°C, 3 h; (iii) CDI,
15, CHZCN, rt ~ 60°C, 3 h; (iv) CH3PhSO,N3, TEA, CH3CN, rt, 3 h; (v) Rh(OAc),, EtOAG, n-Hexane,
refulx, 2 h; (vi) CIPO(OPh), DIEA, 0°C, 5 h
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Meldrum’s acid$} p-nitrobenzyl alcohold olHEUER £3A712 EFE
S UAZ ¢ BHFE At olE #Y FF3I potassium hydrogen
cabonate 10% F&do2 &3] AAT ol A5 HEALE FE3o A F
7hebAl &L FHEel A GBS f7]F0 §AA AAR. pH 22 A Fsto F
£2¢ free acid FEIZ W33 INEAN B2 FE39 SFE 148 €U

BMA 7% olHEUEZ L8} 11-carbonyldiimidazol (CDDE 7}l 4
2olA 1A AL @ e FF2EAVE 845 A7 974 stavls 9 3
g 1568 H/teta 60CE 228 éa}f’w o 18A1F TS mkste] A E
THE A}t AAGE JAE A3, FET F oMAEMNAEH ERA FE3)
o HEAENAHE 3TE 16& AU FFE 16& EAFAN =S HEdo o
o}z FEL FATAY ol g WM Yelzrt ALtz AAHEA 1
2} 3} ‘i’l%—% YoA Fupsly 2 FAs] HE Rolvh WEAENLHE 3}
SFMEYEH fasta EHNAEE HItete] 0EAE wHg FH 0
é 3} 31 triethylamine (TEA) A3 Hrrsle 3A% Ax muket
gled RujZ AAG F olAEN qERE M EEA A

2 g3 JEFo2H AxAZTY A3ty 1 g4 §
WE ZE = A A& % column chromatographyd &2 A Aste] otz 5}
17¢ Aok dotx 3HEFE 178 FA/HENNE=1/4 §H] &3}t
Zujsle] &F i st} mElsE JFE 18 FASRAS FHFE 182
A Et] Zuj2 ALEE ZFE gHetd AASE A ol Hxe HAH
AR A ‘L’%—T—’ g o ghgo] o] &3t EE 180] oHEYERY &
o9l AElOA EE 0C=Z %% 3 diphenylphosphoryl chloride® 7t
N- dnsopropylethylamme (DIEA)S A3 H/EAY. 498 XA
Fdslm 29 &8t £vlE A AL column chromatography ' 2.

st X AHOE 3}FE 55 AU

3
b
o &

il
I'N

N

4 o
15‘::‘

T

o S

o

:10 mlm }‘ﬂ mlo
ﬂ?i
2

omt OH"

o J{)"

P
2 |
ol

[RCEE

o2l o fu

s
o Y o
2

&

2

. J2dd €& 504 69 A

Fhately B C-2 E/AA FFAE olFA 2 IAEYd FUA 6%
trans-hydroxy-L-proline . 228 §AstAth. =EAZEH 89 Jt2EAY|E
e oAgzE WEE ol =7|& PNZE HIEdY 3FE 208 AT 3§
2 9209 F=2A7]E mesylateZ B A 2HEE sodium borohydridest
lithium chloride2 @Yt 3EE 228 {4 FJE 22& potassium
thioacetate (AcSK)$} ¥H4-3le] 3S-mesylate® 3R-thioacetyl7]2 ¥Fd X &2
thicacetyl”?]| & 7IE8sle] & HEE 68 FAsA
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CO,H i COzMe i COzMe ii COzMe

PNZ PNZ
8 19 20 21
iv OH v OH vi OH
—_— MsOb N ———=  ACS N —— HS N
“PNZ “PNZ PNz
22 23 6

Reagents and reaction conditions: (i) AcCl, MeOH, reflux, 8 h (96%); (ii) p-Nitrobenzyl
chloroformate, TEA, CH,Cl,, 0°C, 2 h (93%); (iii) MsCl, TEA, CH,Cl,, 0°C, 3 h (88%); (iv) NaBH,,
LiCl, THF-EtOH, 0°C to rt, 4 h (80%); (v) AcSK, CH5CN, reflux, 8 h (81%); (vi) 2N-NaOH, MeOH,
0°C, 1 h, 2N-HCI

EUEZQ FFE 89 FIEEATIE FJ=EAVIE HESY] AT AFANE o
3171 dol2H 238 iRt WEd2HE2E W

19F 2 &vl2 A}8-3l3 acetylchloride® 718t JA7tAE AAAA
18 o] EFES o BANTES &7 zWstn ¢ FH WHAAI T 9
tste] A E FAEAE Qs o 2HE 5}%}3 9& ¢

& p-nitrobenzylchloroformate$} #8383l ofn| =7 & PNZZ R 3344 33&dE
198 493 dddd &gz 0ToA TEA% HH3  Hsrg  H,
p-nitrobenzylchloroformate® @3} WE o] 8335l HAS| A7) sF. dhgo
FTAHY g EFEE 10% T2 FEY402 AHI}L 74715E FFIAUEFE
o2 AzxIzn AFHsAY. qde Luig A FHEA AAS}IZ  column
chromatography ¥ 0.2 A std SFE 208 AJ. FFE 208 MSclg ¥HEA
719 HE2d 3 AR =EAT FL oVl WE £X 4V =YdET
33HE 208 d3 WEdded £3AZl FH TEAE 718 0ColA MSclE H3H 3]
A7 stATh oF 3X T AR ugt § E2A AR fFU1EE FF A UE
o2 AZXAIL AFATE odo LulE Y FHRIAY AASZ  column
chromatography 8 &2 A A5l FFIE 218 AU HE 219 d2”H27E
294317] 93t lithium borohydride® AM&3}%th. lithium borohydride: lithium
chloride®} sodium borohydride€ tetrahydrofuran (THF)o}A] 308A % w9t a4
Azdtt o9t o] Axd LiBHs §H¢ 23S 218 THFO 3o dHA3] 37}
3ol 2 ¢FE THFY F i A% ol Fof 5A17HEe wutsldth A 27 =
< 84 AL A A3gEC] A4 HeH olE d3 9EF 10% Ffde2
&AM A B FH AFetn ey B2 FE20Y frlevEe B4
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FAGEFoZN AXAZ 5 dFstn o gd9 %Uﬂé g F/Hetd A
I column chromatography™ .2 AA3sle] 353 Ao FFE 228
AcSKe} Wrg-sw SN2 whgo= e &£¥dr)st Elo OMI 712 9l xEE
o ol EYUEHY 3FE 228 E3A171 AcSKE FA EHsle] 713 5 80T

=]

oM BF TVHAT olF B% MAEN YA FE8d §713E B,
S RPUEFOR AZA F ARF F 1 o9 §uE FY 3F

8} column chromatography'd &2 AA sl FFTE 23S AUt HTE 239
T3 EFE T ‘—’11" HEEAIA B9 HEU|Q olMErE AASIY El&=2
HEA AT FFE 238 dg@Ld &:A7 tgE 0CE 2EF 2433 IN9 +
ASJVEFE &9 7312‘3'3] A7 etk o] EoA 3083 mEHE U INY 3
A& Jhste] pH 72 ZAE AT ol & Y FFHEY dagSS AAT o obA
EL dEg Htstel FEEATY /UM EE 7 FAUEFLRE AxAI| L
7 FEAT olgA AT HE SFE 62 4P BHASS dAE
TEA HER o o AAJe] vtE thg §hEol) o] &3ttt

0. 2359 v EddE vy 29 FA
A F4E AEYd FA6S JtHYASEAAE 5E FHst HEE
e QutE F714 28 FA AT A4 FAHE sulEdd Lz AHolE 58

Sl EUEHN L8237 AHAA £5& 0C2 24351 DIEAE HA3s Hrtst

of 3087 A F HNEAUH L 6& otHEUER EAA AHs] Aed

t} o] eEA 1A AR FAEEn Aoz LEE zAEdt 1A Bt wul

3tdth olF AY FFet] FUE AASNL oM EANER FAFH FH B2AM A

Aatgt F71 402 S 55 FAUYEFGeR ARAIN T A vF3 £0& A
A%t T column chromatographyd &2 AA 3l FTE 42 Ao FTE 49

MScl€ TEASte] #HEAA F=FA7IE ©]E7]Q mesylate® W33l 3152

242 FAA SEE 249 Fhatslde] C-69 S|=5A1719 E357] TBDMS

7}Z ammonium hydrogenedifloride2 A | 7] &+ % o}.
3HFPE 24F dimethylformamide (DMF)¢} N-methylpyrrolidone® 4 #8}7t

271 Q1 &ujo] &3} A]17]3L ammonium hydrogenedifioride® 71&%F oA 2

AEr Wukatgeh °lE LHEER 4 ofHNEN dEE FH3 /UIFE

B4 ZAVEFOR AXAIL A% F 49 &ujg T FFsH AAS

3 column chromatography¥ &2 A A sl 3FE 258 AU 3FE 269 8

DES Wedd mesylate® 80E7|2 AFslodgorwd IFPE 28

Qetgrh e 25 B A7 FAste dEnidA shebside 34 F

U

Loes

B

g jo
oo
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% AudA 1-wed g Juisy o §4
qu;upg_ Al-wetd g Fhetdige] HFHA FAE A8 A7/ E 7 HEyn|

Sk A
H
SEL TYEHE AdHE AES &3

Ry

R
HO HO NZ 2
b o b ﬁ[
' S—O/\l i | S-_C,/\S N" "Ry
Y, L —_— Y I

coopng  PNZ coopng  PNZ

m

2 26a~f

R4

HO NﬁRZ
H

ii %S’O/\SAN R3

o N NH

COOH
1a~f

3a 3b 3¢ 3d 3e 3f
NH;, NH;, CHa NH,
N= N= N= _(=( N= N=
= = =D = } T
CF3 NH; NH, NH, OH OH

Reagents and reaction conditions: (i) KoCOj, 21a~f, DMF, rt, 2 h; (ii) Pb/C, Ha, 1t, 2 h

HAYudE] L Ba~DE 24 DMF°ﬂ 43]A171 ¥ potassium carbonateE
7heta o] Lol A 3083F wwHete] E]&S potassium e FElE WA H
o7lel A FA S 3FAE 2& DMF %KHOP"i A8 A7be | A2 24
A AE werstrt. B oM EAER 22 H #4715 S PP UEFe
AZA7L oqag F I oAqe gufg AY FHRIA AASRIT, column
chromatography§ ©.2 A A sl B3 E slutslyd 31EE 26a~f2 A},

813 E 26a~fE THF) &3] Al9] 2 palladium on activated carbon (Pd/C)& 7}

F F Fartas] gelo] 507 ~5Epsiol HES FAFEA FLA 24T A% W
&3te] PNZ9 PNBE 3718 FAlol AAs At st P/CE AAsT 52 7
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U

Z A 71he XA S HP-20 Dianion® & 83 A7 &ul& 3~5%¢ THF &4
02 3l column chromatographyd 22 HA St ol& tiA] B2 Axsd &
—?-:IL% la"’f’é‘ \:9;\]:}

m. 2= £ =9: gv|dA 1-vjeld] € 7lals) 4 o]

in vitro AE%A &4 ¢ DHP-1 &4

B AT FAT N2 ey la~fo] did TEIFA I 1F in
vitro T &4 EE agar dilution methodE ©]&3ted MIC (Minimal Inhibitory
Concentration)gt& AF&sth £3 A9 A A F5¢ DHP-14 g 7+
A AEE Pt dzTogEe ouadd Wz ® 7Ed d4sd F
g4¢ JeElWd HEHE FEAY EotdolE fFEAE 713 1WE-vdE 7]"5PJ1
Y& o] &3t

E2v B dAFdA &A% AIudA 1deldE shhlEide] gEF T g
Eld Aotk B Ao A3 vy

er

MIC 2 DHP-1 HA=E A 18 e~
g Fietd e g@u g trifluoromethyl”] 7t X3 E 1aE A&sta 25 5%
e T8 ST € IFSAATY FHAT E4& UdehdAT. EF o}
=17 X3g Heuds £9% 1b, 1c, 1d, 1f8 37 284 &€& 1a, leg
AR Autdog 943 EA4& Ul O FAME 17 55 g £F
3 4

yehiles aggddol taiMEe olv =
s FTEe vehiler agSdded dalA
8 #78e el £¥ Ife =

W HESZ] Z9o §5T TS e

ok mEbA 1fE B Ogd JF AT dd FFAPE 2o A"
2o 3 ol duRt. 2 1E A FYndA st g gotdoet
Zol HEZGESA Fhatsldel we) dAHoz A3 F& HEARL 3

DHP-19] tisixe 25 wWazdyst S35y 2 ojde s+ ¢
ehliglem ojm# o] disjA= 5uf o] €53 HBEE & AT

q}ﬁk

(1) BESAH 84

MICE National committee for Clinical Laboratory Standards M7-A3¢] <A %
agar dilution methodZ ZA3dSth ’“"?301] AbEE TFFELS 18AI7HESH
Mueller-Hinton broth (MHB)olA £A3tA 3 2 AAg wjAx s &A 5o F
57} 107 CFU/mLe] ZAMsAl stdth.

o
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la 1b 1lc id le 1f tetrazole | thiadiazole| IPM | MPM
; NH, NH, CHy NH, N
v \J\;\JLCF’ "J:NINH \Jfr«lwz /fN\ENHz %J\\ilo “{rﬂ ;l ::2 < /c: %/[S?N
S pyogenes| 0007 | 0004 | 0004 | 0.004 | 0049 | 0013 | 0004 | 0007 | 0004 | 0.013
S pyogenes) 0,004 | <0.002 | <0.002 | <0.002 | 0.025 | 0004 | 0002 | 0004 |<0.002|<0.002
Sfaecum | 6950 | 6250 | 3125 | 1563 | 125 | 6250 | 6250 | 3125 | 1563 | 6250
‘Scaureus | 0049 | 0025 | 0025 | 0025 | 0391 | 0049 | 0025 | 0025 | 0013 | 0.098
S gureus | 0098 | 0049 | 0049 | 0049 | 0781 | 0098 | 0049 | 0049 | 0013 | 0.19%5
‘S aureus | 0049 | 0025 | 0025 | 0025 | 0391 | 0049 | 0.025 | 0013 | 0007 | 0.098
Ecoio78| 0098 | 0049 | 0049 | 0049 | 0391 | 0098 | 0025 | 0013 | 0098 | 0.013
E el DCI 0781 | 0098 | 0.049 | 0098 | 0781 | 0098 | 0025 | 0013 |0.195 | 0.025
E el DC| 0049 | 0049 | 0049 | 0.049 | 0391 | 0098 | 0025 | 0025 |0.195 | 0.025
Egoli 1 0391 | 0049 | 0049 | 0049 | 0391 | 0098 | 0025 | 0013 | 0195 | 0025
Esoh | 0781 | 0049 | 0049 | 0098 | 0391 | 0098 | 0025 | 0013 | 0098 | 0.025
aerg{%l;osa 100 | 3125 | 6250 | 3125 | 6250 | 0781 | 0781 | 1563 | 0391 | 0.195
ae%g%m 100 | 3125 | 6260 | 3125 | 125 | 0781 | 0781 | 3125 | 0781 | 0.19%
aer?;,;osa 100 | 3125 | 6250 | 3125 | 125 | 1563 | 0781 | 3125 | 0781 | 0.195
aeﬁ%ﬁsa 1250 | 0781 | 0781 | 1563 | 3125 | 0391 | 0195 | 0195 | 0.195 | 0.049
rypf;;,niurfu 0195 | 0098 | 0.098 | 0098 | 0781 | 0195 | 0025 | 0025 |0.781 | 0.025
Kk ootoca| 0391 | 0098 | 0.098 | 0195 | 1563 | 0195 | 0.049 | 0025 | 0195 | 0.049
aerogenes | 0781 | 0098 | 0008 | 0098 | 0781 | 0195 | 0025 | 0025 |0195 | 0049
E deacae | 1563 | 0098 | 0098 | 0195 | 1563 | 0195 | 0025 | 0049 | 0098 | 0.025
E doae | 0391 | 0049 | 0049 | 0098 | 0781 | 0098 | 0025 | 0013 | 0.098 | 0.025
su?c}e‘vp‘j;émt 081 | 098 | 087 | 118 | 19 | 130 | o088 | 167 | 018 | 10
o} #FE& Mueller-Hinton aga S| 34 & %‘3’—} Zo] E MIC-2000 multipin
inoculatorg AA  Z+ AT  104CFU¢ &2 £339 9. streptococsus
pneumoniae] Tﬂ A, 5%l HER AP ZF Z:i% el #7F 49 F7F MHB7F
AHEE AT MICE 18A1-& <t 36 TollA A4 t5 agar dolA FAsA A

8
He 7HE ‘5%-8— TEE

=3

@ Aol
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(2) DHP-1
7}. Standard drug: Imipenem, Meropenem
}. Methode: Spectrophotometer& o}-&3iA DHP-19]| 2% Drug®| StabilityE
AlZrel w& OD#4 ¥z A,
1. Temperature: 30C
2. Substrate: 50 ug/mé
3. MOPS Buffer: 50 mM (pH 7.0)
4. Time course (hr):0, 0.5, 1, 2, 4

t}. Result
sample (OD)
Drug name control OD
Ohr 0.5hr 1hr 2hr 4hr
Imipenem 1.78 1.95 1.27 0.88 0.78 0.72
Meropenem 1.37 143 0.34 1.28 1.25 1.16
la 1.23 1.33 1.25 1.19 1.18 1.12
1b 1.50 1.60 151 1.44 1.39 1.30
1c 1.30 1.41 1.31 1.24 1.20 1.11
1d 149 1.88 1.72 1.67 1.61 1.57
le 1.39 1.48 1.40 1.38 1.36 1.32
1f 1.65 1.74 1.63 1.57 154 1.48
Drug name t"# of hydrolysis(hr) Relative tiz of hydrolysis(hr)

Imipenem 2.09 0.18

Meropenem 1112 1.00

la 1370 0.81

1b 10.96 0.98

Ic 9.69 0.87

1d 13.13 1.18

le 21.14 1.90

1f 1451 1.30
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Aaulge Aoz mae XA AHARDE Arstdel dojdnd. 1 o)fE
B2g A5 TF sHAokstm, )2YE o

(HgHo] = =, 1% 2 (compact double layer)
<& FAstAor 3lH, (3)A 7] &4 (electroactive) 33 ¢ ©]F A F (migration
current)& F433t7] Helt. wEgA AFHSE ol 8% A4S FFHoz &
de HoMe AAAADE 2Yse AFE AXNAY, HFA BY = 4L
oA in-line °©lY on-line22 AT v Hrie A A QFgez %

EAZE ok71E & o 2y &Y
g HUbsiA gt dite AFueE g
BHE A7EHE A8t Abgste AFY 2715 F centimeter AEE, FL A
ol BE EZE As B #9477 AFeltt. 28y time constant(RC)SF A
%A & (ohmic drop, iR)e] A¢ AF FA AAY A& BEHo=z & A¢
o Y& 2 golth'? awtdez Agsl = 958 AU1EHE Ao 4A
FRIL VAL AS1Y A, A AF9 "A)d vl#Hstes 9d, o] Ao Ay
|F(O)F# AFODE Ad H#Hsch meEkA RCS RS AFke Ag, o) ul#d3)
I, AF9 FRAE FaAsth oA AYAFY AVt FAAA wHAE r, A Yut
(disk)2 %o AFo] & AHA>>r)d A7 55 F AFxold g¥rgo
2 5327 & Holth o] Ao AAFL Urol vlesx T, AFet Ao A7
£ AgdAFe WA ulgst=z RCY iR ro HHEA "t} o= AH
AAdAFe] AF vHTTeE duAd HgH s YA, 7l FEI
2Ae8 &H (edge effects)® H] HW FAH(non-planar diffusion)o] ¥t

=
=
9,1“‘—“

ojyjsti AAFe Sy ns
R oolzuE sus zas
B dTe gaewogstm 00dE Be 4F AU oz nsytt
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7t AFEWOR o|FHeE @4E PR AIWY noE o3y A3 =
7 (F, ro)dl vlAstA 2o

A Aol Qe L£hddA e AS
doie] A== ou? 19708 7t4Ee &
19709 ) FbEE AA YA dAsE WA 4l

[

d 2
% 2
&l = s 7 Ely
Aol wet mA W3¢ o4 WIwg] B AT TUsA JPHD g
49 AR dojubd AFF gArole FE7)L7I7F BA A
= p S 7

o

i 2gg sRHo2 HESI, HEAHI F7] #A7IEQ phenold A EE 3§
3et3 44 8 TZHCOD)E FA%s HEVIZ ol&ste HHE ATt

2. 4y vA A=S9 Ay

At ikl A r# zo] i 23 #F4E zHor Stk (r=radial distance
from the center of the disk, z=distance normal to the disk surface). w}a ut
AFe A thg (DAF 2L dIFu§o] dojd o Ficks #FARae )4% 2
o},

0 + ne % R (N
9Co(r.z.0) _ o 8%Co(r, 2.0 . 1 . 3Co(r,2z,8) , 8°Co(r,z,1)
L —D[ Azl 4 1 il S, ] @

o] Al A9l Z/ZFAG=0)} ZFAZZAE=0d wWHL 3aH (DHHe= FHA
o}

Colr, z,0)= Co™ (3)
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1% Co(r,z, D= Co* EL% Colr,z,=Co™ (4)

Luke Hojd HHol s ¥hgo] dojux] ooz wEEA O/ EoloAY
Urte B3] olEHE FHEH{lux)o] gl Az B £ gith wehA (5)4o] A
da Aol

9Co(r.2.0) | =0 = 0 (r>7,) (5

HhEA (18] $4 N E Eothal
3 29 A9, & E(<<Eo)d @A

“

2 9] (potential step)E 7}goha (6)2 3 Z

flo o

s, wgol Fabo ool A W WF
]

Co(r,z,H=0 (r<w,, £>0) (6)

Aokis} Osteryoung2® Q)~(@)ez THAHE AAZRAL =939, 47
4 _t

ZE 3 A e g7t e AR, ¢ =

1=3

Doﬁ o] oz EHYUTY &
0

gzdo] o to] AWOIEZ Ao Be FRITAG vs DS g (DA} 2

BURS

*
— 4an}£00Co AD 0

fioe 9 sedndes 238, Fe AMKD Fdde G-DAR 2

o] 71 AZH1>1) Bl (8-2)21F o] Yehdtr) ®

1/2
f(f>=# + 4 F0.49477 (8-1)
AD =1+ 0.7183577 Y2 + 0.0562677%2 — 0.006467°52 - - - (8-2)

oA Ao 2717 (>DERAE dEE 2dAA (DY (8-2048 Hyst
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A, AF A (steady state)olX SAHE AF T 902 FEE £ Atk of
<3N Do7t 10° em%s, ro7F 5 um
Aol sty AF/ BHAEAY Fxo H#HslEE on-line 4719 A&

'TET
Z A" 5 30 Aot

4nFADoCo™

= 4nFDoCo*r, 9)
Y,

(1) A5 HE7]

A&o] 2 mme WA AF &), 16 im FAL] HAEHAE B3 H
Goodfellow AFe] A & o] mm¢l WA ME(EE 99.99%, & Me &E A
Z g 3 Ae 1FA o2) ¢t X Eo] 635 mmel A& FEH dof o

Al FAE JYA 2 ool AL 3719 WEA Alole HEZE Hd &
S A3t AFAtole] AYE 100 pm ol AFAHAA wE AFY oH
29 1.3 gow, AFukgd ALE3y] el HFL2 1 um9] HololEE T}
22 dunpste dntdA S A F AMLEAG. F A -8 S Role
ferricyanide/ferrocyanide &l A, 71& AF3 AR vA HFe] 2 BAE
Btk o] AZL T-3 uniondl A Yste] Q52 (peristaltic) X2 A3 5

2-A(flow cell) AANA Hd3tth

N

fo ot 4
O

(2) A7153 2%

AgAojA wE mA HAZFI flow cell& EG&G PAR Model 283
Potentiostat/Galvanostat o] @238 5& A (flow electrolysis)’t dAUEE
sgom ANae HEHY f7] H71EQ FE(pheno) & FEEC 59 ALEEH
o oolg@A BE AF d%e FEE TAAEET "e coDEA BHAL 1/24
o]9ith. o] Al7F A5 ¥ (chronoamperometry)S 2 &3t (9)2o] A% & UTH
4] COD ol wet A vlwstP

4. 23 9} 31F

k)

iss ZA0 dd Nk 9 (8-2)2dM ol i flo)E 2¥ 2.9 Fe] Y
ES|

gtk o714 7} 100 R2EFE 237k Ak 2 on-line BHE Ao
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2 2 e 97t ozt EAhsEeE g A 38t Rl Fasch na
A g 223 5% ol <AE HSITHE 200, 10% olhe 9AE A
she T>508 2 & FEselof Gk

@ Counter
2.00Electrode

(7]
6.35
1]
0.50 I 0.50
1
Reference Working
Electrode Electrode
a9 1L vA A3 gEs
O
|
| |
if(ths
1 N M —
0 50 100 180 200 250 300 350
T

aE 2. o @& f1)

oy 2.9 A wE ¢ = 4D01/2 7F 200013 (6% 2.2 EE 500173(10% 2
0

Aol oA, B Fo Jol dx #7] I Fo FAAFE, Do=2.0x107
cm%sec, =9 B2 L 500063 cmE WY 100%(5%L3}), 25%(10% 2.
1) Woll AFAH AF, 1557} ZA449 Ao|r},

4
]
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&0
R
e
28
4
o
o
olo
o
X,
)
i)

AW BF AT

99 394 B & 9% A 2L §718S IYAT B 0] AN &
A e YA AFe B4 AdelE 8AH(ouling)e] Lodth wrahA
4P GeolE WRe] AT WIHARew AF w: thA] BAsstelo} @

o}, ol g ‘%HSP— 3’%’1‘_%’(91 2kskA 29} FAAFE 47 2 —1(sub second) 2.
2

5o 19 3(a)—4 A A% 2L AF-AY "31’—7:101 %%%E‘r. ﬁ%ﬁ‘?ﬂoﬂ f‘é*é
£ 999 FAd we A48 '7r‘"E F717F ARHAT B 3
I

“r (@ /5
L 400
Phenol200ppm
02p
410
< ook
s
[¢]
i - .20 a
5 02 o
= 2nd & 3rd cycles| g
g 2,
o] <
0 04} Jaog ™
-
5 | &
9 as 16 14 12 10 0B 06 04 02 0H -02. (2]
5 g
3 st NS
440
| — Glucose 300 ppm
»»»»»»» Distilled water
08 14 Cyrle
450
_10 1 i 1 i i i L. 1 A i) i 1 J L
15 10 05 00 16 0 05 00

2% 3. & £ Ho gle 9F AF dAu@F 2FI20) 9 8 AF-AYIA

a9 49E AZFAHY BE
918 35 mA/cm?e] 43}

AA4 L =283 dengion, A3
F7ks} 429 mA/cm’e B9 AFN)9

A e



SIE IR 109

current-swingo} 0.1 %9 03 22 ztz} 5034 FHEdgH, F7|E9 AZFH
43 00 VY dtellM 01 2 HEZ, 06 VoA AT ey s AF
Zz ¢ FABY, o] & o]&3de] 54T chronoamperogram< 1Y 5.9 Zo]
el o9 SeAe AFHSsd dHewe ¥EF 5 50, 500, 5000 ppmo 2 &t
ztzbe] e TolA 5~73] HtE e A2 AY|etd oz MAsn mH = AsA
FE 06 VoA 52 &< S43ATh 19 5.9 x-52 Holg ddEWsE Qu]—a-}
3 y-%9 ®WsgelA A& FEL ArgEgHog A=3g AMH(EAD) e AF
A7tso] FASGYR] FAHE golxn, Asgrd FiFEo

o] szl s Eom»

Hy D
o e

[ T LT
29 5@ (@ AEsl FE7} 5000 ppmoE 2 Sl tishel WEZRE
22 Z4R dE9 A%AF Aol G W A B ol =Y
thoold¥ AuE B AYNA £H A/HHH AIAAYYe A3 YL
A ABY JE B AFARE 2HT & W TOE AL 4FHE 2

o7 A

region
+E D Anodic cleaning

under appliyed anodic current
35 mA/cm?

Detection region at +0.6 V vs. Pt

for 5 sec. \—/-1

oV e v

v

\\

~,

]
Adsorption
region
ato.0Vv
for0 1 sec

Cathodic cleaning
| under appliyed cathodic current
42.9 mAJem?

29 4. Wave form of current and potential for cleaning and sensing, respectively.

29 594 Qe HEe] ARAFE dAse w5 wastel 1Y 6o veh

Atk el AHAF 5~78 49 #e FFHA JEUAT, Hme st

5~500 ppme] MM 48 AF7H e tegsel Hladsn Aok whebs
=

500 ppm °]8te] FE TEE B A7 WHoE EAY # Je Ao A
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5.4 &

(1) " A AFE AHEEt AY] 3EA WieR (7] HIE
ped=

(2) =7} 500 ppm ©l3¢] BAfdE ARE AXYA 1 JH FAE
Rt

(3) 2AA oz ML AZIES F23HA €I on-line £4 ] 7hsststh
(4) NF Edo wzeo] FA3E G YY&(coverage)ol T tiF gholl H
g8t 9] &3l= Temkin isotherm(¥ 8 logarithmic isotherm)o] W= 1 o}

o
o2
o
S
X
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-+
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+
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z3lolg AT 354 HA FRFE2T
v ER 328
A g e

fo

o : 33 0B pps EEEE A FoiR umlgoldn REA FABY B
o
.

2
ERFEES T 58 AATVAE pos2 FEAT, F AYelN 4B 29
g FET] AA-AF F20 YEF Wk

w

1. A &

AR oA AAlste iR FEZAIY AL F3 odAd BEE F&2
o] F2 AMEHI vt B AFRAMA T PAGoZ Y FALY] HOE 9ty
HAEES THAHLE ST F A2ZY A DHES JFo2 FolA ZiAsdg
g B9 d4E J2Fo2 F& Aot 3& dutH oz SRSHO AE
E(precision) ZolAIR, g F&2 Ity oz AT E 74227t Lohr(1999)&
A F2& gt ol E FFAEY HRUsHE IFFE F+ AU, 2R Do] A
groz QA EXHY AAd2YA IS olFE Ao FFFozY FAYE
o] AE Y3t JFFE & iz FHY

Seheaffer(1990)5 & ol LT B FAIGHE T3 JolA BE A
S €€ F g7, A 24 949 EY Ao A9 Hlksld g@x # A9
ZAL 29 E 2AEE MA e B ARE IS 5 JE ASd WA Jge
psu(primary sampling unit)2 ZEXE F&3 1, F28 JFUdA 21 d9s
< ssu(secondary sampling unit)Z °]3}2 &3+ AL oldAd FTE F&yo)g
I 3t

Thompson(1992)& # AR o]

o qde

o S
ssuge BESE Aol ¢ 43, Bl §e] E Evhn grh

D #Footistn Adsets SAGY ws
449-791 A7NE &AM EHEW Fate] A 89
E-mail | mwshin@stat.hufs.ac.kr
o] #EL 20029 % ¥ Fojista mulgted Ty 2o ot o]FojH L



el AAste otk o W g T Aol zAL melstelol @ (1) Y
(2) B2 5710 Bl S o),

A4 P WAL AS YA 2391, 4 AFo 2R Be 24 U
g7l dateA, B WD Bo| 2583, 7 YFoz RHE 2 U4
g A 285718 Ushe Aol wa gAY 2y 23 H4d Ha 299
o,

2 AFEL YA 24 BUSE ETPHE AP0l gorz myY e
¥ A% 40 272 Wt F YRoERH We REL FEE o B
felth WYz Be PRES YoHos FAHY 24 BHES TPHEL o
Agole 2 Y2oeye TR A FEA0E ¥ 540 DD 3Y 4n
g 92 # gn

o) EEME YTEo FAHAYL Wol Z FoIA ppsE AL YA F2T
92 B3, #2229 TN oA 2L 2719 RAUNSL FESE 23 o)y
A BRFEE AZIT F 439 NAY dABHREDE BY 4,40 93

UHE ppsE F2VY 2T, k29 (WA ADY =ZA0 M AN
mg7he) oA (RATI)E ppsB 2EIUTH Z, 2 PolA 2L =79 ol
ste] AA-71Fo] HEE .
ol ugoldd ZEA Ve
@ Hol, AAHA HAH A

} > =

FRF BAS Ha2de 33 owt
¥ & (optimum selection probability),
EAE 78 Bx A8 E ol 4% v
o] thslA = Rao(1988)9} Royall(1988)e)] &]3dte] =9
Zo| A% HA 228L T HE Hansend

o] H3Jt Rao(1971)€ W FA Fel disty & TE o

&g FoE

2

2. pps FEAN HAA9 XEFZ & (sampling fraction)?}
HAMGEE



o] zARY o) xAlE AMA ABE o] &3td 23 o|dA pps AFEEZZ
(two-stage sampling)®@ wie] 2o TE F&5&3 Hy HAFEL A &
€ A4gd. 8 Fo4d uLolalM EEA Y9 EW  FA =(unbiased
estimate) Ysr o B4 W Psr)e 22 8= 5,9 HF M9
Eig=y

A7, Psr =20 Vyolth 283, y,= h3d EEEACL, V,® &

Z9 & FAolt Y,E hEY MA JF EFAoln y,= A2 WA A
go| B ZAolt}. 28z P,E £ EEAT. Y, pprEAFe

?h__l_ﬁ My z_;f_ﬁ i Vii =_1_”2 ?hz'

Ry T MpiRy 2 pi Ry

°lth. 714, Cochran(1977)o ©J&t9 ppzF 4 Folgt & HTL z0 FEH g

3t FERgde FAHFE BH gy P, = nh AR
a3 Cochran(197N)% vtAZNAZ 2z, k39 (94 @87 329 gg=2
Zzh,- =1o]t}
°f =@M e dATHARHIE BALE z,o FEWHEY s 5
3 zp= My:/Myy(pps)?) A$E AzZe}h o)A, Mho—ZMm =

AA R o2 AA-7H5 (self-weighting) 2.2 THEY] $)351 4

my = (fo Mhz')/(nhzhz') = (fo Mhz)/ﬂ'hi

. (2.1)
= (fthf)/(nh’ﬁ_Z) = foM/ny

olgta &t )4, HEIFE

C=Zcuhnh+;(cgh ﬁmhi) (2.2)
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olth. v &l THHE FEL

Cun= h3FT AXEH T IAHE
Cop=hZd FALH F HE&

ol o}.
:lf‘ijtﬂ, (21)01]}‘-1 Ry m():foMmO]E'_

E(C)=;§Cuh nh—'—;(Cthon) (2.3)

ojt}.
Vor o Babe Cochran(1977)¢] (11.53)9 &5t

My(My; —my)
V( Ysr) =$ VOE 2 Z[th Yt Z;:mo 0 S%h;]
MM
= 2 - Zn (Yhi—zh,-Yh)2+ h(Zh:lm() mO) Sghi] (24)

oltt.  dpi = Yy _th(thi,')i zod (Y, —z2,Y,) =M, D,olth uwatA,

Ty =04 21 S Myl npzmg =1/fy 44

— Sk My,
W Ysr)= i: [ Mhl ( Dy’— Zh )+ fh Shhi (25)

ojt}. o714
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Zh,'nh( ;ZZ ) = fo (2.6)

S aE AR AFUY oAwst 2EHE BB

55 A92E ok Foin Wg obdA, f7h vl AdEnE = A 22)
£ 4 QoA F8& Aok

QeA A2 S 148 FF vE Q29

ézhz:l , %:iﬂ'hiznh, h=1,2,...,L

FB.

274X, V& HAas ste n,, f,& AstnA ok 229, Lagrangian &
Hell o]ste}, A9 p, & Lagrangian T2 F

V+A[$cuhnh+ gICthOMhO—E(C)]-l_ ;lﬂh (ﬂh_ 27[),,') (27)

%3], pps %-’?‘—%-‘4 +& B7sto
My
Z hi Mho
N,
olat 4. 7H M= o Mot A Q5)E n,9 muol Batel v 2am

2
— 2y 4 A =0 2.8)
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2hi SZhi2+/lcthhO=0 2.9
o2 oj2g (28)d #3y W AP HNHYTEL

2
f02 S I ——— (2.10)

olt,
a9, @8)lM A=

1= _ iicuh

RSG5

T p

(2.11)

o) t},
229 A QDA 1= men® Bt A4 Q2% Adeto] BN ik

¢ & A 2YT 4 QL0 FAA T @ dYsel fZe FT S
St

3. 227 wel Fold 49 A4 Au%E

2Z A0 AA BEY 27 Dngmyst vl Lol A W A
HAM 282 FFo & 9 o)L £ m,t AR He FSE Bo)
vehdth of del HAAHERES f) B fp2 g FAch 283 ppsE [

& Frazez, 239 7 YA 2L 279 ssu FE AW, AA-7F

31. fpsh me7t AARE W
B2 mymg?t FARE Al fst my7t Wl s How



A EE

m0=f0Mw/nh°ﬂ/\1 nyE T8 = gl o] wo

?ST =; ?h
M 3
=S 2
_g( . l Mw)’m

(24)9']' Mh,‘/ nhzh,‘WLo=1/f0 0“}"]

NI MR — S, M,
W ?ST)=$:§;[TZ“( Dhiz_ 2h)+ fh Szm

32. fu% my?t RS o
227 ;nhmoﬂ‘ FolHE dol  fus myZt mE Askd

my= fuoMu | 7,04 5,2 7 F gtk o] o
?ST =; ?h
— 1 = thyhz
;( np Z mozhl

_;( 1 :v: Mh()yhz

Ny 1

QA% My [ npzpmy=1/fr A%

G M = o Shi, My
VP =33 T Dyt - + T 3,

33. /o mupZt AAAE 9
EEAT] ;nhmoﬂ' FARE ol Lo myZt wE Asko

119

(3.1)

Ao

(32)

Fa il
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my= foMu/ 1,0 n, T T F Aok o] we

i;’s:r =; ?h
_;( 1 "2 Mhzyhz

: mhl)zhz
_;(7} Z” M}Oyhz)
Bt
(24)9’} Mhi/nhzhlmm=l/fm oﬂ}\'l
N
e =33 M (Dt Sy M g (33)
4. 43
U Re] FEXAL B &0 vlg AHARHE W, ZEA FHAZFY E4E A=
3l 23 oG A pps BE FE£& = TAE OFAY. ol TEAEANA
A7 REF2EFH A9 HAREST FE BAE LAt =@ 24 2
2o zZ7) 7 AHAe AAAHE wol 38 o|dA pps BEEFES T BS F 2
%o +8 FAGh F, e BRAA kel AA2UA AA-FFe] HE
2 gyt o2 o d7g AAE FE FAZ vlEotHA FE AA-TMFol
A2 FEAAE = Aot
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Hepatitis C virus NS5B polymerase 2]

cell-based assay system?] 7|a
oAg, WaED

£ 9 : Hepatitis C virus (HCV)® & AAARo=Z 4 #HA & CY 7+9Y virus
olt}, HCVS RNA-dependent RNA polymerase ¢1 NS5BE HCV £} replicationol 21
oA AY 8% SFL &&= protein otk wElAd o] NSEB7F HCV 9 infectivity S
fd F dE T2 targeto® Fo| ATH itk E APXE NSGBY activity
Z cell WellA 2&s 248 £ Jv system® ML) NS5BYE NS37F
polycistronic 374 cloning HeI3lE plasmid®}, 5 untranslated region (5 UTR)%
reporter?] luciferase”} cloning ¥ & plasmidE E.coli®l co-transformation 3+
t}. Reporter assayS E38le) NS5BS] RNA polymerase activity® &9 5= 1ok
w5, Western blot2. 2 NS5B9 NS37} expression H¥ A& #1391, RT-PCR
£ ¥3}o gystemo] working 3 AL AP

Introduction

Hepatitis C virus (HCV) & A AAde=z da AA JdE C¥ Y virus ©]
o A AA Q7 % 3% AE Hol jlem ge Aedd B3} e

742 WA st HCVE flaviviridae familyoll £38l™ 9.8kb9] positive sense RNA
genomes 7FAlA Atk (1,2). HCV genome©l host cell2 infection ¥ host2]
ribosome & ©] €3t cap-independent translationg 3¢ 3}}¢] polyproteing 9
k. 28 Fo] host®] protease®?t AHAl9l proteaseE ol E3ld o8 A9
functional ¥ protein® 2 cleavage Bt} (10). ©] FojA NS3¢} NS5B7} replication
oA 71F =23 9€L = protein °]th. NS5B+= HCV genome® 5 UTR
3> UTRY bindingdls elongationd 3 RNA-dependent RNA polymerase ©]
t}. HCV genome< 3 UTR9 specific secondary structure’} £A38l+=H NS5B
7} o]AE ¢1418le] full length® negative strand RNAE wEojdit) 2 th&d
o] negative strand 2] 3’ end (5° UTR 2| negative sequence)Z 1215te] B A3
9] positive sense?] genome replication 3t7] A]&3t} (9). NS3+&= NS5B7F #pA4l
2] genomed template® 3} elongation ¥ double stranded RNAS Zo|F &
helicase & &8 3t} o] 2§ replicationd] e F23 H& wio] NS5BE HCV

) gEgRoustn AARey ATty 2s
=g

3l
B < 200295 FFFo| g Tisted T AL oo ojFo} HE

o
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AF2A NE-g 4 AA 9 targete] Hol sirh. mEkA o]A7FA] HCVE protein
A 7t wel Zisel uEA AUvk (345711,12). A7 o] HAqA o] &
Wy se p r= $97] labeling @ isotopic UTPE AMg3te] #MlAZ o] B,
ol 213 isotopes AFE3LA ZviElT (B) in vivodlA large scaleZ screening &

A+ systeme AT wW@A B AYNME Ecoliold multiwell plateE ©]

P

S
£3le] 2HAFA assay & F UE systemS TEUT
Materials & methods

Plasmid construction

NS3%} NS5BE  polycistronic Al expression A1717] #3014 pBluescriptSK
vectordl Z+Zr& ribosome binding site (RBS ; AAAGAGGAGAAATTAACT)E
23838t} T7 promoter W3O 2 cloning 3T 4 NS3E Kpnl, HindIll site
of @3 thge NS5BE EcoRI, Xbal siteo] cloning 33tk (pSKNS35). FE 3
NS5B%HS expression 3H7] ¢34 9 A] pBluescriptSK vectorel Z-& siteZ RBS
g 33839 cloning 3RTH (PSKNS5B). ol A3 #eo] co-transformation &
repoter plasmid® pAChuc2etE AL HEA=H HCVY 5 UTR # luciferase
genes T7 promotero] negative sense® cloning 3% th. pACluc2e] € vectore
pACYC184%16] ©] plasmidelE T7 promoter’t §17] W&ol pBluescriptSKe| T7
promoter °t#lel]l ©]RAE cloningd ¥ 5 UTR¥H T7 promoter7tA g
PCRE 3t pACYC1849) cloning 3+%th.

Cell culture, lysis and luciferase assay

Overnight culture® cell & 5ml brothol] 2413t 308 B¢ fresh culturedts
ImMe] IPTGE 93 3A1ZF B¢ induction &%t} Inductiono] % cell&
12000rpmoll A centrifugedtel 7tets] L E.coli lysis buffer (Img/ml lysozyme,
20%(w/v) sucrose, 30mM Tris-Cl (pH 80), ImM EDTA (pH 8.0)) 100mlE& % i
vortex 3t cell€ resuspension 33t} Iceol 1087t £ ¥ thA] 12000rpmel 5
B centrifugedte] soup& B assaydl ol&3t3T.

Luciferase assay® @+ ©] extract 50mlel luciferase substrate (Promega)
50mle cuvetted] 23 vortex 8+ luminometero} A delay time 53, counting
time 1522 A3l

RNA isolation and RT-PCR
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5mle] cell® 7}eteksl & Trizol reagent (Gibcobal) 500ml, chloroform 100ml&
Y3 vortexdte] cell® resuspensiond Fo| icedl 1023F reaction &3
12000rpmoll Al 1085t centrifugedted  supg L& Fo|  isopropanol®
precipitation 3ttt DNasex #8]l& 3 Fo] 1mg® RNAE RT reaction st=H o]
&34t

RNA 1lug, 2uM9 primer 1lml, 10mM dNTP 1ml, DEPC DW 5ml & 2jo}A
65°C oAl 58%F<¢t incubation 3tFTh Iceol A 10827t £ Fo] master mixture
(65X RT buffer, 26mM MgCl2, 0.IM DTT, RNse inhibitor ) & Y3 42°C 2% &
¢t Pre-incubation ¥ ¥ RTaseE %1 42°C 50%, 70°C 15% <t incubation
3t} o714 Y42 RT product® template® 3t PCRE 438t agarose gel

electrophoresis 314t}
Results and Discussion

24 NS3¢} NS5BE expression 3} plasmid ¢ reporter plasmidE A 2sl4
9 (Fig 1).5% plasmid 7} Z% T7 promoter& transcription®] @oju}A A 2talo
DE3 strain (T7 polymerase® 2&83&+= E. coli strain)olA] induction®] 7}I53t%
Z 3}ttt F plasmid = replication origin®] B&tA & cell ¢tllA FEE 4 9
t}. pSKNS359 4= polycistroninc 34 cloning HelJE ¥ protein®] TS o)A
I, o] ¥ NS5B7t pACluc2el Al HEo] A negative sense?] SUTRl binding &} A
positive sense?] luciferase RNAE "] ditd of7]A wHEo]A liciferased
activityE F Al assayE st Aol B Age deglojth

41 pSKNS3591 A4l % protein®] expression HEA Western blotg& E 39
A3t o}, Detectione] AF83F antibody® mouse®l purifyd HCV NS5B proteing
injection 3} €& polyclonal antibody& &34 (Fig 2).

ol F plasmidE 7}X| 3 luciferase assay® 31 B ¢tth. BI2I(DE3) celldl
+ plasmid€ transformation 3} materials & methodsol] Y& WY O E assay S
Fysah. 4 pACluc2? e cell(luc2)® pACluc2+pSKNS350] Zo] 9=
cell(Nsluc2) 9 activityE Hl 28t tHFig 3). &F 16¥19] activity xio]l7} e A&
o Ut

o]Z A luciferase activityZb WeElUyE Ho]l AW negative sense RNAO| A
positive sense® NS5B7} copy #&E ANA UoE AURA Lolry2 sgcth o
7] A pACluc2® pACluc2+pSKNS35 cellel 4] RNAE isolation 3}
negative sense®} positive sense RNAE RT-PCRE %34 detection 3}%tH(Fig

o ik
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4).

o] A 7} x| pACluc2$9t pSKNS35 F plasmidE 71X 3L Q= cell Eo] AAHo 2
NSSB activityE assay3tEd o8 5 QX Lol gt} Western blotg 53}
o NS3¢} NS5B protein®] expression & A2 #2393, RT-PCRE E39
NS5B7F 91+ cello] 2t positive sense®] luciferase RNAZ7F 28 5= AL
At oleldk assay system wi§- A& WA AME + JYoE
7EX 3 vk wEkA, HCVE FAAAA=ZR 29 ¢ e ZE9
screening (high throughput screening)ol] ©]&Fo]d 4= At}

]
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Legends to the figures
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Figure 1. Plasmid construction used in luciferase assay. Plasmid pSKNS35 expresses NS3
and NSS5B. Plasmid pACLuc expresses reporter.
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Figure 2. Detection of NS3 and NSbB protein by Western blot.
69Kda NS3 and 65Kda NS5B are shown.
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Figure 3. Reporter assay of NS5B activity.
The luciferase activity was normalized with the cell concentration

then relative activity was shown.
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Figure 4. Agarose gel electrophoresis of RT-PCR product. All band represent same volumn of RT

products.
Lanel; pACluc2 (-) RNA detection, lane2; pACluc2 (+) RNA detection, lane3; pAClcu2

GAPDH detection, laned4; pACluc2+pSKNS35 (-)RNA detection, laned; pACluc2+
pSKNS35 (+)RNA detection, lane6; pACluc2+pSKNS35 GAPDH detection, lane7; negative

contol (- RTase)



