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On real hypersurfaces of type A in a complex space form
IN-BAE Kmv !

1. Introduction

A complex n-dimensional Kaeherian manifold of constant holomorphic
sectional curvature c is called a complex space form, which is denoted by
My(c). A complete and simply connected complex space form consists
of a complex projective space P,(C), a complex Euclidean space C™ or a
complex hyperbolic space H,(C), according to ¢ >0, c=0or ¢ < 0. The
shape operator or second fundamental tensor (resp. the Ricci operator)
of a real hypersurface in M,(c) will be denoted by A (resp. S), and
the induced almost contact metric structure of the real hypersurface by

((b? <7 >7§7 n)'

R. Takagi([10]) classified all homogeneous real hypersurfaces in P, (C)
into six model spaces A, Ay, B, C, D and F (see also [11]). J. Berndt([3])
has completed the classification of homogeneous real hypersurfaces with
principal structure vector fields ¢ in H,,(C), which are divided into the
model spaces Ag, A1, A2 and B. A real hypersurface of type 4; or A,
in P,(C) or that of Ag, A; or Ay in H,(C) is said to be of type A for
simplicity.

A typical characterization for a real hypersurface M of type A4 in a
complex space form M, (c) was given under the condition

(1.1) < (Ap—0A)X,Y >=0 for any tangent vector fields X and Y on M

by M. Okumura([9]) for ¢ > 0 and S. Montiel and A. Romero([8]) for
¢ < 0. Namely, '
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Theorem A([8], [9]). Let M be a real hypersurface in a complex
space form My,(c), ¢ # 0, n > 3. If it satisfies (1.1), then M is locally
congruent to a real hypersurface of type A.

On the other hand, a real hypérsurface M in a complex space form
M (c) satisfying the condition

(1.2) < (S¢—¢S)X,Y >= 0 for any tangent vector fields X and Y on M

was considered by M. Kimura([6]) for ¢ > 0 and U-H. Ki and Y.J. Suh([4])
for ¢ < 0. '

Let T,(M) be the tangent space of the real hypersurface M at p € M.
The holomorphic distribution Ty of M in My,(c) is defined by

To(p) ={X € T,(M) | <X,{>,=0},

which is holomorphic with respect to the structure tensor ¢. Under the
consideration on the holomorphic distribution, the conditions

(1.3) < (A9 - pA)X,Y >=0  for any X and Y in T,

(1.4) <(Sp—0S)X,Y >=0 for any X and Y in Ty

are weaker than (1.1) and (1.2) respectively. It is known ({4] and [7]) that
even a ruled real hypersurface in M,(c) also satisfies (1.3). Recently, C.
Baikoussis([2]) studied real hypersurfaces in M, (c) satisfying (1.4) and a
certain condition related to the Ricci operator. U-H. Ki and Y.-J. Suh
([5]) investigated a real hypersurface satisfying (1.3) and having a special
property of the shape operator.

The purpose of this paper is to give a characterization of a real hyper-
surface satisfying both (1.3) and (1.4). We shall prove

Theorem 1. Let M be a real hypersurface in a complex space form
M,(c), ¢ # 0, n > 3. If it satisfies (1.3) and (1.4), then M is locally

3

congruent to a real hypersurface of type A.
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2. Preliminaries

Let M be a real hypersurface in an n(> 3)-dimensional complex space
form (M, (c), <,>,J) of constant holomorphic sectional curvature ¢, and
let N be a unit normal vector field on an open neighborhood in M. For
a local tangent vector field X on the neighborhood, the images of X and
N under the almost complex structure J of M,(c) can be expressed by

JX = ¢X + n(X)N, JN = =¢,

where ¢ defines a linear transformation on the tangent space T, (M) of M
at any point p € M, and 7 and £ denote a 1-form and a unit tangent vector
field on the neighborhood respectively. Then, denoting the Riemannian
metric on M induced from the metric on My(c) by the same symbol <, >,
it is easy to see that '

<X, Y >+ <Y, X >=0, <& X >=n(X)

for any tangent vector field X and Y on M. The collection (¢, <, >, £, 1)
is called an almost contact metric structure on M, and satisfies

X =-X+n(X),, ¢£=0, n@X)=0, &) =1,

(2.1) < pX, Y >=< X, Y > —n(X)n(Y).

Let V be the Riemannian connection with respect to the metric <, >
on M, and A be the shape operator in the direction of NV on M. Then we
have

(2.2) Vxé = ¢pAX, (Vxo)Y =n(Y)AX— < AX,Y > €.

Since the ambient space is of constant holomorphic sectional curvature c,
the equations of Gauss and Codazzi are given by

R(X,Y)Z
(23) =H{<Y,Z>X-<X,Z>Y+<¢Y,Z>¢X~<06X.Z> Y
—2<¢X)Y > ¢Z + < AY, Z > AX— < AX.Z > AY,
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(24) (VxA)Y = (VyAX = 2{n(X0)sY —n(¥)¢X —2 < $X,Y > £}

for any tangent vector fields X, Y and Z on M, where R is the Riemannian
curvature tensor of M. If we denote the Ricci operator of M by .S, then
it follows from (2.3) that :

(2.5) SX = 2{(277, +1)X — 3n(X)¢} + mAX — A2X,

where m = traceA is the mean curvature of M.

If the vector field ¢V¢& does not vanish, that is, the length B of AP
is not equal to zero, then it is easily seen from (1.1) and (1.2) that

(2.6) AE = of + AU,

where a =< A{,{ > and U = -%d)Vg{ . Therefore U is a unit tangent

vector field on M and U € Tp. Now we assume that there is an open
subset U of M such that 8 # 0 on U, and that the condition (1.3) holds
on U, that is,

(2.7 < (Ap— pA)Y,Z >=0  for Y, Z €Ty
is satisfied on Y. It is easily seen from (2.7) that
(2.8) <AX, X >=0 for X €Ty

Since n > 3 and < AU, ¢U >= 0 by (2.8), we see from (2.6) and (2.7)
that there are scalar fields v and § on U and a unit tangent vector field V'
orthogonal to &, U and ¢U su(_:h that :
(2.9) AU = B +~U +4V.
Moreover it follows from (2.1), (2.8) and (2.9) that

(2.10) | APU = vpU + 8¢V
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on .

3. Proof of Theorem

Assume that there is a point p of M such that 3(p) # 0. Then there
exists an open neighborhood U of p such that 8 # 0 on Y. We notice that
the arguments in section 2 can be applied on this neighborhood U.

Putting X = ¢ into (2.5) and making use of (2.1), (2.6) and (2.9), we
have

n—1
2

(3.1) S¢=( c+ma —a? - BHE+ Blm —a—4)U - ByV.

Using the equations (3.1) and (S¢ — ¢S)€ = —@SE, it is easily seen from
the assumption (1.4) that

(Sp—dS)X =fl(a+v-—m) < X,9U > +6 < X, ¢V >]¢
for any X € T}, and this equation implies that
(3.2) S¢U = ¢SU.

If we put X = U into (2.5) and take account of (2.6), (2.9) and (2.10),
then we obtain \

2n+1

SU =B(m — a — 7)€+ ( c+mv—52‘~72)U

+d(m — )V —6AV,

from which together with the equation (2.1) implies

2n+1

(3.3)  SU = ( c+my — % —¥)pU + 6(m — v)dV — 66 AV.

As a similar argument as the above, by substituting X = ¢U into (2.5)
and using (2.6), (2.9) and (2.10), we also obtain

(34)  Seu = ("L

c+my — U + 6(m — 7)pV — §AQV.
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Since we see from (2.8) that AgV = @AV, the relations (3.2), (3.3) and
(3.4) give rise to S = 0, and hence a contradiction.

Therefore there is no point p of M such that B(p) # 0, and hence the
structure vector field £ must be principal, that is, 5 = 0 identically on M.
Then we see from (2.1) and (2.6) that (A¢ — ¢A){ = 0, which together
with our assumption (1.3) imply (1.1), that is, Ap = ¢A on M. Thus our
results follows from Theorem A and this completes the proof. U

Remark. M. Kimura proved in [6] that, a real hypersurface M in
P,(C), n > 3, satisfies (1.2), has principal structure vector field and the
focal map has constant rank on M if and only if M is locally congruent
to one of the model spaces Ay, A, B, C, D and E. :

On the other hand, Ki and Suh ([4]) announced that, a real hypersurface
M in H,(C), n > 3, satisfies (1.2) if and only if M is congruent to one of
the model spaces Ag, A; and A,.

Under the considerations of the above results and Theorem A, it is
natural that a real hypersurface satisfying (1.3) and (1.4) in M, (c), ¢ # 0,
n > 3 is locally of type A.
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A Note on Quasi-injective Modules

EUICHAN LEE AND MOKHWA LiMm!

ABSTRACT. In general, a finite direct sum of quasi-injective modules need
not be quasi-injective. In this note, it is shown that if M; and M3 be
modules, then M; @ M> is quasi-injective if and only if M; is M;-injective
for all 1, 3.

0. 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. If
N is a submodule of M, then NV has a maximal essential extension in M
by Zorn’s lemma, and this maximal essential extension of N is a closed
submodule of M.

Also every direct summand of M is a closed submodule of M: Let
M=N®oK,and let P={B < M|B is an essential extension of K, NN
B = 0}. Since K € P, P is nonempty. By Zorn’s lemma, P has a maximal
element K'. Let C be an essential extension of K. Then C is an essential
extension of K, and NN C = 0 since NN K’ = 0. Hence C € P, so that
K’ = C by the maximality of K’. Therefore K’ is a closed submodule of
M. Since K < K’,

K'=MNnK =(K®N)NK' =K+ (NNK')=K

by the modular law. Thus K is a closed submodule of M.
In this paper, we investigate several properties of closed submodules
and direct sums of quasi-injective modules.

1Depa.rtment of Mathematics, Hankuk University of Foreign Studies.
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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).

1. Closed submodules

Definition 1.1. Let Mg be a module. If Uy is a module, then M is
said to be U-injective in case for each monomorphism g € Hompg(K,U),
and each f € Hompg(K, M), there exists h € Hompg(U, M) such that
hog=f.

It can be shown that M is U-injective if and only if for each submo-
dule Kg of Ug and the inclusion map 7 € Homg(K,U), and each f €
Hompg(K, M), there exists h € Hompg (U, M) such that hoi = f.

If M is U-injective for any R-module U, then M is said to be injective.
If M is M-injective, then M is said to be quasi-injective. Hence every
injective module is a quasi-injective module. Every semisimple module is
quasi-injective. : :

The followmg lemma is known as the InJectlve Test Lemma.

Lemma 1.2. [R. Baer| Let Mg be a module. Then M is injective if
and only if for each right ideal I of R and each f € Hompg(I, M), there
exists m € M such that f(z) = mz for every z € I.

Every abelian group G is a Z-module. An abelian group G is said to be
divisible if for any m € G and every nonzero z € Z, there exists m €G
such that m = m’z.

Proposition 1.3. An abelian group G 1is injective as a Z- module if and
only if G 1s divisible.

Since Q and Q/Z are divisible abelian groups, Q and Q/Z are injective
as Z-modules. _

Quasi-injective and injective modules have the following simple rela-
tionship, first noted by R. E. Johnson and E. T. Wong. '

Theorem 1.4. [4] Let My be a module, and let A = End(E(M)).
Then ' '
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(1) AM is quasi-injective,

(2) AM is the intersection of all quasi-injective submodules of E(M)
containing M, and

(3) M is quasi-injective if and only if M = AM.

Proposition 1.5. If My is quasi-injective and Mg = Ngr, then Npg is
quasi-injective. '

Proof. Let f : M — N be an isomorphism. Let A be a submodule
of N and g € Homp(A,N). Then f~'og € Homg(A, M) and f~loi :
A — M is a monomorphism, where 1 : A — N is the inclusion map. Since
Mp, is quasi-injective, there exists h € Homg(M, M) such that f~log =
ho f~loi, so that g = (foho f~1) oi. Thus Ng is quasi-injective.

Proposition 1.6. Let Mg be quasi-injective, and let Ng be a closed
submodule. Then any homomorphism f € Hompg(B,N), where Bg is a
submodule of Mg, can be extended to a homomorphism g € Homg(M, N).

Proof. Let P be the collection of all pairs (Kj, f;), ¢ € I, where K; is
a submodule of M containing B and f; € Hompg(K;, N) is an extension
f. We partially order P by letting (Ki,, fi,) < (Ki,, fi,) if and only
if K;, < K;, and f;, is an extension of f;,. Let {(Kj, f;)|j € J} be
any simply ordered subset of P, Ky = Uje 7 K; is a submodule of M
containing B. We now define a homomorphism fy : Ko — N with fo(k) =
fi(k), where k € K; C Ky. Then (K, fo) € P and (Kj, fo) is an upper
bound of {(Kj, f;)|j € J}. By Zorn’s lemma, P has a maximal element
(K, f). Since M is quasi-injective and f € Hompg(K, M), there exists
g € Hompg(M, M) which extends f. We shall show that g(M) C N.
Suppose that g(M) € N. Let Lg be a submodule of Mg which is maximal
in the set of all submodules Ag of Mg such that ANN = 0. Let Qg be a
submodule of Mg which is maximal in the set of all submodules Cy of Mg
such that CNL =0and N C C. Then @ is an essential extension of N,
and hence QQ = N since N is closed. Therefore Ng is a submodule which
is maximal in the set of all submodules Dg of Mg such that DN L = 0.
Since N C g(M)+ N, (¢(M)+ N)NL #0. Let 0 # z = g(mg) +n €
(g(M)+N)NL withmo € M,n e N. If g(mg) € N,thenz € NNL =0,
which is a contradiction. Hence g(mg) ¢ N, and g(mo) =z —n € L@ N.
Let T = {m € M|g(m) € L & N}, then Tr be a submodule of Mg such
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that K CT'. Since g{mg) € N, mg € K, but mg € T. Hence K < T. Let
m: L& N — N is the natural projection map. Then 7 o g|r € Hom(T, N)
and (mo glr)(k) = n(g(k)) = g(k) = f(k) for every k € K. So mogly is an
extension of f. Therefore (K, f) < (T, nog|r), which is a contradiction.
Thus g(M) C N. V

Proposition 1.7. Let M = Hie 1 M;, where each M; is an R-module.
If M is quasi-injective, then each M; is quasi-injective, i € 1.

Proof. Let N; is a submodule of M;, and let f € Hompg(V;, M;). Let
¢+ M; = [l;c; M; be the natural injection and 7 : [lic; Mi — M; be
the natural projection. Since ¢o f € Homg(N;, [[;c; M;) and toi: N; —
[l;c; M is a monomorphism, where ¢ : N; — M; is the inclusion map,
there exists g € Homp([[;c; Mi, [1;c; M:) such that gotoi = 1o f. Hence
(rogoi)oi=morof = f. Thus M; is quasi-injective.

Proposition 1.8. Let M be a quasi-injective module. If N is a closed
submodule of M, then N is a direct summand of M and N is quasi-
injective.

Proof. By Proposition 1.6, the identity map 15 : N — N has an
extension g € Hom(M, N). Hence M = Imi & Kerg = N & Ker g, where
t: N — M is'the inclusion map. And N is quasi-injective by Proposition
1.7.

Proposition 1.9. Let M be a quasi-injective modulé, and let N be a
closed submodule of M. If K is a submodule of M and K & N, then K
15 a closed submodule.

Proof. Let f:K — N be the isomorphism and let M = N & C.
Let ¢3: N — M be the natural injection and w;: M — N the natural
projection. Since M is quasi-injective, there exists an endomorphism
g:M — M such that t;0f = goi where i:K — M is the inclusion
map. Hence f = mjogo4, and so 1x = f~lomogoi. It follows that
M=Imi®Ker(f~lomog)=K®Ker(f tomog). Thus K is a closed
submodule of M. '
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2. Direct sums of quasi-injective modules

The Proposition 1.7 shows that a direct summand of a quasi-injective
module is quasi-injective. But the converse is not true.

Example 2.1. Let M = Q & Z, where p is a prime. Since Qg is
divisible, QQz is injective, and hence QQz is quasi-injective. For a prime
P, Zyp is not divisible, so that Z, is not injective. But Z, is a simple
Z-module, hence Zj is a semisimple Z-module. Therefore Z, is a quasi-
injective Z-module. Suppose that M = Q @ Z, is quasi-injective. Let
7y : Z — Zyp be the canonical epimorphism, i.e., y(m) = r (mod p), m € Z
and r € Zy. Then (307 has an extension h € Hom(Q & Z,,Q & Z,)
with 190y = hotyot, where ¢ : Z — Q is the inclusion map, ¢; : Q —
Q®Z, and 2 : Z, - Q & Z, are the natural injections. Hence v =
Tgotlg0y = (mgohot) o, 80 mpohoty, where mp : Q@ Zp, — Z, is the
natural projection, is a nonzero extension of = since * # 0. But we know
that Homz(Q,Z,) = 0: If f € Homz(Q,Z,), then f(gq) = f((¢/p)p) =
f(g/p)p = 0 for every ¢ € Q in Z,. Since myohoty € Homyz(Q,Z,),
mgohot = 0, which is a contradiction. Thus M = Q & Z, is not a
quasl-injective Z-module.

Lemma 2.2. Let Mg be a module, and let Vg < Ugr. If M 1is U-
injective, then M is V -injective.

Proof. Let Wg < Vg and f € Hompg(W, M). Then there exists g €
Hompg (U, M) which is an extension of f. Thus g|y € Homg(V, M) is an
extension of f.

Lemma 2.3. Let M = M1 ®---® M,,, where each M; is an R-module,
and let Ug be a module. Then M is U-injective if and only if each M; is
U -injective.

Proof. Suppose that M = M & --- ® M, is U-injective. Let Vx <
Ur and f € Hompg(V,M;). Since M is U-injective, there exists g €
Hompg(U, M) such that v;0 f = go4t, where ¢; : M; — M is the natu-
ral injection, and 7 : V — U is the inclusion map. Hence f = w010 f =
(miog)oi. Thus each M; is U-injective. Conversely, assume that each
M; is U-injective. Let Vg < Ug and f € Hompg(V, M). Since each M;
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is U-injective, there exists g; € Hompg(U, M;) such that ;o0 f = g;o07,

1 = 1,2,...,n, where m; : M — M; is the natural projection, and j :
VoUis the mcluswn map Since w0 (g1 @ @ gn)oj=gioj = m; of,
i=1,2,. =(g1®- - ®gn)oj. Thus M is U-injective.

Proposition 2.4. A module Mis), e 1 DUs-injective if and only if M
is U;-injective for each i € I.

Proof. By Lemma 2.2, M is Us-injective for each i € I'if M is ) ;. ; ®U;-
injective. Conversely, assume that .M is U;-injective for each 1 € I. Let
U=3c;®Ui, Vg < Ug, and f € Homg(V, M). With a similar argument
in the proof of Proposition 1.6, there exist Wx and g € Hompg(W, M)
such that Vg < Wx < Ug and g cannot be extended to a homomorphism
h € Hompg (X, M), where Wg < Xp < Ug. We shall-show that W = U.
It suffices to show that U; C W for each ¢ € I. Let K; = U; N W. Then
9!k, has an extension g; € Hompg(U;, M). Now we define h: U; + W - M
with h{u; +w) = g;(u;) + g(w), where u; € U; and w € W. If u; +w = 0,
then u; = —w € U, NW = K, so that A(u; + w) = gi(w;) + gw) =
9lx. (wi) + g(w) = glk.(—w) + g(w) = g(—w) + g(w) = 0. Hence h is
well-defined and b € Hompg(U; + W, M) with hlw = g. By the property
of (Wg,g), U; CW for each 7 € I. Thus M is U-injective.

Theorem 2.5. Let My and My be modules. Then My & M, is quasi-
injective if and only if M; is M;-injective for all 1, 7.

Proof. Suppose that My @ M, is M; @ M-injective. Then M; and M,
are My @ My-injective by Lemma 2.3. By Lemma 2.2, M; is-Mj-injective
for all 7, 7. Conversely, assume that M; is Mj-injective for all 4, j. Then
M, and M, are M; & Ms-injective by Proposition 2.4. Thus M, EB Mz is
M, @ M>-injective by Lemma 2.3.

Corollary 2.6. If M is a quasi-injective module, then M®M is quasi-
mnjective.

- Cbrollary 2v 7. Let M; be modules, i =1,...,n. Then M, @ GBM .
is quasi-injective if and only if M; is M znjcctwe for all i, 3.



A Note on Quasi-injective Modules 15

References

. F. W. Anderson and K. R. Fuller, Rings and Categories of Modules, Springer-
Verlag, New York-Heidelberg-Berlin, 1973.

. C. Faith, Lectures on Injective Modules and Quotient Rings, Lecture Notes in
Math. ‘Vol. 49, Springer-Verlag, Berlin-New York, 1967.

. K. R. Goodearl, Ring Theory: Nonsingular Rings and Modules, Pure and Applied
Math. Ser. Vol. 33 Dekker, New York, 1976.

. R. E. Johnson and E. T. Wong, Quasi-injective modules and irreducible rings,
J. London Math. Soc. 36 (1961), 260-268.

. B. L. Osofsky, Endomorphism rings of quasi-injective modules, Can. J. Math.
20 (1968), 895-903.



J. Basic Sci., HUFS, 16 (2003), pp. 17-22

On Positive Solutions to Semilinear
Elliptic Problems in Annular Regions

Jang, Jaeduck !

ABSTRACT. We prove the uniqueness of the ground state solutions of
Au+ f(u) = 0in RN, N > 2. We show the uniqueness does not depend
on the behavior of the negative part of f.

1. Introduction

In this note we investigate the uniqueness of positive radial solutions of
the following semilinear elliptic problems:

o+ fu) =0, 72 p
(BP), u'(p) =0,

lim, ;o u({r) = 0.

Throughout this paper we assume that V > 2 and let f: R - R be a
smooth function of class C! satisfying

(F1) f(0) =0 and there exists o such that f'(u) < 0for 0 <u<ep.

(F2) There exists a positive constant ug such that f’(uo) > 0 and f(u)(u —
ug) > 0 for all > 0 with u # ug.

(F3) f'(u)(u—wug) > f(u) for u > up.

IDepartment of Mathematics, Hankuk University of Foreign Studies.
This research was supported by the research fund of Hankuk University of Foreign
Studies, 2003
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(F4) If N > 3, then for § € [0, N — 2], ®g(u) = Bluf'(u) — f(u)) — 2f(w)
has at most one zero in (ug, +00).
(F4*) If N = 2, then for 8 > 0, ®g(u) = B(uf'(u) — f(u)) — 2f(u) has at
most, one zero in (ug, +00).

2. Main Results and Proofs

As usual, using shooting method, we study the corresponding initial
value problem
N-1 —
u”—}-—r——-u'—i-f(u) =0
(IP)p,a u(p) = a,
w'(p) = 0.

Let u = u, o = u(p, @, -) be the solution of (IP), and let ¢(p,a,7) =
, %u(p, a,7). Then ¢(p, a,r) satisfies the linearized equation:

¢+ E=Lg + f(upa)p =0
(LP)p,a d(p) =1,
¢'(p) = 0.

For 8 > 0 let vg = ru/+ Pu. Direct computation shows that vg satisfies

N-1
T

where ®5(u) = B(uf'(u) — f(u)) — 2f(u).

By (F3), ®3(u) has at most one zero in (ug, 00) which we denote by zg
if exists. o

1z
’Uﬁ +

v + f'(w)vp = Bp(u);

By (F4), ®5(u) > 0 in (0,up) for g € [0, N - 2].

Fix p > 0 and let o, = inf{a | (p,a) € G}. It is easy to see that
{{p,@) |0 < a<a,} CP.
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Lemma 1. ¢(p,a,r) must vanish in (p,u; (o))

Proof. Let ¢(r) = ¢(p,,7), w = u — ug and o = u & (uo). By Green’s
second identity,

T(])V—l (ro)u’(ro) = /TO (pAw — quS)rN—ldr
0
= [ st = et

By (F3), f'(w)(u — ug) — f(u) > 0 in [0,7¢]. Thus if ¢ > 0 in [0,70],
then we have

0> rd 1 g(ro)u'(ro) = /OTO O(f(w)(u — ug) — fu))rNtdr > 0,

a contradiction.
Lemma 2. ¢(p,c,,7) has one and only one zero.

Proof. 1f ¢(p,a,,r) has more than one zero then for a < a, which is
sufficiently close to «,, the graph of u, . intersects that of u,,, more
than three times. Since lim, o u,(r) = 1 for all a € [ug,,), Hopf
lemma implies that the number of zeroes of u, o, — U, o is constant. But
this leads to a contradiction since the graph of u, o, intersects u, ., = ug
exactly once.

By (F1), there exists Ry > 7 such that f'(u(r)) <0 for 7 > Ry.

Lemma 3. Let rg = U;ép(uo)- If lim, 00 ¢(p, ap,7) =0, then

$p.ap (T0)V' (ro) > v(ro)d) q, (o)

Proof. Let ¢y = %g—:g—; If pa,(r0)v'(r0) < v(ro)d, o, (o), then it is
clear that there exists € > 0 such that cov — ¢ > 0 in (rg,7¢ + ). If
Ppa, (T0)V'(T0) = v5(r0) B} q, (T0), we may use Hopf lemma to obtain such
e > 0 since v satisfies
" N-1 ! /
vt v + f'(w)v = -2f(u) > 0 for r > ro.
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For A > 1, if there exists Ry > rg such that Acpu(Ry) = #(R») and
)\c(;vﬂ < ¢in (7‘0, R,\) then Acov’(Ry) > ¢'(R)) by Hopf lemma. Thus R,
is a continuous increasing function of A > 1 and Acou > ¢ in (Ry, +oo)
Therefore there exists Ag > 1 such that Ry, = Ry. Now let V = Xgcqv — o
Then V(Rq) = Aocov(Ro) — ¢(Ro) = 0, lim, 0o V(r) =0 and V > 0 in
(Ro,00). Thus V must have positive maximum. But this contradicts to
the maximum principle since in f'(u) < 0 and V = Agcgv — ¢ satisfies

AV + f{(u)V = —2Xocof(u) > 0 in (Rg, o).

Lemma 4. Iflim, , ¢(p,a,,7) =0, ¢3(T0)1}’ﬁ(7'{)) — ¢'(ro)vg(re) > 0 fér
every B € [0, N —.2].‘ .

Proof.  ¢(ro)v'(ro) — ¢'(ro)v(re) > 0 by Lemma 3 and ¢(r)vly_,(ro) —
¢'(ro)un—2(ro) = ¢'(ro)un—_2(r¢) > 0. Then the lemma follows the fact
that H(B) = ¢(ro)vy(re) — ¢'(ro)vs(ro) is linear in 8.

Lerhma 5. Iflim, o ¢(p, ap,v) =0, then vy_ 2(z0) > 0.

Proof. Let w(r) = r{Pvn_2—Pviy_o)+(N— 2)¢vN 2. By stralghtforward'
computatxons we have, for zg < 7 < 7y, . '

w'(r) = —T¢[2(N = 3)f(w) + (N = 2)(uf'(u) — f(u)) > 0.
Then, using v)y_,(ro) = 0, we obtain
208 (20)0n—2(20)-= w(z0) < w(ro) = (rog'(ro) + (N = 2)¢(ro))un—2(70)-
On the other hand, Lemma 3 implies
(ro@'(70) + (N = 2)$(r0))u (ro) = ¢/ (ro)v(ra) — $(ro)v'(r0) < 0.
- Hence

Zg;ﬁ!(z())’l)N_Q(ZQ) < (7"0(/)'(7“0) —+ (N —‘2)¢(TO))UN-_2(TQ> < 0.
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Theorem A. ¢, o, has ezactly one zero and lim, o ¢(p, ap, 1) < 0.

Proof. Suppose that lim,_,o ¢(p, ap,7) = 0. Then, by Lemma 3,

Dp,a, (T0)V5(T0) > Va(10) @) 0, (T0).

Let zg € (p, 7o) be the unique zero of ¢. Since v(zp) < 0 and vy_2(20) > 0
by Lemma 5, There exists 8y € [0, N — 2] such that vg,(z5) = 0. Since

20

/ rN=1dg (u)pdr = / V=Y pAvg, — vp, Ad)dr
p

p
= —p""1p(p)vp, (p) > 0,

we must have ®g,(u(z0)) > 0. But then Lemma 3 implies that

T0
0>/ rN =18, (u)pdr

20

7o
= / rN_l(gbAvgo — vg, Ad)dr

z0

=71y {(ro)v, —v8(ra)d)a,(r0)} >0,

a contradiction.

Theorem B. If (p,a) € N, then ¢,(R(p,a)) < 0, where R(p,a) =
us 1 (0).

P

Proof. By Theorem A and the continuous dependence of the solution of
the initial value problem on initial data and the coefficients, there exists
e > O such that {(p,a) | @, < @ < @,+¢€} € N and ¢, has unique zero in
(p,u; 5 (uo))- Thus if ¢, o (R(p,)) > 0, there exists z; € (ro, R(p, @)] such
that ¢(z9) = 0 and ¢’(zg) > 0. Then similar but simpler arguments in the
proofs of Lemma 3,4,5 gives the same conclusion. And therefore the same
reasoning as in the proof of Theorem A leads to the same contradiction.
Now it is easily seen that

sup{a | (p,a) € N and ¢,.«(R(p,)) <0 for all & € (a,,a)} = +oc.

This completes the proof.
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ABELIAN CHERN-SIMONS VORTICES IN
HOLOMORPHIC LINE BUNDLES OVER CLOSED
KAHLER MANIFOLDS

JONGMIN HAN! AND YOUNGBO YOO0?

ABSTRACT. In this paper, we consider the Abelian Chern-Simons vor-
tices in holomorphic line bundles over closed Kahler manifolds which
are generalizations of the Chern-Simons vortices over the two dimen-
sional flat torus. We derive the self-duality equations which minimize
the Abelian Chern-Simons-Higgs functional. We establish maxiaml solu-
tions of the self-duality equations and study their asymptotic behaviors
as the coupling parameter xk — 0.

1. INTRODUCTION

In this paper we shall consider the Abelian Chern-Simons-Higgs vortex
equations on a line bundle over a closed Kahler manifold. The classical
Yang-Mills-Higgs model with a Chern-Simons term added admit electri-
cally charged vortices which are often called anyons. Although charged
vortices play important roles in some area of theoretical physics such as
high-temperature superconductivity, it is not easy to treat mathematical
problems rigorously due to the complicated form of the Euler-Lagrange
equations of motion. The complication comes from the coexistence of the
Yang-Mills(or Maxwell) term and the Chern-Simons term in the action.

In the work of Hong-Kim-Pac [17] and Jackiw-Weinberg (18], they con-
sidered a reduced Abelian Chern-Simons-Higgs model where the Yang-Mills
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term is neglected. Such a reduction is sensible at large distances where the
Chern-Simons term is dominant over the Yang-Mills term. This simplified
mode] allows the global minima of the energy functional as in the classi-
cal Abelian Yang-Mills-Higgs model. In fact, with a special choice of the
Higgs potential by the 6th order, the model admits a Bogomol'nyi type
energy lower bound saturated by a set of first order self-duality equations.
The self-duality is an 1mp0rtant notion in various areas of geometry and
physics.

We shall describe the Abelian Chern-Simons-Higgs model from a geomet-
rical point of view. For a unitary connection D on a hermitian line bundle
over R? and a smooth section ¢ of the bundle, the Abelian Chern-Simons-
Higgs energy functional is defined as '

(11)  CSH(D,¢) = /R 2 |Dof> + ff-;]%'i 2:+ %wsmw - 1)%

Here Fp is the curvature of D, D¢ is the covariant derivative of ¢, and
k is a positive constant. If we regard R? as the complex plane, we may
decompose with respect to the complex structure to obtain D = D0+ D%,
Then integrating by parts, one can show that CSH is bounded below a
topological invariant 2rd where the number d is an integer, so called the
vortex number. This minimum is achieved if and only if the palr (D, ¢)
satisfies the foﬂowmg self-duality equations

D%¢ = 0
FD+—*1¢1 ‘(' -1) = 0
These equations are invariant under gauge transformations.
It is interesting to see that the functional CSH has self-dual configurations

for all coupling constants k > 0, while the classical Abelian Yang-Mills-
Higgs functional

13)  YMH(D,4) = / 1D¢12+IFD12+’—‘(|¢|2—1>2

admits such configurations only when A = 1. The functional CSH is also
different from the functional YMH in that the boundary condition for ¢ are
obtained in two ways from the finite energy condition: ~

14 | [6(z)] > 1 as |z| = oo,
or
(1.5) lp(z)] -0 as |z| = oc.

(1.2)



Chern-Simons vortices in holomorphic line bundles 25

The former is called topological and the latter nontopological. The functional
YMH has only the boundary condition of the first type at infinity.

In order to solve the equation (1.2) we introduce a new variable u =
In |#2. Then the classical Jaffe-Taubes reduction arguments [19] transform
the equation (1.2) into an elliptic equation

d
4 _
(1.6) Au = —e'(e" — 1) +4n § 0, in R?
K
J=1

where , denotes the Dirac distribution concentrated on the point p and
the points p;,- - ,pq, called the vortex points, are the zeros of ¢ and not
necessarily distinct. The boundary conditions (1.4) and (1.5) for ¢ can be
rewritten in terms of u as

(1.7) u—0 as |z|— oo,
and

(1.8) u— —oc as |z| — oo,
respectively.

The existence of topological multivortex solutions of (1.6) and (1.7) was
established by Wang [31] and Spruck-Yang [28]. On the other hand it is
not easy to find the nontopological multivortex solutions of (1.6) and (1.8)
because the boundary condition make it difficult to formulate a suitable
function space. The first existence result was obtained only for the radially
symmetric solutions of the single vortex equation by Spruck-Yang [27] via
shooting method. For multivortex solutions the existence result has been
recently established by Chae-Imanuvilov [4, 5].

On the other hand it is of interest to study the self-duality equations
(1.2) in a periodic domain. This means that the self-duality equations are
studied in a periodic lattice cell in R?, or on a two dimensional torus, with
the ’t Hooft periodic boundary condition [30]. We call such solutions vorter
condensate solutions. It is believed that these solutions are relevant to
various important issues such as high-temperature superconductivity and
the quantum Hall effect. The existence of vortex condensate solutions and
their asymptotic behaviors as £ — 0 have been studied by several authors
2, 8, 12, 13, 14, 24, 25, 29].. See also [6, 15, 20, 21, 22, 26] for self-dual
equations.in a background metric, and refer to [3] for an analysis of time-
dependent model.
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As a generalization of the condensate solutions on the two dimensional
torus one may consider the functional CSH on arbitrary manifolds. For in-
stance, in [9] the authors investigate the functional CSH and the self-duality
equations (1.2) on the unit sphere S?. Another example of generalization
can be found in [7] where the authors considered a Seiberg-Witten type
functional on a closed Kahler surface X with 6th order potential analogous
to the functional CSH. The purpose of the present paper is to consider the
functional CSH on a line bundle L with a hermitian metric H over a closed
Kéahler manifold X of arbitrary dimension. It generalize the Chern-Simons
vortices over the two dimensional flat torus. Then the self-duality equations
that will be derived in the following section can be written as

D0’1¢ _.__-_. 0
iNFp + ol (Io 1) = 0,

where AFp € Q% X, L) is the contraction of Fp with respect to a fixed
Kahler form w on X. In this general situation, the reduction of the self-
duality equations (1.9) to.an elliptic equation of the type (1.6) does not
follow from the previous methods for the two dimensional case. Our strat-
egy of reduction process is to make use of some standard complex differential
geometry:given a holomorphic structure and a hermitian metric on a com-
plex bundle, there is a unique complex connection compatible with both.
Then to find a pair (D, ¢) satisfying (1.9) for given a line bundle with a fixed
metric H is shown to be equivalent to find a hermitian metric H solving the
second equation of (1.9) for a prescribed holomorphic section ¢ and a holo-
morphic structure J;, satisfying the first equation of (1.9). This approach
was taken by Bradlow [1] for the Abelian Yang-Mills-Higgs theory. In the
reformulated problem, we can derive a reduced equation of the type (1.6).
The rest of paper is organized as follows. In the next section we define the
functional CSH on a closed Kihler manifold. We draw the self-duality equa-
tions, and state the main results concerning the existence and asymptotic
behavior of solutions. In section 3 we derive a reduced elliptic equation for
the self-duality equations and prove the main theorem.

L9)

2. MAIN RESULTS

Let X be a closed Kihler manifold of complex dimension m with a fixed
Kahler metric and the associated Kihler form w. Let L be a holomorphic
line bundle over X with a hermitian metric H. Let us denote by Q°%(X, L)
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the space of smooth sections of L and by A(H) the space of unitary con-

nections on (L, H).

Definition 2.1. We define the Abelian Chern-Simons-Higgs functional
CSH: A(H) x Q°(X,L) - R

by

J

1) CSH(D.)= Dol + 2] + liolntiely - VI

Here Fp € Q?(X,EndL) is the curvature of the connection D, D¢ €
QNX, L) is the covariant derivative of ¢, || - |l» is the L?-norm on X, and
|¢|g is the norm of ¢ with respect to the metric H.

The functional CSH is invariant under the standard action of the gauge
group G of unitary transformation of (L, H), and thus we may consider CSH
is defined on the space (A(H) x Q%(X, L))/G.

Let A"“(H) be the space of integrable unitary connections on (L, H),
i.e., whose curvature has vanishing (0,2)-component. Let us write D =
D0+ D%! corresponding the splitting O (X, L) = QY0(X, L) + Q%1(X, L)
with respect to the complex structure. We establish
Proposition 2.2. For (D,¢) € AV (H) x Q% X, L), the functional CSH
can be written as

(2.2) CSH(D, ¢) = 2 D[+ 7]} 222

9|

where i = \/—1, degL s the degree of L, and AFp € Q%X L) is the
contraction of Fp with respect to w.

Proof. We have
CSH(D, ¢)
— o L kAFp 2 2 1l
= 19l + 3> + Hlelm(loli — 1)
— <iAFp,|d|% > + < iAFp,1 >

_ o1 2, L)).xAFD 2 2 2
= 20D+ gliomE + lolnofy — 1), + 2mdest.

+ (619l V)| +2ndegL.

where the last equality follows from the identities [1]
<iAFp,|¢[y > = |ID"¢|3 ~ |ID*gl3,
|Fpl* = | AFpl*,
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and the well known formula

/ iAFD(—d—‘ = 2ndeglL.
X m:

An immediate consequence of Proposition 2.2 is the following.

Corollary 2.3. The functional CSH is bounded below by 2rndegL, and this
lower bound is achieved if and.only if the pair (D, ¢) € AV(H) x Q% X, L)
satisfies the following self-duality equations

D’O,l(b —
iNFo -+ ol (10 — 1) =

The first equation implies that ¢ is holomorphic with respect to the holo-
morphic structure on L. We call the second equation the Abelian Chern-
Simons vortex equation and its solutions Abelian Chern-Simons vortices. As
already mentioned, these equations can be thought of as a generalization of
the Abelian Chern-Simons vortex equations in R? or the vortex condensate
equations on the flat torus.

The problem to be solved is

(2.3)

(P1) Given a holomorphic line bundle L with a fized hermitian metric H,
find all pairs (D, ¢) € AV(H) x Q% X, L) satisfying the self-duality equa-
tions (2.3).

By Proposition 2.2 any solution pair (D, @) satisfies that CSH(D, ¢) =
2ndegL. As already mentioned, the functional CSH is invariant under
the action of the unitary gauge group G. This means the Abelian Chern-
Simons vortices can be defined by equivalence classes in B(H) = (A" (H) x
Q%X,L))/G. Therefore we arrive at the following definition.

Definition 2.4. Given a holomorphic line bundie . with a fixed hermitian
metric H, we define the space of unitary gauge equivalence classes of the
Abelian Chern-Simons vortices by

V(H) = {[D, ¢| € B(H) | CSH(D, ¢) = 2rdegL}.

In order to find a solution of (2.3) for the pair (D, ¢), one needs to reduce
the equation (2.3) to a suitable elliptic equation of the type (1.6) on X
which we can deal with. Unlikely to the case of two dimensional Riemannian
surfaces the Jaffe-Taubes reduction arguments [19] does not work any more
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in a manifold of arbitrary dimension. So we do not attempt to solve the
problem (P1) in this form. Instead we proceed as in [1]. We first observe
from the standard complex differential geometry that given holomorphic
structure and a hermitian metric on a line bundle L, there exist a unique
complex connection compatible with both. In that point of view one may
consider the equation (2.3) for the following objects;

(i) a holomorphic structure on L given by a d-operator,
0, (X, L) = Q¥Y(X, L),

(i) a hermitian bundle metric H,

(iii) a section ¢ € Q°(X, L).

In terms of the triple (01, ¢, H), the equation (2.3) can be rewritten as
0y = 0

2.4 4 2
- iNFy, g+ 1ol (ol — 1) = 0.

Here F5, ;; denotes the curvature of the metric connection compatible with
9, and H. To find a solution pair (3., ¢, H) of (2.4), we prescribe a pair
(01, ¢) and look for a metric H satisfying the second equation of (2.4). So
we obtain a different version of the problem (P1).

(P2) Given a holomorphic line bundle L with a holomorphic structure 0y,
and a prescribed holomorphic section ¢, determine all metrics satisfying

(2.4).

The main advantage of the rephrased problem (P2) is that it leads us to
an elliptic equation of the type (1.6) which is deduced in the next section.
Moreover the problems (P1) and (P2) are equivalent. To this end we first
consider the invariance of the problem (P2) under the action of the gauge
group to obtain equivalence classes as in Definition 2.4.

As well known [11], the gauge transformation acts on hermitian metrics
transitively. To see this, recall that L is a holomorphic line bundle over X
with the holomorphic structure

Jy: %X, L) = Q%(X, L),

and a given background hermitian metric H. Then a hermitian metric on L
is given in these trivializations by a smooth positive function H : X — R*
on X. If ¢,,d9 : X — C are sections of L(regarded as complex-valued
functions on X by the trivialization), then the corresponding hermitian
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pairing is the complex function on X defined as:

< ¢1,¢2 > (2) = ¢1(2)H(2)92(2)",

where ¢,(z)* denotes the complex conjugate of ¢o(z). A gauge transforma-
tion on L is a bundle automorphism g of L covering the identity map of
X. Denote the group of all gauge transformation of L by G. With respect
to the trivialization of L a gauge transformation is given by a smooth map
g : X — C* which acts on hermitian metrics by the formula:

(9 H)(z) = g(2)H(2)g(z)".

If H and K are positive functions representing hermitian metrics on L, then

9(2) = VAG/K()

defines a gauge transformation g € G with g - K = H. Thus G acts transi-
tively on the space of hermitian metrics on L.

Let K and H be a metric on L. Then we can write K = Hh for a positive
self-adjoint bundle endomorphism h. Furthermore h can be decomposed as
h = g*g, where g € G. Up to gauge transformations this splitting is unique
[10, 23]. The gauge transformation g is nothing more than the change of
basis from a unitary frame for H to a unitary frame for K. Let C be the
space of integrable 0-operators on L. Consider the action of the gauge group

G on C and Q°(X, L) given by "pushforward” i.e.
9(01) = godrogh,
9(9) = g¢.
We also define the action of G on A by
9(D) =go D og™ ' +(g) o DPog"
Let us denote by D5, j; the metric connection defined by Jr and H.

Lemma 2 5. Let H and K be two metrics related by K = Hh where
h = g*q for g € G. Then By, ¢, H) is a solution of (2.4) if and only if

(97'(01), 97 ¢, K) is

Proof. The lemma is equivalent to the statement that the triple (O, ¢, H h)

satisfies (2.4) if and only if (¢(d.), g¢, H) does. Since 9(91)(g9) = g@L(qS)
the ﬁrst equatlon of (2 4) is preserved. It can be easﬂy shown that

F(BL)H—QOFB Hhog
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See [1]. It thus follows that

V—1AF, (BL)H+ ‘9¢\H(i9¢’|1{_1)_9°[\’ 1AF5, Hh+ I‘D\Hh(‘é‘mz 1)]og™"
This proves the lemma. U

By Lemma 2.5, the triplet (01, ¢, Hh) is a solution of (2.4) if and only if
(9(01), 96, H) does, in other words, the pair (D,3,) - 94) gives the mini-
mum for the functional

CSH: A (H) x Q°(X,L) = R.
This enables us to define a set of solutions of (2.4) by
T = {(01, ¢, HR) | CSH(Dg(gL%H,gqﬁ) = 2ndegL, h=g*g}.

Moreover we are led to the following definition analogous to Definition 2.4.
Definition 2.6. Define an equivalence relation on T by

(Or, 0, H) ~ (97'(01), 97 ¢, Hg'g)
for any g € G. Let T = T/ ~ be the set of equivalence classes of solutions
o (2.4).

We are now in a position to prove the equivalence of (P1) and (P2).

Proposition 2.7. Let L be a complex bundle over the Kahler manifold X.
Fiz a hermitian metric H on L. Then there is 1-1 correspondence between

V(H) and T.
Proof. We follow the argument of [1]. The map from V(H) to T is given by
[D, ¢] = [D*, ¢, H],

while the inverse map from 7T to V(H) is defined as follows: Given [
T with K = Hg*g for some g € G, we have (01, ¢, K) ~ (g(01), ¢
we can map

5L ]E
?, )nd

[8L ¢ K] Dg(aL)Hag@]
It is straightforward to check that these maps are well defined and are indeed
inverse of one another. We omit the details. 0

From now on we will pay attention to the problem (P2), i.e., we prescribe
a pair (0p,¢) satisfying the first equation of (2.4) and solve the second
equation of (2.4) for a metric H. Let us write Fiy instead of F5, y. Our
main result is
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Theorem 2.8. Let X be a closed Kahler manifold of dimension m and L
be a holomorphic line bundle over X. Given a pair (O, ¢) of a holomorphic
structure and a prescribed holomorphic section, there is a critical number

< (volX/4rdegL)'/? such that for k > k. we have no solution of (2.4)x,
while for 0 < k < K, the equation (2.4), admit a solution pair (0y,¢, H,)
satisfying

|¢lg, 1 ae onX.

as & — 0. The metric H, is mazimal in the sense that if (Or,, K) is
another solution of (2.4), , then |¢|x < |¢|m, .

When Kk = k., there is a mazimal solution (O, @, H,i ) satisfying

1@5{11.% = Klgfc [}l

3. ProOOF OF THEOREM 2.8

This section is devoted to the proof of Theorem 2.8. We first derive a
suitable elliptic equation from (2.4). Let (3, ¢) be a pair of a holomorphic
structure and a prescribed holomorphic section. Fix a hermitian metric Hg
on L. Then any other hermitian metric on L is related to Hy by a positive
self-adjoint bundle endomorphism. Hence given a metric H, we may write
H = e¢*H, for some u € C°(X,R). A short computation yields

2iAFg = 2iAFg, — Au,

where A = —(d*d + dd*) is the (negative definite) Laplacian on X, namely,
Af = 23:1 0*f /8:6 on Euclidean n-space. Thus the second equation of
(2.4) is transformed into

(3.1) B = o160, (816" — 1) + 2AF,

Set ug = In|¢|%,. Then ug € C*°(X\D) where D is the divisor defined by
the zero set of ¢. It is clear that D is a finite set and ug(z) — —oo as
z — zg € D. Let vy be the unique solution of

Avg = 2iAFy, — 0
(3.2) / %0 = 0.
X

where
= / 2t1AFy, = 4ndegL.
M

We may assume that o > 0.
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Now by the substitutions A = 4/k? and v = u — v, the equation (3.1)
reduces to

(3.3) Ay = \ehoFvoty(guotroty _ 1) 4 g,

Henceforth we will pay attention to the equation (3.3).

We proceed as in [2, 29] to find a maximal solution of (3.3) by use of
super- and sub-solution method. In fact, the proof of existence of maximal
solutions of (3.3) is similar to the two dimensional case and we give the
proof for the sake of completeness.

Lemma 3.1. For all sufficiently large A, the equation (3.3), admits a maz-
imal solution vy satisfying ug + vo + vy < 0.

Proof. 1t is easy to check that v* = —ug — vy is a supersolution. To
find a subsolution, let D = {p;,---,ps} and D, = U]_lBe(pj). Here
the point py,---,pgs are not necessarily distinct. We may assume that

Bc(pi) N Be(p;) = o if pi # p;. Let f. be a smooth function satisfying
0< fe<1, fe=1o0n D, and f6 = 0 on X\Dy.. Define

f 20'V011)2e
Ce volX €= yolX

ge = 2Ufe -

and

Consider the equation
(3.4) Av = g..

Since fx ge = 0, the equation (3.4) admits a unique solution up to an
additive constant. For all small € > 0, it follows that

- volD,,
(3.5) g2 20(1- 22

Let us fix € so that (3.5) is valid. Choose a solution v_ of (3.4) satisfying
e'oT0+tv— < 1, Then for any A > 0,

(3.6) Av_ = g, > Aetotvotv-(guotvotv- _ 1) L 5 on D,
Set

)>a on D..

fo = inf e“”*’~  and  p; = sup e¥otvorU-
X\D. X\De

Since 0 < pg < py < 1, we have
guoFOtY= (guotroty- _ 1) < oy —1) <0 on X\D..
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If X is sufficiently large, then
(3.7) Av_ =g, > —C. > de¥ototi-(egwotnt~ _ 1)+ 5 on X\D.

Now it follows from (3.6) and (3.7) that v_ is a subsolution of (3.3).
{n the sequel, by virtue of the standard monotone iteration scheme we

obtain a maximal solution vy of (3.3). In fact, for the sequence v, defined
by '

(A _ K)’b‘n = )elotvotvn-1 (€u0+v0+vn_1 — 1) +0— K'Un—l on X"v
Vo '

it follows that
(38) ’U+=’UQZ’(}12’U22"'Z’U_.

v,

Here K 2 2] is a positive constant. Thus v, — vy and vy becomes‘a
maximal solution of (3.3). We omit the details. O

Lemma 3.2. There ezists a critical value A\, satisfying

167degL
Ae > N = ———
> A0 volX

so that for A > A, the equation (3.3) admits a mazimal solution vy, while
for X < A it has no solution. Moreover when A = ., the mazimal solution
is given by '
, = inf vy.
= ol
Proof. Integrating (3.3), we obtain the constraint

] 1 A
A/ (evototy — )2 = ZyolX — o,
X 2 4
which gives the following necessary condition for the existence of solution
of (3.3);

‘ ' 16mdegL
3.9 A> A= ————.
S ° 7 volX
We claim that every solution v of (3.3) satisfies that ue + vo +v < 0 on
X\D. For this let w = ug+v9+v and ¢ = 1 —€*. Then a direct calculation
yields that ' '

Ap — de®p = —|Vw]?e® on X\D.

Since p(z) — 1 as x — z¢ € D, it comes from the maximum principle that
¢ > 0 on X\D and the claim follows. ‘
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Let A7 > Ay and V be any solution of (3.3),,. Since ug+ vy +V < 0 on
X\D, it is seen that

AV > /\16U0+U0+V(euo+vo+V _ 1) + 0,

which implies that V' is a subsolution of (3.3),,. Hence replacing v~ by V in
(3.8), we can find a maximal solution vy, of (3.3),, satisfving vy, > V. As
a consequence, since (3.3) has a maximal solution for all sufficiently large A
by Lemma 3.1, we obtain a critical number

Ac = inf{A > Ag | A is such that (3.3), has a solution },

satisfying A, > Ag. It is obvious that for A > A, the equation (3.3) admits
a maximal solution, while for A < A. it has no solution.

It remains to show that (3.3) has a maximal solution for A = A.. Then
since (3.3) has no solution for A = )y, we conclude that A\, > A;. Let vy
be a maximal solution of (3.3),. We recall the monotonicity:vy, > vy, for
A1 > Ag. Define

Ve = inf Ux-
A>Ae

Then vy, — v, pointwise in X. Choose a sequence A, \, A, and write
Un = Uy, = Uj, + ¢, where [, v/, = 0. Consider
Avl, = Mpetotrotin(guotvotin 1) 4 5= —f + 0.

Since |f,] < Ay, it follows from elliptic estimates that up to a subsequence,
v, — v in C¥(X) for all k£ > 0. Since ug+vo+v, < 0, we have ¢, < — fX Ug.
If ¢, — —oc, then it would hold that
Av, = o,

which is absurd. Hence up to a subsequence, ¢, = ¢p and v, = v, + ¢ is a
solution of (3.3),,.

On the other hand every solution v of (3.3),. is shown to be a subsolution
of (3.3), for A > A, and thus by the construction of the maximal solution

we have v < vy if A > A.. Consequently, v < v, and v, is a maximal solution
of (3.3) when A = A.. O

Lemma 3.3. Let vy be the mazimal solution of (3.3)5. Then, as A — oc,
ug+vg+vy—0 ae nX.

Proof. By the monotonicity property of vy with respect to A, vy — T as
A — oo. On the other hand integrating (3.3), we obtain

/ eUoTIOtIA(] . guotUoTUA) — ZvolX = 0
X ' A
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as A = oco. Hence ug +vg + vy > up+vg+7=0a.e. on X. {

We now prove Theorem 2.8. Let (0, ¢) be a pair of a holomorphic struc-
ture on L and a prescribed holomorphic section of L, and Hy be a fixed
hermitian metric on L. Given a solution v of (3.3),, the hermitian met-
ric H = Hoe™ "™ together with (01, ) satisfies the equation (2.4), with
A = 4/k?. Here v is the unique solution of (3.2). Letting ug = Inlg|%,,
we can write || = et Let H, = Hpe™ ™ be a solution of (2.4),
corresponding to solutions vyof (3.3), established in Lemma 3.2. Now the
proof of Theorem 2.8 comes from Lemma 3.1, Lemma 3.2, and Lemma 3.3.
O
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Vibrio Alkaline Lipase L(VallL)9 ##A#t9] a4,
A 4 Bo 44

L o} : Vibrio metchinikovii strain RH5302. 2 %8 2& = ValL(Vibrio alkaline lipase
L) & foldase® encodingdt ¥E3 lipase® encodingdtes F09 orf2 FAH e
extracellular lipase©]®, o]u]. &2}z o3& 7}2 groupd lipaseS# A3 homologyd B
o}z ¥ ARl HEH BEANEL AU olel§ Vibrio metschnikovii RH5300. 2 28 #
8]5 = alkaline lipase®] gened E. coll cloning8tth. Lipolytic activity§ Wehe
geneQ! vallE sequencing® s AL AT} valls 2709 open reading frame
< 73 Qe Rol HAHen 1 F 3 M 797 bpY open reading frame 266782
amino acidZ encodingdtel U™ 2] 554 bpe open reading frame< 185702} amino acid
£ encodingdts Aoz AT 1 FolM F #HA open reading frameold TE
lipaseolAl B % 9= consensus sequence? active site £ Gly—X;—Ser—X,—Gly
9] pentapeptide® ZZ 3Utt 2y o8 oE lipased gene= ¥Z homologyd
Bolzl okttt oleld valle #£u] 712g ¥3]7] 984 his—tagging® Lipased
cloningdtel W&3t A# lipases E.co/ifolXE foldased =2 ok 4% Euds ¢

%+ et

I A&

Lipases= lipid¥ 459 triacylglycerol® fatty acid, partial
acylglycerol, glycerol2 hydrolysisAl7]E= glycerol. ester hydrolases
olt}. Lipase: natural substrates® aqueous solution®]A] insoluble
3t long—chain fatty acyl esterg Al&3th Lipased A W F27%
& ofg] 7kA AEA L stEREol AT, wg Y aARS 274 o
g, 1 9HE$9 ester AL trans—esterification F& Fvf &
= EAL 23 9tk 3 Lipases insoluble substrate$t waterAlo] )
interface®l 4 71 chain®] triacylglycerols® ester bond®] hydrolysis
£ 27713, anhydrous  conditionolA trans—esterfication®}

esterificationg A A7t}

) #Rdso e 4% Fes)
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Lipase® interfacial activation phenomenong YWebd © 2 A emulsion
¥ #Z& insoluble substrateo] tis) v_activity% 1,}‘&}14101 %Oﬂ e
carboxylic ester molecules®] #8438t esterasedt FEET. (1, 6)

Lipaset secretion*l®l foldase?] HQ §FF, active site$ homology,
sequence’d| A2 homologysel wWal 4789 grouplz UHH
(2,6,12) BAZA B %FF9 lipase’} animal, plant, fungi 2381
bacteriaZ# 8 2AHUEH, I FIME  microorganisms (fungi,
bacteria) 7} BAt8tE lipased Th¥st 714 SolA, WIA, 4 LzaA
71804, 28ln gASeY 59 5498 Zu e Aoz wEAA
HgHoz Qe olgyn Yk |
Industrial enzyme®] AA AFE 2 609 2o o2& Aoz %
A o|FofA lipaseZt 29 @2 & A& Ut ©] enzyme 2E
A, AARYG T oz ddela "ol 08" £ glon, chiral
compound®] 4] °] 42 & 7] W] Bio] Rolxm gt E3

bacterial lipasex= TH¥% pHY &% X T4%3 organic solvent$ Z
< unusual conditions®llA] stabledti =& U2 A S ojFo] 917
gFo AdAEoz Fo3dtct (7) '

Extréceliular lipase  fungi, yeast, Pseudomonas  spp.,

Staphylococci 9] lipase gene©] cloring¥ o] characterization¥ ] S}
% (4) I % bacterial lipasex 4 grouplZ ¥ Axd 1 £
group I TA] 285 amino acid residues® 71'{2‘_"' Pseudomonas
aeruginosa®t P. alcaligene®] 3= subgroup I3} 32070¢) amino
acid residuesE 7}73“P. glumae, P. cepacia® subgroup 12 1} o
Z”:} Group Il group IXT molecular size7} ZF 9 2
P Huorescens Enterobacterium, Serratia marcescens-l lipaseZ} &

‘3} L}’ﬂ’q F groupe Bacillus? lipase$}- Stap]zy]ococcus-J lipase 2
=5 1?3_‘3} o] 4 group? hpase,_ size7} 207 60kDa Atol 2 “H-r C‘roko}
T, N-—terminal ‘sequence$} active snererme. 99 sequence®
(Gly—X;—Ser—X,~Gly) A9t AY homolégy% Bolzx =t}
Lipased catalytic sitedl: Ser—His—Asp/Glud] highly conserved
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residues”} &A%t} (6) 0] AL serine protease? active site®} FA}3}
A9k o] active sitex protein surfaceol U= Aol o}Y2} surface loop
o 28 covering¥ o] substrateo] €4 =£9x ¢EE 3t} Lipase=
water—soluble enzyme® 2 water—lipid¥ interfaced] Z&+3 o
activation® ¥ ©] activation process& enzyme® conformational
change®} ##o] Y}, Lipases solvent®l active siteZ7} & Ho] U=
open form®} active site’} substrate HZ%7] o8¢ closed form2 2
U5 o] Rt} Polyethylene glycol conditiond L¥tA 0% closed form
I 2-methyl 1-2,4 pentanediol®]v}
detergent open state® A3 Closed conformationS aqueous
media®llA A3 Feolm o] AL active site”} lidell A AR

protein® hydrophilic siteZ} aqueous solution® A& 3}A Bt} wd

9] crystalizationg TEX

open conformation< closed form= ©$ o209 lid7} 8FUCEH
active site’} open¥ i EAlo] large hydrophobic surfaceZ} =& €@t}
Protein structure® buried active site® Zl¢}7} long—chain fatty acyl
estersol 3 T3 lipased specificityE ZBASITtn ABztE oz
Lipased 1id9) topological location® lipaseE Ztollx uj9 twiers}
t}.(5)
227bA #E lipase’t HEF oY AGAHoE AL EHAAE lipase &
AgrE o] ot 53] AAAGe] AHEEAE lipase® fungi®] lipasedt
Bolty. 183 o]+ lipaseZt AAo] AMEH7] Hale el ¥
< 84S Hojoatn, W 2EY 2 2k BTN 84S oA 43
b stojorsin], wat AHBGAY 2 AA G FFE wA] Lolok
< I Qlojot &7 WEolt.
2 AZgX = Al AFEE 4 AT extracellular lipase® 23AHsH,
oA

19 o328} 7}A] groupd lipaseE¥# Z¥ homologyS Holx ¢

e 24
3 o]

o4

= Vibrio metschnikovii lipase (ValL)g #n|71zE2 9138)7] H8iA
E.coliZ ValL& Cloningdtx ¥d oS A+ s
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A8 A8 9 9y

1.9j=] @ wieF =24

2 AZX AHEE bacterial straine 523 FA+-E A3 LBH}A
(1% Tryptone—peptone, 0.5% yeast extract, 0.5% NaCl /£)& A}
£33, BeA 50ue/me] Ampicillin(Ap) € F7}sted 37Tl A9
v a3 ot

Vibrio metschnikovii®l 8ol LSC—broth(1%bacto—tryptone, 0.5%
yeast extract,1% sodium chloride,100mM sodium cérbonate buffer,
pH 10.5)& Arg3te] 30TColA #jstn], T3 screenings AWM=
LB—Ap—Tc(Tricaprylin)BiA (1% Tryptone—peptone,0.5%yeast
extract,0.5%NaC},0.5% Tricaprylin ,0.5%(W/V)gum arabic solution,
50ug/m¢,ampicillin/ £ )2+ 0.5%tributyrin® X33t LBagar plate (LB~Tb)
Z AHgsgi.

2.7F 9 plasmids

B AFoA A3 #F 9 plasmidst Table 13 Zt,

E. coli TOP10F'2 transformations $3 hostZ AHEE Ao, E col
BL21(DE3)2 &d S $¢ hostE AHRH AT ’
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Table 1. Bacterial strains and plasmids
Strains/Plasmids Characteristic Reference

Strains

E. coli

F'[tet]mecrAa (mrr—-shd RMS-
Top10F'
mcrBC)p804 lacX74deoRrecAl araD139 10
(ara.leu)-7697 gall gal kA rosl endAl
ConupG
hsdS gal (Aclts857 indl Sam7 nins
BL21(DE3) ga
lacUV5-T7 gene 1)
Plasmid
pUC19
Ap, Cloning vector g
PHLI AP/, containing Vibrio alkaline lipase This study
gene

pRSET-B Apf, T7P+, His-tag

pHLB29 Ap', containing Vibrio alkaline lipase gene  This study
pRSET-1 AP, T7P, His~tag, vall-orf1 This study
pRSET-2 Ap/, T7P, His-tag, vall-orf2 This study
pRSET-12 AP, TTP, His—-tag, vall-orfi2 This study

* T7P © T7 promoter
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3. Genomlc DNA libraryd Az ¢ screemng

V1br10 metschnikovii rnutant strain®] chromosomal DNAZ isolation
&9y restriction enzyme®! HindllIZ ©]&3}o] partial digestiondfil o)
g FH]gt DNAY pUCI9e vectorZ ©]€3to cloningdtgch, Jebg
F4d H3A F LB-Ap—Tc % LB-Ap—TbuiA| oA clear haloE H.o]

= 275 AEstgc

4. PCR

valLo] X833 U+ F MY orfE 27 FdHA 7] 98 PCRE o] &
ato]l ztzhe] orfE ettt PCRe 3 ZFE w12 929 109
10X reaction buffer(magnesium free), 25mM MgClz, 3mM dNTP's
mixture, 20 pmole primer 133 7Tag DNA polymerase (Su/ul) & #H
7¥ste] AREEgiTh olW ALEE primert TS Zth

PCR primer
orfl—for : 5' GGA TCC GAT GTT CGT CAC GAA GTG CTA T 3
orfl—=re * 5" AAG CTT CTT AAC CTC GTA AAC AGG TTT G 3
orf2—for © 5' -GGA TCC GAT GCA GAT CAT CCT GGT TCA 3
orf2-re 5" AAG CTT CCT TTA GCG CCG GAA GCG G 3

PCR binding site

\ orti-for af §2~1or

vaipP] -

orf t=re N, arfd-re ™\

5. X Lipase #F AZx @ LF

T7 promoterE ©]&3)] vallS LTHAFZ Y3llA valld orfl? orf2,
orfl12% 77} PCR F %3] BamHiz HindlllZ #2]% ¥ pRSET-B
vector®l] ligationd}o] E. coli BL21°] transform3t$ith. Bacteria® 2
YAAHL CaCl, W ()& WF3ho] g8 5 vjogste] AL
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colonyE LB-Ap agar X tooth pickingdtol cloning® AM%EE
FE Ao

oz 7}x] AR FFEZHE cloning® FHY orfEHE lipased}
lipase foldase(Lif.) % ZdS #dstr] A& A2 ¥FES Ap7t £F
¥ LB #ir|olA axEet Jguer & & Al Aprt E3HE LB siA]
off A F 3t} ODgoodtel 0.601 ©12Z%ES wW IPTGE 1mMeo] =HA H7t
A Ziott}h vl S AFH e wiFA T AEE 3Tt o] Al
SDSE 83 12%(W/V) polyacrylamide gel oA A7 453t

_‘5;_
K

=

48T ARE] sample $F8AE POl A3, Br B4 5%
=

K2

2]

=}

bt

g% %, loadingdlel #719%3 ¥, 2 gel¥ staining solution®
AsE . 7 ¥ destaining solution® 2 28Tt

wg wEd Vale H42 939 Western blottingS 4333 th
Primary antibody® mouse anti—His tag antibody (Promega Co.) & A}
£319% 21, secondary antibody+ alkaline phosphatase”?} conjugate
o]3l&= anti-mouse IgG(Promega Co.)E AH&dtch 2dE Vale
electrophoresis & ~SDS-PAGE A2 ©@wAZ  polyvinylidene
difluoride (PVDF) membrane®| electrophoretic transfer % &
Western blottingS F33FTH(T).

6. AZF Lipased A

N—terminal tagging®l®1 2= pRSET-271 Soigls 55 a5 wjok
3 H, A7l A5 TG Zol IPTGE AHeste] ZdEAFAY. Celld
harvestd}®] lysozyme® PMSFE Yol dgo 3083 #i & o2,
French pressure (AMINCO Co) & ©l&3te] cells #2 slch o7&
lysis buffer (50mM NaH,PO4, 300mM NaCl, 8M Urea, pH8.0Q) ¢l 34
3kl Ni-NTA Agarose gel(QlAgen)ol packing®el 9= columne] &
#JZF Uk Resinell binding® proteing washing buffer (50mM NaH,POy,
300mM NaCl, 8M Urea, pH6.3)2 o] &= & elution buffer(50mM
NaHyPO,4, 300mM NaCl, 8M Urea, pH4.5)Z hexahistidine—tagged
Lipase ¥ Foldase® @it ZHH lipased FZFE Lowry(8) ¥

& ol &3
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7. Lipase®) &9l

Lipase & activity®] A% & #1387] 93 solid—phase actmty uh
< ol &3 7HE3) AF3HAE Vibrio alkaline lipase 41}% xg
33 e AZRFE E colie IPTGE ©l£3) lipased 2L F:3 H
vjFol g 3 3 o]E LB-Ap—Tcol spottingdte] 37CelA st&8
Hj¥g 5 halo 48 #Esgich '

8. Silver staining

PAGEZ +8% ¥, 443t 5 ethanol: acetic acid: DW (3:1:6) 9
bufferel fixationAlZl Fo 0.1% AgNO, &9 Y3 308 F<
reaction® DW= washingd}3l, 2.5% sodium carbonate+0.02%
formaldehyde §o] ¥gith. A3 Wao] U 1% acetic acidZ
stop A7) & bandE TEstYCh

1. V. metschnikovii® lipase gened cloning

V. metschnikovii 9 extracellular lipase® gene2 cloningd}7] ¢34l
chromosomal DNAZE isolation¥ ¥ HindllI2 partial digestiondto]
Hindll1©. 2 digestiondt vector pUC19¢] ligationAl# transformation&
TSR olFA B F 800074 transformantE 0.5% tributyrin
S g3 LB-ApHiAo] tooth~pickingdt®] halo® A= 1749
colony @A (Figure 1—a ). ©|¥4 cloning® gened Va![,E}i kg o
o o] gene2 7}A plasmidE pHL1 olgtx HH3Jo. pHLIZRH
DNAE isolationdte] HindllIZ digestiond}o} ‘2%?2,7kb3§ vector size%}
lipase gened! 9F3.2kb¥ insert band® &3} cH(Figurel—b ). SEA
Southern blottingS E3to} 3.2kb9 insert7} V. metschnikovii oA
AYE %A} Figurel—c ). o

o o
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Hinallt

(b) (c)

Hineitti
U Gameds Pvul

Figure 1. Screening of lipase—producing colony by
formation(a), characterization of the cloned gene(b),
restriction map of pHL1 containing lipase gene(c)
(a) lanel: size marker

lane2: pUC19(s.c)

lane3: pUC19/HindIll

lane4: pHL1/Hindlll

lane 5: pHL1(s.c)
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(a)

43 —

Figure 2. Characterization of recombinant plasmid pHL1.

 (a) Agarose gel electrophoresis and (b) Southern blot.

lane 1: DIG-labeled size marker, lane 2: V. metschnikovii
RH530 chromosomal DNA, lane 3: V. metschnikovii RH530
chromosomal DNA/HindIl, lane 4: V. metschnikovii RH530

~ chromosomal DNA/Aval/EcoRV, lane 5: pUC19/HindIl,
lane 6: pHL1(s.c), lane 7: pHL1/HindIl, lane 8: pHL1/Ava
I/EcoRV. o

2. _Sequt’encing of lipase gene
pHL19 lipase gene® sequencing® 371 $8) $4 VallZ¥E

lipase® activityel 932 FA Qe ¥EE BaBl nucle_ase% O]\%?}"i
AA ¥ F subclones A= ol subclone A sequencing 2
%33 A7 797bp, 554bpZ o1FA F 74 open reading frameS
w3ggon 747k 2667), 185789 amino acid® 73X Zo2 PP
(Figure 3). X% —35, —109] consensus seciuer_ices%: aAg + 93

o9, SD sequencex 7FAZ Ut} o} sequenced 7FA I 91 lipased
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sequence® homologyE vlw3d Z3} 5 WA open reading frame®|A]
Pseudomonas glumae$t Burkholderia cépacia® lipase® gene® Z+z}
17.5%, 18.3%% identity® 23T (Figure 4). 28l ©] ORFeA

lipase? active siteE ©}F+ G-X;-S—-X,—-G9 consensusd HFF&

227 Q= AL B 4 gddh wEtA o] ORF7Z} true lipase®] gene®|3l
9}Z 9] ORF%= lipase? chaperon®ly secretion®] E 238 geneoleti
Atg HojZ

AGCTTGCACT TTATCAGCCA ATACTTGCAT CGGTAACTCG GCGGGCACTT GTGCCCAGTG 60
GCGGCGGCTA CGTACTTCAG AGATTAAGGC CATGACTAGC GTTTCATATA AAATGGTGTC 120
TCGCCACGTA CCTTGAATGG CGATACGCAG CTGGCGTTTG CCCTCTTGCT TGAGGATCCC 180
GATTTCAATT TGCCGATCGG GTTGAAAATG GAAATAGCGT AATGACTGTA AAAAAGTACG 240
ATTCAAATGA GGTGCATGCT GCTCTAAATA AACAATGTCG GCATCCGAAA AGCGCAATGA 300
AGCCAACTGA TTGATTTCTT GGCGTACTTC CTCTAATAAA TCGCTAATGT CTTCATCACT 360
GCGCACAATC AhTTCATAGC GCACCTCAAC ATCCGGATAC AACGAATGAA CGGCCTGCAT 420
CATATTGATT TTATAGGCAT CAAGATCCAA TAAACTGCGG ATAAAAAGAG GAGAAAATAG 420
GCGATCGCTC ATGAT"ATGC CATCCTTTCG TTCGGTTTCA TTC,’-\GTC/-\TT ACGTTAGTAA 540
CAACGTGTTG CTAACTTTGG GCGAACAATA AAGTACCCTT GTAAGTTTGT CAACTTTTLT 600
GACAAACCTA GTCAGTCGTT ATTTGGCCTT ATTATAATTA TGGATATTGA GGGGTARGGA 66C
-35 -10 SH
CCTAGTCATA ACAACAATTA CAGTACTCTT GTTATCTGAG TTATGTTTGT CACAAAGTGT 720
M F V T K C
TATTTACATT TGACCATCAT CATGCACTTA CCTAAAATAA GCCCGTTGTT TATTAGGGAA 7RO

Y L H L T 1 1 M H L P K 1 s P L F i R E
GCCATTATGA TTGTCACTAT CGATATGATT TGTCTGCGTC TTGCGCCGAA ATCTATCCAG #40
A1 Ml ] v T 1 DM I C L R L A P K S 1 Q
GTTTTACTGG TGAAACGCTC TAATCCAAAT CGGCCAGATT GTGGTAAATG GGCATTGCCT 400
v L L Vv K R S ™M P N R P D C G K W A L P
GGCGGGATAG TGTATGACGA AGATATGACC GCTCATGGTG GAGAACCTGT CGATGAGGAT 960
G G 1 vV Y D E bM T A H G G E PV D E D
TTTGATGCAG CGAGACGACG TATTTGTCGG CAAAAAGTCC ATACTTATCC TAATTTTATC 1020
F D A A R R R 1 cC R Q@ K V H T Y P N F 1

AGCGATCCGC TGGTTGATGG CAACCCCAAA CGCGATCCGA ATGGTTGGAG TGTCAGTATT 1080
s ppPp L ¥V D G N P K R DPN G WS V 5 ]
TCCCATTACG CTTTATTAAA CCCGTCCAAT GTCAAACAAA TAGAAGATTT TGGTATCGAC 1140

S H Y A L L N P S N v oK Q1 E DF G 1 D
CCCGAGCGCG CTAATTGGTT TGATCTTCAT ACTTTACTCA AAGAAGAAAT GCCGCTGGCT 1200
P E R A N W F D L H T L LK E E N P
TTTGATCATG TCGCGCAAAT TCAGCATGCG TGGCAAAAAT TACGCGCTGC GGTTGA.ATAC 1260
F D H V A Q I Q H A W QK L R A A v E Y
ACATCCGTGG TACTATTTTC ATTAGAAAAA GAGTTTTTAG TGGCGGATAT TATTGATGCC 1320
T § V. V¥V L F S L E K E F L v A D I I D A
TACGCCAAAT TTGGCGTCGA AGTTAATCGC ATGACCATTA AACGCCGCTT GATCAATACC 1380
Y A K F G VvV E vV N R M T 1 K R R L 1 N T
GGGGTGATCG TCAGTACCAA TAAAATGGCC GCATCTTGTA AAGGCAAAGG AGGCAAACCA 1440
G Vv \% S T N K M A A s ¢ K G K 6 6 K P
GC(,ACCGTlT ATCGTCTTGC CAGTCATGAA GTCACCTATT TTCAAACCTG TTTACGAGGT 1500
A T VY R L A S H EV T Y F Q T C L R G

TAACTGTTCG AAAATCGTGT ACAGTAGGTG ATGATGTCAA TTGATGATAG GT?AGGAAC:CA 1560

ATGCAGATTA TTCTTGTTCA TGGACTCTAT ATGCATGGCT TGGTAATGCA TCC’“CT TAGT 1620

M Q 1 1 L V H G L Y M H G L v M H P L S
CATCGTCTGC ATAAATTGGG TTATCGTACT CAAACCATTA GCTACAACTC ACTCGCTATC 168G
H R L H K L G Y R T Q T 1 S Y N S L A I
GATGATGAGG CCATTTTTCG CCGCCTTGAC CGATCGCTCA CTCATGCCTC GCCTAATGCT 1740
D D E Al F R R L D R ¢§$ L T H A S P N A
TTAGTCGGAC ACAGTTTGGG CGGATTGGTG ATCAAACGTT ATCTAGAATC GCGCGCACCG 18CC
L v ¢ " 5 1L G G LV i K R Y L E S R A P
TCCTGTGAAA CCCTCTCCCA TGTCGTCGCC ATCGGCTCAC CTTTGCAAGG AGCTTCCATT 1860
s C E T L S H VoV A I G s P L Q@ G A0S {
GTCAATAAAA TTGAGCAATT AGGTTTAGGG GTGGCACTAG GTAATTCAGC AGAATTTGGG 1820
vV N K I E Q L G L G vV A L G M S A E F G
TTAAAAGAAC ACGACGACGA ATGGCGCTAT CCACAAAAAC TAGGCAGTAT TGCAGGAACG 1880
L K E H D D E W R V P Q K L G S 1 A G T
ATACCTTTAG GGCTGCGCAG CCTTTTACTG CGCGATCAAC TGGACTCCGA TGGTACCGlC 2040
1 P L G L R S LoL L R D Q L D S D G T

ACAGTAGAAG AAACCAAAAT AGCTGGCATG ACAGATCATA TCGCGATATC CACCACTTCAZ;OW
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T V EE T K I A G M T D H 1 A I S T T S
TACGAGAATG CTGTTTAATC ATTCCGTTGC CGAGCAAATC GACCACTTTC TTCGTTATGA 2160

Y E N AV
CCGCTTCCGG CGCTAAAGCC GTTTAAACTT CAGATGATAG TGTACTTCGT ATCAAACCGA 2220
TGGTGATTGA AAACATACCC ACCATTCATT CAGAATAAGA CGTTGCCATC ATCAGAGCTT 2280
TCCCATGCAA TAAACAATCC GCGACTTTAC GTUTGGCCGC TTTAACTAAA TTGGCAAGTG 2340
TCTGCCGCGA TACGCTGATG CCGCATAGTT AAGCCAGCCC CGACACCCGC CAACACCCGC 2400
TGACGCGCCC TGACGGGCTT GTCTGCTCCC GGCATCCGCT TACAGACAAG CTGTGACCGT 2460
CTCCGGGAGC TGCATGTGTC AGAGGTTTTC ACCGTCATCA CCGAAACGCG CGAGACGAAA 2520
GGGCCTCGTG ATACGCCTAT TTTTATAGGT TAATGTCATG ATAATAATGG TTTCTTAG 2574

Figure 3. Nucleotide sequence of the Vall
Putative promoter sequence, SD sequence, and putative
transcription  terminator are marked by closed box.
The consensus active site of lipase is indicated by underline.

Vibrio metschnikovir
MQUILVHGLYMHGLVMHPLSHRLHKLGYRTQTISYNSLAIDDEAIFRRLDRSLTHASPNALVGHSLGGLVIKRYLESRAP
Pseudomonas glumae .

———————————————————— VANLSGFQSDDGPNGRGEQLLAYVKQVLAATGATKVNL 1 GHSQGGLT —SRYVAAVAP

————————————————————— VANLSGFQSDDGPNGRGEQLLAYVKTVLAATGATKVNLVGHSQGGLS —SRYVAAVAP

Vibrio metschnikouii
SCETLSH¥VAIGSPLQGASIVNKIEQLGLG VALGNSAEFGLKEHDDEWRYPQKLGS 1 AGT 1PLGLRSLLLRDQLDSDGTV
Pseudomonas glumae
--QLVASVTTIG TPHRGSEFADFVQDVLKTDPTGLSSTVIA AFVNVFGTL VSSSHNTDQDALA -—-~=--—-==--=--=-==
Buricholderia cepacia .

—-DLVASY TTIGTPHRGSEFADFVQDVLAYDPTGLSSS VIA AFVNVFG IL TSSSHNTNQDALA -~ - === -===—smmm oo

Vibrio metschnikovii TVEETKIAGMTDHIAISTTSYENAV
Pseudomonas glumae = —————T—- - - <o - sTo oo ——o——o—————— oo
Burkfiolderia cepacia @~ ——————— - ————mo o oo ss oo

Figure 4. Homology of amino acid sequence among various lipase.
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3. Cloning of va/L in pRSET—-B

T7 promoter 3FellA VallS 2#HAZI7] Y3l valle] orfl, orf2,
orfl25 2z} PCRE ZZ A7) & pRSET-Bel cloning3dt¥ith. o1&2 7
z} pRSET1, pRSET2, pRSET122tx ¥ 3% ot (Figure 5 )

orf12 ¢ (g

Figure 5. Construction of each orf of valL subclones for N—terminal
tagging. pT7 indicates T7 Promoter. EK represents the
Enterokinase moiety containing (His),
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4. Expression and detection of recombinant Vall in E. coli

Vall. subclone®S IPTGE ©]£38 induction A1) ¥, SDS—-PAGE%
Western blottings &3to] 998 d EAoIHE 213yt pRSET-29)
S wjgdal ME A29 uninduction® induction sample R 54
lipase® U 4 UJAAT pRSET-13 pRSET-129)A41+&= Lif(Lipase
foldase) 7} 2ZAFHZA Iyt 272 = GWA S N-terminal B o)
His—taggings ANAFE= vector"? pRSET-BE o]&3&o] ValLe 2d

FEYg LAY E Yol B AFoA lipaseE cod;ng0}~—- FHAE =
g8t pRSET—-29 ¢l H Fo 3} AL AN Eo]A EF lipase7t #
2ot Lif A0S £ pRSET- 1, Lifs} lipase Z%E X

&3t pRSET-1294 & Lif2 AZH+ bandE 2 F Y. ol
Life} A% AE9e] bound 8 FHZ LS 37 wFo A7 Hg A
cell debr:sﬂ‘r A AA=o] band’} #EHA P o7 AZEH,
pRSET12 9A] orflolx] 28 EE foldaseol 9t taggingo] o] 9oz
AME A2 A cell debris® 7 AA 5ol Foa Atz oA utehA
lipase7} E.colidelE Lif glo] 9E02 EAsHeE AAZ folding
n AE go2 4% FuldtE AE B 7S 54 € F U9
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(A) a. SDS—-PAGE b. Western blot

Uninduction  Indugtion

Linindustian

Irduction

e Vall
{Upase

(B) a. SDS—-PAGE b. Western blot

St

Lnindectior nduction

Figure 6. Detection of expressed ValL in cell culture

supernatant(A) and (B) in intracellular location.



rf
o
o,
2

- 0] 3

ot
o

54 H A

5. Protein purification by His—tag affinity

Ni—NTA purificationZ¥ PAGE$ Western blottingolA &5 H3+=
lipase bandE €& 4 A3 (Figure 7—a,b), & O sensitivedt detection
S 3 silver stainingS 3% 2 protein purityE & F Ut
(Figure 7—c). &8 samples AF A4 23, 9 4.6mg/ml crude
extract®] lipase® €& F AU

Affinityol 93 purify® protein®  Vibriol A9  secretion
mechanism® Q7E 93 antibody A& o]&Ho] A & Y& Aoln
& ¥ secretion efficiency® %2 7}sdtchd Mg o2 {43 Lipase
9] over expression® Aol fF2d FHE AL Rolggt AR EHAA
t}.
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(A)

55

Figure?7 . Purification of ValL by Ni—NTA
SDS —PAGE (A) and Western blotting (B).
lane 1:crude extract ,lane 2:1st washed, lane 3:2nd
washed, lane 4:1st eluted, lane 5:2nd eluted sample.
(C)shows the silver staining of the purified lipase .
lanel:1st purified sample , lane 2: 2nd purified sample ,
lane 3:size marker
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Saccharomyces cerevisiae°] ] hydrogen
peroxide©l] ¢]3 glutathione®] W3} ¢4

%

olok
e

, gD

L 9%  YEPD medium®lA Saccharomyces cerevisiae CY4a2] growthel

2 glutathione (GSH)® %& #4349, YEPD mediumolA CY4a7}
H;O; adaptation ¥4S 32 A= AE Yolr7] slA lethal dosed] 4
mM H:O0:E A 2lst 213 nonlethal dose$) 0.2 mM H:0:& 1 Al7HE< ARA
el & Fo] 4 mM H0,F A% 2 cell disruptiond A3 ¥ HPLC
g ol &3t Zzt8 GSH %2 A% 2 controldl B8] 60 min ¥
531% , 221%7F 0. 48 wH ez SD mediumdl M+ #7 GSH %
o] controlel Bla] 60 minolM 65.4% , 31.4%7F £ Y. SD mediums) ] 7
$ early exponentially grown cell®] YEPD mediumelA 71& cell®d} GSH
oko] o 3uiME BYT T o]HE growth conditiono] UMW celle
survivaldt7} $18lA4 GSH 4% &7 99 A2 JAAT £ YEPD
mediumel A isogenic mutant strain®l gshl® A-$olE lethal dosedl 4
mM H:0.S %23 #3} nonlethal dose?! 0.2 mM H0.2 1 A7+ ¢+ A}
AHE & Fol 4 mM HO:F A & 39 GSH ¥¢ ZotEgin. 479
GSH %] controldl] Bla} 60 min 39 GSH %o] 451% , 216% 7} £}
t}. YEPD mediumol Al# early exponential phase® gshl2 YEPD
medium®l 4} 2@ early exponential phase®] S. cerevisiae CY4a®] ¥]&j]
control] GSH <ol ¢ 25% HA EAHAT. 2 olfT gshly Zfole
v-glutamylcystein synthetase7t 10141 s§x] We] GSH gt ol &% 7 4%
o GSH %ol B2 ol

INTRODUCTION

A An A 2dARes ZadAt AW aL2A, FAAAL getet
F, TEEd, BESNE T A4F 29 9 FF 2 T osd
ghgAdo] o & AL (active oxygen)E HEHW Ao Al
ArE4E dodle FEAS AU Jdo Adahe Bge REAA 4
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60 A L

A AHERAT ArdT o FEA O T AL ok AA YA
2L 24 Ean gEoidn o8d ¢ 2L WA 1 L%
A ol2EE WEE B2WAF A7t Aok 2Rl BPAzoT BHME
& oxygen free radical ¥ o|AoZHE HAH A 714 U423 FEE
2 EQets ASE, o5 BF Lol & EAL X1 Y. o

radical product® reactive oxygen species (ROS)ztx 39 At27F A A s}
UZ 2499 superoxide radical (Oz ', superoxide anion)®] 9}, o]AL
T E G2 AR & 79 2749 H'9 Z3}stY hydrogen peroxide (Hz0z)
7t Atk B0l E due] dxh Bostd st Bl BojA
4= 2F0) & (HO )& hydroxyl radical (HO )o] AR TH(1).

AP A EL o]gld ROS 93t oxidative stressoll 8] defense system
S ZHAA Hed, ZA F HAZ 29 ¥ & Ut AAE enzymatic
defense system®] ZA3¥, E#Z non-enzymatic defense systemo] &
Attt o]E defense systemE-S toxicd radical compound?] electron
scavenger=M G Z SAFEH2, 4).

A2 enzymatic defense systemol:= superoxide dismutase (SOD),
catalase, glutathione peroxidase Zo] =T SODE F EAY
superoxide anion radical (Oz )& HiO:%t O:2 AFAAFO O 9
toxicity S §lolF ™, catalaset ¥ ®A9 hydrogen peroxideE F 24
o} H;0:8F 0,2 HBA 71T Peroxidase: hydroperoxideE A AgTHE),
E# £ non-enzymatic defense systemd|+ glutathione, glutaredoxin
o] ZAscHd). Cell WilA GSHE amino acid transport, protein
nucleic acid®] synthesis, ROS processing®l ##3 7]5& zta ith
GSHS} HeO.& GSH peroxidaseo] 9 8lA oxidized glutathione® H:02
A3 A} GSHE glutamate, cystein glycine22 AZH tripeptide ¥ El
o]y, cysteine® SH group®} free radical® %¥+-33+4 electron scavenger
2 A 23A F3). T glutaredoxin® cysteine active site?7} F 7} &
AsHe protein©] i, ascorbate & %ol ion3td FHE A A o toxic
¥ radical compound®] electron scavenger= 223t Al FtH3).

B AYL S cerevisiaged ROSY FF9U H,0:2 A2 3A adaptationd
Ao mE glutathione®] ¥3E LolH k3, growth conditiono] we} A
5= glutathione® ¥3to] thsiA Lolr gttt ojo] wet glutathioneol
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27 stressel FlAE FUE FFFA H
MATERIALS AND METHODS

Yeast strains and culture condition

BodAFo AL E wild typedl yeast straine CY4a (MATa ura3-52
leu2-3 leu2-112 trpl-1 ade2-1 his3-11 canl-100)o]® A}& ¥ isogenic
mutant - strain® v-glutamylcystein synthetase7b 298 gshl (MATa
ura3-52 leu2-3 leu2-112 trpl-1 ade2-1 his3-11 canl-100 gshl:LEU2)<
AL 3T

79 ¢S YEPD medium (1% yveast extract, 2% bacto peptone, 2%
glucose)dl Al A A8, 2 2ol minimal medium? SD medium (2%
glucose, 0.17% yeast nitrogen base, 0.5% ammonium sulfate, 0.3 mM
His-HCl, 2 mM Leu, 05 mM lle, 05 mM Val, 04 mM Trp, 0.15 mM
Ade-HCl, 0.2 mM Ura)E& AH83t 3. Cell culture conditione 30T, 200
rpmel A X guj ek &gt

H202 A2 2 adaptation ¥4

YEPD medium® SD mediumelA & s S cerevisize CY4a7t
early exponential phase$¢! OD 600nmellA 1.0°] £%< 9 lethal dose?!
4 mM H0.& AMEd 3 60 & ¢ 30 £ Ao 2 GSH 45 A3
t}. =3 YEPD medium® SD mediumollA X &ujste]  early
exponential phase$! OD 1.07FA] 7]-% %ol non-lethal dose?! 0.2 mM
H0: & 1A17HE<t AbdAE 3 & A4 E2(3000 rpm, 5 min)dtx, cell
pellet2 AMZF YEPD medum™® SD medium®Z Z+7Z transferdt,
lethal dose?!l 4 mM H:0:8 AHstdE ¥ 60 £ ¢ 30 £ 142
GSH %4& =43t adaptation BA4S dolrgrdh

Cell disruption
A F cell® centrifugation (3000 rpm, 5 min)dted cell harvestd 4o
0.2 M phosphate buffer- (pH 3002 23] #E3o AH3d Z
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microcentrifugation (12000 rpm, 5 min)& ©]&3t9d supernatantZ- ¢ 3]
AASL 719 glass bead ® 05 mm)E AEF YL mini-beadbeater
(5000 rpm, 40 sec x 33])E o]&3}9 cell disruptiondHt}.

HPLC analysis .

High Performance Lipid Chromatography (1100Series, Aligent
Technologies, USA)E AFE3l%127 ZORBAX SB-Ci8 reverse phase
(46 mm x 15 cm) columng ©}&€3& AUt} Detector= electrochemical
detector (ECD)E ©l-83t31 1, mobile phasex 0.2 M phosphate buffer
(pH 3.00& AH&3tATh

RESULTS AND DISCUSSION

Adaptaion of CY4a grown in YEPD medium to H20;

YEPD mediumo) A 71& S cereviseae CY4a2l GSH %4& HPLCE 9]
g8 =R QHFig.l). YEPD mediumolA S. cereviseae CY4aZ
early exponential phased! OD 1.07}A 71 2%, 4 mM H:0,& A3t
AL controle] ®]3A GSH %ol 60 minol| A 531%7F &t 2211} 0.2
mM Hx0:Z 1ANZHEd ArdAEl & F, 4 mM HO0:& AHd R
controlol. Bl&lA GSHe] %ol 60mindlA 221%7t £t o] ZH=
YEPD mediumol A" HiOzoll tidF S. cerevisize CY4a2l adaptationo] Yo}
$2S € 4 Jdoh H0zo th3lA adaptation &<tell o2 7HA] defense
systemo] B¢ o2 &34 adaptation ¥ FolE, 4 mM H:0.8 A&
#L 9ol GSH 258 AA o F5E0.

Adaptation of CY4a grown in SD medium to ,HZOZ

SD mediumol A wild type?! CY4aS early exponential phase¥l OD.1.0
72 71 AL 4 mM H0:2 AEd AL controlol] Bl3lA GSH %ol
60 minol A 65.4%7F 2T LY 02 mM HOE 1 Az AHA
g & H.4 mM HOE AE R controlel BlalA GSH ¥l 60 min
oA 314%7t Z2UHFig2). o) AHZ SD mediumel A= H00 3t S.

cerevisiage CY4a® adaptation®] ¥doiu&S & 4 it
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S. cerevisiage CY4aT growth condition®] YEPD mediumolA SD
mediume 2 ZEAH GSH o] oF 31 oldoz F718s & + Yt
YEPD medium®lA 4 mM H:0:% ﬂﬂ?} A& 60 minollA 469% =2 GSH
Fo] YEbd, 02 mM H:0.& 1AZE<t ArdAE & | 4 mM HiOx &
A2 e AL 60 minol A 77.9%=2 GSH o] e tH(Fig.l). SD medium
A= YEPD mediumell A2l controlel #lgfA 4 mM HyO:2 A3k AL
60 min¥oll 1149%= GSH o] Uetw i, 02 mM HoO:5 1 A& A}
AHY & H 4 mM HO0E #d AL 60 min$o] 2279%=2 GSH ¢
o] YEhth(Fig2). o] A= celle] growth conditiono}] VA3 cello]
survivaldt7] 934 GSH ¢4¢ E3v 222 3 & &

Adaptation of gshl grown in YEPD medium to H2O:2
YEPD medium®ll Al isogenic mutant strain?! gshl$ early exponential
phase¢! OD 1.07+A] 71¥ 7%, GSH &< controlol B3] 4 mM Hx02E

A2 R 60 mindllA 451%7F FJok ZY 0.2 mM H:0.& 1 A3

Boh AN @ H, 4 mM H0:E AF AL 60 mindl A 216%7F &
1 tHFig.3). Adaptation &¢Fol GSH %ol SowARt A3 ¢ Fxe
GSH W&ol cell survival A1 adaptation ¥4& HolA &3k

Isogenic mutant strain¢! gshlolA+ S. cerevisiae CY4ad] ®]3lA GSH
ko] ok 259% HE A7 uelgth YEPD mediumol A S. cerevisiae CYda
early exponential phase$l OD 1.07b#] 7]¢ % 4 mM H.0:& A%
2 60 minolA 469% 2 GSH %] YElwi, 02 mM H:0:E 1 AHs
AbdAE g H, 4 mM H2028 A& AL 60 mindlA 77.9%%
GSH o] =AFAH(Fig.l). ¢l M3 isogenic mutant strain¢! gshl®l
A Sl S cerevisiae CY4a9] controlel HlEHA 4 mM H:0.& #2|d A
& 60 minol A GSH %e°l 39.9%2 e, 02 mM H0,8 1 AlZEESH
ArRAE 3 H 4 mM HO0E Agd AL 60 minollA GSH %ol 56.9%
2 YeElyth(Fig3). gshle Ao+ v-glutamylcysteine synthetase’t §1
oA iR Ule] GSHYE o] &3t7] W&ol S. cerevisiae CY4aRth GSH %
o] AA Jetvt= Aol

0,

ro s
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Fig. 1. Adaptation of CY4a grown in YEPD medium. to Hz0;

Exponentially grown cells in YEPD medium were treated with 4 mM HzOz and
pretreated with 0.2 mM H:0; and then challenged 4 mM HzO; At 30 mm mtervals

ahquots were taken and the area of GSH was analysed by HPLC-EC.

ad 60min I
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0.2mM 60min I
0.2mM 30min I———
4mM 80min : A
4mM 30min |
S
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Fig. 2. Adaptation of CY4a grown in SD medium to H202

Exponentially ‘grown cells in SD medium were treated with 4 mM H:0: and pretreated
with 0.2 mM H;0O; and then challenged 4 mM Hz0,. At 3 Omin intervals, aliquots were

taken and the area of GSH was analysed by HPLC-E.C.
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Fig. 3. Adaptation of gshl grown in YEPD medium to HzO:

Exponentially grown cells in YEPD medium were treated with 4 mM H0; and
pretreated with 0.2 mM HyO; and then challenged 4 mM H;O; At 30 min intervals.
aliquots were tatken and the area of GSH was analysed by HPLC-E.C.
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Secondary electron emission characteristics of

microchannel plates
SeGi Yub

Abstract : The electron apmplification of microchannel plates (MCPs)
through secondary electron emission were evaluated for three different
shapes of MCPs. An MCP was made of an alumina green-sheet by
punching, laminating, and firing, sequentially. The channel walls of pore
arrays of an MCP was coated with an electron emissive layer by -
electroless copper plating, and a resistive layer was formed upon the
emissive layer ' by sol-gel process, subsequently. The slant and
chevron-shaped MCPs were fabricated by aligning the channel holes in
the alumina green sheet during laminating process. The maximum
secondary electron emission efficiencies of slant and chevron-shaped
MCPs were found to be around 300 at the applied bias voltage of 3000 V
on the MCP. The amplification gain of the straight MCP was increased
from 90 to 850, when the primary electron beam current was decreased
from 0.75 A to 0.05 uA.

Introduction 7

Microchannel plates (MCPs) are two-dimensional arrays of microscopic
channel electron multipliers and are operated by avalanche multiplication
of secondary electrons that are used in many low-level signal detection
and imaging application including night vision and x-ray diagnostic
systems [1,2]. Within the capillary channels the channel walls act as
continuous dynodes to support avalanche multiplication of electrons;
when a bias potential is applied across the channel lengths. The
conventional fabrication © method - adopts multifiber - glass-working
techniques to draw and assemble an array of hollow channels in a

wafer of lead silicate glass, and additional thermochemical processing to

D #F9F ST AAEY S
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activate the . channel walls for electron multiplication. Typically,
conventional MCPs are fabricated for amplifying input currents in the
range of a few pA, and may be considered inaﬁpropriate for applying
high input electrons as in a field emission display device [3-5].
Therefore, we need a new kind of. MCP, which can multiply such a
high current, for high-efficiency field emission display. The key features
of our MCP is as follows; (a) bulk alumina is used as a substrate
material, (b) channel location is defiend by a programmable-hole
puncher, and (c) thin film deposition is conducted by electroless platiﬁg
followed by a sol-gel process. In this report, nickel oxide or indium
oxide was applied as alternates for the resistive layer, then their
performance was testified through the measurement of amplification
yield and resistance with respect to the applied voltage between two
electrodes of the MCP.

Experiments

An MCP is a wafer-like glass array consisting of millions of
microscopic channel electron multipliers [1,2]. In general, the channel
matrix is fabricated from lead-silicate glass and processed to optimize
the secondary electron emission (SEE) yield of the surface and to the
render channel walls semiconducting. Charge replenishment to the
channels is accomplished by deposition of metal electrodes on the front
and rear surfaces. Used alone or in cascade, MCPs allow signal gains
of 10° to 10° due to avalanche multiplication of secondary electrons:
When an incident electron (or radiation) strikes the input side of the
MCP, electrons are emitted from the surface. With a bias potential
applied to the electrode faces, é uniform electrostatic field is generated
in each channel. This field accelerates the electrons along the channel
until they strike the wall, generating secondary electrons. Repetition of
this action down through the end of the channel creates an avalanche
of electrons corresponding to the incident electron (or radiation).

The tape casting method was. used to build the bodj" of the MCP.
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Dispersed alumina slurry was passed through a doctor blade to produce
a green-sheet [3-5]. Micron-sized holes were made through the blank
sheets using a computer-programmed puncher (UHT MP7150). The
perforated layers of greensheets were aligned, stacked, and laminated in
a flat-plate press. The stacked green laminate was baked at 1600°C to
remove organic materials. Using this process, we produced the body of
the MCP, with 25 mm deep pores of 170 um diameter on 220 um
centers. Within a single capillary channel, the wall acts as a continuous
dyhode that supports avalanche multiplication of electrons when a bias
potential is applied across its length. The wall is coatéd with an
electron emissive layer, which is formed upon a lower resistive layer.
Functionally, the emissive layer is responsible for generating secondary
electrons upon bombardment of primary e]ectroné, and the resistive
layer facilitates replenishment of the electron deficiency produced in
the emissive layer. Electroless copper plating and successive heat
treatments formed a resistive layer of CuAi20s4, on the channel wall of
MCP pores. The performance of each layer depnds on the resistance
measured through the electrodes located on both end-sides of the MCP
device. The resistance of CuA120s was better controlled and more
reprodﬁcible than the copper oxide. The emissive layer (SiOz) was
formed upon the resistive layer using a sol-gel process, which was
perforfned using an aqueous solution of tetraethyl orthosilicate (TEQS)
containing alcohol and small amount of HClL. Successive thermal
oxidation at 450°C was theﬁ used to remove the organic materials, and
form the SiO; layer. For a slant MCP, the alumina green-sheet was
stacked in this manner that the channel hole was arranged with 25 um
deviation and then the channel bias angle was oriented 6°. A
chevron-shaped MCP was fabricated by the same method for the slant
type with the direction reversal at the middle point.

In order to measuring the MCP amplification gain, the sample was
settled in a vacuum chamber. The primary current (I,) was supplied by
an electron gun (Kimball Physics, EFG-7), and the amplified current
was detected at the anode, which was biased 200 V higher than the
MCP. Gains were measured by the shape of the MCP or by varying
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the primary current. A - schematic circuit diagram for measuring the

multiplication factor was shown in Fig. 1.

Experimental Results and Discussion

As the gain increases, the probability of producing positive ions in the

high charged density region at the output of the channel. These ions
are produced by electron collisions with residual gas molecules. Such
ions can drift back to the channel input, and produce additiona]
secondary electrons. At enough high gams the space charge den31ty at
the rear of the channel reduces the energetlc electrons as they mteract
with the channel walls until the secondary electron yield is reduced to
unity. Thus, the space channel gain is limited by the space charge
density Wh}Ch itself is defined by the channel geometry and the overall
channel voltage. Ion feedback can be suppressed Simpiy by bending or
twisting the channels. The plate are eriented so that channel bias angle
provide a sufficiently large directional change so as to inhibit positive
ions produced at the output of rear plate from reeching the inp_ﬁt of the
front plate. Gain of slant and chevron-shaped MCPs vs voltage
characteristic curve is shown in Figs. 2 and 3. Increasing the bias
Ve]tage of a MCP byields high secondary electron emission at the anode
plate. The maximum secondary electron emission effieiency of each
slant and chevron-shaped MCPs were obtained 'about 300 at bias
vo]tage 3000 V applied on MCP. The gam increased from 90 to 860 as
the primary current of the MCP decreased from 075 to 005 uA (see
Fi ig. 4). It is due to the “output current at the anode (Lmoge) Was limited
by the wall current of the MCP (IMCP) which flowed through the
re51stwe layer of the MCP channels. -
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Concluding Remarks

Several kinds of MCPs were produced by adopting new fabrication
methods such as solution-based coating and laminating sheets. The
performance of MCPs were measured to be quite resonable values. The
amplification gain of a MCP was found to decrease as the input current
increased, which was thought to be due to the insufficient electron flow

to the emissive layer from the reservoir.
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Fig. 1. A schematic circuit diagram for the MCP gain

measurement.
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Fig. 3. Amplification yield vs. the MCP bias voltage for the
chevron-shaped MCP. The channel hol diamter is 200 um, the length
to the diameter ratio is 30, and the slanting alngle is 6°. The primary

current is 0.05 uA and the energy of primary electron is 500 eV.
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GaAs-AlGaAs A A3 F5E £4
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superattice : LSL %4,” ¥A48 2 %% self-assembled QD : SAQD 4
W ), patterning® %3 confinement (V—grovove method,” patterned
substrate 5) 59 52 7Yool YAs3dly, 53] olzd AF Wy o
4% ZFoAE uniform® FA FERE 2717 Y oldE B A1
do% AAog. B dFdAME LSL #¥el 929 tilted superlattice
method (TSL) #8”g o] g8t FaANL 4R n, IHNA FAMe &

A& polarized photoluminescence (PL)& E3}¢] ol3} ATt
II. Tilted superlattice (TSL) method

TSL methode MBEY MOCVDE ©]§39 vicinal substrate 9o %=}
e A8 AFF 5 de Wyoltt. 29 19 TSL method® 7)E idea

=]

g
7v Az g

£ GaAs Molecule

33 1 TSL method? 71E&

(110) BFo =2 1° tiltd substrates ¥ ¥ F Z°] 1 monolayer (ML)
o] step Eol9 60 ML step widthE 71AA "k olale T GaAs
molecule] TA3A HA(@), UMY diffusione T OOD® o
%Eﬂi’@i‘} A ¥¢. @9 diffusion length7} step width®th aohd
GaAs molecule& bonding€ 2¥& 2 + Sle ® A3 (step edge) 7+
ol HASA F Rejty.  HWe ¥E @8 £ UE %9 GaAs
molecules FF3Hd step edged] A ¥ B moleculeo] FF3F B, 19
29 ()X @ growth front7} ¥4 E Aol Al bandgapel & AlAsy
AlosGaosAsE E® Y 9g 2g 4 gt ¥0F IR 13 29 b)A
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II. Al 43 2 A9

Al® A7ALS RIBER 2300P MBE system= AFE3}35 T AAA] 71379
25E 600C ©li, growth rater GaAs®t AlAs E5 017m/h o1%lth
(110) ®&oz 1° tilt ¥ (001) Cr, O-doped GaAs substrate ¥l 1000A
o] GaAs buffer layer® WA 433 ¥ barrier layer2 AlysGassAs 500
Ag AR QWR layer:s @A 7148 TSL B8e 58 GaAs
05 ML, AlpsGagsAs 05 MLE agi2 AAste] QWR-1 A& 30%,
QWR-2 A &% 208 ¥tE35o wEUY. 2 Yo thA] barrier layer®
AlosGaosAs laverE 500A A A3 3 capping layer$! GaAs 50A & A%
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30MLx*30ML ©¥, QWR-2 ¥ 30MLx20ML ¢ ©¥H-& 7[R+ GaAs Az}
715591 AlsGansAs barrierol] an‘}’ﬂ FAAE FAEA Y. AR A
A tilted 7]1B2lol (001) GaAs substrate® 2olA AL HA A

@&, active layer7t HTH 22 AlypsGaosAs 9 compositiong 7HA& &
A} E2 referencez ol &3t7] Yt AU o] ANEEL 77

QW-1 (well width7} 30ML), QW-2 (well width”} 20ML) 2tx2 3t} -

UM FAAE #A37] 5t photoluminescence (PL) 2 polarized PL
S FyEUTE. 7] FYeRE Ar ion laser® AHE3l¥ o, closed
cycle refrigerator2 A2 10K 74 JZHA AT Alg0A 2&28 2&
SPEX 1404 double monochromator % 333te] GaAs photomultiplier tube

£ 539 HEs9th. Polarized PLY A $dl & 471 FY 9 polarization
S FALY B} LR Fo ARE AVAE de FAEY ZAHE A

AsRon, AEAA WEd “‘ A Wz RN Azh wrgke]
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Er ion& GaNel Fo]d7] 98to] 2:0]E ion implantation® WEA o] 2
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2 JF)NE Erg GaNol implantationsti 71 9z #4e HH s
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GaN epilayer= (F) 3 ZF22oA MOCVD (Metal-Organic Chemical
Vapor Deposition) &8 & o] &3t 2 inch 27]9 0.2° tilted (1000) AlOs
(sapphire) substrate o) AZHAT. AFA 4HL 500 Torr®E A8
Ron Ao HLF [IF sources trimethylgallium (TMG)E, V&
sourceZ2¢ ammonia (NHz)E& ©]83%t}. Undoped GaN+& substrate ¢
o] 250A low temperature GaN buffer layer® A &3 3 7 99 AA5
2Tk, Undoped GaN epilayer® specification& ¥ 13 2t}

Spéc. ) Carrier Dislocation mobility
. Thickness (um) 3 ) . 2
Epilayer conc. {cm °) | density (cm ) | (cm”/Vs)
Undoped GaN 25 -1x10" 10° 700

# 1. Undoped GaN¢} specification

Er implantation® Santa Clara, California®l 1+ Core systemsol A 3
HAk.  GaN epilayers S 5mm x 3mm & WAL HAEE 2AE 3
kapton tapeE ©]-83t°] 4 inch Si waferd] %8 %th. Implantation
conditione 190 keV 9 ol 2 2x10" /cm® 9 surface densityS 7FX]
%2 implantation 3Rt $9 implantation =76 WE Er ions] NS
el el B2t & 2¢] Ui
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o Peak volume ) :
Characteristics i Projected Depth Straggle
. concentration
|
Er 190keV 4.188x10" )
14 9 . 3 624 A 191 A
2x10" /em lons/cm’ 1 :

# 2 Implantation 274 A 9 Alg o] Er &%

Implantation®] €% AlZ2E-8 implant®¥ B A9 physical damageE i
7] 9t A Jt2E 59 500T, 700T, 900C°ﬂ*‘] vz 30 B F
oF dxgE . FAsA ¥ A|EF S-Al (as implanted), €3

g 39 A8EE Z+zF S-500, S-700, S-900 o] 3t}
% ¢ Ze @n A gy 5L Fito £48
EA4 F4d o]&3 or] FHL2E HeCd laser® 325nm
lineg AF£35t9928 spectrume Spex 1702 1m single monochromator =

J 7EA) B d4ge) Wl A% photomultiplier tube, A2} 4 <
o] Wl Aex Ax BA2 W7ty Ge p-i-n photodioded A 7 &8t}
AN &% He closed cycle refrigerator (CCR) & 12K 74X WA 7o}

a3 1o+ S-Al $-500, S-700, S-900 A]|E¢] GaN bandedge PL
spectrum®] implant 2] as-grown GaN epilayer® PL spectrum¥ &7
Hd213 9lth. Sapphire 71#H el AAE GaN layer= 71# 3 lattice 2
717 g2 ¢¢7] W& tensile straing L& AHZ AFHA Dok o)
g olf2 AFE GaN epilayerd) F7, A% U T wa GaN
bandedge PL peak< ©2A Jvedd.  S-Al AlsdA = Er iong9l
GaN lattice 2= implantations %3 ZAASZ FUHWEA lattice
parameter® B} A H 31, strain©] release 2 T olyd} latticed
imperfectiong ZA BEA = o] PL peak 9| 7tas-grown A5} €47
Al =9 linewidth® F7t8le EH5S BAFa o

olgigt AL e EAHYUE FotH HA 5—?5]“1, 500C ¢ 3083
gdxg3t & S-5009 spectrume as-grown GaN<@l spectrum¥} Bl stH
gads zejdrt. 24 AJ2E9 PL peakd #x9 I linewidth& ¥ 2
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Sl

2

.01 A

86 o

o Ao 8-7003'—} S-900% implantation damage©] )3} lattice ¥
37t BEFHAS S RYFEY. 22 S-5003 S-7009] peak $1x7} before
implant ’\]_‘?:l‘%_‘:’r we duA Zo=z JeEd Zo=z Hop lattice
parameter’t 7183 of YA 3 A Ho| straino] AW Reg Hlh o]
AL S-900 AMEANA o AstA vebdth. EF linewidths S-700 o] 7}
3 AA vehdd,

A= implantation damage® EF3elt =Y thermal annealing
%3t GaN 1ayer94 decomposition®] dojgd + o= Aot nE9
I-v & &2 IVH B=A%s 29 GaNe €48 Fd N (E) o

.
=

gas?| %Eﬂi utf o} A5 EWOA ®Wg 4 g o] decomposition rate

< 2x9 A ¢ 4yt Hoz A =4S tojoput ).

PL Intensity (normalized)

Before implantation

v T T T T T
352 354 356 358 360
Wavelength (nm)

13 1. Implantation #¢ GaN ¢ implantation ¥,
ax18 ¥ GaN:Er 9 PL spectra
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- 3557
74 — [ ] =
%‘ . ./—* | 355.6 E
E o §
E> / F3555 g
E ) .\ ' " (3554 %
-4 - K
da /T .
e = L 355.3
3l — T T —
Before S-Al S-500 S-700 S-900
implant
Samples
ay 2. Agd W2 PL peake 3% linewidth

a8 194 BAAE spectrum® Z7IE EF normalize 8 A2, 19
3ol Z+ AgeA Bz PL peak® Z7)17F U4 gtk PL peak® 27

2o

10°

Samples

] ) |
s n
2 1074 \
2
i n
g T~
c ]
-
a
S-Al 5-500 5-700 $-900

S-AI7} 2318 gdx8g 3 A 8EXth 39, annealing 257 &7}
AggEro gasgrt S-9000M tA Frksle 2E5S

Bl

3 3. A Zd W& PL peak =7)



g 4.
(a) S-Al
(b) S-500
(c) S-700
(d) S-900
o B9

242

olglg W F& FHujPgow A& A7 morphologyE HlZgd 1Y
42 B¥ A9 7Esit. ¥ 4 (@), (b), (o), (Y &4=2 7+ S-AL
S-500, S-700, S-9009] Alg EW AAE RoF3 Y. =Z7] bare
S-Ald BojAz glew, 100 mn94 2718 Az Qg

S-AIdAME &L FHE (pore) o 79 #FEHHA &+ dhd, 500C, 70

0CZ g9xa &%7F Z718t9A pore® BRE7F EHolxa, thA] 900C=2

dAg 22E ZF/AAFE ULt FolEE # F 9. olgd
AANE B2 2,
]

a3 390Ag & AR EEE Ho)A FE ¢
GaN7} decompose=l ™ AAY FAo2 Azt

ANAZE B4 Aoz A4dch ARe EAL HaFL
3l factor?l linewidth®} peak positionS IT#H T o 700Ce Idxg &
AN Are ¢4ES TMAA L EXE 24E ¥E F U Rojth

e
- =
poreE°] nonradiative center® %83t PL peakel
AL
2
/\
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IV. SUMMARY

Erg GaNdll implantation®} 1 AaFH 7oA d A 2 8} & o
Implantation damage= @8 ¥ Zr4A3FA|IR GaNe decompositiond]
& pore7t EHAA BEZEHAY. EAM o) wek GaNe| bandedged T
2 EAo] Waln o]ZAo] PL intensity® T damaged EF AZ9 ¢S
2 #AE 7. A7 ZIFE Er B9 old 92 rare-earth o] 22
el 2d4& Fste H $&8E 5 A doE At IEF ol
3T A o implantationd W f-&31A 2

o @

29
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S 99} Longuet-Higgins7t AH2 & wgE o] &3te] Ut
e Audte #AAE xSt 2 HE FEH 24 F
A5G FAES0] FREAL o] FNANL S FHEEY o
S gojpi},

o 3349 =

249 FEALE T +UEL x 22 o Fo| 24 A2 +y Fo
2 Fow 9y 4u AV y=0 7} Ak AAES AGSH L wgHol
AR £Fe Avsie 7B BANA AL

du du ou _ 1 dp
3t T% o TV oy = o 0Ox @
Qv v dv __ 1 dp
at+“ax+”ay o dy % @

of A7l AYA wv T AF xy TFY &x HEoL p & ¥HIY »
% g v 47 FA9 dx FHMEEE ujh

S A7k Q7] Aol FA 552 wu=Uy), v=0 =% F2d )A
& AeHoz ¢EFHY Q)9 (3) HoA pr xol FHE y U F5=

P=—pgy+p, 4)

AT A7 pe RAERAAY 4 duach ol fAHd HEAs
o Verg W £Ee g

u=UWUy)+u, v=v, p=P+p =—pgy+p+p (5



3 93

2 g AgriN dHlx = S53
@2 e =z

du |, dv _

% T y 0

du du oU , du y__ 1 0p

T +(U+u)ax+ (8y+ ay> o ox (6)
ov ov. , .0y __ 1 dp.

T +(U+ ) 3 +v oy 0 oy

(7)

vig=0
%% __Sé _i _sfl 8U __¢L 1 ap
otdx +(U+ ) ( 8y3x)— o Ox 8)
o0tdy axay c?y 32 o dy

7re o}
FAHE AAE y=p(x, 1) S A FAHA
FAEA 7Hrto] JE AR A E S5 Polorste 5

7t B3, FAYE GFY 4™y Aol ZY FEH Rus 934 Az

rlo
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2 p—T—g;’L l,_, 0

2 EANAYT. oA71A T v A EW FHolg. (B5) AL olLsd
y=(x, t) oA

g—2 =L 97 [y=, D

7b ok, (DAY 4ds x 2 AvjEegd

On_ 13y _ T 3
£x 0 ox o o5 ly=y (12)

7t H3 (8) AL ol&3H
3% _0¢\ 3“9
gax+ 8t«9x+(U+ 8x)

8yax )_ p 63 | y=79 (13)

2E F A 92 (13)4e y=0 A M Taylor series2 AMEH (9)24

o

—8?+(U{,+;y—aa%+% zaayﬁ’u )42 +(—é+08—y6%+
% a—izg'; )—8—;1 —a#;im o oo (14)
7hE 3 (13)4 &
_3_Q+ 3% aU,

&ox T ot T ayata )+ Wt t )
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% . %y, .. .y, 08 3% . 4 3 3%y, . ..
( dx? K 3y8x2)+ )+ ox  gx? T 533( dx gx? )+
T . L0 SN 1 Wil S
+( ay+77 ayz + ¢ dy +7 ayz + )
06, 8% .y 0% ¢ .. .y-T 3 -
*( dy 7 2y + X oxdy T axdy* - ) o [ 5=o(15)

b A o471 4 g 8

¢=(a¢1o+ B¢01)+(02¢20+03¢11+.82¢’02)+ ot (16)
n=(any+ Bny) + (&*uy + aBny + Bnp)+ -+ - (17

2 AME 5 dui 7AAHA 9714 e, B € oFF AL o2 M2 HF{Yol
o 3¢ 71g7d waste Folth. ady, Loy F B ¥ 4D

Fgel Ui 2AGE dehde Ueix ge ge] 43 8 uehdth (16)
F ADAL 14) ¢ (15) Ao st o'f o 2 59 AL 2ow
¢,’/ o} 73 7F BESE BAANE 28 U

a o AFo] FAAM (14) Hz2RHe

=0 (18)
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d7g, 9mg _ 0%y
gt TUigy = 7oy li-e @D

97y 1 3*¢y ¢y 4 oUy, ddy _ T 3%

& 3x dtox + U 9x? dy dy o 3% Py=o (22)
Vigy=0 (23
g 4d4A 2L F Atk &F of o As-E nga
97y 97y al, 97y AUy Iy 081 97y
ot TUa Ty Tax tToy oy Y Tox Tax

97y -.32¢n 9,2¢11 AU, d¢y,
& 5% + 019x + Uy 92 + dy dy
%y 8%y, R 8%y,
+ 71 dvoxot + 79 3v9x01 + Uy yox’ + Uyng dyox?
au, ¢y AU, %4y, C 9, gy, U, 0y
+ 7y 3y o2 TTm gy o2 T o2 ay |l 32 oy
U, 3%y AU, %y | ¢y %6y | by 3¢y
+ 75 3y 9y 701 3y 3y + ox  ax° + 0x  ax’

3¢1o aqum 8%1 82(}510 =_T_ 83 } 25)
dy 0xdy dy 0xdy 0 3% ¥=o

v 2¢11 =0 (26)
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7 EE go=ne 2 2L 2 Qo werd (18)e

1 97 .
¢10=E_7a;_0+ ZU07710 (28)

b E3m (28042 (19) Ao st Felsw

(%+ik1U0)2’70 ZDUO( 'Hk 1 Up)ng +(k1g+k3) 7,=0 (29)
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0= Upk,— 20+\ﬁ 20)2+g/e1+%k31 (30)
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7t EE (3N20] ¥ xo FuY HE FoH ¢4
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CO bound Mixed Valence Cytochrome c
Oxidase9 0.9 W85 7HA 2] pH Dependence

Aty

8 9 CO bound mixed valence CcO$} 449} uhgoja MARE wgE
ZHAE pH 6.07 pH 80 phosphate -4 A4 optical spectrophotometer
= o]&sld A3 pH 80 phosphate &L N4 A= ¥le-Z71
A= P forme A GAS lE #2138 A7 pH 6.0 phosphate ¢

ZEdoA AMEE BEE7HAY life time2 "H$ ol P formolAd F
forme AA pulsed CcOE BT LR HAG,

e

AYAZE 7HA 3 Q) 3 T8 IFHA miAE DA F
= ZAE active sxte°ﬂ "1:— M heme a 1%, Cua 2832 Cugd %37
32 lo™ cytochrome cEZRE AAES wolz=dg [1-5] wgA o]
¥4 ¥ cytochrome ¢ oxidase (E.C. 193.1)Z #FH9 F4 cytochrome
aa3gtx Edrt} Cytochrome c oxidase (CcO)e A FxE= u Mg
subunit& Zr¥ bacterial €43 13709 subunit® %+ mammalian &4
o tistd X-ray 2% AFE Fslod FRIAAJY [6-7). ©] F7HA EA
A48 AA FxE AT dEAY 249 A2 AgaAd dAge ¢
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T 2 #4915 2822 HAA AeHH °l} FHEE Cc09 W
FUHAE oldizte AL CcOY wg71&S osfse= ]

WAL o]dF ] W2E I Fen 't Ferl 9 Fes': 0% wHg3to]
oxy speciesZti EZE Feyg -0 & TETH A|23 FgzlgRiys
A2T5HELE AESF Holdl ZA8Y Fea3ll-02-9] stretching mode:
571/544 cm ‘2 FAHATHB-10]. F A AR} oxy specieso] A
M oxy speciest peroxy formC Z ulHAT o] GAgA A2Exzie] o] F
2%e 859 A WA FA7} peroxy formel HZHWB peroxy forme
ferryl forme =, 4l H& HAE B ferryl form< hydroxy formE 7 &
thA] oxidized species® HEOIHE AR FAYT QY olgt e
CcO9] ¥rg FHAEY life timed of2] 7hx] ZAE Faes Aoz
e A YA O FAME &9 pHE 53] T3
CO bound mixed valence CcOE 5 7l¢] Azte] osA B9E CeOol
¥ peroxy intermediate7}A] A4S YA IE= A2z ¥8€4Ad U CO
bound mixed valence CcO%} 0z9] ¥t MBAEHE P forme optical 2
FEHPY F5ALS Soret AFY HA Aol 607 nm A GolM
absorbance 7t odiA #EE 4 QIoH11-13] £ =FdMes F A9
Aztel] oA BdHA CcO% 429 wgozRE WEAE P formo)
pHell ojujg oETE Bolx AE optical 2HEHS o]Lsly FHal
At

I

I 23

Yoshikawagol] 9lste] 71ad W wef & AFoZRE CcOE AA
std 14l olZ2A AAE CcOE 0.2% dodecyl B-D-maltoside, pH 8.0,
¥+ pH 60 %Eﬂgl 100 mM sodium phosphate &% £ A 3o AP
8% w7tx] -80 T WE e 2astdct 280 AlL¥ oxidized CcO
9 ¥%+ heme a 7} °2=2 30 uM °lAt}. Oxidized CcOoll &A st =
AA2E AAT Fo] COE H7F8tY CO bound mixed valence CcOE
HETEH CO bound mixed valence CcO% A4S pH 6094 BY pH 80

al
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oA 4 w2t} pH 602 A% 10 Al7F o]4+2 incubation Al7te)l &
31215k pH 8.08) A% 15% incubationo]@ FE3IT. o)A wEoA CO
bound mixed valence CcO°l|l 4&E #H7Fg ¥ Hitachi U-3210 £371&
AbE3led optical 2HEH S Ao IBM PCo Igor T223L A}
23t difference optical ~2HEH & AU

m. 2= 2 3%

24 1+ pH B0A oxidized CcO, CO bound mixed valence CcO
(CO-MVCcO) z18]3 CO-MVCcO% 0¢8] wrgolA A== P formel
)3 optical absorption AFEHolty, T R uiel Zo] oxidized
CcO9] Soret Ht) F434< 423 nm o)t} Oxidized CcONA F7]15 A
A% & COE #H7Istd 158 °]4 incubationAl 71 CO-MVCcO7} A4
gt CO-MVCcO9 binuclear center= hema a°, Cua®, heme a3’ -CO
283 Cup'2 o)Fo)Ad 9o CO-MVCcOS] Soret Hul FT5Hge
430 nm= red shift® 2tk CO-MVCcOd Ox& H7}g & @2 optical
absorption 2HEHL CO-MVCcO o 1]} Soret? intensity7} & A 3
Axstm HU FEo3o] 428 nmE dolgLe HHF T gt Oxidized
CcOdl A veEtUE 600 nm ¥ visible absorption® CO-MVCcOo) A
591 nm 222 a8l CO-MVCcO 0,9 vEgolA AXAEE P form
A 604 nm o]Fgch I 1ctd EodE #FHE 19 CcO9 P form
%} oxidized CcO Ateld] difference 2~ Eolt} Difference 2HEH
749 439, 566, 607 nmolA ol gS 7HxH 414 nmolA S #E 2E
th oj#g A oln Hud ZFHe & dAsiH olE F3 P formd
RS ZAE 4 Add{11-13). olgA pH 8094 AHE P forme
optical 2HEFHL2 24 At ol W E HolA ¥Fo2H pH 8044
CO bound mixed valence CcO%t 09} §H-3 o 258 U542 = P forme
T3 AT FEdS & 5+ AU
23 2+ pH 6.0914 oxidized CcO (a), CO bound mixed valence CcO
(CO-MVCcO) (b)) a8l CO-MVCcOSt 09 wrgad AAFHE
intermediate®] A7} wWE optical absorption 2 EH(c, d)olth. ()¢
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2% CO-MVCcO9 02 H7Fd F 102 old] oz ~dEZHon (de
580 Ad T A& CO-MVCcO% O; ¥3 A E9 optical spectrumO]
oo velsbA Azte]l ¢ ZA#sidd: 19 (de ¥shA gt o™
2 ¢tdl Bo] g FAL OPLS CO-MVCcOd] 02 #H/IF 3T gd&
optical 2FE# 3 oxidized CcO optical 2HEZ A}o]9] difference 2
Efolth, 2@ BE uiet Zo] CO-MVCcOdl 08 #H71e ¥ 30
ojlel @& optical Z2HMEH(c)F oxidized CcO 2HEZH  A}o]
difference 2HE @7 CO-MVCcO O, #H7F & ¥ 58 Z3 Fo
optical 2HEZH (A)FH oxidized CcO 2HAEH Alol9 difference -3
g &43 t2n (o)-(@9 %% pH 80 (28 1 oM & Z4s
3ttt o] pH 609 Z CO-MVCcO 02 #H7Fstd P formeo] A
Hol F3 9 :LE{L} pH 6.0914 A" P form= pH. 8.0]A]
P formo] ¥ BAAS S SRo] FH & F Loz d)-(a)=
(©)-(@)¢ &Q3 FEE. ol pH 804A %= t2A pH 60A<
CO-MVCcOdl 02 #H7tsled ¢2 P form©| porphyrin ring &<
binuclear center F%Hol UE tyrosineLZHE HAAE o] ferryl (F)
form& AA YAl oxidized form7tA] F3ES BAFn o aga o
24 CO-MVCcOE 7AA 288 oxidized CcOE CO% Zgsr] A
oxidized CcO%E 72 HH o|& pulsed CcOZ €A o [15-16].
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Figure 1. Optical absomption spectra of (a) oxidized CcO at pH 8.0, (b) CcO incubated with CO in the presence
O, and (c) CcO incubated with CO in the absence of O; incubation, 3 hours at 20 degree.
Inset represents-the difference spectrum between (b) and (a). '
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Figure 2. Optical absorption spectra of (a) oxidized CcO at pH 6.0,

(b) CcO incubated for 12 h at 20 degree with CO in the absence of O,
(c) add O, to (b) and immediately taken spectrum, (d) 5 minutes later
after add O, to (b). The inset represent the differences between traces

(©). (d) and (a).



J. Basic Sci., HUFS, 16 (2003), pp. 115-124

ASAEA JpAEY FHS AeBY AT
ARg, ol &AD

8 o FhutE A FYAES 1 A7 B Wo FFgo] ¢35y ad
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2 AP e IPPIRR 2B SHF BF 2HL AL oy
52z YA HYR £ AARIAY BT FAhE £ Qe
L B2y A

= 34

71 olASAEA A EYd Wgshtde #A

*la, 1b9 4

0|2 2AES ALY BTAY AL trans-hydroxy-L-prolined]
FHE2EA7IE dgd2d22 ¥ & olux7]|E BoclZ B33}
TEA712 TBDMSZ 23 ¢ g Jd2aH=2E dYd3d, Jedgus
ol g3l AHI=E 402 MPste] o4 ZAE ATHU A HFE
€ F439. $4HL  methylpropiolate®s AHEF  1,3-dipolarcyclo
addition ¥+-§g o83t olAZAE JAFES FAT F Juidde =
odo] e BI7|U allocH ZL RI72 ABF7] Y3t Bocd
trifluoroaceticacid® AA3 F  allylchloroformateE ©o]&3ta] t}A
alloco 2 o}m=7]E B3t 22 S3AE S AAF F allylalcoholo]
£3]3l31 1N-sodium thiomethoxideE #7}5ta 308 7F mutsle ¥kg
o] FZAHW EHE JFEL LErk. ol diisopropylethylamined
diphenylchlorophosphateE 718t 5 24A)zF m#tsic}, whgo] £AHA
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2 24 wYdZdolse]  Fstn DAY A tetrakis
palladium® Zv% 7}gt}d. 283 tributhyltinhydridE. 7}eta 24125
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2-ethylhexanoicacid sodium saltZ 7}sta 2tste] FR/HFE FE3 o
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) Eoolid olASAER snlnd HELde {4
x2a, 2b, 2c9 A

Wz 22 £39Q trans-hydroxy-L-proline S 2% ¥ o} 7] & allocS

2 33%3t1a 25 A4S p-menthoxybenzyl(PMB)Z 233t 42 3t

T 279 Mitsunobu reaction® @ #d XgH ElQoolhd

718 =St P ELS fgAdsta mAgGo g Ft=E4Ard 25d PMB
£ AAsIY ool uEYd FAE FAHS

o] FAE FF THFA SN F AA 0=elA
&

N-methylmorpholine®} isobuthylchloroformate®
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THFE £38lAl7] 3-amino-5-methyliaoxazoleS A7Ie H Aoz 2
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NO. Strain Name Meropenem | Ertapenem 1a
1 |Ecoli 078 0.016 <0.008 0.016
2 |E.coli DCO 0.03 <0.008 0.016
3 |Ecoli DC2 0.03 0.016 0.016
4 E.coli TEM 0.016 0.016 0.016
5 |E.coli 1507E 0.016 0.016 0.016
6 |E.coli ATCC25922 0.016 ~<0.008 0.016
7 \E.coli 0157:HT 0.03 <0.008 0016
8 |Ecoli CCARM 1108 MDR 0.03 0.016 0016 |
9 |E.coli CCARM 1109 MDR 0.03 0.06 0.03
10 |E.coli CCARM 1110 MDR 0.016 0.03 0.03
11 {E.coli CCARM 1111 MDR 0.016 <0.008 <0.008
12 |E.coli CCARM 1112 MDR 0.016 0.016 <0.008
13 |Ecoli CCARM 1113 MDR ~ |  0.03 0.06 0.03
14 |E.coli CCARM 1114 MDR 0.03 0.25 0.25
15 JE.coli CCARM 1115 MDR 0.016 0.06 0.016

16 |E.coli CCARM 1116 MDR - 0.03 <0.008 0.016
17 )E.coli CCARM 1117 MDR 0.03 0.03 0.03
18 K pneumoniae 1 ESBL ’ (3.03 0.016 0.016
19 1K pneumoniae 2 ESBL 0.03 0.016 0.016
20 ' K pneumoniae 3 ESBL 0.06 05 0.5
21 |K pneumonige 4 ESBL 0.016 0.06 0.06
22 |K pneumoniae 5 ESBL 0.016 <0.008 0.016
23 |K pneumnoniae 6 MDR 0.03 0.06 0.03
24 K pneumoniae 7 MDR 0.06 0.25 0.25
25 |K pneumoniae 8 MDR 0.06 1 0.5
26 |K pneumoniae 9 MDR 0.03 0.016 0.016
27 |Kpneumoniae 10 MDR 0.016 0.016 0.016
28 |S.typhumurium 1 0.03. 0.016 0.016

29 S.typﬁimuriiim»? 0.03 .<0.008 0.015
30 |S.typhimurium 3 0.016 <0.008 <0.008
31 |Koxytoca 1082E 0.06 0.03 0.13
32 {K.oxytoca 1551E 0.03 0.016 0.016
33 |E.cloacae P99 0.03 0.06 0.25
34 |S.enteritidis 0.016 <0.008 0.016
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35 |[S.enteritidis 1 0.016 <0.008 <0.008
36 [S.enteritidis 2 0.016 <0.008 <0.008
37 |S.enteritidis 3 0.03 <0.008 <0.008
38 |Sflexneri ATCCH199 0.03 <0.008 0.016
39 [S.sonnei ATCC9290 0.03 <0.008 0.016
40 |P.aeruginosa 9027 <0.008 0.016 <0.008
41 |P.aeruginosa 1592E 0.13 2 1
42 |P.aeruginosa 1771 0.5 4 4
43 |P.aeruginosa 1771M 0.13 1 4
44 \P.aeruginosa ATCC27853 05 4 4
45 |P.geruginosa 1 MDR >8 >8 >8
46 |P.ageruginosa 2 MDR >8 >8 >8
47 |P.geruginosa 3 MDR >8 >8 >8
48 |P.geruginosa 4 MDR 8 >8 >8
49 |P.aeruginosa 5 MDR 1 >R >8
50 |P.geruginosa 6 MDR ’ >8 >8 >8
DHP-1 Susceptibility 1.00 ' . 079
£1. 1a9 EFFF B MIC data
oAbe 22 Avtds 4sRAS NTes] A% BAD 2t 2ash
2bET B 53 d7Es ‘/PE}LH?* 23 dolt olw|H e »lsy

D% R I8 24F BRAA EF EE 42¢ 342 dthin
Rtk s1A% DHP-1o04E MEdgrd $58 omsidnte 4%
3 e Zloz ey
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Strains 1ib 2a 2b 2c Imipenem | Meropenem
S.pyogenes 308A 0004 | 0025 | 0.025 007 | 0.004 0.013
S.pyogenes TTA 0004 | 0013 | 0013 | <0002 | <0002 | <0.002
Sfaecium MD 8b 6250 | 3125 | 3125 | 3125 | 1563 | 6250
“Saureus SG511 0195 | 0195 | 0195 | 0025 | 0013 0.098
"Saureus 285 0195 | 0195 | 0195 | 0025 | 0013 | 019
"S.aureus 503 0195 | 0098 | 0195 | 0013 | 0.007 0.098
E.coli 078 0007 | 0025 | 0049 | 0049 | 0098 | 0.0i3
E.coli DC 0 0013 | 0.049 | 0049 | 0049 | 0195 0.025
E.coli DC 2 0013 | 0025 | 0025 | 0049 | 0195 0.025
E.coli TEM 0013 | 0025 | 0049 | 0049 | 0.19 0.025
E.coli 15078 0013 | 0049 | 0049 | 0025 | 0098 | 002
P.aeruginosa 9027 1563 | 25.000 1 25.000 | - 0.781 0.391 0.195
P.aeruginosa 15%2E | 1563 | 12500 | 12500 | 0.781 0.781 0.195
P.aeruginosa 1771 3125 | 25000 | 25000 | 0781 | 0.781 0.195
P.aeruginosa 1771M | 1563 | 0.781 | 1563 | 0195 | 0.9 0.049
" S.typhimurium 0013 | 0049 | 0049 | 0049 | 0781 0.025
K oxytoca 1082E 0098 | 0098 | 0098 | 0088 | 0195 0.049
K.aerogene 1522E 0025 | 0049 | 0049 | 0049 | 0.195 0.049
E.cloacae P99 0098 | 0195 | 0391 | 0049 | 0.049 0.025
E.cloacae 1321E 0013 | 0025 | 0049 | 0025 | 00983 0.025
DHP-1 Susceptibility] 079 | 045 0.38 1.76 0.18 1.00
CE2. 1b, 2a, 2b, 2¢9 EFFF| i@ MIC data
1) S, Streptococus, °S.; Staphlococus, E.; Escherichia, P;

Pseudomonas, ~°S.; Salmonella,

porcine renal DHP-1

K. Klebsielia, “E.; Enteroabacter
2) Relative tiyz of hydrolysis to Meropenem by partially purified
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tofol s, HF = HFolM egdted 4IFL F= AN8E2 AP
AL A Ertsstt. AF AQqHAY s AFHE A7) Hae o9
=8 At AtY ArlstE sty EHE At Haeo Qg 84
9 APdol wAslob st COD 249 2del BHol »YIA ¥ ¥
A7t et

meta 2 AT AEe FrtskA gL dEHdA A2 Aungs
do7ja oldf 27 H7IHEHE FAHSY, c]2RH COD #e #F3e
HHES ATt dEA] /71#H 71820 H=(pheno)E AFRE AEE}
o ol 7HA Ax SZo Ui BIH ZAIE WA SR oy, o37)A
7V EE&AQ AFERS MEEY JFHA d+E FHI}AY

2.4 3

Al =L T-8 Uniondll A ¥3std
T EE-A(flow-cel) & A&3o
ud A=3 53F-48 EG&G PAR Model 273
Potentiostat/GalvanostatC’ﬂ AAsld 2E A3 (flow electrolysis)¥tgo] &
AUEE At 971M SHHE AF @ A ABESdd zE8 A7)
g ZR3te TAANGHAY BE COD =& Ay vla EAs

A7IA AR BEerE S BAF AGS 9 o)y AHal gle] A&ty
ouA A5 AgAFH BREHNITES FE 99.99%9 BFo|Ru 7EH

F 9A Bg HAe A8t F 7)F M F(quasi reference electrode)e 4

m) 4 1 TRE RE ZJEHMSE)% Atz fsA AFEDY AEL 24}
SAT AA P2 £ Ae 1049 F5 2 F 3527 ok 29 2
o] Fulatd ANBAHY Fiol FTEE TN A4, T4 agn F
71802 Vo] EFAIREQ phenold] tidld A3 AF BAHL BRIy
=3 «}91 AEEES 4% 9488 Addstn ddA=z 2oy AR Al
Aol A7 d e &3 AYAFF(cyclic voltammogram, cv)& =
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Aol AEEE X3l # 24 BEsAT. T 2.9 19 3.9 Azye &
AFgA AR} MSEE RgdAdzFoz Argd o, 2k 10-4M olAte o2
A ELEEL dHdle day A AA HAEE HoMeA Zolx: HAFH
A WA HEH 2R AE¢e UBim Aok

¥ 2. Conductivity of supporting electrolytes before adding KszFe(CN)e.

Tab. | distilled

Concentration of KCI|8.0 x 102{80 x 107{80 x 10{80 x 107 :
water | water

Conductivity,
mS/cm at 25T

1129 13.24 1.15 0.128 | 0.214 | 0.0057 |

(+)supporting electrolyte(-) Tab Distilled

4 ] . » water water

03 00 -03 03 00 -03 03 00 03 03 00 -03 03 00 -03 03 00 03
vs. Pt ’

Normalized Current

6 03 00 06 03 00 06 03 0.
E(V) vs. Ag/AgCH

1Y 3. Typical cyclic voltammograms of Fe(CN)¢® in aqueous solution

containing various concentrations of KCl. Scan rate was

0.1 V/sec.

(a, g) : 0.80 M 1129 mS/em
(b, h) : 0.080 M 1324 mS/em
(c, 1) : 00080 M 115 mS/cm
(d, j) : 0.00080 M 0.128 mS/cm

(e, k) : tab water in Daejin Univ. 0.214 mS/cm
(f. 1) : double distilled water 0.0057 mS/cm
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