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On Hopf hypersurfaces with cyclic n-parallel Ricci operators
in a complex space form

IN-BAE Kim!

1. Introduction.

A complex n-dimensional Kaehlerian manifold of constant holomorphic
sectional curvature c is called a complex space form, which is denoted by
M, (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, ¢ =0 or ¢ < 0.

The shape operator or second fundamental tensor of a real hypersurface
in M, (c) will be denoted by A, and the induced almost contact metric
structure of the real hypersurface by (¢, <,>,&,n). The structure vector
field £ is said to be principal if A = af is satisfied, where a = n(A&) is
the principal curvature associated with the structure vector field. In this
case, it is known that « is locally constant ([1] and [6]) and that M is
called a Hopf hypersurface.

The holomorphic distribution Ty of a real hypersurface M in M, (c) is
defined by
To(p) ={X € T,(M) | <X,&>,=0},

where T,,(M) is the tangent space of M at p. The Ricci operator of M
will be denoted by S. If S satisfies
G < (VXS)Y, Z >
=< (VxOY,Z>+<(VyS)Z, X >+ < (Vz9X,Y >
=0
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for any X, Y and Z on the holomorphic distribution T, then the Ricci
operator S is said to be cyclic n-parallel. Real hypersurfaces with n-parallel

or cyclic n-parallel shape operator or Ricci operator have been studied by
many authors (see [2], [3], [4], [5], [6] and [T7]).

The purpose of this paper is to give some geometrical structures of
a Hopf hypersurface with cyclic n-parallel Ricci operator in a non-flat
complex space form. Namely we shall prove

Theorem 1. Let M be a Hopf hypersurface with cyclic n-parallel Ricci
operator in a complex space form M, (c), ¢ # 0. If the principal curvature
« does not vanish, then M is a space of constant mean curvature.

Theorem 2. Let M be a Hopf hypersurface with cyclic n-parallel Ricci
operator in a complex space form M, (c), ¢ # 0. If the principal curvature
« does not vanish, then all of principal curvatures of M are constant.

2. Preliminaries.

Let M be a real hypersurface immersed in a 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 n 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 M, (c) by the same symbol <, >,
it is easy to see that

<PX,)Y >+ <Y, X >=0, <&, X >=n(X)
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for any tangent vector field X and Y on M. The collection (¢, <, >, &, n)
is called an almost contact metric structure on M, and satisfies

P°X =-X+n(X),,  ¢£=0, n@X)=0, nE =1,

(1) < ¢X,0Y >=< 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 N on M. Then we
have

(1.2) Vxé=9¢AX, (Vx9)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 respectively by

R(X,Y)Z :§{< YV, Z>X— <X, Z>Y+<oY,Z>bX
(1.3) — <X, 7> Y —2< $X,Y > ¢Z}
+ <AY,Z > AX— < AX,Z > AY
and
c
(14) (VxA)Y = (VyA)X = 2 {n(X)oY —n(Y)oX -2 <X, Y > &}
for any tangent vector fields X, Y and Z on M, where R is the Riemannian

curvature tensor field of M.

Let M be a Hopf hypersurface in a complex space form M, (c), that is,
A& = a&. Then we can choose a local orthonormal frame field

{eo =¢,e1,e2,...,e2, 2}
such that Ae; = \;e;, where and in the sequel the indices i, j, k,... run
over the range {1,2,...,2n — 2}, unless otherwise stated. We shall denote

the Ricci operator of M by S. Then it follows from (1.3) that

2n+1
4

(1.5) Se; = ( c+mA; — A))e;,
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where m = traceA is the mean curvature of M. The covariant derivative
of S is given by

n+1

2
(1.6) (Ve,S)e; = (ei(m)\j—A?))ej—i—( c—|—m)\j—)\§)veiej—SV6iej.

If the Ricci operator S of the Hopf hypersurface M is cyclic n-parallel,
then it follows from (1.5) and (1.6) that

ei(m)\j — )\?)(%k + ()\] — )\k)(m - )\j - )\k) < Veiej, €L >
+e;(mAp — A0k + (Ae — Ai)(m — A — ;) < Ve, ep,e; >
+6k(m)\z — )\?)52] + ()\Z — )\j)(m — A — )\J) < Vekei,ej >
=0

(1.7)

for any indices 7, j and k.

3. Hopf hypersurfaces.

Let M be a Hopf hypersurface in a complex space form M, (c) and
{eg = &, e1,ea,...,62,_2} be a local orthonormal frame field of M such
that Ae; = \;e;. At first, we shall prove

Lemma 2.1. Let M be a Hopf hypersurface in a complex space form
M,,(c). Then we have

ei)\j = ()\z — )\j) < Vejei,ej >,

2.1
21) (Aj = Ak) < Veej,e >= (i — M) < Ve e, 65 >

fori # j, j # k, and k # i.

Proof. By use of the Codazzi equation (1.4) for the relation (V., A)e;—
(Ve, A)ei, we have

(ei/\j)ej — (ej/\i)ei + )\jveiej - )\ZVEJ. €; — Aveiej + AVejei

C
:_§<¢ei;€j>§~
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If we take the inner product of the above equation with the unit vector
field ey, then we obtain
()\j — )\k) < Veiej,ek > _()\z — )\k) < Vejei,ek >
:(6])\1)(51k — (ei)\j)éjk.

It is easy to see that (2.1) follows immediately from (2.2). O

(2.2)

Corollary 2.2. Let M be a Hopf hypersurface in a complex space form
M, (c). If there is a principal curvature A with multiplicity > 2 and the
eigenspace Ey of \ is contained in the holomorphic distribution Tj, then
we have X\ = 0 for any vector field X on F.

Proof. Let E)\ = span{ej,...,e,}, 7 > 2, and e; € E). then we see
that A = A;. It follows from the first equation of Lemma 2.1 that e;,A =0
for any e; € E\. Since any vector field X of F) is expressed by >._, fie;,
we have X\ =0.

As for the mean curvature m of the Hopf hypersurface M in a complex
space form M, (c), we obtain

Lemma 2.3. Let M be a Hopf hypersurface in a complex space form
M, (c), that is, A& = a&. Then we have {&m = 0, where m is the mean
curvature of M.

Proof. Let A be a principal curvature of M, which is given by AX =
AX for a nonzero vector field X on the holomorphic distribution 7. Using
the Codazzi equation (1.4) for (< VeA)X — (VxA)E, X >, we can verify
that €A = 0. Since « is constant, we see that ém = 0. [J

The following is immediately from Lemma 2.1 and the equation (1.7).
Lemma 2.4. Let M be a Hopf hypersurface with cyclic n-parallel Ricci
operator in M,(c). Then we have
Aieim = (2)\; — m)e; A\,
(2.3) Ajeim = (2X\; +4X; —3m)e; N,
(A = Ae){3m =2\ + Aj + Ap)} < Ve,ej, e >=0
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for v # j, j # k, and k # i, where m is the mean curvature of M. []

Proof. Putting i = j = k into the equation (1.7), we get the first
equation of (2.3). When i # j = k in (1.7), we have

ei(m)\j — )\]2) + 2()\Z — )\])(m — X\ — /\]) < Vejei,ej >= 0.

From this equation and the first of (2.1) give the second of (2.3). From
the second of (2.1), we see that

()\2 — )\]) < Vekei,ej >= ()\k — )‘j> < Veiek,ej >

for i # j, j # k and k # i. Thus, from the above equation and (1.7), we
obtain the third of (2.3). O

On a Hopf hypersurface M, it is well-known ([6]) that
a c
holds on M. Using this equation, we obtain

Lemma 2.5. Let be a Hopf hypersurface with cyclic n-parallel Ricci
operator in M, (c), ¢ # 0. If there is a principal curvature A with mul-
tiplicity > 2 and the eigenspace E\ of A is contained in the holomorphic
distribution Ty, then we have Xm = 0 for any vector field X on E), where
m is the mean curvature of M.

Proof. By Corollary 2.2, we see that X\ = 0 for any vector field X
on E). Let E\ = span{ey,...,e.}, r > 2. Then, from the first equation
of (2.3) in Lemma 2.4, it is easy to verify that Ae;m = 0 for any e; € E).
If X\ £ 0, then we see that Xm = 0 for any X € FE).

In the case where A = 0, it is easy to see from (2.4) that

aAdpe; = —g¢€i

for any e; € FEy. Since ¢ # 0, we see that a # 0. Thus ¢e; is also a
principal principal direction, and we see that ¢e; ¢ E\. Let e; = ¢e; and
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Aj = —5-. The we have e;A; = 0 for any e; € E). Hence we obtain
Aje;m = 0 from the second equation of (2.3) in Lemma 2.4, which shows
that Xm =0 for any X € E,. [J

4. Proof of Theorems.

In this section, we shall prove Theorems 1 and 2 stated in Introduction.
At first, we show the following.

Lemma 3.1. Let be a Hopf hypersurface with cyclic n-parallel Ricci
operator in M,,(c), ¢ # 0. If the principal curvature « associated with the
structure vector field £ does not vanish and there is a principal curvature
A with multiplicity 1 whose eigenspace E\ is contained in the holomorphic
distribution Tj, then we have Xm = 0 for any vector field X on E), where
m is the mean curvature of M.

Proof. Let E) = span{e;}. Then it suffices to show that e;A = 0. It
follows from (2.4) that

(3.1) 2\ — a)Agpe; = (aX + g)qbel.

In the case where A = &, we get aA = —§ from (3.1) and hence e;m = 0
by use of the first equation of (2.3) in Lemma 2.4.
Now we consider the case where A # 5. Then, by putting ¢e; = ez and

2\ + ¢
.2 = ——-—

we have Aeg = pes from (3.1). It follows from (3.2) that

a?+c
(33) el = —mel)\.
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It is easy to see that

Aerm = (2X —m)er ),

3.4
(34) perm = (2X + 4p — 3m)eyp.

from the second and third of (2.3) in Lemma 2.4. If the principal curvature
A vanish, then we see from (3.2) that 4 = —5> # 0 and e;pu = 0. From the
second of (3.4), we have ey = 0. Thus we may consider the case A # 0
only.

Assume that there is a point p € M such that (e;A\)(p) # 0. Then there
exists an open neighborhood U of p such that e; A # 0 on U. Substituting
(3.2) and (3.3) into the second equation of (3.4), we obtain

(2X — a)?(2a\ + c)eym

(3.5) )
= — (@ + ) {42(2X — @) + 4(2aX + ¢) — 6(2\ — a)m}er A.

If we compare the second of (3.4) with (3.5), then we have

{8aX? +4(a® 4 4¢)\? — 2a(202 4 5e) A + actm

3.6
(3.6) =16aA* — 8(a? — 2¢) A + 4 (202 — ) A% + 2¢(3a? + 2¢)

on U. Differentiating (3.6) along the vector field e; covariantly and using
the first equation of (3.4), we have

{160\ 4+ 4(a® + 4c)\* — a*c}m

3.7
(3.7 =48aX* — 16(2a% — c)A* + 12a(202 + )\ + 4c(4a® + o)\

If we combine the equations (3.6) with (3.7), then we can find

{—4(a® 4 4c)\* + 4a(202 + 5c)\ — 3a’ctm

3.8
(3.8) =16aA* — 16(a® + ¢)A® + 4a(202 + 5¢) A% — 4¢(202 + ).

Differentiating (3.8) along the vector field e; covariantly and using the
first equation of (3.4) and using e; A # 0, we obtain

(3.9) {—4(a® +4c)\? +3a%ctm = 64ar? —8(5a? +2¢)A* — 2¢(a? +2¢)\.
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Comparing (3.8) with (3.9), we have

{2a(202 4 5c)\ — 3a’c}m

3.10
(3-10) = — 24a\* + 1202 )\® 4 4a(20® 4 5c)\? — 3a’c).

If we differentiating (3.10) along e; covariantly and make use of the first
of (3.4), then we get

(3.11) o?em = —32a0t + 120%)3 4 el

Differentiating (3.11) again along the vector e; and using the first of (3.4),
we obtain

(3.12) o?em = 128aX! + 360%)\3 — ac).

Since o does not vanish on U, it follows from (3.11) and (3.12) that A is
a constant on U and a contradiction.

Thus we see that e;A = 0 on M and hence e;m = 0 by use of the second
equation of (3.4). O

Proof of Theorem 1. Summing up the results of Lemma 2.1, Lemma
2.5 and Lemma 3.1, the proof is completed. []

Proof of Theorem 2. Since Xm = 0 for any vector field X on M by
Theorem 1, it follows from Lemma 2.4 that

(2/\Z - m)ez)\l = 0,

(3.13) (2)‘j + 4\ — 3m)ej)\i =0
for any indices i and j (i # j). It is easy to see from the first of (3.13)
that e;\; = 0 for any 1.

Let i be fixed and j # i. Then, by the second of (3.13), we can verify
ejA; = 0. Thus we have X\; = 0 for any ¢ and vector field X on the
holomorphic distribution Tj.

Since we can find £€A\; = 0 in the proof of Lemma 2.3, \; is constant on
M for any index 7. [
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On Finite Dimensional Right Continuous Rings

EulcHAN LEE!

ABSTRACT. Let M be an R-module. It is shown that M is a finitely
generated semisimple module if and only if M is finite dimensional and
every cyclic submodule of M is a direct summand of M.

1. Introduction

Throughout this paper, all rings are associative with identity, and all
modules are unitary right modules.

Utumi [10] defined a ring R to be left continuous if R satisfies the
following two conditions:

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

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

Dually, a right continuous ring is defined. A ring which is both left
and right continuous is said to be continuous. Any left self-injective ring
satisfies the conditions (1) and (2), so that it is left continuous.

In analogy to the definition of continuous rings, a module M is said to
be continuous if M satisfies the following two conditions:

(1) Every submodule of M is essential in some direct summand of M.

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

If R is a ring, then J(R) denotes the Jacobson radical of R. Every
module M has a minimal injective extension which is called the injective
hull of M and is denoted by E(M). The set of all essential submodules of
M is denoted by L(Mpg).

For a subset X of an R-module M and m € M, let (X : m) = {r €
R| mr € X}. Then the singular submodule of M, denoted by Z (M), is
defined to be the set {m € M| (0 : m) is essential in Rr}. A module M
is said to be nonsingular if Z(M) = 0. If N is an essential submodule of

I Department of Mathematics, Hankuk University of Foreign Studies.
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Mg, then (N : m) is an essential right ideal of R for every m € M. A ring
R is said to be right nonsingular if Z(Rg) = 0.

2. Finite dimensional right continuous rings

A module M is called finite dimensional if every direct sum of sub-
modules of M has only a finite number of nonzero direct summands. All
noetherian and all artinian modules are finite dimensional. A ring R is
called finite dimensional if Rp is finite dimensional. A ring R is called
semiperfect if R/J(R) is semisimple and every idempotent of R/J(R) can
be lifted to an idempotent of R.

For any ring R, we denote by a the image of a € R under the canonical
mapping R — R/J(R).

Proposition 1. Let M be a continuous module and S = End(M).
Then the following are equivalent:

(1) M is finite dimensional.

(2) S is semiperfect.

Proof. (1)=-(2). It follows that S/J(S) is semisimple (cf. the proof of
Proposition 2 in [8]). Let g € S such that g = §g. Then K = Ker (g — g)
is essential in M. Let P be a maximal essential extension of gK in M.
Then P is closed in M. Let M = P® L. There exists an idempotent e € S
such that P =eM and L = (1 —e)M. Since gK C P, (eg —g)K =0, and
hence €5 = §. Let f = e+eg(l —e). Then ef = f, fe = e, and f2 = f.
Let N = gK ® L. Then N is essential in M and N C Ker (f — eg), so
f—egec J(S). Thus f =€g = g.

(2)=-(1). Suppose that M is not finite dimensional. Then S has an
infinite family {e;};er of orthogonal idempotents. Since e; ¢ J(S) for each
i € I, {€;}ics is an infinite family of orthogonal idempotents of S/J(.5).
Hence S/J(S) is not right noetherian, and thus S/J(S) is not semisimple.

Since any ring R is isomorphic to End(Rg), we have

Proposition 2. Let R be a right nonsingular right continuous ring. If
R is finite dimensional, then R is semisimple.

Proof. Let R be a right nonsingular right continuous ring and let S =
End(Rpg). Since J(S) =0, S is semisimple by Proposition 1. Hence R is
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semisimple.

Proposition 3. Let R be a finite dimensional right continuous ring.
If f € End(RR) is a monomorphism, then f is an automorphism.

Proof. Let f € End(Rpg) such that Ker f = 0. Then R 2 f(R). Sup-
pose that f(R) # R. Then R = I @ f(R) where [ is a nonzero right
ideal of R. Hence f(R) = f(I) ® f?(R), and thus R =1 & f(I) ® f?(R).
Consequently, we have R =TI ® f(I)® f2(I) @ --- with f*(I) # 0 for all
n=1,2,... , which is a contradiction. Thus f(R) = R.

A regular ring R is called unit regular if for every a € R. there exists a
unit € R such that axa = a. The class of all unit regular rings includes
all semisimple rings, all continuous regular rings, all strongly regular rings
[2].

Let M be a nonsingular module, S = End(M), and Q = End(E(M)).
Then each f € S has a unique extension in Q and S can be embedded
in @ under this mapping. And it is well-known that @ is a regular right
self-injective ring.

Proposition 4. Let M be a nonsingular finite dimensional continuous
module. If for each automorphism f € End(E(M)), fM C M, then M is
quasi-injective.

Proof. Let S = End(M), and @ = End(E(M)). We may assume that
S C @. Since M is nonsingular finite dimensional, so is F(M). Hence
J(S)=J(Q) =0, so0 S and @ are semisimple by Proposition 1. Let e € Q
be a nonzero idempotent. Then E(M) = eE(M) @ (1 —e)E(M), so M =
(eE(M)NM)® ((1—e)E(M)NM)). Since eE(M) # 0, eE(M)NM # 0.
Let 7 : M — eE(M)NM be the canonical projection. Then 7 has a unique
extension 7 : E(M) — eE(M). Evidently, eQQ = Hompg(e(M),eE(M)).
Identifying 7 with 7, we get 0 # m € S Ne@. Hence m = eq for some
geEQ,s00#m=ereSNeS. Let 0 # g € Q. Since Q is semisimple, @
is unit regular. Hence there exists a unit x € ) such that gxq = ¢g. Since
xq is an idempotent in @, S N xzqgS # 0. Then there exist s and ¢ in S
such that xgs = t, and hence ¢gs = x~'t. Since z7'tM C 2='M C M,
x~ 't € S, and therefore SN ¢S # 0. Hence Qg5 is an essential extension
of Sg. On the other hand, Sg is injective, so Sg is a direct summand of
Qs. Hence S = @, and thus M is quasi-injective.
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A module M is said to be essentially finitely generated if M has a
finitely generated essential submodule. Every finitely generated module is
essentially finitely generated. Since Zjy is an essential submodule of Qz,
Qy is essentially finitely generated, but Q7 is not finitely generated.

Proposition 5. ([5]) Let Mg be a module. Then the following condi-
tions are equivalent:

(1) M is finite dimensional.

(2) If K € L(Mg), then there exist x1, ... ,x, € K such thaty ., , z;R€
L(Mpg).

(3) Every submodule of M is essentially finitely generated.

Lemma 6. If M is a finite dimensional module, then M 1is a direct
sum of indecomposable submodules.

Proof. If M is indecomposable, then we are done. If M is decomposable,
then M = N; & Ny, where N; and N5 are submodules of M. If N;
and Ny are both indecomposable, we stop here. If not, at least one of
them is a direct sum of submodules. Continuing this process, we have a
decomposition M = K1 @ --- & K,,, where each K; is an indecomposable
submodule of M.

Proposition 7. For an R-module M, the following conditions are
equivalent:

(1) M is a finitely generated semisimple module.

(2) M is finite dimensional and every cyclic submodule of M is a direct
summand of M.

Proof. (1) = (2). Since M is a finitely generated semisimple module,
M is noetherian ([1], Corollary 10.16), so M is finite dimensional. Since
M is semisimple, every submodule of M is a direct summand of M.

(2) = (1). By Lemma 6, M = M; & --- & M, where each M; is an
indecomposable submodule of M. Let 0 ## m € M;. Then M = mR® N
for some submodule N of M. Hence M; = M N M; = (mR® N) N M,; =
mR & (N N M;). Since M; is indecomposable, N N M; = 0, so that
M; = mR. Therefore each M; is simple, and thus M is semisimple. Since
M is finite dimensional, M has a finitely generated essential submodule
N by Proposition 5. Since M is semisimple, M = N. Thus M is finitely
generated.
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Since a ring R is regular if and only if every cyclic right ideal of R is a
direct summand of R, we have the following:

Corollary 8. For a ring R, the following conditions are equivalent:
(1) R is semisimple.
(2) R is a finite dimensional reqular ring.

10.
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ON GROUND STATE SOLUTIONS OF
Au+ f(u)=0 IN RN, N >2.

JAEDUCK JANG!

ABSTRACT. In this note, as a following work of [4], we study the prop-
erties of the ground state solutions of Au + f(u) =0in RV, N > 2. In
particular, we analyze the existence and the multiplicity of the degener-
ate solutions.

1. INTRODUCTION

We consider the following semilinear elliptic problem
Au+ f(u) =0in RV,
u e HY(RY), u#0,

where f:[0,00) — R is a continuous function satisfying :

(1)

(E1) f(0) =0,

(E2) uy = inf{u > 0: F(u) = [} f(s)ds >0} > 0 and f(u;) > 0,

(E3) limsupL?)SO,Wherel:%ifNZ3andO<l<ooifN:2.
U—00 u

Lagrangian (Energy functional)

2) Eu) = %/RN VU 2z — /RN Flu)da

The solution which has the least energy among all possible solutions of
(1) is called a ground state for (1).

2000 Mathematics Subject Classification. 35J20, 81T13.
Key words and phrases. ground state, radial solution .
Department of Mathematics, Hankuk University of foreign Studies!.
This research was supported by the research fund of Hankuk University of Foreign
Studies, 2010.
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Existence : ( H. Berestycki and P.L. Lion, 1983 )

If f satisfies (E1), (E2) and (E3), then there exists a ground state for (1)
which is necessarily nonnegative and radially symmetric.

This leads us to discuss the multiplicity of nonnegative solutions of the
semilinear elliptic equation

'+ 2+ f(u) =0, 0<r < oo,
(3) u(0) > 0, v (0) =0,
u(r) — 0 as r — oo.

For each p > 0 and 0 > 0 fixed, let U(r,d, p) be the solution of the initial
value problem

n {u” + 5= + f(u) =0 for r>p,

u(p) = wy, w'(p) = —90.
We consider :
" N -1

which is satisfied by the inverse of U(+,d, p), to ensure
U(-, 9, p) is uniquely extended as long as U’(r, d, p) < 0.
Thus we see that

(0 = FOr () = 0

R(@)=sup{ R>p : U(r,6,p) >0 and U'(r,d,p) <0 for all r € (p, R)}

is well defined.

In (p, R(9)), we define the energy function :

L
[(7", 57 p) = §U (T’, 57 p>2 + F(U(T7 67 p))

Since I(r,d, p) is bounded below and

d N—1
iy s A o 2
o (r,9,p) " U'(r,6,p)" <0,

I(R(6),6,p) = lim,_, g I(r, 6, p) is well defined and finite.
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Now, we set:
N,={d0>0: I(R(),0,p) >0},
G,= {60 : I(R(6).6.p) =0},
P,={6>0 : I(R(5),5,p) <0 }.

Proposition 1. For each p > 0 there exists 6(p) > 0 such that G, = {6(p)},
P,=1(0,6(p)) and N, = (d(p),c0).

Furthermore, 6(p) is strictly decreasing, pd(p) is strictly increasing and con-
tinuous 1 p > 0.

Proof.

_&pp)h<5(p+h)_5(m<0<5(p—h)_(5(p)< 5(P—h)h

p

4

For p > 0 €, let u(r, p) be the unique solution of the following (backward)
initial value problem

©) {u”—{—%u’—l—f(u):O for 0 <7 <p,
u(p) = u, u'(p) = —0(p).

u(r,p) = U(r,é(p), p), in (p,00).
U(r, p) = up(r, p)

Y(p,p) = 0(p)

() = =() = 8 () + Flu)

Proposition 2. For each fized p > 0, let
u(r,p+h) —u(r,p
il p) = AL =)

h
Then 1, converges to the solution of
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{W’ + 2+ f(u(r p))p =0 for 0 <1 <p,
P(p) = 6(p), lim, o 9(r, p) = 0.
Proof.

N—1 ., flulr,p+h)— f(ulr,p)

U T a0
flu(r,p+h)) — fu(r,p)) o . _
wrp v ) —u(r.p) 7 ) +6(h) (Jim6(h) =0)

¢h(p’p) — u(pap+h})L_ u(ﬂa p)

h h) — h

U(Pap'f'h]zj_U(P,,O) _ u(p—i—h,,o—f-hh)—u(P,P) —u"(p+6(h), p+h)

w(r,p) = —u'(r, p) is a subsolution of the linearized equation (7).

w(p, p) = —u'(p, p) = d(p) = »(p, p)

w'(p, p) = —u"(p, p) = ' (p) +v(p, p) < V' (p,p)

2. PROPERTIES OF THE SOLUTION CURVE

Definition 1. For each p > 0 if there ezists a € [0, p) such that u'(a, p) = 0,
then let a(p) = sup{a € [0, p) : /(a, p) = 0} and 3(p) = u(a(p), p).
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o If a(pg) = 0, then u(r, po) is a ground state.

Profile of the curve p — (a(p),B(p)) tells us the multiplicity and the
degeneracy(or non-degeneracy) of the ground state.

0
W(r, p) = —u(r, p), as a function of r, satisfies the linearized equation :

dp

0 W SR Pl ) =0, 7€ (0,0)

with properties :

Y(alp), p) = B (p),
V'(alp),p) = f(B(p)a (p),
V(s p) = —u'(p,p) = d(p),
V'(p,p) = —0'(p) —u"(p, p),

(r,p) > 01n (p,00) and rhj?o U(r, p) = 0.

Proposition 3. 1 must have a zero in (a(p), p).

Proof. Suppose not. Then for all r € (a(p), p),

SN = ) ) = (V= DS ) ) < 0.

dr
But
(¢U” - w'u')(a(p), p) < 07
(Yu” =) (p, p) = (" + ¢")(p, p) = =0(p)&(p) = 0.
e Note that w = —u’ is a subsolution of the linearized equation (9).

t

Proposition 4. Fora > 0, let
pla) =inf{p > a:a(p) =a} and p(a)=sup{p>a:a(p) =a}.
Then for all p € {p > a: ap) = a},
B(p(a)) < B(p) < B(p(a)).
Moreover, B(p(a)) and 3(p(a)) are strictly decreasing in a.
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Proposition 5. For sufficiently large p > 0, «(p) is strictly increasing
and B(p) is strictly decreasing in p. Moreover, lim (p — a(p)) = 0 and
p—oo

phjfolo B(p) = 1.

Proof. Note that
lim §(p) = — lim /(p,p) =0

p—00 p—00

and N1
lim «"(p, p) = T_W) — fw) = = f(w).

Now apply the mean value theorem to obtain the desired properties.
O

Proposition 6. For sufficiently large a > 0, p(a) = p(a). Consequently,
if a > 0 1s large enough then the following problem possesses the unique
solution.

u -+ f(u) =0, a <7< oo,
(9) u(a) >0, u'(a) =0,

u(r) — 0 as r — oo.

f(u)
U — Uy
u € [ug,u; + €]. On the other hand, if u is a solution of the problem then
uy; < u(a) < uy + € for sufficiently large a > 0 by Proposition 5.

Now let W and W5 be two solutions of the problem with Wy (a) < Ws(a)
and let

Proof. Since f(u;) > 0, there exists € > 0 such that is decreasing in

T(r) = rN"H(Wi — u)) Wy — W{(Ws —wy)}.
Then
FOV) V)
W1 — U1 WQ — U1 ’

This shows that W; and W5 never meet until they reach wu; level and
therefore p; < py if Wi(p1) = uy and Wi(p1) = w;. But this, together with
the Maximum Principle, implies that

Wi(p1) > Wy(p2)

and leads to a contradiction to Proposition 1. O

T'(r) = ¥ Wy = uy)(Wy — ug ){
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Theorem 1. If ¢'(a(p),p) = f(B(p))/(p) > 0 for all p > 0, then the
ground state is unique and non-degenerate.
A ground state u(r, po) is degenerate if and only if o/(py) = 0.
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AREaEl o™, -1.0 VoAl 120% &<t AR Skl (pre-reduction) S A7 ¥ 603

1. Potentiodynamic Polarization (Pd) Measurements.
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Fig. 1. Potentiodynamic polarization curve of iron electrode in deaerated borate buffer

(pH=8.80).
10" T T T T T
102 L {dE/dlogl} . =33mV,R’=0.999 ]
For reaction path-1
e 10°F ]
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107 3
-8 | | Electrode potential vm:slvs AglAgCl

-0.76 -0.72 -0.68
Electrode potential Volts vs Ag/AgCI

Fig. 2. Corrected Pd curves of mass transfer effect for the reaction pathway-1 and reaction
pathway-2(inset).
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Fig. 3. Potentiodynamic polarization curves for various pH of iron electrode in deaerated
borate buffer.
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Fig. 4. Linear polarization curves for various pH of iron electrode in deaerated borate buffer.
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Fig. 5. The pH dependence of corrosion, oxidation peak, and breaking potential measured
from Fig. 3 and 4.
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Fig. 6. The pH dependence of corrosion and peak current of iron electrode in deaerated
borate buffer
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Fig. 7. Curve fitting for OH" ion adsorption on iron by Langmuir isotherm in deaerated
borate buffer.

2. Reaction mechanism-Anodic dissolution in borate buffer.
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Hk-S- 74 Z-1 (Pre-passivation process).

Fe + OH 2 Fe(OH)as +€ (fast) ()]
2Fe(OH)ags — Fe + Fe(OH); (rds, pre-pass) 2
Fe(OH), — FeO + H0 (field assisted dehydration ) 3)

HH3-2] (1)) H &2, ky+(1-0)[OH Jexp {0atFE/RT}= ki.0exp {-0c1FE/RT} 2 - E

0/(1-0) = (Kie/ki)[OHJexp{(aatact)FE/RT} = Ki[ OH7)exp{(catac)FE/RT} 2]
Aoj A, M3 AF lpst= S5 24 DA (rds: rate determining step) ¢l #F-&-2] (2)o]]
ofEstu®E (4)2o] ATt AV st e Atshel FANEEo Mol A, KE
AL, ke $549, RS 7IAS, Fi Faraday 57, T dAdl2%, Ex
= Fe(OH) 2 9 E(coverage)olth. 07} zeroo] HZabd (4)2]&

= 9
(5)4 o] Hrt. Fwol logE FH3tH (6)2]o] Hr}.

lpass=2F0%exp{FE/RT} (4)
lpass=2FK12[OH2exp{2(0ta1+0e1)FE/RT}=2FK 1 2[OH J2exp{2FE/RT} (5)
loglpass= const.+2pH+2E/0.0592 (6)

(6)2] 0.2 HE dojx|:= Tafel 712 7], dE/dloglps=30mVE, o]i= Ao A& 33

mvel sk
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Hk-S- 7 &-2 (Corrosion and passivation process).

Fe + OH 2 Fe(OH)us +¢€ (fast) 1)

Fe(OH)as + H* — Fe** + H,0 + & (rds, corr.) )

Fe?* + 2H,0 <> Fe(OH), + 2H* (fast, pass.) (8)
(field assisted dehydration ) 9

Fe(OH), — FeO + H.0

&2 (el oA AR vt

% A4 WA we

A/ ZFE 0/(1-0)=K1([OH)exp{FE/RT}’} A H3&}H,

o
on
o
2
1)
r>~1
I
r
d

(7)EE‘E1 |diss:2Fk7e[H+]eXp{(la7FE/RT}7]' AHIERE, liss = (10)5134‘ 2.

[e]
HE-g-2]

(10)21 2] <ol

F5 FH3d (1)e= 5dd F gl

ldiss = FK1k7 exp{(1+ 0a7)FE/RT} (10)

loglgiss= const. + 3E/2(0.0592) (1)

(A)A o ZRE dojxE= Tafel 71471, dE/logl=40 mVE, o= A3y 2+

dA skl gl

2.2 BNk
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H* + e~ — Hads (rds, slow discharge) (12)
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Coupled cluster calculation of methyl radical !
Hyung-Rae Kim?

Abstract : Coupled cluster ab initio calculation of methyl radical has been performed using aug-cc-pvtz basis set.
Geometry optimization and vibration frequency calculation were done and many molecular parameters were
obtained. Thermodynamic quantities obtained include rotational and vibrational partition functions, which can be

used in dynamical computation for unimolecular dissociation producing methyl radical as one of the fragments.

Introduction

Methyl radical is an important organic free radical which plays a very important role in
atmospheric chemistry and combustion. Therefore many experimental and theoretical work
have been done for this molecule. Many thermal or photodissociation of species that contain
C-C or C-O bond produce methyl radical.. Theoretical investigation of the dynamics of
dissociation requires accurate potential energy surfaces especially along the reaction
coordinate. In order to obtain potential profile along the reaction coordinate, it is very
important to obtain various molecular parameters for the parent molecules and fragments.
Thus we have performed very accurate coupled cluster computation of quantum electronic
structure of methyl radical using one of the most extensive and powerful basis set, aug-cc-
pvtz. We mainly performed coupled cluster computation using CCSD(T)[1][2][3]. We also
performed configuration interaction computation using QCISD(T)[4][5][6][7] with aug-cc-
pvtz as basis set, density functional calculation[8][9][10] using UB3LYP with 6-311g(d,p) as
basis set and perturbation calculation using UMP2[11][12][13][14][15] with 6-311g(d,p) as

basis set.

! This research was supported by the research fund of Hankuk University of Foreign Studies, 2010
2 Department of Chemistry Hankuk University of Foreign Studies
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Computational Details

Our computation was performed using HUFS Chemistry cluster system composed of 6 nodes
(six quad-core Intel-Zeon processors) , each node having 4GB of physical memory.
Gaussian 09 package[16] was used for calculation. Check point files are kept for producing
necessary geometry and force constant data as well as orbital and energy information that
will be used for next step of computation. NProcShared was set at 4. Master node was used
as a Lindaworker unless the run was proceeding too slow; in that case all six nodes were
designated as Lindaworkers for parallel computation. Initial geometry z-matrix was made

using GaussView program. The route section used was

#opt freq ccsd/aug-cc-pvtz

Initial input Gaussian job file is :

0 2
C
H,1,R2
H,1,R2,2,A3
H,1,R2,2,A3,3,D4,0

Variables:

R2=1.07260984
A3=119.99999868
D4=179.97712081

Charge is set to zero and spin multiplicity is set to 2 (because methyl is a radical with one
unshared electron)In cases where convergence is not obtained quadratic convergence (qc) is
used as an option for scf. For this method gradient calculation is done numerically. Once
geometry optimization is done, frequency calculation begins at the optimized geometry. The

output contains optimized geometry, various molecular parameter (Mulliken atomic charge,
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dipole, quadrupole, octapole, hexadecapole moments, spin density, rotational constants) and
vibrational data (vibrational frequencies, force constants, normal mode coordinates) as well
as energy data (energy, zero-point corrected energies, thermal energies, corrected enthalpies,
corrected free energies). The result also includes various contributions to molecular partition

functions, which are very important for dynamical calculations such as RRKM, TST or QCT.

results

Optimized geometry is as follows :

R2 1.0795 -DE/DX = 0.0 !
A3 120.0 -DE/DX = 0.0 !
D4 180.0003 -DE/DX = 0.0 !

Thus, ground electronic state of methyl radical is planar with C-H bond length being 1.0795
Angstrom. The —DE/DX value is a negative gradient at the optimized structure. It clearly

shows that the planar structure is at the potential minimum.

Rotational constants are :(in GHZ):
286.8703545 286.8698389 143.4350484

Mulliken atomic charges are calculated to be:
1

C -1.308372

H 0.436124

H 0.436124

H 0.436124

A~ W N e

Since ch3 is a radical it has a spin and various spin properties are alculated:
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Atomic-Atomic Spin Densities.
1 2 3 4
1 C 1.157896 -0.006182 -0.006182 -0.006182
2 H -0.006182 -0.038152 -0.001058 -0.001058
3 H -0.006182 -0.001058 -0.038152 -0.001058
4 H -0.006182 -0.001058 -0.001058 -0.038152
Mulliken atomic spin densities:
1
1 C 1.139351
2 H -0.046450
3 H -0.046450
4 H -0.046450
Sum of Mulliken atomic spin densities =  1.00000

Since ch3 is planar and has D3h symmetry, dipole moment is zero as seen next.

Dipole moment (field-independent basis, Debye):
X=0.0000 Y=-0.0007 Z=0.0000 Tot=0.0007
Quadrupole moment (field-independent basis, Debye-Ang):
XX=-7.9240 YY=-8.3379 ZZ=-7.2100
XY=2.3544 XZ=0.0000 YZ=0.0000

Next nuclear Kinetic energies are given :

N-N=9.672652801407D+00 E-N=-1.636589161018D+02
KE=5.867527340343D+01

Next, we reproduce results of freq calculation.

The units are the following :
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Harmonic frequencies (cm**-1), IR intensities (KM/Mole), Raman scattering
activities (A**4/AMU), depolarization ratios for plane and unpolarized
incident light, reduced masses (AMU), force constants (mDyne/A),

and normal coordinates:

Normal modes were idenfied by referring to animations using GaussView.
Mode 1 : out-of-plane deformation (umbrella motion)

Mode 2 : CH2 bending (scissoring motion)

Mode 3 : in-plane deformation

Mode 4 : symmetrical C-H stretch

Mode 5 : anisymmetric stretch (CH vs. CH)

Mode 6 : CH2 vs.CH antisymmetric stretch

Frequency results are :

Mode # 1 2 3

Symmetry A A A"
Frequencies --  496.4032 1418.8308 1419.1359
Red. masses -- 1.2356 1.1020 1.1020
Frc consts  -- 0.1794 1.3071 1.3076
IR Inten - 0.0000 0.0000 0.0000
Mode # 4 5 6
Symmetry A A" A
Frequencies -- 3114.9365 3294.9708 3294.9788
Red. masses -- 1.0078 1.1184 1.1184
Frc consts  -- 5.7615 7.1543 7.1542

IR Inten -- 0.0000 0.0000 0.0000
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Using the vibrational results various thermodynamic and spectroscopic constants are
calculated.

1. Thermochemistry -
Temperature  298.150 Kelvin. Pressure  1.00000 Atm.

Atom 1 has atomic number 6 and mass 12.00000
Atom 2 has atomic number 1 and mass  1.00783
Atom 3 has atomic number 1 and mass  1.00783
Atom 4 has atomic number 1and mass  1.00783
Molecular mass: 15.02348 amu.

Principal axes and moments of inertia in atomic units:

1 2 3
Eigenvalues -- 6.29114  6.29115 12.58229
X 0.95654  0.00000 -0.29161
Y 0.29161 0.00000 0.95654
z 0.00000 1.00000  0.00000

This molecule is an asymmetric top.
Rotational symmetry number 1.
Rotational temperatures (Kelvin) 13.76759 13.76756 6.88379

Rotational constants (GHZ): 286.87035 286.86984  143.43505
Zero-point vibrational energy 77992.1 (Joules/Mol)
18.64055 (Kcal/Mol)

Warning -- explicit consideration of 1 degrees of freedom as
vibrations may cause significant error
Vibrational temperatures: 71421 2041.38 2041.82 4481.69 4740.72
(Kelvin) 4740.73

Now we reproduce various energy data :

Zero-point correction= 0.029706 (Hartree/Particle)
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Thermal correction to Energy= 0.032779
Thermal correction to Enthalpy= 0.033723
Thermal correction to Gibbs Free Energy= 0.009910

Sum of electronic and zero-point Energies= -39.733955
Sum of electronic and thermal Energies= -39.730882
Sum of electronic and thermal Enthalpies= -39.729938
Sum of electronic and thermal Free Energies= -39.753751

Next, thermal energy, heat capacity at constant volume and entropy data are listed.

E (Thermal) cv S
KCal/Mol Cal/Mol-Kelvin Cal/Mol-Kelvin

Total 20.569 7.418 50.119
Electronic 0.000 0.000 1.377
Translational 0.889 2.981 34.068
Rotational 0.889 2.981 13.974
Vibrational 18.791 1.457 0.700
Vibration 1 0.852 1.258 0.667

Finally, partition functions calculated with molecular constants and spectroscopic contants

are listed next :

Total Bot
10.495380
Total V=0
Vib (Bot)
Vib (Bot)
Vib (V=0)
Vib (V=0)

Electronic

Q

the data are complete.

0.127502D+10
0.239231D-13

1 0.332143D+00

0.110261D+01

1 0.110027D+01
0.200000D+01

Logl10(Q)
0.276640D-04

9.105518
-13.621182
-0.478674
0.042421
0.041498
0.301030

Ln(Q)
-4.558086

20.966229
-31.363932
-1.102188
0.097678
0.095552
0.693147
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Translational ~ 0.228882D+07 6.359611 14.643545
Rotational 0.252613D+03 2.402456 5.531859
discussion

The coupled cluster method is one of the most accurate ab initio method. Since some of the
molecular and spectroscopic parameters are not available experimentally, it is quite common
to use results from coupled cluster calculation in lieu of experimental results because the data
are complete and have internal consistency. In cases where comparison with experimental
data is possible we find excellent performance of our results. One other way of checking the
degree of accuracy is to perform separate ab initio calculation using configuration interaction
method such as QCISD(T) with same basis set. We have done that and found that the results
of geometrical optimization for both methods agree very well while vibrational results agree
relatively well. Therefore it is quite reasonable to use CC results for methyl radical in RRKM
or TST calculation. In the meanwhile dft and mp calculations do not agree well with either
CC or Cl results.
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QCISD(T) Calculation of Hydroperoxy Radical !
Hyung-Rae Kim?

Abstract : Hydroperoxy radical (HOO) is a very important oxidant in atmospheric and combustion chemistry. We
have performed ab initio quantum calculation of HOO using QCISD(T) nethod in order to obtain optimized
geometrical structure, molecular properties and vibrational structure. The result is compared with CCSD(T),

DFT(ub3lyp) and MP2 results and implications concerning the possible use in dynamical calculation.

Introduction

HOO radical is produced by many bimolecular reactions using hydrogen abstraction by
oxygen off an organic compound with detachable hydrogen atom. It is also known to be
produced by unimolecular dissociation. such as peroxides. Two of the most important
reservoirs of hydroxyl molecule is hydrogen peroxide and methyl hydroperoxide. These
molecules are known to dissociate mostly along the O-O bond. However there are some
indications that the dissociation could occur along H-O bond for hydrogen peroxide and
along C-O bond, both producing HOO (hydroperoxy radical). In order to understand the
dynamics of dissociation, especially branching ratio of two channels (H-O dissociation vs.
0O-0O dissociation for H202 and C-O dissociation vs. O-O dissociation for CH30OH, it is
very important to obtain potential energy profile along the reaction coordinates as well as
vibrational frequencies and geometry changes during the motion along the reaction
coordinates. First step towards this effort is to obtain these properties for the parent and
fragment molecules. There are difficulties in obtaining those properties at intermediate
geometries because these states are not stationary there (no local or global minima where
gradients for all internal coordinates are zero.). Due to these difficulties quantum calculations
for these regions are performed using less costly methods such as density functional or
perturbation methods which inherently incorporate electron correlation. Hartree-Fock

! This research was supported by the research fund of Hankuk University of Foreign Studies, 2010
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calculations are inadequate for this purpose because it lacks electron correlation. Therefore
usual technique is to use either CCSD(T)[1][2][3][4] or QCISD(T)[5][6][7] for reactants and
products while either dft[8][9]1[10][11][12] (most frequently b3lyp functional) or Moller-
Plesset perturbation (mp2)[13][14][15] is used for the intermediate geometries.

In this work we use mainly CCSD(T) for hydroperoxy radical and compare the result with

other method for several important parameters.

Computational Details

The hardware system for this computation is a six-node Linux cluster using quad-core Xeon
processors, each with 4GB of physical memory. Software system used is Gaussian 09
package[16]. Initial geometry was obtained using GaussView[17]. Using the z-matrix for the
initial geometry input file is written. Then name and directory of checkpoint file is specified.

The input z-matrix is given by

02
O
H 1 Bl
O 1 B2 2 Al

The route section for coupled cluster is written as

# opt freq ccsd(t)/aug-cc-pvtz

Here aug-cc-pvtz is basis set used. Once the geometrical optimization is finished, vibrational
analysis is done. Geometrical parameters obtained include optimized Cartesian coordinates,,
rotational constants, optimized z-matrix, internuclear distances, orientation. Molecular

properties include eigenvalues, LCAO coefficients, dipole, quadrupole, octapole and
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hexadecapole moments, Mulliken atomic charges and various spin constants (HOO is a
radical. It has one unshared electron). Next, results from frequency calculation are given.
Vibrational frequencies, force constants and normal mode coordinates are calculated. Using
these data energy calculations are corrected. Namely, zero-point corrected energies,
enthalpies and free energies are calculated. Thermal correction energies, enthalpies and free
energies are also calculated. Using these values heat capacities and entropies are calculated.
Finally rotational and vibrational contributions to molecular partition functions are calculated.

results

Geometry optimization yields the following result. From the z-matrix in input file, it is seen
that atom number 1 is O, atom number 2 is H and atom number 3 is O. B1 is H-O bond
distance, B2 is the O-O bond distance and Al is the HOO angle. (Figure 1 displays the

optimized structure of HOO radical).

Figure 1. Optimized HOO geometrical structure with atomic labels.
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Optimized internal coordinate values are :

Bl 0.9744 -DE/DX = 0.0002
B2 1.3408 -DE/DX = 0.0001
Al 104.0643 -DE/DX = 0.0001

A

Some molelecular parameters are reproduced :
a.  Mulliken atomic charges:

1 O -0.197956
2 H 0.285351
3 O -0.087395
Sum of Mulliken atomic charges=  0.00000

b. Mulliken charges with hydrogens summed into heavy atoms:

1 0 0.087395
3 O -0.087395
Sum of Mulliken charges with hydrogens summed into heavy atoms = 0.00000

c.  Atomic-Atomic Spin Densities.
1 2 3
1 0 0.161053  0.000711 -0.109306
2 H 0.000711 -0.011302 -0.005584
3 O -0.109306 -0.005584 1.078608

d. Mulliken atomic spin densities:
1
1 0 0.052457



QCISD(T) Calculation of Hydroperoxy Radical 75

2 H -0.016175
3 0 0.963717
Sum of Mulliken atomic spin densities=  1.00000

e. Dipole moment (field-independent basis, Debye):
X= -1.7471 Y=-0.8783 Z=0.0000 Tot=1.9554

f.  Quadrupole moment (field-independent basis, Debye-Ang):
XX= -9.7468 YY=  -10.9370 ZZ=  -10.9443
XY= 1.7477 XZ= 0.0000 YZ= 0.0000

g. Traceless Quadrupole moment (field-independent basis, Debye-Ang):
XX= 0.7959 YY=  -0.3943 77= -0.4016
XY= 1.7477 XZ= 0.0000 YZ= 0.0000

h. Octapole moment (field-independent basis, Debye-Ang**2):
XXX= -2.2865 YYY= -1.2604 ZZZ=  0.0000
XYY= -1.7280 XXY= -1.9330 XXZ=  0.0000
XZZ= -0.1541 YZZ= 0.5572 YYZ= 0.0000
XYZ=  0.0000

i. Hexadecapole moment (field-independent basis, Debye-Ang**3):
XXXX= -8.9328 YYYY= -36.9469 Z777=  -8.1799
XXXY= 0.4991 XXXZ= 0.0000 YYYX=  0.6062
YYYZ=  0.0000 ZZZX= 0.0000 ZZZY=  0.0000
XXYY= -7.6296 XXZZ= -3.1466 YYZZ=  -7.9483
XXYZ= 0.0000 YYXZ= 0.0000 ZZXY=  -0.2718

After geometry optimization is compelted, frequency calculation follows. From the log file

vibrational normal mode types were determined using GaussView program.
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Mode 1 : O-O stretch vibration
Mode 2 : H-O-0 bending vibration
Mode 3 : O-H stretch vibration

Results of frequency calculations are shown :

Note :

Harmonic frequencies (cm**-1), IR intensities (KM/Mole), Raman scattering
activities (A**4/AMU), depolarization ratios for plane and unpolarized
incident light, reduced masses (AMU), force constants (mDyne/A),

and normal coordinates

Mode # 1 2 3
Symmetry A A A
Frequencies -- 1104.6770 1424.1252 3638.1441

Red. masses -- 13.1363 1.1311 1.0686

Frc consts  -- 9.4448 1.3516 8.3331

IR Inten - 0.0000 0.0000 0.0000
Atom AN X Y Z X Y Z X Y Z

1 8 -0.03 0.65 0.00 0.06 -0.01 0.00 0.06 0.01 0.00
2 1 0.19 -0.39 0.00 -0.17 0.98 0.00 -0.97 -0.22 0.00
3 8 0.02 -0.62 0.00 -0.05 -0.05 0.00 0.00 0.00 0.00

Using calculated vibrational frequencies along with geometry and energy information
obtained earlier, following thermodynamic quantities and spectroscopic constants are
calculated.
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a. Thermochemistry -

Temperature  298.150 Kelvin. Pressure  1.00000 Atm.

Atom 1 has atomic number 8 and mass 15.99491
Atom 2 has atomic number 1 and mass  1.00783
Atom 3 has atomic number 8 and mass 15.99491
Molecular mass: 32.99765 amu.

Principal axes and moments of inertia in atomic units;

1 2 3
Eigenvalues -- 2.94273 54.38638 57.32911
X 0.05826  0.99830  0.00000
Y 0.99830 -0.05826  0.00000
z 0.00000 0.00000  1.00000

This molecule is an asymmetric top.
Rotational symmetry number 1.
Rotational temperatures (Kelvin) 29.43318 1.59256 1.51082

Rotational constants (GHZ): 613.28862 33.18370 31.48037
Zero-point vibrational energy 36886.5 (Joules/Mol)
8.81609 (Kcal/Mol)
Vibrational temperatures: ~ 1589.38 2049.00 5234.47
(Kelvin)
Zero-point correction= 0.014049 (Hartree/Particle)
Thermal correction to Energy= 0.016913
Thermal correction to Enthalpy= 0.017857
Thermal correction to Gibbs Free Energy= -0.008150
Sum of electronic and zero-point Energies= -150.713645
Sum of electronic and thermal Energies= -150.710781
Sum of electronic and thermal Enthalpies= -150.709837

Sum of electronic and thermal Free Energies= -150.735844
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b. Energy, heat capacities and entropies

E (Thermal) cv S
KCal/Mol Cal/Mol-Kelvin Cal/Mol-Kelvin
Total 10.613 6.335 54.737
Electronic 0.000 0.000 1.377
Translational 0.889 2.981 36.413
Rotational 0.889 2.981 16.869
Vibrational 8.836 0.373 0.077
c. Partition functions

Q Log10(Q) Ln(Q)
Total Bot 0.560646D+04 3.748688 8.631674
Total V=0 0.162525D+11 10.210921 23.511515
Vib (Bot) 0.346996D-06 -6.459675 -14.873952
Vib (V=0) 0.100591D+01 0.002557 0.005888
Electronic 0.200000D+01 0.301030 0.693147
Translational ~ 0.745040D+07 6.872180 15.823779
Rotational 0.108431D+04 3.035154 6.988701

discussion

Our results agree excellently with known experimental data. Experimental data are scarce
and incomplete. Various experimental data are results of different types of experiment. Our
theoretical results, however, are complete and consistent. In order to assess the quality of our
results, another excellent ab initio method, coupled cluster method (CCSD(T)) was used for

the purpose of comparison.
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As can be seen from the diagram, the results are in remarkable agreement even though two

methods are based on completely different methodologies
B1 0.9744 (0.9743) -DE/DX = 0.0002
B2 1.3408 (1.3375) -DE/DX = 0.0001
Al 104.0643 (104.1811) -DE/DX = 0.0001
Rotational constants (GHZ): 614.2466331 33.3354119
Mulliken atomic charges:
1 O -0.197956 (-0.196726)
2 H 0.285351 (0.284985)
3 O -0.087395 (-0.088259)

Mulliken atomic spin densities:

1 O  0.052457 (0.056092)
2 H -0.016175 (-0.016418)
3 O 0963717 (0.960326)

Dipole moment (field-independent basis, Debye):

31.6194136

X=-1.7471 (-1.7467) Y=-0.8783(-0.8871) Z=0.0000 Tot=1.9554 (1.9591)

Frequencies --1104.6770 (1124.7468)
14241252 (1429.9146)
3638.1441 (3639.7954)

Sum of electronic and zero-point Energies= -150.713645 (-150.712572)

It is clearly seen that most molecular parameters for both methods fall within 1 % of each
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other. Even for frequencies the discrepances are very small. This would indicate that the
configuration interaction method is quite reliable for prediction of molecular and vibrational
parameters and it is justified to use CI results in calculation of partition functions for

dynamical studies.
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Change of geometry and Vibrational Frequencies of

H202 along Dissociation Coordinate !
Hyung-Rae Kim?

Abstract : Ab initio computation of geometry and vibrational frequencies of hydrogen peroxide along the reaction
coordinate of dissociation into two OH radicals was performed using density functional theory. It is found that
frequencies of transitional modes change significantly as the reactants change into fragments along the minimum
energy path while frequency change for conservative modes is relatively small. Some change in geometry is also

noted along the minimum energy path.

Introduction

Hydrogen peroxide is an important source for OH radical, which is the most important
initiator for organic radical reaction[1][2][3]. Hydrogen peroxide, H202, acts as a temporary
reservoir for OH. The O-O bond of H202 is relatively weak and can be thermally dissociated.
The dissociation coordinate is smooth and the energy monotonously increases as the reaction
proceeds. In other words there is no potential barrier for the reverse recombination process.
In this case it is very difficult to find transition state, which is a prerequisite for transition
state theory[4] or RRKM theory[5] calculation of rate coefficient. This is due to lack of
chemical barrier for this type of reaction. Even though centrifugal potential can lead to
maximum in the minimum energy path, it is not certain this maximum can yield minimum
sum of state, which is a necessary condition for the transition state. One promising method of
finding the transition state is a variable transition state theory (VTST)[6]. In VTST, sum of
state is calculated along the reaction coordinate (RC) and the point of RC where sum of state
is minimum is chosen to be the transition state and the sum is used for RRKM calculation[7]
and the TS partition function is used for transition state theory. In order to obtain sum of state

rotational and vibrational structure of the molecule as well as the energy has to be known

! This research was supported by the research fund of Hankuk University of Foreign Studies, 2010
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along the reaction coordinate.

Thus we have performed quantum mechanical ab initio computation of geometry and

frequency along the RC of H202 dissociation

Computational Details

Linux cluster system composed of six node Xeon quad-core processor system running
CentOs was used for the computation. The system has 4 GB of physical memory per each

node and the computation has been done in parallel mode using Linda workers for all nodes.

Gaussian 09 package[8] was used for the ab initio computation and GaussView software[9]
was used for displaying the molecule, viewing vibration animation and finding initial

geometry.

The computation process is composed of several steps.

First a relaxed scan is run for the reaction coordinate. Starting from the optimized reactant
(O-0 distance about 1.32 Angstroms)) and ending at completely dissociated structure (about
4.5 Angstroms) the RC (which is O-O distance) is scanned.

Typical input file looks like :

%mem=400mw

%nprocshared=4

%chk=s4.chk

# opt=(z-matrix,calcall) ub3lyp/6-31g(d) scf=qc
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Title Card Required

01
0
H 1 Bl
0 1 B2 2 Al
H 3 B3 1 A2 2 D1 0
Bl 0.96000000
B2 1.32000000 S 15 0.2
B3 0.96000000
Al 109.50000006
A2 109.50000006
D1 105.76000000

In order to take electron correlation into account we used density functional theory method.
We chose b3lyp as the functional for DFT method[10][11][12]. Since we are dealing with
lengthening of a chemical bond, which eventually will lead to two product radicals, we set
spin multiplicity to 2 and used unlimited dft (ub3lyp). For efficiency of computation we used
relatively small size basis set (6-31g**). This was necessary because the computation tended
to fail due to convergence problem toward large O-O scan points and we had to repeat the
scan all over with slightly different conditions and options. For each scan point the RC value
is fixed and other internal coordinates are relaxed. Geometry optimization is done for each

scan point. This way, the energy and geometry along the RC are found.

Once the scan is complete, extract geometrical structure of each scan point and make up
input file for next step, frequency calculation. Since all intermediate scan points are not
stationary (reactants and products are at stationary points) normal mode analysis cannot be
done for all degrees of freedom. Therefore we use projection method to project out
frequencies for those modes which are perpendicular to the reaction coordinate. A typical

input file for this purpose is given as :
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%mem=400mw
%nprocshared=4
%chk=p172.chk
#freq=projected ub3lyp/6-31g(d)

Title Card Required

Bl

I O I O p
'—\

B10.9757
B21.72

B3 0.9757
Al 92.2449
A2 92.2437
D1 144.6856

results

a. Potential energy profile along the RC

We obtained potential energy profile along the O-O distance (reaction coordinate) and
plotted PES energy vs. R(O-0) in Figure 1.
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Figure 1 Potential energy profile along R(O-0). Energy (in Hartree ) is plotted against R(O-
0) distance (in Angstroms). In the figure points are raw data from quantum calculations and
line is the least square fit to Morse function using Gnuplot.

We fitted scan point energies to Morse potential,

V=D(1—edrr)2_p

Final set of parameters Asymptotic Standard Error
D =0.192752 +/- 0.00409 (2.122%)
a =1.36309 +/- 0.07439 (5.458%)

le =1.45945 +/- 0.02827 (1.937%)
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where D is the potential well depth, o is the Morse parameter which is a measure of

steepness for the attractive wall of Morse potential, and r. is the equilibrium bond distance.

Total number of vibrational degrees of freedom for H202 is 6. Leaving out the O-O stretch
mode, which is assumed to be the reaction coordinate, we have five modes that are
perpendicular to the RC. We have obtained the change of vibrational frequencies for these 5
modes. In order to identify the types of modes we used GaussView for animation of
vibrational modes using one of the projection run at an intermediate scan point.. The normal

modes were as follows.

Mode 1 : torsion around O-O bond

Mode 2 : HOO bending (two HOO bending in phase)
Mode 3 : HOO bending (two HOO bending out-of-phase)
Mode 4 : OH stretch (in-phase)

Mode 5 : OH stretch (out-of-phase)

Mode 4 and 5 are conserved modes and they are expected not to change very much with
extent of reaction. Modes 1, 2 and 3 are transitional modes. We expect a significant change
in frequencies with progress of reaction (lengthening of O-O bond because these vibrational
modes will eventually change into product rotation. Mode 1 will become rotation of two
OH radicals along O-O bond axis and Modes 2 and 3 will become rotation of OH fragments
along axes perpendicular O-O bond axis. We show plots of frequency change along RC for
each of the projected modes.

Athrough E pertains to modes 1 through 5, respectively.
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Figure 2. Vibrational frequencies in cm (torsional mode) is plotted against RC (O-O

distance) in A.

A. Mode 1
B. Mode 2
C. Mode3
D. Mode 4
E. Mode5
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discussion

Results of our computation can be summarized as follows

As can be seen from Figure 1, the potential profile along the reaction coordinate fits
nicely with Morse curve and the parameters agree well with experimental results.
Also it is found that the potential rises smoothy toward the product and the reverse
recombination reaction does not have potential barrier.

Figure 2A shows that torsional mode frequency drops significantly as R(O-O)
increases. However the drop is not monotonous due to the presence of torsional
potential.

Figure 2B and 2C show that frequencies of two bending modes (disappearing
modes) which turn to product rotation at large R(O-O) distances decrease
significantly.

Figure 2D and 2E show that the conserving O-H vibrations retain its vibrational
characters and their frequencies do not change much during the dissociation

process.
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Change of Molecular Parameters along the Methyl

Hydroperoxide Dissociation Coordinate *
Hyung-Rae Kim?

Abstract : Molecular properties such as geometrical structure and vibrational frequencies of methyl hydroperoxide
change as the reaction proceeds. We performed quantum calculations of the system using Moller-Plesset
perturbation method (UMP2). It was found that geometry changes significantly. The CH3 moiety changes from
tetrahedral in the parent to planar in the product in a very smooth fashion. We also found that frequencies for

transitional modes change greatly as the reaction coordinate increases.

Introduction

Methyl hydroperoxide (MHP) is known to thermally dissociate to methoxy and OH radical in
many combustion system.[1][2][3] It thus is an important source of free radicals and acts as a
temporary reservoir of free radicals. The dissociation reaction produces two radicals from a
closed-shell compound and is important as a degenerate branching agent. The dissociation
process occurs along a smooth potential curve along the reaction coordinate and involves no
potential barrier for reverse recombination reaction. Therefore it is very difficult to locate the
transition state. In order to obtain rate coefficient for the unimolecular reaction, variable
transition state has to be used for this kind of reaction. Even though the geometrical and
vibrational structures of parent (MHP) and products (methoxy and hydroxyl radicals) are
known from experiments and theoretical calculations, the intermediate parameters have not

been obtained.

We performed relaxed scan ab initio calculations for the MHP dissociation from reactant
geometry to product geometry along the reaction coordinate (O-O bond distance) using

perturbation theory technique (MP2). Since we need to calculate structural parameters for

! This research was supported by the research fund of Hankuk University of Foreign Studies, 2010
2 Department of Chemistry Hankuk University of Foreign Studies



96 Hyung-Rae Kim

non-stationary configurations, appropriate inclusion of electron correlation effect is required.
Moller-Plesset method[4][5][6] was chosen for this purpose because this method did not
exhibit difficulties due to convergence problem, which was severe for density-functional
calculation.[][1[]

Computational Details

Our computation was performed using six-node Linux cluster system that has quad-core
Xeon processors and running Centos linux. Gaussian 09 package[7] was used for the ab
initio calculation and Gaussview program[8] was used to visualize the structures and
vibrational motion of the molecule. Parallel computation was done using Linda feature of

Gaussian.

Intermediate size basis set ( 6-311g(d,p)) was used to ensure both accuracy and efficiency.

Atypical input file used is as follows :

%chk=s.chk

%mem=400mw

%NProcShared=4
%LindaWorkers=hpcl,hpc2,hpc3,hpcd,hpch

# opt=(calcall,z-matrix) ump2/6-311g(d,p) scf=qc

Title Card Required

01
C
H 1 Bl
H 1 B2 2 Al
H 1 B3 2 A2 3 D1 0
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O 1 B4 2 A3 3 D2 0
O 5 B5 1 A4 2 D3 0
H 6 B6 5 A5 1 D4 0

Bl 1.08191922

B2 1.08281565

B3 1.08439997

B4 1.39911946

B5 1.39433880 S130.2

B6 0.94953296

Al 109.89014749

A2 109.91317849

A3 105.49197168

A4 107.23863231

A5 102.05205806

D1 120.81517534

D2 -119.38344741

D3 177.59406686

D4 118.90761640

Check point files were stored for analysis of orbitals, electrostatic potential, electron density,
etc. Physical memory per node was set at 400 MW (3.2 GB). Initial geometry was obtained
using GaussView. As mentioned above, there was no convergence problem with MP2 run.
Since the parent (MHP) dissociates into radicals eventually, unrestricted Hartree-Fock was

done (UMP2 instead of MP2) even though spin multiplicity was set at 1 initially. Relaxed
scan was done from initial O-O distance of 1.39 A to 4.39 A with increments of 0.2 A. Since
the scan is relaxed, O-O distance is fixed at each scan point while other degrees of freedom

are varied to obtain geometry optimization. Once the scan run is finished, frequency

projection run is performed for each scan run. Input file looks, typically, like :
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%chk=p179.chk

%mem=400mw

%NProcShared=4

# freq=projected ump2/6-311g(d,p)

Title Card Required

Bl
B2
B3
B4
B5
B6

I O OI T T O
(< IS, B S S S

B11.0973
B2 1.094

B3 1.0939
B4 1.4046
B51.7943
B6 0.9712
Al 109.2752
A2 109.5898
A3 103.176
A4 100.3261
A5 88.8853
D1 121.0237
D2 -119.2705
D3 178.9798
D4 148.9507

Hyung-Rae Kim

g P, NN NP

Al
A2
A3
A4
AS

P N W W

D1
D2
D3
D4

o O O o
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Projected option is given to freq keyword. Intermediate scan points are non-stationary and
usual normal modes cannot be done for these points. Therefore projection method is used to
obtain vibrational frequencies for those modes that are perpendicular to reaction coordinate.
In other words normal mode analysis is done by freezing reaction coordinate. Z-matrix for

each projection run is from the corresponding scan point output for relaxed scan run

results

Output from relaxed scan run contains

a. Optimized geometries for scan points
b. Molecular properties such as rotational constants, Mulliken atomic charges,
dipole moments, etc.

c. Energy of each scan point.

We first plot potential energy profile in Figure 1.

-190.31 T T
B - 3. O
-190.32 | -
-190.33 +7 + E
-190.34 _1'" B
-190.35 |
-190.36 |
-190.37 # 4
-190.38 E
-19039 i E
1904 | 4
1904 AN I I L 1 L ;
15 2 2.5 3 a5 4 4.5 5

Figure 1 Potential allergy (in hartree) is plotted against R(O-O) (in A) (points). Curve is the
Morse fit for ab initio data.
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Morse function was fitted to quantum results and following results were obtained :

FIT: data read from "ptl1.txt"
#datapoints = 8
residuals are weighted equally (unit weight)

function used for fitting: f(x)

fitted parameters initialized with current variable values

Iteration O
WSSR :0.0547207 delta(WSSR)/WSSR  : 0
delta(WSSR) : 0 limit for stopping : 1e-005

lambda :0.281683

initial set of free parameter values

d =0.3
a =14
re =1.39

After 12 iterations the fit converged.
final sum of squares of residuals : 6.3619e-005

rel. change during last iteration : -8.35672e-006

degrees of freedom (ndf) : 5
rms of residuals (stdfit) = sqrt(WSSR/ndf) :0.00356704
variance of residuals (reduced chisquare) = WSSR/ndf : 1.27238e-005
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Final set of parameters Asymptotic Standard Error

d =0.0957989 +/- 0.006366 (6.645%)
a =2.067 +/- 0.2433 (11.77%)
re =1.47516 +/- 0.02811 (1.906%)

correlation matrix of the fit parameters:

d a re
d 1.000
a -0.899 1.000
re -0.345 0.613 1.000

Standard errors were small for d (potential well depth) and re (equilibrium bond distance).
Morse parameter a had large asymptotic standard error. It is a result of inherent flatness of
Morse function in the attractive wall region. Modified Morse function or Varshni potential
could be used for better fit.

Next, we report results from projected frequency runs. Normal mode coordinates can be
examined visually from animation shown by GaussView program and is shown as below.

Mode 1 : HOOH torsion

Mode 2 : OOCH torsion (1)
Mode 3 : OOC bending

Mode 4 : OC stretch

Mode 5 : OOCH torsion (2)
Mode 6 : OCH bending

Mode 7 : H(in OH)OO bending
Mode 8 : CH3 umbrella
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Mode 9 : CH3 deformation

Mode 10 : CH3 deformation

Mode 11 : CH3 stretch (in phase)
Mode 12 : CH3 stretch (out-of-phase)
Mode 13 : CH3 stretch (out-of-phase)
Mode 14 : O-H stretch

It is seen from above that disappearing modes (as the dissociation occurs) are Modes 1, 2, 3,
5, and 7 and conserved modes are modes 4, 6, 8, 9, 10, and 12. The disappearing modes
(transitional modes) are expected to have significant frequency changes while conserved
oscillators do not. This is because the transitional modes of vibration change to product
rotations. Conserved modes retain vibrational modes even after the reaction is complete,
though frequencies may change somewhat due to change of potential environment. This is
exactly what we observe. We plot first change of frequencies for two torsional modes (mode
land2)
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Figure 2 Change of vibrational frequencies for mode 1 and mode2

Mode 3 and mode 7 are bending vibrations in the parent. When O-O bond breaks up, these
vibrations change to fragment rotations along axes perpendicular to O-O axis. Therefore the
frequencies of these vibrations should decrease significantly decrease with lengthening of O-

O bond. This is shown in next figure.
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Figure 3 Change in vibrational frequencies with R(O-0) for mode 3 (left panel) and mode 7

(right panel)

Next, mode 4 and mode 6 are two of the conserved oscillators. These do not disappear with

dissociation. However some change in frequencies is expected due to very different

molecular environment with associated with molecular dissociation. These can be seen in

next figure.
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Figure 4 Change in vibrational frequencies for mode 4 (left panel) and mode 6 (right panel).

Next we move to vibrational frequency change for CH3 moiety. These modes (mode 8, 9, 10,
11, and 12) remain even after dissociation. However, it is well known that mode 8,which is
an umbrella motion in sp3 hybrid C (in MHP) changes to an in-planar inversion mode in sp2
carbon (CH3). Other CH3 deformation vibrations and C-H stretch vibrations are well

conserved during dissociation process.

We first plot vibrational frequency change for mode 8 and mode 9.
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Figure 5 Change in vibrational frequency with R(O-O) for mode 8 (left panel) and mode 9

(right panel).

Last, vibrational frequency changes for stretching modes are shown in the next figure. These

modes high vibrational frequencies and their force constants are large. They are not affected

greatly by the dissociation process. Therefore we do not expect a large change in vibrational

frequencies for these modes.
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Figure 6 Change in vibrational frequencies vs. R(O-0) for mode 13 (C-H stretch in CH3) is
shown in left panel. On the right panel change in vibrational frequencies is shown against

R(O-0) for OH stretch vibration.

discussion

Our results show clearly that disappearing (transitional) mode frequencies change greatly

while vibrational frequencies for conserved oscillators do not change much

We summarize our observations as follows :

Mode 1 : HOOH torsion : decreases but not monotonously (this is characteristic of torsion

vibration due to the presence of torsion barrier)
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Mode 2 : OOCH torsion (1) : monotonous decrease

Mode 3 : OOC bending : a large change
Mode 7 : H(in OH)OO bending : small but monotonous change

Mode 4 : OC stretch : monotonous decrease by a small amount.
Mode 6 : OCH bending : same

Mode 5 : OOCH torsion (2) : a large change

Mode 8 : CH3 umbrella : small monotonous decease
Mode 9 : CH3 deformation : same

Mode 10 : CH3 deformation : same

Mode 11 : CH3 stretch (in phase) : same

Mode 12 : CH3 stretch (out-of-phase) : same

Mode 13 : CH3 stretch (out-of-phase) : same

Mode 14 : O-H stretch : same

From our ab initio calculations we have available potential energy profile along the reaction
coordinate, change in rotational constants (from optimized geometrical structures) along the
RC and change in vibrational frequencies for all oscillators perpendicular to RC, we are in a
position to calculate variable coordinate RRKM[9] or VTST[10]rate coefficients.

Further work may be needed to compare the accuracy of our results, especially using density
functional method. As we mentioned earlier DFT calculation is hampered by convergence
failure. Even our work with UMP2 is faced with non-convergence problem at large R(O-0)

distances. Trying various other options and basis sets may solve the problem.
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vivooll 4 p53 715 S H7AZIW  lymphoma$}t sarcomas EH AL S dSo]
a7 vk Ak (Venturaetal., 2007).

17t Abg7dH-o AlEQ HelLa Al % p53 7|52 human papillomaviruses
(HPVs) E6 T do] o3 oA, E6 @A E6APLt A4 Agste] p53<9]
polyubiquitylationS =324 26S proteasomeo] 23k p53 degradationS-
=3¢k}t (Scheffner et al., 1990; Scheffner et al., 1993). BAF53< actin-related
protein®. 2 interphase 1| 4] chromatin 2] higher-order TF+Z&  Zd3le
dekwl doltt (Lee et al., 2007). H+ & AT 2459 Az A BAF53
W3S SiRNA interference W 02 S AIA 2 S w] p53 EAJo] ABA3EE AL
A3t (manuscript in preparation). BAF53 &S JAstH HPV18el E69
E79] AAZF AAE I, o]o] wa p53<2 polyubiquitylation®] F+E=%X] X35}
p53o] HA X = FoZ Yt weba 2g A F-hM Lo Al ps3 &> BAFS53

e 545 AEE B89 5 Atk B AL pssol AFstel a4
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AdAE R 290

Cell culture
HeLa Al2Z+ 10% calf serum® 100 U/ml penicillin, 100 pg/ml
streptomycin®©] &¢] 21+ Dulbecco's modified Eagle's medium (DMEM)E AF&-3}1 a1

5% CO,7} 3239 37T incubatorol] A Wl k= ¢l T},

p53-dependent luciferase plasmid %
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FEEEA 2 mediaoll A i FEFITE. Serum free medium 197 ploll Lipofectamine
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Luciferase assay
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olg Al ol lysatee] 20 plE 100 ple] LARII €93 2 412 3 |uminometer =
luciferase activity (firefly)S =43t} SHo] % 1A 100 ule] Stop & Glo =
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pp53-Luc plasmid7} StFEA Y] = HeLa AME A Z
pp53-Luc plasmid”} host genomeol] <FF= A A=l U= HeLa MEFE
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Qom G418 A Tlste] pp53-luc plasmidE AU A ¥ AEE A AU
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A stete Aow #FHACH, 1 FUF L 3.6uMlE HFEJ. EI
7% pp53-Luc HelLa A% BAF53 siRNAZS = 2]3te] BAF53 23S 943
A3 7+S BAF53 siRNAS A2 ahA] ¢ thxoll H|3| luciferase acitivity7} 34l
Z7Velhe Aoz #AEFAY. webA A 2FeE pp53-Luc HeLla A5 chemical
library 2 F-E] BAF53 A4S ~=18]d 3= cell-based assay system o 2 283 =
= zlojth. BAFS3 AlAl= p53 A&Adstel ols] A AdF-oks AFEATI=
b EA|E A3 = S Aoz 7T} (Goodwin and DiMaio, 2000).
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Figure 1. Flow chart for the construction of pp53-Luc plasmid.
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2027 >
947 MV 1l
< CMV promoter(851bp) 047 —»

564 < p53 promoter(~550bp)

Figure 2. Restriction enzyme fragmentation mapping of pp53-Luc plasmid.

(A) M: molecular weight markers. Lane 1. pcDNA3.0(BamHI), lane 2:
pcDNAZ3.O(Bglll/HindllIl), lane 3: pcDNA3.0(-)CMV(BamHl), lane 4.
pcDNA3.Opp53(Kpnl/BamHI), lane 5: pp53-Luc(Kpnl/BamHI), lane 6: pG13-
Luc(Kpnl/BamH]I). (B) M: molecular weight markers. Lane 1: pp53-Luc(Notl), lane 2: pp53-

Luc(EcoRl), lane 3: pG13-Luc(EcoRl).



118

B
of\
o
[
1ot
)

16

T 14 |

[s]

£ 12 |

Z 10 |

2 ol p53 ()
3 mp53 (+)
[0

2 6

@

3 4}

©

5 2y

0 - 0

p53-Luc pG13-Luc

Figure 3. Luciferase activity of pp53-Luc was induced by p53.
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in the presence or absence of p53.
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Figure 4. Isolation of pp53-Luc HelL a cells.

(A) HelLa cells were transfected with pp53-Luc plasmid, and the cells resistant to G418 were
selected. Five different colonies were isolated, and induction of luciferase activity by p53
was tested for each colony. (B) Induction of luciferase activity by p53 overexpression or
BAF53 knockdown in pp53-Luc HeLa cells (#7). NT, non-treated.
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ABSTRACT: A yellow pigmented, Gram-staining-negative, rod-shaped, strain HMC6043", was isolated from a
saltern in Jeungdo, Republic of Korea. The major fatty acids were is0-Cs, (27.0%), summed feature 3 (comprising
i50-Ci5:0 20H and/or Ci1 w7c; 22.3%), anteiso-Ciso (11.5%), and iso-Ci7.0 30H (9.5%). The DNA G+C content
was 42.1 mol%. Phylogenetic tree based on 16S rRNA gene sequence showed that strain HMC6043" formed a
lineage within the genus Chryseobacterium. The strain HMC6043" was closely related to Chryseobacterium
pallidum (97.3% sequence similarity), Chryseobacterium molle (96.8%) and Chryseobacterium caeni (96.4%). On
the basis of the evidence presented in this study, strain HMC6043" represents a novel species of the genus

Chryseobacterium.

21t} (Yeon et al., 2005).

Chryseobacterium<:2  Flavobacteriaceae@}oll &3l A Aol=  wj§-  Zol
EA3H= Folth Vandamme et al. (1994)0] <ol&] Aoz EFd & dA7A
56F°] WAHAS AEE Eud A7 JIYHL Jde EFtolth
Chryseobacteriuma F44 o= 3

a
colonygE A= 545 Adu. o Fol Fole= MdES ES (Shen et al,
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2005, Weon et al., 2006, Tai et al., 2006) 2} 2] =< <+ (Park et al., 2006, Young et al.,
2005), W1E& (Gallego et al., 2006), 2] (de Beer et al., 2005, Hugo et al., 2003,
Shimomura et al., 2005) & X &3 thst oA s gl

B dae Aid® A S dde] AlReA AAF R HiuHA g
NZF FF2A HMCE043T7F HelElornz o] #3o AEutAysty, &,

W Eets Sl vjstel Avnn BFEHA K0 Yste] colnud sl

of

AR AsdE AR Fme @A AASUL. NS 2AA

3] A HH S o]-&3}9] tryptic soy agar (TSA; Difco)oll =23k 3 30T A ujj A&a}o

o
i
e
e
N

5 TSACA 293t 30C= wjFst $ A=t colonyE ©]-&3te] 16S
RNA %5 €3 Colony PCRS F3etqith. #F9 9714 <9-& EzTaxon server

2.1 (http://www.eztaxon.org/; (Chun et al., 2007)° uwe}t FHES FAHS}S L,

Ribosomal Database Project (RDP; http://rdp.cme.msu.edu), GenBank
(http://ncbi.nim.nih.gov)©] databaseol| Al F7IAM LS A5t 7]Eo LEH
TFEN EYE dFe AT AudAsS wetetr] 9@l phylipdt
MEGA version 4 program=- ©]-83}o] =3}l (Tamura et al., 2007), neighbor-joining
method (Saitou & Nei, 1987)2} maximum-likelihood (Felsenstein, 1981), maximum-

parsimony  (Fitch, 1971)& A}&3dto] 7Al& =5 2/dstditt.
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3. ¥d 2 Ry EH 54

75 Fed EAS dolrr] ¢ete] Gram stainingS e FH A9
A B34S dotry] 9ste] 2%, pH, dEsEe 2AS ZHs] HFe
AL AEE 2AEAT. 2%+ 4, 10, 15, 20, 25, 30, 37, 42C% 7%
gglsle] wigsisla, pHE WA 2] pHE 242 4, 5, 6, 7, 8, 9, 1022 &35}

5] AYsstd AL Yolry] $13ke] APl 20E, 20NE, ZYM kit
(bioMrieux)©} MicroPlate GN2 (BIOLOG)E AFH&-3}%1t}. Catalase} oxidase &3-S
SA4ste AdS sl om (MacFaddin, 1980), cromatic shift testE 433 5}
flexirubin type pigmente] AJAte]F-Z <tolH 9kt} (Bernardet et al., 2002). DNA G+C
H| &2 HPLCE AR&-ste] 4135kt (Mesbah & Whitman, 1989).

X
e w5 A =4S dotry] fF HA3S Fdsn. A E Sl
59 A HAFS #3533 MIDI/Heulett Packard Microbial Identification System-2-

43k #2353tk Sherlock softwareE ©]-83Fo] 2] % chromatogram¥} datas

44 B AT ZA6kaL, ol & libraryol thste] Arats WStk

HMC6043™= 13 S49 IHte@ TSAoA 30T= 2¥U3F wiksk H$-

ot
i)
=

w0l colonyE A3l 16S rRNA Ao 7 dsS EA4
Chryseobacterium pallidum®} 97.3% -rAFskaL, C. molle¢} 96.8%, C. caeni®} 96.4%
frAbeE o ® vEersth AlTEE SalA Chryseobacterium %o 55 2

el fiAskE Ae gdd & AT (Fig. 1. @5+ 26~37TAM A%
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7beahy HA el 22X 30Colt pHE~8AA A 7Fsstar, pH7AA # a9)
A7 sheh NaCl 0~1.5%9 A1 A o] 7hssta, 1%olA HAY A4S 2y
Flaxirubin type pigmenti= AJ2Fa}ar, casein?} CM-celluloseS 7}=%3] 3 4= itk
Oxidase$} catalase, arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase,
tryptophan deaminase®] &A1& Ao 2 EFYEaL, B-galactosidase$} L-phenylalanine
deaminase®] &S Ao = e API ZYM kitel| A= alkaline phosphatase<}
esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, cystine
arylamidase, valine arylamidase, trypsin, a-chymotrypsin, acid phosphatase, naphthol-AS-
Bl-phosphohydrolase, B-galactosidase, p-glucuronidase, a-glucosidase, B-glucosidase<]
g FHoR eSS M, lipase (C14), o-galactosidase, N-acetyl-p-glucosaminidase,
o-mannosidase, o-fucosidase®] 242 SO = UERRT MicroPlate  GN2e¢il A
@3k carbon sourcesZ ©] &% -2 dextrin?} glycogen, tween 40, tween 80, adonitol,
D-arabitol, D-cellobiose, D-fructose , gentiobiose, a-D-glucose, a-D-lactose, maltose, D-
mannitol, B-methyl-D-glucoside, D-trehalose, Cis-aconitic acid, D-galactonic acid Lactone,
v- hydroxybutyric acid, p-hydroxy phenlyacetic acid, itaconic acid, a-keto butyric acid, D,L-
lactic acid, malonic acid, sebacic acid, succinamic acid, glucuronamide, L-asparagine, L-
aspartic acid, L-glutamic acid, L-histidine, L-ornithine, L-phenylalanine, L-serine, L-
threonine, D,L-carnitine, 2-aminoethanol, glycerol, D,L,a-glycerol phosphate, a-D-glucose-
1-phosphate ] t}. a-Cyclodextrin®} N-acetyl-D-galactosamine, N-acetyl-D-glucosamine, L-
arabinose, i-erythritol, L-fucose, D-galactose, m-inositol, lactulose, D-mannose, D-melibiose,
D-psicose, D-raffinose, L-rhamnose, D-sorbitol, sucrose , turanose, xylitol, pyruvic acid
methyl ester, succinic acid mono-methyl-ester, acetic acid, citric acid, formic acid, D-
galacturonic acid, D-gluconic acid, D-glucosaminic acid, D-glucuronic acid, B-
hydroxybutyric acid, a-keto glutaric acid, a-keto valeric acid, propionic acid, quinic acid, D-
saccharic acid, succinic acid, bromosuccinic acid, L-alaninamide, D-alanine, L-alanine, L-
alanyl-glycine, glycyl-L-aspartic acid, glycyl-L-glutamic acid, hydroxy-L-proline, L-leucine,
L-proline, L-pyroglutamic acid, D-serine, y-amino butyric acid, urocanic acid, inosine,
uridine, thymidine, phenylethyl-amine, putrescine, 2,3-butanediol, D-glucose-6-phosphate+

o]gatA Rt Zom vEEth (Table 1). 8%7F W& &S AAshE F&
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A W4E2 is0-Cis09} summed feature 3 (comprising iso-Ciso 20H and/or Cis1 ©7¢),

anteiso-Cis, is0-Ci70 30HO|T} (Table 2). DNAS] G+C H|&2 42.1 mol%=

wAetal, gEH, Aelststy 545 vlagk 23} Chryseobacteriumsioll &8l
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Table 1. Differential characteristics of strain HMC6043™ and other phylogenetically-related
members of the genus Chryseobacterium.

Strains; 1, HMC6043"; 2, Chryseobacterium taichungense KCTC 22054T; 3,
Chryseobacterium taeanense KCTC 12381T; 4, Chryseobacterium formosense KACC
114007. All data from this sudy. +, Positive; —, negative.

characterstic 1 2 3 4
Production of

flexirubin type + + + +
pigments

Growth at (°C)

15 - + + +
42 + - -
Enzyme acitvity

Cystine arylamidase + +
Trypsin + +
B-galactosidase - +
B-glucuronidase - -
N-acetyl-p-
glucosaminidase
a-mannosidase - - + -
Hydrolysis of:

Casein + + - +
CM-Cellulose + + - +
Carbon Source
Utilization

(GN2 Microplate)
Tween 40

Tween 80
Adonitol
D-Arabitol
D-Cellobiose
D-Fructose - - - +
L-Fucose
D-Galactose
o-D-Lactose
D-Mannitol

+ + +

+
+
+
+

+ 4+ + + +
1
1
1

+ + + +
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D-Raffinose
D-Sorbitol

Sucrose
D-Glucosaminic acid
D,L-Lactic acid
Malonic acid
Propionic acid
Glucuronamide
L-Alanine
L-Alanyl-glycine
L-Histidine
L-Leucine
L-Ornithine
L-Phenylalanine
L-Proline
L-Pyroglutamic acid
L-Serine

+ + + + + + + + + o+

+ + + + + +

+ +

+ +

Jm

+

+ 4+ + +

+ + +
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Table 2. Cellular fatty acid composition (%) of strain HMC6043T and other
phylogenetically-related members of the genus Chryseobacterium.

Strains; 1,HMC6043™; 2, Chryseobacterium taichungense KCTC 220547, 3,
Chryseobacterium taeanense KCTC 12381T; 4, Chryseobacterium formosense KACC
11400". All data from this study. All strains were grown on TSA at 25 °C for 2 days. Only the
fatty acids amounting to at least 1.0 % of the total fatty acids in at least one strain are shown.

tr, trace(<1%); ND, not detected.

Fatty acids 1 2 3 4
i50-C13:0 tr tr tr tr
Cizat 12-13 tr tr tr tr
i50-Cis:0 45.0 36.4 37.4 48.1
anteiso-Cis;o 3.6 1.4 1.6 45
i50-C16:0 tr tr tr tr
Cie1 @5C tr tr tr tr
Cis0 1.3 1.3 tr 1.3
i50-C1s:0 30H 3.3 4.3 4.0 4.3
Ci50 20H tr tr tr tr
Cie:0 is0 30H 1.6 tr tr ND
C16:0 30H tr tr tr tr
Ci6:0 30H tr tr tr tr
Ciso 1.1 tr tr tr
i50-C17:0 30H 8.4 6.1 11.8 tr

Summed Feature 3* 14.1 24.0 155 16.6
SummedFeature 9 22.2 18.5 21.8 19.5

* Summed Feature 3 (is0-Cis:0 20H and/or Ci6:1 ®7¢)
Summed Feature 9 (iso-Ci7:1 ®9c¢ and/ or 10-methyl Cis:0)
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’7 Chryseobacterium indoitheticum LMG 40257  (AY468448)
Chryseobacterium anthropi NF 13667 (AM982786)
’7 50 Chryseobacterium soli156-6" (EF591302)
&0 Chryseobactenium aquaticum 10-467 (AM748690)
Chryseobacterium piscicolaVQ-6316s" (EU869190)
Chryseobacterium hominis NF802T (AM261868)
Chryseobacterium hispanicum VPA8T (AM159183)
Chryseobacterium molfe DW3T (AJ534853)
Chryseobactenium croceum HMC6043" (GQ225686)
Chryseobacterium pallidum 26-3512b" (AM232809)
Chryseobacterium caeni NAT (DQ336714)
92 Chryseobacterium hungaricum CHB-20pT" (EF685359)
Chryseobacterium fejuense 1517-87 (EF591303)
TBEchryseobaderfum arthrosphaerae CC-VM-7T (FN398101)
65 Chryseobacterium jooster LMG 182127 (AJ271010)
Empedobacter brevis LMG 40117 (AM177497)

0.01

Figure legend

Fig. 1. Neighbour-joining phylogenetic tree, based on 16S rRNA gene sequences, showing
the position of strain HMC6043T in the genus Chryseobacterium. Bootstrap percentages
(>50 %) from both neighbour-joining (above nodes) and maximum parsimony (below nodes)
are shown. Filled and open circles indicate nodes recovered by all three treeing methods or

by two treeing methods, respectively. Bar, 0.01 substitutions per nucleotide position.
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Candida magnoliae HH-01¢4] £33 mannitol
dehydrogenase A2} i+ !

£ % A 68ty FEF AR VHES AETAH] wyor At M2 #Fd

Candida magnoliae HH-01°1 4] T+ % A4+ & 4<1 mannitol dehydogenase %22 2] &}l t}. Candida
magnoliae HH-01¢] mannitol dehydogenase %5 o] &3t digd+ 2§ Z2v|= pET-mdhs

A Zetd T pET-mdh Zet~v| =8 X33 A 23 g+ BL21olA] mdh FAAE st

fl

T EE A, Aot e A EHE WA Jea mAgEe] o] 27|71
del Ak 69de] FEE AvEolth (Lewis & Smith 1967). WY&
5ol 40% el ARSI glow Al olgdt 4 glvh. ol @
wretal, Ads AmAle] FhEd HoookE AA
AR ARgol AR AFelAel WAl Advs S
of FelstA AHeE L gt} (Dwivedi 1978). WY E9]
o] shebA] shelel] o] EnlE} A ArbETh (Makkee et
al. 1985). o213t 3ef M e W& W& &3 7] Ay EHERTEH

KX

Wil glel, o2 TR/ A% MATeHQ

O

R

A
Wedo] gk A7 23 Ear glth (Wong et al. 1990, Yun & Kim 1998). #hy &S
u| Lo Frkx v)Fem  Aak®Eit), shui= #do]  NAD(P)H-dependent
mannitol dehydogenaseol] ol3ix FlE o] WUES AASE AAolar, theS

fructose-6-phosphate”}  NAD(P)H-dependent  mannitol-1-phosphate  dehydogenase ]|

Lol e 20108 @elFolojshi S AUl olste] o]l ).
> g el Folt|stin Alastlst AYE s ws
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©] &4 mannitol-1-phosphate = % 5} mannitol-1-phosphatase©l] 2] a4 = =3}
inorganic phosphate® A& o] T ES AAkete= 7]Fe]l k. fEE E2
FEY w2 T2 AEE WEZ HEe= &% 752 Candida magnoliae
HH-01° s 7] ®arghu} 9t} (Baek et al. 2003, Song et al. 2002). ¥ 173
Candida magnoliae HH-01Z%-E #}3& whUE=Z A3 A7l &4 <2 mannitol

dehydogenase (mdh) f+32+E Felste] thdtol A Lt A5 W Psqt.

)
it ot

'—

As R TH

p

oF, EgarE € wjgzd
Ao A A3 mdh A= 7)o #2]3 Candida magnoliae HH-01
7o FAAE ARESth mdh A HHE g wF B2 Egav| s

Table 1.9 A|A|8}At}. Candida magnoliae 5= YPD 1 A|ul =] (glucose 20g/l,

i

-

yeast extract 5 g/l, (NH4)2S0, 2.59/l, KH2PO4 2.59/l, MgSO4-7H,0 0.4g/l) 50mlS ¥ &3}
500ml AFztEehsa=ol A 7 wiekr] (30T, 250rpm)e2 12~14A13F &<t
ket st = LB HAERA] 50mle EFHE 500ml
AZVEE oA A" v (37T, 250rpm) o2 12A17F St wl sl
Aol F=E SAs7] f&A dA wgdSs SRTFE A
spectrophotometer (Genesys 20, ThermoSpectronic, NY, USA)Z 660nmeolA 3 =S

=439

FAAL A
o] 2 A3 Maniatis 5ol 23 CaCl, o= X333 ch.
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mdh 22 23
mdh 32 229 2 Zg2v= A LS 93 oligonucleotide= Table 2.9
AAISF EF. mdhF3+= mdh -7 Aol Bam HI 14591 &, mdhR4+= mdh 71 #}ol|

Hind 1l 12 5-918 23 A17] =5 oligonucleotide S | 23} 31 th.

oA mdh A2 &d

HHS 98] AZE pET-mdhEs digt BL21 o] FAASS AlFoH,
FAA8E Az WFT BL2L #FE LB A WA ODeso #tol 0.60] =
W7kA] 37ColA  AF vtk wdE AXEE 0.1mM  isopropyl-B-D-
thiogalactoside (IPTG)= %38k 37TColA] 3AIZF wekst tf2 20,000 x goll A]

1583 AAEgsiglen, fEskA &g Ax o E=g e o=
AAE AT Z2+e] AEE 20mM phosphate buffer (pH 7.0)% g3t}
AEAG NS 4TollA 2o E712 3 2 sodium dodecyl sulfate (SDS)E

sk, 20,000 x goll Al 15E3F  AAlEEste]  AEoinks ZEEsksivh
Zhzke] g o] gk Bradford WS o]-&3dko] BEsiltt. 0.1%9 SDS7}
gklsk it Mannitol
&

Z3tg 10% acrylamide gelo]lx] SDS-PAGEE 3ol A=
= 3 ARvtE I

dehydogenase2] “dA]= Ni*-NTA agarose (Qiagen Inc.)E A}

WS olEsh3ith
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Table 1. Bacterial strains and plasmid

Strains/plasmids Genotype Reference
Strains
Candida magnoliae This study

] Expression strain. E. coli B, F, dem, ompT, Studier et al.
E. coli BL21(DE3)

hsdS(rs-ms-), gal, A\(DE3) (1990)
Plasmids
pDrive T/A cloning vector, LacZa*, Km", Amp’ Qiagen co.
pDrive-mdh Amp", Km', containing of mdh gene This study

) Rosenberg et al.
pET-21(a)+ Expression vector, Amp', T7 lac, lacl,
(1987)

PET-mdh Amp', T7 lac, lacl, containing of mdh gene This study

Table 2. Oligonucleotides used in this studies

) Specific use /
Primer Sequence(5'—3") o
Restriction site

mdhF4 GGATCCAATGGCTAAGAACTTCTC Cloning of mdh, BamH |

dh AAGCTTCATCATCATCATCATCATTTAGGGAAGCGT Cloning of mdh, 6xHis.,
mdhR4
GTAGC Hind 111
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ol A9 @ St R By
AT BAE Sepav=el pET-21(a)+ & AHEste] pET-mdh Zebav =g
A 2ksk ok, mdhF3¢F mdhR4=S oligonucleotide® AF-8-3}o] Candida magnoliae HH-

Bes

z
o
L
_?ll{
e

01 oA Bam HI 121%9 2 Hind 1l IAF-91E 233 mdh FHAE
PCREZ W3 oA &H¥ mdh FdAS T/A cloning Zgt2n =9l
pDrive Z&}2~H]=2] Bam HI 12159 2 Hind 11 Q29 Atolo] 4F¢f 3}

pDrive-mdhE #2138}l th. pDrive-mdhE Yo 2 o] mdh F3AE PCRZ
SZ33h o]E A SZ9 PCR productE Bam HI 2 Hind IE 23 t}S
Bam HI 2 Hind Il sitte2 7}A= pET-21(a)+ Zg}~w|=o] ¢AAs}o] pET-mdh
Zgames A7Zeth (Fig. 1.). pET-mdh Zg~n =2 A3+E 4 Bam HI
Hind M2 Aglste] 1353 A% mdh 327 o2 A9E 328 30

A AT (Fig. 2.).

4w

oA mdh FA 2

Fig. 3.2 mannitol dehydrogenase’} pET-mdhz® dAA3tE &+ BL21
oA BAHn Qe ASE BAFEn pET-mdhvl E£3EO] U= i
BL21 59 A% IPTG % glo]% mannitol dehydrogenaseZ A4Het3l 2™ (Fig.
3., Lane5), IPTG ImM=z %= ¥ 79 mannitol dehydrogenaseS 4ol
71tttk (Fig. 3., Lane6). H3, A5 2 Wo] 7&Eo] & Wi ual
AAE 30 kDa< mannitol  dehydrogenase &4 5 SDS-PAGEE &3}l
sk tH(Fig. 3., Lane8). mdh kel A7 D EAol o] mdh F31Ake
ORF:= 852 bp, ¥4 30,149 Da, & 28370¢] ofmji=jtoz A Eo] gllom,
ol A FE=o] HAE  mannitol dehydrogenase HA] T3 Ao

golr iyl (Baek et al. 2010). Candida magnoliae HH-01 3¢ mannitol

S

f
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dehydrogenaseE UFE NADPH-dependent dehydrogenase$} H] g A3} short-chain
dehydrogenase / reductase (SDR) °ll &3}l S £<2138}¢lt}. Candida magnoliae HH-
01 59 mannitol dehydrogenase= 2% HIFS BAYPOoRI  H|X| A
HIGE S o AiE] = Aoz B HAT (Lee et al. 2003). wekA], Candida
magnoliae 2] mdh fdate] # A= WHUE BV obd (A=
e zElE T U eI YA Aitelx gy olgd F US How
71t €tk T3k, Candida magnoliae HH-01 2] mannitol dehydrogenase=
ol Aaker 5 A Hol AFomFH asnkgel o3 wE9
Aatel fg3tA ol gE 4 S AHo=E 7| ¥, Candida magnoliae 52
mdh FHAE o] A= 7)ES YO E Candida 9F 2 A FHF AT

o v &LV & o= Y drh

AAE xgrer ZebAv =S v E A4E <1 Candida magnoliae

1

EAn

FAAE gl wAsE A28

U
O

< mdh
H-01 +5° backtransformation 3le] mdh -FHx}e] ZFZo] 93 W=

Ao @ Ashad g,

o I

Acknowledgements
o A= 20108hd = gh=rel=ro st Stadg-H] Aol o] Folxl A},
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MCS

HixdII (774)
Beran HI (x4)

f1 origin

pDrive-mdh pET vector
sty statp
1 origin
Amp
Cut with BamH 1/ Hind 111

1 origin__ Hindlll (174)
\ é mdh

Amp BamHI (1032)

pET-mdh
6276 bp

Figure 1. Constructions of recombinant plasmid for mdh expression plasmid.
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Figure 2. Restriction analysis of recombinant plasmid pET-mdh.
Lane 1, DNA size marker; Lane 2, pET-mdh treated with BamH | and Hind I1l; Lane 3, pET-

21(a)+ vector treated with BamH | and Hind 111; Lane 4. mdh gene.
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kba 1 2 3 4 5 6 7 8

150
100
75
50

395
25

Figure 3. SDS-PAGE analysis of total cell protein and of mannitol dehydrogenase
purification.

Lane 1, protein size marker; Lane 2, E. coli BL21(DE3) total cell protein; Lane 3, E. coli
BL21(DE3)(pET-21(a)+) total cell protein without IPTG induction; Lane 4, E. coli
BL21(DE3)(pET-21(a)+) total cell protein after ImM IPTG induction; Lane 5, E. coli
BL21(DE3)(pET-mdh) total cell protein without IPTG induction; Lane 6, E. coli
BL21(DE3)(pET-mdh) total cell protein after 1mM IPTG induction; Lane 7, Ni®*-NTA
column flow-through proteins; Lane 8, mannitol dehydrogenase eluted from Ni?*-NTA

agarose column. 25 ug of protein were loaded in each lane except in lane 8, where 4 pg

were loaded.
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el sl Al 9 Aelw, 1 KEAS U mIUPL Fal FPeA

e
85 AR (X)), =120 & o183 4 (D) 2yl TPH DLES
A7) 93k =3k (likelihood function)E A8t th&-3F 2,

L = _ J.pYIi(Yi | &) Py (Xi | 8)p:(5)dS. )

Py o Py = AF YS9 X[ & o 23R E =3k (conditional density),
p. = & FHE = (marginal density)E, == p, o Edi(support) S LHERA
Aot & =dollA = olgel tall o] F 7HA EeA BEYs i

i £~U(02), U~Exp(o,), V~N(@0c), W~N(0,qc2)

() £~U(0J1), U~N*(0,07), V~N(0,0c), W~N(,7c?)

o wl 2 A5el il A (9] $Eee FAR Y T vhe o,
Ln(ﬁo,ﬁlyﬁu,(f,(f |(Xi,Y.),i:l’2,...’n)
o =T1] i@( Yo~ fy- B av]exp(vi—ﬂo pé |, o }
o, o,

i=1 0,1 Gu O, 2(7

'

2

Lo (B BurGy: 0y, 0 | (X1, Y, =12,+-, 1)
(ii) Y- B, - B, AY, - By - B,
] ¢[ - ﬂf}p( Y- ﬂf)j

i= 1[01] o

¢(—Xi = Jdé
O-W O-W
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