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SUBGROUPS OF REFINEMENT

PERMUTATIONS IN Sio

Dongwan Park

1. Introduction

A. Hopenwasser and J. Peters([2]) showed the exponent set E(fi)
gives a complete characterization of those permutations for which
is a refinement algebra. Here are a few results of Hopenwasser and
Peters, which we utilize in the next sections.

Lemma 1.1 ([2]). Let fji be a permutation in Sb with order d. Sup
pose E(p) = {0}. Then d divides a power of b.

Theorem 1.2 ([2]). Let p £ St and let be the limit algebra of
the stationary system of nest embeddings associated with p. is
(isomorphic to) a refinement algebra A^ if and only if E(p) = {0}.

For a given permutation /i, to determine whether is a refinement
algebra, it is an interesting approach to examine the permutation p
itself without a series of tedious computations of the exponent set E(p).

In the ciurent paper, our interest goes to the subgroups generated
by the refinement permutations in the symmetric group 5io. There are
many abelian refinement subgroups of Sio each of which is a product of
a finite number of cyclic groups Z2 and Z4. And a refinement subgroup
of 5io is not necessarily abehan, there is a refinement subgroup which
is isomorphic to the dihedral group D4.

2. Previous results on refinement permutations

Let p he a permutation in St- By Rfi, we denote the set of the
members of [b] = {0, 1, 2, ••• , 6—1} which are not fixed by p. That
is, = {x € [6] I X—p{x) ^ 0}.
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Lemma 2.1 [3]. Let e Sb and a £ Sc be the permutations oforder
d such that = Ra, p{x) = (t{x) for x £ R^. Then </>d(b) = <^d{c)
implies E(p) = E(cr).

With Lemma 2.1, in a practical computation of E(p) for a permu
tation /i of order d in Sb, we may take b as small as possible, provided
that p £ Sb and the number <^d(6) remains unchanged.

If Aft is a refinement algebra. Lemma 2.1 can be much enhanced:

Lemma 2.2. Let p £ Sb and a £ Sc be permutations of order d
dividing both a power of b and a power of c, Rfi = R^, p(x) = a(a;)
for X£ Rft. Assume both b and c have the same supernatural number.
Then E(p) = {0} if and only if E{o-) = {0}.

Proof. By Power([14]), a refinement zilgebra in Sb is isomorphic to
a refinement algebra in Sc if and only if both b and c have the same
supernatural number. Thus if this refinement zdgebra is arising from
permutation, then its exponent set must be {0}. •

Lemma 2.3 [3]. Let p be a permutation of order d in Sb, where
d divides a power of b. If <t>d(x —p(x)) = 0 for all x £ Rft, then

^f) = {0}.

If a? is a fixed point of p, then it is always true that d>d(x—p(x)) = 0.
So, the condition ^d(x —p(x)) =0 holds for all x 6 Rfi if and only if
it holds for all x G [i>]. We will mention R^ instead of [6] to emphasize
the permutation p itself. Also note that, for a cycle p, (j>d{x—p{x)) = 0
for sl\ X£ Rft if and only if <^rf(x —?/) = 0 for any two elements x and
y of Rft.

The converse of Lemma 2.3 need not be true:

Let /i = (0 2 4 6)(1 3 5 7) be a permutation in Ss, then E(p) = {0}.
But 04(x —/i(x)) ^ 0 for any x £ Rft. However,

Theorem 2.4 ([3]). Let p be a prime number, and p be a permu
tation of order p in Sb, where p divides b. E(p) = {0} if and only if
0j,(x —p(x)) = 0 for all X£ Rft.

Proof. By Lemma 2.3, it suffices to prove that if E(p) = {0}, then
0p(x —^(x)) = 0 for all X E Rft. Suppose that there exists yo £ Rft
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such that <j)p(yQ —)w(?/o)) 7^ 0. Obviously, Ei{/j.) = [p] ^ {0}. Assume
Em(fJ') {0} for some m > 1. Then there exists a nonzero t GEmM-
Since p is a prime number and Em(fJ') Q [p], ^ is relatively prime to
p. Therefore R^t = and thus there exists xq G Rp such that
(f>p(^o — ^ 0. Indeed, if <l)p{x —fji*(x)) = 0 for all a; G Rpt,
then, since t is relatively prime to p, <t)p(x —y) =0 for all x,y G Rpt-
Regarding yo and /i(2/o) as elements of R^t, we have ^p(j/o —p(j/o)) = 0
contradictory to the choice of yo. Since (l>p(xo —f/{xo)) G Em+i{fJ-)^
we have Em+i(/J') ^ {0}. Thus, by induction, Em{t^) ^ {0} for all m.
In particular, E(fji) ^ {0}. •

Theorem 2.5 ([3]). Let n = per, where n and a are disjoint per
mutations in Sb' If A„ = Ao, then Ap = Ao and Aa = Ao-

The converse fails: Let p = (0 3 6) and <7 = (1 5) in 5i2. Then
E(p,) = E(g) = {0}, by Lemma 2.4. But E(p(T) = {0,2,3,4}.

The following lemma shows that a cycle consuming all elements of
[6] is not a refinement permutation in Sb-

Lemma 2.6 ([3]). lfh>2 and p € Sb is a cycle of order b, then
E(p) = [h]. In particular, p is not a rehnement permutation.

Proof. Since the order of p is 6, the p"(0) are distinct for all n G [5].

Ei(p) = [bl

^2(p) = {(l>b(x - p^(x) + 5n) I a; G[6],n GEi(p)}
D{^ft(0-p«(0))|n G [6]}

= {p"(0) I n G [6]}
= [b].

Therefore £;(p) = [6] ^ {0}. •

Lemma 2.7 ([3]). Let p be a prime number, and n be a cycle of
order p in Sb, where p divides b. Let p be in {(t), the cyclic subgroup
generated by a. If E(a-) = {0}, then E{p) = {0}.

Proof. Let p G(cr), then p = o*" for some n G [p]. If n = 0, then p is
the identity permutation, hence obviouslyE(p) = {0}. For 1 < n < p—
1, we have Rp = Ran = R„. Indeed, if <t = (oq oi •••CLp-i), then cr" =
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(oo <T"(ao) a^^(ao)... Observe that <T*^"(ao) = 0'4,j,{kn) for
fc = 0, 1. Since n is relatively prime to p, {<l>p{kn) | 0 < A; <
p —1} = [p], thus wehave Ran = {ooj , •••, Op-i}. SinceE[cr) —{0}
and <7- is a cycle, Lemma 2.3 shows that (j>p{x —y) =0 for all a?, ?/ GRa-
Therefore, by Lemma 2.3 again, E(^) = {0}. •

Theorem 2.8 ([3]). If p is a prime number, p £ Sp and Ap is a
re&aement algebra, then p is the identity permutation.

Proof. Let p E Sp and let d be the order of p. Suppose Ap is a
refinement algebra. Then, by Theorem 1.2, E(p) = {0}. Lemma 1.1
shows that d divides a power of p. Note that d is the order of the cyclic
subgroup {p) of Sp. Thus d divides p!. Therefore d divides p, that is,
d = 1 or d = p. If d = p, then we have

Etif) = {<t>p(x - fi"(x) +pn) I I e [p],n € = [p]}

= -p"(i)) I 6 [p]}

2 {<^p(0 - p"(0)) I n e [p]}

= [p]
= £;,(p).

This implies E{p) = Ei(p) = [p] ^ {0}, which is a contradiction.
Therefore d = 1, and p is the identity permutation. •

In other word, the only refinement permutation in Sp is the identity
permutation. Our next problem is to figure out which permutations in
Sb are refinement ones for arbitrary positive integer b.

3. The subset r(56) of refinement permutations

For a positive integer b, with r(56) we denote the set of all the
refinement permutations in St.

Here arises a question: For what values of positive integer 6, r(Sb)
is a subgroup of Se,?

Theorem 2.8 gives an aflBbrmative answer to the question when the
inger 6 is a prime munber. It will be a nice stzurting point if we do the
problem in Spq or in Spn where p and q are prime numbers.
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Beforewe proceed with the refinement permutations in Spq, we con
sider the refinement permutations of order a power of a prime number
p in Sb for an arbitrary positive integer b.

Lemma 3.1 ([9]). For a positive integer n, let p he a permutation
of order p" in Sb, and let there exist an element x of such that
<t>p{x —p(x)) ^0. If t £ [p"]\pZ, then there exist s G \p^]\p'lt and
xo GRft such that <j>pn{xo —p^(xo)) = s.

Proof. Suppose to the contrary that <j>pn(x —p*(x)) = 0 for every
XGRp. Then, for j = 1,2,3, •••, —p^*[x)) = <^pn(x —p^(x) -\-
p*{x) —p^^(x) -| -1- —p^*(x)) = 0. Since p" and t are
relatively prime, for any fixed ar, {p^^(x) \ j = 0,1,2, •••} exhausts all
elements of Rp. Thus (j>pn(x —y) = 0 for any pair of elements x and
y of Rp. In particular, <f>pn(x —p{x)) = 0 for every x G Rp, hence
<^p(x —p(x)) = 0 for every x G Rp, which is a contradicton. Therefore
there exists xq GRp such that <f>pn(xo —p^(xo)) ^ 0.

Let s = (l)pn[xo —/i'(a;o)). It remains to show that xq can be chosen
so that (l>p(s) ^ 0. Suppose that <l>p(s) = (l>p(<j>p^{x —p^(x))) = 0 for
every x G Rp. Then ^pn(<^p(r —p*(x))) = 0. Thus <l>p(x —p^{x)) is
a multiple of p^ which is less than p. That is, <pp(x —p*(x)) = 0 for
every x G Rp. Since t is relatively prime to p, we have ^p(r —y) = 0
for any pair of elements x and y of Rp. Hence ^p(x —p(x)) = 0 for
every x G Rp, which is another contradicton. •

Theorem 3.2 ([9]). Let p be a permutation of order p" in Sb,
where p is a prime number dividing b. If E(p) = {0}, then (f)p{x —
p(x)) = 0 for every x G Rp.

Proof. Assume p" divides b. Suppose that <^p(xo —/^(^^o)) ^ 0
for some xq G Rp, that is, <^p(xo —p(a;o)) € {1,2, •• • ,p —1}. Then
^p'*(xo —p(xo)) G [p"]\pZ. Let t = (j>pn[xQ —p(xo)). By Lemma 3.1,
there exist xi G Rp and s G [p"]\pZ such that (f>pn(xi —p^(xi)) = s.
This means that if 0 ^ t G Ek(p) for some fc > 1, then 0 ^ s GEk+i{p).
Since s G [p"]\pZ, Lemma 3.1 applies repeatedly. Thus Ek(p) ^ {0}
implies Ek+i(p) ^ {0} for every A; > 1. It follows that E(p) ^ {0}. •

Lemma 3.3 ([10]). Let p be a prime number. If p is a refinement
permutation in Sp2, then either p is the identity permutation or the
order ofp is p.
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Proof. Since /i is a refinement permutation, by Lemma 1.1, the
order o(/i) of divides a power of p^, hence o(/i) divides a power of
p. That is, o(p) itself is a power of p. By Theorem 3.2, it holds that
(l>p(x —p(x)) = 0, for every x G hence for every x € [p^]. Thus we
have either o(/i) = 1 or o(p) = p in order that Rp C [p^]. •

In SpZ with p a prime munber, by Lemma 3.3, the refinement per
mutations are of order p except the identity permutation. Since p is a
prime number, a permutaion of order p is a product of disjoint cycles
of order p. Therefore if we find out all the refinement p-cycles in 5p2,
then we would have all the refinement permutations in Sp2.

Example 3.4 ([10]). If p is a prime number, then, by Theorem
2.8, r(Sp) consists only of the identity permutation. Clearly, r(Sp) is
the trivial subgroup of the symmetric group Sp. •

In Example 3.4, r(Sp) happens to be a subgroup of Sp. But, in
general, r(Sb) need not to be a subgroup of St-

Example 3.5 ([10]). In Se, a rehnement permutation is of order
2 or 3 by Lemma 1.1. With Theorem 2.4, we can easily £nd that the
cycles /i = (0 2) and a = (0 4) are reBnement permutations. But the
product of these reBnement permutations r = per = (0 4 2) is not a
reBnement permutation, for <^3(0 —t(0)) = <^3(0 —2) ^ 0. In fact,
there are no reBnement permutations of order 3 in Sq. Since r(Se) is
not closed under the composition ofpermutations, it is not a subgroup
of Se. •

Theorem 3.6 ([10]). r(S4) is a subgroup ofS4 which is isomorphic
to the Klein Four group, say, r(S4) = Z2 x Z2.

Proof. Since 2 is a prime number and 4 = 2^, by Lemma 3.3, if p is a
refinement permutation in ^4, then either p is the identity permutation
or the order of p is 2. By Theorem 2.4, p is a refinement 2-cycle
in 54 if and only if (l>2{x —p(x)) = 0 for all a; G Hp, hence for all
X G [4] = {0,1,2,3}. There are precisely 2 possibilities: (0 2) and
(13). Thus there are 4 refinement permutations in S4 in all, say, ( ) =
the identity permutation, (0 2), (1 3), and (0 2)(1 3). So we have

r(S4) = {( ),(0 2),(1 3),(0 2)(1 3)}.
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It is obvious that r(S4) is closed under the composition of permuta
tions, and that each permutation in r(5'4) is idempotent. Therefore
r(54) is a subgroup of 54, and we have

r(54) = ((0 2))x((l 3))^Z2xZ2,

as desired. •

We have proved that r(54) is a subgroup of 54. But there is no way
for us to expect that the same theorems hold for Sb for arbitrary base
b.

Example 3.7 ([10]). Let p = 5 and consider the group S25. As the
previous discussions, a member of r{S25) is a product of refinement 5-
cycles. Now let /i = (0 10 15 20 5) and = (0 10 20 15 5). By Theorem
2.4, fjL and v are rehnement cycles. The composition of these 5-cycles
is a = pi/ = (0 15)(5 10). The order of a is 2 which does not divide
5, so a does not belong to r(525). Thus r(S25) is not a subgroup of
S25' •

By a refinement subgroup of Shi we mean a subgroup of Si consisting
of refinement permutations. For b —pq with p = 2 and q = Z, every
refinement subgroup of Sh is abelian.

Theorem 3.8 ([8]). A nontrivial refinement subgroup G of Sq is
isomorphic to a direct product of k copies of the cyclic group of order
2, say

k

j=i

where each Gj is isomorpic to the cyclic group Z2 and 1 < k <2.

4. Refinement subgroups of 5io

In this section, we investigate the refinement subgroups of Sio-
Though r(5io) is too big to be a subgroup of 5io and a refinement
subgroup of Sio is not necessarily abelian, there are many refinement
subgroups of 5io each of which is a finite product of cychc groups of
order 2 or 4.

- 7 -
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Lemma 4.1. If n is a reGnmement permutation in Sio, then p is
the identity permutation or a permutation of order 2 or a permutation
of order 4.

Proof. Assume that p is not the identity permutation and that p is
a cycle. Since 10 = 2 •5, the order of o(/u), divides a power of 2 or a
power of 5, by Lemma 1.1. But a 5-cycle in ^lo can not be a refinement
permutation by Theorem 2.4. Thus o[p) divides only a power of 2. Let
o{p) be 8 or greater. Then for p to be refinement it requires eight or
more distinct elements of [10] all of which are congruent modulo 2. We
can choose only five such elements from [10] , say, {0, 2, 4, 6, 8} or
{1, 3, 5, 7, 9}. Therefore o(p) is 2 or 4. •

Lemma 4.2. r(5io) is not a subgroup of Siq.

Proof. Let p and v be refinement 2-cycles in r(5io) such that p =
{oq ai)^ V= (co 02) with three distinct elements oq, ai, 02- Then pv =
(flo (^2 cii) is a 3-cycle, hence it is not a refinement permutation in 5io
by Lemma 4.1. That is, r(5io) is not closed under the multiplication
of permutations. •

Since a refinement permutation of order 2 or 4 in Sio is a product of
finite number of disjoint refinement cycles of order 2 or 4, we examine
the multiplication of refinement cycles of order 2 or 4 in Siq.

Lemma 4.3. If G is a rehnement subgroup of Sio snd if p and u
are refinement 2-cycles in G, then either Rfi f] = 0 or p = u.

Proof. Note that for 2-cycles p and u, p = uif and only if Rfi = Ry.
Assume that Rft ^ Ry. Suppose R^ H Ry ^ 0 and let oq E Rf^ DRy.
Since both p and u are 2-cycles, we have = {ao,ai} and Ry =
{00)^2} with ai ^02- Then pu = (cq 02 ai) is a nonrefinement 3-
cycle as in the proof of Lemma 4.2. This is impossible because G is a
group and pu G G. Thus we have Rf^H Ry = 0. •

Lemma 4.4. Ifp and u are rehnement 4-cycles in Sio, 3,ndif R^ =
Ry, then p = u or p = (equivalently, p^ = u), that is, {p) = (t/).

Proof. Let R^^ —R^ = {uq, ai, 02, 03} and p = (uq, oi, 02, as).
Since ^ is a refinement cycle, we have either (i) <j>2(p(ai) —a) = 0 and
<l>4(p(ai) —ai) ^ 0, for each i = 0,1,2,3, or (ii) <^4(/i(a») —a,) = 0, for
each 2= 0,1,2,3. The 4-cycles with the essential range {ao, aj, 02,as}
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are jj, = (gq o.\ 0,2 03)? (oo 0.1 ^^2)) (oo ^2 o-i 03), (gq 0-2 ^3
(gq G3 Gi G2) and fJL^ = (gq G3 G2 oi). Out of these six cycles, /x
and are refinement cycles, while other four cycles axe nonrefinement
because they mix up the conditions (i) and (ii). Hence we have u = jjl
or 1/ = That is, 1/ G (/Jt) = where l is the identity
permutation and /x^ = (gq a2){a\ G3). •

Lemma 4.5. If G is a refinement subgroup of Sio and if /x and u
are refinement 4-cycles in G, then either DR„ = 0 or (/x) = (i/).

Proof. Assume that RftH R„ ^ Then, since p and v are refine
ment cycles, both R^i and Rt, consist of elements which are all congru
ent modulo 2. Suppose ^ R,^. Since there axe only five such ele
ments in [10], we have R^nRv = {61, 62» ^3}? a set of three distinct el
ements. If/x = (gi, 61, 62, 63), then we have either 1/ = (g2, fei, 62, 63)
or 1/ = (g2, 63, 625 where gi ^ G2. Other four possible choices
of V result in the failure to be refinement. If 1/ = (g2, 61, 62, 63),
then /XI/ = (fli, 62, G2, 5i, 63), which is a nonrefinement 5-cycle. If
u = (g2, 63, 62, 61), then /xi/ = (gi, G2, 63), which is a nonrefinement
3-cycle. Therefore we have Rn = Ru, which implies (/x) = (i/), by
Lemma 4.4. •

Lemma 4.6. Let p be a refinement 4-cycle and u be a refinement
2-cycle in Sw- If pu is a rehnement permutation in 5io, then either
Rfi n Rt, = 0 or R„ C Rfi-

Proof. Suppose R^ 0 Ri, ^ 0 and that R,, ^ Rfi. Then there
are distinct elements gq and b of [10] such that RftO R,, = {gq} and
1/ = (go b). Choosing three more element gi, G2 and G3 which axe
distinct from {gq, 6}, we may write p = (gq ui 02 ^3)- Then we have
pu = (gq b Gi G2 G3), a 5-cycle in 5io, which is impossible since pu is
assumed to be refinement. •

Note that, in the proof of Lemma 4.6 all element gq, oi, G2, 03
and b axe congruent modulo 2 since p and v axe refinement cycles.
Hence the set {gq, gi, 02, 03, 6} is equal to either {0, 2, 4, 6, 8} or
{1, 3, 5, 7, 9}. In Lemma 4.6, the condition Rt, C Rft does not imply
that pi/ is a refinement permutation. Moreover, even if pu is a refine
ment permutation, the multiplication is not necessarily commutative.
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Example 4.7. Let /z = (0 2 4 6) and I/ = (0 2) be cycles in Siq.
Note that both jx and u are rehnement cycles. We have Ry C Rfi and
that fxi/ = (2 4 6), i/jx = (0 4 6). The 3-cycles in 5io are nonreGnement.
If we choose i/ = (0 4), then Ry C Rft and that fiu = (0 2)(4 6),
jxfi = (0 6)(2 4). Both fiu and ufi are reGnement permutations, but
they are not equal. •

Theorem 4.8. There exists a reGnement subgroup of Sio which is
isomorphic to the dihedral group D4.

Proof. Let p = (ao oi 0-2 <23) be a 4-cycle in 5io suchthat <f>2(p{ai) —
a,) = 0 and <^4(^(ai) —ai) ^ 0, for each i = 0,1,2,3. If we put
If = (qq 02), then ^4(2^(01)"®*) ~ each i = 0,1,2,3. Thus wehave
E[p) = {0} and E{u) = {0}, hence both p and v are refinement cycles.
Moreover, p^ = (ao a2)(ai 03), p^ = (ao 03 02 oi), pt^ = (ao ai)(a2 as),

= (ai as), and p^u = (ao a3)(ai 02) = up are all refinement per
mutations in Sio- Therefore the set G = {L,p,p'^,p^,u,pu,p'^u,p^u}
forms a refinement subgroup of 5io. Since the group representation of
G is {p, u\up = p^u}, G is (isomorphic to) the dihedral group D4. •

Corollary 4.9. A reGnement subgroup of Sio is not necessarily
abelian.

Proof. The dihedral group D4 is nonabelian. •

Theorem 4.9. A nontrivial abelian reGnement subgroup G of Sio
is isomorphic to a direct product of the cyclic groups of order 2 and
the cyclic groups of order 4, say

k

gsJIg,
i=i

where each Gj is isomorpic to one of the cyclic groups Z2 and Z4.

Proof. By the Lemma 4.1, all elements of G except the identity
permutation is of order 2 or 4. So the fundamental theorem of finitely
generated abeUan groups shows G is isomorphic to a direct product of
copies of the cyclic group of order 2. The largest value of k for Z2 is 4
and for Z4 is 2 since there can be so many distinct generators, that is,
disjoint refinement cycles simultaneously in 5io. •
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ON THE FIXED POINTS OF REGULAR STOCHASTIC MATRIX IN

CONNECTION WITH THE INVARIANTS

KOONCHAN KIM

Abstract. This paper seeks the possibility of using regular stochastic matrices in the

study of graph invariant. We construct regular stochastic matrices S{G) and S{G')
corresponding to the adjacency matrices A{G) and A{G') of the two given graphs
G and G' and induce a graph inv£iriant, a necessary condition for the existence of
isomorphism between G and G'. More specifically, if G and G' aure isomorphic,
then the fixed points z aind z' of 5(G) and S{G') respectively are the same except
the location of the elements. The fixed point graph invariant has a characteristic

that if the two sets of the elements of z and z' are the same and distinct, then an
isomorphism between the two graphs can be easily identified.

1 Introduction

A graph invariant is a property of graphs such that every two isomorphic graphs have the same
value with respect to this property. It is a necesseury condition for the existence of an isomorphism

between two graphs. In other words, if two given graphs G and G' have different value with
respect to this graph invariant, then G and G' are not isomorphic. Hence, graph invariants
are commonly used to distinguish nonisomorphic graphs rather than finding an isomorphism
between two graphs.

Graphs have many different kinds of graph inveiriants. For example, the same degree se

quence, the same girth, the same genus, the same chromatic number, the same determinant, the
same eigenvalues, etc. These known invariants are well categorized in [6]. Detailed discussion
on graph spectra can be seen in [1,2] and a recent result on a graph invariant based on prob
ability propagation matrix is given in [4]. However, most of these known graph invarizuits are
not strong enough at distinguishing similar but nonisomorphic graphs[3] and even if they have
distinct values, most of them are of no use in identifying an isomorphism between two graphs.

2000 Mathematics Subject Classification: 05C50, 05C60.

Key words and phrases: Graph invariant, Regular stochastic matrix for graph, Fixed point.
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For example, even if two graphs G = (F, E) and C = (V, E') have the same sets of eigenvalues
and they are distinct, an isomorphism 6 : V —* V between the two graphs can not be easily
identified.

The purpose of this paper is to investigate the possibility of utilizing the regular stochastic
matrices in order to develop a more practical and effective graph invariant. We illustrate how
the regular stochastic matrices S(G) and S{G') can be constructed from the adjacency matrices
A{G) and A{G') and how the fixed points z and z' of the regular stochastic matrices can be
obtained. We also discuss the a characteristic and usefulness of this graph invariant, e.g., in

vertex classification.

2 Preliminary

A permutation matrix P is a (0, l)-matrix such that it has exactly one 1 in each row and column.
If P is a permutation matrix, then P~^ = P^ and P~^ is also a permutation matrix. If A is
a matrix and x is a vector, then pre-multiplying a permutation matrix P on A and on x, PA

and Px, interchanges the rows of A and x, respectively and post-multiplying P on A, AP,

interchanges the columns of A.

A simple graph is a graph with no loops or multi-edges, a general graph is a graph that

can have multi-edges and loops, and a digraph is a graph in which every edge is directed. Two

simple graphs G = {y,E) and G' = (V',P') are isomorphic provided that there is a bijection
6 : V —* V' such that {u, v} 6 P if £md only if {^(w), ^ That is, vertices u and u in V
are adjacent if and only if the corresponding vertices 6{u) and 0{v) in V are adjacent. Similar
definitions can be given for general and digraphs.

A row vector u = (ui,U2,... ,Un) is called a prohahility ^jector if its components arc non-
negative and their sum is 1. A square matrix S is called a stochastic matrix if each of its rows

is a probability vector. A stochastic matrix S is said to be regular if all the entries of some

power are positive. Let 5 be a regular stochastic matrix. Then a non-zero row vector

2 = (zi, 22,..., 2„) is called a fixed point of 5 if

zS = z

Then the following results(see e.g., [7]) hold for regular stochastic matrices.

Theorem 1 Suppose S is a regular stochastic matrix. Then,

1. S has a unique fixed probability vector z, and the components of z are all positive;

2. the sequence S,S^,S^,... of powers of S approaches the matrix Z whose rows are each the
fixed point z;

3. if p is any probability vector, then the sequence of vectors pS,pS^,pS^,... approaches the
fixed point z.

- 14 -
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3 Construction of regular stochastic matrices for graphs

Let G and G' be any two graphs with n vertices and let A{G) and i4(G') be the adjacency
matrices respectively. Then the regular stochastic matrices S{G) and S{G') for the graphs G
and G' can be constructed from A{G) and A{G'). Let E be the n x n matrix whose elements
are all e > 0.

(
E =

\ ^ )

Let D and D' be the diagonal matrix whose (i, i)th diagonal element is the reciprocal of the
sum of the ith row of A{G) + E and A{G') + E respectively:

D =

f 0
Si

0

0 f 0
52

0 0

0 ^
0

5n

D' =

/ ^ 0 0
^1

0 4 0

\ 0 0

0 N

0

1 /

where Sj = and sj = for i = 1,2,... ,n. Then, S{G) = D*{A{G)+E)
and S{G') = D' * (i4(G') + E) become regular stochastic matrices for the graphs G and G'.

For example, consider the graph given in Figure 1.

Figure 1.

V3 V4

Then the adjacency matrix for G and its regualr stochastic matrix(with e = 0.1) are given

by

AiG) =

^ 0 1 0 0 N

1 0 1 1

0 1 0 1

lo 1 1 0 )

5(G) =

( 0.1/1.4 1.1/1.4 0.1/1.4 0.1/1.4 ^
1.1/3.4 0.1/3.4 1.1/3.4 1.1/3.4
0.1/2.4 1.1/2.4 0.1/2.4 1.1/2.4
0.1/2.4 1.1/2.4 1.1/2.4 0.1/2.4
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4 Fixed point graph invariant

Let G and G' be any two graphs(simple, general, digraphs) with their adjacency matrices A{G)
and A{G'), respectively. Then it is well known and intuitively accepted that G and G' are
isomorphic if and only if there exists a permutation matrix P such that A{G) = P~^A{G')P.
However, a rigorous proof for the following theorem is recently shown in [6].

Theorem 2 (Merris) Two simple graphs G and G' are isomorphic if and only if there exists
a permutation matrix P such that

A{G) = P-^A{G')P.

On the regular stochastic matrices for graphs, we have the following results:

Lemma 3 If two graphs G and G' are isomorphic, then there exists a permutation matrix P
such that

S{G) = P-'^S{G')P. (1)

Proof: Suppose that G and G' are isomorphic. Then by Theorem 2, there exists a permutation
matrix P such that A{G) = P~^A{G')P. Since E = P~^EP,

A{G) + E = P-^A{G')P + P-^EP

= P-\A{G') E)P.

Also, D and D' are the diagonsJ matrix whose (z,z)th diagonal element is the reciprocal of the
sum of the zth row of A{G) + E and A{G') + E implies that D = P~^D'P. Hence,

D{A{G) + E) = {P-^D'P){P-\A{G') + E)P)
= P-\D'A{G') + E)P.

That is, if G £ind G' are isomorphic, then S{G) = P~^S{G')P. I

If two graphs G and G' are isomorphic, then by raising kth power on both side of (1) and
using the fact that P~^P = /, we have

5*(G) = P-^S^{G')P, (2)

for all positive integer A: = 1,2, —

The following is a necessary condition for the existence of an isomorphism between two
graphs; a graph invariant.

Proposition 4 If the two graphs G and G' are isomorphic, then the fixed points z and z' of the
regular stochastic matrices S{G) and S{G') are the same except the location of the elements.
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Proof: Since S{G) and S{G') are regular stochastic matrices, we let Z = \imk-,oo and
Z' = lim/c_3o S^{G') and let 2 and 2' be the unique fixed points of 5(G) and 5(G') that are
given in each row of Z and Z', respectively. Then by taking limit as A: ^ oc on both side of (2),
we obtain Z = P~^Z'P. This implies that 2 and z' must be the same except the location of the
elements. I

Upon computing the fixed point graph invariant, one of the following three cases occurs:

1. 2 and 2' are different.

2. 2 and 2' are same except the location of the elements and all the elements are distinct.

3. 2 and 2' are the same except the location of the elements but elements in 2 and 2' are not
distinct.

In the first case, G and G' are not isomorphic. In the second case, an isomorphism 6 cembe easily
identified and obtained by taking one-to-one correspondence between the distinct elements in 2

and 2'. For the last case, the existence of an isomorphism is highly likely but identification of
an isomorphism is not apparent.

To obtain the fixed points 2 and 2', set

2i + 22 • • • + = 1

25(G)-2 = 0

and

2j + 22 H + 2^, = 1

z'S{G')-z' = 0

and solve, say, the first n equations from each n -t-1 sets of equations given above.
For the fixed point graph invariant proposed in this paper, the identification of an isomor

phism between two graphs, when the invariant values are same and distinct, is simple and easy.
This is due to the fact that the location of the elements of 2 smd 2' are directly related with the
rows of 5(G) and 5(G')(since zS{G) = 2, the elements of 2 are multiplied to the rows of 5(G))
and this is directly related with the rows of .«4(G) and A{G') and again this, in turn, is directly
related with the labeling of the vertices of G and G'.

5 Numerial illustrations

We first consider the commonly used classical graphs given in Figure 2.

- 17 -



KOONCHAN KIM

Figure 2. Two nonisomorphic graphs

U2 V2 Vz

Then 5(G) and S{G') with e = 0.1 are given by

5(G) =

5(G') =

( 0.0278
0.3056

0.0278

0.3056

0.0278

y 0.3056

/ 0.0278
0.3056

0.0278

0.3056

0.0278

\ 0.3056

0.3056

0.0278

0.3056

0.0278

0.3056

0.0278

0.3056

0.0278

0.3056

0.0278

0.0278

0.3056

0.0278

0.3056

0.0278

0.3056

0.0278

0.3056

0.0278

0.3056

0.0278 0.3056

0.3056 0.0278

G'

0.3056

0.0278

0.3056

0.0278

0.3056

0.0278

0.3056

0.0278

0.3056

0.0278

0.3056

0.0278

0.0278

0.3056

0.0278

0.3056

0.0278

0.3056

0.0278

0.0278

0.3056

0.3056

0.0278

0.3056

0.3056 ^
0.0278

0.3056

0.0278

0.3056

0.0278

0.3056 \
0.3056

0.0278

0.0278

0.3056

0.0278 )

/

The two unique fixed points of 5(G) and 5(G') are given by

2 = {0.2316,0.2211,0.2316,0.2211,0.2211}

z' = (0.2147,0.2254,0.2192,0.2192,0.2254).

Since z ^ 2', the two graphs G eind G' are not isomorphic.
Consider the two graphs shown in Figure 3.
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Figure 3. Two isomorphic graphs

With c = 0.1, we obtain

S{G) =

S{G') =

Hence,

( 0.0270

0.2973

0.0370

0.1930

0.0588

0.0588

V 0.2973

( 0.0270

0.4074

0.2973

0.1930

0.0270

0.0588

V 0.0588

0.2973

0.0270

0.4074

0.1930

0.0588

0.0588

0.0270

0.2973

0.0370

0.0270

0.1930

0.0270

0.0588

0.0588

0.0270

0.2973

0.0370

0.1930

0.0588

0.0588

0.0270

0.2973

0.0370

0.0270

0.1930

0.2973

0.0588

0.0588

0.2973

0.2973

0.4074

0.0175

0.6471

0.0588

0.2973

0.2973

0.4074

0.2973

0.0175

0.2973

0.6471

0.0588

a

0.0270

0.0270

0.0370

0.1930

0.0588

0.0588

0.0270

0.0270

0.0370

0.2973

0.1930

0.0270

0.0588

0.6471

0.0270

0.0270

0.0370

0.0175

0.0588

0.0588

0.2973

0.0270

0.0370

0.0270

0.1930

0.0270

0.0588

0.0588

0.2973 \

0.0270

0.0370

0.1930

0.0588

0.6471

0.0270 /

0.0270 \

0.0370

0.0270

0.0175

0.2973

0.0588

0.0588 j

z = {0.1616, 0.1616, 0.1179, 0.2489, 0.0742, 0.0742, 0.1616}

z = {0.1616, 0.1179, 0.1616, 0.2489, 0.1616, 0.0742, 0.0742}.

By comparing, we seethat the two sets z and z' gire the same, and the vertex set {ui,ii2,W7}
has been mapped to the vertex set {vi,V3,V5}, {^3} to {^2}, {^4} to {^4}, and {usj^e} to
{u6, V7}. This implies that the technique can be usefully used in vertexclassification approaches.
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6 Conclusions

This paper studied the graph invariant based on the regular stochastic matrices as a first attempt.
We illustrated how the regulai' stochastic matrices 5(G) and S{G') can be constructed from the
adjacency matrices A{G) and A{G') and how the fixed points z and z' of the regular stochastic
matrices can be obtained. The study indeed showed that the fixed points can be effective tool
for the development of graph invariants and can possibily be applied in vertex classification.

Twographs G and G' are isomorphic implies that A{G) = P~^A{G')P and this implies that
the two matrices A{G) and A{G') are similar. Hence, the determinant and the eigenvalues of
them must be the same. However, even if these vadues sure distinct, am isomorphism between

the two graphs is not eaisily determined. The graph invariant discussed in this paper has a
characteristic that if the values are the same amd distinct, then an isomorphism can be easily

obtained. The technique amd be applied to the general amd digraphs which is the subject of the
subsequent paper.
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Some bounds on Steinhaus graphs

Daekeun Lim

Abstract

In this paper, we give the number of Steinhaus graphs with 7(G) = 1, and
an upper bound for domination number for all nontrivial Steinhaus graphs.

1. Introduction

A set 5 C V{G) of a graph G is a dominating set if every vertex not in S is
adjacent to a vertex in S. The domination number of G, denoted by 7(G), is the
minimum cardinality of a dominating set. A dominating set of G of cardinality 7(G)
is called a ^-set. We denote that for each vertex v in G, open neighborhood, N(v), the
set of vertices adjacent to v. The concept of domination in graphs, with variations,
is now well studied in graph theory. The first three theorems about dominating set
were given by Ore in his book. Theory of Graphs, as follows(see [7]):

Theorem 1. 1 A dominating set S is a minimal dominating set if and only if for
each vertex uE S, one of the following two conditions holds:

(a) u is an isolate of S.

(b) there exits a vertex v eV —S for which N(v) OS = {u}.

Theorem 1. 2 Every connected graph G of order n > 2 has a dominating set S
whose complement V —S is also a dominating set.

Theorem 1. 3 If G is a graph with no isolated vertices, then the complement V —S
of every minimal dominating set S is a dominating set.

1991 AMS Subject Classification: 05C05.
Key words and phrases: Steinhaus graph; domination number; generating string; doubly symmet

ric; partner
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A Steinhaus graph G is a labeled graph G of order n whose adjacency matrix
A{G) = (ajj) satisfy the Steinhaus property : aij = + Uj-ij (mod 2) for
each I < i < j < n. It is easy to see that a Steinhaus graph G is completely
determined by the first row of the adjacency matrix A{G). The triangle (aij)2<i<j<n
in A(G) is called the Steinhaus triangleof G and the first row (oij) for j = 1,2, •••, n
in the adjacency matrix A{G) is called the generating string of G. So, G is generated
by the first row (which is the generating string) in the Steinhaus triangle. It is obvious
that there are exactly 2"~^ Steinhaus graphs of order n. The vertices of a Steinhaus
graph are usually labelled by their corresponding row numbers. In Figure 1, the
Steinhaus graph generated by 00110110 is pictured. For given a Steinhaus graph G
with generating string T = ai,iai,2 •••ui.n, the partner of G, P(G), is the Steinhaus
graph with the generating string On.nfln-i.n •• •ai,„. Note that G is isomorphic to its
partner P{G). A Steinhaus graph G is doubly symmetric if G and its partner P(G)
are same (for example, see figure 1).

Steinhaus in [10] asked if there were Steinhaus triangles containing the same num
ber of zeros and ones and Harborth [7] answered this affirmativelyby showingthat for
each n, n = 0,1 (mod 4), there are at least four strings of length n —1 that generate
such triangles.

1 2 3 4 5 6 7 8

1 0 0 110 110

2 0 0 1 0 1 1 0 1

3 110 110 11
4 10 10 0 110

5 0 1 1 0 0 1 0 1

6 110 110 11

7 10 110 10 0

8 0 110 110 0

Figure 1 Steinhaus graph with the generating string 00110110

In this paper, [xj is the floor of x and [x] is the ceiling of x. We denote log2{x)
by lg{x).

2. A lower bound for number of Steinhaus graphs with 7(G) = 1

An obvious upper bound on the domination number is the number of vertices in the
graph. Sinceat least one vertex is needed to dominate a graph, wehave 1 < 7(G) < n
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for every graph of order n. A graph obtains 7(G) = 1 if and only if A(G) = n —1,
and it achieves the upper bound if and only if the graph is G = Kn, G is the set of
isolated vertices. Note that each isolated vertex must be in every dominating set. We
want to show that the number of Steinhaus graphs with 7(G) = 1 is at most n.

Theorem 2. 1 The number of Steinhaus graphs with 7(G) = 1 is n.

Proof. For each 1 < i < n, we want to construct a general generating string such
that the degree of vertex i is n —I. Now, we want to construct an adjacency matrix
(aij) which gives the vertex i of degreen —1. Let k be the vertex which is not adjacent
to i. Define

ifj = i, k;
otherwise.' {4

This matrix generated by the string gives the vertex i of degree n—1.
Let i < j be vertices whose degree is n—1. Then the string Oi^i ••• is 00 •• •0.

Thus the string ajj ••• is also 00•••0. So, deg{j) <n —j —l < n—1. This gives
a contradiction. •

3. A upper bound for domination number for Steinhaus graphs

For graphs without isolated vertices, the upper bound n is much improved in a
classical result that is direct consequence of Ore's Theorem ([7]).

Theorem 3. 1 If a graph G has no isolated vertices, then 7(G) < n/2.

Ore's Theorem applies to graphs having minimum degree 6{G) > 1. Restricted
their attention to graphs G having (5(G) > 2, MaCuaigand Shepherd ([7])made other
improvement on the upper bound. Also, they characterized the extremal graphs that
obtain this upper bound.

Theorem 3. 2 If G is a connected graph with S{G) > 2 and G is not a specialgraph,
then 7(G) < 2n/5.

Reed([7]) again improved the upper bound by increasing the minimum degree
requirement.

Theorem 3. 3 If G is a connected graph with 6{G) > 3, then 7(G) < 3n/8.
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An obvious conjecture seems to be for any graph G with (5(G) > k, 'y{G) <
kn/(3k —1). However, for 5{G) > 7, Caro and Roditty gave the better bound. The
question remains open for graphs G having 4 < 6{G) < 6.

Now returning our attention to Steinhaus graphs, we give an upper bound of
domination numbers. Let G be a Steinhaus graph with n vertieces and a pendent
vertex k i.e. the degree of k is 1. So, (5(G) = 1. Let z be a vertex that is adjacent to
k.

Lemma Z. A If k = \ or n, then 7(G) < n/3.

Proof. Assume that k = 1.

Case 1 i = 2.

In this case, G is the path of length n, Pn. So, 7(G) is n/3.

Case 2 i = 3.

In this case, G is a wounded ladder graph. So 7(G) < n/4.

Case 3 z > 4.

Choose m such that 2^ <i < 2"^"'"^ Choose I such that 12^ < n(l + l) < 2^.
Then, i is adjacent to the vertices 1,2,• •• ,z —1 by Steinhaus property. On
the other hand, for each 1 < j < I, the vertex is adjacent to vertices
i + (j —1)2"^ + r, where r = 1,2, •••, 2*". Therefore, {z, 2"*, •••,(/ + 1)2"^} is a
dominating set of G. So, 7(G) <1 + 2. Since 4 < 2"^, 7(G) < n/3.

Hence the proof of Theorem is completed by combining three cases for k = 1.
For k = n, use its partner ofG, P(G) by using 7(G) = 7(P(G)). •

Lemma 3. 5 7/2 < A: < n —1, then 7(G) < 2.

Proof Consider the following two cases.

Case 1 z < A:.

If i = 1, then the generating string is clearly Oil •• •1 by Steinhaus property,
the graph G is the star graph,Ki^n-i- So, the set {1} is a dominating set of G.
In this case, 7(G) = 1. Assume that 2 < i. By Steinhaus property, the string

•• •flt.n Is 11 •••1. Therefore, the vertex i is adjacent to the vertices
i + l,i + 2, • " ,n.

On the other hand, since ak,iak^2 *** is 00 •••0 and 0^,^+1 = 1, the string
ak,ictk,2' ••ctk,i is 11 •••1. So vertex k + 1 is adjacent to the vertices 1,2, •••, z.
Thus {z. A; + 1} is a dominating set of G. So, 7(G) < 2.
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C2ise 2 k < i.

If i = n, then the generating string is clearly 00•••01 by Steinhaus property,
the graph G is the star graph,Ki^n-i- So, {1} is a dominating set of G. In
this case, 7(G) = 1. Assume that i < n. By Steinhaus property, the string
ak-i,i+iak-i,i+2''' 0'k-i,n is 11 •••1. Therefore, the vertex k —1 is adjacent to
the vertices z + 1, i + 2, • • •, n.

On the other hand, sinceai-i^iai-1^2 •*•0'i-i,k is 00•••0 and ak-i,i = 1, the string
' *•o,i,k-i is 11 •• •1. So vertex i is adjacent to the vertices 1,2, •••, A; —1.

Thus {A; —1,2} is a dominating set of G. So, 7(G) < 2.

Hence the proof of Lemma is completed by combining two cases. •

By combining above Lemmas, we have the following upper bound.

Theorem 3. 6 I/G with n vertices is a nontrivial Steinhaus graph with a pendent
vertex, then, 7(G) < n/3.

Note that the path Pn achieves the bound.
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Abstract. The purpose of this study is to present a plan which can vitalize the commercial
facilities of Gyeongsan City by investigating the actual conditions of commercial facilities of

Gyeongsan, a small and medium city, grasping a local given condition of small and medium cities

and analysing the characteristics of users.

I. M E

3. ^

f.4 m.

^61) ^ava]^

7i^3.^s.s. UBIJI, ^:£4:5:(^

-253:41 A] 147]-^ iii-i-ol .a.^Aioi4.

^4+. ^4lV ^ A]
^oflA-i di^s. ^^21 ^

<^14. Sth ^4l>a1^ cfl^^^Ai«2). 9X

^ rfl^2l «y^^M€42l ^«ll5a^ ^
£.Al eia A^^^ 74^1-711 A]

Ms. ^4. 4a1^ ^

4l:Alfe

^7] ^ 7]-^ 4^834^1

$X^ M£Ai es ^^ai^o]hi-

^ ^ ^4(5).

44^ 444^ 57l)±,

4 17)14:, 444 ^ 4i-T-4

4^4 Slfe 4^)5.
C11E4A12) 4;a]A]#c,i ^7}t}3. SlE ^4]ol4

444 it-f", 514. ^4442) 40IS ^4M
^^£.44 ^ 0]44 Cfl^A)

2)1 M44 S14. 5tB)4 44 4
«3- ^4:H4ollAi^ 4=:^ s.a1;^^^^oD ojo^Ai

444 4^^ s444 ^-8: ^ s.a]^44 7}

^A^4 444^ 44s. 4 44444 44 "§•
4^A1- 4A34I1 Si4. 444 444«fl

f^^hSAjoflA^^ 44444 4-M^445t

SIE 44 4444-(l).

4 4EE 4^7]] S{|o> 44ifliu)Al.l:oi x)
4^2) 4444^ ^4 4-§-4 ^ 4^44 4
s{)Ai 1:11^42). oj^^v 4441- AH144AS.

4444 f^:i:5.4o]]A^6^ 4444 4-§-4e111-
3:A>s}4 44i£.4o^ 4^4 44^ 444s
4-§-4#2) s-A^A e-444 ^44 44442)

€a331-44^ 444aiA]- 444 44. 2

421I4E 4^4 «1144 tl]44 4^451, 344
A1E 4ED-44 444 444a)E s 444

- 27 -



I I

of
i,

^
0&

fS
t

-f
i.

^
Jjf

c
Jo

flO
^

02
^

Fiy
i

X
!->

•
ojo

t
i

c
:

4L
^

-2.
Jo

?
•?

-
op

,
_>

0
$

n£
®1

®
rJ2

,

JL fi
l

(U
lo

j£ J
2

o

-i
^'

J2
.

oJ
i

4
i"

"
!•>

O
^

-E
ri

l
Fj

l
J2

Jo
«S o}

n
"

0
^

I£
2

-
i

^ rim
^

jk
n

£

_h
luS

,
nf

c
Jo

f$
,

±
4i

.
im

tlo H
ri

oj
n

IT
^.

F{
ff

o
T

T
*

V

^
^

^

s
^

ll
JH

,
r4

l
rir

^
^

^
'S

f JD
.

r-^
(^

•

-I
'S

-
t

Ki
oin

rlt
i

r$l
i

>iL
JP

8
itil

o

i$
i

V
fl9

i
rSi

o^
^

JO biP
iS

>:p

±
.

Jo

to

o|(
1

_o
^

_o

o|
o

f1(
U

^
41

qS
,

0^
og

b
aS

.
Il

llo
>

.

op
^

c2
JO

,

—
ff

2

Jo £• o|
o

^
os

t
ja

ja
nr

K
i

41
ii4

j?
ii

_o
fli

t

H"
H

a
r4

o
h

Jo
,

41
Jd

o
i

ri
,

op
41

4i
i

cP
1-J

S
j
a

M

(1
^

«1
o K
i

fl
b oj
j

lip

^
bo Cl

io

41
0$

•
J
s

-2
,

JP
fH

41
4

i

oli
n

rf
i,

J^
L

JO
,

r»
,

-2
.

j?
fi

l
0^

flo
cis

fc

Jl
a

Ja
.

^
olo

' Ho
5

w
''1'̂

iS H
a

|fl]

n
i

n
i

0^
Pi

a
r-l

a

o

Q
£

H
i

oi
ii

rp
i

da J
i

ml
o

^
Hp

i
^

>—

41
M

•
H

a

r-
P

J
a

o^
:

Sp
ll!l

o
Il

2
O

>

"*
I1&

jk
rJP

Ja
dr

m
4

1

41 o}
fl

(u
2

5
o5

t
"
r

_
Hu

£

^
1

!
>

-2
.

o>
^

S
41

4:
,

li
i

J2
,

# 0
^

_o -p
-

r4
i

J2
,

op >
L

JP u 41 ic
2

_> fi
^

J
2 op

^
fi

,
#

r-|n
:

da
9^

r
v

ra -U
H

i
^

da

> 5 d
a

n
i

da d
r

41 oja
i

rJ
t

H
>

JP

4J Q
i

-l
o

^

iT
<

S
P

^

Jo
,

>
.

JO

j
i

flil
o

yS
,

_o M 41 Jp 41 n
r

^
0

liP o
i

4
1 da rp da

,
J
i

-"l® (4
:

H
i

_> r^
!i

4
1

cS
,

iH
J

l-> t
t

Hi{
))'

£ JP rf
t

oS
l

da r4 da

ml
o

H
i

4
:

-i
s,

fp
i

^
41

VJ
'

11
^

JO

-p
.

H
i

rl
,

Jp

H>
i

ja
4

1
^

4
1

ti
l

{±
11

^
nM

^
rS

t

41
(U

^
ja

J
a

oi
n

rA
a
i

4
l

g ri
r

Jli
fl

Js
L

0?
t

>1
2

rP |x>
^

r2
0

2

0
^ U J
il HJ Jp

_o
,

flm do V> g

rp 41

£ |w Hi
i

tt
.

N 4
1

<
P

IT
*?

.

H
i

£ r®
,

41

op 0
2

H
i

ra 4
i

oIh
i

rf
i >

^
1

dp H
i

& & Kn

& r
s t H
i

t^
li

41

41
r®

.
io

4
nr

2

<
41 t

H>

41
JO

rp
^

-P"
<P ii

2
_> H

i

oj
o

C
O Ko V
i (i
i

y& Fi
ll

J
i

02 n
£

K
l

<
i

4
:

Jo
fc

ob
i

Ja
dp

ra
4

J
4

:

ir
2

Ifl
i

op
r-jo

4
!•>• •5

.

[t
c

I£
2

ra
S

i

U tiS
L

ra 4 K
l

luf
ri'

41
Jp

41

41
^

&
Hm

JO
52

,

4,
^

oja
i

Ja
rP

41
ii

2 JO
Ho

41
41

ba
d

p
ja

Hii
iii

oj
il

JO J
P

-t
1

H
o

4
,

ola
i

^
f$

k
r$

i
oP

^
-ili- S

i

c
i

rft
i

ia c
P 4
^

op rP Hi
jo

op 4

Ja
41

oj
n

S
i

dm
Ja

^
_

2
^

M
r|r

ojo
ojx

-P
i

!•>
41

Kl

J2
:

-p
i

S
,

Hii
>

p
.

ki c
n

H
i

s (l
ia dB
i

wjo m
e

nr 41

rP
0

2

o,

J
a

lU
fs

H
$

4J
M

£
41

rP

ra 4 4S
i

41
kJ

JB
^

o|
n

-a
mln

^
^

rp rp
i

.2
,

±
,

ra
J
a

ra

b>
-

4n
|.j

41
$ dv

P
<

i
oj

o
ir

2
ii

i
4

i
ia

i±

r
i w

ii
|=j

Ifl

4
J Hn S
i

J
a

J
a Il
£

41
^

cP
4

l
op

S kJ
JOV

ri
r

d® K
i

op
h£

ii2
41

o!
i

fl
i

kJ
S

i
H

(p
i

S
i

|0 -p
i

-2
.

O
S

.

e
p rP W
lo >

K
l

4
l

^
rP

ojy
i

op
rjr

jo^
!•>

.
H

i
K

l

J
a

E
2 H
i

4J
,

d®
41

4
1

up
ni

p
H

n
ra

rP
-2

.

dr
wi

n
rp

i

hi
2

(•o
41

Js
of

t
<p

-11" J
a

°1"
tel.

JO
P* Jp

-p
i

kJ _> ra wM 41 of
t

(p
i

kl 41 ii
2

fl
i

S S (p
i

d?
i

o
p

V r
i >
•

n
i

c
P o ± H
o

ti>
ii2

oP
Hl

|o

oP
ojd

l
o?

!i
r|t

t
ml

®
jof

c
41

nfi
-

X 41
1

ra
dr

H>

ap af
c kJ

n
r

[•>
•

t
t

fl
i

S

ojf
fl

-2
Oi

l
<3{

o
Jo

^
^

^

S
0

2
p

.
fo

4
:

^
4

C
O r,
2 4 fo

IS 41 02 IS

o

4n
41

rff
i

Kl
It doJ
a

T
r9

.

op
4J

do
ra

41
-p

i
s

dr

jii
Ho

jK
up

oi(
n

itk
(P

i
jf

,
p

i
<

p
H^

Id
^

Hi
u

S
i

E
E

jo
_o

^
Hu

o{
d

^
"to

±
mw

5
2

mDi
P-

^-
{>

S
^

r$
-

rj
r

dn
:

K
l

K
l

J2 K
l

^
Ja

-i
_o^ d

op
4

c

ob
i

4
1

©b
i

dp o ja Hu

ra
a
2

-P
i

oj
il

-P
l

<P
l

rj
r

fljji
i.

ra
s

J2
kn

-p
41 r
a

6
^ da

®b
l

S
dp

4> H
J

da



r=l

wicjo

•ppwWPT•jn<<
\

K
b

Plr

W"Klibrt-

•oT
f
t

p
i

ojo

AttlV

<1-
¥

J

•go

nir
P

Sp
i

ulr
W

i
n

g

jn
oc
s
j

<
\-

V

s

B
O

os

So?
n

W

s

O
b

olr
Khi

N
<1-

9uT

0
0

K2D

H
i

D
h

T
b

ob"klb"kJ

KK
h

K

i^ni
IP

W
P

Db
TIP

_
frj

o
2.,

<i
.

5
i

^
iw

?
"

I

nj
sC

^
cs

C
S

j:!
^

iulii)
oi

T^r
tH

-kT
5p

uT
D

l-
^

'3"
"It

"kT
_

«
.

^
lir

KH
iul

•:<J

i
«•

*=»
'—

2
^

2
,

^
^

!>
£

T»
^w

-
i

.
"op

Tol

•uT

KK
l-

Kpii
uT
"i"nH(

N

^
Op

S
Ulr

^
-

-C-i
?

o
r

^
-3"

W
'^*

o

^
.

oJ
Ti-

8
^

"
2

?
00

uT
O

Q
P>

S::
-i"

2
8

^
T

•FT
IBjo
n

-
oU

•oT
f
t

o|o

$

0
r
\

^
T

r
IP

R

i,

T
S9

1
^

T
-

<
c^a

«
r

_
od

®

olni
"H*

mjr
^

Ihl
KiO

"S"

rf
•BU

o
r

Dp
W

ttl

H
i

^
V =
r

^
T

O

y:5

Wo
-
:-

ilnT

2°
lUl

S
0

0

^
o

-

T
s

op
'ff

K
b

^
^h

-
olr

§
N

^
ir

^
P

i

.
nH

i
n

C
T

>

8
S

Dlr
P

8

p

?8

uT

flT
B

P
T

D

Q
)
|1

7
9

S
P

S
T

T
a

o
lll

«
l
*

7
l
l

tr
e
i7

5
i

i
s
n

r
a

0
9

7
9

p
e
»

-
7

9

7
4

1
7

n
S

)
7

9

9
9

7
9

S
9

S
I
7

9

r
ti«

i9
9

a
s



^ €•

14.4%, 10.8%

4.2 0|s^EH

4.2.1 ^4>Ali4- '^'aAl'U

'^, ^°11 ^ ai^Aj^oi 68.5%#
cfl^AloflAiSl ^ol^g. ^31-

^ ^]SlAl^, :^ol] ^

61.8%#

2:# -¥1# #Sl-Al^I!f ^3^1S>JL ^5]# ^7f]A]

# #0] ### 5i.2.s. i4e}'^c]-<S 2>.

4.2.2 ^-#^1

^#Alo11 ygs.^ oj,. ^

A]#, ^l^lfTllAl-g, #T^H ^ 65.4%
# aMsH <# 2>el ^3^9^ :^ol ^31-Al-^

## ^A^31S>c4o):

<i£ 3> ^#^1 ^..a 'y-^Ai.g(.a^.g.'^)

«JE «]•&(%)

89 8.7

^ ^dS)Al^ 260 25.3

#ofl ^ 179 17.4

83 8.1

60 5.8

^^Al.y 39 3.8

?ieiAi^ 26 2.5

71-# AV ^V^Al-a 50 4.9

233 22.7

7)14 8 0.8

m 1027 100

. a2.9%96.7%99-2*ia>C

B a a a an ^ ?i 31

a MB s as «{ M Q

Aie A| Al^ Al» Al Al

aa IS tS (S SI is

[O.^ 4] ^#A] -^^•^Al'Mo)) t})^ j^-efs
iiefla

4.2.3 ol-g. oi.fi.

^#A]Sl Ol#5l-# Ol#<4|

14131|A4# Als]^ oj^sf 7l-^ol Al^SflA-l?!-

73.8%# A}Al5l-^ll, Cfl^AlOl ^^^Al.^^ Ol^g.

-51-# iflsflAi# ol7>#-

73.0%# aIaIhH ^#Alol ^
•^Al^oll cilsv ol^o] T^l^Ajoil H)sij

-51# i4E}q-:ii 5] [H^ 6].

I - - I 100%
95,7* 97.7% 9»3% 1000% ^

Ai «7^ y a 71
el i S e+
54 ®o| 4f ?

*.2-' p, ' «^ a ^ s Ai 01

5] ^#AlSl Aj-.yAl^.i. Ol.§.S|.^ Ol.fi.

B89% M.3% W.4% 100.0% ^828% ®®®* 60%

7> f S

^ oh S

0| *1 0|

6] tfl^^Alfil ol-8-«lfe

4.2.4 ##

^AVa] Al^OllAi^ A^#^Sl-f#, 5]^, ##,

n'S". 69.1%S. 41^A) A]
^^Ai^ ^5. S4#. <^71- •

^7}^^-7} 67%# 9}7.]t}^ :^S.S.

4l^Alol] <^7V-#S}-Al^ol Sol <a:^3|l

5aJl, A C47V#3^# #Alo|j

# ^#A]^.i.2l 4iW1«SeH# El-o^^ ol?l

# Si7l nn#^ Slcf[n

^ 7] [n^ 8].

- 30 -



o
^

O
O

-
H

r
r
o

O
^

O
O

tO
C

T
J
C

M
o

ln
iC

O
o

d
O

O
^

D
^

'^
C

O
O

^
lr

i
"r"

1—
1

C
M

^
I—

'

s
So

S
S

S
g

In

m
c
o

c
T

>
«

)
o

o
o

o
^

i
f
3

0
t
^

s
f
i
s
s
a
a
s
s

m
t:

IDr
loT

up
K-'^

TfJ
.rip

,
Ml=

I?"
^

^0
rP

~
oId

fi:
u

-
•ip

dig

ni^

m
l-

.
'^

"oT
'K

n-
^

w
s=

:rd
dI-j

:aii

n
-

rs

-
t
i
-

a
n

-
s
i
B

s
r
s
*

H
7

•
-
*

no

w
r
a
v

*

a
-
a
*

a
o

-
*

:

a
a
e
s
r

a
*

a
a
'

w
a

9
D

a
~

i7
i*

n
a

^
a

»
T

i
a

a
»

5
a

w
a

»
a

m
a
a

w
a

•
-
*

no
a
n

o
f
f

»

7
^

w
a
a
a

iV
a

a

a
a

'
M

a

a
a
~

a
a

a
a
m

a
<

i
-
a

a
a

•
a
a

g-
oi«

r1-
of"

®
*

i
ioJ

5
-

g

^
.I

3"
^

o!
'3

'
R

T

5D
4

W>
T

J
U

C
O

I
T

T
T

7
^

rf
1,

^
K°

i
iiilr

wlr
.

T^r

5
$

^
^

JiH
J

5
_

_
"j"

^

5
^

S
Sr

ol
^

II,
^

^
r-l"op^

'T
tul

Kp
T

H
T

^X
I

^

J
•<^

^
T

W
'T

^
ffi

3
-

4^
-H

<(!iii
IK

^
g

^
S

Si?
S

W
g

^

#1)
TI

T
K

2^
^^

XK
T

«P
•

<!(lni
Dim

t5o

nP
"K^

a"

T
'=1"

^
T

W
^

-5-
Kl-

-j-
tJ

K
_

?!?
'T

3^
oU

T
Ulw

o"
TSd



nis)

4»

(L
i

(L
i

SB3^o

In

8^

gr
rES

WV

irS

3
B

<
5osulr

<•1

mc
>

KU<1-
ojr
ri

o
i{f?

ih•F7511

r
-

$c^j

m0
0

KK
h

K

T^r

I
^

JlJ
TTio-

WSo

^
^

J
^

75°
T

J
"

t
JW

ojo
^

O
o

W
#

'^J
.

K
T'?

^
^

^
05

*5^

«p
tti

^
JlJ

UlllJ
V

w
Tlsn

"iS"
_

75"

!I±
S

^
.

5!
*jr

SSo
d-

7r;<
^

^
jU

•*s
^

^
^

^
rirj

•<
^

®
^

^
^J

op
^

7
^ Ka

iS"
•<•1

^

•oT
"(1-

T

;1W

ojo
o

^
7^

®
rlr

JlJ
i^

2;

21!•<

^
5Sn)

.—
o

•<rf
^

'?
T

-r-
^

^
^

-s*
tJt

<1-
T

7J
d-

-fir
^

CH
JjJ

K

.1.
^

7
J

ojoo
"

B
rlr

'<^

olia
':^

<
<rf

5)oVj
^

"k®
liiir

VTioK

wKIDl©
n

-
o

J

oj-J
7^V

T
JU

^
lio

-iS-
ojo

-<
ojj

d-
7{p

'2F
^

=
^

^
o"

3
^

Wojoo"

TSBTO
p

S
J

i?0

g
??I

1o
"S

K
4

<

"oT
Al
>

s
^

ojo
o

"

T

•<

_
T

"1'"
"^1

.4^
^

^
ui

2

oln)
ttlVT

ir

21t'^Z
^

T
uS"lUl

d
r

W
uT
'5*W

i
ol
?:<

JUT
io

4
^

ol-J
7^

T^-
•g-J

75U

^
up

Tio
^

op
®

T
T

^
op

JjJ
Bp

"jo"
"i"

T

c3
?fJ

op
op

rtr^
^

^
'B'J

w

r
\

o

•dr

wT

•3*
_

A
"3-

O
j(l(ii

"
C

^

•<
<

B:i»i

ul
W

bJ

oTop
D

|r
•EJ

TSo

"«KAttlV

1 92(23.2%)1 137(34.5%)1 75(18.9%)1 54(13.6%)1 39(9.8%)

o{d
o
ojo

35o
cjo

TT'q o"'q 7^
nr «»rlr

7^7^
"<

Sa
•<

3®
T"^0 T

?nTJ 3®
T

d-
T

<J
TwTTP T

d- 3=
'Sr TP

<
M

C
O



-aEflofl ^70^ oi#

<s. 8> ?i^f-7i)2i ®i-e-®fl )^^^(»ds./f§%)

td?l-r 4^
4 ¥4

4441
4^4 4-8-

4^4
4141
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4141
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144
4"944
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4*944

4^4 4-8-
p-value

58(25.4%) 76(33.3%) 42(18.4%) 32(14.0%) 20(8.8%)
2.14 0.710'a "a

<9 34(20.1%) 61(36.1%) 33(19.5%) 22(13.0%) 19(11.2%)

18(28.1%) 16(25.0%) 13(20.3%) 14(21.9%) 3(4.7%)

4^3) 12(21.1%) 27(47.4%) 6(10.5%) 9(15.8%) 3(5.3%)

4yli"9 18(20.7%) 24(27.6%) 24(27.6%) 8(9.2%) 13(14.9%)
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9(15.8%) 24(42.1%) 10(17.5%) 8(14.0%) 6(10.5%)

714 12(27.9%) 17(39.5%) 7(16.3%) 4(9.3%) 3(7.0%)

10041 44 24(24.0%) 28(28.0%) 22(22.0%) 14(14.0%) 12(12.0%)

A. J=.
100-200 34(21.4%) 59(37.1%) 24(15.1%) 22(13.8%) 20(12.6%)

11.239 0.509:Sr-i
200-300 25(26.0%) 34(35.4%) 22(22.9%) 12(12.5%) 3(3.1%)

3004144 9(21.4%) 16(38.1%) 7(16.7%) 6(14.3%) 4(9.5%)

204 34(25.6%) 47(35.3%) 22(16.5%) 16(12.0%) 14(10.5%)

<9^
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4.968 0.959
404 20(19.2%) 34(32.4%) 24(23.1%) 17(16.3%) 9(8.7%)

50444 14(23.7%) 18(30.5%) 13(22.0%) 8(13.6%) 6(10.2%)

M-Sr
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^44 4^4 7lEf

cfl^4 4444 4^4-8- 36.89±24.84 57.84±25.21 5.27±11.20

cfl^4 ^<344 4-8- 43.65±24.72 50.04±23.61 6.3U12.15

4444 444 444 4-S- 49.60±29.07 42.71±27.83 7.69±14.21
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^44 4444 4^4-8- 47.68±28.57 44.66±28.07 7.66±14.95

44 43.64±26.41 49.86±25.94 6.50±12.59

<a io> 14

4 in -8-4 4^4 4-B-S ^44^ F -8-4^4

^44 7482.074 4 1870.518 2.729* .029

4^4 10733.832 4 2683.458 4.114** .003

m 301.584 4 75.396 .473 .756

*p<0.05 ♦»p<0.01
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wl«H

S. M-El-^cf<it 11>.

^-LVAjfil >^^<^^1^-1- Cfl^Alo] >^<aAl^fil 7i
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^ ^711 M-El-M- 7^1^
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<S. 11> ^'ttAlfil- cfl^A] >a-«aAl^fi1

ol-l:

cfl^AlSl ^«aAl^a!}- HlH
^#n{) ^5.

Sl£(%)

7isi Sicl- 64(16.2%)

Si^ ^«»]4 153(38.6%)

126(31.8%)

2:^ Sm- 46(11.6%)

^<^1 514 7(1.8%)

<S. 12> SA- 1 47|^4l tilt!: x^^^i(^:£/«S%)

714 S)14- Sife 444 iL-1-44 2:^ 514
4#

m
p-value

42(18.4%) 94(41.2%) 65(28.5%) 24(10.5%) 3(1.3%)
5.652 0.227*S

22(13.1%) 59(35.1%) 61(36.3%) 22(13.1%) 4(2.4%)
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304 15(14.9%) 40(39.6%) 36(35.6%) 8(7.9%) 2(2.0%)
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404 11(10.6%) 36(34.6%) 38(36.5%) 17(16.3%) 2(1.9%)

50444 9(15.5%) 21(36.2%) 20(35.4%) 8(13.8%) 0(0.0%)

jl# 29(19.0%) 44(28.8%) 59(38.6%) 19(12.4%) 2(1.3%)

4^4# 15(18.8%) 33(41.3%) 26(32.5%) 5(6.3%) 1(1.3%) 16.709* 0.033
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3f
"l-T-
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U)^ 29(16.6%) 76(43.4%) 48(27.4%) 18(10.3%) 4(2.3%)
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44 • 7144 2(7.4%) 9(33.3%) 12(44.4%) 3(11.1%) 1(3.7%)
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:±:JE|E|i!0|| Jj02 ^^0||Ai A^go|

Phenomena of phase transformation in TiOa thin film by RF
sputtering

Tae Woo Kim and Kyung Chan Kim*

Department of Digital Physics, Keimyung University, Daegu 704-701, Korea

2. Ti02 7]^

-i-sl 7}7] ofsJlAi Ti02 7^]

3:S|-7l oil- olBl 2:^ ofeJjA-l

Ti02 l-^l- <^^c}^7] ^Sl-ol XRDl- ol-g-sfc^ ^A^^i-^cl-, Ti02 ul^4

<=•1 Oz/Ar+Cfe 7]^ -g-Hfe HBloL «i^el ^7H>5J

4. 44 Ti02 444 4^^ 444 ^4 44444 f-44s. 444 4^4

Abstract. TiOa thin films are deposited by RF magnetron sputtering using Ti02 ceramic

target under various sputtering parameters such as working pressure, substrate temperature and

deposition time. We find deposition conditions and post-deposition thermal-annealing conditions of

thin films to produce a high efficiency of photocatalyst. XRD is used to investigate physical

properties of Ti02 thin Aims deposited under these conditions. The crystallinity of Ti02 films was

increased with high RF power, high substrate temperature, low O2/M+O2 ratio and high thermal

annealing temperature. TiC)2 films were gradually transformed from amorphous phase to anatase

and rutile phase with same changes of these conditions.

1. M ^

Ti02 44^ 7112:4^ 4^4^ 4

^ 44 7]-^ 4"^ (Chemical Vapor

DepositW\ ^4 44. 4
7ll 444ji 4:^44 7|#i: 4-§-44

44 44^ Mlfe 4-8-4 4:1^^^

(magnetron) :ii4444 ^-c- ^4 44
ollA-1 <^7\] ^44 ^ 9X

3. 4^ 4, ^44 444 ^4 2:^4 ^ 4^

444 44. 44 #-2-4 4^i: 71144jih,
ol ;^12|- 7)44

-SrHl- 44 -a-44 ^ 44 4-8: -§"8-^# 7]-

^ 7141- A].-g-4 ^ 0)1:)-. 71147]- ^44^ ^

4-8: ^-8: 4S.4 444 ^44^ 71-4:2

^ 444 ^44 44 44 7>4 ^4

4^ 4'^ f'4 4444.

^ 4^44^ -444-2.3., Ti02 44^
44 444 ui^4(RF) 4^v1ie^ ^44^

44-2.3. 444-^4 31^4 4^ ^44 -8:
£ 1-^ cj-oj:^ 2.^ ofBiiA^ c|-;iA^

Ti02 44-8: fe-8- 44°11 7]-^ ^4 4

44 44 ^44.
nelM- 44 71-4^4 44 7]-a14o14.

4 ^ 421]4#°114 5:^4 4-2-H.
3., 7]-a14^ 44oiia-1£. ;4^nii ^-§-1- s]-^
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Ti027l- Ti02S] 7>Al:^^ollAl

^ ^-3-®ll <S^7l- ^SflAlul
^ <3^011 N2l- ^#d1)

•i: a®l^ •^7.)o1] 71-A] ©1] A-] £. ^-§--§-

Ti02 ^4; ^Al-
1- ^Ali:))!- Allf.711 ^

^^(bandgap)^ ^
7l-Al:g-^ ol-SfloflA-lS. 71-

:5i7>t}lollA-l Al:£clls. ^^71(6X016)^ ^ 514.

U. UM

1.

Ti02 44^^ El-;51^s.t!- al^4 4atilE§

Ti02 44-i- ^44514.

4-§-€ ^44^ 444 7il5l=Hi- i

4 44^514. 4^2:4 44^1 f-7114 4^4
^V^Vslol cf^ol ^Alofl ^ f.^©! ^

^ 51£^ 4:^144 5i4. 4^ 2i

44 A}.-§-tv 4::ii-1]S.^ 4^114

4. 4^4 7l4 Al-oi©i Tlsll- 3 cm ~ 12 cm

44 ^44^ ^ 51-5-4. 600 W4 ai^4

€• ^ 514. 44 44^1 ^44 l^-i-
>i444 44-^ 7l-'i^ ^ Si4. 471 -§-44

650 .^'/min4 5.44 ^S.4 til]7l-§-44 570

it sec4 -n-44 ^5-i- 4-§-44 44 4"^^

44 10"® Torr5 -§-4^ ^ 514. -n-4 4^151
I

RF 13.56 MHz I RF 13.56 MHz

P.G

C.G

Ar-| MFC

0.-jMFC U

MFC contiotlerp

Shutter

Sut»trate'

Heater—i»f7v

Rotation

Fig. 1. Diastram of RF majmetron sputtering system.

R/V
F/V

M/V

OPi-

2. Ti02 44

2fe ^ ^^4 44 A113: ^A-ioii, s.

1^ Ti02 44 2?ii: 44hfl4. ^571-

99.99%51 Ti02 4144 4^^ Ai.-g-sl-55l^4, el

44 4^-c- 44 2 514 -¥-41 1/4 5144 4^
a^olcl-. 7l^^S.^ Coming -§-4 17374 4

(quartz)^ Af-g-sV^cl.. 714 54 4^11 <>11 4

4 ^^44 1-44 441- htII 4:71 nii^©ii -§-
514 444 414-a- «ll-f ^5455., :i^34

714 ^14 Af-g-^oi xfl44^4. ^Ai

44^, ^ Ai-§-44 ^Ait|i5.
^-§-4 >^14441: 44 71^15. 42:

4 4^2011 44

71^1S-fe 99.999%4 Ar4 ^5. 99.99%4

O2 71^1-1- A}.g.4^4. 244 4 a" 47I ^i®ll

S.44 454 -§-4-^: 451- 4-§-44 44

10"® Torr^Al ^^4 *^114 4^ MFCl- 4

-§-44 Ar4 O2 71^11- A^gll4 4-i"5 4^2
oil -§-5142, 44^ 51-^4 424

2^ 2:^44. 44 ^oii nn 4

^ 5^4 2^ 1-^^ 44471 44

445 7>4§ 4-g-, 10^ ^51" 444 244

^1- «S4^4. 4^4 4:^ Ai.401 Tidfe 4.5

cm5 jlAj44 1504A-1 250 W Afold jl^4

#^4^1 45^4.

Pumping

Gas Injection

Pre - sputtering

Annealing

Measurement

Rotary pump / Diffusion pump
f - • 10"* Torr)

Ar : Oj

Power:100 W
Time : 10 min

Power : 150 ~ 250 W
Time : 60 - 120 min

Thermal annealing

XRD

Fifi. 2. Flowchart of experimenta] process.
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L^S)- TiOz

Table 1. Deposition conditions of Ti02 thin films

by RF magnetron sputtering.

Item

Target

RF power

Base pressure

Working pressure 7.0*10^ Torr, 2.0*10^ Torr
Target-sub distance 4.5 cm

Substrate temp R.T., 400T, 500T, 550D

Annealing temp TOOT, 9001C

Value

TiOa ceramic (99.99%)

150 W ~ 250 W

~ xio-6 Ton-

Acetone.$.S. 10^^

24 acetone 44

Methyl alchol£.a ^-8-4

24 Methyl alchol 44

Fig. 3. Flowchart of substrate cleaning
process.

3.

44€ Ti02 44 44:e.4 444
44 40 kV, 4^ 30 mA, ^4 ^S. 0.57sec, ^
4 3.7] 0.04°4 2:444 XRD(X'Pert-APD,

PHILIPS) 4-4^ #44 15.02°4 #5.4 79.98°

4 2 theta 4 4444 4^4.

in. 5!

1. s^oil 4# Ti02 444 4

^4 ai#4 444 44- Ti02 444
XRD ^4 4444. 444 #4 2:4-8: 44

4-4 7.0x10"^ ToiT4ji #4 ^144 -8:£.fe

7001C44. 3^^ 4^-S: 150, 200, 250 WS. 4
4=4 4^4. 444 250 Wl- 4

444 ### 44^ ui^4 44 #
.§-^ 4 4 #4 4^5. 44 444 44

4^4. ^4 4444 :a#4 444 #71-44
44 ^14 4 (amorphous), 4444(anatase)7|- ^
44fe 4-44 44 4444 4-4 7j-£7l-

4.^5. M.4 ^444 #7>4fe 4-i- 4

X 44. 44-8: ai#4 4^4 #7]-4-4 44
7l4 ^^^4 #44TiOa 471-1-4 4^4
441- 7H4 4.2.5.4 #4€ 444 ^44
4 4 #44^ 4.2.5. -^4^4.''^

A(101)

*(200) RFpower2S(1W

RF power 200W

RF power 1S0W

Fig. 4. XRD patterns of TiCh films deposited with
different power, (working pressure 7 mTox,

annealing temp. 700TC)

2. 7|4 ^£0j| CE^# Ti02 444

ZL^ 5^ 7l4 -8:H4 4^ Ti02 444
XRD ^4 ^444. #4 2:?i-8: jix=4 ^14
250 W, 44 44 2.0x10'̂ Torr4:a 4 4 -8:

^-8:, 4001C, 500t:, 5501C5. 444444.
^4 4444 7l4 -8:£1- 5501C1- 2:4, 44
4 4-f 4#2: 4^4 44 444
1-444 44# 44ifl44.

4^44 4^®11 444 44-4-4 444
Ti02 44-#- 42:44 4«114^ 444 -8:£.l-
2001C 44.2.5 «1-^# 4 44-4-4 444 4
444-ai 4H4S14-.® -8: 444 1-4 44-4

4--8:4Al #44 4-4-4 4-?-4 4445.
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7]^ ^£71- itj-e^- ti]

'=>}^n^]7\ ^TflSlfe ^±s. ^£7}-

^-i- ^ 514. olfe 7l4

5141-01 7]^ .8:£.S. ol§>c^ ^XV ©]:§.£.

71- f^7V4oi 0111.-1x1:^^5. ol
-g-ol -g-ol^H :i:^x^oll 7H^ ^£5. >^54^

4. :1514 3)3 7j-£.o|ix^ i4e1-i4^o1 ^ ^^oii

7>1 71:^ .S:£oll It}.a 1x^x^.0: 4^ 2:?1

^1 wlSfl :ix^xjoil nl^l^ <^«j:ol

^ ^ 514. 0)51^ 714 -8:£31 7144

a4 ^El), 44 1-^°1] 44 i^ll-f 4€-

£514.

40

2Theta

550 "C;

A(m A(105) 500 Oc

400 ®C
in'HAmW tl

R.T

Fig. 5. XRD patterns of TiCh films deposited with

different substrate temperature. (RF power

250 W. pressure 20 mTorr)

3. 02/(Ar + 02) ti|#oll 4# Ti02 444
Si ^4

3^ 6^ 0a/(Ar+02) 4-1:4 44°1] 4€- 4

44 444 XRD ^4 1444. ^
4 aL^4 ^4 200 W, 4"^ 4^ 2.0 X
10'̂ Torr43 ^4 ^ ^44 -SrSfe 7001 4
4. 02/(Ar-H02) 4-i-44 4°!] -^44^
7H] -^^4 4#4 4444. -^4 ^44]xi

0a/(Ar+02) 4 •§•4 4£44 £44 l^jx^ol
^-i: ^ ^ sicf.

02/(Ar+02) 4-i-4 44 ^^^^^^4
^7>slfe 01.^^ ofsflsl. ^ol ^^4:t:l.. 4-<a 7l

^H14 O2 71^1171- ^±sjs.s. O2 7l^Hl 44:

4:^xj i45l^ 444 4^471] 44. 3 :i4

4^ a^<^lx-l ^44 4^ Ti ^x>i-oi 02 7l

^14 1 41-4 4443 3oil 44 Ti
Xffil oi:§.57l- ^^71-514 xi ix^x^ol ^71-Slfe

4££ >^5444.

V/V •
A(200) 02/(Ar»02)o0

02/(Ar>02)<4.2

20 30 40 50 60

2TheUi

Fig. 6. XRD patterns of TiOa films deposited with

different Oa/lAr+Oa). (RF power 200 W,

pressure 20 mTorr. annealing temp. TOOT)

4. m-13.1 ^£0|| 4# Ti02 444 51

3^ 7^ •i44 ^£.4 4€- Ti02 444 1

44^H XRD ^4 1444. 444 ^

4£4-a- 3^4 ^4 250 W, 44 4^ 2.0 x

10"^ Toit43 444 -&£^ SOOT. TOOT, 90

^VMiW**tWwNn/''MMWiiWW iA<vM»**m*N*AvW

R(2ijf(220) 800 ®C

A(200) A<10S) 700

R.T

40

2Theta

Fig. 7. XRD patterns of TiOz films deposited with

different annealing temperature. (RF power

250 W. working pressure 20 mTorr)
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t!-4. Ti02 ^
:<il^]-cf7> 500r ol^t-oflAi o].l4E};til AJ-^^O] ^

^«Ss]ji goOTC ol^J-oflAi f-

E|-«i(rutile)S.fi1 '^J-^iol7|- "y- ^ Sic]-.

^ ^^ojjA^ <g^^e] ^£71- soori-

C)--§-2f ^^ollT-i ti^o]
900r«HlAi <iA^s]tV ;g-f ^E^-<as. ^^I-Aio]?]- <^

C-l OlAj.O| ^HoflA^O] <g;^^5:]

^^oflAi ^<Hi47l nfl^olcf.

V. 1 g

jl^4 ^AjollA^ Ti02

b1-;51^s.®H Ti02 ^
^3j- ^^-SrS., 02/Ar+02 ^1 ^

2l?1o11 4^ >i)-o] ^s).oil 444 ^

ol-:a.Sl4. 3:?i47>i ui^4

02/(Ar+02) ^-i-^^, 7)4

ZL^JL «i4H] Ti02

4 ^7]-4^ji <il-i4Ef4, f.4
^ol :^7ll4 >^ollAi ^4 4M-BfAll SEfe ^E]-«y

5.4 ^ ^ 524.

^ 01^4- 250W,

4-4 2x10*2 Torr, 7)4 -^S. 400t:. «i44 ^
5 TOCC^^i Ti02 4"4-4

4 44-4-Aii :i4<§^ 444524.
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Surface analysis of contact lens after cleaned with ultrasonic
cleaner Md multi-purpose solution

Sun Kwang Yun« and Chang-Seop Lee

Department of Chemistry, Keimyung University, Daegu 704-701, korea

^ ^ :aji

5., ^ 7]^

^-1-45. >^flS7l]7l7l^ol c-1

S.^7} Ci ^-1-4

(250inA, 10^^)-%: 2504 4-§- -fi--?-# 4%

4- ^4 42:54 451 A] ^^44 ^2 4^s] ^^4. o]^^ ^45. ^4
:e^24 -S-s] ^44^ 41$A 214 3l44^s. 4^44 4144^ 4) ^5444^:^4
4^4 4-§-4 2:-§-4 4)44 3l444^ ^ Sl^ji 2:^4 4)4 44:0] ai]43:

471- -S- ^#4414714 -^44 ^44 ^ 4)54 4)4 ^ 4i47l

^4 ^ ®.S. 44-l«l:4.

^4)4: ^-§-44147), 44-4 4)44,

Abstract. Using Contact lens Ultrasonic Cleaner, the effects were compared in aspect of a

cleaning of protein absorbed in the Contact lens. For the purpose of giving some effective lens

management system, this study has observed a protein absorption, a cleaning test, a protein fixed

quantity test, a germ removal function test and Scanning Electron Microscope(SEM). The longer
time cleaning with ultrasonic waves, the better results was obtained from protein cleaning, germ

removal. Cleaning effect with MPS(Multi-purpose Solution) was superior to it with SS(saline

solution). This study did ultrasonic cleaning process(250mA, lOmin.) 250 times, and then observed

the damage presence of the contact lens with the SEM. There was no any changes on the damage

on surfaces and the metamorphosis etc. compared. It indicates the result above and attach

frequently in the contact lens the protein and the germ which it sees effectively to be simple.

There is a possibility the ultrasonic cleaning process which uses MPS and SS, which it removes

protein and germ with an effective suitability. It gave proof washing and the sterilizer decline good

of the protein which attaches in the case of contact lens of the ultrasonic cleaner and the germ.
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I. M ^

1508\i

^KLeonardo da Vinci)®11 tfl
tV jL<^o] Al3|-s1$il^o^, 1912^1 Karl Zeiss S]
4<^ 7l]^si<H 1931\1

711^, ^]-H^2i
(PMMA) 7fl:^o] Af-g-sl^ci-. 1950^1 tfl
7\ A]-g.s]7| A]A)- £]$13., 1966'd Basch &
Lomb 7lil- €• spin-cast
e^^lSI 7fl^3l- 1967Hi Lathe cut i
S.:g.^2:5l o]-%r^]

Si $14/ -T-2l44oll4fe 1958'd ^^-t-4471-
4^0114 7ll^oll 71V-4 ^

1-44 1960\14 ^144
^^^44 ^ ^ 711-44
4aji sl4.

4:a.3}- 444 4^4 ^4 4^1 ^44 4^
f-4 44 4^4 ^^4 4444 4^4

A]^^ jiLA^47l 44 -44fe 4^-1-
4-§-444, ^4:^42:4 4-§-, 4e4 4
4^444 ^4 4^4fe 4441- 4•§-4- ^
4-514 4 4-ji- $14.

44^ 4-§-4: 4-f 4-§- 44 €-^14 4-§-
4 4^ -1:4 4-a 51^4711 451, -E-AjJiL: '̂̂
-8: '=r^4-§*4 ^4 •i'4 4^4 4 ^-8-^4
4444. 444: 44-1: :a.4:44 4«11 4-8:
44f'^ 4-§-4 44
^471-uL S14. ^4:^^2:4 4-§-Br 4:44
ji 4:44 44 ^4 ^4 4-8-451 -^1-41-
511444 ^-8: 441- 4-:a4-5i, 4*^4
4:4 4-8-4 4-€- 4-44"^ ^4 4
4^S. 4-8- $1^71- ^^4 ^7>44 2005^1

7^1-5.4 44-4 -^-8-
350~4004-, 4-8- 600-

7504:4 4^4 4 $14.
1144 4-4-4- 44 4^4

7] 4^4 4-4-4 ^-8: 44=-!: 44-H.S ^
4B.^2.4 4:47}- 4-t- ^iL4-4. 4 44 4i
S.B. •S-4s.4l2:fe 4-8- ^ 44 4:-i-S. $1
4 44 71-4 ^4 ^4-# ^ $1^4.

4fe 44444 4:4i4-i- -§-4 4-8: -n-^l
f-oi ^4-si7l4, 4'&444 $144 ^4 4--8:
V-71-i-sl 4^sl7lS. 44, mucoprotein-iipid
complex 4444 •n-7l--T-7l-§- ^4

4 4-1-4 ^5 4 715. 4:4. 4^^5-1-4
^•344 7113:4^^44 47114 ^4,
4,4, 44s. $14 ^4 ^ $14.'

^^444 -8-71-&

44^4 4^4 $151 44
44- ?11444 4-7-34 ^ $1-^4, ^44 $1
fe ^-f44£. 74-82% ^^5.7} ^<94
44 -8-^# 4-8-45^451 :a.ji44''^ ^4
^^2:4 4:4 ^ ii4.fi-^4 •t-4^4 ^-8-
sl-as. -i-Ml-^- 441- 4«11 :a.
4 4 Jl44$] >^144*3-I- 514414 44.®-'

4 4 71-4 4 4
4444, 44 ^44 737151 444

4444 2:2114 ^ $14.®-®
7d ^(2002)-8r 444

44^5-4 5l4-1- 4 5ii4fe 4^44 302:
^ ^4^4, 30^4 4^4, 444 45i7l,
3024 §-4^51 30^4 4-::i7ll- 4444
4511^4 4 44 444 4^717]- 7]-4 3:4
444451 444.'° 47H 4441-^ 4-^
4 4144<=>11 444 4^711- 44451, 44
^±s. ol 4'^^ 71-4 ^4 4-8-42 $lfe
•8-^44.

^2, Ai..g-Ai-7V 4442 5:442s. ^2

1- 44, 2444 44 441:4 ^^4 7ll
4451 7114401 ^cl-. 2^44 44

oi.g.«>^ «<}-'ai-4 53124 414 ^ 1-
^4 $14 3:471- $lf^4 4^ 41- *8-•8-^
4-8-4 24711-4 71114 4 4s.-8-23. 4
-g-4ji $124 -44 2-S-4-i- 4-8-4 ^n^i

-§-71^$]: 444 4

^ 4S.-8- 71^1- 7fl:^4.bcll o].§.4ji $1
4."

2414 7je141^4 2-§-4 7i)47ll- 4-8-
^ ^12 4711 4$14." 244 2-f- 11 4
4^4^ 1-^ ^8^4 $14 711-S-4 ^ 3, 4"^ ^
1 54 444711 sifec-ii, 444*^4^1-
4-§-4 124 oi4 4'8^-i- ^4 44
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^•§•4 oi-8-tv

-Igcll ^7l nfl^oD

cH ^7l?l: Al-^sfls. o].^^ ^

^ilj. >V11^711- ol-g.^ ^^5^ cfl^sj

7i-i-oii4 ^;gA].i:oi

:?i-2ls>7l ^«i) Solex

alpha (^HlE^^lTllDl^, ^
ElS (f'SlTfl^, tv^)# Al-g-SflAl

^3oii ^t] ^ ^13--i- :a.ci-

Jl4^-^LS. :^^«l-7ll TflTl^ ^ Jl^Vtl-

^-5-^ 4^7] Lensmedic (SC900E)-i- <=>l-§-^l-

^ e.^2:(Focus©, Ciba vision Co.

USA, Vifilcon A. 55 % )oll

1- fJ-JlAl- sH, ^4^7l-^Pl;g(jSM-5410LV,

JEOL, JAPAN).$.S. ^#3}-S. «y^ Sl-H^^E

^3(Bescon 6, RGP ^^)2l S.^

n. ^ m

1. §4 §1

S^E^aoll ^:2|-5]-fe ^^1 S.^±

S. HSA (human serum albumin, SigmaAf, o]

4-§-«l-^4. ^2:^ ^ 4-§-^^

ai^e^^E^2,(Focus©,

Ciba vision Co. USA, Vifilcon A, "^4"

•i: 55% )o]9X^^
(f^iZjAllo^, AV-g-Bl-^ul,

Solex alpha(SBlEf^l?lln]^, 4

-g-4^4.

^7M -g-elslfe^l#
<§•4:^71 4^114 ^<^1 5(A, B,

C, D, E, F^)±^ ^^45^4.

A$: ^2:oll :S-4€ #^4

ol-g-)

B^: 44^ ^Sl- 4Al:d:

C^: ^•§•44^713. 250mAol]Ai 5^?!: M]^

^ ol-g.)

D?: 2:-g-44^7lS. 250mA<^1^1 10^

ES: 250mA<»llAi 5^^ ^1^

^ <^1-8-)

F^: i-§-4'Hl^7]S. 250mAoll7.i lO^:?]-

-S-^-cr ^7] human serum albumin

(SA)4

^S.1- 10 mg/ml (1%)S. 71)3:4^4.

^ 10ml -t -8-71 oH ^;^Al All

±S.E. -gejE^^:-!- o] ^o^ofl 7|-el-S^^ 4-§-

Shaking incubator (Power shaker.

VISION scientific Co. Ltd.t!:^)^. lOOrpm^ #
£.ol]Ai 12^]^ ^-§-'^1^

^^ol] ^4=1 S.^ 4^4.

12^]^ ^4 ^<^1 4-I-

10ml4 AjEl^«g^ ^oflAi A]A]t]

4^# 34 ^44^4. 4«-il4«^l ^44 ^4
:e^37V ci-^ zj- ^4# 4«S4

^4.

A^44fe 444<^1 ^44

^-§•4 447)3. 4 44 4-b- 44 ^
oil 444 4-S- 444 #444 4 44

s^E^2:oll ^44 4444 44

^14.

BS# 42:5.^5. 44 44^-8-444-

4 444.

C^4- 4444 ^44 ^4:^42^1-

^^8444^ 25 ml7V 1-4i#4- ^^147) -§-

7H 7>4^tl 4-a- 250mA44 44 5^

10^4 4 414^ M ^5444^4 -8-

444 4# 4-44 4=^ #4444.

E^4 F?# 4444 ^44

4#4-8-4 25 ml7V #44^ 2:#4 4)44 -8-

7H 7l-4-S^4 4# 250mA44 4-4- 5€

10^4- 4 4141. ^4 4#4-8-44 #

444 4# 44^ 4# #44^4.
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2.

^Q]:^ U}^

BCA protein assay reagent (pierce)-i-

5.^-§-^-& Human Serum Albumin

% 5, 10, 17.5, 25 5? 50 ml^l ^£5.

4-8-«l-^4. C , D , E , F M-

^

-^321 -70lCol1>^i

•gfl ?12:711- ol.g.$>c>l 4

-§- Imll- 4-§-

«l-7l "iTl 4 S.^'%•^^•
44 50ml ^ ^4*^ micro centrifuge

tube®11 ^jl <^7l<^ 1.0 ml4 working reagent-1-

7>4*=^ 4 -^^tl- ^ circulating water bath
(DCI, Haake, Germany)# 60*0®fl4

30#4 4-i-4^4.

^44 -§-"^-i- 4-€414 44 ^jectnophotran^
(Biospec-1601, Shimadzu, Japan)S. 562 nm®114

4€- #4£.l- 444 ^

444 4-§-«H 4 44-g-^-^4

4«J14 444^4. 444 44=4#

Figure 14 44.

C 04
CO

€

Oensty (jig/ml)

Figure 1. The calibration curve for HSA(562nm)

3. M\^ XilTl 7|-^

4-§-44 #4^.42:51 45-

4 44# #£47] 4 44 0.5 Mcfarland
Unitd^Kf cfu:colony-forming unit)/ml #£.4 4

#^(ATCC-27853)/4#^ 444 <H1 42:#

2444:#4 «H4=4 44. A5~F^^S. 4¥

4 4)4 ^4 ^2:4 4#4ji 5a# 41^4 ^

1- 4H4^4. 444 ^^44 ^21- 5ml4

^3444^7> 4^ -§-71 oH cf^ vortex

stirrer<^l 10#44 34 414 4 4# 44

lml4 ^1144-4 14»'114 4 s.i43i 2444
:foil lo^till46|l 41^ 5^4

#44^4.
FDA0114 ff-44 4544®I1 4-§-4# 5

7}-4# Table 1 4 4^4, 44 ^I^TilTl?]#'^
44 4#4 Pseudomonas aeruginosa

rATCC27853)<^14.

Tablet. FDA-recommended challenge microorganisms

FDA-recommended

challenge
microorganisms

Microorganisms Media

Aspergillus
fumigatus

ATCC9197
fungi

Malt Extract

Agar,24°C

Candida

albicans

ATCC10231

fungi
YM Broth,

25°C

Pseudomonas

aeruginosa
ATCC27853

bacteria

MuUer

Hinton Broth

21g/L, 37''C

Serratia

marcescens

ATCC27117

bacteria
Nutrient

Agar, 26°C

Stapf^lococcus
epidermidis
ATCC12228

bacteria
Nutrient

Agar, 26°C

4. ^^1 S4 ##(SEM: Scanning

Electron Microscope)

4444 #4 4 444 4^ 4^] 7]

# 44'=fl4 i#4 414 44 2:-|-4 414 ^

(4^^ E^)4 414 wlH# ^Ai-^71-444^

S.

4^1 44 4-c S444 4

44 44 ^ #4-# #4^71 444 2:#4

414# 44 ^-Br Cfl2:^4 5>H. #4b.42: ^

^#5^>M147lS. 250 mA4l4 lO## 414# 250
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4^714 jfo) s^Ei>na

^(1H3 4-§- «]-s. ^

4 44 4^14 (JSM-5410LV, JEOL, JAPAN)
AS.

^4 44 4^14 44"# 444 44
431- 4 :ii4 4 ^ ai44 4-B- t^4ji,

isoamyl acetateS. 4444 24444 444 4

44 42:7l(E-30(X) type, Polaron, Watford,
England)S. 4^4 4. 444 Ion Sputter

(JFC-1100 type, JEOL, JAPAN)# 4-§-44 5

4-4 544 44 15kV 7}^ 4<d-i-

44 ^444 #44^5. a44

44-^1- 44444.

in. i2f §y urn

444 4^4 ^ 414 #«1h^

2:4 ^44 # 44444 4^# 35.03 ng
o]9X3., sl-^Dl

^«J}^ OjrO] 15.17

fig AS. 43.30%4 ^4-i-# A4 4. 444

^•b-4- 4)4# 44 4 4^44 A44

4 4-i 4^ 19.86 ug 4 44^4 #4
5-^aollA-i #215)4 444. s-g-4A ^54

4 4^1- 4-§-44 414# 4«3 4 C^4 d

^4 4-f 5#4 414-i- 4
42:ol] 4^4ai 5lfe 44 44 4#

7.09 fig A A 20.24%4 ^4-#-i- A^A, 10

#4 a-§-41- 4-#4 4 4^ 3.02

fig AA 8.62%4 ^4-^-i- A^4.

^#4A 4#4 4)4 4# 4-§-44 4)4

# 4«S4 E^4- F-Z4 5#4 414-i-

4^# 4 4#4a 44

44 4=# 4^ 3.01 //g A A 8.59%4 ^4
## A^A, 10#4 a#4-# 4-S-44 4^

4^ 1.80 fig A A 5.14%4 ^4#-i-

A^4-.

4-4-4, ^.-§-4-414# 4 C?

4 #4-^4 4 4AAA ^#3}-oi#oi

4^144 Jl4-44S1A4. ^#4-a 414#

4«S4 4 44 44 4^4- 4444 #4-1:

# 4 4-^4# A4 ^5lA, ^54 44^1-

4-§-4 C, A4 44-4 4144# 4-§-4
E, F544 4 •l-4-i:4 4 ^44° A 4)4

5:44 ^5 4 4 4#A4 4#44]4 44 4

-r44# 44^^4.

Table 2. Total quantity of protein which remains in

the contact lens(^g)

Total

quantity
of protein

Control

group

C

group

D

group

E

group

F

group

1 33.30 13.20 7.35 3.01 2.73 1.57

2 38.01 19.01 6.58 2.71 3.32 1.82

3 33.32 13.32 7.11 2.75 2.72 1.51

4 32.56 12.32 5.99 3.25 3.11 2.03

5 33.68 17.90 7.30 3.11 2.99 1.75

6 39.19 15.29 8.22 3.31 3.19 2.13

Average 35.03 15.17 7.09 3.02 3.01 1.80

Table 2 44# #^A^S4 444# 444

4 #4=# 4 ^4 644 44# #44 444]
4a, 4 4^^# 44-^44-. 4-8: 444

a#4-'<'114# 44 tflA^-AtJ A#4-4 4

# 5#4 4 C5444 4]4:§:4-7l- ^ ^ 44

444 klAAA a#44 ^1)44 a4-4 SI##

4 4 Si4A, Aj^voi] ni-s)-
^34 #4^ 444## C4- D5, E4- F?#

o]A4^ 44444 4 D4- F5444 444

#4#4 444AA A]#oi

a44 SISI4. 444444 4#44444 4

44 #4# C, D?4 E, F5# 45^44 4#4
o]#^ E4- F?444 444 #4#4

444AA ^5el44#A4# 4

#4 A#4^fl44 Jl44 4## # # 444.

Table 344# #4A4a4 #4-4 # 4

44#4 4^# 35.03 /^g4A, 4^54 4

#4 4«-^4 #4 45# 15.17 fig AA
43.30%4 #4#A 4-e1-i^a4, 4"4]4 ^#

^ ^114 # #^a^a4 ^§5}]

4 #4-4 444 #4 #54 #4## C5

44# 4#4 444 44 #5# 7.09 fig
AA 20.24%4 #4#A, 0544# 4#4
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3.02 UB 8.62%£]
offi] ^

3.01 us ^S. 8.59%^ F?ol]

-^1^ 1.80 /ig 5.
S. 5.14%S] i4e^^4.

Table 3. Protein absorption ratio of contact lens

Control C D E F
quantity

of protein

Average 35.03 15.17 7,09 3.02 3.01 1.80

absorption 20.24 8.62 8.59 5.14

2:^4 4:3^^ t}7] 42l5-.a.

^ C^o] ^ «]) o]A^Vo]

°]-%-^ C. D^S.^ 4^^ ^1^4

E, ^4^ ?J-4iJL47l- ni SXSX^

"1, ^]^^}°\] 41- C, D-54 E, F^4 ^4-ir
-i: H|514^.4 ^-§-44^ 4 4^1 7^4^4 ^

4^ 4^3.47]- 4 ^^4.

A S B 2 C 3 D5 ES F

Figure 2. Total quantity of protein which remains in

the CL (indicated by bar graph)

Figure 24 Figure 344^ ^4:^^2:4 4

4si-n- 444-1^44 4 44

4^4. 2-g-4 4^-i- 44 ^-8: 71-4
^4 ^4M^a4 44^4 4^44 ^4^4

feSlrTL, 442]4^jo^^ 4444 ^•g-4 44i-

10^4 4 F^44 71-4 4711 4444 4^4

4, 7f4 4-& ^44^5. 4444.

31 32 39 34 3S 96

L«fii ftf pteNln (h* 1«til ameanlfinicfegrtml

Figure 3. Total quantity of protein which remains in

the CL (indicatedby line graph)

Before ultrasonic cleaning process of protein

After ultrasonic cleaning process of protein

Figure 4. SEM Image of contact lens after ultrasonic

cleaning process of protein
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Figure 4ofl'H-fe- ^-i-^l- 'Ml^ cf

10^?V tv

E^fil

lOOtillfil «H^S.

sl^l a

^<^1 ci ^H^sj-Tll M-El-^i^cf.

2. c\^^ AflSQijj 0|§«^

Table 4<>llAi h]-<21- :g-o] i^-hj^^ :S-^ ^
^^e^2:o1]

35.03 fiS 5^:^ ^

^f^'a Til71^ <^=51 ig^-

^ 19.86 fiS -5.S. 56.70%£l TllTl-i:^ ^^ui, ^

-§-3^3. <^i-g-^H ^]m C

D^fi] ^
^e^2:011a^ ;<il7l^ «y:^ ig^ 27.94

;/g O.S. 79.76%^ 71]71^^ i^ul, 10^:^- i

-S-41- 32.01 fig ±S.
91.38%s] 71] 7]^# ^^c]-.

i-g-4S. cf-^^ <^l-g-«>«^ 71]^-!-

£^4 F^fi] 5^^ 711^-i-

# n]) sujE^SoHA] ;^]7]^ ^«!^°<}=S] 5g

32.02 Ug ^S. 91.41%5] 71]7]-i:#

lO^a: s-§-3j-l- 2}-:^a]^ ^-fol]^ ^

^ 33.23fig ±S. 94.86% s] 7i]7l-i-l- .i^nf.

2:-S-3]-S. 71]^^ A]S5^ A]:^o] ^
^«J]^o] ;^]7]^^ u] f^c]]:|A ^

O] ol-§-l> C, D5 .a
c]- Cj-s^ 7l]7^oqA o].g-^ E, F^ol]A]s] ^

7l]7]-i:0] d q.E].v]]Si4.

Table 4. Protein removal ratio by ultrasonic waves

Total

quantity

of protein

Control

group

C

group

D

group

E

group

F

group

Avaage 35.03 19.86 27.94 32.01 32.02 33.23

Ronoval

ratio%
100 56.70 79.76 91.38 91.41 94.86

3. Aiigojjoll o£|^

^^B}.7l]d<^ filSfl -n-21

€ ia:«Jl^o] t:].^d^]^^-^®il
^7l]S. $7l]Sf^7]l- 7^5]

O^^S] ^

Table 5<H] ^b^\3: wf^]. :^o] i^hj]^
3\. Al]doll S]«fl Sd^^2:Ol]Ai -H-e]AEl a-

"y^-a: C11S55] ;g-f 0.67 iig/mK 16.75

//g/25ml )ol ^^s]5iai, ®l-§-

-I- 5^11: C? ^-¥-<^1^

5lfe 'y=«='l

0.62 ;/g/ml(15.50//g/25ml)o]^Jl 10^^
^-g-d^d-i- D5 0.51 //g/ml

(12.75^g/25ml)ol^c]-.
7i];go^A o]^daj >H]^-i- 5

^ E5 711^<2^<H1 -frH]

sl'H 0.53 //g/ml(13.25

//g/25ml)olSi:il 10^a: ^^3]-7i]^^ ^ F^
0.45 //g/ml(11.25//g/25ml)S] Id#

del-d, i#d #2]d
o] cfl^^o] A^E] d-y^d TflAj^oi]

#eldd ^ 5asid.

Table 5. The quantity of protein which separated

from the contact lens

Quantity of protein(A/g/ml)

Control group 0.67(16.75/«/25ml)

C group 0.62(15.50^/g/25ml)

D group 0.51(12.75/<g/25ml)

E group 0.53(13.25//g/25ml)

F group 0.45(11.25^g/25ml)

4. c\^^ AliSQijo
i^doj a]|5 7H|7]#

d^7l]7] 7]^ i-g-d dd# d

«Sdd cl]2:5d ^7ll5>
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-HISS] ^(cfu)7l- 9.49x10' cfu/mis 5.1%s\

o]^

5^?]: tV C-Sfi1

6.00x10^ cfu/ml S 94%^ :y.

35.^ 10^^> ^-§-4

5.00x103 cfu/ml^ 99.5%£l ^

cl-^2j ol-§-4^ 5

^ S.OOxlO^cfu/mlS. 99.2%

4 10S-?> F

0 cfu/mlS. 100%S] A]]^4?] 44;

^-a- 44^^ Table 6.°1]4 *a- ^ SlSi4.

444, ^-§-4 44°11 4«114 ^^°il •t'HSl

4 4^4 ^7)- ^-§-4- 44^11 4«fl t-44

4 44^# "a- 4^ 5asi^, 44^^ 4-§-?!:

C. D? ^4 4^4 -^144^ 4-8-?l E. F-S°114

4 41^ 414 3i4-7> 4 444514.

Table 6. Germ removal ratio of ultrasonic waves by

saline solution and multi-purpose Contact

Lens solution

Germ figure

(cfu/ml)

Control group 9.49x 10®

C group

D group

E group

F group

6.00X 10*

S.OQx 10®

8.00X 103

% Germ

removal ratio*

* A group germ figure Ix 10® Standard

Pseudomonas before ultrasonic cleaning

Pseiidomona.s after ultrasonic cleaning -lOminute

Kl:i£

,.v :•

Figure 5. ODmparison of contact lens after stipendiary

Pseudomonas removal by ultrasonic cleaning

Figure i-g-4^

'*114^4 44-4444-^ 4-8-«fl4 10^
^ ^-§-4- 414^ ^ 4^4 14 4444. 10^

44 s-g-4 414 ^41^ 41^4 4)7l

44 4-^if4 «^^44 S^^5t4.

Figure 644^ ^•s-4S. 4)44,4 4

^44144-ir 4-I-4I4 10^4 ^-g-4 414^

4 ^ ^444^4444.2-S. 3000«H-i-S. a.51

i- 44-4 ^44, 10^^V4 ^-s-4 414 ^

4]^ 47]^o\

44 Si^5t4.

Before iiltrasonir elenning



After ultrasonic cleaning

Figure 6. SEM Image of contact lens after Pseudomonas

removal of ultrasonic cleaning process

5. a^oj ^A^^|x|•go|g

^-g-4 All :gj (250mA,25Q^(l'd 4

-a-T-1- lOQtiHsi 4

-i-S. ^4 cl]5:53l- «1H A] a^ ^

A}]^

^31- 250S]

^^• All^sHi£ Al-Sllo!]fe

^Ail7l- Figure 7°11a1

9X$X^.

4al-'^i. -g- Af-g-^v ^-S-

^A] ^01- 0J-^JAJ^]A^ ^

Before ultrasonic cleaning

After ultrasonic cleaning

Figure 7. SEM Image of the inside surface and the

edge of hard CL before and after ultrasonic

cleaning process

lOOHflSl ^Sk-^

nfl 250mAoil A-1 250S1 ^a]^ 5>

S. ^

4 Aj-y-^34 ^O] a^om 7)1^2^ ^E114^

^sl-l- i°l^]

i#44^7]i- <5]-§-4^ ^^•

^ -tl|Aj0^4 A^5l 4#

•>11 ^4^ ^ -Hl^ei A-ii^ ^

41- -f-^

^4 ^ '̂ •11^4

^ 7l^ ^AVAiAf^ni;^ 44# 44°.

4 4#4 4# 44# 444.

1. g^E^36ii ^t] 4444 444# a.

4 5:44.^s. 4444 ^1)714# cii ^.g-4
Al-#oi <4 ^ 45^.2.4. ^5444

#1- 4#4 ^#4 5# •^14# 79.76%olJL,
oj^sv s#4 5# 414#

91.4l%sl 444 A|)7l#^4 4444I44°1

jL44°lSit4.

2. #4.^4^# 4# 5R# "H ^54 4 Si#

4444 44^4 444 4#^ 4471#^

^• |̂A^ s#4'^fl4°l 4#4-H144

# A)..g.4 ^.2-3]. 5# 414# 99.2%44:ii.

444#!- 4#4 ^#4 5# 414# 94%s.
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3. 5:-§-3}-

•¥•1- A}^S>C^
I'd?]: 4-§-^ 2503] 1- i-§-4

4. i^4 4?1:°11 44 7117] ^

>^1^4 ^ ?J-4:^ 4ell4^4.

^alSti

1. •&'d3}-, ®l7l<i, psajdanonas aeruginosa

4t]^ soft contact lens 4-^4 -§-4 4

«<}-^3l4. 9(2): 353-359
(2004)

2. 44^, 4^€. ^4:^^2^0114 4-^4
4'^5€-8i, 4?!:44444, 2(11): 96-102

(1991)
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Ho, OD, and Kuen-Chine Lau, OD,

Passive Protein Removal by Two
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Isolation of Phosphate Solubilizing Strains from soil

Soo-Jung Kim and Hyun-Soo Kim

Department cf Microbiology, College of Natural Science, Keimyung University, Taegu 704-701,

Korea

2. ^ CaHP04-

2HA Ca3(P04)2 L-1. BR-1^
^ ^St!: L-1^ glucose^ peptone®il'H 7}^ BR-l-c: glucose^ yeast

extract®l]>H 7]-^ S.^ L-l4 BR-1
nfl ^AV<g 71-^J-

Abstract. Strain L-1 and BR-1 that solubilized insoluble phosphate were isolated from soil.

The maximum growth conditions were investigated about carbon and nitrogen sources. Strain

L-1 showed the excellent growth in the culture broth with glucose and peptone addition. Strain

BR-1 revealed the excellent growth under the addition of glucose and yeast extract. In the result

of garden plants experiment using two strains, the cabbage field showed the high phosphate

solubilizing activity when L-1 and BR-1 culture broth sprayed.

I. Ai g

^1-^171-

^S] ^#4

HVEflSlo). cflAHA^S ^

^}JL $14(1). ^Tils. ^

^ 4 0.05 mg/L'̂ 1 1-444 41-«^14 4

^ $lfe $144 o.l%s. "1

^4(2, 3).

•fei 44 444 ^441: 4

4447] 444 444 444S.4 -^711-^

4-§-44 44^, 4-g"i: 7i4 «ls.4

1:4 1-8-44 444^11 44. 44

444 4, 4-1-44 444
JL £4444 ^4444 ^tII

44 44^71- 44 1: ^ ^4 44^^ 444

^tl|£ 44^££4 £44 44 7]44 44
4 444 71-4£4 ^444 4ji

44(4-6). 447]- 4£47|] 444 £41: ^4

•i-4 441- ^^4 47il4££ 4«ll

4# C114 7d-<g ^4^ ^44(7).

44 7]-§-4 41- 4-§-4 4^44^ 4^11-4

£4 7ll^ii41: 1-44 4f-44 ^4. 44 1950

444 4444 l:-§-4 441: 7V

•§"44^ "r 41- 4'^5-i"(phosphobacteria)-i- 1:4

44 £44 444" ^4, 44:
1: -^44^ T 44^4. 10%4
1- £44(8). 1980444^ Penicillium biloji #

4 ^4 44-^4 444 ^444fe ^

££ H-444(9). l-§-4 44-i: 7]-g-44^ ^

4fe 44-i-(phosphate-solubilizing microorganism,
PSM)1- £44 ^^^££4 £4 44
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^ 7V-g-^l- #^51 A] ^ ^ ^ol, ol^ll ^^1-
2] ^ ^C}-(10). oju]

7l-§-^ Bacillus megateriumiS),

B. polymyxaiW), Pseudomonas striataiXl),

Pemdllium simplicisimumilS), P. aurantiogriseum

(14), Aspergillus awamoriilS), A aculeatus{16),

A nigerilS) $1^*.
^AA^o]

Ai^i-siji oi^q. Ai«^ ^

SAf, f-oll

AS. ^7^loll

SA $14(17, 18). $1:AS 44

fl-7il7j-^s. 444S.<H1 cl]^ Ail^oi ^

AS 4 71-^4 7i]:t-§-#4i7i ^-g-

7j A^4AS ^sil44 4

AS 4^ 44 «lAA^^-i: ^^41 #

^ $1^ >a#wlA4 71)4^ ^A4 4^l7> €

444.

44^1 -g- ^ 444 A4 4

47>-g-AS 44 8l]^47l4sn

4#, 4444 -§-«ll^4 4^ 7l-§-44

^^4 7]4^01 4S44 S44

4^ 444.

n. ^nns. 51

1. 5!

44-?-^b1, -B-4. 4^ es ^ 44
4 soj:AS^El ^^1- ^444 444

CaHP04 • 2H2O. AIPO4. Ca(H2P04)2 *HaO, K2HP04,

Ca3(P04)2l- 44 0.5% 471-4 ^44all4(black

sugar 1%, agar 20 g/£ )4 CaHP04 • 2H2O,

Ca3(P04)2l- 0.5% 471-4 PDAwH^KDifco Co.)oll

^4 ^^444. ^^4 tifl4-ar 2

8r, 2-344 «11444 •i-§-7d 4441: -§-8114

7lfe -^^l- 4'i44A4 44«ll7H «llo<}=44

^Al^^S. Al.^44r:l-(i9).

2. 4441^^4 €11!Soil s|A^ £14 gst

-§-4 44 ^5.1- 47J47I444 44

7)14^4 44 4 AS standard curve# 7^144

44.

A^44(0.1 mg-PM)# S711471 444

KH2P041- nor oil Ai 344 4^44 desiccator

44 ^ #^^011 -§-81145^ 401 0.1

iiig/iii£7f 44 41:44.

44 7] 4 4 ammonium molybdate-§-4^
^ 150 in£o|] ammonium molybdate[(NA)6Mo7024

•4H2O] 8.27 g ^7]-4a, 50 m^ofl

antimony potassium tartrate hemihydrate

(C4H4O7SBK • I/2H2O) # ^7>44, 4 ^

•i* 16% H2SO4# 7]-447l ammonium

amidosuIfate(NH40S02NH2) 10 44A4 o]

71-44 # •t-471- 1 £7} ^

4 444.

444^14 41: 4447144 tindl) chloride

dihydrate-§-'2^1- ^Al]47l 444110(11) chloride

dihydrate 2 g-i* HQ 10 m^ofl ^71-44 44 4-,

71-44 %• -^47f 100 in«7f 4711 444

4 a" 4^ ammonium molybdate

-§-4 0.5 ni£4 tindl) chooride dihydrate-§-4

0.025 m£# ^4^14 7144 -^4 7}

5 m«47ll 4 20-30roll7i 10^4 444 4

•§- 690 nm47i ^4^# #^^44 S^-§-o-^4

44 standard curve-1- 444(18).

3.

#4 4^1 «11447l a]14:o-^ 1 mH #

#4^ 3 m«l- ^4 aI^o^as 41-44. 44®-^

oil ammonium molybdate -§-4 0.5 m24 tindl)

chloride dihydrate -§-4 0.025 m^#

##^1- 71-44 # ^47> 5 m«7l- 3^171] 44,

20-30r, 10#4 4444 690 nmollAl ^4A«-

#7^444.

4, "-El 5^o| ^i:n .^o

^Afl) as

#-§-7^ 444 -§-81154 4^11 7j-^ 2:4-i- 4

S47l •444 •^#4^114011 4A4(gIucose,

fructose, lactose, soluble starch, maltose,

saccharose)# 4444 4 l%^7l- «!!0^=44 4

A44 ^4 75# 2:4# 4£4 ^ 424

(yeast extract, malt extract, peptone, soytone.
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^5^

NaN03)-i- 4 l%^7} tifl<a=5}-o^

5. bH^# i:H^°S
o|ss^ iE^Ai^

tiH^# Al^ 5>c^ ^7f ^A^oj]

Ai -yAV.^ L-14

BR-li: ^

y^fif y^Aiy ^ 4^=H 0.5

g°11 10 mm 7>5H <^4 ?V ^ 14,000
rpm, 15^^ 1 mH
^ 3 Iii€# 442^ A|-g-5>y4.

y^7]- 4$ 4-!^

y# 4447] ^4-^ yAj ui^s S144 4
:§.«jq-i- Al^o^^S. Aj..g.4y4. 4 A)^o^.^ cfl-y-

o.^ 4444^4 444^5. 4^

in. 32} 5! jisl

1.

Ca3CP04)2 0.5% 47f4 PDA«11a]^]a1 aflysV

L-l, BR-14 Ca3(P04)2 0.5% 47]-^
AHjAi BR-1, L-1, CaHP04-2H20#

0.5% 471-4 ^^^tiHyollA^ «I14?!: BR-l, L-l,

Ca(H2P04)2 • H2O 0.5% 471-4 4^4-«l!4°IlAi

L-l ^4 44:4-i- -§-41=1-4 clear zone

^ =l'44(Fig. 1). Clear zone4 444 ^

444 -§-«fl €44 Afs.44.

BR-l

Fig. 1. Isolation of phosphate solubilizing strains
from soil on PDA medium contain of

CaiCPO^)?

L-l: Isolated from leek soil

BR-l: Isolated from bamboo root soil



Fig. 2. Isolation of phosphate solubilizing L-1 strain

from soil on black sugar medium

A: Black sugar medium containing
Ca3(P04)2

B: Black sugar medium containing
CaHP04 • 2H20

C; Black sugar medium containing
Ca(H2P04)2 • H2O

-'S r

iPl

Fig. 3. Isolation of phosphate solubilizing BR-1 train

from soil on black sugar medium

A: Black sugar medium containing
Ca3(P04)2

B: Black sugar medium containing
CaHP04 • 2H2O

2. ^1 £^^^011

2.\t} Standard curve

Table 1, Figure S

standard curve-l-

Table 1. ABS value of phosphate concentration

Phosphate concentration
/ \ y\x5o
(ppm)

0 0

Phosphate-standard curve

y=0.0111x+0.1963

0 5 10 15 2D253D 35 40 45SD66

Phosphate cc7)centration(pprn}

Fig. 4. Standard curve of Phosphate

3. ss.

alIOj:0^0^ -g-Sli^l

^E.(ppm)f- Table 2'^lAi
;go) alj;^]oil Ca(H2P04)2 • H2O

% '^7}t}c^ L-lo]
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Table 2. Medium type of phosphate solubilizing activity

Medium Salts Strains 0.D ppm TotaK^g/mi)

PDA Ca3(P04)2
L-1"

BR-1^'

0.369

0.322

15.378

11.144

768.9

557.2

Ca3(P04)2
L-1

BR-I

0.442

0.669

21.955

42.405

1097.75

2120.25

Black sugar
CaHP04 • 2H2O

L-1

BR-1

0.844

1.066

58.171

78.171

2908.55

3908.55

Ca(H2P04)2 • H2O L-1 2.227 181.865 9093.25

; Isolated from leek soil

; Isolated from bamboo root soil

4. 2lc|| iZd as

^S15^S1 ^n) ^£S>7]

^4i^(glucose, fructose, lactose,

soluble starch, maltose, saccharose)-§• ^2ls]-<^
4 i%^7v «i)«a:t.v ^

Table 3oll>^i ^^4^4 ^2] 3"^

glucose, BR-l®ll^ife glucose^ soluble starch
0)1 Ai 7]-^ ^511:4.

Table 3. Effect of varies carbon sources on strains

—Strains

C sources^~~~~"~--->^ L-1 BR-1

Control 7* 1

Glucose 10 8

Fructose 6 1

Lactose 1 4

Soluble starch 1 8

Maltose 1 4

Sucrose 4 5

• : IxloVme

^ ^ii^Cyeast

extract, malt extract, peptone, soytone, NaNOa)

•t ^ 1%^7\ ^ ^

Table L-1^

peptone, BR-1^ yeast extract^ll'H 7}

L-l-c: gluCOSe,

peptone®))T-i 7}^ BR-l-cr ^

glucose, ^4;^ yeast extract®)]7}^ a^
^9}:^S.S. ®]# ^cfl ^

Table 4. Effect of varies nitrogen sources on strains

trains

N sources
L-1 BR-1

Control 10* 9

Malt extract 15 22

Yeast extract 12 99

Peptone 21 39

Soytone 2 9

NaNOa 5 9

': IxIoVmC

5. H))^# ^>4^

o|§«1 SifA)^

^^<4 al)^# Al^^l-l-s. ^7]- i^ol]

Ai ^el5^ L-m

BR-1^ ®-^^l «D«3=t!: ^
5151 Al^o^A 'gSl-Ail®a^A1
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Table 5. Activity of phosphate solubilizing on the young radish filed

Treatments
Young radish Soil of young radish

control treatment control treatment

Phosphate
concentration(ppm)

113 114 0 12

Table 6. Activity of phosphate solubilizing on the cabbage field

Treatments
Primary Secondary Tertiary

control treatment control treatment control treatment

Phosphate

concentration(ppm)
2 2 2 10 3 5

«?!# ^4 Table S^ll^

^45^ h1]44^ 4

4 ^4 4'='14 44 ^^4 'i-r-^f >^34
4 £Oj:oll 44

^ s.4«^l -§-«114 4444 12 ppm 4

^4 ^^11444.

344 ^4 ^4^^ afloj:o^^

^°44 «11^ 4# 4444-$-4 afl^ 44 4

^4^ 4444^4 4444 44 4^ 44

444. Table 6<»114 :e.^44 4-4

4=^-^4 ^•?- 244 7f4

•1: :e.44-.
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Chromobacterium violaceum YK 391^1 Cyto^ne
Deaminase Cytosine Analogues^l

Effect of Cytosine Analogues on Cytosine Deaminase Activity
from Intracellular Chromobacterium violaceum YK 391

Kim, Hyo Jung, Hyun Soo Kim, Young Eun Seo, and Tae Shick Yu

Department of Microbiology, Keimyung University, 701-704 Taegu, Korea

Chromobacterium violaceum YK 391^ >*115.141 cytosine deaminase "1

^1^ cytosine analogue^ Cytosine deaminasefe 7]^ol cytosine'y °l|
6-azacytosine, 2-thiocytosine, 2-thiouracil<^ 2-thiocytosinej4 2-thiouracil^
A] 311 ^1^^ 2.5xlO'^j4- 2.65xl0'^®l$ii=f. Cytosine deaminasefe 7l^ol 5-fluorocytosine'y °11

2-thiocytosinej^l- 2-thiouracii®ll Slsj-ol 2-thiocytosinej4- 2-thiouracil2l ^1311
2xlO"^4 0.875xl0'̂ c)l^cl-.

Abstract. In this study investigated the effect of cytosin deaminase activity from intracellular
Chromobacterium violaceum YK 391 by cytosine analogues. When was substrate cytosine, the

cytosine deaminase was inhibited by 6-azacytosine, 2-thiocytosine and 2-thiouracil. The Ki value

of 2-thiocytosine and 2-thiouracil were 2.5x10"^ and 2.65xlO'̂ M. When was substrate
5-fluorocytosine, the enzyme was inhibited by 2-thiocytosine and 2-thiouracil. The Ki value of

2-thiocytosine and 2-thiouracil were 2xlO"^j4- 0.875x10 ^M.

I. Ai g

Cytosine deaminase(cytosine aminohydrolase,

EC 3. 5. 4. 1)^ pyrimidine ^7l
cytosine^! 4^ ^^1^ oj-njicJl

# 71-^^311 «]-ol uracil^f ^a.i-lol--S. ^^>*>171

7l-^^«11 5:4:0]cf. o] 1923idoll

5LS.,
d].^^ ^Sd]

>*ll5i41 cytosine deaminaselCODase)®!]

KreamiJl- Chargaff(1952)^ CODase^]

Kaltwasser^

Kramer(1968)fe cytosine-i* nfl^loflA]
CODase^^Jo]

CODasefe- cytosine^ -^5^
5-fluorocytosine(5-FC)oll i4l3llA-] ^ o].ti]ic.^

^°ll^l-<^ 5-fluorouracil(5-FU)^

?14. ^ o].n]}nSl- ^ 7}7] ^
«a>a-«l-^ol Slfil# 5^51-Jl 9X^.

«J^^7ils.Aisl 5-FCfil 5-FC

^ uraciis] fluoroS]- € S-FUS]-^ ^

2] ^•3'^ ^TllSj-x] 5^1'i-l' ^•3''^7]- 4:

5afe CODaseSl 5]«ll 5-FUS. ^

dl^ 5L^7l- i-l-El-

Vfnl-ji 5alS>55lcf.

1-711^ igsTvl

Duschinsky ^o] 5-FC71-
ojEfls. 1970^4 olS.5]A]^ Giegei4- Weil
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<^1 Sife CODasei

5-FC7} 5-FUS. # 6]-Dli::S}-^AS.'iq

<H1 cil^ ^sj-A^oll 3l471-

^ Escherichia coliS.^^ ^^^1^ CODase

(Katsuragi, et al., 1986)21- 5-FCl-

^ cerebellar deficient folia

(CDF) ?1 gIiomaS.-^E:l -^5.^ EA-285 glioma
M]S.s] ^i«ll5l-Jl(Sakai, et. al., 1985) ^1

•^®1, Fisher7l| ^2]

ol-i- ^<^H1 2)si) enzyme capsule2]

<^l-§-2j- drug-delivery system®!]

^7} ol^c^^ji 19941^0)]^ Wallace ^

®11 21S11 CODasel- «J-^]2l-

^J-#'?l=iL'^ol Al£.5]o^ai i998Hi®i]^ Kim -g-®!

in uifro'g-®!]Ai •a^^^2]

M]S.7i]<^J. K-562 ^ 917^ tflAj-

•a- ><11 i711^ SUN-C4®!] C0Dase2l- 5-FC

1- Alsfl. i4E]-^n4^

9^^ ^JL ^eofl^ CODasel-

®l-§-^>H :^lS-l- suicide gene.^

S.^ A>-g.«]-^ <^=^7\ ^S3£]J1 0^4

^"^l CODasefe- pyrimidine nucleotide
cflA|-^]ol|Al key enzyme

^"LV 9inM -T-«ll^
5-FC21- CODasel

^l^JL2l-l M-e1-i41o1 "yA^vt}-^ o]-g-
71-g-Ajo] JLd^olnl-. CODasel

-ll®ilAll ><5Aj£]Al ^ji 4a1 n]>^51-oflAi^V ^

^1^ <io11 rfl«|]Al£ -1-1^^51-71 t41^o1]

1®] 9X^S.S. aI^a^o] C0Dase2l ^1^®]

^1^1 ^^€^1-. H^E-S. CODasel 4^S>\S.

Itill ®fi-l2l- ><l]S'4]®llAiS. nfl-f %

>g 1 M-Hl-vfll Chromobacterium violaceum

YK 391(Yu2l- Kim, 1997)1 gf-Al^®.^. A>-g-

Chromobacterium violaceum YK 391®!] i4l^
A^^ -ol ^

2] lA^A^Sll 7l2^o^] ?lt!: ^A]

Cihak 1(1965)-! Escherichia coli^ C0Dase2l

Al^m 5-azacytosine®!l 2lsl|, Krem 12] Hg-:§.S.
CODase2] Alsfl^ isocytosine^]- 2-mercapto-6-

aminopyrimidine®!! 2]S11 z]- z)- Alaflsl^i:]-!

1997<d Aspergillus fumigatus IFO 5840®] ><5'tt^l-

1 CODase! 6-azacjn;osine2l- 2-thiocytosine®ll

2] §11 A]3{lsl®li:l-! ^JL71- $1514. 4el->^1 ! 9^

Y"®!l>H! Chromobacterium violaceum YK 391®]

>*5 >1:4! CODasel ^IsDs]-^ cytosine analogue
2] ^ 3:^0] ^A^A]8fl 714®]]

•a 14^4.

n. XHS S!

! 11®!] Af!^ Yu4 Kim(1997)®l] 2]

5]] A]l5.s] CODasel iHl^l-fe- Chromobacterium

violaceum YK 3911 IaI^^s. a|-!4^4. o]

^^1 tlH.®S. CODase®]] «?1H

^«J45i4. p]^51-2] ii^! ui|a]
®]]A^ yfl'cft!: 5^11 20% glycerol l'̂ ^®!] 144

®] deep freezer(-700®!] ^®] .S.^4-^4.

uHt:] 51 tj||?>^

7]!®!] A]-!^^ JiiiX^Al «114 (Peptone 10.0,

Meat extract 1.0, Yeast extract 1.0, Soluble

starch 7.5, K2HPO4 0.5, NaCl 0.1g/£ ).e.4 £4:

11®] 2bH <^11- 171] 444 11!

(Peptone 2.0, Meat extract 1.0, Yeast extract

1.0, Dextrose lO.Qg/£, pH 7,0) 20ni^l lOOm^

44 14^Hoi] "43. 14

4 301C, 150rpm®]]Ai l®a4 44 4441 1
1 4 441.^3. A].!4^4. .g, a}]®j:!

a]]4 lOOm^l 250in£ 44 14^3®!] 4! 4

h)14^-^ lni£l 47V41 30t, 150rpm®!]Ai 244

44til]4 A] ^4 ^4 til|®J:t!: 8,OOOrpm®!]Ai

411h]5H 1^]1 ^^4^4.

iX-ll

14117]- >344! ><1)^4 CODasel 47]

44<=»] 244 44 MH44 14112]
8,000rpm®!]Ai -^141444 41-43 lllS.

34 ><fl44 4!, 0.2M Tris-HCl4!®-^(pH 7.5)
.5.S. 14 ><1]44^4. >M]44 1^]1 4a] 0.2M

Tris-HC141'3ii(pH 7.5)®!] 4443 10t:®]4<^]4
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Chromobacterium violaceum YK 391s] Cytosine Deaminase ^^<>11 Cytosine AnaloguesSi 3

120HzS. ^-§-4 4^711- A>-g-S).<i^
^nl;gs].ollAl ^^7} 44fl ^ nj);^;^]

12,000rpm®l]Ai 20^:?V

;«Il7l$l-aI 11 3iS.±^±S. A]~§-S>^i:|-,

S.±^^SL

Cytosine deaminase^ Sakai -f-S]

Hj-^(1975a)'»ll Al-g-^«i^ ^

290nm^ 7l^«y cytosine

•y uracil<5l M-Ei-vflfe

CODaseS^ 3:^ ^-§-^ 5mM

cytosine-§-"2^ 0.2m^^

0.2M ^ 0.2M Tris-HCl^^®-^(pH 7.5) 0.6m«l-

l.Om^slTil 371C®IlAi 30^:^ Jl

± ^-S-Am O.IN HCl 4.0 mill- ^7>^H ^

^ ^^1^1 ^4. 3l4; ^-S-

^37]^ ^l7l5>J2. %A^^

#Ajs>55ic).. 30^ ^tH) 1

^oleS] cytosine# ^ ofo] uracilS.

S.±^-%: lunitS. Ajs] §>5^1:1-.

S.±2.\ S7HI

2iS.±^^ lOOmU'̂ ll 20%S. 3L
Sl-Al?^ IX\:^ 4lC<>llAi 12,000rpmS.

10^^ ^^^2^ ^^1-

# ;tll7l5>aL ^44«a-2-^# 40%S. 5.

^Al?^ ^AlAl^nf. ZL ^ ^Al:<a-a#oi

2::?!<HlA^ €^^2l

^^1-i- 4:^51 0.2M Tris-HCl^#^-^

(pH 7.5)<^ -g-«l|A]?liL 20till

^ 3S1 4TCollAi IQA]^
•f-^Alfac]-. ZLHlul #-§-A^

1-^# 2:?iollA-l ;^il7^sl•<i^

A>-§-^T:f.

JLrhS]

^ ^£S>7l ^S|l pH «#7^A^,

t pH, ^-g-
JLixS) pH tV^A^# ^£^7] ^€r>

pH pH 12.07H 2:

4 44 2444: 4r^lAi ^44

4 3L:t #A^# .g. ^

4:^A^# Si±^% 251CoI|Ai 8G1C4-44 4 #

H<>fl4 10^4 4444 #4 ^444 37iC

"^14 4^3l^44# #4 4^4. ^ Jl4i4 ^

-§- 44 pH# 4S471 444 4^# pH 'i

^^44 4 4 44 #Aj^

^-§-44 #5.^ 151C4A1 75t:44 4 #£4

4 Jl4i#a^# #4 4514.

Cytosine analogueS| g®):

•& 3l:t4 %44 44^ C5d»sine analogue^

44 -n-T-l- 4 £471 -9144 5niM4 cytosine4

S-fluorocytosine# 44 7]4£ 44 cytosine

analogue^ #£# ImM 44 47]-4jl- •?•

444 S.± 4-§-4?i 4^3L^4AjA #444

S-i: 444 44fe cytosine analogue^ 444

444 4£^4.

^2f S! jl#

AllsMi cytosine deaminase^ :aJl:5|-5j

pH

S.±^ 5]-444 44fe pH4 44# 4£4
7] 444 pH 3.04 Ai pH 12.0444 4 4#4

pH

Figure 1. pH stability of the cytosine deaminase.

Enzyme solutions were dialyzed in 0.2M buffers
of pH 3.0 to 12.0 at 4t] for 24 hours. The residual
activity was assayed under standard conditions.
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"=^1 24A]:?> 4t:ollAi n j§:i

#^^•1- 4-§-^ pH 3.0

glycine-HCl pH 4.0o1lAi pH 5.0^'>a1^

acetate pH 6.0^ citrate-phosphate ^

pH 7.0«^A-] pH 8.04^1 Tris-HCl

pH 9.0<^lAi pH 12.04^1 glycine-NaOH

4 4 AV-§-4onq. Fig i6\] 4

4 4«^1, pH 7.0«llAi pH 9.0 ^ x±^

"L>^4^4.
JLriiS] pH "^^-8: C violaceum YK 3914

41i4 CODase(Kim, et al., 1998)4 pH 4:4^^

44 vl pH 7.0®Da1 7.5 Aj-o]^ j^sp. fumigatus

CODase(Yu, et al., 1991)4 pH S.S^llAi
8.0A)-ol^ co/z4 'MlJE.ifl CODase(Katsuragi, et

al., 1986)4 pH 9.0<^]Ai 10.0 Aj-oloijAi

2.4:4 444 44 S. marcescensiYu, et al.,
1976a)4 P. aureqfaciens CODase(Yu,
et al., 1976b)4 pH 444 pH 7m]M
9.0A}-oi4fe -^A>^ i4El-ifl44.

•& 24i4 4 444£44 444 S.±

•5^^ 25rol]Ai 801244 4 -8:£«HlAi 10^4 4

444 ^ ^444 37t'^]A-l 4^ 2i 4

Temperature

Figure 2. Temperature stability of the cytosine

deaminase.

Enzyme solutions were kept in 0.2M Tris-HCl

buffer(pH 7.5) and incubated at the indicated

temperature ranging from 25*0 to SOT for lOmin.

The residual activities were assayed under

standard reaction conditions.

^^4: 44^4. Fig. 2«^] 44- 44, 251C4-

351C«^4fe 100% 4^ 24: #41" 44-4] Siui,

50lC<^4fe 86%4 4^ 2:t €4# 44-4Si

4. £4 651C<^14^ 43%4 4^ 2:1: 44#

44^Si£4 75iCollAife £]^4.

C. violaceum YK 3914 4]5.Ml CODase(Kim,

et al., 1998)# 70t:4lA-l io#4: 4441- 4 4

#41# 4= 19%4 4# 44# 44-MlSi24 9

01C4lAife 444 44 4 Si4. Asp. fumigatus

41£M1 CODase(Yu, et al., 1991)# 45lCollAi 1

5%4 4# 2^: 44# 44M1# 44oll S.

marcesccns(Yu, et al., 1976a)4 P. aureofaciens
>^1£M1 CODase(Yu, et al., 1976b)# 601, 701

44# 4444, E. co/i4 ^ISM] CODase

(Katsuragi, et al., 1986) 501244# 444^4.

44-4 444 45144 # 2£# ##oilAi

ji#44 44444 ofl# ## 2J:4-2.£ 4

4-42£ ##4 4#4 4#t!: ##4 2^:4

:n. #4 4 Si4.

Table 1. Substrate spedficity of the cytosine deaminase

Substrate(5mM) Relative activity(%)

Cytosine 100

5-Fluorocytosine 58

Cytidine 0

5-Methylcytosine 7

6-Azacytosine 7

5-Azacytosine 0

Isocytosine 0

The cytosine deaminase activity was assayed under
standard reaction conditions in presence of substrates
at indicated concentrations and the results were

expressed as relative activity to that of cytosine.

pH

24:4 €4®11 44# pH4 44=# £4471

444 7l^# pH^ 4 4 #4 37t:

44 ^#44 2£ %4# 44^4. Fig. 34
444 44 44 45i4 f^444 2^:444

424^^4 pH 7.544 7f4- ## 22 4Aj

# 44MlSi4. C. violaceum YK 391^1 4S.ifl

CODaseCKim, et al., 1998)4 Sal. typhimurium

(West, et al., 1982)4 4£M1 C0Dase4 4#
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pH7}- 7.52l-fe Asp. fumigatus

Ml CODase(Yu, et ah, 1991)4 "S-SLS-dpata, et

al., 1970)^1 ^V-§- pH7l- 7.00]ehfe ^^1

-T- 4, S. marcescens(Sakai, et al.,

1975a)4 P. aureofaciensiSaksd, et al., 1975b)7l-
-MlSdl Jl4:S1 ^-g- 31^ pH7l- 44

10.04 9.54fe- 44^ 4^^ 441- 44^1514.

Figure 3. Effect of pH on the cytosine deaminase
activity.

The enzyme activity was assayed under standard
reaction conditions using glycine-HCl buffer(pH
3.0), acetate buffer(pH 4.0 to pH 5.0), dtrate-phosiiiate
buffer(pH 6.0), Tris-HCl buffer(pH 7.0 to pH 8.0),
and glycine-NaOH buffer(oH 9.0 to 12.0).

10 20 30 40 50 60 70 80

Temperature

Figure 4. Effect of temperature on the cytosine
deaminase activity.

The enzyme activity was assayed under standard
reaction conditions and the reaction temperature

was varied from 151C to 751).

44^ ^£4 2:44

7l 15'C<^14 75TC44 4

#4^ #4^4. Fig 5<H1 444 44 ^
4-§- ^4 351C'^14 45t:4<»1^4

C. violaceum YK 3914 ^15.Ml CODase(Kim,

et al., 1998)^ 28^01]4 32X:44M]4 Jii %
^^4 4514^^4 4-S-44-S:Hfe 301C43I S.

marcescensiYv, et al., 1976a)4 P- aureofaciens
CODase(Yu, et al., 1976b)7l- 50lCi4

4-5-44 ^s.1- 444^4 4

44 ^ JLihfe ^1^4 37t:44 4-§- 44 ^
HI- 444H.S. 44-444 4-§-4 4 -R-44

^444.

.S 60

unwinn}

Figure 5. Effect of the inhibitors on the activity
of cytosine deaminase on incubation time.

Inhibitor(lOmM) was allowed to react with cytosine

deaminase for various periods of time at 37tl in

0.2M Tris-HCl bufferCpH 7.5) and 5mM cytosine.
—#—; 6-azacytosine, •••O"-; 2-thiocytosine,

—T—; 2-thiouracil.

cytosine deamlnase4 Sis'

4- S-dis] 71^4 44 444# 4H471 44
c>l_ ^44 4 4-§-44 cytosine,

5-FC, 5-MC, cytidine ^ cjdx)sine analogue #4
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S.± #^^4. Table H M-Bfvl-

^1"^ ^*='1, •& 3l±^ cytosine®il 5-FC^
5-MC, 6-azacytosine®fl ^ ^ 58%^ 7%,

7%^S. cytidinej^

5-azacytosine, isocytosine-c: 7]^S.''^

JL^ife cytosine^-i" 7l^S. S.

marcescensiYu et al., 1976a)^ cytosine^j- 5-MC
# 7]^S. T-l-g-s)-^ p, aureofaciensiYu et al.,

1976b)4 ^2l cytosine, 5-PC, 5-MC, 6-azacytosine,

cytidine-i" 7l^S. «5l.g-§]-^ Q violaceum YK 391

^ CODase(Kim et al., 1998)4 ^•
7]^ 7}7]^ ^^4.

cytosine analogue^

^ 7)^®1 cytosine4 S-FC^
%A^oj) p]4fe- cytosine analogue^] "^-4

.ii7l 7)^ 5mM cytosine 0.2m£, 3l4i

0.2m£, lOmM cytosine analogue 0.1in24 0.2M

Tris-HCl 7.5) 0.5ni«l- 371C

^ll'H 30€-^ A]4 s.±

4^4.

Table Z Effect of cytosine analogues on the cytosine
deaminase activity using different substrates.

Cytosine analogue Inhibition ratio(%)

(ImM) Cytosine 5-Fluorocytosine

None 0 0

5-Azacytosine 0 4

6-Azacytosine 39 9

6-A2auracil 9 3

2-Thiocytosine 87 57

2-Thiuracil 95 77

Isocytosine 0 0

The cytosine deaminase activity was assayed
under standard reaction conditions in the presence
of cj^osine analogue at indicated concentrations
and the results were expressed as relative activity
to that of none.

Table 2®11 444 44 ^4, 71^-i- cytosine-i-

4-8-44 4^5S-i- 41 5-azacytosine,
6-azauracil4 isocytosine-8: ^ S.di 4

•T-^ 444 ^ 4, 6-azacytosine,

2-thiocytosine, 2-thiouraciH 444 39%, 8

7%, 95%S. ^ 444 4«ll4Si4.

C violaceum YK 3914 M]S.^ CODaseCKim

et al., 1998)4fe 4^4 ^4-i- 444^-9-4

2-thioc3^sine, 2-thiouracil, 2-mercaptopyrimidine

4®ll 4®fl4^ Asp. fumigatus 4)5.4 CODase
(Yu et al., 1991)4^ 4€- 444SI4.

444, 7]^-i- 5-FC-i- 4-8-44 3l^ 44

^ ^ ^ §-^^4 44 44^

5-azacj^sine, 6-azacytosine, 6-azauracil4

isocytosine-c: 2.4: ^44 4-T-fi 4^^ 4

44 5 ^54, 6-azacytosine, 2-thiocytosine,
2-thiouraciHl 444 9%, 57%, 77%5 ^ 24i

444Si4.

24i-c- 7)^5 cytosine-i- 4-8-^ 4fe 44
45 4-8-4 6-azacytosine4 7)45 5-FC# 4-8-

4fe 6-azacytosine4 7^8j]xlls. 4-8-44 ^

^4# 4444 ^ 2^ #44 44 444

444 44 454 44'd-# 4S1# ^ SlSi4.

7|^ cytosine^ 41 cytosine analogue^

45'"^ 4^ cytosine deaminase^

Cytosine analogues] 6-azacj^tosine, 2-thiocytosine

4 2-thiouracil4 7)454 cytosinei: 4-8-

4 -g- 24: #44 2i #-§-444 44 44

44^ 4547) 444 5mM cytosine 0.2
mi, 24i 0.2m«4 0.2M Tris-HCl #-^4 (pH

7.5) 0.5m2-l- ^#44 24: -^^-^Sl) lOmM

6-azacytosine, 2-thiocytosine, 2-thiouracil 0.1di£

^ 44 471-44 371C44 30^, 60^, 90^,
120^ 4^44 #-§-44# 24:#4^ 444

^4. Fig. 54 44# 44 44, •& 24:^
6-azacytosine*^ *^144 57) 30-^4 44^1 2

5 #4^ 4«1)44 120^4 2)4 7") 4

7^54 4 65%7f i7] 30^*H] 7^«))5lSi4. ^2)
JL 4^4 ^ 25 4-7^-i- 44711 7i«l)4fe

2-thlocjrtosine4 2-thiouracil 44 57] 30^*51]

7) St) 5154 =L ol:?:^ ^.§- Al;^ol] 44 a) a) 4

7-)si)4^ 4 ^ SiSi4.
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cytosine deaminaseSf

m

Cjtosine analogue^ 6-azacytosine, 2-thiocytDsine

2-thiouraciI«^l 3L± ^-S- •&
Hoil 4s|.

5mM cytosine 02ml, S.± 02misS^ 0.2M Tris-HCl

7.5) 0.5m£l-

lOmM 6-azacytosine, 2-thiocytosine, 2-thiotiraciI

0.1m£^ A A 24*0, 301C, 371C, 45TC'̂ ]

Fig. 6«fl M-Ej-vi- wfiZ)- :g-6], ^
37'C<^l^i ^lS{]7ll<y 6-azacytosine, 2-thiocytosine,
2-thiouraciH s]sl-<i| ^H^cf ®]=Sl-7ll 7i\

-g- S.± ^iSIl

^^^7} cfsTil

20 29 30 3S 40 45 so

Tempocatura

Figure 6. Effect of the inhibitors on the activity
of cytosine deaminase on incubation

temperature.

Inhibitor(lOmM) was allowed to react with cytosine
deaminase for various periods of temperature at 371C
in 0.2M Tris-HCl buffer(pH 7.5) and 5mM cytosine.
—•—; 6-azacytosine, •••O"-; 2-thiocytosine,
——; 2-thiouracil.

cytosine deaminase^

Cytosine analogue^ 6-azacytosine, 2-thiocytosine

2-thiouracil<^1 -g- S.4: 7^«l]7l)S)
ofl nj-ei- ^£51-71 5mM

cytosine 0.2m£, 0.2in2fii- 0.2M Tris-HCl ^

^®-q(pH 7.5) 0.5m«l- S.di

6-azacytosine2] ^S.!- ImM, 2mM, SmM,

lOmM, ISmM, 20mM.£ 2-thiocytosinej^

2-thiouracil^ 0.5niM, ImM, 2mM, 3mM,
5mM, lOmMS. 44 ^7>sH 5^ %

#^4^4. Fig. 7011 444 44 4<»1, -g- 5^
17.&nM 6-azacytosine, 6mM 2-thioc3rtosine,

SmM 2-thiouraciH 4 50% 4^8114^4.

0 S 10 IS 20 25

Concontratton of cytosino analogue(mM)

Figure 7. Effect of the inhibitors on the activity of
cytosine deaminase on inhibitor concentratioa

Cytosine deaminase was allowed to react for
various periods of inhibitor concentrate at 37*0 in
0.2M Tris-HCl buffer(pH 7.5) and 5mM cytosine.

—#—; 6-azacytosine, —O—: 2-thiocytosine,
••••—: 2-thiouracil.

•g" S.i:^ 44 6-azacytosine, 2-thiocytosine,

2-thiouracil4 4^ 44-i- 4^471 444 cytosine
^3c.-i- lmM®114 &tiM44 3;^4-jl 6-azacytosine,

2-thiocytosine4 2-thiouracil4 17.5mM,
6mM, 5mM.2.S. 44 371C«^4 30-S-4 4-§- 4

4 3.4^ •^'344 Lineweaverburk plots
^ 44M1S14. Fig. 8-8- 71^-1: cytosine-i- 4-§-

SS-B 4 6-azacytosine4 44*^1 ^
6-azacytosinefe cytosine deaminaseoll 4

44 X4 Y4 +4444 J244^
^ed# 444Si4.

4fe- 314^4 444^^ non-competitive; competitive
mixed, ^ uncompetitive inhibition4 ^44 "=>]•

\1 44MI4 # 4 4^44
^ ^.a.44 4^4^4. 444 7]^oi]
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^i«fl M-E)-\d- ^o] 6].ia ^

i-<^i ^i«fl^Eii'a-i: 'y- ^ $1^4.

o.oos

C 0.006

0.004

0.002

-0.2 ® 0.4 0.6 0.8 1.0

1/S (mM of cytoslne)

Figure 8. Type of inhibition against cytosine deaminase
by 6-azacytosine.

The enzyme activity was assayed the presense or
in the absence of 6-azacytosine. the reaction mixture
contained 0.1in€ of the enzyme solution. Velocity(v)
was expressed by the decrease of OD at 290nm
for SOmin at 37T and substrate consentration(s)

on mM of cytosine.

—O—; 17.5mM 6-azacvtosine. —#—; None.

0.016

0 014
/ o

0.012

0 010 / •

$ 0.008 yG
0 006 /

0 004 J'

0.002

l4 -O.^^^^Oj0 0.2 0.4 0.6

1/s(inM of cytoolne)

Figure 9. Type of inhibition against cytosine deaminase
by 2-thiocytosine.

The enzyme activity was assayed the presense or
in the absence of 2-thiocytosine the reaction mixture
contained 0.1m£ of the enzyme solution. Velocity(v)
was expressed by the decrease of OD at 290nm
for SOmin at 37iC and substrate consentration(s)
on mM of cytosine.
—O—; 6mM 2-thiocytosine , —#—: None.

0.016

/ o
0.014 /
0.012

/
0.010 /

^ 0.008
/

0.006

0.004

0.002

1 lO.OOO^* ^
0.2 0.4 0.6 0.8 1.0 1.2

1/s(inM of cytosine)

Figure 10. Type of inhibition against cytosine deaminase
by 2-thiouracil.

The enzyme activity was assayed the presense or
in the absence of 2-thiouracil. the reaction mixture

contained O.lm^ of the enzyme solution. Velocity(v)
was expressed by the decrease of OD at 290nm
for SOmin at 37*C and substrate consentration(s)

on mM of cytosine.
—O—: 5mM 2-thiouracil, —•—: None.

Fig. 92}- Fig. 10-& 71^-i- cytosine^

•i" ^ 2-thiocytosine2}- 2-thiouracil^

# ^.^5. cytosine deaminase®!) tflt!:
2-thiocytosine2)- 2-thiouracil2} cytosine

®fl Vmaxl- ^Sj-

^1^]^ ®1](non-competitive

inhibition)*y-i- M-E)-vfl$iiT.

^ ^«{|7ill:5} 7]^ 7i|^(Ki)2} 2i7}^7]

2-thiocytosine 4mM®ll'H SmM^V

7], 2-thiouracil SmM®!]'^ TmM^j-^l 3i

37'C<>11>H 30^^ n

Dixon^®!] 2}«}) plot»l-«=*} Fig. 112}-

Fig. 12®1]7.-| ufs}- 2-thiocytosine2}-

2-thiouraciH tfltb Ki^-g- 4 4 2.5x10 2-

thiocytosine 2}- 2.65x10 2-thiouracir^®l ^4.
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0.014
•

0.012
•

• /

0 010
•

0.008
•

0.006
• / •

0.004 • /

0 002 /

•2 0 2 4 6 8 10 12

l(mM of 2-thlocyslns)

Figure 11. Grai^cal determination of inhibition constant
of 2-thiocytosine.

Reaction condition were the same as those described

in the 'Materials and Method' except that the
reaction mixture contained 0.2m2 of the enzyme
solution and varied concentration of 2-thiocytosine.
Velocity(v) was expressed in mM of uracil formed
in SOmin and 2-thiocytosine concentration(i) in mM.

0.020

0.018 • /

0.016

0.014

0.012

0.010

0.008 / •

0.006 / •

0.004 • /
0.002

• 0:000
•2 0 2 4 6 8 10 12

((mM of 2-thlouractl)

Figure 12. Cff^Dhical determinaticxi of inhibition constant

of 2-thiouracil.

Reaction condition were the same as those described

in the 'Materials and Method' except that the reaction

mixture contained 0.2!n£ of the enzyme solution

and varied concentration of 2-thiouracil. Velocity(v)

was expressed in mM of uracil formed in SOmin

and 2-thiouracil concentration(i) in mM.

5-FC^ till cytosine analoguesi

cytosine deaminase^

Cytosine analoguetl 2-thiccytosine2l- 2-thiouracil
o] 5-fluorocytosine^ "11 ^

^£^1-71 5niM cytosine 0.2in£, S.

^ 0.2inl55l- 0.2M Tris-HCl 7.5) 0.5m«

•I- S-ri: lOmM 2-thiocytosine

2-thiouracil 0.1ni£-ir STCollT-i

30^, 60^, 90^, 120^ Jl
Fig. m 444 44 ^

4, 2.4;^ 4-§-44 60^44 2-thiocytosine
4 2-thiouraciHl 44 24:4^^4 4^71- ^
71] 441^24, 4-§-44°ll 44 444 444

^ Si^4.

20 40 60 80 100 120 140

Tlme(mln)

Figure 13. Effect of the inhibitors on the activity
of cytosine deaminase on incubation time.

Inhibitor(lOmM) was allowed to react with cytosine

deaminase for various periods of time at 37TC in
0.2M Tris-HCl buffer(pH 7.5) and 5mM 5-FC.

—#—; 2-thiocytosine. —O—; 2-thiouracil.

•^JEW cytosine deaminase-S}

Cytosine analogue^ 2-thiocytosine4 2-thiouracil

4 7l^S.4 5-fluorocytosine^ °1)
22 %>^^4 22 4-S- ^24 44

^S.47l 444 5rnM cytosine 0.2m£, 2
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0.2m«i4 0.2M Tris-HCl 7.5) 0.5tn«

•l" 2.4: lOmM 2-thicx:ytosine

2-thiouracil 0.1ni«# 24 TC,

30r, 37r, 451Coll>H 30^

^^-i- #^51-^4. Fig. 14«^1 M-E]-\+ ^

<^1, -g- 24:^ ^-§-&5.1- 371CS. a|l

2-thiocytosine2l- 2-thiouraciHl

£^4 nt}7\\ ^islls]^2i4, ^ 24:
ci{] ^§27]- Cf^Tll SJr^Cf.

20 2S 30 35 40 45 50

Temperature

Figure 14. Effect of the inhibitors on the activity of
cytosine deaninase on incubaticn temperature:

InhibitordOmM) was allowed to react with cytosine
dearainase for various periods of temperature at
371C in 0.2M THs-HCl bufferfpH 7.5) and 5mM 5-FC.

—•—: 2-thiocytosine. —O--; 2-thiouracil.

w^'^J cytosine deaminase-S}

Cytosine anaioguetl 2-thiocytosine2]- 2-thiouracil
<5] ^ 24: nl-El-

^ ^£§>71 5mM cytosine 0.2
M, S.± 0.2m«4 0.2M Tris-HCl 7.5)

O.Sme-i- 24: 2-thiocytosine

^ ImM, 2mM. 5mM, lOmM, 15mM,
20mMS. 2-thiouracilfi) ^S.# 0.5mM, ImM,

2mM, 3mM, 5mM, lOmMS. 24:

^7>§l-o^ 24: Fig. 15<^] 4

El-'d: ^<^1, -g- Jl4:fe lOmM 2-thiocytosine
4 7mM 2-thiouraciHl 7.^ 24: 50% S.

-g- 2.4: <^1 cfltl: 2-thiocj4osinej^ 2-thiouracil^

'cHJ'-i: ^£^]-7l 5-fluorocytosine

1- ImM^IlT.-] SmM^l"^] 2-thiocytosine^

2-thiouracil^ lOmM, 7mMS. 37^

£. 80

0 5 10 15 20 25

Concentration of cytosine anaiogue(mM)

Figure 15. Effect of the inhibitors on the activity of
cytosine deaninase on inhibits* concentratioa

Cytosine deaminase was allowed to react for various
periods of inhibitor concentrate at 37*0 in 0.2M
Tris-HCl bufferfpH 7.5) and 5mM 5-FC.

—#—; 2-thiocytosine. —O—; 2-thiouracil.

0.04

0.03
•

o

^ 0.02
•

s

0.01 9^

' • 0.00^

•0 2^ 0.2 0.4 0.6 0.8 1.0

1/5(mM of S-fluorocysine)

Figure 16. Type of inhibition against cytosine
deaminase by 2-thiocytosine.

The enzyme activity was assayed in the presence
or in the absence of 2-thiocytosine. The reaction
mixture contained 0.1 in£ of the enzyme solution.
Velocity(v) was expressed by the decrease of OD
at SOOnm for SOmin at 37*0 and substrate

concentration(s) on mM of cytosine.
—O—: lOmM 2-thiocytosine, —O—: None.
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®I|>H 30^^ S.±

Uneweaverbuiic plotsS. Fig. 16^4

Fig. 17-& ^ cytosine deaminase7l- 5-

fluorocytosine<=^l cflt!: 2-thiocytosinej'l- 2-thiouracil^

5- fluorocytosineoll

7l^(non-ompetitive inhibition)*?]•§•

0.030
•

0.02S /o

0.020
/

4 0015

0.010 o

0.005
•

—' leTOoa*
0.2 0.4 0.6 0.8 1.0 1.2

1/s(niM of 5-fluorocytoslne)

Figure 17. Type of inhibition against cytosine
deaminase by 2-thiouracil.

The enzyme activity was assayed in the presence
or in the absence of 2-thiouracil. The reaction

mixture contained 0.1 ra^ of the enzyme solution.
Velocity(v) was expressed by the decrease of OD
at 290nm for 30min at 371) and substrate

concentration(s) on mM of cytosine.
—O—; 7mM 2-thiouracil. —#—; None.

cytosine analogue^

2-thiocytosine 12mM7l-7]^

2-thiouracil

^ 30^^ =L Dixon

plot^]•«=>^ Fig. Fig.

19fe- •& cytosine deaniinase7]- 7l^S.^i 5-

fluorocytosine^H 2-thiocj^sine^ 2-thiouracil

si M-El-141^
2-thiocytosinesl- 2-thiouraciHl Ki

T]- 4 2x10 2-thiocytosine '^4 0.875x10
2-thiouracil

0.014
•

0.012 •

0.010

0.008

0.006

0 004

0 002 y

.2 0 2 4 6 8 10 12

l(mM of 2-thlocytoslno)

Figure 18. Graphical determination of inhibition
constant of 2-thiocytosine.

Reaction condition were the same as those

described in the 'Materials and Method' except

that the reaction mixture contained 0.2in£ of the

enzyme solution and varied concentration of
2-thiocytosine. Velocity(v) was expressed in mM
of uracil formed in 60min and 2-thiocytosine

concentration(i) in mM.

0.012
/

0.010 X
0.008

0.006 X
0.004 X
0.002

'—0;000-

• X
-2 0 2 4 6 8 10 12

l(mM of 2-thlouracll)

Figure 19. Graphical determination of inhibition
constant of 2-thiouracil.

Reaction condition were the same as those

described in the 'Materials and Method' except
that the reaction mixture contained 0.2iirf of the

enzyme solution and varied concentration of
2-thiouracil. Velocity(v) was expressed in mM of
uracil formed in GOmin and 2-thiouracil
concentration(i) in mM.
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Cytosine deaminase(cytosine aminohydrolase,

EC 3. 5. 4. 1)^ ^

^^^1 ^-cr cytosinej'l- 5-fluorocjd;osine

^ uracilj^ 5-fluorouraciiS. 2.4i

°1^. Chromobacterium violaceum

YK 391o] ^54+^1-^ cytosine deaminase

cytosine analogue^

^ ^4. pH pH T.O^Ei pH 9.0
A].oloilAl «g 25X:^^

35'C<^]>^ife 100% 5l4i
SOr^Aife 86% S] Jl4x

4. BEI!!: eSCiAife 43%o]

q-E]-i4]5iul 75rofl7.ife •&

Mp-S- pHfe «1H^ S.±%
<y=3:«l-^.5LO^ pH 7.5®ll7>i 7}^ S.:Si

35lC<^Ai

45lC4ol«>il7.i S.± -g-

7]^ cytosine®!! u]^!-*^ 5-FC

^ 5-MC, 6-azacytosine®ll ^ ^ 58%,

7%s!- 7%^J£. 71^5.^ ®l-§-s>^c)-. nsiq-

cytidine^f 5-azacytosine, isocytosine-^ 7]^S.^
®l-§-«l-7] 7]^S. cytosine-i" 7.>-§-^-|-

^ Jl4:21 6-azacytosine, 2-thiocytosine,
2-thiouraciI®ll 39%, 87%, 95% Tiafls]^
i 71^-i- 5-FCl- °!1 ^ €

^j-8- 2-thiocytosinej'!- 2-thiouracil®l] 57%

^77% 7!3flS)®ic!-. 7]^ cytosine°il cytosine
analogue^! #3^ •& ^

30^^S. sU ^-g-^Sl- 37t:S.

-§• *41 6-azacytosine, 2-thiocytosine, 2-thiouracil
oil SlSH 7VS1-7!] ^

17.5niM 6-azacytosine, 6mM 2-thiocytosine,

5mM 2-thiouracilol] 50% 7]«{|s)5ii::!-. nslJL

^ S-ife- 2-thiocytosinej4 2-thiouracil®l]

t]«l|(nonconipetitive inhibition)

6-azacytosinefe- 7]^oi] t]®!) <^='̂ 011

M-EfVi- ®]-\d 7-lsil^Ello]^

^ 2-Thiocytosine2l- 2-thiouracil®11 cfl

^ Ki^-B: 4 4 2.5xlO"^4 2.65x10"^®]^4.
7)4 5-FC'^ nfl cytosine analogue^

4 ^ 44, ^ 4:-§-44# GO^S-S. ^3.
4-§-^S.-l- 31X1S. 4^-a 4 2-thioc5rtosine,

2-thioiiraciIS. ®l«t| 7}t}7{] 7!«1145ijl lOmM

2-thiocytosine4 7mM 2-thiouracil®il 4 50%S.

^45^4. 4^ 2-thiocytosine4 2-thiouracil

•8: 44^4 *^-^- TjalKnonconipetitive inhibition)4•§•

4vl ^ S1S14. 2-Thiocytosine4 2-thiouraciH]
Ki4:^ 4 4 2xlO"^4 0.875x10"^®!^4.
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Cytosine Deaminase from Monascus purpureus
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2. cytosine deaminase(EC 3.5.41)-1- Monascus

purpureus KM 1001 cytosine deaminase^ PDB 30"C, 7'^^, 150
rpm^ all 1.68 unit^ Monascus purpureus KM 1001

cytosine deaminase ^?l-c: pH 8.0, 451C, 45§-<^l5l^.

Abstract. Monascus purpureus KM 1001 mutant plentifully producing a cytosine deaminase

(EC 3.5.4.1) was screened from some Monascus sp. The cytosine deaminase production was

reached maximum level in the PDB at 3010 under shaking(150 rpm) for 7 days .The cytosine

deaminase activity was found in a optimum pH of 8.0 and optimum temperature of 45C for 45

minutes.

M

Cytosine deaminase(EC 3.5.4.1)^

pyrimidine *§7] cytosine^ 4^ ^

-rl^ltb ic.7l # 7]-^-g:«llS}-c>^ uracil^^
7>4"^8ll 5:^0] 4. o]

S.±^ 1923^<^1 ^1-g- ^(4, 5), 45(8.

9), Jl2.(6), 5^<»](13, 14, 15) ^ <^sl

n]41-44 43^4 ^^4Si4".

Cytosine^ 44^ 4-5 '37]-b 44 444 4:

nucleoside phosphorylase

UMP pyrophosphorylase4 ^44 444
nucleotideS. 4444'&4 44. ^44 cytosine

-8: 4^ nucleotideS. 7)1^4^ ^ ^

fe- -^4^!: 44: '971 4 ^*=*14. Cytosine-c: 4S.

4 cytosine deaminase4 #44 ^44 uracil

4: 714 ^4 4 €-4, nucleotideS. 7)1 "^4 44.

filH-S. cytosine4 444 cytosine deaminase

4 #471- 4-§-4'=>> 44t!: 4

4 ^S.44 cytosine deaminasefe- pjnimidine^
44 *971 444 51^44.

7115.4 cytosine deaminase4 44
cytosine deaminase4 45^4

^54(9), cytosine-i: 4-#4 all444 cytosine

deaminase4 4-4<^l 'f'7]-44^ ILjIS. S14(10).

Cytosine deaminase^ cytosine4 #5.4 ^

4 44'9 5-fluorocytosine4 444 4 445

4 4-§"§- #444 5-fluorouracil-i-

4. 44 1- 4454 4## # 71-4

44 '9444'?1 441- 5445. si4.
44545.71 si 5-fluorocytosine4 4444. 5-

Fluorocytosinefe uracil4 fluoro4 4 #544

5-fluorouracil4fe 44 454 4444

#44 45#7]- cytosine deaminase
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2] 3j--§-o|l 2]sj] 5-fluorouracilS.

s.^7} M-E^-^d-CfoL HjI

^^olrq-. 1957\1

Duschinsky ^(1)°1 5-fluorocytosine7]-
Jl51-7> ^42. ^]^S. 1970\1

fe- GiegeSf Weil(2)<5l
cytosine deaminase'̂ l 5-fluorocytosine®1
5-fluorouracilS. ^

3l47> ^^3. ^3Lz\Sit]r.

cytosine deaminasefe pyrimidine

nudeotide tflAHloil

key enzyme*^ vl^l
^] 5-fluorocytGsine^ cytosine deaminase
1-

vflo] ol-g.7V^'^o]

S.i<='ld-. -Hsm- cytosine deaminasefe 5.-^^
A^AjS]Al ^ji pjAji-oilA-l^ ^•

^^S^SloL <^cn] djdllAiS. 1-^:^®>71 nfl^

oil o]-%-^}7] <h
7^^A^o] cytosine

deaminase2] Til^^l

^«1. A>>a-"lAj^ollA-lfe n}7} 7]
2] 1984^1 Aspergillus fumigatus

cytosine deaminase^ ^'?l(15)sl
$X^^, 1991\1 <>] JLi7V ^;^l(14)s]'H
1998H4011 ol

^}^]}r.^ ^7]7} fl-^(13)5l7]£ =LB]x^
Aspergillus fumigatus^ ^112^^ jLrfc

oil olf-c^AlA] ^3. <41^011
A}>y-gol] cytosine deaminase^l

7} ^^slal $X^.

^ 'ST^ollAi^ ^All^Al ol^SlAl
Monascus sp. Aj-^y-g^ofl cfl^
Monascus purpureus KM 1001 ^^l^, Monascus
ruber KCTC 6122, Monascus purpureus KCCM

60016, Monascus pilosus KCCM 60160^
cytosine deaminase

o] fe-c- ^-'^Af^y-gfi^ cytosine deaminase2l 3l
SA^^ o^o}^3 7} ^1:4.

ns. ^

ns. §4 >^1^

^ -M^ol] 7>V^4 A]^^S. patato dextrose agar

(PDA), patato dextrose broth(PDB), yeast malt
broth(YM)fe Difco^l^-e 7.]--§"4^4. -112]^

^^-i: 4«ll cytosine, Trizma

base^ Sigma Co. (USA)^l^-i- ^
olsqo] Al^.g: Af^sf^cf.

A>-§-^^^ -g- <aY-^oj]Ai Monascus

purpureus KCCM 60016.oS.-g-2l -g-Hltl: KMlOOl
^o]v^(7)^ A}-§-sl-^4. ^21-2. Monascus sp.

'f'ol] 4-c- 'f'ofls. cytosine deaminase7]- SI^a]
4^4-7] Monascus ruber KCTC 6122,

Monascus purpureus KCCM 60016, Monascus

pilosus KCCM 60160-a a}-§-s1-^4.

7|^ hH^I

A]-§-^^2l 4«114^ PDA till All- A).
-§-4^2, 4®Jsl-7l 4S11 PDB Wll
Al2l- YM «I1a11 Al-l^c^ O^^tiflojro^ all715.

a1-§-4^4.

Af-g-^^ll PDA wflAloHAi 301C, 7"^^ «11
plate^ll 0.1 % Tween 80 71-4*^

I2l2l-lfll ol-§-«H ^^A]->^gSl S.7}

% 314^1 cotton filter# ifAj-sl- s.
aVI 12)42 3S1 iAl-lif
2)^ All2:4^4. hemocytometer#

ol-§-4o4 5.A1-2) ^1 Tll^l 2x10® spores/
m£ ^7)1 ^^4*^ a}-14^4.

250 m« 441-4^2011 PDB wI1a12}- YM «11
All 4 4 100 m£4 1^4«^ 1211C, 15#4
^4 iAl-44o^ 100 Id^ 301C,

150 rpm^lA) 5% 7"^, 10#, 15#4 44 wfl#
4#4.
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Monascus purpureus^ Cytosine Deaminase

i:S.^Qljo| ^ji\\

250 nA «11<3=4e1
A z|- zj- a^4s).c^ 3)^

€ 3^1 4-§-^4. 4

^ ^^loll 0.2 M Tris-HCl ^f"JJ}(pH7.5) 100
ra£^ 4wll^£.s^ glass bead(4>liiiiii)# ^

ol Warning blenderS. 4^^ :^sls]-ol

^-S-^V glass beadl- ^

S-of 8,000 rpm, 4t:, 10^^ €

>a ^sl^l-ol Al-g-sf^cl-.

Cytosine deaminase €1-«^a1

cytosineuracil^l zl-ojol] S]s]-c*^ ^

5lrii 5 mM cytosine -§-

^ 0.2 < 2iS.±^ 0.2 in« ^ 0.2

M Tris-HCl ^^^MpW.5)^ S.±

1 mUl- 37r, 30^:?1- 0.1 N HCl 4

m«l- ^7|-SH ^-§"i- ^j7.lAly]ji ^.g-

290 nmfil ^:tl- #^«l-^nl-.

§y

oj^^

1:^ PDB ^

Monascus purpureus KM 1001

PDB n^]<^ 7^^^ all-yrtl afl-a^^-^oflAi 1.68 unit

S. 71-^ ^-S- cytosine deaminase^ M"
Ef^aul nl-ef

^^^1 IS-a^ 0.24 unitsl- M-eI-
iflol 7«a:?l: aj|«y=lV ajSIl 51= 85

Monascus purpureus KCCM 60016^

Monascus pilosus KCCM 60160S. PDB afl^]®!]

7^^ al)®j:t!: all®J:o^ollA-l z]- z|- 0.76 unit4 0.91

units. ufEfiflSlcl-. ZlElJl

Monascus pilosus KCCM 60160S)- Monascus

purpureus KCCM GOOlSfe- 7.1:^ol zl'd'®!] i4-2l-

Mi]"y= 15'as.Ai X±
Tls] Monascus ruber KCTC

6122fe 4€- 3#-^21

atfl^oi] al)®J: 7«y4^1 M*
El-tflAl Hfloj: io<goi] 1.01 unitsS.Ai

<^1 S-^^l-Jl ZL ol^^ cfs :^ol

7j-4^5li:l.(Table 1).

Table 1. Effect of incubation times on the cytosine
deaminase activity.

Incubation time (days)

5 7 10 15

Monascus purpureus
KM 1001

1.3 1.68 0.52 0.24

Monascus purpureus
KCCM 60016

— 0.76 0.64 —

Monascus pilosus
KCCM 60160

0.24 0.91 0.48 —

Monascus ruber

KCTC 6122
— — 1.01 0.96

PH^SF

PDB allAloflAi 5«y, 7«y, io<^,

15«a^^ "2^^]al|®<J:5H al]®j:«5qo1 pH# ^

4, al|®J:A]^oil nj-sl- PDB al]zloi]Ai^

o) 7"^

2] pH7h ajjoj: I5«ysl Hflzlfil pHfe-

8.3A5. ^^cf. nEld- YM ai]zl

a]l®J:^7] pHfe 4.2®flAl 15«y a||«y:o.s. 4.5 ^

-•- PDB

0 YM

4 6 8 10 12 U 16

lncubaticntimes(d^)

Figure 1. pH change on cultural media of Monascus
purpureus KM 1(X)1 mutant.
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pH2l ^

r ^S-S. f]t^^

Si^4(Fig. 1).

&±%m\ °|:S|^ pHS| <S-^

7}^ cytosine
deaminaseSl Monascus

purpureus KM 1001 ^<^l^-i- PDB 7

0.2 M

Tris-HCl 4-8-pH# 4.0®!)4 9.0
.OS. jLi#4-i- ^4, pH 4.0

®114fe^ cytosine deaminase4 44

44 ^-^4, pH 4.0 oi^ss. pH# 4^44^
444^5. 444-^4 pH 8.0

44 4^ cytosine deaminase4 2.4:^4
% 444^4. ^44 pH# 8.0O14 4'y444
514:^4 €: 4rfc44 pH 9.04 4 pH 8.044
4 JLrfc#44 65 %4 444Si4(Fig. 2).

Figure 2. Effect of pH on the cytosine deaminase
activity.

Asp. fumigatus^ ^4 4-§- pH^ 7.0
-9.S. f^4 pHl- 4445144(14. 15). •&

^^4 Jl^%44 44 4^ pHfe 8.00.s. <y-
444-ir 4444 ^ ^^4444 5:4^ 4-8-

444 44 4-i: 444514.

S.±%m\ n|4^ €:E.2\

Monascus purpureus KM 1(X)1 ^o]^^

PDB 4444 7'a4 444444 2iX±

4-i- 241C. sot. 37t, 45t. 52t4 444 ^

£-44 44 ^ 3:4:^4#

44, 3.di4-§- •§•£. 45t44 44 a-c- cytosine

deaminase4 444514(Fig. 3).

1.4

^2

1.0

2* 08
c
3

^ 04

02

00

20 30 36 40 SO

TetTperature(t)

Figure 3. Effect of temperature on the cytosine
deaminase activity.

Asp. fumigatus^ 4 4 ^-§- -8:£.-c- 35t

1- 4444(14).
4-§- 451^ 4444 Asp. furrugatus^

3Li:4 44 lot ^-8: 44 4-^

4444 ¥ ^^4444 4:^ 4

44 444# 444514.

Aj^ioii of# s4i#^s|

Monascus purpureus KM 1001 ^o]^^

PDB ail44Ai 744: 4^14444 4# £3:4i

4# 15#. 30#. 45#. 60#££ 44 JL^^#
-i- 4^ ^ #4^ 44-. 3:ai4#

45#4Ai 7]-4 tt# cytosine deaminase4

4"'^# 44M151£4 60#4 3:^4:-I-a14££

444-8-444^14 3l±%^^4 4£4 4 40

% 44:!a4(Fig. 4).
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Figure 4. Effect of incubation times on the cytosine
deaminase activity.
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Lb. reuteri, Lb. suebicus, Lb. vaccinostercus, Lb.
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A Study on Physio-biochemical Characteristics of the Lactic

Acid Bacteria Lb. reuteri, Lb. suebicus, Lb. vaccinostercus and

Lb. vaginalis

Oh-Sik Kwon

Department of Microbiology, Keimyung University, Daegu 704-701, Korea

S. •^'^^{Lb. reuteri. Lb.

suebicus. Lb. vaccinostercus. Lb. vaginalis)^

•t 4. «ll"y= ^ 12^]^ 3-^1^(0.0. 0.4 at 650 nm)4 pH 4.2)^
Lb, reuteri KCTC 35945] ^

afloj: 48Al^ ^oj] ^g^o] <^1# ^ 6% NaClo]

^ Lb. vaccinostercus KCTC SaOS^^l 7}^ ^

3L^°1 5^^5] oj-g- Lb. reuteri KCTC 3594^«5l xylose#
6fl-^5l ;g-f ^Al^i-o] i^jg^ o^A^o] f. 7llfi] ZLl-o.5. Si##

# ^ #b]€ Lb. reuteri KCTC 359451- Lb.

vaginalis KCTC 35155] ^ o]-§- #^-c- Lb. suebicus KCTC 35495]- Lb. vaccinostercus KCTC 3608

^l"*^]# ii«=*]^ja. SlSl*^. 5L-E- ^(mannitol, sorbitol, xylitol) ^

#-#"'^(amygdalin, esculin, salicin)# ®]-§-^]-^] pH 6.5 ®]#).

Abstract. In this study, 4 strains of obligately heterfermentative LactobacillusiLb. reuteri. Lb.

suebicus. Lb. vaccinostercus. Lb. vaginalis) were investigated for their physio-biochemical

characteristics. As a result, Lb. reuteri KCTC 3594 showed most outstanding growth kinetics that

produced abundant cell mass(O.D. 0.4 at 650 nm) and acids(final pH 4.2) within 12 hours after

innoculation. Other Lactobacillus strains revealed a normal growth pattern and their growth was

inhibited by 48 hours after innoculation. On the other hand, Lb. vaccinostercus KCTC 3608 was turned

out to be grown in the media containing 6% NaCl where others were unable to grow. For a test using

pentoses as fermentable carbohydrates, only the Lb. reuteri KCTC 3594 could not ferment xylose at all

among the tested strains. In case of hexoses fermentation, it was found that the tested strains were

divided into two groups such as lactobacilli isolated from human and from not-human. This kind of

tendency was also observed in the tests of disaccharides, trisaccharides and complex sugars. Lb. reuteri

KCTC 3594 and Lb. vaginalis KCTC 3515 isolated from human showed very different abilities of
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carbohydrate utilization compared to Uj. suebicus KCTC 3549 and Lb. vaccinostercus KCTC 3608

which were isolated from an apple extract and cow dung respectively. In general, all the tested

obligately heterfermentative lactobacilli could not utilize alcohol sugars(mannitol, sorbitol, xylitol)

and complex carbohydrates(amygdalin, esculin, salicin) that was determined by their final pH 6.5

after 3 days of incubation.

1. M B

-n-'J+^dactic acid bacteria)-^ 7}^]

(carbohydrates)•§•

-S-#si ^tll«^ilA-i 1-^

91 ?11-. 211^, <^\91, "a-2.q<^l- ^

•2- ^ ^

-B-slt!- Gram ^>^<^14(11).

V Lactobacillus'^^ 7}^

Slfe 7A±S. Sl^t-l](9), o]!-^

^ oB-f 4'?J=«]-4(4,

14). Lactobadllus <^msi ^
^A^oj] oj-el- S.S.^-%: <5]-§-sH 85% ^

•ii-i" ^'y'^3l5"(homofermenter)s}-

CO2. Ml

^ *^]'^^^jL3"(heterofermenter).9.^ Sl

cl-(12, 13). <=»] Lactobadllus^^ ^M1 -n-^^ ^

All4-§- ^ #ell:±ielll-

4-§-, ^.g., .g-xg- ^^3)-

A].^ ^ 40}:^^ 7l

71-A] ^ SI^ -H-Slll ^ 014(5, 6, 7, 10). 4
el-Ai OjEj 4<y:^V 71 ^Aj^ 7).^ ^AV^Sl ^Sl

4 :e.4 4^ «y:^vsi ^

44 4 ^.9-44H 1-^4^1 41:4

>Sel-Aj444 ^-^^4 ^44 444 ^ 4^
4 44 ^41: 4-9.S. 44 0111:4(2,3) ^^4

44 ^ 1-44 444 4^4 444 4-§-4

4444(4,8).

ol4 4 4^44^ Lactobadllus 'f'44 4
44 ?l7j-2l. Lb. vaginalis,
HEo^ iBl-El5. Af-g-slfe Lb, reuteri, a]44

A>4sl a44Ai 44=11- Lb. suebicus 4 4^

4 144^1 1:B14 Lb. vaccinostercus 1-44
a-i<^^4a^ 44=11 44 oi>^^3ri.

^4^5. oii-o^ ^ A531-4

4 444- 3:A>5l-^Cl-.

n. xHs ai gra

^45^. ^ 4^4Ai A].^4 ^Ai^^fe ^

Ml ol>^^jg.^ 4^=1 Lactobadllus 5"^

(Lb. reuteri, Lb. suebicus, Lb. vacdnostercus.

Lb. vaginalis)S. <^] 5-i-=l #a1^ Table 14

444 44 44. 4 "Sl-l 2-1 44^5 ^^4

444(KRIBB) -^4^1-44=1 -fi-4Al-l83(KCTC,

M14)4Ai lo<J= 401- 4444 ^ glycerolol 20%

S44 A1444 ^4 -801C 4^11

(deep fireezer)4 2.444 a)-^4^4.

Table 1. Obligate heterofermenting Lactobadllus
strains used in this study

Species & Strains Sources

Lb. reuteri KCTC 3594 adult colon

Lb. suebicus KCTC 3549 apple extract

Lb. vacdnostercus KCTC 3608 cow dung

Lb. vaginalis KCTC 3515 woman vagina

^Al^Ol A1 .g. ^^4a^ A]-.g-^ ^X!j\

4^^3L 4£4^sl^5-i-(Lb. reuteri KCTC

3594, Lb. suebicus KCTC 3549, Lb. vacdnostercus

KCTC 3608, Lb. vaginalis KCTC 3515)4 4

^^11 A]:?]: tifloj: ^444 ^^4

4 ^^44 pHl- 1^4^4.

gAi^oj 3EAK ^Ai il-s4^el^

MRS HflAKDifco)!- 4-§-4

4 «1144^4. 41-4 -^54-44# 1^^471 4
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Lb. reuteri. Lb. suebicus. Lb. vaccinostercus. Lb. vaginalis^ c]j^

^ Hll®<}=7)ol]Ai 12
hr, 24 hr, 36 hr, 48 hr 53 72 hr Hfloj: Jfi, z^-z]-
fi]

(Union 55R)S.

•& spectrophotometerCPharmacia Biochrome 4060)
1- 650 nm®fl>H ^^£1- o.
D.£ ^

pH meterCMettler, Model 225)S. #

E||>iE. ^A] 2,

^l-«]-7] ^^c>l MRS broth(Difco)oi] NaCl^ ^
7VS>ol 3]f^ 1%, 2%, 4%, 6% ^ 8%sl ^S-S.
7ll£tV ^ al)^] 10 ml^ 20 ull-

51-^4. «ll"a= SOU^T-i Hll^d=«l)44fe
Lb. vaccinostercus KCTC 3608-I- TUslsfjL Lb.

reuteri KCTC 3594, Lb. suebicus KCTC 3549,
Lb. vaginalis KCTC 3515 S.^ 371C<^14
3^^V ^ 4toll4 15^^ €4)^b](3,000
rpm)4«^ pH meter# 4-§-44

if ^2: Bi\±E.. ^Al^s.o| tg. SA^^
2:A].e]-7l ^s>c«l glucose7]- ^7|-s1a1 MRS

44 (Table 2)# ##4 42:44 4#4^4
glucose7f ^7l-s]4 af# MRS broth4 10% 4
stock solution# ^7|-44 autoclave44 4#4

^4. 444 10% 4 stock solution®] 471-4
till4 5 ml®]) #4^^ 20 ul# 4## ^ 344

44 W114 #£®l|A-] h11®J:444. ®]# 4t®l]Ai
15#4 3,000 rpm£S. 4##4 4 ^ pH meter#
Al#44 ^444 pH# #44^4. ®] a>#
4 44 #•## S.# 25#(SigmaAl- 4#
4 44 amygdalin(Amy), D-arabinose(AraD),
L-arabinose(AraL), cellobiose(Cel), esculin (Esc),
fructose(Fru), galactose(Gal), gluconic acid(Glc),
glucose(Glu), lactose(Lac), maltose(Mal), mannitol
(Nfent), mannose(Mann), mdezitose (Mde), meUbiose
(Meli), raffinose(Raf), rhamnose(Rha), ribose
(Rib), saccharin(Sac), salicin(Sal), sorbitoKSorb),
sucrose(Suc), trehalose(Tre), xylitoKXylt), xylose
(Xyl).

Table 2. Composition of MRS broth without any
carbohydrates (per 1 L)

Ingredients Weight

Polypeptone 10 g

Beef extract 10 g

Yeast extract 5 g

Ammonium citrate 2g

Sodium acetate 5 g

Magnesium sulfate 0.1 g

Manganese sulfate 0.05 g

Dipotassium phosphate 2 g

Tween 80 (Polysorbate 80) 1 mt/£

ID. §y al#

®l] #7)14£4#4^54 5^)4# 4#^
£ £7].# Fig. ia-4 47]-44

4s444^ # Lb. reuten KCTC 3594
(•)# 4# ^®]] 4sll4 71-4- 5-^]4# 4
4«1| iSfec)] o] ^.g, ^2). aijo^ ^ 124:# oj-oll
#4S(0.D.)# 0.35®]|Ai 0.40S 7]-4-
44 4#4# ^4# 4 "r 4^4. ^

44 ^^,§#4# Lb. suebicus KCTC 3549
(•)£ 444S4, Lb. vaccinostercus KCTC

3608(H)4 Lb. vaginalis KCTC 3515(^)# all
4 ^ 364 #011 A] 484# 4®H1 44 ^44#
## 444^14. 44 ai)«a:Q^fii #5.1-
pH meters #44 44# Fig. IB4 444.
#®14711£ 124# aijoj: ^

pH(^l-®l #-i-®l \fl #7l#fii 4S.)4 441-
S# Lb. reuten KCTC 3594(#)7]- 7)-#

4(pH 4.5 44) Lb. vaginalis KCTC 3515(^),
Lb. vaccinostercus KCTC 3608(1), Lb. suebicus

KCTC 3549(T)4 #45. pH7>
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LectotXffbsrealeiiHCTC 35S4

Ladotxtlkts suotKUS KCTC $549

LxiotadH's veccinostemis KCTC3598

L^htxtH'S yflgwaisKCTC 3515

24 36 48

Timeafterinoculaticin (hours)

LxlobxilusmisnKCK 3594

tflcfciacfi/s suebias KCTC 3549
LxktacilusvaccinostorcusKCK 3603

ioctotecii/svsBwafeKCTC 3515

24 36 48 60 72

Timeafterinoculation (hours)

Fig. 1. Growth characteristics of the obligate
heterofermenting Lactobacillus strains at different
time interval(12 hr, 24 hr, 36 hr, 48 hr, 72 hr).
A: Bacterial cell growth determined by O.D. B:
Bacterial cell growth determined by pH. Tested
strains: Lb. reuteri KCTC 3594(#), Lb. suebicus
KCTC 3549(V), £6. vaccinostercus KCTC 3608
(•), Lb. mgimlis KCTC 3515(^).

zl-71 nf-t ^ ^014. s.

^ 12Al:LHlAi Lb. mgimlis KCTC 3515
Hfl

pHfe 5.5 ^

Lb. vaccinostercus KCTC

3608(B) ^>^1 tircf ^ 24^1^0)1Ai ^7\
^3§.6|1A-1 o] pH7]-

5.5 Lb. mginalis KCTC

3515(#)i^ ^^^31 5aSi4. <^11-^
A]^^ ^ 48^1:CH1 O.D.(Fig.

lA)sf pH(Fig. 1B)1- ^A]7l- s.

^ flat^ •&

«!!'?}=

s] pH7> VJ-«='V^7l oD^oll A-ISJI^

^6.5. 45.5)^4. L6. rgaten KCTC

3594(#)fe a])®}: ^ 124^01] ^cfls] ^^1^# .a
^Alci] 7}-^

ol ^ Lb. reuteri7\

#-8: ^«=>14. Lb. suebicus

KCTC 3549(V)fe all'a=^l^'=>l

7]^ •3-;Sll^ol ^71-4^A-j A!:S.7l-

Ajji ^-g.^ ^ ^

.g-AV^o] ^ q-El-vfl

^7H] 44 all442] 5#2l ^JL 51-

4 -n-^-ar-irol aflojro^oi] 4^^s\7] 4^44.

Ei\±E.. -B-55#^ «liii4

7J-^ 45.^5. 40]4 47] •& 'i42|]'^i

Efl^ss]^ 4f^4 ^4 4£4^5l^

52] a 4€- 2iA>47] 444 4^] afl

4 anA] 01] NaCl^ 1%~8%4 ^£5. ^7V44

41:2] 4<gA^.|. Hijagfl jaxic]-. 4

4^s\ ^cfl 4S.414^51:

^ 1%~2%2] NaCH4^ ^ 447]- S14 ^

^ ^^4(Fig. 2). 444 4% NaCl
S.-^E-]^ salt tolerance®]] 44 5 4 4

44^1 51^.^4 Lb. mccinostercus KCTC

3608^ Ail2]4:iife 6% NaCl ^

4 444 A-]3l| 4514. 4^ Lb. suebicus

KCTC 3549^ 4% NaCl 2:4 5-^5^

4 7]^^3. Si## 44^ ^ 444. 444

111444 7]-4 4S.414^5# 6%

NaCl®] 47l-€ al|A]oilA-]£ 5- Aj^o] 7]-#?l:

i£. vaccinostercus KCTC 3608^15^4.
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6.5

6.0

5.5

i. 5.0

4.5

4.0

3.5

•fi-'tlr'S' Lb. reuteri. Lb. suebicus. Lb. vaccinostercus. Lb. vaginalis^

•• Lxtobacilus reuleriKCTC3594

SI LsetotecilUssuebm KCTC3549
WM Ladol>aclJusvaeeiiosletasKCrC3608

l^ttadnusv89fMl)sKCTC3515

1 2 4 6 8

Concentration NaCI (%)

Fig. 2. Comparison of the obligate heterofermenting
Lactobacillus strains growing at different NaCl
concentrations(l%, 2%, 4%, 6%, 8%). In this
case, the increasing pH values indicate growth
inhibition occurred by addition of NaCl. Tested
strains are as same as Fig. 1.

<^11- ^^7} 5^'3-(57fl5l

pentoses)-!- ^2.^ ^ Sl-fe-

^1 'y"<=']-iL7l (D)-arabinose, (L)-arabinose,

ribose ^ xylose -f-l- Table 2®11 uflx]

cKFig. 3). 3.^ •3'^-c- (L)-arabinose

(AraL)# ^ (D)-arabinose(AraD)

fe- ^2^^1 ribose

(Rib)7l- ^7>^ ''B-f

^25. /i,. reuteri KCTC

3594(#)^I<sl xylosel- ^
2S.

6E1& ^2^. 7}^ 644(hexoses)

•8: glucose(S£.4, Glu)S.

"=•11- ^ ^24^ oil47] 4-§-47l nD^

®ll, •& ^^3.3-^ oj^lofl fructose

(44, Fru), galactose(Gal), mannose(Mann) ^
rhamnoseCRha)# 4-§-44 ®1^ 5^44 4

42^4 441- 4^ 3:444 251:4. Fig 4
# 271] 44, 4^24 2€- 424-^4^^4

LscMac^bs fWieaKCTC 3594
^sctoOeoft/ssttOiiaisKCTC 3549
Lactobac^ veoc»oslan»sKCTC 3603
tfiCtoOacatt/s vagaafsKCJC 3515

AraO Aral

Carbohydrates

Rib xy

Fig. 3. Pentose fermentation characteristics of the
obligate heterofermenting Lactobacillus strains.
Tested strains'- Lb. reuteri KCTC 3594(#), Lb.
suebicus KCTC 3549(V), Lb. vaccinostercus
KCTC 3608(H), Lb. vaginalis KCTC 3515(4).
Abbreviations of the carbohydrates: AraD as
(D)-arabinose, AraL as (L)-arabinose, Rib as
ribose and Xyl as xylose.

^7]-^# nH pH 5.0 444

4 44^4 24^2 Si4

42^442 >^544^4. 444 2€-

mannose-1- 4244 -^4^ 422 4444.

^444 ^4^8- fructose 444 galactose 44

4 41-4 ^2 ^^4 44'i- 24^

44514. ^ Lb. reuteri KCTC 3594(«)4 Lb.

vaginalis KCnXD 3515(^)fe fructose4 galactose

€• 4444 ^544fe Lb. suebicus KCTC

3549(V)4 Lb. vaccinostercus KCTC 3608(B)

4 44 ^^444 ^4^ 422 441st4. 4fe-
44422 B11324 ^41- 24

422 4244. ^444 Lb. reuteri KCTC

3594(#)4 Lb. vaginalis KCTC 3515(^)fe
Table 144 2^ 444 41-^ #44 444

4 4«11 Lb. suebicus KCTC 3549(V)4 Lb.

vaccinostercus KCTC 3608(B)8- 44 #'^1 4

244 44 444 a^44 34 ^^4514
4#442 Ai-s.£)5i4 tt^ B11324 #4 44

^2 424443^ ^ 24 Lb. reuteri KCTC
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3594(#)^®1 rhamnose#

LsdobodSuaPtulMKCtC 3594

Lflctotocflt/s swfiiRsKCTC 3549
LscMMdO/a vaoctnosisnvsKCTC 3608

l^ctDibsoa/SVSSMStsKCTC 3515

Fni Gal GIu Mann Rha

Caibohydrates

Fig. 4. Hexose fermentation characteristics of the
obligate heterofermenting Lactobacillus strains.
Tested strains: Lb. reuteri KCTC 3594(#), Lb.
suebicus KCTC 3549(T), Lb. vaccinostercus
KCTC 3608(H), Lb. vaginalis KCTC 3515(^).
Abbreviations of the carbohydrates: FVu(fructose),
GaKgalactose), Glu(glucose). Mann(mannose) and
Rha (rhamnose).

ol*3'-^(disaccharides)2]-

5^^) 271)71- 0-glycoside

bonds ;i^o]

^^(Fig. 5)o)l>^i 4-§-€

2.€- ^71)51 •i'-^SSiii7]- glucose-P(l

—»4)-gIucoseS cellobiose# ®l-§-^

^1 M-El-id:.2.M- glucose-a(l^

4)-glucoseS maltosefe- S.-& ®1

2^7]-s1 glucose7]- a-O-glycoside bond#

«=>l##7Hmaltose) «=»1-M^ P-O-glycoside bond

1- ^'ys]-#7Kcellobiose)«^
•S-i-s] ol'3"-#(lactose, mdibiose,

sucrose, trehalose)®!] tfl# •# ^V®!#

sa^c)-.

3l|^®l lactose[galactose-P(l—>4)-glucose]

oll7.^S. ##®] ^ll^slJL U). reuteri

KCTC 3594(#)5^ Lb. vaginalis KCTC 3515

(♦)# lactosel- 0]-%-^^ Lb.

suebicus KCTC 3549(T)4 Lb. vaccinostercus

KCTC 3608(H)#

Lb. reuteri KCTC 3594(#)fil- Lb.

vaginalis KC!)TC 3515(^)# P-galactosidase7l-
lactose# #«fl«l-®l galactose^
glucose#

Lb. su^icus KCTC 3549(T)^ Lb. vaccinostercus

KCTC 3608(H)# lactose# P-

galactosidase^ 7]## ^3 ^
7l #^>^7l nD^oii ^ ^os.

LactabBciBus mirien'KCTC 3594

Laetobaei^ sue&icvsKCTC 3549

Lactobad^ vaodnosiera/sUCK 3608

^.actotectfusvsg/nsibKCTC3515

Cel Lec Msl Mob

Caibohydrates

Sue

Fig 5. Disaccharide fermentation characteristics
of the obligate heterofermenting Lactobacillus
strains. Tested strains: Lb. reuteri KCTC

3594(#), Lb. suebicus KCTC 3549(T), Lb.
vaccinostercus KCTC 3608(H), Lb. vaginalis
KCnC 3515(^). Abbreviations of the
carbohydrates: Cel(cellobiose), Lac(lactose),
Mal(maltose), Meli(melibiose), Suc(sucrose),
and Tre(trehalose).

a# Fig. 5®ll7.i ®11-#(L6.
suebicus KCTC 3549^ Lb. vaccinostercus

KCTC 3608) ©I'S-# ^3: 4^®! S#

M-Bllstcl-. Lb. reuteri KCTC 35945+ Lb.

vaginalis KCTC 3515^1 4®1^1 ®1'3-#

^ ®1#®11 #7-1 si-711 ^>®l7l- 51151^. Lb.

reuteri KCTC 3594(H)# melibiose[galactose-P
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Lb. reuteri. Lb. suebicus, Lb. vaccinostercus, Lb. vaginalis^ S] • 'St''

(l~^)-glucose] ^ sucrose [glucose-a(1-^2)-

fructosej-i- trehalose

[glucose-a(l—»l)-glucose]'?}' ^ ^

Lb. vaginalis KCTC 3515(#)-b melibiose

sucrose# #

trehalosefe °]S.^ ^

4-s-^ oi-y-^s:

41-8: al

#3t. 37-^S] ###71- 4#

#21 a.#(Fig. 6), a.#

Hl-#eli^#-g- glucose-i3(l—>3)-fructose-a(l-^

2)-glucoseS. ### meIezitose{MeIe)# ®l-§-4

^1 4^1# fructose-a(l—»6)-galactose-p
{l^)-glucose^ raffinose {Raf)2l #-?•

^A] ^ ZL^^S. 43l£7l- 4#S1

#. #, ilb. reuJeri KCTC
35944 Lb. vaginalis KCTC 3515# raffinose#

•^l-g-^-S 'S# 7]-#5l-^^# ej# Lb.

suebicus KCTC 35494 Lb. vaccinostercus

KCTC 3608# raffinose# #4 ol-§-44 #4

^4. 44# ^4# 4£

4-^4^4 #4 44414 £#4 444# #

I tJctot>«iriiSWufw KCrC3594

; LaOotadius S6ufiii;u$KCTC 3549

I Lactot«aii/svs(cinos(srcusKCTC 36D8

I La<A)tMCifusvssvM/isKCrC3515

Caibohydrates

Fig. 6. Trisaccharide fermentation characteristics of
the obligate heterofermenting Lactobacillus strains.
Abbreviations of the carbohydrates: Melefmelesdtose)
and Raf(raffinose). Tested strains are as same

as Fig. 1.

#^<=^14 4-§-# -^#21 #4 f4(444. 41#
## 4# ## 44)4] 444 # #3i#4 ^

4 444# ^1.5.40^4.

^5:. oil- ^^4

53 4# 4-8- aliJi47l 444

4-8-4 #21 ji4# 5"s# ## #4##

amygdalin(Amy), esculin(Esc), saccharin(Sac),

salicin(Sal), 6#^ #4:71- 7]-^#

#7]^ gluconic acid(Glc), ^412, 4-#

# #4 mannitol (Mant), sorbitoKSorb), xylitol

(Xylt) ##44. #4# #4^#(Fig.

7). 4—-^4 4S.al-#4— 4^#[Lb. reuteri

KCTC 3594(#), Lb. suebicus KCTC 3549(T).

Lb. vaccinostercus KCTC 3608(H), Lb.

vaginalis KCTC 3515(^)]1-# S.#

#(mannitol, sorbitol, xylitol) # #4#

(amygdalin, esculin, salicin)# 44 ''I-§-44

#4# 4-°.s. 44#4(4# pH 6.5 44). 4

4# gluconic acid2l ol-g..|- #4^^#, Tb.

reuteri KCTC 3594(#)4 Lb. vaccinostercus

lactoCacrti/s wBfl KCTC 3594

LaOobiOttja sualncus KCTC 3S49

iBd^aQliis vaconosteiais KCTC:
l^c^aoO/svapnalsKCTC 3515

Amy Esc Glc Mart Sac Sal Sorb xyt

Carbohydrates

Fig. 7. Complex carbohydrates fermentation
characteristics of the obligate heterofermenting
Lactobacillus strains. Tested strains: Lb. reuteri

KCTC 3594(#), Lb. suebicus KCTC 3549(T),
Lb. vaccinostercus KCTC 3608(H), Lb. vaginalis
KCTC 3515(#). Abbreviations of the
carbohydrates: Amy(amygdalin), Esc(esculin),
Glc(gluconic acid), Mant(mannitol), Sac(saccharin),
Sal(salicin). Sorb(sorbitol). and Xvlt(xvUtoI).
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^ gluconic acidfe ^ ^
3:^ :i

-f- 7]-A] Lb. suebicus

KCTC 35495^- Lb. vaccinostercus KCTC 3608

•k A]^ ^ ^ojcf.

1. 7j-^sl. 1990.

2. 2004. <Hsi 7}^] Lactobadllus
Ajsi^ ^ Ags).®).^ ^Aj 3:A}.(1).

J. InsL Nat Sci. 22' 35-42.

3. ^^S., 2005.

Lactobadllus plantarum

J. InsL Nat Sd. 24: 59-65.

4. 1993. -a-71-^1: aJaV^

ol-§-^^4 €"<)•. 6: 23-25.

5. 1997. -a-tlr^s] A]:<g2j -g-§..

10: 13-21.

6. ^§^7^. 2001. 4d^7]

^ ^ 14: 39-48.

7. A}Ag^. 2000. -a-'tl-S

26: 13-21.

8. ^
2000. ^^1 -a-2fl ADiSl JL

/for. J. AppL MicrobioL

BiotechnoL 28: 59-61.

9. Choi, I. K., S. H. Jung, B. J. Kim, S. Y.

Park, J. Kim, and H. U. Han. 2003. Novel

Leuconostoc dtreum starter culture system

for the fermentation of kimch, a fermented

cabbage product. Antonie Van Leeuwenhoek.

84: 247-253.

10. Gilliland, S. E., C. R. Nelson, and C.

Maxwell. 1985. Assimilation of cholesterol

by Lactobadllus addophilus. AppL Environ.

MicrobioL 49: 377-381.

11. Kim, T. W., S. G. Min, D. H. Choi, J. S.

Jo, and H. Y. Kim. 2000. J. MicrobioL

BiotechnoL, 10: 881.

12. Kwon, 0. S. 2000. J. Microbiology, 38:

137.

13. Pot, B., L. K. Kesters, and K. H. Schleifer.

1994. Bacteriocins of lactic acid bacteria.

Blackie and Professional, Glasgow, p. 13.

14. Rasic, J. L., and J. A. Kurman. 1978.

Yoghurt. Technical Dairy Publishing House,

Copenhagen, p. 17.

- 88 -



J. Inst. Nat. ScL VoL 25. No. 1, pp. 89-94 (2006)
Keimyung University

Poor-Medium Tends to Increase the Stability of Newly
Transconjugated Plasmid of Pseudomonas sp. KM12TC
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Abstract. The stability of the artificially transconjugated plasmid is crucial for the bioremediation

of the co-contaminated sites. In this paper, the effects of rich and poor-medium on the stability

of the artificially transconjugated plasmid of Pseudomonas sp. KM12TC were studied. Poor

medium seemed to have a tendency to stabilize the artificially transconjugated plasmid due to
slow plasmid replication. The supplementation of the O.OIX LB did apparently not increase or

decrease the stabilities of the plasmids of the Pseudomonas sp. KM12TC. The lost rate was even

accelerated when the cells were grown in even richer medium (supplemented with 0.5X LB). The

preliminary results showed that the cells showed more plasmid-encoded activity. It took about 9

days for two month grown cells in poor-medium to degrade about 95% of phenol at 2810. But,

the same kind of cells grown in rich-medium needed 15-18 days to degrade at the similar

efficiency, and the lag was even more pronounced at cells grown in even richer medium.

Key words: Pseudomonas sp. KM12TC, Plasmid Stability

INTRODUCTION

Multiple species of heavy metal ions and

organic materials are frequently found at

cocontamination sites and they could inhibit

the bioremediation in combination (1, 2).

Therefore bacterial strains with multi-capabilities

are needed to bioremediation and such

bacterial species could be created by exploiting

the ability of many different naturally

occurring plasmids in environmental remediation

systems (3). Not surprisingly, various heavy

metal resistance can be found in many differait

micnxjrganisms (4-6). These nricroorganisms can be

found from many different environmental and

clinical sources (4-6). The genes conferring

resistance to inorganic mercury salts, whether

encoded by plasmids or by chromosomes, are

evolutionary conserved and are found in

bacteria isolated from different environmental

and clinical sources (3, 4). Such genes might

be selectively got together in a cell to create

super bug which can tolerate many toxic

heavy metal ions and yet degrade many

different organic molecules.

To satisfy the purpose, it is necessary to

examine the retention and expression of the

'multi-capa' bacteria, phenol-degrading pKMlO

and arsenical resistant pKM20 in the host

Pseudomonas sp. KM12TC in this experiment.

The pKM20 was transconjugated into P.

aeruginosa TC as published previously (3, 7,

8). The results would help us to understand

the fundamental plasmid/host processes that

influence plasmid retention, stability, expression,

and transfer.

MATERIALS AND METHODS

Bacteria and Growth Conditions

To estimate the effects of LB-supplemented

minimal medium and minimal medium without
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any supplemented LB on the stability of newly

transconjugated plasmid of Pseudomonas sp.

KM12TC, Pseudomonas sp. KM12TC was

grown in minimal (OX LB supplemented), poor

(O.OIX LB supplemented), rich (O.IX LB

supplemented), richer medium (0.5X LB

supplemented) respectively. Pseudomonas sp.

KM12TC contains two different kinds of

plasmids, pKMlO and pKM20. Plasmid pKMlO

presence in a cell was determined using its

ability to utilize 1 g/1 phenol as sole carbon

and energy source. Plasmid pKM20 harbors

the ability to grow in 5 mM arsenate.

Selective phenol-arsenate agar plates and

appropriate slants of plasmid-bearing cultures

were maintained and re-streaked as needed.

In each experiment, pure culture of plasmid-

carrying strains (Transconjugant Pseudomonas

sp. KM12TC) were used for starter culture.

The cultures were diluted iC'-fold in 10 ml of

prewarmed appropriate medium after one day

growth at 28*0. The cells were grown for

specified time in successive batch cultures.

After appropriate dilutions of the cultures

being plated on nonselective and selective agar

plates, at least 100 individual colonies from

each diluted sample were replica plated to

plates containing appropriate selective or

nonselective agar plates. Resistance to the

arsenate was correlated with the presence of a

plasmid pKM20, whereas the growth at phenol

plates was correlated with the presence of

pKMlO.

Four Selective Media

To identify the plasmid species in the cells,

the following four different media were used

in this research: (i) Non-selective Luria-Bertani

(LB) medium containing 10 g of Bacto

Peptone, 5 g of Bacto yeast extract, and 5 g

of NaCl in 1 liter of distilled water at pH7.5: (ii)

pKMlO-selective (phenol degradation-selective)

phenol/basal medium (basal medium supplemented

with phenol as the sole carbon and energy

source at a concentration of 1 g/1). The basal

medium contained the following (per liter of

deionized water): 2.13 g of Na2HP04, 2.04 g of

KH2PO4, 1 g of (NH4)2S04, 0.067 g of CaCl2 •

2H2O, 0.248 g of MgCb • 6H2O, 0.5 mg of

FeS04 • 7H2O, 0.4 mg of ZnS04 • 7H2O, 0.002

mg of MnCb • 4H2O, 0.05 mg of C0CI2 • 6H2O,

0.01 mg of NiCk • 6H2O, 0.015mg of H3BO3,

and 0.25 mg of EDTA. The pH of the medium

was 7.O.; (iii) pKM20-selective (arsenical

resistance-selective) As/LB medium (LB

supplemented with 5 mM Na2HAs04 • 7H2O):

(iv) both pKMlO and pKM20-selective (both

phenol-degradation and arsenical resistance-

selective) phenol • As/basal medium (basal

medium supplemented with both phenol and

arsenate as specified above). All agar plates

were prepared by adding bacto agar (Difco,

Detroit, U.S.A.) in an amount of 15 g/1.

Estimation of transconjugated plasmid

stability and activity

After diluting accordingly, 100 (d of the

diluted Pseudomonas sp. KM12TC cells were

spread on appropriate agar plates and incubated

for two days at 28°C. Then, colonies on the

plates were quantified by direct counts. For

the measurement of the presence of the

specific plasmid, plasmid-harboring (or plasmid-

free) cells were identified by replica plating.

First, 0.1 ml of appropriately diluted cells was

spread on nonselective agar LB plates and

incubated as described above. The plates were

then replica-plated to selective agar plates

containing (i) corresponding plasmid-selective

arsenate, or (ii) phenol, or (iii) both. The

selective medium of choice for replica-plating

was as follows. Phenol-degradation phenotype

(pKMlO) was quantified by replica-plating on

phenol/basal agar plates; arsenical-resistant
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phenotype (pKM20) on As/LB agar plates:

dual phenotypes (both phenol-degradation and

arsenical-resistant phenotypes in a single cell)

on phenol • As/basal agar plates. All plates

were incubated as described above. Colonies

that arose from the selective agar plates were

quantified by direct counts.

Phenol-degradation analysis

For the phenol-degradation assay, the

culture was grown in 250ml Erlenmeyer flasks

on a rotary shaker (150 rpm) at 28°C for the

specified time. The modified colorimetric

method (9) was used to follow the degradation

of phenol. Bacterial culture (1 ml) was added

to an Effendorf tube containing 50 jil of 2 N

NH4OH and 25 pi of 2% 4-aminoantipyrine.

Then 25 pi of 8% K^e(CN)e was added.

After mixing, the tube containing the whole

mixture was centrifuged to remove cells. A510

of the supernatant was measured. Phenol

concentrations were calculated by reference to

a standard curve.

100

80

^ 60 -
c

8
a>

Q.
40

20

0.0

i
0.5 1.0 1.5 2.0

RESULTS AND DISCUSSION

Activities of the plasmids of Pseudomonas

sp. KM12TC after growth in the minimal

and poor medium.

The plasmid pICM20 was transconjugated

into P. aeruginosa TO as published previously,

and the effect of medium on the stability of

the plasmids were examined since plasmid

stability tends to be affected by many growth

conditions, such as temperature, surrounding

selection force, nutrition, growth speed, etc.

The retention and expression of the

phenol-degrading pPCMlO and arsenical resistant

pKM20 in the host Pseudomonas sp. KM12TC

were examined.

To examine the effect of toxic heavy metal

ion on the stability of plasmid in the natural

and new host cells, the Pseudomonas sp.

ICVI12TC cells from overnight culture were

appropriately diluted and grown in minimal or

100

B.
80

g. 60 -

a
a.

40

20

0.0

Hill
0.6 1.0 1.5 2.0

Months Months

Fig. 1. Activities of the plasmids of Pseudomonas sp. KM12TC after growth in the minimal and poor
medium. The plasmid activity was expressed as percent survival as described in Materials and Methods.
A: minimal medium; B: poor medium (O.OIX LB supplemented to the minimal medium). Bars: from left to
right, the cells harboring both plasmids, the cells harboring pKMlO, the cells harboring pKM20, and The
cells harboring none.
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poor medium supplemented with 0.01X LB as

described in Materials and Methods. Then, as

described in Materials and Methods, the cells

were spread on appropriate selection agar

plates and incubated for two days at 28°C for

direct counting. In this experiment, the

presence of specific plasmid at different

growth conditions after two weeks to two

months growth was examined.

When the cells were grown in minimal

medium in figure lA, after two weeks about

38% of cells were losing plasmid(s) and the

losing rates was increasing. The plasmidless

population reached up to 64% after 4 weeks of

growth time and even 87% after 2 months.

When the cells were grown In the minimal

medium supplemented with 0.01 X LB, after

two weeks about 39% of cells were losing

plasmid(s) and the losing rates was increasing

as described before. The plasmidless population

reached up to 62% after 4 weeks of growth

time and even 86% after 2 months. The lost

rate showed the similar tendency to increase.

But both data failed to show any significant

difference. There seemed to show no

significant difference between growth in

minimal and poor medium. The supplementation

100

A.
80

E 60

15 40
CL

20

1

B.
100

80

E 60

I 40
20

of the O.OIX LB did apparently not increase or

decrease the stabilities of the plasmids of the

Pseudomonas sp. KM12TCs. The plasmids

were seemed to be randomly selected and lost

resulting in the clear tendency of increase in

the percentage of the plasmid-less Pseudomonas

sp. KM12TC cells which had harbored the

phenol-degrading pKMlO and arsenical

resistant pKM20 together before.

Activities of the plasmids of Pseudomonas

sp. KM12TC after growth in the minimal

and rich medium.

Even though the suppplementation of the

O.OIX LB failed to show any significant

differencies in the stability of the plasmid of

Pseudomonas sp. KM12TCs in the previous

experiments, when the supplemented amount

of LB from O.OIX to O.IX even to 0.5X LB

clearly showed the decreased stabilities of the

plasmid of Pseudomonas sp. KM12TCs. To

examine the effects of rich medium on the

stabilities of plasmid of the Pseudomonas sp.

KM12TC, cells from overnight culture were

appropriately diluted and grown in rich (O.IX

LB supplemented), or richer medium (0.5X LB

supplemented) respectively as described in

C.
100

60

E 60

I 40
20

icG _cnL

0.0 0.5 1.0 1 5 2.0

Months

0.0 0.5 1.0 1.5

Months

2.0 0.0 0.5 1.0 1.5

Months

Fig. 2. Activities of the plasmids of Pseudomonas sp. KM12TC after growth in the minimal and rich medium.
The plasmid activity was expressed as percent survival as described in Materials and Methods. Panel A:
minimal medium: B: rich medium (O.IX LB supplemented to the minimal medium) C: richer medium (0.5X
LB supplemented to the minimal medium). Bars: from left to right, the cells harboring both plasmids, the
cells harboring pKMlG, the cells harboring pKM20. and The cells harboring none.
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Materials and Methods. Then, the cells were

spread on appropriate selection agar plates and

incubated for two days at 28°C for direct

counting as described in Materials and

Methods. In this experiment also, the presence

of specific plasmid at different growth

conditions after two weeks to two months

growth was examined.

When the cells were grown in rich medium

(supplemented with O.IX LB), the rapid

decrease in percentage of cells harboring both

plasmids from were rapidly decreasing from

58% at second week, to 26% at the first

month, even to 7% at the second month were

observed probably due to increased growth

rate, resulting in the uneven distribution of

artificially or natural transconjugated plasmid

in figure 2B. The lost rate was even

accelerated when the cells were grown in

even richer medium (supplemented with 0.5X

LB). The percent of plasmidless cells were

rapidly increasing from 23% at second week

to 87% at the second months. Random

selection of the remaining species of plasmid

was also observed in this experiment and the

unstabilities of plasmids when the cells were

grown in rich medium and richer medium at

higher rates.

Efficiencies of the phenol degradation of

Pseudomonas sp. KM12TC after growth

for two month in the appropriate media.

Since the stabilities of the plasmid of the

Pseudomonas sp. KM12TC grown in rich

medium for two months decreased severely,

the cells were tested for phenol degradation

efficiency as described before. Pseudomonas

sp. KM12TC were grown for two month in

the minimal medium (OX LB supplemented),

poor medium (O.OIX LB supplemented), rich

medium (O.IX LB supplemented), or richer

medium (0.5X LB supplemented) and used for

phenol degradation efficiency.

For the control experiment, Pseudomonas

sp. KM12TC directly grown from the fresh

stock were showed to degrade 95% of phenol

within 2 days as expected. But Pseudomonas

sp. KM12TC grown for two months in poor to

richer medium took longer time to degrade the

similar amount of phenol. Pseudomonas sp.

KM12TC grown in minimal medium for two

months took 9 days to degrade 95% of phenol.

Similar results were observed when the cells

were grown in poor medium (supplemented

with O.OIX LB). In fact, there was no

significant difference between them. But, when

the cells were grown in rich medium or richer

medium, the cells took much longer time (15

to 18 days) to degrade similar amount of

phenol as compared to 9 days resulting from

the loss of active plasmid pKM20 which had

been characterized previously. The lag

characterized by low degradation efficiency of

phenol was observed in case of rich and

richer medium, and the lag was more

prominent as the amount of supplemental LB

S <0

Fig. 3. Efficiencies of the phenol degradation of
Pseudomonas sp. KM12TC after growth for
two month in the appropriate media. The
preparation of cells and phenol degradation
efficiencies were carried out as described in

Materials and Methods. Symbols: #, control:
•, minimal medium (OX LB supplemented); •,
poor medium (O.OIX LB supplemented); ♦, rich
medium (O.IX LB supplemented); •, richer
medium (0.5X LB supplemented)
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was increased (Fig. 3). The cells grown in

the minimal and poor medium took longer a

significantly shorter period than the cells

grown in rich and richer medium. The

plasmids seemed to be retained more stably

when grown in poor medium.

CONCLUSIONS

When the cells were grown in minimal

medium,.the plasmidless population reached up

to 64% after 4 weeks of growth time and

even 87% after 2 months. When the cells

were grown In the minimal medium

supplemented with O.OIX LB, the plasmidless

population reached up to 62% after 4 weeks of

growth time and even 86% after 2 months.

The suppplementation of the O.OIX LB failed

to show any significant difference in the

stability of the plasmid of Pseudomonas sp.

KM12TCs. When the cells were grown in rich

medium (supplemented with O.IX LB), the

rapid decrease in percentage of cells harboring

both plasmids from were rapidly decreased to

26% at the first month, even to 7% at the

second month. When the cells were grown in

rich medium or richer medium. The lag

characterized by low degradation efficiency of

phenol was observed in case of rich and

richer medium, and the cells took much longer

time (15 to 18 days) to degrade similar

amount of phenol. For bioremediation work at

cocontaminated sites, pKM20 was transcopjugated

from Pseudomonas sp. KMIO into Pseudomonas

sp. KM20 by transconjugation. The

transconjugated cells were expected to have

numerous potential benefits, including the

ability to be resistant to heavy metals

involved in cocontaminated sites. These results

suggested that the stability of the plasmid

could be increased by growing the

transcortiugated cells in poor medium.
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2. Leuconostoc 7]-^ 2i^}^

•§•'*•10?] type strainLeuc citreum KCTC 3524, Leua citreum KCTC 3526 ^

Leuc. mesenteroides subsp. mesenteroides KCTC 3505 ^ 2^^}

Leua mesenteroides subsp. mesenteroides KCTC 3505fe 3f. pH7> 4.5S.
o] 7j-sv Leuconostoc ^ 5a^4. ^ll" 471-71 SL^ 8% NaCl^l ^7}

^ Leua mesenteroides subsp. mesenteroides KCTC 3505^

Leua citreum nbose^l- xyIose-1- c] % o].g.^ <^1# 471-71 Leuconostoc

•& fructose, glucose, mannose-fe- ^ rhamnosefe- <=*1^®1-^1 *^1^-^
^S-S] Leua citreum subsp. dongchimi ceilobiose-l- -^sl-jL

^1-^1=1-. Lactose^! Elli^.g Leua citreum 33"^ S.-T-71- ol-g-sfx] •^§1-^71^ Leua

mesenteroides subsp. mesenteroides KCTC 3505*?!: ®1 "r ®1^
melibiose^ Leuconostoc 45"^ S.-T- *=*1^

^V^l amygdalin, esculin salicin-^ '̂ 'l-S-^l-fe-
S. ^lAfEl^cf. o] Leua mesenteroides subsp. mesenteroides KCTC 3505*3- salicin^ o]

-§-^>71 ^5>^t:l-.

Abstract. Four strains of Leuconostoc including a strain from Dongchimi were tested in

order to determine their salt tolerance and ability of carbohydrate fermentation. As a result, Leua

mesenteroides subsp. mesenteroides KCTC 3505 showed strong salt tolerance and grew even at

the concentration of 6% NaCl although other strains were failed to grow. However, all 4 strains

of Leuconostoc could not grow at the media containing 8% NaCl. Leua mesenteroides subsp.

mesenteroides KCTC 3505 could utilize ribose and xylose better than three Leuc. citreum

strains tested for determining pentose fermentation. In the case of hexose fermentation test, all 4

strains of Leuconostoc could utilize fructose, glucose, mannose but not the rhamnose at all. From

the disaccharides utilization test, only the Leua citreum strain isolated from Dongchimi failed to

utilize cellobiose. All strains of Leuc. citreum could not ferment lactose where
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the Leuc. mesenteroides subsp. mesenteroides KCTC 3505 could utilize it. The tendency was
more evident in the case of melibiose. It was turned out that all the strains of Leuconostoc
including a strain from Dongchimi could not utilize alcohol~derivative carbohydrates. All three
strains of Leua citreum could utilize well amygdalin, esculin and salicin as complex
carbohydrates, however only the Leuc. mesenteroides subsp. mesenteroides KCTC 3505 could not
ferment salicin at all.

I. H ^

(carbohydrates)^ -^71

(1,2). =L ^^7} D])
^ ^^VollTll nl|.f

(probiotic)

£ ^711 «^^slx]nj(2,3,i0)

«l-7ll '̂ 71-fe- ojoll C)]^ ^
^7} S)JI $X^] 4°<}=

fed] ^ 7]^^ A>ois. 9in 3.71]
67llfi] al-O-S. ^^^4(4,5). oll-fe 7>^J- ^

Lactobacillus^ Bifidobacterium^,
Streptococcus^, Leuconostoc^, Pediococcus

^ Sporolactobadllus^ fe ^2]-l-
olf.oL 5a4. -^4 o] 4 ^<^14 ^4

:as]al ath «^l-§-4al Slfed] a o] ^
1-5] ^7l| nll^ol] A]#S] ^44

<^4 ^ 314(4,5)1- 4^ 44:ii ^
^ Si4. 4^44 ^ 4-44 43.44

-^-§-4(5,6,7)^ 44 -^4^4 44 4-g- ^ 4
4 4-8-. 14^41 7lfe, ^34 ^4
4-8-, 44=44 7V4 ^4, 444 7i|4 4-8-, 4
4 4-8-, ii444 4-8-, 4-^ 4-8- 3l4, -^4

1-4^ 44- 4-8- -i-l- SI44 444 4^ ^

44 Si 4.

444 Sfe -^4^47]-#^ 41-4 -8-8-^^1:
4444 oi.§.«).7] ^44

l-l- 1-444 slfe ^444. 44 ^

4fe 44-41-4711 4^ 14^44 414 44
4 17^ ^7)4- 17] 4 ^4 1444(8,9) 14

«J=41- 114fe ^31 -^4^4 4f^4

Leuconosto(nt% 1447] 444 1444
147-1 141 Leuconostoc^{Leuconostoc sp.)

4 1 ^ ^Ajoll 71-aj-
IJIH 2:A>^4 l-Ajoll 42:1^S.4 4l

-144 17^4 .a.al4fe Leuconostoc

citreumilO)^ type strainSl Leuconostoc citreum

KCTC 3524, Leuconostoc citreum KCTC 3526
^ Leuconostoc mesenteroides subsp. mesenteroides

KCTC 3505 ^^14 ^ IJLfel 4H 2:A}

4-^4.

n. ^ ^

^Bl,

144 ^11 4-8-44 =^4-
I ^ MRS agar 4 41- 4-8-^14 ^4 «111«]-
^^4, 141 ^4 1S.47V 4-444 4-
II 41C :a-4444-. 4 1S.41 4
-g-sH AflS-l MRS agar 44 444

.^4, *^44 1S.41 4-7] MRS agar-1 4-8-
4-4 30C Mlloj:7HA-] Leuconostoc'^-^
ail4=l 41 ^ 141 444 447j dli^fz}.
^ 13l 1=^1 4^4. *^44 511 54711-t
20% 44-144 ^444 44 1^1 4144
11 114^ :f -70r deep freezeroll .^.4:44
7>14^4.

1 1^47i 7l-g-4: -g-Al-g-^fe Leuconostoc

citreum KCTC 3524, Leuconostoc citreum

KCTC 3526 ^ dextran Leuconostoc

mesenteroides subsp. mesenteroides KCTC
3505S. tl-573*^14414(Korean Collection

for Type Cultures, KCTC, 44)47-1 1444 4
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^2]'^ Leuconostoc citreum cfltb ^IjiL ^n'-

Table 1. Various Leuconostoc strains used in this study

Species & Strains Sources

Leuconostoc dtreum dongchimi Dongchimi

Leuconostoc dtreum KCTC 3524 ACTC 13146

Leuconostoc dtreum KCTC 3526 honeydew of rye ear

Leuconostoc mesenteroides
subsp. mesenteroides

KCTC 3505 fermenting olive

•& Leuconostoc

citreum

Leuconostoc citreum 2^^^^

# Leuconostoc mesenteroides subsp.

mesenteroides KCTC 3505^5. 3:^l-5]-^

4. ^ glycerolo]

20%

«^1 Table l^f

^4.

EllriiE.

MRS(Difco)l- >^l-§-^

2:>^^ MRS 5.58 g«>ll 44 2 g, 4 g, 6

g, ^ 8 g4 NaCi4- 100 ml4 24

44 7}<^ ^ 15 ml

(Coming)^ ^^44 7l-<4 ^544 4-g-4^4.

& E1|>;E.

^4^1-4 444 4 4-§- 44-i- 2:444

444 ££44 #47]-4 MRS a}] 4 (Table

2)1- ^^112:4 44 7]-4 ^(10% -8-®-^)# 44

471-44 7l-<a- 1544 4-8-414. 4 444

4-§-€ 4-4 £^ 25f^(SigmaA]-
5. ^-D^- 44" amygdalin(Amy), D-arabinose

(AraD), L-arabinose(AraL), cellobioseCdIel), esculin

(Bsc), fructose(Fru), galactose(Gal), gluconic

acid(Glc), glucose(Glu), lactose(Lac), maltose

(Mai), raannitoKMant), mannose(Mann), melezitose

(Mele), melibiose(Meli), raffinose(Raf), rhamnose

(Rha), ribose(Rib), saccharin(Sac), salicin(Sal),

sorbitoKSorb), suCTOse(Suc), trehalose(Tre), xylitol

(Xylt), xylose(Xyl).

Table 2. Constitution of MRS media without any

carbohydrates

Ingredients Weight

Polypeptone 10 g

Beef extract 10 g

Yeast extract 5 g
Ammonium citrate 2g

Sodium acetate 5 g

Magnesium sulfate 0.1 g

Manganese sulfate 0.05 g

Dipotassium phosphate 2g
Tween 80 1 mt/£

ffl. Un S! jl#

44^1-^ 4^4 ^444 44

444 5a4 «il^4 4- 4444 e1]2:e^ 44
f-fil 4^ol]Ai 4^4 -8-4^1-4 4

£ 4£^ 4^ ^£.44 4^ 71-4441- 44

:a.7l 144 am bi14(o^^)oi] NaCll- 2%44

8%1 ^££ NaCl-i" 47]-44 salt tolerance#

a]H8l) £44. 3. 44 al]2i£4 Leuconostoc^

Tfl-^#4 2% 1 4%1 NaCl4 471-4 al)4ol]Al

# 4#4 4# pH7l- 4.5 44£ 4 4t

^ l## 4 ^ 444(Fig. 1). 444 6%1

NaCl4 471-4 all 4011^1 Bm4^ ;g-f, ©11- 4

7H ^^l-(44^4 £44)# # 44# £4
^3L 444. #, Leuconostoc citreum KCTC

3524# 4# pH7l- 5.6££ 5 >^5#4 7ll 1-71-
#4 4££ 7l«l|lJi 44£4, Leuconostoc

citreum KCTC 35264 #4444 #44 44 5

#(44 Leuconostoc citreum subsp. dongdurni)

# al#414-. 4# Leuconostoc citreum KCTC

35264 Leuconostoc citreum subsp. dongdumi

7} -8-44 ^#4# 444# 4££ 4S.44. 44

Leuconostoc mesenteroides subsp. mesenteroides

KCTC 3505# aim # 4# pH7f 4.5£ 71-1-
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oj^cf. sHdV o]% 47}:^] SL-t- S%

NaCl^l ^7]-^ Bl);^loilAl-^ :^^

# "a- ^ 9X9X^.

S 50

Ml LeuC- Ctieu9MCTC3324
1=1 Lctie cfiEunKCTC 3S2S

•• tAcceeuatroreOonBcnmi
B5SI Leue nasenenxOUMcap

nxserMroefca KCTC 3909

illJ
Conc«ntratlon ot NaCi(%)

Fig. 1. Comparison of the tested Leuconostoc
strains growing at different NaCl concentrations
(2%, 4%, 6% and 8%). In this case, the
increasing pH values indicate growth inhibition
occurred by added NaCl.

<^11: 5-^71-

7] D-arabinose, L-arabinose, ribose ^
xylose Table 2®11 ^
7}^^ ^1-i- a :i4 m 3.

^ D-form^ arabinosefe 'itS.7V 6.0 ®1

t^(Fig. 2). ^7] ^ L-formSl arabinosefe
Leuconostoc mesenteroides subsp. mesenteroides

KCTC 35051- ^ ^
Hel^cl". :2b1M- Leuconostoc mesenteroides

subsp. mesenteroides KCTC 3505fe ^ ^2.^
fil tiljaoH 5lo1 >M1 7\7\ Leuconostoc citreum3.

cf cl ribose^ xylosel- ^ ^

^•c: Leuconostoc ^S.7]
El-ji -S-s]^ Leuconostoc citreum

subsp. dongchimi^ type strain2S. Ell:i.g.^
Leuconostoc citreum xylose

si 0]-%-

5. 5 5

IM Leuc. otreum KCTC 3534
=1 Leuc. cfieumKCTC 3536

Leuc. dreumtmm Oongtfiimi
Ba Leuc. tmserleroideasubto.

mesenfero'tfesKCTC 3509

AreO Arat Rib

Caibohydratos

>Vi

Fig. 2. Pentoses fermentation characteristics of the
tested Leuconostoc strains. Abbreviations of the
carbohydrates: AraD as (D)-arabinose, AraL as
(L)-arabinose, Rib as ribose and Xyl as xylose.

eglil ^2.

6^^^ ril-^-^si ^ 0].%.^}^
glucose(5.S-^, Glu)-a ^

olsl©!] fructose(sl-^, Fru),

galactose(Gal), mannose(Mann) ^ rhamnose
(Rha)l- ol-§-S>ol o]^ ^Vfil ^ ^2^S1

^1-®!!- 2:Al-®l-<sl OL :i2l- Fig. 3®ll
^^1^. ®11: 5a

®1'H 7151 -a oi^i.
47}7] Leuconostoc fructose, glucose,

mannosefe ^ ®1^1: ^ Si•§••§•

pH7> 5.0 ®1«1-), ®11-

rhamnose# ®l-§-^7l SIaI'^(^^
pH7]- 6.0 ®]^). ®1^ Leuconostoc^ -n-#
^51 ^ #-2 A].S.€cl-. «l-7l^V
galactoseS] ^2^®1] Sl®l'*'ife Fig. 2#

Leuconostoc citreum KCTC 3526-8-

®]-§-®l-^l SlSl2i^, 3,^ Leuconostoc
mesenteroides subsp. mesenteroides KCTC
3505^0] ol.§.sl.ji ^^icl". o]^ Leuconostoc

citreum subsp. dongdTimi7} Leuconostoc citreum

KCTC 3524S1-S ^7^}^ Si##

^ ^®1 «^l-\i7> «l-^cl-. ^ ^ ^ 7H
'3" #-2Sl- ^2)# #3^2^ Leuconostoc

citreum subsp. dongdumi^ Leuccmostoc citreum

KCTC 3526®m- Leuconostoc citreum KCTC
3524S1- $^®J# ®# ^ SIS14.
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Jg.^]n]o(|A] Leuconostoc citreum ^

70

05
i

toic dreunKCTC 3SM
loic dbtumKCTCasn
teuc tireumfromOongcnm
iBuc nBoeritrada atnp.
i)Bjeri»<oida KCTC 3505

60 A
5, 55

50

45

40
Gd Gti Mann Rha

Catbohydrato*

Fig. 3. Hexoses fermentation characteristics of the
tested Leuconostoc strains. Abbreviations of the
carbohydrates: Fru(fructose), Gal(galactose), Glu
(glucose). Mann(mannose) and Rha(rhamnose).

27fl

ol-§-^ tJL €^(Fig. ^ -T-
glucose-P(l-»4)-glucoses.

cellobioseSi Leuconostoc

citreum KCTC 3526«^m- Leuconostoc citreum

KCTC 3524^ ceiiobiose(Cel)-l- ^S.^]-jLL ^51
pH 5.0 ^sl

^ Leuconostoc citreum subsp. dongchimi
cellobiosel- ^«?1

pH 6.0 Lactose[galactose-13
(l-^4)-glucose]s1 Leuconostoc

citreum 5L^7l- cl-§-^l-7]

Leuconostoc mesenteroides subsp. mesenteroides

KCTC 3505^01 ^

^ melibiose[galactose-P(l—>6)-glucose]sl
;gjfol]Ai c-l olfl ^41-

Leuconostoc mesenteroides p-O-glucosidic

bondl- 3:4^71- SUfe ^"^1 «=>Vvl7]-

4. Leuconostoc citreum^ P-Oglucosidic
bond# ^ <^1
5.^ Leuconostoc

si 1^3: alS^o.S.'H ^ Si
aI^. 4#sl Leuconostoc
maltose[glucose-a(l—*4)-glucose], sucrose[glucose-
a(l-*'2)-fhictose], trehalose[ glucose-a(l->

l)-glucose] #S1 SlSl.^
^, ©1 -i: Leuconostoc mesenteroides subsp.
mesenteroides KCTC 3505^ a-O-glycosidic

bond# 3L4i# ^3 SJfe a>s.
^51^1-. i^2l-7.i olel^# # nil
Leuamostoc mesenteroides subsp. mesenteroides

KCTC 3505^ SL# ^
3L«]-^ ^.2.3. o] Q-Oglycosidic

bond# 3.4^4 p-(9-gIucosidic bond

# ^ Sl^ 3i# ^3 Slfe ^
3S.

. Lffuc cirtum KCTC 3524
• tffue ct/eum KCTC 3526
• Louc of/Qum ttom Dsngctirn
> i0ue mesenfemdya cutnp

rneMrtcrokhs KCTC 3505

Loc Mel Meb

Carbohydrates

Fig. 4. Disaccharides fermentation characteristics of
the tested Leuconostoc strains. Abbreviations of
the carbohydrates: C^eKcellobiose), Lac(lactose),
Mal(maltose), Meli(melibiose), Suc(sucrose), and
Tre(trehalose).

3711 si ^^^7> #^#S1 ol.g-^ #3^

S.^(Fig. 5), a.# glucose-P(l-»'
3)-fructose-Q(l->2)-glucoseS. melezitose

(Male)# «^1-§-«1-^l fnictose-a(l-^)-
galactose-P(l""*6)-glucoseS. raffinose(Raf)
"^Al ol.g-s}Al #Sl-^t:1-. ^^1 Leuconostoc

mesenteroides subsp. mesenteroides KCTC
3505# ^S. raffinose# #-§•# ^ S1S14
(31# pH 4.9). #51# ^sl-fe- #7.] Leuconostoc
mesenteroides subsp. mesenteroides KCTC
3505fe a-O-glycosidic bond# 34;sf
P-O-glucosidic bond# ^ Sl^ 34;#
#Aloll :^3L 5a7l nll#3S. A>S.Sl#t:1-.
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I Leuc elrmjntHCTC 3326
I L0UC ciivumFromOanQMnl
I Leuc /narMBnfaraams BjMp

nvarfMioaeM KCTC 390S

Caibohydratas

Fig. 5. Trisaccharides fermentation characteristics
of the tested Leuconostoc strains. Abbreviations

of the carbohydrates: Meleimelezitose) and Raf
{raffinose).tl673611

7lE} UlH^l-7l

amygdalin

(Amy), esculin(Esc), saccharin(Sac), salicin(Sal),
4^715.

^ gluconic acid(Glc), ri2]al

mannitol (Mant), sorbitoKSorb), xylitoKXylt)

•^CLS.

Leuconostoc 4^^{Leuconostoc citreum KCTC

3524, Leuconostoc dtreum KCiTTC ^26, Leuconostoc

• Leoe etrMitCTCX'i*

Leuc ei/Vifr> HCTC 3536

• 4#vc ctf/v^frvnOmgclvri
• L«vc nmittfocn cuDtp,
mone/QM hctc

Amy C$c OK Mant G«e Sal SorO xyi

CarfoohydratAS

Fig. 6. Complex carbohydrates fermentation
characteristics of the tested Leuconostoc

strains. Abbreviations of the carbohydrates: Amy
(amygdalin), Esc(escuiin), Glc(gluconic acid),
MantCmannitol), Sac(saccharin), Sal(salicin). Sorb
(sorbitol), and Xvlt(xvlitol).

citreum subsp. dongchimi, Leuconostoc

mesenteroides subsp. mesenteroides KCTC

3505) ^

pH 6.0 ol-y-)

•^ '̂̂ •(aniygdaiin, esculin, salicin)-^- ^

}=. S4^5lcl-(Fig. 6).
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CASSCF, MRMP2, MR-CISD, CCSD(D and CR-CCSD(T) theories were adopted to study the isomersof AliOj and its anion.
CR-CCSD(T) and MR-CISD consistently indicate that the linear isomer 2 is the ground state, which is consistent with matrix iso
lation experiments. All three peaks at 1.88, 2.37 and 5.1 eV in the photoelectron spectra can be readily assigned as 'Ag,

' 'Bjuand -• 'Bjuof isomer 1, respectively indicating that theelectronic states of isomer 1arein better agreements with
the photoelectron detachment spectra. These contradicting results may imply that the major isomer of AI2O2 can depend on the
experimental conditions.
© 2005 Elsevier B.V. All rights reserved.

1. btroductioQ

As a prototype of alumina, small aluminum oxide
particles are of great importance, since they can provide
a good testing ground that can allow a better under
standing of basic chemical nature for the more complex
systems. In spite of the simplicity of these small parti
cles. however, there has been a controversy over the
ground state structures of AljOj in particular. Density
fimctional theories (DFT), MP2 and CCSD(T) theories
consistently predicted that the Dih structure (1) is the
ground state followed by the Cooh structure (2) (1,2].
While most matrix isolation studies [3-5] prefers 2, the
anion photoelectron spectroscopy study [6] of AhOJ
strongly suggested the rhombic 'Ag (1) as the ground
state of the AI2O2. Three peaks at 1.88, 2.37 and
5.1 eV were observed in the photoelectron spectra. They
were assigned as the binding energies from the
^Bju (AI2O2) ground state to 'Ag, B3U and
(AI2O2) states of 1 [6]. CCSD(T) results by Archibong
and St-Amant [2] further supported the first two peak

Corresponding author. Fax; -*-82 53 950 6330.
E-mail addrev: ccho)@kou.ac.kr (C.H. Choi).

0009-26I4/S - see front matter O 2005 Elsevier B.V. All rights reserved.
doi:10.10160.cplett.2005.05.127

assignments. But no theoretical attempt was made to as
sign the experimental peak at 5.1 eV.

These photoelectron experiment and the theoretical
results consistently suggest that the singlet-triplet sepa
ration of D2h structure of A1202 is about 0.49 eV. TTiis
indicates that the D2h (1) isomer may possess multi-con-
figurational character requiring multi-configurational
treatment. Furthermore, more detailed information of
the excited states is helpful to better analyze the experi
mental data.

In this Letter, we adopted CASSCF (complete active
space SCF) (7-11] and MRMP2 (multi-reference MP2)
[12,13], MR-CISD (multi-reference configuration inter
action with single and double excitations) [14],
CCSD(T) and CR-CCSD(T) (completely renormalized
CCSDfD) [15] to better understand the chemical nature
of the ground and the excited states of AI2O2 and its

2. Compatatioaal details

The active space for the CASSCF calculations are
composed of all 2p electrons and orbitals of O atoms,

- 103 -



• pp. 249-256. 2006.

W 9I& Ahsjg ^DHoi ?iii5afaoii n\E uih

(2C05id 2«a 2006\3 2^ 16'a >11^)

Activity Comparison According to Prepared Method of Cu-Mn Oxide Catalyst for Toluene

Combustion

Kim • Sung>Woo Chm^ • Chai^Seop Lee*
DepartnKnt of Environment Science, Keimyung University • ^Department of chemistry. Keimyung University

ABSTRACT : Catalytic combtistion of toluene was investigated on the Cu-Mn oxide catalysts prepared by tite impregnation(Imp) and the
deposition.prectintation(DP) metiuds. The mbdng of o^^ier and manganese has been found to enhance the activity of catalysts. It is then found
that catalytic efticienc^ of the Cu-h«fo (»ide catalyst prqiared by the DP method on combustion of toluene is much higher than that of the
Cu-Mh oxide catalyst i»epared by Imp metiiod with the same chenucal c(»iqx»itioiL The catalyst prepared by the deposition-precipitation
method observed no change of toluene conveision at time on stream during 10 dttys and at the addition of water vtqwr. On the basis of
catalyst cfaaracteiiaation data, it has been suggested that the catalysts prepared by the DP method showed uniform distribution and smaller
particle size on the surfoce of catalyst and then enhanced reduction capability of catalysts. Therefore, we think that the DP method leads
on progressive capacity of catalyst and pronaotes stability of catalyst It was also presiuned that catalytic conversion of toluene on the Cu-
Nfo oxide catalyst depends on redox reaction and CuisMnijO* spinel phase acts as the mtijOT active sites of catalyst

Key Words : Catalyst, Toluene, Capper, Manganese
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Abstract

The catalytic combustion of toluene was investigated on the Cu-Mn oxide catalysts prepared by the deposition-
precipitation method. Experiment of toluene combustion was performed with a fixed bed flow reactor in the
temperature range of ICK)—280°C. Among the catalysts, 1.29Cu/Mn showed the most activity at 260''C. The
deposition-precipitation method may be showed the potential to enhance the activity of catalysts. The catalysts
were characterized by BET, scanning electron microscopy (SEM), temperature-programmed reduction (TPR), X-
ray photoelectron spectroscopy (XPS) and X-ray diffraction (XRD) techniques. On the basis of catalyst
characterization data, the results showed that the surface of catalysts by deposition-precipitation method had

uniform distribution and smaller particle size, which enhanced the reduction capability of catalysts. The XRD
results showed that CU| jMnijO^ spinel phase was made by deposition-precipitation method, and increased catalyst

activity and redox characteristic. It was assumed that the reduction step of CU|3Mnj^04 spinel phase progressed
Cui^ni 3O4to CuMn02, and CujO to CuMn204 and Cu.

Key words : Toluene, Catalyst, Combustion, CU|.5Mnij04, TPR
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Activity and Characteristics of Cu-Mn Oxide Catalysts Supported on y-AljOj
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3. af

y-AljOj^fl Cu-Mn 160-280»C2l ^7)S.
BET, SEM, TPR, IPO, XPS ^ XRDQ- o)-8-aM

280°C Cu-Mn ^^1^ 15.0 wt%Cu-10.0wt%Mn^ ^.2^ MieftiW-. TOVIPO 9{
XPS 15Cu-lOMn ^:HS. ^ SJt£^ ol^Sl*
5acf. XRD^4. Mn CuO Cu,jMnuO^ai

Abstract - The catalytic oxidation of toluene over -AljOj supported copper-manganese oxide catalysts in the temper
ature range of 160-280"C was investigated by employinga fixed bed flow reactor.The catalysts were characterizedby
BET,scanningelectronmicroscopy (SEM), temperature-progranuned teduction(TPR),temperature-programmed oxida-
tion(TPO), X-ray photoelectron spectroscopy(7a>S) and X-ray difi&action(XRO) techniques.Catalyticoxidation of tol
uene was achieved at the below 280 "C, and the optimal content of copper and manganese in the catalyst was found to be
15.0 wt%Cu-10.0 wt%Mn. From die TPR/TPO and XPS results, the redox peak of 15 Cu-10 Mn catalyst shifted to the
lower temperature, and die bindingenergy was shifted to the higher binding energy.Furdiermore,It is considered that
CuijMn, 5O4 is superior to Mn oxidesand CuOin the role as activefiictor of catalysts fromthe XRDresultsand also
cat^ytic activities are dependem on the redox ability and high oxidation state ofcatalysts.
Key words: Toluene,Copper,Manganese,Cu| jMn, JO4,CatalyticOxidation
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A Study on Noise Resistance and Physical Properties of NBR
Rubber Materials Containing Oleamide and Aramid Chip
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3. NBRofl oleamideSi- ol.5).n) =
1- ol-# 7l-3§-^'^^, ^2^3^

^^•§r 3:Al-s>sai:)-. 7l-i8^'yatl- Mooney n]7>i8-jl^S] 71-^'y-g: oleamideSl

torque7l- ^4i«r>5ac)-. oleamideS) 3 phr^ '̂V^] ^7l-^«»{l ^ 2.

1-2^^ 7]9] ^
-^i^cvoAm, i2or) >^1^(70^1;^, 4or)-i-

3^ 41^-i-ol 3.^ ^^4i«>5a2.c1, TGA/DSC a|l^ja.-?-7l|ss) <ia^
^^7f Sisac)-. 7l^l->a. ^ ^ :^S^, NBR

227001 JL-?-7)1^011 A-j iflD].2.Ajj4 oleamideSi ilajufl^ulfe 3 phrSa^-C^. Ml^
t})^ o>S)-nl = sl 3|a}al)^ulfe 1 phrS.

ABSTRACT : This study are conducted for the purpose of developing rubber material with noise and

crack resistance. Cure characteristics, physical properties, thermal resistance, fuel resistance, abrasion

resistance, crack resistance and noise resistance of NBR compounds with the various amounts of oleamide

and aramid chip were investigated. From the measurements of cure characteristics and Mooney viscosities,

cure characteristics of uncured rubber showed that a torque was decreased as the amount of oleamide

increased. Hardness, modulus and elongation of rubber specimens tended to be reduced gradually, however,

tensile strength remained unchanged as the amount of the oleamide increased. As a testing results of

heat resistance for 70 hours at 120TC and oil resistance for 70 hours at 40*0, tensile strength and elongation

were all reduced. From the TGA/DSC analysis, there was no such a change observed in thermal

characteristics of rubber materials. As a result of testing basic physical properties, abrasion resistance,

noise resistance and crack resistance, the optimum ratio of oleamide to NBR was found to be 3 phr,

while that of aramid to NBR 227001 was 1 phr.

Keywords : noise resistance, crack resistance, NBR, oleamide, aramid
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A Study of Self-Sealing Rubber Material
Using Foamed Natural Rubber

Do-Hyun Kim^, Hyun-Mook Kim, Chang-Seop Lee,
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a Of: ^ -Sr# ^}7] l9.aoi) A>-8-^ ^ SX^

S.9] 10-30 phr ^

71-^ 5^ 2:AV«)-5acf-. "]7>% 7|-

^ 7V^-f}-oii fif«D tszSf- Tcwo]

^1 ^53:4. ^S®fl sfti- ^£.sf ^ytr 7}^ ^2)- aiH«ll i/5S. 'as.7}-

3] ^2}-, C. •i-f-'?!lollAife 2-g: oltflofl 3_^ 7}7]

90% of^o] jQ-a£lSlT=f. ^7]^A>^nl;g(SEM)^^ ^2f

sodium blcarbonateofl Sit!: ^5. 'S.S.

ABSTRACT : The self-sealing rubber material for a fuel cell which has self-sealing ability, in case of

fuel leakage, was studied. Cure characteristics, density, swelling, and surface morphology of foamed natural

rubber were investigated with carbon black and with processing oil within the range of 10—30 phr. The

rheological properties indicated that the value of tS2 and the value of Tc9o vvere increased with increasing

a content of processing oil, while carbon black did not show a similar trend. A difference in density

by foaming was decreased to one fifth scale compared to the initial value. According to the swelling

test of foamed natural rubber in fuel C, isooctane and toluene, all the self-sealing action was finished

in two minutes. From the SEM image for the surface of rubber compounding, a foaming by sodium

bicarbonate was found to be unequal and consecutive foaming cell.

Keywords : NR, foamed rubber, self sealing, swelling, fuel tank.
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XAM 5J
OO X. S A1IS?0IIAi2| 5-amlnolevunnic acidOII 2IGH

ProtODorDhyrIn 1X21 SS asg ?1& In Vitro 9?

a 9 fif • '9 S S • 'o| oj ^ . 2gj g *1 . t o| ^
TdScHSfjii afafjjf. 'a^oi^gxfaJH^ 31

(S^ : 711X11^2! : )

In Vitro Study of Fluorescence Detection for Protoporplwrin IX
Induced from 5-amlnolevullnlc acid In Cancerous and Normal Cells

Myung-Hwa Kinfi, Hyun-Jeong Wm', In-Seon Lee', Kyung-Chan Kim®, and Chang-Seop Lee+
Department of Chemistry, 'The (Center for Traditonal Microorganism Resources,

^Department of Digital Physics, Keimyung University, Daegu 704-701, Korea
(Received : Accepted ; )

To darify the usefulness of fluorescent diagnosis for cancer. We investigated the optimal method of administrating
5-aminolevuIinic add (5-ALA) by analyzing fluorescence signal of Protoporphyrin IX (PplX) In the cultured normal and cancer
cells. 5-ALA was injected as a photosensitizer to the cervico-uterine cancer cell line (HeL^) and in normal fiver cells
(Chang). Chang and HeLa ceils were incubated with various concentrations of 5-ALA (0-800 'jglmL). The accumulation of
PplX induced by 5-ALA was in HeLa and Chang ceils. The cell viability was measured by MTT assay. The optimal
concentration of ALA that induced maximum levels of PplX was 50 ug/mL in HeLa ceil cured for 24 hours after 5-ALA
injection. Ruorescence of PplX in HeLa ceil was exdted at a wavelength (.•.-410 nm) and showed an emission spectrum at
602.3 nm, 659.9 nm which could be related to the PplX generation induced by the applied 5-ALA. The experimental results
showed that fluorescence signal of PplX was proportional to the concentration of 5-ALA in tumor ceils, but measured with
low concentration in normal ceils.

Key Words : 5-aminoievuiinic add, Protoporphyrin IX, Photosensitizer

5)^ S-aminolevulinic acid (ALA)fe

hemeSj cflA). 2:3| vfloijA-j
hemefij (Photosensitizer) protoporphyrin
DC (PpDOS. ALA& '?l^'»i] ^
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-g. ^ ^ Baj-a?!) Ppix7)
^^-a- Mjoi ^s. ^^-a- su^ci], aje
oj® ol-§-?v -a-sl ^^3). Aja-S- 7H
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c})=S-"a- -Hli ((71-26) cfl'S-'y-
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Adsorption Characteristics of Nitrogen monoxide over Dealuminated
and Alkali/AIkaline-eartfa Metal Ion Exchanged Y-Zeolites

^Cheol Hyun Kim'" • Chang Seop Lee
*Dept. of Gas Industry, Andong Irformation Technology, Gyeongbuk 760-833, Korea

Dept. of Chemistry, Keimywig University, Daegu 704-701, Korea
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3. ^

ICP-AES, XRF 52 XRDSf
O-ol. NOTPD ^^-g- 7]^ aAVsl-sac}-. NaY

Si/Al wife ^ Cs 52 Ba ;«fl-a-el-oi:E
s\ Si/Al w|7l- -?-7l-al.SLS. S-g- C-1 :a-4i«l-5glcl-. A1 -^^l-S) ^2lS 7lfe

5il-ji)7|- -y^Sjol framework (tetrahedraiy7'^7l- non-framework (octahedral) •?-3:7l- ^7}-
sl-sacf. ojel^ ^-S-fe ^7V«l.sao.ul <a=olfeg- 4^ol|fe c-1 a.7il M-wl-

NO-TPD g^oflAi ^-^-olfe ^ ^nflsl v+El-vfl^
-2^ «='l-f-«lSa^°l, ^1^^ •S-¥-2l7l- -y-cflai ^'iJ-?-wl
fe 52 ®<l=olfe 32.^ ^ Y^ AlIg-21-olJE^ J2.^^ '9»1-S:2l- non-fiamework (octahedral)

'^S'yol o];Sl^ <y^ol d fe- 5J.OS. M-El-idtcl-.

Abstract -The dealuminated and alkdi/alkaline-earth metal exchanged Y-zeolites were prepared as a
catalyst. Elemental compositions and structures of the prepared catalysts were analyzed by the various
spectroscopic techniques such as inductively coupled plasma-atomic emission spectroscopy(ICP-AES), X-
ray fIuorescence(XRF) and X-ray diffTaction(XRD), and the desorption behaviors of adsorbed species on
the catalyst sur&ces were investigated via NO-TPD experiment Comparing with the composition of the
starting material of NaY zeolite, the magnitudes of Si/Al ratio in catalytic materials were increased after
dealumination. The Si/Al ratio of catalytic materials after dealumination followed by Cs and Ba cation
exchange were additionally decreased. Dealumination to catalysts induced a destruction of basic frame due
to a detachment of aluminum, which results in reducing framework structure, while increasing non-
frameworic structure. This phenomenon becomes more serious whh increasing time of steam treatment and
even more significant for the cation exchanged catalysts. In NO-TPD e>q3eriments, the desorption peaks
ofNO vdiich indicates an activity point ofcatalysts shifted to the low temperature region after dealumination
and cation exchange. The desorption peaks of Ae NO-TPD profiles taken after steam treatment also shifted
to the low temperature region as the steam treatment time increased. In dealuminated and cation exchanged
Y-zeolites, the catalytic activities were more influenced by exchanged cation and the formation of non-
frnmeworic structure.

Key words : Y-Zeolite, NO-TPD, Dealumination, Cation exchange, Si/Al ratio. Framework
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Adsorption Characteristics of Nitrogen Monoxide on Y-type and ZSM-5 Zeolites
Exchanged with Alkali/Alkaline-earth Metal Cation

Cheol Hyun Kim^ and Chang Seop Lee*

Department of Gas Industry, AndongI/formation Technology, Gyeon^tmk 760-833, Korea
'Department cf Chemistry, Keimyung UidversUy, Daegu 704-701, Korea
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9l y<9 5J ZSM-5 ^"11§ ^atsl-sacj-. ^
9l ZSM-5 ^-S-Sl-Olesl Si/AlHlfe- bulkJicte Si/AlBl7V Cl ^ ^ ^

Sl«a 9J ZSM-5 s^3^fe ^S. A1 ol-g-S)
^3l<Hi Sl^ ^«lnl, framewoiko] ^iSl-ul non-&aniework<>] ^7f3l-gcJ-. o]3)^

f'7fa}-aji. o^foi-g.o.s. ci^ -a^siSi-S-fr "a- 'T SlSicf. NO-TPD
5J ZSM-5 :«ll-S-efo)Sfe ^^^•¥-ej7> 0l^«vsa4.
£7f t\ ^S-S. 4%-b8s1 si/AI

S'fl'H framcworkj^ noD-frameworkS] n)-8^o|] 2)$«1-S[c}-.

Dealuminated and alkali/aUcaline-eaith metal exchanged Y-type and ZSM-5 zeolites were prepared as catalytic materials.
Comparing with the composition of starting material, the magnitude of Si/Al ratio was increased after tt^ninminatinn and
cation exchange process. The ratio of Si/Al on surface was qipeared to be larger than that in bulk. The destruction of
basic &ame in catalysts observed was understood to be due to a detachment of aluminum, which results in reducing
fiamework while increasing non-fiamework. This phenomenon becomes more serious with increasing titne of steam treat
ment and even more significant for the cation exchanged catalysts. The desorption peaks of the NO-TPD profiles taken
after dealumination and cation exchanged Y-type and ZSM-5 zeolites shifted to the low temperature region. It was also
found that the longer the steam treatment time, the degree of shift toward low temperature region was increased. The
catalytic activities are dependent on the nature of cation exchanged, the ratio of Si/Al and the ratio of ftamework/non-
framework by a change in basic frame.

K^ords: Y-zeolite, ZSM-5, dealumination, cation exchange, NO-TPD
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The Characteristics of RecycledAlrgiii EPDM Rubber Blends by
High Temperature Shear-crushing Technique

Hyun-Ho Park*, Chang-Seop Lee, and Seong-ToekNa*
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a af. ^:*11 EPDM EPDM •§•

^ 7V% o] ^
^ a-a epdm ui^

EPDM 0-50 phr?^7l EPDM o]
25-35 phr<?l 7^9- aflth

^^Oi: EPDM, •j2.-S;>^T5i«§<*i|7l'̂ , EPDM, Shear Crushing Technique

ABSTRACT. Viigin EPDM and recycled EPDM fine particles that is crushed fay high temperature shear-crushing
technique fiom recycledEPDM were blendedwith the various mixing ratio to rubber blends.The cure characteristics
andphysical properties of theseblended rubber compounding wereinvestigated withdiecontents of recycled EPDMand
physical properties of these blends for heat andantifiueze andcompression set were also measured. Recycled EPDM
materials prepared by high temperature shear-crushing technique were blended to viigin EPDM widi the range of
0-50 phr. Thetesting results of physical properties indicated tiiat the rubber blends of recycled EPDM with25-35 phr
turnedout to be the best compoundingshowing good dispersibility, heat resistanceand anti-fieezer resistanceand inex
pensive in price.

Keywords: EPDM, 7l't, EPDM, Shear Crushing Technique

J^7i-iv2- s. ^'^9a]71:°s. jl

-fsi ^oil 3^71^ ji^7>

M 7^9- ^ »M7> ^ 7]#s. ji $X^.
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Cure Behaviors and Physical Properties of RecycledA^irgin Nitrile Rubber (NBR)
Blends by High Temperature Shear-Crushing Technique

Hyon-Ho Park^, Joon-Hyting Kim, Qung-Seop Lee*, and Scong-Tack Na**

Hwaseung R & A. Ltd, J47-I Gyo-Dong Yemgsan-Cun. Jfyungnam 626-210 Korea
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»+& iLa<a-a- oL-fr nbr)#
-a-aH-a-^ •g-'aH-§2) 71-18- "asj-a-

«+. ^ 9121-^ -fi-imoi] cjiti- zf -a-'aa-e-si •s-'aaa sAfEj-acf. -tiTfl nbr-a
all£«' ^a-aNBR^ 0-50 phrsl ^^±3. 9l ^4. 44

=9i£4 444a ±a4 4d:4«o.4, Ml«a 9i 444534.

Virgin NBR 2Bid recycled NBR palicles, which were pulveriied firom NBR scraps by high temperature shear-crushing
tecfanique, were blended with dif&rent mixing ratio. The effects of the recycled NBR content on the cure characteristics
and physical properties of these blends were investigated and resistance properties of these blends to heat and various
Quids were also studied. The study of cure characteristics showed Qiat tte viscosity increased but the scorch time de
creased. The physical properties of tuUxr Ueods were improved with the addition of the iccyded NBR for heat resis
tance and various Quid tests.

Keywords: NBR high temperatureShear-crushing technique, dispersibiiity, heat resistance, oil resistance, recycled NBR
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The investigation of characteristics of Cu0x/Sn02-Zr02
catalysts for toiuene oxidation

Hye-Jin Kim, Sung-Woo Choi and Chang-Soep Lee*
Department of Environmental Sdence and Engineering, Keimyung University. Daegu 704-701. Korea

'D^iartment of Chemistry. Keimyung Universty. Daegu 704-701. Korea
(Manuscript received 21 January. 20Q& accepted22 June. 2005)

Catalytic combustion of toluene was investigated on Cu0x/Sn02-Zr02, CuOx/SnOz, CuOx/ZiOz catalysts prepared
by impregnation. Characteristics of catalysts loaded on binary support and single support were observed by TPR,
TPO, XRD, XPS techniques. The results on catalytic combustion showed that binary supports improve the
activity of copper in the combustion of toluene. The reason for high catalytic activity on toluene combustion of
CuOx/SnOz-ZrOz catalyst was ascribed to oxidation *reduction activity at low temperatures and stability of
oxidation state after reduction.

Key Words: Toluene, Oxidation, Copper, TPR, TPO, XPS
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Oxidative Coupling Polymerization of DiethynylsUane Derivatives
and l^-Diethynyl-l,l»2^-tetrametliyldisilane

Ji HoKimand YoungTae Park*

Department ofChemistry, Keimyung University, Daegu 704-701, Korea. 'E-mail: ytpark@kmu.ac.kr
Received February 20. 2006

We havecarriedout theGlaseroxidativecouplingpolymerizations of diethynyldiphenylsilane, diethynylmethyl-
phenylsilane, diethynylmethyloctylsilane, and l,2-diethynyl-l,l,2,2-tetramethyldisilane to affordpolycarbosilanes
containing diethynyl andorganosilane groupsin the mainchain,such as poly(diethynyldiphenylsilane), poly(di-
ethynylmethylpbenylsilane), poly(diethynylinethylocQrlsilane), and poly(l,2-diethynyl-l,l,2^-tetraniethyldisilane),
respectively. These obtained materials are almost insoluble in common organic solvents such as CHCh and
THF probablydue to the presence of a rigid rod diacetylene group along the polymer main chain. Therefore,
the polymers were characterized using several spectroscopic methods in solid state. FTIR spectra of all the
polymeric materials show that the characteristic stretching fiequencies appear at 2147-21S4 cm~', in
particular. The polymers in the solid state exhibit that the strong maximum excitation peaks appear at 260-283
nm and the strong maximum fluorescence emission bands at 367-412 nm, especially. Thermogravimetric
analysisof the materialsshows that about 55-68%of the initial polymer weights remain at 400 "C in nitrogen.

Key Words: Polycarbosilanes,Diethynylsilanederivatives,Diethynyltetramethyldisilane,Excitation, Fluore
scence

Introduction

Polycarbosilanes bearing ;F<onjugated groups along the
main chain have attracted considerable attention for their

potential applications as photonic, electronic, and ceramic
materials.' For instance, diacetylene-containing polycarbo
silanes such aspoly(silanylene-^ethynylene)s were reported
to synthesize by polycondensation reactions of the di-
ethynylene dilithium saltwith dichlorosilanes.^ Theprepared
materials with low molecular weights of Mw < 5000 ^mol
exhibit theconductivities ranging from 8 x 10~^ to 3 x 10~^ S
cm"' when they aredoped with FeCh, andpyrolysis of the
polycarbosilane polymersin inert atmosphereresults in a >9-
SiCceramic material inhighyield.^ Interestingly, thelinear
copolymers of silarylene-siloxane-diacetylene exhibit the
elastomeric properties with thermal stabilities up to 330 "C
inair.^ Some researchers have reported electronic structure of
simplified otganosilicon polymers containing ;r-conjugated
moieties based on molecular orbital calculation in order to

explain their electronic conductivity properties theoretically.®''
Very recently, ladderlike poly(p-phenylenevinylene)s with

silicon and carbon bridged ;r-conjugated framework have
been prepared by intramolecular cyclization of mono(o-
silylphenyl)acetylene, showing that the prepared polymers
are intense fluorescent in the visible region and the emission
colors varyfirom blue togreen toyellow.'" End-capped silole
dendrimers on a ethenyl-phenyl carbosilane in inner shell
exhibitgreen to greenish-blue fluorescence."

However, photoelectronic properties such as excitation
and fluorescenceemission of diethynyl-containingpolycarbo
silanes have been scarcely reported up to date. Recently, we
have reported the synthesis and, in particular, electronic as
well as thermal properties of oligomers containing tc-

conjugated moiety of C=C-B-C=C and organosilacyclic
group along the polymer backbone by polyaddition reactions
of l,l-diethynyl-l-silacyclopent-3-enes with borane deriva
tives.'̂ '® Wereported also thesynthesis andphotoelectronic
as well as thermal properties poly(1,1-diethynyl-1-silacyclo-
pent-3-enes and 1,1-diethynyl-1-silacyclobutane) by oxi
dative coupling reactions of diethynyl organosilacyclic
monomers.'̂ Wealso havealready reported the preparation
and excited-state energy dynamics of polycarbosilanes as
well as polycarfoogermanes containing l,4-bis(thiophene or
phenylene)buta-l,3-diyne in the polymer backbone.'® '" V/^th
these considerations in mind, we have extended the Glaser
oxidative polymerization technique to the preparation and
photoelectronic properties of polymeric materials containing
diethynyl silanes in the polymer main chains by utilizing
functionality of diethynyl-containing silane compounds.

Herein, we now report the Glaser oxidative coupling
polymerizations ofdie^ynyldiphenylsilane (2a), diethynyl-
methylphenylsilane (2b), diethynylmethyloctylsilane (2c), and
12-diethynyl-l,l,2,2-tetramethyldisilane (2d) in the presence
of cuprous chloride as catalyst and tetramethylethylene-
diamine/acetone as co-solvent with bubbling oxygen gas
through the reaction mixture to give polycarbosilanes
containing diacetylene and organosilane groups, such as
poly(diethynyldiphenylsilane) (3a), poly(diethynylmethyl-
phenylsilane) (3b), poly(diethynylmethyloctylsilane) (3c), and
poly(l,2-diethynyl-l,l,2,2-tetramethyldisilane) (3d), respec
tively. The obtained materials were characterized by IR and
'®C and ^*81 CP-MAS NMR spectrophotometers in solid
state as well as elemental analysis. Furthermore, the
synthesized polycarbosilanes can be expected to include a
novel ^roonjugated moiety of C=C and silane groups along
the main chain. In particular, we focus on studying the

- 116 -



2005«l-'d£.

PHYSICAL REVIEW D 72, 085007 (2005)

Can we obtain the four-particle-irreduclble efTective action from
the fourth Legendre transformation?

Chungku Kim
Department of Physics, Collegeof Natural Science, Keimyung University, Daegu 705-701, Korea

(Received 12 May 2005; published 10 October 2005)

We have investigated the higher loop diagrams of the fourth Legendre transformation which was
proposed to obtain the 4P1 effective action for the scalar field theory previously. For this purpose, we
intitxluce a method which enables us to obtain the systematic loop expansion of the fourth Legendre
transformationfrom the loopexpansionof the second Legendretransformationwhichgives 2PI effective
action. As a result, we have seen that at four-loop order, the 3PR diagrams of the 2PI effective action
vanishescompletelyas expected but ut live-looporder, the 4PR diagram of the 2PI effective action docs
not vanish completely.

DOI: iail03/Phy$RevD.72085(X)7

I. INTRODUCTION

The n-particle irreducible (n-PI) effective action which
plays an important role in equilibrium and nonequilibrium
quantum held theory is a resummation scheme in terms
of self-conslstently dressed propagators and n-point verti
ces. It is expected to describe accurately the collective
effects and reduce the gauge dependence of the truncated
theory. The early contribution of the 2PI effective action
[1] was generalized by Cornwall, Jackiw, and Tomboulis
(CJT) [2].

Since the 2PI effective action was obtained from the

second Legendre transformation, it was expected that
the 4PI effective action can be obtained from the fourth

Legendre transformation and recently, the formalism from
which one can obtain the 4PI effective action was proposed
in [3.4]. The former [3] used the equivalence hierarchy for
n-PI effective actions and the latter performed the fourth
Legendre transformation [4] by expanding the dressed
quantities around the classical solutions. These authors
have chosen different relations between the expectation
value dressed 3-point and 4-point
functions and have applied to the scalar field theory to
obtain the three-loop order 4P1 effective action. Actually,
as can be seen in [5], the three particle reducible (3PR) and
the four particle reducible (4PR) diagrams appear at four
and five-loop order for the first time, respectively, and
hence, in order to check whether it is possible to obtain
the 4PI effective action by fourth Legendre transformation
or not, we need to investigate the case of the higher loop
diagrams. In this paper, we investigate the higher loop
diagrams of the 4PI effective action of the scalar field
theory proposed previously. In Sec. II, we introduce a
method to perform a systematic loop expansion of the
fourth Legendre transformation and by using this method,
W0 investigate higher loopdiagramsof the fourthLegendre
transformation. In Sec. Ill, we give some discussions and
conclusions.

PACS numbers: ll.13.Tk, ll.lS.Bi

n. THE FOURTH LEGENDRE TRANSFORMATION
FOR SCALAR FIELD THEORY

In this section, we introduce a method to perform a
systematic loop expansion of the fourth Legendre trans
formation from the given second Legendre transformadon
(equivalently, ftom the 2PI effecdve acdon). We will first
apply this method to obtain the 2PI effecdve aqdon from
the usual IPI effecdve action [6] which is reladvely simple
and then we will consider the case of the fourth Legendre
transformadon.

A. 2PI effective action for scalar field theory

The Euclidean classical acdon for the scalar field theory
is given by

We use the notadon in which the repeated condnuous
variables are integrated oven

Jx^x ^J (2)
Then the generating funcdonal for the connoted diagram
is given by

W[/„72] =-hlujD<I>exp[-i(5[<I>] +
(3)

where the external "source J2*y is symmetric under the
exchangeof its indices.Bytaking the functional derivative
of the W\J\, with respect to the external sources, we can
obtain

5/ix
•=• i^x) = <f>x (4)

1550-7998/2005/72(8)/085007(9)$23.00 085007-1 ® 2005 The American Physical Society
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Hydantoin derivatives as non-peptidic inhibitors of Ras
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Abstract—I.3.5,5-Tetrasubstituted 2,4-unidazolinedione (hydantoin) derivatives were evaluated as Ftase inhibitors. Potent Ftase
inhibitors without thiol or peplide were obtained in three steps.
© 2006 Elsevier Ltd. All rights reserved.

Ras protein plays an important role in cell growth and
differentiation. Oncogenic Ras has been found in 40%
of human cancers including 90% of pancreatic and
50% of colon carcinomas.'-^ Ras protein needs a series
of post-translational modifications including the fam-
csylation catalyzed by farnesyl transferase (Ftase).^
Inhibitors of Ftase are considered as potential antican-
cer agents."^ The observation that Ftase can famesylate
C-terminal tetrapeptide of Ras (CAAX in which C is
cysteine, A is aliphatic amino acid, and X is serine
or methionine) triggers great efforts to develop
peptidomiraetic inhibitors. Substitution of aliphatic
amino acids, AA of CAAX tetrapeptide, with benzodi-
azepine' 3-(aminomethyl)benzoic acid (S-AMBA),"
piperazine,^ and l,2,3,4-tetrahydroisoquinoline-3-car-
boxylate (Tic)'" had been tried. Conformational analysis
of potent tetrapeptidic inhibitor CVFM (ICjo 25 nM)"
renders us to design hydantoin scaffold.

Hydantoin was synthesized in one step using Sano's
condition'- in 90% yield (Scheme 1). 5-Methyl-5-(l-
naphthyl)-2,4-iniida2olidinedione (hydantoin 1) was ob
tained as racemic mixtures from the reaction of 1 '-acelo-

naphthone with potassium cyanide and ammonium
carbonate and it was used without chiral resolution.
Introduction of the substitueni at N-3 position was per
formed with the corresponding alcohol under the Mitz-

Kevworde. Hvdantoin: 1.3.5.5-Tetrasubstituted 2.4-imidazoliDcdioDe:

Farnesyl transferase; Non-peptidic.
* Correspondinx author. Tel.: +82 S3 580 5183; fax: +82 53 580

5164; e-mail: jiiiho@lanu.ac.kr

0960-894X/S - see front matter © 2006 Elsevier Ltd. All rights reserved.
doi;10.1016/i.bmci.2005.I2.074

O 1

O 2 0 3

Scheme I. Reagents; (a) KCN, fNH4)2C03. 90%; (b) R'-OH. DEAD.
PhjP; (c) NaH, RLBr.

unobu condition.'^ Normal alleviation at the N-I
position provided the desired compound 3.

Substitution of naphthalene at C-4 position of hydanto
in improved inhibitory activity about one order of mag
nitude more than that of phenyl substituent (data not
shown). However, conformational study showed that
naphthalene cotild accommodate several spatial orienta
tions relative to the hydantoin ring. Introduction of
methyl group at C-4 position provided the steric restric
tion which forced the naphthalene to the desired orien
tation. Also, it removed the easy epimerizinB character
of hydantoin structure.

As a first step to remove the peptidic character, imidaz-
ole was used at the position of cysteine because it had
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