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SUBGROUPS OF REFINEMENT
PERMUTATIONS IN Sy

DONGWAN PARK

1. Introduction

A. Hopenwasser and J. Peters([2]) showed the exponent set F(u)
gives a complete characterization of those permutations for which A,
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 p be a permutation in Sy with order d. Sup-
pose E(u) = {0}. Then d divides a power of b.

THEOREM 1.2([2]). Let u € Sy and let A, be the limit algebra of
the stationary system of nest embeddings associated with pu. A, is
(isomorphic to) a refinement algebra A, if and only if E(u) = {0}.

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

In the current paper, our interest goes to the subgroups generated
by the refinement permutations in the symmetric group S10. There are
many abelian refinement subgroups of S;o each of which is a product of
a finite number of cyclic groups Z; and Z;. And a refinement subgroup
of Si0 is not necessarily abelian, there is a refinement subgroup which
is isomorphic to the dihedral group Djy.

2. Previous results on refinement permutations

Let p be a permutation in S;. By R,, we denote the set of the
members of [b] = {0, 1, 2, ---, b— 1} which are not fixed by u. That

is, Ry = {z € [b] | z — p(z) # 0}.



DONGWAN PARK

LEMMA 2.1 [3]. Let u € S and o € S be the permutations of order
d such that R, = Ry, p(z) = o(z) for z € R,. Then ¢4(b) = da(c)
implies E(p) = E(o).

With Lemma 2.1, in a practical computation of E(u) for a permu-
tation u of order d in Sj, we may take b as small as possible, provided
that u € S, and the number ¢4(b) remains unchanged.

If A, is a refinement algebra, Lemma 2.1 can be much enhanced:

LEMMA 2.2. Let u € Sy and 0 € S, be permutations of order d
dividing both a power of b and a power of ¢, R, = R,, p(z) = o(z)
for z € R,. Assume both b and c have the same supernatural number.

Then E( /.t) {0} if and only if E(c) = {0}.

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

LEMMA 2.3 [3]. Let u be a permutation of order d in Sj, where
d divides a power of b. If ¢4(z — p(z)) = 0 for all z € R,, then

E(p) = {0}.

If z is a fixed point of y, then it is always true that ¢q(x —p(z)) = 0.
So, the condition ¢4(z — p(z)) = 0 holds for all € R, if and only if
it holds for all z € [b]. We will mention R, instead of [b] to emphasize
the permutation u itself. Also note that, for a cycle u, ¢a(z—p(z)) =
for all z € R, if and only if ¢4(z — y) = 0 for any two elements z and
y of R,.

The converse of Lemma 2.3 need not be true:
Let 4 = (02 46)(1 3 57) be a permutation in Sg, then E(u) = {0}.
But ¢4(z — u(z)) # 0 for any z € R,. However,

THEOREM 2.4 ([3]). Let p be a prime number, and p be a permu-
tation of order p in Sy, where p divides b. E(u) = {0} if and only if
¢p(z — p(z)) =0 for allz € R,.

Proof. By Lemma 2.3, it suffices to prove that if E(u) = {0}, then
¢p(z — p(z)) = 0 for all £ € R,. Suppose that there exists yo € R,
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such that ¢p(yo — (y0)) # 0. Obviously, Ey(u) = [p] # {0}. Assume
E(1) # {0} for some m > 1. Then there exists a nonzero t € Ep,(p).

Since p is a prime number and E,,(u) C [p], t is relatively prime to
p. Therefore R,: = R,, and thus there exists zp € R, such that
#p(z0 — pt(z0)) # 0. Indeed, if ¢p(z — p'(z)) = 0 for all z € R,
then, since ¢ is relatively prime to p, ¢p(z —y) = 0 for all z,y € R,:.
Regarding yo and p(yo) as elements of Ry, we have ¢p(yo — p(y0)) =0
contradictory to the choice of yp. Since ¢p(z0 — p*(20)) € Emt1(p),
we have E,41(u) # {0}. Thus, by induction, En,(u) # {0} for all m.
In particular, E(u) # {0}. O

THEOREM 2.5 ([3]). Let # = po, where p and o are disjoint per-
mutations in Sy. If Ax & A,, then A, =2 A, and A, = A,.

The converse fails: Let 4 = (0 3 6) and 0 = (1 5) in Si2. Then
E(p) = E(0) = {0}, by Lemma 2.4. But E(uc) = {0,2,3,4}.

The following lemma shows that a cycle consuming all elements of
[8] is not a refinement permutation in Sj.

LEMMA 2.6 ([3]). Ifb > 2 and p € S} is a cycle of order b, then
E(p) = [b]. In particular, u is not a refinement permutation.

Proof. Since the order of y is b, the u™(0) are distinct for all n € [b].

Ey(p) = [b],

Es(p) = {#s(z — p"(z) + bn) | z € [b],n € Ea(p)}
2 {¢5(0 — p"(0)) | n € [b]}
= {u"(0) | n € [b]}
= [b)].

Therefore E(u) = [b] # {0}. O

LEMMA 2.7 ([3]). Let p be a prime number, and o be a cycle of
order p in Sy, where p divides b. Let u be in (o), the cyclic subgroup
generated by o. If E(c) = {0}, then E(p) = {0}.

Proof. Let u € (o), then u = o™ for somen € [p]. If n =0, then p1 is
the identity permutation, hence obviously E(u) = {0}. For1 <n < p—
1, we have R, = Ryn = R,. Indeed, if 0 = (ap a1 -+ ap—1), then o™ =
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(a0 o™(ao) 0*"(ao). ..o~ "(ap)). Observe that 0¥ (ao) = ag, (kn) for
k=0,1,...,p— 1. Since n is relatively prime to p, {¢p(kn) |0 < k <
p—1} = [p], thus we have R,» = {ao,ai,...,a,-1}. Since E(c) = {0}
and o is a cycle, Lemma 2.3 show s that ¢,(z—y) =0forall z,y € R,.
Therefore, by Lemma 2.3 again, E(u) = {0}. O

THEOREM 2.8 ([3]). If p is a prime number, u € S, and A, is a
refinement algebra, then u is the identity permutation.

Proof. Let pp € Sp and let d be the order of u. Suppose 4, is a
refinement algebra. Then, by Theorem 1.2, E(y) = {0}. Lemma 1.1
shows that d divides a power of p. Note that d is the order of the cyclic
subgroup () of Sp. Thus d divides p!. Therefore d divides p, that is,
d=1ord=p. If d=p, then we have

Ea(p) = {¢p(z — "(z) + pn) | z € [p],n € E1(r) = [p]}
= {¢p(z — p"(2)) | z,n € [p]}
2 {¢p(0 — 1™(0)) | n € [p]}
= [p]
= E1(p).

This implies E(z) = Ey(u) = [p] # {0}, which is a contradiction.
Therefore d = 1, and y is the identity permutation. O

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

3. The subset 7(S;) of refinement permutations

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

Here arises a question: For what values of positive integer b, r(Ss)
is a subgroup of 537

Theorem 2.8 gives an affirmative answer to the question when the
inger b is a prime number. It will be a nice starting point if we do the
problem in Spq4 or in Sp» where p and q are prime numbers.
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Before we proceed with the refinement permutations in Sp,, we con-
sider the refinement permutations of order a power of a prime number
p in Sy for an arbitrary positive integer b.

LEMMA 3.1 ([9]). For a positive integer n, let u be a permutation
of order p" in Sy, and let there exist an element z of R, such that
ép(z — p(z)) # 0. Ift € [p"]\pZ, then there exist s € [p"]\pZ and
xo € R, such that ¢pn(z0 — pt(z0)) = s.

Proof. Suppose to the contrary that ¢pn(z — p!(z)) = 0 for every
z € R,. Then, for j = 1,2,3,--+, ¢pn(z — pi*(z)) = ¢pn(z — p(z) +
pi(z) — p?(z) + —--- + pli=DY(z) — p*(z)) = 0. Since p" and ¢ are
relatively prime, for any fixed z, {u’*(z) | j = 0,1,2,---} exhausts all
elements of R,. Thus ¢pn(z —y) = 0 for any pair of elements z and
y of R,. In particular, ¢pn(z — p(z)) = O for every z € R,, hence
¢p(z — p(z)) = 0 for every = € R,, which is a contradicton. Therefore
there exists zg € R, such that @pn(zo — p'(z0)) # 0.

Let 3 = ¢pn(z0 — p¥(z0)). It remains to show that zo can be chosen
so that @p(s) # 0. Suppose that ¢p(s) = ¢p(¢dpn(z — p(z))) = 0 for
every z € R,. Then ¢pn(dp(z — p*(z))) = 0. Thus ¢,(z — ui(x)) is
a multiple of p" which is less than p. That is, ¢,(z — p*(z)) = 0 for
every z € R,. Since t is relatively prime to p, we have ¢,(z —y) =0
for any pair of elements z and y of R,. Hence ¢,(z — p(z)) = 0 for
every z € R,, which is another contradicton. O

THEOREM 3.2 ([9]). Let p be a permutation of order p" in Sj,
where p is a prime number dividing b. If E(up) = {0}, then ¢,(z —
u(z)) = 0 for every x € R,.

Proof. Assume p" divides b. Suppose that ¢p(zo — pu(z0)) # 0
for some zo € Ry, that is, ¢p(zo — p(z0)) € {1,2,--- ,p — 1}. Then
dpn (o — p(z0)) € [P"]\PZ. Let t = ¢pn(xo — p(z0)). By Lemma 3.1,
there exist z; € R, and s € [p"]\pZ such that ¢pn(z1 — p¥(z1)) = s.
This means that if 0 # ¢ € Ex(u) for somek > 1, then 0 # s € Eg4;1(p).
Since s € [p"]\pZ, Lemma 3.1 applies repeatedly. Thus Ex(u) # {0}
implies Ey+1(p) # {0} for every k > 1. It follows that E(u) # {0}. O

LEMMA 3.3 ([10]). Let p be a prime number. If u is a refinement
permutation in Sp2, then either u is the identity permutation or the
order of p is p.
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Proof. Since p is a refinement permutation, by Lemma 1.1, the
order o(u) of u divides a power of p%, hence o(u) divides a power of
p. That is, o(u) itself is a power of p. By Theorem 3.2, it holds that
ép(z — u(z)) = 0, for every = € Ry, hence for every z € [p?]. Thus we
have either o(u) = 1 or o(¢) = p in order that R, C [p?]. O

In Sp2 with p a prime number, 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 Sz,
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, 7(Sp) consists only of the identity permutation. Clearly, r(Sp) is
the trivial subgroup of the symmetric group S,. O

In Example 3.4, r(S,) happens to be a subgroup of S,. But, in
general, 7(S;) need not to be a subgroup of Ss.

EXAMPLE 3.5 ([10]). In Se, a refinement permutation is of order
2 or 3 by Lemma 1.1. With Theorem 2.4, we can easily find that the
cycles p = (0 2) and ¢ = (0 4) are refinement permutations. But the
product of these refinement permutations 7 = po = (0 4 2) is not a
refinement permutation, for ¢3(0 — 7(0)) = ¢3(0 — 2) # 0. In fact,
there are no refinement permutations of order 3 in Sg. Since r(Se) is

not closed under the composition of permutations, it is not a subgroup
of Ss. 0

THEOREM 3.6 ([10]). r(S4) is a subgroup of S4 which is isomorphic
to the Klein Four group, say, r(Ss) = Zg X Z,.

Proof. Since 2is a prime number and 4 = 22, by Lemma 3.3, if pis a
refinement permutation in Sy, then either y is the identity permutation
or the order of u is 2. By Theorem 2.4, y is a refinement 2-cycle
in S; if and only if ¢2(z — pu(z)) = 0 for all z € R, hence for all
z € [4] = {0,1,2,3}. There are precisely 2 possibilities: (0 2) and
(1 3). Thus there are 4 refinement permutations in Sy in all, say, ( ) =
the identity permutation, (0 2), (1 3), and (0 2)(1 3). So we have

r(Ss) = {(),(0 2),(13),(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(S,) is idempotent. Therefore
7(S4) is a subgroup of Sy, and we have

r(Ss) ={(0 2)) x {(1 3)) & Z; x Z,,

as desired. O

We have proved that r(S,) is a subgroup of S;. But there is no way

for us to expect that the same theorems hold for S for arbitrary base
b.

EXAMPLE 3.7 ([10]). Let p =5 and consider the group Sss. As the
previous discussions, a member of r(Sys) is a product of refinement 5-
cycles. Now let p = (0 10 15 20 5) and v = (0 10 20 15 5). By Theorem
2.4, u and v are refinement cycles. The composition of these 5-cycles
is 0 = pv = (0 15)(5 10). The order of o is 2 which does not divide
5, so o does not belong to r(Sz5). Thus r(Szs) is not a subgroup of
Sps. O

By a refinement subgroup of Sy, we mean a subgroup of Sj consisting
of refinement permutations. For b = pgq with p = 2 and ¢ = 3, every
refinement subgroup of Sj is abelian.

THEOREM 3.8 ([8]). A nontrivial refinement subgroup G of S is
isomorphic to a direct product of k copies of the cyclic group of order

2, say
G= HGj

j=1
where each G; is isomorpic to the cyclic group Z; and 1 < k < 2.

4. Refinement subgroups of Sjo

In this section, we investigate the refinement subgroups of Sio.
Though r(S10) is too big to be a subgroup of Sjp and a refinement
subgroup of Si¢ is not necessarily abelian, there are many refinement
subgroups of Si¢ each of which is a finite product of cyclic groups of
order 2 or 4.
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LEMMA 4.1. If p is a refinmement permutation in Sy, then p is
the identity permutation or a permutation of order 2 or a permutation
of order 4.

Proof. Assume that u is not the identity permutation and that p is
a cycle. Since 10 = 2- 5, the order of u, o(u), divides a power of 2 or a
power of 5, by Lemma 1.1. But a 5-cycle in Sjg can not be a refinement
permutation by Theorem 2.4. Thus o(u) 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(u) is20or 4. O

LEMMA 4.2. r(Sy0) is not a subgroup of Syo.

Proof. Let p and v be refinement 2-cycles in r(S0) such that y =
(ao a1), v = (ag az) with three distinct elements ag, a;, a;. Then pv =
(a0 a2 ay) is a 3-cycle, hence it is not a refinement permutation in Sio
by Lemma 4.1. That is, 7(S10) is not closed under the multiplication
of permutations. O

Since a refinement permutation of order 2 or 4 in Sy 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 Syg.

LEMMA 4.3. If G is a refinement subgroup of Syo and if 4 and v
are refinement 2-cycles in G, then either R, N R, = @ or p = v.

Proof. Note that for 2-cycles y and v, p = vifand only if R, = R,.
Assume that R, # R,. Suppose R, N R, # @ and let ap € R, N R,.
Since both p and v are 2-cycles, we have R, = {ap,a:1} and R, =
{ao,a2} with a; # az. Then puv = (ap az a;) is a nonrefinement 3-
cycle as in the proof of Lemma 4.2. This is impossible because G is a
group and pv € G. Thus wehave R, N R, =2. O

LEMMA 4.4. If u and v are refinement 4-cycles in Sy, and if R, =
R,, then p = v or p = v® (equivalently, u® = v), that is, (u) = (v).

Proof. Let R, = R, = {ao, a1, az, as} and p = (ao, a1, a2, asz).
Since p is a refinement cycle, we have either (i) ¢2(u(a;) —a;) = 0 and
d4(p(ai) —a;) #0, for each ¢ = 0,1,2,3, or (ii) ¢a(p(ai) — ai) =0, for
each ¢ = 0,1,2,3. The 4-cycles with the essential range {ao, a1, a2, a3}
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are pu = (ao a; a2 03), (ao a as 02), (ao az a4 aa), (ao az as al),
(a0 as a3 az) and pu® = (ap a3 az a;). Out of these six cycles, u
and p? are refinement cycles, while other four cycles are nonrefinement
because they mix up the conditions (i) and (ii). Hence we have v = p
or v = p3. That is, v € (u) = {, 1, u?, 43}, where ¢ is the identity
permutation and p? = (ap az)(a; a3). O

LEMMA 4.5. If G is a refinement subgroup of Si¢ and if 4 and v
are refinement 4-cycles in G, then either R, N R, = @ or (u) = (v).

Proof. Assume that R, N R, # @. Then, since p and v are refine-
ment cycles, both R, and R, consist of elements which are all congru-
ent modulo 2. Suppose R, # R,. Since there are only five such ele-
ments in [10], we have R,N R, = {b1, b2, b3}, a set of three distinct el-
ements. If u = (a1, b1, b2, b3), then we have either v = (a2, b1, b2, b3)
or v = (az, bz, ba, b1), where a; # az. Other four possible choices
of v result in the failure to be refinement. If v = (a2, b1, b2, b3),
then uv = (ay, bz, az, by, bs), which is a nonrefinement 5-cycle. If
v = (ag, b3, bz, by), then pv = (a3, a2, b3), which is a nonrefinement
3-cycle. Therefore we have R, = R,, which implies (u) = (v), by
Lemma 4.4. O

LEMMA 4.6. Let p be a refinement 4-cycle and v be a refinement
2-cycle in Sy1g. If pv is a refinement permutation in Sio, then either
R,NR,=2orR, CR,.

Proof. Suppose R, N R, # @ and that R, ¢ R,. Then there
are distinct elements ap and b of [10] such that R, N R, = {ao} and
v = (ap b). Choosing three more element a;, a; and a3 which are
distinct from {ag, b}, we may write u = (aop a1 a2 az). Then we have
pv = (ap b a; a2 a3), a 5-cycle in Sjp, which is impossible since uv is
assumed to be refinement. O

Note that, in the proof of Lemma 4.6 all element ag, a;, a2, a3
and b are congruent modulo 2 since p and v are refinement cycles.
Hence the set {ao, a;, a2, a3, b} is equal to either {0, 2, 4, 6, 8} or
{1, 3, 5, 7, 9}. In Lemma 4.6, the condition R, C R, does not imply
that uv is a refinement permutation. Moreover, even if uv is a refine-
ment permutation, the multiplication is not necessarily commutative.
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EXAMPLE 4.7. Let p = (0 2 4 6) and v = (0 2) be cycles in S1o.
Note that both p and v are refinement cycles. We have R, C R, and
that uv = (24 6), vyu = (0 4 6). The 3-cycles in Syo are nonrefinement.
If we choose v = (0 4), then R, C R, and that v = (0 2)(4 6),
v = (0 6)(2 4). Both uv and vy are refinement permutations, but
they are not equal. 0O

THEOREM 4.8. There exists a refinement subgroup of Syo which is
isomorphic to the dihedral group Djy.

Proof. Let u = (ap a1 az a3) be a 4-cycle in Syq such that ¢2(p(a;)—
a;) = 0 and ¢4(p(a;) — a;) # 0, for each ¢+ = 0,1,2,3. If we put
v = (ap az), then ¢4(v(ai)—a;) =0, foreach i =0, 1,2,3. Thus we have
E(p) = {0} and E(v) = {0}, hence both y and v are refinement cycles.
Moreover, u? = (ag az)(a1 a3), p* = (a0 a3 a2 a1), pv = (a0 a1)(az a3),
p*v = (a a3), and p®v = (ao a3z)(a1 az) = vy are all refinement per-
mutations in Sjo. Therefore the set G = {¢, u, p?, u®, v, uv, p?v, pdv}
forms a refinement subgroup of Sjo. Since the group representation of
G is {p,vlvu = p®v}, G is (isomorphic to) the dihedral group Dy. O

COROLLARY 4.9. A refinement subgroup of Syo is not necessarily
abelian.

Proof. The dihedral group Dy is nonabelian. O

THEOREM 4.9. A nontrivial abelian refinement 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

¢=]Jq;

i=1
where each G; is isomorpic to one of the cyclic groups Z; and Z.

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 abelian groups shows G is isomorphic to a direct product of
copies of the cyclic group of order 2. The largest value of k for Z; is 4
and for Z, is 2 since there can be so many distinct generators, that is,
disjoint refinement cycles simultaneously in Syjo. O
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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 invariant, a necessary condition for the existence of
isomorphism between G and G’. More specifically, if G and G’ are isomorphic,
then the fixed points z and 2’ of S(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 necessary 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 invariants. 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 invariants 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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2 KOONCHAN KIM

For cxample, even if two graphs G = (V, E) and G’ = (V’, E’) have the same scts of cigenvalues
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, 1)-matrix such that it has exactly one 1 in each row and column.
If P is a permutation matrix, then P~! = PT and P-! is also a permutation matrix. If A is
a matrix and z is a vector, then pre-multiplying a permutation matrix P on A and on z, PA
and Pz, interchanges the rows of A and z, 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 cdge is directed. Two
simple graphs G = (V, E) and G' = (V’, E’) are isomorphic provided that there is a bijection
0 :V — V' such that {u,v} € E if and only if {0(u),8(v)} € E'. That is, vertices u and v in V
are adjacent if and only if the corresponding vertices 6(u) and (v) in V' are adjacent. Similar
definitions can be given for general and digraphs.

A row vector u = (u),us,...,u,) is called a probability vector if its components arc non-
negative and their sum is 1. A square matrix S is called a stochastic matriz 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 S™ are positive. Let S be a regular stochastic matrix. Then a non-zero row vector
z2=(21,22,....2y) is called a fized point of S if

z8§=z
Then the following results(see e.g., [7]) hold for regular stochastic matrices.
Theorem 1 Suppose S is a regular stochastic matriz. Then,

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

2. the sequence S, 52,83, ... of powers of S approaches the matriz Z whose rows are each the
fized point z;

3. if p is any probability vector, then the sequence of vectors pS, pS?,pS3, ... approaches the
fized point z.

_14..



ON THE FIXED POINTS OF REGULAR STOCHASTIC MATRIX IN CONNECTION WITH THE INVARIANTS 3

3 Construction of regular stochastic matrices for graphs

Let G and G’ be any two graphs with n vertices and let A(G) and A(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.

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

1 1
- 0O 0 --- 0 7 0 o 0
D 0 & 0 -~ 0 o 0 —1; 0 --- 0
: : . :
o o0 .- " 0 0 --- é

where s; = 37 (aij+€) and s = 357, (af;+¢€), for i = 1,2,...,n. Then, S(G) = D*(A(G)+E)
and S(G') = D' x (A(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
v2

V1

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

0100 0.1/1.4 1.1/1.4 0.1/1.4 0.1/1.4
1011 _ | 11/34 01/34 11/34 1.1/34
A©) = 0101 S(6) = 0.1/2.4 1.1/2.4 0.1/2.4 1.1/2.4
0110 0.1/24 1.1/24 1.1/2.4 0.1/24

_15_
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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 matriz P such that

A(G) = P71A(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 ezists a permutation matriz P
such that

S(G) = P1S(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 YA(G") + E)P.

Also, D and D' are the diagonal matrix whose (z,7)th diagonal element is the reciprocal of the
sum of the ith row of A(G) + E and A(G’) + E implies that D = P~ D'P. Hence,

D(A(G)+E) = (P 'D'P)(P Y (A(G')+ E)P)
= P YD'A(G") + E)P.

That is, if G and G’ are isomorphic, then S(G) = P~1S(G')P. 1

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 = I, we have

S*(G) = P1S¥(G')P, (2)

for all positive integer k = 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 fized points z and 2’ of the
regular stochastic matrices S(G) and S(G’) are the same except the location of the elements.

_16_



ON THE FIXED POINTS OF REGULAR STOCHASTIC MATRIX IN CONNECTION WITH THE INVARIANTS 5

Proof: Since S(G) and S(G’) are regular stochastic matrices, we let Z = limg_. S*(G) and
Z' = limg_ S*(G’) and let z and 2’ be the unique fixed points of S(G) and S(G') that are
given in each row of Z and Z’, respectively. Then by taking limit as k¥ — >c on both side of (2),
we obtain Z = P~1Z'P. This implies that z and 2’ must be the same except the location of the
elements. 1

Upon computing the fixed point graph invariant, one of the following three cases occurs:
1. z and 2’ are different.
2. z and ' are same except the location of the elements and all the elements are distinct.

3. z and 2’ are the same except the location of the elements but clements in z and z’ are not
distinct.

In the first case, G and G’ are not isomorphic. In the second case, an isomorphism  can be easily
identified and obtained by taking one-to-one correspondence between the distinct elements in z
and z’. 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 z and 2/, set

21+ 22+ -+2, =
z2S(G)—-z = 0

and

2+ zp 4tz =

Z8(G-2 =0

and solve, say, the first n equations from each n + 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 casy.
This is due to the fact that the location of the elements of z and 2’ are directly related with the
rows of S(G) and S(G')(since 25(G) = z, the elements of z are multiplied to the rows of S(G))
and this is directly related with the rows of A(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_
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Figure 2. Two nonisomorphic graphs

U9 uz V2 v3

u) Uy (41

Ug Us Vg G5

G G

Then S(G) and S(G’) with € = 0.1 are given by

0.0278 0.3056 0.0278 0.3056 0.0278
0.3056 0.0278 0.3056 0.0278 0.3056
0.0278 0.3056 0.0278 0.3056 0.0278
0.3056 0.0278 0.3056 0.0278 0.3056
0.0278 0.3056 0.0278 0.3056 0.0278
\ 0.3056 0.0278 0.3056 0.0278 0.3056

S(G)

{ 0.0278 0.3056 0.0278 0.3056 0.0278
0.3056 0.0278 0.3056 0.0278 0.0278
0.0278 0.3056 0.0278 0.3056 0.3056
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 0.0278 0.3056

S(G) =

The two unique fixed points of $(G) and S(G’) are given by

z

Since z # 2/, the two graphs G and G’ are not isomorphic.
Consider the two graphs shown in Figure 3.

...18...

{0.2316,0.2211,0.2316,0.2211,0.2211}
Z = {0.2147,0.2254,0.2192,0.2192, 0.2254}.

V4

0.3056 \
0.0278
0.3056
0.0278
0.3056
0.0278

0.3056 )
0.3056
0.0278
0.0278
0.3056
0.0278 |
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Figure 3. Two isomorphic graphs

uy ug v Vo
us v3 V4
uz (17
Vs b U6
UG e b Us v7
'
G G

With € = 0.1, we obtain

(0.0270 0.2973 0.0270 0.2973 0.0270 0.0270 0.2073 \
0.2973 0.0270 0.2973 0.2973 0.0270 0.0270 (0.0270
0.0370 0.4074 0.0370 0.4074 0.0370 0.0370 0.0370
S(G) = | 01930 0.1930 0.1930 0.0175 0.1930 0.0175 0.1930
0.0588 0.0588 0.0588 0.6471 0.0588 0.0588 0.0588
0.0588 0.0588 0.0588 0.0588 0.0588 0.0588 0.6471
\ 0.2973 0.0270 0.0270 0.2973 0.0270 0.2973 0.0270 )

( 0.0270 0.2973 0.2973 0.2973 0.0270 0.0270 0.0270 \
0.4074 0.0370 0.0370 0.4074 0.0370 0.0370 0.0370
0.2973 0.0270 0.0270 0.2973 0.2973 0.0270 0.0270
0.1930 0.1930 0.1930 0.0175 0.1930 0.1930 0.0175
0.0270 0.0270 0.2973 0.2973 0.0270 0.0270 0.2973
0.0588 0.0588 0.0588 0.6471 0.0588 0.0588 0.0588
\ 0.0588 0.0588 0.0588 0.0588 0.6471 0.0588 0.0588 /

S(G")

Hence,

z

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

/
¥4

By comparing, we see that the two sets z and 2’ are the same, and the vertex set {u,u2, u7}
has been mapped to the vertex set {v1,vs,vs}, {us} to {v2}, {us} to {v4}, and {us,us} to
{ve,v7}. This implies that the technique can be usefully used in vertex classification 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 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 2’ 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.

Two graphs 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 values are distinct, an isomorphism between
the two graphs is not easily determined. The graph invariant discussed in this paper has a
characteristic that if the values are the same and distinct, then an isomorphism can be easily
obtained. The technique and be applied to the general and 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 v(G) = 1, and
an upper bound for domination number for all nontrivial Steinhaus graphs.

1. Introduction

A set S 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 (G), is the
minimum cardinality of a dominating set. A dominating set of G of cardinality v(G)
is called a y-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 vertez u € S, one of the following two conditions holds:

(a) u is an isolate of S.
(b) there ezits a vertezv € V — S for which N(v) NS = {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) = (a:;) satisfy the Steinhaus property : a;; = @i_1,j-1 + @i—1,; (mod 2) for
each 1 < i < j < n. Itis easy to see that a Steinhaus graph G is completely
determined by the first row of the adjacency matrix A(G). The triangle (a; ;)2<i<j<n
in A(G) is called the Steinhaus triangle of G and the first row (a; ;) forj =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 = a13a12 - - - @10, the partner of G, P(G), is the Steinhaus
graph with the generating string a, n@n-1 - - a1,,. 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 affirmatively by showing that for
each n, n = 0,1 (mod 4), there are at least four strings of length n — 1 that generate
such triangles.

12345678
1 00110110
2 00101101
3 11011011
4 10100110
) 01100101
6 11011011
7 10110100
8 01101100

Figure 1 Steinhaus graph with the generating string 00110110

In this paper, |z| is the floor of z and [z] is the ceiling of . We denote logs(z)
by lg(z).

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

An obvious upper bound on the domination number is the number of vertices in the
graph. Since at least one vertex is needed to dominate a graph, we have 1 < y(G) < n

- 22 -
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for every graph of order n. A graph obtains v(G) = 1 if and only if A(G) =n -1,
and it achieves the upper bound if and only if the graph is G = K, 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 y(G) =1 is at most n.

Theorem 2. 1 The number of Steinhaus graphs with v(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 ism — 1. Now, we want to construct an adjacency matrix
(@;) which gives the vertex i of degreen—1. Let k be the vertex which is not adjacent

to i. Define
L0 =ik
% 7| aj; otherwise.

This matrix generated by the string a;; gives the vertex i of degree n — 1.

Let i < j be vertices whose degree is n — 1. Then the string a;; -+ a;n is00---0.
Thus the string a;; -+ - a; is also 00 - - - 0. So, deg(j) < n—j—1 < n—1. This gives
a contradiction. O

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 y(G) < n/2.

Ore’s Theorem applies to graphs having minimum degree 6(G) > 1. Restricted
their attention to graphs G having §(G) > 2, MaCuaig and 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 6(G) > 2 and G is not a special graph,
then v(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 §(G) > 3, then v(G) < 3n/8.
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An obvious conjecture seems to be for any graph G with §(G) > k, 7(G) <
kn/(3k — 1). However, for §(G) > 7, Caro and Roditty gave the better bound. The
question remains open for graphs G having 4 < §(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, 6(G) = 1. Let ¢ be a vertex that is adjacent to
k.

Lemma 3. 4 Ifk =1 orn, then v(G) < n/3.

Proof. Assume that k = 1.

Case 1l i =2.
In this case, G is the path of length n, P,. So, 7(G) is n/3.

Case 2 1 =3.
In this case, G is a wounded ladder graph. So v(G) < n/4.

Case 3 7 > 4.
Choose m such that 2™ < i < 2™*1. Choose | such that I2™ < n(l + 1) < 2™.
Then, i is adjacent to the vertices 1,2,---,i — 1 by Steinhaus property. On
the other hand, for each 1 < j < l, the vertex j2™ is adjacent to vertices
i+(j—1)2™+r, wherer =1,2,---,2™. Therefore, {t,2™,---,(l +1)2™} is a
dominating set of G. So, v(G) <1+ 2. Since 4 £ 2™, v(G) < n/3.

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

Lemma 3. 5 If2<k<n-1, then y(G) < 2.

Proof. Consider the following two cases.

Case 1l i< k.
If i = 1, then the generating string is clearly 011---1 by Steinhaus property,
the graph G is the star graph,Ky 1. So, the set {1} is a dominating set of G.
In this case, v(G) = 1. Assume that 2 < i. By Steinhaus property, the string
Qii+1@ii42°* Qipn i 11---1. Therefore, the vertex i is adjacent to the vertices
i+1,i+2,---,m.

On the other hand, since ax1akz2 - @ki—1 is 00---0 and a; 41 = 1, the string
Qk10Gk2 - - Qk; is 11---1. So vertex k + 1 is adjacent to the vertices 1,2,---,1.
Thus {i,k + 1} is a dominating set of G. So, v(G) < 2.
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Case 2 k< i.

If i = n, then the generating string is clearly 00---01 by Steinhaus property,
the graph G is the star graph,K; .—1. So, {1} is a dominating set of G. In
this case, ¥(G) = 1. Assume that i < n. By Steinhaus property, the string
Qk—1,i41Gk—1,i+2* * ' Gk—1,n i 11---1. Therefore, the vertex k — 1 is adjacent to
the verticesi + 1,i + 2,---,n.

On the other hand, since a;_y ;12 - - - @iy i500- - -0 and ax_,; = 1, the string
Gi1Qi2 - Qi1 is 11---1. So vertex i is adjacent to the vertices 1,2,---,k —1.
Thus {k — 1,i} is a dominating set of G. So, ¥(G) < 2.

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

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

Theorem 3. 6 If G with n vertices is a nontrivial Steinhaus graph with a pendent
vertez, then, v(G) < n/3.

Note that the path P, achieves the bound.
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- as A Case of Gyeongsan City -
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2 o FAEAY ZAAY FYNA o1$UHE TS FLRAY 97 g Hetsz
o §AEY HHE BAse] AN AN BHBPLE AAHTI Bk,

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.
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A ] 42(18.4%) | 94(41.2%) 65(28.5%) | 24(10.5%) 3(1.3%) 5652 0227
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a5 14.592 .264
200-300 11(11.5%) | 35(36.5%) 38(39.6%) | 12(12.5%) 0(0.0%)
3007kl o] 7(16.7%) | 20(47.6%) 9(21.4%) 4(9.5%) 2(4.8%)
20t 29(21.8%) | 56(42.1%) 32(24.1%) | 13(9.8%) 3(2.3%)
30t} 15(14.9%) | 40(39.6%) 36(35.6%) 8(7.9%) 2(2.0%)
a¥ 14,610 0.263
404 11(106%) | 36(34.6%) 38(36.5%) | 17(16.3%) 2(1.9%)
50t o] ¢ 9(15.5%) 21(36.2%) 20(35.4%) | 8(13.8%) 0(0.0%)
g 29(19.0%) | 44(28.8%) 59(38.6%) | 19(12.4%) 2(1.3%)
ZZ[ meue | 15088%) | 33413%) | 26(325%) | 563%) | 10.3%) | 16709+ | 0033
e 20(12.3%) | 75(46.3%) 41(25.3%) | 22(13.6%) 4(25%)
gg. 71& 35(16.0%) | 77(35.2%) T7(35.2%) | 27(12.3%) 3(1.4%)
T & 29(16.6%) | 76(43.4%) 48(27.4%) | 18(10.3%) 4(2.3%) 4381 0357
A 56(18.1%) | 121(39.2%) | 90(29.1%) | 37(12.0%) 5(1.6%)
7;?: %A 6(10.0%) 23(38.3%) 24(40.4%) | 6(10.01%) 1(1.7%) 7.754 0.458
A - 2904 2(7.4%) 9(33.3%) 12(44.4%) | 3(11.1%) 1(3.7%)

*p<0.05 **p<0.01
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Phenomena of phase transformation in TiO2 thin film by RF
sputtering

Tae Woo Kim and Kyung Chan Kim#*
Department of Digital Physics, Keimyung University, Daegu 704-701, Korea

2 . TiO, A#ele B2 273 ShaUEE 2dHYS o gdd A 4, AR eE,
23 A7 59 A9 kA AHEY ¥4 okdA TIO, WUe SN $5E Bed F2UE A
Za7) 9¢ Wute) 33 2A% 239 J19e) 9XY 2AL R olF A 2 olhd 3R
TiO, %ote] §4¢ Wobmy] sl XRDE ol g3tel R4tk TiO, Hete) AHNE nFsh Ay
o) 848, O/Ar0; Mt HE4E, 7l LEE ¥948 121 dAY LEE $845 399
o2& Z7el W] Wek TIO Wete] A HoIA U ohietals FEHAZ Aol HYch

Abstract. TiO: thin films are deposited by RF magnetron sputtering using TiO: 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 TiO; thin flims deposited under these conditions. The crystallinity of TiO: films was
increased with high RF power, high substrate temperature, low Ox/Ar+Q; ratio and high thermal
annealing temperature. TiO: films were gradually transformed from amorphous phase to anatase

and rutile phase with same changes of these conditions.
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Fig. 1. Diagram of RF magnetron sputtering system.
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Fig. 2. Flowchart of experimental process.
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135 2HE o] 4 TiO, Wkl A FHol Y 3

Table 1. Deposition conditions of TiO2 thin films
by RF magnetron sputtering.

Item Value
Target TiO2 ceramic (99.99%)
RF power 150 W ~ 250 W
Base pressure ~ x10® Torr
Working pressure 7.0%x10°* Torr, 2.0%107 Torr
Target-sub distance 45 cm
Substrate temp R.T., 400, 500TC, 550C
Annealing temp 700, 900C

F 22l 452 1082 289 A3 ]

*
[ Acetone2.2 10%3 &% *ﬂﬂJ

I
[ 21 2/ 42 A4 acetone A J

I
(Memyl alcholS. 2 10837 285 *ﬂai]

I
[2%} Z 542 24 Methyl alchol zme

[ N, gas& Az ]

v
[ Chamber®] %-&t ]

Fig. 3. Flowchart of substrate cleaning
process.
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Fig. 4. XRD patterns of TiO; films deposited with
different power. (working pressure 7 mTorr,
annealing temp. 700T)
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Fig. 5. XRD patterns of TiO: films deposited with
different substrate temperature. (RF power
250 W, pressure 20 mTorr)
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Fig. 6. XRD patterns of TiO; films deposited with
different O2/(Ar+Q;). (RF power 200 W,
pressure 20 mTorr, annealing temp. 700°C)
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Fig. 7. XRD patterns of TiO; films deposited with
different annealing temperature. (RF power
250 W, working pressure 20 mTorr)
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Surface analysis of contact lens after cleaned with ultrasonic
cleaner and multi-purpose solution

Sun Kwang Yun* and Chang-Seop Lee
Department of Chemistry, Keimyung University, Daegu 704-701, korea
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2502 AL F£Y Aol ZojAFE @A *1124:549} AZAA7I5el o 53020,
Ae ddsrg dEFH YL o&d AH AR o 58 Aoz Yy 2&3% AF
(250mA, 10%#3H)& 2503] uEste] AP oF SYEJ=zS &4 #7& FAAAEZ ez 3T
g A d2T3 uE A Y &4y A= A ¥ F9 ¥e UG ol ¥ AAR 29
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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, 10min.) 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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g oa sk ¥ &4e dod F ded,

ol wydo} HALAE FTFH #E 77
Bo] ARHAY, BEgolY Q%Y T} 22
2718e %571 30, mucoprotein-lipid
complex B0 #7-F718 T3 A¥H
£ A¥Eo AVIE B EY WAEY
oo} AxAALe] 7AH AY, E€E
23}, H32 A3 Eol &4E F o}

edd ZYEJ=2 vEdoud &7& F
= AFAH g fdol AL ¥ BE
et #AYAA A & Aen, T4 A
= ASAME 74~82% AE7 L98 A=
pe SEg AfsRgn nndd® 29
Eze 45 @ p@gyo]l FAMG TR
oz gue ZYEA=S B/YE A 2
g o EAQ Awye zso do¥
4 ZYEIZE 4 1A FHF, F &
ute], ztet#, Zet Eeol Arin Add
AggrtA 24 5 AGP

2 22002)¢ 2y A= QA4
gexFo AJ}E wude dFAM 302
3 £x27), 308% g7, 448 727,
3023 Exax 308} Ha71E AANEHYA
N EEAE A 4A% 27 AR EH
Holglotn A A SAMNES 9 F
H AAGe] 4A% /S AFsn, 9
Hoz o wie 7F ®o| ALIHT AT
u iy oj o},

Az AgA7 dYEn Ao A=
g Ay, 2587 A% $YEol ¥E3I A
253 A" g 2F 2% A9
Ag olgst: WHE A= MY % U
Fo) 2ol Azt 45E oF o WHE
o) F AE/E0 AL grgez A
g3 glon 53 2&%& ol &8 AW
He ZYEA=UY 2@ §718W okt 7
Z o4 7178 AAsed &=z 3
B",“

g AAddsst 2895 AY7E o8
3 AY¥E A =HAt? a2y BE AL 4
Qo w3 A Ro] glo] MBY F 3,49 ¥
B o] MAsA e, 29d HHAdTE
Agd A=2U old AYg4E vl AN ¥E
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233 AF7)9 gEA MAQE o8 MY Fo FYEW= ALY 3

B4 ¥ ZY #$Eo] W &7 Q2 F
o Z71% ASHE A GEH AFdR 2
=3 HFH7|E o4 A7 ¥aAo uFH
At

uetA, 2 dFgMEe du ZYEJ= Fo
ZAEo|Y AAALEC] BT o Aoz Y
EJz=g #sy] 9 dEHAHAAPY Solex
alpha (XX AvZ, &) A9+ H
EE (F941%, &3)& LA J2 YE
d=zo &3] RiaHe gud 2 A7 29
ifHoR NHUEA AAY F UAEE n¢F
%2&9 AlA7] Lensmedic (SCS00E)E& o] 43}
o AZTEIZYEIZ(Focus®, Ciba vision Co.
USA, F4 & Vifilcon A, 48 55 % )l #3
993 2 A7 A3 2 £575S 2EE
g Fitd 2ot 573 EYEJ= FeAA
g Zuz §y, FAEAEYZ(JSM-5410LV,
JEOL, JAPAN)2.2 2 &9%2 QA% 3c=IYE
W =(Bescon 6, RGP A=, §3F)e FA &4
FF BAL 5 TYEJZ 2SHAH] ¢
Ad AAS ETHENZ AFEiRE T 3
At

4 #

1. chelidol E& o MIHAY

TYENZ) Risie U e EFEO
2 HSA (human serum albumin, SigmaA}l, ©l
F)& AL A dzT L AYTAA AHEF
SHEN=ZE 43|84 A2ZEFHE Y Z(Focus®,
Ciba vision Co. USA, #A¥% Vifilcon A, &%
& 55% )elen A= Ao A Ads
FEIE (F941%, #3)& A2sdn, d5HA
A& Solex alpha(Eee}x#AuZ, FF)E Al
435

ZYED 2] d¥do] FAH F 257 A
7l o3 Yo dmiwtE FYUHEANE
oty 7] #35te ol o] 6FF2 F(A, B,
C,D E F&)eg EFssd.

AZ: Azo F3d oA FFE FA%
T TAAYdF o 8)

B#: 53 AAde] A=2E 4% Ry
¢ gz

CE: 2&3A3712 250mAdlA 583 A3
& Z(A AT o) 8)

DT 23 A7 2 250mAdA 1083 ¥
& (A ds ol f)

EZ: 2943712 250mAdA 583 A3
¥ Z(EH AAY ol 8)

FZ: 2834372 250mAdA 1083 A3
¢ Z(EH AAY ol §)

Aol F%4& WA human serum albumin
(SA)E HT g 549 @iz 4o
FEE 10 mg/ml (I1B)E A3t sj4dy
Z £ 1I0ml § EYEJN= §7]o] &AA A
AZE TYEJZRE o] &Y sty 93
A& A Shaking incubator (Power shaker.
VISION scientific Co. Ltd. #3)2 100rpme] %
ZolA 12412 F wEAIA @Yol ZYE
Wzo] FHH=E s

12413 73 Fo ZYEJNZE 7AQ &
10mle] HZ A AEsF FAAH A3 Fe2
AH L 33 AAsiHT. @Yol Fitd Y
Edzr E6d OS2 292 4¥E AY§
Act.

AZdAME d¥Adol Fig JTYEIJIZXE
288 A7z M od§ e Hds &
o dojx U @Al g FH3o o &&
ZYEJN 2o Fad dyAe] FFo=2 A
At

BTL dzToz A AdsLddet ng
g AHolt

CZ# DEe u¥do] {Fig ITYENZE
Al ddF 25 ml7t E0lAde 259 Ay &
71¢] ZtetekRl ok 250mAdlA ZHE 5% =&
1087 4 AYe =3 Fo Agdsd #
g Ho] Y2 vl %€ FAsA

EZ# FE& d¥do F3d THEJN=ZE
GEH g9 25 m7l 2 2&0 M3Y7) &
71ol 7hebekdl og 250mAclAM & 58 EE
1083 Y A3E 398 Fo tFH LR F
g5 Yy duy Jg& SAHss
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2, oE Ha MY

ZYEHA=AN Hojzx UL Fe duwAg
A o= BCA protein assay reagent (pierce)&
o] 839 %, EF-L 9L Human Serum Albumin
£ 5 10, 175, 25 3 50 ml9] FEE2 AZEslq
A48t C, D, E, F 244 A3yge 4
< @9 e vusid ¥%¢ st ¥5%
He HA el AAdF+E -70CToA 43
dd Fo T2 ARVE o434y dzxd ¢
T FFT ImlE S94 odWd FF AE
st

@d AFE 5] A WA 4 2ELY
AP 8-9E 242 50ml 4 33t micro centrifuge

© tubed] W3 o47)¢] 1.0 ml¢] working reagentZ

7tste] @ E@E F circulating water bath
(DCI, Haake, Germany)& ©]&3lo 60T|A
3087 WEAI .

TR 892 42oA AR Fol spectrophotometer
(Biospec-1601, Shimadzu, Japan)Z 562 nmoiA]
TEd WE FJEE EHY F ZELdez
A4d BEEAFAE ol8dd ZF ALY
293 FE& 899 &3 AFHe
Figure 13} 2t}

03 o

08+

Absorbance

o 1 2 %  w s
Densty (;9/ml)
Figure 1. The calibration curve for HSA(562nm)

3. M ®MAH s A

A28l e ESHYEA=R HUHd AT
9 ##&E& F=E387 939 05 Mcfarland
Unit(1x10° cfuicolony-forming unit)/ml $%9] =

&A% - 1A

FT(ATCC-27853)/% % d WeHYd WA=2E
24X F HIFE O, AZ~FT2E2 U¥F
o] A3 Feo d=d FEFR AL A7 F
g vzt 4z A3E I=2E 5mld
A gt 920 4719 ¥& 9dg vortex
stirrerol]l 10¥t4 33 A3yE 98 zZZ
Iml¥ AFHs] Qe o] =¥ 32 2443
Fo dQuixe] BHE AF TFY FE
&334

FDAOA 3% JFHA AgsHe 55
7FA & Table 1 3 o], ol AFAA7TA
doll A1 88 FF¥E Pseudomonas aeruginosa
(ATCC27853)°]c}.

Tablel. FDA-recommended challenge microorganisms

FDA-recommended
challenge Microorganisms Media
microorganisms
Aspergillus
fumigatus fungi MAal t E;gacct
ATCC9197 gar
Candida
albicans fungi YV oeth,
ATCC10231
Pseudomonas Muller
aeruginosa bacteria Hinton Broth
ATCC27853 21g/1, 37°C
Serratia .
marcescens bacteria AN:rm%EC
ATCC27117 gan
Staphylococcus .
epidermidis bacteria AN:rmgsc
ATCC12228 gar,

4. FAF MX #o|d TE(SEM: Scanning
Electron Microscope)

gy {3 2 Ay AY A AA Y
T A¥AM 2&9 A A 259 AF F
(A¥T ET)Y Ay vag FAAAAD AL
2 AZXE ZYEJ=X FUE T Fd9n, 28
A o3 = FYEJN=9 EHo|U A
Ao W3z 2 £4E Yolry] sy xe5
AHRE 3A Fe =T 3= ZYEI= 9
Z2S9A37IZ2 250 mAoA 1083 A3-E 250
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283 A7} OB ARAE o148 A3 Fo TuEdz TARY s

3(1d AHE 71E)AEANE Sl TYEIZE F
Al HA doul7 (JSM-5410LV, JEOL, JAPAN)
o2 #AF3Y.

FAF Az ") #FE 95l WA EHE
Fz2g A 2 9 F A3 0¥ €533,
isoamyl acetate® X {A|FH 24A1zke] A A ¢
A AZ71(E-3000 type, Polaron, Watford,
England)2 dAZAIZAc}E ¢loJA] Ion Sputter
(JFC-1100 type, JEOL, JAPAN)E o]&3lo 5
£ B9 & 4% F, 15kV 7H4 AL E
Aol FALAA dv|Pezs TYEY= FAEFH
WA E BRI

o. da ¥ og

1. SEE/=9| XZE CiYE EXE

g3 F3 2 AF JdYdMe YED
Zo I F AL HFL 3503 ug
oA x, A Agsd 587 Ry Iyd
QzEe A& wwa ¢ HFL 1517
pe 22 4330%9 FEAHEE B g
258 AL A gxn AgFont r@s)
AL ASe] BT 1986 ug 9 wWdo] 2y
EQzqA fEl=Ho ystd 2832 A4
HAFE ol &8t AL ANYF CEH D
T AL 5870 AL ¢ Aede ZYE
A2o] Z[E}D Y dyAe ¢ HA
709 ;g 22 2024%° FFHEEL BYZ, 10
T 2598 A5AA ASde H37 3.02
pe 22 862%° F4&L& Byt

252 053 APRE ol&do A
€ Ay EFT Fe S 587 AFe
e o EYEJA= AEsn UYe oY
Ao & HF 301 pg &2 859%9 F3
2 B3, 1087 2838 F3EA AL
ol FF 180 g o2 514%9 FHEL
B

wetA, dExZEY 2943 E @ C2
9 F3}8o g Fowg xgao]go] wwy
AAA EIHo|Ren, 2LHE ANHS
Al Aol HAojAFLE vl FiE&
2 o #F429E 29 FAn, AP H4AdFE

8% C, DT 2T 423 AFAE o] 4§
E, F2olA9 §3go o Rolxmz A%
237t 4P4dsnng gEggRdge o
$5¢e YeuAY

Table 2. Total quantity of protein which remains in
the contact lens(ug)

qg;‘glty Cntol] C | D | E F
of pmtein group | group | group | group | group

1 3330 | 1320 735|301 | 273 | 157
2 3801 (1901 | 658|271 | 332 | 1.82
3 3332 1332|711 | 275} 272 | 151
4 3256 |1232]599 | 325 311 | 203
5 3368 (1790|730 | 3.11 | 289 | 1.75

6 3919 (1529|822 | 331 319 | 213
Average| 3503 |15.17 | 7.09 [ 3.02 | 301 | 1.80

Table 2 A& SHEAN=] Folgle ¢z
o #%& Z 29 639 4¥E T3t uEy
A1, & #F FEFES e e Azt
Z2EFRAHE A ¥ dRFRT 2SHAE
£ 587 3 CHolAe AHERsE F o6l o)
Aol7t Wemz2 xF37t AHd &I UASE
4 F AT, Azt @ ZYEJNZ AE
o] Fag d¥AFE Co DE, ES FE&
H a3lH AMFA)zto] 71 D} FEelAe wud
Fago] HolFPoz Azte] A4 E @yl AF
E37t gtk A AdEse dEAAGAY o
U F&e C, DY E Feg v2sd o23
A AL o] &3 Eo FTolrle wla F3teko]
HolFoz AIUALAFETE OgSHAHPLL o
|8 259MF0) 97} LS & AU

Table 39lME ETHEA= Fi3d F o
WAokel HFL 3503 pgoli, HRFT F
£ gyd Yo HIFL 1517 mp o
4330%< F3&€=2 JvEgton, d¥wd 2 &
I Ay F EZHEJNR FEd Y EI=
of F3d dWy o HIH FIHLES CE
dMe FEF dwd F9 HFL 709 ug
0.2 2024%° EI&=2, DEAME FEF
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o
Mo
[
ol

v

%ol
FAeR, ETdAs A& gz

He 302 pg &2 862%°e
Fo %

O.u,_

& 301 pg &2 859%9 F3&=E, F
AlE ZAESH chul 2 oko) HFL 1.80 ug o
2 5.14%91 FEER2 e
Table 3. Protein absorption ratio of contact lens
otal Heod|l ¢ | D | B | F
quantity r rou
of protein group |group|group|group|group
Average 35.03 15.17 | 7.09 | 3.02 | 3.01 | 1.80
absorotion | 109 | 43.30 2024 | 862 | 859 | 5.14
ratlo 7o
mebd, 23 MY H4 g BEER
o= iEJ}*ﬂ A& g CEeol F ol olig
F48 Haadt dled, 4AN95E
o] &% C, DERU tfEF AHHAL o] &3
E, FitolAe F&28 257847 o dsie
o, Aztel W& C, DZF E, FZo F%&
& MmN 2gHAH Ao A5 F
g F2EA7 o ddd

Figure 2. Total quantity of protein which remains in
the CL (indicated by bar graph)

Figure 29} Figure 3olA4 & Y E =]
oblE wuAFFY ARPS 24 FEZ uw
et 2&3h ARG 44 e nxzel 4%
gol RuE =] Guge] HEse] Fibzo)
SR, EHAGA G ol GoHN 2T AHL

10%7F & Ftoll A 714 AA hulzo] #EE)
o, 7} we Fatagro 2 Yelyg

(-}
17 o
16 -
Eus- —
14 ]
L ————
12 —=—C greup
En- o greup
10 —v—Egroup
.§ 9 Fgroup
z 8-
73 SRR -
s
5 ]
5 44
3. - -
i : :
1 T T T T T
ER] 32 33 34 as 38

Lans of pratein the total amount{microgram)

Total quantity of protein which remains in
the CL (indicated by line graph)

Figure 3.

Before ultrasonic cleaning process of protein

i0kU RO:Smn

29 F 20882

Figure 4. SEM Image of contact lens after ultrasonic
cleaning process of protein

_48,



255 AY7) B AYAE o] &% MY Fo FHER2 FAEY 7

Figure 41Xt ©¥d 2&3 A3y Az o
BANFYE o] fdte] LML 1082 @
EZ9 2YEA= Yuxs AdRg FAAA
dujhoz 1000 ez BAY A TR
Fio| g3 ggtort A Fo| FYEJI=
Aol & o AREA Jebret

2. Ma|Adee CiRE HHYS o|S et
zguel chyE HAHE

Table 4014 Bt ups} o] iz Fi o
A AYlN ZYEW=o| Fig vyt
HFL 3503 pg oIUAL, YA YPFo] 583 B
B FAd 2o AAY wA %o HyF
2 1986 ug 2.2 56.70%2 AMALEE BI:, £
etz HeAd4E ol&dtd AN APy C
27 DES A$ 587 AL ¥ ASol:s 2
dEN=N AAY wud] e HF 2794
pg 22 7976%° AALE HAX, 108 =
eg AFA Aol HF 3201 pg o2
91.38%9] AMA&L B4}

28932 023 AFAL ol gstd AN
AN g EZT FEe AS 583 Ade 84
e w ZYENZAN AAY GuAge I
TE 3202 g 22 91.41%9 AAELE B
o0, 1087 2898 AFAY ALl B
& 3323ug 2% 9486%9 AAEESL BYc).

geld, 2¢02 AHE ANG Ao 2
oA+ guAe AALL ¥ Fage 1
o 3, Ae g+ E ol4% C, DE B
T 23 A4dg o] &¥ E, FRelMe ©
WA AAge o $4Ee YU

Table 4. Protein removal ratio by ultrasonic waves

Total
. |Control] C D E F
quantity
. | group |group|group|group|group
of protein

Average| 35.03 19.86 |27.94]32.01|32.02}33.23

Removal

ratio% 100 56.70 |79.76 | 91.38 | 91.41 | 94.86
o

3. delMgset ciEH My 72lE
cheE

2&0AYe o ZHYEJNZNA Fg
g gydol AT UEHAMAA Y
AA2 EAFEANE oty fdoq A
Adaod dEHARZALY vy ¥ F
st

Table 50| el uvpe} o] Gz 2§
3 Ao o ZHENZAA {g @
WA Je dE=Td HL 067 pg/ml 16.75
1g/25ml )o] FAEJR, YL E ol &
e 259 YL 5L F CE AFode
el ddsed fEsd e dwAd &l
B 0.62 pg/ml(15.50pg/25ml)el U 10# 3
25343 & 3% DF A $dde 051 pg/ml
(12.75¢g/25mDe] A o},

OEH AYAE o83ty 2F3% AL S5
B 3 EZ AfoE dEH AAJ {4
o] 2lE @A %ol HF 053 pg/ml(13.25
pg/25mhol A2 108 &AM g & FT
ASdE 045 pg/ml(11.254g/25ml)e) A&
YEb W 2 .

ey, 2 &3 AHo] o8 fFreld dyA
o] gRo] A2 HEdFs A2 MP Y
FelsHo HEFE & F AN

Table 5. The quantity of protein which separated
from the contact lens

Quantity of protein(ug/ml)
Control group 0.67(16.7542/25ml)
C group 0.62(15.504g/25ml)
D group 0.51(12.754g/25ml)
E group 0.53(13.25¢2/25ml)
F group 0.45(11.254/25ml)

4. de|Adset clSH MEAUE 0|8
=gute| MF MAHE
AZAA 7% A¥dMe 253 AHE A
YA & di=2TY Aol A= A3

_49_



8 &M -

E Ao F(cfu)7b 9.49x10° cfu/mlZ 5.1%<]
ATAA ZA2E&E B v A AAFE o) F
o] 2&AHE 583 §F CEe A

6.00x10* cfu/ml 2 94%2] ATFAHA L&
A 1083 259 AT Do A¢
500x10° cfu/ml2 99.5%¢9] AFAA FHag

J
rJ‘.o e é
X oo oA o

fom thgd RN o fate] 28 uhA3
3 3 Edte] A fole 8.00x10°cfu/mlE 99.22
o ATAA Bode ngon 08 AN F
2o Aol 0 chwmlz 100%2] AZAA 2

(]

45 ePHS Table 6014 & 4 12ich

webd, 258 A FHo oaiA =e] Zojgl
g Alde B 71 289 A3 o3 gEE
of AAEE & & A:, A HAFE o)L
C, DZ ®Et} 53 A4 o] &3 E, FollA
o] Ald AA &Z37t o 58S JERSIT.

Table 6. Germ removal ratio of ultrasonic waves by
saline solution and multi-purpose Contact
Lens solution

Germ figure % Germ
(cfu/ml) removal ratio*
Control group 9.49x 10° 5.1
C group 6.00x 10* 94.0
D group 5.00x 10° 995
E group 8.00% 10° 99.2
F group 0 100.0

* A group germ figure 1x 10° Standard

Pseudomonas before ultrasonic cleaning

o] &4

Pseudomonas after ultrasonic cleaning -10minute

Figure 5. Comparison of contact lens after stipendiary
Pseudomonas removal by ultrasonic cleaning
process

Figure 59 @EA@HmMAANA 252
SEd AHAFS GEAHAGRE o] &AM 10%
T 259 AXRE F Fo A Abzle|d. 10¢
o] 2&d M3 Fole Zgdol 73] AA
go] xgdo] WAHA &kt

Figure 691 & 232 Xed AHHF o
EAHANAAE ol &AM 108 =33 A&
g F FAAAEU AR R 30008 &2 Bk
S o $AF Aoln, 10879 253 HFH F
o mEdol 7Rl AAHC ZEdo]l HA

52 e skt

Before ultrasonic cleaning




253 A7 g5H AYGE o] &7 M3 o TUEJ= FHEA

After ultrasonic cleaning

S-33d0¢ P. 2

Figure 6. SEM Image of contact lens after Pseudomonas
removal of ultrasonic cleaning process

CEEEM= FHo| FAXAHO|Z

o
kol

|

!

-:,JJr i’#(ZSOmA 10827H) < 25038] (1 AF
) w5 AP by THENZ9
FALAAE R A o7 1008] 2] )
A% dzoa vn Al B9 &
Ur A= A ¥wAyd F9 ¥zte fdud.
ks FAdHd WA=2E ZH5HAEYE 2508
ghE A H3ldE = ZHEN=R AAd =
A7 BAEA BS5ES Figure 74 &
AT

wh kA, Add AR ZHEANZ 2§
44#2#7101]*1% 2E0z A8 2 =
E£3E FA gol AN S-S & F

A AT,

rSL' mlm

or to rfr oo
O W oox N })4.

Before ultrasonic cleaning

18k KD Snn

S detR0 P ocoD4

Bl
o

After ultrasonic cleaning

3 0cQe0 P ea0as

Figure 7. SEM Image of the inside surface and the
edge of hard CL before and after ultrasonic
cleaning process

FAlHAtEv|F o2 1002 &R BUS
W Z2SaAHS 250mAcl A 2508 AAE &
L ZYE dzo YyEdy ddyE s 3
I AAdaAze o] FHolL A Heey
WstE Holx] ekt

v. 3 B

FHEAx 2gHAHINE ol §ate] ohF
A Mgt Ae Hgsel BE 2YEaz
o F2E wwd @ AT AY R A5E

e EUREAS B dus wn wvd
Fa @ Aa AY, vwd 4PN, AFA

L o

A 7F A%, FARAErE ddE
Hoogd e dE2s ddq.
1 2YENz=o) E3] FA5E d9de B
o ZAdHoz nAUSA AASE W 2eH
Aol ERAYE ¢ F ded, 449
FTE ol §¥ & 58 AL 7976%° 1
GEHAgAE o &7} =FFH 58 AL
91.41%2] w©wd AAEZA EHHH Ao
E 77 o] At

2. BYEAZE F4& A W 44 § As
dutdel QA e = A7A75A
PN 2ZHAHo| o, fEAAYY
& AL &3 58 AMHL 99.2%°1A X, 4
HHdFE A8 259 58 AL U%=E

] s Bl
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10 4% - oA

GE2H Ao v} ¢4 4,
3 289 MYeoz AY TYEN= &AF

28 33793 J=ILYEJNZE ALE3o

14943 A4 3 Ax9] 25038 2S5 AAAA

EW g3 23 YeEI= A9 @Yo 5.

Yetta ¥yo) glee & F AN
4. 25 Ay Az oel @A AA R

Ao & Zae vHdsdd.

Fngsl 6.
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Isolation of Phosphate Solubilizing Strains from soil

Soo-Jung Kim and Hyun-Soo Kim
Department of Microbiology, College of Natural Science, Keimyung University, Taegu 704-701,
Korea

2o B

ATE EYo2yEH HE4 AUNEE L FFE A5 A8 CaHPO. -

2H;0, Caz(PO4); T& AHE3ld $FF L-1, BR-1€ £33t &8 g@493 Aagdez Hd 4
& Z23& FEY Z2H, L-12 glucosedt peptoned A 713 ¢899 BR-12 glucosest yeast

extractl A 713 3k 3G AT L o83 TF AEY A, wiF L) L-13 BR-1

Hgd s EF9S of A &35 A 58
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.M 2

AL NEA7 az s Jgdezy
A, AAA Fo F2 FAAHEH, HEH
de|ol 43 Fag AuvA dAredAE F
28 9T 32 UT). HAR EF F AV
o] F=E % 005 mg/Loll £33t A &0l 7
AEo] o] £ e A4 ¢ 01%2 ¢
A YT, 3).

T8 FHe ©99 AT FHE FHFE T
WEstz) st oo efulas IS
AHEEte] 3hehy, WESH We AH HEA
2o E&3 f48480 douA €. 53
AiE FPYELGANA A, ¢FvlF o &3 a7
I &BYY EZdME Zgoled A IR
o] HEA7} o8 ¥ & e E8AY N9

Yz Aggeozy EY Y Asie A
3} uile] RAYIE JMALE FUQe] H
UtH4-6). F7F BxEA AAHE EGLS w7
o dYE F59 A5 Az 4y
Z+E Ado] oig 79 AL =2AH).

At 7143} #& ol&% {AINY nYEY
29| /e R3] o]FoA gttt oln 1950
ddje] Aokt FRYAME BEA AUE 7T
4372 4= 9le vl E(phosphobacteria)g &2
sl Egd A2F A 5IEY AN FE
€ FdAE + dgen, HF 10%9] +FFF7)
E BH®). 1980 d il = Penicillium bilgji 5
o] E4 Aol d4ate) FE FUAIE A
o2 YWHAHLH9). BHEA4 AE e ¢
%l 1] A& (phosphate-solubilizing microorganism,
PSM)E E%o] AFEozH WY EY AN
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9 7183t FAANE # A1, old wet FIAE
o 4A4E =9 4 AD10). °l9] HuHoR
JAAr 7183 Fo2% Bacillus megaterium(8),
B. polymyxa(11), Pseudomonas striata(12),
Penicillium simplicisimum(13), P. aurantiogriseumn
(14), Aspergillus awamori(15), A. aculeatus(16),
A. niger(13) 5°] it}

S NE 35dY Fadol A4HHEA
o] gt L JFLoA v JEA A dig A
TE AzF}en glev #F A% 4 wIEA
ZAL EZAY Fo ¢ E Ye A7 FF
22 ofa AYL 59 M A HF
23 tH17, 18). o2 FAEAL 9 o8
TAZs2 sstulge] i R <ge] AHztd A
o2 JiEHD QA AU AFLSHAA EE
A Jade AgHez Bistd 53Eo ¥
82 3 QA HBAHEE £83] FTEH F
F de ABvEY e Fag FAs =
Rojr},

metd 2 A7 ZeHE € JidugY I
Ao 2 g FEYZAHE sAZH 798
g, JAde &%) e FFE A3
59 71A 504, AS2AE HES Y TFA
dqE s

I. &z ¥ 9y

1. Al TF o ulig =A

3%, dugie, §Y, dF <2 5 4%
o EdozRE FFE R JA4dd
CaHPO; - 2H:0, AIPO;, Ca(HzPOs): - H2O, KsHPOq,
Ca3(P04)2E 22t 05% H7Her 34w A (black
sugar 1%, agar 20 g/¢)$} CaHPO. - 2H:0,
Ca3(PO4): & 05% 2713 PDAu]A](Difco Co.)el
8 ¢ AFs9o. e #F9 wjFe 2
8T, 2~3Uz wU3dld H&A ABEE LA
71e 58 A¥sden ASuAd wgso
FAZLR AL THI9.

2. deRYFY ol 28t o] Wk

£ F9 e =& ZAVso F3
ALdFEH g ez standard curveE A F 3t

et

EZY990.1 mg-P/me)E =Ad7] $so
KHoPO,& 110TCol 4] 3A17 W &3} desiccator
oA Wy A F FFF LHAA Aol 01
mg/m¢7t A HEJU

WA 2el ammonium molybdate &4 &7
4 150 m¢o] ammonium molybdate[(NA4)sMo7Ou
-4H,0)] 827 g A8z, FHF4 50 meol
antimony  potassium tartrate hemihydrate
(C4H4O:SBK - 1/2H:0) & #7131, o] § &
& 16% HySO4E 78t A &7 F, ammonium
amidosulfate(NH;OSO:NHz) 10 g S32m o]
EfYel FHFE 7Hetq F FHt 1 271 S
Al st

Qe AL A FE7IAE tin(1) chloride
dihydrate8-4-& =A3}7] $13t9tin(0) chloride
dihydrate 2 g€ HCI 10 m¢o] A7kste 39 F,
558 7t F 971 100 mert HA Aok

Q ¥F49E 5% U= ammonium molybdate
£ 05 ms} tin(I) chooride dihydrate£<}
0025 m& EJAA FHTE /I8l & F97t
5 mEA & 3, 20-30TeIA 1087 #x% o
& 690 nmolA FFEE FHsd EELAI
8] @ standard curve® 243 tH18).

3. 284 ity 8slls HE

22 FFE AA AMFAA wFd 1 meoll F
o 3 mE ol Agdez e AEY
o] ammonium molybdate €% 0.5 m¢%} tin(I)
chloride dihydrate £ 0025 W& EFAA
FHTE 7M869 F ¥37t 5 me7t HA § F,
20-30TC, 1027t B¥A319 690 nmolA FF=E
ZA sk

.22 #Fe Ao 4] =S AU
ALxd) d=
44 Q49 2879 g 48 23& A
Ed7] sl EAd=ulAe]  ghAU(glucose,
fructose, lactose, soluble starch, maltose,
saccharose)& 2@l3td Z+ 1%/t WiFstd &
A4 Ho A% A& HEY F A4

(yeast extract, malt extract, peptone, soytone,
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ool BE4 QA Sz 2o

NaNOp& walstel 7 1937h wigkste] A4
48 24840,

A Agsgen Qad &3 BeTFF L-13
BR-12 94 #F 3
st

d79l wjFe] 4 AFA F Hste] 05
gol A& 10 M2 7hete] o3k & F 14,000
rpm, 1583 YAEe st 45d 1 miol F7F
mE Yol ztztel APYoz AME3IEH
A77 A&E ESS AFse IAE AN
gHolstz]9lsle] AA v &R FHAF F A
ANgdoz Abgstanh 2+ AgAS i
AAYFA FPYoes AL FFs g

Fig.

[J5]

Ul

|o o o2 FR r

ko 12 mo pot
lo

2M of
oo

1. 8 ol Zaliw =2l

Caz(POs): 05% H7ld PDAs|A| oA 83t
L-1, BR-17} Cas(POs)2 05% Z7Hd Sl
7)o A wj9st BR-1, L-1, CaHPO;- 2H:0%&
05% H7Hel FAdgru]z|olA wj¥F BR-1, L-1,
Ca(H:PQy); - H:O 05% H7+He £ ghul] 2] of] A
sjakgk L-1 o] AP S &85t clear zone
S ¥4 s4tHFig. 1). Clear zone2] W#Ho| &
2 QA &3] Ao ¥& o= AR

1.

BR-1
Isolation of phosphate solubilizing strains
from soil on PDA medium contain

Caz(POy)2
L-1; Isolated from leek soil
BR-1; Isolated from bamboo root soil
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2. ol EEEdo| AdsixdFA EalHo|
o|gt standard curve =M
Table 1, Figure 4¢|A R euke} o] 9 F
FLAe ez G3AYFA AW 23§
standard curve® 24 &gt

Table 1. ABS value of phosphate concentration

Phosphate concentration ABS
(ppm)

Fig. 2. Isolation of phosphate solubilizing L-1 strain 0 0
from soil on black sugar medium 9 0.242
A; Black sugar medium containing 10 0.305

Cas(PO4)2 15 0.368

B; Black sugar medium containing 20 0.43
CaHPO; - 2H:0 e

C; Black sugar medium containing 25 0.431

Ca(HzPOq)z - H:O 30 057

35 0.608

40 0.673

45 0.667

50 0.73

Phosphate-standard curve

081
071
06

: 05
A w

o L
@ 04

03 r

02 r

o1 r

() LS RN TR SORT T S S SO I ol
0 5§ 10 15 0 5 3 & 40 45 D 5

Phosphate concentration(ppm)

Fig. 4. Standard curve of Phosphate

B

pelEF Mg FRES ZHste] S
.‘_6: A

Rz
o2
1o

Fig. 3. Isolation of phosphate solubilizing BR-1 train ol T (ppm)E AF&3S A3} Table 200 A
from soil on black sugar medium Rinlsl Zo] EA4E w=o Ca(H:PO)s - HaO
A; Black sugar medium containing & el z
Pk & Aztstel WYH BYFF L-10] A4
B; Black sugar medium containing |3gel 7HE -5 Aoz YEelyd

CaHPO, - 2H-0
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Table 2. Medium type of phosphate solubilizing activity

Medium Salts Strains oD ppm Total(ug/me)
L-1¥ 0.369 15.378 7689
PDA Cay(POu)2
BR-1? 0.322 11.144 557.2
L-1 0442 21.955 1097.75
Caz(POqy)2
BR-1 0.669 42.405 2120.25
Black sugar L-1 0.844 58.171 2908.55
CaHPO; - 2H;0
BR-1 1.066 78171 390855
Ca(HzPOy), + H;0 L-1 2227 181.865 9093.25

D Isolated from leek soil
2, Isolated from bamboo root soil

4. 2elnFe o M8 =4 HE

Ty A 4§ 24 AE}] H8o
Wz e] g4 AxYPE st AESHY.
ZerujAlo] g4 f(glucose, fructose, lactose,
soluble starch, maltose, saccharose)& 93l
7 1%37t WY F ATFE FAHdAG
Table 3914 Beulel o] e FF L-19A =
glucose, BR-19]A& glucose®} soluble starch
oA 7t3 Ayd4rt =k

Table 3. Effect of varies carbon sources on strains

C sources Sraine 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

* 1 1%10Y/me

Ad A5 @248 HEFS F FiU(yeast
extract, malt extract, peptone, soytone, NaNQOz)
< 2Edd ZF 1%H7 g F YFFE &5

3t Table 4014 Hiupe} o] L-1&
peptone, BR-1& yeast extractl X B +7F 7}
T =%

2AdF L-1& &a9 glucose, ALY
peptonecl A 7}3 AB#EF7F BUL BR-1& &
429 glucose, A4 9 yeast extractoll A 713 A
T47t Bgenz olg AHd A§ 2oz §
datd

Table 4. Effect of varies nitrogen sources on strains

Strains

N sources L-1 BR-1
Control 10° 9
Malt extract 15 22
Yeast extract 12 9
Peptone 21 39
Soytone 2 9
NaNOs; 5 9
" 1x10%/me

5. @F2 HiFE g2 28y iy
7 o/SE ZIAHE

d7s WFE NEFHER 39 FIF E
A Agstden Add &8 gAZF L-13%
BR-1& 4] wjFd F T3 E7P4e=
FPsigch. 4F 49 AEYE AL FY
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Table 5. Activity of phosphate solubilizing on the young radish filed

Young radish Soil of young radish
Treatments
control treatment control treatment
Phosphate
concentration(ppm) 113 114 0 12
Table 6. Activity of phosphate solubilizing on the cabbage field
T Primary Secondary Tertiary
reatments control treatment control treatment control treatment
Pl
hosphate 2 2 2 10 3 5
concentration(ppm)

gHiog AT AFYE A Table 594 He
uhg} o] FF wMFYL EFT I4F 2
FEse A9 4L BeEF wIde 7 3
A Fe A Aozt YA deon AR BS
B EG AEde A9 e 2dEF WYy
< B¢ EF 839 A4l 12 ppm T
Ro| AT

ER wiFE 33d dAH 2ATF uIFdE
278 w3 4& AFHdAH wF A9 A
AL AL FY g4 e AE FF
3ttt Table 604 Buhsh o] a5 )
Fqe EF 284 JMF wL AB9 &3 ¥4
< 54t
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Chromobacterium violaceum YK 3912 MZuW Cytosine
Deaminase &4oj o|x|= Cytosine Analogues? d&

Usy - Y - MY2 - KUY
AR oetE Adzerde o) 48 sa

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

2 . ¥ dAFE Chromobacterium violaceum YK 3919] M2\ cytosine deaminase ¥4jo] ol
& cytosine analogue®] Qo] st ZA}sth Cytosine deaminase® 71 °] cytosined
6-azacytosine, 2-thiocytosine, 2-thiouracildl ¢j&te] A &=l 2 v, 2-thiocytosine® 2-thiouracil®]
A AFEs 25x10°M3 265x10°Mo)Ut}h. Cytosine deaminaset 7] o] 5-fluorocytosined
2-thiocytosine®} 2-thiouracile] ¢]3te] A= glen], 2-thiocytosine} 2-thiouracile] A& A
2x10°M= 0.875x10°Me) Rt}

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 25x10°M and 265x10°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 2x10M3} 0.875x10™M.

I.M B2

Cytosine deaminase(cytosine aminohydrolase,
EC 3. 5. 4. 1)& %49 pyrimidine 471 9
3t cytosine?] 4 gdol] X ofp|7]
g 7t uracildy gEYolg AR#AF]
t 7lsEd Eiolth o] A4 E 1923d9 AHE
gAg ol A, AR, FBe] 5 43 FFHY
o] JEoA i AEY AL SAFHAG

A XU cytosine deaminase(CODase)el &
dF2Z M, Kream®} Chargaff(1952)= CODase9
A48 EAHE dFEen, Kaltwasserst
Kramer(1968)& cytosine® ##3 ulx oA
CODase#A o] $7tdvta sl

CODaset cytosineq] #%a %9 3hidd
5-fluorocytosine(5-FC)oll di3|A & o}v)x3}
¥$& Zu)dte S-fluorouracil(5-FU)& A4
At} olg L @ ojui3 NS T A F
Holl A JastAel ojolE Egdtn Uch

AR FAFA2A Y 5-FCo g&olt}. 5-FC
E uracil9®) fluoro3}l ® =AU 5-FUs= 2
g A7 4L JAA E3jY AFFI &
f3l2 & CODasedl &) 93 5-FU= ¥
o] AFZA] U ey FIA YE
don 2t

EAE ¥FGEA2AY ol 195574
Duschinsky ¥°] 5-FC7} %% &7} gtk
233§ olziz 1970d ol28 M Giegest Weil
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2 AEA 285 - AL - FU4

o] Ao FHo e CODasedll <]3t
5-FC7} 5-FUZ % olvx3igozy A7Z4E
o i@ st &Est vt B udo
2 ¥, Escherichia coli2 € AAE CODase
(Katsuragi, et al, 1986)9} 5-FC& W38 %3}
£ T4 Yo2 cerebellar deficient folia
(CDF) # gliomaZ%8 #X% EA-285 glioma
A Eol F4& A3 s}iL(Sakai, et. al, 1985) ¢
-0, Fisherdl # ¢} =& HolA HFF HA}
18 AYPoz Koo o3 enzyme capsuled
o] 43 tBo] drug-delivery systemo] g €
T7b %3] o] Fo A 1994del & Wallace 5
o 98 CODaseg Aot AFAIe M2E
FFdagel AEHAT 1998delE Kim Fo
in vitro’delA AL WAHA I HIES
st WYY HEAQA K-562 2 A o
o MEAIQ] SUN-C40ll thste] CODases} 5-FC
€ #H3 RAgozMN F4 AE Jehdds
47 dAE By 9. HIdE CODase®
o] g3l A LAHAR} ANEE A% suicide genel
2N Abgdte A7t $usA AgEn g

o]z} o] CODase: pyrimidine nucleotide
A Al 2% 982 F2EE key enzyme
4 29 olysel gAFEzloly QA T
5-FC% CODase& ¥3 FogozH g4
AYEFE Vehdo] d4etd ZhoME o] &
7bsA4el & Zaolg. 2y CODase: L&
TEAME AYEHA ¥n @A nPBoAT F
o] YAEn doj g E BHAE) i
& - JAEH Ao AFH o) g8l7] o
ol glenz NAFAHo] ¥ CODased o]
HA3) 278, 2828 CODased MESE2
HE 8% ofYel AXUAME mj$ e &
4& et = Chromobacterium violaceum
YK 391(Yu¢t Kim, 1997)& FAF2E AE
&}

Chromobacterium violaceum YK 3919 t$
LA 4A Fol #AHY UL B B Eh
o g4 7)1z B AT AFsY, @
Cihak $(1965)2 Escherichia coli®] CODase2
Ashe 5-azacytosine©l] 2l3), Krem 59 WiR
CODase®l A3 isocytosine® 2-mercapto-6-

aminopyrimidineol] ©13 Z+ 2 As=Ac= AH
19973 Aspergillus fumigatus IFO 58400] AAba}
+ CODased 6-azacytosine® 2-thiocytosine®l]
o3 AUt Lol At wel B 4
TFolM & Chromobacterium violaceum YK 3919}
A4stE CODaseE A8t cytosine analogue
o] J&gn B FHie A 7]Fel Hso
ATt

. W2 2w
BAEF L FF BE
e

AP AEF FFE Yust Kim(1997)9] 2)
&) MX9 CODase& #H|&= Chromobacterium
violaceum YK 391& FAEFZ2 AME8Ig . o
378 Wdes AXY CODaseol #+& dA+E
St 28ln nAYEY BHELS 44 A
oA ujgF FAHEFE 20% glycerol £ Hes}
o] deep freezer(-70TC)ol Ho] B A3t

BiX| =d o oY =A

71E&0 AHS-HE AL )X (Peptone 10.0,
Meat extract 1.0, Yeast extract 1.0, Soluble
starch 7.5, KsHPO4 0.5, NaCl 0.1g/¢)8t} &4
g0 2 o] ;A Jelhd FHE A
(Peptone 2.0, Meat extract 1.0, Yeast extract
1.0, Dextrose 10.0g/4, pH 7,0) 20m¢E 100mé
A7t Eep2ad Y FAEFE 19I HF
g F 30T, 150rpmoll A 197 g uiFsle o)
E A wggez AMGsY. ¥ g F48
X 100meE 250mé 442 Eetiao] we F A
gl 1méE H7Msted 30T, 150rpmel A 29Uz
AguF Atk A9 wged F, 8,000rpmel A
LA EYFY FAE FsA.

TEAES =X

FANEFF/t JAdsle AEU CODased 271
sty 29z A wgF] FAEF FAE
8,000rpmol A AN EE s AFEn FHFE
33] AH3F g, 0.2M Tris-HCIZE Y (pH 7.5)
o=z 13 A AHFE FAE thA 02M
Tris-HCI&H3 Y (pH 75)] #Estm 10To] 3ol A
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Chromobacterium violaceum YK 3919] M X\ Cytosine Deaminase §#/d)| 0]x]& Cytosine Analogues®] 9% 3

120HzZ 1% Fo2 283 B8 Alg3ld
#AnGsiol N SAs AE7t 34 2 "R Pt
qen HHARL @A = wet =Fsgc
HuAgez SHE HHE A AT F
12,000rpmel A 2083 Ad&este] A RNAVIE
AASL 2 BFAE 2ELY02 AMGEHT.

ELgMs £H

Cytosine deaminase®] ¥4 E+& Sakai F9
W(1975a)0] £33t ERF=AE AHESo A
AzdeA 290nme] 718 cytosined HAE
A uracile]l JElE F3=9 A2z ¥4
489tk CODased &4 w82 5mM
cytosine® 02m¢s} HF3 N4 =qFLY
02m¢ 2 0.2M Tris-HCI&tZF(pH 7.5) 0.6mdE
AALFol 10mesA 8t 37TNA 3023 &
A 92AIZ ¥ 0.IN HCl 40 ®E H7Hstd &
A ¥ge AN Eax 9E F IAAE)
A71E ALY ARES AAS: 8/ &
ZA3At. 22849 99 308 TU¢o 1
imole®] cytosined © ©}P|x3}54 uracil2
ARANIE ALFE lunitE2 B9 St

g0 HF

ZEALY 100 BUALEEFES 20%E X
A A 1A AAGE F, 4ToA 12,000mpmE
1023 f48e st ugyd 9gdd JAdE
€ AASG}L AF5Ye] FAUYRFEEL 0% X
A A SEY FAANAYG. 2 F FALGEF
3y E24L 99 ZPAA AR &y
dolA JHEEZ 429 02M Tris-HCISF A
(pH 7.5)0 &8iA71:2 ZA 49 208 %o Y
T gFdoz 33 vrEIHEA 4ColA 10413
FAA 7 a8z F4¢g 849 Fo B84
2L 9 zyM fAEYsA AASS
ALg- gt

Fao EY

£ 249 54& HEFHI 98 pH ¢AA,
d GAHA, g A pH, WS HFY 2x T
ZAHEA Y. £49) pH ¢GAAE HESY 93
o 549 93FE pH 3.09A4 pH 1207HA] =

Y Z Zte] FF Yol 24A2F 4TAAN FAA
A F, A 84¢ FA%UG. & 529 €
A48 AAHE 25CAA 80T7AAS Z 2
EoA 1083} dME F, §3] Y4 A 37C
oA FEEL2EAELE FAAT. € Aa9 @
< #3 pHE HESH] S84 71d& pH ¥
&Fdd 7 4 5o &L BHE FHHAD
g HA L22& I5TAA BTAA ZH 59
M Ea¥HE SHEA

Cytosine analogue2| ¥&

B fae @44 vl E cytosine analogues
Ad F575 AES7) 959 5mMe] cytosines
5-fluorocytosine® 2z}t 71ZA2 3t cytosine
analogued] #% ¥ & ImM H7A F7¥in &
ol AL WSAA FEELEAHLE 23l
EA A ulAE cytosine analogued] 3k
Hald FER.

Zo} Y ;s
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Figure 1. pH stability of the cytosine deaminase.

Enzyme solutions were dialyzed in 0.2M buffers
of pH 3.0 to 120 at 4C for 24 hours. The residual
activity was assaved under standard conditions.
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B #4909 pH ¢H3AL C violaceum YK 3919
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al, 1986)9] pH 9014 10.0 ApolellA] <rAF
fA9 Aold WA S marcescens(Yu, et al.,
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Figure 2. Temperature stability of the cytosine
deaminase.

Enzyme solutions were kept in 02M Tris-HCI
buffer(pH 7.5) and incubated at the indicated
temperature ranging from 25C to 80C for 10min.
The residual activities were assayed under
standard reaction conditions.

AYE - HY

& &3k Fig. 2¢] BE i} o], 25T}
BTN = 100% FE B4 A4S ez,
50CoM+= 86%9 FE &4 4L vehlid
o =% 65CAME 43%9 FAE &2 4
veldidles 75T ¢d3] A8 Huud.
C. violaceum YK 3919 A ¥y CODase(Kim,
et al, 1998) 70TCA 1083 IAHIYE 3 73
ol oF 19%9 FE FAHE Yoy 9
0CoAx e 43 48 HAUAY. Asp. fumigatus
A X W CODase(Yu, et al, 1991)= 45ColA 1
5% TE 2 AH& JEE Wb S
marcescens(Yu, et al., 1976a)8} P. aureofaciens
A XU CODase(Yu, et al, 1976b)¥= 60T, 70C
NAE ¢ASY, E  coligl AEW CODase
(Katsuragi, et al., 1986) S0C7tA& A8t

o] Z#el vAIWE & Aie AL
D27 dAAdo] wlg & BiolER
BHo2 FE3 Aol Jtsd A4 i
I FRHAT

Table 1. Substrate specificity 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.

vH§ 3= pH

B9 84 vlX& pHe F¥E XA
Astd 714 & pHE €399 4 Z ¥o 37T
oA WEANA BEL YL FAHAY. Fig. 39
veld ube} Zo] vl FAHNAM BLYA )
¥z en pH 75404 7H4 & &4 @4
& Jehldth. C violaceum YK 3919 A X
CODase(Kim, et al, 1998)$} Sal typhimurium
(West, et al, 1982)2] A|¥uU] CODased 4%
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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), citrate-phosphate
buffer(pH 6.0), Tris-HCl buffer(pH 7.0 to pH 80),
and glycine-NaOH buffer(pH 9.0 to 12.0).

120

80

40 r

Residual activity(%)
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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 15C to 75TC.
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Figure 5. Effect of the inhibitors on the activity
of cytosine deaminase on incubation time.

Inhibitor(10mM) was allowed to react with cytosine

deaminase for various periods of time at 37T in

02M Tris-HCl buffer(pH 7.5) and 5mM cytosine.
—@—; 6-azacytosine, ** O-; 2-thiocytosine,
—WVW—; 2-thiouracil.

MZL] cytosine deaminase® gs

£ E2H Y

718 Fol¥

B 549 7140 g So)d& HES A%
o, M7 g9e § ALE AHESA cytosine,
5-FC, 5-MC, cytidine 2 cytosine analogue %
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A B4 VYL FAFC Table 10 Jehd
ulg} o], & A AE cytosineo] H]3to 5-FCs}
5-MC, 6-azacytosine®] W3] Z 2z} 58% <} 7%,
1%B=E 71224 o&dgth. 28y cytidines
5-azacytosine, isocytosine 7|22 M o] £3}#]
23

2 &4 T cytosine?g 712 AHgEE= S
marcescens(Yu et al., 1976a)9} cytosine® 5-MC
€ 71R2 A48 P auredfaciens(Yu et al,
1976b)e} @3] cytosine, 5-FC, 5-MC, 6-azacytosine,
cytidine& 7132 o)Ll C violaceun YK 391
9] AEW CODase(Kim et al, 1998)} Zo] =
e 713 Eol4dE& tAe 4%E Bad

2] cytosine analogued] %

€ &9 7]13Q cytosine® 5-FCY o &
Aol ulA = cytosine analogue®] F3& Yo}
B7] 93ld, 712 5mM cytosine 02ml, EA
0.2m¢, 10mM cytosine analogue 0.1m¢$} 0.2M
Tris-HCl &3 <(pH 7.5) 0.5miE &3t 37T
oAlA 3083 AANEE AA X 4L =F
5 0= 8

Table 2. Effect of cytosine analogues on the cytosine
deaminase activity using different substrates.

Cytosine analogue Inhibition ratio(%)

(1mM) Cytosine  5-Fluorocytosine
None 0 0
5-Azacytosine 0 4
6-Azacytosine 39 9
6-Azauracil 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 cytosine analogue at indicated concentrations
and the results were expressed as relative activity
to that of none.

Table 29 vtehgd ule} o], 712 & cytosined
AMgEte] B4 A4 2AYL 1 5-azacytosine,
6-azauracil®} isocytosine& ¥ &4 A of

F4 9%E A £ 2o, 6-azacytosine,
2-thiocytosine, 2-thiouracile] ¢J3le 39%, 8
7%, B%2 € Ed 842 A Af=A.

C. violaceum YK 3912} A ¥u] CODase(Kim
et al, 1998)%+= M@ %S Jeddeoy
2-thiocytosine, 2-thiouracil, 2-mercaptopyrimidine
o o3 A= Asp. fumigatus A)EW CODase
(Yu et al, 1991)¢}= o8 Z3e Jeludd

HLo], 71A& 5-FC& Al43dld &4 ¥4
< ZAREL W B AL BA A AL
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isocytosine® ¥ &4 Ao ofFd og3tg 0|
Xz B o}, 6-azacytosine, 2-thiocytosine,
2-thiouracil®] &3l 9%, 57%, 7%= & &L
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£ 84%F 7]1AR cytosined AHEE A= A3
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38 Al¥E= 6-azacytosineo] A &A= 2L ¢
t 548 Jehllo] £ A4 g49 A3 P
7129 wet 2 JeidE #A¥ F Atk
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W 2 g Mo A WHEAIZH diE A
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€ 47 Hbst 37ColA 30%, 60%, 0%,
1208 WHg3dte] wgAIZEY AAUYE FA§
k. Fig. 5o Jehd ule} o], B &AE
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2 B4& AEo 12083 gl o3 A
Axe] o 65%7F 7] 0%l A=A g
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Figure 6. Effect of the inhibitors on the activity
of cytosine deaminase on incubation
temperature.

Inhibitor(10mM) was allowed to react with cytosine
deaminase for various periods of temperature at 37°C
in 0.2M Tris-HCI buffer(pH 7.5) and 5mM cytosine.
—@—; 6-azacytosine, ‘- O---; 2-thiocytosine,
—W—; 2-thiouracil.

FEH A EHo] P cytosine deaminasel]

&4 w3

Cytosine analogue$! 6-azacytosine, 2-thiocytosine
} 2-thiouracilel & &4 Ao AAlY 5%
o wet AaEe F4E HES 98t 5mM
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4(H 75) 05md FTFs ALX EF Ao
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Figure 7. Effect of the inhibitors on the activity of
cytosine deaminase on inhibitor concentration.

Cytosine deaminase was allowed to react for

various periods of inhibitor concentrate at 37T in

0.2M Tris-HCI buffer(pH 7.5) and 5mM cytosine.

—@—; 6-azacytosine, —O—; 2-thiocytosine,
W} 2-thiouracil.

s FE

£ B4 @ 6-azacytosine, 2-thiocytosine,
2-thiouracil®] A& F4& AESL7]) A5 cytosine
FEE ImMelA 5SmM7HA] 2331 6-azacytosine,
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6mM, SmMO2 & 37TelA 3083t g Al
A Ak ¥AE& 43t Lineweaverburk plots
2 Yehligldh Fig. 82 714 & cytosined A&
L | 6-azacytosine®] AAYeHE elA A
© 2 6-azacytosinex cytosine deaminaseo] t©
3t AAPels X Yo +dHolA] mapde
P g el

ol &49 A3l non-campetitive, comrpetitive,
mixed, ® uncompetitive inhibition®] ¥Eej7} o}
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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 0.1m¢ of the enzyme solution. Velocity(v)
was expressed by the decrease of OD at 290nm
for 30min at 37°C and substrate consentration(s)
on mM of cytosine.

—O—; 17.5mM 6-azacytosine, —@—; None.
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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 30min at 37C and substrate consentration(s)
on mM of cytosine.

—O—; 6mM 2-thiocytosine , —@—; None.
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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 0.1m¢ of the enzyme solution. Velocity(v)
was expressed by the decrease of OD at 290nm
for 30min at 37C and substrate consentration(s)
on mM of cytosine.

—O—; 5mM 2-thiouracil, —@—; None.
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Figure 11. 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 0.2m¢ of the enzyme
solution and varied concentration of 2-thiocytosine.
Velocity(v) was expressed in mM of uracil formed
in 30min and 2-thiocytosine concentration(i) in mM.
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Figure 12. 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 0.2m¢ of the enzyme solution
and varied concentration of 2-thiouracil. Velocity(v)
was expressed in mM of uracil formed in 30min
and 2-thiouracil concentration(i) in mM.
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Figure 13. Effect of the inhibitors on the activity
of cytosine deaminase on incubation time.
Inhibitor(10mM) was allowed to react with cytosine
deaminase for various periods of time at 37T in
0.2M Tris-HCI buffer(pH 7.5) and 5mM 5-FC.
—@—; 2-thiocytosine, -+-O--+; 2-thiouracil.
25 A& EHo] oi¥ cytosine deaminase2]
&4 w3
Cytosine analogue?] 2-thiocytosine®} 2-thiouracil
o] 71424 5-fluorocytosined A& o &
A Mol A UHE &xol me AsHe
F4& FES7] Y5t 5mM cytosine 0.2m¢, &
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Figure 14. Effect of the inhibitors on the activity of
cytosine deaminase on incubation termperature.
Inhibitor(10mM) was allowed to react with cytosine
deaminase for various periods of temperature at
37°C in 02M Tyis-HCl buffer(pH 7.5) and 5mM 5-FC.
—@—; 2-thiocytosine, - O+; 2-thiouracil.
SEY A8 EFHo] oj¥ cylosine deaminasel]
8y 3
Cytosine analogue$! 2-thiocytosine®} 2-thiouracil
o] £ A4 Ao A#AY Fxo wat A
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mé, &2 02mes} 0.2M Tris-HCl £ (pH 7.5)
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20mM= &3 2-thiouracil?] FE& 05mM, 1mM,
2mM, 3mM, 5mM, 10mM=2 &z A4 ¥H-gAo
Aolstd A4 48 Z48Hd. Fig. 1591 4
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Figure 15. Effect of the inhibitors on the activity of
cytosine deaminase on inhibitor concentration.
Cytosine deaminase was allowed to react for various
periods of inhibitor concentrate at 37C in 0.2M
Tris-HCI buffer(pH 7.5) and 5mM 5-FC.
—@—; 2-thiocytosine, —O—; 2-thiouracil.
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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 0.1mé of the enzyme solution.
Velocity(v) was expressed by the decrease of OD
at 300nm for 30min at 37C and substrate
concentration(s) on mM of cytosine.

—O—; 10mM 2-thiocytosine, —@—; None.
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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 0.1m¢ of the enzyme solution.
Velocity(v) was expressed by the decrease of OD
at 290nm for 30min at 37C and substrate
concentration(s) on mM of cytosine.

—O~; 7mM 2-thiouracil, —@—; None.
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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 0.2m¢ 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.
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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 0.2mé of the
enzyme solution and varied concentration of
2-thiouracil. Velocity(v) was expressed in mM of
uracil formed in 60min and 2-thiouracil
concentration(i) in mM.
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2 %

Cytosine deaminase(cytosine aminohydrolase,
EC 3.5. 4. D& Aoy g T AEore 2
ZASA 94 AAEZA cytosine®} 5-fluorocytosine
£ uracil® 5-fluorouracil2 7FpEsisle &4
oltt, ¥ AolME Chromobacterium violaceum
YK 3910} A4tst= A X W] cytosine deaminase
Ao m X cytosine analogue2l g &ko] o3}
o AEHD. & Az U 54& A AE
@ A3, pH ¢AAAME pH 7088 pH 90
Atolol A tAFA R I AHAANME 25CTH-H
35Tl E 100% & s 84S Yl
50CoME 86%e HE AL AL YeA
ot} £ 65ColME 43%e FE BL: ¥AHE
el 75ColN e 43 A@=Ack 2
BEA9 g HA pHe vEy FAYA £28
Aol dFsHen pH 7544 714 &L &4
A4S YA whg HAH 2xE 3BTAA
45CAbojol A e A $4& Jeluic &
249 7138 Eo)A4e cytosined H|dle 5-FC
9} 5-MC, 6-azacytosineol ©ha] 2z 2z 589%,
7% T%HE 7Z1A2A o&sdd. 2y
cytidine®} 5-azacytosine, isocytosine 7|2 24
o] &3lx] £} 71AE cytosined AHERNE o
B A49 #AL 6-azacytosine, 2-thiocytosine,
2-thiouracilo]l 2) &t} 399%, 87%, 95% A=A
1 71AE& 5FCE AH4¥E o & Axe &
& 2-thiocytosine®} 2-thiouracilel 93l 57%
¢} 77% A& =AUt 714 cytosined W cytosine
analogue?| J%& 43 ¥ ZAI, & Fhe 3
SAZHE 0FeE dln BHELEE 7TE A
£ 1] 6-azacytosine, 2-thiocytosine, 2-thiouracil
o o3t slatAl AN o], ¥ AA9
AL 175mM 6-azacytosine, 6mM 2-thiocytosine,
5mM 2-thiouracilell ¥ 50% As=IAct. 2
€ #4¥E 2-thiocytosine®} 2-thiouracile] 23
o QA 22 A& (noncompetitive inhibition)
5]9len, 6-azacytosiner 7]&o] A& YAt
Ueld Zo] old g HiE AYEHYS &
# AAt}k. 2-Thiocytosine®} 2-thiouracilel] o

¥ Kiate 2 2 25x10°M3 2.65x10 Mol i th.
712 5-FCY = cytosine analogue®] 9%& 4
H 2 dy B ile BHEAE 60F2E dtn
w25 E 37CZ 319E W 2-thiocytosine,
2-thiouracil2 ¢13] 718tA A#H=HJULT  10mM
2-thiocytosine$} 7mM 2-thiouracilol A 50%2 #
A=At A P4 2-thiocytosine®} 2-thiouracil
2 uZAPH o2 A s (noncompetitive inhibition) ¥ &
el & 4 A9k 2-Thiocytosine® 2-thiouracilell
e Kigte Z 2z 2x107M3} 0.875x10°Mo] it

#pnesl

1. Andrews, P.(1964) Estimation of the molecular
weight of proteins by Sephadex gel
filtration. Biochem. J. 91, 222-233

2. Chakavarty, P. K, P. L. Carl, M. J. Weber, and
J. A. Katzenellenbogen.(1983) Plasmin-activated
prodrugs for cancer chemotherapy. Synthesis
and biological activity of peptidylacivicin
and peptidylphenylenediamine mustard. J.
Med. Chem. 26, 633-638.

3. Cihak, A. and F, Sorm.(1965) Inhibition of
microbial cytosine deaminase by 5-azacytosine
and 5-azauracil. Collect. Czech Chem.
Commun. 30, 2137-2139.

4. Cihak, A. and F. Sorm.(1965) Biochemical
effects and metabolic transformations of
5-azacytidine in Escherichia coli. Collect.
Czech Chem. Commun. 30, 2091-2101.

5. Cohen, L. A.(1970) In the enzymes, 3rd
ed., Academic press, New York, 148-211.

6. Diasio, R. B, J. E. Bennett, and C. E.
Myers.(1978) Mode of action of 5-
fluorocytosine. Biochem. Pharmacol. 21,
703-708.

7. Dixon, M. and E. C. Webb.(1975) Enzymes
(2nd ed), New York: John Wiley and
Sons, p. 309.

8. Duschinsky, R., E. Pleven, and C. Heidelberger.
(1957) The synthesis of 4559~4560.

9. Giege, R. and ]J. H. Weil.(1970) Elude des

_72_



10.

11

12.

13.

14.

15.

16.

17.

18.

Chromobacterium violaceum YK 3912] M ¥u] Cytosine Deaminase $4 o] ]+ Cytosine Analogues®] %3 13

t-RNA de levure avant incorpore du 5-
fluorouracil provenant de la 5-fluorocytosine.
Bull. Soc. Chim. Biol. 52, 135-144.
Grunberg, E., E. Titsworth, and M. Bennett.
(1964) Chemotherpeutic activity of 5-
fluorocytosine. In: Antimicrobial Agents
and Chemotherapy. Ann. Arbor. Mich 6,
566-568.

Hahn, A. and W. Lintzel. (1923) ber das
verhalten von pyrimidin derivaten in den
organismen, I Einfluss von hefe and
pyrimidinderivate. Z. Biol. 79, 179-184.
Ipata, P. L, G. Cercignani, and E. Balestreri.
(1970) Partial purification and properties of
cytidine deaminase from baker’'s yeast.
Biochem. 9, 3390-3395.

Kaltwasser, H and J. Kramer.(1968) Verwertung
von cytosine und uracil durch Hydrogenomonas
facilis und Hydrogenomas H-16. Archiv
fur Microbiologie. 60, 172-181.

Katsuragi, T., T. Sakai, and K. Tonomura.
(1986) Affinity chromatagraphy of cytosine
deaminase from Escherichia coli with
immobilized pyrimidine compound. Agr.
Biol. Chem. 50, 1713-1719.

Kim, J. K.(1997) Effect of cytosine analogue
on cytosine deaminase from Aspergillus
fumigatus IFO 5840. Korean J. Food &
Nuta 1, 53-59.

Kim, J,, H. S. Kim, and T. S. Yu.(2004)
Purification and properties of intracelluar
cytosine deaminase from Chomobacterium
violaceum YK 391. J. Microbiol Biotednol 13,
1182-1189.

Kim, T. H, J. Kim, and T. S. Yu.(1998)
Revelation of  antitumor effect in
combination with 5-fluorocytosine
extracelluar cytosine deaminase. Korean J.
Biotechnol. Bioeng. 13, 669-674.

Koechlin, B. A., F. Rubio, S. Palmer, T. Gabriel,
and R. Duschinsky.(1966) The metabolism
of 5-ﬂuorocytosine-2“C and of cytosine-"C

and

19.

21.

22.

23.

26.

_73_

in the rat and the disposition on
5-fluorocytosine-2!%C in man. Biochem
Pharmac. 15, 435-446.

Kream, ]J. and E. Chargaff. (1952) On the
cytosine deaminase of yeast. J. Amer.
Chem. Soc. 74, 5157-5160.

. Lineweaver, H. and D. Burk. (1934) The

determination of enzyme dissociation
constants. J. Amer. Chem. Soc. 56, 658-666.
Sakai, T. T. Katsuragi, K. Tonomura, T.
Nishiyama, and Y. Kawamura.(1985)
Inplantable encapsuled cytosine deaminase
having 5 " -fluorocytosine deaminase
activity. J. Biotechnol. 2. 13-21.

Sakai, T., T. S. Yu, H, Tabe, and S.
Omata. (1975a) Purification of cytosine
deaminase from Serratia marcescens. Agr.
Biol. Chem. 39, 1623-1629.

Sakai, T., T. S. Yu, K. Taniguchi, and S.
Omata. (1975b) Purification of cytosine
deaminase from Psendomonas aureqfaciens.
Agr. Biol. Chem. 39, 2015-2020.

Wallace, P. M., J. F. Macmaster, V. F.
Smith, D. E. Kerr, P. D. Senter, and W.
L. Cosand.(1994) Intratumoral generation
of 5-fluorouracil mediated by an
antibody-cytosine deaminase conjugate in
combination with 5-fluorocytosine. Cancer
Res. 54, 2719-2723.

. Wang, X. P,, K. Yazawa, J. Yang, D. Kohn,

W. E. Fisher, and F. C. Brumicardi.(2004)
Specific gene expression and therapy for
pancreatic cancer using the cytosine
deaminase gene directed by the rat insulin
promoter. SSAT. 1, 98-108.

West, T. M., S. Shanly, and G. A. O’
Donodvan. (1982) Purification and some
properties of cytosine deaminase from
Salmonella typhimurium. Biochim. Biophys.
Acta, 719, 251-258.

. Wilma, D. E. V.(1986) Prodrugs in cancer

chemotheraphy. Biochem. Soc. Trans. 14,



14

29.

3L

32.

AEA - AL - 9L - FruUly

375-382.

Yu, T. S. and T. H. Kim.(1997) Isolation
and identification of bacterium producing
excelluar cytosine deaminase. Kor. J. Appl.
Microbiol. Biotecnol. 25, 9-14.

Yu, T. S, J. Kim, and H. S. Kim. (1998)
Chemical modification of cytosine deaminase
from Aspergillus fumigatus. J. Microbiol.
36, 39-42.

. Yu, T. S, J. K. Kim, T. Katsuragi, T.

Sakai, and K. Tonomura. (1991) Purification
and some properties of cytosine deaminase
from Aspergillus fumigatus. J. Ferment.
Bioeng. 72, 266-269.

Yu, T. S.,, T. Sakai, and S. Omata. (1976a)
Kinetic properties of cytosine deaminase
from Serratia marcescens. Agr. Biol
Chem. 40, 543-549.

Yu, T. S., T. Sakai, and S. Omata. (1976b)
Kinetic properties of cytosine deaminase
from Psendomonas aureofaciens. Agr. Biol
Chem. 40, 551-557.

_74_



J. Inst. Nat. Sci. Vol. 25. No. 1, pp. 75~79 (2006)
Keimyung University

Monascus purpureus? Cytosine Deaminase &4

28y - Yoy’ - AW? - MPE - R o
ELLERPEL TR EEL L b L LR R L B LT

Cytosine Deaminase from Monascus purpureus
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2 o B dAFE FFANFTFEZREH cytosine deaminase(EC 35.4.1)& % AAbslE Monascus
purpureus KM 1001 ¥olF& Mgl o, cytosine deaminase PDB uj=|o]A 30T, 7¥3, 150
pme A% wFEEZ 168 unite] Hol E2EAPE YA Monascus purpureus KM 1001
Wo|F 9] cytosine deaminase A4 ¥A HAH ZALE pH 80, 45T, 45E AT

Abstract. Monascus purpureus KM 1001 mutant plentifully producing a cytosine deaminase
(EC 354.1) was screened from some Monascus sp. The cytosine deaminase production was
reached maximum level in the PDB at 30C under shaking(150 rpm) for 7 days .The cytosine
deaminase activity was found in a optimum pH of 8.0 and optimum temperature of 45T for 45

minutes.

N B

Cytosine deaminase(EC 354.1)& ¥4k9
pyrimidine 97] %9 3¢l cytosined] 49 &
o] X o7& ZtFEHNSS uracilT
drYolz AFATE JtFES Axolt. o
Eaxe 192330 XS 23" £, 5), AEG,
9), AX(6), =%o|(13, 14, 15 F 48 FH9
D EojA] gRE XY Z42 RAHAG

Cytosineg A9 4t @7l A oA T
3lg oA Ba=HEA, nucleoside phosphorylase
£ & UMP pyrophosphorylase®] Zuje] 2|3}y
nucleotide2 AYFAHER gt 28U cytosine
2 AFH P& EZ& nucleotideZ2 AFAHE & &
= Eold A g7] HEolt) Cytosinee {i=
cytosine deaminase®] Zulje] 2|8t uracil

AR B3 =EA, nucleotideZ AFAE 2

ao >

822 cytosined WAlIE cytosine deaminase
o] Zuj7} ByHoz FEFof gt ol o
Ab A2 A cytosine deaminases pyrimidineZ]
i A7) dAtel 2o Aholth

A X cytosine deaminased]| @3 AFZA,
cytosine deaminase?] &4 EAS AT
25 (9), cytosined FH3 WA cytosine
deaminase?] @4o] 7tk Bux UoH10)

Cytosine deaminase™ cytosine® #X=H %
9] 3}2l S-fluorocytosines] THallA & o}v|
3 wge Zu)sle] S5-fluorouracils BFAHAIZ
t}. o)s} 2L g ojujx3 wlg e F Jix &9
oA gtz ooE EFstm gk A=
FgAFA 249 S5-fluorocytosined] g &elc}. 5-
Fluorocytosinex uracil®] fluoro3l & HFx=A<
5-fluorouracils}e 2 AF9Y AFL HAEA
23l 377571 ¥4 SE cytosine deaminase
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o] z4o] o8 5-fluorouracil2 WEEH AT
2ol W ety At Jelddn B2n
A H3).

EAE ¥FFEA2AMY ot 19573
Duschinsky E(1)°] 5-fluorocytosine’t #% ¥
37 Qo Bng oz 19709 ol2¥A
£ Giegest Weil(2)o] Azo] &= e
cytosine deaminasecl] 23} 5-fluorocytosine®l
5-fluorouracil® & olvx3tgozM DNAAE
e JAsd gEF Adsl Aoz BusHct

o]Akz} zho] cytosine deaminase: pyrimidine
nucleotide WAHAIOlA F88 ¥ FI3e
key enzyme® #ut oiugl, FA Aol UA
o] &3)% 5-fluorocytosine$} cytosine deaminase
& 9y RodgozM HSHYP AYAFE UE
o] gA48a ZRHME o]&7tsAdel w2
fsoltt. 28y cytosine deaminase® EfF
BoME AAEHA @¢n @A vAdBAMT F
olg gasn gell dHNE BaAss] @&
of 8¢ . JAed A FHHY o]&3}7] of
2e Hol glemz AAFAo] EL cytosine
deaminase®] Alwe] 43 s7dch

E3], 28 A0 HENNE AFE vt A
o] glon, 1984\d Aspergillus fumigatus A8
Zol A cytosine deaminase?] #4ol #<I(15)H
oo, 191 o] &AJ H22 AA14)H
1998\ de] o] AAS AABARSS #AdE
olulx Al A7|7t FHAIHINE Ak Y
Aspergillus fumigatus@& AE AH3TY £
of ¥ AFE o|FolXA ¥ Uch Wl
A8 ApadFo] ¥ cytosine deaminased] AT
7t 2753 o

2 ARdqHe @AAA JdFHA 4L
Monascus sp. AH3@Fe 9@ AFE Hstd
Monascus purpureus KM 1001 ¥ °]3, Monascus
ruber KCTC 6122, Monascus purpureus KCCM
60016, Monascus pilosus KCCM 601602}
cytosine deaminase ¥4& ZMsn EALHA
o] =& IIAATE cytosine deaminases]
284 EAQE Golra 2 @t

Mz % Y

M2 W Al

B Ay AHEE A|FOZ patato dextrose agar
(PDA), patato dextrose broth(PDB), yeast malt
broth(YM)E Difcodl E& AH&8Ac. a8
A8 24 4¥ES 938 cytosine, Trizma
basex Sigma Co. (USA)AEF& AH&3isia 2
ol9]e] A} YiAESE ALEEAT

ASEF

AgFFE £ Q74N £2¥ Monascus
purpureus KCCM 600162 2 - #23 KM1001
Wo|HF(ME Argssictt. 28l Monascus sp.
Zo] & Zo| % cytosine deaminase’t U
#olsl7] $48l Monascus ruber KCTC 6122,
Monascus purpureus KCCM 60016, Monascus
pilosus KCCM 601608 A}-&3+4lct.

712 uix|

AgFF wFE M= PDA WAE A
4392, A244%¢ ¥Usr] $13 PDB
At YM WA AHgstel AAuige w2
AL-g-3t Tt

FFuHY

AL FFES PDA uwixolA 30T, 743 Wl
%3 plateol 0.1 % Tween 80 £4& 73t
H7e fdHE olgdtd FIRANTF EA
2 343 ¥, cotton filter& ol &3t TAS £
AE Besn AT 33 Ao AP
Hg Azatgch Y YL hemocytometerE
o] &3l EAe 48 A+ F, 2x10° spores/
me A 25 AL

250 m¢ AtztEelAzo] PDB ®iAg} YM )
A& 2z 2 100 My ¥33to 121T, 1583 4
e ¥ ZaAdYd 100 £ HEsH 30T,
150 rpmel A 5%, 7Y, 109, 1543 A wi¥
st
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Monascus purpureus®] Cytosine Deaminase 4 3

EE;LMo| A

250 m¢ AzEetad] wigd Tt Fy
€ 4 4 & A3 ZAE A5 F, A
d A T2 33 Ao ALY A
3 FHe] 02 M Tris-HCl €% 9 (pH7.5) 100
meet A F 4P x ] glass bead(®lmm)E %
I Warning blender2 4% Asle FAE
G4 F, FEL AX}22 glass beadE I
AAA 45H4E 2ol 8000 rpm, 4T, 1087 ¢
4 Bestd 45YLE 24402 A L3

ELEN &Y

Cytosine deaminase 842 A=A §olA
cytosine®} uracil®] §3x9 xlolo] &dtd &
AstAdok(11). A g A= 5 mM cytosine &
4 02 me, ALY 02 ¢ R HIGE ¥ 02
M Tris-HCl ¢33 94(pH75)& 4& &4 8
1 & 37C, 303 wgAl F, 01 N HCI 4
mE H7Hete] W& AHA AT AA g AF
oA el 290 nme] F35E9 AAE 2Y3Yct

dat ¥ ng
sielso] ot sogy

ArSdF E& PDB HjR|oAM AMuti &
25 ZALHE do] A2¥AHE AT
A3, Monascus purpureus KM 1001 ¥o|F &
PDB uizle] 7z Mg wiFHolA 1.68 unit
2 7} &€ cytosine deaminased] 84L& Y
Bl wjFd¢rt FoMge] wiE AAgAS
333 Taxdld g 1594 024 unitsE YE
o] 7UZ wlFY AAPA vE < 85 %2
Z23Yy. Monascus purpureus KCCM 600162}
Monascus pilosus KCCM 60160% PDB ¢l =] oj}
74 Mg viFde A 2+ Z 0.76 units}t 091
umit2 E2 ALY E YA 2Bz
Monascus pilosus KCCM 601602} Monascus
purpureus KCCM 60016 AlZtol =do] wa}
LMol HA Zidte WG 15924 A
842 A9 2¥AY. Monascus ruber KCTC
6122 o 3FH9 FFAMYTY A2¥HYo]

Zdgel =ede g 7974A ALgEe Y
BhllA ¢km, el 109l 1.01 units2A gt
d Eg3n 12 o/ft t& AUIF ol
48] ZAHKTable 1).

Table 1. Effect of incubation times on the cytosine
deaminase activity.

Incubation time (days)
5 7 10 15

Monascus purpureus
KM 1001

Monascus purpureus
KCCM 60016

Monascus pilosus
KCCM 60160

Monascus ruber
KCTC 6122

13 168 052 024

076 064 —

024 091 048 —

— 101 09

djt pHE S}

A8#FEE PDB HiA A 59, 7Y, 109,
15943 AAejgste] vigde] pHE 4T 2
3}, vjokA|zbe] w2l PDB HiA o ME EAUA
o] Hujgtell =ddlE vlg 7Y olFRH ujA
o] pH7} 4359 wld 1599 wiz|e] pHE
8322 gtz ¥yt gy YM A
€ Wgx7] pHE 4294 159 Wigeg 45 F

-o- B
-0~ M
8f -0
0"
56
5 o
4)
3

s & & w2 u
Incubation times(days)

Figure 1. pH change on cultural media of Monascus
purpureus KM 1001 mutant.
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E2 43 v Yoz ¥E HRER AU
uj2]9] pHe| ¥3te #$AY § AATHFig. 1)

oMol ojxjz pHel %

FIANAEE FAM ME ¥ cytosine
deaminase®] E4A¥APE YehE Monascus
purpureus KM 1001 ¥o]|F& PDB HiIX|olA 7
4 QA ujge P& ZELYY 02 M
Tris-HCl ¢34 & AMg3to pHE 40014 9.0
o2 zH3d AAEAE 5T A3, pH 40
ol cytosine deaminase®] HEAYAL e
U o pH 40 ooz pHE AsA71d
E2¥AHL FRH o2 A Jeigten pH 80
oA 7} ¥ cytosine deaminase® EAHA
< et 28y pHE 8014 444714
28L& 439 pH 9.09A4 & pH 80904
o] Ax¥Ade 65 % el AcHFig. 2).

12 [

Acivity(units)

Figure 2. Effect of pH on the cytosine deaminase
activity.

Asp. fumigatus®] HZ AL ¥+g pHE 70
22 FA pHE Yvelddojui(ly, 15, ¥ 43
59 ALY HAH wrg pHE 8002 ¢
74 & Jehdlo] £ FFAlololM EA wHE
Fdel AolH g Jep ULt

E2EYo njxle 252 I

Monascus purpureus KM 1001 $olF &
PDB ejA|ollA] 73 AAufFsie] 4& 2834
9& 24T, 30T, 37T, 45T, 52TC9 e 2
TolAq AANEE AU F ALYYE AT
A#, 4N 2% 45THAN 71 & cytosine
deaminase®] &#A#4E& e tHFig. 3).

14

12f

Acivity(units)
[=]
)

2 > 20 » 40 4 0 %
Termperature(°C)

Figure 3. Effect of temperature on the cytosine

deaminase activity.

Asp. fumigatus®] A A Y18 2 & 35T
€ Jel(14), ¥ APTFe 24849
g 2x& 45CE Jello] Asp. fumigatus®)
Bxd vd 10C ¥ 542849 FHFH 9w
25 UEide] T FFAloloAM A e ¥
29 AolH & YellAG

BEA0hE AjZtoll o A Mol wel

Monascus purpureus KM 1001 o] &
PDB i o]A 743 JAujFste] 94L& E A
A-g 15%, 30%, 458, 6022 4 aLug
S AU F 24284 E SHE A, Eaus
45%1A 713 =& cytosine deaminase®] &4
#$4& JYehiien 60833 AaNgAPez
o kAol el AAyAe grcoh o 40
% 2% HFig. 4).
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Figure 4. Effect of incubation times on the cytosine
deaminase activity.
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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

2 2. ¥ dFdAE A A7 wAY 4F9 HY oAEE FAF(bL reuteri, Lb.
suebicus, Lb. vaccinostercus, Lb. vaginalis)®) A2 - B33 EA & =AY, FAEY 45 A
S ol ul, ulg F 12413 whel 13 Fe& FAFOD. 04 at 650 nm)# F714HHF pH 4.2)&
& Lb. reuteri KCTC 35949 # A& 5A4o] 3t & 75 4yl {4 34 ¥
HS HolHA ujF F oF 4843 wo] Kol AsHE Rz vyt B o)E F 6% NaClo]
A7 WA NME F A{o| 75 Lb. vaccinostercus KCTC 3608¢) Aol b4 $+38isich &
99 58t olf 5L WY, Lb reuteri KCTC 35%7to] Eo]H o2 xyloseE WASIR EHo
o, 6839 A FATEY HA Fdo] F /e 2FLE YHAR S-S AT olF FY
L ogd, 4ed, BPFdME #RHAG. F ABNAAN Ba® Lb reuteri KCTC 35949+ Lb.
vaginalis KCTC 35152 @ o] 4 58 Lb suebicus KCTC 35498} Lb. vaccinostercus KCTC 3608
= AT o)l HAdFa ot AYPHoz RE FEL 4EZ¥ D(mannitol, sorbitol, xylitol) 3
-3t (amygdalin, esculin, salicin)& A& o] £32] R&= Roz YW HAF pH 65 o).

Abstract. In this study, 4 strains of obligately heterfermentative Lactobacillus(Lb. 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 tumed
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 Lb. 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 65

after 3 days of incubation.

I.M 8

Fr2t& (lactic acid bacteria)e o2 74A 7
(carbohydrates)& oy Yoz AlLste o
9 fFAHFHD) eI 24T 2L {U14E B
BA(D Agelyd F89 FudA Hze &4
Ql AE, #HiE, oY, 4R} 5L HAA &
2 RHE BAHA e 5 A 2L FE2AA4
Fred@ Gram ¥4 zZhdolck(1l). ol & FAF
% Lactobacillus%< 71} 82 & X#stxn
Ae Aoz 4 Ued(9), °lES ¢4
F AT MAAHE AAANA uf$ chdsicid,
14). 8 Lactobacillus FEE ©|E9 T 23
EA4d wet XxFE o] &3l 85% ol A
4E wEUE P4 A T (homofermenter)
AAE T8 CO, N EE, AL WES Y
= o] & F(heterofermenter) 2.2 U1 ¢l
tH(12, 13). °| LactobacillusT< AW #AF 9o
AzZE 4 FRAE, ¥4F FH2EE B2 T,
g 28, vg57 L, £ 2UF A7F
€, AFILHH NtA 9 FA. AREZYE &
g AEF, JFozMe Fad AA, SES,
RAE, JABRZAE, TE AR § I 7
T2 MR Qe FIE Foluks, 6, 7, 10). ©
A o]d g J|TAL MR ARy 2
o BEY FAHL Bo U Ak ARE 9
3] I gagolx HEsn o]0 Zzn Y
A - Ay S5 AAG Yol 2 B3
g 9% =AL "ee 3] g Q23 59
HE R FF YAM S5 Wi HGo|
A 3H(4,8).

ole] & AFAME Lactobacillus T4 A
Ztel A7 W3 BAEY Lb vaginalis, 87
2E A®EE AEHE Lb reuteri, ARF
Atzhe] EHO AN WAEE Lb suebicus R $&

54¢ zAsgo
I. {2 % W

SAEF. & 4994 AEE FANEFE A

- o o)l EEE ste 4% 9 Lactobacillus TF

(Lb. reuteri, Lb. suebicus, Lb. vaccinostercus,
Lb. vaginalis)2 °] 459 £x¥t Table 19
vehd ute} it} o] FELS EF {ZYYFE
A7 A(KRIBB) f3AA4E fAxL3(KCTC,
dA)elA &% 2ot AduiF F glycerolel 20%
EFE AZYol Wl -80C FAL PYFn
(deep freezer)oll B#alo ALg3lct.

Table 1. Obligate heterofermenting Lactobacillus
strains used in this study

Species & Strains Sources
Lb. reuteri KCTC 3594 adult colon
Lb. suebicus KCTC 3549 apple extract
Lb. vaccinostercus KCTC 3608 cow dung
Lb. vaginalis KCTC 3515 woman vagina

FotTe & M4Es, 2 AYdA AMSE Ed
ol s =HEuLAH{AFE(LL reuteri KCTC
3594, Lb. suebicus KCTC 3549, Lb. vaccinostercus
KCTC 3608, Lb. vaginalis KCTC 3515)8] A 4
Ao 493 AN WG F 94 EeEsio Ao
A AHde pHE ZAM8l9 AR s

BAZO 48 54 A FA FEwEH2
FE& Ao MRS WA (Difco)® °] 83
of wgstgich olgs 4&S4E A% 9
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FA4d Lb. reuteri, Lb. suebicus, Lb. vaccinostercus, Lb. vaginalis®} 2] - 283 EQo] ¥ A7 3

3o 7 HAY AELEZ 2AY LA 12
hr, 24 hr, 36 hr, 48 hr ® 72 hr W% ¥, 2z}
o] wWFAE 208 4TAM W QA7)
(Union 55R)Z YA &28qict. dojx A
€ spectrophotometer(Pharmacia Biochrome 4060)
& °l8389 650 nmolH FFEE 2439 0.
D.2 ZAsdon, Wl F 4yde Fio)
< FE¥E pH meter(Mettler, Model 225)2 &
A3t T 459 NE=2 o] &AL}

HEY BIZE. A /AZEY UgHe =
A8zl $18te] MRS broth(Difco)e] NaCle 3
7t HF 1%, 2%, 4%, 6% T 8%9 E:=
Az F A 10 mF FAFF 20 ulg HF
Ak HA ulY 2= 30To]A ujgs)orste
Lb. vaccinostercus KCTC 36082 #|9)& 3 Lb,
reuteri KCTC 3594, Lb. suebicus KCTC 3549,
Lb. vaginalis KCTC 3515 §& E5 37CHA
3U wiFE F 4TANA 1583 94 82](3,000
mm)3tq pH meter& AMg-3le] Ay de] Ax
€ &334

g UF EHAE FATEY ¢ LA EHS
ZAet7) $18t9 glucose?t A7 A 9= MRS
BjX|(Table 2)8 543 A=zt ALgsiglo).
glucose?t H7}=A] = MRS brothel 10% %
stock solution& H7}8lo autoclavedts] A}&3}
Ak el 10% 9 stock solutiono] Hrt®
2] 5 mlo] FAIZFFE 20 ulE HE2H ¥ 39
A wF 2x=A ulFsAct o]& 4TeA
1583 3000 pmo2 YAEEY F pH meterd
ARS8t AP oo pHE 243Utk o] Ay ALg
g 39 FHE EF 5F(Sigmart AE) ez e
%tk 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
(Mant), marmose(Mann), melezitose (Mele), melibiose
(Meli), raffinose(Raf), rhamnose(Rha), ribose
(Rib), saccharin(Sac), salicin(Sal), sorbitol(Sorb),
sucrose(Suc), trehalose(Tre), xylitol(Xylt), xylose
(Xyl).

Table 2. Composition of MRS broth without any
carbohydrates (per 1 L)

Ingredients Weight
Polypeptone 10g
Beef extract 10g
Yeast extract 5g
Ammonium citrate 2g
Sodium acetate S5g
Magnesium sulfate 01g
Manganese sulfate 005 g
Dipotassium phosphate 2g
Tween 80 (Polysorbate 80) 1 mt/2

m. Azt ¥ D&

SATY M8 54 =AL 94 WY F ux)
o EAse FEutAAF) FAFL A
2 ZAR A3E Fig. 1A% Zsith 47139
gEntdelA FF F Lb. reuteri KCTC 3594
(@) t& Fol HdA 713 Be AL A
A3 W o] & B3 ulYg 3 12417 uho)
F#4=(0D)E 03594 0402 BoFo 73
e A{se 7Y€ ¢ 7 AN F uA=
e &3t & Lb. suebicus KCTC 3549
(W& Jelen, Lb vaccinostercus KCTC
3608(M) =} Lb. vaginalis KCTC 3515(4)= j
G F 36A3oIA 48AZE Alolo] Hu) FA L
e Aoz BYsUn. dH uIgy Axg
pH meter2 &A% ZI+ Fig. 1BSt 3t
5ol3HAE 1241t Wl F Z2HF Aayde
PH(Z E°] TEo] W {74k AE) ARE
YA Lb. reuteri KCTC 3594(@)7} 7}4 Bsto
S (pH 45 ©13}) Lb. vaginalis KCTC 3515(4),
Lb. vaccinostercus KCTC 3608(W), Lb. suebicus
KCTC 3549(W)¢] A2 pH7} w3tct
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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%(WV), Lb. vaccinostercus KCTC 3608
(W), Lb. vaginalis KCTC 3515(@p).

ol FAMY #E9 FAF Fst A AN
Yol 7] & F USE BYFE Aotk F
Wk F 12Xk A  Lb. vaginalis KCTC 3515
(@) TAFe] F7tEA Fedx Bpsin ¥
Fqe] pHE 55 AL 2 Holx UAEdH ol F
< 9 AL B G 4714 A e

424

AL 9ud= Aotk Lb vaccinostercus KCTC
3608(M) A vlF F 24A AN FAHF S
E BREHA ¥ oA o 79 gy pHoL
55 ol&2 HEolA 1o Lb. vaginalis KCTC
B15(@)st 2L FEAE vogFa g oL
Zulgo]l AlFE F 48A12te] &AE OD.(Fig.
1A)¢} pH(Fig. 1B)E A¥ud &34 FA71 =
T flatgt Aoz ¥A, & 45o] XY Rz
FAHAL. ol MG Azte] ZAstAA wjF
o] pH7F \F Yol r] wjgo] K] Afd
Aoz AsHAk. @M Lb reuteri KCTC
3594(@)c % F 124130 Hule] FAFE B
& FA6 7ME Ee s AEE HAF
2 Qe olgld EAHL 9 Lb reuteri’t 4t
T PEF@RFEE)Y 2gEHE 2|4l HeA
delFE F& 4] 54 Rolvh. Lb. suebicus
KCTC 3549(W)& ujgAIgte] Z#sAl =E A
A8 gAFol F7HAAM wgge] Axrt Hof
A8 A&e 8 # F Aded ol Adud
Ae gukEAd {79 & A4S 548 Jeh
£ Aotk F, FAFo| FrIEtAA T +3
Z7to] wel iAo AxEs FEY HE AE
A F7144E0] vgFdo] 257 wfEolch

WM HAE, FATELS WgAol vz
e Agoes dex U7 Wi & AdFA
H2ESE 4F9 Hd o/ ¥HE FEuldeyx
o9 = & EAE ZAEI] gstd A4 )
% iAol NaClg 1%~8%9 ¥:E& #Hrlsly
o5 WAL ¥lud Bl HutFHoz
2Ed 4%9 A odts HEsAHATE
€ 1%~2%9 NaCldAe & Ao)7l glo] I
A5 £ AAHFig. 2). AT 4% NaCl %
EXEE salt toleranced] g & Ao & Y
ez gl9lew  Lb  vaccinostercus KCTC
3608 A|93nE 6% NaCl ¥E4HEH & S
o] AstAl As =AU, FW Lb suebicus
KCTC 3549+ 4% NaCl Fx=dA 24 & A%
of A&z USFE FJAY 4 UAATh weEkA
Wgdel 713 3 ZEuAYLATE 6%
NaCle] #7td vjRAX = & A&o] 75d
Lb. vaccinostercus KCTC 3608°] %ith.
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$rAYZ Lb. reuteri, Lb. suebicus, Lb. vaccinostercus, Lb. vaginalis®] 2] - Q33 EX4) g AF 5

I Lociobeciius rauler KCTC 3564
Lactobecitss suebicus KCTC 3549
I Laclobacius vecenosiarcus KCTC 3608
60 Lactobaciius veginalis KCTC 3515

K 2 ) s 8
Concentration NaCl (%)

Fig. 2. Comparison of the obligate heterofermenting
Lactobacillus strains growing at different NaCl
concentrations(1%, 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.

BElE WEE, ol FFJ} 582GAY B2
A2 o]Fo]z I, pentoses)S LAY F &
2] ¢olr 7] 915l (D)-arabinose, (L)-arabinose,
ribose ¥ xylose §& Table 20 YEld HH
ZFAo) Frted FES wWigsAt. dAutFge=
v FF5S A 2 2E HEe 2o FI
t}(Fig. 3). HlAE® BE F5%+ (L)-arabinose
(AraL)E # 2asgov (D)-arabinose(AraD)
t A8 2aHA XA £F o] EL ribose
(Rib)7} 71 wiAANA ZFASo] W A=%
Roz =yt Eo|Ho 2 b reuteri KCTC
3504(@) %] xylose® A3 HAEA Ede= A
o2 AU

6Elg wEE, 7173 dE3<A 68 F(hexoses)
2 glucose(EEF, GlwWE Wy &9 FAdol
°o]g F LHEFHA LYoz AE37] @E
o, & Agdres FFI3L2 96 fructose
(72, Fru), galactose(Gal), mannose(Mann) %
rhamnose(Rha)& o] &3l ol& TFUY F
wEso 3ol HE FAMIY Hsith Fig 4
g€ BA HY, HeEd g R 2T

80
8- Lactobacilrs reuter KCTC 3594

~y- Lactobeciltrs suebicus KCTC 3549

15} -m Lactodacils vaccinostercus KCTC 3608
0~ Laclobaciis vaginaks KCTC 3515

101
85}

60F

pH

85t

S0

45

40r

35

AaD Aral Rid X
Carbohydrates

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(W), Lb. vaginalis KCTC 3515(@p).
Abbreviations of the carbohydrates: AraD as
(D)-arabinose, AralL as (L)-arabinose, Rib as
ribose and Xyl as xylose.

23028 7L 9 pH 50 o3t F2
AFE RAFI Qo] EFIALEE 2
widoelgln ALHUY AT RE FES
mannoseE WASA Ede Aoz eyt
Eo|xQl WAL fructose 719}t galactose M7t
Al o]E9 wE dJlde] FEF Ao|E HAE
HAolAth. & Lb. reuteri KCTC 3594(@)s} Lb.
vaginalis KCTC 3515(@)+ fructoses}t galactose
g ol 43lo {3 WA Lb suebicus KCTC
3549(W)e}  Lb. vaccinostercus KCTC 3608(H)
L A PR B Ao g o&
AxHo 2 HAEW FEY EAH4E R F=
Aoz Aggch sl Lb reuteri KCTC
3594(@)8} Lb. vaginalis KCTC 3515(@)=
Table 1914 B RAAYP o9 &7 AN
o] k3] Lb suebicus KCTC 3549(W)$} Lb.
vaccinostercus KCTC 3608(H)2 vl& Fo] o
2X9 A Ao FHoY 29 £de]
Zolagtn Atgsuct §8 H2E" Hd oY
wy gGEndds2gd £ 234 Lb reuteri KCTC

[
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3594(@)%te] rhamnose® LAY F U Ao
2 gAHA.

80
—&— Lsclobaciitss reulen KCTC 3584

15b —% Lactodacilss svebicys KCTC 3549

’ —8— Laclobaciis vaccmiestorcus KCTC 3608

70 —4— Loctodacilss vagmefs KCTC 3515

65}
8o
£
sst
sof

45
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35

Fru Gal Glu Mann Rha
Carbohydrates

Fig. 4. Hexose fermentation characteristics of the
obligate heterofermenting Lactobacillus strains.
Tested strains: Lb. reuteri KCTC 3594(@), Lb.
suebicus KCTC 354%(V), Lb. vaccinostercus
KCTC 3608(W), Lb. vaginalis KCTC 3515(@).
Abbreviations of the carbohydrates: Fru(fructose),
Gal(galactose), Glu(glucose), Mann(mannose) and
Rha (rhamnose).

olgtFel Ud, o|FFH(disaccharides)zt &
agH6eT F& 583) 2747t O-glycoside
bond2 ZA{EE Aoz o5 Aol EIHE
ojFHE FAZ YUY 6'Fo] F EAU}
A o3 F ¢&E HY(Fig. 5)A AL
RE 8L F e 2532271 glucose-B(1
—4)-glucose2 A FE cellobiosed A3 o] &3
A Rite Aoz Yeigoy glucose-a(l—
4)-glucose2 AR ¥ maltoser BE TdEO] o
£3e] A& UST AAG &Y A
ol 284t glucose’t a-O-glycoside bondE
o] £ &7Hmaltose) oFHH B-O-glycoside bond
g 343t cellobiose)oll 7191 gt}

#H o] &S YA o|FH(lactose, melibiose,
sucrose, trehalose)ell di§ HExE & Zol§
BoF3 g WA, 6&@FolM AFsHA
Wi Iglo] lactose[galactose-B(1—4)-glucose]
dME Zzo] AASH A F, Lb. reuteri

KCTC 3594(@)¢} Lb. vaginalis KCTC 3515
(@) lactoseE ©]&3o] AKste WA Lb
suebicus KCTC 3549(W)¢}  Lb. vaccinostercus
KCTC 3608(l)S A8 A%3R] Rie A=
velswtth. b reuteri KCTC 3594(@)¢t Lb.
vaginalis KCTC 3515(@)= B-galactosidaseZ}t
lactose® E#ste] FA AEA galactoses}
glucosed s Y§3e Ao Algdch WA
Lb. suebicus KCTC 354XW)S} Lb. vaccinostercus
KCTC 3608(H)2 lactose® E3de B-
galactosidase®] 4ol ¥AY 71%¢ sz 3l
A 2347 "WiEo 4% 5 QUUd A=
B = A

801 _o— Lachbacilus reuteriKCTC 3594
—v- Lackbacilus suebicusKCTC 3549

15| ~8- Lackbecitys veccinosercus KCTC 3608
—4~ Lackobecillus veginers KCTC 3515
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Fig 5. Disaccharide fermentation characteristics
of the obligate heterofermenting Lactobacillus
strains. Tested strains: Lb. reuteri KCTC
3504(@), Lb. suebicus KCTC 3549(V), Lb.
vaccinostercus KCTC 3608(M), Lb. vaginalis
KCTC 3515(@). Abbreviations of the
carbohydrates: Cel(cellobiose), Lac(lactose),
Mal(maltose), Meli(melibiose), Suc(sucrose),
and Tre(trehalose).

E3§ Fig. 594 RHE ZAAY olE&(Lb
suebicus KCTC 35498} Lb. vaccinostercus
KCTC 3608) o3& 2& #ge] 25 FUsA
vetytet. st %t Lb. reuteri KCTC 35949F Lb.
vaginalis KCTC 35159] 7§+ uJnA o3&
o] o] gl AN VAEA o7t AN Lb.
reuteri KCTC 3594(@)+= melibiose[galactose-f
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FAbat Lb. reuteri, Lb. suebicus, Lb. vaccinostercus, Lb. vaginalis®] 2] - 431834 EAo] g g3 T

(1—6)-glucose]l®} sucrose [glucose-a(1—2)-
fructose]& A3 o] &3tx %3t 27 trehalose
[glucose-a(1—1)-glucose]wt # o] &g}, uh
2 Lb. vaginalis KCTC 3515(49)+ melibiose
¢ sucrose® # o] &dideoy o2 #AY
trehalose™ A& o] 4317 R3gt) oj24 £
AYdA ALEE Ao o] lE FEupH 2]
T FEE oY§ o]FF BE 5AEL v
oz A

AoRol wE 39 dFFI FE AT
o 448 HU(Fig. 6), HEY ZE ZE
vtd e A7 52 glucose-B(1—3)-fructose-a(l—
2)-glucoseZ ZFTE melezitose(Mele) S ©] &3}
7 23} AT fructose-a(1—6)-galactose-B
(1—6)-glucose= 4% raffinose (Raf)e] 75
dt JA F 2Fo2 HIEs} 43 FEd
k. &, AzbellM Eeldk Lb reuteri KCTC
35949} Lb. vaginalis KCTC 3515% raffinose®
o] &3] MK JlEsigort gz & [
suebicus KCTC 35499} Lb. vaccinostercus
KCTC 36082 raffinoseE #3& o]&&t# 3
Aok ZEHoE olyg Ais HEH HE
upd el o] Fo] AololA ZEE oAy E

50T o tactobacifus rauter KCTC 3534

Laclobacifus saubicus KCTC 3549
TSt mmm Laciobacifusvaccinostercus KCTC 3608
[ Laclobacifus vaginalis KCTC 3515
T0F

65
60}
T
[= %
551
50
451

40

35

ale
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Fig. 6. Trisaccharide fermentation characteristics of
the obligate heterofermenting Lactobacillus strains.
Abbreviations of the carbohydrates: Mele(melezitose)
and Raf(raffinose). Tested strains are as same
as Fig. 1.

Aol AHLE FE B A(NAA, o2
W A3t L A dte] T LETo ]
o] Aoyt Ao2E ALRHAT.

Sgte o wWyPge| Wy oE #F 5T
3 PG g o]§ HeAS vudr] sty
AHEE Fe] FRE 2y FERE FE 2EI
amygdalin(fAmy), esculin(Esc), saccharin(Sac),
salicin(Sal), 25322249 6¥A €47 7128
4712 W8E gluconic acid(Gle), 283 &F
% ¢l mannitol (Mant), sorbitol(Sorb), xylitol
Xylt) o2 EF¥c A#4E 49 E2YU(Fig.
7), H2E¥ gEuldd s 47 F[Lb. reuteri
KCTC 3594(@), Lb. suebicus KCTC 3549(W),
Lb. vaccinostercus KCTC 3608(H), Lb.
vaginalis KCTC 3515(@)E&2 A¥HPor 2%
&8 F(mannitol, sorbitol, xylitol) % =3I
(amygdalin, esculin, salicin)2 #3& o] &&=
Fate 2oz YeElHtHHF pH 65 o). 3§
218k gluconic acid®] o]&& AHHEY, Lb
reuteri KCTC 3594(@)%} Lb. vaccinostercus

80 —8— Lactobacius mulen KCTC 35%4
—v— Laclobacilus suebicus KCTC 3549

75} —# laclobacills vaccinostercus KCTC 3508
—4— Laclobacius vagmels KCTC 3515

65F
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T
[-9
55+
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45t
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Carbohydrates
Fig. 7. Complex carbohydrates fermentation

characteristics of the obligate heterofermenting
Lactobacillus strains. Tested strains: Lb. reuteri
KCTC 3594(@), Lb. suebicus KCTC 3549(¥),
Lb. vaccinostercus KCTC 3608(H), Lb. vaginalis
KCTC  3515(4).  Abbreviations of the
carbohydrates: Amy(amygdalin), Esc(esculin),
Gle(gluconic acid), Mant(mannitol), Sac(saccharin),
Sal(salicin), Sorb(sorbitol), and Xylt(xylitol).
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Poor-Medium Tends to Increase the Stability of Newly
Transconjugated Plasmid of Pseudomonas sp. KM12TC

Yoon, Kyung Pyo
Department of Microbiology, Keimyung University, Daegu 704-701, Korea

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. KMI12TC were studied. Poor
medium seemed to have a tendency to stabilize the artificially transconjugated plasmid due to
slow plasmid replication. The supplementation of the 0.01X 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 05X 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 28°C. 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 Dbioremediation 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 different
microorganisms (4-6). These microorganisms 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 pKM10
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.
KMI12TC, Pseudomonas sp. KMI2TC was
grown in minimal (0X LB supplemented), poor
(0.01X LB supplemented), rich (01X LB
supplemented), richer medium (05X LB
supplemented) respectively. Pseudomonas sp.
KMI12TC contains two different kinds of
plasmids, pKM10 and pKM20. Plasmid pKM10
presence in a cell was determined using its
ability to utilize 1 g/l 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. KMI12TC) were used for starter culture.
The cultures were diluted 10°~fold in 10 ml of
prewarmed appropriate medium after one day
growth at 28C. 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
pKM10.

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 pH?7.5; (ii)
pKM10-selective (phenol degradation-selective)

Yoon, Kyung Pyo

phenol/basal medium (basal medium supplemented
with phenol as the sole carbon and energy
source at a concentration of 1 g/l). The basal
medium contained the following (per liter of
deionized water): 2.13 g of Na;HPO,, 2.04 g of
KHoPO4, 1 g of (NH4)2SO4, 0.067 g of CaCl: -
2H.0, 0.248 g of MgClz - 6H:0, 0.5 mg of
FeSO4 - TH:0, 0.4 mg of ZnSO, - 7TH20, 0.002
mg of MnCl; + 4H:0, 0.05 mg of CoCl; - 6H-0,
001 mg of NiCly - 6H0, 0.015mg of HsBOs;,
and 0.25 mg of EDTA. The pH of the medium
was 7.0; (ii) pKM20-selective (arsenical
resistance-selective) As/LB  medium (LB
supplemented with 5 mM NaHAsQ, - 7TH20);
(iv) both pKMI10 and pKMZ20-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/l

Estimation of transconjugated plasmid
stability and activity

After diluting accordingly, 100 £ of the
diluted Pseudomonas sp. KMI12TC 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
(pKM10) 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
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 pl of 2 N
NH4OH and 25 pl of 2% 4-aminoantipyrine.
Then 25 pl of 8% KsFe(CN)s was added.
After mixing, the tube containing the whole
mixture was centrifuged to remove cells. Asio
of the supernatant was measured. Phenol
concentrations were calculated by reference to
a standard curve.

assay, the
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RESULTS AND DISCUSSION

Activities of the plasmids of Pseudomonas
sp. KM12TC after growth in the minimal
and poor medium.

The plasmid pKM20 was transconjugated
into P. aeruginosa TC 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 pKM10 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.
KMI2TC cells from overnight culture were
appropriately diluted and grown in minimal or
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Fig. 1. Activities of the plasmids of Pseudomonas sp. KMI2TC 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 (0.01X LB supplemented to the minimal medium). Bars: from left to
right, the cells harboring both plasmids, the cells harboring pKM10, 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 1A, 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 0.01X 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
difference between growth in
minimal and poor medium. The supplementation

significant

of the 0.01X LB did apparently not increase or
decrease the stabilities of the plasmids of the
Pseudomonas sp. KMI12TCs. 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. KMI12TC cells which had harbored the
phenol-degrading pKMI10 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
001X LB failed to show any significant
differencies in the stability of the plasmid of
Pseudomonas sp. KMI2TCs in the previous
experiments, when the supplemented amount
of LB from 001X to 0.1X even to 05X LB
clearly showed the decreased stabilities of the
plasmid of Pseudomonas sp. KMI12TCs. To
examine the effects of rich medium on the
stabilities of plasmid of the Pseudomonas sp.
KMI2TC, cells from overnight culture were
appropriately diluted and grown in rich (0.1X
LB supplemented), or richer medium (0.5X LB
supplemented) respectively as described in

A. B.

Percent (%)
Percent (%)

el
20

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 (0.1X 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 pKMI10, the cells harboring nKM20. 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 0.1X 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. KMI2TC grown in rich
medium for two months decreased severely,
the cells were tested for phenol degradation
efficiency as described before. Pseudomonas
sp. KMI12TC were grown for two month in
the minimal medium (0X LB supplemented),
poor medium (0.01X LB supplemented), rich
medium (0.1X LB supplemented), or richer
medium (0.5X LB supplemented) and used for

phenol degradation efficiency.

For the control experiment, Pseudomonas
sp. KMI2TC 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.
KMI2TC 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 001X 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
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Fig. 3. Efficiencies of the phenol degradation of
Pseudomonas sp. KMI12TC 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;
A, minimal medium (0X LB supplemented); ¥V,
poor medium (0.01X LB supplemented); 4, rich
medium (0.1X LB supplemented); W, 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 0.01X LB, the plasmidless
population reached up to 62% after 4 weeks of
growth time and even 86% after 2 months.
The suppplementation of the 0.01X 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 0.1X 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 transconjugated
from Pseudomonas sp. KM10 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
transconjugated cells in poor medium.
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A Comparative Study of Leuconostoc citreum Strain Isolated
from Dongchimi for Carbohydrate Fermentation
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2 o, FTAuloA EE & Leuconostoc TFE AT JAM 7 Fad T FETE 2AY
I BN EZFo2ZM type straingl Leuc citreum KCTC 3524, Leuc. citreum KCTC 3526 %
Leuc. mesenteroides subsp. mesenteroides KCTC 3505 @389 UgA 2 @ ¢a5E vla A}
3tdth. Leuc mesenteroides subsp. mesenteroides KCTC 3505 % & HF pHVl 452 g4
o] 73§ Leuconostoc F4& #UY + Ak AN ol& 471 #FELS ZF 8% NaClel A7}
" wjA oM E AF WSEA R3UC. Leuc mesenteroides subsp. mesenteroides KCTC 3505
Leuc. citreum #F Xt} riboses} xylose& tf & ol &% 4 A o|F 47tA Leuconostoc TFE
£ fructose, glucose, mannose= # WA 3924 rhamnoses AF o] &3 £ilan AUt o|FH
wgol 3%, Leuc citreum subsp. dongchimi Tr¢] A3 cellobioseE WE3A 23z Y& AU
sttt Lactose?] A% EI2E® Leuc citreum 3TF EF7F o432 £FAAT 23 Leuc
mesenteroides subsp. mesenteroides KCTC 3505%t0] o] ¥ = 3sien, og & g2
melibiose®] 7oA o A3k W el2EE Leuconostoc 4TF BF ¢EY F& A o]
3l2 Eate Ao = ivehyrout B399 amygdalin, esculin E salicing ol AX o]&dE AL
2 ZAFAch. o] B¢ Leuc mesenteroides subsp. mesenteroides KCTC 3505% salicing A& o]
43tx R

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, Leuc
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. Leuc. 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 Leuc. 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 Leuc 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.M &

fAbzol@d F MRS st duxdez
o % (carbohydrates)& AHg3le] #7144 A
& tgoz AAHue ¥ FAH LIl
(1,2). QA EAste FAaEe 2 FH7E o
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6/Mel 28§02 BFIUAUS). )5S HE F &
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o] &4 WEo AFe HEAH ¥, Fus
g 27 @ A% A}(45E A ol=ztn ¥
4 Ak AF7A F g dEHQA FAEY
F4466NS AU FAlTY oA e 2 A
Z g ¥z 2Y2UE A& 7%, WY 37
24, QI AAx FA, A3 AL S, ¥
oF zHg, xA g, AR g A} KT
BUF 47 28 5% A9 a3 o F ¥
A& Aok

gty ¥ FARGAES oJEY FE842
Aztol Al o] g3l sl M2E BE AT
=g REsd 5Qsin e AHold, ol §
BE $#FAEAA ofF WFHA AFY IA
o] &4 &9 F7)o] ®o] WAEHM@BY) U
Fojg AAN}E FaP HAEY dFA

sl
%
%

Leuconostoc?& #2387 fdd FXvld =
2oA ®a 3 Leuconostocd (Leuconostoc sp.)
o) £ AL 98t F AA Y FAE T
HEse ZAEI FA dzzoezy HI
2o 2 FAHel HREE  Leuconostoc
citreum(10)9) type strain?l Leuconostoc citreun
KCTC 3524, Leuconostoc citreum KCTC 3526
9 Leuconostoc mesenteroides subsp. mesenteroides
KCTC 3505 #FE9 9 $ATE v &4
st ot

.4 g

o

2.

o] 2L 47 FHTE ol&dd Y
g ¥ MRS agar ¥IXE ol &3t Hu wjgs}
o, A o E24st §UHE F &F
¢ 4C YA 1d n#sAch of F2UE ]
£35to] M2¢ MRS agar 49 Ao =5A
o dojxn F2UYE t}A] MRS agarg °l&
o] 30C wig7lelM 193 Leuconostoc® &
e g F FHL A8t HgA HzE
9 d AYE stk ol FEL 2YME
209% AAggHol @etst AN FLE o] &3
24 FZAANU F -70T deep freezerd] B @3t
AL&-8 AT

SAEF.

B AgoA ALE FA#EFE Leuconostoc
citreum KCTC 3524, Leuconostoc citreum
KCTC 3526 R dextran A4Y&<1 Leuconostoc
mesenteroides subsp. mesenteroides KCTC
35052 #IFAPFEI T Y (Korean Collection
for Type Cultures, KCTC, tid)ellA E4iol v

HE
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Table 1. Various Leuconostoc strains used in this study

Species & Strains Sources
Leuconostoc citreum dongchimi Dongchimi
Leuconostoc citreum KCTC 3524 ACTC 13146
Leuconostoc citreum KCTC 3526 honeydew of rye ear
Leuconostoc mesenteroides : .
subsp. mesenteroides KCTC 3505 fermenting olive
nagct 53] & Hdddre e Leuconostoc carbohydrates
citreum TF olul FF FAHo] o]FoiA Ingredients Weight
Leuconostoc citreum 27539 F3te] ol Polypeptone 10 g
€ 988t Leuconostoc mesenteroides subsp. Beef extract 10g
teroides KCTC 3505+ @7 ZAhes) oy exract o¢
mesenteroiae = Ammonium citrate 2g
o 2 we #FEL AUulY F glycerol©] Sodium acetate 5g
20% EFE AAYe] Ho] WEid BT Magnesium sulfate 0lg
Atk @8 o] #5859 £3& Table 13 Manganese sulfate 005 ¢
2o Dipotassium phosphate 2g
: Tween 80 1 me/ 2
N HAE,
m. Zz % nE
FA FAFEY UAAZE A8 Yo
MRS(Difco)& AHg-@ dAuAE Azstgch Hed BI~E.

Wjx)¢] 24& MRS 558 gol 22t 2¢g,4 g, 6
g, 2 8 g9 NaCl2 #H7lstd 100 ml9] 24 FH
4ol =] s}t WE F 15 ml YAEID
(Coming)e] 53k 713t W#ated ALE&ATh

g UE HAE,

FANTEY EFF T ol§ EAHE ZAE
5t £xo] E071A] ¥+ MRS X (Table
& Az ¥, 48 /1A F(10% &4 4%
A7kste Jqt AEEte AREsigTh o] A Yl
ALgd 99 FHE BF 25%F(Sigmart AF)S
2 o3 ok 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(Mant), mannose(Mann), melezitose
(Mele), melibiose(Meli), raffinose(Raf), rhamnose
(Rha), ribose(Rib), saccharin(Sac), salicin(Sal),
sorbitol(Sorb), sucrose(Suc), trehalose(Tre), xylitol
(Xylt), xylose(Xyl).

Table 2. Constitution of MRS media without any

FATEL vRH ugAgel B Aoz
deiA Q7] Wie] B APolA d2EF A
59 2a AFdM fAE 459 FATE] o
L AXY dF FEAH K SRR E Pot
w7] 9ate] wjk wiA(FA)o]l NaCle 2%1A
8%9 w=Z NaCl& #7384 salt tolerance®
s 2otk 2 A3 P AEH Leuconostocs]
o] 2% R 4%9 NaCle]l H7tg uix oA
E 059 HF A& pHJF 45 olstE F AF
F ASE ¢ F UAAHFig. D. AR 6%
NaCle] ¥7tg sjx|o)A wjgete B$, °lE 4
742 FFEMR YT X)L & Aolg Ry
Z3 1ty &, Leuconostoc citreum KCTC
3B24E HE pH7t 5622 F %ol A B}
5% Axz A"z dNen, Leuconostoc
citreum KCTC 35267 FA|vlo|A £ A &
Z(o)8} Leuconostoc citreum subsp. dongchimi)
£ H|=39t}. ol Leuconostoc citreum KCTC
35263} Leuconostoc citreum subsp. dongchimi
7t $ARE YL AR ez Algdd. @3
Leuconostoc mesenteroides subsp. mesenteroides
KCTC 3505¢ Wi ¥ #3F pH/l 458 713
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WgdAel #% Leuconostoc $9& #AE +
ANk AT olE 47tA] FTFEL EF 8%
NaCle] d7tg wjAME A8 s3] 28
¢ ¢ F AN

83 MR Leuc. chreus KCTC 3524

=] Leue ceumKCTC 3526
B Leue ctreun from Dongeren!
60 ENEY Lous Mmaseneroris b
mesevierocts KCTC 3503

Concentration 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.

SElE WE,

olg FF7l 53 HANE FYEE Yol
7] 918t D-arabinose, L-arabinose, ribose %
xylose 5& Table 2] el wlz] Ao H
713t ZE& wgsgd. 2 A% IF =
% D-form®| arabinosex #% 4At:=7} 6.0 ©]
Aoz AY o433 Rt AYE BAFIA
H(Fig. 2). &A% L-form¢ arabinose=
Leuconostoc mesenteroides subsp. mesenteroides
KCTC 35068 #9stne vay & ojgse A
o2 =2y}, a2y Leuconostoc mesenteroides
subsp. mesenteroides KCTC 3505 3 #&%
o] b|@o| slo] M| 7}A Leuconostoc citreum®.
tt ©] riboses} xylose& & °]&3o AU F
Ye Rez H}AFHUG. oA F Az olE9)
& Leuconostoc T E Fo] tt2y] w§o]
2tz Alsgch @8 ¥el¥ Leuconostoc citreum
subsp. dongchimie type strain2Z H2ESR
t} & Leuconostoc citreum TFEXCl xylose

o] o] T3] $4¢ Aoz AFHNUY.

-ol4r

10 ue cdreun KCTC 3524

Le

Leue. efreum KCTC 3528
Leue. clreum from Dongchimi
Lewc.

_
=3
L
-] mesenteroides subso.
mesenteroides KCTC 3505

AreD AreL Rid X
Carbohydrates

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.

6EIG Bt E

68 G REe fHaFe I olfdE
glucose(EE%, Glu)e& E#stzn e & 4
goAMEe EET °]9e] fructose(2T, Fru),
galactose(Gal), mannose(Mann) %® rhamnose
(Rha)& °] 43t ol dF 9 Z AT
a}o]lZ ulm ZAMEe wekth 2 AT Fig. 39
A BE AAY, ol FTFEL 68T LA 3l
o] A9 #AE HAEE Bd FAL F olE
47}A Leuconostoc ¥F&< fructose, glucose,
mannose® % oj£¥ F U&E Ho FAoY
(#% pH7l 50 ol3), EF ol TFEL
rhamnose® A# o]43tx R3n JAHAF
pH7} 60 °l4h). ol Leuconostocd) 43t #4
7o TEAHA 9 2E E4oz Algdd. AP
galactose®] 2A 5ol UAME Fig. 3oA4 Ee
A3 Leuconostoc citreum KCTC 3526& A3
o] 4317 R3ln Uew, 23 Leuconostoc
mesenteroides subsp. mesenteroides KCTC
3505%ko] zt o] &&= Ut °l& Leuconostoc
citreum subsp. dongchimi?} Leuconostoc citreum
KCTC 354%% #AH8 4do UASE ¢8F
£ Aol oldyt gtk & $1 F JMA HUEGE
3 o 68F WA)S A EY Leuconostoc
citreum subsp. dongchimiv= Leuconostoc citreun
KCTC 3526°1\} Leuconostoc citreum KCTC
35249 thE #FYL ¢ 5 AN
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Ex|vje)A] 22| ¥ Leuconostoc citreum TF} Z BEF W vz A7 5

TO0r _o Loue croumKCTC 3524

g5} —o— Levc mosertercides
me:

60 |

X 55}

$0

ast

40

F;\; G‘u G.u Ma.nn Rhe
Carbohydratos

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).

olgF HE.

olgj@ AF}E 6¥Fol 2/ AYE °lIFE
ol4% W& AY(Fig. NNAN F Jdewd. F
Mol 233927t glucose-B(1—4)-glucose2
A%" cellobiosed] w&E] UlA Leuconostoc
citreum KCTC 352601\ Leuconostoc citreum
KCTC 3524% cellobiose(Ce)@& #&3 AN
SW(#% pH 50 ol3h), 23 FAvdA £
9 Leuconostoc citreum subsp. dongchimi o]
A% cellobiosed WA3}A E3n USE &<
393 % pH 60 °©|4). Lactose[galactose-8
(1—4)-glucosel®] 7% HIZE® Leuconostoc
citreum 3% 257} o438 RAATN 23
Leuconostoc mesenteroides subsp. mesenteroides
KCTC 3505%t0] o] 4 4= Auen, g &2
74%e melibioselgalactose-B(1—6)-glucose] ]
2SN o fAsgc. old AI}E ER
Leuconostoc mesentercides &< B-0O-glucosidic
bond® E#ate AA7E e o] ohdrt BF4E
t}. "t} 2 Leuconostoc citreume B-O-glucosidic
bondd EHY 4+ gt Foz BHHJUY. 9
24 Leuconostoc £¢] TE& o8& °o|FF
o) Wi EAE uaYFosH A3 FHY F gl
ook #9H H2EQ 4%9 Leuconostoc FELS
maltoselglucose-a(1—4)-glucose], sucrose[glucose-
a(1—2)-fructosel, trehalose[l  glucose-a(l—

1-glucose] 59 ©|3HE I o] &3L AUL
o, o|E Leuconostoc mesenteroides subsp.
mesenteroides KCTC 35062 25 a-O-glycosidic
bond@ EdMste A28 21 Yt o= AE
Hoic. wEA oldE AF}E FEH & o
Leuconostoc mesenteroides subsp. mesenteroides
KCTC 3505 AH4E BE 79 o|9HFE 2 %
Asle RS2 HolA o] FFE a-O-glycosidic
bond& B#3e &AL B-O-glucosidic bond
g 243 4 gle §4E FA4 23 de A
oz wydd.

70
65
60
551
50

45T e Lowe ctreumKCTC 35M

—y— Lewc ctreum KCTC 3528
4 ~@~ Lauc ctroum from Dangehimi
O —a— Loue messnieroides ubsp.
measntoroides KCTC 3505

35 —_—
Cel Loc Mal Meh Suc Tro

Carbohydrates

Fig. 4. Disaccharides fermentation characteristics of
the tested Leuconostoc strains. Abbreviations of
the carbohydrates: Cel(cellobiose), Lac(lactose),
Mal(maltose), Meli(melibiose), Suc(sucrose), and
Tre(trehalose).

AeE UE.

3709 @4dHst A%E ATHA ol &2 49
B9(Fig. 5), =% TF& glucose-B(1—
3)-fructose-a(1—2)-glucose2 Z ¥ melezitose
(Mele)& ol &3x £ o, fructose-a(l—6)-
galactose-B(1—6)-glucose2 T4 raffinose(Raf)
A ol 23Ack. @A  Leuconostoc
mesenteroides subsp. mesenteroides KCTC
3505% o= AHXE raffinosed °ol&¥ & AU
(3% pH 49). ol&j % A== HA Leuconostoc
mesenteroides subsp. mesenteroides KCTC
3505= a-O-glycosidic bond& ®ai&s A4
B-O-glucosidic bond& ¥3¥ & Y= E2E
EAo] ztn 317 WEez AsHUT
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Carbohydrates

Fig. 5. Trisaccharides fermentation characteristics
of the tested Leuconostoc strains. Abbreviations
of the carbohydrates: Mele(melezitose) and Raf
(raffinose).t1673611

SHE Y HEYy UE.

71E HETE uwEy] f&e AlgE 7o
FHE 298 7z e 589 amygdalin
(Amy), esculin(Esc), saccharin(Sac), salicin(Sal),
FREIoAe] A ©ivl Fl2E47]E WUy
g gluconic acid(Gle), 28l <¢FF F
mannitol (Mant), sorbitol(Sorb), xylitol(Xylt)
ToE EREd AyHeZ 4y HiER
Leuconostoc 43t F-(Leuconostoc citreum KCTC
3524, Leuconostoc citreun KCTC 3526, Leuconostoc

10,
65

60

50

—8— Levc clreun KCTC 3524
—¥— Leuc careum KCTC 3528
45F  —m— Levc cireun from Dengchemi
—$— Leuc mesenfercicies subsp.
rresenteroiies KCTC 3505

40 " " -
Amy Esc Gle Mant Sac Sal Sorb Xyt

Carbohydrates

Fig. 6. Complex carbohydrates fermentation
characteristics of the tested Leuconostoc
strains. Abbreviations of the carbohydrates: Amy
(amygdalin), Esc(esculin), Gle(gluconic acid),
Mant(mannitol), Sac(saccharin), Sal(salicin), Sorb
(sorbitol), and Xylt(xvlitol).

bR - A2 - o4

citreum subsp. dongchimi, Leuconostoc
mesenteroides subsp. mesenteroides KCTC
3505) BF 4EY 22 Ay o83 A Rie A
o2 Yehgtol(3F pH 60 °|4) EFILEE
¥ &3l E3d(amygdalin, esculin, salicin)2 ©]
L A ol&3e Aoz ZAHUFig. 6).
o] A% #% Leuconostoc mesenteroides subsp.
mesenteroides KCTC 35055 #Hise¢] 8F%3%
2o A salicin(Sal)& H3 o] §34A Xe
£ 8J% + U
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Abstract

CASSCF, MRMP2, MR-CISD, CCSD(T) and CR-CCSD(T) theories were adopted to study the isomers of Al;0; 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 1so-
lation cxpenments All lhree peaks at 1.88, 2.37 and 5.1 eV in the photoelectron spectra can be read.lly assigned as 2B,, — 'A,,

B;., — 3B,, and ?B,, — B,u of isomer 1, respectively indicating that the electronic states of isomer 1 are in better agreements with
the photoelectron detachment spectra. These coutradlctmg results may imply that the major isomer of Al,O; can depend on the

experimental conditions.
© 2005 Elsevier B.V. All rights reserved.

1. Introduction

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 Al,O, in particular. Density
functional theories (DFT), MP2 and CCSD(T) theories
consistently predicted that the D, structure (1) is the
ground state followed by the C.p structure (2) [1,2].
While most matrix isolation studies [3-5] prefers 2, the
anion photoelectron spectroscopy study [6] of ALO;
strongly suggested the rhombic 'Ag (1) as the ground
state of the Al,0,. Three peaks at 1.88, 2.37 and
5.1 eV were observed in the photoelectron spectra. They
were assigned as the binding ener§1es from the
By, (AL,O;) ground state to 'Ag °Bi, and Bs,
(Al,O,) 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 address: cchoi@knu.ac.kr (C.H. Choi).

0009-2614/5 - see front matter ® 2005 Elsevier B.V. All rights reserved.

doi:10.1016/.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 Dy, structure of Al;O, is about 0.49 eV. This
indicates that the Day, (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
CCSD(T)) [15] to better understand the chemical nature
of the ground and the excited states of AlO, and its
anion.

2. Computational details

The active space for the CASSCF calculations are
composed of all 2p electrons and orbitals of O atoms,
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Activity Comparison According to Prepared Method of Cu-Mn Oxide Catalyst for Toluene
Combustion

HyeJin Kim - SungWoo Choi! - ChangSeop Lec*
Department of Environment Science, Keimyung University - *Department of chemistry, Keimyung University

ABSTRACT : Camalytic combustion of toluenc was investigated on the Cu-Mn oxide catalysts prepared by the impregnation(lmp) and the
depasition-precipitation(DP) methods. The mixing of copper and manganese has been found to enhance the activity of catalysts. It is then found
that catalytic efficiency of the Cu-Mn oxide catalyst prepared by the DP method on combustion of toluene is much higher than that of the
Cu-Mn oxide catalyst prepared by Imp method with the same chemical composition. The catalyst prepared by the deposition-precipitation
method observed no change of toluenc conversion at time on stream dwring 10 days and at the addition of water vapor. On the basis of
catalyst characterization data, it has been suggested that the catalysts prepared by the DP method showed uniform distribution and smeller
particle size on the swrface of catalyst and then enhanced reduction capability of catalysts. Therefore, we think that the DP method leads
on progressive capacity of catalyst and promotes stability of catalyst. It was also presumed that catalytic conversion of toluene on the Cu-
Mn oxide catalyst depends on redox reaction and CuisMn;sOs spinel phase acts as the major active sites of catalyst.

Key Words : Caralyst, Toluene, Copper, Manganese

29 : SIY YHYAYoR Cu-Mn U8t ol Azsiel TRA o) B&) VEE AR P2} Yol EYRL2 &
9§ $A AL & UEE VY & AU EY T 884y Yo ARE FYYRY BJPAYS) ojs) A= Cu-Mn
AR ool FHA B8 NS Pl o Each JJJAY] o] A2 S 1040 P2 AN £} WAoo @ 8
S ¢4 X8 At Afich &0 Y B4 Ao ViR 2o, JHPAYL ol B FY¢ B4R F& 209 o
A AFen] Y YE FAANEe Aoz godr) M JAPAYL Jole) YeE VY A2 &9 APFHE A A
7€ Aes 47 dch W Cue-Mn USHE GolddA T/ £8) ¢8-S AU Wgo] &89 CusMmsO 299 F271 &
A% &of Yoz Fge Aol 2390

FHO - &=, €724, T, BN

1. M B g7 ¥ gol 60~90%F AWk VOC Mo a%

A AAZ €2 G4E F3Y, JPAL4Y, FoiAay,

LY §7) SVR(VOC)S HeMt 2% A0 Bejs . DY A4, FFYY AAY) Aed 25 Jof A
o, B¢ LRAANEANE 9B§ nAZZ VOC AR € A429 258 A2 APY 5 Yo ABEFR
A7 34 2751 Yok VOCRAY 2 olF wgge ¥ &Y & ke FIE e VOC did F2 A8E
&€ 10% FEolm PRI &S 0%E Axske & S P Pd Rh §o) AGS &c4's) Cu, Mn, Ni, Cr
Aes 2PHT Y. TAYAY FlE 848 Agshe T WIFE UsE 200, perovskite WS 5ol
Ade Haol d=Hoz @old T0%E A8} JBY= o AFE Fue FP0) Hold @ sl g § 2fse
= £30] 43%, A4 13%, FRE 8%, ARFJBAF 5%, {2 o AolE4H o8¢ A7 esl AY=H= Ak
maolasly S%E =% Yol ¢gste voc a4z o FB FF0Idel ¥ A Cue FPol Hold Aol &
ol Wast) £, A4 2 Sld Hase dg 5 V2 KimO% Wang'o) e nased 360TA4 &
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Activity and Characteristics of Cu-Mn Oxide Catalyst Prepared
by the Deposition-Precipitation Method
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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 100~280°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, sMn, sO, spinel phase was made by deposition-precipitation method, and increased catalyst
activity and redox characteristic. It was assumed that the reduction step of Cu, sMn, sO, spinel phase progressed
Cu, sMn, sO, to CuMnO,, and Cu,0 to CuMn,0, and Cu.

Key words : Toluene, Catalyst, Combustion, Cu, sMn, sO,, TPR
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2 %

1-ALON BA¢ Cu-Mn AtHE Zoolld B9l A} W8-G 160~280°Ce] 2 Yool 13F wg72
ZAlBRIct. BET, SEM, TPR, TPO, XPS 3 XRDE °)&3i0] &of B4¥4& 8t 879 3438 g2
280 °C ©jlol|q o}BojR on], AN Cu-Mn BAITE 15.0 wi%Cu-10.0 wr%BMn! 2o Jepdd. TPR/TPO R
XPS ¥4 77}, 15 Cu-10 Mn &vfe] A 39271 2 52 o|F3ixlod] AfoliAr} &2 o= olFs}
gict, XRD A3, DRAME Mn AHES CuO B2t Cu, Mn, 0,8] o Ax2A 2] dge] B ¢4 2o
&30, &ojje| 44 Aule] AN Y Aol ¥ AR Aol Z|Uske ZleR Algech

Abstract — The catalytic oxidation of toluene over -Al,O, supported copper-manganese oxide catalysts in the temper-
ature range of 160-280 °C was investigated by employing a fixed bed flow reactor. The catalysts were characterized by
BET, scanning electron microscopy (SEM), temperature-programmed reduction(TPR), temperature-programmed oxida-
tion(TPO), X-ray photoelectron spectroscopy (XPS) and X-ray diffraction(XRD) techniques. Catalytic oxidation 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 the TPR/TPO and XPS results, the redox peak of 15 Cu-10 Mn catalyst shifted to the
lower temperature, and the binding energy was shifted to the higher binding energy. Furthermore, It is considered that
Cu,y Mn, (O, is superior to Mn oxides and CuO in the role as active factor of catalysts from the XRD results and also
catalytic activities are dependent on the redox ability and high oxidation state of catalysts.

Key words: Toluene, Copper, Manganese, Cu sMn, sO,, Catalytic Oxidation
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A Study on Noise Resistance and Physical Properties of NBR
Rubber Materials Containing Oleamide and Aramid Chip

Hyun Muk Kim' and Chang-Seop Lee
Department of Chemistry, Keimyung University
. 1000 Shindang-Dong, Dalseo-Gu, Deagu, 704-701 Korea
(Received August 26, 2005, Revised & Accepted February 22, 2006)

2 o WA WEI4E 71X 2R /g EHoZ NBRe oleamidest oleim|=
& AVt ¥ao] ot s, E2d A3, g, s, JetRg, dizdd 9 da
48 ARG, 715493 Mooney A=& £3Y A3, vZignT e JHESAE oleamided]
o) F7VU4F torqueZt FA31ATE oleamides] ¥3Fo] 3 phr7hx] F71Hge] w2l A Y =
2 P 2EY FL3AT AFEL FAe AYE Jvehiled ARFEE A ©¥
37F Ak WA A G(70A13L, 120T) R R4 AlE(T0AIRL 40T)E U A AZR
E9} AARFol 2F FA3lPen, TGA/DSC £4 Azl Hrixle] e ulgnFAss] E3
EAde vt gich Z1ZEA, Wrlz4, WAS4d 3 igdd €& F8E FAak NBR
227001 R A Yotz Aat Yiaedo iy oleamide] HFHuigulE 3 phriies, U@
FAdol diF olgtui=e] A HuulE 1 phr: eI

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 120°C and oil resistance for 70 hours at 40 °C, 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,
Won-Sool Ahn*, Joon-Hyung Kim**
Department of Chemistry, *Department of Chemical Engineering, Keimyung University
**R&D Center, HS R&A Co., L.
(Received November 14, 2005, Revised & Accepted June 14, 2006)

2 2f: g AdFdMEe d8 & A A7 BHAE Fe A8 P24 A8 £ e DFA
B9 Mug oz UXIAnL] FIEEHY JFREF 10~-30 phr YA EASS
goll o} WEX Lo s 54, U, BeEdg R BHEYYE ARG S ot g v}
3 HQL MFF) A 15:9) Tewo] =iH oY FLEEHY oJMe FIRY FYo) Yeh
A st WX 9% W] e 71F Az vlm) 152 dxv) ZAFA. GXAQAnTE
9] BYEHY &4 i, JA8 C, olasd, EFdMe 2§ oluld] ZE WX nFA A7)
Asjatge] 90% ol4te]l LU AAFAIED|ASEM)LZ FEAHYHAYL A3 AN
sodium bicarbonateo] 2]% WX ¥lFFFT A5 WX M= eyl

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 ts; and the value of Tcep were 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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a2 o MIZEF0IAIC 5—-aminolevulinic acid0ll Clol S
Protoporphyrin IXQ] ¥& H&ES A%t In Vitro A4
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In Vitro Study of Fluorescence Detection for Protoporphyrin IX
induced from 5-aminolevulinic acid in Cancerous and Normal Cells

Myung-Hwa Kim, Hyun-Jeong Kim', In-Seon Lee’, Kyung-Chan Kim? and Chang-Seop Leet
Department of Chemistry, 'The Center for Traditional Microorganism Resources,
?Department of Digital Physics, Keimyung University, Daegu 704-701, Korea
(Received : Accepted : )

To dlarify the usefulness of fluorescent diagnosis for cancer, We investigated the optimal method of administrating
S-aminolevulinic acld (5-ALA) by analyzing fluorescence signal of Protoporphyrin IX (PpIX) in the cultured normal and cancer
cells. 5-ALA was injected as a photosensitizer to the cervico-uterine cancer cell fine (HeLa) and in normal liver cells
(Chang). Chang and HelLa cells were incubated with various concentrations of 5-ALA (0-8060 ug/mL). The accumulation of
PplX induced by 5-ALA was in Hela and Chang cells. The cell viability was measured by MTT assay. The optimal
concentration of ALA that induced maximum levels of PpIX was S50 ug/mL in HelLa cell cured for 24 hours after 5-ALA
injection. Fluorescence of PpIX in Hela cell was excited 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 S-ALA. The experimental results
showed that fluorescence signal of PplX was proportional to the concentration of S-ALA in tumor cells, but measured with

low concentration !n normal cells.

Key Words : S-aminolevulinic acid, Protoporphyrin IX, Photosensitizer

M oE

2zd ZF¢zm Y& S-aminolevulinic acid (ALA)E
hemeo] A} HEZUe] Al ATFBIAZA 23 WYolA
heme2] HFF A F P (Photosensitizer) protoporphyrin
X (PPIXOE HPECE ALAT UM Fo2bd Wiy 3
AZAA PpIXE YAH3HA =T, ole FL AWEL e
€ ¥ ¥ =gta7 dardd ppixvt FURAZ g% w
FFE U AE S44 Jvehdle 840 ded, S
ol o8¢ 9] Beie dta A2F HE o s
AF7} o]FA I ATKI-S).

AT Fo] el AL ME (CT-26) R PY HMEH
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Adsorption Characteristics of Nitrogen monoxide over Dealuminated
and Alkali/Alkaline-earth Metal Ion Exchanged Y-Zeolites

*Cheol Hyun Kim* - Chang Seop Lee
*Dept. of Gas Industry, Andong Information Technology, Gyeongbuk 760-833, Korea
Dept. of Chemistry, Keimyung University, Daegu 704-701, Korea
(Received 10 August 2005, Accepted 17 October 2005)

2 o

BAS0E 3 GAARARNESS Yol 28 Y ASelolE &ulg M=t A= &)
BHde) Qa4 R 7= WSS ICP-AES, XRF R XRDS} #e 23 23ty oz 3433
o0, NO-TPD A¥-& 8 EHF3Fe] 23 A5& AT ¥R olE Ml & @4F3A Nay
B} oY e] siAl e F7H8lgen], @UE0lE ¥ Cs ¥ Ba Y0l 2P YP AgEolE
9] ¢ sval ¥|7} ¥rHe s =3 o] ZAds. €RRulF MY Fule Al ¥xle] g2 e
F49) ntai7t Aak=lo} framework (tetrahedraly &7} ZH4~813 non-framework (octahedral) 227} &7}
BT ol VAL 2PMEA D] BolRrE FvisiH o dold 2@ Fee o 2 ve
el NO-TPD Aol €dsols R 4ol T X FHojo] Y4HE vehlle B B-velEe A2
o2 olFdigon, AgA Aol WobaA4E B3 5927t oo oM velkdoh gafo)
F R ¥ole 2S¢ Y MHLolEx R Fol2 EYFo)FL2 AY non-framework (octahedral)
T} AJido] Zoje] g4l vl JPo] ol & Aoz et}

Abstract —The dealuminated and alkali/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 fluorescence(XRF) and X-ray diffraction(XRD), and the desorption behaviors of adsorbed species on
the catalyst surfaces 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-
framework structure. This phenomenon becomes more serious with increasing time of steam treatment and
even more significant for the cation exchanged catalysts. In NO-TPD experiments, the desorption peaks
of NO which indicates an activity point of catalysts shifted to the low temperature region after dealumination
and cation exchange. The desorption peaks of the 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-
framework structure.

Key words : Y-Zeolite, NO-TPD, Dealumination, Cation exchange, SiAl 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 Lec®

Department of Gas Industry, Andong Information Technology, Gyeongbuk 760-833, Korea
*Department of Chemistry, Keimyung University, Daegu 704-701, Korea
(Received October 21, 2005; accepted November 14, 2005)

Bg2oly % dgeABET S Fojeog AYY YY N ZSM-S Aol e Mzt BN ¥
YY ® 2SM-5 {029 syAlnls FVISAT, bukBthe EwWolM] SyAIZt of & A& ¢ 4+ Ak
Axele] o8 Azd YY R 2SMS ALIYolEY FATFR AE T2 gudRoly MY Al o]
g2l o¥ Ro|n), frameworko) 2431 non-frameworkol F7HAQATh o)l WAL A@Ma Alzto] Bopal
& F7h8a. Yol APg uel oS AssiUEE & 4 AUk NO-TPD A YA, ALY YY
% ZSM-5 A gelolEx B4t Aoz olFich T Ay APe] H& HoFAYSFS e
£l o 9 2ER o]lFaUct #ofe WYL AgE Yol sval T3] U YYSjEos WY 47
Zo|l A framework®} non-frameworke) B)&of o] &atgict.

Dealuminated and alkali/atkaline-earth metal exchanged Y-type and ZSM-5 zeolites were prepared as catalytic materials.
Comparing with the compesition of starting material, the magnitude of Si/Al ratio was increased after dealumination and
cation exchange process. The ratio of Si/Al on surface was appeared to be larger than that in bulk. The destruction of
basic frame in catalysts observed was understood to be due to a detachment of aluminum, which results in reducing
framework while increasing non-framework. This phenomenon becomes more serious with increasing time of steam treat-
ment and even more significant for the cation exchanged catalysts. The desorption pezks 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 framework/non-
framework by a change in basic frame.

Keywords: Y-zeolite, ZSM-S, dealumination, cation exchange, NO-TPD
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The Characteristics of Recycled/Virgin EPDM Rubber Blends by
High Temperature Shear-crushing Technique

Hyun-Ho Park®*, Chang-Seop Lee, and Seong-Toek Na?
Hwaseung R & A, Ld, Kyungnam 626-210 Korea
*Department of Chemistry, Keimyung University, Daegu 704-701, Korea
*Polyone R&D Center, Kyunggi, Korea
(Received April 18, 2005)

2 9. Alx EPDM I¥¢ 5 EPDM 5§ I AGE-H47|42 3488 A8 g G99 Egv)a ¢
V=FE A=3 Ag Q89 Pofol] o} A =T 718 B4, Fela 41 WAFg =a)sqgo, o] &
J=F9 dA, 594 9 423785882 54319 EPDM % AlAjo] e AREH 7|42 A
X8 2|4 EPDM A 28 0~50 phr7t] ¥A=ste] 25 E4-8 SH G A=, A4 EPDM 5-2] wigh4d o)
25~35 phral HAE=F-o] MrlolgdiM = BAM, WA, 594 Al¥el] A8 B4 sao] 714 3he wigt
FAH o= ey,

Fxjoi: EPDM, t2A1497]|4, EPDM, Shear Crushing Technique

ABSTRACT. Virgin EPDM and recycled EPDM fine particles that is crushed by high temperature shear-crushing
technique from recycled EPDM were blended with the various mixing ratio to rubber blends. The cure characteristics
and physical properties of these blended rubber compounding were investigated with the contents of recycled EPDM and
physical properties of these blends for heat and antifreeze and compression set were also measured. Recycled EPDM
materials prepared by high temperature shear-crushing technique were blended to virgin EPDM with the range of
0~50 phr. The testing results of physical properties indicated that the rubber blends of recycled EPDM with 25~35 phr
turned out to be the best compounding showing good dispersibility, heat resistance and anti-freezer resistance and inex-
pensive in price.

Keywords: EPDM, 312 4] 7)<, EPDM, Shear Crushing Technique
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Cure Behaviors and Physical Properties of Recycled/Virgin Nitrile Rubber (NBR)
Blends by High Temperature Shear-Crushing Technique

Hyun-Ho Park’, Joon-Hyung Kim, Chang-Scop Lee®, and Seong-Tack Na®*

Hwaseung R & A, Lid, 147-1 Gyo-Dong Yangsan-Gun, Kyungram 626-210 Korea
*Department of Chemistry, Keimyung University, 1000 Shindang-Dong Dalseo-Gu, Daegu 704-701, Korea
**Co. PolyOne Sikwa Ind Complex, 673-17 Seonggok-Dong. Danwon-Gu, Ansan city 425-836, Kyunggi-Do
(Received September 8, 2005; accepted October 20, 2005)

YEYRRNBR) AAg AYAFAIM Y 239§ 2& ASE4r)e2 LUt A8 NBR)E w2
£Yu2 FUSHE A2, AGARe) gl o3 FASEY 718 AF, G243 T2 WsE AR
% E¢, d ¥ 3F 4Ao] ¥ 3 HASE AYYE Faly PPgos A A NBR] & A
247148 MZ¢ A4NBRE 0~50 phre] o2 HASH 7H42F N &4y FYE& P A, 1R
AFE A7 F7istan 234 AR Fadgiec, Y R FAFYE AU

Virgin NBR and recycled NBR particles, which were pulverized frem NBR scraps by high temperature shear-crushing
technique, were blended with different mixing retio. The effects of the recycled NBR content on the cure characteristics
and physical propertics of these blends were investigated and resistance properties of these blends to heat and various
fluids were also studied. The study of cure characteristics showed that the viscosity increased but the scorch time de-
creased. The physical propertics of rubber blends were improved with the addition of the recycled NBR for heat resis-

tance and various fluid tests.

Keywords: NBR, high temperature Skear-crushing technigue, dispersibility, heat resistance, oil resistance, recycled NBR
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ANz AYNA Bt o] F& $A % 4 U= Monte Carlo 2Y§& MA| 391D Visual Basic. NET
& AHE3 22338 Agach ARHolA AS4E A7) ANA AEdd AT
van de Hulst2} Prahle] 3t} w2 8to] 2 NS fAHAch AT Az} AL 0P 239 3
A48 AHg-2to] Monte Carlo AlE & o)A & $ead Fate] AF uAE R FA0E F
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Eg FAzPol RAUY o gL F7HRAC
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The investigation of characteristics of CuOx/Sn0O2-ZrO»
catalysts for toluene oxidation

Hye-Jin Kim, Sung-Woo Choi and Chang-Soep Lee’
Department of Environmental Science and Engineening, Keimyung University, Daegu 704-701, Korea
‘Department of Chemislry, Keimyung University, Daegu 704-701, Korea
(Manuscnipt received 21 January, 2005: accepted 22 June, 2005)

Catalytic combustion of toluene was investigated on CuOx/Sn0;-ZrO;, CuOx/Sn0Q;, CuOx/ZrO; 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/Sn0;-ZrO; 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 Diethynylsilane Derivatives
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Oxidative Coupling Polymerization of Diethynylsilane Derivatives
and 1,2-Diethynyl-1,1,2,2-tetramethyldisilane

Ji Ho Kim and Young Tae Park’

Department of Chemistry, Keimyung University, Daegu 704-701, Korea. "E-mail: ytpark@kmu.ac.kr
Received February 20, 2006

We have carried out the Glaser oxidative coupling polymerizations of diethynyldiphenylsilane, diethynylmethyl-
phenylsilane, diethynylmethyloctylsilane, and 1,2-diethynyl-1,1,2,2-tetramethyldisilane to afford polycarbosilanes
containing diethynyl and organosilane groups in the main chain, such as poly(diethynyldiphenylsilane), poly(di-
ethynylmethylphenylsilane), poly(diethynylmethyloctylsilane), and poly(1,2-diethynyl-1,1,2,2-tetramethyldisilane),
respectively. These obtained materials are almost insoluble in common organic solvents such as CHCl; and
THF probably due 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 C=C stretching frequencies appear at 2147-2154 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
analysis of the materials shows that about 55-68% of the initial polymer weights remain at 400 °C in nitrogen.

Key Words : Polycarbosilanes, Diethynylsilane derivatives, Diethynyltetramethyldisilane, Excitation, Fluore-

scence

Introduction

Polycarbosilanes bearing z-conjugated 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 as poly(silanylene-diethynylene)s were reported
to synthesize by polycondensation reactions of the di-
ethynylene dilithium salt with dichlorosilanes.? The prepared
materials with low molecular weights of M. < 5000 g/mol
exhibit the conductivities ranging from 8 x 10%t0 3 x 107 S
cm™ when they are doped with FeCl, and pyrolysis of the
polycarbosilane polymers in inert atmosphere results in a f-
SiC ceramic material in high yield.** Interestingly, the linear
copolymers of silarylene-siloxane-diacetylene exhibit the
elastomeric properties with thermal stabilities up to 330 °C
in air.” Some researchers have reported electronic structure of
simplified organosilicon polymers containing 7-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 z-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 vary from blue to green to yellow.'® End-capped silole
dendrimers on a ethenyl-phenyl carbosilane in inner shell
exhibit green to greenish-blue fluorescence.!!

However, photoelectronic properties such as excitation
and fluorescence emission of diethynyl-containing polycarbo-
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 7

conjugated moiety of C=C-B-C=C and organosilacyclic
group along the polymer backbone by polyaddition reactions
of 1,1-diethynyl- 1-silacyclopent-3-enes with borane deriva-
tives.'>!3 We reported also the synthesis and photoelectronic
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.'* We also have aiready reported the preparation
and excited-state energy dynamics of polycarbosilanes as
well as polycarbogermanes containing 1,4-bis(thiophene or
phenylene)buta-1,3-diyne in the polymer backbone.!*'® With
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 of diethynyldiphenylsilane (2a), diethynyl-
methylphenylsilane (2b), diethynylmethyloctylsilane (2c), and
12-diethynyl-1,1,2,2-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(1,2-diethynyl-1,1,2,2-tetramethyldisilane) (3d), respec-
tively. The obtained materials were characterized by IR and
C and Si CP-MAS NMR spectrophotometers in solid
state as well as elemental analysis. Furthermore, the
synthesized polycarbosilanes can be expected to include a
novel z-conjugated moiety of C=C and silane groups along
the main chain. In particular, we focus on studying the
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Can we obtain the four-particle-irreducible effective action from
the fourth Legendre transformation? o

Chungku Kim

Department of Physics, College of Natural Science, Keimyung University, Daegu 705-701, Korea
(Reccived 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 4P effective action for the scalar field theory previously. For this purpose, we
introduce a method which enables us to obtain the systematic loop expansion of the fourth Legendre
transformation from the loop expansion of the second Legendre transformation which gives 2Pl effective
action. As a resull, we have seen that at four-loop order, the 3PR diagrams of the 2PI effective action
vanishes completely as expected but at five-loop order, the 4PR diagram of the 2P1 effective action docs

not vanish completely.

DOI: 10.1103/PhysRevD.72.085007

L. INTRODUCTION

The n-particle irreducible (n-PI) effective action which
plays an important role in equilibrium and nonequilibrium
quantum field theory is.a resummation scheme in lerms
of self-consistently 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
(D) [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 4P effective action was proposed
in {3,4]. The former [3] used the equivalence hierarchy for
n-Pl 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 (®,$,P,P,) and the dressed 3-point and 4-point
functions and have applied to the scalar field theory to
obtain the three-loop order 4Pl effective action. Actually,
as can be seen in [S], 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 4P] effective action by fourth Legendre transformalion
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,
we investigate higher loop diagrams of the fourth Legendre

tranaformation. In Sec. IIl, we give some discussions and

conclusions.

1550-7998/ 2005 /72(8)/085007(9)$23.00

085007-1

PACS numbers: 11.15.Tk, 11.15.Bt

I1. 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 transformation
(equivalently, from the 2PI effective action). We will first
apply this method to obtain the 2PI effective action from -
the usual 1P] effective action [6] which is relatively simple
and then we will consider the case of the fourth Legendre
transformation.

A. 2PI effective action for scalar field theory

The Euclidean classical action for the scalar field theory
is given by

1y oo ; A
SLo) = 300530, + £+ Tt (D)

We use the notation in which the repeated continuous
variables are integrated over:

L= [ A xI(DD(). @

Then the generating functional for the connéctéd diagram
is given by

W, J;] = —hln f DO exp[— %(s[o] +7,0,
+ El!-.l,_,,tb,¢,)], | 3)

where the external ‘source Jy,, is symmetric under the
exchange of its indices. By taking the functional derivative
of the W[J,, J,] with respect to the external sources, we can
obtain

SWILE vy
—-67::_ <¢x) ¢x' (4)
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Hydantoin derivatives as non-peptidic inhibitors of Ras
farnesyl transferase
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Abstract—1.3,5,5-Tetrasubstituted 2,4-imidazolinedione (hydantoin) derivatives were evaluated as Ftase inhibitors. Potent Ftase

inhibitors without thiol or peptide 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 farn-
esylation catalyzed by farmesyl transferase (Ftase).’
Inhibitors of Ftase are considered as potential antican-
cer agents.*® The observation that Ftase can farnesylate
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
peptidomimetic inhibitors. Substitution of aliphatic
amino acids, AA of CAAX tetrapeptide, with benzodi-
azepine’ 3-(aminomethyl)benzoic acid (3-AMBA),*
piperazine,” and 1,2,3,4-tetrahydroisoquinoline-3-car-
boxylate (Tic)'® had been tried. Conformational analysis
of potent tetrapeptidic inhibitor CVFM (ICsq 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-(1-
naphthyl)-2,4-imidazolidinedione (hydantoin 1) was ob-
tained as racemic mixtures from the reaction of 1’-aceto-
naphthone with potassium cyanide and ammonium
carbonate and it was used without chiral resolution.
Introduction of the substituent at N-3 position was per-
formed with the corresponding alcohol under the Mitz-

Kevwords: Hydantoin: 1,3.5,5-Tetrasubstituted 2.4-imidazolinedione;

Farnesyl transferase; Non-peptidic.

* Corresponding author. Tel.: +82 53 580 5183: fax: +82 53 580
5164; e-mail: jinho@kmu.ac.kr

0960-894X/$ - sce front matter © 2006 Elsevier Ltd. All rights reserved.

doi:10.1016/i.bmcl.2005.12.074

R"N N-hH
b

2 Ghica

Scheme 1. Reagents: (a) KCN, (NH4),CO3, 90%; (b) R'-OH, DEAD,
PhyP; () NaH, R*Br.

unobu condition.!” Normal alkvlation at the N-1
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 could 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 epimerizing 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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