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An Expansion Algorithm and Its Implementation
for Sensitivity Analysis in LP

Koonchan Kim

Sensitivity analysis in linear programming focuses on the effects of
perturbation in the coefficients of the objective function or the right-
hand side terms. This paper describes a techinque which enlarges the
region as large as possible along a direction, where the cost coefficients
and right-hand side terms can be altered without necessarily changing
the current optimal basis. The formulated algorithm is implemented on
a linear programming problem for illustration and viability.

1 Introduction

Consider the following polytope P defined by the following set of inequalities,

ObllXi + <2123^2 + • *• + ^In^n ^ ^1

^212^1 "h ^222^2 4" "• • + (l2n^n ^ ^2

OmlXi + (lm2X2 4 1" ^mn^n —

(1)

which can be written in matrix and vector notations as Ax < b. We assume that

at least one interior point y° exists in P. One intriguing and useful question would
be to find a region R with y° € R such that RC P. An approach would consist of
finding a starting region S with y° € 5 contained in P and expanding S using some
technique into R such that S C R C P.

The starting region S can be obtained, for example, using the concept of Tcheby-
cheff norm. For the application of this concept on the development of the tolerence
approach can be seen in [4]. An expansion method on S to compute a larger region
R and its application on sensitivity analysis is described in [3].

2000 Mathematics Subject Classification: 90C05, 90C31.

Key words and phrases: Sensitivity analysis; Linear programming.
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2 Koonchan Kim

This paper describes a techinque which enlarges the starting region S as large
as possible along a direction to obtain a so-called 'maximal' region T where the cost
coefficients and right-hand side terms can be altered without necessarily changing
the current optimal basis B of a given linear programming.

This paper is organized as follows. Section 2 presents preliminaries concerning
the formation of a starting region and an expansion technique. Section 3 describes an
algorithm for finding a 'maximal' region and demonstrates the proposed technique
on an example. An application on sensitivity analysis is provided in Section 4 and
concluding remarks are given in Section 5.

2 Priliminaries

2.1 Computation of a Starting Region S

Given a polytope defined by Ax < b (this polytope is called 'x'-critical region) with
an interior point y°, find a vector a such that A(y° -t- a) < b. Note that this can
be written as Aa < b - Ay" = b, i.e.,

n

for i = 1,..., m. (2)
j=i

Above is called an 'a'-critical region. Let

n

= max{Q: >0:/^ \O'ij Ia < 6i, z= 1,2,..., m}.
i=i

Then > 0 is the largest value such that so long as -q« < < a*, the inequalities
in (2) are satisfied.

To compute a* using the concept of the Tchebycheff norm[5], let

k
li =

I O'ij I

for i = 1,..., m, and set

a, =min{7i,72,...,7^}. (3)

Putting a = (a^, Q*,..., gives Aa < b, and

•^=11 Ivj ~+ <^^1 (4)
j=i

will be the starting region contained in P with y° 6 S.

- 2 -
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2.2 The Expansion Technique

Suppose that an ^th inequality in (2) becomes tight(if more than one, choose arbi
trarily) in the following sense:

I O'ii I I I ^ \ O'in I — bi. (5)

Then a point z = (^i, 22> •••, that belongs to the corresponding boundary of the
^th inequality in (2) and which becomes a corner point(or a mid-point of a horizontal
or vertical line) of S can be found[3] as:

Conjecture 1 //a* and S are obtained by (3) and (4), respectively, and Hh in

equality in (2) becomes tight in the sense of (5), then a point z = (zi, 22,... ,2:„)

belonging to the boundary of the Hh inequality of (2) and which becomes a comer

point(or a mid-point of a horizontal or vertical line) of S is given by

y°- -\- ot^ if atj > 0

y°j - oc* if atj < 0

y°j or y^ + or y^ - a* if atj = 0,

for j = 1,2,... ,n.

A new point in P can be obtained by considering a direction eminating from
the point z and passing through the point y° as

= y° + (y° - z) = z -I- 2{y° - z).

To expand the region 5(to get hold of a larger region R that contains 5), we
repeat the proceduregiven in section2.1 by starting at y^ to find aj. Uponexecuting
once, it can be observed that one of the two possible cases occur:

(/) al < 2q»
{II) al = 2a,.

If (I) occurs, we terminate the expginsion process. If (II) results, then the region S
can be expanded into a larger region R. In the whole, above process can be continued
as long as (II) satisfied. In the i{i > l)th step, the range of R then becomes

j=i

- 3 -
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3 A Technique for Finding a Maximal Region

The expanding process given in the previous section does not find a 'maximal' region;
the process simply terminates when the criterion (I) is satisfied even if there is a
room for further expansion. In this section we provide a technique that can extend
in a specified direction as far as possible to obtain a so-called maximal region T
that contains 5. The underlying idea behind this approach is to follow the same
approach used in the previous section, but we extend the region S as large as possible
by employing very similar to the 'bisection method' for solving a nonlinear equation
in the field of numerical analysis.

The essence of the new procedure is as follows. After obtaining the starting region
S with given /c, the new procedure seeks larger and larger region by consecutively
incrementing k as k = k -\- d, where d is defined as a step length. If no further
extension is possible at a certain stage, then we reduce d in half {d ^ d/2). At this
point, if a further expansion is possible, then let d<— d/2 and set « = «-f d. If not,
then let d <— d/2 and set k = k —d. This repetitive process is terminated when d
falls below the specificcd tolerance e. At the end, one would get a maximal region
T larger than the region R obtained by [3].

3.1 The Maximal Expansion Algorithm

The maximal expansion algorithm(MEA) is formulated below.

Algorithm MEA

Given a polytope P(Ax < b), an interior point y°, a tolerance e,
a first step /c, and a step length d
STEP 0: Form Aa < b —Ay° = b

Compute Q!:,., 5, and z
STEP 1:T^S

y^ = z H- K(y° - z)
Form Aa < b —Ay^ = b
Compute

STEP 2: while

K «-f d

y^ = z -f K,{y° - z)
Form Aa < b —Ay^ = b
Compute

end

d <— d/2

- 4 -
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K ^ K — d

STEP 3: while d> e

= z + «;(y° - z)
Form Aa < b —Ay^ = b
Compute
if

d d/2
/c <— /c + d

a*

else

d <— d/2
K *— K — d

end

end

end

The convergence to a maximal region when MEA is implemented is formulated
as a proposition below. The proof can be easily established since its approach is
similar to that of bisection method for solving nonlinear equation (expansion or
contraction at each step is always based on half of the previous step length).

Conjecture 2 The algorithm MEA finds a maocimal region along the specified di

rection z + /c(y° —z).

3.2 An Illustration

To illustrate the above algorithm, we consider the same example given in [3]:

Example 1: —2xi-\-X2 < 2

Xi-\-X2 < 3

4xi — 5x2 < 20

-X2 < 2

with the same starting point y° = (2,0). The expansion technique introduced in [3]
gives the result(the starting region S and the expanded region R have been marked)
shown in Figure 1.

5 -
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Figure 1. Region R

X2

S = [1.5,2.5] X [-0.5,0.5]

R= [0.5,2.5] X [-1.5,0.5].

Now, using the algorithm MEA introduced in this paper, we obtain

T = [0,2.5] X [-2,0.5].

The maximal region is depicted in Figure 2. The coordinate for the last is
(1.25, -0.75).



An Expansion Algorithm and Its Implementation for Sensitivity Analysis in LP

Figure 2. Region T

T..

Table 1 below shows, in more detail, the calculated y^s at each iteration for the
starting point (0,1) in addition to (2,0). We set e = 0.01 for the sake of illustration
although the algorithm terminates prematurely.

Table 1. Iterative Results

k y"
0 (2. 0) (0, 1)
1 (1.50, -0.50) (0.33, 0.67)
2 (1.00, -1.00) (0.67, 0.33)
3 (1.25, -0.75) (1.00, 0.00)
4 (1.13, -0.88) (0.83, 0.17)
5 (1.19,-0.81) (0.92, 0.08)
6 (1.22, -0.78) (0.88, 0.13)
7 (1.23, -0.77) (0.85, 0.15)
8 (1.24, -0.76) (0.84, 0.16)
9 (1.24, -0.76) (0.84, 0.16)

- 7



8 Koonchan Kim

Notice that with the starting point (0,1), the maximal region is given as

T = [-0.16,1.84] X(-0.84,1.16].

4 Application on the Tolerance Approach

We reconsider the tolerance approach proposed by Wendell[5]. The perturbed prob-
leni(on objective function only) of (1) becomes

n

minimize

i=i
n

s.t. ^ aijXj = 2= 1,..., m (6)
j=i

> 0.

We denote B an optimal basis of (1) and IR the index set of the nonbasic variables.
Let Yj = as usual. Then, B remains an optimal basis in (6) if

m

1](cb, + - fe + ajCj) < 0 (7)
i=l

for each j G IR, where denote the corresponding basic variable coef
ficients in the vectors c, c',q:, respectively. The system in (7) is called a-critical
region. Note that if c' = l(i.e., each Cj = 1), then a becomes an additive parameter
and would represent additive variation in the coefficients. A maximum allowable
tolerance on the additive variation would then be

add ^3
a: = minimum

Eiii I?/ij I +111
j €

where IR* = {j 6 //I: E[li I l/p I + I1 l> 0}.
As an illustration, consider the same problem given in [1]:

minimize —2xi + X2 —xa

s.t. xi -f X2 + X3 < 6

—Xi -\- 2x2 < 4

Xi,X2,X3 > 0.

For this problem, the optimal simplex tableau is given by

- 8 -
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1 Xi X2 X3 X4 X5 RHS

z 1 0 -3 -1 -2 0 -12

Xi 0 1 1 1 1 0 6

X5 0 0 3 1 1 1 10

The minimum is attained at x* = (6,0,0,0,10). The index set for the basic
variable IB = {1,5} and for the nonbasic variable IR = (2,3,4}.

From (7), the a-critical region becomes

Q:i ~CX2 + 3ft5 ^ 3

0(1 —as + 0:5 < 1

0(1 —a4 +0:5 ^2,
(8)

If we consider c° = (—2,1, —1,0,0) the original objective function coefficients as an
initial interior point, then based on the additive variation a region S that contains
0° and in which the basis B is still an optimal is given by

S = [-7/3,-5/3] X [2/3,4/3] x [-4/3,-2/3] x [-1/3,1/3] x [-1/3,1/3].

Furthermore, using the expansion technique given in [3], the expanded region R
becomes

i?= [-3,-5/3] X[0,4/3] X [-4/3,0] x [-1,1/3] x [-1,1/3].

Now, the algorithm MEA with e = 0.0001, a first step « = 2, and a step length
d=l gives a maximal region T as

T = [-10/3, -5/3] X [-1/3,4/3] x [-4/3,1/3] x [-4/3,1/3] x [-4/3,1/3].

Note that S C RcT.

The source program(m-file) written in MATLAB adapted to this example of
sensitivity analysis is given in Appendix section. The coefficient matrix for the final
simplex tableau is denoted by AF and a-critical region given in (8) is designated by
A. The variable yO corresponds to the initial starting point c°.

5 Concluding Remarks

The usual tolerence approach finds a region S in which the objective function co
efficients or the right-hand side terms can be changed on a "one-time" basis. The
expansion method [3] expands the region a number of times starting from the re
sult (starting region) obtained by the tolerence approach to give a larger region R.
The maximum expansion technique introduce in this paper seeks such a region as

9 -



10 Koonchan Kim

large as possible in the sense of 'maximal' region T in a given direction. This maxi
mal strategy is particularly advantageous if the initial vectors c° or b° are closer to
the boundary of the critical region(polytope) and one wants to secure the region as
large as possible.

Appendix: M-File for MEA

AF = [1 1 1 1 0;0 3 1 1 1];
A = [1 -1 0 0 3;1 0 -1 0 1;1 0 0-1 1];
yO = [-2; 1; -1; 0; 0];
z = [0; 0; 0; 0; 0];
IB = [1 5];
IN = [2 3 4];
kappa = 2;
n = length(yO);
d = l;
eps = l.Oe-4;
bbar = yO(IN)' - yO(IB)'*AF(:,IN);
gamma = bbar./sum(abs(A'));
[alpstar, tight] = min(gamma);
for j = l:n

if A(tight,j) >= 0
z(j) = yO(j)-Kalpstar;

end

if A(tight,j) < 0
z(j) = yO(j)-alpstar;

end

end

yN = z -I- kappa*(yO - z);
bbar = yN(IN)' - yN(IB)'*AF(:,IN);
gamma = bbar./sum(abs(A'));
[alpstarN, tightN] = min(gamma);
while tightN == tight

tight = tightN;
alpstar = alpstarN;
kappa = kappa d;
yN = z -I- kappa*(yO - z);
bbar = yN(IN)' - yN(IB)'*AF(:,IN);
gamma = bbar./sum(abs(A'));
[alpstarN, tightN] = min(gamma);

- 10 -
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end

d = d/2;
kappa = kappa - d;
while d > eps

yN = z + kappa*(yO - z);
bbar = yN(IN)' - yN(IB)'*AF(:,IN);
gamma = bbar./sum(abs(A'));
[alpstarN, tightN] = min(gamma);
if alpstarN > alpstar & tightN == tight

d = d/2;
kappa = kappa + d;
alpstar = alpstarN;

else

d = d/2;
kappa = kappa - d;

end

end

fprintf('T = ');
for i =l:n-l

fprintf('[%4.2f, %4.2f] X yN(i) - alpstar, yN(i) + alpstar);
end

fprintf('[%4.2f, %4.2f]', yN(n) - alpstar, yN(n) + alpstar);
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A Note on Roman Domination in Steinhaus Graphs

Daekeun Lim

Abstract

Roman dominating function on a graph G — (V,E) is a function f : V ^
{0,1,2} satisfying the condition that every vertex u for which f{u) = 0 is ad
jacent to at least one vertex v for which f{v) = 2. The weight of a Roman
dominating function is the value /(V) = YlveV minimum weight
of a Roman dominating function on a graph G is called the Roman domina
tion number of G. In this paper, we study properties of this variant of the
domination numbers for all nontrivial Steinhaus graphs.

1. Introduction

A set 5 C V{G) of a graph G is a dominating set if every vertex not in S is
adjacent to a vertex in S. The domination number of G, denoted by 7(G), is the
minimum cardinality of a dominating set. A dominatingset of G of cardinality7(G)
is called a 7-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. A Roman dominating function(RFD) on a graph
G = (V, E) is a function / : y —^ {0,1,2} satisfying the condition that every vertex
u for which f{u) = 0 is adjacent to at least one vertex v for which f{v) = 2. The
weightof a Roman dominating function is the value /(V) = /(^)- The minimum
weight of a Roman dominating function on a graph G is called the Roman domination
number of G denoted by 7fl(G).

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

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

string
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(a) u is an isolate of S.

(b) there exits a vertex v G V —S for which N{v) HS = {u}.

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

Proposition 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.

A Steinhaus graph G is a labeled graph G of order n whose adjacency matrix
A(G) = (ajj) satisfy the Steinhaus property : Oij = fli-ij-i + (mod 2) for
each I < i < j < n. It is easy to see that a Steinhaus graph G is completely
determined by the first row of the adjacency matrix A{G). The triangle {(ii,j)2<i<j<n
in A(G) is called the Steinhaus triangleof G and the first row {aij) for j = 1,2, •••, n
in the adjacency matrix A{G) is called the generating string of G. So, G is generated
by the first row (which is the generating string) in the Steinhaus triangle. It is obvious
that there are exactly 2"~^ Steinhaus graphs of order n. The vertices of a Steinhaus
graph are usually labelled by their corresponding row numbers. In Figure 1, the
Steinhaus graph generated by 00110110 is pictured. For given a Steinhaus graph G
with generating string T = ai,iai,2 ••*ai,n, the partner of G, P(G), is the Steinhaus
graph with the generating string •**ai,n- 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 asked if there were Steinhaus triangles containing the same number of
zeros and ones and Harborth [3] 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.

In this paper, [xj is the floor of x and fx] is the ceiling of x.

2. Smsdl Roman domination numbers in Steinhaus graphs

In this section, we will give a characterization of Steinhaus graphs with small
Roman domination numbers. For this purpose, we introduce some notation and a
few propositions from [1].

For a graph G = {V, E), let f : V ^ {0,1,2}, and let (Vq, Vi, 14) be the ordered
partition of V induced by /, where Vi = {v e 1^1/(1;) = for i = 0,1,2. Note that
there exists a 1 —1 correspondence between the functions / : F —> {0,1,2} and the
ordered partitions (Vq, Vj,14) of V. Thus we can write / = (14, Vj, 14)-

14
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Therefore, a RDF on graph G can bedefined as a function / = (Vq, Vi, V2) satisfy
ing the condition that V2 ^0, where >- means that the set V2 dominates the set Vq,
i.e. Vo Q The weight of a RDF / is f{V) = Evev = 21^21 + 1^1. We say
that a function / = (Vq, Vi, V2) is a 7ij—function if it is an RDF and f{V) = Jr{G).

Proposition 2. 1 For any graphs G, 7(G) < ^r{G) < 27(G).

Proposition 2. 2 Let f = (Vo> ^2) be any 'yn—function for G. Then
(1) G[Vi] has maximum degree 1.
(2) No edge of G joins Vi and V2.
(3) V2 is a ^—set ofG[Vo U V2-

Proposition 2. 3 If G is a connected graph of order n, then 7fl(G) = 7(G) •\-k if
and only if there is a vertex v of degree n —7(G).

Proposition 2. 4 If G is a connected graph of order n, then 7/?(G) = 7(G) + k if
and only if:
(1) G does not have a vertex v of degree n —7(G).
(2) either G has a vertex of degree n —7(G) —1 or G has two vertices v and w such
that |iV[u] U A''[u;] = n —7(G) 4- 2.

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 < 7(G) < n
for every graph of order n. A graph obtains 7(G) = 1 if and only if A(G) = n —1,
and it achieves the upper bound if and only if the graph is G = G is the set of
isolated vertices. Note that each isolated vertex must be in every dominating set. We
want to show that the number of Steinhaus graphs with 7(G) = 1 is exactly n.

Theorem 2. 5 The number of Steinhaus graphs with 7(G) = 1 is n.

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

0 ifj = i,k;
^i,j — ij^i otherwise.

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

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

Note that 7fi(G) > 2 if n > 3. From Theorem 2.5, we get to the following
Theorem.

15
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Theorem 2. 6 The number of Steinhaus graphs with ^r(G) =2 is n ifn>3.

Proof. Let f = (Vo, Vi, V2) be any function for G. Since 7fi(G) = 2, either
|Vi| = 2, IV2I = 0 or |Vi| = 0, IV2I = 1- Suppose that l^il = 2, IV2I = 0. Then \Vo\ = 0,
so G = K2. Therefore, it is impossible. Suppose that \Vi\ = 0, IV2I = 1- So, V2 is a
7—set. Therefore, 7(G) = 1. By Theorem 2.5, The number of Steinhaus graphs with
7r(G) = 2 is n ifn > 3. •

Theorem 2. 7 Let G be a Steinhaus graph with n > 3. Then 7r{G) =3 if and only
if G either G is K3 or A(G) = n —2.

Proof. Let f = (Vo,Ki, V2) be any jr—function for G. Since 7r{G) = 3, either
|Vi| = 3, im = 0 or\Vi\ = 1,1^2! = 1- Suppose that \Vi\ = 3, IV2I = 0. Then \Vo\ = 0,
so G = K3. Suppose that |Vi| = 1, IV2I = 1- So, V2 is a j—set of the induced subgraph
G[Vo U V2]. Say, V2 = {v}. Note that since |Vo| = n —2, the degree of v is at least
n —2. Since any vertex in Vi is not adjacent to v, A(G) = n —2. Conversely, it is
enough to assume that A(G) = n —2. Say the degree ofv is n —2. Denote that Vq is
the set of all vertices which are adjacent to v, Vi is the vertex which is not adjacent
to Vand V2 = {n}. Then f = (Vb, Ki, V2) is an RDF and f{V) = 7fi(G) = 3. •

3. Roman Steinhaus graphs

Prom Theorem 2.1 we know that for any graph G, 7r{G) < 27(G). We will say
that a graph G is a Roman graph if 7r{G) = 27(G). In this section, we seek to find
some Roman Steinhaus graphs.

Proposition 3. 1 7(P„) = Therefore, is a Roman graph if n = 3k, 3k+ 2.

Proposition 3. 2 For n>3, A(G) = n —1 if and only if 7{G) = 1 and 7r{G) = 2.
Therefore, all any graph G of order n having a vertex of degree n —1 is a Roman
graph.

Note that all graphs in Propositions 3. 1 and 3. 2 are Steinhaus graphs. Before
we seek to find another Roman Steinhaus graphs, we need the following notation and
Proposition. For arbitrary graphs G and H, we define the Cartesian product of G
and H to be the graph GOH with the vertices {(u,u)|u G G,u G H}. Two vertices
(wi,?;i) and (u2,V2) are adjacent if and only if one of the following is true: ui = U2
and vi is adjacent to V2 in H or vi = V2 and Ui is adjacent to U2 in G. If G = Pm and
H = Pn then the Cartesian product GOH is called m x n grid graph and is denoted
fiy Gm,n-

- 16 -



A Note on Roman Domination in Steinhaus Graphs

Proposition 3. 3 For the2 x n grid graph G2,n, 7^(^2,71) = n + 1.

The Steinhaus graph with 2n vertices generated by the string 01100 ••• are 2 x n
grid graph G2,n where n > 2. Also, the induced subgraph deleted by vertex 1 of
Steinhaus graph with 2n + 1 vertices generated by the string 00100 •• • are 2 x n grid
graph G2,n and is denoted by Among those Steinhaus graphs, we find Roman
graphs. Note that 7(C„) = [y].

Theorem 3. 4 For the2 x n grid graph G2,„, C?2,n a Roman graph if and only if
n is odd.

Proof. Suppose that the 2xn grid graph G2,n is a Roman graph. Since7fl(G2,n) =
n + 1, n + 1 is even. So, n is odd. Conversely, assume that n is odd. Then since

7(G2,n) is n + 1 = 2 X So, G2,n is a Roman graph. •

Theorem 3. 5 G2„ is a Roman graph if and only if n is odd.

Proof. Note that G^^^ —{1} is G2,n- ^
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fl q| HR Al^^oflA^ -^^sl-71 nfl^oll CllolEjs.

SJ-cf. ^-^1 EHR Al-§-£lfe <='12J cl^ ^51-4. -& EHR
Al^^oflA^ Al-^Sl^ :^A\ SI la-^# 7l§^S. A^S. cf^ EHR Afoloj] ^

"tjiBl#-!: ^l"§-sH "a:^ ol^<H^l£.S. S.^- HS.nell'?J ^f-g- 71-^51-4.

Abstract. Because there is no standardization and integration to Electronic Health Record

(EHR) system, it is difficult that exchange the medical treatment data about a patient between

hospitals. Specially, these phenomena become more serious in case of units those are used for the

EHR system. In this paper, We designed and made algorithms of conversion of the units in the

EHR system to the SI units, which enables to share examination information between EHR

systems. Each conversion processes of units in the EHR system have been verified using the SI

conversion algorithms. And these algorithms of the unit conversion can be also implemented to

all kinds of programming languages.

I . Ai g

>^l^^^-8: ^^|-sl-^71 ^(electronic

medical record, EMR)-i- iL4:S.

JL ^ ^

^(electronic health record, EHRl^^lsl-

^ olf-^S. f-g-sljl Al

EMR T^l^^ol eHR zl

^-B- 7>^a^
^-B-51 ^A^^oi cflf-su old- EHR

^}o]^ ^7]
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9X^ EHR illsi

^-§- ^Szi^l-ol ^ ^711

7Ao]^.

d-^ 7l^sl 31-^^011^ ^<=>]

^ 4-B-s]^ SL^ -B-<H7]-

^>4. 7ll7ll^oil acl-d-^:|

7«1"B-^1-^ -B-'H^I 41- ^ ^7l unroll

AiS. ^A>^^ol 7>^5l-7l d^A-l^ -g-d^l

S^5l-7l- ^-9L^1-4. ^^1 ^l7l#

-B-4 ^ Ai-^ jn^d S^C>1

^cii^.2.s. ^iL44. ^^^4 51^.714 44
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2^.A^ ^ ^15.712H1A^ A>-g-

siji 9X^ ^-¥-71^ ^
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^1- SI ^J-JI^^O] 7]-

^^7]] ^Cf.

II. om^ HH3

1. ^*IIB^7l|(The International System

of Units)

Z)- Sl^7l^i7.i Af-g-^l-^ 7^A|. ^

-B-^l-^ 3l).7j«5llAl 7^A\ 7^:a ^^Oll ^3|) ^All

^^1- 51-7^^ 7^7l£^

^1-^4. ^7ll^^7il<?l SI ^^<^1
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nSlHS. 71^0] El^ ^ 711E1 #S]^o]l Cfls]]

^71] ^^oll T^E}- 7]^ 1-2] ^^5-

4€- #el^W 44/"' 1948\^ ^
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44 £4 44 441- 44, -B-£, ^

1-^ 44s. ^444 ^^4431 44 44 4

4S. iT^^444.''J

2. EHR A|i6L^(Electronic Health Record

System)

4S-7^S.4:i^^^(HIS)^ W 44, 44 4

5], 44 44(0CS), 7^4 4 4^ 44 44,

44 4S. 44, 447i444{PACS), EMR

^ ^4 44 444 44 4s.7^S.4^^^1:

#444 444. ^ # EMR# 4^44 4

1-7]^4 4444# 44*^14 7)144 ''<3^11^1

44 7^7^ >^Ve)|S]- ^;5ll7]- ^7.}^^ ^
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4:^47]- 47|] 444# 4:44 7]^!- :ajL

7l-^l- # 44 4 #4 4 #4 444 4#

71^1- ## 44-i: 4#443i 44 4-§-47l-

#44 2:44ji 441- # 4# 444 514

3^4: 7]^E] 7^4-7^1- Aii^W. ^441- 4

#44 #3ll 7|7]# S]a1.^#5] ^^7]- AfefA]

^4 7]^!: 4441: #5ll #44-^^.4

444i#4 J:#41- #444 # 514^'^

EMR4 EHRS. n 41- »^47} 444#4

200344 Institute of Medicine(I0M)44#

41-4 4"# EHR4 #^144 7]-4He]-4l-

4144715. 4^4

44, 4444 7)144 ^14 47oi- ^^5 5#

4s. 7^50144 4-1:]-.

1-^, 471-4 4-§-7}# 711444 444 4
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HHR S-TrSf ¥l?l-

^

^ ^1^2)- ^l^t- ^;g xl-^-g.

^4.

<^1^ ^xHl tfl-^ ^7j-a!f

'^l ^sll- ^^§}jL;tl- 5)-
ojej o)^v^ ^€^1-71

^811 ^7^V 71#^ ^;^}-o] ^VEfloll tfl
sV 7l^I^0| o)-!^ 7)1 OjS]

^ ^olJL ol^_ om 0]7]f=^VS)

^ ^1-5: -^-g-l- ^tflb'i-^e 5}'=>1 1

-Q--s}^.

3. o|S7|^0||A1 X\^t[^

51^712^5) eHR

0):# E)]0ll:O)lAi ^

^ ^ 5)^7)^^ ^A).

A^io)lA^ A>-g.£]^

^Aj- E)lolt-ol]A^ Al-g-5)il

9X^ ^i-^1-

^ A|-g.^ ;g

^ ^7^ 800 7^4
Ai:a-«HlAi 4:g^47il4 7llgl A^Ji# 7)]S14

SHS) ^Aj-I^, 7^A\ Zlf-,

^^1 t>4, 7^4 ^4. t^44 44,

4^, 44 44 4444 4

44 4 2704 4^ ^#444.

2. l-c: SQL(structured query language)^

4 45V4 4o)Ei3. SELECT

4 4^4 4^ 4 447}-# 4-§-44 ^#4

444 4444^1 SI ^i4

44 443^^ u^ 7^4-44 444. ^1^

44444^4 7.)4441- 444^ 4

7j -i-47i 4^17}o] A-iei7} 44^hs. 4i4

7> u^ 4444 7}-§-44 77}-!, ^

2 14 44 44-i-2 4444 1444 ^

^4:A£ 7^4.4 424- 1-2^1 7>44 122

2^4. 47)4 4 7^7}.^ O] 7^A]- Aj-U] ^ ^

7> 414 2^4-71- 44 44 4^4 427)^

4 7^a} Af-g-s]^ 4412 144
17}0J ^0-o)]H A}241 I7f ;y-Hl4 ^A).

414 44 7^2 42 441^

2 1. SQL ^^2 Aj-g-sfo) '1 444 Iff.

UNIT UNIT UNIT UNIT UNIT UNIT

% U/mL mEq/day mmol/L sec umol/L

*10OVuL U/ml mlU/mL mm'"' uIU/mL X lOOOVuL

/ml CO mOsm/kg ng/dL ug/L XlaVuL

GPL unit fL mU/mL ng/mL ug/dL 4

HPF fl mg/L ng/mL/hr ug/day

INR g/dL mg/dL ng/ml ug/dl

lU/L g/day mg/day nmol/L ug/mL

lU/mL g/dl mg/dl pg ug/min

Index gm/dL min pg/mL ug/ml

S/N index mm/hr pg/ml Lll

U/L mHq/L mmHg pint umoL/L

*SQL 4^: SELRC'I' distinct unit FROM LABINFO
♦HPF": High Power Field

*INR: Intematinal Normalized Ratio
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^44 4544 ^4 445. 44 SI 44
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44 144 7l^ 4:44 445. 5441

1:4^ 44^ 544 14 RBC(red

blood cell) count4 WBC(white blood cell)

countll 441-1- -f-sfll 5- ^aI-44 11

^4 41^4 7}1^1- 44-54 15S. Af-g-

45 44 4471- 7jAi. 2:41. 441]^ HPF

(high power field)5. :^4 l5 444.

U4 lU^ S,±, ^Hjj;g .§-0^ ^Aj

1-44 41-i: 4-711155. 444 114 H

a>54^ 445. 4-^^4 5db41 ^7il ^
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514^ 1014. oi^ 41^4 411 l€-4

101-0155. 14 7141 7^11-5. 4^^ 41

1 444. ^4 19994«^] 114 SI -1^ 4

44 #°11 41£ 7ll4(kat)5.5 5444.

•4 ^^'Hll ^#4 47614 44 41

4471- ^71141 Z3011 4145. 114 4

4 44 444 454 41<='l 1501, 444

4541 414 621, 7jA|. ;g^7> 44

41 ^4 7114^ 4401 181444.

5 21 4 571447i Aj-g-sl^ ^-g- 44

8111- 44 4^1- ^ SI 444- 4544 5

414. 4, lA]-^4 ^^4 441 SI 44
5 44441 °11 ^1 144 44 44: 1
^o] 44 420.3.^ 24 511 44 4a1-1

414 144 44 44 4a1-o14, 11 14

51 141 51 44^1 4=44.

ffl. ^iia|§ ^711

44 441 I'SflA-i^ 440] x^^6\] cflsii

411- 45 47fl 447-1151 44 4511

1 7l-g-4olo]: ^4. Zl14 5.4 455 51

14 SI 44 55.^1^ ^41 4^ •& 4^

^ 11 71-1 44 4-5111 oi.g-4^4. ^

1, Institute for Algorithmic MedicineoflA-l 4
5|45 4^ The Medical Algorithms Project

4 Ch. 404 C110114- 4f^ 1471-51- 44

55 45 7144 lAf 414- Table

Mapping44 4444. #1, 44 471-1 4
-g-4^ 44 44 4-5111 Af^^H

44. 7ji;5<ll, 411 1-41 44 45111

22



S]s. 712H14 Af-g-Sl^ ^-g- SI ^^5-Sl oHI.

% 0.01

/ L 106

g/mg crealinine 609

g N/dL 0.71.

g N?I3/dL 0.58'

g/24h 2.76

g/d 4.42

g/dL 10

g/g feces 1.5

g/mg crealinine 1.13(

g/L 3.01

g/mg crealinine 738

g/mL 2.6

g/mL 0.0i:

rU/mL 6.94i

Babson units per L ,
al 37t ^
Bessey-Ij)wry-Brock
unils per L al 37°C

beaUi/min 1

BOX

unils/ml. al 2512

unila/mL at 3012

0.0167

0.482

1

0.06206

moi/mol

/L

mol/mol crealinine

mol N/L

mol NH3/L

nmol/d

mol/d

nmol/g feces

nmul/nird crealinine

nmo!/L

mol/mol

crealinine

mol/L

mmol/L

pmol/L

U/L al 37"C

Ctxiventional Units

cubic microns

days

ftnol/mg pn)tein

g/24h

g/5h

g/day

g/dL

g/dL

hrs

King Armstrong
unils/dL

I

MBq

mEci/24h

U/L al 37'C(nkal/L) ||mg/g crealinine

beala/min

cenlipoise

m

copies/mL

nmol/L

A.

U/h

U/d

U/L

Kat/L

kU/L

g/d

mg/L

gA.

lU/mL

mol/L

U

U/L at 2512

U/L al 3012

y

fmol/cell

mg/24h

mg/d

mg/dL

mg/g crealinine

mg/kg/24h

mg/Iv

mg/mL

mlU/mL

ml

ml/Day

ml/dl

ml/min

mL/min/1.73 m^

mmHg

mm/hr

mmol/D

mmol/1

mU/mL

nEq/L

ng/dL

ng/mL

ng/mLAi

nmol/min/mL
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Factor fcf
Convoson

SI Units

fL

nmol/kg protein

mmol/d

mmol/5h

g/d

gA.

mmol/L

h

L

Ci

mmol/d

mmol/h

mmol/mol realinine

mol/d

mg/d

mol/L

mol/mol realinine

mol/kgA

mol/L

g/L

lU/L

mL

mL/d

mg/ml

mL/min

mL/sec-m"

kPa

mm/h

mmoL''d

mmol/L

lU/L

nmol/L

ng/L

g/L

g/Lh

U/L
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& Conventional Units*4|'^i SI ^-§-
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The Medical Algorithms Project^)

^ °l;^I#4 SI ati]ji 21-g- vi-^l-l-^

Ello]-"--^ "''l^droll'H 4-§-3)-fe

^d4 ^ii'^l'^i tc|-£|- "11^ ^stii

^IMr

^I^EllomTr -d:^! ^J}

1-elollA-I Dflig nlol^^ o]^--^} cv^l aj-

SQL •^^^-1- <^]-g-s}

oi SI

^V-g- ^3:^1^51

^1:^1 ?l^sl ^].o|^ ^.S,^ t4|
nl-u]- Aj^o] o^jre]^^ -l-E^fil- ^

^m-i: -aj-^iT. 4-i- a

3-g- sili^t 7]^^ 7^a\ «j-soil

2. =s

•d:^! ^^51-jiAl- 5]-^ tV^#

-al-^ ^oic}. id-^l^ 7]-^J- ^

^lafTil 71:^23- -^o^s. ^If-

^uf. ^^21- ^]:4']4o]s] ^

•g: c] 4^av

514. HL4 444 Vl

44 444 44-i-4 444^5. ^444
^l:iL 44. 444 441-4 44 44^ 4

44 i 4ital-fe 44^ s:i°l 444^4 al

1 44 5l7l-# 444. <=144 44

^dl4, 444 44 444 441 4

4 1 ^-1 41°11 4 all 1^44.

444 44 4<='14 44°ll 4-S.4 44 4

711- 44 aflig- ^42] 44444?ll

41^-11 44# A].Olo] 0l.g-5|.O^

44 471-# 711444 -la!l^4 afl4 44^

i£ :i 2lii y]-y}9] AjAf 4#0l| Uf# I7l]ijl -^2: Eflol-u.

ONAME

Numl>er of si'xjrm

AKAluminiuin)

Cu(Copper)
Ammonia

PLT

F02

PSA

Fr(%)

PTH-Inlact

Phospholipid

Phosphomsfs)

Poly-Diff

Pro-BNP

Proiactin

Protein C

Protein S

Protein(24hr's urine)

MACHNAME

Sperm count

Platelet Count

Oxygen partial pressure P02

Hcmcit(x:rit

Parathyroid hormone (PTli)

Hematocrit

Proiactin

Protein C

Protein S

Protein, total
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MappingTable

MappingTable

PrefixMethod

MappingTable

MappingTable

PrefixMethod

PrefixMethod
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PrefixMethod

MappingTable

MappingTable

MappingTable
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2J:1- ^ SI4.

aai- aas-^-a -^ssfe

aaaa aa-s- m (i)oii a^ti as 7iaai

aas- smaa aasfe a« a^).#

^ sia. a-a-a aasi-ji^)- si-fe aa

a®a aaa a aaoiife a (2)a a^i^i-

4 aa ?i4i- 4°ia aTiia

(3)°ii aisi) Tfl-a-si'H a® Tii-a-tt

T sia. °i-i- aa aaa "i^-oiaTii

aa. °i7Ha ,,a qfi aasi-ji^ sfe a
a 2) 44 aai aaa si aa

aiaa a* aaaa. /,4 /^a- aiasia a
a7i SI aaa aaaa aa a^na.""

% ' fs=Qs = Qd • Id

Qd = Q.-, '

/g factoriunitg)
f,i factor{unit^)

(1)

(2)

(3)

3.

^ 4-§-^4. ®1 4

^91 ^4. 44

4 1-4^4 #44 444=44 #4
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^ #4 4 4^ 44 44 44 ^•%-

4# 4^ ##44 44 44, 44-4 44
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jL #4#4 444 4# 444 ^1444 4

4# 44# #4^1 44.
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SIfactor = •{mol) (4)
44# #4#

NonSIfactor= 44# iE-##4#(.9) (5)

IV. 5! :iiW

# 4#44 #44 SI 44# 4

# 44 44 4314## 44# sl# 44 #

4 #4# XW# 4# 444. #^1 #44

4 ^^\-%-^\jL 4# EHR 4###

#4 tfl4## 44 #.a-# ;H1443i SQL

## 4#44 «Jj4 4^1- 7144 EHR
#4 44431 Ai-g-siji 7j

4 ^ ^#4 #44 7jAf 4:4

4 ##<^1 #4 ## #314## #44

44. 3i4ji 45.#i4 ##'='11 Ai-g-s)^

XMLCextensible marioip language) 4## 45.

44:4 ### #E11^ ##44 444 44

44 4## 4®<943i 5l]# 4^ 7]4o|1a^ A]~g-

#4 XSL(extensible stylesheet language) ^^^4
O^AjES. 0].g-§|.4 olfAj^ #4## 4#

4^4 31# 14 31# 2# XSL ^Ef^AjE^

4# 444 #4 ^4 ##'H] tfl# #444.

31# 1# 4# 44## 4## 44 44

#44 #45. 4'H14-^Ei 5}]#- 4^ 7i4«iil

4 4#44 445 ^31 ## #4

XML4#, SI 445. #44 #4 #5.4

XML 44, 444 ## ## ### 45 7]

44)4 4#4# 4# 444 7^4

XML44# 44'^1 #54 -^4# ##44
#Aioi] 5}0)4..

31# 2# #4# #### '=']#4 44 44

#44 #45 5)1# #7.}oi]4 444317]-#

#4 ## 4#=5i4 SI 445 4445 4# 4
Ai 4##^ #4^^ 5.4#4.

# 4## #®J4# 47jiAi ^ 71-4
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I YLCOS I ^Graso _ 07
[yLC09 ITotalBihnim 22
fYl^iZ i A^CGOi;) '""^.0
FHcT's7'alt(gft)''' [1^6

YLC08 ^Cu(Copper)-^
I YLC09 A](A]uminium) 3!
I YLC12 Ainmoma 27

SAfSS 3Af§Df H/L SUfXi mmE/'S

YLC08 ^"C^WcO-Vj
YLC09 I Al(Alumin:um) | 0.1223058 umol/L
in-C12 Ammonia [ 15.85383 umoli

YLC08 Cu(Coppor)-?

YLC09 {Al(Alum^um) | 3.3
^1^12 {Ammonia I 270

01539

14.67947

22.03118 I B6

020050741 B6
46.9743 f"B6

2. ^^^2] :i4.

4a7l4o|]A^ Af^Sl^ cV^7f SI

444 441:4 4-g-4fe ^44 4-4

^ 444a^:ii, SI 444 44451 444 4

4i44 444 -^444 4-g-444 44-Q-4

4 443H Af-g-s]^ ^^7}

45i4. 444 444 4444-S 4

71144 ^11 7.l~§-4^ 44:£ 4-^ 444$i

4. ^4 44 44<^1 4-€- 44#44
7^A). Bllol^oll 7l^3|-£^ 44 514 A^g-

44 7]]^4 ^ 4^ -^4 ®J-4-

44:^ 4S- 4^ 44^ ^ ^5^4.

4- 44444 SI 4444 4444 4

41-4 44 4^ 7144 444 ^1144 Ai-g-
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#B|(^A|S = 2.^^A|D^|ai^•J|y^E^|oJ)o|

Synthesis and Characterization of
Poly(oxyfluorenoxymethylphenylsilane)

Eun Ae Jung and Young Tae Park*

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

3. Bichloromethylphenylsilane( I )•§• diethylaminej^ -r- chlorine

diethylamine ^-§-7lS. S.^ bis(diethylamino)methylphenylsilane(n) S}-^

2,7-dihydroxy-9H-fIuorene-9-onej'l-

^•5-1: -^7) poly(oxyfIuorenoxymethylphenylsilane)(in)-i: ^
3.^7]- THF CHCb -§-^1

^ 5a5i4. 'H-NMR, '̂ C-NMR, ®Si-NMR 3]3.^
^ ^ UV-VIS 258 nmo\]^^ ^cfl oH- ^
^ 313.71- al^4

^ ^ al^;<l-3l ^#3}-^ 270 nm<^l)^i 260 nm^l ^
tfl 0)7]- :i«lE^(H]x-l^ 420 ^cfl "J-# ^7} ^

cfl7] sHl^i 500 7}<i-^ njj Y-7|]S] 93%7> <^d\] Cfl^

Abstract. Bis(diethylcimino)methylphenylsilane( n) was synthesized by the substitution reaction

of bichIoromethylphenyisiiane( I ) with diethylamine. A new silicon-containing polymeric material

of poly(oxyfluorenoxymethylphenylsilane)(lII) was prepared by the melt copolymerization of

bis(diethylamino)methylphenylsilane( n) with 2,7-dihydroxy-9H-fluorene-9-one. The obtained polymer

is soluble in usual organic solvents such as THF and CHCb, and the average molecular weight

is turned out to be Mw of 12388 with polydispersity Mu/Mn of 1.04. The prepared material was

fully characterized by 'H-NMR, '"^C-NMR, and ^Si-NMR along with IR spectroscopies. The
electronic properties of the fluorescent polymer spectra show that excitation band is observed at

270 nm and emission band at 420 nm in THF. About 93% of the initial polymer weight remained

at 500 "C in nitrogen atmosphere.

I . Al S ^o] ^711 ^^oluK

1428.08,

nT^Oilicon)^ IVA(^^ 14) W=>] 1.64 A, 293iJH7f 2.33 g/citf,
.oil T^l^Aj-oijA-l 1410 r, 2355 V9l
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1824\1 Berzelius7l-

JL^l^] HC14^

Tf-^ -T-'^

SiCL,-i- 1857\i! ^^^^1 Wohler^
iT^sf 41^ ^ 7l-<ie>iaAi HCl7l^ll-

-f-3]-Al?^A^ trichlorosilane-a ^

HSiClsl- Tfl^sf^cll ol$}- :§-

^^-i- ^1-g-^U ^tj-.'"'̂ 1860>d^ Friedd
a!)- d]^o] Crafts^ tdrachlcrcQlanedl didhyiamine

^ ^-S-Al?^ Al^ ^

^^91 (C2H5)4Si^

1945V1 n]^o| Rochowfe

-^7] Cu #°11 sHl^i tl:

^-5-—5. methylchlorosilane-i"

t- ^ 7]-^

f-^M ^ 4#^) 7m#^ol ^74:4

4^5. •aSl'^44 silicone#

"Jl:!- ^ sl5i44

1978\1<=>I1 Y^imadl 5]s)l ^e]-g-

(SiC)>^W^^ ^S-S. Al-g-s]^ polysilane^
<iA^Sl4^ 4AjoflA^

#Bl4-^'^?]:(polycarbosilane)^S.

:±:^ Y^jima Process7l- ^jls]^a^ #el4^

^^4^1 -^71741 ul^Afl-^oi] <aY7f
#711- tt]7ll 44^ "^11- 1-^, 1987

Hi 71)144 Chen11#4 Weber3.-i-^

-^7)741 J1S]W#«^1] 4)4 -§-4-^ 7m ^

^ 4-s-^ ^^.4^-9.4 A)^47] 7m

4-5-4 d1]7>4#2|- ol-i-o] ^^.oii

4Y71- 4«54:n. 4i44«

20034^1 43^4 West4 1-4

4-3#4- 47) 4€- ^"11 sHjAi 4^4i 4-§-

^ 48544 ^44 l-44^4:-i- ^^^4^4'

^P4i44 ^44A-1^ 444 -^7)4

4444 44^544 7]-^5il^^s.4 4 €^4 4
iT4i44i7l- #^4 Afls.^ Y-71

Ji^Ai- 0^74. ^^7]|SAi4 #-§-

4 3.7]] 4444 7|-ji 4^5443'^''' Tf
^4^71- £44 -^7)7^ jL^Aj- 44#4

polysiloxaneCy^ silicone)-c: 4)44,

4^4, 47)44 444 ^ 444

l:l-4 -i- ^^4 4-4-^5. 44) 444-9.5.

^^4 ^-§-4^ 44.''

474fe 44 7)-a) 77)7^ 441-4 4

-§"i- -f44 444 -^7)7^ Jil-A)-l-^l-4

4^71)5., 7))4447l), Afls]-^ ^£^1 ^

a)-7))^, Ei)<a: ^A), ZL^JI ^e)s J7.^ = >y.

44 Aj 1-44

^ 4Y4Ai^ A})£^ 77) 74: 441-4

bis(diethylamino)methylphenylsilane( n)^ 4"^^

4^, 2,7-dihydroxy-9H-fluorene-9-one44 -§-

-e-^^4 4-5"i- 48544 methylphenylsilane

-i: i44^ All £7 -^7) 7^ jl^Al-o] poly

(oxyfluorenloxymethylphenylsilane)( III)^ 44

4:il7l- 44.

444^ 444 441-4 444 444

^47)7)5. 7^1-41- 44 Y-3:# >^44

4 A^ 4:^71- 4:1:)-.

II . ^ ^

1. Mm

4 4447i a].75V a1^7 AldrichAl-4 ^•

4 447 Aj7il4<^ 7i..§-el-^£i^, 51-2^ 7)^1

^ 7^^)44 a5751^ 99.999% 44 3^3^

41- 7444 4^41 W44 4 a>1-51-^

3, -§-nl)-b Baker4 47 Af-g-el^i:)-.

#4145.4 AidrichAl-4 didilarDmethylpheny-
Isilaned)# 7444 AjAHefAl ^ji zLi:l)5.

A]-§-44—4, diethylamine-c: KOHl- 444
^3 ^7 4^ ^oi) 7^744 a1-§-45J4. -§-
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"11hexane^ <=>l-^-5- c}|7] sHl'H sodium

^ benzophenone^ ^1?1 ^

<^1 4-g-^l-^4.

^ Af-g-^ 7]7]^ cf-g-o!}. :y-i:|..

UV-Vis HP-8453E1-

JR Bruker IPS 48 a]-

-§-^H 'H-NMR^ Bruker AVANCE

400 -§-"11^^ CDCI3

THF-dgl- '•''C-NMR

Bruker AVANCE 400 Varian

UnitylNOVA 600 4-§-^l-<^

El) j1^1>^Ve1|o11a^ <^<^JI^ 295j_j^j^

^^•c: Varian UnitylNOVA 500 Varian

UnitylNOVA 600 ^^J-Tlll- Aj-g-^H

Ell :ii^l^i-Ell«^lA-l <^^4.

Mass Hewlett Packard 5971A MSD#

4-g-^H 70eV<HlAi ^lA}#

^ ^^^^1-71 ^s|l A}-g-

t!: ^ HS."l-SaEll3il(GPC)^ Waters

1525 ^5., Waters Styragei HR 3 ^2)

Ji 40'C<^1^-151 ^;gl- ^#715.

Breeze Af-g-el-^i:]-. gPC

-§-"11^ THFl- flow rate^ 0.3

mL/min<^lal polystyrene (Mp =
474, 2950, 9650, 18600)-!- ^l-§-s>^c]-.

Ell ^ spex

Fluorolog 3-11 ^^^£.7l)-i- Aj-g-isl-o^

^1-^4. ^-¥-711 ^4-8: Shimadzu TGA-60!:

4^44 ^^^<^14 500 r 44 lOC/min^ •&

J£l- #4^^4 tfl7l ^Ha-]

flow rate- 20 cmVmin).

2. Bis(diethylamino)methylphenylsilane

1000mL #4^30)1 v^z]-7l4 444:"11

711- ^44^, aI-4^7111- oj-a^ 714

44 444 4^44 -§-71 4-T-4 #4
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1- 4444. 4714 4^^ 441- 4# ^^]

^^4 hexane(150mL)4 diethylamine 33.4

g(0.46mol)-i- ^^4. :i2)ji 44 ^47l4fe-

dichloromethylphenylsilane 19.1g(0.10mol)-i- ^

Ji ice bath44 -BrS-# ^ 444 4

4444. ®1 ^4#^ ^911144^4 4
^47]j7, ^oj. c^3yt}c^ ^ojoii 44^ ^

41-^ 444:ii 44 444 44W ^44

44. 44# 4# ##44 -§-41- 444 #4

44 44 #4 44 444 ##4

44"i- bis(diethylamino)methylphenylsilane( I)

144g(#41:, 55%)# 4514 bp: 98 TC/l.l

mmHg, 'H-NMR(400MHz, CDCI3): <5 0.39(s,
3H), 1.06(t, J=7Hz, 12H), 2.96(q, J=7Hz, 8H),

7.40~7.66(m, 5H); 't-NMR(100 MHz, CDCI3):
8 -2.20, 15.0, 39.2, 127.4, 128.6, 134.5, 139.6;

®Si-NMR(99MHz, CDCI3): 8 -30.74 ; IR
(KBr disk): 1/ 3067, 2963, 2863(vc-h), 1342,

1253, 1203(1/si-c). 1173, 1107, 1057(i/c-n).

928(i/si-N), 787, 722 cm"'; MS: m/z (relative
intensity) 264(]Vr, 3), 249(Vr -CH3, 2),

235(2), 219(2), 192(M^ -NEts, 4), 178(2), 164(3),

150(6), 131(2), 120(M* -2(NEt2), 3), 105(6),

95(3), 72(8), 58(16), 44(Si-CH4; 100), 28(77).

3. Poly(oxyfluorenoxymethylphenylsjlane)

(111)21

50mL #u-44#4:i34 ^^4711- #44

1-^ ^^44 -g-71 qi^4 #711- 3.^

47^44. 47)4 4^# 7141 #21#44

bis(diethylamino)methylphenylsilane 39.67 mg

(150mmDl)4 2,7-dihydroxy-9H-fluorene-9-one

32.1mg(150mmol)# ^#4 4# #4#<^1

1-4 4# #4:ia4 -8:H# 130 r 5. 7pi

4471# 4 #44 7]-<isi^A^ 1241 -g-i

4#44:ii, 44 200 US 341 4#44 %

4#4-2.s. 260r44 2041 ^9} 4#4?1



14. €Vi

THFS. t'"?1 ^ methanolS 4i
-a«-e)S- W. sV
f-a- cf)7| sl+ ?!2Al?! * ?!^5-
JioflT.! loots 3°d «-°J: 7lii!-i:#«:

polyCoxyfluorenoxy-

methylphenylsilane){ n) 35mg(^^#, 72%)-s
'H-NMR(400 MHz, THF-dg): S 0.10

(s, 3H), 7.10~7.38(m, IIH); '̂ C-NMR
(150MHz, CP-MAS): S 0.13, 128.21, 133.73,
153.08 ; •'®Si-NMR(119MHz, CP-MAS): S
-33.57 ; IR : 1/ 3062. 2965, 1712, 1587, 1432,
1259, 1124, 1015( i/si-o), 769, 724, 692;
UV-Vis(THF): nm( e): 258 (4.3X10^
M"'cm'') ; (excitation) ^S|:e^ji]-
^ ^*l3'#(emission) rLe]ja tfl
7l TGA

Scheme 1

CH3

1
C1 Si C1 + 4HNEt2

I
CeHs

I

Hexane

ffl. 14 94

ncWcitTrethylphenylalans(I)^ dethylanine^
-^711^ chlorine ^-§-71# dethylamne

3]--g-7lS. 55%^
bis(cliethylamino)rrethylphenylsilane( ID

4W-i- Scheme 1).yS

n^l 'H-NMR

Figure 1<^1

IH-NMR CHs^
37]- 0.25ppmollx^ S., CHzCHa^ CH3
^4i5i]37V 0.93ppm<4lx-) CH2^1
4=-rfc3l37V 2.ffippm®llxi

Iie]3 CfiHs^l ^±313^ 7.25-7.51 a]-
o]6[]A] 4^7^5l3^
Aj 3: 12: 8: 5S.

W# ns]- 'a ^14^4.

CH3

Et2N Si NEt2 + 2HClNEt2|f
C6H5

n(55%)

fil Isil

Figure 1 'H NMR Spectrum of compound n.
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n^] '^C-NMR

Figure 2«^1 ^^1- n^

'•"^C-NMR CH3<H1 ^Itl: ^V^^rla?]-
-2.25ppmoil^i, CHaCHs^ CH;^<^1 i^Visi]
£L7l- 14.93ppm<^l]^i CH2<^1 fl:^3]a7}-

38.88ppm<^l2]-z|- ^^£]5iJL 5il^7jo)l o]

?!: 3]3.^ 120-140 M-Ef^4.

n^l ®Si-NMR ^«jee:joi]A^

•b TiPii ^]37} -30.74 ppm<=^] ^i ^#S]^uf

(Figure 3).

W# n^l Figure
4011 q-E^-mo^uf.

C-H^] ^-^^>11 ^^^7} 3067cm*'

oflA-] ^ xjuj-

^ C-H^ 2963cm"m^i z]-z]- M-

^ C-N^

1057cm"'o)l^i

1- ^ 514. o] ^^oi)A^

7}^^ ^4^51 Si-N 4t!-

^^tt)7l- 928 cm"'<^14 444:ii 51^^ ^51

t ^ 51^4.

Figure 5°ll 44sH ^4 ^4-^^44

^ ^4 £°|- ol^(ivr)oi) /7j^ ^o]

26444 44!d-^4, M^-CH34 444^ £

4 4^^ 249, M*-NEt24 444^ £4 4

192 nej:^ lvr-(NEt2)24 444^ £4

Figure 2 '"^C NMR Spectrum of compound D,

{ •

Figure 3. "'Si-NMR spectrum of compound D.
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Figure 4. IR spectrum of compound n.

Scan 151B^110 min): 040S2S:0

An
;! in

n

i »

180 iflio' i^o 2to iW "2^" ato" "iitd" "W ih)"m«»eo70 8Qeoioo ilo im lao i4o iso ite iro •

210 235 249 2M

Figure 5. MS spectrum of compound 0.

^ 7ll^ diethylamine xl\4 -^7]Tf

^ bis(diethyIamino)methylphenylsilane

phenylsilane)(ffl)-i- 72%^]

<^11-^] Scheme 2oIl 4^1-1415^4.

W# ni4 IH-NMR

(ED# 2,7-dihydroxy-9H-fluoraTe-9-one ^l-§-4 Figure 6*41 441415^4 4^# 1114

4 ## ^44## 4«<944

-^7] ji#4 poly(oxyfluorenoxymethyl-

Scheme 2

CH3

Et2N—Si NEt2 + HO

I
CcHe

n

'H-NMR #4Ji4, CE434 4^4i4
3.7} 0.10ppm44 444 ^ 9X^3, phenyl

Mdt copolymrrbalioa

- 2 (C,II.),NH

in(72%)
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fluorene^ ^4i3)H7]- 7.10-7.38ppm<^l MAS NMR^ Figure 7<>1] M-eI-

W# ms] i^c-nmR ^

Wl- m^ Jl^l CP- sj.a.'g, CHa'̂ ll ^^^3.7} 0.13ppm<^l^i,

HaO

\
THF

\

J\ K.

Figure 6. 'H-NMR spectrum of compound III.

Br

3 i

if'

\

Figure 7. CP-MAS NMR spectrum of compound HI.

TMF

J^-_-

-so Vixa

.i'i c'i 'i'6' o'i .1

Figure 8. ^Si CP-MAS NMR spectrum of compound IH.
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^±^3.7} 120.21 ~150ppm a}o1

*=>11^1 broad^l-^1 i--1-e)-^c|-.

Sl-W m^l -^Si-NMR 2:i^.E3joil

^ ^37} -33.57ppm<^ll^i

(Figure 8).

ae]3i W# ms]

^ Figure 9«=^1 m^l

^ C-H^

3062cin"'<^l>^i 4

El-4^ ^ C-H

^ ^^^7} 2965cm-MlAi

444-i: 44 ^ ^ 44. :i4:n. o] ^

^<^114 444 44 § 444

Si-0 4444^1] 44 1^441015cm''^14

44431 44 4 ^ 444.

iL^jL f-44 31^4 #4 ffl^l ^44^

44^71 444 1 :f-4 £LS.4£:iefl^

(GPC) #4-1: 4^4 Polystyrene!: S.^%

4^ 4<=^ THFCHPLC-g-, Aldrich)o)l 4

44 44 Mw^ 1Z388^ ^El3i MwA4n4

1.045. 4444

444 441- ms] uv-Vis ^^'5.4!:

THF 4-Dfl ^-^Hl 258 nm4 44-^14 1-^44

^(£)7l- 4.3xl04]Vr'cm'^4 4^4] 1-^41-

^4 (Figure 10).

^4^- 3^7} #4 m4 44- ^^^114^114 #

^i-Bl)(exdtation) 4#44-®l 420

nmoUx^ 260 nm4 44 ^4^471- 4444 4

444#(emission) 1-^ 44

4 270nrn'=^ 4 420nm44 44 4-#47]- 4

#45i4(Figure 11).

f-44 3i4x|- #4 in4 ^4 444!-

I015

2000

X/Vavon Ljm to ©r( cm*^ )

Figure 9. IR spectrum of compound ID.

Wav/^el e ncittn

Figure 10. UV-Vis spectrum of compound ID.
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<u
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1oo so o

Wave Iength (n m )

Figure 11. Excitation and emission spectra of compound IB.

Temperature CC)

Figure 12. TGA thermogram of polymer IB in nitrogen.

4-^.71 ^40^ tfl7l4 ^

4^4. 31^4 1-^ msl 1^%!=

Figure 12°11 44M144. 31^4 #

4 in4 TGA ^

JE.# ^-8r<^14-TE-1 ^7M^

<>11 44 2(X)r44 -¥-7114 ^4 ^4

4-^4 4 ^ 5001C44 4-e- ^44 44

7%4 4^4^4 (Figure 12).

IV

nchloromethylphenylsilane( I )-§• diethylarrrine

4 45-44 ^ 7114 ciilorine 4-§-7l^ diethylanine

4-B-71S. 4444^-^4 -6-7177^ 4f-

"i" bis(diethylamino)methylphenylsilane( 11 )#

f-445J4. ^54^ 44 ^is. 44

2,7-dihydroxy-9H-fluorene-9--aTe4

4«J44 4s.-Sr ^Ei]4 -^71 7?-^ J7-S-

44 poly(oxyfluorenoxymethylphenylsilane) (IB)

^ ^44^4.

^^44 :ii^4 ^'4^ THF CHCI3 -5-4

44491 47l-g-44 -§-414^^.4, ^4^ #

44 44 Mw^ 12388 ^ 1.04^ 4

4 4^44. 'H-NMR, '̂ C-NMR, ®Si-NMR
444^.7)- 4fe 43.1- 44

a.^ 444 ^ 9X9X^4, 44^

^^44^ 4444 Ar-CH, -CH, Si-0 -^4

44 4-g-oll 44 437f 444-^5-4

37 -



10

^

:ii€-^]-^l 1-^ ^sjEEj-g.
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3. Of. (^e^7lo]3f)oll 2^, (Cladothela parua)
ssf (Cladothela unciinsignita)%

Abstract. Two spider species of the genus Cladothela (Gnaphosidae), Cladothela parva Kamura,

1991 and Cladothela unciinsignita (Rosenberg and Strand, 1906), are reported with illustrations as

new records to the Korean spider fauna.

Introduction

The genus Cladothela was erected by

Kishida designating C. boninensis as the

type in 1928 (Kamura, 1991; Paik, 1992).

Since that time, three remarkable generic

characters, which are a large spine on

retrolateral side of male palpal femur, tnodianta-

of legs without ventral notch and cheliceral

retromargin without tooth, have been added

by Kamura (1991).

The members of this genus are only nine

species and have been reported from China,

Japan and Korea (Palearctic region)

(Platnick, 2(X)8), and two species, C.

oculinotata (BOsenberg & Strand, 1906) and

C. tortiembola Paik, 1992, were recorded

from Korea (Paik, 1992). In this paper, the

author described two species of Cladothela
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C parva Kamura, 1991 and C. unciinsignita

(Rosenberg and Strand, 1906), from Isl.

UUeung, Gyeongsangbuk-do as new records

to the korean spider fauna. The materials

examined are deposited in the collection of

Department of Biology, Keimyung University.

Description

Family Gnaphosidae Pocock, 1898

(^nus Cladothela Kishida, 1928

Cladolhela parva Kamura, 1991 (Figs. 1-4)

Cladothela parva Kamura, 1991, p. 57, figs.

37-43; Zhang, Song and Zhu, 2002, p. 17,

figs. 1-5; Zhang, Yin and Bao, 2004, p. 83,

figs. 9-16; Song, Zhu and Zhang, 2(X)4, p.

42, figs. 21A-F.

Mat^al examined. 1$, 1-?^, Taeha-dong
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(Ulleung-gun), 12 Nov. 2005 (C. W. Lee).

Description. Male: Carapace oval and

reddish brown; black reticulated striae

radiate from a short line-shaped median

furrow; the index 77. Cephalic width index

52. Clypeus height the same to diameter

of anterior median eyes. In dorsal view

anterior eye row recurved slightly and

posterior eye row procurved slightly. Eye

row index 87. Eye area index 53. Eye

ratio, anterior lateral eye = posterior

median eye > anterior median eye >

posterior lateral eye (5 : 4.5 : 4). Anterior

median eyes separated by one third of

their diameter, nearly contiguous from the

laterals. Posterior median eyes contiguous

each other and separated by 0.4 times of

their diameter from the laterals. Anterior

and posterior lateral eyes separated by

0.4 times of diameter of anterior lateral

eyes. Median ocular quadrangle, height >

posterior side > anterior side (12 : 11 :

9.5). Chelicerae with two small promarginal

teeth. Sternum and labium reddish brown;

the index 76 and 80, respectively. Legs

yellowish brown; ventrodistal parts of

metatarsi III and IV with black long

hairs instead of preening comb. Leg

formula 4123. Leg formular index 100 :

91 : 81 : 119. Leg I/c 2.41. Fem. Vc 0.71.

Tib I/c 0.52. Met I/c 0.39. Met. I/tar. I

1.04. Met. IV/tar. IV 1.62. Fem. I 1/d 2.75.

Tib. I 1/d 3.20. Pat. I+tib. Vc 0.94. Leg

spination pattern: femora: I and II dl-1,

pO-O-l; III dl-1-0, pO-1-1, rO-l-l; IV

dl-1-0, rO-0-1; tibiae: III dl-0, pl-1-1.
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rl-1-1, v2(l)-2-2; IV d2-2. pl-1, rl-1,

v2-2-2; metatarsi: I v2(l)-l, 11 v2-2; III

dl-0, pl-1-1, rl-1-1, v2-0; IV dl-0-1,

pi-2-2, rl-2-2, vl-1. Abdomen dark

brown with two pairs of elongate sigilla;

the index 66. Palpal organ with long

embolus on prolateral part of bulb;

conductor large, sclerotized and twisted

(Figs. 1-2).

Female: Carapace index 76. Cephalic

width index 58. Clypeus height 0.6 times

of the diameter of anterior median eyes.

Eye row index 89. Eye area index 49.

Eye ratio, posterior median eye = anterior

lateral eye > anterior median eye = posterior

lateral eye (6 : 5). Anterior median eyes

separated by 0.4 times of their diameter,

nearly contiguous from the laterals.

Posterior median eyes contiguous each

other and separated by one fourth of

their diameter from the laterals. Anterior

and posterior lateral eyes separated by

one third of diameter of anterior lateral

eyes. Median ocular quadrangle, height >

posterior side > anterior side (14 : 12 :

11). Posterior median eyes oval. Chelicerae

with three small promarginal teeth and

without retromarginal tooth. Sternum and

labium index 76 and 83, respectively.

Legs; black long hairs ventrodistally on

metatarsi III and IV. Leg formula 4123.

Leg formular index 100 : 89 : 80 : 119.

Leg I/c 2.41. Fem. I/c 0.72. Tib Vc 0.50.

Met Vc 0.40. Met. I/tar. I 1.16. Met.

IV/tar. IV 1.67. Fem. I 1/d 2.89. Tib. I 1/d

1.70. Pat. I+tib. Vc 0.93. Leg spination
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i ! ( ^

Yi .1/
i A 1

Figs. 1-8. Cladothela parva Kamura, 1991(1-4) and Cladothela unciinsignita (Rosenberg and Strand, 1906)
(5-8) : 1. left palp of male, ventral view: 2. ditto, retrolateral view; 3. epigynum, ventral view; 4.
ditto, dorsal view; 5. left palp of male, ventral view; 6. ditto, retrolateral view; 7. epigynum,
ventral view; 8. ditto, dorsal view.
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pattern same as the male except the

following: tibiae: III p2-l-l; IV dl-1-0,

p2-l-l, r2-l-l; metatarsi II v2-l; III

pl-2-1, rl-2-l; IV dO, V2-2-1.

Abdominal index 59. Palp without a large

hook on femur. Anterior epigynal ducts

wide (Figs. 3-4).

Measurements (mm). Male/female: Body

length 4.66/6.51; carapace length 2.17/2.52,

width 1.68/1.93; cephalic width 0.88/1.12;

sternum length 1.30/1.47, width 0.98/1.12;

labium length 0.35/0.42, width 0.28/0.35;

anterior eye row 0.41/0.49; posterior eye

row 0.47/0.55; abdomen length 2.45/3.92,

width 1.61/2.31.

Leg I 5.22/6.07 (1.54/1.82, 0.91/1.09,

1.12/1.26, 0.84/1.02, 0.81/0.88), II 4.77/5.40

(1.40/1.61, 0.84/0.98, 0.95/1.09, 0.84/0.95,

0.74/0.77), III 4.25/4.84 (1.19/1.40, 0.67/0.74,

0.77/1.84, 0.88/1.05, 0.74/0.81), IV 6.20/7.22

(1.68/1.93, 0.91/1.09, 1.23/1.40, 1.47/1.75,

0.91/1.05). Palp 2.10/2.36 (0.84/0.81, 0.35/0.46,

0.14/0.35, 0.77/0.74).

Distribution. China, Japan, Korea

Cladotiiela undinsignita (BOsenberg and

Strand, 1906) (Figs. 5-8)

Drassodes unci-insignitus BOsenberg and

Strand, 1906, p. 120, pi. 16, fig. 500 ; D.

unciinsignitus Yaginuma, 1986, p. 190, fig.

105.5.

Pmstbesima x-notata Bbsenberg and

Strand, 1906, p. 122, pi. 16, fig. 489.

Zelotes x-notatus '• Yaginuma, 1986, p.

192, fig. 106.6.

Drassyllus x-notatus: Hatnick, 1^, p. 471.
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Cladothela undinsignita : Kamura, 1991, p.

55, fig. 33-36.

Material examined 1$, I-?-, Jeo-dong

(Ulleung-gun), 7 Aug. 2007 (B. K. Choi).

Description. Male: Carapace oval and

reddish brown with black striae radiating

fi*om a short line median furrow; the index

74. Cephalic width index 60. Clypeus

height 1.2 times to diameter of anterior

median eyes. In dorsal view anterior eye

row straight and posterior eye row

procurved. Eye row index 93. Eye area

index 55. Eye ratio, posterior median eye

> anterior lateral eye > posterior lateral

eye = anterior median eye (14 : 13 : 12).

Anterior median eyes separated by about

0.4 times of their diameter, nearly contiguous

from the laterals. Posterior median eyes

nearly contiguous each other and separated

by 0.36 times of their diameter from the

laterals. Anterior and posterior lateral

eyes separated by about radius of anterior

lateral eyes. Median ocular quadrangle,

height > posterior side = anterior side

(34 : 29). Chelicerae with two minute

promarginal teeth. Sternum and labium

reddish brown; the index 77 and 80,

respectively. Legs brown; ventrodistal

parts of metatarsi III and IV with black

long hairs. Leg formula 4123. Leg

formular index 100 : 95 : 83 : 125. Leg

Vc 2.07. Fem. l/c 0.62. Tib I/c 0.43. Met

I/c 0.34. Met. 1/tar. I 1.11. Met. IV/tar. IV

1.68. Fem. I 1/d 2.71. Tib. I 1/d 2.89. Pat.

I+tib. Vc 0.79. Leg spination pattern: all
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femora: dl-1; tibiae: III d(l)-0, pi-1-1,

rO-1-0, vl-2-2; IV dl-1-0, pl-1-1-1,

rl-1-1, v2-2-2; metatarsi: III dO-1-0,

pl-1-1, rl-1-1, v2-0: IV dO-2-0, pl-1-2,

rl-1-1, v2-2. Abdomen dark gray; the

index 60. Palpal organ with long, curved

embolus tapering apically; conductor twisted

and flatten distally (Figs. 5-6).

Female: Carapace index 82. Cephalic

width index 56. Clypeus height 0.7 times

of the diameter of anterior median eyes.

Eye row index 95. Eye area index 53.

Eye ratio, anterior median eye >

posterior median eye = anterior lateral

eye > posterior lateral eye (15 : 14 : 12).

Anterior median eyes separated by 0.47

times of their diameter. Posterior median

eyes close each other and separated by

0.36 times of their diameter from the

laterals. Anterior and posterior lateral

eyes separated by about 0.4 times of

diameter of anterior lateral eyes. Median

ocular quadrangle, height > anterior side

> posterior side (37 : 31 : 30). Chelicerae

with two small promarginal teeth. Sternum

and labium index 83 and 95, respectively.

Leg formula 4123. Leg formular index

100 : 93 : 81 : 119. Leg I/c 2.24. Fem. l/c

0.68. Tib I/c 0.48. Met I/c 0.36. Met.

I/tar. I 1.20. Met. IV/tar. IV 1.72. Fem. I

1/d 2.81. Tib. I 1/d 2.91. Pat. I+tib. I/c

0.89. Leg spination pattern same as the

male except the following: tibiae: IV

rl-1-1-1; metatarsi IV d2-2-2, pO-l-I,

rl-1-0, vO-2-2-1. Abdominal index 63.

Epigynum with a pair of orifices, genitalia
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with a pair of coiled spermathecae dorsally

(Figs. 7-8).

Measurements (mm). Male/female: Body

length 6.80/8.70; carapace length 3.05/3.30,

width 2.25/2.70; cephalic width 1.35/1.50

sternum length 1.75/1.80, width 1.35/1.50

labium length 0.52/0.53, width 0.42/0.51

anterior eye row 0.69/0.75; posterior eye

row 0.74/0.79; abdomen length 3.50/4.80,

width 2.10/3.00.

Leg I 6.30/7.40 (1.90/2.25, 1.10/1.35,

1.30/1.60, 1.05/1.20, 0.95/1.00), II 5.98/6.85

(1.73/2.00, 1.05/1.25, 1.25/1.40, 1.00/1.15,

0.95/1.05), III 5.20/6.00 (1.45/1.70, 0.85/1.00,

0.95/1.10, 1.15/1.25, 0.80/0.95), IV 7.88/8.80

(2.10/2.40, 1.10/1.30, 1.60/1.70, 1.93/2.15,

1.15/1.25). Palp 2.40/2.85 (0.85/1.00, 0.45/0.60,

0.20/0.45, 0.90/0.80).

Distribution. Japan, Korea.
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a. 2f. yias-JfEi y]'6-^^ 4^^rs\ t

X6{] Af^sl-^c}-. i£)Ssl-7l Black sugar^l -^,7}

SE^ propolisit •o'T^lS'̂ iS.-lT Sacch. cereuisiae. Lb.

acidophilus, B. subtilis sub. subf/V/sSf Bacillus sp. 6-1# #-31^ Q-amylase.

glucoamylase, cellulase2|- fibrinoiytic enzyme# s]a] protease ^5## "1^31

Jicf IS-# Sacch. cerevisiae^ Bacillus sp. 6-liS. B. subtilis sub.

subtilis ^ H|] "51]-g- #'?|«ll'y=(coculture)# «l]*y= 7#'41'^] protease 71-^

Ethyl ether Bacillus subtilis^} E. coli^W t})# 21

Abstract. The purpose of this study was to investigate the production of funtional materials

from fermented herbal medicine. The herbal medicine with black sugar and propolis was

fermented using 4 strains of Saccharomyces cereuisiae. Bacillus stjbtilis sub subtilis. Bacillus sp.

6-1 and Lactobacillus acidophilus for Sdays. Protease production of the fermented herbal medicine

was higher than that of original herbal medicine. The fermented herbal medicine with

Saccharomyces cereuisiae and Bacillus sp. 6-1 was cocultured with Bacillus subtilis sub subtilis

for 7days. The protease activity of the cocultured herbal medicine was the highest in 7days. The

ethyl ether extracts of this cocultivation strongly inhibited the growth of Bacillus subtilis and E.

coli, which represented the clear zone size of above 21 mm from paper-disc agar diffusion method.

I . xi B

^ u^T] ^71-^^1

-2.-T- 1^1- 71^4 7lJ:c>ii 2^}
^43<=>1 71-011 3^> y]^9l

^7]-, ^ ^74(1) ^

- 45 -



^ <^l-g-^v 4^cJ=^v 7]^

m'=>] Hl^ 9X^}{2, 3).

^1-4^## ^

^oHl ^711s]

^ 71-xl ^l-7j

^S-<^1 ^7}t}7]\^ -^70:^ -§-5] u]

^o] :^^}7\] £]^ 7ll3:4^j<^l

7i JL^I-O] 4^517] ^ZL, ^^^7l-l:C>l

M- Jl^71^^ ^^^171 Til

EjH^ 31417}- ^o]

-^^5l|xl7] ^4. ^-i-^lo]]^ o^e] 7]-Xlo]

jL4i7> ^-^Sjo} ^^13] #

31>^]7]«! 3L4il-o] 1-^^^Slol

^ 4l^, ^^£]7] 4=1-^

s ^ 3l4i3}-g-^S.

^4. :^4i7]-^]1-
3LS.M) ^MiA] izflA]- 7]^^

^1-7]] ^t:l-(4).

^S. SZ^c-ll ^l-oil !-(>]

alkaloid-^, flavonoid^, terpenoid^,

phenolic compound#, quinone# ^

volatile oil 2^1- dlA]-7j--§-o]>]id- ZL

#£7fli:olrl-(5X ne-ju]- oje-l^V

•i-^^ ^J-^3l47l- %l-Aj7flol] 015l]

J154-7]- ^7] nfl^ol] #^#Al

^ifloflA-l -i-^g^ 711

^c>\]

#711^ -g-SS-Al ^7]^, AlHj-Af^
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#4:1^, ^-i- ^S.

c^ls^ i4el-'̂ ]7«i ^l-§-^^ ^^-§- 4(X)<^

7^«J-'?l£7f SH

(6)Sl7l£. <^11-

$1^ ^^7l]c>l] '?l-?-7l-

Til ^«J51JL $li:l-(7, 8, 9, 10, 11).

# ^l-ft!:^7ll5l 71^7^ -i-^ 7J

AV^l 4i^

7ii7d ^ <=>11^^ ^ Aj
#7l^oll ^1^ 7l^Aj ^:^ol

7|-^A^# ^£^1-4171- tysivi

#^(ol-Jg.Ill xls.-g-)c.ll propolis#

^71# ^

Saccharomyces cerevisiae, Bacillus sp.^

Lactobacillus add^jhiluM: yfl'g'Al^ a

-arr^ias^ gluooarrbdase; cellulase^J}- protease

## Sacch cerevisia^

Bacillus sp. 6-1 <^1 Bacillus

subtilis s\jb. subtilise »^l]*^d=Al^ protease

II. *HS %

1. x\Bm\ %

# #^<^1 Af-g-tt #^7111- <i

^ black sugar^ propolis#

%^71-^H #3L# ^5||

# -S.-n-^"^'?] Saccharomyces

cerevisia^ Lactobacillus acidophilus ^

^^^]Ai #b1# Bacillus subtilis sub.

subtili^ Bacillus sp. 6-1# 7i;7i- yM ^11

a1 (yeast extract 3 g, malt extract 3g,

dextrose 10 g, peptone 5 g/ ^, pH 7.6),



lactobacilli MRS ^fl^Kproteose p^tDne Nb.3

10 g, beef extract 10 g, yeast extract 5

g, dextrose 20 g, polysorbate 80 1 g,

ammonium citrate 2 g, maganessium

sulfate 0.1 g, manganesse sulfate 0.05 g,

dipotassium phosphate 2 g, sodium

acetate 5 g/f, pH 6.5), Nutrient

(beef extract 3 g, peptone 5 g/ , pH

2.

2.1 Black sugar^ propolis?} ^7}^

^

-g-^S ^1-^^1-^-5-1=^, black

sugar =^7)- ^ 1^1^71", propolis

110 inf<=Hl =5itill'̂ d=?!: Sacch censvisiae,

Lb. acidophllus, R subtiJIs sub. subtilis

BacUlus sp. 6-1^ 44 8x10"^ CPU/

mf, 6X10"^ CFUM 6X10^ CFU/inf4
7X10^ CFU/m«Hl7ll Imf-^

4^4. Sacch cerevisia^ 27°C, B subtilis

sub. subtili^ Bacillus sp. 6-1-^ 37°C,

180rpm<=>llx-l 44 1^114^1-51^1, Lb addofhilus

^37r<=Hlxi 11114444.

2.2 444 -?-4ii114(Coculture)

B subtilis sub. subtilis 4^114-^ 300

mf Nutrient nflxloi] iQO jd 4^4 ^ 37 "C,

180rpm-5-S- 1444-^4 nil 4444.

4^ Sacch cerevisiaeti\ Bacillus sp. 6-1

S. 4111144 4^44^1 B subtilis sub.

subtilis 411114^-^(6.0x10^ CFU/mf)^ 1%

4444 37r, 180 rpm^lx-1 ul]<y:5>^^i3l,

744 sampling^: 444.
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3. ixll

4 3,000rpmix-1 10^4 44

-2-44^ 80% (NH4)2S04S. 44

xl4 ^0.1 M potassium phosphate buffer

4. -^14 as

4.1 a-Amylase -*54

a -Amylase 4^^ ^ 40 mM acetate

buffeKpH 5.0)^1 1% soluble

starch 2 40°C^lxi 5^4 "^144A

0.1 mfl- 44:11, 40r^lxi 304-4

4-§-xl4 0.1 mfl- 44^ 0.00025

N -S.JS.H -g-^ 10 mf^l 4444 51:^4:

-§-^ xgp^]Al^i:K o] 4^0^^ UV-Vis

spectrophotometer-1- xl-g-4'^ 670 nm'Hlx^j

Wohlgemuth value

^1 §4 4^11^ ^^ixi

(unit)l- 4:#444(12).

U (units/g) =
12.75x(T3o,,„- To,i„

30m in

4.2 Glucoamylase

#4-8: 50 mM phosphate buffer(pH

7.0)<^1 4-^11x14 1% solube starch solution

0.25 inf<4l 0.25 ^al 37^

*41 x-] 5^4 44-X14 •?- DNSdXnitrosalicylic

acid) 4''^(13)*4l 4^11 glucose#

S. 4*=^ 550 nm<4lx-l ^45.1- #4,

44 4^-5-4, JLi444 l^'^l l/umole

4 glucose<=^l 4'4'44 #44# -n-444

1 units. 4^4.



4.3 Cellulase

1 -§-311 A] ^ 2%

CMC(Carboxymethyl cellulose sodium) 1

M 40V^]^^ 40^^

^ lOOr^^i lO^^V 7l-<i^}ol ^-g-^

A]A]^i:f. CMC 7]-^^sl]^

DNS(Dinitrosalicylic acid) ^o^'^dS)

i 4e} 550 nm<H]Ai ^^£1- ti]>^

40^^ l/xmo\e^

^ 1 units.

4.

4.4 Protease

Protease Nomoto^ Lee*^]

casein^(14)-ir 2:S

0.2 in^4 0.6% casein^] ^-§*4 50

mM phosphate buffer(pH 7.0) 1 ^

^ 65°C<^]7>i 30^^ 4-5-# >^14 4

# 15% TCA -§-<5^ 0.4 M #

15#4 4^14^ 4-5-# ^44

^4 4#^-^# 12,000 rpmJ^S 5#4 4

4 #4 44 4#^# filter paper (0 70

nim, Whatman Co.)# 4#44 444 4

# 44'^-^ 0.5 mH,, NaaCOa 2.5 m£4 Mn

0.5 ni» 7]-44 38°C44 30#4 444

^4. 44 # UV-Vis spectrophotometer
1- A]..g-^]-o^ 660 nni44 #4^.1- #^^4

^4. Protease4 1 unit# 1#4 tyrosine

1 ^g# ^144# 4^4

Tyrosine S#44# 44471 444 #

5.#S. 444 tyrosine 0.5 m^, Na2C03 2.5

m^4 foUn 0.5 mm 71*44 38t:44 30#4

4444 ^ UV-Vis spectrophotometer

48

# 4#44 660 nm44 #4:£1- #44

^4

4,5 Fibrinolytic en2yme ^^54

Fibrinolytic enzyme 44# Astrup4

Mllertz(15)4 fibrin plate assay# 444

4 4445i4 Fibrin plate# 41*71 4

sfl fibrinogen (Sigma Cb.) 50 ing/m^4

thrombin (Sigma Co.) 1(X) NIH U/m£#

20 mM tris-HCl buffer (pH 8.0)4 44

4#444 Gel 4^11^ 4#7l 4^ 20

mM Tris-NaCl (0.15 M) buffer^ agar

0.75% (w/v)# 44 314^714^ (12rc,

15min) # 50''C~60U7l- #a1£]:£^

4. Plate4 thrombin 16 fd^ agar7]- 5.

44 20 mM tris-NaCl buffer 10 m^4 20

mM tris-HCl buffers. #4 fibrinogen 5

mf# #44 # plate4 ##44 ##4

4 10#4 44 # assay plate# 4#4

4 ^J:^4# 5till<a:o^# ^51^

# 4# 4#^-^# 4#444.

20 fd^ paper disc (^ 6 mm, Whatman

Co.)4 ##44 fibrin plate4 37°C

44 ISAm 4#44 clear zone4 44

### 444^4 4444 5-#4 44

4 ^#71- ^544# 1# #®11 1:^4 #
A^# ulJi7^1-7l 444 clear zone4 4^

# 4H4^4

5. 113^ gs

Black sugar 47]- ^ 4471* 444

propolis 47]- 44 110 m^4 ethyl acetate

# l:2S- 47>44 ##4:2- n 44#



ethyl etlierS. ^ Na^SO^^

filter papers evaporater

-S-

agar diffusion*^

i: ^l-^^l-^4. 20 ntn paper

disc( ^ Gmiii, Advantec CoO'^l

^ E com B. subtiUm

n^] ^<^1 ^JL 3712, 12^1^

^ inhibitory zone^ -^-r* ^ 3.7]

m. U:2^ % Ji^

1. Black sugar21 propolis7l ^7^^

1.1

-amylase, glucoamylase, cellulase ^

Fibrinolytic enzyme

•stroll 514

tl: alH^t 14 4^17} §HSi^4(l

4 *^144), 1:4 a- 4 fl--amylase,

glucoamylase, cellulase4 fibrinolytic

enzjmie^ 44 4-5.S. ^4

^4. 1:4 protease 44:^ 4S.1- 14

Table Hi 4 u|-4 14

144 Lactobacillus acidophilus, B

subtilis sub. subtilim BadUus sp 6-1^

4^ 44^1-4# 4 471-4 44 ^-^1 4

4Si°l cbfc -^444. ^44

:§LSf,^a:A cs^vis}ae)d\ 4-t- 4

¥444<14 47141]).

2. ^flbli c>(Coculture)

2.1 '^5-^44

55(xA cenewivfle^j- Bacillus sp. 6-lS.

44" 4441 14€- 44 B subtilis sub.

subtilis 4^(l-lu}14)44 144-5LS

Table 1. Protease production of the fermented herbal medicine

Test samples
1

Incubation timeCdays)
3 5

control 0.112* 0.139 0.109

B. subtilis sub. subtilis 0.12^ 0.229 0.110

Bacillus sp. 6-1 0.185 0.150 0.077

Lb. acidophHus 0.199 0.166 0.064

control 0.119 0.102 0.032

B. subtilis sub. subtilis 0.104 0.2:12 0.219

Bacillus sp. (5-1 0.141 0.145 0.120

Lb. acidophHus 0.177 0.125 0.093

control 0.097 0.131 0.073

B. subtilis sub. subtilis 0.200 0.144 0.169

Bacillus sp. 6-1 0.235 0.221 0.133

Lb. acidophHus 0.150 0.216 0.082

*: ABS

A: Black sugar free, B; Black sugar addition, C; Propolis addition

control; Non-in{x:ulation
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AB 3 AH 5 AH 7

Fig. 1. A microscopic examination of the fermented herbal medicine
A: Contain of Sacch cerevisiae, B; Inoculation of fi siibtilis sub, subtih's

Incubation time(days)

BB 7 BB 3

Fig. 2. A microscopic examination of tlic femientcd herbal medicine

B: Contain of }3cicillus 6-1, BB; In(x:Lilation of H suhliUs sxit). subtilis

IncLilxition tinr?(dciys)

^91^ 14 Fig. 14 Fig. 2^14 4

4 1^1 ^71-4^ 4 1^4
^ 1.2

c 1,0

2.2 -^^444 Protease #4 IS | o.s y='

Protease 4441-s -rH Tyrosine

44^ Fig. 3^4
0.2 y

H subtilis sub. subtilis 41: ^^^—

Protease 41^ iSl 14 Table 24 o 20 4o eo so k
Tyrosine concen

4 S-lr ^1-4 1^1 Sacch cerexnsia^ li^l]

BB 1*

y = 0.0091 X + 0.0209

0 20 40 60 80 100 120 140 160 180

Tyrosine concentration(|4g/ml)

Fig. 3. Tyrosine standard curve



'liable 2. Protease activity of the ccx'ultiired herbal medicine

^^Incubation time(days)
Test samples

Protease activity(U)

0.630 0.588 0.726 0.896

Non-inoculation of B. su/j07/s sub. subtilis

A: The herbal medicine containing Sacch. cerevisiae, B; The herbal medicine containing
Bacillus sp. 6-1

Bacillus sp. 6-li^

tcfBf c] protease

tcj-el- protease

711^11 7HV

B subtilis sub. subtili^ Bacillus

sp. 6-1# black sugar ^7]- ^

^1^71- t!:^4 propolis ^7}

^ ethyl acetate^ ethyl ether^ ^

€4^ Table 34

^1-4 4-4. Table 4

44 44 #4 black sugar7l- ^7}

44 444 ethyl acetate

(0.213 g/nie):y.4 ethyl ether 4t--l-(0.065

g/mOo] 4 4^44# .a.44. Black

sugar4 propolis7|- ^71-4 444 ethyl

ether ^#44 ethyl acetate

-^:£7l- ^^4, -^44. Black

sugar ^7} ^ 4^7|- 444 propolis ^

7} 444 4^44# ethyl acetate^ ^

#4 44 ethyl ether^- ^#4 4# «1

Table 3. Concentration of conden.sed herbal medicine

Solvent ——-
Concentrationtg/md)

Ethyl acetate 0.213 0.00-1

Ethyl ether 0.0® O.OOO

A; Black sugar free, B: Black sugar addition, C: Propolis addition

'liable 4. Antibacterial activity of the fermented herbal medicine

Test strains Solvent
Inhibitoiy zone{ ^ im)

B. subtilis

E. coU
EE + + + + + + + + +

A; Black sugar free, B; Black sugar addition, C; Propolis addition, EA: Ethyl acetate, EE; Ethyl ether

* + : 5-10 ram, + + ; 11-20 ram, + + +; above 21 mm, Non-inhibition
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Leuconostoc mesenteroides 1B12
^^oji cm 2^^

Til tfl §)•Jii 4o^2l-€}-c)]t]- n)^5^t)-4

A Study on the Leuconostoc mesenteroides IB 12 Strain
Isolated from Chonggak-Kimchi

Oh-Sik Kwon

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

fi Of. -n-<d"5" 1B12^1 Leuc. mesenteroides subsp.
mesenteroides KCTC 3505^ Leuc. mesenteroides subsp. mesenteroides KCTC 3722^

Leuc. mesenteroides subsp. mesenteroides KCTC 37222)-

•i: ^ ojs^^ Af-g-^ ^ ^

^ jicx) ^A]-g-^ Leuc. mesenteroides subsp.

mesenteroides KCTC 3505^ Leuc. mesenteroides subsp. mesenteroides KCTC 37222f 6

galactose, oj'g^-^ol cellobiose, lactose nH)ai amygdalin, esculin
Afojfl- :a.c>f^^c)- zis)i4 random amplified polymorphic DNA(RAPD)

.^S. s.^ Leuc. mesenteroides o]-^<yoi]2. -irT-^faL 2)o|oj^

^>o|ft se] P152 Tisi Zf ^oi-o] Zl-z]^ jirAPD DNA "J1H7]- ^

1B12 -S-^TT Leuc. mesenteroides subsp.

mesenteroides KCTC 37222)- cf^ Leuc. mesenteroides subsp.

mesenteroides^ ^ 2) ^ cf.

Abstract. Pentose fermentation ability of the lactic acid bacteria 1B12 isolated from chonggak-

kimchi was identical to Leuc. mesenteroides subsp. mesenteroides KCTC 3505 and Leuc.

mesenteroides subsp. mesenteroides KCTC 3722 of type strains. Hexose fermentation pattem of

the isolate was exactly same as Leuc. mesenteroides subsp. mesenteroides KCTC 3722.

Fermentation results from disacchcuide, trisaccharide and complex carbohydrates revealed very

much identical tendency. Unexpectedly, Leuc. mesenteroides subsp. mesenteroides KCTC 3505

showed quite different fermentation patterns with the isolate 1B12 and Leuc. mesenteroides subsp.

mesenteroides KCTC 3722 in galactose, cellobiose, lactose, amygdalin and esculin. However, from a

genetical method applied, all three strains of Leuc. mesenteroides showed very typical RAPD-PCR

band patterns that implied significant discrepancy among them. Especially, the results of P152

revealed very typical RAPD DNA bands that originated from every Leuc. mesenteroides. Therefore,

it was confirmed that the isolate 1B12 was identical to Leuc. mesenteroides subsp. mesenteroides

KCTC 3722 in fermentation characteristics but different from it in genomic nature.
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I. M B

Leuconostoc& -n-§-^ —^

wl-o]^^-g-(probiotics; 7, 8, 9)J^^ ^^1
#sl ^^?!s1d^(2, 3, 4)

Lactobadllus ^ Pediococcu^

91 m]7\

16). Leuconostoc&

5^1-1-

13) £E^ o]

^ "ll-T- 4^, H*

^ 3L7] i:l<a=t!: ^Jl

SXmS, 14. 15). ^

Leuconostoc& Leuc. mensenteroides subsp.

nwnsenteroides, Leuc. mensenteroides subsp.

dextramicum, Leuc. lactis ^ Leuc.

paramesentemide^ -^^1 Leuc. mensenteroides

subsp. mensenteroides exopoly-saccharides

1- ^S^^\7] ujl^<^l SX'̂ A]

tl •§•^<^11^(12). Leuc. lactiS -r-n-'^l'H

•t-^#j9.S. leuconostocs -n-

•S" Leuc. mensenteroides

"11-f ^.S.^1
oje^ 7H ^^1 ^A]A\ ^§1

9X^Ai o] ^711 nfl^cHl

^ 5:4(2, 3)1-

^ 514. ^1^4^] ^13^^ -^4+54

-^-§-^^(5, 6, 7)^ 4-§- ^

4-§-, 7^± 7]^,

^4^- 4-§-, 7}^] 4^4 71144

4-§-, 4-§-, 4-§-, 4-g- S

4, -^4 4-g- 51^4 ^7J-4

<^1-^ ^4isll 514(8, 9, 10).

444 -^44:^441-^ 41-4 -^-§-4

-i- 5144711 4-^-471 444 ^11 ^-S: -^44^

56

-t-i- lei44 514. 4i -fel^ 4

4511:4711 €1451 4^44 4-f-

Jl 41-51 444 4^4 ^44 ^7Hi ^oi

€444(3, 4) €4 ®J=41- ^44^ l.Q-4

-n-4i!:7Z"5l Leuconostoc $1- #4^4*^14 •§•

el4^4 S.4 lei 4 •2"4 '^l-^(subspedes)

^41- 444 cll3:-5-.9..S. Leuc. mesenteroides

subsp. mesenteroides KCTC 35054 Leuc.

mesenteroides subsp. mesenteroides KCTC

3722 ^14 4 wlJH ^a>4^4. ^

71*5. lei 4 Zewc. mesenteroides ^4 41

4 441" 4€47l 444 <^11-5.-^4 intact4

chromosomal DNAl 1#44 171-^144

7l€51 RAPD-PCR€.^ 4h^444 :a.51:4.

11. XHS SI

^4 3^. .g. €^44 414 ^4^1^

Zet/c. mesenteroides subsp. mesenteroides

KCTC 35054 Leuc. mesenteroides subsp.

mesenteroides KCTC 37225. 444 € •§•451

14(KCTC, 44)44 144514.

MRS(Difco) «114«^1 ^lcfltill4 1 glyceroi4

20% 5.44 7l€''̂ <=>ll ^4 -80C deep freezer

4 5-444 4-B-4^4.

14 5^. Leuconostoc §"1 lel47l 44

4 #47^41- ^111- 4144 44

4 14 10m« 444 6% NaC114

lOmf# 44 3% NaCl 41-5^4. n

elJi <^1 141 lO'^tiii^ 4444 2% 444

471-4 MRS €4:all44 wfl 44^54, 4^^

4 ^4 #5-471- 45144 4444 ^ 4

§-l-i:-i- 4''C §4^4 5.44^4. ^1 #5-4

1- 4144 45-1 MRS agar 44 444 :£

4^1-4-9-4, €44 #541- 44 MRS brothl

4-§"44 30°C 447144 344: Leuconostoc



^z)-^Aloj]A^ Leuconostoc mesenteroides IB 12

Efl^E^ ^ ^^-i: 51-

^4.
-g-«2^o{| o^; |̂ o]^§].ol -g-^

^ -80*0 deep freezeH]

4-g-4^4. ^^1^4 ^5]

MRS «ll^l(Difco)l- 0]-%-^^ ard=

4^4. <^11-4 444

^ ^54-8:H(l8t:)s. ^^«i)47]

(Sanyo MIR-153)44 12 hr, 24 hr, 36 hr, 48

hr ^ 72 hr «114 % 444 «1I44^ 20^4

4r44 ^4 44^44(Union Model 55R)

^ 44^44^4. till44 ^ 4^44 ^4:
^l-g- pH meterCMettler, Model 225)^

#444 -s 444 4as. 44444

^*94 Leuconostoc i?"#"i-4 444
# 3iL[t\7] 444 MRS broth(Difco)4

NaCl# ^71-44 1%, 2%, 4%, 6% ^

8%4 ;^13:4 # «I14 10 ml4 ^4^

# 20 ull- 4f^4^4 44 w)14 #£44 3

4 4 «1I44 # 41C4 4 15# 4 4 4

#4(3,000 rpm)4£ pH meterS. 4*4^4

pHl- #44^4

4- 4Jl 41: ^#1-4 4 4Jl #4

# 3:A>sl-7l 4€rH glucose^l- ^4

MRS yll4(2)# #4^1 :4l£4<^ 4-8-4^4

Glucose7l- 471-44 MRS broth«4l 10%

4 stock solution-i" 471*44 71*44^44 4

Jl## £4444 44*4 10% 4 stx)ck solution

4 471-4 «114 5 ml4 20 ul# 4

#4 # 344 44 «I14 -8:£44 «1]44^

4 41- 4*044 15## 3,000 rpm££ 44

#44 # pH meter# 4-§-44 4444 pH

# #44^4. 4 44 4-8-4 4-4 ###

£# 25#(Sigma4 7|1^)^5. 4-5-4- #4:

anrygdalin(Arry), D-arahHno8e(AraD), L-arabincse

(AraL), cellobiose(C)el), esculin (Bsc),

fructose(Fru), galactose(Gal), giuconic acid

(Glc), glucose(Glu), lactose(Lac), maltose(Mal),

mannitoKMant), mannose(Mann), melezitose

OVHe), melil:riose(Meli), raffinose(Raf), i+iamnose

(Rha), ribose(Rib), saccharin(Sac), salicin(Sal),

sorbitoKSorb), sucrose(Suc), trehalose(Tre),

xylitoKXylt), xylose(Xyl).

Leuconostoc Qiromosomal DNA Leu

conostoc 5"#4 chronrasomal DNA# ##4

7l 444 Jl£ 444 44 DNA #4 4^

4 Luchansky et a/(14)4 4^# ^^1-8-44

4 # MRS yll444 344 ^5#4 ^1-#

15 ml PP 44#44(Coming)4 ^4 44#

44 #, 4-441- 44£ 444 cell peUet

%: TES buffer(50 mM NaCl, 30 mM Tris,

pH 8.0, 5 mM EDTA)£ 24 >^1144^4 41

44 Leuconostoc 444471

4M: 1 ml4 #4£444 444 44

44 # 10 ul4 -n-4£44 4(10,000 unit/mg,

Sigma Chemical Cb.)# 4444 370 water

bath44 till445l£4, 25 ul4 44i7>oi

(400 mg/ml, Sigma Chemical Co.)-# ^71-4

# 44 244 «1144£ 500 ul4 0.25 M

EDTA# ^714^4-. ol^ 200 ul4 25% SDS

-8-41- 71-4 # 650 heat block4 «1144£

20 ul4 Proteinase K(20 mg/ml)# ^71-44

15## 4-14 444^4 4 4^

•#44 phenol# ^71-44 4 4## 2,500

rpm££ 15## 44 #44^-^4, 444 4

^^# 454 15 ml 4##44:4 #4

4 phenolbhloroform(Pl) #^£5. 24 44

4^4. ^##4 # ^144 ^-^'ai# 250 mM
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^ NaCl -^31]^ 2«H1

cold ethanol(l(X)%, Merk)^ '^7}^

-2(fC 2'^

DNA pellet^ :5l^^

2:7l(Biotron Model 3180)1- 4-g-^H SOl"^

RAPD-PCR, ^ ^^<=>11 random primer

^ A-1^ <^7lA^<i-i: 7M 10-mer

oUgonucleotide(P100: GGGGCTGGCG, PlOl:

GCGGCTGGAG, P125: GCGGTTGAGG, P149:

AGCAGCGTGG, P152: CGCACCGCAC)^ «}

ol^qo1(i:fl^)'4]Ai ^1-sH 4-g-^l-5l4. PGR

10 mM Tris-HCKpH 8.4), 50 mM

KCl, 3.0 mM MgCls, 0.001% gelatin, 4 10

mM dATP, dGTP, dCTP, dTTPCSigma

Chemical Co.), 200 pmol primer, 200 ng

Leuconostoc chromosomal DNA ^ 1.0 unit

Tag DNA polymeraseCApplied Biosystems)

-f-eT %• ^j^7l- 20 ulS. ^-i-oi automatic

thermocycler(AB GeneAmp 2700)1-

PCR(polymerase chain reaction)!

4. PGR 94r/ll, 40''C/1.51, 7

2°C/21<>1®1 ^-S- 40 cyclesS.

2-1 PGR ^-§- ^ Tag DNA polymerase^
17] 72°C«^l>^i 711

H ^ ^ UV Apa PGR

Ill mi m i-g-o^ 10 uNii 2 ui

1 gel loading buffer(blue juice)1 1 H

1 2.0% 11 11 Af-g-sH lA]

DNA m H agarose gel 100

ml'̂ l ethidium bromidedO mg/ml) 5 ull 1
l7l<^-g-l power supply(EG model

105)1 80 volts constants. 5—

58

6aH m 1 UV transilluminatoKVilber

Loumat TFX20M)1 HI random

amplified polymorphic DNA(RAPD) band 5L

H Polaroid filmCtype 667).9-S.

UV Aj-lo]] U-Efi+l RAPD DNA band^^l 3.

7)1 ^117] DNA markers. HaM

S. Ajejl 0X.m RFI DNA(0.25 ug)l

ffl. M

im Leuconostoc
7j-^ l^^S. HI H

111 1 lllA^l le]ll 1B121

H 31^ Leuconostoc 3;

11^1. 11 m

NaGll 1%~8%1 IHS. %i7H}oi

^4S1 ^^£1 tiljaefl jioj-4 ^ Fig 1
lA^ LeuconostocS^-^ S.-171-

l%-~-6%l NaGll ^7}^ allllA^ ^

5 5.5

L*uconostoc mastnivoiiltt subip n!9S«nt«fC>d»s KCTC 3$05
t*iKonofMcffl*(«n(«n>(d*» *utitp. /n«««jwn»d** KCTC 3722
1B12

Concenlration of NaCi (%)

Figure 1. Comparison of the of the three

Leuconostoc strains growing at different
NaCl concentrations (2%, 4%, 6%, and
8%). In this case, the increasing pH values
indicate growth inhibition occurred by NaCl.
Leuc. mesenteroides subsp. mesenteroides
KCTC 3505(H), Leuc. mesenteroides subsp.
mesenteroides KCTC 3722(A) and 1B12(#)
isolated from Chonggak-kimchi.
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sl-^4(pH 5.0 «^1§}). 8%^1 NaCl^^l ^7\

^1 NaCl

Leuc. mesentewicks

subsp. mesenteroides KCTC 35G5(H)^ Leuc.

mesenteroides subsp. mesenteroides KCTC

3722(a)^ pH7|- 5.8 <=>]^^^S. 4^1-

V]- ^(1B12, 0)^

pU7} 5.5^ d\

<^l-.a.7l D-arabinose, L-arabinose,

ribose ^ xylose ^7]-sH ^-1

ZL ^4 27fl5i ^

2]$<y 1B12^ D-arabinose, L-aralinose, ribose<=^l

.a<^^^4(Fig. 2). Bll^

Leuc. mesenteroides subsp. mesenteroides

KCTC 3505(H), Leuc. mesenteroides subsp.

mesenteroides K(2TC 3722(A)4 1B12(H) 5"

• Lauconosloc mnenttrotdes »ub»p, mot»nl»rvdti KCTC 3505
-dr— Isuconoifoe/neivnrefsidffstubtp. mgt«ntt/o^asKCTC3723
-•- 1B12

AibL

Carbohydratos

x»l

Figure 2. Pentose 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. Leuc. mesenteroides subsp.

mesenteroides KCTC 3505(H), Leuc.
mesenteroides subsp. mesenteroides KCTC
3722(A) and 1B12(#) isolated from Chonggak-

kimchi.
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5L^ D-form^ arabinose(AraD)#

5.5 <^H). Xylose4

4 ol- 40I1.

Leuc. mesenteroides subsp. mesenteroides

KCTC 37227> 7l-^v

13127)- 7l-^v x)3:4^4.

6^^ 644^ Leuconostoc
^o] ;g- o]-g-4^ glucose(5.£.4, Glu)4

rnannose(Mann)# 5.44^1 a1—4, 4 44

fructose(44, Fru), galactose

(Gal), ^ rhamnose(Rha)# *^l-§-44 ^^4

4 4 4s:44 441- «]iii44 -^.4:4 ^

44 Fig. 3<>114 444, Leuc.

mesenteroides subsp. mesenteroides KCTC

3505(H)4 Leuc. mesenteroides subsp.

mesenteroides KCTC 3722(A)4 ^4^4

1B12(#)^ 4^ 444 644 43: ^44

-a.4^5i4. 444 •f4^ ^4^4 13127)-

^4'3"4 4^ Leuc. mesenteroides subsp.

Lweomttoc tt»»vni<siaido* tuiwp. ni»t>e>iArroMo< KCTC 3505
Loacdnouat BUbtp. mttanttrcHtdi KCTC 3722
tSi2

F(u QbI Gki Mann Rha

Carbohydrates

Figure 3. Hexose fermentation characteristics of
the tested Leuconostoc strains. Abbreviations

of the carbohydrates: Fru( fructose), Gal

(galactose), Glu(glucose), Mann (mannose)
and Rha(rhamnose). Leuc. mesenteroides

subsp. mesenteroides KCTC 3505(H), Leuc.
mesenteroides subsp. mesenteroides KCTC
3722(A) and 1B12(#) isolated from Chonggak-

kimchi.
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(•)7|- £€- ^ <^l-§-4:a 51^

KCTC 3722(A)21- ^b]^^ 1B12(#)^ oellotiose
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^^sl^4. lactose

(glucose + galactose)^ T'i*^] ^-S-4
4^5-4 4*^ lactose# # a"JL^ ^-t* *^1#

-f #B]l ^^44:2. 5^4. '̂ 'l

£^4 44s. #444 #44444 #44 ^

4 1B12# 4#4 #4 #4^4# 4^4

44. 444.^3. # 2:444 #4i? 1B12#

644 #444 444 44 #44 #4^4

Zei/c. mesenteroides subsp. mesenteroides

KCTC 3722(A)4 #44 t?## # ^4 4

4# #Jl#4 #44 ^^44 #44:a #-§-

.9-S 4 ^ ##4.

1 5.5

L»«ca<ioi(oc tmt*nttmt»t tubsfi.mnvfteromn KCTC J505
iMBoaosSocmafnttntan uitnp. materttraan KCTC 3722
tBt2

C*l Uc Ual U*b Soc Tto

Cartoliydratos

Figure 4. Disaccharide fermentation characteristics
of the tested Leuconostoc strains.
Abbreviations of the carbohydrates: Gel
(cellobiose), Lac(lactose), Mal(maltose), Meli
(melibiose), Suc(sucrose), and Tre(trehalose).
Leuc. mesenteroides subsp. mesenteroides
KCTC 3505(H), Leuc. mesenteroides subsp.
mesenteroides KCTC 3722(A) and 1312
(#) isolated from Chonggak-kimchi.

###4 45:. 37114 44^7]- #44 #4
#4 ##1- :a.4(Fig. 5),

melezitose(Mele)# 44 *^l-§-44 #4# 4

4 raffinose(Raf)# S.# ^##<^1 # 4Jl4

#4 444 #4# #4^ Leuconostoc^
#^4 A>g.£loiul.. ## #4^ #

S4 #44 1B127> melezitose#

71-4 4 4-§-4 4-^5. 4#£l#4

•#44 # 4444 43k 4# if## #44
^ 4444 44 4# 71-^4i: uijiis>7l

444 444 44 #4# Jie]^ 4S# 4

# -#44# amygdalin(Amy), esculin (Esc),

saccharin(Sac), salicin(Sal), •s-^S.2.2i2l 64
^ 42i7l- 9\^^•^7]s. 444 gluconic

acid(Glc), riB]^ #s-^ 44 mannitoKMant),

sorbitoKSorb), xylitoKXylt) #<='1#4. 44#

#5^Ji4(Fig. 6), 44##4 ^#4

1B12(#)# ^43"4 Leuc. mesmteroides subsp.
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mm 1B12

Cartxshydrales

Figure 5. Insaccharide fermentation chardcleristies
of the tested Leuconostoc strains. Abbreviations
of the carbohydrates^ Meie(melezitose) and
Raf(raffinose). Tested strains were Leuc.
mesenteroides subsp. mesenteroides KCTC
^C5, Ijeuc. mesenteroides subsp. mesenteroides
KCTC 3722 and 1B12 isolated from
Chonggak-kimchi.

mesentewides KCTC 3722(A)4 ^44^1

% ^44.

#4^c]4<Hl4 ^4?): lB12C«)fe ^-4^

Leuc. mes&iteroides subsp. me^teroides

KCTC 37224 ^4^1 444
g-o tg .g-4-^ Leuc. mesenteroichs sxA^s^i.

mescntcmides 4# 444 "r 44
4. 4#°1
4-8: -§^44 Leuc. mesenteroides
subsp. mesenteroides KCTC 3505(H) \r l^uc.
mesenteroides subsp. mesentemides KCTC
3722(A)4 4ijl4 galactose, ol4
444 cellobiose, lactose 3.4 i 44444
amygdalin, esculin 444 45l44 ^44
44# 4443 5i^4.

Laueonotloc m»i#nf»f8*»» soMpmsswiJwoitfss KCTC JS05
tpueooojtpcnjpjwwoiflpiiuftip KCTC 1722
1912

Ainy Esc GK U»« 8* S«1 So® X»t
Carbohydrates

Figure 6. Complex carbohydrates fermentation
characteristics of the tested Leuconostoc
strains. Abbreviations of the carbohydrates'-
Amy(amygdalin), Esc(esculin), Glc(gluconic
acid). MantCmannitol), Sac(saccharin). Sal
(salicin). Sorb(sorbitol), and Xylt(xylitol).
Leuc. mesenteroides subsp. mesenteroides
KCTC 3505(H), I^euc. mesenteroides subsp.
mesentemides KCTC 3722(A) and IBFi
(•) isolated from Chonggak-kimchi.

RAPD-PCR ^4 44 #43^ 4—^4
d\^o] 1B124 444 -iT4

random amplified polymorphic

DNA(RAPD) ^4*^33. ^44 44(444
T^)444 4^44 .i5t4. 444
Tg ^44444 #44 l^uconoskxf^ 1B12

7> #4'a-tl I^uc. mesenteroides subsp.
mesenteroides KCTC 37224 444

444 ^44 444^ 44.
## ^4# L^c. mesenteroides subsp.
mesenteroides KCTC 3505# .^44

4 44 7|-4 4(galactose. cellobiose. lactose,
amygdalin, esculin #)4 444 444
# 44# #4 #3 4517] 4 ^454 .H.4
4 444 #4-1: #44 7l»d4 £44 4
^^44-3 4^-4514.

41- 571-4 random primers(P100.
PlOl, P125. PM9, P152)# °l-g-44 PCR#
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PlOl-i: 4-g-4 RAPD-PCR 44

M-tt RAPD DNA band7|- 44

4AiiL4 01-& 377# £-#7)- 4# 77 4, Leuc.

mescnteivides subsp. mesentewided^-%: 44

t 4 444. :i4£ P1254 Leuc.

nx'senteivides subsp. mesentcwides KCTC

3505(lane 1)4 Leuc. mesenteroides subsp.

imsenteroides KCTC 37Z2(lane 2)71- #4-3:

•3!!-'7 44-i: 4# 44 #4^

lB12(lane 3)4 4444 DNA

(4421 244)7^ ^ll-f #4711 444:ii 44.

4-^ #4 44^4 1B124 44^11 s44 ^

4774 44 7> #7114^ 4#!- 4
oi4 4-^0] P152 >^4 ^4^ 77 4

44 37}4 Leuconostoc i74 44
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4 4#S 24444)#4 #7)14.^ 44 4

77 j1#4 DNA 4444. #, 4^

a 1444 DNA«^£# #4774 lB12(lane

3)^44 4444, 44-# 34444# toe.

nxsentewides subsp. mesenteroides KCTC

3722(lane 2)4 lB12(lane 3)<^1344 444:11

44. 444 44# #44] £.4 #47d^]ofl

4 #44 1B12# Leuc mesenteroides subsp.

mesenteroides^^^ 7l^<H] #4 #44 Leuc.

mesenteivides subsp. mesenteroides KCTC

35054 Leuc meseiterca'des subsp. mescntemides

KCTC 37224# 4# Leuconostoc 714# 4#

"t # 4$74. 444 #4# 1B127]- 44Jl #

7^# Leuc. mesenteroides subsp. mesenteroides

KCTC 37224 #4444 4 #4714 #4

44 #4# ^4# Lclk:. mcsentcmides subsp.

mesenteroided^^-^: # ^^4.

M123123123123123

Figure 7. Typical RAFD-l-CR patterns of Leuc.
niescnCcmides strains used in this study.

Used primers were FlOO, FlOl, P125, PM9
and F152. Nucleotide sequences of the

primers were described in the materials
and methods. Lane descriptions: M, marker
DNA {0Xm DNA Haelll digested); 1,

Leuc. mesenteroides subsp. mesenteroides
KCTC 3305; 2, Leuc. mesenteroides subsp.

mesenteroides KCTC 3722: 3, 11112 isolated

from Chonggak-kimchi (experimental).
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Abstract. The concept, known as 'cellulosic bioethanol' is seen as the next generation of

ethanol production techniques - as it aims to produce higher yields per hectare at lower costs

than current techniques consuming grains for sugar or starch since cellulosic bioethanol is

derived from plant cell wall materials, cellulose and hemicellulose mainly. As a pretreatment

procedure several methods were tested and a novel method was established and named as 'Yoon

method'. 'The novel Yoon method' was used to prepare wood chips for the isolation of
cellulose-producing microorganisms. Several microorganisms were isolated and among them, ten

microorganisms were compared in terms of cellulose activity in liquid cultures. The experimental

results suggested that the novel Yoon method was so effective that many isolated microorganisms

could facilitate the utilization of the wood chips as a carbon and energy source.

INTRODUCTION

Plant cell walls are made of lignocellulosic

materials, whose structure is chiefly

represented by cellulose (a linear glucose

polymer), hemicellulose (a highly branched

heteropolymer), and lignin (a very high

molecular weight and cross-linked aromatic

macromolecule) [1]. The association between

polysaccharide (cellulose and hemicellulose)

and non-polysaccharide (lignin) components

is mostly responsible for its mechanical and

biological resistance. Cellulose, the most

abundant polysaccharide on earth, is a

highly ordered polymer of cellobiose (D-

glucopyranosyl- $ -1,4-D-glucopyranose),

representing over 50% of the wood mass.

Wood cellulose has about 10,000 glycosyl

units in the cellulose chain that form fibrils,

long bundles of molecules. CMulosic materials

present crystalline domains separated by

less ordered, amorphous, regions that are

potential points for chemical and biochemical

attacks. Ollulases are able to hydrolyse the

cellulose polymer to its monomer, the sugar

glucose, that is naturally fermented to

ethanol by the yeast Saccharorwc^ cerevisiaa

Therefore, this biocatalyst is central for the

biomass ethanol technology. Hemicelluloses

are the linking material between cellulose

and lignin. Wood hemicelluloses are short

(degree of polymerisation between 1(X) to

2CX)), highly branched heteropolymers of the

predominant xylose, plus glucose, mannose,

galactose and arabinose, as well as different

sorts of uronic acids. The C5 and C6

sugars, linked through 1,3, 1,6 and 1,4

glycosidic bonds and often acetylated, acting

as a glue between cellulose and lignin. By

contrast, lignin is a thiee-dimaTsimal polyphenolic
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network of dimethoxylated, monomethoxylated

and on-methoxylated phenylpropanoid units,

derived from the corresponding p-

hydroxycinnamyl alcohols. Lignin is

hydrophobic and highly resistant towards

chemical and biological degradation. It acts

as cement between the plant cells, forming,

together with hemicellulose, an amorphous

matrix in which the cellulose fibrils are

embedded and protected against biodegradation.

Other non-structural components of plant

tissues (phenols, tannins, fats, sterols,

sugars, starch, proteins, and ashes) usually

represent less than 5% of the wood dry

weight [2].

In order to achieve biomass hydrolysis,

i.e. the depolymerization of the biomass

polysaccharides to fermentable sugars, there

are several pretreatment steps such as

steam explosion, mild acid treatment, strong

acid treatment, ammonia treatment, or

hydrooxide treatment etc. Whichever treatment

method is chosen, the pretreatment method

must be carried out environmentally friendly

and economically feasible technologies [3, 4].

In the simultaneous saccharification and

fermentation (SSF) process, biomass

hydrolysis (saccharification) can be done

simultaneously with the ethanol fermentation,

using conventional yeast and bacteria strains

or genetically modified organisms. The SSF

process has the advantage of avoiding

enzyme inhibition by threshold sugar

concentrations, allowing higher biomass

conversion yields and, by extension, higher

ethanol concentrations [5, 6]. Decisions must

be affected by the process yields and

productivity parameters as well as the

process dependability and cost.

MATERIALS AND METHODS

Chemicals and Wood chips

Thin fragments (flake form; average thickness,

0.2mm; average length, 5mm) of wood chips

which is by products of sawmill were

acquired from neighboring furniture factories,

half gram of the wood chips were used for

each experiment. Sulfuric acid and other

chemicals were first grade chemicals.

Steam Explosion

Two methods were applied to steam

explode wood chips. One is that preweighted

wood chips were submersed in water and

heated in pressured steam cooker. Two

minutes after the pressure reached at maximun

level, the steam pressure was released

suddenly. This sudden drop in pressure

caused the wood chips to expand, resulting

in the increase of surface area.

Isolation of Cellulase-producing

Microorganisms

Ten soil samples were collected from

'Wooroonooran' rain forest, Australia. The

samples were pooled and thoroughly mixed

and an enrichment culture was established

as follows. 3 g of the mixed sediments was

placed in 300 ml of minimal basal salts

(MBS) medium (pH 7.0) supplemented with

yeast extract, peptone, and soluble starch at

a final concentration of 0.5 g/1 each. The

culture was incubated in a rotary shaker at
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150 rpm (28*0. At 1-week intervals,

subenrichment cultures were made with 10%

inoculum of the previous enrichment culture

and transferred into fresh MBS medium

supplemented as described above. In addition

to establishing a stable consortium by the

above methods, odlulase-prodidng niorxxgaiiaTns

were selectively isolated by diluting 100-fold

in an 250 ml Erlenmeyer flasks with basal

medium (100 ml) containing the following

(per liter of deionized water): 2.13 g of

NasHPO^, 2.04 g of KH2PO4, 1 g of

(NH,)2S04, 0.067 g of CaCb • 2HA 0.248 g

of MgCb . 6H2O, 0.5 mg of FeSO., • 7H2O,

0.4 mg of ZnS04 • 7H2O, 0.002 mg of MnCb

. 4H2O, 0.05 mg of CoCh • 6HA 0.01 mg of

NiCl2 • 6H2O, 0.015mg of HaBQj, and 0.25

mg of EDTA The pH of the medium was

7.0. Wood-chips prepared by novel Yoon

method (unpublished method) was added as

the sole carbon and energy source to a final

concentration of 10 g/liter. For a solid

medium, 15 g of agar (Difco Laboratories,

Detroit, Mich.) was added. Fast-growing

colonies were obtained on the solid medium

after incubation at 28*0 for a week. Ten

fast-growing microorganisms, designated

CMOl-10, were selected for further study

and characterized in liquid media again for

cellulase producing ability.

Estimation of Cellulase-Producing

Activities of Isolated Microorganisms

Each cellulase-producing microorganisms

selectively isolated by diluting 100-fold in

an 250 ml Erlenmeyer flasks with basal

medium Wood-chips as described above was

growTi in the same media containning a

final concentration of 10 g wood chips/liter.

After a week at 28T growth of

microorganism and amount of consumed

wood chips were compared and the

cellulase-producing activities were determined

by five scales.

RESULTS AND DISCUSSION

Isolation of Cellulase-producing

Microorganisms

The degradation of cellulose and herriodlulose

is carried out by microorganisms that can be

found either free in nature or as part of the

digestive tract of higher animals. This

research first focused in finding free-living

microorganisms which can degrade cellulose

and hemicellulose and utilize them as a carbon

and energy source. The microorganisms

were selected from soil collected at

'Wooroonooran' rain forest, Australia. The

forest is tens of millions years old and

presumably maintains its original status, not

interfered by human activities. The soil was

mixed and prepared as described in

Materials and Methods. From the liquid

cultures, small amount of the liquid cultures

were transferred on solid cultures containing

cellulose as a carbon and energy source and

each fast-growing colony was separated

individually again in liquid and solid media.

The degradatioi of cellulose and henicellulose

imposes several intrinsic challenges for the

microorganism. The polymer is of high

molecular weight, either insoluble or associated
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with llgnin. Cellulose and herrucellulose is

also highly variable in its structure.

Therefore pretreatmenl steps are very

important to aid the microorganisms

degrading wood materials. Several different

strategies were taken and finally the best

efficient pretreatment methcxl was devised

and named Yoon method (unpublished data,

reserved for patent). When the wood chips

were treated with conventional low acid

pretreatment method, selected microorganisms

were not able to digest wcxxi chips well

compared with wcxxi chips prepared by

Yoon method (unpublished data). Table 1

shows that fungus did better than bacteria

in terms of digesting wood chips. The slow

and week activities were observed when

wood chips were pretrccited with a)nventional

method (not shown). Ihe novel Yoon

method was indeed proved to facilitate

digestion of cellulose by microorganisms.

Table 1. comparison of ten microorganisms in
terms of relative cellulase activity

relative cellulase
name microorganisms

activiO^

CMOl fungus

CM02 fungus +++++

CM03 fungus ++

CMCM fungus +++

CMOS fungus ++

CM06 fungus +

CM07 bacteria +

CMOS bacteria ++

CM09 bacteria +++

CMIO bacteria ++

Among ten microorganisms, two were selected

and examined the digestion ability in liquid

media as described in Materials and

Methods. Figure 1 shows that both CMOl

and CM02 could digest wood chips very

well. They could even form a pit into the

leveled wood chips at the bottom of liquid

media. The CMOl and CM02 are good

candidates for isolation of genes encoding

cellulases, hemicellulases and other enzymes

pardcipating in hydrolyzing and utilizing the

wood materials as a carbon and energy

source. The researches concaming the matters

are currendy going on.

Fig. 1. Growth of CMOl and CM02 in liquid media
Fungus CMOl and CM02 were prepared
as describe in Materials and Methods.

Pictures were taken after 2 weeks of

incubation at room temperature. Panels:
A, CMOl; B. CM02.

- 68 -



Isolation of Ccllulase-Producing Microorganisms as One of Process Components In The Production of Lignoecllulosie Biocthanol

REFERENCES

1. T. Eriksson, J. Karlsson and F. Tjemeid,
A model explaining declining rate in

hydrolysis of lignocellulose substrates

with cellobiohydrolase I (cel7A) and

endoglucanase I (celTB) of Trichoderma

reesei, Appl Biochem Bhtechnol, 2002,

101: 41-60.

2. H. Palonen, F. Tjemeid, G. Zacchi and M.

Tenkanen, Adsorption of Trichoderma

reesei CBH I and EG n and their

catalytic domains on steam pretreated

softwood and isolated lignin, J Bhtechnol,

2004, 107: 65-72.

3. J.M. Fang, P. Fowler, J. Tomkinson and

C.AS. Hill, Preparation and characterisation

69

of methylated hemicelluloses from wheat

straw, Carbohyd Polym, 2002, 47: 285-293.

4. C. Lequart, J.M. Nuzillard, B. Kurek and

P. Debeire, Hydrolysis of wheat bran and

straw by an endoxylanase: production and

structural characterization of cinnamoyl-

oligosaccharides, Carbohyd Res, 1999, 319'

102-111.

5. AP. Nunes and J. Pourquie, Steam explosion

pretreatment and enzymatic hydrolysis of

eucalyptus wood, Bioresour Techno! 1996

57: 107-110.

6. H. Durand, M Clanet and G. Tiraby, Genetic

improvement of Trichoderma reesei for

large scale cellulase production. Enzyme

Mcwb Technol 1988 10: 341-346.



J. Inst. Nat. Sci. Vol. 27. No. I, pp. 71-78 (2008)
Keimyung University

-EhSel • . ?j^s| •

Pharmacological and Toxicological Properties
of Polygonum Multiflorum

Jung-Min Nam • Hyun-Young Lee • Young-Hee Kim • Hyunji Kim • Min-Jung Kim *Kisok Kim*

Department of Public Health, Keimyung University, Daegu 704-701, Korea

2. Te]# %

o]-§-5)ji 9X^

^^^11 ^ 7l^2|- ^jLoll^i

\+4. ^-§-, ^ 4-§-, 2:1 2j-g-, ^

51^# 7l-?liq-u7 4-§- #l<Hl7.ib iJL£ll;<laL 11-
nil 1^1 -S-ui 1^

mi 1=4^ 11Til 11 11- m ^71-71- An'-£11

1^ ^5111.

Abstract. The root of Polygonum multiflorum thumb, have been used in oriental medicine as

a analeptic, aphrodisiac, and maiactic drug. In addition, it has been reported that the root of

Polygonum multiflorum extracts promote cellular antioxidant activity, increase the activity of C

u • Zn-superoxide dismutase, hematinic effect, inhibit the formation of oxidized lipids, and repress

lipid peroxidation in the mitochondria. However, Polygonum multiflorum also has been known to

be associated with liver toxicity and reported to produce the acute hepatotoxicity in clinical trial.

Accordingly, this review focused on the pharmacological and toxicological properties of

Polygonum multiflorum Thunb. to promote the adequate use of this traditional herb medicine.

I . S

Polygonum multiflorun^

^ '^l-l-i-l-(Polygonaceae)H ^1-^-^

{Polygonum multiflorum Thunberg)! ^^1^

Hi# ^

11 1=1-1=^1-711 4-§-^:i2. 51# ?l:l=Tll ^ t\u\-c>]

1^ -fHlM-Hl- ^ #^4^H17>-1 Til
aflslJi #^^^51^^11,

* Corresponding author / E-mail: kimkisok@kmu.ac.kr
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1991). ^sl-^-S.# 7l"g-4 7l^<Hl 1<^1 # nil

tII^I^H 1=^# #Hl-a4lJl 7.1--§-^l-2L

(IM, 2001), ^7.i l:Hl'd 7^8)1^

4. ^Tll ^ill«^ll# Tflaflslb l^'^l

iH## #^oll7-i 5131 ^

JL M-Hl-iH# ^<^1

1"^=^ 5li=l-(ail7l^ #, 2004). ll-'^lT.i A}-g-

# nfl-^l# ^1-^.2-#

1-^a1^o)]a^^ 71^0]



4€- Ai-g-^u oxo] ^soii£ ^1-
o]7} 3.S.S. tlr^^ll ^-^^-i-

9X^ -fslM-el-^ ^-f ^^Hr-^71- 4€- ^

;^111- A]~g-^ ^:£ 9X^S.

Tfl 2004).

oje^^ ^•%r, 3|-

-§-, ^1 4-B-, 7]^ ^s. ^•

-§-, ^-§- ^ 7M 3|-g-^

W:ii .a.jis)oixiji 2001), 4
^77}7] 4b]^--g-ui]-

^r^M

^ 4e]§j-4 4-1-^4 4^4,

ji#444.

U . ^js^^£2|

^4^-$-®] 4^-8- tannin4 anthraquinone

4-£^]]S. chrysophanol, emodin, rhein, physdon,

Questine4 2004), lecithin^ ^1^^

^] polyginumutin B, C7} ^5]£l a14(^S^,

2001). Shun ^2006)-8- hi^-speed countercurnent

chromatography(HSCXX)°]] 4®11

9714 44^ ^e]444.

Aglycones ^8: ^8: 4^^ 4 44^

glycosides ^8: ^8: 444 4444 444

^4idl 9714 448: emxiin,

chiysoftetol, rhein, 6-QH- emodin, emodin-S-/?

-D-glucoside, polygonimitin B, 2,3,5,4-

tetrahydroxystilbene-2- y? -D-glucoside, gallic

acid4 4444 ^8: glycosideel:n. ^jlsIjl

514.

ffl. 2ia|si*| 5ig

1. if814

44 44-44 44 i41444 9inH 44

4 4444^ 44 48-4 444

72

ji 4 ^ 41^4 44444

butyrylated hydroxyanisole{BHA), butyrylated

hydroxy toluene(BHT)7l nljil4 4-§-4

4 4^ 5144 444 #48- 50mg/kg/day -§-

4-9-S. 44 ^8: «1] 4^]li 448: 8-444^

:a.jl£l4^4(Branen, AL. 1975; Fujimotx), K

1980). 44 4^ 41-4 448: 444 44

4 4-8-8: 44-44JI 444 514 4444

4 #8] 4 444 4 «J-4^;5]l7l

^b]451A4 £231]1-8- 444:ii^ 4^]]4

444 ^44 71A-] ^s] Ai-g-s];^] ^jL ^4-.

44-8 8(2001)8 4^4 448^1- 448

s. ^#4 8 84 4444 as.4£^e}141-

48^ #4 848 45l:ii, 4 44 84A5.

84 HPLC# <^1841 Stilbene glucoside8 ^

514. 844 844 444 44 ^48 4^

2,2-di(4-t-octylphenyl)-l-picrylhydrazyl

(DPPH) radical ^7] 4448 Bids

4'^(Blois, M.S., 1966)8 <^1844 71^4

44 48 4447114 20//M 8:^44 4^^

M8 ^1 448-2-71 44 4447114 BHT i

48 8jl, Vitamine C4 L-ascorbic acid .a.4

8 ^8 7^s.4 448 44!s3l4:ii :a.:a4^4.

448 (2000)8 2,2-azobis(aminodinopropane)

hydrochloride(AAPH)4 4^4 44 8S.4 ^

^^^14 4«Hr-2- 484 444 448 4714

7l 44 448 8444, 44 44 44^14

8 AAPH 44 8 thiobarbituric acid-reactive

subst:ances(TBARS)7l 308<^14 144 308

A5. 8715] JL uric acid7l 4714 87l4^ai,

44 44 44«^]48 448-2. 48 448

8 til3:84 4 484 4718 8714 4

4<^1 3:8 888 4, tiRH]48

44, ^1, 44^48 43i4^AM- 8448

^514-ji .y.al4^4-. ^4 glutamic pyruvic

transaminase(C3D, 8^84 •%•% thiobarbituric



acid(TBA), blood urea nitrQgen(BIJN)^

^1 glutrrdc oxalacetic transaminase

(GOT)^ 20% M-Efu]-

"rSL ^

/?-carotene iie]JL ^

^l^ll m TBA <='l-g-^M

M# "a-<='l--a.7i

^^<^17.^, n]--^^ y9-carotene-^

^ ^7il5L2|-7|- 7-jsl ^

7]-^] •i-^##<=»l 7}^ Jlj^#

Jl41- 4El-!acl-3l
o^;^loll x^7} #^1-^

oiiwj-oiiH :s.^-7} $X9i^^ ^

«IS1, ^^1,
^Til^o] 1996).

^

Qj • Zn-supenoxide dismutase (SODl)

J:41- .a.Ji^^Jl(Hong. C.Y.
1994), Hwang •§•(2006)^ ultraviolet B(UV-B)

-n-£.^ ol"^:±:2^ free radical

^d\] un^i]: iij: J:41- *y:'=>]-:a7l

UV-B# ^^(dorsal skin)

i 3,^} ^ 500//M2f 1,2,4,8,16%

z]-4-i: ^-^^1 n, ^

^^1- SODl ^

^

^1-^-2. ^#1-^ -8-^
^7l-s>^i:]-ji :a.Jiel-^ji 8, 16%

^oIlAi SODl tJi\3i^^

80-90% ^9X^JL

UV-B ^4^11 ^^1-^.2-

-8-^1^431 .a.Ji44 ^4^.2.71 4

Ml- 44'i 4<^]4:ii .a-Ji4^4
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2. y ^ ^jsTiioii ojxjfe sir

Polygonum multiflorum extract(PME)^

Parkinson's disease(PD) J&S- 3.14 -n-44

^1 PQMB(paraquat4 maneb)«4l ^'^ll -n*^^
d14-^^ s|.£^ o]^^ 444^1^ 44

4=3^^ 144 4^1- 44 1-144 44 44

4-2^ >^l-g-444 44 U -1(2005)1: C57BL/6

PQMBl- 4^4<^1 ¥ 44 6^ -1

4 441-4 44 =5-1441- -8-34^31, ^

44 42:^14 3444 444 4444 ^

•14di^(bradykinesia)<='l -8-44 3 ^1^44
7114 3444 44444 44 -8-^4^ PD

S.44(phenotype)4 1'4"'^1 4-4-4-4 4^4.

^44 43^114 3444 444 -8-34 4
-4:i:Ol] 470^ pME^ 6\]^^ 7}-§-4

PME(PME-I), 441- 1-8-4 PME(PME-n)

4 41- -t-4 45^1- "I) 1:-143M 1^44

4344 3444 ^44 444 4447]]

4^1 444. 444 444 PME71- in vitro

44 4'44 ^41- 7]-4 oxygen free radical
1- 43444 PME-Il: PQMB 144 44

-8-^4^ 4-^4 44-1- 4=44443 334

5134 441- 1-8-4 PME-n^ X^-7} ^4

441: 7]-8-4 41-4 PD4 334 44

1- 44^ 44 334514.

Amyloid yS (A^) protein-l- Alzheimer's

disease7l- 444^ -^4: 44^41- -8-'t44

3 4-44 ^34 4 ^-8: 344 344

(senile plaque)4 444-8-=111-4 33 ^"44

1-44^ 44 7ilAl45Jj7(Golde, T.E. -g",
1992: Yan, J.J. -f, 2004), 444 33efl>i7l-

AyS4 441 -8-34 44444 4-§-7i44 5^4

44-3 TflAl^o^TrKBehl, C. -f, 1992; Yamada,

K. -f, 1999). A;94 4^ -8-34 514444

3^^ ti}-7-^o]] ^sl-^^71- 4^1^ Jl41- 4-



wvxjiy • ol^_^ • ^<^3) . . 7j7l>b|

oy^7] ^Sl] ICR nl.«-^.oii 0.5, 1% Fblygonum

multiflorum TTiunb. water extract(PWE)# 4

^ % 4-g- A/^ 25-35 10/[/g^

^^1 intracerebroventricularCi.c.v.) ^S.S. -f-^

«}1, PWE AyS 25-357]- ^

ufEj-vl- ^7] 7]l^£]5i

cfji JilJLS]5i^K Si?}- acetylcholincsterase

(AChE) A/? 25-35 ^1 ^7|-«1: ^
^oi) PWE Sjsll lipid

peroxide7l- tiln]5|-7|| H Glutathione

peroxidase(GPx) ^7]-£]o] TEARS 4^

catalase^l" superoxide

dismutase(SOD)^^o^'^l]fe- Jl^1-7|-

Jl ^al£]^c]-. o]^ GPx7]- catalase 2.^

SOD^i^]- lipid peroxidation^^j bj

^41- ^:il ^-§-7)71^ -f-

^ PWE<^1] -]«l| A/9<4] lipid peroxide^

^25]40 7^ ^431

JiiSj^iuKUm, M.Y. -§-, 2006).

Zhang ^2006)^ ^^4 7]^

2^] 4-2 2,3,5,4 '-tetrahydroxystilbene-

2-0- 0 -D-glucoside(TSG) 4 ^S. Jl4S

4^47] 4^ 4, 10, 16 transgenic 44

2.<H] TSG 120, 240/i/mo]Ag/day4 44 44

442 42:^^ 44 4^4 C57BL/6 44

21- 7]-g-8|.oj4. o]e]4 ^4 4^4 714 ^

44 TSG# #44 ^44 47]-4 445)^

42 jiL2-aH tsG7|- ad 42# 44 42

42 A).^ 7]-^A^i- iLji4^4.

3. ^$1711011 Dlxlfe Stf

44#2 ### 44fe 4^ 4#-7l]4#

444 44 -§-4 4#4 4 2J: 24# 44

^ # 442 22444(Tim, TK. #, 1998).

Polygonum multifloninr^ stilbeneglycoside

(PMS)7l- JL i^42ei]1-oi -^:£4 £444

- 74

#4#4^4# 44, 7-]#Aii£(foam cell)44

intercellular adhesion molecule (ICAM)-l

protein4 vascular endothelial growth factor

(VEGF) protein 7i-7>7i#24^4 #427]
44 pms 44^44^-

4#4 44442 7]#424 4 ICAM-14

#44 VEGF4 #44 #24424 #4,

44 triglyceride ##4 44 PMS4 #2 Jl

47]- 7]-7j- #he]4 jl4#4 42# 4®11 4

4#27]- #-g-# # 4-i: 4442 224#

4(Yang, P.Y. •#, 2005). c.14 -frAfs]-?]] 44

#24 44#27]- ji#eii^4# 442 -#2

4 #4-#4^4#4 44fe 241- 47]-47]

4^11 4% #21124## 44, 4% #21124#

4 4% 44#2, 4% #211^41-4 4% 44

#2# 12# ## 4^1471) 4 ^4 42#4

44 44#24 44#2# A^#14 #44

4#4 4444 4# 444 ^

4, 44#2 4 4 #4 44#2 4 4 #24

4 24445142 224514. 24 serum

total cholesterol level, serum triglyceride

level, serum free fatty acid level, serum

total lipid level #<^1 dl2#4 *^14 44#2

#4 44#2# 2#44 #444 #2451

2 High-density lipoprotein level# 42#

24 #7}4^x]4 #44 44# 244 ^

#42 224514(iJM?2I0, 1994).

4. 2^^^oij njxl^ SH

44#2# 4# 4244 4 7l# £j:4

2^-## A].-g.sio]xi ^4. 4#JiL(i985)#

44^24 «-114#27]- ^£4 tH] 44^

Jl4# #'^1-2 7] 4^ carbon tetrachloride2

###4 #24 ^24 44^

2 #### Y-7^v -40:] 4 4H^v

#44, cytochrome oxidase(CYO), adinosine



triphosphatase(ATP), acid phosphatase(ACP),

lactate ddiydrc)genase(LDH), alkaline phospiiatase

(ALP) JLdi o]e^^

^9i3., CYO, ATP, ACP, LDH, ALP 4^ JL

carbon

tetrachloride^ ^ ^4 ^ 4

•i: 4^ "t ^

SL7} :a4 44^1^

44 4 7] 4 ^144 44

44:2- ^jl444.

44^ ^#1-44 444 catechin

4 /?-sitosterol4 DPPH free radical 44 4

44 44 inhibitory concentrationdCso)'^! 4

4 24.6, 11.58//M-6^ 44^:ii ^4, ^

-sitosterol4 Hep G2 4X^4 44^

#4 4444 445^1- 4^ Jl41- 4

444:51 44 44:51 ECgo^ 210/iM444

ji .aji444. 4444= !0h ^4X1-

4-§-^> 44S :aJ: 1-4 4^44 E-2,3,5,4'

-tetrahydroxystilbene-2-0- 0 -D-

glucopyranoside4 catechin4 EC^^]-

138.534 79.63//MS. 444 44^1"

^ J-471- 514:51 s.:ii4^4(sU 2001).

5. iTblojai^i 5r§

Severe acute respiratory syndromeOARS)^

Cbrona vims(SARS-Co V)4 44 ^44^ 4

44 S SARS-Co V spikeCS) protein<^l

^^45. ^=-§"451 arigiotensin-convQtmg enzyme

2(ACE2)4 ^^W3i 4:44 514. SARS4

4^ 444 5:41- 4-4.^.71 4s|j, 3l27fl ^

^ -sj-u^ 4=s# 4444 Nelumbonaceae,

Labiatae, MagnoUaceae, Oleaceae, Lauraceae,

Polygonaceae •§• 6711 4(family)7} S protein

<^1 ACE24 4-i: 60-90% 47ll4:ii

^ Polygonaceae4 44 S47l- 7}^

^51:4:51 S-J15]4^4 :£?!: h 4^ ^

emodin4 SARS 44'4 71-4' ^ 5l47]- 514

jl 4451:4 S protein«^l ^7]-^^^ ACE2

^^4 4^4.^^ #7]-4^ IPS emodin

44 4 SARS-Co V protein^! ACE24

4^ 4# 4444A4 Vero E6 cell4

S protein-pseudotyped retrovirus4 44^ 4

4tl-4jil S-j1444 emodin4 4 SARS-Cb

V 4^44 S-JLSH ^4(Ho, T.Y. 2007).

6. &Ja:0|| Ojxl^ §tr

a-glucosidasefe- 444 44=4^^ di44

4^ S4i4:5i 4 471]^ 4^ 3il4

47)14^ "r a14 £?-glucosidase 471]

711^ 4^ S£4-4 4=.£1- ^^7l

1- 44^ ^ 514 4Y7ll7il^ <^^4

(Mooiadian, AD. §, 1999), 44 41-1-H 4

44: 44:-s 4:4ji 514 Streptozotocin

(STZ)-B-:£4 2fts.47i 444^.2-
•i-4 M 4Y-47i 44^.2-

1-^ 60^, 90^44 ^71-4^ 14 s:£44

^£1- 17-14 4;^14:4ji S.31S14 44^.2.

^##4 l-7j 4471- 4^ 4«l-4

H-g-^ # ^ 51:51 4«o^ 4 ^

514:51 S.Jl45l4(Kang, M.J. -f, 2005).

IV. srs

Polygonum mutiPonim^ #5.4 44 4.^

7J4 4^1- 44 7imoilA^ # 444 44:ii

S.:il444 Andres 4(2006)4 4471-4

44-#- ^14 5^7115. 7l..g-£lc>|^lJl ^
^ Aj^ Shen-Min4 ^4 44^: ^

5-44^1 5.5.4^4. Polygonum mutiPorum

4 7^^4 anthraquinone^^l Shen-Mn

7j^oil S444 447^4 4-71144 4

75 -



. 0)^<^ . . 7j7Hi

^l-^olsj-ji ^jLsj-^ut. 2SM]^ ^91

Shen-Min^ 8^ ^9} 4-§-tl- ^ 3]s.,

oflA^S. l<a-ol iiO/70mmHg, 72bpm

o]9ijL 3\^c>\] cf

^Jl

^1-^4. Shen-Min Af-g-o] 4 ^<^1^ a

-fetX)protein ^^<^1 412.6ng/mlS. 4 7l-^ol

^9^3. 31S., 7il>asl5i:ii ^
A>-g-ol f^4 ^ ^ 3^<41

AiA^^l 7il4d45i4:a Jiji4^4

V . ^ ^

5.Bll^d^ei ^r^M, 44^113. Af

-§-£]44 444 4-§-<^l 444 4-ri:^4

44 Jl4£- -aJL44^4 ^4^ P^Wnson's

disease4 Alzheimer's disease4^ 4^544

^4 ^S. Jl4, 4 ils Jl4, 4ii 4

4 Jl4 ^4 iji44^i 4444 SARS

444S- 3l44 44:2l iiJi444 7)^4

^ 44^ 4444 44 44:£ Aiis.-g: 44

44 444 4444 444^1 4^ ^44
4. hb14 4-§--^s. A|-g- ^ nj]

44^ 444^ 4^01 p>^£]oi ^x]

4444 4Aj44 4^71- ^-^4 4444.

^4 4444^ Al-41- Ai-g-4ji 9X
7] afl^o]] o1e^4 ^#1-^4 44

4 u|-o]-7V Z]-Z|-o] A^-g.S.011 c])4 7l

^4 444444 44. 4^3-4^ 441-^

Al-4-4 47d.a.3:All-g-S.c.l 44^ 4J7

44 4-B-444:n- 4^4 4-^^ 44 ^ ^

a^44 :ii4 44 -¥-^^4711 ^\-%-^<>] 4ji
^-t-7]- ^4 44A-] ^vijoiiA^ 44^.5-

4 3l^^4 444 44^^ ^7>7|- iL^44
xlJl, ojoll 44 Aj^ol] ^Ajsg

7l-7|- 4^44 4^^44 71^0] :^fJ444

76
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S. "Isl-Hd Ef^lS-^M-'^l-^Ktyrosinase)^ ^^1^
nlw^oll cfl^V JL^o] 7]^^7] 7!]^£l<H ig-o]

^cf. 47] ttj-sK -S-
2l-^^-§- ^

s.s.4^ ^7j-sl-^cK A] ^^4 5i1^44>^^oi]a^ 43)-a^ ^^voj] 4^}- 7l-^Ajo] ^

aj-s. Ai-^o] 444JI Ai-g-^A] «y^ioii ^'47\

t 4 ^S.S.4 Af-g-A] Aj-t 4^011 ?l-'^3:Sl5itK

Abstract. Kojic acid has been extensively used for topical and systemic treatment nowadays,

because it is well known for its anti-pigmentation effect with tyrosinase inhibition activity.

Therefore Kojic acid is developed to cosmeceutical agent for cosmetic formulation. However kojic

acid is reported to induce the skin problems. In this study, we conducted the several safety

tests such as single-dose toxicity, primary skin irritation test, eye irritation test, skin sensitization

test, phototoxicity test and photosensitization test, to see if kojic acid is safe in case used for the

skin application. Our data obtained hitherto suggest that kojic acid is generally safe if applied to

the skin except for showing mild irritation in skin sensitization test.

I. M m

(melanin)^

<^1 9X^ Ej-o]

^.^(tyrosine)^ e]-®! i-il <^13.(tyrosinase)41

45]] S.j4fl^(Ebpaquinone)^5.

^ s 7] 4 ^2l-\iol

^1^4] ^el-\d^ ^4-}n#4

2}^ ^511 31-^41
4-^4lA-j igBl-Vl^ 4

71^-i- 44 44^

41 4 ^!: 44 W 444-b 4^-i- 444, 4-

4, 44 "§-4 444 44.^
ole:|4 A^^ 4444-i- 44^4

4^11 ^44 4^^414 4 4^ 4-4-i: ^

44^ 4^4 4-4w4^41 4^ 4:44 ^

44:2- 44. 4^ s44:(kojic acid)^ ^^•

^^4 444^ 4

^414 4^5. 7114-4 ^S-S. ¥^4
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°1) 21-315. W.
E^olS..yi,ilol2:^

Pl«floll Jl3?1-1- 50]^ <y-3];^ ^4.3

5 ;^l7l£]c>lxlj7 ^4.4

HO

OH

Fig. 1, Structure of kojic acid

2000'dlfl 1-<H St-rS-f-rao) sfAj-raaf g-els)

31, Tll^jSl^A^,

5 ^^6\]

Cfl«il ^ ^Tfl

nem- Si^o] 7H^^)1 o^al- 7]^

tflt!: d 7-lAl

31 5^4. 53] 7l^Aj^;:y.^i^ol 'tJL5l7]

7]^A^ 4-§-Sl4 3]7] Al^-E]

5^3)4, -^^H] i:flt!: 3]^^

55 Afl7] £|J1 ^7] nll^ol], 5 <g4ol]A-l^

71^3^4^^ 7]^ ^ 3l^Hj-igl2f >yA].ol] 4
^V 4:^5 e>i] o]7]i5H, ^^1^

% 4-^ 144^7.]^, Al-4-A]^, 4.^
44^^7.1^, :^^A^ ^ ^A]

4^4.

II. xHs Si g,^a

1.

•& Aj^oi] A|-.g-i^ 53]>^.g- Sigma5^E]

^<^4^54. PEG400'̂ ] ^55 44
4 A] ^011 Al-g.4^4
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2. A^#^g2|

^ 4^4 Ai..g-4 4#(4-fA £4 ^ 7]

44)^ Samtako Bio Korea^T-i ^*^4^4

44^4 44-5^^ ^5 23± 31c, ^5

50± 10%, ^7)4^ 154/hr, 55 150-300

Lux, 44-^7] 12314(08:00 -20:00)55 -B-4£|

5^ 451- 4^4 3]^ 4714^4 ^\s.

(Purina Korea)4 3}-^^3| a]4jOd^^

31-54 54444^ ^^45-^4 4^3]oii

44:5, -g-^4 544^4^ 4 244 7^44

55 47)5 544:44444 4444, 44

4 44^ # 5444 ^-5-# 444^4. 5

€• 44^1-8: 4^4 1^4 4444^ 44

47J-4 -^-1-4 ^44 4-§-45i4.

3.

^ 4^01] A}-g.^ SL^ A]^wj-ig^ ro]4^

^4^44^44^/ r7]:^3^4Aj-^-.4AjA>

444i?4j^4 CTFA^ ^ OECD guideUne^4
44 ^440^4

1) 44^4^4

444^44- ^44 4444 ^4 444
54011 i^A]^ ^5:^54 2 g/kg f-4^4:

444454, 4^ 4-4- 5444 ICR 4^^

(20-25 gm 544 7}^ 444^ ^ 10 ml/kg

4 volume55 14 45^^4 4^4. ^4^,

144-^4 4^44, ^ ^144-^1-

4#4^4. 45^^ -g-4(PEG400)4 ^44

^4. 4^f^5 ^ 5^ -§-1-^ -^444 ^4

5444 44-54^ 4:€4^4.

2) 4^l43l-4-3l^

24314 44 454 6444 New Zealand

White rabbit(2.0-2.5 kg)# 4-§-44 4

4 -# #41- 4 2.5 cm X 2.5 cm 3^54 3.



St\^ 5ij7l. aj.7

7]s. Hl^^l- 51)-^ 27l]^2|-

3]^ 27^^S. SH,

^(PEX3400)^, 5%(®r]'^Hl

5«11 ^^)1- 0.5 mm

4. ^-g- ^ 247«1^^ ^ 727«l^^lo]l

^^>31- 71-311 ^-Aj,

1- '"S]o^^.§.o]^AjA]^7]7]^j<''ol]
nl-el- ^a?l-ol] Cfl^ Aj-^Aj^

^<:>] c.l-g-£l^ Draize'®3]

P.LI.(Primary Irritation Index)3]

4^4.

3) ^^4 4^4^

^J:?- -i- 444 ^^<^1

(2-2.5 kg) 9441- 4-g-44

4# ril2:5., ^<>11^ 441-4 5%

(44-<^14-g-44 5yl] ^^)1- 44 0.1 ml4

444^4. =1 ^ 344^ 20-30s M 4

^ ^5444^5. 444 64

4^ >^11444 ^44. 441-4 4-g- ^

1, 24, 48, 72444 4, 74 ^4 4-g-^4 4

44 ^44 n 44, ^44 4-g-, 444 4

4, «e#l-4 4£ ^4 444 -g-1-1-

4-44^4. 444 4^4 44 ^4^ rsjo^

#l-4^44444^j' 44 44444 44
-i- 4444 444^:11. 444 44 444

4 4^ 44-8: ^4

Draize'°4 444- 41-Sl- 444.

4) 4-¥-4-4-4 44

s^AVdi cfl^v 4^444 4^1- ^4 4-

^ 104444 Hartley Albino guinea pig

(230-270 g)-i- 44-44 GPMT(Guinea Pig

Maximization Test)4"4 44 14444.

^-Kinduction) 5%(44-44-g-44 5

till to)S. 144^:2-, 4-fl4 44 441

4- 44-4 41-44 1, 0.5%1- <=>171 ^

£# 144^4.

14 441: 4-2-4 71444 444-^4 4

S., Freund's complete adjuvant(FCA) 4

FCA4 4S$41-1: 24S. 0.1ml4 44^4

4^4. 71^ 24 441: ^4^41- 4S.4

^ 10% Sodium Lauryl SulfateOLS)# 44

44Jt 2444^4 411-41- 0.5 ml/site 4

£54^1 7Ka1]S. gl: 4 4444 tll4H

s. jla^44 4844-^4 3^1 ill4 X 4^4. ^

2^^ ci-s ^-^41- 45.^ ^

4 "^-14 a- 2444 -§-4 3^1^4.S.(challenge)4

4 44 ^ 24, 48, 724441<^1 ^giuVsl-

71-4^4. -¥-#441-4 44-4 -rr-r 444

^4. 44-44 441:4 29%444 4-t-

sensitizerS. 44444 44rilS-2-.9-S.-c- DNCB

(l-chloro-2,4-dinitrobenzene) 0.1%-i- 4-g-4

^.^4, l-4rilS2l: -g-44 PEC^OO-i- 44

45^4.

5) 4^44^

^4441 ril4 41-4 4-t-I- 5444 Hartley

Albino guinea pig (250-300 g)a- ®l-g-44

Lovell -44 4 441 144^4. 44

1-14 4444444 ##4 1%

444^4. 71444 41- ril£4 ^-5—r

4#<^] 2X2 cm24 241: 3¥-44 # 624

1- 1444, 4^1-4, -g-4rilsi-4(PEG400)

^ 44rilS-l-4(8-]VIethoxypsoralen, 8-MOP,

0.1%)!- 50 fiim ^-g-4711 44 4#24^1

SS 4 2 441- 4-444:11 -441-

Ultraviolet A(UVA, 320-400 nm) 15 J/cm^S.
4-SA1-44, SA> 2 24, 48, 72 44^1 424

-§-1- 41-4^4-. 2^1 22.5 mm glass filterl

Af^^H S4=4 UVB441: 44:4^.9.4,

UV SAl-<^44 u]^A|-c^44 Al^A^H 40]

(42442, phototoxic index)!- Til 4-51-4,

0.5 441- #244 1-lS #44^4.
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6)

cut!: A]^^ ^xg- snfe]
-1 Hartley Albino guinea pig (240 -280
g)# '̂ l-S-'̂ j-^ AcHuvant-strip method'̂ '̂̂ il ^
^ '̂ Ajb-f^uf. ^^(induction) ^5.-b 5%('y
t.Hl^-§-%tsl sal] c:»>7l^-

••91 1, 0.5%5. ^

^IS-tl: (2X2 cm2)<^l PCA#
45-c-ll su-joi) 0.1 ml^ n

^l-^l- striping t!: 05 ml

2 X2 cm^ 3.7]$] t>ia?f7loil 2Al:?l:-^<y:
t!- 4-5-, UVA (320-400

nm) 10 J/cm^l- ^lAj-sfct) o]^
4^-i: ^ 2^«^1 # 63)
4. iQo^ ^oi) tifs
1- 7il5L-5H (6X6 cm^) 2)-f 27l]^ ^a]o1]

44 24^1

4444 UVA 10 J/cm^ -l" 3;A]-(challenge)4
:s., 24, 48, 72Al^V414 tl:-i-4Hl- 444^

4. PEG400#, 444S1-
45.^ chlorpromazine (444- 1%, <^1=7]4-
0.1%)^ 4-§-4^4. UV^Aj-A] ^^7} 22.5
mm4 glass filterl- a>-§-s>4 ±^$] UVB4
4-8: 4444A4, UV 2:Al-<^^4 Ul2:A|-<^^
4 44 (44444^, photoallergic
index)!- 711444 0.5 <^]4-i- 4444^1 ^
4 1-4^ 44444.

4. #7llS[5|

43|!-444a144 4-f, 4Jt-§-4 l7ll ^4
—^ 44447] nll!-oi] probit4'̂ l 44 LQ30
4#^ «544 ^44 d]3:^4 ^

444^ student's t-test! <^l-g-44
•Tr44 4^!" 4A]-444(data not shown).

m

1. BH^Ol

4^7i7j§-4 4-^^^oi] 7144

44^4, ^lAj- ^ ^44 -^4:^44 44^
31-7|- !Sl 444x1 4*^Kdata not shown), 3.

444 LE>,o4 2 g/l<g44-^5. 7^171-51414.

2. nj^iW^Al^

4^7l!:-£oj. Ai^i-^oii 7144 4444,

4444, 311A1- 444x1 ^4:A4(data
not shown), AlTg^;g 44-2-4 44-^4'HIa^

71-4^ 444 4444 4-^i4xl-^x]^
(P.I.I.)7l- 0.21s. 47^45iJ9.i4(Table 1), 44

-¥-xf4- 44i #44 #4^4.

3.

4471444 Ai^i-^ofl 7144 ^1444-.
4444, 5^1 Af -^4 4444 ^4-^4 (data
not shown), a]4^44 4444^14 47114

(non-washing)^4 1a149|1o1] :^.§-
^^171 44 144 44 414 4444^4
4^ 4511x171 4844 44^0114 4-T-4 44£
444x1 ^44. 7il4(washing)-2^4- 144^1
71 144^0114 44 44 444 44444.
4^4 4x114.^ ^ 7114^0] Ocular

Irritation Index (A.0.I.)4^ 144^4 Mean

Ocular Irritation Index (M.O.I.) 44 1.33 4
0.67S 44 4#44.^4(Table 2), SL-^ ^7}

^ l^'Hl 5114444.

4. nj^TfAf^Am (GPMT)

711714-^4 Al^^-:gofl 7]o^^

44-5^4, ^l7f 444x1 44-2.4 (data
not shown), 4!-447^ 7]Tg:^j2f i:)l3:^4

44^4 -S.! -S-^-oilxl 71-4, yf.
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51?^-a-£l 2l-V- <?V^1-^ 5g7> <^-7

Application site

Table 1. Results of primary skin irritation test

Sites treated with test compound (kojic acid)

Intact Abrasion

Reaction type
Erythema and

Eschar formation*'
Edema

formation'*'
Erythema and

Eschar formation

Edema

formation

Hrs after application 24 72 24 72 24 72 24 72

Animal No.

Ml 0 0 0 0 1 1 0 0

M2 0 0 0 0 0 0 0 0

M3 0 0 0 0 1 0 0 0

M4 1 0 0 0 0 0 0 0

M5 0 0 0 0 0 0 0 0

M6 0 0 0 0 1 0 0 0

Total score 1 0 0 0 3 1 0 0

Application site

Sites treated with vehicle (PEG400)

Intact Abrasion

Reaction type
Erythema and

Eschar formation

Edema

formation

Erythema and

Eschar formation

Edema

formation

Hrs after application 24 72 24 72 24 72 24 72

Animal No.

Ml 0 0 0 0 0 0 0 0

M2 0 0 0 0 0 0 0 0

M3 0 0 0 0 0 0 0 0

M4 0 0 0 0 0 0 0 0

M5 0 0 0 0 0 0 0 0

M6 0 0 0 0 0 0 0 0

Total score 0 0 0 0 0 0 0 0

Grade of Erythema and Eschar formation'̂ 0 (No erytherma), 1 (Very slight erytherma), 2
(Well-defined erythema), 3 (Moderate to severe erythema), 4 (Severe er>'tehma or eschar
formation)

Grade of Edema^' 0 (No edema), 1 (Very slight edema). 2 (slight edema), 3 (Moderate
edema), 4 (Severe edema)

* P.I.I.: Primary irritation index, STotal Score/(Animal No. x4)
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Table 2. Results of eye irrilation test

^Animal No.
Time after treatment(kojic acid)

hre ^ hrs 72 hrs Tliays 7 days A.O.I.^

Average score

(M.O.I.)"*

Washing

Average score ^ n
(M.O.I.) 0 0 0 0 0 0.67

Total score = (Cornea opacity x area of cornea involved x 5) + (Iris lesion x 5) + (Conjunctiva
redness + chemosis + exudates) x 2

M.O.I. (Mean ocular irritation index): total score/tested animal No. in each observation time

''' A.O.I. (Acute ocular irritation index): maximum among M.O.I.
(0-5, non irritant: 5-15, minimally irritant; 15-30, mildly irritant; 30-60, moderately
irritant; 60 - 80, severely irritant; 80-100, extremely irritant)

^ 1% op] 40%S1

0.5% \0%o]

^#il5i4(Table 4).

5%sj (DNCB)

24, 48, 72^1?V'>i)

^ 100%)ol

5.

7loIi^V

3^114 ^-8: ^5l:.9.i^(data

not shown), (1%)

s] UVA 3:4 ^ 42:4 44

°1 411:44 ^4 444444 0A3.

Si4(Table 5). 0.1% 8-MOP

^ 7]^7\ 2.0AS 4444, mildly

phototoxic4 44^ 71*4 44.

6.

447l4-§-°l- 44444 7144: 4444,

4444. 4]A> 4444 ^4.^4(data

not shown), 44"i'44 2-44(l%)4 444

4 4^44. UVA 4 «13:A|-
4^0] 4^-44 ^o\ 0

A3. 4#4514(Table 6). 44431-44

chlorpromazine(0.1%)-& 4444^7f 1,83 4

444. mildly photoaIlergenA3 44444.
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ii-.- Materials

Sli'.-YS:„ .

kojic acid

Test

Compound

kojic acid

DNCB

(Positive Control)

PEG400

(Negative control)

-r^?> -t1?-)^2) 31-f ^7} ^-7

Table 3. Results of Primary irritation test in guinea pig

Concentration ^rs
0 1 2 3 4 0 1 2 3

Table 4. Results of guinea pig maximization test

Positive response {%)*
Induction

conc.(%)

Challenge cone.
(%)

by the 1st challenge

24 hr 48 hr 72 hr

I 30 40 G

0.5 10 0 0

O.I 100 100 100

kojic acid (1)

PEG400

* Grade I (0-8%), weak sensitizer; Grade II (9~28%), mild sensitizer; Grade III (29 - 64),
moderate sensitizer; Grade IV (65-80%), strong sensitizer; Grade V (81-100%), extreme
sensitizer; Estimated allergen showed above 29% of positive response.

Table 5. Evaluation of phototoxic test

^ , No. of Irritation Index" Phototoxic
TQst, Compound . . " ,.

animal Non-irradiation site UV-irradiation site

kojic acid

PEG400

(Negative control)

8-MOP

(Positive control)

(0 + 0)/5 = 0

(0 + 0)/5 = 0

(0 + 0)/5 = 0

(0 + 0)/5 = 0

(0 + 0)/5 = 0

(10 + 0)/5 = 2

Evaluation

Non-phototoxic

Non-phototoxic

Mildly-phototoxi

c

Irritation Index

= (Max. score of erythema and eschar + Max. score of edema)/No. of animals

*" Phototoxic Index
= Irritation index of UV irradiation site - Irritation index of non irradiation site

(0, non phototoxic: 0.1-0.5, practically non phototoxic; 0.6-1.5, minimally phototoxic; 1.6-3.0,
mildly phototoxic: 3.1 -5.0, moderately phototoxic: 5.1 -6.5, severly phototoxic: 6.6-8.0, extremely
phototoxic)
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Material

kojic acid

PECidOO

(Negative control)

Chlorpromazine
(Positive control)

'rablo H. Evaluation of photosensitization test

Irritation Index"'
No. of Photoallergic
animal Non-irradiation UV-irradiation index'''

site site

5 (0 + 0)/5 = 0 (0 + 0)/5 = 0 0

Evaluation

Non-pholoallergen

(0 + 0)/5 = 0 (0 + 0)/5 = 0 Non - photoallergen

(0 + 0)/5 = 0 (9 + 0)/5 = 1.8 Photoallergen

"' Irritation Index = (Max. .score of erythema and eschar + Max. score of edema)/No. of animals
''' Photoallergic Index

= Irritation index of L'V irradiation site - Irritation index of non irradiation site

(0, non photoallergic: 0.1-0.5, practically non photoallergic: 0.6-1.5, minimally photoallergic!
1.6-3.0, mildly photoallergic: 3.1-5.0, moderately photoallergic: 5.1-6.5, severly photoallergic:
6.6-8.0, extremely photoallergic)

S3)AVoi) cfltl:

Lrhf,^o] 2

gAg

(P.I.I.=0.21) ^ (Non-washing

group A.O.I.=1.33, Washing group A.O.I.=

0.67) ^451 3ll^t-sl^4. rte]

4 »]-4 *^^4

^ ^7ioj| 0^=40] 4444 4444

•m44 44 444 4444 44444-.

GPMT4 44 4444^

44 44-4-g--6^H4 \% (°cf4^ 40%)

o|:7l 4444 4444 7)444

44 14^ -^4^- 4-^0^144 4-4- -m#

4 4?]: -¥-44-i- ^ 14S.4

4-7- ^ ^ 44. :i44 44 4

44 444-^^ Ai-g-£io)^lai ^-£44

4444 ^ &4 ^4 4-g-444:ii 7i4fe

4# 4^4 -i: 4. ^4 444 44 44-4

4^ 44-44:4 '^444 ^3. $X^3 4-^

4444-.

^44:4 44 UV ^4-4W 200 - 400

nm 4444 #4^ ^4 ^4 peak?)-

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

^4. 4^#44 s44(l%)4 4^4 4^

44. UVA 4 4^4 4444 444

4444 4-^44 444

4. -£?): 5i44:(l%)4 4-444 44444

4^, UVA ^-444 4 1)1^4 4444-£

444 44 4444 ^4 44-4-4

£ 4.^^ 44^14.

44-4 4^44 s44:-& 44-4 4-§-4^:£

^^44 4-1- 44 44 444^ 4-g-4: 4

444444^ 444 4441: 444 ^

4444 #4^ 4i^44, ^ 4
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alinjjLi'l-y}- Sl-f ^b <?1-7-

^7H
^O] ^^€4.

o]nl ^C>1 4

-§-£l47lJl ^7] nfl^oll A}^6\]X]

4^44^^^ 44 3.S] ^

444 4^444, 444
^ 444 4#44 ^4^ 44^4 ®114 4

4AS. 4444.
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a# ^E.|S 7|-X|^
Leuconostoc citreum S5^l -^Bl %

Isolation and Characterization of a Novel Leuconostoc citreum
S5 with High Dextran Producing Capacity from Korean

Fermented Vegetable

Min-Jung Son^ • Oh-Sik Kwon^ • Sam-Pin Lee''^
'Traditional Microorganism Resources Center, Keimyung University, Daegu 704-701 Korea

^Dept. of Food Science and Technology, Keimyung University, Daegu 704-701 Korea
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a V. Leuc. citreum

oj-l- Leuc. citreum S5S. Leuc. citreum S5-b ^

Leuc. citreum KCTC 35264 -t* SL^ C16:0 ^ 018:1 w9c7]- 71hJ-a>

Leuc. citreum 85 25°C, pH 7<^]^ 7}^

# 44^1^ 4^ 4-E]-^aL, saccharose,
yeast extract# ^7}5|# afl ^2:S.7> ^o}

Leuc. citreum 85 5"^# 1300 KDa"?! ^-c- size4 dextran# Leuc.

citreum ATCC 3526 #7l-^c>l 2100 KDa*?] #-8: size4 dextran# ^ 5^7]-

#Jl#4 #4^4 3.7]7\ 40]71- 51# M-El-:d:4.

Abstract. A novel lactic acid bacterium isolated from traditional fermented vegetable was

identified as Leuconostoc citreum 85. The strain showed the close similarity to the morphological

and physiological properties of Leuconostoc citreum KCTC 3526. Both strains contained C16:0,

C18:l and w9c as major fatty acid. In particular, Leuc citreum 85 indicated the optimum

production of mucilage at 250 and initial pH 7. Also, the strain can utilized sucrose as a carbon

source and result in the higher production of mucilage in the presence of yeast extract. The

molecular weight of mucilage (dextran) produced by Leuc. citreum 85 and Leuc. citreum ATCC

3526 showed 1300 kDa and 2100 kDa, respectively.

Key words: Leuconostoc citreum, dextran, consistency

Introduction ^ 514(1). leuconostoc
#4 7]-4 ^ #<^14 #sll7l- 4

Leuconostoc^ 4^4 2-4# 4^1 s]#- ^##4 4^^!:

5lfe- #^'2"2.S. leuconostoc rnesenteroides dextran# 4-i-4 ^44(2, 3).

4^ f^^# ^4 ^^Jl4 <#4 7.^^^ dextran# 4#4 4
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#c>m ^-n-^l^ A']"--]
2.AA], sS.

ojH ^^^1(4, 5), }^S.A ^4^1, 3.S.
4£ZLS]l3l-g- «1^(6), rLe]jL ^#<>115. -§--§-

sH -^yy^A
^-5., >^1^, ^4, ^AAA AAA
% WoH^I-ji ^-AAA^rn 4-^-W
(7). ^§1 pseudoplastic^

oil ^H,

ZL^JL pH<4]^i£ ^7] afl-S-^j
ice creamj^ sherbets-l 2;^^

^]ol\+ M# ^]5.-§--^S.

^A^^ AA
4-§-€4(6, 7, 8).

Leuconostoc^] dextran dextransucrase

oi] oiefl 7]^<y sucroseS.-^E.i glucose7> ^A

£]^ ^^^-§-<41 ^1^ al^;^l-sl dextran«^l 4S
Dextran dlt!- S.^A

Monis ^(9)<4] A%A'^3., ^A

A dextran^ ^4^(10,11)4 dextran-engymatic
synthesis medial • '̂̂ d(12)<^l
4514. Polysaccharide gel# 4ol<4]4 444
# :s:#^d#4 4^1^ 444#4 cross linkage

2.# intennolecule4 ^4 3.?\] A^

44, 4^^ polysaccharide4 444 42:4
4^4^ chain segment junction zone44
-g-oii^sfsl 4^444 4^4fe #444 4

2:# 7}^ A 443514 4711444 dextran

44 44 44# 2L-^ Leuc. mesentemide^]
44 dextran 7544 44 4^^517]- 4##
451JI, 444 4#4#51 4444 #44
Leuconostoc dtreuirf^ 44 dextran 7^44
44 4## 444 4444". 4-4-4 # 51#
44# 4444 Leuc. cJtreum S5 t?"## #
4, #444 ^51^ ^#2] pH #4 4
#2:4-1- 4S.4JI, 4 7("-i- ^l-§-4 7544

dextran 4S.#4 #4444 #4 4
7l#7j ^711^^14 #oijixl-# ^

44-.

Material and Methods

xHS % 45if

## 4 #4 #-§-4 4444# Difco Co.

(USA)4 MRS broth# 4-i-4^4.
# Difco Co.(USA)l- 4-B-4#:a. -#4
44 # 4# ^ 44- 44-8: Sigma Co.
(USA) ^ 4 #4 444# #### ##4
4 7»1-§-4#.^4, 44 44 4#4 Ar%rA 4:

^ 42:^ 2.# ### ®14-# 7.]-^si-#4-.

3^2] ga|

4# #44# ###4 # 4444
4^, a 4-i: MRS #4 #4424 2##4
30°c44 2444: #4: 4##4 44# 44
# 3"## #4#^4. 4 # plate4-4
4 444 ## 3-## 1#422
7]A 4444 #Jl#51# 4, 4##4 #2
4 7^44 ### ^#1- 44#4 # ##4
4#^l-#4. #4^ i?"## sucrose7]- 5.4"^
agar plate 44 SOU, 2444: 44 4 ##4

A colony# 44 ^A

A tiiloj:o^ (2% sucrose, 0.5% yeast extract,

0.25% tryptone, 0.25% K2HPO4 ##)4 4#
# # 30°C incubator44 2444: 44 4 #4
^ A]..g-gl-^cl-. S.# #45#2# Leuconostoc

dtrem KCTC 35265# #5#5^^44 #
AAA 42 5#2 #.§-§>#4-.

S uH?f

5#7> 4- 75^s]-7] 4# 44:442 20%

sucrose(w/v), 0.5% potato powder(w/w),

1.0% skim milk(w/w), 0.5% K2HP04(w/w),
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^14 7Hfe Leucomstoc citreum S52\ ^E] ^

0.02% MgS04(w/w), 0.1% CaCOs(w/w), 0.2%

yeast extract(w/w)# 121°C'=H]'H 15

^1# ^ 4-§-^>5i

4. c«^7loll 5% ^7}-B}o^, 24

a1:^o1]a^ 48^1 30°C incubatoHl-^i ^

all<a:ofl A}-g-^ 7l^tiDAl^ Difco Co.

(USA)SI MRS brothl- 4-§-^>^4.

^ Difco Co.(USA)l- ^ ^

7lEl- Sigma Co.(USA) ^ API 20E

Mtl-

5^o|

^Efl MRS broth agar

<41 24^1^ ^^11- 60, 70, 80, 90, 95,

100% ethanolS. ^1>1^}^

SEM(scanning electron microscope, Hitachi

S-4200, Japan)-9-5.

4S. Altg-AV MRS broth

agar<4l SOD, 24^]^ arj=tb

Microbial Identification System (MIDI; Mcrottal

iD)^ ^^^1-^4.

pH,

pHfe #51#^ Ig-^ ^<^f ^#4^# 5 mL

^7}^l-<^ vortextt pH meter (Digital pH

meter 420A+, Thermo Orion. Beverly, MA)

1- m pH

meterS. pH7l- 8.3<4l °11^1-a1 O.lN-NaOH

5. lactic acid^^ (%, v/v)

dextran ^31#^ Rheometer

- 91

System(HAAKE RheoStress 1, Germany) <4]

spindle(Platte PP35 Ti, D=35 mm)-i-

measuring plate P61^

201C<41A-1 l-100s"'sl ^

^<4]A^

^3l£a]4^51- -n-§"^l'^ Fbwer law model

Herschel-Bulkley index5.

rai AEatoj «

^7|-^(M3)^ Shodex KB

805 columnj^]- RI detectoKWaters, model 410)#

t>l-g-§]-(^ GPC(gel permeation chromatography)

1- ^4)ae|^ a####

American poljmner standardsAj-^) A}-g-

O.IM NaNO^l- ImL

51 ^:e5. #^^5:14.

Result and Discussion

3^o| «a| ^

Leuc. citreum Sb 5"^<41 r]]^

51^1-^, AjSl-t}-^ ^ ^ <^l-§-Aj^ Table

1*41 L-arabinose,

D-fixctose, D-galactose, D-glucose, D-manrdtol,

D-sucrose, salicin #51 ^#-5. oj-g-^ ^ ^

# ^-El-iiotAi^, adonitol, D-cellobiose,

raffinose, L-rhamnose, D-xylose5l <^l#Aj^

^Ep5o!:4.

^#51 4## Fig. 151 ^

Al-^nl;gA>^2l- ^ol A-ils aL7l# r)l2l= 0.6-

0.7X1.18-1.53 fJ*# ^cilS-#5l 7^^o]
:g.A^^7lA^6lDl^ ^

All °1^1^ #£^#<41A-1^ 15-30ic<4l

#^<=>1 MRS

#«JlA-^5l 5 ## ^«5^A^

# M-Hl-^11# ^51 ##

ai ##?!: M-El-iHSAnl-.



Table 1. Differential phenotype feature of an

isolate Leuconostoc citreum S5

Characteristics

Gram reaction

Growth temperature

Aerobic condition for growth

Unaerobic condition for growth

Mobility

Voges-Proskauer lest

0/F test

Catalase

Urease

Gelalinase

Citrate

L-arabinose

D-cellobiose

D-gaJacLose

D-mannitol

L-rhamnose

D-sucrose

Adonilol

D-fructose

D-glucose

Raffinose

Salicin

D-xylose

Strain Lena
dtreum S5 .

15~37t:

Rod, 0.6-0.7 X
1.18-1.53/an

Fig. 1. Scanning electron micrograph of the
strain Leuc. citreum S5.

KCTC 3526-8: GC 41.98 mol%8l ^<41

^ 41.45 mol%^'^i

GC

^-511

Leuconostoc citreum KCTC 3526# ^

^4# Table

2-# C16:0 ^ C18:l w9c7}

Tr#^- 4

Table 2. Analysis of cellular fatty acid conponents
between Leuc. citreum S5 and Leuc.

citreum KCTC 3526

Leuconostoc Leuconostoc citreum

^1 «9-a- citreum 55 KCTC 3526

C18:l w9c 22.35

C18:l w7c

C19:0 cyclo

w8c

Sif

Leuconostoc citreum S5 #2."4] i4

€• #2 #0l-il7l ^-511 4<y:5V .^£0)1

-0-7.]$^"^ Leuconostoc a'&et/m 3526 5"

alinefl 25t:°ll7.-]

^1 fe-8r ^^22 3

OV^ 20r:^ ^J;X AltVo] xl^o])

^52.71- #7|-§|-^i4-. SE# Leuconostxx:

citreum S5 ii^y\ #a| Leuconostoc

- 92 -



S-hI^ fe-S- Leuconostoc citreum S5S) §-S^ ^ -^-'y

atefZOT 3526^4 3.^ -g-S.

a tec Ltuc. dUtom SS

• o- '30t LtiK. elt'ti/m SS

a ?0C L»ue. ellmm SSiS

• -O -JOC etitfum 3S26

'3SC iffcrc. dl^0tim SS

£0(/c. eUttum SS

•ZSt Ltue. cllitom SSiS

-37C Ltuc. dftum 3StS

Fermentation time (hr)

Fig. 2. Comparison of consistency of the culture

broth fermented by Leuc. citreum S5
and Leuc. citreum KCTC 3526 at

different culture temperature.

pH^ Stf

Leuconostoc citreum S5

Leuconostoc citreum ATCC 3526 o]

-§-§H Ais^sfl ^Sf-

1- 7)^ «ll;^lo] pHl- 5-9A

?!: 48^1 id- :fo| ^5:A# hIAbI-^

Ef. pH sHl i 7l^ all ^1^1

Fig. 3. Comparison of consistency of culture

broth fermented by Leuc. citreum S5
and Leuc. citreum KCTC 3526 with

different initial pH.

pHfe 7.8^ ^ a]

Leuconostoc citreum

S5 »l-§-^Sa-i: ^1 ^711 M-Ef

^^1 Leuconostoc citreum S5

pH 7^1 101.36 Pa.s"sl 7}^J- ^3:A#

Leuconostoc citreum 3526

ol-§-sH pH 6o])Ai

pH 94^1 A-^ ^JAAI- M-E]-t}lo^ ^

l4Eltfl^ pHfi] >^^171- ell- 7^

# ^ sxsx^.

gn

Leuconostoc citreum S5 ?14:-^^1

3,A}^}7] ^5ll pH 7A 71-^: all

^Hl 2%(w/v)'^| ^7}-§H 48

^^<41 '̂ 1-i-?!: ^A^-8r glucose,

mannose, xylose, saccharose, galactose, fnxtose,

rnaltose<^lEl-. Fig. 4^^ ^^fsf ^o] saccharose

1- ^7^1^^ all, ^^A#el 7^AA7l- ^5J:Al1

controlAE}^ ^ol ^o]- A Leuconostoc

citreum S5^ EirA^Js] ^7H ^

^AA i4-El-vd4.

Carbon source

Fig 4. Effa:ts of carbon sources on the production

of dextran.
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Leuconostoc cilreum S5 3"^®!!

^-1 ammonium nitrate,

ammonium sulfate, glycine, potassium rutrate,

tiyplone, urea, yeast extract-3-

pH 7^ "11 ^H1 ^21 ^

l%{w/v)^] '^7l-5H 48^1^^

n ^2|- yeast extract# ^7]-^# ^

^ 5"^ LeuconoslcK' citi-eum S5#

yeast extract# ^

^-8:

y y y /
/ / ^

<5°^

Nitrogen source

Fig 5. Effects of nitrogai sourres on the producticn
of dextran.

Leuconostoc citreiun S5 Leuconostoc

citieum ATCC 3526 7^## ®l-g--4^

^ zi #4

# i?## ®1 •§•?&# 1,300 KDa4 2,100

KDa^l 'A^ dextran®! -^'#^1# A

# # ^ leuconostoc citreum S5 5

®l-g-^# «ll®l)# pH®l] -^1-#^®!

®1 1,300 KDa# ^-8: sizeS] dextran®! ^®1

LeuconosUe citreum K\(JL 3526

5## ®1-§-^# ^®ll-lr pH 5# ^^-?-# ^151

A3., 2100 KDa# ## sizes]

dextran®] A: ^

El-ifl# #2]5|-®^ Leuc cJtreum3^

^1-^Ao], ®1# Leuc. citreum S55.

A. leuc. dtjeum S5#

®] Leuc. citreum KCTC 35264

A, # 3.^ C16:0 A C18:l w9c4 ^3

4 #451,4. leuc. citreum S5 it

2SV, pH 7®114 AA AA-k 44

AA 5^4 444# 44 ^A3S.

444J1. #4# ®l-g-4#

5. saccharose, #4i#A5. yeast extract# 4

4M 4 #Jl#4 ^3i3.7} #o|- o]

# 444# #-9-^ 4444. HI# Leuc.

citreum S5 ### #44®1 1300 KDa# A

# sizeS] dextran# S^®1 -^^#4453., Leuc.

citieum ATCC 3526 S## #44®1 2100

KDa# ## size4 dextran# -^^#44 # if
^7} ^S#4# #3L#sl ^-A^A 37]7\ 4

®l7l- 4# ^.9.^ 4444.
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A Case Study on Calculating Turnover Cost
of a Foodservice Organization
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a. 9^. ^ oj^j A] Hl-g- sl^<a^)oi) O]

AllAl^l-jlA]- ^A] 2:A1. ^4 oj^Hl-g-^ 3.7]] S]A| H) ^ll-§-Ol-§-, ^ «!-§-J5.S. M"

n A):# ^H1 «^l^«l-§-

^ ^ 2)^oil 11I.4 <^^-4 i3.9%~87.9%S. o)4ul-g-4 o^-g-cflo)
^4 44 44. 43. i^Cf.

Abstract. The purposes of this study were to examine turnover cost factors and to calculate

turnover cost of a foodservice organization. Separation costs, replacement costs, and training

costs were found out as turnover cost factors through literature research. The overall turnover

cost for an employee of a selected foodservice organization ranged from 15.5% to 88.8% of the

employee's annual salary. The ratio of turnover cost per annual salary were differ with different

periods of employment and annual salaries.

I . A1 S

^ 7]-^4-£1jl ^cf. 34-

^41 51-^ul7441 711'̂ , JLTlj

4]^ -^41 Cflt!: a]jii4

41^3174 ^ ^4^4]

41^ ^^71-^^44]^ 4^41 ^

$14-.

71414] ^ $1^, 44

4 $14 $141 44#^ 4-E1-41J1

$1^1(1), 44«^7il4lAi^ $14^^4 4414

ol4-^s. $14 $14-¥-#4 f^7l-4

- 97

Ji $14(2). 444 44^ 7]# ^4-i- 4^

Til 4-i-Ji ^^^44^ 444^ ^4 444, 4

^14 4^54 44-s. 444:2 $14-.

4 4 (turnover) 4 44 -§*44 4471-45. 4

4€ ^ $1.^4 -^4-4-^5. *3:4.^5.-^4 4

44 5-4-i: 431 $1^ 7il$l4 3:4444 4
4^71-7^^ A-^s. #^44 4.^5. s44-¥-

5. 4-^^14 4'444 ^44 44(3)4 ^4 4

^ 44-4 44 m. ^44 <=>14 n

444 44 71-^4 <^14(voluntary turnover),

^171-^4 4 4(involuntary turnover), 471-^

4 4 4(functional turnover), 471^4 44

(dysfunctional turnover), -i-7l-4 ©14



(unavoidable turnover), ^^1 7}-^^ <^1^

(avoidable turnover) 4^

(3, 4). o] ^ 3i^2] 7l^oi] # 4^

f-sll7.i 4^ 9X^ ">]

^ "^71^^, -f-Til 7}^^ oj^oil

cfl?!: ^41 <^1 V^9):A.
ol3]o|i cfl^ ulH^ 7]^

^^l-i-oil o]g|| ^d5£]o:| ^4, o]3]

S7l5) ^Aj-^o] 2:^#

-§<^1

A^A^A 7)1 ^A^£4

^<4^^ •^^^l-5^ai(5, 6), ^

AA^ ^?lwl A^A W1 41^

^«<^1] clll> f^JS-A^t- 'yAi47l
a144^a1 ol^jUj-g-o]] i:}]4 <^47). ^7>4J1

5Z4(7~13). 4^1 Cascio(7)fe «^l^«l-g- ^ "^l

AAA «l-§-^

<^Wel- -fAll71-^4 A-%- SL±%

41314^^5. tij-g-^ A±.AA «J-

•^4 7ll'g-4^Ci| ^4j1 7^V^^jO

S.A <^14«l-§-4 ^AA ^^7]-^4e]

A #-§-€ 4^ ^-SL^V iLi-y-i: AlA}4^

4. ^Et!" Slade -^(14)^ AAAA

(rewards) Ajul-el^oj] 4-c- o^j^y- A

^ AA4r 444:ii, ^-§-

A ^-t-4 4-§-# ^14 ^-S-4^ 4-§-

4 HlJit^^^4 'y^Al-^olj cfliSj- ^

7^44 T.Hll- f-^114 4-§-

^4-i- 44-4711^ AA 4^^4 A^A

# 7^-3:45^4

AAAA AA A 'a^4^4 4

4-^4 44 #4444 AA"^] diS.4fe 4

444 4# Til^'^l ^44. 444 A

#4, ^4^44 #7^1^ (conservative

estimates)^ 44 44-s44 44-4 #44

l<y4 444## $1,500-$3,0005. 3ij7]-sloi

4.(7, 15). Hinkin4 Tracy(ll)# 444 44

4 #44444 441: 44 44.^5. 44

4#, 4i7-7)|-g-7)-^] 7]^ ##.^5. 44 A A

A 7-1 §K #^44#4 4# An # AAA

A A ti]-g-(lost-productivity costs)# ^AS.

S4-44 44444 ## 4A 5:4#

444## #4444. ^ 44, l

4# 444## #4 ^ 3).°^Ei]o]i rti-si- 5|

5 $1,332-$7,6584 V^# #5^# 4444#

A, 7l#-^A^oi] His]] 4#S., front office,

housekeeping #a-1o] o]^].§.oi ^5J:jl,

4444^^ 444-#4 ##, 444 #-¥-

m, #4 ## #4 444 ^AA 4444

44# ^n 444## A^A^d # 4##

44444.

#444# s.^ # 44444 4#4 #

# 44# #4.^5. 444 AAA 4#7l- #

#4 AAAA ^.^4(1, 16, 17), 444#4

4# 4^144 #4 4#44# 445.71 4

#4. 4 #4 #444# S4#4, 3:44^

% 44 ^ SL^ 7^o] ^}«i445.s 44A1-4

444 444# #7i-4oj A'^A 4h
A] 4^44.

44-4 # 4#44# AA 4### #41

444# #4# 4# 4# SAfsfji

7«H14## #®fl 444^114 44 44 A A

A #44# ### #4445. ^#44 A
Al5l-#^S4 4#47I1# #^4 4444 4

#4# 4 4 #^7]- A:A.

II. ^=?- LHg %

1. % 71^1

444# #7j 71-Bii^^# ^sil i:il#44 1

A 4444# AAAA

4IS.)# r]14'5.S. 4#^4(in-depth interview)
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c}]?> <^_-7

^ ^-^151-^4. 2008^ 7^ n°4

0)1^ f-sfl 7m^

^11-

2. m# % uhg

^3 ^^#(7, 10-^13)^ ol^til-§- ^%:

A] 77^s]o]o> ^ H]^. iLil-<>l|

nHS)) 2:A}5l-JI, ^L}] «J-<g

-tv# 7^^^5l-^t:l-.

°1^ >^1 Hl-g-A

^ H]-§- -ai#(s)AfTg^, =3

5.^ • ^3-jiyl-g-,

^II-§-^^, ^l"^. Jiif-t-J], ^

4

^14 ^ tfl^l -^1 4ASV ^J^4e] 4 4

4°fl4 rfleJl 4

44^ 44# 444^^, ^l# 4447]
^^4 44# 4, 4 4?im :tii-4# 444

4 444 44, #4, 44, 44 #4 44#

:4-l-i- S.44# 4##4^(open-ended) 4#

4# 7)14444-. 4# A4i#4 stII 444

#, 4l-g-4-S-, 51^-^4444 44^4^ #

4ji, 441441- l^ll g)-g-^ :^i:f]S

44 4 4441 14 414 4#444. 4

i 4 411 144 mil ^444 4

14 414 14 41 ^141 41444-.

in. ^4 % iiw

1. o|5j Hii

14 sll- l-afl SA}4 o)2i H)!

a:ii# a 14 4-4-444-. 444 44 41

HTi) 41 44, 4114 ®344

1, 441 14 4ia41 4441, S-4 • 1

3., 44-14 ®344-l. 4144, 4114 ^3

441, 41 41-1441, 141 14 i

141 4I0II. ^4^ 444-^^ .I4'i4

®H, ^ allKon-the-job training), jE-l

la 44 14 ^a4l al-H41 1

<=>1 441.

a 1. 44 «)1 ail

41 ai:

4144

411^ ^3441

4 41

S.4 • la

4#^^ =3441

4114

41?H =3441

44

aBr^rwi^s
( Uj] 7] ^ Jit 1")

OJ'r(On-the-job training)
(n)]4 ^ -g-4 j.t^)

Jil-^ 7]-^

4a|.^«^4 444. 411 444. 44 H

4144-4 444, 44 la 1-a]-

44 441, 41(444ai ^)

4-a7]1441, a4 44 44-/44'-Jl 41. 444

111 444, 4-^ 4^^ %A}

444-4-7f 444. itl4, Staff 44, 4^ aa l-^f

411 01^14. 4^141 41, 41 lia "

41 - 14«il 44, 141 1

iit-^44-1 44H|. 4^^4(411) 44a|, 11 ^4
4-4 aa ?rl

iii.^4-4-4 444, la-Pr^l- 444

Slliil A}s., 7lE|- 41 4^ 141

(Cascio 2000; Graef & Hill 2000: Hinkin & Tracey 2000: Simons & Hinkin 2001, McKinney et al. 2007)
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2.

4W S 2'^l ;d]Al5>^T:f. c]]'̂ )- ^

E}]^ ^ ^nlll- Z!]^

7>7} ^-y aooou 15,000^01^4. 5£?1: 4

4 ^ 1204, yia ziis] ^ iTH-

1- 71-4J1 ^^4 15401^4. 44

«]-§- -M-oll A^g-^ ^A}^ 511444] 4

S 341 414444

S. 2. 2:Alc}]4 AI.4

4eH

4471

(^4 3E4)

44 ^

(4ia 414)

444n^

Efl -§-

tl44

^14: 8,000^
Am: 15.000^

1204

a 3. 4^^ ^4(^42ii4) ^

4-§-A4i 4A-1 2i^Ay Am
(44)

^^(4^1)

4t^(4)

2,000 1,800 1,300 1.200 1,100

10 10 3 3 1

3. omti\% ^1#

S. 4^ 1^14- 4^114 3lif--4^^

0144-g- 4:# ^444. 441- -f-41 2i

4^15^4 4-§- -2-di 44 «J-4-(slAi-44

^J444. 4444 <yA}^v^ 3j;y

<^4. ^4441014. 514^1-^ 4)4 ^4 =114
<^^1011 444^^ 44 ^4:4

4 Sd4 4£4 444 4444 4#

A] 44444. Efl^v 44

4^14 444 4^011 4144

44, 44. H4 • 4^ A^47l- oi^^xiji ^

44 ^o> >y-.f

4444 4:# 414 44 4:4 444 S 5

oil 44444(3:4Al- 7]^c^]).

4^1-4 l-?] o]x]A) ^Hy-2i4xi-2i 44

21,307,0004(4444 87.9%), 4^47^1 4

4 18,936,0004(44 87.7%), s4a1-4

44 4,891,0004(44 44 31.4%), 7^4

4 4,445,0004(44 4"l 30.9%), ^3,^ 44

1,840,0004(4444 13.9%) 7)-4=4 «14ol

47^4-9-^ ^-9-^ »44-1^4-. 440]

4444, ^d4447f ^^44 444-9-S 44

4-g-ol i.s.£l4

44: 440I 444^ til^o] 41:4-. 444

7114 4 ol^tll-g.^ 44, ^7]) ^;^5l4^cll,

S 4. 4-^1 ol44-§- ^ ^444 44 (44: 44, %)

4-8- -fi.4: '4447V 4471
(^4)

2:4 AV

S1444 20,206 18,206 4,105 3,805

4444 89 89 89 89

• ^^4-8-

7|4«I4
(44^,

4 All

•^44"! «!-§•
(%, 44 7]^)

600

202

21,307

87.9

540

102

18.936

87.7

4 44^. t?-44 S14 5144 i?4-& '^l-g-?14.
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ttli 3f 3131 343133 43(3)

3^^333 333 (331 f333 - 33ii3i

' 34333 334"
.3*-3333 334£i43»3*-3334'

iOO)

^ !l533'(L*'33)43!=l,ro3

'Mi 33333® S43T/r
33(33323 f) 14^4

e 1,300,Illl0'3=a9(»,0003

mm

2a-?ii
#1£3 3313334'It

3314343s ill3334'It

#,ra3' 13=toooi
ail'13 =2100(13 ^

fl^T

33 3li £i34 1 j^
34334333 "®

53'103'(21,000»33)=5.i)3 1050

31334333

13 44 if3«3433

l4M»33'i2000,000»l3)=6iOe03
2P

i0003'33«

£31 3431434 1^3 1500

O|I(0rtlie-jol)
training)

24334333 24334 £433'434'
4E44333 4244 £443'434

153»ll43'308n'(2(««M.*t) =10003
153'll43'30!i'(llM*H =1,'13

3131333•^33343 #334 10003 1000

189(1610

" m - St is

' 4i4i«l s-'Tl. s'i'JS •Sia^ -sail^ - ••5<='l«!
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^ ii-3,7} ^oy

S]^, ^ll-§-,

S wl-g-^1 ^71] M-El-\+

^:^115. 4"^=?!: t7-S4 a^u]

^ 7]-^ 98711 c}]4^j5.5. tb *3

^(12)<>1]>H^ ^]^l-4

1- SAj-^sH <^l^til-g-# TljAVtb 14,

'̂-^1 Sl(269 rooms)S. 71-14^# 1-f 1^

A^(ADR:Average Daily Rate) ^1

^^(ADR $77)1 11 llo] oil

1 nfll $6,3504 llHl-§-l 4:5L1 11, 4
u]>i #lo] sKADR $125 Hotel)<^14

^ 111 $27,5214 144-g-l 1^34711 4^

14-1 1:^14 41^ ^^1 ^1

1^4 144 ^-S-4^ 4-g-s 7^4^ 4-^
u]- ^1 oi4®v -B-^4

41-^ 1 15^(15)143^ 1111. 11 1

1 4^11 7i# ^1 11 144

±5,^^ 4-g-l 4711^ ^ uil, ^711^ 44 14-

^711 1411 41- :ii41 4, 44114 11

45. 7l#4- A^UjA, ^4 ^^oi] 14- oiiA]

is.4^ wl-§-l 11 ll7l- 111- 4-^ ^

14-2-S 4^# 15^1- f-sfl iB^i- iioii 14:
lf-140]: 4- nil.

^tb Hnkinl Tracy(ll)^ 14144 15^

1-^ 444-^ 144 m 7b44 uj^g-^L

4il-^ f^44-^5. 11- 4^7]- §iji, 1^

^44-^5. 14A^ 14: 4-§-4 ^4# 4^1

7bl^ ^41- ^71] llji 441:^1 11. 1

14 W m4^ 144: 444 4-§- 1

41 ^ Hl-g-ofl

144 444 #41 4-R4 4-9.^ 1^41.

IV. 94

^ 11^ 44111 11 14 ^^44 #

141- wi-g-^ #1145. mi

7bl 7b4i- l^'il-g-o.^4 Jl#41 m7ll4

(internal marketing) H #1-1: 7]-^l)£^ 1

7) 44 Al-B^l^iAfl- -fsl] 7H4 14«1-§- 1#

1 m- 141JLA]- 44411.

itAi- :gi oi^]u]^^ 3711 4 414-,

4-§-l-§-, n# • ^ll-§-.9.5. 141.9.1 7-11

# ^J-4-1-4 ^ 1# 44111. 1^1

15^ 14- 144 141-§- 4:# ^4, 4#
^ l^oil 11 l-g-4 15.5%--88.8%^ 11

iTii 111^1, e#14^4 1-S-l 14-

44^ 141-g-4 1#11 1^1 11 1

^ !€• 14-^ .all.

11 ^114 444 141-g-

15^4 1^1144 141-§- l"# 4 7]

n€ 5^ 1# ^A^s. 1141, 1

41-§-4 4:## I#l7fll4 l-g-4 7}1h

4-1^ 4411 144 14 -ml

(retention)1 ll7H^ 144

41:4 ^ 5^44 #7b4 # 5^ 1^

4-9.3. A>^^1. ai: ^ 14

l-§-4 Itb 14-i: 4jl^.9.S4

141-8-4- m m ^14 11: 15^

4 #Hl7il ^ 4-9-S 1141.

W li'll^ 111 44141- 14-^

3. 1 1# 441 14 44144 iTS., 7]

#, A^a]^ ^^6\] a)-l 7b^l: 1

41-§-4 111 iTll "T 111 1^1. ^

1 4441 141-§- 44 14-9.3. 14 ^

4 7>^l: 41:A^ a-]1, ji7j| ^^5. 7^± ^

4 -?-7b4 144 41 iTll #41 111

4<il: ^ 4j9.^ 1^41.

HHS?!
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•¥• Sif-i- Sunset

71] cfl ^401'SI- 7l7il4-g-^]-^s}-^

Calculation of the Sunset Diagram with Two Different Masses

Chungku Kim

Faculty of the Mathematical and the Automotive Engineering, Keimyung University, Daegu

704-701, Korea

3. 5|. potential^ o]^]. loop order vacuumS.^ ^

^ 71"^ sunsetS.^^ momentum^] ^7l]»^j-'^

% 3l^5|-oi ^^012] ^^-oll cfltb S>^4.

Abstract. By means of the asymptotic expansion for the momentum, we have calculated the sunset

diagram which is the typical two-loop order vacuum diagram to obtain the effective potential.

I . S

potentially]-g 4^^ vacuum £.^l3].E-.g- 5.447]] 4^^)]^ ^1^44 SunsetS.^-^. 4^]* order loop
^ 4S44 444". ^ 45. 4€- ^ 7>4 ^-f4 4^ 4^^

momentum^^fll- ^l-B-44 44.

II. ^!7l|0l| Ojff Sunset Tllit

45. 4-c- ^ 4^^ 7]-4 Sunsets. 4-§"4 Momentum4^-c- 44

%d^k 1
(27r)2^ {k'' + M''){{p+kf + M^){p' + m')

I(M,m)= f
(̂27r

(1)

4^14 £>=4 —2€^ ^44 4^4^ 44*^14 M4 Sunsets.^ 4 propagator^ 444^

• ^444 ^4(1)# 44:47] ^44 4^] momentum k4 44 4-8*4 44^ 444 5.7}-.

(27r)^ {k^ + M'̂ ){{p + ky + M^)

J(p.M)-i- ^47] 444 ^4
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Zi xj •

^ = n/ \ • /*' ds—^—;-r{-s)r{m +s) (3)
{k^ + X)'" r{m) 2m J _ {k^)'« +•"

•§• propagator^ Mellin-BamesS.^''''# ^

% ^ momentum k^] c]]^

fJ^ 1 (5)
J (2ir)" {k'y^'iip+k)'')'*'

propagator^

1 _ r{a + b) /•' q""Hi-«)^~'
A'̂ B' r{a)r{b)Jo {aA +{l-a)Br'-'

(6)

S. Feynman parameter S-^s:

r{s +t+2) r\ f d% a'd-g)-^ (7)
rd + Drd+DJo (27r)^ (A:2 + 2ap.it + ap2)'^'^2

^ r{s-kt-¥2) /•' f d^k adl-Q)
r{s +\)r{t+\)J^ ""J (27r)^ (A:2 +a(l-a)p2r+'+2

1- ^ ^ A:^A:-ap^ ^1^1

r d^k k^' ^Dl-^^r-s + ^)7^(g _ y_ 7^/2)
J {2Tr)^ {k^ +xY {4n)^^^r{D/2)r{s)

S. momentum^ ^-i" ®l-§-^l-^

r(s +t+2-Z?/2) r' n/2-.,-2Q_ )Z?/2-<-2 2(Z?/2-.,-/-2)
r(s + i)ra+i) ^r(s + i)r(t+i) J

^ Beta ^4^4

(8)

(9)

5(a.6) =/>a"-'(l-a)-=^g^ (10)
r(a + 6)

4-§-44 4^4
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2(£>/2-2) /»ioo *rl

j(p,M)= / dsdt(-^Y*'r(-s)r(-i) (11)
(47r) \2m) «' -ioo p

r{Dl2 -1-s )r{D/2 -1-t )r(2 + s + t-D/2)
^ r{D-2-s-t)

s + t=-2 +D/2-Barnes's lemma'̂ '#

i4w)^^^2m - io. r{2-\r2q)

% 'yjz. Gamma^ '̂̂ 1 tfl?!: doubling^^ r(22) = 2^^" V" ^^^r(2)r(2+1/2)^

r ,,(^rA-.)r(i^)r(2-i./2+,) „3,
2(47r) '̂̂ 27ri »'-,co 471/^ r(3/2 + 9)

^ <^7\] B]JL o] contour7}- polC^l q=n o]lL

poM q=-l-n4 q=D/2-2-n^J^ sl^cfl

<^1^ p2 < 4^2.y ;g^s|. p2 > 4^2<y ;5i7||oil

,,, ^ r{2-D/2 + n) f , 2 ...,2^ n/i^M = S ^(3/2(^) (P^ <4^/^) 04)

7(P.^) =4P/2-.2(4.)P/^1,?„ r(l/2-n)
„f, r(n +2-£l/2)r(£>/2-n-l),411/%„, , ,, .,,2,

+2„?„ r(n+l)r(Z7/2-n-l/2) ' (p >4^/ )

¥)2) 'r-HdSl'HI-H Gaiiinia«"r°I| ^s) ^^7)- i+emfe- ;a^fe-

ra)r(i-z)= T ^ (16)
sin(7r2)

^ 71-^ Sunset 7^1

7^ ir't 7^(1/2 +71) /4A/^ y, +/j/2- 1 ny)7(p.ll/)= ,p/2-22(4,)P/2 '„S r(J/2 +n)
+2i;iSZ2^^^(i^)"|(/>4A/=)

„ = 0 i m -i-1; p

444.^5. ^4(1)4 ^4(2)<^14
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