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STANDARD FORMS OF PARABOLIC CYLINDERS

Kwang Sung Park

Abstract. In this paper, we study on transformations to principal
axis of quadratic surfaces. We focus on finding a simple way of stan
dard forms of parabolic cylinders.

1. Introduction

We axe going to study a simple way of finding standard forms of
parabolic cylinders. The formulas of transformations to principal axis
of quadratic curves are well-known. Those are easy and simple. The
cases of quadratic surfaces are similar except one surface, the parabohc
cylinder.

A qdaratic surface is the level surface F~^(0) of F, where F{x, 2/, z)
is a quadratic function of x, 2/, z.

Let F(x, 2/, z) be the quadratic function

ax^ -t- by^ -{- cz^ -f 2fyz + 2gzx+ 2hxy+ 2lx + 2my + 2nz + d

The following matrix and determinants will be used frequently in this
paper.

A=\ h b / , A =

aha

h b f
9 f c

Key words and phrases, principal axis, diametral plane, quadratic surface, par
abolic cylinder.
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If we denote ^1,^2)^3 the eigenvaues of A, then A = tit2t3 and one
of the eigenvalues is nonzero. We may assume that ti ^ 0.

2. Preliminaries

Let M = F~^(0) be a quadratic surfaoe. A point P is called a center
of M if it is a point symmetry of M. Note that if the the origin is a
center, then x, y, z terms should be disappeared by the symmetry. A
center of M is a solution of the following system of equations

ax-h hy + gx-{-1 = 0

hx-\-by-\-fz-hm = 0

gx + fy + cz-\-n = 0

Thus M has a unique center if and only if A ^ 0.
A plane 11 is called a principal diametral plane of M if it is a plane

symmetry of M. Note that if the xy-plane is a principal diametral
plane, then yz, zx, z terms should be disappeared by the symmetry.
The principal diametral planes of M can be obtained by the following
formula :

t(Xx 4- + I'z) + iA + mp + ni/ = 0,

where t is a nonzero eigenvalue of A and (A,/z, i/) is an eigenvector
corresponding to t.

The standard forms of quadratic surfaces are the one with the ori
gin as a center, if exists, and coordinate planes as principal diametral
planes. To obtain the standard form of M, we need the following pro
cess.

(i) Find eigenvalues of A.
(ii) Find corresponding eigenvectors.
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(iii)Find principal diametral planes whichare vertical to these eigen
vectors.

(iv) Rotate coordinate axes so that these principal diametral planes
are parallel to coordinate planes.

(v) If M has a center P, translate the origin to P. If there is no
center, translate the origin to a point of M case by case.

In fact, we can obtain standard forms of quadratic surfaces as follows

(I)A^O
In this case, the eigenvalues ^1,^2? ^3 are nonzero. And the standard

form of M is of the form

tix^ + *22/^ + + • . • = 0
116213

Let (xo, s/o, zo) be the unique center of M. Then we have

/(a:o> yo, -zo) =7-^
616263

The quadratic surface of this standard form is one of an empty set, a
point, an ellipsoid, a hyperboloid and a cone.

(II) A = 0
In this case, some eigenvalues are 0. We may assume tz = 0.

(i) If M has a center then its standard form is of the
form

tix'̂ -f + /(a;o,2/o, -2^0) = 0

The quadratic surface of this standard form is one of an empty set, an
elliptic cylinder, a hyperbolic cylinder, a straight line, a plane and two
planes.

(ii) If M has no center and <5 7^ 0, then ^2 ^ 0 and its standard form
is of the form

f,x^ +W=2/^-
The quadratic surface of this standard form is the paraboloid.
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(iii) If M has no center and 5 = 0, then ^2 = 0 and its standard
form is of the form

tix^ -f- 2az = 0

The quadratic surface of this standard form is the parabolic cylinder.
But the coefficient a is not known at this moment.

3. Results and Examples

In section 2, we found standard forms of all quadratic surfaces ex
cept parabolic cylinder. Now we are going to find the standard form
of parabolic cylinder. Let M be a parabolic cylinder. Consider the
principal diametral plane 11 given by

ti (Ax fJLy-\- uz) + /A+ my. -f- ni/ = 0

and two parallel parabolas

f{x, y, 0) = 0, /(i, y, 1) = 0.

Note that

n n (F(x, 2/, 0) = 0), n n (f(x, y, i) = o)

give two points Pq, Pi. The line passing through these points is parallel
to generating lines of M.

Example 1. Let

F(x, 2/, 2) = x^ + 2/^ + + 2yz - 2zx - 2xy -4x-2y+ lOz -f 1.

Then

= 0

- 4 -
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Since the system of equations for centers has no solutions, The qua
dratic surface F(aj, y, z) = 0 is a parabolic cylinder. The eigenvalues
of i4 is ti = 3, t2 = tz —0, and an eigenvector corresponding to 3 is
(—1,1,1). Thus the principal diametral plane is

3(-x -1-2/ + 2:)+6 = 0

-x-\-y + z-\-2 = ^

Note that

/(a;,2/,0) = -1-2/2 _ 2xy - A.x - 22/+ 1,

/(x, 2/, 1) = x2 + 2/2 - 2x2/ - 6x+ 12

Then Pq = (§> ~2'^)'~ (i' 2' Thus the direction of generating
line of this parabolic cylinder is (2,1,1).

Note that the direction of generating Hne and eigenvectors corre
sponding to ti are orthogonal. Now we choose three orthonormal vec
tors containing the normalizations of these two vectors

(Ui,Ui,lUi), {U2, V2, W2), (U3, Ua, LUa)

Then we rotate coordinate axes which is given by the matrix

Ui U2 uz

A = \ Vi V2 vz
Wi W2 Wz

That is, replace x, 2/, z in P(x, y^z) = 0 by

uix + viy + wiz

U2X + V2y + W2Z

uzx + vzy + wzz

Then the resulting equation gives the standard form of M by a proper
translation.
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Example 2. Let

F{x, y, z) = + y^ -h + 2yz - 2zx - 2xy ~4x-2y + lOz + 1

We choose orthonormal vectors

(_? - L) ( I 1 L) (0 — L)
^x/6'x/6'y/2' V2^

And we replace x, y, z in F(x, y^z) = 0 by

xyxyzxyz

Then we have

- Z\Piz + 4\/3y+1 = 0

By translating coordinate axes, we have the following standard form
of F-i(O).

V'.2 = lyj^z

Example 3. Let

F(x, y,z) —X? -V 4y^ + 2^ —4yz —2zx+ 4xy —2x + 4y —62 -f- 3

Then

1 2 -1

A = I 2 4 -2
-1 -2 1

A =

1 2 -1

2 4-2

-1 -2 1

S =

1 2-1-1

2 4-22

-1 -2 1 -3

-12-33

= 0.

= 0

Since the system of equations for centers has no solutions, the qua
dratic surface F{x, y, 2) = 0 is a parabolic cylinder. The eigenvalues
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of A is ti = 6, ^2 = ^3 = 0, and an eigenvector corresponding to 6 is
(-1, —2,1). Thus the principal diametral plane is

—x —2y-]rz = 0

Note that

/(a^j 2/) 0) = + 4xy - 2x + 4?/ + 3,

/(x, 2/, 1) = x^ + 42/^ + 4x2/ - 4x - 2

Then Pq = (f,—|,0),Pi = (—Thus the direction ofgenerat
ing line of this parabolic cylinder is (—1,1,1).

We choose orthonormal vectors

( I I L) ( I L) (_L 0 —)
^ x/3'y/3'>/3 '̂̂ x/6' x/6'y/6 '̂̂ y/2'

And we replace x, 2/, z in P(x, y^z) = 0 by

X y z X 2y X y z

~ V5 ~ ^ ^ 71

Then we have the following

62/^ —4v^2: —2y/62/ -F 3 = 0

By translating coordinate axes, we have the following standard form
of F-\0).

Sy^ = y/6z
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Upper bound on domination number of Steinhaus graphs

Daekeun Lim

Abstract

In this paper, we give the upper bound for domination numbers of Steinhaus
graphs.

1. Introduction

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

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

(a) u is an isolate of S.

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

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

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

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

ric; partner
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A Steinhaus graph G is a labeled graph G of order n whose adjacency matrix
A(G) = (oij) satisfy the Steinhaus property : aij = Oi-ij-i + Uj-ij (mod 2) for
each 1 < 2 < 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 {(k,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 •••fli.nj the partner of G, -P(G), is the Steinhaus
graph with the generating string an,nan-i,n' *•Oi.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 in [10] asked if there were Steinhaus triangles containing the same num
ber of zeros and ones and Harborth [7] answered this affirmatively by showing that for
each n, n = 0,1 (mod 4), there are at least four strings of length n —1 that generate
such triangles.

1 2 3 4 5 6 7 8

1 0 0 110 110

2 0 0 1 0 1 1 0 1

3 110 110 11
4 10 10 0 110

5 0 1 1 0 0 1 0 1

6 110 110 11
7 10 110 10 0

8 0 110 110 0

Figure 1 Steinhaus graph with the generating string 00110110

3. A upper boimd for domination number for Steinhaus graphs

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 =

- 10 -
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G is the set of isolated vertices. Note that each isolated vertex must be in every
dominating set.

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

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

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

Theorem 3. 2 If G is a connected graph with 6(G) > 2 and G is not a special graph,
then 7(G) < 2n/5.

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

Theorem 3. 3 If G is a connected graph with 6(G) > 3, then 7(G) < 3n/8.

An obvious conjecture seems to be for any graph G with <5(G) > k, 7(G) <
kn/(3k —1). However, for (5(G) > 7, Caro and Roditty gave the better bound. The
question remains open for graphs G having 4 < 6(G) < 6.

Now returning our attention to Steinhaus graphs, we give an upper bound of
domination numbers of nontrivial Steinhaus graphs complemented Steinhaus graphs.
Let G be a Steinhaus graph with n vertices and 011012013 •• •oi„ be the generating
string of G.

Theorem 3. 4 For any nontrivial Steinhaus graph G, 7(G) < [?!•

Proof. Use induction on n. For n < 6, we can show that 7(G) < Tfl- Assume
that n> 7. Consider the induced subgraph G —{1,2,3}. If the subgraph is the trivial
graph, it is clear that 7(G) < ffl. Assume that the subgraph is nontrivial. Then by
induction hypothesis, thesubgraph has a dominating set S such that |5| < [^1-

Case 1 011O12O13 = 000.
In this case, choose that the smallest vertex i such that an = 1. Then 5 U {i}
is a dominating set for G such that the size ofSU {i} is atmost |"|].

Case 2 011O12O13 — 001.
In this case, S U{3} is a dominating set for G such that the size of SU {3} is
atmost

- 11 -
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Case 3 aiiai2ai3 = 010.
In this case, S U{2} is a dominating set for G such that the size ofS U{2} is
atmost 1"^].

Case 4 aiiai2fli3 —Oil.
In this case, 5 U{1} is a dominating set for G such that the size of SU{1} is
atmosfc

Hence the proof of Theorem is completed by combining four cases. •
Note that the path achieves the bound. Next, we give an upper bound for

domination numbers of the complement Steinhaus graphs. For n < 6, the tight upper
bound for domination numbers of the complement Steinhaus graphs is given by as
follows:

f 2 if n = 2,3,4;
I 3 if n=5,6.

In particular, if n = 6, 7(G) = 3 if and only if G = K2UC4, where K2 = {2,2+3},
2 = 1,2,3.

Theorem 3. 5 For any complemented Steinhaus graph G, 7(G) < [^J where n >
2.

Proof. Use induction on n. For 2 <n <6, we know that 7(G) < Assume
that n = 7. If the subgraph G —{7} has the domination number two, then 7(G) = 3
by adding 7 to the minimal domination set of G —{7}. If G —{7} has domination
number three, then the vertex 7 cannot be isolated by Steinhaus property. So, it is
clear that 7(G) = 3.

Assume that n > S. Consider the subgraph G [{1,2, •••, 6}]. IfG ({1,2, •••, 6}]
has domination number two, then 7(G) < [^J because by induction hypothesis,
domination number of the subgraph G - {1,2, •••, 6} is at most so 7(G)
< 2+ =^[Zi±4j

Assume that G [{1,2, •••, 6}] has domination number three. So, the subgraph is
K2 U G4, where K2 = {i,i + 3}, i = 1,2,3. If domination number of the subgraph G
- {1,2, •••, 6} is at most then 7(G) < 3+ [filz|l±ij _ 1= [2±^J. So,
we assume that domination number of the subgraph G —{1,2, •••,6} is
Let S = {vi,V2,---, U|̂ (n-6)-f4j) where 1 < i < j < if smd only ifVi < Vj.
If there is a vertex in S which is adjacent to a vertex k in C4, then the subgraph
K2UC4 - {ic} has a domination number two. Let the dominating set be {i,j}. So,

- 12 -
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set T = SU {i, j} is a dominating set of G. So, j(G) < Next, assume that
none of vertices in S is adjacent to a vertex k in C4. If Vi = 7, then j{G) <
Otherwise, there are two vertices Vi in S such that Vi+i —Vi <2. Observe that there
are two consecutive vertices j, j + 1 in C4 .

Case 1 Vi+i —Vi = 1.
In this case, aj^vi = o.j,vi+i — ^j+i,ut+i == 0) which gives a contradiction by
Steinhaus property.

Case 2 Uj+i —Vi = 2.
In this case, the is a vertex k in C4 such that difference of k and j is two. Say
k < j. Then ak,vj = ^k,vj+i = Oj+i,ui+i — which gives a contradiction by
Steinhaus property.

By combing two cases, the proof is completed. •

Conjecture 3. 6 For any complemented Steinhaus graph G, 7(G) < where n
is large enough.
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(S)-(-)-Binaphthalene-
bis-N,N'-(2,2'-diphenylphosphinobenzene)-2,2'-

formamide ^1 o|-g

Synthesis and Application of new C2-Chiral Ligand,
(S)-(-)-BinaphthaIene-bis-N,N' -(2,2' -diphenylphosphinobenzen

e) - 2,2'-formamide

Jae-kook Uhm

Department cf Chemistry, Collage cf Natural Science, Kein^ung University, Daegu 704-701, Korea

a. ^ C2-^ A|)S.<il (S)-

binaphthalene-2,2'-dicarboxylic acid-1- ^ ^

2, (S)-(-)-Binaphthalene-bis-N,N'-(2,2'-diphenylphosphinobenzene)-2,2'-forniamide

65% m.p^ 101 [q]d=-46.4'' (c=1.05, CHgCb)^^)-. o]
•i-o] l-(p-tolylsulfonyl)cyclopent-

5-eno[4,3"d]-(3aS, 6aR)-oxazolidin-2-one^ Pd 2]--g-Al ^h)"h-
2:1S1 al-irS. ^-§-Al^i:-]q ee 30%^al, 81%^4. ®1°1

C2-^ o] ^1- ee ^
S| ^^^1 3.7\] S)5icf.

Abstract. The new unsymmetrical ligand, 2, (S)-(-)-binaphthalene-bis-N,N'-(2,2'-

diphenylphosphinobenzene)-2,2'-formamide with the polarization of [a]D=-46.4" (c=1.05, CH2CI2)

and m.p of 101 X) was obtained in 65% yields from a few steps by using (S)-binaph-

thalene-2,2'-dicarboxylic acid for the starting material. In other side, this new compound, 2 was

used to investigate the mechanism of asymmetric synthesis as a C2-asymmetrical ligand for

Pd-catalyst to produce l-(p-tolylsulfonyl)cyclopent-5-eno[4,3-d]-(3aS, 6aR)-oxazolidin-2-one. This

ligand which was reacted in ratio of 2 times to palladium metal showed the amount of only 30%

enantiomeric excess(ee) and 81% yield. This ee amount is very low as the case of general

Ca-chiral ligands used in our lab. It seemed that this compound as an asymmetrical ligand

would had a similar Pd-complex intermediate to other C2-chiral ligand.

I, A4 g (chiral organic synthesis)-^- ^-8:

Trost «ltfl

C2-^dl^i 2l?l:H7l-
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PPha PPl'z

PPhj

"Hj
II

°rV
IH EW.C NHfrh,

CTvl '""^ ™ A PPh,
EtO.

III

o

IV

Scheme 1. C2-Asymmetric and Unsynnmetric Ligands

% ^B.S., ^ ^

^ f-Sfl-'-l ^mn]7\- t.V 7\^]

ee (high

enantiomeric excess)^^))^^ ^

9m-JL 3)-^4.'° 4-b- scheme m] -g-
olnl

# scheme 2*=^! Trost^]-

ee ^7]

1- ^ 07]*

R R

Chiral Backbone

Scheme 2. (Domplex Intermediate for Asymmetric

Synthesis

Scheme HI % ^s] Ca-^
5]o^-|, nil

scheme 2

7]-®!^ (chiral backbone)®! D-mannitol,

dimethyl-L-tartrate, nslJL anthracene-i-

sH Ca-^ el^VH#

(I-III), diethyl tartarate# •a^(IV)^S.

^ scheme 1^4 ^ ^

^ ligand-i- 1(R),4(S)-

dihydroxycyclopent-2-enej4 p-toluenesulfonyl

isocyanate-i- ^-§-'*•1^01 it-allyl-

palladinmchloride dimer ^®1 ^•5-'*']^

I-(p-tolylsulfonyl)cyclopent-5-eno

[4,3-d]-(3aS, 6aR)-oxazoiidin-2-one®l t!^-^ o]

M!M i:!!^ <a^s! ^^1-

•S- f}<=>]% (S)-

binaphthalene-2,2'-tiicarboxylic acid •!• #^-i-

^S. ®l-§-«|-^®.o!, «a^4^(linker)H -CO-

NH- -COO-S.^ o]n] ^o] ol-§-S!®i^

-NH-CO-^fe ^Vc}] :^-folcK c.]e|^v

2-diphenyIphosphinoaniline3)- ^^>*•1

t! *3^17]- -g- (^2-^ d]^ si ^H(C2-chiraI ligand)

1- All sol ^v^sj-jLX]- t!-i4. c^yjoi] ^e|.§ S}.^

#4 ^^44 4-8-4HS., ^®!7ig A^

•§• I-(p-tolylsulfonyl)cyclopent-5-eno-[4,3~d]

-(3aS, 6aR)-oxazolidin-2-one4 ^ ®1 ^^1 ®1]

dlt!" 44-i- 2:44®! 3 ^-g- oil44#^ I1-4

ji, 444 47|44-i- 44 44^4 4-§-®l] 4

44£ ^44^ ^®1 4 4?-4 ^4®14-.

n. ^ €

4^ 51 7|7|.

4 4^4 4^4 Aldrich, Merck4,
3^JL StremAj- 4#®lSi4. ®!4 -§-4

S. Aldrich, Merck4 -nsl^ 444-§-®] 51^4,

potassium, sodium, CaHa^-e 4-§-47]jl 4^

^^4444 ®1-S.g 7f>i# l-®!^44

4-a 4-§-4^4. 44# #4# 44®! 4-§-#

chromatography-g- ^44-^ silica gel 60(##

Merck4 4#)®I514. 44## 444-7] 44
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(S)-{-)-Binaphthalcnc-bis-N,N'-(2,2'-diphcnyIphosphinobcnzcnc)-2,2'-fonnaniidc ^

Af-g-sv 71711-# NMR^ 'H-3)- '3^- HElJl

'̂P—i" Bruker Digital Avance
DRX 400, Varian XL-300, Varian Gemini 200
f-s] ^ 7H Mass

Spectral Kratos MS 9 KFA spectrometer#

Carlo Erba Elemental

Analyzer CHNS-0 EAllOS^-^Bi

^ -§-^(m.p)^ Thomas-Hoover
-S-^ #^7lS. a -IdM#

7l JASCO DIP-360(50 mm ceU)

# 4-§-7l#
^7] IR-& Nicolet 205 spectrometer#

spectra#

(S)-(-)-Binaphthalene-bis-N.N'-(2,2'-

diphenylphosphino- benzene)-2,2'-formamide,
2S|

(S)-(-)-Binaphthalene-2,2'-dicarboxylic

acid 0.34 g(l mmoD# lOmL

DMF# 7Hl-al 0.5 mL(6.8 mmol) SOCI2#

Amnf. #i#

^#Al^4. 150 # ^011 0.5 mLfii SOCI2*

7VSll^jL ;41^silAi 150 # #<?!: ^

-S-Al^4. ^^### ^2i-Al?l ^011 a.#

AilTisl-ig ii^Aq IS)

<^1 o] c)-g- ^-g-«Hl Af

-§-^1-^4.

BenzeneCQ^OCI
^ . *2S0Cli " T + SO2+ HCI

00""" 00""'

50 mL Schlenk tube®!] 2-diphQiylphosphinoaniline

0.277 gd.O mmoD# 3 mL pyridine^l- 3 mL
methylene chloride# 7l-?:fji,

7]# ^®11 1^ 3}-^#, (S)-(-)-binaphthalene-

2,2'-dicarbonyl chloride 0.190 g(0.5 mmoD# 2

mL methylene chloride ^<^a-) dropping funnel

®!l ^®1] €€^1
^-g-Aj^c)-. 3.^ 7lt!: ^®!] 4Al#

€#Al^c).. ^^4a) i^Zj-A)^ ^Oj] ^o-

100 mL methylene chlorideS.

^ 50 mL NaHS04 iSl-^-§-®-^ AS 1JJ

£ 50 mL NaHCOa SSl-^-§-®-^, AS]jl

# 50 mLS\- 50 mLS ^®!]

MgS04^ ?i2;Al7]al -§-Dfl methylene chloride

^ f^^A)?) 71)7! A] ^4. ^

3SD>Szi2fl3|(25% ethylacetate/hexane -g-oll)
S. #E]«l-^i:-]q ^E)5l^ A^^^ ^#1-

imide, 3®lSlAtH. ^ #

S.S. A5>^^-i-, 2S

/PPh2

I^H2

OCI

rcoci
CH2CI2

Pyridine

2 : m.p = 101 #5]#)! ^#-

0.28 g (65%)

Rf = 0.16 (30% ethylacetate/hexane); [alo =

-46.4° (c=1.05. CH2CI2)

IR(neat film, from CDCI3 solution)- 3223, 2056,

1667, 1575, 1515, 1435, 1300, 909, 733, 697

cm

'H-NMR(CDCl3, 300MHz): 6= 6.94(m, 2H),
6.83(m, 2H), 7.09-7.43(m, 32H), 7.86(m,

4H), 9.19(m, 2H)

'̂ C-NMR(CDCl3, 75MHz): 6= 123.18, 123.50,
125.08, 126.49, 127.06(d, Jp.c=6.1 Hz)

127.88, 128.13, 128.26, 128.49(d, Jp.c=6.1

Hz), 128.76, 129.79, 132.26, 133.56(d,

Jp.c=19.7 Hz), 133.35(d, Jp.c=19.8 Hz),

133.93, 134.02, 134.59, 135.57, 140.98(d,

Jp.c=21.3 Hz), 168.18.

• '̂P-NMR(CDCL3, 161MHz) : 6 = -20.09(s)
Demaital Analysis : C358HeN202P2(FW 860.92952)
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calculated C% 80.92 H% 4.92 N% 3.25

found C% 80.69 H% 5.16 N% 3.26

3 : m.p = 179 ^

0.08 g (27%)

Rf = 0.31 (30% ethylacetate/hexane); [qId =

-225.6° (c=1.05, CH2CI2)

IR(neat film, from CDCb solution) : 3057, 1710,

1674, 1435, 1345, 1301, 1266, 1235, 1142,

909, 821, 757, 733, 697 cm"'

'H-NMR(CDC13, 300MHz) : 6=7.1 l-7.54(m, 21H),
7.85-8.05(m, 5H)

"C-NMR(CDCl3, 75MHz) : 6= 125.47, 126.43,
126.71, 127.60(d, Jp,c=14.1 Hz), 128.12

128.20, 128.28, 128.41, 128.49, 128.54,

128.90, 129.06 129.11, 129.17, 129.62, 130.67,

130.75, 131.23, 131.53, 133.51(d, Jp.c=19.3

Hz), 133.57(d, Jp.c=19.9 Hz), 134.12, 134.22,

134.59, 135.66, 136.03(d, Jp.c=11.4 Hz),

136.19(d, Jp.c=12.5 Hz), 137.42(d, Jp.c=13.2

Hz), 144.62(d, Jp.c=28.4 Hz), 171.35.

'̂P-NMR(CDCl3, 161MHz) : 6 = -16.2(s)
Elemental Analysis : C4oH26N02P(FW 583.62466)

calculated C% 82.32 H% 4.49 N% 2.40

found C% 82.44 H% 4.76 N% 2.57

2-i- l-(p-tolylsulfonyl)

cyclopent- 5-eno(4,3-d]-(3aS.6aR)-oxazolidin-

2-oneS|

2, (S)-(-)-binaphthalene

-bis-N,N' "(2,2' -diphenylphosphinobenzene)-2,2'

-formanidel- cydopaitDxazolidin

-2-one®ll n-allyl- palladiumchloride dimer

ee ^'asl-71 4-5-21-

50ml Schlenk tube<=>ll l(R),4(S)-dihydiioxycyclc¥)ent

-2-ene 0.6g(6 mmol)4 THE 5mll- 7\^

p-toluenesulfonyl isocyanate 1.89 ml(12.3

mmoDl- 71-4^Ai ^-§-4^4. cf^ sOml

Schlenk tube# Ar7]|:iiS. 2

0.516 g(0.6 mmol)4 it-allyl- palladiumchloride

dimer 4-1- 55 mg(0.15 mmoD-i- ^

'a-4^47]- Arzll^il- 1-4-T-^ THE 5ml

1- -g-tJfls. 4-§-4^4. 4 14#4: ^

4:44 4-§-i-'8: 444 4

3L OVS. ^44 4 ^4, 4"7]4 biscarbamate -§-

4# 4^^ 44hb1 4-§-4^4. 444 44

Ji, Ot:44 344 -§-4: ^4 444 4-§-4 44

44. 7ii7l5]-ji 444^ #441
^ 3.S.4£^2}|2l(20% ethylacetate-hexane ^

"11)4 444 #44^.^4, 4 4#1-

-i- 4444 44 ##44- 444

^4. ^#-8: 2.7 g (81%) ^4. [qId = -42.4 °(c

= 3.13 methylene chloride ee ^

^ 30% 4 ^4.

in. 51 oiii

C2-^ 24

#• 45"#44^ 4V14- is.# C2-#
44:H1- #44^.^4 4# 44-h#4 #15.

4-§-4 1, ee

44 ^^4 45^-1- #1444:4.

n^44 44# 4# 4## 4# 44

4f^.£ 4444 1444 4-444.®'®'°'"'
444 -1 45^44#- C2-# 44# 44:H#

4-8-# # 4 #14.5.s. 4471 444

Scheme 34 444 #1 -^^dinker)!

#4# 4#4 #14 44 #1411

1##44 S Trost 4#4 4ji4 #4.
45.# C2-# 4114 HllH# 14471 4811

4 ^ (S)-( -)-binaphthalene-2,2' -dicarboxylic

linker

\

Ph /h
P\

chirai scaffold

linker

Scheme 3. Framework of C2-Chiral Ligand
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'MlS.-S- (SH-)-Bin^hthaIcnc-bis-KN'-{2 '̂-<iiiAcnylphosphiiK)bcnzcnc)-2,Z-fonraitiidc ®l-§-

acid-t ^ ^A]S\ 7]^
cf^ Scheme 4<^] «^1 sl^H#

(total synthesis)^ o]
^^1-# ^ ^1°1

4^4 ^-g-# 71^1

711 €4."'®

OOH SOCI2

—COOH

Scheme 4. Total Synthesis of Ca-asymmetrical

Ligand 2

2® o|-g«f l-(p-tolylsulfonyl)

cyclopent- 5-eno(4,3-d)-(3aS. 6aR)-
oxazolidin-2-oneSl

-g- oiu]

oi^^H 1(R).4(S)-

dihydroxycyclopent-2-enel-

l-(p-tolylsulfonyl)cyclopent-5-eno-[4,3-d]-

(3aS, 6aR)-oxazolidin-2-one-i- ee

^1°1

€ «lJiis|-ss., Afls.^ el^VHs] ^-§-21-

Scheme 5. Expected Pd Complex Intermediate of

Ligand 2

^Sl^x]# ^o].2iJ7;i]. ^4. ^ <^^4 7|-^tl-

Scheme 54 ^^1 44*^

^ $14:1 4S444.

e|4:H 24 oll^sl^ 41-

a.44^](-0C0N'Ts)7l- aUyl^4 ^

44fe- 4*^^ ^1"1 2:44 444:£ 4^44
^711 71 s] 4^s. i444®"® 44
oilA^ el^H I, n, IIlollAi4 ^oi C2-^44 44

— 44 #4 44(linker)4 ester4 -CO-NH-4

4-?- ee4 % 3711 4-§-44

# ^ 51514. a el4H iVfil 44-^
^o] 4^ uidi^ e143sl 4-f4s Si-4

4^^1514 447]- 371] 424 ^.g.# ^ ^

$1514. 3 445- 4^1 5^t^4 ^4 2]4h 4

4 ^44 -^44 •& tert-butyltriazaphosphol®l

^4-i: 444^ 4^-4 4?-44 444

*S-«J=4 41- ^3S. A^445a4.""'^ 3^44 •&
^44 l-(p-tolylsulfonyl)

cyclopent-5-eno-[4,3~d]-(3aS, 6aR)-oxazolidin-2

-one4 81%4 ^-1-4 30%4 ee ^4^

4. 444 ^44 ee44 ^-c- 2:?144 III4

^-f4 434^-l- 4 444 t]2:4^34, 4

4^ C2-^4^ 443 44 "44

JL4# 444^ ^4 $144 4^4 441- 4

1- f^4^1(scheme 5)# 7l4 7]-^ 43S. 44"

514.4

IV. U

^ 45^^ 4«H44 ^ 4^444

4 U144-B-444# 44 4-§-4l7f4## 44
44 444, Trost 45^4 3^# 4^4 4-B-

4 4^ 4a# 43Ai 444.

^4 # 45^444 Alls.# 44^^ 443

441-# 4^^444. ^11 s.# 44-3# 4^^471

444 (S)-(-)-binaphthalene-2,2'-dicarboxylic acid

# 4-§-4434 thionyl chloride4
4-§-A] 7^1 (S)-(-)-binaphthalene-2,2'-dicarbonyl

chloride(l)# 95% 444 444. 4#

# 4^14 2-diphenylphosphinoaniloine# 4-§-

44 444^ 4S.# C2-# 4^14 44:34.
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(S) - (-) -binaphthalene-bis-N,N' - (2,2' -diphenylp

hosphinobenzene)-2,2' -formamide(2)-i- 65%^
m.p^ 101 TC(-¥-yi

3., [ah = -46.4° (c=1.05, CH2Cl2)^4.

•& C2-^ ^

^ Al-g-

<^^1)^3:011 sltl ee ^

-1- 2:A>s]-^Cf. ^ ^l^ollAi X^S-O] 5^^

HSf l(R),4(S)-dihydroxycyclopent-2-enej4- p-

toluenesulfonyl isocyanateS]- zle\jl it-allyl-

palladiumchloride dimer

^ l-(p-tolylsulfonyl)cyclopent-5-eno[4,3
-d]-(3aS, 6aR)-oxazolidin-2-one<^l '^1'^

-i- 2:12] ul^a ^-§-Al^ciq ee

30%^:ii, 81%^c]..

[qJd = -42.4 °(c = 3.13 methylene

chloride ®1 C2-^

e]:?l:Hfi]- ^e]-i- ^^3)- 7]^ 7]-^

-B-aRV y^±s. "T 9X^. 4e]-^i

^^6] tV 71-71

"a "a^^2|.s]. ee^ollA] ^>o]7]- 51c]-. n]-e]-A] o]

^ •a^'^lAi^]. ;y-o] C^7]7]- ^ 7]^^]

-1- C2-^ ri]^ 2]a:Hl- 4^^S. A]-^^

€H]-f- ^^2]- o]^ ^1-

•b ^^1-2] riltb ee ^•^'l-

^ ^ 514b ^ 51# ^«^14.

V. eigsti

1. a) Henry, P. M.; 'Palladium Catalyzed

Oxidation of Hydrocarbons'', Reidel Reidel

Dordrecht, 1980 b) Heck, R. F.; In

'Palladium Reagents in Organic Synthesis'',

Academic Press, New York, 1985 c)

Maitlis, P. M.: 'The Organic Chemistry of

Palladium', Academic Press, New York,

1971 d) Achavarren, A. M.: Tueting, D.

R; Stille, J. K. J. Am Chem Soa, 1988,

110, 4039

2. a)Hayashi, T.; Yamamoto, A.; Hagihara,

T.; Ito, Y., Tetrahedron Lett. 1986, 27,

191 b)Hayashi, T.: Yamamoto, A.; Ito, Y.;

Nishioka, E.; Miura, H.; Yanagi, K., J.

Am Chem Soc., 1989, 111, 6301

3. a)Leutenegger, U.l Umbricht, G.: Fahrni,

C.: Matt, P.V.; Pfaltz, A., Tetrahedron,

1992, 48, 2143 b)Matt, P.v.; Pfaltz, A.,

Angew. Chem Int. Ed Engl. 1993, 32,

566 c)Sprinz, J.: Helmchen, G.,

Tetrahedron Lett. 1993, 34, 1769 d)Peter,

von Matt; Lloyd-Jones, Guy. C.; Minidis,

A. B. E.; Pfaltz, A.; Macko, L.i Neuburger,

M.; Zehnder, m.; Ruegger, H.; Pregosin, P.

S., Helv. Chim Acta, 1995, 78, 265

4. a)Noyori, R.; Kitamura, M. in Modem

Synthetic Methods, R. Scheffold, Ed.,

Springer, 1989. b)Brunner, H. Topics in

Stereochemistry, 1988, 18, 129

5. a)Finn, M.G.; Sharpless, K.B. in Asymmetric

Synthesis, J.D. Morrison, Ed. Academic

Press, 1985, Vol.5, 247 b)Trost, B. M.,

'Comprehensive Organic Synthesis' Pergamon

Press, Oxford, 1991

6. Sharpless, K.B.; et al., J. Org. Chem

1992, 57, 2768

7. Uozumi, Y.: Lee, S.Y.; Hayashi, T.

Tetrahedron Lett. 1993, 34, 7185

8. Trost, B. M.; Van Vranken, D. L.; Bingel,

C. J. Am Chem Soc., 1992, 114. 9327

9. Trost, B. M.; Van Vranken, D. L. J. Am

Chem Soa, 1993, 115. 444

10. a)Trost, B. M. Tetrahedron, 1977, 33,

2615 b)Trost, B. M. Angew. Chem Int.

Ed Engl. 1989, 28, 1173 c)Trost, B. M.

Angew. Chem Int. Ed Engl. 1995, 34,

259 d)Trost, B. M.; Strege, P. E.; Weber,

L.I Fullerton, T. J.l Dietsche, T. J. J.

Am Chem Soc., 1978, 100. 3407

11. a)Trost, B. M.; Breit, V.; Organ, M. G.,

Tetrahedron Lett, 1994, 32, 5817 b) Uhm,

J. K.; An, H. W.; Kim, H. R. J Inst. Nat.

Sci., (Keimyung Univ.), 1995, 14, 47

20 -



C2-T^c}]^ (S)-(-)-Binaphthalcnc-bis-N,N'-(2,2'-diphcnyIphosphinobcnzcnc)-2,2'-formaniide S]

12. a)Trost, B. M.: Bunt, R. C. J. Am Chem

Soc., 1994, 116. 4089

b)Hegedus, L.S., Angew. Chem Int. Ed

£'ng-.,1988, 27, 1113

13. Trost, B. M.; Breit, B.: Peukert, S.: Zambrano,

J.; Ziller, J.W., Angew. Chem, Int. Ed

Eng., 1995, 34, 2386

14. Uhm, J. K.: Lee. J. H., J. Inst. Nat Sci.

(Keimyung University) 2007, 26, 49

15. Regitz, M.: Scherer, 0. J. 'Multiple Bonds

and Low Coordination in Phosphorus Che

mistry', Georg Thieme Verlag, Stuttgart,

1990

16. a)Uhm, J. K. J. Inst. Nat. Sci.(Keimyung

University) 2001, 20, 13 b)Uhm, J. K.;

Kim. J. J. J. Inst. Nat Sci. (Keimyung

University) 2000, 19, 19 c)Uhm, J.K. J.

Inst. Nat. Sc/.(Keimyung University) 1999,

18, 17

17. Canelli, G.: Manescalchi, F.l Martelli, G.;

Panunzio, M.: Plessi, L., Tetrahedron Lett,

1985, 28, 3369

18. Sugiyama, T: Sugawara, H; Watanabe, M:

Yamashita, K., Agri. Bid. Chem, 1984,

48, 1841

19. a)Uhm, J. K.: Yu. T. S. J. Inst Nat. Sci.

(Keimyung University) 1999, 19, 27

b)Uhm, J. K.: Trost, B. M. J Inst. Nat.

Sci., (Keimyung Univ.) 1996, 15, 5

20. a)Stanley, W. M.; Adams, /?., Rec. Trav.

Chim Pays-Has, 1928, 48, 1035

b)Weil, K.: Kuhn, W., Helv. Chim Acta

1944, 27, 1648 c)Barber, H. J.: Gaimster,

K., J. Appl. Chem. 1952, 2, 565

- 21 -



J. InsL Nat. Sci. Vol. 26. No. 2, pp. 23 -30 (2008)
Keimyung University

9\^ ^mowi ximi

oms.* •

Flavone derivatives as Cyclin-Dependent Kinase Inhibitors
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Abstract. Flavone derivatives were synthesized and evaluated inhibitory activities against cyclin

-dependent kinases. 3-Hydroxychromen-4-ones inhibited cyclin dependent kinase 2 (CDK2) activity

and cyclin dependent kinase 4 (CDK4) activity. The effect of amide substituents linked to 8-amino
group on inhibitory activity were investigated.

1. INTRODUCTION

The proliferation of normal cells is regulated

by a combination of stimulatory and inhibitory

factors that can respond to external signals in a

coordinated manner. Various mitogens, growth

factors, cytokines, and a host of other agents

can perturb the cell cycle machinery eliciting

proliferation, differentiation, or apoptosis. Any

permanent alteration of the cell cycle-regulatory

machineiy can lead to a abnormal proliferation,

resulting in neoplasia. Such a situation can

result following the inactivation of various

tumor suppressor proteins, such as Rb and its

family members and p53, or by the dominant

activation of positive-acting components of the

cell cycle machinery, such as the cyclins and

cyclin-dependent kinases(CDK) or proto-

oncogenes.'"^
The CDK activities are mandatory for cell

cycle progression and are probably the most

important positive-acting molecules involved in

its regulation. Given their significant role in

cell cycle progression, the activity of CDK

must be regulated very precisely by multiple

machinery. First, they have to associate with

cyclins for kinase activity. Since the levels of

CDK remain relatively constant through out

the cell cycle, it is the relative abundance of

the cyclins that to a great extent determines

the amount of CDK activity. However, the

association with cyclins is not the only major

positive determinant of CDK activity, but the

specific phosphorylation on a conserved

threonine residue is also a major determinant

of CDK function. Second, CDK activities are

negatively regulated by the class of proteins,

Cip/Kip and INK families, known as

cyclin-dependent kinase inhibitors (CDKI)." '̂'
In several human tumor such as pancreatic
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cancers, melanoma and breast cancer, CDK

activities are not precisely regulated because

of the abnormally high expression of cyclins

and under or no expression of CDKIs.' The

dominant activation of CDKs in tumors

renders the researcher to find CDK inhibitor

as a anti-cancer drug.'' In theory, it will be
possible to identify inhibitors of CDK activity

which act through a number of different

mechanisms, i.e., competition for substrates

(ATP and peptide/protein), competition for

cyclin binding, mimicking of CDK-inhibitory

proteins, or stimulation of specific cyclin

destruction. However, the small molecules that

competes ATP are the most practical as a

drug candidate.^"^ Numerous ATP competitive
small molecular inhibitors had been published

including compounds shown in Figure 1.®"®
Flavonoids are phenylchromone derivatives

that are ubiquitous in all plants. It has been

shown that they have a variety of biological

activities including anticarcinogenic activity.'®"
Flavonoids displayed either inhibition or

induction of the enzymes involved in the

regulation of the cell proliferation'̂ ; for example,
flavopiridol showed inhibitory activity against

multiple kinases and was the first small

molecule that went to the clinical trial as a

CDK inhibitor.'^ In an effort to search for CDK

inhibitors, flavonol had been found as a hit. In

this article, the synthesis and the biological

evaluations of 3-hydroxychromen-4-one

derivatives as CDK inhibitor are reported.

Variation at 8-position of chromen-4-one was

performed via amide linkage.

2. EXPERIMENTAL

2-1. Reagents and Instruments

NMR spectra were recorded on a JEOL

GSX-5(X) Fourier transform spectrometer;

chemical shifts are reported in parts per

million {6 ) and signals are quoted as s

(singlet), d (doublet), t (triplet), m (multiplet),

br (broad). Mass spectra were obtained with

Finnigan LCQ Ion trap Mass Spectrometer

(Finnigan, San Jose, CA). All reactions were

carried out under an atmosphere of nitrogen

unless specified. Dry dichloromethane was

obtained by distillation from CaHa. Dry THF

was obtained by distillation from Na and

benzophenone.

2-2. Synthesis

(E)-3-Benzo[l,3]dioxol-5-yl-l-(2-hydroxy-5

-methyl-3-nitro-phenyl)-propenone (1). To a

l-(2-hydroxy-5-methyl-3-nitro-phenyl)-ethano

ne (1.0 g, 5.1 mmol) in 80% aqueous ethanol

were added benzo[I,3]dioxole-5-carbaldehyde

(0.92 g, 6.13 mmol) and NaOH ( 0.61 g, 15.3

OH O

Roscovitine Flavopiridol

^NH

Staurosporine

Figure 1. Small molecule inhibitors of cyclin-dependent kinases(CDK) in clinical trial
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mmol). After stirring for 3 hours at room

temperature, addition of 2M HCl provided

yellowish solid. Filtration of solid followed by

washing with excess water and MeOH gave

the desired product 1.60g in 95 % yield.

'H NMR (CDCb. 500 MHz) S 2.41 (3H, s),
6.05 (2H, s), 6.85 (IH, d), 7.18 (2H, m), 7.41

(IH, d), 7.82 (IH, d), 7.92 (IH, s), 8.02 (IH,

s): FAB MS (m/e) = 328 [M* +1].

2-Benzo[l,3]dioxol-5-yl-3-hydroxy-6-me

thyl-8-nitro-chromen-4-one (2). To a

solution of 1 (1.60 g, 4.89 mmole) in methanol

(50 ml) were added H2O2 (7 ml) and 10%

NaOH solution (7 ml). After stirring for 2

hours at room temperature, addition of 2M

HCl and dilution with water provided solid.

Filtration of solid followed by washing with

excess water and MeOH gave the desired

product 1.04g in 62 % yield.

'H NMR (CDCb. 500 MHz) S 2.63 (3H, s),
6.15 (2H, s), 7.16 (IH, d), 7.77 (IH, s), 7.89

(IH, d), 8.27 (IH, d), 8.41 (IH, s), 10.05 (IH,

br): FAB MS (m/e) = 342 [M' +1].

8-Amino-2-benzo[l,3]dioxol-5-yl-3-hydr

oxy-6-methyl-chromen-4-one (3). To a

solution of 2 (1.04g, 3.04 mmole) in 50%

MeOH/dichloromethane was added catalytic

amount of palladium on charcoal. The reaction

mixture was stirred 5 hours under H2

atmosphere. After removal of palladium by

filtration with aid of celite, evaporation of

solvent provided the desired product 0.83 g in

87% yield.

'H NMR (CDCI3+CD3OD, 500 MHz): S 2.36
(3H, s), 6.05 (2H, s), 6.89 (IH, s), 6.95(1H, d),

7.31 (IH, d), 7.70 (IH, s), 7.77(1H, d); FAB

MS (m/e) = 312 [M' +1].

N-(2-Benzo[l,3]dioxol-5-yl-3-hydroxy-6

-methyl-4-oxo-4H-chromen-8-yl)-3,4-dim

ethoxy-benzamide (4a). To a solution of 3

(0.020 g, 0.064 mmole) and potassium carbonate

(0.027 g, 0.19 mmol) in dichloromethane and

water mixture (2 ml, 2ml) was added 3,4-

dimethoxybenzoyl chloride (0.026 g, 0.13 mmol)

by dropwise. Stirring for 1 hour provided

precipitate. Filtration and washing with excess

water and diethyl ether provide the desired

product as solid 0.024g in 79% yield.

'H NMR (DMSO-dfi): 6' 2.46 (3H, s),
3.86(3H, s), 3.87 (3H, s), 6.09 (2H, s), 7.04

(IH, d), 7.14 (IH, d), 7.66-7.90 (6H, m), 9.60

(IH, br), 10.26 (IH, s); FAB MS (m/e) = 476

[M^ +1].

N-[2-(3,4-Dihydroxy-phenyl)-3-hydroxy

-6-methyl-4-oxo-4H-chromen-8-yl]-3,4-di

hydroxy-benzamide (5a). To a solution of

4a (0.024g, 0.051mmole) in dichloromethane

(2ml) was added excess boron tribromide.

The reaction mixture was stirred for 2 hours

at room temperature. After addition of

methanol, evaporation of solvents in reduced

pressure provided solid. The desired product

0.019 g was obtained in 87% yield by washing

the solid with dichloromethane.

'H NMR (DMSO-de): S 2.44 (3H, s), 6.76
(IH, d), 6.86 (IH, d), 7.45 (3H, m), 7.74 (3H,

m), 9.14 (IH, d), 9.28 (IH, d), 9.30 (IH, s),

9.58 (IH, s), 9.67 (IH, s), 9.98 (IH, s): FAB

MS (m/e) = 436 [M* +1].

N-(2-Benzo[l,3]dioxol-5-yl-3-hydroxy-6

-methyl-4-oxo-4H-chromen-8-yl)-3,4-dim

ethoxy-benzamide (4b). To a solution of 3

(0.020 g, 0.064 mmole) and potassium carbonate

(0.027 g, 0.19 mmol) in dichloromethane and

water mixture (2 ml, 2ml) was added 3,5-

dichlorobenzoyl chloride (0.027 g, 0.13 mmol)

by dropwise. Stirring for 1 hour provided

precipitate. Filtration and washing with excess

water and diethyl ether provide the desired
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product as solid 0.024g in 77% yield.

'H NMR (DMSO-de): S 2.46 (3H, s), 6.09
(2H, s), 7.04 (2H, m), 7.64 (IH, s), 7.75 (IH,

s), 7.81 (IH, s), 7.95 (IH, s), 8.05 (2H, s), 9.62

(IH, s), 10.66 (IH, s): FAB MS (m/e) = 484

[M' +1].

N-[2-(3,4-Dihydroxy-phenyl)-3- hydroxy
-6-methyl-4-oxo-4H-chromen-8-yl]-3,4-di

hydroxy-benzamide (5b). To a solution of 4a

(0.024g, 0.050mmole) in dichloromethane (2ml)

was added excess boron tribromide. The

reaction mixture was stirred for 2 hours at

room temperature. After addition of methanol,

evaporation of solvent in reduced pressure

provided solid. The desired product 0.023 g

was obtained in 96% yield by washing the

solid with dichloromethane.

'H NMR (DMSO-de): S 2.46 (3H, s),
6.81(1H, d), 6.89 (IH, s), 7.48 (IH, d), 7.74

(IH, s), 7.82 (IH, s), 7.94 (IH, s), 8.06 (2H, s),

10.62 (IH, br); FAB MS (m/e) = 472 [M' +1].

N-(2-Benzo[l,3]dioxol-5-yl-3-hydroxy-6

-methyl-4-oxo-4H-chromen-8-yl)-2-thiop

hen-2-yl-acetamide (4c). To a solution of 3

(0.030 g, 0.096 mmole) and potassium carbonate

(0.040 g, 0.29 mmol) in dichloromethane and

water mixture (2 ml, 2ml) was added 2-

thienylacetyl chloride (0.031 g, 0.19 mmol) by

dropwise. Stirring for 1 hour provided

precipitate. Filtration and washing with excess

water and diethyl ether provide the desired

product as solid 0.025g in 59% yield.

'H NMR (DMSO-de): 6 2.41 (3H, s), 4.03 (2H,
s), 6.15 (2H, s), 7.00-7.07 (3H, m), 7.42 (IH, d),
7.70 (IH, s), 7.79 (3H, m), 9.60 (IH, br), 10.14

(IH, s); FAB MS (m/e) = 436 [M* +1].

N-[2-(3,4-Dihydroxy-phenyl)-3-hydroxy
-6-methyl-4-oxo-4H-chromen-8-yl]-2-thi

ophen-2-yl-acetamide (5c). To a solution of

4a (0.025g, 0.057mmole) in dichloromethane

(2ml) was added excess boron tribromide.

The reaction mixture was stirred for 2 hours

at room temperature. After addition of

methanol, evaporation of solvents in reduced

pressure provided solid. The desired product

0.0014 g was obtained in 4% yield by washing

the solid with dichloromethane.

FAB MS (m/e) = 424 [M' +11.

2-Benzo[l,3]dioxol-5-yl-N-(2-benzo[l,3]

dioxol-5-yl-3-hydroxy-6-methyl-4-oxo-4

H-chromen-8-yl)-acetamide (4d). To a

solution of 3 (0.030 g, 0.096 mmole) and 3,4-

(methylenedioxy)phenylacetic acid (0.040 g, 0.22

mmol) in dimethylformamide were added ethyl

dimethylaminopropylcarbodiimide hydrochloride

(0.028g, 0.14 mmol), N-hydroxybenzotriazole

(0.019 g, 0.14 mmol) and triethylamine (0.019g,

0.19 mmol). After stirring for 5 hour at room

temperature, solvent was removed in reduced

pressure. To the residue was added ethyl

acetate and organic layer was washed with

IM NaOH solution and IM HCl solution.

After dried over magnesium sulfate, removal

of solvent in vacuo provide the desired

product 0.024g in 52% yield.

'H NMR (DMSO-de): S 2.38 (3H, s), 3.70
(2H, s), 5.96 (2H, s), 6.11 (2H, s), 6.85-7.00

(6H, m), 7.60-7.70 (2H, m), 7.95-8.00 (2H, m):

FAB MS (m/e) = 474 [M^ +1].

N-[2-(3,4-Dihydroxy-phenyl)-3-hydroxy
-6-methyl-4-oxo-4H-chromen-8-yl]-2-thi

ophen-2-yl-acetamide (5c). To a solution of

4a (0.024g, 0.051mmole) in dichloromethane (2ml)

was added excess boron tribromide. The

reaction mixture was stirred for 2 hours at

room temperature. After addition of methanol,

evaporation of solvents in reduced pressure

provided solid. The desired product 0.013 g

was obtained in 57% yield by washing the
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solid with dichloromethane.

'H NMR (CD3OD, 500 MHz): s 2.44 (3H, s),
3.70(1H, s), 5.48(1H, s), 6.79 (2H, m), 6.91(2H,

m), 7.31 (IH, s), 7.75 (IH, s), 7.87(1H, s),

7.90(1H. d); FAB MS (m/e) = 450 [M' +1].

2-3. Assay

Analytical experiments on inhibitory effects

for CDK 2 and CDK 4 proteins were performed

in accordance with Carlson's method.^'' CDK2

enzyme was obtained from either extract from

the worm cell co-infected with baculovirus

which expresses a CDK2 gene and baculovirus

which expresses a cyclin A gene, or active

enzyme purified therefrom. CDK4 was also

obtained from either extract from the worm cell

co-infected with baculovirus which expresses

a CDK4 gene and baculovirus which expresses

a cyclin D1 gene. As substrates, histone HI

or Rb protein was used for CDK2, and Rb

OH

.NH

protein for CDK4. The radioactive activities in

substrates were determined by reacting

compounds diluted with each concentration

with a proper quantity of CDK2/cyclin A or

CDK4/cyclin D1 and substrate protein, and

[gamma-^P labeled] ATP, and then separating
the substrates.

Inhibitory abilities of inhibitors according to

the present invention for each enzyme activity

were expressed as IC50 values, which were

determined in accordance with the method as

described above.

RESULTS AND DISCUSSION

3-Hydroxychromen-4-ones had been synthesized

following the reaction scheme 1. Compound 1

had been obtained from the reaction between

l-(2-hydroxy-5-methyl-3-nitro-phenyl)-ethano

ne and benzo[l,3]dioxole-5-carbaldehyde in the

R. .NH

Scheme 1. Synthesis of 3-Hydroxychromen-4-one: a) NaOH, 80% aqueous EtOH, b) 10% NaOH solution, H2O2,

MeOH, c) H2, 10% Pd/C, 50% MeOH/dichloromethane. d) RCOCl, K2CO3, dichloromethane, e) BBra,

dichloromethane
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presence of sodium hydroxide in 95% yield.

Compound 2 has been obtained by treating

compound 1 with hydrogen peroxide and

sodium hydroxide in 62% yield. Palladium

catalyzed reduction of nitro group followed by

acylation provided compound 4. Deprotection

of compound 4 with excess boron tribromide

gave the desired compound 5.

Kinetic study showed that 3-hydroxychromen

-4-one derivatives were competitive with ATP

(data not shown). According to docking study

of 5b, it bound to ATP binding pocket of the

CDK2 (Figure 2). 3-Hydroxyl and 4-keto

groups made two hydrogen bonds with

carbonyl oxygen of Glu 81 and the amide

nitrogen of Leu 83, respectively. The chromone

ring made many van der Waals contacts with

the hinge region of CDK2. The

dihydroxyphenyl ring rotated about 30 degrees

from the plane of chromone and bound

complementarily to the pocket formed by Lys

33, Val 64, Phe 80, and Ala 144. Its

2-hydroxyl group formed third hydrogen bond

with the side chain of Asp 145.

3-Hydroxychromen-4-one derivatives showed

inhibitory activity against both CDK2 and

CDK4 (Table 1). The inhibitory activities of

3-hydroxychromen-4-one derivatives against

CDK2 and CDK4 were about 1 uM range

without kinase selectivity.

There were no remarkable dependencies on

the structures of amide substituents. This can

be explained by the orientation of R. The

modeling study showed that the 3,5-

dichlorobenzamide substituent was located at

the solvent exposure region (Figure 3). As a

result, substituent could not make H-bond or

van der Waals interaction with CDK2 enzyme

and could not contribute to the binding affinity.

CONCLUSION

3-Hydroxychromen-4-one derivatives had been

synthesized and their inhibitory activity against

CDK2 and CDK4 had been studied 3-

Hydroxychromen-4-ones showed the inhibitory

activities against both CDK2 and CDK4 at uM

range ICsos. The modeling study showed binding

mode of 3-hydroxychromen-4-one at the ATP

binding pocket of CDK2.

5b ATP

Figure 1. Model of 5b bound to CDK2 and Crystal structure of ATP bound to CDK2
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Table 1. Inhibitory activities of flavone derivatives against CDK2 and CDK4.

Rs^NH
T

0

ICoo values are the means of three experiments

ICso (uM)

CDK2

Figure 3. Modeling study of ob

ICso (uM)
CDK4
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Synthesis and Characterization of
Poly(oxybisphenyloxytetramethyldisiloxane)s

In Kyung Jung and Young Tae Park*

Department cf Chemistry, Collage cf Natural Science, Keimyung University, Daegu 704-701, Korea

S BichlorotetTamethyldisiloxane( I)-!- diethylaminej4 ^ 7l|fi] chlorine ^-§-7]#

diethylamine ^-§-715. bis(diethylamino)tetramethyldisiloxane( II) •fr7)Tf-:t

^ 5]-o^ bisphenol A, 4,4'-hexafluorobisphenol Aj^- -§-§•
'̂ llS.-Sr -^71 poly(oxybisphenyloxytetramethyldisiloxane)

(HI) ^ poly(oxyhexafluorobisphenyloxytetramethyldisiloxane)(IV)^

THF afe CHCI3 -a-7l-§-BHl -§-«lls]<H ^71-^# ^ 'H-NMR,
'̂ C-NMR, ^ ®Si-NMR esja# ^ ^ UV-VIS ^
^ 299, 310nm4 275, 282nm«^l7i 44 4*
^3g)E^oj)Ai^ ;5l^oll 4H71- 1444^5.4 '^al7}- 4^

"Q: ^ 5lSi4. al^7]-4 ^ej) ^4aL Cfl

7l 4444 TGA "i ^44 444 Jit4^4.

Abstract. Bis(diethyIamino)tetramethyldisiloxane( n) was synthesized by the substitution reaction

of dichlorotetramethyldisiloxane( I) with diethylamine. A new silicon-containing polymeric materials of

poly(oxybisphenyloxytetramethyldisiloxaneXin) and poly(oxyhexafluorobisphenyloxytetramethyldisiloxane)

(IV) were prepared by the melt copolymerization of bis(diethylamino)tetramethyldisiloxane(II) with

bisphenol A and hexafluorobisphenol A, in respect. The obtained polymers are soluble in usual organic

solvents such as THF and CHCU, and the average molecular weights are turned out to be Mw of 6550

and 5863 with polydispersities Mu/M„ of 1.79 and 2.01 respectively. The prepared materials were fully

characterized by ^H-NMR, '"^C-NMR, and ®Si-NMR along with IR spectroscopies. The electronic
prc^jerties of the fluorescent polymers were investigated by absorption, excitation, and emission

spectrophotometers along with their thermal properties by TGA.

I. M B 1.64 A, 293 K4 4 15^4 2.33g/ciif, 1410

x:, ^ ^^4 2355ic4 1-43. <444 ^4.'
T?-4i(Silicon)-b IVA(afe 14)^ 1824'd 441-4 -¥-4 4 ^^3 4

4 7] 4 siCLi7f 18574 444 Wohler
§7114^ 4:^44. ^ ^ 7|-<i447i HCl 7]^]

71-^^7]- 14^44, 471-4 28.08, 47]-4:7l# # n trichlorosUane# 444^
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cf.'" 1945^1 Rochow^fl t?-4i^
4iSf -H-71 S}-%l-i: Cu#°ll ®Hl^i ^-§-

methylchlorosilane 2)^
(direct synthesis) ^1 7ll^5l5ic)-;^"* Rochow

TT dimethyldichlorosilane^ ^''AA A
A ^2]1- -^Dfls.

-S^l Tf-:i:®ll methylchloride(MeCi) 71^]

# ^-AAA

AA^ -^7)<gsl-

"iAA 71-^6^81) aleollfe T?"
^^:t7l- AiS.^ ^A JL^

A cfl^V oln'-«2f Al±7t|S-Ai£] #-g-ol 3.
Til ^4:1:5]<H 71-ji

1978\loll Yajima^ll A A

(SiC)^fl£^•^^ -^IS-S. 7>]-g-5]^ polysilane-i: *1

AAAiA ^AAS-A AA ^
2l^l-^^^(polycarbosilane)^S.

Yajima Process7|-'° ^
A -^71 «aY-7)- #71-1-
iclTll ASXAA-^^ oili- I988id
^ Weber^ silacyciopent-3-ene

alkyllithium ^A 'S7|-l- oj-g-# -g-o]^ 7||# ^
##-§-(anionic ring opening polymerization)^

^t}A >^11S.^ ^AA ^AA^'^A:% #'^^^|-7]

£ 51-^4.'^'''
#dhS!l- #i7l- 5L## -^7lil-ifc JL

•g-7}- S)-#-i-<y polysiloxaneC^^ silicone)-& ^
^7]3iol

^o] -§--§-Sjjl

2l-2-oll^ A A A A •fr7|fl-4; ###^ AA

^ AAA -fi-7hT4i ^

^AS., 7l]^#^j7ii, Ajjel-nj AAA
S., Ell^cf ^^1, nelJL #sl^ Ji-Y •§•

A A A #-§-51-11

•g- 4S.^ A A iTi ##1-^

bis(diethylamino)tetramethyldisiIoxane( n )^

#jl, bisphenol A ^ hexafluorobisphenol A#5l

-§"§-^^# #-§"i- ?1*5^1-*^ tetramethyldisiloxane

-i- i#sl-^ ^ll5.:gr -n-71 ^^A poly
(oxybisphenyloxytetramethyIdisiloxane)(HI) ^
poly(oxyhexafluQrobisphaiyloxytetramethyldisiloxane)

(IV)^ ^1"# #^j5l-Jl7l- #cl-. #Aj5i.^ z}-z)-o| g).
#1-<H1 cll^V^ cfo^# ^#7l7lS. A
A "iAA #cl-.

n. -y ^

1. >^n.^

-g- "g-^AA 4-§-# ^1^^ AldrichAl-sl

^1^-i- ^^AAA AS.^ 71^1^
^AAA 99.999% <^1^ JL^I^A A%
Y^d^V'^ A2^A% ^AAA A A-%-AA3., -§-

BakerSl ^ll#^ AV-g-sf^cf.
AldrichAl-fil

dichlorotetramethyldisiloxane( I )•§• Y'iJ^'^ ^
Tll^Ml ^JI nrflS. Al-g-sf^ji, diethylamine-c:

KOHS- ^^4AA Al-§-#^nl-. -8-ollS.^r hexane#

<>1-.§.Y c|l7l t}AA sodium# benzophenone#
"43. #^Alflji ^^i\A Al-g-#^#.

-g- mAA A>-§-# 7l7l^ #-§-# ##. UV-Vis
HP-8453EI!- Af-g-^^ji, m iSjE

Bruker IPS 48 ^##5.711# A%-AA A.

A A AS. -8-7H1 2## KBr# Al-olofl
spacer(0.025 cm)# #Y-2. #7lo|l <5il ^1 a1 5..§- Y

AAA 'H-NMR "C-NMR
Bruker AVANCE 400 ^#711-1- Af-g-sl-

A "SaJ#. ®Si-NMR Varian Inova
400 Y#7lllr A^AA -§-"l|S.^ CDCI3

^ Af-g-sV^jo# TMS# Af-g-sf
Mass Hewlett Packard

5971A MSD# Af-g-sfol 70eV<HlAi

AA^ ol-§-#^#. ^AA% ^-AAA

#«ll Af-g.# ;g Y# HS.#Snen 31 (GPC)^

Waters 1525 #S, Waters Styragel HR 3

nelJi 40 X:<41A^si ##1- ^#7l5L

# Breeze 4i5.M^ll<H Al^i^n-a Al-g-81-^cl-.

GPC -§-°n^ THpoH How rate^ 0.3mL/min

®lai polystyrene (Mp= 474, 2950,

9650, 18600)^ Al-g-sl-^cl-. s-Y #En

^ ^### Spex Pluorolog 3-11
^^##1^711-1- Af-g-sH 'iYTll ^A

^ Shimadzu TGA-GO-I- A-%-AA ^^r^^lAi 900

\:AA 10t:/min# -8:12# ^^Y'dAi cfl
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§el(^-A)Ul^2)luJAAlEflEe|.D|]^i:].0l^-9!. |̂)0l)0| ^ «>y

7) 3^o1]a^ flow rate: 20

cmVmin).

2.1. Bis(cliethylamino)tetramethyldisiloxane
(n)s|

lOOOmL ^47lSl-
7)1- 4^^7111 <5>S1 7]^] C)|

7] -i-^ -g-7] tfllo] 7||
7]^^. <i)7]ol] c}s^ 7]:Sj)l 7)]^

hexane(150mL)2)- diethylamine 33.4g(0.46mol)-i-

lie)jL ^n!|7]oi]i

dichlorotetramethyldisiloxane 20g(0.10mol)^ ^
3. ice bathoijTl -S-S.-l- —^ 71x15] 3l

o] ^^11 5|-1 -1«1 ja^sj-'ST-l «J:

-g-A]7]jl, 7J.0J- a)j!l.5l-«:4 -loj-ofl ^

7i]7]s)-Jl oj|^) >^El|o) le]3I]

Hflcf. <^1^^ >3:^ -S-^lll- 71)7]^ofl
cfT.) s|-«^ -¥-a1) ^Eljo]
757^1 bis(dlethyIamino)tetramethyldisiloxane( I)

15.7g(^^-i-, 56%)^ bp: 671:/4 mmHg,
'H-NMR(400MHz, CDCb): 6 0.05(s, 12H), 0.98(t,
J=8Hz, 12H), 2.82(q, J=8Hz, 8H); '^C-NMR(100
MHz, CDCI3): 6 -0.43, 15.52, 39.41 : ^Si-NIVIR
(99 MHz, CDCI3): 5 -13.54 : IR (KBr disk): v

2963, 2930, 2865(vc-ii), 1374, 1255, 1206(vsi-c),

1174, 1059(vc-n), 1023(vsi-o), 928(vsi-N), 828, 788

cm"'; MS: m/2 (relative intensity) 278(3), ZUO),
276(M\ 28), 261(M*-CH3, 5), 206(8), 205(19),

204(M*-NEt2, 96), 203(18), 202(40), 192(8), 191
(17), 190(M^-NEt2-CH2, 100), 189(13), 188(67),
176(16), 175(16), 174(88), 160(9), 134(10), 133(68),
123(14), 119(16), 95(6), 58(2).

2.2. Poly(oxybisplienyloxytetramethyldisiloxane)

(ffl)s|

50 mL i^z)-7l# l-

^ ?i2:7l^ -§-7] ^7|# 3.^ ^iTl^C)-. <4
7]o|] 6)-a.^ 7]4]-g- -l-el^i^xl bis(diethylamino)

tetramethyldisiloxane 2.78g(10mmol)j4 bisphenoi

A 2.28g(10mmol)-i: ^TrCf. ^-s" •S-'H

•&:£# 130 x:s. 7|-<i '?)•£}) 7]-Pr
o]-§-5l.ol 127l^l-g-«y: 14-

7) 200X:S. 107)^ '2l-^-7)^l 260
t:®l]7l 27]^l-g-^ ^-i-7l?lc}-. ^-§-0) ^ ^

'H?! 7,gxj.g.^ thfs. ^
methanolS. ^^7)7) ^
s)dl|v||ji t\]7] ^<4)7.1 ^

91 ^2:7]^ ^ ?]^il^ol]7l 202tS. 3"^ ^91
^^A)^ :Qr^ J141 ^E)|o)

poly(oxybisphenyloxytetramethyldisiloxane)( HI)
2.96g(^^l-, 83%)€- 'H-NMR(400MHz,
CDCI3): 6(ppm) 0.06~0.34(s, 12H), 1.62(s, 6H),
6.73(d, J=8.8Hz, 4H), 7.09(d, J=8.8Hz, 4H); '''C-
NMRdOOMHz, CDCI3): 6(ppm) 2.0, 31.0, 41.7,

114.7, 127.6, 143.3, 153.2; ^Si-NMR(99MHz,
CDCb): 6(ppm) -13.21; IR (KBr disk): v(cm"')
3059(Vc-„), 2960(Vc-„), 1503, 1442, 1258(Vsi-c),

1034(Vsi.o), 802, 507, 492cm"'; UV-Vis(THF):

Xmax nm(c): 299(3.8X10' M"'cm''), 310(4.3X10^
M 'cm '); Elem. Anal. Calcd for (Ci9H-26Si203)n:
C, 63.7; H, 7.3. Found: C, 70.5; H, 6.3;

El) (excitation) ^^*?J-#(emission)
7i5a)E^1 ae)jL 4)7) 5)-<4l7ls) tGA t

^ JL#oi) xi^5).^c)..

2.3. Poly(oxy[iexafluorobisplienyloxytetra

methyldisiloxane)(IV)£l

50 mL *^z)-7)# 1^.^)51-

3 ?12:A)^ -g-7) vll-^oj ^7l_g. ;^]

Title)-. c47)<H) 7)^)1- ^El^'axl bis

(diethylamino)tetramethyldisiloxane 2.78g(10mmol)

4,4'-hexafluorobisphenol A 3.36 g(10 mmol)

^ ^Ttd. -i-El-iHS)

130 7>«i '?J.El)7)# o)^^a) 7}<^^

^71 127) 01 ^-g-A)T)al, C)-X) 20015. 10

7)?}- ^^7)^] 2601C®1171 27)

•§•«?]: ^-§-7)?lc)-. ^-g-o) ^ .^ol^l ^jxj^

-I- THFS. ^'91 ^ rhJa=3) methanolS.
^^7)t) ^E)si)4]Ji

4)7) ^<4)71 5)-^ ^3,A)

?1 ^ ?l^-2-^<H)7l 202X13. 3<a ^91 ^^7)^
^7jj JlAl) X^EflO) A^A^-g. poly

(oxyhexafluorobisphenyloxytetramethyldisiloxane)
(IV) 4.09g(^^l-, 88%)^ 'H-NMR
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Njle Me
I

a—Si—O-Si—a +4HNEt2
MeMe

I

Hexane Me Me

' < IEt^N-Si-O-Si-NEtj + 2HCl-HNEt2 |
I r

Me Me

n(56%)

Scheme 1

(400MHz, CDCI3): 6(ppm) 0.06~0.26(s, 12H),

6.80~6.a3(m, 4H), 7.24~7.26(m, 4H); '̂ C-NMR
(lOOMHz, CDCI3): 6(ppm) -0.5, 1.0, 29.7, 63.2,

63.5, 63.7, 114.9, 125.6, 131.7, 155.9; ^Si-NMR
(99MHz, CDCb): 6(ppm) -13.58 IR (KBr disk):

V(cm'') 3049(Vc-h), 2963(Vc-h), 1612, 1513,
1248(Vsi-c), 1207, 1170, 1084(Vc-f), 1027(Vsi-o),

800. 491cm"'; UV-Vis(THF): nmie):

275(5.4X10^ M"'cm"'), 282(4.8X10^ M"'cm"');
Elem. Anal. Calcd for (Ci9H2oF6Si203)n: C, 49.0;

H, 4.3. Found: C, 49.5; H, 3.8;

(excitation) '^^»S-#(emission) ^

aelji c}i7) TGA ^

Me <^3
EtiN—Si-0 -Si- NCCHjCHa)!

I
Me

I
Me

in. 5! jltr

Dichlorotetramethyldisiloxane( I )^ diethylamine

4 ^-§"4^ ^ 7|)fil chlorine 4-§-7l-i- diethylamine
4-g-7ls. 3.^ 4441^3.^ 56%4

bis(diethylamino)tetramethyldisiloxane( n) -fi- 7]
Tif-4; 444^4(Scheme 1).

444 44# n4 'h-NMR
Figure lofl 44M1S14. 444 44# 114

'H-NMR 44^4, methyl!4
4 ^:i:43.7f 0.05ppm®114 4# 4.^5., ethyl
4 CH3<^1 44 ^4i437l o.98ppm<^14 4^4

—S; CH2*H1 44 4ii^4-3-7]- 2.82ppm®ll4
4.5.5. 44 444SI4. ^4 methyl!4

4 ethyl7l4 44 44 4#4£ 4
3:3:2 5.4 ^<^1 444# ^4^4-.

Ha

He

J \J\^

Hb

-JJ

St
1

8 i|
a» sij

Figure 1 H NMR Spectrum of compound D,
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US\ '^C-NMRSl

Figure 2<^] n^] '̂ C-NMR
methyl7loll 5]^

7\ -0.43ppm®il , ethyl7]s^ CHa®!! -Itb ^4:5^1
B.71- 15.52, CHai ^i3i]H7|- 39.41ppm«^l

z]-4 nsl

®Si-NMR Figure 3^1
ns] ®Si-NMR 4i«lE^oi)A^ s}.ufs]

i 3]H7|- -13.54ppm®il7>i

nelJL, ns]

f f' b c
Et2N-^0-SrN(CH2CH3)2

llle Me

Figure 4oll 3^

^1- C-HS] 4d^ ^I-S-^ll °^7f 2963,

2930 ^ 2865cm''oll7.i q-Efuf^ ^ ^

51-5.^, Si-CS) E]7l-

1206cm"'«^l>^i, C-N^ 41-^ ^•§•'=>11
71- 1059cm*'ollAi, Si-O^l 41^
^7\ 1023cm'^ ^

$Xt^. =L^JL o] ^^oljA^ 71-

€• Si-N <:!# a^7l-

928cm"'<HlAi t SaSJcf.

Cb

>70 1*0 >50 >40 130 120 110 >00 00 00 70 50 50 40 30 30 10 0

Figure 2 '"^C NMR Spectrum of compound II.

•—[—

100

Me Me
I I

El,N-Si-0-Si-NEl,

Me Me

SJ 0 -50 -100 -ISO

Figure 3. ^Si-NMR spectrum of compound 0,

-200 ppi
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Figure 5®ll -g-^

o]-^ 313. (M')<^] «l)^sl-^ m/zSit<^] 276<H]

^i M'-CHai sll'^^1-^ ^-B: 261,

M'-NEt2'>ll 204, lVF-NEt2-CH2<Hl

SI) ^5]-^ 190-9.S. 44 ^#4514.

-T" 7114 diethylamine 4*§-7l-i- 4^1 -n-7lTT-:±i

•?! bis(diethylamino)tetramethyldisiloxane

(n)# 4-§-44 bisphenol A4- -§"§-

^ 4«544 4S.-g- ^44 -B-71 3^4"?!

poly(oxybisphenyloxytetramethyldisiloxane) (HI)

^ 83%4 ^44^4. 41-4 444

4# Scheme 2®11 444 a14.

% T

<Si-C>

3000 2000

Wavenumber (cm'*)

Figure 4. IR spectrum of compound n.

lOaw-NEt^-CHj)

204(M'-NEtp

276(M*^

261 (M*-OH.)

X

(C-N>1(K3

(^-O)

va es i»i <» i4a iw i® xa /te i^a ttv i*s KO no Kn .mt x» •<» tw. <«!) <» <» io;

Me Me

Et2N—Si-0-^i-NEt2
Me Me

Figure 5. MS spectrum of compound O.

<jH
HO-©-^-©-OH Melt copolym.

CH,
-2(C,H5)jNH

Scheme 2
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m^ 'H-NMR
Figure 6®il 3|-^-i- IE2]

'H-NMR Si«^l
CH30II 2]t!- ^:i3]H7l- 0.06~0.34ppm'>ll^i

Coll CH30I] slt-V ^is]H7l-

1.62ppmo|l>*-i C6H401] 2]tV
3.7} 6.73 ^ 7.09 ppmoijTcl z)-z)- ^

#5] 5^4.

ffls] "C-NMR

Figure 7oi] cfEftfloicf. ^a^^ ^^-i- 1112)

"C-NMR Sioi]
CHaofl ^4i3l37}- 2.0ppmoll7.^, bisphenyl

fMe C'l3 CH, \
Si—o-di-o-o-i-©-0-rI I lie Ild/lu I
M. M. c„,

Hd He

JL

7]2] CH32)- Co|] 2)^!: ^±^37} 31.0, 41.7ppm

oil^i C6H40i] 2)^1 ^±ii\37} 114.7, 127.6, 143.3

^ 153.2ppmol]7i z)-z|- 21^5] Si4.
j).^^ ins) 29si-NMR

Figure S®!] M-El-iD^li:)-. ^a^i^ ^^-i- 1112]

^Si-NMR -13.21ppniollA)
SH 2)^1 3)37]-

ZieloL, ^Aj^V 3).^^ mo] ^si]>y :§:^ ^

Figure Qoil M-EftH^lc)-. ^A^^^
in2] ^fi]^

C-H2) A]^ 7^^d{] o]^^ :|:^ trj^ 3059cm"M]

C-H2] v^7}

JIl
Figure 6. 'H-NMR spectrum of compound ID.

b

t;".Si-O-|-0^j:^0-j-
Me J

Ct Co

ITO 140 190 140 tao iXO 110 00 90 40

Figure 7. C-NMR spectrum of compound ID.
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2960cm'̂ '̂ l>^1 ^-i- ^ 9X9X^
7}^ ^ Si-0^

?l-S-oll ^tb 1034cm"'<HlAi

^9X^.

zielui, ^^1- msi ^;^b^-i:

7] ^ f-3b 3.S.DbSlI2fl3l

Polystyrene# s|-c«^ THF(HPLC

-§-, Aldrich)<^l #<5^ #^-?b ^4 Mnfe 65505.,

Mw/M„# 1.795 4^5] Si4.

4^-i- ms] UV-Vis -ir^^Ej]

(excitation) .nslji ^4'S'#(emission)

# Figure lO^fl 44^1514. 4^# HI4
7j-f o^^l>a-44 UV-Vis 299,

310nmi4 44 47b 4#4SiaL,

4(excitation) 310nm44 44

47b 4#4Si4. ^^4#(emission) ^

455j# 4^4 310nm^ 4 328nm44

44 47b 4#-4Si4.

^^^tb 4-^-i- in4

444 4714" 444

^4. ^44 441- in4

Figure 114 444Si4. ^44 441- in4 1

^4 #45# 4-45^, #5# ##44#4

4444 lot:4 f'7b4^4 44 300t:44 4

#5S. #47b 4rh4^54, 400t:44 76%4

4i. 515t:44 85%44i4^4. 4#44 5

4:44# ^^-457]

1 ^4 #4# 4

"i ^4 #45#

AWNlMliMlljlllMPt^^
>•• IS* iii «• -so -sio -IS* -2M Vkpm

20 -

Figure 8. Si-NMR spectrum of compound III.

"Ai

(C"H>

3000 2000

W avenum ber(cm"')

Figure 9. IR spectrum of compound ID.
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^±s. ^£1- 9001C7H ^

n 94%7} e%^
7A^S.

f- 7flsl diethylamine ^-§-711- 7]\i -B-7lfl-^ S}-

bis(dethylamino)tetramethylciisiloxane( 11)^

4,4'-hexafluorobisphaiol -§--§-

^-S-^ aDS.^ ^Ei]o) ^7] 3.^7^91

poly(oxyhexafluorobisphaiyloxytetram^yldisiloxane)
(IV)# 88%S] ^#1-5.

Scheme S^l) x+Efifl^icf.

UV-vIs

— — — • Excitation

A A
em Ission

/ v
340 360

W avelength (nm )

Figure 10. Excitation and emission spectrum of compound HI.

200 400 600

Temperature (°C)

Figure 11. TGA thermogram of polymer IE in nitrogen.

800

Me

Et2N~|i~0-^ NEt2
Me Me

n

<^3
Hcr^f-©-OH

CF,

Mdtcopolyni.

-2(Cft)jNH

Me Me (T, \
•|;i-o-^o-©-f-©-oj-

I
CFj

IV(88%)

/n

Scheme 3
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10

IV^ ^H-NMR ^53)^.2^^ Figure
12i IVfi] ^H-NMR

ch3<^1 ^±^3.7}

0.06~0.26ppmollAi C6H4i ^
±3\3.7} 6.80-6.83 ^ 7.24-7.26ppm«^l^i

zl-z]-

IVS] •^C-NMR Figure
13011 cfEl-ifl^t:!-. IVsi ^^C-NMR

CHai Sjt!: ^^^37}

U

-0.5—l.0ppm<^l'^1, hexafluorobisphenyl^l s] csf

CF30II sltb ^±^37} 29.7, a3.2, 63.5, ^
63.7ppm'>ll^i C6H4®fl SI^V 114.9,

125.6, 131.7, ^ 155.9ppm<^l^i 44 ^#4514.

Sl-^-i- IV4 ®Si-NMR
Figure 14'H] 44^^4. 4^# IV4

®Si-NMR -13.58ppm<^14
SH 4^ 43.71- 4:#45i4.

nslJi, 4-^1- IV4 44-^ ^

Figure 12. 'H-NMR spectrum of compound IV.

^ b .
Me ^3 CFj \

-Si—o-ii-o^^cr©-o-^
Me Me "

Cg

Figure 13. C-NMR spectrum of compound IV.
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Figure IS®!]

1- IVS] :S.^ >ia)Ee^^

^ C-HS] ^-S-oll o|^v :S-^ a)^

3049cm''<^lAi, C-HSi
^7}- 2963cm''

^ Sl-^l-oilA^ 7}^

Si-OSl ?l-f-oll sit!" 1027cm"'oll

7^]

t!-^, IVfi) ^^1-^-i- '̂ <»]-a-7l

<10

1 00

00 -

60 -

40

20

4000

100 80

^ ^21- as.o}-Siiei]5i]

polystyrene^ S-r#^ 5. s]-

Aldrich)<^l

Mw/Mnfe 2.01S. ^ts)Si4.

Sj-tJ-i- IV^ UV-Vis

(excitation) aela ^ ^*8-#(emission)

Figure IG^fl qEfiflSicf. ^

•<t«tirfii*

Figure 14. Si-NMR spectrum of compound IV.

3000 2000

W avenum ber(cm )

Figure 15. IR spectrum of compound IV.
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12

^ UV-Vis

275, 282nm<Hl>^i ^cfl a:l7l- #

(excitation) :i^S^i-cr 280nm®ll>M

^y} 3.51JL

(emission) -i-^ 280nm'^ «fl

310nm<HlAi Slcfl a] 71-

^^-i- IVfi] 'y-<il-:e.7)
^± cfl7l<a- 1 ^1-

IVs] <i

Figure 17<>11 4e}i41^c|-. IV1

^^:£1- ^£.1-
lox:^ ^7M^®11 4el- 172Tc<Hl7.-i

•g-^S ^71)71- 290t:«^]7.i 64%^

460t:'='ll^i 93%^Ji^l-^4. 3:

?i^S. ^:£* 900t7H ^

2] ^ 97%7l- 3%sl q-El-tfl

fe-

U V-VIs

e xc Ita tio n

em isslon

300 350 400

Wavelength (nm)

460

Figure 16. Excitation and emission spectrum of compound IV.

200 400 600

T e m p e ra tu re ("C )

Figure 17. TGA thermogram of polymer IV in nitrogen.
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^-el(^-AiMi^3i]vjj:;-A)EllEi£).D]]^cfoi>gaAflol)2l ?j-A^ ^ S-Aj 13

IN. U B

Dichlorotetramethyldisiloxane( I )•§• diethylamine

^4 ^-§-'*'1^ -T- 7l]5l chlorine ^-§-7l# diethyla

mine SL^

bis(cliethylamino)tetramethyldisiloxane( n )•§-

bisphenol A, 4,4'-hexafluorobisphenol ^-g-
^7] il-

ii JL-g-Al" poly(oxybisphenyloxytetramethyldisil-

oxane) (HI) ^ poly(oxyhexafluorobisphenylox-

ytetramethyldisiloxane)(IV)^
THF CHCb

Mw-b 6550, 5863 ^ Mw/Mn^ 1.79,

2.01 s. 'h-nmr, '•''c-nmr,
•®Si-NMR 3)

H# 2h4 3.^ "T ^

^ Ar-CH, -CH, Si-0
^-g^oil 9]^ 3)371- x4i4'#j5.S.

A<) «a:iiA> 3^Al- 1-^# 5151

14. ^^^11 ji^4(in)s] >^Eii

^#4^ 328nm«^l>^i 310 nm^) Sjcfl ^4^a]7]-
u)-E)-idtJ0i4, ^^"4# 31-^4
<^1 310nm^^ i 328nm<^l>«>i alcfl M-e)-

^icf. a 31^^HIV)S) ^El]
^-8: 310nmoll>«>i 280nmS] 3)cfl :|-4^irl
7]- M-E)-5latH,

3l-^<^l 280nm'y ^ 310nm<^l>^i ^4] wj-#^^^)-

M-El-lxlc)-. a«i, 2.^4 m ^ IV^
cfl7] z)-2l- 300t:, 172t:^?l-^l^ •T-7jl7l-

51^ 500^4^1 7l-<g^ nil

oil 15%, 7%4 44 ^-i- 44 44ifl5l4.
o1:j5.s.s., c) 45}=4 -n-7]Tp4; 44-i- fra^l

4 4 41-^ 44^15. A]..g-^v j%-%-

4-§-^ o).!-^]-^ Afls.^ #4 44^^1)514 4^^ 4
4^444 ^^5444, 4 44 oL^Ai-g- o]-g-4
4^^113.4 4-g-a 44-4 7]ril€4.
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11^ c.[ ^7\9\ 0|o| Lfl^^

Multiple Induction of Shoot from Leaves of Hot Pepper
and Its NaCl Tolerance

Kwang Soo Roh

Department of Biology, College of Natural Science, Keimyung University, Daegu 704-701, Korea

S. JL^iCapsicum annuum L.) 12 uM^ BA^ 10 lAA 3:^
71-^ >50130 mM o]^S] NaCl -^-71£]tfl

NaCl stress*^] soluble protein^] ii7]^sl-c»l 40,
80 ^ 120 mM NaCl soluble protein-i-

80 mMoll^H 7}^ SDS-PAGES-^-i soluble protein^] pattem-i- 3:7>]-t!: ^^l-, NaCl ^£.®11

bands] 7J-ie ^l-ol7l- ^ bandfe 50, 45, 36 ^ 27 KD ^4. 4^1 NaCl ^^7}
^7l-^oJ] nl-E]- 36 KDS] band7l- ^A^S. o]

Abstract. The most pronounced result on the multiple induction of shoots from Capsicum

annuum L. leaves was obtained at the combination of 12 pM BA and 10 pM lAA. Also, in order

to find the possibility of a selection of NaCl tolerant plant, multiple shoots from leaves was

induced at 130 mM NaCl over concentration. The amounts of protein extracted from shoot grown

on the concentration of 40, 80, and 120 mM NaCl were estimated to investigate the changes of

soluble proteins by salt stress. The highest protein content revealed at 80 mM NaCl. The

differentiation of intensity of bands by SDS-PAGE analysis detected at 40, 80, and 120 mM

NaCl, and major bands of soluble protein were 50, 45, 36, and 27 KD. In particular, intensity of

36 KD band was increased with increasing concentrations of NaCl, and this band seemed to be

related to their salt tolerance.

I. A-1 g ^ol] sltV ^ >MM]

^ 40% $X^ ^

«Hl^i ^7] ^ ^s. <^11- ^1^
Na'S]- Cr-^ Sl^Cl] oje-) ^Tjuf ^.g. 7jl^?io.S.

^ ^^6] o].^ 91^ cflA> Xlgfll- iE{) nll^-oll 7j-.^oll ojailA^ <g^7l-
sH ^15.^ ^ ^^±3. ^^B]7]S. ^
^•i-^l7> iil.« gj| vjjoii <goi ^^3\7]S. tl-cKFisher and
A^6\] o|s]|A^ A^7]^ ^4^ Turner 1978). ^711^7]- ^

^ 51^ .8.T^€^^(Flower et al. 1997). ^ ^^71- 51.5.HS. £5l=5l •S^3l-7l-
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^ Af-g-^?! ^71^21 ^
^0]:sV^ 0]^^0] OX^ 7^0 5. O^tX
(Bernstein 1975).

c^loll <goll m ^*9
7ll^^ni-'Ji •^<^1 '1^1 ^^-i:

xl^o.s.«El ^ 51^
^ "r 51- '̂̂ , ^ sfl5l:^l

^oiq- :7V^a1o11a^ «ll^?l:7floll ^"i"
^ 71-^^711 ^ ^<5l4(Epstein et

al. 1980).

ollr 71^-i- ^]-%-^
<^ -fr-§-^ 71-7^)^ <5^1-^1# 'idll'

51 ^71- 'aCGorham et al. 1986), 5J=^^
(Shannon et al. 19a3), ^^(Ojima and Ohira
1983), ^MflOinzel 1985), 7.1-%v^^(Pua and
Thorpe 1986), -fr ^11 (Chandler et al. 1988) •§•#

NaCH 10^
A) x-lsj-Ajo] oj.;^5l-7ll ^^^¥7 ^A^S. "y-^
xl 5]icf(Bressan et al. 1985).

xl^^l-x] cfl^^^jal" in vitro >M]S.«!l'y-i-
^ leaf explant, stem, root ^ cotyledon
(Lineberger 19831 Carswell and Lacy 19841
Grant 1984; Misra and Chaturvedi 1984) ^<^1
^S. x]-.g-£]o1, o].g-s..^E-l 4li7}- -n-7l^

.^aLSjoL 514, ^

^4^:34 44S.-g: A^S. ^b14 515r ol^
5l.^S.Jf4 -g-71^# sxl-4ai, 4 2:?i4
444 4
•i-^14 4d^ 7}^A-^ 2:x1-4^4.

n. xHs 31

^xisi ^of %

JL^iCapsicum annuum L.) #xl-# ^-^^4
A 30^^ ^-8:44^ 10% sodium hypochlorite
-§-4^3. 15^11 ^ 33] M]
4t!- 4^. MS «!I44 44-44 30"C 4-444
2^4 444^—4, ^4^ #x|-^ 164^4 ^
^7ls. 44 47]]^ 4144 44-4^4.

Multiple shootsi #7|-§

4i4 47HI 3:s.-&4 214
2:4471 444, 51-i: scalpels. 3-43] 44#
§ ^ 0-12 uM IAA4 12 pM BA# 44 ^"S"
444 MS444 4444 28r44 4444
H114444 42:4 -n-7]^-i- 2:x1-4^4.

NaCloil 414 MI'S^ ^4

44 3^4 51a- scalpels. 3-43] 4-4#
^ 10-140 mM4 NaCl4 "^71-4 42: 44 wfl
44 44-44 28t:44 4-444 «il4444 6
^ ^4 42:4 471-i-i- ^x)-^r)-^4.

Soluble proteinSi 31

Nason(1955)4 4-'^4 ^44 soluble protein
-i- ^#4^4. 0, 40, 80 ^ 120 mM NaCl44
4 7]^ 42:4 0.1 M potassium phosphate
buffer# 47]-44 4^4 4^4 43S. 4
44^.0 n], 0^44 .g-o^i- 20,000xg44 10 #
4 444-44^4. ^^44 4-#"^-^# 22,000xg4
A 7l| 4 4 #4 4 4 soluble protein4 #4 51#

^3] 4^4. Soluble protein2| 44=#
Layne(1957)4 ^-'^-^S. 4854^4.

Soluble proteins] 37|^#

Soluble protein# 2% SDS4 5% mercaptoethanol
# 444# 0.0625 M Tris-HCl buffer(pH 6.8)44
144 #51: #444 #, 4# 47]4-S-4 x]~g-4^
4. Laemmm(1970)4 #44 2.5% stacking
gel4 12.5% resolving gelS. 444# slab gel# 4
#44 50 V44 SDS-PAGE# #44^4. 47]
4 #4 #4 #4# gel# ##44 coomassie
brilliant blue #4SJS. 244 ## 4444S.4, ^
# destanining solution^S. 44444.

ifl. 5} :nit

Auxins] #4 #7V4 # 4 #214 444
4^45]JL cytokininS] #0] #### #2:4 4
A^o] ^444# George4 Sherrington(1984)sl
51# #44 #4, 12 pM BA4 0-12 pM lAA
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-M^S] Cf -fi-7l2j- ojol

* •?••§- MS^il^l'i'^i Ali*

-n-7] •*•]?! 14, 10 uM lAAofl'H 1^71- 7H

^1 •^7l£]^c}-(Fig 1). 4714 eH4^4
2444 4444 Ai^^fc^ 44i4 S25.S. 4

44S14(Fig. 2). 4 44 144 Dendranthema

grandiflnraS\ 14 5 uM BA4 5 uM NAA

(Kaul et al. 1990), Annom squamosa^ 14

0.5 mg/L4 kinetin4 BACNair et al. 1984), ^

4^ Ipomoea batatas^ 14 1 mg/L4 NAA
4 0.1 mg/L4 BACCarswell and Locy 1984) 4

71-1- ^-S- 44 l^-i-

-n-7|Al^cf^ ^jis}- a|HS|) ^

oi] 44- 44 3:10] 4f-4 1 47f 5^4.

Fig. I. Effect of lAA concentrations on induction of

shoot. Each MS medium contained 12 pM BA.

Fig. 2. Proliferation of leaves from shoots on MS

medium contained 12 pM BA and 10 pM

LAA after 4 weeks..

41-3:1 Hl]o^ system.5.S. 444 ^1-4-1 <H]

^ ^ ^44 414 ^7}|(Paterson 1983)5l-^i:l]

^ 11-4 3144 314 11.A3.4

4 plantiet7]- 7||a^£]4 144, 4 4tb ^U^jo]

44^^ 324 7|4 lIliAi ^44-^ IP.
^ .a.Jl(DougIas 1985)4 4 31^4. 114

A]£ 324 444113:71- ?g-4 -^44^ l"!

1-1-11-4 l-t4314-.

11 4511 44 11 3141

^4-4 1-3:£141- lllHS. ^7]
IIP.^ S3r 7^44^ 41=^ 4444

7]-(IVIunns et al, 1982), 1-41-44 l-g-44 4

1 41 71-1711 114-
414 4114 13.3. 4-41 3l4(Michelena

and Boyer 1982: Binzel et al. 1985).

441 li-44 7K-1^ 3A>ii 1

44 323.3-^4 441^ 7l-l3r 1^# 1"^^
4-7] 444 10-150 mM NaCl4 471-4 Is

41 hhha^ 323344 -H-1 4 ISl 41

# 3A]-4 NaCl 437]- 47]-l-4 44 1

S4 4^4 434^44, dO mM41^ 1S4

^7]- -0 417]- §13234 50 mM44^ 4a-]1

1 2 3 4 5 6 7 8 9 10 11 12 13 14

etnxrtrsticrs ol NfeO {X lOrrM

Fig. 3. Effect of NaCl concentrations on induction of

shoot from leaves after 6 weeks. MS medium

contained 12 pM BA and 10 pM lAA.
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?]-4i-61-71 Al^l-sl-oj 130 mM fr^l?!-

Sl5i°.cl 140 mM ol'^-'^lA-l^ Aislls]^

i^(Fig. 3). 130 mM NaCl^l

^^5. A^zj-slnl, o]^ -^<41 o]sl ^^ojl

^l"?!^]-^ ^^ic. •^•^•^1 t4-(Kriedemann 1986).

# c-1 ^l«ll^i

130 mM o]t}$\ -^7l?l

2^1- 141AlH^l-^ ^o]

?!- A|Zl-^Cf.

0-120 mM^l NaClol ^7>^ -^-^IwllAloila1 ^

soluble protein# ##6l-o^ #>i1
A|^l #ai^ #0] 80

mM NaCl -^I^-^IaI 7f# ##4.(Fig. 4). <^1# tif
enroll o]^v soluble proteinSl ^

Si-fl ?]:#6l-ji4 SDS-PAGE# ^^1^1 Afls

# bands] band®- Afojoi

7} 4.7^ ^oj-clKFig. 5),

^U"!# ?ls|- axillary shoot tissue®!]a-]#

#®1'?1- poljTJeptide# salt stress®!] sIsHa-] ^^5]

SJ4^t Ostrem #(1987)5] ^jlz} <^^x1 5]-^^#,

#«]] Afli* aL#Jils) NaCl®!lA4 ali®<f5l-^# "H «]

®il ^1-g-# SDS-PAGE#®!1a4 Aila.g-

# #®1 #^l--€ ixilypeptide band# 7l-#cl-.^

Singh #(1985)5] ^i]-2]-# a]-®]?]- ®lSi#.

nelJl # band# 50 KD, 45 KD, 36 KD 27

KDS M-El-ld:#. #^1 36 KD bands] 74-3^7]-

61-711 #71-5]-^ ii®]- ®] Ll]<gA42].

#^®] SI# a42]-^4. NaClS] #£7]- #
7}^d\] afel- ^7^ bands] 74-t^7> #7]-# 5I# M]

^7} ^eeii^o)] 2#®-^1 ;ts]- -#Ai7]-®] i^^-^o]

^^(Singh et al. 1985)5]®] mRNA?]- #ajAi^_r^

"^^^s]®!/-]#. lElr NaCI #AS] #7H] 7]®J#

A])5£^ RNaseS] ^a^o)] ®]si] transladon ##®]

S^i(Winicov et al.. 1989) 5]^7] 14]-#®]] NaCH]

s]5H idr^-^^s] ®4:o] ^oj -^o.

S. A44^4. o]El^l ^ ^Hljo] 74

# ^®I] ^-S-# A]]5L®1]A4 32 KDsf 20 KDS] ®4^o]

^7]-s}7)] ^Sl## Ericsons]- AlfinitD(198^1)s] ^

sf, zielJi 43 KDSf 26 KDS] polypeptideS]

7]- #74h]-7|] ^-7]--6]-^c].^- Singh #(1985)S] --^sf

sf uliLslj ^ tE|] band #2]. #7]-%to|i ^o]a^ oy^

s] a]-o]7> Sl^#.

Concentrations ot NaCi(xiO mM)

Fig. 4. Effect of NaCl concentrations on soluble

protein amounts.

119 ••

98

Fig. 5. 12.5% SDS-PAGE pattern of soluble protein

isolated from shoots. M: Maker proteins

[macroglobulin (211 KD). p-galactosidase

(119 KD), fructose-6-phosphate kinase (98

KD), pyruvate kinase (80.6 KD), fumarase

(64.4 KD). lactic dehydrogenase (44.6 KD).

Lriosphosphate isomerase (38.9 KD)]. Lane V-

0 mM NaCl. Lane 2: 40 mM NaCl, Lane 3:

80 mM NaCl, Lane 4: 120 mM NaCl.
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Two species of the family Gnaphosidae (Araneae) from Korea
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o

fi 2^-i- n.^2}- ^^^1 Zelotes exiguus (Miiller and
Schenkel, 1895)^ 7]7l]^ Drassyllus trimcatus Paik,
1992, 7]711^ S]^ ^ ^^-§-<^1^)-.

Abstract. Two species of the family Gnaphosidae are reported with illustrations. The description

of male of Zelotes exiguus (Miiller &Schenkel, 1895) is new to Korea, and The description of

female of Drassyllus truncatus Paik, 1992 is new to science.

introduction

Gnaphosid spiders are elongate and either

flattened or somewhat cylindrical. They live in

plant litter, in crevices on tree trunks, and

among stones. Total length is about 1.7 mm.

In the present paper the author describes two

gnaphosid spiders, Zelotes exiguus (Mu Her

and Schenkel, 1895) and Drassyllus truncatus

Paik, 1992. Z. exiguus is one of the smallest

gnaphosid spiders and a rare species in the

occurrence frequency. The description of male

of Z. exiguus is new to Korea. The

description of female of D. truncatus is new

to science since Paik had described the males

as new species in 1992.

Terms and abbreviations used are as follow:

c, carapace length; d, p, r, and v in spination,

dorsal, prolateral, retrolateral and ventral; Fem.

I, length of femur I; Index, (width/length) x

1(X); Leg I, length of leg I; Met. I, length of

metatarsus I; Pat. I, length of patella I; Tib. I,

length of tibia I. The materials examined are

deposited in the collection of Department of

Biology, Keimyung University.

Description

(jenus Zelotes Gistel, 1848

Zelotes exiguus (Mu ller and Schenkel,

1895) (Figs. 1-2)

Prosthesima exigua Mu ller &Schenkel,

1895, p. 770, pi. 14, fig. 7

Zelotes exiguus Simon, 1914, p. 159, 171,

218, figs. 309-310, 351; Miller «&Buchar, 1977,

p. 161, pi. I, figs. 10-17; Heimer &Nentwig,

1991, p. 440, fig. 1162; Paik, 1992b, p. 149,

figs. 17-25; Song, Zhu &Zhang, 2004: 261, f.

152A-D.
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Two species of the family Gnaphosidae (Araneae) from Korea

Measurements(mm)

Male: Body length 2,29; carapace length

1.04, width 0.76; cephalic width 0.41; sternum

length 0.67, width 0.51; labium length 0.14,

width 0.16; anterior eye row 0.20; posterior

eye row 0.23; abdomen length 1.15, width 0.69.

Leg I 2.69(0.78, 0.46, 0.56, 0.48, 0.41), U

2.23(0.62, 0.39, 0.43, 0.41, 0.38), m 1.96(0.53,

0.29, 0.35, 0.41, 0.38), IV 3.01(0.82, 0.41, 0.62,

0.70, 0.46). Palp 0.91(0.37, 0.15, 0.09, 0.30).

Description

Male: Carapace dark with black radiating

reticulated striae; the index 73. Cephalic width

index 54. Clypeus height 2.5 times of radius

of anterior median eyes. In dorsal view

anterior eye row recurved and posterior eye

row straight. Eye row index 87. Eye area

black, elevated; the index 56. Eye ratio,

anterior lateral eye = posterior median eye >

posterior lateral eye > anterior median eye

(3:2.5:2). Anterior median eyes separated by

2.5 times of their radius, contiguous from the

laterals. Posterior median eyes separated by

their radius, a third of their diameter from the

laterals. Anterior and posterior lateral eyes

separated by two thirds of diameter of

anterior lateral eyes. Median ocular quadrangle,

height = posterior side > anterior side (8:6.5).

Chelicerae with three promarginal and one

retromarginal tooth. Sternum dark yellow and

labium yellowish brown; the index 76 and 117

respectively. Legs dark yellow except yellowish

tarsi ; ventrodistal parts of metatarsi III and

IV with preening combs. Leg formula 4123.

Leg formula index 100:83:73:112. Leg I/c 2.59.

Fem. I/c 0.75. Tib I/c 0.54. Met I/c 0.46. Met.

I/tar. I 1.17. Met. IV/tar. IV 1.52. Fem. I 1/d

2.79. Tib. I 1/d 3.29. Pat. I+tib. I/c 0.98. Leg

spination pattern: femora: I dl-1; 0-1; HI

dl-1, pl-1, rO-l; IV dl-l; tibiae: I v2-2; H

vl-l; III dO-l-O, pl-1, rl-2-2, vO-l-l; IV

dO-2-0, pl-1, rl-1, v2-2-2; metatarsi: I v2-2;

U vl-2; m dO-2-2, pO-1-1, rO-1-1, vO-pc; IV

d2-2-2, pO-1-1, rO-1-1, v2-l-pc.

Abdomen dark, chitinized anteriorly; the

index 60. Palp with triangular terminal

apophysis, long slender embolus ,and big and

strong tibial apophysis (Figs. 1-2).

Specimens examined: 2 J, Mt. Naejang

(Jeonlabuk-do), 5 May 2006 (S. W. Paik).

Distribution: Palearctic region.

Genus Drassyllus Chamberlin, 1922

Drassyllus truncatus Paik, 1992 (Figs. 3-5)

Drassyllus truncatus Paik, 1992a, p. 69, figs.

7-14; Namkung, 2003,p. 471, figs. 37.9a-b.

Measurements(mm)

Female: Body length 5.72; carapace length

2.66, width 2.14; cephalic width 1.19; sternum

length 1.54, width 1.26; labium length 0.42,

width 0.35; anterior eye row 0.48; posterior

eye row 0.55; abdomen length 3.47, width 2.24.

Leg I 7.96(2.17, 1.30, 1.72, 1.51, 1.26), H

6.80(1.89, 1.12, 1.37, 1.33, 1.09), m 5.92(1.68,

0.91, 1.09, 1.33, 0.91), IV 9.04(2.31, 1.30, 1.86,

2.31, 1.26). Palp 2.87(0.98, 0.49, 0.49, 0.91).

Description

Female: Carapace dark brown, with black

striae radiating from a short line-shaped

median furrow; the index 80. Cephalic width
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index 56. Clypeus height 0.9 times of diameter

of anterior median eyes. In dorsal view

anterior eye row recurved slightly and

posterior eye row straight. Eye row index 87.

Eye area slightly elevated, the index 46. Eye

ratio, anterior lateral eye > posterior lateral

eye = posterior median eye > anterior median

eye (6.5:5.5:5). 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

about 0.3 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 > posterior side > anterior side

(14.5:12.5:10).

Chelicerae with five promarginal and four

retromarginal teeth (Fig. 3). Sternum and

labium dark brown; the index 82 and 83

respectively. Femora, patella, and tibiae dark

brown, metatarsi and tarsi reddish brown. Leg

formula 4123. Leg formula index 100:85:74:114.

Leg l/c 2.99. Fem. I/c 0.82. Tib I/c 0.65. Met

l/c 0.57. Met. I/tar. I 1.20. Met. IV/tar. IV

1.83. Fem. I 1/d 3.24. Tib. I 1/d 4.41. Pat.

I+tib. I/c 1.14. Leg spination pattern", femora: I

and n dl-1, pO-0-1; IE dl-1, pO-1-1, rO-1-1;

IV dl-1, pO-0-1, rO-O-l; tibiae: I vl-1-1-0; H

vl-2-0; m dO-2-0, pO-0-1, rl-1, vO-1-2; IV

dO-2-0, pI-0-1, rl-0-1, v2-2-2; metatarsi: I

v2-2(l); II v2-2; m dO-2-2, pl-1-1, rl-1-1,

V2-0-0; IV dO-2-2, pl-1-1, rl-1-0, v2-2-0.

Abdomen black; dorsum with two pairs of

sigilla anteriorly; the index 65. Epigynum

with long anterior epigynal margin and a pair

of round spermatheca (Figs. 4-5).

Specimens examined: 1^, Mt. Naejang

(Jeonlabuk-do), 17 Aug. 2005 (S. Y. Kim).

Remarks: Male palp of D. truncatus is very

similar to that of D. sanmenensis, but female

of D. truncatus is easily distinguished from D.

sanmenensis by long anterior epigynal margin.

Distribution: Korea.
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Comparison of the plastid inclusion bodies in Sedum examined
by the transmission electron microscopy (TEM) and high

voltage electron microscopy (HVEM)

InSun Kim*

Biology Department, College of Natural Sciences, Keimyung University, Daegu 704-701, Korea

^ Sedum rotundifolium *9-^2;^ Mi

nW:-& aj^rr n'-aS. ^ Dfol^^-oil o]s.^ < 20 nm

47.}7]^S. 60-90 nmS] 9^-g:

€ TEM dataSf^ ^2i 1.0 HVEMM] tilting

tomography 7l>^-§- 7)?] data°l]7lT7 3-D image ^11 n*-#®] 7}-^sl-^cf.

Abstract. In this study, plastid inclusion bodies of Sedum rotundifolium examined by

transmission electron microscopy (TEM) and high voltage electron microscopy (HVEM) were

compared. The plastid inclusion bodies, which are non membrane bounded, can grow up to

several microns in size within the stroma during early development. They consist numerous

tubular elements < 20 ran in diameter. When thin sections of 60-90 nm thickness were examined

by TEM, they exhibited either a crystalline or paralleled pattern dei^ending on the sectioning

angle. However, when thick sections up to 1.0 //m in thickness were viewed and tilted with

HVEM, both crystalline and paralleled patterns were found to be well demonstrated within the

same plane. Unlike with the 2 0 TEM images, it was possible to obtain tilted data and image

processing by tomography, and 3-D reconstruction of the plastid inclusion bodies with the use of

HVEM.

Key words: High voltage electron microscopy. Image data comparison, Plastid inclusions,

Sedum rotundifolium, Transmission electron microscopy

I . A"! # 4: rllzll '^Ifi.e] -{J

Ml

Ml^l ttj-sHi TEM# <yo- A]]jf_
•f-®!] oii^c>lA]ji 5).o.u]^ Ail3,£u]| _^7]i1-ol Ml# i?-#

-8ii#j.iei #7115. #-6-|-ai .^4 « 4-Ajoi #-xii#.:,L ^4. oie]# ##-|-

#xl-#«l(Transmission Electron Microscopy, "^##71 ### ##

TEM)o| o|-§-£|Ji 514. 19804Ml ^4 #4

#4 ^^-8: 100 nm 444 ui)®- 4ii44 4 7114471^ 44.^4(1) -r4# 4xi# 4-§-4#

4# 4 44 Ml 4 ®II44M|

^11## V>?ll 44. 7] ^-9] TEMM] 4^ 4# 2• rh: (053) 580-5305: I'AX: (053) 580-5305; i x. ^ . i i
H-mail: lx)tany@kmu.ac.kr 44 #4 4#'# "^l## "l''-^-4.Y4 4t!# 4
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^•^7] JL'a-^ixl-^u|;^(High Voltage

Electron Microscopy, HVEM)-i- 3^1-^

S.-ajsl'H ^cf.

2]-5- HVEM-i- 3^1-€^

"^^¥7 yJ-^l-g- ol^JL 3X^}. HVEM-i:

ol-§-^V tfl^V 9X

3^1--?1 n'-^(3-D reconstruction)

^ ^ii^lAls. -SnH] $Xo]

Dfl-f 1 MV ^-8:

¥• o)-o)h^<H] o]s^ AlS.4

^IJE 7}^^ Jl<y-^i4^"l^(HVEM)^ M]

<^l-§-^ M]^o\] cii^v M]S.

7}^^7\] sfoj 2^]-^^l 7l<y

<^2:1 liE 444711 4Jt 514. 444 414

^jL«y-441(1.3 MV) 44 -¥-41 4 «1]4

£ f^cflol] 7]444c1|, o1|4. ^;7|^ >i)^|Al

S.4 44, ^S44 H]SL, 4I5-, «]-4 4^ 44.

41- 7)1 a 44-^1144 loi^Aj- ^-4

7]-4^114-(2, 3). aelji o]e^^ 144 44sll

4 4 5i4 IMOD, SEMPER 44 ILSnig-g-o]

711^^^6.5.4(4, 5, 6) 4]S4^«>11 44 4444

4414 414 41- 4 471] 444.

4444 "K- 441444 4-44aL 1-4

4144 41tll44- 43ift 4e1

4444(7, 8). 141 4-^^14 4^

^1^ ll4i^l|5JfEi 444^tc1], 14^4^ 4

^41 il 115L 441 411^ 4^4 1^
4(precursor)2]- 4 "¥ 44. HI"

Kprolamellar body)rr ^-i* 4.^1 4 4-^1
s. 1414 44-g-4 444^t 42|-s4hs1-

iie]-44 41- L}|u)-nt3^5. 4444. 44.®S
#Si46j All 4,^1] u)| OjjAllAj -L^J^ 7ll5.A^

DNA, 45.# ti} z|-j^ -^±7} S414 4.5.4,

^J-414 4-4-§-4 1V1157F 6^44^ #l-¥-

44(8, 9). #4 CAM 4lit 4¥- #

41^r m/ljl at# 4^7] A^ (diurnal

fluctuation) 445 1 rfc 1 7144 HI"!

414Tr4 6]-;ao1] cfl^- 4^'-^ xfxfl

4 4^411 ^JL 44. ^44 ^'•2:15.5 1

4it cam 4^2:1 tjj 7l:g^VSl

14 41-i- 4-4 4y-l-S- 4£l

4 44(10, 11, 12, 13).

41- 11 4111 In^lls. 1 ^
2:5Ai ^o] Ai]44 2:4oll 11-44 CAM

^AfK- ^14 u|] 4A1- 5Lrtl- 41"44 ^^11

^rz -^-^el-oL ^14:2. 44(10, 11). 44 4-^

11 CAM l-i-4 4#sl 444 1

ln'^^m-4 5.J1 44 411(12, 13), 41-4 4
4 ^dtl 4-14 7]#4 444^ 4141 411

4 In'"44 41 ^4. °l-i" 5. rotundifolium 4

:iillMl 111# 444 section angle4 44 ¥"

liLrt-i-o] crystalline lattice S.# paralleled

arrangement# 421-44 4 #4 44 3-D 4111

#1# 11114 n'-Sl #1 4n'"4 1#14 #

4*=>14. 4 4n'^°lH^ Sedum rotundifolium 44:
1 4 lln^a# TEM HVEM5.5 4^4 1

4-# 4h^1442K

n. iy

Sedum rotundifolium^ 44 47ll(ca. 10—15

mm) 4411 4 #4" -¥-441 4 4 mnf 4 4#

3:1# 1444 41 2—3% glutaraldehyde4

44 1-#414 311 1 aLl(preflxation)4-

4'Col]14 2% osmium tetroxidel 44 2—61
1 ^JlKpostfixation) 14444. 1 uIa^^tII

^4# 0.1 M phosphate buffer -§-1.^5 34 H
I442K 1"14 is.# 11.14 30-100%4

41# 4"#4-l(dehydration)# Hal, 15:4

low-viscosity resin mixture^ 14(suhstitution)

5.4(resin mixture embedding) 44 OOC
15:7| tllo||A-| 72A]:7]. ^414(polymerization)

442K ol2l4 41# 714 4#-41 resin

block#-# Reichert Ultracut S ultramicrotome

141 diamond knife# 6].g.sl-4 11 TEM

4n'-§- 5144(60-90 niii)5.5 aiI^sIS!#. o]

# 44# 100-mesh grid 44 #11 uranyl
acetated#, 30 min)4 lead citrate(4#, 30
min)5 4'^ 4144J1 l544144#4 cfl

Hitachi H-7000 TEMA5 4#4

514. TEM photomicroscopy# 75 kV41 #1
2]51 at, *^14- Artix Scan 4500t Microtek,
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Mitsubishi CP95(X)DW digital printer -y-S-

HVEM '^nHk ^-sil 4^1^

0.25-1.0 formvar c()ating(0.5%

formvar in chloroform) ^i] ^ carbon

coating?! single-slot nejH ?lo|l

carbon coating olsj- ^>0] 2^

carbon coating sM HVEM 'Ha'" '''1 1 MV
-y-el ZIElH ?1

t 4 contrasts •5]=sMI M-EfM"

ztelH ?i TEM -f

-^H4 Al^v^ri uranyl

acetate(6%, 1—2 hr) ^ lead citrate('^-S:,

60 minis, o]^ -B-

•H-B- 5.44?! Ml National

Institute of Physiological Sciences (NIPS) ^4

H-1250 M HVEM-i:

section ^ ^(serial section)<^l] 2]^ 2-D

imaged sfl^ 2° 5°

S. -60° —+60° tilting image ^j'I-#

El^l^Sf?!- imagee] 3^}^ ;*H'"^(3-D

reconstruction)'^! IMOD H.S.rL^-g-

M-EfMlSitK

m. iy

CAM M14# ^=5^1-^ Sedum

rotundifoHum

^4^ 7]^4

S] ^'•2i47)- ^S'^J^lEKii). <5]-^- o]

tEM 'S: HVEM-i- oj-g-sfol

4-i-3l-

^^1 7]^o\] 443101 HO)]

<>1^ 4.^S.S. ^-£14'=]^] a'
3,3. 4 ojii^

TEMA^ 'Ha'-?] ^ HVEM.^i^ Ha'"

4 44 4:^x11 tHolj^ < 20 nm ^

4^E]S u]a|]^4-a^ 5.iE^o)

^21514. 44^."l7d! ^!"1]^2! TEM-g- ol-§-

t!: 5'-3:45'"'Hiol-!l2] ^ 44

-f-S: -r ^4(Fig. 1). TEM4 n
u|l^ 4:^'Hl4l^(Fig. 2) 0I-&

H Ml 4 4 4^ "§-421

^^4 ^jS-(spational relationl'H] M!S1|a^^ 44
•H-oV'̂ ^ 'a-44Ef. CAM Mj4-ft

^ Serfum 4-i-^l^ 44^44
444 ^7i]oi]Ai 4^4 7l:H4 ^•°]^ ^42]

:i4Aj.oj ^'•2.^1^1 44:444(10, 11). 4-g-4

MI^ a'-2;*Ha'"2l diffractogram-i- -f-sfl ^^^3,7}

hexagonal arrangement-tl- <='l-r.2- Ai-i-i" 1144.
«]- Sij^-(ll), 4 0.5 - 1.0 /M thick section
4 4±4 4 4^a'-3:-?lo) HVEM.5.il ^a}3\

^ tilting angleol] 4-4 '^^l^ image-fi-.S 4

El-4:4(Figs. 3-5). 4^^4(serial section)4 2]
IV 2-D image2l- 44.^S.-'?-U] <^44. 7}^. (± 2°

IEtt ± 5°)S. -60° —+60°°l] ojE^- tilting image

^4# -f. 44^41V image2l 34^

image 45^^ -§-§-44 4^4 Ml

^3,4^ *H44.^s 44^]! ^ Sl4(Fig. 6). SE

4^r-i: 2j4?!: z}3.S. tilting44 ?V44?i

^=g5'2;<Hl 4Aj7il ^ 4^4 44i=r i

44"i"42! ^4-4 -^*"4?V4(spatial relation) •§•

Fig. 1. Peculitir shajjeci piaslid with paralleiod inclusiun body (C). Fig. 2. Closcup of the iJciraiieled inclusion body

S. starch grain. TEM. Biir = 1.0 fm. (C) in Fig. 1. TEM B<tr = 0.5 /an.
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3J-3| ii^j2-ix|-^4--g- U|.Al 67l|5l

i'cl"^n'-3:(substructure)^t- ^-11 (hexagonal

pattem)fl- ^

^ 7)

S^-rr ^^5. ^3.

SH 5acl-(12). ^

zl-71 cf^ Sedum^]

fi]- ^°I

W^r It 4^ ^SJ^.

^isel 7lif# ^\^

Cfl^lltr St-g- Alii ^-^v-g- 7]

S-e1 TEM 5,5fl xj^ui oi^£]cH ^

4. °1®1- '<-))iM] 4;

' ' -\'"' vC'v? '• ^'T, :-

.\*v\\t\v\\ ^\V\\v.\»\\v*vv:.>,

Fig. '.i. Pan of a plasiid inc-lusion show ing a

crystalline paltem. O.Li") /oil thick section.

H\'EM. Bar - ()..'1 /m.

Fig. .5. Plastid inclusion b<xly (C) exhibiting lioth

crystalline and i>arallelixl elements. 1.0 //ni

thick section. HVIii.M. Bar - 0.15 /mi."

7l?t<^il 2Af^^i 4^ai-a- -^J^i-T^-i-i-
7)-A)s|- ^ 4^ si-ui-h 'S

^^^5. 7|]?|-(serial section)^

71- ?i7l K|l£-oil oln:-]^

2] ^^7-lel 7l-g-U^l #ol7l-JL -^^1 <?}oll

4'-3i^^--^ ?i-^ 2Al-^lai^5- 7]^
s]o] al^ii;!-. ctfel-A^ ^^-xsl

stereo ^Isj] -MIS. 4^

"^n^sl-Tr <^o]xl

^ :^:^ol ^

•?-47l- <He--!g-I^13. 4^3i7l- -i-^si-sl-TlI ^1

^r £-71171- rzelS-S. 4'-i^l

-£°11 -r^lft €A7l- 5iJi

tt-f-h V3i7l|ft 41^-I^^S.

' • ^ • • ■♦xiySF «' .

Fig. -i. Plastkl inclusion Ixxly (C). 0.5 /iiii thici

section. fIN'FM. Bar = 0.2 /<in.

Fig. (i. 5-D reconstniciion of a ijlastid inclusion

b(xlv (C).
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^o] -i-si^?] ££-h i'-

^ "11 tomogram^ ®]-§-5]-^r

^ tomogram-1 ^ ^-''11 -^1-?H1

'^i a'-S?!- traces] c}^d\] aJ-^Io)]

^uHi o)it]l o]:^oj 'y^'^]?]

?ll ^4. °]5]4- "/ll^ 44

a44 7c!44 aAjsiji 3|14 4a&#-ar 4^1 A]

4-S: 3~D 4^11 4

2:# 444^ 4*?]—S.-H-fe- computerized axial

tomography(CAT)S. TEM tomography

7} 71-4 '-^4 ol-g-sjji 44. A^l^n'-SrSl

3-D ^4^1^ 44 244 TEM A^e],

^444^ 7-14^^4 •y^H'-Sfil image# 4

^4-. Stereo view# #4' 34T"2;4

•?|sli4 ±s 444 # #il'>il4(°ll, ± 5°) 71#

44 HVEM 44# 4-#44-. -^4 HVEM^S

#4 444 4#44 44^s.-#El -#-#4#

•f'#^44 3443:# modeling 44. °1 4

image 4 4 4^147] 44)4

"SPIDER and WEB''ol4 "IMOD" #4

^•fr 4-§-44 4 44(4, 5, 6).

Fig. 7. Tilted itruiges of the plastid inclusion Ixxiy (C) at l()®intervals. 1.0 gm thick section. llXdiM. lifir = 1.2 (isl
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CAM Sedum

CAM cflA]-#

^ 2l.:^jollAl o^^Tll ^Sl-sl-ir^], 3£t!-
s) o\^7\] cf^^l ^"1>M1

=r^2l^ ^^71- ol^ol;^l;<l Si4.

ei4 ZL n^SiS]

^ CAM 4^^ ^41- ^1

# ^<^14, Sb^ ^^-i-
>yiih^l4 143C)1h 4^^71140) ^2:^

<53 711 m ^ 4S44. <=>1

S^t!: <d^<^l 514 <=1^144

Sl4 ^51:4 '^lls.-g- 4^lJ-*J=<^]4ji ^ ^ 5i4.

HVEM ^ tomography -^-i: 3-D image

^^±S. 45?^ -^sil M]S.^ ±7]
40] ^p|^) 344^1^ 71-^3114jl

514. <^145!: 44, 44 ^ ^

4 ^4 ^<^H14 4-§-43i 44(3, 14). >^1
s. ^2:<51^ a4 HVEM <^4# 4-§-44

.a.4 ^-8: ^51-44 4Ja.l- <^4'i ^ 5i-^4

•^444^ ZL 4-§-4- ^44 44<='l] 4

444 ^43t 514. 4

4 3-D ^414^ 4444# 4f-# 44 4

4'H] 44# ^7] nH^oll o]:f HVEM ^

tomography #4 7]^^ #-§-4 ^#44 4^

7} 4^4711 4f-444 4 444.

IV. 1 g

4-44<^14 4^ ^iL4 4444# ^«S4#

44;^1# 4-g-44 4]S4^7]4j5.s. CAM 4
S.# ^834# 4##4 Serfum

47114- 4^7)4 ^4.5ls. 44i^1 7144

1444 #^1- 4414. 4#

4414 4^#1S. 4 ^25-4 #4 4

14 2loll 4#14 CAM tflll- ^41 4

lAl Jl2» ##sil ^44:ii

^44Jt 514. 1 4^# ^«314 4444 ^

>^11£#4<H1 44 441711 444^ ^±n]

247^1^2# HVEM ^ tomography 71^4 1
1 H2ii^# <514-1 444 4444.^5. #

414 TEM4 41 ^24:^4 4sl^4. 4
2^1 14^424 4414 ^44^ 14^11-

0. o]v^ 4A22 #4444 ?-244, ^

4ol£L#-4 4s^ 7|c|.^ til011^ < 20

nm 4444 s. 4^44 \^# 47il214

#4 14-1^4. 60-90 nm4 9^^ 2441#

4^14 t11 TEM<5|1 41 414 4S.4-fe-

44 0.25-1.0 ^4 4s# #4# ^141#

4#1 HVEM<5llA^# ## S11144 413L14

4S# ^41 ^ 51511. HVEM<5il 41 tilting
^ tomography 714SS. image 4414# 4

1 dataolll# 44^1 5^4.a.^4 4414 3-D

image 41 ^^ol 7].^s].^t::|.
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^7:\o\\A-\ Leuconostoc if d[|S!:

a]><g#«}-3}-

A Study on Carbohydrate Fermentation Characteristics of the
Leuconostoc Strains Isolated from Kimchi

Oh-Sik Kwon

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

3. SAf# Qjs] 7H V11 71-71 IL^^S. ^

<^11- ^ JA2-3-a: 2%, 4%^ NaCl<^l afl^HiAl "fli pH7F 4.15S. 5

l-oll HlSil 7J-^ JBl-2fif JB2-3'ar ^^1^^

Leuconostoc mesenteroides subsp. mesenteroides KCTC 3722fil- ^fl^ol -^aI-^

slSicf. atl: JC2-3^ 7il<2l«l-jL^ xylosel- ^ <^l-§-sl-^i:f. ^sl^^-l-sl 6^^
^5: ^Al^^ Leuconostoc mesenteroides subsp. mesenteroides KCTC 3722^

S^fl^l 5.^)l:-c- maltose, meilibiose, sucrose, trehalose
^51 ^ o]^t}jL 5asii4. jBi-2fe ^Ai^^fif ae ^jrs. 3i]^<^i ^-g-^ «a-

^ 5lSi4(cellbiose ^ji^l). JB2-3"i<^] sucrosel- ^ 'QrS.t}jL ^^cl-(2l^ pH 4.67).

S.^ melezitose# «='|-§-«1-a1

raffinose-^ 3.^ ^ ^i^f^cl-, ^^1 JBl-2^ raffinose^ ^^-8: ^aI^^®!

£ ^^(:^-(pH 4.81). <^l'a-sl ^^21- 4^"^ tJL ^4S.-^El .^elfe ^^7}
Leuconostoc^<4] ^4^ 571-aI ^ 9X^3.^ o] ^ "0:5. ^Al^^fif 71-7J-

-g-T-l-t]: JBl-2fe- Af-§-^ 2571-71 fil ^ ^©11A^ i^l xylose4 amygdalin°ilAi ^ 4*^1
1-

Abstract. Four groups of Leuconostoc sp. was determined in various kimchi by a growth

kinetics study and a salt tolerance test. Among isolated strains, only the JA2-3 from cabbage

kimchi showed strong acid resistance(pH 4.15) in media of 4%~6% NaCl added. For a test

using pentoses as fermentable carbohydrates, the JBl-2 and JB2-3 showed similar fermentable

characteristics with Leuconostoc mesenteroides subsp. mesenteroides KCTC 3722. Only the

JC2-3 could not ferment xylose among tested strains. The pattern of hexoses fermentation was

very identical to the Leuconostoc mesenteroides subsp. mesenteroides KCTC 3722(type strain).

All the 8 strains could ferment very well disaccharides such as maltose, meilibiose, sucrose and

trehalose. Especially the JBl-2 showed exactly same pattern of fermentation with the type

strain in disaccharide fermentation except cellobiose. However the JB2-3 fermented sucrose

very well. In the tests of trisaccharides fermentation, all tested strains could not utilize

meleitose but fermented raffinose very well. The JBl-2 showed same raffinose fermentation

characteristics like type strain(pH 4.81). From the above results, we could identify 5 species in

- 63 -



the isolated Leuconostoc from various kimchi. It was also noticed that fermentable ability of the

JBl-2 was very closely related with the type strain, Leuconostoc mesenteroides subsp.

mesenteroides KCTC 3722.

I. M

•^(carbohydrates)-i-

(1,2). ^ nl)^

"?]^<Hl7ll nfl-f

(probiotics: 6,7)

^7l] ^^S]^]°J-(2,3,10) ^^51-711
<^71^ <^loll m ^1^1^"?! ^^7f

<^1 5-i-^

M- sa^t-ii ^Efl

^ ^ 7]^^ ^HS. 3711 671)51

^•^^^•(4,5). <=>1#^ Leuconostoc^ "^il^

Lactobadllus'^, Bifidobacterium^, Streptococcus

Pediococcus^ ^ Sporolactobacillus^
§ ^sl# ol^jL ^cf. 4sl ol ^#«5ll7.i

^«1 ^^SlJl Et!: <^l-g-Sl3 Slfe-cll zi ol-a-fe-

o) ^1-Sl ^nl

4 ^ ^7j- JL31.(4,5)1- olsl-jL ^
^ ^4. ^1^44 ^ rlia.21^ -H-4454

(5,6,7)^ M 5)711 3)-g- ^

4-§-, l-Ell^iiElll- 7)^, f^7j- 2|-.g.^
<^<^=€1-^ 71-^1 4 7)1-a 4-§-, 4-§-,
E4^7|1 7)-g., 314 nl-g- Jis)-, 4tllf^

4-§- S14.

444 -^4+544#^ 4 #4 -H"§-4^
^^-^iTll ol-§-47l 444 4s.-g:

^ 4444 -§-^43 ^4. 44 444 444#

4711 o).^ ^^2)^ 41-44 41-44 «i5: 41

3S. 4i-#4 ^4 41444 14 ^7)4- ^714
^4 ^444(8,9) 4:4 ^41- 1^4# 1^4-

14^4 414 Leuconostoc^^ 144-71 44

4 4144, #44 ^ 14-44 144 •& 14
# 4H444-. atb 14# 54 1 44# 44

4 1 #44 dl3:-5-j5.S. 7.1-141 Leuconostoc

mesenteroides subsp. mesenteroides KCTC 3722

n. iy

14 51. 1 ##44 4-§-# 14511

Leuconostoc mesenteroides subsp. mesenteroides

KCTC 3722S. #14414-#14(Korean

Collection for Type Cultures, KCTC, ^114)44

14=#s]t4-. 511 MRS(Difco) 444 444

1 1 glycerol4 20% £#--4 7-1 ^^oi) ii^o)
-see 57-1-g^ H3(deep freezer)4 .^.4:44

414^4-.

14 51. 1 ### «lli#4(JA), #1 #
7J4(JB), 14-7j^i(jc)# 1111- oi^g.^

4 #4# 1 4 4-i- lOmg 444 6% NaCll

4 10m«l- 44 3% NaCl 1435. ##^4.

343 lO^ES. 4444 2% Agar7l- #7)-#
MRS ##444 444^34, #4# 14 #
5.q7f 444# 4444 1 4 511# 4r

44-34 ii#4#4. 4 4144 4

S# MRS agar #4 444 £#4#34, #

44 1-S.4# 44 MRS Broth# 4144 3
OC 447)44 344 Leuconostoc^-^ 444

4# 5 14# 444 5 ## #4EA>iJi. ifl
44 1 #5: ### 4#4-. 444 5

## 5441- 20% 7-1 #^6^ oil #444 44

44il 4144 5# 1444 1 -70X: deep

freezer4 :a.#44 414#4.

1# 14 EaK 1454 14 511-1 4

443S. MRS 44(Difco)# 4144 414#

4. 414 ###1# 4447) 444 5 4#

1#1H(18TC)S. E44 HI)47)(Sanyo MIR-

153)44 12 hr, 24 hr, 36 hr, 48 hr ^ 72 hr 4
4 1, 444 «1144# 2014 41C44 14 €
4147l(Union Model 55R)S. •#4#b14#4.

#44 5441 spectrophotometer(Pharmacia
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Lcuconostoc cfl?!- ?l-7"

Biochrome 4060)l|- 650 nm®Il'H

:£# O. D.S. ^

^ic.-b pH meter(Mettler,

Model 225)S. 5" ^ISS. ol-§-

BfliiiE. ^A] 2:

A}t}7] MRS broth(Difco)i NaCl# ^

71-^H 1%, 2%, 4%, 6% ^ 8%S]

7112:^ Mfl^l 10 mi's- 20 ull-

4t:oll>«>i 15^^'a^BjO.OOO rpml^H pH

meter-i- ^l-§-^^ pH#

^ ^5l ^A^^

2:A].s|.7| gluCOSe7l- -^71-SlA] MRS

MB^KTable D# 41^1 7i]2:^<^ 4-§-«1-^4.

Giucose7f ^7]-s)7l MRS broth'^l] 10%

stock solution-i" ^7V^o^ autoclave^'^ ^5.^

^ 2:A]-®|-^cl-. zj-zl-fil 10% ^ stock solution*^]

^7f^ hHa] 5 ml^ll ^Al^^ 20 ul#

^ oil-

4r«^l7.i 15^^ 3,000 rpm^S. ^

pH meter-i- 7.)-g-s]-ol pHi

cf. ol S.^ 25f^

(SigmaT*)- 7|]^)^5. cf-g-j!]- :^cl-: amygdalin

(Amy), D-arabinose(AraD), L-arabinose(AraL),

cellobiose(Cel), esculin (Esc), fructose(Fru),

galactose(Gal), gluconic acid(Glc), glucose(Glu),

lactose(Lac), maltose(Mal), mannitoKMant),

mannose(Mann), melezitose(Mele), melibiose

(Meli), raffinose(Raf), rhamnose(Rha), ribose

(Rib), saccharin(Sac), salicin(Sal), sorbitol

(Sorb), sucrose(Suc), trehalose(Tre), xylitol

(Xylt), xylose(Xyl).

m m % JIM

7^-^. ^A}-. Leuconostoc

mesenteroides subsp. mesenteroides KCTC

3722i 7i]5»]^V i-El^V S.S Hfloj: Aj^l

^ 12^1 i-'̂ ^3}-7]- 5] A] ^Cf7l- tifloj: ^
12Al?l-ol]Al 36Al^ A|.o]«ii] a]

5lcf(Fig. lA & Fig. IB).

^ Leuconostoc mesenteroides subsp.

mesenteroides KCTC 3722S1- alJaslJi Fig.

lAi Leuconostoc^

^-g-ir i- ^ 9X9X^. 73

^ 72 A]:^ ^ m pH7]- 4.5
^£.^j9Lal 6]^ Leuconostoc mesenteroides

subsp. mesenteroides KCTC 3722(H)^ i"Sl:

4. 447-i 5 7,§-g-i-7j 2:All- 14ol(Fig. lA)
27l|sl ^(JA2-3, JA2-4)<^1 ^<^14

^4. n 4oi] a.4ji 57H4

e1]^e.€ 5^4 nil

Leuconostoc carnosum KCTC 3525,

Leuconostoc lactis KCTC 3528, Leuconostoc

mesenteroides subsp. dextranicum KCTC 3530

^t!:4aL 7^44514. 444-^5. ^

0JA1-1 (2)JA2-3, JA2-4 @JB2-3,

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

Ingredients Weight

Polypeptone 10 g

Beef extract 10 g

Yeast extract 5 g

Ammonium citrate 2 g

Sodium acetate 5 g

Magnesium sulfate 0.1 g

Manganese sulfate 0.05 g

Dipotassium phosphate 2 g

Tween 80 (Polysorbate 80) 1 m?/ £
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JCl-1 JC2-3 o]^7\] 4 M-

^ "r JA2-3^ ^ 48
72^1^01] pH7l- 4.5

(Fig. lA, •) 5 7}^

fe-§-(pH 4.37)-i- ^

Bll^S.. aiH2^

7^-^ 9X7] nfl^-oll ^

7^^ ^^1 -n-sfl Leuconostoc sp. ^
^5) a 2:AHV7l ^-^^1 tirj=

«l]Al<Hl NaCl^ ^7fsl-c*^ o]

M :e-5l3:4. 77IIS]

Leuconostoc^^ £-^71- 2%''6%5) NaCi<=>l ^71-

€ HljAlollAl Hllo}:s|.^ ^ A^^O] :g-£]:b 311

€•§- £0i^al ^4(Fig. 2A & Fig. 2B).
8%fi1 NaCl<^] ^7}^ «H7loilAi Hil<a:sl-^

pH 5.51- 7]^^s. ^ ^

JB2-3(A)4 JCl-l(V)sl ^-f pH7|- 5.5S. 49^

<^1 7l-^S|-7l^V D. s>\6\] pH7]- 5.5 o]^^S.

A^-^o] •i:7l-^§]-^4(Fig. 2B). Fig. 2A'̂ ]Ai

JA2-3(V)^ 2%, 4%sl NaCl^^l ^7)-^
«l|7l<4]A^ «ll pH7]- 4.15S. nf3

wl«l| ^ Aj^^H 7j-t!: Ml^A^-i: £cx^^Sicl-. ^

€•^£5. vfl<gA^ Eii^iE ^5|-o^ a.s ^e]

l-<^] 6%^ NaCl<^l ^7}^ wl]^loi]Ai£ hHo^o]

Leuconostoc mesentenxdos subsp. ntosonlomidos KCTC
JA1-1

JA2-3
JA2-4

24 36 48

Time after inoculation(hours)

Figure lA

^ Sl5i7l nfl^oll

^1 ::ie1M- JA2-34 JA2-4(Fig. 2A)^
(till^^^1)7]- ;y-JL nf-i- ^^£4 c-l

^-8: pHoflAl:^ ^61- ^©1
^o]e). Al-5.£l$it:f.

5^'3- <^1# ^^7V 5^'^-i:
'̂ •<^>.^.7] D-arabinose, L-arabinose,

ribose ^ xylose «ll^l£7^*Hl ^7|-^]-o^ 5"

1-# o.

8 £^ D-form^ arabinose(AraD)-fe

aO:£7]- 5.5 ^sj-^cfCFig. 3A

& Fig. 3B). ^a]^ L-form^ arabinose(AraL)
^ ujjaAj ;g. oi-§-5l-^fecil ojE^^ ^A]

Aj^^Aj ^AfA] 7}^

pH# JA2-3(T)'L> -8-\f

^] ribose# # <=•]-§-?!: ^£5. ^a]^

^7} ^ ol-S-^]-# M-e1-\+ xyloseCFig.

3A)# #e| 5-^l-(Mll^7jxl ol
-g-sj-A] ^sl-^cfji ^^s]5iiq-(jC2-3).

S. Fig. 3B«^lAi £# JBl-2(H)i4 JB2-

3(A)# Fig. 3A'=^] M-Ej-'d ^a]^^ Leuconostoc

mesenteroides subsp. mesenteroides KCTC

3722(»fil- #5: n^o] nH# -H-Aj-^V ^

24 36 48

Time after inoculation(hours)

Figure IB

JB1-2

JB2-3

JC1-1

JC2-3

Fig. 1. Growth characteristics among facultative heterofermentative Leuconostoc stains from various kimchi

products determined by pH. A: Leuconostoc mesenteroides subsp. mesenteroides KCTC 3722(H) and

JAl-KA), JA2-3(V), JA2-4(A) isolated from cabbage kimchi. B: JB1-2(H). JB2-3(A) isolated from

Mul-kimchi and JCl-l(V), JC2-3(A) isolated from Chonggak-kimchi.
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Lcuconostoc ^

e^'a- ^3l^. ^

o]-%-^^ glucose(S£^, Glu)^ S.^^3L 5l^o^

•& <=>1^<=>11 fructose(j4^, Fru),

galactose(Gal), mannose(Mann) ^ rhamnose(Rha)

# ^}o]^ alH

«H ^9):^. :i 14 Fig. 4A4 Fig. 4B«»114 H

14^ 1-41 3.^ ^^4 61:^ IJLBll^

Leuconostoc mesenteroides

subsp. mesenteroides KCTC 3722(H)4 -n-^l

311^-i- .a4^5i4. 77114 ^

Louconostoc (nesenteroUM luftip: msscRlsraUss KCTC 3722
JA1-1

JA2.3

JA2.4

2% 4% 6%

Coocentratkxi of NaCI (%)

Figure 2A

? 5.5

B

JB1-2

JB2-3

JCM

JC2'a

2% 4% 6%

Concentratkxi of NaCI (%)

Figure 2B

Fig. 2. Comparison of the of the tested Leuconostoc strains growing at different NaCI concentrations (2%, 4%,

6%, and 8%). In this case, the increasing pH values indicate growth inhibition occurred by added NaCI.

A'- Leuconostoc mesenteroides subsp. mesenteroides KCTC 3722(B) and JAl-l(A), JA2-3(V), JA2-4

(♦) isolated from cabbage kimchi. B: JB1-2(B), JB2-3(A) isolated from Mul-kimchi and JCl-l(V),
JC2-3(^) isolated from Chonggak-kimchi.

Fig.

LouconostocmsenlotoldBssubsp.matenlofotdBiKCJC3T22
JA1-1

JA2-3

JA2-4

AraO AmL

Cartwhydrates

Figure 3A

Xyl

B

AroL

Caibohydrates

Figure 3B

JB1-2

JB2.3

JC1-1

JC2.3

Xyl

3. 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. A: Leuconostoc

mesenteroides subsp. mesenteroides KCTC 3722(B) and JAl-l(A), JA2-3(T), JA2-4(^) isolated from

cabbage kimchi. B: JB1-2(B), JB2-3(A) isolated from Mul-kimchi and JCl-l(V), JC2-3(^) isolated
from Chonggak-kimchi.
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fructose, glucose, mannose^ ^ ®l-§-®l-
5Sl^^(pH7]- 5.0 o]^-

rhamnosel-

pH 6.0 <51 ^). oleltb 6^^ ^JL

^ Leuconostoc mesenteroides subsp.

mesenteroides KCTC 3722^ -^'^^•1-

^ Fig. 4Bofl7'i

ofl JBl-2(B)i4 JB2-3(A)^

Leuconostoc mesenteroides subsp. mesenteroides

KCTC 3722(Fig. 4A)5sl- 7f^J- ^

galactoseS] JA2-321-

JA2-4, JBl-2^ n <2]oi] ol
-§-§1-^1 6^^ «iJL 141- -S-

JB1-2^ 4^ ^-^4 Leuconostoc

JA2-34 JA2-4S 4€- "a- ^

Sl5i4.

^11. 4 *3'^(disaccharides)4

4*^^(54^ G^*^) 27117f O-glycoside
bonds. ^-^s. 4#4 ^^4 ^S114^

4*3-^# ¥ ^7>7l-

€4. 44^ ^:§: ^^(Fig. 5A & Fig. 5B)44

^1-4 ^^44 4'3-^ tSL 44

Leuconostoc mesenteroides subsp. mesenteroides

• Leuconostoc mesentetoUes sutap. mesonteroides KCTC 3722
JA1-1

JA2-3

JA2-4

Gal Glu

Cartrahydrates

Figure 4A

KCTC 3722(B)4 ^44. 444 cellobiose(Cel)

4 4Jl4 444 ^44 ^

^5.4^-^4 .2-4 •§"4^^4:4 ceilbiose-1- ^

3:44 ^4^ 44 44 4 4 Si4. H4 lactose

4 44 tll^s.4 ^4^44 44^4 771171-

£-4 4 ^ 4-§-44 44^4. 4^

maltose, meilibiose, sucrose, trehalose

44 4'3-4-i- 4 4-8-4JL SiSi4. 444-.2.S.

44 5^4 JBl-2(Fig. 5B, 44

Leuconostoc mesenteroides subsp. mesenteroides

KCTC 37224 4471-4 S. cellbiose Til 4

4 43: 41€4 4-b-^ 4 ^ SiSi4. 44

44 ^4 JB2-3(Fig. 5B, A)44 43:
•?- W11444 4^ pH7l- 4.G7S. sucrose(Suc)-l-

^ ^3l4ji Si-1-4 ^44 Si4.

^4^4 ^3l. 37114 44^7V 1^4 4-4

^4 ^-¥-1- S.4(Fig. GA & Fig. GB), S.^ ^

melezitose(Mele)-i- 44 4-§-4-4 ^4^

4-2.S. ^44Sial, raffinose(Raf)fe 3.^

S^#4 4-§-4^4. 44-^ "^3l4 Si44 ^

4^^ ^ JBl-2(Fig. GB)7f 71-4- -4^4

^3: ^4(pH 4.81)# s.4TSi^4 o] ^4^

Fig. GA4 #45^4 Leuconostoc mesenteroides

JB1-2

JB2.3

JC1.1

B

Gal Glu

Caibohydrates

Figure 4B

Fig. 4. Hexose fermentation characteristics of the tested Leuconostoc strains. Abbreviations of the carbohydrates:
Fru (fructose). Gal (galactose), Glu (glucose), Mann (mannose) and Rha (rhamnose). A: Leuconostoc

mesenteroides subsp. mesenteroides KCTC 3722(H) and JAl-l(A), JA2-3(T), JA2-4(A) isolated from
cabbage kimchi. B: JB1-2(H), JB2-3(A) isolated from Mul-kimchi and JCl-l(V), JC2-3(A) isolated

from Chonggak-kimchi.
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Lcuconostoc ^

subsp. mesenteroides KCTC 3722^ raffinose

el ^9):^.

"3- ^ C114 014 Hl:iiL5f7]

4-§-^! #4^r lie]^ ^^4

4^"^^ amygdalin(Amy), esculin(Esc), saccharin

Leueonosloc mtsenlemidgs subsfi. metanlemklts KCTC 3722
JA1-1

JA2-3

JA2.4

Carbohydrates

Figure 5A

(Sac), salicin(Sal), •s-f--2^i£l ^4:7]-

7>^-^^7)S. gluconic acid(Glc), a.elJL

^?] mannitoKMant), sorbitoKSorb),

xylitoKXylt) 4-^^ 44S4. ^4#

(Fig. 7A & Fig. 7B),

2.-T- ^4 pH7l- 6.0 olAj.^5.

Carbohydrates

Figure 5B

Fig 5. Disaccharide fermentation characteristics of the tested Leuconostoc strains. Abbreviations of the carbohydrates:

Cel (cellobiose). Lac (lactose), Mai (maltose), Meil (melibiose), Sue (sucrose), and Tre (trehalose). A:

Leuconostoc mesenteroides subsp. mesenteroides KCTC 3722(H) and JAl-l(A), JA2-3(V), JA2-4(^)
isolated from cabbage kimchi. B: JB1-2(H), JB2-3(A) isolated from Mul-kimchi and JCl-l(V), JC2-3

(♦) isolated from Chonggak-kimchi.

[ Leoconasloe mesuntvoUts wtsp- inesenltwides KCTC 3722
I JAM

I JA2.3

I JA2-4

Carbohydrates

Figure 6A

JB1-2

JB2-3

JCM

t 1 JC2-3

Carbohydrates

Figure 6B

Fig. 6. Trisaccharide fermentation characteristics of the tested Leuconostoc strains. Abbreviations of the carbohydrates:

Mele (melexitose) and Raf (raffinose). A: Leuconostoc mesenteroides subsp. mesenteroides KCTC

3722(H) and JAl-KA), JA2-3(T), JA2-4(#) isolated from cabbage kimchi. B: JB1-2(H), JB2-3(A)

isolated from Mul-kimchi and JCl-l(T), JC2-3(#) isolated from Chonggak-kimchi.

- 69 -



8

q-Ej-vdt^clKFig. 7A &

Fig. 7B), olfe ^Al^^(Fig. 7A, •)£ ^\^7}

JAl-l(Fig. 7A, A),
^sl^V JBl-2(Fig. 7B, •), #2)-^

JC2-3(Fig. 7B.

amygdalin-i: <Hi=. ^S. <^l-§- M-e]-

^^(pH 5.5 oMl ^Al$^(Fig. 7A, •)

^ <^1-8-^]-2] 5}AS. 4E]-!d:cf(pH
6.0 ^l^y-). Leuconostoc

mesenteroides subsp. mesenteroides KCTC

37227f l-7d^ioi]Ai ^e|^V JB1-2S]-

^4h1-A

^ Leuconostoc mesenteroides subsp.

mesenteroides KCTC 3722^ ^l-§-^ A€-

^ JBl-24

2}1€ ^>^1 ^9):^. a ^ JAl-KFig.
7A, A)^ -8-'a«l-7ll esculin-i- <5l-§-«]-^ ^AS.

2:Al-£]5i4(^# pH 5.22). "^l^AS. S.<^1-
jAi-1^ 5 ^ -8-'iM-7ii ^
^^slSicf. SEt!: JC2-3(Fig. 7B, ♦)^>

salicin# <^1^ 4^ A€- ^
^ ol.g-^ ^

cf. n)-e^-A^ oje^^ l2l-S.-?-El -f

7.0

A
6.S

6.0

i. 5.5

S.O

4.S 1
4.0

Amy

Lauoonostoe mosenteroldaa subsp. masenteroldes KCTC3722
JAM

JA2-3
JA2-4

QIC ManI Sac

CartMhydrates

Figure 7A

x/i

el7f 5-^7f <Hei 71-A] f.<y^(^o]3E. 4

<^1^) -y- ^ SaSiAi^ ag] jBl-2^ ^A]
A€- ^

Leuconostoc mesenteroides subsp. mesenteroides

KCTC 37222)- ^e)5^ JBl-2fe Aj-^g-t): 257]-a)

s) 'a- ^^A^ ia] 5^1^ xylose^)-
amygdalin®i]Ai^ aI-oI.^.

^UStl

1. 7J-^3|. 1990. -g-AV^ ^#«1-.

2. ^A-^^l, 2004. <=is^ 7)-a] Lactobacillus
^^1-2) A5e)A) ^ >a3l-«)-^ 2:AK1).

J. Inst. Nat Sci. 22: 35-42.

3. 2jo.^ 2005. -R-'tl:^

Lactobacillus plantarum ':*)-^2) -^A^ofl ^

^ J. Inst Nat Sci. 24: 59-65.
4. 7df^nv, °d2)i7. 1993. ^7]^ >^5A>^

^nj-. 6:23-25.

5. 1997. -B-a:^2] Ai<y^ .§..§.

10: 13-21.

6. 2001. AS.a|-®lA^ ^^7]

^ -§--§-. 14: 39-48.

JB1-2
JB2-3

JC1-1

JC2-3

Amy OIc ManI Sac

Carbohydrates

Figure 7B

Xylit

Fig. 7. Complex carbohydrates fermentation characteristics of the tested Leuconostoc strains. Abbreviations of

the carbohydrates: Amy (amygdalin), Esc (esculin), Glc (gluconic acid), Mant (mannitol), Sac (saccharin),
Sal (salicin). Sorb (sorbitol), and Xylt (xylitol). A- Leuconostoc mesenteroides subsp. mesenteroides
KCTC 3722(H) and JAl-l(A), JA2-3(V), JA2-4(A) isolated from cabbage kimchi. B: JB1-2(H), JB2-3
(A) isolated from Mul-kimchi and JCl-l(V), JC)2-3(A) isolated from Chonggak-kimchi.
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^2. Leuconostoc ^^o|| qia

7jl^cfl«}-5/

A Study on Metabolic Characteristics of the Leuconostoc
Species from Human Diet

Oh-Sik Kwon • Sun-Ji Kim • Jun-Yup Jin*
Department of Microbiology, Pt^siology and Chronic Disease Research Center*

Keimyung University, Daegu 704-701, Korea

a. Leuconostoc ^
sj-o^ Aj-A^A^o] Leua citreum^ Leuc mesenteroides*^]^^^ 6% NaCHl^iS.

Leua mesenteroides^-& 5^*3" Leuc dtreumA Leuc mesenteroides

subsp. mesenteroides^ ^JL 3})^-§- leua iactis KCTC 35282}- Leuc

mesenteroides subsp. dextranicum KCTC 3530-c: ^^<=>1

Leuc mesenteroides subsp. mesenteroides KCTC 3505(pH 4.70)^ Leuc mesenteroides subsp.

mesenteroides KCTC 3722(pH 5.41)fe- aIaI^.

ojfiit!:

•b H.€- Leuconostoc ^#<=>1 ^ 3.^ ^

Leuc gelidumA Leuc mesenteroides subsp. mesenteroides KCTC 3505lr<^l aI'^. ji^}^ 5^3;#

amygdalin-c- Leuc mesenteroidesA "r AiAi*^. Leuconostoc H

mannitol, sorbitol ^ xylitol •§•# Leuc

lactis KCTC 3528^ ^«]-al Si#^} ^^s)$ii:}-.

Abstract. In this study, metabolic characteristics of the Leuconostoc species from human diet

were determined. Among the tested species, Leuc citreum and Leuc mesenteroides showed

strong acid resistance. The species Leuc mesenteroides also showed better salt tolerance than

others, which grew in the media contained 6% NaCl. Leuc. citreum and Leuc mesenteroides

subsp. mesenteroides showed identical fermentable patterns with pentoses between subspecies.

Leuc iactis KCTC 35282)- Leuc mesenteroides subsp. dextranicum KCTC 3530 did not ferment

tested pentoses at all. Leuc mesenteroides subsp. mesenteroides KCTC 3505 and Leuc

mesenteroides subsp. mesenteroides KCTC 3722 showed identical patterns of pentoses and

hexoses fermentation but differed only in galactose such as final pH 4.70 and 5.41 respectively.

This tendency repeatedly appeared in fermentation of the disaccharide lactose that was constituted

of galactose and glucose. All the leuconostocs could ferment sucrose, and Leuc. gelidum and Leuc

mesenteroides subsp. mesenteroides KCTC 3505 were able to utilize all the disaccharides tested.

The heterocyclic sugar amygdalin was the key carbohydrate to determine the nature of tested

subspecies of Leuc mesenteroides. All the tested leuconostocs could not ferment mannitol, sorbitol
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and xylitol. It was also noticed that Leuc. lactis KCTC 3528 isolated from milk could not ferment

tested complexed sugars and sugar derivertives at all.

I. H ^

Gram

Lactobacillus'^^

Pediococcus^^

^ SEtl: Leuconostoc^ ^•
^7] nfl^oj) o^e^ 7l-^l

J17]sl- t:f«y=^ ^51

^^€d-(14). i-t Leua

mensenteroides subsp. mensenteroides^

exopolysaccharides-i-

«=»(| o]
-fEl ufE^ aj-2:^^«y 5b#

^j8.^V ^ol7l£ «|-Cf(2). Leua

lactis^ leuconostocsS.7r|

#2] #3l«H1 91^^ 7]^- Leua

camosum, Leua gelidumA Leua citreumS: d*
#7l-§-f-^S.-^Ei #sl£]5i4.

Leuconostoc^$.S.

Lactobacillus^

alH^ ^ <^1#

o^E] 7|-x] '3'#(carbohydrates)# #71

AV^ ^Afom iAV^ cl-^^5. #

#^.9LS.(6. 12. 14) 4^51 #^#4 7l:£#(oll:

5a7l nfl^ofl o]?}-oll7ll nll^ -H-

-§-tl: H.S.Ml-oli^^(probiotics).^S.

8, 9).

^0<H1 leuconostocsS] c] ^6]

711^711 sl^Ji ;a^l, ##, ttlE], a]2:, ji
7) <4 ^o)] d]^

4^#^ ^S}-7}- t:f<a=8ll7l^Ai 7]^V}7] #51^

Leuconostoa^^

:n.

= Olx|- ^AlSl ^A^ ^7]

^ ^^71011 S-o] ^:as)t^(3, 4, 5) <^el 7l-xl ;a

Als] 5b3)- «J=n)^ ##531 ^

Leuconostoc^-%: ^Elsl-7] ^S]-<a^(2)

#b1?1 8#3| Leuconostoc^^

<^1#3] ^5# nSloL c^El 71-xl

#S. #3] CflAj- SA]-b]-0^
j6c^ ## 'S## o]# Leuconostoc ##

###3] #Aa;5| aojA^^ ^##7]

intact# chromosomal DNA# #7] ## ##

cfl«H

n. i!

5#3l all<y: 51 Af^afl^l. .g. Al-g-tb

-g-A] ^^(Table D# Leuconostoc #ol] ### #
2}. oj-^o] #o]^ 8#.^S. Leuconostoc camosum,

Leuoawstoc citreuni2 Leucmostoc gelidum,

Leuconostoc lactis, Leuconostoc mesenteroides(3

Table 1. Various Leuconostoc strains used in this study

Species and Strains Sources

Leuconostoc camosum KCTC 3525 Vacuum-packaged meats

Leuconostoc citreum KCTC 3524 Produces dextran from sucrose

Leuconostoc citreum KCTC 3526 Produces dextran from sucrose

Leuconostoc gelidum KCTC 3527 Vacuum-packaged meats

Leuconostoc lactis KCTC 3528 Milk

Leuconostoc mesenteroides subsp. dextranicum KCTC 3530 ATCC 19255

Leuconostoc mesenteroides subsp. mesenteroides KCTC 3505 Fermentating olives

Leuconostoc mesenteroides subsp. mesenteroides KCTC 3722 Silage
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Leuconostoc 'f'S] t})A}. cfltl"

<5)-#)S. ^1 ^ ^ Leuconostoc

mesenteroides subsp. mesenteroides 2# ^<=>1 5.

9X^.

(Korean Collection for Type Cultures, KCTC, til

MRS(Difco) «I1^1«^]

^]til«ll®J= ^ glycerol<5] 20% ^

<H -SOr ^^JL(Sanyo, MDF-lJ72V)ol] i

^}mm.

3,A>. 8#sl

Leua camosum KCTC

3525(30TC), Leua citreum KCTC 3524(26T:).

Leua citreum KCTC 3526(300), Leuc gelidum

KCTC 3527(250), Leua lactis KCTC 3528(2

60), Leuc mesenteroides subsp. dextranicum

KCTC 3530(300), Leuc mesenteroides subsp.

mesenteroides KCTC 3505(300), Leuc

mesenteroides subsp. mesenteroides KCTC

3722(250)3] ^

°<}=7l (Sanyo MIR-153)o1]a] a]

12 hr, 24 hr, 36 hr, 48 hr

^ 72 hr 443] 20^4 40

oilA] ^4 4^ ^2] 7] (Union Model 55R)5.

^2]4^4. 444 5"4)4'cr spectrophotometer

(Pharmacia Biochrome 4060)# <=']-§-44 650 run

4A1 ^4s.# #444 O. D.s 4444^4,

W1144 # 4-443] ^4^4# pH meter
(Mettler, Model 225)5. 4444 5 a^^o]

5 4 •§•4^4.

ti]^4 ti]2iS.. ^A] ^{Leuconostoc

camosum KCTC 3525, Leuconostoc citreum

KCTC 3524, Leuconostoc citreum KCTC 3526,

Leuconostoc gelidum KCTC 3527, Leuconostoc

lactis KCTC 3528, Leuconostoc mesenteroides

subsp. dextranicum KCTC 3530, Leuconostoc

mesenteroides subsp. mesenteroides KCTC

3505, Leuconostoc mesenteroides subsp.

mesenteroides KCTC 3722)3] til^^^# 5a]-4

7] ^44 MRS broth(Difco)4 NaCl# 47]-4

4 ^#1%, 2%, 4%, 6% ^ 8%3] >«112:
^ ^ wl]4 10 ml4- ^A]^^ 20 ul# 4#45a

4. 47] 4 44 «I]4 ^54 A1 3'a# wll44 ^

404Ai 15## #4#e](3.000 rpm)44 pH

meter# A]-g-4o^ pH# #44^4.

4- "Q-Si til^5. ^ ^.A^^
5A]-47l 440] glucose7l- 471-44 MRS

M114(2)# 4544 Al-g-45a4. Glucose7]- 47f

4^1 MRS broth4 10% 4" stock solution

# 471*44 autoclave44 5a]-4^14.
4-4-3] 10% 4- stock solution*^] 47]-# wflA] 5

ml4 ^A]^^ 20 ul# 4 #4 ^3## 44 «11

4 #54Ai 444^4. 4# 404Ai 15##

3,000 rpm55 #4 #4 4 ^ pH meter# a]-^
44 4443] pH# #44^4. 4 #4 Af-g-#

4-3] ### 5# 25#(SigmaAl- 7ll#)^s. 4#

4 #4^ amygdalin, D-arabinose, L-arabinose,
cellobiose, esculin, fructose, galactose, gluconic

acid, glucose, lactose, maltose, mannitol,

mannose, melezitose, melibiose, raffinose,

rhamnose, ribose, saccharin, salicin, sorbitol,

sucrose, trehalose, xylitol, xylose.

Leuconostoc chromosomal DNA #a]

5-^3] chromosomal DNA3] ##47] 444 2-

ih 444 3]4 DNA #4 4-4# Luchansky et

al (5)3] 4-44 #til3] #4# 4-4# ^#4 til

S#ifl4-4# 4545^4. #, MRS wllAl^Al 3#

# ^#-1- 15 ml PP ###4#(Coming)

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

cell pellet-i" TES buffer(50 mM NaCl, 30 mM

Tris, pH 8.0, 5 mM EDTA)5 2# ti]4 45514.

til 4# Leuconostoc ^3] 415.4-1: 44a1471

444 4#-i- 1 ml4 -#4^-44# 444 44

Al# # 10 44 #4i:.44#(10,000 unit/mg,

Sigma Chemical Co.)-i- 4444 37*0 water

bathtilAi mH44^54. 25 pl4 44#a]-o](400

mg/ml, Sigma Chemical (To.)# 471*4 #• 4a1
24# «ll44:a 500 pl4 0.25 M EDTA# 47f

4^4. 4^ 200 44 25% SOS 7}-4 #
65t; heat blocktil «1144jt 20 ul4 Proteinase

K(20 mg/ml)# 47f44 15## ##4 4-44

^4*. 4 til^ 4444 -S-4=4 phenol# 471*4

4 # 4# ^ 2,500 x^5 15## •## #44^
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15 ml

°1] MroL phenol:chlorofoim (1:1)
231 ^

250 mMSl NaCl -§-®J|clS. -^-^Isl 2

ufloll cold ethanol(100%. Merk)^ '^7}

^ -2(fC ^-g-JLo|]Ai i^Afl ^^lAl^c}-. 2^21

wash4^ DNA peUet^ 3)^

S7l(Biotron Model 3180)# 4-§-#<^ SO#?! ^

in. ^olf 5} Jl#

!# # S#. Leuconostoc ':fl7']- #

a)5L«l-7] •& ^^•^llT'i 4-§-l^

Leuconostoc ^(species)'c: <^|-i-^ #2l

T:^H.:^l^(Table 1) 5^{Leuc oarnosum, Leua

citreum, Leua gelidum, Leua lactis, Leua

mesenteroides)^S. o]^-ol

# ^3^^ Fig. lAi4 Fig. IB-^l
M-hI-M- $X^. Leua lactis KCTC 3528(Fig. IB,

• )# TllSl^V -^Al^O. H[|oJ: ^ 247>1# tfl

#<H] Leua citreum KCTC 3524(A)S)-

Leua citreum KCTC 3526(V)'8- ^

pH7f ^:y-ol 4.37S. ^5a:4(Fig. lA). ^^1^ «^1

Fig lBofl>^1 37Hfi1

*^1-## Leuc mesenteroides ^oll^-ife^

Leuconostoc esmostm KCTC 3525

Leucooostoc dtmum KCTC 3524

Laueanostoe dtraum KCTC 3526

Leuconostoc goOdum KCTC 3527

12 24 36 48 60

TItno after Inoculation (hours)

Figure lA

-n-# Leua mesenteroides subsp. mesenteroides

KCTC 3505(T)'?}'^] 31 pH7f 4.375. M-e1-!s1:4.

Leuconostoc ^

£l]i:.ES|# Leuconostoc ^-i:

si 5E 4# 3:Al-sl-7l

«ll^Hl NaCl# 1%~8%S) #£S. ^7|-sl-c«l o]^-
fii vl|«gA^^ u]H3l| =1 ^4 Fig. 2A &

Fig. 2B44 5.^r a.# 51-# 1%~4%S1

NaCl #£<>114^ 7l-#4^4'L> 8%S)

NaCl fi.^7]- #

^ SiSi4. ^44 6%sl NaCl #£.<>114 Fig. 2B

<^14 5.®!# ^^<:>] Leua mesenteroides subsp.
mesenteroides KCTC 3505(V), Leua

mesenteroides subsp. mesenteroides KCTC

3722(#)7}- >S#o] #Sl4(3lf^ pH 4.86).

Leua mesenteroides subsp.

dextranicum KCTC 3530(A)# 6% #£44 4

#4 44 -i-7l-#s]-^x:l-. nl-el-Al ^{Leua

mesenteroides)'^]^^. <='l-#(subspecies)4 i44

4^44 447]- 4 ^ Si## 4S1# ^ SiSi4.

54^ ^5l#. 4# ^^7f 54'3-# 4-3:4-#

#4# #4£Si:4. n 44 87l| £# D-

form4 arabinose(AraD)# 4#4:£7]- 5.5 44"

£5. 4-§-44 #4-^4(Fig. 3A & Fig. 3B). 4

44 L-form4 arabinose(AraL)# 4 #44 3.

Leuconostoc tacOs KCTC 3528

Laueanostoe mosantamkhs tutnp. doxtmnkum KCTC 3530
tauoonostoe mesantoroUaa subsp. mosantaroidea KCTC 3505
Lauconostoe masantamldes subsp. mosantaroides KCTC 3722

12 24 38 48 60

Time after Inoculation (hours)

Figure IB

Fig. 1. Comparison of the growth kinetics among Leuconostoc species determined by pH.
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-"tA Leuconostoc cflA]- -—-^oll cfl^V <?l-7'

42 711 44i^4. o] ^

ii<^^ji Slcf. ^ Fig.

3A®l)>*'i Leuc. citreum KCTC 3524(A)fil- Leua

citreum KCTC 3526(T)<^1 ^-8: iL«^l

Jl Fig. SBofl'H Leua mesenteroides

subsp. mesenteroides KCTC 3505(T)^ Leua

mesenteroides subsp. mesenteroides KCTC

3722(#)7|- tJgL ^4.

o]^ ^-Br ^

^ ^-B: ^-B: M-El-^fl4aL
01A> ^6]

Loucotxatoc camotum KCTC 3525

Leueonostoe ctmum KCTC 3524

Louconostoc cAnsum KCTC 3526

Leuconostoc gaOdbmKCTC 3527

2 4

Concentration of NaCI (%)

Figure 2A

7liE 4cf. ^7]dj. Fig. 3B'^l^i

Leua lactis KCTC 3528(H)j4 Leuc.

mesenteroides subsp. dextranicum KCTC

3530(A)^ 5^^^ ^ ^4^

M-El-ldcf. «iJL^ SA]-

1- f-«fl Leuc. ^e/j£fum KCTC 3527(Fig. 3A,

m)^] ^ yj-JL^oi pH

4.62)<^1 ^^slSicf.

6^'3- ^jS:^. 6^*^^ ^

-§-^^ glucose(5.in.*^)-i- 3iE.^4-2- Si^*^

B

Louconostoc lactis KCTC 3528

Louconostoc mesontoroidos subsp. dextranicum KCTC 3530
Leuconostoc mosenloroides subsp. mosonlomides KCTC 3505
Louconostoc mosonloroidos subsp. moserttomidot KCTC 3722

2 4

Concentration of NaCi (%)

Figure 2B

Fig. 2. Comparison of the tested Leuconostoc species growing at different NaCl concentrations (1%, 2%, 4%,

6%, and 8%). In this case, the increasing pH values indicate growth inhibition occurred by added NaCl.

Louconostoc carmsum KCTC 3525

louconostoc dtroan KCTC 3524

Leuconostoc dtrotm KCTC 3526

Louconostoc geOdumKCTC 3527

AmL

CartxDhydiates

Figure 3A

B

Xyl

LouconostoctactlsKCTC 3528

Leuconostoc mesentoroldes subsp. dextmicum KCTC 3530
Leuconostoc mesontofo/Uss subsp. mesenferetoes KCTC 3505
Louconostoc mesonloroides subsp. mosenlotoidos KCTC 3722

Aral

Cartx>hydrate3

Figure 3B

Xyl

Fig. 3. Pentose fermentation characteristics of the tested Leuconostoc species. Abbreviations of the carbohydrates:

AraD as (D)-arabinose, AraL as (L)-arabinose, Rib as ribose and Xyl as xylose.
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Leuconostoc^ -r-'id

"^^^1 51TT fTiictose(2}-*3') ^ galactose, mannose,

liiamnose# *3" ^V
o]# tilH€rH ^ Fig. AAA Fig.

4BiAi

AAA <^11-

6^'3- CflA). ^^«l-7l

A Al-ol^i- ^.ag].o^o]: ^ AAA. a- 5

A ^51^ Leua mesenteroides

subsp. mesenteroides KCTC 3505(V, pH 4.70)

A Leuc. mesenteroides subsp. mesenteroides

KCTC 3722(«, pH 5.41)^ .2.^

AA^ ^A^3- 5il51cf(Fig. 4B). AA^
A^AA] tflA]-

A AAA 51-5-i: ^A AAA

AAA A-%-A A] ^01]
Ai AS.±^A ^S-A

OjojAi AA^ ^A ^ ^<^14.

<5] ig-^(disaccharides)^ ^*3"

^(5^*3" ^-c- 6?):^) 271171- 0-glycoside bondS.
A±S. oll-fil ^^ol ^SUsl^ <5l'3-^l-

9XSX^d ¥ ^aH«^1: ->

•e-^S.2.^+^^£.2.:fi)7l- A^Aj^x:!. Leuconostoc

^A ^1^-^ ^3la1^ l^KFig. 5A & Fig. 5B)

5 55

Lduconoitoc eamosum KCTC 3525

Loaconostac dtroum KCTC 3524

Lauconostoe dtroum KCTC 3S2S

Leuconostoc gelldum KCTC3527

Oal Ghj

CartMhydrates

Figure 4A

# A:A ^ 6^'3-2l
^sl A: ^ 51514.

1-^ <^14^ ^jLAl^ollAis ^7]^ ^

^ Leuconostoc Leua citreum KCTC

3524(A)4 Leua citreum KCTC 3526(V, Fig.

5A)^ A^E.A AA ^A 44^4 ^Jl^iI 51
olAi 714 ^^-8: ^A^^ 51-2-4

444 ^4^ A A Fig. 5B44 444fe Leua
mesenteroides subsp. mesenteroides KCTC

3505(V)4 Leua mesenteroides subsp.

mesenteroides KCTC 3722(#)oll4:£ ^

51514. 444 644 42:4^ 4 a-] ^44 44

A Leua mesenteroides subsp. mesenteroides

KCTC 3505(V)4 Leua mesenteroides subsp.

mesenteroides KCTC 3722(#)4 44^ 43l
;i4-^ 44 0I1-4 4£^^ollAinj. ^ ^1-

4# ^A^s. 444^4. 4 41-4 4

44iL4 44 34

pH7l- 44 Leua mesenteroides subsp.

mesenteroides KCTC 3505(V)4 4.84<il5i

.2.4 Leua mesenteroides subsp. mesenteroides

KCTC 3722(«)4 5.41S. 4444. 444:

44fe Leua mesenteroidesA ^ *^1-^4 4S.
5.^ 44 ^44 44# ^A^^ 51## 4#

4# ^44. 4# ^s. ^ 4f'4
cflAfo) ^^c]c\] 7144^ ^^5. Ai.s.44.

5 5.5

Louconostoc (Elects KCTC 3528

LouoevmsCOc/natonftMoMossubsp. daxfrsnacuin KCTC 3530
LoiiconosCOcmesenCiwoMss subsp. mesanCSrotitlss KCTC 3505
iMKonostoc mesenteroklos subsp. mosentemUos KCTC 3722

B

Gal Glu

Carbohydrates

Figure 4B

Fig. 4. Hexose fermentation characteristics of the tested Leuconostoc species. Abbreviations of the

carbohydrates: Fru (fructose). Gal (galactose), Glu (glucose), Mann (mannose) and Rha (rhamnose).
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Leuconostoc cfl/} <3^

Leua mesenteroides subsp.

dextranicum KCTC 3530(A)2l

pH7|- 5.81S.

^^1 ^t\3L 5a-§-^ ^ 5a5i4.

#^-a- ^ si

^n\^S.S.XS. Leua lactis KCTC 3528

(•, Fig. 5B)S> ^-^o\ ^ o]

-g-^:a Si-l-i- ^ sasJt}.

Leuconostoc ^

Leueonoftoc camoaum KCTC 3525

Lauconoaloc cttraum KCTC 3524

Lsuconostoc Maum KCTC 3526
Leuconos/Dc settAm KCTC 3527

Cattx)hydrales

Figure 5A

^®i| °ll-f 4fi.£l^c|-.

^x. 37tisi

# ^JlS] ;g-f-t ^^(Fig. 6A & Fig. 6B), S.

€• Leuconostoc melezitose^ ^]-%-

^^1 -^Sl-b ^^S]Sia, "I'd raffinose

# ^ Si^ S^-S-

Leua gelidumiFig. 6A)j4 Leua mesenteroides

subsp. mesenteroides{Vig. 6B)^®lSi^.

Leuconostoc lactis KCTC 3528

Leuconostoc mesentemkles subsp. dsxtran/cum KCTC 3530
Leuconostoc mesenteroides subsp. mesenteroides KCTC 3505
Leuconostoc mMsnfe/oiiaiMsubsp. msssnlWDUes KCTC 3722

Cafbohydratas

Figure 5B

Fig 5. Disaccharide fermentation characteristics of the tested Leuconostoc species. Abbreviations of the carbohydrates:

Cel (cellobiose). Lac (lactose), MaJ (maltose), Meil (melibiose), Sue (sucrase), and Tre (trehalose).

'"r isuconostDccamosum KCTC 3525
BB iMConosloe Otreum KCTC 3524

LbuconoslscdbeurnKCTC352S

6.5- E2SI iMCOODSlxgMiXsn KCTC 3527

Catfacbydfatea

Figure 6A

LeuaviosftK(scftsKCTC3S2e

sa Leuconosftx: mesenlemldes subsp. dextranicum KCTC 3530
Leuconostoc meserteroides subsp. mesenteroides KCTC 3505
Isuconosloc mesenro'Oiciss subsp mesenterotdes KCTC 3722

Cartwhydrates

Figure 6B

Fig. 6. Trisaccharide fermentation characteristics of the tested Leuconostoc species. Abbreviations of the

carbohydrates: Mele (melezitose) and Raf (raffinose).
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cfltl- c]14 «)Hs|lil\^ O] ^
^ Ji ^ o'̂ l Bll^o) M-Ej-ufji o^A

Fig. 7A5] Leuc. citreum KCTC 3524(A)fib
Leuc. citreum KCTC 3526(T)lt ^a]
^Jl ^ Fig. 7Bfi]
Leuc mesenteroides subsp. mesenteroides
KCTC 3505(V), Leuc. mesenteroides subsp.
mesenteroides KCTC 3722(#)5. ae^sj-^cf. ^•

oll-s] iJ.3] ^tt

amygdalinfi] <^1-g-<Hl a-| nV z|-z|-s)

^ ^ 4eb^i "^b-^fil
amygdalino) Di).f <a- "r
Leuc citreum KCTC 3524(A) fif Leuc citreum

KCTC 3526(V)-cr Leuconostoc ^fif-rr
^A] 3.m 5^3:f4- salicin-l- ^

^asboL 5b-g-# -a- ^ ^ojc)..

tb^ Leuconostoc

'3'tl mannitol, sorbitol, xylitol ^<=Ha^
S.^ pH7b 6.0 ^]^±S. oj-g-o] i)-^^
•k ®l-§-^b^l ^sb^ ®g ^ ojo;jcj.
(Fig. 7A & Fig. 7B). JEfb Fig. 7B®llAi
Leuc lactis KCTC 3528(H)tt SL^

^4 5U-§-®]
^4. 14^.^3. c>]E]^ 4

• 1.9uoofX)stDccarnosurnKCTC3S2S
• t8«»nostoc6»reumKCTC3524
• l.(Mx»nGsft>c6tnManKCTC3S26
• Leuconostoc geBdun KCTC3527

Amy Esc Qc Man) Sac

Cartx>hydiates

Figure 7A

Xylt

®lrr Leuconostoc 4 ^g-£) -rg-i-b 4
Leuconostoc^ ^e)o1] 5144 44 ^.S.4

AbS-g- 4^4ai 5l4:n. Af^sjojc]..

Leuconostoc chromosomal DNA 4^#. 4
^JL g-fi) 44 44 a" 3:Ab44 Leuconostoc^
44fi) 444 444 ^ 51444 #
4 1^444 4®1(4444 -n-44)^ ^l^fi] 4
44 ^^44i^ 44^ ^ 517) nij^oi] eh^e
4 Leuconostoc^^] chromosomal DNA ^#-i-
4 s.444. 44 Leuconostoc^ 44 4
Tb4 4:4 s DNAlb ^#47) 7b ^4 ^4
44 S444 S51:4. ^ ^4 Fig. 84
4 44^^ 51^444 fi)4- DNA
4 444- ^-§-4 444 fi)tb DNA
4 €• 447b 51-5-i- ^ 51514. ^44
SS Leuconostoc chromosomal DNA

^•§"4 44 S4 c) 444JI
4 44S^ 3l4;44 11'^4 fi]445b €-8.5.
4^ intacttb DNA(4#S D# 4-I- ^ 51514.
4^71] §u]4g DNAfe 4^4^
Leuconostoc f^Ibfi] -n-44 4-5147)
M- ^7b>^51-4-4 €"€51 RAPD-PCR(5)g- f-Bl)
444 44It €44^4 s-g-4 € 444.

B

• LeuconostoclacUsKCTCasiS
• Leuconostoc mesenteroides subsp. dextrankumKCTC 3530

Lsticonostoc massnteniMsssubsp.mssaRtanxdbs KCTC 3505
tewMfiosftx; mesortorwitessubsp.nwsentefoiassKCTC 3722

Amy Gic Mant Sac

Cartxihydrates

Figure 7B

Sal Xyfl

Fig. 7. Complex carbohydrates fermentation chardcteristics of the tested Leuconostoc species. Abbreviations of the
carbohydrates: Amy (amygdalin), Esc (esculin), Glc (gluconic acid). Mant (mannitol). Sac (saccharin). Sal
(salicin). Sorb (sorbitol), and Xylt (xylitol).
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^2. Leuconastoc -?-2| t))?}- 04.7

Eiuymes Treatment Sonication 30 sec

12345678 12345678

Fig. 8. Comparison of two LeuamosUx: chromosomal

DNA extraction methods. Left: enzymatic

method. Right: sonication method. Lane

description. Leuc. carnnsum KCTC ^i525(l),
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Abstract. The interests of the production of bioethanol from renewable lignocellulosic materials

has been growing in recent decades, not to mention the recent news about of oil price reaching

100 dollars. For the successful commercialization of bioethanol, every efforts should be carried out

to reduce the production cost of bioethanol. As one of ongoing research efforts, the examination

of thermochemical technology for the pretreatment of cheap and readily available hardwoods was

attempted. Current research and development activities mainly focus on the conversion of

lignocellulosics biomass. This technology is not available on a commercial scale yet. The

dramatic breakthrough in the technologies are not subject of this report. Some preliminary results
were introduced.

Key Words: thermochemical pretreatment bioethanol

INTRODUCTION

Many efforts are underway to devise biomass

conversion technologies for the commercial

production of bioethanol as renewable source

of energy. Fermentation is the major

technology for the production of ethanol

worldwide and produced up to 90% of total

world ethanol production (1-3). Worldwide,

most bioethanol is produced from sugar cane

(Brazil), molasses and com (USA), but other

starchy materials such as wheat, barley and

rye are also suitable. Crops that contain starch

have to be converted to sugars first. In

Europe, the main crops for the production of

bioethanol are starch crops (such as common

wheat) and sugar beet.

Fermentation of sugars to ethanol is a

commercially mature technology on a large

• corresponding author
Phone: 82-53-580-5540; Fax: 82-53-580-5540

E-mail: kpy®kmu.ac.kr

scale. The fermentation technology has been

around for thousands years, and optimized

well. These costs are largely determined by

biomass feedstock prices, which can account

for 55 - 80% of the final price of ethanol (4).

Brazil and USA are producing most of world

bioethanol, and the worldwide demands for the

bioethanol are greatly increasing. Thess facts

are inevitably increasing the price of com,

sugar cane, and other important crops

necessary for human consumption.

Starch-containing grains go through the

conversion process such as milling or grinding

of the grain so as to release its starch. Then

this material is diluted in water and cooked to

dissolve all the water-soluble starches. The

starch is converted to sugars simultaneously.

This can be done by enzymes or acid

hydrolysis. In the case of acid hydrolysis,

dilute mineral acid is added to the grain slurry

prior to cooking. The short carbohydrates

resulting from these processing steps can be
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fermented by microorganisms such as the

yeast. During fermentation, ethanol is

produced, which is diluted with water.

Through a series of distillation and

dehydration steps, the ethanol concentration

can be increased. Thus, fermentation process

converts sugar to ethanol (5).

Other plant materials can be excellent source

of sugars. In practice, the choice of raw

material depends on what grows best in the

country under the prevailing conditions of

climate, as well as on the sugar content and

ease availabilities of the various plants. A new

and promising technology has the potential to

make ethanol fuels much more practical. This

method for producing ethanol not from com

kernels, but from the plant's stalk, roots and

leaves, is known as cellulosic material.

So-called cellulosic ethanol has been around for

years, but breaking down the cellulose to make

it fermentable was proven to be inefficient, and

expensive, recently progress in the technologies

and high oil price makes the process more

competitive. But, many people still agree that

many new improvements in current

technologies are necessary to significantly

reduce the current production costs.

The conversion process of lignocellulosic

biomass to ethanol only differs from the

process described above with respect to the

break down, or hydrolysis, of the raw material

to fermentable sugar. This hydrolysis process

is more difficult than the hydrolysis of starch,

not to mention the cost needed for the

hydrolysis. In this paper some attempts were

made to devise low-cost hydrolysis of

lignocellulosic biomass, wood chips.

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. The other methods was using

autoclave which has been used normally for

sterilization normally.

Acid Hydrolysis of Wood Chips

Sulfuric acids were diluted to yield from

O.IN to 0.3N by O.IN increment and 2()ml of

diluted sulfuric acid were added in 0.5 gram of

dried wood chips in 50ml Coming plastic tube.

The mixtures were incubated at 20, or 90 C in

water bath with shaking at ICXhpm. After

three days of incubation, the remains of wood

chips were filtered and dried for two days at

90 C. The weights of each pretreated samples

were examined.

RESULTS AND DISCUSSION

Composition of lignocellulosic biomass

Figure 1 generalize the pretreatment step

and components of lignocellulosic biomass.

Lignocellulosic biomass contains carbohydrate

polymers called cellulose (40-60% of dry

weight) and hemicellulose (20-40% of dry

weight) that can be converted to sugars.
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I CeHuioM
HOffliCetUOM

A
Fig. 1. The pretreatment step and components of

lignocellulosic biomass

Cellulose is composed of glucose molecules

bonded together in long chains that form a

crystalline structure. Hemicellulose consists of

a mixture of polymers made up from xylose,

mannose, galactose, or arabinose. Both materials

are not soluble in water. The remaining

fraction, a complex aromatic polymer called

lignin (10-25% of dry weight) cannot be

fermented because it is resistant to biological

degradation. This material can be utilized as a

general source of fuel.

A.

tfayo

Pretreatment of lignocellulosic biomass

Saccharification of lignocellulosic biomass by

thermochemical pretreatment in prior to

enzymatic hydrolysis still remains illusive.

Therefore any cost reduction process could

greatly improve the economics of producing

bioethanol. Although there has been efforts to

develop improved thermochemical pretreatments

in more economical way, no dramatic

breakthrough have been reported during last

several years (6).

The pretreatment step utilize steam and

diluted sulfuric acid to expand the lignocellulose

pore structure and increase its susceptibility to

subsequent enzymatic digestion. Thus,

pretreatment step effectively hydrolyze and

solubilize the relatively more labile sugars and

increase porosity of lignocellulosic biomass,

resulting in the improved enzymatic digestibility.

Figure lA shows that when treated with O.IN

sulfuric acids at 20 T! only 5% of lignocellulosic

part was dissolved after 1 day. The dissolved

portion was slightly increased after 3 days.

When 0.3N sulfuric acid was used, the remaining

B.

days

Fig. 2. Estimation of solid material after pretreatments with sulfuric acid. Wood chips were prepared as
described in Materials and Methods. After treatments, the remains were fltered and dried and

weighted. A: Pretreatment at 20*0, B: Pretreatment at QOt); Symbols: o, in the absence of sulfuric
acid; #, in O.IN sulfuric acid: •, in 0.2N sulfuric acid; •, in 0.3N sulfuric acid.

- 85 -



Kyung Pyo Yoon

solid portion was decreased down to 87% after

1 day and 82% after 3 days. Higher sulfuric

acids seemed to increase hydrolysis efficiency.

Figure IB shows that when treated with O.IN

sulfuric acids at 90 "C 9% of lignocellulosic

part was dissolved after 1 day. The dissolved

portion was greatly increased up to 25% after

3 days. When treated with 0.3N sulfuric acids

at 90*0, lignocellulosic solid material dissolved

relatively fast and after 3 days 65% remained

as undissolved. Higher concentration and

higher incubation temperature seemed to have

an effect of facilitating hydrolysis of

lignocellulosic materials.

For complete hydrolysis of the remaining

cellulose, saccharification using cellulase was

needed of course. But before using cellulase in

certain manner, it is important to evaluate the

cost-effectiveness of the hydrothermal

pretreatment since the pretreatment process,

one of the most expensive processes, has a

great potential for improvement through

research. In other words, just higher

concentration of sulfuric acid and higher

incubation temperature could not be employed

for a commercial purpose due to inevitable

expenses necessary for purchasing more

sulfuric acid and energy source.

One of the hot topics today in the field of

renewable energy is the potential of lignocellulosic

bioethanol, i.e. using lignocellulosic rich feedstocks

such as trees (7). This means a far greater

source of biomass can be used for bioethanol

production in more areas of the world than

bioethanol from for sugar or starch in

feedstock crops. Current research and

development activities mainly focus on the

conversion of lignocellulosic biomass. This

technology is not available on a commercial

scale yet. Scaling up still proves difficult and

commercially unattractive at this moment due

to the added processing and more costly

enzymes involved in production. However, it is

regarded as far more favorable transport fuels

than com, wheat or sugar beet bioethanol.

Therefore, it is absolutely necessary for this

research to continue until cost-effective

methods are finally devised.
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I7l] 87llW^oiiA-] ^^^31 48711H1-

4 «?le^ ^o1|s)j1

^4, i'^44^(26#)>44#(25f^)>^e1^(6#)>^#(4f')>a#4(3#)>7l4i#5i7V^f-(3f^)>7ll
e1^^(3^)>S"14<H3£^(lf^)2] q-4!d:4. ^ ^ ^71-^ 43.7%<^l5i^'^

^ ^Al-cfl4 ^ - ^4.

Abstract. This study was performed to inspect misbranding and adulterants in food items

commonly consumed by elementary school children. The survey was carried out on 48 stationery

stores around elementary schools selected from eight different localities of a city in Korea. A

total of 71 types of foods were collected: snacks 26: candies 25; jelly 6; gums 4: chocolate 3;

other chocolate products 3; caramel 3; dried and seasoned fish products 1. Only 43.7% of the

collected samples had their brand name, and 16~-41% did not have their origin. Most of the

food items were stored in unsanitary condition. No temperature control for the foods was not

found. These results indicate that many of the food samples collected from the stores were

found to be misbranded or adulterated. Education and advice are necessary to the school

children so that they could detect misbranding and adulterants in commonly sold food items at

the stores. There should be monitoring, rigid enforcement of regulations, and punishment for

misbranded and adulterated foods.

M B 7]^c] ^^§1

^4^4. stt!- 444 4 44

4444^ 4#!- ^711 ^3L 44 ^4-hs. 4# 44 -i-wV#
41 4-f-44-fe-4], ^4 4^7](64)-1241) i^^7]7} 44-T-4, 7]i4oi] 4^4-^

1-^ 44-7101I 44 9i^^±7} 4^4- 44-4 414 ^47f ^4. 4-4

4^4: 44414 44-. ^441 <>]% 444^ 4 444^1 4^ 4# 44444

4 44^44 ^-^44 ^.^4 4^4 ^41-4 ^45. ii#44 ^4. 44^ 4-h ^
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3 sil 4114 cfl^H 3a]-1334 141-1
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4 5/54 445. 6711 4-34 i 48711H1- 4

44SI4. 4 314-3 454 300m 44-714

4 45 1541 4133 4443 ^5 41

l# 3:ai-4-^4-. -14 314-7514 71*5 41

4-5 411 1433 7h44 100--500^4 4

11 ^4^1-^4. 434 ^41 74 14-^4 8

1 28444 1®5444-.
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144 4fi4 4^ 41 1^, 444(4^
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Un 51 ol#

1. 4^

^14-3 1^ 114'^]4 144 411 a

4 8113 llslSi34 i 7114 Si4. 3 l

71-4- 41 34471-1(261)^34, 413
3 A].^^ 251, ^41 61, 41 41, ^#4 3

1, 7l43#47]-ll(^#4 7114) 31,
1 31, 343 34^1431 114Si4(Table

1). 144 41 1471 3447l-l(36.6%)4 7>

41(35.2%)7l- 434 ^1 411 7H44 4

4414 M 4341 ^33 344.

Table 1. Food types collected from stationery stores

around elementary schools

Food types Number Percent

Snacks 26 36.6

Candies 25 35.2

Jelly 6 8.5

Gums 4 5.6

Chocolate products (chocolate) 3 4.2

Chocolate products (others) 3 4.2

Caramels 3 4.2

Dried and seasoned fish products 1 1.4

Total 71 100

2. 51 4135

54€ 411 344-7>l, Afi^, -^-

(3#^, 7lEf^#^7l-ll), 7^ 411(41,

441, 711 ^ 34^1431)3 H«l-4
€4:4 31 43 57V1- €13S1:4.

;tiis 571-1- 34 4544

46%3 71-4- 11 411 4714-S5134 3 4-1

331 154 19%, 43vjlAioi.4 8%3 4-4-idl:
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