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Klebsiella�<���=5>?����� 7K��; �@�A: 
��������	BC 
�DEF�G�HI JKEF�L MG> Klebsiella� 76� K������	
FENO
PQ	R�: SOTUQVW��
���������X!Y: 
��������	
��
�������	
����� 7
MZCA@�; � �!X#�D[L 25\
�� 37\"#
>
������X]$	��D[ K8, K17, K27, K37�A"YE non-hypermucoviscosity

��NOPQX%D: ^&> 25\: 37\�'&>
��������H#_JK`ab[ K1,

K2, K3�A hypermucoviscosity�>?b[L D[HbENOPQ�mucoviscosityA
�
�������	(c)	 �DEF`Fa: ?�FAd�e H?�f�!HgJK[L J
Z	 37\"#>��D[
������HSOTUQVW�	�hi*	jkD[�A K8,

K27, K79�>: 25\"#>+W�	�hjkD[�A K27�>?b[L GKZ��A: 
�
��������l,	
FE��	
�����H�����hm-n	 �DEF�f�
!HopZK[L ^&: 
��������	
FE�����qrH��	
������
hmsC �DEF��tuK[�A K37�>?h: 25\
�� 37\>
������X]
$	��D[HSOTUQVW�vwHxCyZK`ab[L z{aZ: Klebsiella�
��
����A K����	�bE|`h: ����H-n	 �"�����	
�����H
-n	 �"��: }~Z�mAb�hD`F��H?�G�HyF�JK[L
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Klebsiella �()*
&�+,-�.
�	�

/K0+1 #�� 2&3�) 77�4&
�
 
.

��
������
6)
� ��5� K0+6���
�����78��9:#;��� <=�>3?@�
���&�� ���<A�B5�� Klebsiella� K0
+�CD /K1EK81� FG��H K6�F��I 76

� K61 ����� �	�
 �J�#K
���
����78���LM��N� �5#� �����
��#OP
QRSTUVW�#KX K. pneumo-

niae, K. oxytocaYKZ K. planticola, K. terrigena �
�������78#Y[
�	�
YKZ\]^_
`8� /Y�53�a�1 �9�b�c�dH�

II. �����
1. ��	

Klebsiella� K0+�CD�.
 K1EK81 /76�

K6D1�e�dH���5�fD�� Statens Serum

Institute /g]hU_ij?@k1 %5����Hf
D�.
� e�fD����� 1#'P�

2. ��
������
Klebsiella� K0+�CD#;��� Fang5��

�7)�lmd� String Test �n�� oRpU��q
6��NH� r80s �tuvw_KX�CD�
Tryptic Soy Agar (TSA) �x (Becton, Dickinson

and Company, BD)#yzd� 37s���� dH�
��{� !|}� 1oRpU�~�dH��#"b�
��
�Z
%��%��NH� "b���
 5 mm

KX#3�ZH)�� hypermucoviscosity (HV) 6
�d� ���&�)�� non-hypermucoviscosity

(NHV) 6�$�dH�
3. �������������� !�"�#
$�%&'

�������78��$%&���� George58)

� Xin59)����lmd�n��H� Klebsiella�
K0+�CD� TSA�x# 37s ���� {� 5

ml� Tryptic Soy Broth (TSB) �x (BD)# 1oR
pU�yzd� 37s ���� dH� ��f��'
9.0�109 CFU/ml#��d TSB� 102(��{� �
�& TSB � 100 ml )�H 96 well microplate

(IWAKI)� 12���# 100 ml�;*�d� 37s� .

�� 25s � 48���+� dH� ��f���
��,f�� 3A��{� �������#OP
Q
RSTUVW��� Xin59)� Grigorij510)����

lmd�n�H� 6���#QRSTUV�-.��
�Proteinase K (10 mg/ml, SIGMA), 5 M NaCl, 1 M

Tris�HCl (pH 7.5), H2O  � 200 ml�;)��� 37s
� 24��/+dH� O¡#�� QRSTUV�-.
���¢�X# 0.85£��¤¥��¦X� 6���
#0%1§dH� ��5�¨���2©d�,f��
3A��{� ª���# 0.1£_«u\����¬w
v.�� 200 ml)��� 30��­®�/+dH� _
«u\����¬wv.����� ,f�� 3A��
d�¯°{� ª���# 200 ml�±²³�u�´µ

� 1. Klebsiella K0+�CD���

K type Strain K type Strain

1 A 5054 39 7749
2 B 5055 40 8588
3 C 5046 41 6177
4 D 5050 42 1702
5 E 5051 43 2482
6 F 5052 44 7730
7 4140 45 8464
8 1015 46 5281
9 56 47 9682

10 919 48 1196
11 390 49 6115
12 313 50 1303/50
13 1470 51 4715/50
14 1193 52 5759/50
15 Michigan 61 53 1756/51
16 2069/49 54 Stanley
17 2005/49 55 3985/51
18 1754/49 56 3534/51
19 293/50 57 4425/51
20 889/50 58 636/52
21 1702/49 59 2212/52
22 1996/49 60 4463/52
23 2812/50 61 5710/52
24 1680/49 62 5711/52
25 2002/49 63 ?
26 5884 64 NCTC 8172
27 6613 65 SW 4
28 5758 66 438 (3a)
29 5728 y 67 264 (1)
30 7824 68 265 (1)
31 6258 69 889
32 6837 70 167
33 6168 71 4349
34 7522 72 1205
35 7444 74 371
36 8306 79 325
37 8238 80 708
38 8414 81 370
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������ 1�	 Shaker
��
������
�� ���� �������� (Tecan Austria

GmbH) � A540 nm
!"#�$%&�� '�(�)
*� 2+,�-&� ./��0�12( average3
SD�45&��

III. � �
1. �����	
��

678�9: ;&�<� HV=
>��?@A<

K1, K2, K12, K15, K18, K20, K22, K36, K49, K57,

K64� 11A
>�� ��BC�A<./� NHV=

>�� DE 2F�

2. ����������
��

Klebsiella
<� 25G HI�JKLMNOPQR
.S'�NBT2(UV���IS11) �W� X+<
37G HYZ 25G 
�[\]^_`a9bc�d/
�� OD540 nm
 2.0Be�[\]^_`a9bA<�
37G� 48�	fg HI�<� ?@A� K8, K27,

K37
>��� �� h&�� 25Gfg
< K17,

K37
>��� OD540 nm
 1.0Be 2.0ij�[\]
^_`a9bA<� 37G� 48�	fg
< K 11,

K14, K22, K25, K29, K34, K53, K79, K80
>���
��kl
� 25Gfg
< K8, K16, K20, K29, K46,

K51, K60, K63, K66, K80
>��� OD540 nm
 0.5

Be 1.0ij�[\]^_`a9bA<� 37G� 48�
	fg
< K4, K7, K10, K13, K15mK19, K21, K23,

K26, K28, K31, K33, K36, K43, K45mK48, K50m
K52, K54, K56mK63, K66, K69mK71, K81
>�
���� h&�� 25Gfg
< K7, K10, K11, K13,

K18, K19, K22, K23, K25mK28, K30, K33, K34,

K36, K39, K41, K44, K45, K47, K50, K53mK55,

K58, K59, K62, K65, K69mK71, K79, K81
>�
�� OD540 nm
 0.2ij.nop[\]^_`a�q

�rs9b&nIA<� 37G� 48�	fg
< K1m
K3, K5, K6, K35, K42
>��N� 25Gfg
< K1

mK6
>�� Dt 1, 2F� Be�'�2(� Klebsiella

�[\]^_`a9bc<JK=A�uI Y��v
wvnuIN>S'�No2��� v�[\]^_`
ax#9bA<./� NHV=678�
>��� [
\]^_`a�q�rs9b&nI K1, K2, K3A<
HV=678�
>S'�2(� 678��muco-

viscosity<[\]^_`a9b ;y&nI2� >
SI<mucoviscosityNxIq�N[\]^_`a
9bNz{��nI|c}N~����

3. �������
����������� �

��


Klebsiella K��?@A�[\]^_`a9b H
�S1����������.S�W � 9b���
[\]^_`a �7����������� �7�
��� Y�[\]^_`a9bN 1/7m1/10 �
�&�A<� 37G� 48 �	fg
<?@A� K 8,

K27, K79
>��� �� h&�� 25Gfg
9b
���[\]^_`aN�7���� Y�� 1/5

 ��&�AN� 1A��
 K27
>��� �7�
��� Y�[\]^_`a9bN 1/2 ��&�
A<� 37G� 48�	fg
< K25, K52, K59
>�
�N� 25Gfg
< K8, K25, K35, K44, K79
>�
�� '�(BC�A<./�� 25Gv�< 37G
9
b���[\]^_`a HI��7������N
q�rs�(�n2�� Dt 1, 2F� Be2([\]
^_`a9b ��E�1����N�
;�.SA
�� q�rs;�&nIA� sp(�P��nIAN
>S'�No2��� �l���S�[\]^_`a
9b E�1����
<n
JKLMN�
;�.
SJK=AN� .S'�No2���

E 2. Klebsiella K��?@A�678�9:

678�9: HV= NHV=

JK=?@A K1, K2, K12, K15, K18, K20, K22, K36,
K49, K57, K64

K3, K4, K5, K6, K7, K8, K9, K10, K11, K13,
K14, K16, K17, K19, K21, K23, K24, K25,
K26, K27, K28, K29, K30, K31, K32, K33,
K34, K35, K37, K38, K39, K40, K41, K42,
K43, K44, K45, K46, K47, K48, K50, K51,
K52, K53, K54, K55, K56 K58, K59, K60,
K61, K62, K63, K65, K66, K67, K68 K69,
K70, K71, K72, K74, K79, K80, K81

HV=< hypermucoviscosity
� string test
¡}�¢� £5 mm 9b&�'��~.� NHV=<9b&
nI'��~.�
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IV. � �
����� Klebsiella ���	
��
����

���������	
�����
�������
� ��!"��#�$%���&
'()*
+, 
���$�-.�����/0�1�2��$���
	
�����/�34562�$�/7�89:
() ;(<=>�?@AB���#$?�47>:
() 37C������	
��%��' DEFGH
I�-����	
����/�34JK'(��#
$� ����
L�/M��B� 25C���� 
���	
�����N�/ 37C ��O 1/2P1/3

�JK' ;(DEFGHIQ��-����	
�
���
JK� 1/2���R.() '(/.�*:>

$� ���	
��/��9:�S������
-�?DEFGHITU�
��	
����� V�
*>4��W 
XY/-�1�'����ZA>:
�) ;( 37C���DEFGHIQ��-����
	
����/� 1/2 �JK'(��#$����
?��
+�/ZA>:�) *
[�� 37C �?
25C �?���	
��%M����'(/DEF
GHIQ�\,/ 4B�.($� ���	
��
��������	
�����-�?����/!
]�1�'���^��/M�) ;( 25C���D
EFGHIQ�\,/ 47>:B�.($����
? ���"�9:�) '(/.� �������
	
�����
<=>/ Klebsiella 
���	

�����!]�#4����� *:_:
L�$

%&/R�
�[`��+�%a2b�/�3B�
/ �������KB4�?����/���	

��L��!]�#4$� ��	
�����/!
]�#4$/7�89:(b�� Klebsiella 
��
�	
�����1�2�cd�*
efgh�%i
'2���
(j k�2��$�)l'B��m.
(+��n�op�/R�
� *+
�$%���
b�/qr>:�)

Klebsiella 
����
,� K1 � K2 � stu
�-2�.v�//0�w�12) �x1�>2y9: 
;( K1 z K2 
{EgH�3�R� HV #
.v�
|
1�7) ?}49:���) '�'~�
+,�
� HV #
 K1 z K2 � 25C�? 37C�?5<
���	
��%��'B�.() *
[�� 25C
;(� 37C ����	
��%M����'( K8,

K17, K27, K37 �2O� NHV #�R.(b��> 
{EgH
 mucoviscosity ���u���	
��
�����	
�������X��<16��B�
� R��� mucoviscosity /M�XY/���

	
����'�4����:�) {EgH
 muco-

viscosity ������
�� V78�R���98
� ���B<W B>��L�$��:2�) hyper-

mucoviscosity ���; colonization ��<=��
�:�/ ��u���B<
>�?	
|
@A�
�<=�#���B�78�
���R�Y�ZA>
:�)

Mori >6) B>�� Kato >13) 
2y�-:�� 76


 K �v#B��$� K. pneumoniae, K. planti-

cola, K. oxytoca, K. terrigena 
 4 �"�CD9:�
/ 37C;(� 25C
������	
��%M�
���'( K8, K17, K27, K37 � K8 / K. planti-

cola �R.(/ E�2O� K. pneumoniae �R.
() F?�@A'���b�/�� K. planticola �
���� ���	
�����12�2y/b:;
��GB(r �?��.��B��H�R�)
9>� 76 
 K �v
,� K1 B>�� K2 $��

?.v�/w4 *:_:
������I?�J9
:���14) / ~�K�>� K 1 �-� K 2 $/
25C B>�� 37C ����	
��%5<��'
B�.(b�%7�8'() '(/.� Klebsiella 

��B>��L?�-2�.v�� in vitro ����
���	
������
���MN
O11�/B
�
��B�����:�) '�' Klebsiella ���
	
�����H��B<
�P���u	
���
9:�b��-.� (�A.v�/Q�$�R.�
?*b�>�/�;�R"9:�b��-�TS
T
U�u�%Mr�b�����B��ZA>:�) ~
�
+,�> Klebsiella ���	
�������
�#
��D���	
�����
V�/�$�
-.��B�56% ¡2b�/��.() '(/.
�~¢WXCY$
��#�£3¤b9:(TS
1
�����9>�Z7/[\9:�b��-.� �
��-�TS
]^/<\�¥�:�b�/¦_9:
�)

� � ����R(.�<§B¨@%�(8�(
©`TSU��ª«�abc
¬­®¯°d e±²
�³�³´��µCd.v«�³
­f¶d¨·B>
��¸� g¨·�h4T¹';2)
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Investigation on the Relation of Biofilm Formation to Capsular Types and

Surface Proteins in Standard Strains of Klebsiella

Yuka Ishihara,1, 2) Michio Ohta1, 2)

1) School of Nursing, Sugiyama Jogakuen University
2) Department of Bacteriology, Graduate School of Medicine, Nagoya University

Cell surface capsular polysaccharide (K antigen) and pili are known as major virulence factors of
Klebsiella. Previous reports suggested that these components are also involved in biofilm formation. The
present study was undertaken for revealing the relationship between degree of biofilm formation and
capsular types as well as colony viscosity. A total of 76 serotype standard strains were cultured at 37�
and 25� for biofilm formation on polystyrene surface and the e#ect of proteinase K treatment was
measured. Strains K8, K17, K27 and K37 formed high level of biofilm and their colonies were non-
hypermucoviscosity type. On the other hand, strains K1, K2 and K3 belonged to a group of very poor
biofilm formation and their colonies were hypermucoviscosity type, suggesting that mucoviscosity of
colonies was unrelated, or inversely correlated with biofilm formation ability of Klebsiella. Biofilm
formation of K8, K27 and K79 strains at 37� and of K27 at 25� was greatly reduced by proteinase K
treatment. Proteinase K-sensitive surface proteins therefore were involved in the biofilm formation of
these strains. The high level biofilm formation of K37 strain, however, was not a#ected by proteinase K
treatment. It is therefore likely that the capsular polysaccharide is a major constituent of the K 37 biofilm.
Taken together, biofilm formation level of Klebsiella varies in K type strains and the biofilm includes
proteinase K-sensitive and -resistant types.
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