(diabetes mdlitus, DM)
(Klebsiella pneumoniae, KP) KP
KP
(mucoviscosity)
(aveolar macrophage, AM)

(mucoviscosity)

(cluster) KP 6 C57BL/6J
streptozotocin 30
cluster (hypo-mucoid) (hyper-mucoid)
98 % ‘cfu
20 - KP
(homogenize
)
(bronchoalveolar lavage) KP
AM §9) (phagc
hypo-mucoid KP DM KP
KP

hyper-mucoid KP hypo-mucoid KP



DM KP
AM  hypo- hyper-mucoid
KP (interaction)

(RAW 264.7 cdl line) hypo-  hyper-mucoid KP

KP (viability) (apoptosis)
KP (adhesion) KP
(macrophage-associated KP) hyper-mucoid KP
(mini-Tn10 transposon mutagensis) hyper-mucoid KP
KP
hyper-mucoid KP DM

hypo-mucoid KP hypo-mucoid KP



Abstract

Digbetic (DM) patients are susceptible to Klebsiella pneumoniae
(KP) infection, resulting in community- and hospital-acquired pneumonia
and ahigh mortdity rate in Taiwan. In the lungs, alveolar macrophages
(AM) are pivotal for the defense against KP invasion. To investigate the
effect of mucoviscosity and diabetes on virulence of KP between
divergent cluster, in this study, C57BL/6J male mice was intraperitoneally
injected with streptozotocin at 6 wk and DM was successfully induced
with a blood sugar of 300 ml/dl at 8 wk. At 30 wk, the diabetic mice
were indtilled intratracheally with hypo- or hyper-mucoid KP from
divergent cluster, and sacrificed 20 hr or 40 hr later. To study the
clearance of KP in the lung and blood, the KP burden was determined by
culturing the homogenate of left lung and the intra-cardiac blood. The
lung burden of hyper-mucoid KP, after 20 hr of infection, was greater
than that of hypo-mucoid one in control mice Besides, the hypo-mucoid
KP burden in the lung or blood of infected diabetic mice was more than
that of control ones. The phagocytic ability and apoptosis of AM from
right lung was assessed by Gram sain and FACScan analyss,
respectively. The results showed that AM from diabetic mice possess
normal phagocytic ability and their percentage of apoptosis wassimilar to
that of control mice. Furthermore, to study the interaction between
hypo-/hyper-mucoid KP and macrophage cell line, RAW 264.7 cells were
infected with hyper- or hypo-mucoid KP. It showed that there was no
difference in the percentages of cell apoptosis. However, hyper-mucoid
KP adhere and invade into RAW 264.7 cells easier than hypo-mucoid one,
and it survived longer in the host cell. Additionally, mini-Tn10 transposon
mutagens's was introduced into wild type KP and resulted in a mutant KP
with hypo-mucoid phenotype. RAW 264.7 cells were infected by this
mutant KP, and thereafter, the adhesion and invasion of the mutant KP
was decreased. These results suggested that the mucoid property was not
only akey factor for KP to adhere and to invade macrophages, but also an
independent KP virulent factor. On the other hand, DM played a
important role for the infection by hypomucoid KP possibly making
animals susceptible to hypo-mucoid KP infection.
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DM  diabetes mellitus

KP Klebsela pneumoniae

AM aveolar macrophage

BAL bronchodveolar lavage

BALF bronchoaveolar lavage fluid

STZ streptozotocin

FACScan flow cytometry

NDDG Nationa Diabetes Data Group

FPG fasting plasma glucose

IFG impaired fasting glucose

GAD glutamic acid decarboxylase

DKA diabetic ketoacidosis

NKHS nonketotic hyperosmolar state
PMNL, PMN  ploymorphonuclear leukocyte
IL-1, IL-2, IL-6, IL-8 interleukin-1, interleukin-2,
interleukin-8

TNF-a Tumor necrosis factor a

COPD  chronic obstructive pulmonary disease

interleukin-6,



LPS lipopolysaccharide

CPS capsular polysaccharide
NADPH reduced nicotine adenine dinucleotide phosphate
MSR macrophage scavenger receptor
MMR  macrophage mannose receptor
PFGE pulse d-fidd gd eectrophrosis
PBS phosphate buffer saline

FBS fetd bovine serum

MOI multiplicity of infection

DAPI  4.6-dianmidin-2-phenylinodie
INF-?  interferon gramma

MIP-2 macrophage inflammatory protein-2
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(diabetes mdllitus, DM)

(We et ., 2002) 71 90

DM o1
6 ( ,2002) DM

39.26 DM DM

DM
(Smitherman et al., 1995)
(Klebsiella pneumoniae, KP)
54 % (Ko et a., 2002) DM
KP
KP KP

(diabetes méllitus, DM)

(DM)

(insulin) (resistance)
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(glucose)

(Carter et d., 1996)
National Diabetes Data Group (NDDG) (WHO)
1997 1) (fasting plasma glucose, FPG)
<110 mg/dl (6.1 mmol/L) 2FPG 110~126 mg/dl (6.1
mmol/L ~ 7.0 mmol/L) Impaired fasting glucose (IFG)
3)FPG 126 mg/dl (7.0 mmol/L) DM
200 mg/dl (11.1 mmol/L)

DM (Alberti and Zimimet, 1997)

DM typel type 2

type 1 DM typel A typelB
1 TypelA
B
B
insulin (Schranz et al., 1998) Type 1A DM

HLA DR3 1 HLA DR40
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HLA (locus) (Schranz., 1998) DQA1*0301
DQB1*0302 DQA1*501 DQB1*0201 40 % type
1A DM (ICAS)

glutamic acid

decarboxylase (GAD) insulin  [A-2/ICA512

d 0%
3 T- e
cytokines insulitis
B -cdl (a cel & <cell PP-cdl)
B -cell

2. Type 1B

type 1A insulin

(immunology marker) B -cdl
3. Type2 DM
insulin

insulin glucose (Cline et d., 1999)

insulin resistance (Gerich,

1998) leptin TNF-
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a insulin
insulin resistance

insulin

GluT-4 transport
glycogen insulin (Shulman,
1999) Type 2 DM

(Defornzo, 1997)

4 DM
insulin
glucose (80 %)
insulin
(Cushing's disease) DM
20 DM 1976~1994
8.9 12.3 % type 2 DM

typelDM  (Rosenbloomet a., 1999) Typel type2DM

Scandinavia type 1 DM

17



type 1 DM :

Type 1l DM
HLA type 2 DM
1996-2000
DM 09 0.4-1.2/1000
70 129-210/1000
29-37/1000 38-46/1000 DM
18.6-20.0 % 16.5-17.8 % DM
DM
(Wei et d., 2002)
DM
DM
1.

(@D (diabetic ketoacidos's, DKA) insulin
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2

NKHS)

insulin

DM

1999)

al., 1995)

DM

DKA

DM
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(nonketotic hyperosmolar state,

glucose

DM

DM

(high susceptihility)

DM

insulin

NKHS

(Grund et al.,

(Grundy et



(Nirmal et al., 1999) DM
(Mackowiak et d., 1979)

DM DM

( Saphylococcus aureus) DM

(Robbins et d., 1944; Helene et a., 2001)
(Smitherman et al.,
1995) KP (liver abscess) 45
% 75% DM (Wang et a., 1998) DM

group B Streptococcus

DM 27.5% (Farley et d.,
1993) 30-60 % DM KP
(Leibovici et d., 1991) (Cheeet d., 1995)

DM

(Nielson and Hindson., 1989)



(Gdlacher et d., 1995; McMahon et al., 1995)

1. (innate immunity)
(@D} (ploymorphonuclear leukocyte, PMNL, PMN)

Typel type2DM

(neutrophil chemotaxis)
(Delamaire et d., 1997)
(oxidative burst)
TNF-a interleukin-6 (IL-6)

interleukin-8 (IL-8)

IL-6 IL-8 (Helene et al., 2001)

2 (monocyte) (macrophage)
(BB rat) (aveolar
macrophage, AM ) AM

(Smaet al., 1988)

2. (Adaptive immunity)

21



DM

(Candida albicans) (Deresinski et .,
1995)
(Klebsiella pneumoniae, KP)
(Klebsiella pneumoniag KP)
(Gram-negative) (Enterobacteriae)
(bacteremia)
KP (Bartlett et 4d.,
1986) KP KP
(Meyer et d., 1993) (currant
jely) KP (Gram stain)
(capsule) KP KP
D (D-glucose) (citrate)
(Podschun et ., 1998) R (R factor) ampicillin



carbeuicillin

KP
(liver abscess) (meningitis)
9% 14% KP
(E. cail; CDC, 1982) KP

35 % (Fine, 1996) KP

KP
(chronic obstructive pulmonary
disease, COPD) 40 (Pierceet d,
1974) (community-acquied infection) 73
% (nosocomia infection)

43-77 % (Yang et d., 2001)
(Klebsiela spp.) 8 %
3% 1920 1960 KP
(Carpenter et a., 1990)

KP 30% 80 %
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70 % DM (Wang et al., 1998; Ko €t d.,

2002) KP Cluster A
KP KP 7124% +94
% (Lau et al., 2000) DM KP

KP

(virulence factor)
(Klebsiella spp.)

(in vitro and in vivo)

C ) (capsule)
(pili) siderophores (serum resistance)
(lipopolysaccharide, LPS) KP

(Williams et d., 1990)
1. (capsule)
KP
(capsular polysaccharides, CPS)
CPS (uronic acid)
CPS

(Lai et d., 2003) CPS
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KP (mucoid)
(Nassf et a., 1986) KP
(mucoviscosity)
(Fang et d., 2004)
colanic acid (M antigen) rcsA rmpA  rmpB
colanic acid

(mucoid phenotype; Nassif et al., 1989; McCalum et al.,

1991) K
4-6 (uronic acid)
(Klebsiela spp.)K 77  (Drskov et d., 1984)
KP KP
KP PMN
(Podschun et al., 1992) KP
(bactericidal serum factors) KP
(Williams and Tomas, 1990)
KP CPS KP
KP (Held et ., 1992)
CPS (Yokochi et d.,

1977)
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1 3 45 K

1 2 K mannose-a
-2/3-mannose AM (kabha., 1995)
DM KP K1

K2 (Fung et d., 2002)
2. (lipopolysaccharide, LPS)

LPS A (lipid A)
(coreglycalipid) O (O-polysaccharide antigen; Cortés et al.,
2002) O O

(O dde chain)
KP
(Alberti et d., 1996)
A LPS

KP LPS CPS

KP (pili)

biofilm

(exopolysaccharide) KP
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KP
KP
(AM)
(Lipscomb et al., 1995) KP
KP
KP
(Thomas et al., 2002)

(Alveolar macrophage, AM)

AM

(AM)

AM
(William & Martin, 2000)
(bronchoaveolar lavage) 8% AM

7% 12% 3% AM

(Murray & Nadel, 2000) AM

AM
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AM

AM

(myeoid)

et ., 1970)

1550 p m 3

(cytoplasmic inclusions)

AM
(lamellar bodies) AM
(Brain et d., 1977)
(myeloid stem cdll)
(monocyte) (Furth
AM

(Shellito and Katreider, 1984)
AM
035% 1.25% AM

(Goldeet d., 1974)
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AM

(Smon et al., 1977)

(respiratory burst) NADPH
? (hexose monophosphate shunt)
(Cline
and Lehrer, 1968) AM
AM H20,
(Babior, 1984)
(microcidal) (tumorcidal)

(Adams and Hamilton, 1984)

(cytokines)

(Hoffman, 2000)

AM



AM

1I~3um
(Camner, 1980) AM
(1) (macrophage scavenger receptors, MSRYS):
(low-dengity lipoproteins) MSRs

(lipoteichoic acids) LPS

(2 Fc (immunoglobulin Fc-receptors):
AM
TNF
(superoxide; Foreback et al., 1997)
(3) (complement receptors):
(4) (macrophage mannose receptors, MMRYS):
mannose-a
-2/3-mannose (Klebsiella pneumoniae)
AM  MMRs AM (kabha, 1995)



(5) CD14: LPS (signal

transduction) (pro-inflammatory
cytokines)
AM ligands AM
AM
(actin) (microfilaments)
(phagosome) Fc
(opsonic and nonopsonic phagocytosis) AM
C3b/iC3b AM 19G
Fcy (Berger et d.,1994; Stokes et al., 1998)
AM
(Doroth et 4.,
2000)
3. AM
(lysosome)
(superoxide)

(Mandell, 2000)

respiratory
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burst (Pizzorno, 1999) (sgnal transduction)

NADPH ?

(lysosome)

(secondary lysosome or phagolysosome) PH=5

43 (Nyberg et al., 1994)
(lysosome) myeloperoxidase H,O,
hypochorite
(pro-inflammatory cytokines) TNF-a IL-1 IL-6 MIP-1/2
INF-?
T
(apoptosis)
(in vitro)
(mediator)

(Chen et dl., 1994)
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PMN  AM

(Hilbi et 4d.,
1997)
(Shigella) IL-113 ? (interleukin 16 converting
enzyme) IL-1
(Sansonetti et a., 1995) (intracellular
bacteria) (Colotta
et a., 1992)
(Mycobacteria)
(Molloy et a., 1994)
Fes
( Elkon and Kaplan, 1996)
(extracellular
bacteria)

(Zychlinsky et d., 1997)



cluser A KP KP
(Lau et a., 2000)

KP PFGE (pulse d-field gel electrophrosis)

cluser A KP cluser B C...
cluster KP KP
54 % (Ko et a., 2002) KP
DM KP KP
KP
hypo-mucoid KP (Fang et a., 2004)
KP KP
KP (wild
type) cluser A B C

KP (pared KP)

cluster KP
cluster KP
20 40 KP
KP
KP KP



(interaction) cluster KP
(invivo) (invitro)

KP



cluser A B C cluster KP
PFGE PFGE pattern 98 %
(string test) (hypo-mucoid)
(hyper-mucoid) KP (paired KP)
(invivo) (invitro)
1. Cluster PFGE KP PFGE

pattern 80 % cluster

2. KP cluster PFGE pattern 98 %

hyper-mucoid hypo-mucoid KP KP

g
cluster’_]lt‘v

Paired KP: hypo-mucoid hyper-mucoid

(in vivo)

(hypo-mucoid) (hyper-mucoid)



98 % KP 1x10% cfu

20 40
(bronchoalveolar lavage) (AM) KP
AM (apoptosis) (phagocytosis)
KP
KP
(in vitro)
KP KP
(Oelschlaeger et d., 1997 Cortés et 4d.,
2002) (hypo-mucoid) (hyper-mucoid)
98 % KP MOI (multiplicity of
infection 1 10) (RAW 264.7 cdl lines)
KP (viahility) (apoptosis)
KP (adhesion) KP

(macrophage-associated KP)
KP
KP

(CPS) KP

37



(Sahly et al., 2000)
(CPS)
KP (Sabine et d., 1999)
(CPS)
(miniTn10 transposon
mutagenesis) hyper-mucoid KP (KP1112)

(wild type) (mutant type) KP

(in vivo)

(citric acid; GHsNasO4; USB)

(ddH,0) 1IN & 12N (NaOH) 1IN & 12N (HCl)
50 ml (5 ml centrifuge tube) (dropper)

(wipes) (PH Vigon, Jenco, Electronic; LTD)
pH4 pHG6.8 (vortex mixer) PE

streptozotocin

(N-(MethylInitrosocarbamoyl)-o-glucosamine; Sigma)  0.05



pH45 4 (citrate buffer) (pipette
pump) (blue tip) 1 ml (Aml syringe) 5 ml

(Model 1500 sidekick glucose anayzer; Y Sl)

(YS 2747 standa rd YSI) 25u | (YS 151,
Y Sl
70 (ethyl
ether)
1-1
1. C57BL/6J male mice
2.
3 ? 5
4. 5 mice
5 22 55 12
1-2. 0.05M, pH 4.5 (citrate buffer)
10ml dd H,O 2.5 mmolecitric acid  vortex
ddH,O 30 ml vortex pH4 pHG6.8
ddH,O sodium citrate



buffer  PH NaOH HCI pH4.5
ddH,O ddH,O

50 mi pH 4.5

1-3.
PE
PE 1 week 6
0.055 mg/mi/g
streptozotocin (STZ) streptozotcin 02 ml
citrate buffer 2
streptozotocin 4
streptozotocin
citrate buffer 4
300 mg/dl
300 mg/dl
0.055mg/g  streptozotocin
streptozotocin
300 mg/di 6 30
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1-4.

180 mg/d| pipette

70
5 6 ( 251 10)
251 | mice

pipette

Klebsiella pneumoniae (KP)

Klebsiella pneumoniae (KP) 70 %
70 (2.5 ml micro centrifuge
tube eppendrof) (eppendorff rack)  15ml
Tryptic Soy Broth (TSB broth; Becton
Dickinson) LB agar, Miller Plate (Becton Dickinson)
(Electrical Pipette) (5 ml pipettes)

(IX PBS) 1000p 200p 20 (pi pette pump)

a4



(blue & ydlow tip) loop

37 (incubator) 10 KP
30 C57BL/6J (ethyl ether)
(vortex mixer)
70%
(norma sdine) 50u | (50
u | syringe) 27 iml 10" cfu/30p |
KP

2-1. Klebsiella pneumoniae (KP)

1.KP KP

2.KP
(1) Cluster A: KP1084  KP1112
(2) Cluster B: KP1008 KP2002
(3) Cluster C: KP1283  KP1284
4) cluster KP. KP1004  plasmid

KP1004n

42



KP1004m

cluster ParedKP | Stringtest | DM history
KP1004 KP1004n
( cluster
) KP1004m
A KP1084
KP1112
B KP1008
KP2002
C KP1283
KP1284
2-2. Klebsiella pneumoniae
loop 1
KP KP 3ml TSB broth 37
18 KP 1:10 10
900u | PBS 100 |
broth o00u | PBS
1:10 10 LB agar plate
20u | LB agar plate
70 %

colony

10

KP



LB agar plate 37 18
plates colony
10° PBS
10" cfu/30u |

2-3. Klebsiella pneumoniae (KP)

70 normal saine
normal saline KP KP
vortex 30u | KP
27 30u
KP 10* cfu 2 min
20 40

(bronchoaveolar lavage)



KP20h 40h  C57BL/6J (enthy!

ether)

70 % (normal saline)
(IX PBS) EDTA
(15ml centrifuge tube) (1.5ml micro-centrifuge tube)

(15ml & 50 ml centrifuge tube) PE  (polyethylene tube

PE-50) 21 (21gauge needle) (Aml syringe) 26
Iml
norma saline
normal saline 20
Iml
0.2ml EDTA
2



normal saline
3ml PBS

(bronchoaveolar lavage BAL)

PE tube PE
tube PE tube 0.6 ml PBS
PBS PBS
0.6 ml PBS 15 m (BALF)
Klebsiella pneumoniae
70 % (acohol)
15 mi
(IX PBS) 70%
70% (1.5ml micro-centrifuge tube)
(eppendorff rack) (vortex mixer)
PBS LB agar plate 1000p 200p 20p
(pipette pump) (blue & yellow tip)



4-1.

4-2.

37 (incubator) 02 ml
10000 rpm 10
4 15 ml
70% 1X PBS 70%
1X PBS
0.2ml
100u | PBS 110
10" 107 10" 107
100u | LB agar LB agar
37 18 18 LB agar
Klebsiella pneumoniae
15 mi (15 ml centrifuge tube)
(IX PBS) (dropper) (electrical pipette)
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(5 ml pipettes) (hemacytometer; Hausser Scientific,

USA) (microscopy)
(micro dlides glass; Daco) (dropper) cytospin
cytospin (Shadon) (190005 Filter
Cards, Shandon) cytospin (cytospin 3; Shadon) Giemsa

(Meditech) ddH,O methanol Gram stain Kit (Meditech)

(Olympus)
51 (cdll count)
15 mi 1200 rpm 4 5min 1X
PBS IXPBS 5ml 5ml
pipette
1100rpm 4 5min PBS 1X
PBS 5ml pipette 20u |

2-3

/4 x 3ml x 10*



5-2.

A.) Cytospin
40u | 4x10° cells power
set speed 300 rpm.
St time 5 min. START
B.) Giemsagtan
cytospin 1ml (methanol)
30 min.
Giemsa 3 ml Giemsa ddH,O 90 ml
Giemsa ddH,O 1: 30
30 min
1 min 400x

5-3.

cytospin
Gram gain Kit (Meditech)

30

30 15 30

49



5ml

30 1000
X KP
(cell death deection
Kit Roche) piptte 10mli piptte
1000p 200p 20p (pi pette pump) (blue & yellow
tip) 15ml 50 mi (15ml 50 ml centrifuge tube) 1X
PBS 5ml (Falcon BD)
(Flow cytometer , FACScan; BD)
(vortex mixer)
4 1100 rpm 5
10 ml PBS
3ml PBS piptte 20u |
100u | HEPES buffer 1x10° 5ml
Facon BD



1y | 1 2 Annexin-V

3¢ PI 4" 5" og" 7h Annexin-V
Pl 20 400u |
PBS
(in vitro)
RAW 264.7 Klebsiella pneumoniae
RAW264.7 cell line ( ATCC) RPMI-1640

medium (GIBCO) fetal bovine serum (FBS; GIBCO) L-glutamine
(GIBCO) peniciline-streptomycin -~ (GIBCO) fungizone

amphotericin B (250ug/ml) sodium bicabernate (sigma)

trypsn-EDTA (GIBCO) 1X PBS T75 020 m

filter 3 ml piptte 10ml piptte 70 %
Nikon Ellipae TE300 37

5% CO, 6-wdl 37 water

box hypo-/hyper- mucoid Klebsiella pneumoniae
2x2mm’  1000p 200p 20p pipette pump

blue & ydlow tip vortex mixer
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RAW264.7 cdls  -80 (  1x10
cells) 37 10 ml (
RPMI1-1640 medium 10% FBS 1% L-glutamine 1%

peniciline-streptomycin 0.2 % fungizone amphotericin B)

(suction pump)

1IX PBS 1 ml
trypsn-EDTA 3 ml
piptte
0.5ml 10 ml
1-2 Klebsiella pneumoniae
6-well blank hypomucoid

hypermucoid MOI multiplicity of infection 1 10

wdl 2ml

well 1x10° RAW 264.7 cdlls

1X PBS wdl

2ml RPMI1-1640 meum KP

52



MOI=1 1x10°KP/1x10° RAW cdls  MOI=10 1x

10’ KP/1x10° RAW cdls

Klebsiella pneumoniae (cytotoxicity)

(inducing- apoptosis)

RAW?264.7 cdls RPMI-1640 medium

(GIBCO) feta bovine serum (FBS; GIBCO) gentamicine sigma

3ml 10 ml piptte piptte 70 %
Nikon Ellipae TE300 37 5%
CO, 1X PBS 2x2mm’ 4% paraformaldehyde 0.4 %

trypan blue (sgma) DAPI 4.6-dianmidin-2-phenylinodle; Sigma

37 water box 1000p 200p 20p pipette
pump blue& ydlowtip 15 ml 15 ml centrifuge
tube Olympus
2-1. Trypan blue
RAW264.7 cdls
1IX PBS gentamicine (100 pg/ml)



RPMI-1640 medium ( 10% FBS) 2 ml
1X PBS 1m 04 %
trypan blue trypan blue 1ml1X

PBS trypan blue

2-2. DAPI  4.6-dianmidin-2-phenylinodie
A.) 1y g/ml DAPI
0.5 ml ddH,O 5 mg DAPI 1mi

-20 1y 10 ml PBS

B.) DAPI
RAW264.7 cdls 6-well
1X PBS
gentamicine (100ug/ml) RPMI-1640
medium ( 10% FBS) 2ml
1X PBS 1 m 4%
paraformaldehyde 1IX PBS
well | ml DAPI 1y g/mi

1X PBS



400x 340/380 excitation
Klebsella pneumoniae RAW cdls adhesion KP

(macrophage-associated KP)

RAW?264.7 cdls RPMI-1640medium

(GIBCO) feta bovine serum (FBS; GIBCO) gentamicine sigma

Triton- X 100 Merck 3ml piptte
10 ml piptte 70% Nikon Ellipae
TE300 37 5%CO, 1XPBS 37 water
box 1000p 200p 20p pipette pump blue
& ydlow tip 15 ml 15 ml centrifuge tube LB agar
LB agar 1.5 ml micro centrifuge

tube eppendorff rack vortex
mixer

RAW?264.7 cdlls
1X PBS adhesion (KP

) gentamicine (100 pg/ml)



RPMI-1640 medium( 10 % FBS) 2ml

1X PBS 1ml 0.5 %
Triton-X 100 10 piptte
100u | 900u | PBS
20u | LB agar LB agar
37 18 LB agar

Mini-Tn10 transposon mutagenesis

M9 st (Becton Dickinson) agar (Becton Dickinson)

Glucose MgSO, CaCl, kanamycine sgma E.coli S17-17pir,

mini-Tn10
1000p 200p 20p pipette pump 8  piptte
blue & yellow tip 1.5 ml micro centrifuge
tube eppendrof eppendorff rack
normal saline 2x2 cm” NC membrane vortex
mixer 70% 96-well
plate 3M



4-1. M9 medium (agar and plate)

7.5 gagar 400 ml ddH,O 564 gM9
st 100 ml ddH,O 45-50
10 ml 20% glucose 1ml
IM MgSO, 50ml 1M CaCl, 500 pl kanamycin (50 g/ml)
CaCl,
broth
agar

4-2. Conjugation

2 ml LB broth 21 | kanamycin (50 g/ml) 50u
g/mi KP1112 E. coli (miniTnl0
kanamycin ) colony broth 37 160
rpm 18 broth
broth 15 m  eppendrof KP1112
13000 rpm 3~5 E. coli 6000 rpm 3
1 ml normal saline (contain 10

mM MgSO,) piptte
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4-3.

kanamycin
1 mi norma saine piptte
KP1112 E. coli

| ml norma saline (contain 10 mM MgSO,)

KP1112 E. coli 500u | eppendrof 13000
rpm 3 100u | normal saline
(contain 10 mM MgS0O,) 2x2
cm’ NC membrane M9 plate KP1112 E.
coli 100u |  NC membrane
37 4 4
NC membrane 2 ml M9 borth

(contain 50u g/ml kanamycin)

vortex mixer
37 160 rpm
200u | M9 plate plate
37 160 rpm 18
mutagenesis
hypo-/hyper-mucoid wdll 100



M | M9 broth contain 50u g/ml kanamycin 96-well plate

broth 3M
96-well plate 96-well plate 37
120 rpm 18
18 96-wdl plate well
well 50u | 80 % glucose
3M 96-wdl plate
-80 20u |

2 ml LB broth  contain 504 g/ml kanamycin

RAW cdls adhesion KP
KP
cfu+tl log
t (paired-t test; SPSS 10.0)
KP
cfu+l log t
(independent-t test; SPSS 10.0) KP

KP KP
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cfu+l log t
(independent-t test; SPSS 10.0)
+ (meantstandard error of the mean, mean + SE)

P 005 (P 0.05)



(invivo)
1-1. DM
KP (DM)
DM 6 C57BL/6J
(Con) (DM)
STZ B -cel

8 10mg/d

1175 + 21
mg/dl DM 320.3 £ 5.8 mg/dl DM DM
(P 005 n= 46) DM
30
1189 + 1.9 mg/d DM
411.3 + 85 mg/d DM 28
(P 005 n=46) DM 28 8

(P 0.05)

DM 202+0.2
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214 + 0.2 P 005
= 46) 30 DM

230 + 0.2 280 = 0.2

300 mg/d DM

1-2. KP1004n (hypo-mucoid) KP1004m (hyper-mucoid)

1. KP1004n (hypo-mucoid) KP1004m (hyper-mucoid)

DM
KP1004 (mucoid) DM
20 KP A.
(hypo-mucoid) KP KP
cfu+l log 0 DM log cfu+1=4.0 + 0.7
(P 005 n=3) (hyper-mucoid) KP
log cfu+l =
33 + 0.3 DM logcfu+tl=41 £+ 0.6 n=4
KP1004n  KP1004m hyper-mucoid KP
(P 005 n=3

KP1004n  KP1004m
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B.

KP cfu+l

log

hyper-mucoid KP

DM

20

KP

=153 = 1.2KPAM

1-3. Cluster A
KP1112)
1. Cluser A pared KP

cluser A

hypo-mucoid KP

hypo-mucoid KP

0O DM log cfu+l = 0.4

logcfu+l O DM 0.3
(n=3)
(AM) hyper-mucoid KP
DM hyper-mucoid KP
DM
AM
Gram dain AM

=176 + 1.7KPAM DM

(n=19)

pared KP (hypo-mucoid KP1084/hyper-mucoid

DM
(mucoid) DM
20 KP A.

log cfu+1=48 + 0.2

(AM)

20



DM  logcfutl=4.2 + 0.2 hyper-mucoid KP log

cfu+tl =63 £ 04 DM log cfu+l = 54 £ 0.3

paired KP hyper-mucoid KP hypo-mucoid
KP (P 005 n=5)
cluser A KP
B.
hypo-mucoid KP DM
500 logcfu+1l=03 £ 0.3 DM logcfutl=23 £

06 P 005 n=4 hype-mucoid KP

log cfu+l = 24 + 0.8 DM log cfu+l = 14 +
0.5 paired KP hyper-mucoid KP
hypo-mucoid KP (P 005 n=4
DM paired KP hyper-mucoid KP
hypo-mucoid KP (P =0.075)
2. CluserA pared KP DM (AM)
AM 20
(sham group) AM  95%



AM
hypo-mucoid KP AM
125 £+ 26% DM 85 £ 1.3% hypo-mucoid
KP AM 99 £+ 19% DM
104 + 17% (n=4)

3. Cluster A pared KP DM 40

20 DM

40 A.
hypo-mucoid  hyper-mucoid KP DM
log log cfu+1 =55+ 09 53+ 14 55+
0.9 51 + 05 (=3 (log
cfu+l) 41+ 06 25+08 49+08 35+ 03
B. (=3
1-4. Cluster B pared KP (hypo-mucoid KP1008/hyper-mucoid
KP2002)
clusser B paired KP DM

cluster cluster



B pared KP DM paired KP
20
A. hypo-mucoid (log cfutl)
35+ 0.02 DM 47 + 0.1 DM
(P 0.05 n=3) hyper-mucoid (log cfu
+1) 52+ 08 DM 48 £ 1.1 (n=3)
DM KP
B. hypo-mucoid logcfu+l=1.2
+ 0.7 DM logcfu+tl=11 £ 0.5 hyper-mucoid
(logcfu+l) 21+ 05 DM 13+ 06 DM
paired KP hyper-mucoid KP
hypo-mucoid KP (P 005 n=3)

1-5. Clugster C pared KP (hypo-mucoid KP1283/hyper-mucoid

K P1284)
cluster C  paired KP DM
cluser C clusser A B KP
A.
hypo-mucoid  hyper-mucoid KP DM
(log cfu+l) 37+03 51+ 08 51 +03 60+ 03



paired KP hyper-mucoid KP

hypo-mucoid KP P 005 n=3 B.
KP (log cfutl) 21+ 08 29+ 03 2.9+
05 0505 hyper-mucoid KP DM
(P 005 n=4)
(in vitro)
cluser KP hyper-mucoid
KP hypo-mucoid KP

AM hypo-/hyper-mucoid KP

(interaction) cluster KP
AM  KP
2-1. Hypo-/hyper-mucoid KP (cytotoxicity)
(inducing-apoptosis)
1.  Trypanblue
1x10° MOI= 10 hypo-mucoid
hyper-mucoid KP 45 (blank) 1
Trypan blue Trypan blue

(blank) 3.2 £ 0.1 % hypo-mucoid

6.1+£1.0% hyper-mucoid 7.3£0.9% hypo-mucoid KP
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hyper-mucoid KP
(cytotoxicity; P 0.05 n=3)

2. DAPI (4.6-dianmidin-2-phenylinodle)
12 DAPI gan

(blank) 4.7

+ 0.6% hypo-mucoid 74 = 0.7% hyper-mucoid 8.7 £

0.4 % KP (P 005
n=3) KP
2-2. Hypo-/hyper-mucoid KP  RAW cdls (adheson) KP
(macrophage-associated KP)
1. KP (adhesion)

KP 1
x10° MOI= 10 hypo-mucoid  hyper-mucoid
KP 45 cfu+l log

A. hyper-mucoid KP  hypo-mucoid
(adhesion) (hypo- : log cfu+l = 3.8 + 0.3 hyper -: log

cfu+l=51+005 P 0.05 n=3)

2. KP (macrophage-associated KP)

hyper-mucoid KP



100y g/ml gentamicin

KP
B. hypo-mucoid log cfu+l = 05 £ 0.5
hyper-mucoid log cfu+l = 3.7 £ 0.03 hyper-mucoid
hypo-mucoid KP (P 0.05 n=5)
2-3. KP (mutant/wild type KP) RAW cdls
(adhesion) KP (macrophage-associated KP)
paired KP hyper-mucoid KP

KP

98%
hyper-mucoid KP (KP1112)  mini-Tnl10 transgposon mutagensis
(KPG6)
mutant (KPG6)  wild type KP (KP1112) RAW cdls
RAW cdls
1 KP (adhesion)
MOI=1 MOI= 10

A. 45 MOI=1 (log cfu+l)
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1.1+ 1.1 40+ 0.1 wildtype P
005 n=3 MOI=10 (log cfu+1) 26 £ 1.3

48 + 0.08 MOI=10  wildtypeKP MOI=1

(P 0.05) RAW cdls
MOI=1 (log cfu+l) 21 +
1.0 41£01 MOI=10 wild type (mutant

log cfu+1l=35+0.3 wlidtype logcfu+tl=48+0.1 P 0.05

n=3) wildtypeKP MOI=10 P 0.05
B.

. KP (macrophage-associated KP)

MOI=1 MOI= 10

100 g/ml gentamicin 1

MOI=1 (mutant log cfu+l = 0 wild
type logcfu+tl=0.9+09) MOI=10 (log cfu+l) 09z
09 3.6x+0.2 wildtypeKP P

005 n=3) wild type MOI=10 MOI=1

KP (P 005 n=3)
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DM KP

KP (Fang et al.,
2004) (wild type) cluster

KP (paired KP) (in vivo) (in vitro)

KP cluster KP
20 KP
hypo-mucoid KP DM
KP
KP hyper-mucoid KP hypo-mucoid KP

cluserB C hypo-mucoid KP

DM
KP
(invitro) KP hyper-mucoid
KP
mini-Tn10 transposon mutagenss hyper-mucoid KP

KP
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(Wilson and Foster, 1992) C57BL/6J

DM Thomas (1976)
100
30
DM 400 mg/di Vidya

STZ C57BL/6J

25 DM 300 mgy/d 400 mg/d
DM 4
30 C57BL/6L
STZ DM 28 DM 245+1.8 g
28.1+45 g DM
DM (KaKo et a., 1999)
STZ ICR 10 DM

(Amano et a., 2000) DM
DM
DM

DM DM
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Kozid (1995) DM
DM
Saphylococcus aureus
BB BB
(Smaet d., 1988) Amano
(2000) Pseudomonas
aeruginosa (1x10’ cfu/mouse) 24
90 % 0%
DM cluster A
paired KP (1x10* CFU/mouse) 72 hyper-muoid
KP DM hypo-muoid KP DM 40
% 120 hypo-muoid
KP 72 80 % 120
60 % n=5 DM n=6
KP 20 KP cluster A

hyper-mucoid KP
KP cfu

KP

DM

DM hyper-mucoid KP KP
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hypo-mucoid KP

20
KP DM
500 DM
hypo-mucoid KP hypo-mucoid
KP DM cluster B
C KP1O4  hypo-mucoid KP
KP 20
DM KP
DM hypo-mucoid KP cluster A
hypo-mucoid KP
cluster cluster
20 KP
cluster hypo-mucoid KP
DM hypo-mucoid KP

DM

IL-6 IL-8 (Helene et a, 2001)
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MIP-2 INF-? (Mosci et ., 1993) 2002

Thomas INF-? KP
KP
MIP-2
Pseudomonas aeruginosa (Amano et al., 2000)
hypo-mucoid KP DM
DM
DM

DM hypo-mucoid KP
DM hypo-mucoid

hyper-mucoid KP
(Pneumococci)

(caspase inhibitior)

(Dockrell., 2003)
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DM

DM AM
DM cluser  hyper-mucoid KP DM
KP
DM hyper-mucopid KP
(spleenic macrophage)
STZ DM
(Candida albicans) DM
(Mosci et a., 1993)
hyper-mucopid KP DM
AM hyper-mucoid KP
DM KP Lu (2002)
DM AM
beads E. coli beads E. cali
DM KP
KP KP

KP
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hyper-mucoid KP

hypo-mucoid KP cluster
hypo-mucoid KP
KP
KP galU KP
(CPS)
BALB/c (La et d., 2001) Fang
(2004) mini Tn5 (transposon mutagensis)
KP 1x10° cfu
(wild type)
12
KP 98 %
KP KP
KP 98 %
mini -Tn10
hyper-mucoid KP (KP1112) hypo-mucoid KP (KPG6)
(string ) (1x10"



cfu/mouse) 20 KP
(KP1112)
(n=3 ) KP

KP

KP KP
DM

cluser B C  hypo-mucoid KP

cluster A KP
KP (KPG6)
hypo-mucoid KP
KP (string test) hypo-mucoid
KP hyper-mucoid KP

hypo-mucoid KP
cluster KP hyper-mucoid KP
hypo-mucoid KP

(Smon et al., 1977)
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cluser KP AM KP

KP
2002  Cortés
KP KP
KP
KP KP
KP
KP
(receptor) KP
KP KP
KP A-549
HT-20-MTX 10
KP (Sabine et d., 1999) Fang (2004) RAW 264.7
magA KP

magA KP

I



KP

KP KP

(interconnection)

KP (exopolysaccharide web)
(interconnection) KP
KP
(binding)
KP

C57BL/6J BALB/c Burkholderia
pseudomallei BALB/c (Liu et 4.,
2002)

BALB/c cluster A

paired KP (1x10" cfu/mouse) BALB/c

C57BL/6J BALB/c

C57BL/6J



KP
hypo-mucoid KP
hyper-mucoid KP
KP
DM  hypo-mucoid KP

hypo-mucoid KP
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KP (paired KP)

KP

hyper-mucoid KP

hypo-mucoid KP

hypo-mucoid KP

KP

KP

(wild type) cluster

(in vivo) (invitro)

DM

hypo-mucoid KP

(string test)

hyper-mucoid KP

hypo-mucoid KP
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Serum resistance Adhesins

Type 1 pili (MSHA)
Type 3 pili (MR/K-HA)
KPF-28 fimbriae

Enterochelin

Aerobactin
Capsule ,
(77 serotypes) Siderophores

Klebsiella pneumoniae

(Podschun and Ullmann, 1998)
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NADPH

H+

Jrc‘ton from: DeCoursey & Grinstein. 1999. "lon Channels and
NADF* + H* channel Camiers in Leukocytes.” In: Inflammation: Basic Principles

and Clinical Correlates. J.I. Gallin & B. Snyderman, eds.
Lippincott Williams & Wilkins. New York. pp. 639-659.

Alveolar macrophage

(DeCoursey and Gringtein, 1999)
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