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1. ¥ ¥ & H &

1. {EFEk
L34 FRGEEIZYBIAROSERERSE D%
B LD SBEX IR BERE Pseudomonas aeruginosa

OMU 91008 %, FEL 4 FEGAREEIZ, BERFD P. ae-
ruginosa PAO 2001-2 (pili BRE#K)® %ML 7z, MIC
HEIZ, L34 FERZODWTRAXRLEMEFEFSHED
HEXERARECTHEL, L34 FERCOVLTIRA
¥ SHEDOHUBEERREC THEL 2%,

2. ERPEE

CLDM, EM, piperacillin (PIPC), ceftazidime (CAZ),
tobramycin (TOB), ofloxacin (OFLX) @ 6 ¥#1% A
Wiz, [ERAEBICH T 5 MIC ik Tablel =¥,

3. (R

A4 FERIX, Mian 5'®Z X % alginate-promoting
(AP) medium iz 4°CiICfRTEL, ERARFCS5%DT ) X
o — V% &1 MacConkey XKL (KFF) iEMEL
720 JET LA F#RIZ AP medium i2 0.3 M NaCl %2m
AEBEERMHE L72b D (modified AP medium) %

Table 1. MICs of antimicrobial agents to Pseudomonas aeruginosa
OMU 91008 (mucoid type) and PAO 2001.2
(non-mucoid type)

Antimicrobial MIC (mg/1)
agent OMU 91008 PAO 2001.2
Piperacillin 0.039 3.13
Ceftazidime 0.20 1.56
Tobramycin 0.78 0.78
Ofloxacin 0.78 1.56
Erythromycin 400 200
Clindamycin 800 800

¢ RBRASEREETEAR 7 & 1-1



VOL. 43 NO. 6

1M biofilm & CLDM 641

AL %,

4. Sub-MIC O#ERY

EFIWBE I, IMICXD 220w L 4 BERETY,
1/4, 1/8, 1/16, 1/32, 1/64, 1/128, 1/256 MIC & &
UVERFEDaY No— Vi TITv, FAFND sub-
MIC 284 5 M TOEEROEHMEERH L 72,

5. Aa4 FEEERWETLVY VEBRERER

MacConkey KM FDLr a4 Fao=—%0D
Mueller Hinton (MH) broth (Difco) Zi#EREL 724
a4 FRURSE % 37°C 6 BFfss L otk, BB L 7 pH
T2EHERREA (LLTPBS) 12T 10° CFU/ml iz
AFRL, £00.1ml 2 ZRHTEFE D sub-MIC RE %
BT BRI (R (CEEL 2, 24 ReRsrks,
Bt tOLAa4 Fau=—%PBSicTMEL, —&it
10 AT REC THRBHE 2T o BHWLS™,
BEHS™ OB -BRB CHRBEEREML, Tt
BYe7 =T KTBRLIE, F7 vV Ly /—
V(AR CTEAL, BFER7FLVHMELL L DE2EHR
Wtkrav 7574 — (T HPLC, BESUfERTC-
R4A) W TER2T- 1

6. FELTA FEEEAWT glycocalyx EREE

MH broth {2 THL a4 FEUGAEE % 37°CiZ T 6 KFfE
BEL, ThZlcamX2cmOyVavyFEAN30S
BEL /%, PBSTIEGEHRLRBEMERF L LT
I EBEOHEZED sub-MIC %& A 77 modified AP
medium & T 37°C 3 HREE#E L, glycocalyx B4R &
L7z

HIFETTHEL: glycocalyx 2555 -9 1 #iE47-0 15
BoOvYark (60cm?) TEEL»SZHEEOLY / —
M ETo 2. $7%%bb, PBS 5mlificyVavk
PANEEEREL Z\VIES T 5 43 sonication L,
TEEH%* PBSHAFHI L THRBEYE, ZOY )
YHEERWE, —MOBBEEHFREC TEHREELBL
7zo Dall 5'¥, Shetlar 5 OFEKIZHE, YV avF
5 OBERICLY /) —VvePESOMAT7 VI —
NEEBBIZL, BLLTEHEERE, 354H6%T
§/—NEEBMLUT, SHEEZUERE Y, (EYIIR
BPTrV N7 7 EMBALEEIE, K&K 505nm
TR (UV-120-01, EESIERT) 2HIEL 7o

7 BTEMEC L IBE

FEREREFKOFETER L 72524 FEROBEH E
Dau=—, BLUFasA Ftkov ) ayRTEH
%, 2.5% glutaraldehyde & 8 % tannic acid &t
0.1 M cacodylate buffer (pH7.2) (LT CB) 8X U
1 % osmium tetroxide # & 22 0.1 M CB i T@E &
LY, =8/ —NEK, t-7FNT N3 — VR,
SERERTY, TEMNEFEMSE (HILS-800) W TH
£,

8. MiFHLE

AR T RTPYE L RMERE TR oo MRAHLE
i3 non-paired ¢-test # vy, M 0.05 U T2 HEEKE
b ELHEL T,

II. & %

l. HPLCR k37 V¥ BOER

avhba—e L THHADOMED alginic acid (Si-
gma) @ HPLC i &k 2% Fig. 1icR"L7ze 7 ¥
YEIL, RiFRM 6 I TEHEN, ZOoP—7EMRIE
TVX U BOWE L RIF2EREETRL I, SEIAV
LA RERDBEE L7 VF O HPLC I & 5 B
i3, avhro—LERRRIZ, 63 TE—2%28H, UL
TIOE—/EMETNVX BESROERLL, TV
FUrBMELRIT log B4V O—7EME L TER
L7

2. WOEEHIC X 3 glycocalyx DER
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Fig.1 Chromatograms of alginic acid. (A): Chroma-
togram of alginic acid solution (100 mg/l1). The
peak area of alginic acid was found within the 6
min retention time (arrow). (B):Chromatogram of
alginic acid production by Pseudomonas aeruginosa
OMU 91008. The peak area was found to be
similar to (A) (arrow).

Absorption

L1 1
0 50 100 500

Dextran (ug)

Fig. 2 Quantitative tryptophan assay with dextran
solution showed a good correlations between conce-
ntration and absorbance.
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(*P-70.02, **P< 0.002)
Fig.3 Alginic acid production by Pseudomonas aeruginosa OMU
91008 at subinhibitory concentrations of antimicrobial agents.
(2;4(2))_ Piperacillin (2‘;)/%)_ Ceftazidime (%’0’ Ofloxacin
150} 150 150
100} 100} 100
50} 50 50
O 16 vamic O 0 Ui 116 14 MIC O 1716 14 MIC
(2:)/()))— Tobramycin (20000)— Erythromycin %’6’ Clindamycin
150 150 F 150
100 100 100
50 50 50
O e amic o 1o 16 aamic Y 0 18 176 1/4 MiC
(*P<0.05, **P<0.02, ***P<0.002)
Fig. 4 Glycocalyx production by Pseudomonas aeruginosa PAO
2001-2 at subinhibitory concentrations of antimicrobial agents.
KrAORBEEERLILLEIS, TFAM IV RER p<0.02 ,
e 12 BAF R AHRIME 2R L7 (Fig. 2)o : p<0.05 |
3. TV¥VBEECBIRTHEEOVE c l
BRERMBOT VY VBEERS 10% L L7145 g% +
_ 3
%, CLDM=21/64 MIC K TEBRZEENFBFED O k]
Q
7z (P<0.02) , EM21/256 MIC, TOB 1/4 MIC i# f§ % -
CBWTHLEABET VY VERELENGI»ED ST (P g 50 /
o
<0.02), PIPC, CAZ, OFLX 0% sub-MIC #E Tt 5 L%
HAEEMB L OMCELERDERAOREP o2 “i 7 )
X 0 5 10 20 40 (ug/ml)

(Fig . 3) o

4. Glycocalyx EEZB L IZTHEEDHE

EHMFMBORENSTERELR® 1006 L L7

4, CLDM=21/16 MIC, EM21/16 MIC K TERE L%

EEOEEMEBFED 517 (P<0.05), PIPC, CAZ,

TOB, OFLX TiIZEHERMEEL OMICEEEDE R
Hrohsot: (Fig. 4. CLDM % & 512 #lid  BEt
L, 10 BRI DEEEIC BT 20 ug/ml i THERECHFE L

Dose of clindamycin (culture for 10 days)

production.

72 (Fig. 5)e

5. BTHEMSRR
1) A34 FERO7NVE VBRELEMR

Fig.5 Effect of sub-MICs of clindamycin on glycocalyx
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A4 FYEELEIC L 2FRREEYORITER LT
BEINn (Fig.6A), CLDM ® 1/4MIC #{/EF &
BLRE, BEROEENORLSTED SN, L34 F
VIR EENHLRBR S i (Fig. 6 B),

2) FEL a4 NERD glycocalyx BE&FTR

HEEEMRA VRS, 3IEMERELLY ) a vt
BETIE, BRREMHEL LY, BEES3EE40
AR, BAROVERICEE > T RBTHRER N,
biofilm R 23788 & h iz (Fig. 7A), CLDM 1/4 MIC
fERTTR, BEEAOMEMIEFHCHA L, glyco-
calyx BEEMG]IC & 2 biofilm R OMEI2SRB S 1z
(Fig. 7B)o

III. # =

BUESERRMERE LY LIELIEOME B L34 F

RURRINE L, BEI O 7 AFUBETRS LT 28MY

BrELEL, BONBELAES LS L LI FH
Rewrsur7r—Yic L5 RBEMAEMELELY, &5
CHERCN UIBANERT I LU RESINTR S,
—7, JEL T4 FERICB W T b8 RERBE ORERL
DEREE LT biofilm BEKRMBEEH SR TWEY, T4
bb, BESEBIVERTIOVIREL LT, $TE
HMEAMGEL, £ CHIEEASHE wb®3
glycocalyx @& L, InENL THE IXBERL, M
BRIMYau=—%2BRT 2", SS5CEEATIRA
Hiz7 470 oML, RARME, RORFLRDA
HIEME 7 biofilm MK s h 52,

SEZ, BRI ERREOHMBILOER LWL S
biofilm &Iz DV T, in vitro I THRIRE L 2 4 FER
DEETBETNVXVE, BLUELIA FERBEET S
glycocalyx DE4£ M2 WT CLDM 8 X UEMEDH

Fig. 6 On a picture of non-antimicrobial control gro-
ups of Pseudomonas aeruginosa OMU 91008 (A),
the bacteria produced many granulous-structured
mucoid substances extra-cellularly. On a picture
of clindamycin under the 1/4 MIC (B), the mucoid
substances were found to be decreased (bar=2 um).

Fig. 7 On a picture of non-antimicrobial control gro-
ups of Pseudomonas aeruginosa PAO 2001.2 (A),
the bacteria were found to be embedded in the
glycocalyx layers. On a picture of clindamycin
under the 1/4 MIC (B), the glycocalyx was found
to be decreased (bar=2 um).
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BROEEEZMA L1,

L34 F BRI 1 ERER T3 cystic firosis BEIC T
EEECRESN, FETRETLENTL S,
bRETRUE AMTAMTIERL, % OMhoSEER
FECTHON, BMEEHOBERLZ>TWS, A4 F
BFHEE L, BELSDBEINTR, MAERERDE
TILRXENBRTIHLIA FERANEERL TV,
HICHELTSL FEELS LTS FERANDERIL in vitro T
RS 2 DB, Terry 5% 13 in vitro |2 TIRIRE DL 2
A FERPEITRMEE LT, BEREESRME S phopho-
rylcholine DFEEFMEL T3, B2 DIEL T L FEE
® glycocalyx EE&EERIC B\ TITEREE D broth %
ALK, Zhid, FRERCBOLTIORHFETIZEL
THo kb glycocalyx 2EEL 5 TH B, 5
DEBRTRIELTA FELS LT FNERKADOHRIZ
BHY, TVXEVBOELE LR ool

RIBEA A FRROEET 2L 214 FYBEDOKERSH
TAVEVBEEDRTWE®Y, —/HFELTS FEROE
44 2 glycocalyx DY BZEBOEEBI O 2D, %
DOERPCEALZOHM I PHS TRV, FEER
KBIAEEY )V aVF I VBEELBC L > THEL
TATERE I, EENETEMEC TEESEESIATY
B ENERSN, $REFROEL LB kD
S27DT, KEBRRIEERNEREOAEIMT S L
MBTE, glycocalyx DELB*ERT 252 TERAR
HkeEzohiz,

MEEORBEEGNEEME T 2E TR,
sub-MIC BEOERATIC TRIBENASREERNGF O
ENTENTVWBRI N, FLFUVBOSEEE
HEMICRTT AR DWW TIE, Trancassini 53 3 sub-
MICDBZ 7% LH¥EF* /0 HZT alginate DE4S
PERCHEIT 5 Z LR BREL T3, &5 Verginia
53 13 Bacteroides B~ B> T CLDM % X ¥ 3
& glycocalyx BEEME 434 S, FHRERERIEALTT
HEENBZEEREL L, #HUY & rokitamycin
(RKM) S7 V¥ UBEL2IH T2 L 2HREL T
Wi,

Hx OfETIE, CLDM iz~ 2054 FREL R
12 1/256 MIC %> 5 1/64 MIC DEEBE (1.56~12.5 ug/
m) CBWITHBX TV Y BELEZIFIL, 1/16
MIC (12.5~50 ug/ml) iZ B THL a4 FEOEESN
SEEESLVEBCNFEI L. ThoDNEROBEE
i3, E MBI AEABEICSVLTHICEEL > 28
TH3, TOBH 1/4MICLULTEERT VY VBEEL
#1401 145 L 7248, PIPC, CAZ % & Uf OFLX 12 i4ifE
BiZR& ol

UE, RIBEO7 VY VBB L UREASEETH S
glycocalyx EE4£ 2t L T CLDM X EM LRI # D
EAEMGIT 52 LASRENT, TRS IHEELEAR
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Effect of clindamycin on Psexdomonas aeruginosa biofilm formation

Tomoku Ichimiya, Kaori Takeoka, Tohru Yamasaki and Masaru Nasu
The Second Department of Internal Medicine, Oita Medical College, 1-1 Idaigaoka,
Hazama-cho, Oita-gun, Oita-ken 879-55, Japan

An in vitro study was conducted on the effects of clindamycin (CLDM), erythromycin (EM),
tobramycin (TOB), piperacillin (PIPC), ceftazidime (CAZ) and ofloxacin (OFLX) on biofilm
formation, which is considered to be a contributing factor to the intractability of chronic
respiratory infections caused by Pseudomonas aeruginosa. Alginic acid and extracellular polysacc-
harides produced by P. aeruginosa were determined as indices reflecting the level of biofilm
formation. Alginic acid production by P. aeruginosa mucoid strains was investigated by determin-
ing alginic acid produced in standard agar culture medium using high performance liquid
chromatography. Extracellular polysaccharide (glycocalyx) produced by non-mucoid strains was
quantified by determining polysaccharides contained in biofilms formed on silicon strips using the
tryptophan method. The effects of the antibiotics on these indices at concentrations below the
minimum inhibitory concentration (sub-MIC) were investigated. The production of alginic acid
was significantly inhibited at CLDM =1/16 MIC, EM =1/128 MIC and TOB 21/4 MIC (p<0.02),
and that of glycocalyx at CLDM =21/16 MIC and EM =21/16 MIC (p<0.05). The indices were not
affected by other drugs at sub-MIC concentrations. Observations under a scanning electron
microscope showed inhibition of biofilm formation by CLDM at sub-MIC concentrations. These
results suggested that CLDM as well as EM inhibit P. aeruginosa biofilm formation at sub-MIC
concentrations.



