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Jy, ARVIV VR, MEHEIZT NLAY Y, ARVIV Y ET YT AR BERE I
RYTIVEGRET, Blh i) AV IV V2 AL, 7)) axTF FRONyax A
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EL®IC

M GE DRI CTH D PuEWE (PikH) (R
FCIABIREA D &0 %) 1%, MEEEA O EE~
TFETIHY, VRV =2 T2y b, HEHNIE
DNA FARA VX7 —VI/EH L, MEHOMIBEESR,
EOEAK, »5\id DNA S EHRAICHEL T
HWE O (EFERRFETIHELH L0, KT
AL L) AHE (HIE) Ta%mTH LY,
B-F 2% ARPUEWHIZ4 BBRO - 57 5 LBED
L, REVY VR, BT A% (77 HAERY L&
X T AT UR), BN T LR, HIIIRA
LR, RALRG ENDH D, MEOMIZEERT T 7
DA VERBREOLLA VE ) v —E@EERRICD-T T
Z-D-7 7 = UREEICH AR A L, MRS % TH
ES D, 7)) axTF FRWEWE TH LN a< A
R, MW OMNEEERTF K70 B YKo 2 O
D-7TI7=VIZKZEREAELT, EEAICLLIRY <
— b % [HE 4 2 MBS R HEAITH %,

73 B RPUEWE L, FADT I KNS
I FEEELZDOT, fiED) RV — 2308 71
=y MEH L CRABRZ FE LERE SR L HET
o x0T A NRVUEMEIZ, LEET V7 M epE
bbb, HIFOY RV —250S 7=y MIHESE
HZEIZEoTRTF VN ARNA 8 RV —LHh 5
fRMEL R <2, EAEEHREHET 2, 7 87
A7) RIAEWE L, MO RV — 24308 72
Zy MIFEAELT, T3/ TV tRNA Y KRy —
LAANDFEEFET A LICE ) EHEER T HET
Bo 7UTFTA T2 == WE 7 2V T T = L8
T ARET, MiEOY KRV —2450S 7=y ME
AL, XTF FEERLXRTF N2 5 O tRNA Ol
HEAPHET 22 LICL )V EAEAREZET 5,

YV FAVRUERZOTFERNIE, €V RHIVEKREE
rIEREE L, IO N ALV 27 —-¥IMTH S
DNAgyrase ® o 7 2= v MI/EH L DNA O R
HExfHETSHZETDNAAKEHEL TV 5,

=7, WME»SSEERY IS5 TOETOM
fac, BT I RxFomEkEoR) 73 v
() OSSN D JH O AR R & L TRl
MRS S o s 2 Sk sh a2, v
TITanNy, FThLVARY Y, AR EDY
TIV () FUe2MMosEREA oz L
LCHli4 OFFFZEOEMRLICE E, ARVITV I RED

FUT Iy () RARVIVEEDT N TT IV
) /7= /73y () THETISYF T
BRI LVE 7 & OFRRMEAAR T DR e k12

T, AWM TORY 7 3 GHUIED
57 2 BBURBREERZRS T I/ T CVEIEBEEE O
BRI L AHEAOMBIED STV, i
AR 7 I VERBERNC XY MR OB HIE S
pHELHHY, MEOE) T I ERAD KLY
FIICHET 5 2 &2 & A BRGERHE H 1 O PR AX
FIFs ST,
FRIOPUAEMEIZMEOR) T IV ABICEET 5
FEREME 2 ERAICIHE T 2 A TE B WS, Ok
EHIZIE, T3 R, B, Bk, ) VIRE R LA A
CHREBRKFREEDRE L T X, VR VOV,
KEREE, 7 NELREEREBL, MENOEHEIZBWT
HERNARY) T IV EHAREET AMEERIEE SR
Bo L7208 T, YL 2 X 0 B 5 % 52 0 724
KNTORY 7 I VEBOEH WL Z LI L7,
AFETIX, 77 L FBEMMTE O Gammaproteobacteria #f
Enterobacteriales HIZE 3 4 KB (Escherichia
coli) £ Gammaproteobacteria ffl Pseudomonadales
HIZE T 5 fklk® (Pseudomonas aeruginosa), 3B &
W7 7 LN o BacillifiBacillales H IZJ& 3 4 4
B (Bacillus subtilis) & Bacilli # Lactobacillales
HIZB T 2I5EE (Enterococcus faecalis) DRV T
IV RN E L, BROTUEYRIC X ) 50%FE
EORGEHE (AFMHIE) 22 7ere, HRELs
IEFBER O, &4 ORKNP LR T I 2L,
HPLC I2& A K T I it o7z, MIWOKRY) T
I VR G R IR IS T ARSI L > T
SABEBT 52 oY, Ha O HT ORI E &
KT IVEBOLEFHIZOWTHHFR, EHST,
FEOR) T I o2 F T A2EEILRS 1,
PUEWE I X 2 HHHE L WRNAR ) 7 I U EREO%E
B & RIS IO TE 2 D,

KBAE

B-T 77 LRELT, R=V) VRDONY TR
=)y (=YY G A YL, BB LV
RGYY)Y (R MV FRYTL, BIUMLE),
tI7r=wA RO T7OERE T (F MYy LK, I8
PPEREE) 2 BINL 72, 7)) axRTF RRELTNY
a~ A vy (GEREE, FOBHSE) %2, 7 3 BihERR
ELTCAMNVT M~A Dy (M, WHHHE), 7
F~A Ty (iR, BGHRE), 734y (il
Y, feks) 2, ~7054 FRELTT) 2w
1y (FAekisk) 2®EL, 7 I 14270 (
YalRts, ADGHEE) trnga 70— (G
#) bMH LA, YUV KRUVEERELT,



quinoline Z AR FR LT H=a—F /u ROt 7
Oxgyy (FUEy b, H-8E) L Tyndd
Ty (N UF =, Fa ) EE) BRI 7,
Alanine racemase & D-alanine-D-alanine ligase D
TRV EHITH B D1 7 1+t 1) »(D-cycloserine)
1% Sigma ¥t (USA) X Y AFTL 7,

KIGHW (Escherichia coli TAM 12119), FrlETH
(Pseudomonas aeruginosa IAM 1514), Hi&E @
(Bacillus subtilis IAM 12118), 53k (Enterococcus
faecalis JCM 5803) &, % 4 ##ERE (Type strain)
* W K50 T/l £ ks B TAM Culture
Collection ¥ 7213 F{L~WF%EHT Japan Collection of
Microorganisms (JCM) X W /riEz27ze 73/
FCHE AR PUA R I % O E. coli GN 4351& P.
aeruginosa GN231ETE G AR 7152 55058 HI i 1 5 B
Mk & 0§t &7z, Nutrient Broth (NB) (HZK#
) Trypticase Soy Broth (TSB) (Becton
Dickinson, USA), Brain Heart Infusion Broth
(BHIB) (H/K#ZE), GAM i (HKHIE), A
B b199%5# (199) (H/KELSE), RPMI1640%5H#:
(1640) (H/K#L%E) Eagle MEM#:4h (MEM) (H7K
#38) ) Fisher’s 55 (FM), & %W I3 LHFZE=E CTH
BN (SM+L-Ala) (L-alaninell#
Z T D-alaninei®NO A 13SM+D-Ala) 12T, 37C
TSR ARR R L7z, IO RIRE T d 5 NB,
TSB, BHIB, GAM I F AT b V52 E
LOT, WMEBOTMLAT Y, AFNY v AR I
Ty, ANNVIY, TURF AL, SRERO
199, 1640, MEM, FM Z&¥Wiiiassz= A ol <,
RVT7IV2EE LBV, TEGEIEHSMIZ1995;
HALEL 2> & L-AlaZ R\ 724U v,

PSP L 7 55 A A SR 12 T4ml ORs 12 2
ERVIAREAT, FWOREERRE K10 13 2%
ML, 20-24BMIEE R, 0tER (HAZ 100-10)
(2T600nm WROWE (BE) Zflw L, HhEih
AR L 72 BAGEASERIE S 7R & B /N RE R
(BHEMHIE, £FMHIE) BE (minimum growth-
inhibitory concentration) (MIC) & L7z, XHE®
50%DEEx G- 2 7R EE R L, 50%38FHHE (%
HHE, £FMHEE) #E (fifty percent growth-
inhibitory concentration) (ICsy) & L7zo FEHIEEEIE
pe/mEMPA L, 1H-—3HEEL4FE-6FEL T
e 5 B 5 R oD SRR B T IR S 1) & L AR S AT
o RVT I VAR EAEDOWHRD 2D, 3
LY b1 —-2AKg0ar bu—)v (ZEFER,
100%355E) & ICs it 2 1 2H ARk ERS 1 — 3
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Ko x v, mOaEE (10,000 xg, 105°0H) (2~
M150) IZCHkREED T, EH % & VT
S L 72 & ICs i DFERREE THGH L 72/ DR ) 7
IUGHMER T 5720 TH S, BHHHEDHIE R
RT3 2 BRI BEH ORI DWW T T > T
Wb,

Mg iE PBS (V) > MRl i) (H AR EEEE) 12 Tt
DHEBREIC X A EER, RRREEZME L, 10%
(1.0M) #ifFE (HCIO,) (PCA) ZINZ T200p1&
L (RMPCAIREEZS-7%), #OmEEEO RiEE K1)
TS E LT, AT T T AN —
(DISMIC-13HP) #§:#1% D100 12/ LT, HL&
MR 7 v~ b 77 78E Le000RNIZ X 5, o-7 %V
TNVT e F(OPA) KA b I R)-fA 4 o35 ra~
NG T4 I K AEMERRRIA S O N ST T 4 —
(HPLC) TOERI T I v OERGHT 2175720, 853
L3100 1 1 HPLC T L 72 BRI A 4 ~
MR 71 7 24 (H37.2619F) (£f#4mm x & & 50mm)
34— 7 VHERTTOCIZREE L 72, 3D NaCl-
I PRAR S S X B B R/ T AR R R ) BV
R L7z I OPA BUBE & IRATRT0C T
L, #OUBEEITHEL, Fy— b RICRERL 72,
THER ) T I VBEROGHE =7 @h b KR T I
E—2rzgmlic, pMEEOY 7 I/ Taxy
(1,3-diaminopropane) (Dap), 7 + L X I ~ (putrescine)
(Put), 7%~ (cadaverine) (Cad), A3
¥~ (spermidine) (Spd), AR 3 » (spermine)
(Spm), 77 <F >~ (agmatine) (Agm), N-7 tF
VAR 2T (Nlacetylspermidine) (AcSpd) (&
IE kY % Sigma 1 (USA) o0 bBA LT 3/
77U ¥ )NH ¥ ¥ (aminopropylcadaverine)
(APCad) 13 4fF7E2 12 TAB L 72,0

EREER

Mgt g & L7z A fEHOMERN 2 BIEME I, K4
B RN 7 I VAR AA L TW5E I EDHS
nTwat YW REEI, VST BRI
FODL-AN=ZF P ENDTMNLVAT Y RERL, AR
VIV UARBEEIZL DAL I VUV EAKRT A, A
NVIVYDONWOT I REICT R F LT HEE
WLV, TIVF = U BRERR R &) Y v Bk R
FICEY, L-7VF=Z v EL- )Y ENRAT I
Fre AR v RERTEL, TNLVAT VR T S
YT VEIVERINLEHGTODH D, ANV I T VO
b L —2, 4—I7 3 JBBOPREEIC X )i
wWOYT I/ TunNyERETAEEbH D, BES
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RZE D TR U oEDT I TR YA FNR
Vo bEFTH, TEFLVARLVITV UL T ML A
VUL ER LRIV, BRIREIE, TRV U %
ERL, ANVITVVEERT A, L-VY L0
RN YERERT A, L-TVFZ oD T 7~
FUHERBIE VY, ANV I Y Y DL R THED Y
T TUNYERBT LG EOH L, ARVIT Y
DT F MU E e v, MEEIE, TRV RAY
VEERL, TNDAHLARVITVIEARL TV,
L-7FVFZ oo T7 7 F b ERT A, FELFR
D7 IVIEARNVIV VTV F o ThH D, BEIE
X, V7IVR M) T IVEAHR LTV WL, KT
IVEEAETAEMPNSIZTICARL IV CERY
AATV D, DEo 4 FEOME L, o> DM
ECTEMHINTWwWE2 - Fafxy LAYV,
JIWVARVITD Y, REARVII Y, ARLVI
JNANRVI v ERERLTw RV, 7 rvF
PEDANRI I T Y OABRSE 2\,
REFHECTEIHH L, BT I VEEHTHRR
¥ NB & GAM R 7 3 Vo & 4 BFED
AR HANER) 7 I & (BE) %, xmol/g
wet weight ((JBE&E) & L CTable 11Z/R L7z, K&
B TSB & BHIB oK) 7 2 Y4 #fiEd NB %
GAME RO TH > 720 BIERNKRY 7 2 V&=,
B, BRARIREE L, WOERMER EORES
e L, ¥ERinic L ) 240883507, [H—
FERN T ORI & BEHER & OB TS5 2 &
L7z OV OEESEN (R H5EH) To, EH
R DOR% 2 SHOPAEWEC & 5 4 FEOME I
T4 R/ G EE (MIC) ZHEEEL 22, #950%
WaEHEREE (ICs) MFCOERZITV, WX ) Ek
MW L72RY) 73 VYl &R L IGEREL 7R ) T
IVEGHT L, MURERICH LS, JUEWEE

Table 1

WINORIBEAEP S DR 7 3 VR &% 1t
L/ A Sl Nl O ) B ) B NIV N5 I 1 i % W .7/ =
DB H P72, HPLC KU 7 I v ofira~< b7
LAZDLDOTORKRL, HARREEH/ ) OKK) T
IVOENVEEEL L THBL,

18, N>avwq12> (VCM) &D-#1vO+wl >
(D-CS) IC&2KBHE, #HER, BHRAICHT
HIEEAEER) 7 I CARBEE, $LUD-
7> = (alanine) HMDFE

VCMRD-CSIZHIW OMERER 77 F 70 h V&
¥ 1% D-alanine #5301ZAEH L THlllaEE D G5 % FHE
+T5h, #2C, L-F721% D-alanine # & & 55et K
i (SM) & & iis199, Kk NB & GAM
FHWT, SHWHEOMIEE RY 7 I VR TR L 72
ET, VCM & D-CS I X A¥4GilifHE L R 7 I &
TN DB 2 TR,

KIGH & MEFH X NB °199C BAF 2 Ba5E % /% L 72
A, BBERENIRIFCld 7 <, GAM TOHGEA BLifFT
Holze WML AT, BiHEIZL <,
L-% 7213 D-alanine O TOHIE D ITFRO H 1L
Bholze 7T =y ORI TIIAERE T4 L
Lo lze KEBH TIE, SM+L-Ala 8 % 7213 SM+
D-Ala 5ih COEERRAED S 0K ) 7 I vl Es
® HPLC ZS#riE[M—T7 ML AT Y BN 2D
HEAERL Tz (Fig. 1-1A), 79 = Y HEINMO
SM THIZIZFE—TH 72, 19951 TOEEFH KT
ARV I Vv EeT T UopBE SR, TEFLA
NRVIVUVOMEBEAR LTV, NBTORERIKT
TRV ART Y, AFNY) Y, ARV IV UPRFEER
VT73IVTC, T/RFVERE, TI /70N ihy
N EBEBTAAELH S (Fig. 3-20A-control X
Fig. 4-20 A-control % Fig. 52% Al-control ),

Cellular concentration of polyamines of Escherichia coli , Pseudomonas aeruginosa , Bacillus subtilis and

Enterococcus faecalis, and polyamine content of Nutrient Broth and liquid GAM medium used for their
culture. Typical data from Fig. 1-1 (E. faecalis grown in GAM), Fig. 3-2 (P. aeruginosa grown in NB) and
Fig. 5-2 (E. coli grown in NB, B. subtilis grown in NB, E. faecalis grown in NB) are shown. Bacteria
growing at 37°C were harvested at late-exponentially growing phase. T, Type strain. Abbreviations for

polyamines are as shown in Fig. 1-1.

Polyamines { pmol/g wet weight cells )

Dap Cad Spd  Spm Agm  AcSpd  ADCad

Kscherichia coli TAM 121197 000 027 070 018 000 000 033 002
Peeudomonas aeruginosa JAM 15147 003 057 059 0AT 0.00 000 0.00 0.00
acillus subtilis 1AM 121187 aon o0 000 098 000 008 0.00 0.00
Enteracoceus faecalis JCM 5803" '

Grown in_NB _ 0.00 0.01 0.00 047 0.00 0.02 0.00 0.00

Grown in GAM  0.00 0.00 0.00 .20 0.00 0.00 0.00 0.00
Nutient Broth ( pmol/l ) 0.00 0.03 .06 0.07 0.01 0.01 0.00 0.00
Liquid GAM medium ( pmel]) (.00 0.156 .10 0.05 0.01 0.01 .00 (.00
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BN b nb, Bk DM TOREREOREERA
DR T I UVERIZOWTIE, 6 ETHHILTWAD,
FHER T, #HH LB TEE LS TOLEIC
BWC, ARVIV VTR F BB L, MEk
BOT T F AIERR T ARMENTH - 72 (Fig.
1-1B) (NB 5552 A T HPLC 4471 Fig. 4-2
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® B-control ® Fig. 520 B-control ), FEHE T
X, RV T IvEE0GER (NBRGAM) 56K 7
IVERYAATEIFICHEES 5, GAM B2 TIE A
N3P rx (Fig. 1-1C), NB H#ETIEEANRLVIY
YOMNCT I T ERIETAGEbH S (Fig. 4-2
@ C-control % Fig. 5-20 C-control &),

SM~+L -Ala ¥:#b % 721 SM+D-Ala ¥l BT 5
D-CS 2 & 28R M#t # Fig. 1-20A, B, C& L

! VT '
IJ\ Spd | xU\\ Yl lAgm \
g " - kMJ\H_uJ“M‘k H{M

jAgm
i

Elution time {(min)
§M+D-Ala 199 SM+D-Ala 199 GaM
control control  control VoM control VCH

Fig. 1-1. HPLC analysis of polyamines extracted from Escherichia coli IAM 12119 (A), Bacillus
subtilis IAM 12118 (B) and Enterococcus faecalis JCM 5803 (C) grown in the complete
synthetic medium supplemented with D-alanine (SM+D-Ala), synthetic 199 medium
(199) and GAM medium (GAM) in the absence (control) or presence of Vancomycin (VCM)
at the concentration (ICs0), shown as arrow in Fig. 1-2. Bacteria growing at 37C were
harvested at late-exponentially growing phase. Abbreviations for polyamines: Dap,
diaminopropane; Put, putrescine; Cad, cadaverine; Spd, spermidine; APCad,
aminopropylcadaverine ; Spm, spermine; Agm, agmatine; AcSpd, Nl-acetylspermidine.
Printed numbers on elution peaks are corresponded to the elution time in scale of

abscissa (min).

Relative fluorescence and elution times are omitted in other HPLC
chromatograms in the present study.
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T L7z, 3HME B2, D-alanine ZHEH D )7 A%
/IR EE (MIC) %°50% 3 fHE w1  (1C50)
IEE VIR E 72 > THB Y, D-alanine f£4£ F T D-
CS I EZWR L TWEHEETH 72, D-CS 28
Alanine racemase & D-Alanine-D-alanine ligase D%
FEMHER CTHLZE2ENTLT -5 TH D,
SM+ L -Ala #5# % 7213 SM+D-Ala 5 #i T DR H 4
BTRYT7 I VR AEITREOLN W L, ThHD
B CTOEBRTIIRY 7 I 2 GH LT B gl 5
WHhEX1SL 2 EPREER &, & 05 D-CS HE
HWORY 7 I VHIE L TWwizwn,

VCM (3 KBFHE I3 R 7 7230, NB TOH;#ETIZ
g (80 g/ml) © VCM FAETCHHIEL, 20
HTOREREOR) 7 I VRS WSREAO N L
HREFBO D572, 19985 M TORF R & GAME; H
TOBEKEICE LT, VCM I X 2 HlHEEE* B
C o7, Fig. 12D, 2E 2R L 72%950% 5 PH
ETORKEED, KT I Vo EiT->72, MDD,
ERTERHITRLIZENZFNTH S, 1R (control)
R —HEENS DR 7 I VSO HPLC 45 #iks
R0, RT3 VORSEERLE®&ICIIEH 2RO
BWKERTH -7z (Fig. 1-1B, 1C). T D#ERIL,
VCM EHEFE CTOARNV IV VGl T 7~ F &
W, BILUBERETO AN I Y VOB AR HE
52 TR SN DRERTH - 72, MHIET
DINEDE) T IV LAV UETH DL Z &
ELRLTWEEWVR L, MEOMAIgEERTF N7
B RO 2D D-T 5=V ITKREHELT, 4445
A X 2R ~ —fb % [H5E 3 5 e B & B B A ©
5 VCM OVEH &R 7 3 Vi3 Ba 3 5 WREME T
TwoTHA), FIENOR) T I LARLH RS
5ZETVCM OEHZEHL TWwAEZ b3 %)
Thb,

Fig. 1-2. Growth inhibition curves of Escherichia coli IAM
12119, Bacillus subtilis IAM 12118 and Enterococcus
Saecalis JCM 5803 in the complete synthetic medium
containing L-Ala (SM+L-Ala) (O) or D-Ala (SM+D-
Ala) (&) (in Figs. A-C), synthetic 199 medium (in Fig. D)
(O) or GAM medium (in Fig. E) (O)by D-Cycloserine (D-
CS) or Vancomycin (VCM). The growth of Escherichia
coli was not inhibited by VCM at the concentration of 80
«g/ml . Arrow indicates the fifty percent growth-
inhibitiory concentration (ICs0) by VCM (Figs. D and E).



2E., 3BEDL-TVRLRMENME (XTI
—31)> PCG, ExXZYU> PIPC, 70%
¥t 7 FMOX) ICL 2 AKBHE, #HEHR, B
BOEEREEE R 73 O ERBEEDLE

NB (TR, &R, hHEREEZE#EL, PCG,
PIPC, FMOX |2 X 2 HFlHEER L ), KFEAITO
50% 3R E R E (ICs) %K 2 &L I, ZOik
JEVTIN T OMEIEEE SR 7 3 2 dhiit Lo L
720 Fig. 2-1& L C3HEMEOBGH HHE## % 7ER L 72,
FHE Lk 72 ICslx, KB T PCG 1318 1 g/ml,
PIPC (305 g/ml, FMOX 130.09 2 g/ml, A H T,
PCG 138 2 g/ml, PIPC (312 g/ml, FMOX (30.08 x
g/ml, B3EKE T, PCG 130.7 2 g/ml, PIPC 130.4
g/ml, FMOX 1336 1« g/mlo AREBRSMETIZBWTIL,
KIGHE ERERE ICIZ~=2 1) ¥ %D PCG % PIPC &
D7 7<43 %0 FMOX O S EIEH AR &
, BEREICIZZDHOERTH > 72,

[Cso T DFFR W AR & 3 O BRI X D 4B L,
FRAi L7280 7 3 V140 HPLC #0is R %, Fig.
2-1CHIE L7282l OB E  (Agoonm) D720 DR
7 I yOENVE (pmol) & LTHEE L72D D Fig.
22THh5b, L72Do>T, ZOMIIEHEAEHOKR) 7
IULANL (GBEE) #FELTWAH I EIZh D, 50%HE
B OB HE % 5213 T b KB E Tk, PIPC %
FMOX 12X 2HETRE) 7 I VEEDKRTHDH Y,
TrLAY Y ERTRY) P OBKRTIE L7 (Fig.
2-2A) o AEEMLEET X B EBRMIEIL 2 VA, BGEIHE
BEIFTYH, ANV I T VEEORTIZERETHY,
MR 2 AV 3 D v EEIIKE (o Tz, 70T
] HE & P N TG E 25 ik K Td o 72 PIPC D1 4
g/miBNEE A (Fig. 2-1AZMR) T, 7HF VAR
WIDVUPETL, ZOHANRLVI VUL TWY
72o LL, TNHDOEAPANV I OT 2F IV
L2 HRYICHEL TWA20TIRRL, E) X))o
FEEETCIE, FBRELTANRLVI Y DT 2T VLA
SN Tns L NG,
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Fig. 2-1. Growth inhibition curves of Escherichia coli IAM
12119 (A), Bacillus subtilis IAM 12118 (B) and
Enterococcus faecalis JCM 5803 (C) in Nutrient
Broth by Benzylpenicillin (Penicillin G)(PCG),
Piperacillin (PIPC) or Flomoxef (FMOX). Arrows
indicate the tubes near at ICso used for polyamine
analysis.
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Fig. 2-2. Cellular polyamine content (pmol /absorbance at
600 nm for growth turbidity) of Escherichia coli
IAM 12119 (A), Bacillus subtilis IAM 12118 (B) and
Enterococcus faecalis JCM 5803 (C) grown in
Nutrient Broth in the presence of Benzylpenicillin
(Penicillin G) (PCG), Piperacillin (PIPC) or Flomoxef
(FMOX) at the concentrations shown as arrows in
Fig. 2-1. Abbreviations for polyamines are as shown
in Fig. 1-1.
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Fig. 3-1. Growth inhibition curves of Escherichia coli
TAM 12119 (sensitive Type strain) and E. coli
GN3451(SM-resistant strain) grown in
Nutrient Broth by Streptomycin (SM) (A), and
Pseudomonas aeruginosa 1AM 1514
(sensitive Type strain) and P. aeruginosa
GN231 (KM-resistant strain) grown in
Nutrient Broth by Kanamycin (KM) (B).
Arrows indicate about ICso in this experiment.
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Fig. 3-2. HPLC analysis of polyamines extracted from the cells of Escherichia coli IAM 12119 (sensitive
Type strain) (A) and E. coli GN3451 (SM-resistant strain) (B), and the culture supernatant (Sup)
grown in Nutrient Broth in the absence (control) or presence of Streptomycin (SM) at the
concentration of ICso, and the cells of Pseudomonas aeruginosa IAM 1514 (sensitive Type
strain) (C) and P. aeruginosa GN231 (KM-resistant strain) (D), and the culture supernatant
(Sup), grown in Nutrient Broth in the absence (control) or presence of Kanamycin (KM) at the
concentration of 100 or 200  g/ml. Abbreviations for polyamines are as shown in Fig. 1-1.
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Fig. 3-3. Comparisons of polyamine distributions in
the cells of Escherichia coli IAM 12119
(sensitive Type strain) (A), E. coli GN3451
(SM-resistant strain) (B), Pseudomonas
aeruginosa IAM 1514 (sensitive Type strain)
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(KM) at the concentration of ICs. Polyamine
contents (x mol/wet weight of cells) were
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cells). Abbreviations for polyamines are as
shown in Fig. 1-1.

5E. EURAIACEBRMEMEICLZKEER, #
BH, BEEOEBEMRAEE R 7 I CEKAE
FTTI1ET LR, KW T, Fig. 5112
RY LIS, BEABE (SM+L-Ala) TIXHEEE
<, NB TIIBEEN SV, 70 F %2 v
(OFLX) |2 X % B5H FH2 2 3 B0 B DS W 52 Ak

99

Absorbance TAmmunm]

500 250 125 64 31 16 £ 4 ¢ | D5 42 01008003 O

Drug concentration | we/mll

Absorbance [Aspond |

s00 ‘pgn 1245 B3 31 18 [ 42 1 oa5 €

Drug concenteailon [pe/ml]
08 - -
C .
0_5 ............ .
0.4

03 -

02

Absorbanee Ay |

=

]

SO0 250 125 @3 31 16 @ 4 2 1 Q5 02 00 pdsongs o

f ) E— . . S

Drug coneceniration {pe/mli

Fig. 4-1. Growth inhibition curves of Escherichia
coli ITAM 12119 (A), Bacillus subtilis IAM
12118 (B) and Enterococcus faecalis JCM
5803 (C) in Nutrient Broth in the presence
of Erythromycin (EM), Chloramphenicol
(CP) or Tetracyclin (TC). c, control (0 x
g/ml). Arrows indicate the tubes near at
1Cs0.

BT, IVEREELEL L, T, lo=a—
¥/urCchHsb/NV7aFxH Y (NFLX) 12X 55
FHEEE T RO R TH 5720 T, DL OFLX
WL BR)T I VERANDOREE TR,

Fig. 520FRY) 7 I ViR # 5 L, OFLX 2
LD 50%¥EhHE (ICs) D NB Eibic & 2 5538
BATIE, 7R ETEFIVARL IV VDOKT
WEE R DODG 05 Figs-1HDOEHDEE TOH%E
HIRIZOWTO HPLC 27 0= b 75 ADRENT W
Bo TRLAL Y EARLI Y Y OMMEDZALITER
DHNLE N, FBEGHE SM 12X 28EFARTI,
OFLX FHETIZ 7 P LAY VOB KE P o712, A
NIV ETEFIVANRIL I D Y OLSKIE NB B H



100

Cad

EM

Put

tad

63 /ml

control
(8pd 200.g/ml)

32pe/ml

|
Tt
EM

control

2ml

A

1y
bug/ml 0.2ug/ml 4e/md 5oy 500, ml)

Hpd
control

2ug ,."ml

Syl

il

TC
lug/ml

H
wf - e
M

Inz/ml

Hpd

g

!

}

|
control

crp

m,g

2ugiml

e e

- ;’dfs“V [Ri———

W

1c
lpa/ml

M

wil

A -

v

a?ug ,/m].

Ml

Fig. 4-2. HPLC analysis of polyamines extracted from Escherichia coli IAM 12119 (A), Bacillus
subtilis IAM 12118 (B) and Enterococcus faecalis JCM 5803 (C) grown in Nutrient Broth in
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Erythromycin at the concentration (ICso) as shown in Fig. 4-3. Abbreviations for polyamines

are as shown in Fig. 1-1.
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Fig. 5-2. HPLC analysis of polyamines extracted from Escherichia coli IAM 12119 (A) Bacillus subtilis IAM
12118 (B) and Enterococcus faecalis JCM 5803 (C) grown in Nutrient Broth (NB) (A-1, B, C) or the
complete synthetic medium (SM+ L -Ala) (A-2) in the absence (control) or presence of Ofloxacin (OFLX)
at the concentrations shown as arrows in Fig. 5-1. Abbreviations for polyamines are as shown in Fig. 1-
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Fig. 6-1. HPLC analysis of polyamines extracted from the cells of Escherichia coli IAM
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supernatant (Sup) after the cultivation in the media (B). Polyamines extracted
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12118 grown in 1640 medium and its Sup (D). Polyamines extracted from the
cells of Enterococcus faecalis JCM 5803 grown in 199 medium, 1640 medium, the
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as shown in Fig. 1-1.
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Inhibition of Growth and Cellular Polyamine Synthesis of
Escherichia coli, Pseudomonas aeruginosa, Bacillus subtilis and
Enterococcus faecalis by Antibiotics

Koei HAMANAY* | Yoko YOKOYAMA?Y, Satomi TACHIYANAGIY,
Rie TERAUCHIY, Tomomi AIZAKIY, Eri ARAIY, Aya SAITO ?,
Kaoru UCHIKATAY, Hajime OHNISHI ¥, Wakako SATOY,
Kanako GOUMAY, Jia Yu", Yurie INOY, Yukiko UMEMURAY,
Chiharu MOCHIDUKI" and Ryuichi HOSOYAY

Abstract . Cellular polyamines extracted from the bacteria Escherichia coli, Pseudomonas
aeruginosa, Bacillus subtilis and Enterococcus faecalis grown in the absence or presence of
antibiotics belonging to seven chemical families, at fifty percent growth- inhibitory
concentration (ICso ), were analyzed by high performance liquid chromatography (HPLC). E.
coli synthesize putrescine (Put), cadaverine(Cad), agmatine(Agm), spermidine(Spd) and
acetylspermidine(AcSpd), P. aeruginosa Put, Cad and Spd, and B. subtilis Put, Spd and Agm.
E. faecalis produce no polyamines and uptake Spd from media. Cellular levels of the
polyamines were compared between control bacteria and the inhibited bacteria by antibiotics.
All polyamine levels in E. coli, and Spd and/or Agm levels in B. subtilis and E. faecalis were
not sensitive for the presence of Vancomycin (glycopeptide). By Benzylpenicillin, Piperacillin
and Flomoxef (2 -luctam), Put, Cad, AcSpd were decreased and Spd was increased in E. coli ,
and Spd in B. subtilis and E. faecalis was decreased. Streptomycin, Kanamycin and Amikacin
(aminoglycoside) repressed acetylation of Spd in E. coli and Cad synthesis in P. aeruginosa,
including sensitive and resistant strains for the drugs. AcSpd level in E. coli and Spd level in
B. subtilis and E. faecalis were decreased in the presence of Erythromycin (macrolide),
Tetracycline (tetracycline) and Chloramphenicol (phenylalanine derivative). AcSpd, Put and
Cad in E.coli and Spd in B. subtilis were decreased whereas Spd was not effective to Ofloxacin
and Norfloxacin (pyridone carboxylic acid). AcSpd synthesis in E. coli was inhibited whereas
Spd uptake in E. faecalis was not, by the antibiotics.
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