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—¥ i Pyocianine AR EE T IHTFIKOWT—

RILAPEREBUENFEE (FE: HE F&RD

(5% - SBHLNRE)

& i g x 53
(FEFI404E 6 A28 H ZH3]
A & B X
1 4. JEERBOFR. RIEZBORE
R RO ER ik 5, iR pH OXE
FERAL AR 6. HODHHE & Pyocianine pE4: & DEGFR
1. BEESRUDMNEDOLE = &
2. A VORE W
3. NERIDOXE X 1k
] = RERHHRURRA X

BB DA T ABKICONTIY, COHDIER (iR 1% : BE R D Pseudomonas aeruginosa - i

HTH? Gessard) DHFEEMRE LT RS DMK
BH5. BICEDEBEHKD —ET b5 Pyocianine (T
BELTid, Fordes? M5 THEEHELTERYDIBL,
Wrede and Strack® | L DT+ DEEMUE XL
MBEICERRIRBRAKRTHD, HRAKELAT?
7x2+ YV VEBEBRTAREL LTERINCHRE SN
bOTH5,

LoBEOELECELTIR, RBEERLEREED
BGRICE N THE DHEHILE T 5 45, Burton
D DREHNEOELELEDNODELTHELT
&%, BOHEITL S &, Pyocianine A ICKITT
REEKHRIE—D DTN, B2 ORTFALE
Ll BiC7 L/ BOTmOMNTRT7=vEo 4
VYBBETHD T ERBXTW S, —Jf Black-
wood %> Neish 6 {3 MC TN shiz E % H
WTHRI L, Glycerol A8 d 3 & hu7- Substrate T
BY, 7I/BIIREE L TIALTEI NS
DRTND,

EEZIRMEICK S Pyocianine FELED BRAD B
HRHICH L THEICRI Y, SEHLTEEIC
RS2 MRA IO THET 5.

AUfc, TR AR L THILZET D,
T TE R ST T 16~ 24 RT3 U 2o Bk bk A 2
SRICHERA L.

EREEE S « VBRI RIES, BOkibYs, 73
/B, EDTA i3 ~THRBREMN .

Pyocianine FEAE DUITE : $5ICHTH S15VR L 37°C,
24ISRE: %, BRI 2 ~ 3T E B NIRNICE
£y, WEHRUEOT <Txarxvicey, 7
o o RV ATERMEET > TR L.

£ B B &
1. ZFEEMRUPRRHEY O LS

W B KB Pseudomonas aeruginosa %1% L
125581213 Pyocianine DEEL(T FRA & @M S
Uy, T DRI & iy, Glycerine, A-glycero-
phosphate, Pyruvate % & 2 #& M M/10 1275510 <
BMLTTOXEERL,

F LIORT I M DYE AN U 18O LB KBS
HTIZ Glycerine N~ IEEGICDABRIEDELED
Rontc. HE~DMEHIT MgS04 % M/soo ¥5 N
U745 7, Glucose ¥ Glycerine {RINANT 35 1N T
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BEOEENSRONS. TOMDBERNTIE Mg

14 Y DEECOOOOTEBELRED SNILL.

* 1 Pyocianine &L RIETHEBERTFHAARHDOLE

\\\fff
Glucose
Bt

B-Glycero

Ribose | Lactose Maltose | Saccharose | Glycerine phosphate Pyruvate
gEmx| _ _ _ _ _ + _ _
¥ e
R b _ _ _ _ N _ _

Hi+MgSOy | T

Y 33 - S S
wmd /oM (R#RED
MgSO¢ : !/soM (¥ BEE)

Glycerine #5/Ni3 Pyocianine EEAICHFICARITH
5DT, TORMBEORIIEERI L.
L ZO#REIM/0 GERRED) RIsREHTD
Dfchs, M/w LD Glycerine FHNT b EH
RRFTHIHEIEER.
R 2
Pyocianine EE4IC RIET glycerine D ERE

fégzg% 0.1/10 [0.25/40| 08/10 | /10 | 2/10 | 4/10
Pyocianine
e 1 + + H+ | W | |

i AR
2. &EAFvOXE
Glucose Z 7RI L7 BT, dbE¥TMg /44 v
DORMMHET HBEL WD DT, M/10 Glucose
RINCXd 5 MgSO4 IRIMBDREZ TV, L&

b M/ D EOBRMOBBHBET H5. L Litoe
BAA v, BIZHE Fe 44 X3 Mo 44/ Tidfl
$hTHoil.

Glucose ZHEFIC ANICEAITIE Mg 414 visk6
ETHY, Fed & VIZAYTIROEMH DM, £
ZC Pseudomonas aeruginosa @ Glucose, §-Glycero-
phosphate 27, Glycerine DEE{LREICNT A b
ERBAF VORBERI LT, R4WTRTHL,
Glucose ZEHEDEEDBEHERICHL, Mg1z v
BEROITREERL, Fe 14 TRULABHE
HEBIMET Lok ER U, BH Glucose 5
#HENT, Pyocianine EHICHEREM~DEILIC
Mg AAVHHBETHIEMILMAS, | 4
Glycerophosphate, Glycerine HE DAL MgA 4
VIR 2R L, Fe 42 vRMbM EH O REE
N Py

* 3 Pyocianine EEAEIC RIETEE 1 4 v O E

S— AmaRA ’*{M”ﬁi’%g /
: ole 0 1/9000 1/1000 1/600 1/950
o BB KRB - - - - -
MgS04 F
o ’ B ﬁ-i—%:lu?os:g i B ® + 1 H
B E 'K Ko - - - - -
Fech |\ " @geXBE® | _ _ _ -
L ~+ Glucose
¥ @ R B - - - - -
Much | g % % & H — _ _ _ -
+ Glucose

7Rin Glucose: 1/j0 Mole (#%#%EE)

Ethylendiamine tetraacetete (EDTA) {3 &E 44
vEFV— MEAYMED BN, BT MgAA v E
e THALT, MEREICHLTRERSN

31D, % T Glycerine IR~ 7 b v K KT Glucose
WINR7 } vKIC EDTA &R MgSOs D —E
EZN~T, Pyocianine JURRIC Mg 4 A v HIBET
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H5YERED W, Glycerine RINEHERHEH T3
EDTA #RinE %183 &, Pyocianine BEAIIMET LT
&, /oM GEREE) © EDTA JRITELRRD
Shisdi5. /soM @ Mg A v 2BRMLIcDD
T3, JEE VsooM @ EDTA ¥RINT 2 DRREHHTH
INBHEEB. Glucose FRINKEHIT b FIREORK
FEEBAIBSHFE. BB 1/50M O Mg 44 VI
mic L 2%ES FElErD EDTA THRINS KR
%187,

EDTA OABZHRMNT 2 LHORBE I 5N 5.
COREHEE X 2EEKT, KEOHMBUSORMN
FRLTON. RITRERLOIY, TOBAITH
BRALMZ ShiihDrcds, KERMTIE Mg 4
#F v 034EET 5 A%, Pyocianine EEANMH LS ik,

F4 EBERHEERBCRET Mg 14 Fe
1% v RNOBE

N -Glycero .
S EAAY ' Glucose phosphate Glycerine
- | 23 | 139 42 52
MgSO4 19 226 38 59
Fe clg 32 65 55 68

HBRREMICITC I5HMEEE 5B EBRIE
KT, 3SEEHELELOXH#E.

Hf : me/cun

EH Mo (RRED

EeEn®E : 37°C (1 BRE)

EBRAAY M (RBE)

# 5 7 EDTA & Mg 44 v OHEEKERE
\?,37][] EDTA |
BB
~ Mole 0 1/9000 1/1000 1/500 /40 1/333 1/9%0
~ \\
+Glycerine #H . +H + + - - -
+Glycerine
+MgSO04 Ht H H 4t H+ +H +
-+ Glucose + - - - - - -
+Glucose + + + 4 _ N -
+MgS04 -

FE sk : 0.3% Peptone 7K
%0 glycerine RIX glucose: 1/3oM (3R E)
7im MgSOs: !/s00M  ($29BEE)

3. NERmoXE

—MORKBRIT IR EBRREMRIZ <7
Py KERWICH, NEOBHRE®RSTSHNT,
BRERE RO TUTOERE T2, CHRIZ
Glucose, Glycerine, Lactate :ZELELY, Zh
{T Alanine, Glutamate, Aspartate 2FRINL7c. -3
NOAEORBERTICODOH ST, COERDOM
BMNTid Pyocianine DFEAICIE Alanine HAHET
HBREEG,
4 EENOHR. BIREBOXE

{RIT Pyocianine EEAIIC KiZ Y PR, BIMSE
BOEBLER LIz, & 713 Glucose FRANKEHODL,
BT, FEEABTROShOBHISHTOERER
ENTHDH, Mg 44 v EMA I BEDS Pyocia-
nine A MR SN A3 FABROML THS., Ll
RIRETIE, MhoEMRAETOH LV ORER
BHONDH, Mg 4 v RO AIC HPyocianine

£ 6 Pyocianine EAEBICRIETNROKE

CHE NE | mowoE | PaE
Glucose + Alanine 4 +-
#  +Glutamate H- -
#  + Aspartate H -
Glycerine + Alanine H- 4+
” +Glutamate H —
” + Aspartate + —
Lactate + Alanine H H#
#  +Glutamate +H —
# -+ Aspartate H —

S kel : Phosphate M/g000, MgSO4 M/5g0
Nacl 0.85% (M)

BMCHE: /o M (HRE

HMNE : Yo M (RBE
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PEEAIR ISV,

{RICE 8 O Glycerine FIEMICHOTIE, R
HIRE1E O3 B3EHE, Pyocianine BEAILICER LD
XL, BERBTRIRBRIBIFTHIICObDD

F 7

K OB ¥ W

579, Pyocianine EEAIIFAY SIS,
&7, RANDHEMEHTHRIRETI pH
BRPENEABROSNS M, MIUCLTD Pyo-
cianine FEICHSHIREGNBETSH 5 Favh-o1:,

Pyocianine EEAIC RIETHIMIRBOBE (1)

—Glucose Fs N —

epto! 7 0!
AT 1% Peptone K ¥ 2 % Glucose 2 %Glucose + Mg
o 210 —
R B E + i +
R E R FPyo.EéE& — + 4+
| #® pH 8.6 8.0 7.8
1 ¥ B B + + +
B M B % | Pyo. AR - _ _
| # pH 7.2 7.0 6.8

%Sjm MgSO4: U/s0 M (RiE)

HREER  RASEMRE 2T XL L T 57, 300ml =< vic 50ml OFEE#HEY AN

L.

B ZHIEE R 1 100ml T v < v i 50ml QEEEMEANT VT — 5 —FCHR, EREALRS

E&EDEL THRSEHER - 2.

® 8

Pyocianine E&iC R THSBSREOLE (1)

—Glycerine FRiNkLii—

\\\\\\ff%m ot roneme £ |12 popeme
eptone 7 eptone
\ —— 1% Peptone K +1 %PGlycerine +1% grlycerine-i—Mg
EREH T
® H E + ++ +
R R Pyo. 4K - H : +
#% pH 8.6 8.2 7.9
® B B + + -
o 3-SR Pyo. BEE - - -
% rH 7.2 7.0 7.0
ZRhn MgSO4: /s M (#i%ED)
AR RTIRRELU
HReER: RTEL

5 LNy pH OEE

RITHEM D pH DZE{LIT X 5 Pyocianine BEH:
DFEA{L%E K L7-. Pseudomonas aeruginosa |ZMEYL:
TTEREMNEL, hikfhEb#EL Tz hllko
PH TX<3ET 5. %92 Glucose fii Peptone sk
TR pH %4, 5, 6, TIZLTHEETOERYE
& Pyocianine EE/4-HE & R7-. k4R pH 28 6,7 T
73U & Pyocianine i/ {2 754, ARBRIRDHON
B, ThREBRZLBUDRVERR, BREE

DIRNEWIET ~ & &S h BB A
1T SR,

RiCkER pH %7.6L —E L THERDPO pH OX
LD BAH 1, FROFEMIRI0ICRT
Glucose i Peptone 7K Peptone % 0.2% &{EiR
BEEL, RN Glucose DEZE Voo V1o V15 V5
M CRIBRE) EZE(bE LD TERET DL

—{IC Peptone DEEE%A TS, Glucose EA#T
& pHIIHCETT 5. XZOTRORBINIK
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#£9 Glycerine #in Peptone X Ciglh
pH Z{kic & 5 Pyocianine FE4

Pyocianine
£ pH B EE # pH E A
4 — 4 —
5 — 5 —
6 + 8.0 +
7 + 8.0 +#+
P Peptone 1%

Glycerine /10 M (¥ )

#10 Pyocianine B4 RiET Glucose M
REmc X 218% pH TRHOBE

%lggiﬁ &%Mﬂglei) % PH Pyocianine Z4:
l/w 5.0 +
l/w 4.6 -
1/15 4.5 -
1/5 4.4 -

P : Peptone 0.2% (Hi8E)

MgSOq M/500 (#5394 BD)
itk pH: 7.6

% pH 24.8TH Bk, BHEEKCRTRLER

T, X 5 TNaOH CpH10.0 CEERIGRY 2 L.

AR FINES R L1 3T) F m

1021

ARIWMLT (M/2% Glucose K 7% M/es Glucose FSi
DERERRELTRT) , M/o Glucose HEhND
BA2, ERI0BM%L DIk 2ic pH BT
%, #& pH {35.0MLEIGEL, TOMICERE Y
BRICERD 5ND D% M/es IRIND 412 pH 1320
IETEELTRBLRA LBD SN,

Pyocianine {3 pH 0EH:0D £ T BRE R
3V, CHid Pyocianine {2 pH DZLTRESR
KTBHThHD, EZIHHER L7 Pyocianine D
& pH It 28812 K1l O TH3. L1:

#*11 pH ZBiic X % Pyocianine D

PH fa
0.60 b
3.05 b
5.05 3
5.20 #*
6.10 =
7.30 &
9.60 #

OTHER pH 46,00 T3 pH ZH#LLE
K EFTHRIT 2 LENHS. RUOBKIZZDH
BTHE L, 1/2M Glucose FINDIFEDHIT Pyo-
cianine EA MR S,
6. BEODOFB & Pyocianine EELE & DBk

i, REEBOHBRRY pH OXHIC L 5 ERO
BED S, HORB LV S AGRRELCKELE
ZE3DEIDERIFVMEILCE DN, ETTEY
EREEAEATERENERTAIRbST, A
ANICEBMOTERL &R LY, BORE L Pyoi-
anine EH & OMBBGKRERN, RI2IRT 0L,
TEREEEAICRIF 1/10M glycerine #3 /il Peptone

#12 SIS H& & Pyocienine 4 OBFH

oH :3
81 ol gfucose:H5M  (RERIZM {3
7 L
12
61
5 1!
b
e
sk
5 10 15 20 25
PH "}%
8t gfucu;z.'/‘(aﬂ (M!]MU 13
7t
42
pH
6L
sl 11
i¥ n
A BT e il tediefidadied shndefsieds dedetobeedil Y v
5 0 15 20 25

i : 0.2% Peptone K, MgSO4M/500 (¥eipr)
CORMIE B RiE DI glucose XML o
PHR AV pH A — 5 — 1T, BRI KBHEREC X

DREL,

EREE | mamE | gopH | Eyotanine
2me/my — 8.0 -
0.4 + 8.2 +
0.08 + 8.4 ++
0.016 + 8.4 +
0.003 + 8.2 +

¥l : Peptone 0.3% Glycerine 1/10 M pH 7.6

Incubation :

37°C. 15hrs



1022 R ¥ ¥ ®

KTHKpH BPELIETHDOTH, BIEEE2mg/ml
T, TOHROBEEMOED SNEOKRLEATI,
PyocianineZE 4 (338 H IS L, {RIATH EO. 4mg/ml
0.016mg/ml DB IIEEMGERT HV, BREL
bRIFTHS. UL LiEHER0.008mg/ml DR
REBBIFTH S0, SRR TREER M
5T, SLTHEL LS DT, Pyocianine BEEAE
PP E R TR/,

BIEETH DT b Pyocianine 284355 h
i, KEEFHOLDOEAB®D Pyocianine EEA DD
DTIWETHS Y, RECKLUIEREEL. B
%t Pyocianine LRI LN THRELVELTIEN
TFREIhi,

E %

FRIME 1 218824F GessardD Tk DT g%k LIl
P oPDTHEI NI, COMLIRCOEBRES
FEEDL LR TEBOMESIL IN TR,
FEOELTSBERIIZEDYD, €D 1O23FRE
@ Pyocianine THO, iIHEOEKXE*KT 3
Fluorescin TH 3.

Bi&ZD Pyocianine {37 x+ Y VHFEHIEKTH DT
ZOEBRENERDABRICLEREHFIC 0TI
FFRICBO TR~ $BOF LB INTOS,
—MIUCEDT, COBRELICIIT I/ Bichnz
T, Magnesium, Sulfur Source HAETH 3 EL=EDH
115, Burtond® {3HC 7 I/ BEE LT Alanine,
Leucine %353 L, Blackwood® % Glycerine %%
PBETHHELT, 7I/BEIBERLTWS, 20D
BOMFTDOERICE BTV, Frank? %3 Alanine
&, % U T Glycerine 4% Jointsubstracte & L T4
HEBTHBEDNTVA, X Kurachi® (3 Anthranilic
acid %3, Millican®) | Anthranilic acid DRERET
%5 Shikimic acid #% Pyocianine AIKICES.4 3
TEEHELTVS,

F#HI Pyocianine EAEKAE HEALBEDOED S,
BRiZH, BERCOOTRIMEMA L, EBOGE
BRAETH, Glycerine BT NI RREAEDTH
NEZFRWPSHTHIM, chucRB bDELT
Glucose+Mg 44 2 Hf Shd. Bl 5 Glucose+
Mg 44 72 Glycerine &4 RIBEDOEELXRT.
Blackwood® |3 MC T35~ L7z Glycerine 12 Pyo-
cianine {T Incorporate 2 HAED~TIVE, LM
DT Glucose i& Mg 44 % Cofactor & LT,
Glycerine X Convert L, Pyocianine 2FRIZ3H SH

3bDEEZ S5ND. Mg 414 I3 Dihidroxy aceton
phosphate—Glycerine RiCHMNET 53 LAk,
Embden-Myerhoff RICHHLBETHEDTHEH, C
DISEAHIE BEMERIC, %FiL TCA cyde 2 AD
TH 5 Energy 2825 FRAETH50Dh», XNhGE
IC#¥ 9 ADPNH Linkage iZ59 2  OhIIMESR
RIS, EDEOMEOTHRMSEZL SNE, &
IR D Glucose B{bkDs Mg 42 VIRINTH {REX
N3EEDG S, ChERBREMBICEELTL
3ENEDNS,

NFICHE U TRERSERIITOIDL DR,
DEGENEBRER SN TS Alanine 3EH &ELTH
TERINS € LT Burton® DIWELE—FK LI,

PH OEEBLLT pH 6.0 I TOROBET, X
BERPED ICBRIEICE  BA1TIL, Pyocianine O
EHRRBO SN, DN, pH 6.0 TiT L84
iz, HORBLHID oL DT, TToRH
RBEIELTNE EEZ S5N3. Glucose D KB
M%&FT>T, Incubate HiT pH H3:EDIT T BRE
DFE, REHROLALHA LEDSIT, Pyo-
cianine DELD AP "9*1.*&0‘. LT HUREZD
NBHEL, Pyocianine FEAIZHIMMICTED DBF
BHLENIETHS. FHRINEHELDS B,
RIHEE 20mg/ml &V HBRET, ZoMfoRT
R NTHRE LD TEEETOR.

BaillOD “AEMEHZRT” OfESh SEAE, 0P
CEBRRGEBRIOTHTH, 2 —EREL LT
BiEELIZVENDR, % M-concentration
&S, 0.4mg/ml LIFDIRIAEIEE Tid Incubate
KX DREFITEDON, XAKELLEEIGEYS
n3. LHL 2mg/ml Tid, £DHROBEDOHEIMHR
HohY, BRELLEDONIIL, HUBERE
THHRAURM O IBREESBDONEET
3735, ZBOESEEL TV, BREEY
SOTHRVETHS, L ULERRIBRELENR
Bohd, BRELCIEREILETHELEL
Sh3. XZEOMDERICE VT, HOBMEL
Pyocianine EEADHE A ME LK T, HEMEO
B SNROKRBRESRZBOEVIFBRLSL.

¥ ]

Pseudomonas aeruginoss DEELET 57 =+ Y VB
%TH% Pyocianine DAEARIC RixT BENRT
KOWTRETL, ROBRERE.

1. Pyocianine DEEAITII Glycerine DBETH



GimBEES B¥% “Pyocianine” (ZEHF AW 1023

2% Glucose+ Mg 4 & VY ICKDTHEEWI 515, HTIIRBEHEL, Pyocianine DEAHED SIS
2. NfE&E L TidAlanine, Glutamate, Aspartate v, Xk pH MhEREIC B DTS, Qkic pH
2REONRE LHIBETE, Alanine DHMBEXD MFBEEBETRELESAIL,

h5. 5. Pyocianine BEAICIZIRDOREBHLATHDT
3. REKOSMEHTR FREHORICOS FTAUHERET REEMRD ShT.

B SN, REARMET IR R S Mkt 5 ich LARET 565880 o i IR 2

NTH, Pyocisnine DELHIRSNISH DT, B0 e BEFH ERBWIC & BIGHICER T 5 BHE

4 REMO pH OBETI, pH 6.0 ITFOM wELET.

X it
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Studies on the Physiological Factors Participating on the Biosynthesis
of Pyocianine by Pseudomonas aeruginosa

By
Saizo Sakano

Okayama University Medical School Department of Microbiology
(Director ; Prof. Sakae Murakami)

Pseudomonas aeruginosa produces the two pigmeuts, namely Pyocianine and Fluorescin. The
Pyocianine is bluish green pigment and is derivative of phenazine pigment.

In this paper, the physiological factors that give influences on the biosynthesis of Pyoci-
anine by Pseudomouas aeruginosa in culture will be presented.

1. Pseudomonas aeruginosa required glycerine as a nitrogene source for the biosynthesis of
Pyocianine. In a case that glucose was used as carbon source, the addition of magnesium ion
was essential.

2. Within alanine, glutamate and aspartate on which the author examined, only alanine
was of effective as nitrogen source for the Pyocianine synthesis.

3. The following results have been investigated by the studies on the atmospheric condi-
tion. Pseudomonas aeruginosa produced the pigment at a aerobic condition in the chemically
satisfactory culture media, but could not produce at anaerobic condition in any culture media.

4. In the acidic media below pH 6.0, the growing of bacteria was very slight and the
Pyocianine could not be produced. Moreover, the pigment did not be synthesized when the
PH was descended rapidly, even if the startiag pH of the medium was neutral or slight basic.

5. The growing of the bacteria is indispensable for the synthesis of Pyocianine, then the
resting cells could not synthesize the pigment.




