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Formation of 1-Phenazinecarboxylic Acid from
Hydrocarbons by Microorganisms

Takanori Higashihara and Akio Sato

(Fermentation Research Institute, Agency of Industrial Science and
Technology, Inage-higashi, Chiba, Japan)

In the course of isolation of hydrocarbon utilizing microorganisms, several strains were
found to produce yellow crystalline pigment on both agar slant and plate culture media con-
taining kerosene as the sole carbon source.

This pigment was isolated from a submerged culture fluid and an agar plate culture
medium and identified as 1-phenazinecarboxylic acid by IR- and UV.absorption spectra and
other chemical and physical features.

The yields of crude material per liter of the culture fluids of kerosene, #-hexadecane and
n-tetradecane media were 350~320 mg, 150~40mg and 70~40 mg, respectively. When
glucose was used as the sole carbon source in place of hydrocarbon in shake culture, 40~20 mg
1-phenazinecarboxylic acid was obtained per liter of the culture fluid.

The yellow crystalline pigment-forming microorganism possessed general characteristics of
genus Pseudomonas.
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Pseudomonas aureofaciens™™*, Pseudomonas aeru-
ginosa®®, Streptomyces misakiensis”, Nocardiace-
ae® BETHEINTOS, LU 265 RIKR
ZW—ORERETIEMTOERIIREIh TV
W,

FE O RRIKROMAEDNAIF, BEREENEL
THRAKRBIEREZ BB L TE . ThoDd
B EDS kerosene A HE—DRRF E 5 BRER o T
Bl s & ORI EEEHIC S B B A AR 5 ¢ L AT Fig. 1. Yelloxy crystalh.nff pigment formation on
o ’ SRV N agar medium containing kerosene by hydro-
7o (Fig. 1). COYEE EXRVHRERBICRE S carbon-utilizing microorganism (diameter of
BEROEEY» OREE UTHEEL, BILSEmEE Petri dish: 9 cm).
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k& U7 #E, 1-phenazinecarboxylic acid & [E/E Table 1. Composition of isolation medium.
L7 Hydrocarbon (kerosene) 20 ml

ZOMEOERESNE U THIRROKREFIC DN T NH.CI 9.0 g
BE Ui, % R OB I DL T KHLPO. L5 g
H—IRET L7z, KB NSO RICONTHRET Na;HPO, 1.5 g
R MgSO,-7H.O 0.5 g

NaCl 0.1 g
£ B F & CaCl.-2H.0O 0.02 g

L kRO FERomimT 0T o
PRI Ao 4 - BEHE - WK 7S L3 37300 B, Table ZnSO4 - TH;0 0.5 mg
1 OB T 2 [MDEFELER DK, EAEEEICTRAL Na:MoO: - 21,0 0.5 mg
JKBBEHEESEE L7 (Fig.2). Yeast extract 0.1 g

Distilled water 1000 ml
Isolation sources pH 7.2

oil-soaked soils, waste waters, drain waters.

1st Enrichment culture

A: solid materials, 1g or liquid materials, 2-3ml.

B: 100ml of isolation medium in 500-ml Erlenm-
eyer flask.

C: on rotary shaker at 25°C for 7 days.

2nd Enrichment culture

A: 0.1~0.2ml of lst enrichment culture.

B: 20ml of isolation medium in test tube (25
mm in diameter).

C: on reciprocal shaker at 25°C for 4 days.

Plate culture

A: 1loopof 2nd enrichment culture (streaked).
B: 20ml of isolation agar medium in Petri dish

(0.5ml kerosene was flooded over agar plate).
C: at 25°C for more than 7 days.

Slant culture

several plate cultures for purification.
Stock culture
Fig. 2. Isolation of microorganisms.
A: Inoculum, B: Medium, C: Cultivation.

2. BRI

A. HREH FHEERTERTIEKD D BRAEY
75 M3542 BR & fL .

B. SEiE#E  Table 1 1T RTEREMAE BEHR S
PU M (2X9m) T 20ml o 45EL, —F 0.5ml
D kerosene A= Y [M3-72{D ARICKIN X+, FHi
BERE (CHICRT) %2 1A&FH & D EREICTRE,
25°CICT 7T ~10H B3 U 72,

C. W& 5853 Table 1 i€ /33 #5# (kerosene %
B <) % 500-ml A=H47 F 2 2 100ml 30430

When a solid medium was required, 2% agar was
added to the medium.

L, BE%INCA@BEE (SeitzZY) L7 2ml D ker-
osene ZFERIFICIRINL 72, BEERIZABIHERE (2.5
cmX 20cm) 1T A3 & E) U MR OFEHE 10m] %4>
F L, 0.2ml @ kerosene 7% {iEddD HHIC#E Uk,
EXFHIEHN S 1 BLE & RS CIcT 3 iR
IR LI, COREBEAEEE LTHERERY 72
22 2ml FOERL, 28°CIC T4 H~5 BiIRE S8
# U 7= (votary shaker, 160 r.p.m). LI TFOERICHEH
TAEMBREF LR NTT T Table 1 ITRT4H
MR A R e,

3. EEHBOMESXURERE
A, honra= bt 77 40— BEFIT Merk 8D
Silica Gel 0.05~0.20mm % 2>X¥D X HICHEELUTH
Wiz, Silica Gel ZfEBD A 2 /7 —v, EiEE (9:1)
T 4 ~5 [APEOEEKT +4KkE%E LT %R, 110°CiC
T1BERENAL L. D BEFFY 808 2EEZE 2.5
cm, £X 66cm DA T L ICHKEL, 1EHETFL,
* /= (10:3) OREBRFIT ke, RkPE 7
b ICTERR UEA, BICEBEANC TR - 28k L.
T BEEHIZK 10ml/hr TS - 72,
B. @ /u~<t7s574— 7U~1tid Merk 8
TLC-plate Silica Gel Fasi (Pre-coated) & iz,
BEEXIRNR T, 22—, K (Q0:3:1) %
FERLT, ABRTTRE SRR L.
C. FABTINAZ <7 b 5¥HT KBrdisk gk
D 938, Perkin Elmer 842171 CTHIE L 1.
D. #AWBIN X =27 b HILHITOLES
EPS-3TICTHIE L 7.
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4. HAHEIE  Kerosene |31 0.794 (15.4°C)  TEE Y — FICTHK - ABL, AEAEACTHRITELE

T10%53H198°C, 9595 | 236°C, #KH246°C D/
LS KK 84 R U /o, n-hexadecane (GR), n-
tetradecane (EP), 1-hexadecene (EP) 3B i{bik T
EKKEA ROz, T OMORIEIZ T~ THIIRD JIS #
bh, FEHUCIT 1 RS EHR L7

£ BR & B

1. SBEHIHBBREREE H®OGREE
BT 2 ERISERISTEAD 5B Table 2 €735k 9
HEDoMINn . ZOMBEERT 2EHKIIM-20
AEPEROTHE, —RICHEE BALTER D S0 E
anids, kBB LN HTEET S &, T
LdeE AR D SROERT AR T 2 8tk
MO EIND LRBOREh -7z, COERTHERL:
BRI ERIM =32 & ko i X 7o M3B420k % (1 FT L

7:.

Table 2. Sample materials and yellow crystalform-
ing strains.

TEHEHEABERMGON. BWBIOMREE A 2/ —
VT BB 5 & REOMMEHRASR (mp 237.5~
238°C) & LTishr,
HEFROERBILICOMBOR U BEIZ—EDE
BTS2 2 ERRLETH - fofkedd, ERETIT
BEZRATEMTEL -, LHLLEBICHILLE
SEAREER A S DRILE T 15~ 5 mg/plate (agar med-
ium: 20ml, kerosene: 0.5ml) T& - 7-.
B. fx& D EE BIRCHER 4 A TIHACERRIIEKD
¥ T reddish purple 22, pH 4.4~4.6 %/RL
to, COER 11 21N HCl T pH1~2 &L, 43
Ho— bEROTERD 7 v atov s T2l L.
ZDE XIFEW D reddish purple |3 KBIT 7 - .
L7 aaRVABEEN 4l A8, BEETEDOR
Mo B s 11 $TLOCICTRHFERF L. 207
0 0 kv LK A pH 10 O E R (NaHCOs-NaOH)
#9400ml & 5.0 ¥, HOYHEZKBICHITI S/
COWRE & 3R L. ¢ D pH10 DKIFHEAED
BD7 ook v aTRELT, KEBICHE - BRELT

Sample Sources Properties | Strains WD ERALKE - fREIS EERBIRO . X HITT DIKIE
No. i
° isolated Culture broth (1000ml, kerosene 20ml)
- in ditch beside acidified to pH 1~2 with 1N HCI;
M-2 | an oil-separator muddy water 5 p
) . . extracted with chloroform.
M-3 about an oil-se- | oil-soaked soil 7 ‘
parator b (biack,koxly od?r) Chloroform solution Aqueous phase
_ in a pool beside| oil-soaked soi ]
M-5 o oil-separator | (black, oily odor) 1 filtered with filter paper;
-5 | in settling-tank | oily sludge 3 extracted with pH 10 buffer solution.
of oil-separator | (black, oily odor) ) T
in pump-area in| oil-soaked sand pH 10 Buffer solution Chloroform solution
1-6 tlf1e St?iragg tank (V:iet, black, oily 8 washed with chloroform;
of crude oil | odor) acidified with 1N HCI;
in pump-area in| oil-soaked sand .
I1-7 | the storage tank| (wet, black, oily 11 extracted with chloroform.
of crude oil odor) ) i
in pump-area in Chloroform solution Aqueous phase
1-8 | the storage tank| oil-stained water 9 dehydrated with anhydrous Na.SOx;
of crude oil . o
. o , concentrated in vacuo at 40°C.
in pump-area in| oil-soaked sand
I-9 | the storage tank| (black, oily 9 Crude yellow crystals (336mg)
f)f crude oil ) L soak dodor; dissolved in acetone;
in pump-area in| oil-scaked san I .
1-10 | the storage tank| (oily odor) 10 fed through a silica gel column;
of crude oil developed with a mixture of 10 parts of ethyl-
acetate and 3 parts of methanol.

2. HEHROHR

A, PR AIRCREE TERESHICHT IR LR E
TR ESICUIRY, FhTT & b v ST ER - #
MU, ZomMmbBBEEREI VEL, BRET £+
YHITIERL, T P omILRAEREAB L TERISE
DORMEMZ IRz, DOTI DT + b VK% HK

Yellow effluent

‘ concentrated in vacuo.
Yellow crystals (285mg)

‘ recrystallized from methanol.
Yellow needles (mp 237.5~238°C)

Fig. 3. Isolation of yellow crystals.
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¥4 1IN HCl THBHEIC LT, SBO /7 ok aT
2~3EMHMULIDD, FKMERY —& THKL..

ZDy uakvABGRERET BT 5 & yellowish
brown OMH#EER 336mg 3B SN, COMBERET
& M VICERUCHIRA 74702 S 57 4~1CT

SEEL, BRHEZRRET S LEAEER 28/mg 2151

CDMRE AR/~ NT 1~ 2B ERET 5 & EEEH
$HIRMERE (mp 287.5°C~238°C) &L7E-7. —HHA 7T
LAraw bERAOEL T EERERE A 2/ —VT
4~BEERHTECEICE - THRMEORRIES
Ntz PILEOBIE% Fig. 3 ITRT. KBEO HEIT
EIEA B ABEH AR, COBELERLI.

3. HEESROBLMME TIEREELBIURK
ESBERY OBEE L HAERBIEI > EFDO X D REL
HHMES—K L. COYWER Y vk, Bl

._solvent
i front

~origin

A 4 3 2 1 A

Fig. 4. Thin-layer chromatogram of crude yellow
crystals.

. Authentic l-phenazinecarboxylic acid.
From kerosene medium.
From n-hexadecane medium.
From n-tetradecane medium.
. From glucose medium.
Solvent: Ethylacetate: methanol: water (10:3:1).
TLC plate: Silica Gel F:s: (pre-coated).

S R

TFN, T b ZCILBIREESEE. X2/~
o ERERT 5 & HEMHSIRERE Ko7z mp
237.5°C~238°C. (uncorr., in open capillary). ;T%45>
#riZ Found: C, 69.76; H, 3.61; N, 12.68. Calcd.
for CisHsN:0:: C, 69.64; H, 3.60; N, 12.50 T
>t BEI/ v Y574 - K BWEREITEME
T Ry 0.64~0.66, XK b3 HETHABTICT
M4 21, % 1-phenazinecarboxylic acid &-—
B L1 (Fig 4). FAMBIR <7 bovid Fig. 51C
R LI, UVAL¥ ' mu: 250, 366 sk, 375, UVa
0-iNNaOH 1 1. 953 362sh, 368, UVAM: mu: 251, 365 T
% 0 JE# 1-phenazinecarboxylic acid &—%% L7z, %
ToRABRILZ =7 bvd Fig. 6 IWHAON A L HITE
BRE—FKLI, BRARY P VICKB EFE 224
1277 L, m/e 180 iZ phenazine & [Ef# base peak #%
B oit, (Fig. 7). 7S BIBELR L ORBMEBRICEK -
THRADETEZRIITD - 1.

PlLEX Y o Hedmetik i RI3 1-phenazinecar-
boxylic acid &[FE L7z,

in Methanol
==--in O.IN HCI
—+=-in OIN NaOH

o
@

Absorbancy

Wavelength(mu)

Fig. 5. Ultraviolet absorption
crystalline pigment.

spectra of yellow

5 //{/\
1S
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H
L e ARVANY ®
- 330 ) 70 £ ) ‘;01041 0o 20 00 ) 2

Fig. 6. Infrared absorption spectra of yellow crys-
talline pigment (A: authentic 1-phenazinecar-
boxylic acid, B: yellow crystalline pigment).
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Fig. 7. Mass spectrum of yellow crystalline
pigment.

4. RitiEm{tkE & Y-phenazinecarboxylic
acid D4 E  Kerosene PIADRERICONTE
At & KB D EREY MET Ui, BB B E
T kerosene ZMIDRZEBR T EDL L LB TITN»
1. FDHE, kerosene, n-hexadecane, n-tetradecane
ik < &L &, 1-hexadecene BX U glucose HHE
{txtz. Lo L p-xylene, ethylbenzene, cyclohex-
ane, ethylcyclohexane, cyclooctane {ZI8{L & N1tih -
7.

BEIOYEOERBRIA I L0~ ST 4~
IC X 2O BIREE LT, KREF kerosene DB
412 350~320mg//, n-hexadecane T 150~40mg/l,
n-tetradecane T 70~40mg/l, ¥ LT glucose Ti
40~20mg/l (glucose, 20g) T&H - 7=.

5. MIS2EHROBFLIUR CDHEKKIZS T L
BEOHRE, BRAETEDESDE. 2% ) &)
VEHEXREMT dull blue green DkialfRFEALE
R LSS gk g3, Rl B RIc X k& S5
RTI328°C, 1~2 BODKEE T pale green DKM
BEREERL, 3~4 HOEBTIORIIHELTE
#bi3 reddish purple # 23 3.

OB B#E LT, glucose ZREBUCHINS
& reddish purple DEERD AKIZ BEAERDON
1Sh - 7z,

Table 3. Cleavage of carbohydrates by Hugh and
Leifson’s method.

Condition
Open tube | Covered tube
Carbohydrate
Glucose + +
Lactose - +
Sucrose — +

(Temperature 25°C, Age 7days)
+: Acid reaction, +: Neutral or slightly acid reac-
tion,
—: Alkaline reaction in the upper part of tube.

Table 4. Cleavage of carbohydrates with Barsie-
kow’s and Ayers et al’s media.

Carbohydrate] Medium | Growth| Acid Gas
Glucose Barsiekow + + -
Ayers + + B
Lactose Barsiekow| =+ _ -
Ayers _ _ ~
Sucrose Barsiekow + _ —
Ayers _ _ B

(Temperature 25°C, Age 5days)
+: Positive reaction, =+ : Similar growth to control,
—: Negative reaction.

¥ ORI DU T2 Hugh and Leifson 341, Barsi-
ekow M XU Ayers 5D EEHARINT RER L 1.
%ER% Table3 BX U Table4 IK/RT.

T &) — v HEEERD ERIC DTt Hugh and
Leifson 3£ (BAi) X ¥ Barsiekow ¥Eihiig & A
WTHER U7, © ORR C OBibkiT Acetobacter aceti
TAM 1802 Btk CTA S A X D ISHMOEB RIS ER &1L
Moo,

LI L OE¥REYE D & Bergey’s Manual of De-
terminative Bacteriology 7th Edition i€ & D 5333
3L, COEMIT genus Pseudomonas B4 2 L%
Zoha,

% 5®

WM X 5 1-phenazinecarboxylic acid DHERLIT
BT 19564 A. ). Kluyver? i€ X - THE I QT
3. TNICED & OO WERERT S Pseudomonas
aureofaciens |3 kerosene O T 3:EMEE Ihi:
clay 50 BEINT NS, EEONIBEL-EHKGE
IR 5 03 Kluyver 53778 - 7o &b & BRICEEH
1l LT3, UL Kluyver 33 714 kerosene 8
BABOBRETROIHPETII,

CDOEBH SABERE (M3542) OBEELTOED
Z EHEZD. l-phenazinecarboxylic acid DAFRE
IR & S ERICB T glucose FEHIIC HE LRILIKR
HEMA RO B EOFBE - fo. FIoRKEER
TKIEM: reddish purple D& E %K T 5 55 glucose
TR COBROERNIEALBRINIID .
Z @ reddish purple O3 pH 2 3£ T purplish
red 2 B L/KBICHBITL, pH8 LIET grayish blue
72 U blue green 22 UBEKBIAEREIC 7 oakiva
2 X Y blue ROBAET S LD 5 pyocyanine
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EHELTS.

19614F J. C. Senez 59 {33 7 4 Y RRILKED
Bk BT BT RRBFET b 5 pyocyanine 3
NAD EEUEMMEE S DKEZFRE LTRIAZH
3T EEWE LTVA, o iHERIKERM T
pyocyanine MEEETARINSG ZEBHONTH
Az DX HiLT 2+ Y vROBESRIEKHE
DORBICEELTHWIZEMHER &N, AL
Kluyver OEE&» & b RYHEDRIKZEMC LT 5
RHBHEER P ZREE AN S,

AKYBEOF FEE #5835 &, l-phenazinecarbox-
ylic acid | pyocyanine, oxychlororaphine, iodinin 73
EOBEMEER L XD ICHEDEAT ZERINEY
HTh5A.

£, 1-phenazinecarboxylic acid 3% - SFMH
ML EOREREEET L, BR - & - BCK
LTRBPFOFWERITOCEND, BREH - BRE
HELTO AN ERETHI ENBEINT VS
B, FhvaF IV rBIUTIFY YRIEAYMER
¥ RBEEUTOBRIENE L ITINT B 100100,

1. s RAKEBLEE © 55 HEK
kerosene ZME—DRFAE &9 5 EREM LU FE
EMICHAEREERT S L2 g L.

2. COYMEATHIERBIUVRE HEEDD O
f & UCHEE L, Ju#aH, mp, TLC, UV, IR, 3 &
DA BEABRE U i%, 1-phenazinecarbox-
ylic acid EFEE L 72,

3. 1-Phenazinecarboxylic acid OB TR KR
& LT kerosene, n-hexadecane, n-tetradecane, glucose
ZROIEA, £heh 350~320mg/l, 150~40mg/],
70~40mg/l, 40~20mg/l Tk - 7z.

4. RYELEEEROBEZIME L —IRET LIk
B, Pseudomonas BOWEHA & - Tz,

ZDERICHT: - T, BEDEL 1-phenazinecarboxylic
acid 24351 TL# & -7 Kbln k¥ L. Birkofer ##i
EHVILET. TRFASKSTEEKE L I TEBINBRER
HIZRBFOHIFKE, XoVKEKOAREICHILTY
eV SPIEFROLD, SEARECEROZLET.

LEAWEOKRER, 19674108, BRBELFLEEX
BRETRELL. ThARED—TIL Agr. Biol. Chem.,
Vol. 33, No. 12, p. 1802~1804, 1969 (Short Communica-
tion) ICiBi#.
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