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Utilization of Hydrocarbons by Microorganisms

(1) Utilization of n-Paraffins and Vitamin B,; Production by
Several Kinds of Bacteria

Haruki Morikawa and Tadashi Kamikubo

(Department of Fermentation Technology, Faculty of Engineering, Hiroshima
University, Sendamachi, Hiroshima)

Pseudomonas (Ps.) aureofaciens, Ps. ovalis and Ps. aeruginosa were studied on their
utilization of n-paraffins as well as vitamin B, production in comparison with Nocardia
gardneri and Mpycobacterium smegmatis already reported. It seems difficult to correlate
the types of microorganisms and those of n-paraffins tested (in regard to the hydrocarbon
utilization and vitamin By, production). It was found that the majority of vitamin B,.
existed in the culture fluid when cultured on a simple n-parafin medium. More detailed
investigations were made on the effects of culture conditions using Ps. aeruginosa. The
addition of an appropriate nitrogen source, especially a natural one such as casamino acid,
polypeptone, or yeast-extract, or ammonium acetate promoted the utilization of n-paraffins
and vitamine B;,. Substitution of n-paraffin as a single carbon source in the medium for a
n-paraffin mixture resulted in a higher hydrocarbon utilization and vitamin B,; production.
The addition of one of certain non-ionic ‘detergents promoted the vitamin production, but
it had no effect on the retention of the vitamin in the cells. Cobalt sulfate and 5, 6-
dimethylbenzimidazole were effective as precursors of the vitamin.
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e L, BH SO L7z Mycobacterium smeg-
matis, Nocardia gardneri %33R & LT, n—decane

AR RERICRI Le. 351, ChSOEBKDS B
Bi: £ENH T, TORBOEBmEEDICEEL L
7z Ps. aeruginosa [T, RALKEBLHESE Bi
EEMICRIZTERE, REEHER, TothoRny
OEBERIF LI

X B A E
1. feER, BT S UICEREE  HEREA
BT & D BN 1277 2 Ps. aureofaciens IFO

NI | -El ectronic Library Service



The Society for Bioscience and Bi oengi neering, Japan

% 8 5, 8AH) mEBIC X B BLKEORIA 47

3521, Ps. ovalis IFO 3738, Ps. aeruginosa IFO 3080, THIik&E Eicsd, BERAIES JU Bu Sificst

Mpycobacterium smegmatis IFO 3083, Nocardia L. Bon-BEEDKS B2 B TEH - 7.

gardneri IFO 3385 %4t L 7:. 2. B OMithiEER  LEROBETHRONIHE
FEHMERRIIRAI & LT Table 1 0bOEERL, EBELULEPD B B3BEESNCKD Escherichia

EEE OMBRMIIC OO TR ENENOEFITR U, coli 215 KX 2 WMEMEREZRA L.

BB RILKE SO BAERAEBEIC 151 105

. ERBR#ER
81775 - 7=.

1. WEMEMIC & BBLKIRRLE B £E 3
~Table 1. Composition of hydrocarbon medium. 78 Pseudomonas JBAIBE, Moycobacterium smeg-
(NH():SO 132 FeSO.7THO | 5mg ™At Nocardia gardneri [0k, RKI0~18D
(NH.):CO 0.60 | MnSO:-4H;0| 2 ns7 74 Y ORAMEL B BT T F UM (RiLK
KH,PO 2.00 | CoSO(-7TH,O | 1 FoRbbic1% (w/v) &) SHEMRE LT
Na:HPO,-12H:0 | 3.00 pH 7.2 L.

MgSO.-7H:0 0.20 A. Ps. aureofaciens DidH\  Table 2 58
Na:COs 0.10 | Tap water 1 %)196 otk Hit, Ci, Ciu, Ciz, Cisy Cir © n~¥35
CaCl-2H:0  |l0mg | Hydrocatbon | ™00 0y 74 v CidBitRINE, Bu &HIRRHFT, Ba koW

Tyrovy, 7FoinaTChTns. BEE
BRI TNTBCTRBEREICE - BT, K Tl Cus, Biz T Coz D 1935 7 4 V HUFGICRIFT
RRERE (2Xx 15 em) WWRILKEEL 0% (v/v) BT »5. BRIEE B ARE & OBICGEL IS
ERoEwioml 245%EL, REEELOHELZ1IA VRO OLND. Fha¥7 74 Y OFHIKE-> TR
SHEML, 4 BREIREIER (RM2.2cm, 190EH/ 835, BEATROLERKFAOLZED B O
4 #hE vk (3000rpm, 1043) iICXDEHL, & i 5 3.
BEAKIKT 1 EkHEL®, EHENEEKTRAR B, P ovasi Qiddy  Table 3 &b, Cuo
L, CNEEBEKE Ui, KEERII500ml FRD 9 74bH n-decane DIXH L B ERIBIFETEDHE
75 2 3 9%ml A ANTRE LAM%, EEE EBUERERERICEEL, REMOMME &b
FEE % 5ml o8 LIREERE @RM6.5cm, 115 B £RIEBETTIEMBHE NE. —HEEK
/) ZTRVEKERERE GEEMIOR) 2HEE BR Cs~udnr7 74 VORBOT FUEIOR
BAE L. Fchs.
R T IR A #0428 (6000 rpm, 304}) L C. Ps. aeruginosa DX dH Table 4 b, D

Table 2. Utilization of hydrocarbons and vitamin Bi.
production by Ps. aureofaciens.

Carbon soutces %ell }{i‘e; gﬁ Vitamin By in
{g/100 ml) Cells Supernatant
1%/v) (pg/100ml) (#g/100ml)
n-Decane ©0.330 1.20 0.61
n-Undecane 0. 408 0.90 1.19
n~-Dodecane 0.198 1.55 2.10
n-Tridecane 0.103 0.56 0.30
n-Tetradecane 0.103 0.33 0.42
n-Pentadecane 0.214 0.25 0.32
n-Hexadecane 0.268 0.69 1.19
n-Heptadecane 0.344 0.49 0.94
n-Octadecane 0.334 0.62 0.26
Kerosene - 0.073 0.76 0.57
Glucose 0.532 0.73 0.30
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Table 3. Utilization of hydrocarbons and vitamin B,
production by Ps. ovalis.

Carbon sources Cell yields Vitamin Biz in
195 (g?erOi;lls) Cells Supernatant
v/v) (p#g/100 ml) (#g/100ml)
n-~Decane 0.306 3.62 4.00
n-Undecane 0. 357 1.14 0.39
n-Dodecane 0.215 1.72 0.72
n-Tridecane 0.272 0.70 0.45
n-Tetradecane 0.%205 0.71 0.39
n-Pentadecane 0.783 0.31 0.36
n-Hexadecane 0.912 0.53 0.36
n-Heptadecane 0.724 0.29 0.31
n-QOctadecane 0.565 0.36 0.28
Kerosene 0.046 0.12 0.10
Glucose 0.505 0.23 0.32

Table 4. Utilization of hydrocarbons and vitamin Bz
production by Ps. aeruginosa.

Carbon sources ((:cfxl-lr ygi?ss) Vitamin B in
19 e/) @A) | (7ot | Cugyi00m)
[ad3 . Mg m

n-Decane 0.200 0.18 4.50
n-Undecane 0.204 1.38 2.50
n-Codecane 0.076 0.50 2.40
n-Tridecane 0.043 0.45 1,75
n-Tetradecane 0.059 0.55 2.70
n-Pentadecane 0.089 0.55 1.48
n-Hexadecane 0.066 0.79 2.05
n-Heptadecane 0.079 1.00 2.00
n-Octadecane 0.357 2.80 4.00
Kerosene 0.073 0.62 1.48
Glucose 0.472 0.82 4.00

BOREHO—BHNCH > THABREOS B BIIE 850X 5.

{, WIC n-decane & n-octadecane DIFH\ EHET E. Nocardia gardneri DifdH» Table 6 X
HdT L, BIUER Bz DX o888 BICEE Y, Bz 20 TCid Cio~iz, Cis O n—/\‘"é T4 VhS
THLEHERSNG, TARERESE B BEDH @ REFTHISHEAEERETICELETI2E88D5
ITIZIZ B A3 5N 5. N3, 2oic, REESMBED n—5 74 YOIEdH
D. Myc. smegmatis DT Hi Table 5 L0, v, BHOREHNKD RIFRERSA LNL. Bk
Biz iL DT, Cio, Cis, Cis D 735 7 4 YHR O LEKRED S TIRECEHEELBEIEBED SN
FTRBAEBERICEET 2 BB ONE. —F, .

BRI n-octadecane Z kX SMBICRITTH S

TEDD, TOBDRILKEREORIFTHE &
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Table 5. Utilization of hydrocarbons and vitamin Bi.
production by Mycobacterium smegmatis.

Carbon sources ((:gn )g el ds) Vitamin B:: in
¢ 3%00‘:;113 Cells Supernatant
1%@v/v) , (pg/100ml) (p4g/100ml)
n-Decane 0. 463 2.50 0.38
n-Undecane 0.498 0.43 0.11
n-Dodecane 0.472 0.62 0.30
n-Tridecane 0. 805 2.35 0.29
n-Teradecane 0.499 0.34 0.52
n-Pentadecane 0. 406 0.55 0.51
n-Hexadecane 0.608 1.32 0.22
n-Heptadecane 0.469 0.57 0.37
n-Octadecane 0.244 0.31 0.47
Kerosene 0.076 0.59 1.10
Glucose 0.469 0.82 0.40

Table 6. Utilization of hydrocarbons and vitamin Bi:
producation by Nocardia gardneri. ‘

Carbon sources ((:sll,ly Yg :ls ?:) Vitamin Bi; in
1%(v/v) @/100m) | (g7i00my | CugyitomD
Fg m Fg.

n-Decane 0.258 4.30 2.10
n-Undecane 0.281 0.91 3.16
n-Dodecane 0.152 0.73 3.02
n-Tridecane 0.178 0.41 0.36
n-Tetradecane 0.344 0.13 1.00
n-Pentadecane 0.334 0.90 0.50
n-Hexadecane 0.529 2.18 2.20
n-Heptadecane 0.085 0.72 0.56
n-Octadecane 0.257 1.25 1.01
Kerosene 0.095 0.13 0.41
Glucose 0.281 0.55 0.73

2. Ps. aeruginosa I3 B, £BICEKIZT
HEHFORE® LEsEoRERERBRSETER
U7cid & AR Bis DY B s BB P ICEEZE U 7.
YICERE T H - 1= Ps. aeruginosa i\ T n—decane
BRFBELE LIdBY, BEOKGORBRES LU
ERICRZ TRB LR L.

A BRRISME B R RALKFESOTERL
72 Bz OB BEASERBPICHE SN T OREO
12&LT, REEE L TORIKEDOF BITHRTHS
B e, TROLERPHHGREOIOERNTE

BR L7 T Bu SEGEOEOEM Z DMORR T
AN TERRDICEER SN RIS DT,
Bi: AR DERIMIRR A S U 1.

Fig. 1 X1, T TIREROTN L 0 ERRPICEE
T3 HSIEERENORBE & BIC B ERNEES1EE
BRI DA DBH AT HERD DN 3.

B. EXEOHE  EREELT—RICALSI
WO T v ey 2H0OIED, BROBXFEEMZ 9
BT\ T0.1%, 0.5% (w/v) O 2EEORME
T7HEE CHEEAR) THRILL EB7v/E=v
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Fig. 1. Time course of vitamin B, formation by
Ps. aeruginosa.

—®— pH; —0O— Cells;

-~~0=~~-- Total vitamin Bis;

~—~0-—- Vitamin Bi: in the cells.

L, RYTF v, NHHPO: DADERFEDOILH
V0. SHBTRINTHHITEH AU SIS » 12D TO.1%
DIFH O DOFERZE Table 7 TR L 7.

0.1% M NHNNOs, JR¥, A I/ 8, ®Y
RPN BBIFTH- 7. NH,H.PO., Eflif7 €=

Table 7. Effects of various nitrogen sources on the
utilization of n-decane and vitamin Bi.
production by Ps. aeruginosa.

Nitrogen Cell yields Vitamin B:: in
SOUICES| (dry basis) Cell S
) (g/100m1) S upernatant
0.1%(w/v) (n#g/100ml) |(#g/100ml)
(NH.,):SO: 0.016 0.092 0.94
NH,NO:s 0.018 0.032 1.57
NH.H:PO. 0.018 0.027 0.86
NH.CI 0.011 .0.010 1.25
(NH2).CO 0.011 0.014 2.10
CHsCOONH; 0.018 0.050 1.05
Casamino acid 0.036 0. 064 1.88
Polypepton 0.021 0.215 1.68

v LA DIEH 0.5 BIRINTHER B Bid 2 KLl LI,
RY RF P YOFBOENICENENERL 72

Ps. aeruginosa D7 2 ) BHANVITE# I VERE
BHESHTROBKROERLEYHL (Table 7)
CHo-1-DT, I5ICHRTFRIONOTHERSL
tc& T A, AR B BICIIEICTEE SRBRTOHE
FIEFE DT & R Bia @E{KW{%%‘C%%@@% Z
EMEDONI. BRI FARNELHENEL LU
LERE Bie & OBEHE% Table 8 ITRL 7z, 0. 1%®INT
LEOPROBEETH 5.

REFICRFEIE LTD n-decane DA 0 I 3 FiLH
D n-s7 7 4 Vﬂé%P“l (E%E(ﬁ[ﬂb#), P-10

CEHABEE), KN-1 @HeE) 2R
WOBERFT F R DRYREME U/, Table 9 iWRLK
X HicP-4, P-10, KN-1 OWFNHBEAKINE, B
BICEESHRSBD N, —HEEBT FXOFELR
FONTNIZHRFICHREREBD SHNIKOLBER Bl ©
WENEHCIBED ERBDONS.
C. RmEEtHoshE EEORKKIDKITHL
BEAEBIREES S 10D S REEEROEAIC X
2 HALRHETIRILK L DBALEE DA BRSNS,
ZTTHA A VR STICA F v RE R 1R
OWTHRET L7e, RINEBEHIEH (0.1%) B
DETEMHI 558D S1v7z. 0.06%FTRINDITH O DRER
% Table 10 TR L 7=,

— T, JEA VY REEEHIIESZRNETR
BAEMEIC3ED EEZ 5ND 8B £ERITIESHZ Y
BRE U RIIPET E IO,

D. g v bR B ARRiICKEMGPO 3N
WIEBBEEBEBRIZTCENYREZL SN B,

Table 8. Effects of yeast extract on the utilization
of n-decane and vitamin Bi: production
by. Ps. aeruginosa.

Yeast extract ?ﬁly gé:licsi)s Vitamin Bus in -
{g/100ml) Cells Supernatant
(mg/100ml) (pg/100ml) | (#g/100ml)

0 0.087 0.18 1.69

10 0.080 0.71 1.19

50 0.118 1.45 0. 40

100 0.129 1.74 0.10

250 0.159 1.39 0.33

500 0.237 1.18 0.27
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Table 9. Effects of yeast extract on the utilization of hydr-
ocarbon mixtures and vitamin By; production by
Ps. aeruginosa.

. Vitamin By: in
Carbon sources | Yeast ext. ((“’Ell,; ygelscil:)
( /100;1) Cells Supematant
1%(v/v) €) & (pg/100ml) (#g/100ml)
n-Decane 0 0. 087 0.22 A 1.59
. 0.1 0.129 1.50 0.20
P-4v 0 0. 509 11.0 0.25
0.1 0. 762 12.2 0.14
P_100 0 0. 369 7.5 0.22
0.1 0. 599 9.5 0.07
KN-19 0 0. 558 8.7 1.45
0.1 0.654 9.0 0.28

1) P-4 contains mainly n-tridecane (40—50%) and n-tetradecane

(30—42%).

2) P-10 contains mainly n-undecane (40—50%) and n-dodecane

(25—35%).

3) KN-1 contains mainly n-tridecane (29%), n-tetradecane (28%),
n-pentadecane (14%), and n-dodecane (13%).

Table 10. Effects of various detergents on the utilization

of n-decane and vitamin Bi. production by Ps.

aeruginosa.
Detergents (ng %g gs) Vitamin Bi; in

(g/100ml) Cells Supernatant
0.05% (v/v) & (#g/100ml) (#g/100ml)
Control 0.086 0.22 1.40
Emanon 3115 0.150 0.55 1.61
Nonion S-6 0.119 0.41 1.45
Nonion O-6 0.093 0.20 1.66
Nonion ST-221 0.100 0.40 1.58
Naimin S-215 0.062 0.19 1.69
Cation PB-40 —2 - _
Emal 0 . 0.119 0.27 1.58
C.T.A.C.» -— — —
Tween 20 0.086 0.22 1.50
Tween 60 0.140 0.32 1.65
Tween 80 0.134 0.21 1.55

1) C.T.A.C.: Cetyl trimethyl ammonium chloride.
2) — : No growth.
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asrw b E LT CoSO-TH.O OfF 4 DEEMEBITS
WTHRE L7:& ¢ A, Ps. aeruginosa DT %> Table
11 iRL72& S 0.1mg/100 ml FIND & & Bie &
BRRIELE, ThIULTREKSMEESUIIR B
ERRICHELRD SN 5.

Table 11. Effects of cobalt sulfate on the production
of vitamin Bi: by Ps. aeruginosa in
n~-decane medium.

. Vitamin B:: in
CoS04-7H;0 |Gl vields -
¢ ?17001111) Cells Supernatant
(mg/100ml) [\8 (ug/100ml) | (#g/100ml)
0.01 0.726 3.3 0.17
0.1 0. 758 12.2 0.14
1.0 0.628 9.5 0.15
10 0.237 3.0 0.80

E. 5,6-Dimethylbenzimidazole O%pE  Hk{LH
M T @ B HEABKIC 5,6-dimethylbenzimidazole
(DBI &UE#R) 5B%hTHBC &I, EROYD Stre-
ptomyces sp., Janicki 58 Propionibacterium sher-
manii T L 2R THER ShTHB05, RILKESE
O BOEE 273, £ T 0.1~2.5mg/100 ml
DORMBICOWTHRE L7z, Table 12 {T/RL7LS
I 1.0mg/100 m! DiTH\>, DD EYGESED S
e,

Table 12. Effects of 5,6-dimethylbenzimidazole on
the vitamin Bi. production by Ps. aeru-
ginosa in n-decan medium.

DRI (an g; eldy Vitamin Bi: in
( { g%00n?15)> Cells Supernatant
mg/100ml) (#g/100ml) | (#g/100ml)
0 0.758 12.2 0.14
0.1 0.775 13.8 0.17
1.0 0. 807 15.3 0.25
2.5 0.758 13.1 0.20

1) DBI : 5, 6-Dimethylbenzimidazole.

% %®

B @ Nocardia gardneri, Mycobacterium
smegmatis %33 & LT, Pseudomonas BD 3 EfE
D, REKIO~I8D n—3 74 OB/t E B &
ENERES U, BREORELELTR, BEIERD
Bl OHEHIMRR, BEREHRE, T3 HEEY

DOEFE L. LicM->THBONAKRRISTLD
ZNENDOWEDICE - TRBERKBETTO D EIRNL
T, RYORRRK IV I SICRROMESEETES.

SEOBEMEY KL D, KEKIO~18D n—reF
7 4 ¥ ORI OV T—RVSH A RS0 5

L ERHEEETH B8, n-decane, n~undecane, n-hexa-

decane (3 HHIRITF T, n-tridecane, n-pentadecane,
n-heptadecane HPEMIT & » TRELRBRIFOIZH L
HH 3.

BETIE, BEBICLDEARI N B BEHKRA
TOHOW I HRERE BAR) L LTHEETI &
BDHONTVS, & CAHBRIKEERTIR, ERD
BOK(COEHOEH N ERITY, HERL L OEREIC
DT HAERR U7 B2 OD IS D DA s B P icE
HUf COERREHLOBREG—KTE. O
BRD12& LT, BEHITHEMENIRILAKEDOBL
FRICRKMLTET I L, S5 HBRMMELILR
MARRIC & 2 RIS 78 KSR M D 72 D TR E
3L EDNRYD, BERNTER LSRR B O
MEMINTERBRPICBT LD LHERIZINS.
BE&RAD B OEREIC DV TRESRBRN OB
IR - THIL, MKk, ASHEBEBKKEE (pH 2.5,
7.5, 11.0) THEHK, WMEYHE (E.coli215) THh
L cobalamin coenzyme LHEFE L7,

AR U 7z Biz OBGA SR T ICB Y 3 5mR0
BEEY En—5 7 4 ¥ OFERIC K > TR D PRk
BREZE &I LIIEETH 5. 2 B BEHEEN
B2 oEZ 5L Ps. aureofaciens DITH NI
n—decane, n-undecane, n-dodecane, n—hexadecane 2,
Ps. ovalis Tid n-decane, n-dodecane 33, Ps. aeru-
ginosa T3 n-decane, n-undecane, n-octadecane s
BIFLRRKEE £ X & 1 3, Nocarida gardneri,
Mycobacterium smegmatis DIZHNEH S DR E
BFUS—FH ULV, i34 DEGOHBIC X
2HbDLELS.

B3 U725 BOMEYDS> b Ps. aeruginosa 137,
ZDRAKEDEI DN ER EBENBIRLTHZ0D
T U, Biz 3BRT, UL dARPSHEREPICEE
T 5. TITHADORENY, BREFHOURRICLIE
PRI DRI & A5% Bi: OERNRIFERET L. £
TEREELTERLUCIVEDS BRE, #9431/
B, RYF P VREMEO.1%T B ARKEHT
BT BRMECSBTRAEY _F by THALKY
RUBHONIZLEET 2=y 4 (0.1 BEEMEK
RE) ITEDHBD Shie. BIFIKDU1T0.01~1.0
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FBORBRMBICONTRILIEC A 0.5 BTRE
DOBEKIRE & B %187, Ps. aeruginosa 13R%
FEUTERELFETEXZC LD, BT V=
U LAMRRE S JUERFE L TRAIN b LH#
HEhz, ERRREXBVELTHY I/ B (0.1%),
RYRF LY (0.5%), ORPERT+R (0.1%)
HSEEKIBRETT O OIC B &ERRICESIERL, L b4
iR Bis DAL HEERICEEINS C EiRERICE
T 53.
FEEHERIC OV TRBH L -BEBEA TS L
MRIBBONITH - 72,
n-s%5 7 4 YVREELUTAMETIERTREINE n-
57 4 VBEBICOWTRE Lizd?, P40
IEHNWEER, B ERRICERND - 7. 33)525}0) n-
574 Y (BLUESER) TDbDDMR1 DL
B, 550V IRIRERSOEEBICLZDO»RTETH 3.
B 2,3+, DBI O Bis 2R~ DZRITMD Bi:
EEREDOEID LR, YREZONBLIAT
H55.
7] &

3D Pseudomonas BHIED n-,°5 7 4 V&AL
# & Bie AEEEMEE XD Nocardia, Mycobacterium
DENTN1IEEENEE L TR L. MAeEDDORE
HE n-,¥5 74 VORICEILMEEE B A IKDOWNT
HBEAFRIIBD SN0, BT ne5 74 Vi
HITIAER I N/ Bz OXRBHIIERBDIIBTLE
ET 3 EBTD LN Ps. aeruginosa &N T

X D ICBHISRI 21710 - 1ok, BUNERE, &
CRBRHPERBONF I/ B, RIVRT LV, BB
FR, BIUKRT V=Y oOUNRIBBFEETH - 7-.
FEBEHERIC OV TRFIPF L BRIB S hSH
ot Mon-o95 7 4 YORDOY IKBAYEER LT
BRUEON., 3,00 MEB XD DBI & Bi: OF
ERiEE LT B EEBICEYSTH - 7.

ARROERRBAL 2 I v R2LOM0E KL (FRI43E 4
H, ®am) TRELL. KFRICHBEL 25 MomEsnx
S E S LR ARBRR, LU 15747
BAGECHRE N VEEHAMCE T RERSH T U
ICEREF TR ASAICRB L 7.

X L

1) B, Wk, @ K, 44, 185 (1966).

2) Fukui, S, Shimizu, S. Fujii, K. :J. Ferment.
Technol., 45, 530 (1967).

3) MMW: &Iy, 10, 268 (1956).

4) kAR vz v, 11, 43 (1956).

5) Sahashi, Y., Mikata, M., Sakao, H.: Bull Chem.
Soc. Japan, 28, 247 (1950).

6) Janicki, J., Pawelkiewicz, J.: Acta Biochem.
Polon., 1, 307 (1954).

7) Kato, K., Hayashi, M., Kamikubo, T. : Biochim.
Biophys. Acta, 165, 233 (1968).

(HE44.5.12 T4}

NI | -El ectronic Library Service



