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Studies on the fermentation of Petrochemicals

(I) Taxonomic Studies on Arthrobacter sp.

Isolated from Soil

Hideo Ueyama, Yoshihito Yamauchi,* Norihiro Tsugi* and
Takashi Fukimbara

(The Institute of Physical and Chemical Research. Wako-shi,
Saitama; *Kanegafuchi Spinning Co. Ltd., Osaka)

Taxonomic study was performed on a strain of soil bacteria which could grow in the

medium containing isopropyl alcohol as a sole source of carbon.
Although this strain is considered to be belonged to the genus Arthrobacter by descrip-

tion of Bergey’s manual (7 th ed.), it does not fit in any species of Arthrobacter with
respect to no liquefaction of gelatin, production of urease, inability to hydrolyze starch and
production of non-diffusible reddish pigment. Taxonomic character of this strain is, however,
almost consistent with that of A. rufescens Akiba, Ueyama, Seki et Fukimbara which was
reported by the same authors previously. Therefore, this strain is considered to be a species

closely related to A. rufescens.

This strain assimilates various alcohols except methyl alcohol, glycols except ethylene-

glycol and n—paraffinic hydrocarbons (Ci, to Ci7).
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A, BRAUKEERICET AR RZEEEINT
W3, RIGKERFEREZZ SNBERT VI~
MARRBE &35 BRICETAIHED HITDH 5.
Harrington and Kallio?, Johnson and Quayle®, R H
533 methyl alcohol E{LIEMBEIC DT, ¥H 6 1T
methyl alcohol BH{LHEEERHZDWNT, KXIRS, Mor
and Fiechter® i ethyl alcohol B{LHERHC D TH
4L, Murooka and Harada” {3 ethyl alcohol, 7-propyl
alcohol XS n-butyl alcohol ZRFERFE L THRB T
3 L EHEEICO W THE LT 3.,

EHOY BRI BT ED X Y methyl alcohol,
ethyl alcohol, n-propyl alcohol # X7} n-butyl alcohol

ARERE UTRETLMEEIEL, 202, 3 0
WHEBRE Ui, CTOEE, REpCs# L7 isopropyl
alcohol ZHRFFL LTHET 5 MED A LOHN
BEKRILIZDT, ZhOORRICONWTHRET 3.,
£ R H &

AEBICBOTHER U E#kIE Table 1 1Z7R3 Me-
dium-1 DE:HA 1% 24 mm HRESIC 10ml B0 L,
120°C, 10 53f 0 MEBRERBH LT REE TH S
isopropyl alcohol Z#EEMIIC 1vol BEML, BB
Z/LBIRA LT30C, #1% pH 7.5 THREREREK
(R 4cm, 250rpm.) ICLD 3~5 AMEEL, &
Hic L D EREES Medium-1 OEREITE I
WArEEL T,
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Table 1. Composition of basal media.

Medium-1 Medium-2 Medium-3
Carbon source 10 ml Carbon source 0 —10g orml| NH.NO: 1.0g
(NH.).SO. 1.5g (NH4):SO4 1.5¢g Yeast extract 5 mg
(NH_).CO L5 (NH:):CO 3.0 KH:PO. 1.0g
NH.NOs 1.5 KH.PO; 1.5 MgSO, -7H,O 0.5
KH.PO, 1.5 Na.HPO,-12H.0 1.5 pH ca. 7.5
K.HPO;-12H.O 1.5 MgSO.-7H:0 0.3 Total volume 1000 ml
MgSOs-7TH,0 0.3 CaCl;-2H:O0 0.01
CaCl:-2H,O 0.01 FeSO,-7HO 0.01
ZnS0O,-7H0 0.01 NaCl 0.5
FeSO,-7H.0 0.01 Yeast extract 0.5
MnSO:; - 7TH.0O 0.01 pH ca. 7—8.5
Yeast extract 0.001 Total volume 1000 ml
rH ca. 7
Total volume 1000 ml

SEEERRDOFEE T Bergey’s Manual of Determina-
tive Bacteriology (7th Ed.) IC# U TETIT, i,
HEOBMH 8 X UBIHSRIC O TIZ Hugh and
Leifson O¥cHI® Z#H L TR L, LPHEEI
HHICEDHER L.

SEEINTEHFOERE Table 1 @ Medium-1 i
DT, E & LTEREZME UTA I Medium-2 %
FRAL, ZNE300mlABE=H7523ic50ml, 3
Wi, E24mm FREICHOFRILAYDOEM %
BET 3 oI U Medium-3 %2 10ml 9L
T, 120°C, 10 RO E®, RIEBICLVELEKE
B L, 30°C, pH 8 ¥4 T 200 r.pm. D rotary
shaker, & 53, HREREBTERL..

HEBOHIER B ENES EPU-2A KX
Dlem QENVEFERLT 610mpe ORINERELT
BCizote, BOLE L HREGEOBMRR 0.10D
=0.025mg/ml OX HITIL5.

pH 34 7 A BRBHEIC LD RIE L.

BREEDUICEE

1. SEBERORE  AWRICBOTERUCEK
DEENINE % Table 2 1C7RT. AR
BEENTE EROL DTS, kIS EY
THD, HEOMBEREBRTHD, EENHFLLBZICL
rois - TSRO L, BREMRLEDLNT
< B, WHEXKEMIC 18 hr FRER#® L EARDIEK
$5EHI3Photol D& BV THY, HROELHELS
HEERLTVS., EFBE#MEER%A/RT & Photo 2
DEHICITD, MEOHEBEA L L TOD snapping 53

HOoPICEEING., KEKIR S 7 2BHETHO,
EBMT L, RTORBRETSOIEV. BEROBHEI
BRETHD, BEREZEMPITIIE LD, KEKOD
HEHERROLSICENTE 5. MERELETE
", methyl red iXE#, Voges-Proskauer :{E&, indol
DERR, BLU, BBROIKSHIBRETSHYD, NH,,
H.S, urease 35U catalase DHFEZTILS.

Cellulose {343 L7IWV. X5, WHBE BLU 7T
Ve LERE-OERFELE UTHAL, ¥, 7
I VBERREELUTRALD 5. ThoDER,
novic, AENHEEEZRTS L LEBLERED
Coryneform bacteria ICET5bDEEZ LN, €D
$1 T4 Bergey’s Manual (7th Ed.) :8#® Arthro-
bacter BIC Z DRMUBZZHEDH L LTSS, &
ic, A. grobiformis (Conn) Conn et Dimmick, A.
pascens Lochhead et Burton, A. simplex (Jensen)
Lochhead, A. oxydans Sguros, A. aurescens (Clark)
Phillips 38 X A. wreafaciens (Krebs et Eggleston)
Clark [ Z OHBZRDS L ENTE 5. HUEKE
Lo BBk LT 5 & &, JERE, ToUVI, &
BEEEERBROEAZ®RERE—-HKTSLEZON
b, Fbb, SEERD FERHIC IRE LSO ER
LR LEET S L, gelatin D It &,
urease £EWEHFTH &, BHOIKSEHED T
T & (A. simplex (Jensen) Lochhead 2#¥3d Nk
PRUEDIEDERWMEINTNE.) BEDHHEN A
Hona.,

SEEZRTHRY TS Lo Arthrobacter rufes-
cens Akiba, Ueyama, Seki et Fukimbara & H#¢d %
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Table 2. Description of Arthrobacter sp. isolated from soil

1. Morphological characters.
Rods: 0.5 to 0.7 by 1.0 to 3.5 u; in young cultures, V-form is observed, on nutrient agar slant;
in older cultures, small rods to coccoid; branching is not found; pleiomorphic; non-motile; Gram-
positive; spore is not formed.
2. Culture characters.
Nutrient agar colonies: Circular; smooth; convex; entire; reddish pink; opaque.
Nutrient agar slant: Growth abundant; spreading; entire; reddish pink; soft; viscous.
Nutrient broth: Membranous; reddish pink; fluid turbid; sediment.
Gelatin stab: No liquefaction; good growth at surface.
Potato plug: Growth abundant; reddish pink; spreading.
Litmus milk: Slight alkaline; not peptonized.
3. Physiological characters.
Reduction of nitrate to nitrite: Positive.
Methy] red test: Negative. '
Voges-Proskauer test: Negative.
Indol production: Negative.
Hydrolysis of starch: Negative.
Ammonia production from peptone: Positive.
Production of hydrogen sulfide (lead acetate paper): Positive.
Urease: Positive.
Catalase: Positive.
Ammonium salt and nitrate were utilized as source of nitrogen.
4. Cleavage of carbohydrates.
Aerobically acid without gas from glucose, fructose, glycerine, and mannit after 4 days and more;
neither acid nor gas from arabinose, xylose, galactose, mannose, maltose, sucrose, lactose, raffinose,
trehalose, starch, inuline, and glycogen.
Cellulose not attacked.
Anaerobically acid without gas from glucose after 2 weeks and more.
5. Assimilation of acids.
~ Formic, acetic, propionic, lactic, succinic, fumaric, and citric acids are assimilated.
6. Temperature for growth.
Good growth at 25 to 37°C.

5%

Photo. 1. Photomicrograph of Arthrobacter sp. Photo. 2. Electron micrograph of Arthrobacter sp.

isolated from soil (ca.x1500). (ca. X 6000).
Grown on nutrient agar slant for 18 hr at ‘Grown on nutrient agar slant for 18 hr at
30 °C 30 °C
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Table 3. Assimilation of alcohols by Arthrotacter

" sp. isolated from soil

UIC, IFEHINCH R FEAE T HITNT glucose &
U glycerine OB AEAET 2 05 ATHELTY
L5DAHT, TN 2, 3 DEEKLE A rufescens
Akiba, Ueyama, Seki et Fukimbara Ic—%3 330
EEZONE. LIzi-T, DEEEEEL A. rufes-
cens Akiba, Ueyama, seki et Fukinbara O¥{iB2E &
DB EBEYEEDNAS.

2. BERILEHOEMLKEICONT AFEKREHOHF
BAAHEELLS 5. AERICBOTE, £ELT

Table 4. . Assimilation of glycols by Arthrobacter
sp. isolated from soil

Microbial growth
(OD at 610 mpy)
Substrate Culture periods
72 hrs 300 hrs

Methyl alcohol 0.4 0.4
Ethyl alcohol 8.7
n-Propyl alcohol 16.0
Isopropyl alcohol 12.4
n-Butyl alcohol 0.4 12.3
Isobutyl alcohol 0.7 8.7
sec-Butyl alcohol 0.4 0.6
n-Amyl alcohol 0.1 0.2
Isoamyl alcoho!l 0.1 3.5
n-Octyl alcohol* 0.3 0.2
sec-Octyl alcohol* 0.1 0.1
n-Decyl alcohol 0.3 1.8
n-Tetradecanol 3.7 13.7
Cetyl alcohol 3.3 11.4
Stearyl alcohol 2.1 5.5
Non-substrate 0.3 0.5

Microbial growth
(OD at 610 mp)
Substrate Culture periods
72 hrs 300 hrs
Ethylene glycol 0.2 0.2
1, 2-Propane diol 7.8
1, 3-Butane diol 0.3 0.4
2, 3-Butane diol 6.1
1, 4-Butane diol 0.3 0.4
1, 2, 4-Butane triol 0.4 0.3
1,6-Hexane diol 0.3 0.7
Non-substrate 0.3 0.5

Initial pH: 8.0

Initial microbial density (OD at 610mg):

0.11

Substrate concentration: 1.0%, (*: 0.5%)

Initial pH: 8.0

Initial microbial density (OD at 610 mg): 0.11
Substrate concentration: 1.0%

Table 5. Assimilation of alcohols by Arthrotacter sp. isolated from soil

Microbial growth (OD at 610 mpu) quture periods

Substrate 70 hrs ' 240 hrs
1mg/10ml | 5mg/10ml |10 mg/lOml‘ 1mg/10ml | 5mg/10ml |10 mg/10ml
Methyl alcohol 0.10 0.09 0.08 0.06 0.06 0.06
Isopropyl alcohol — — 2.15 - —_— —
n-Butyl alcohol — 1.00 — — — —
Isobutyl alcohol —_ 0.90 — — — —
sec-Buty! alcohol — 0.86 — — — —
Isoamyl alcohol — 2.10 2.15 — —_ —
n-Hexyl alcohol — 1.43 — —_ — —
n-Octy! alcohol — 0.08 0.05 0.23 0.22 —
n-Undecanol 0.09 0.35 —_ 0.10 — —
Lauryl alcohol — — — — 1.47 —
Tridecyl alcohol — 0.30 — — — —
Non-substrate 0.08 0.08 0.08 0.08 0.08 0.08

Initial pH: 8.0

Initial optical density (OD at 610 mg): 0.06

—: not determined.
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Table 6. Assimilation of glycols by Arthrobacter sp. isolated from soil
Microbial growth (OD at 610 mg) Culture periods
Substrate 72 hrs 240 hrs
1 mg/10 ml 5mg/10 ml 1 mg/10 ml 5mg/10 ml

Ethylene. glycol 0.07 0.08 0.04 0.05
1, 3-Propane diol 0.10 0.06 0.16 0.02
1, 3-Butane diol 0.31 0.87 — —_
1, 4-Butane diol 0.25 0.15 0.40 1.38
1,2, 4-Butane triol 0.09 0.08 0.11 0.16
1, 5-Pentane diol 0.20 0.27 0.28 0.68
1, 6-Hexane diol 0.22 0.22 -—_ 0.26
1,10-Decane diol 0.54 1.12 — —_—
Non-substrate 0.08 0.07 0.08 0.07

Initial pH: 8.0

Initial optical density (OD at 610 mu): 0.06

—: not determined.

Table 7. Assimilation of n-paraffinic hydrocarbons TLAREZERICREL T OBEEZRET LI, 20O

by Arthrobacter sp. isolated from soil

Substrate Cell yields in dry weight
(1.5 vol. %) (g/1) pH
n-Heptane 0.28 7.7
n-Octane 0.25 7.7
n-Nonane 0.19 7.7
n-Decane 0.88 7.6
n-Undecane 0.86 7.2
n-Dodecane 2.15 4.6
n-Tridecane 2.27 4.5
n-Tetradecane 3.19 4.4
n-Pentadecane 2.91 4.2
n-Hexadecane 3.58 4.3
n-Heptadecane 5.11 4.2
Kerosene 1.12 7.0
Initial pH: 8.0
Culture periods: 90hrs.
Initial optical density (OD at 610 mg):
0.12=0.3 mg/1
alcohol ¥F, glycol ¥, 7% 5UNKC, n-paraffin RIR

{EKFITHONT £FDELEZ BRFF U7z, Tablel O
Medium-2 QM THREBE 1vol %, % id,1wt%
ELTHRE LIcRERAERT & Table3 BXU 40Dk
L5 H, CCTHROBEBETRVHD, BLU, B
LRI LD DI ONTREEBEZETIET
Medium-3 QMR L, SERBEEL5SITI0
mg/ml & UCH& 24mm RS CTHE 10ml &LT

$#3% Table 5 3LV 6ICRT. n-paraffin RE(LIK
FoZEMITDINTIE Table 7 & 575 3. alcohol
BREMHOZFE LV DIZ Bl & LT methyl alcohol L]
AT ~THEL S 3. glycol ${iZ 2Tl ethylene
glycol OFE(LMHED SNz, Ffz, n-paraffin 3R
RACKRIIEAERDOIREFR LD S5 L&A DH N
7z.

B #

43 & » isopropyl alcohol 2 RFEHE UTHE T
AHEAY DML, RAEEZBIU-THR XEKRIZ
Arthrobacter BICB L, B THE L Arthro-
bacter rufescens Akiba, Ueyama, Seki et Fukimbara
DEBELBDDLEBRYEEDLNS.

KB BROREEE LML L, methyl alcohol ZIAAD
alcohol %f, ethylene glycol DIADEE D glycol %5,
n-parafin RR{LKREELL 5B E@BD oI

FHFICBALTERETHEE O E T LARERRES
Ay EMEFRERSRLICER N LET.

AHEIENUEE EABRTY SRS (BRU44FLLA,
KER) TRELI.
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