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Summary

The growth-inhibitory and lethal effects of zinc ion and copper ion on a phenol-degrading
microorganism, Acinetobacter calcoaceticus AH strain, was examined by measuring optical density
of cells, total cell number, viable cell number and macromolecule contents per cell in a batch
culture. The effects of heavy metal ion concentrations on the specific growth rate and the
specific change rate of viable cell number were clarified, suggesting that the inhibitory effect
of copper ion was stronger than that of zinc ion and the copper ion caused not only the
growth-inhibition but also the death of cells. The immobilized cell culture using alginate calcium
gel beads as a carrier of cells was more effective for degrading phenol in the presence of a
higher concentration of heavy metal ion rather than the conventional liquid culture. The repeated
batch culture using immobilized cells could degrade 100 mg/¢ phenol containing 30 mg/¢ of
zinc ion for 10 batch cultures and therefore provided the attention toward the applications in
the effective degradation of phenol in the presence of heavy metal ion.

Key words: immobilized cell culture, phenol degradation, zinc ion, copper ion, heavy metal
ion
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Fig. 1 Time courses of optical density of cells, X,

and phenol concentration, C, in the
microbial degradation of phenol with a
heavy metal ion

a: zinc ion, b: copper ion
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Fig. 5 Comparison between the liquid culture and
the immobilized cell culture in the microbial
degradation of phenol with a heavy metal
ion

a: 30mg/¢ of zinc ion, b: 0.5mg/¢ of copper
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%o LR, BEERRIIHEAERICURTESRE
AFHEAETOT7 2/ — VERICEDRIERTEED
Moz,

Fig.6 (a), (b)idZNZNILIERHEEIZRITTHMR A
F VBB LA F VIREOEBYRT , WA EO L
FEOCEREIXTER A 4 oM E & B IZABISKA L T
25mg/¢ TOWXB 572DT, WAKEE#ETII25mg/¢ LLED
FEAA VEEL T/ — Vi EN L o7, BE
LD IERE I TSR A VOB E & IS
AL LT50mg/ ¢ DS A F ViEED L & #50.25h"
Kol Z Ens, FEELH#I1350mg/¢ L E OIS A
FUEREL T2/ VTORBREND ZLbho i,
S A & OB E IS BRSSO IR E 350 1 A+ Vi
FEDEME &b IZEBUTHA L T03mg/¢ TO Lot
DT, WHEEEETIZ03mg/¢ UEDHA + VigEE* &5

BIEILFE Vol. 9, No. 3 [1999]

—.; 1 (a) O |Liquid
S ® [Immobilized
g 0.5r
o0
g
&
05 20 40 60
Zinc ion concentration, C, [mg/L]
—~ 1
= | (b)
3
gOﬁ—
a0
&
&
00 02 ° 04 0.6

Copper ion concentration, C. [mg/L]

Fig. 6 Comparison between the liquid culture and
the immobilized cell culture in the effect of
heavy metal ion concentration on specific
growth rate, u

a: zinc ion, b: copper ion

T/ = VIEGmMEINL o, MEAEETIZ
05mg/l DA F v 2ELT =/ =V THHBRENT,
KIBEEDOHRA & > A+ Y OFEHETDT7 =/ —id
AR T OO SN, FEIE(LEE 380 g REHEEE 13
AR TIEFICKRE koo T, EELEE
EHBNEVEEOESBAF VHERETO 7/ — V%
REDRT B ODENERELER S,

3. 3 BEERItEEZAVERERMERICLZ 7/ —
VD&

Fig. 7 (¥30mg/¢ OHE/RA F Y HFHETT7 2/ — Vv %
BIEALH I & o TRIERIGHEE % 1T - 2B OB ARNER
L7 2/ - ViREORELERT, RIERI5HE L
WIHEEEL00mg/ ¢ DT =/ — LRI E S N1k
BEEOAIKEN > TREOHERE I ANBZ 2 2
XL o TiTb 7z, BEEILE % H Va7 [ 55E 2A5100H]
CHBRLTERSIN, 72/ —-VRRXTLIIHTHEESR

— 585 —



TITTT T T B
1 ‘ ~w2§
- I ' E
><A ! ' (.)m
2 | ‘ g
8 S
ot |t E
> 10°F ‘l - 410 £
Y- ’ g
S ! ! 8
3 |l N 2
g- ' ' é E
10‘2 rL ‘# | I 1 1
0 20 40 60 80
Incubation time, t [h]
Fig. 7 Microbial degradation of phenol in the

presence of 30mg/¢ of zinc ion by the
repeated batch culture using immobilized

cells

5T LHED LN, BELFEBEEOMmME 72/ —
DR B AR I F T bR BEIEALE I & A IR S
BEZEOKER,S, BEEBA A VHFETO 72/ — VO
BRI RO REMEARIE & N7z,

4, FEH

Wk L BEMERLHVCCESBAA VHFETO
7z = VOMEMGBRET, BEEEA 4+ OREE
& H o B E RO F M & EERIIHE L7z,

(1) WARERIIBWT, HOWMMEEEONRIZRITT
BEEBAA ORBIIELL, M4 VIR OB
BT ADII LTHA 4V IRH OO E L B Ot
WbHlERI L,

(2) MaAKRE#£1325mg/¢ OHFER A A+ >~ F 72130.3mg/¢ D
A v EEL T ) — VLT E RN 1275,
[E 2L EE 2 1350mg/ ¢ DHEER A 4 > F 72120.5mg/¢ DR
A0 %250 72 /) —VOHRTET,

(3) WOIIKIZ & > THIKND DNA R ¥ VISV EDE
HEIIEL Bho72H, RNA OFERITHD L7,

(4) BEEACEEFED BT B LA 2 & XTI IS
B, BEMEETIESERBA A v HFETICBITA 7 <
J = VHREPOEETHHEEINT,

(5) EELEE R V- KER SR IIESRE A 4+ VHFIE
TOTx/ = VHRICHREHTHY, 7=/ —VEEKD
TN O 72 DIERER 7 — & 2 3eft L7,

E B

Tz ) — VR, Acinetobacter calcoaceticus AH
BRICRIZTHSR A A > LA 4 v OWFEHE LB O

EOESERICBOTHEALETE, LR £
ML 1EL ) OBESTEERYMET A LILELT
BEt S, WEMEECAHBELEREICRIZTES
BAF VBEORENHL SN, 14 OEER
BIZESA A L D LIEFITHROZ L LA+ VITHD
WHRREZ T TR RBORRLFIERI T b ho
2o WOHBEELELTTAVEFVBALS Y LOTXVE—-X
FHVEEERIER T CORKREREL Y b EIRE
DELBAA VHEETDO 72/ —VERE,POEHET
SMETE 7, FEEACE & V7 UER 531 10[E o []
SEEFEOM30mg/ ¢ DHESHA F V& EE100mg/¢ DT x
J—VEBRINIGRTE, EEBAF Y HFETO7 =
J = VOMBERIA~OERE TR L L7,

X B

) AEDIEHER EERRERZRES C AFEM L ER
[KE#M], pp243-300, H#¥, WL (1987)

2) RAMEH], KRFIEE, HE9PICE, TEFE bFEE
#, ppl201, HEALFREA, HH (1994)

3) TARESHEATLYEREHS | REMAY LRk
pp263-266, AR, HHT (1993)

4) BmEEL R FELHE, TEEE, ZWH
B ARSBILEY oA, BETLYERE 50,
34-40 (1972)

5) TF¥4, REER, A @ AeEWCRIZTE
B O ICEEBILAY OB E B X UFLRICH
T HBEOMAT, (LFEL¥HRCE, 6, 79-86 (1980)

6) A 4%, BHIEE  EHHRI ) SBELC3ED
7z /) = VHREORE L ZOWEIZOWT, K
Eim&eE, 24, 27-33 (1987)

7 A 4 HWEMH, B LR Acnetobacter
calcoaceticus AHRRD 7 =/ — Vo3RG, BERE L
243k, 70, 267-271 (1992)

8) Yang, RD. and Humphrey, A.E. Dynamic and
steady state studies of phenol biodegradation in
pure and mixed culture. Biotechnol. Bioeng., 17,
1211-1235 (1975)

9) Jung, J. Sanji, B. Godbole, S., and Sofer, S.
Biodegradation of phenol. J. Chem. Tech. Biotechnol.,
56, 73-76 (1993)

10) Yanase, H., Zuzan, K, Kita, K., Sogabe, S. and Kato,
N.. Degradation of phenols by thermophilic and
halophilic bacteria isolated from a marine brine
sample. J. Ferment. Bioeng., 74, 297-300 (1992)

11) Fidwg, AeBElE, FILAB ¢ Rhodotorula B
BIZLEA 72/ - MBIOE/ 0072/ - VD
SR, KALERFEA, 33, 551-555 (1992)

12) Al EElbed, KEHBEWE, 9, 680-683

— 586 —



B|EILE Vol. 9, No. 3 [1999]

(1986) pentosemengen, insbesondere in derivaten der
13) fEA 4% AW ALEREUR & e R E LR o adenylsaure. Z. Physiol. Chem., 258, 117-120 (1939)

B, KEHEETE, 9, 684-689 (1986) 16) Lowry, O.H., Rosebrough, NJ., Farr, A.L. and
14) Burton, K.: A study of the conditions and Randall, RJ.: Protein measurement with the folin

mechanism of the diphenylamine reaction for the phenol reagent. J. Biol. Chem., 193, 265-275 (1951)

colorimetric estimation of deoxyribonucleic acid. 17) Jang, LK., Lopez, S.L., Eastman, S.L. and Pryfogle,

Biochemical. J., 62, 315-323 (1956) P.. Recovery of copper and cobalt by biopolymer
15) Mejbaum, W.. Uber die bestimmung kleiner gels. Biotechnol. Bioeng., 37, 266-273 (1991)

— 587 —



