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A Marine Bacterium Accumulating Large Amount
of Poly-g-hydroxybutyrate

Yoshio Ezura*, Isao Yumoro*, Norihisa OsExo*
and Takahisa KiMmura*

Abstract

Sixteen bacterial strains, which formed large slimy colonies on the medium and showed
flocculate growth in the broth containing mannitol, were isolated from a nursery tank used
for the forced cultivation of konbu (Laminaria japonica). The isolates were identified as
Pseudomonas marina on the basis of their morphological, cultural, physiological characteris-
tics and DNA G+C mole percent. The cells of P. marina growing in the mannitol contain-
ing medium accumulated large amount of poly-g-hydroxybutyrate which was about 309, of
the dry weight of the cells.

Among the samples of seawater, bottom sand and fronds of konbu collected at coastal
region of Funka Bay, Hokkaido, P. marina was most abundant in decomposing frond of
konbu and could be easily isolated.
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EE LI CRER, EHEKEBRCETAERERETH 2BRROLET LAY OMERKC
EHL, xR EDTEL, TOBRICI\ T 1986410 7, JLEEEFRET O =2 v 7
BB RV, RAOATV S~y 7TEEAAERE (BES, 1988b) s Rich, Htad
RELEVCEHORELHENRELL, SORMsL <2 v 7R U TEENRFARE RV
B, EEEH L CREOMGAREE YR L, BEEHh TERAMRBERYEL, 1%
B0 poly-f-hydroxybutyrate (LT PHB B8 7) 2 ER T HHEMEL IR L1,

PHB i3 £iichic 5 BB HMBACER T ARRR L =4 A1 ¥ - FRYHET - o ¥
SEBOESE Y =257 1 E Zh Ty 5 (Law and Slepecky, 1960), PHB PEBERETHNRE
#7c M08 & U T Bacillus megaterium 5050 TR D, RRFE/BECEREOZ LV EREHT
CHEEEERED 40% L ERE TS L Zh T (Willlamson and Wilkinson, 1958), %7,
PHB ERDE®EILY 7 ARBREOSE EOBELKE T, HiC Pseudomonas BOTHTEER
XhT\ 2 (Palleroni, 1984), MBS SE LI\ VTh, BHCET HESHEEMEEZ LT
2 Pseudomonas |& & Alteromonas B0 ED| Key D—> & 15 - T\ % (Baumann et al., 1972), %
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(Laboratory of Microbiology, Faculty of Fisheries, Hokkaido University)
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RIcdhbbT, ChiETiksE0 PHB #ERTHHBEMBEC V- TREBEZASALATY
/R ‘
AT 0%5ED PHB #ERET 5~ = v 7EEKERMSBE OS5 H L AR OB REREC
B ABHEAYRLIDOTEOERYHRET S,

ER - I
L A #

1986 £ 10 A 21 B, b S HET A EBCE W TEHOFE LARE L <2 v TR
FRE SRR R L CRBEEKEKRE PR LT, ¥7c, A4 107248, 11 518A, 128
16 BIe® 1 mRTHETORDORBEFER L, Thbb, BILPES (BERERX) kv
CREREEK, EW, FR=v 7EBERERL, BILSIED, JIRIELD, ZEBE BRA,
B SRR o b S TRBREKR L CHERE (2 v 7) 2ERLA,

Hokkaido

-]

Uchiura Bay

Usujiri B
Usujiri A
Yasuura

Kakkuni e Osastube st.

Osastube

Hakodate
Bay

Fig. 1. Sampling station.

2 HoOooM

BEARLUEFED LAFRECREBKCREE, PEOREBAKEMEITALN <y A —
(Colworth ) T 1 HR+AEIF A X Lcdb 0L EHERAEXRY lALF 22 7=
FAEREHIKREEEL, 200, T HEEE L, ks, 2 v 7= 2A8MR3ER~= v 7/l
35 g ic 1/3 AWK 500 ml %0, 0°C —K#EH, 100°C,30 FMEAL THLhSMEEY 1/3
ARPACT500ml 2 L, NaCll0g EX 75g%mx, pH #BIE¥-T (pH#5.6) HEREL T
YRR L 7o, FIESHL B U % 0 5 BIE R, HERCVWbYIAETI EEY RV
L, WKEREN BES, 1980) THBRSRELZRVELE 16 B TR LI,

BEBFERRED 5 b, BAIE0F FXREBERE L, ERIFER 10 fROBERKCE
BLboRFEREL, 2 v 7EATAF 2RO EE, 10ZEEOHEEKEMIA =y
H—TBERRERESFA AL SORERE Lic, FRBERYEEEKATI0EFRL, £FR
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B 02ml 30 CAM B (RTE 5, 1988a) #.L UBIAD = v 7 = ¢ ARKEHICREREIHKL,
20C 7 HFRHEE, EERYIE L, ERBIIEHRD = v 7 =% AEREB EOKE L ) #Td
LRI L CE 138 Btk S MEL 1o

3. SMEHOMIMRE

FHELEERAPDEER 6 R onT 2y T 2k, HEEME, AFo X ¥, HFF—H, TA
¥ = vHKRER, WBIEET, B TWESR REREEREOWRIIERE (1967), Cowan
(1972) R EDHEI X DIRE L, 3 LD 2 #i: MOF 23 (Leifson, 1963), HBEE R
Hidaka and Sakai (1968) Oiih#% v, HFELMIL West et al. (1977), PHB E# i Baumann
etal. (1971) O AKX hFE L, ¥/, Marmur (1961) OFEc L b DNA #HiH -FERIL,
Marmur and Doty (1962) 2%t > C DNA GC moleY, Kdi-, FEEDMTEIL Cobet et al.
(1970), Baumann et al. (1972), Palleroni (1984) D EHHITHE » TIT o720

ek, BEFIENIEERCOVTERS 5 2 4vl, EB, BERA, 712 — 25 (MOF
i), Axo ¥, EEEREY ER0HETHRN, LEERE S BEk L i 1o,

ICAREB LV SEeE R o= v TREEER (RS HEE) Som ¥ WEREK 200ml A
hE—p—iAh, CheHFELEERSTHENAREK M5l koBEERY 1 A&FERL,

Incubated in MYC medium on shaker at 25°C for 40 hr
Ceitrifuged at 8,000 rpm for 20 min
(Cellls)

WaJ.'shed in DW

Ceétrifuged at 8,000 rpm for 20 min
(Cellls)

Susipended in DW

Soxfica.ted at 10 ke for 10 min
CeIJ;trifuged at 8,000 rpm for 20 min
(ppit)

Suspended in DW

Dial.lyzed for DW at 0°C for 12 hr
CerJ{trifuged at 8,000 rpm for min
(Pplt)

Washed in aceton

Celitrifuged at 8,000 rpm for 20 min
Wa‘.Lshed in ethanol

Cexftrifuged at 8,000 rpm for 20 min
(pplt)

Driled

Fig. 2. Procedure of extraction of PHB-like substance from P.marina M-5-1
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15°C, i 12 R TR L, ~=2v 7FhgoZEorEr T AMBR L,

4. BHEOEFDRFRL S CICEFRMSRRE

HF%DOEEZ DB ERARE M5-l ke MYC#5#s (v =+ — A 5g Difco BR=+ 2 1g,
Difco ' : /7 BE25g, 75% AT # /K 1,000ml, pH7.5) ©25°C 48 BRI B & L, £8#
Ryter-Kellenberger ®E5E#: (JIIH, 1982) i L b BAEERESHOME 2 EBL, 0.5% EEBE v 5
VIR TYC 2RRIPE LI RV TT A3 — ABRKE =R VvEIGEE L, Bt b 5 =7
1 7 CREBYR ZERL, BFEESE (B3, H-300) wTHELE,

5. PHB ¥t - @7

SRR AR M-5-1 fk MYC 3Enc B L 26°C 40 BrRIMRBEER L, B h B2 5 Law
and Slepecky (1960) O A HFTHRE LN 2 I2RTHEET PHB ol B8 A T -7, kit
Wi owTK, FEEBHE, B, 742 ) T 3 ERER TN, X Hic Law and Slepecky (1980)
DFECHE > TEB L BHRBRIC & > TINKSR L, £ DS BYORNFRILA ~ 7 + v o> PHB
DHERT T -1,

¥ 7, M-5-1 #chittidy (PHB) MBI X 5 5+ % Delafield et al. (1965) D FHEEITSE » T, H
H R I L ERERFRE TR,

#* R
L FERHESEHHIBEROMR AR

FHRDBEHFR M 16 bRt = v 7= IS E OB CRBDATIEE PR L, HEOE
SRR R, BEEARI0O B ECREEN T A VRicB L, ¥, MYC Hikisitichc
GHREERAEAR L TREL, 2oMREEAESTE— CRIAEALEO 203G X i,
MYCHi L b = v = b —ARBRGCEH CRE L MREERY RS T, Rakig—T
Bote, THEIEBROMRIE LTI LT RTA—MRERLE,

ROBEILY 7 s BEERETHERELAL, AFv 5 —¥El, »25 - CREOITFSHE
TPHB #ER&T%, FRMIC /NI —R, T2 =R, £/ =N, 2 +—R, =i b —
A, RV, V)R, o IR —REH5RTEN, €55V, FvFSY, vi—v80
oY, WREYRETET, 7A¥ = v BIKEERRIE T, 5~40C TRET 5, AEER
IEEHLCHE U le VBB © DNA, GC mole %, 13 64.6 TH - 72,

Ll EoA&REE O tkL Cobet et al. (1970) 23KE Y » Xk —ARBEEKI LS LT T,
=y FARBUBMTREVELRL, 75 2 RARTRETH D I & Arthrobacter B OHE
&L A marinus DFEEHRE 75 s REHYEBRE—FKLAE (F1), £0#%, Baumann etal
(1972) 13 4. marinus 237" 5 LEMETH D, Arthrobacter BEER: S EBH IS L W2 &0 b
Pseudomonas B2 L, P.marina &35 L %KL, Bergey’s manual of systematic bacteriol-
ogy vol. 1 (Palleroni, 1984) I\ T b ZOREEXHRAL T B U LAY EEB L CASBEY
P.marina L FEEL T,

ek, KTHMRRFELM-6-L kD~ 2 v 7BE~OBEERT, ~ =2 v 7EREBCALORE
BExhhdotz,

2. SBtEEEko) PHB %7K
ERFELEHAN SR 6B 2 v 7 =5 A WREEA: PHB 228 L1, FORKE
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Table 1. Characteristics of isolated strains from a cultured Laminaria japonica and
Arthrobacter marinus (Cobet et al., 1970)

A B A B
Gram — vl Hydrolysis of
Cell form ST sr*2 chitin -
Flocculent gelatin - -
in broth -+ casein -
Motility % o+ starch - —
Flagellum mp mp*? alginate +
Oxidase — — tween 20 +
Catalase + + tween 80 - -
OF test 0 O DNA —
Acid from NO; reduction - -
arabinose - == N, fixation -
fructose + Arginine
galactose + - dehydrolase = =
innositol + + Growth in
lactose + + 0%, NaCl - -
maltose + + 1%, NaCl —
mannitol + + 0.1%, tannic acid —
mannose + + Growth at
raffinose — 5°C + +
rhamnose - - 40°C + +
sorbitol — — PHB accumulation + +
sucrose + + DNA GC mole %, 64.6 63.3
xylose - -

A : isolated strains (16 strains), B : Arthrobacter marinus, *' variable, ** short rods,
*3 mono polar, ** oxidative.

Fig. 3. Electrom micrograph showing low electron dense granules (PHB, arrows) in the cells
of P. marina M-5-1.
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It

200 250 3000m

Fig. 4. Spectrum of PHB-like substance extracted from P. marina M-5-I, after hydrolysis by
conc-H,S0,.

Bk M-5-1 ko> MYC 35 BB HEAOBBYA BER YN 3 R, MlRcEBScEE AL
BTFEEOEVEEDIHEE I I,

M-5-1 #k% MYC 553t 1,000 ml w8538 L TR LI CEHE (EEE12g) »ON 21T HET
HH - BRI AHEIAEOBMERYE (NE 035 g, BELERYA D 292%,) T, K, =%
=N, AR =N, n-T & —nN, BEfE=FA, TL YV, =—FA, Al=—-TFA, VD
VIERET, iz e e kL ARBEBRTH -1, T, I NBEREK L 4 NERGC121°C 156 50
MBTHBENT, BREF < 100C 10 OB THE I iz, RSRYDORNBRIA 7 +
AE 24 mm i —v — 7 %7RL (K4), PHB OBREINKSBY 7 = b vBBOBEBEYRL K
(Law and Slepecky, 1960), :

%7z, Delafield et al. (1965) D HEICHE > T M-5-1 bkl 4% tn 2 - BB EF M Lic M-5-1
BEED TEBEOMEYEREL, MHDODROFELTA () TOER~=2 v 7 HEHA
FEF N Alteromonas sp. No. 8R Bk D 2 03 M2 7R L, KB ELSE M-5-1 i3 02 82
Hbhich o1,

L Eo#ReiEe LTt M5 BfleERYE 12 PHB L RE I hiz,

Table 2. PHB hydrolysis by some bacterial species

Hydrolysis

Pseudomonas marina M-5-1 (isolated) -
P. fluorescens NCMB 129 —
P. putida NCMB 406 —
P. saccharophila TAM 1504 —
Alteromonas sp. 1055-1 -
Alteromonas sp. No. 8R +
Vibrio parahaemolyticus HOS -
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Table 3. Distribution of Pseudomonas marina in the coastal area (1986)

Oct. 24 Nov.18 Dec.16
Viable counts Viable counts Viable counts
Station Sample AN X P . marina P. marina/ P.. marina
onbu /1solates CAM Konbu isolates CAM Konbu /isolates
medium ext. m. medium ext. m. medium ext. m.

Osatsube st. seawater — — — 3.1x10? 1.5x10 0/ 5 1.4x10° 0 0
Osatsube st. mud — — — 2.8x10* 2.0x10 0/ 5 3.1x10* 0 0
Osatsube seawater 55%x10¢  1.5x10 3/3 3.1x10¢ 1.2x10? 3/16 7.7x10° 0 0
Kakkumi ” 5.4 x10° 0 0 2.5%x10% 0 0 1.9x10? 0 0
Yasuura ” — 0 0 — 6.0x10 0/ 7 — 0 0
Usujiri A ” — 5.0x10 4/4 - 85x10 0/ 9 — 0 0
Usyjiri B ” — 0 0 — 5.5x 10 0/11 — 0 0
Osatsube st. konbu*! — — — 9.5%10* 0 0 0 0 0

” konbu*? — — — 5.9x10° 0 0 0 0 0

” konbu*? — — — 3.7%x10°  7.0x10 1/11 1.4 x108 0 0
Osatsube konbu** 4.4 %107 7.0%x10? 2/3 1.3x10° 2.6 x10? 1/14 4.6x10* 5.0 1/ 1
Kakkumi ” 1.1x10* 0 0 4.1x107 1.1x10® 0/10 — 1.4 x10? 1/10
Yasuura ” — 4.1x10? 2/2 - 45x10 0/ 4 — 1.2 x10? 0/ 6
Usujiri A ” — 0 0 — 6.7 x 102 0/ 2 — 5.0x 10 1/ 6
Usujiri B ” — 0 0 - 1.0x10? 2/ 8 — 5.0 0/ 1

— : not determined, konbu :

Laminaria sp., *':

meristems, *2: middle, *3: tips, **: decomposing fronds.

S everlimqhzomphu-g-Liod G HH
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3. P.marina ORERIZET28%H

AEOFATIMDRE TOERYBRLT, 77 2BEEEECEREYHL, AFo 4 ¥R
RIS 2 — A SRS ARERE TS 7 aRBBIRE—hFaYETE 0L L,
R1lird 6aT3Bichle VR LR OAER, SEEEES I CABEoORBEEEYH
3WARLTe, av 7= 2B E CHBEE LR L5 8E 138 b, LR oOMIRT P. marina
LRAEBENALDORANERTH -, ThBDOBRHARICOWTLB L RILBEADOEEEAK,
R 5B AEHSRIE ST, KRR 2 v 7EBOEHIBF 55 LBERE S hc0ZTh o T, —
H, BREK TN EES DS GEBALEIE oAb b 6 B, AR A #5888 K0 5 4 BBRH X hi,
WhE (2 v 7) TRELSIN ORIRERTThr bk Sk (48k), fio 41 SERoRe
TRENRLH 3SEOREEIRD 5 b 1 BEF 05 6 Bkl Shic, hBL4RBOLER & KEOK
HEROBICIHEBEKRRED bhihote, LEDRRELDS, AHERBERECSEOHIED
FEETHA2HACEL 3T 5 THEESRE S i,

% =

FELOREL~ 2 TRESEBRKE,» OB SR, BENISEERY T TEEMRE S P.
marma ERIE SN, AEE -V = —ARTAFVBYSR-FBT2EDYEL (E)), B
BB SHRABECS - TARE L v 7EAOEE T AMATEL BB IR 2 b
(F3), KBV 2 v 7OEFLEREBEBELLEREYE T EAHEIRS, LLAERS, K
Bo~<av 7HFRgea T2 REEARRDOhiW b, FELORE L BHEEKE
DORENERAEINSIERIKROL 5ELZO NS, Thbb, oKL b~y FEF
P BE2SF I CHE L Lick b kKb cAEoFBETER~Y =y +, TAXVBED
REFEVHEML, ChbEFIALCAENRBTEE L LD LEEERS,

FEOHFELINBEFEREHTCERT D~ 2 v TEERFEDOREHE Alteromonas sp. (I
5, 1988b) DARE LOBEM 2 EH S h D, FREFKEE Alteromonas sp. (1AL MHE M & A EF
BT oBRAEREE TS AL L0 P.omarna OEL PHB #5815 54 (£2) »b, #
ERREO~ =2 v 7BEEBEAEN K T 5L b CCREER I 548 P. marina
BERSBEE LTV AR LAEZOID, ZOARBELTRAH L Y EMrkH2ET 288
25,

EZAT, P.maring FRFBFF L =24 ¥ —H & LCHEENIC PAB*EBT5:E25
hBH bbb b T, FHCHEMIhi: PHB O 3 @BMESY R I et o 1o (35 2), BEE, Pseudomonas
BIPHBEROEBECTHELEAZL 2207/ A —FH 3 bh, &5z PHB 04 PHB
ERs/v— 70ERE Key & LTEF BT % (Palleroni 1984), PHB E 71 — 7 15D
5% PHB ZER 5 BOATH LR TE Y, oL PHB S@EZEYEHEMSCELE LD
DEEZBRT\W3,

¥7:, PHB 5585 Pseudomonas BOFE Key & LTERINA T2 4 200 54, PHB
ERITRE IR TE S THIEE L B2 Bacillus megaterium H HFE L CHGT VW5, AFEHEE
DPHB #EET B &b, 4%, ZOBMCFATEEEL OIS, XLIESE, PHB 2K
EYSBEIRELTEERRAALY) = —FHELTHERBIRTWAZ 0D (S48 1)1, 1984), =
DHETHEEHEDOFA, GO TRLTOREERE L L TOoBREEOEEFALTETHIEEELLA
%,
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KRR OETICHS I ) B A BB EC B EHBR K ERS Y XIEHT B X OBEFHIE
BHELVv 2 —DEMNCBESRBHLETS, FHEARRIENRKEL A+ 77 /0o — %8R
iy — AEFRCL o, TRTLTHEELYHRTS,
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