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Table1 Profiles of different activated sludges.

Activated sludge Operation Substrates Cultivating conditions Period
Sludge-1 | Return sludge from aerobic | Aeration —
sewage treatment plant
in N city
Sludge~2 | Sludge-1 cultured with Aeration Acetate + (NHa)2S04 Pill and draw cultyre
synthetic wastewater (using a 20L aerobic tank) 3 months
TOC loading rate:0. 4kg/m*/d
Sludge-3 || Denitrifying activated usB?! Methanol + NaNO3 Continuous culture
sludge (Cli30H/NO3-N=3.5) (using a 10L USB reactor) 1 year
HRT:1. 5h
TOC loading rate:1.0kg/n®/d
Sludge-4 || Phosphate removal Anaerobic .| Polypeptone + Yeast extract Contintious culture
activated sludge /Aerobic | + Acetate + Propionate 5L Anaerobic tank
+ NH4Cl 8L Aerobic tank
1. 7L Sedimentation tank 2 months
HRT:
Anaerobic Zone:Z2.5h
Aerobic Zone:4h
T0C loading rate:0. dke/n’/d
2} USB : Upflow Sludge Blanket

Table2 Culture conditions on the production of Polyhydroxyalkanoates (PHA) by different activated

sludges at 25 °C.
Culture method Carbon Concentration MLSS Cultivation time
substrates (g/L) (ng/L) (h)
Sludge-1 Aerobic shaking culture | Acetate®’ 3. 4 5000 96
(180rpm) Glucose®’ 2, 5
Sludge-2 Aerobic shaking culture | Acetate®’ 3. 4 5000 96
(180rpm) Propionate®’ 2.7
Butyrate®’ 2. 3
iso-Valerate?®’ 2. 1
Sludge-3 Anaerobic batch culture Propionate 2.7 3000 438
(using N2 gas) Methanol 2. 7
Sludge-4®" || Anaerobic batch culture | Propionate 0. 8 2500 6
(using N2 gas)

@) Nitrogen-free medium (pH 7.0).

b}

. Activated sludge collected from aerobic zone of the continuous culture apparatus
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Sludge-2 13332 053 BEFE < 7F R & B LAtk T 2 mHEH

(3500 rpm X 10 min) L 7:#%, Table 2 (IR $IRFWEE
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Table 3 Compositions of media used for isolation and cultivation of microorganisms.

LN
a).Peptone and yeast extract medium

b). Nutrient broth medium

¢).P-1 medium

Sodium Acetate 4.0 g/L Meat extract 5 g/L Glucose 2.0 g/L
Sodium Glutamate 1.0 g/L Peptone. 15 g/L NH4Cl 1.0 g/L
Sodium Propionate | 4.0 g/L NaCl 5 g/L NasP04 1.0 g/L
Peptone 5.0 g/L K2HPO4 5 g/L MgCl. 0.01g/L
Yeast extract 0.5 g/L Agar 15 g/L CaClz 0.01g/L
(NH4) 2504 3.5 g/L — KCi 0.1 g/L
KH>PO4 4.4 g/L NaoP0Os - 12H20 0.55g/L
MgS04 - TH20 0.5 g/L Tris-HCI

Trace Elements 1.0 nL/L (0.07mol/L) 10 nL/L
Agar 20 g/L Agar 20 g/L
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Replication of various colonies on master-agar plates
to replica—agar plates.

(Replica-agar plates containing 1.33g/L of propionate
and 0.033g/L of ammonium sulfate)

Cultivation of replica-plates for 4 days at 30°C

|

Addition of 5mL Sudan Black B solution(3g/L of 70%ethanol)}

. or
Addition of SmL Nile Blue A solution(0.5g/L of 100%ethanol)

I

Selection of Possitive Colonies
- Blue~black colonies (Sudan Black B)
» Red fluorescence colonies at excitation wavelength of 254nm
(Nile Blue A)

Transfer of phosphate removal bacterla(ﬂ strains)
to replica-agar plates.
(Replica-agar plates of media(Table-3) containing

0.5g/L propionate)

|Cultivation of replica-plates for 2 days at 30°C . |

[Transfer replica-plates to the Gas Pack « Anaerobic system. |

1

Cultivation of respective phosphate removal bacterium
under anaerobic conditions for 1-day at 30°C.

Selection of Possitive Colonies
« Blue-black colonies (Sudan Black B)
+ Red fluorescence colonies at excitation wavelength of 254nm
(Nile Blue A)

Fig.1 Screening of PHA accumulating aerobic bacteria from
different activated sludges.

Fig.2 Screening method of PHA accumulating bacteria under
anaerobic conditions.
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Fig.3 GC-mass spectra (Chemical Jonization) of 3-hydroxyalkanoic acid methylesters obtained by the acidic
methanolysis of PHA samples which were produced from alkanoic acids (C.-Cs) by different activated sludges.
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Fig.4 S500MHz 'H-NMR spectrum of PHA sample produced
from propionate by sludge-4.
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Table4 PHA polymers from different carbon sources with form types of activated sludges.

. PHA Composition® (mol%) Tm°
Carbon sources content? e
(wt%) 3HB 3HV 3H2MB 3HZMYV
Sludge-1 Acetate 1. 5 100 - - - 172. 9
Glucose 1 100 - - - 172, 3
Sludge-2 Acetate 7. 1 100 - - - 172, 9
Propionate 1. 6 25 75 — - 101. 2
Butyrate 9. 5 100 - - - 172. 4
iso-Valerate 7. 4 82 18 - - 164. 9
Sludge-3 | Propionate 13.0 79 8 - 13 N. A ¢
Methanol 5.0 100 - - - N. A, ¢
Sludge-4 Propionate 8. 0 12 47 14 27 102. 9

. PHA content in dry sludge.
®) . Deteriminated from GC-MS and 'H MNR spectra
<)

9 Not analyzed

CoASH ATP

AMP.PPi *CO:
CHi:CH,'CO-SCoA —> ~4 —» CH.CO-SCoA
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OH OH

NADP-

Synthase

CoASH CoASH

CH.
CH: O CH:. 0O
~+0*CH-CHs € J57—0-CH-CHy-C Jor-

3HV 3HB

Fig.5 Pathway of P (3 HB-c0o-40% 3 HV) synthesis in A
eutrophus from propionic acid with 3C-labeled
carbonyl!®.
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Melting temperature of PHA was measured at 10°Cmin”

1

Y3, RN PHASBE» 5B oNzEDTH 5.
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B LU Sludge-4 ZNRIT, BERGB LOCTFREHET
T PHA 28R 3 2EHROBREZERL 7.

(2) PHAERRE®DIRSE

FTHRNRETTCOPIAAREOES»BINIC
Sludge-3 # & U Sludge-4 DIEFEFHRE»H, Tus
VB EME—ORZERE LT PHA 24T 2 BidOHER
EiTo 1. FORBREHE NI PHA OSFREEH, S5
¥95L, FigblTRT EDH 2D NV — Tkl
Wiz, -0/ V-7, 7ut vE» 5 P (3HB-
co-3HV) HEAKRZERT 2MEDE, B0/ V-
TR TaCF v Er S G S Co E TOHERED -1
Fa¥vy7uh /x4 (3HA) 55 P (3HA)
HELEREERT 2MEVETHS. E—0/V-Ti&
F 2 Sludge-3 25, B O V— 713 Sludge-4 DIE
PEBRD M NI BT S 5.

Table5iZ, 7uvt+ v#» 5 P (3HB-co-3HV)
EERLIZINV-T I OZFE#RERVWT, BBORER
65 PHA 2&B U R ZRT. RERICBWTII,
P (3HB-co-3HV) DAOHEE R T AT LDES
MERRT 5200, RERB|ELTTaEE VBLISM
4~ FoXF VBB B LU 3-v Fusy T ut v #s
Bl Z20#%R, EBXNh2 PHA 8EODOZ < 5,
- FuXVEB» S 4-v Faxy 7F L4 b (4HB)
Ay bERSOHEERY T AT L EREBER L. &
IS 8008 kI, 4-v Fux v EME» > 3HB 7%, 3
HV 7%, 4HB 8% O=nHEEFR) TATVEEIR
HAEERBHIV16.Twt% OEBVWESETERL 2. 4
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Fig.6 Classification of PHA samples produced from propionate by aerobic bacteria
which were isolated from two activated sludge-3 and -4.

Table 5 Production of PHA polymers by Group-I's strains in nitrogen-free media
containing propionate, 4-hydroxybutyrate or 3-hydroxy-propinate for 48 h

. at 30°C.
Strain __Carbon sources Cell dry PHA content®’  PHA composition (mol%)°’
(sludge)®’ (g/L) wt(g/L) (wt%)

3EB 3HV  3HP  4HB

$8008(3) CH;CH2COONa(3) 0.70 0.1 89 11 -

HO(CHz2)3CO0Na (10)  0.67 16.7 7 1 86

6-41(4) CH3CH,COONa(3) 0.26 0.1 54 46 - -

HO(CH2)3COONa(10) 0.33 8.7 76 - - 24

HOCH2CH2COOH (5) 0.36 12.6 99 - 1 -

6-44(4) CH3CHoCOONa(3) 0.50 © 2.3 13 817 - -

HO(CHo)3COONa(10) 0.50 5.2 69 - - 31

. HOCH2CH2COOH(5) 0.35 4.1 100 - - -

6-46(4) CH3;CH2COONa(3) 0.56 3.2 13 87 - -

HO(CHz)2COONa(10) 0.60 4.6 48 - - 52

HOCH2CH2COOH (5) 0.27 3.4 100 - - -

2112(3) HOCH>CH2COOH(5) 2.07 1.6 58 42 - -

2120(3) HOCH2CHoCOOH(S5) 1.90 2.0 90 10 - -
2126(3) HOCH2CH2COOH(5) 1.96 5.2 87 13 - -

4131(3) HO(CH2)3sCOONa(10) 0.87 4.4 82 1 - 17

4133(3) HO{(CH2)3COO0Na(10) 0. 41 23.0 85 3 - 12

4143(3) HO(CH2)3COONa(10) 0.86 7.8 86 4 - 10

2> sludge :'Activated sludges in Table-1 isolated each strains.

®" PUA content in dry cell weight
°), 3HB : 3-hydroxybutyrate ,

3HP : 3-hydroxypropionate ,

HB & &E&IE, 4HB SEROEKRIT & - THELE
BRELENL, BEEDOTSFyrroBtirEt T
LETIREVESTHERIE 25 2 B H N TNBD,
SEEB I N7 S 8008 #kix, 4HB ENLSDERE 90% E

CETBDHENTELI DS, ARI Nz PHA
BRI E BN THLOWEE2ET 56D &
E2oNB. BRI, SS08KOHEMsEEIC>VWTH
NTWBD,

Table6 i2id, V- 7HNOWEHKELEAVT 7ot v
B 5 PHA 25U IERIRLTH 5. EExL
18ERIF3SHAMRMBIZIES D2 35200, 2B
ELCGOHCeTTDIHAN»SEKA P (3HA) 7
avt vEsSSEARL. BEZTRPE#HO 3TA
2=y bREGP (3HA) ZART SMEE U THER
INTVBDE, Ya— FEFABOATHS. &K

MY
4HB :

3-hydroxyvalerate

4-hydroxybutyrate

FTNa— A EOE,» S P (3HA) 28K T 5B &
U T, Pseudomonas aeruginosa X P. putida DSHEER S 1
TWVWBRON 2 5DOEKIE, BEERTERLET &
FI CoA £7U =N CoA EDMESIT L - THERE
BErEmRL, shAEABEDCE / ~—LK0P (3
HA) 2EE5WMT B EMESNRTVAD, LEzH-T,
LSEEBINIZISHKRIZONT S, T7I34v—&LTT
TU¥F =NV CoABLUTTEFNCoAZHVW T
W CoA LDMEED SFHBLUBRORERT2&T
RESE®EZAK L, P (3HA) 2ERLIzbD L
#ZxHN5.

Table 7 {21, Sludge-4 D) v IEMFRD & 578
U7eEkRIC &2 ) Y BRERUEE & PHA S ORBR PR
LTHs. ) VyBEIEES JFau——-oRE@IZES
PHAERBED A7 V) =—= v FOFE R, Table7 2R

]
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Table 6 Production of PHA polymers by Group-[I ’s strains in nitrogen-free media containing propionate as a
sole carbon source for 48 h at 30 °C.

Strain PHA composition® (mol%)
(sludge)®’

3HV 3HHx 3HH 3HO 3HN 3HD 3HUD 3HDD

1—-43@1) - 8 2 19 18 50 - —
2- 4 - - - 47 9 44 - -
2- 8() - - 11 14 10 45 9 11
2-32@14) - 3 6 18 20 38 11 4
2-38(4) - 6 2 14 10 45 9 13
2-48) 3 - 2 21 13 6 2 2 -
2-494) - - - 55 8 34 3 -
3—-— 5(1) -~ - - 32 23 45 - -
3-27) - - 2 22 11 63 2 -
3-31(4) - - - 15 11 74 - -
3-34(14) - - - 28 8 64 - -
3-3501) -~ 4 7 14 10 61 4 -
3-40@4) - - - 42 - 58 - -
4- 31 - - - - - 86 14 -
4~ 9@ - - 8 19 13 60 - -
4-11(4) 4 10 4 10 9 62 2 -
4-37(14) - - 3 18 9 50 20 -
4-38(4) - - 15 10 10 58 7 -

“’2 sludge : Activated sludges in Table-1 isclated each strains

5) " 8HV : 3~hydroxy-valerate, 3HHx : 3-hydroxy-hexanoate, 3HH : 3-hydroxy-heptanoate
3H0 : 3-hydroxy-octanoate, 3HN : 3-hydroxy-nonanoate, 3HD : 3-hydroxy-decanoate
3HUD : 3-hydroxy-undecanoate, 3HDD : 3-hydroxy-dodecanoate

Table 7 Phosphate removal activity and PHA accumulation urder aerobic or anaerobic
conditions by different strains which were isolated activated sludge-4.

Strain Phosphate removal PHA composition
(sludge)?’ activity®’
(mg-P04/g-cell/d) . Aerobic condition®’ Anaerobic condition®’

P(3HB-co-32Z%3HY) -

fa
~
'S
~

WA DO WN N -

0 OWOR U =OOw

C005(4)
C006(4)
C007(4)
C008®4)

P (3HB-co-3%3HV) -

NOANND AONGNG
|

-

2)  sludge : Activated sludges in Table-l isolated each strains

®)  Starins were incubated under aerobic conditions in the media containing
0.44g/L of KHoPO. and 0.15g/L of MgSOs for 1 day at 30°C.The value of
phosphate removal for 1 day was determined by molybdenumblue method.

°)  Starins were incubated for 2 days at 30°C under aerobic conditions in
nitrogen-free media containing propionate(8g/L) as a sole carbon source

4 Strains were incubated in 50nL media in 200mL-elemeyer flasks for 2 days
at 30°C.Propionate was added to the cell suspension,nitrogen gas was
supplied to the flasks for 15 min, and the flasks were closed by silicon
adapters. The strains were cultured at 30°C under Oz-free conditions for

1 day.

USRS . ) VEEEBRGEEICEA L T, 47 &M TP (3HB-co-3HV) E AT Ak (C 003,
(mg-PO4/g-cell/d) DENY YEEOE D AH%RTE C007) bR iz, BERETTPHA 26T
B (C003) MRERRE Mz, 7z, Tu4 VB sl AERIERINZ-I.

L
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BEHBRICAONAFRY — v TDY) VEBEDHDAS

EERYV YT VEBOBESB K TEEY OERL
(PHA 7Y a—7"v OFR) 2MEMFENICERS
Biz@, K VBEREOEESTHOhTWVAE®, L
» UBRSEMT PHA A 5R T A4ME, REBREF
BIZRPPEBIXNTOEVONETIRTH Y., BTIFR
AEHEBROERZHE U 2MEME, HFRWCEREL
A VBRERLKEHT TIASHEL ATP 28545
Itk HT, BEAEHTTHL PHA 2463 5 L8
HlancTna?. 20k IHEREHTTO PHA DX
HREIZIE, ATP Oft5k e 2580 ) v BIEEET
EB-TWVNBEEEZOND. LEM->TIHFREHTEY
VY BEREBEEIIC L TRRIEER/SE 500,
HFEH PHA &EOEBIIBWCEELREL 2D &
EZzx5h5.

4. &

BREEMTH 2 EMBREAVTESBET T A
Fv 7 PHA #¥RINCEFET 2 L2 BIIC, QFEF
ROBRZBERTERINIIELOHEEHFRIZES
PHA OHEERET L /2. X HIEKFIREY» 5D PHA
ARBEOBERZT-> &R, UTIRT &5 siERmnE
L% (A
@ PHAASREGORBRTHIEL FRNEEBR%
VT, AR>S EBRFREENLIID 7D Iwt%
DOEE T PHA BEREX hz.

@ MEZBLURY) YEUEFREZAVTESNE
PHA & X 124E8, Yut v B» 5 3HB, 31V,
BH2MB X 5IZ3H2MV » 545 PHA AR a1
7z,

@ BEEMFRE? GHESEMHFTOPHASKEDO R
V—m v TRFERLICER, REREESEE»S, P (3
HB-co-7% 3HV-c0-86% 4 HB) % &K § 2 EEMBFKE
At FRB) VEEBREY S, Tud Vs s
FEH (CG~Cn) D3HA»HKA P (3HA) %458
¥ HEREIEE XN,

@ B UEEBRP L) VBREBOEBET I
&R, 447 (mg-POs/g-cell/d) OBV v EE%®RT
BB ont. LhL, B ViEEBRICBOTRES
N5 &> nBEERN T T PHA 243 AEMKIIESRS
nigipotz.

S

EBAPFIE, AT - - EEETRAPISHEE
L0 [ESRIET S AT v 7 BiFERSE] OMfEREE R
iz (BF) MhERBREEREE RN TITO A & B LT eRR &
DHERFIFIC BNV TEmI NI,
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PRODUCTION OF POLYHYDROXYALKANOATES (PHA) BY VARIOUS ACTIVATED
SLUDGES AND SCREENING OF PHA ACCUMULATING BACTERIA

Yuji SAITO and Yoshiharu DOI

The production of polyhydroxyalkanoates (PHA) from alkanoic acids by several activated
sludges was investigated. The productivity and composition of PHA polymers were
strongly dependent on the composition of wastewater (carbon sources) and the process of
wastewater treatment. The screening of PHA accumulating bacteria from different
activated sludges was carried out. The isolated microorganisms were divided into two
groups. One group of microorganisms produced copolymers of 3-hydroxybutyrate (3 HB)
and 3-hydroxyvalyrate (3HV), P (3 HB-co-3 HV), from propionate, and the other
produced the copolymers P (3 HA) of 3-hydroxyalkanoates of Cs-Ciz from propionate
under aerobic conditions. The isolated microorganisms from aerobic/anaerobic activated
sludge showed high activities of taking phosphate under aerobic conditions-but did not
accumulate PHA under anaerobic conditions.
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