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A review on polyhydroxyalkanoates synthesis in activated
sludge system: the effects of dissolved organic compounds by
using anaerobic fermentation liquid from waste activated
sludge
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Abstract: Polyhydroxyalkanoates (PHA) synthesis by activated sludge using volatile fatty acids (VFAS) in fermentation
liquid of excess sludge as carbon source is a hotspot in the field of environmental biotechnology. However, there is no unified
conclusion on the effects of non-VFAs, mainly dissolved organic matter (DOM), on PHA production. Thus, this critical review
mainly introduces the main characteristics and common analysis methods of DOM in anaerobic fermentation liquid. The
effects of DOM on PHA production are analyzed from the aspects of microbiology, metabolic regulation and sludge
properties. The results of different studies showed that high concentration of DOM is bad for PHA production, but an
appropriate amount of DOM is conducive to the stability of sludge properties, reducing the final PHA purification cost.
Finally, suitable strategies were proposed to regulate the PHA synthesis by activated sludge with DOM for PHA production by

anaerobic fermentation liquid.

Keywords:
metabolic pathway
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Fig. 1 Different fractions of DOM and their constituents™.
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TN A TE R A L T P AR BA 1) DOM 2%
Xof T Uit T2 G SR B S T2 R A 5, Cao
[ 2 F - NaOH. Ca(OH), & M HITR AW
T pH, ERESRME T (pH 8.5-10) AT HIATS
VIR E LB, FR KRR S 0 & BERAE N
AR IR o 5% & BB AL 2508 T I B2 I VFAS
WEE R XA GRS pH), HAE R sl
R EBRBCR AR IR AT 4 o IR A &
PR 2 B = A T R XERE A 2 DOM (R4
E AR AR Tk A ), s T
AR . HIk, 16 PETS VR R AR BERAE R
Y& PHA B, 35 22098 & I DOM X T
PGS B PHA F 520 o

2 Fl&ERKELEH T DOM B £ E 44
Hil DOM 8% ForFrrideanse 1 s, 1]
1 RMEBIYNE LML

PR 3R BRI DL B R A
w f T DOM M %%, HfedE T DOM K
Bom e, @H LT 0.45 pm BRI 58
KB PR A PR (DOC) MM EkRF R, 5
A, B AN Bt R AL T A5 U & B DOM
B ptsbrz—0 T DOM & A 25 A Al
XUEE L HAR 3R B A HLAL & W) TE 58 A I I K
254 nm (UVasq) Ab X584 HAT 50 ZUMEIKCRRAE
BIanARBTR | A RS, PR X — s 2 AT L
FAE K BEE H DOM (1435 B 14 1 FRAE LA &2 DOM Fy
WeBE o X PRI E 5 v T AR EE, (HRRER BRI
DOM {5 B #7b

FEHEAT DOM AI4rHARET, i3 Ff 2 ik
FHHEBH (0, 3% 75 (Size exclusion chromatography,
SEC), st B ik 5 51 43 ¥ e U sh AR v i
wah, W T RS, AR R TR, M
XA > T DOM 4743 #5071, Fukano 517

Table 1 Common analysis methods for dissolved organic compounds

Description

Method Detected features
level
Quantity Doc? Dissolved organic carbon in water, after filtration through 0.45 pm
description filter
UV-light (UV,54)2Y Quantitative measurement of all compound in the sample which
adsorb UV,s4-light. SUVA=100 UV,5,/DOC represents the amount of
aromatic carbon present in DOM
Component Size exclusion chromatography Fractionates DOM on the basis of molecular sizes of organic
description (SEC)123 20 compounds present
Membrane filtration The separation by membranes may be dependent on molecular
structures in DOM as well as the size
Resin fractionation Fractionates DOM on basis of hydrophilic and hydrophobic of
organic compounds present
Structure Three-dimensional fluorescence Molecules of the sample are exited by irradiation at a certain
description (3D EEM)[20: 22231 wavelength and the emitted radiation is measured at a different

Elemental analysis

Nuclear  magnetic  resonance
(NMR, H NMR, C NMR, ®N
NMR)

FTICR-MS!*

wavelength. Conjugated double bonds at aromatic rings, -OH and
-NH, enhance fluorescence, while -COOH diminishes. Three major
groups: tryptophan-, humic- and fulvic-like fluorophores

H/C, C/N, O/C ratios qualitatively reflect the aromatic degree of
organic matter, the degree of humification, the proportion of
oxygen-containing functional groups, etc.

Bonding state of corresponding atoms (*H, *3C, *N) in organic matter

Molecular species, exact masses and molecular formulae of

compounds on DOM

http://journals.im.ac.cn/cjbcn
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FEMLELAE b, JF& K SEC (oA i 2 &L
WA S (HPLC) FfYy HPSEC. Ib4h, b 5
T UE LR B[] 43 1~ DOM 1 I8 43 B B AR
553 F SR B K A TR 6 21 40 43 8 D 3 04 R g
B AR B,

TEi1T DOM ZERSIARRT, — 4t R
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ik ALl

A G AL TS V8 iR & AR R AR 15 R DR AU K
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LIRS EFT, T Liao 2Pl IR 45 R 1E
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4 . Zhang 2507 iE i S R B, TE TS VR
FI TR A 15 Ve HAOK ik 2 BV E R S5 1 PHA BT
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AR ZIEY T i DOM (2 SCOD 1 50%) fifi
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*2 MATERMEEMEREESRPHATSEH PHA AL EH

Table 2 The selected and enriched dominant bacteria for PHA-storing with different substrates

Substrate Flaa y'e'fj’ Dominant bacterial cultures PRI
Accumulation produced
Phylum and class Genus and species or other classification
Waste-activated60%-65% Proteobacteria/Bacteroidetes/ Paracoccus/Thauera PHA
sludge Firmicutes, Acidobacteria/
fermentation®% Candidatus Saccharibacteria
Thermal 34.60% Selenomonadales/Anaerobaculum/ n.s. PHA
hydrolyxed Coprothermobacter
sludge!?”!
Thermophilic 68.4, 23.7, 79.80% Proteobacteria/14.41% 52.90% Corynebacterium/9.19% 3HB, 3HYV,
fermented 7.9 mmol  Firmicutes/Bacteroidetes Lysinibacillus/6.74% Brevundimonas/ 3H2MV
valerate-domin C% 2.53% Petrimonas
ant sludge
hydrolysate!
Alkaline-ferme 73.5, 24.3, Proteobacteria : 42% Gammaproteobacteria: 24.1% unknown  3HB, 3HYV,
nted WAS 2.2 mmol  Gammaproteobacteria, 16% genus, 17% Thiothrix sp./ 3H2MV
liquor®? C% Alphaprotecbacteria, 15% Alphaproteobacteria: 6.3% Meganema sp.,
Betaproteobacteria, 3% 4.5% Rhodobacter sp./
Epsilonproteobacteria/ Betaproteobacteria: Hydrogenophaga sp.

Fermented 1.44 g/L
liquid from

mixed primary

sludge and

WASEI

Glucose®3%  40.3%

Bacteroidetes: 5% Bacteroidetes,
2% Sphingobacteria/4% Choroflexi
n.s. Betaproteobacteria: 62.5% Thauera, 8.2% PHBV, HV
Zoogloea, 2.7% Propionivibrio, 0.5%
Dechloromonas/20.5% Others/
Bacteroidetes: 2.3% Flexibacter, 0.5%
Saprospiraceae/Alphaproteobacteria:
0.5% Rhodobacter/Chloroflexi: 0.4%
Anaerolineaceae
Proteobacteria (2 strains)/ Gammaproteobacteria: Serratia P3
Firmicutes (5 strains) ureilytica, Pseudomonas otitidis/ (HB-co-HV)]
Firmicutes: Bacillus subtillis, Bacillus
badius, Bacillus tequilensis, Staphylococcus
arlettae, Enteroccous italicus

39.6% Gammaproteobacteria (5 bands), Gammaproteobacteria: Pseudomonas spp. P3
Betaproteobacteria (1 band), (2 bands), Aeromonas spp. (2 bands), (HB-co-HV)]
Deltaproteobacteria (1 band), Acinetobacter spp./Bacteroidia:
Epsilonproteobacteria (1 band),  Uncultured bacteria (2 bands),
Bacteroidia (3 bands), Firmicutes Dysgonomonas spp./Betaproteobacteria:
(1 band) Alcaligenes spp./Deltaproteobacteria:
Bacteriovorax spp./
Epsilonproteobacteria: Arcobacter spp./
Firmicutes: Bacillus sp.
Starch(®! n.s. Actinobacteria (40%)/ Filamentous (13%) n.s.
Proteobacteria:
Gammaproteobacteria (22%),
Betaproteobacteria (15%),
Alphaproteobacteria (3%)/
Cytophaga-Flavobacteria-
Bacteroidetes (15%)/other (5%)
Cheese 6.09 and Proteobacteria/Firmicutes/ Corynebacterium/Lampropedia/ PHA
whey"] 2.55 g-PHA Actinobacteria Leucobacter
/(L-d)
Paper industry 34% n.s. Plasticicumulans acidivorans PHA

wastewater and
synthetic
medial®®!

n.s., not specified.

http://journals.im.ac.cn/cjbcn
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B 1 AR R A A R A AL AR
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LTt CoA, it iH#E 1 4+ NADPH, 74
Mk 2 Wt CoA iR R A fEfL T, L1k Mk CoA A=
W (R)-3-F2 3L Tt CoA, )i 1E PHA & (phaC
WAD) LT, (R)-3-F5L T HEHImE A BE4
B PHB. A5 —S6 A W LA 2005 R IS W B
B 3-FRFEE TR 3-8 R ILRY) (PHBV),
TIANF AR TR SRR AR T B, nl LAH 90 A5 5 0
A PHA B AR L 2 1E 2 Y5 ik i
Fa g T A 3-F0 3 TR L RS A AR A
2, AT PHA S5 AR R 8 T IR AR T 5 11 55.9%.
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B W 0 R I A AR TG MRS TR R A AR
AR N PHA & sUARGSHL TR A R S 5
M — 5 1 o AR R AR I ATP R T 3Rk
(NADH. NADPH Fl1 FADH,); % —Jr1fl, WEEf#
DA K e S WA S0 F 0 B i A AR A A2 v
ZHRRI=YITE A A PHA B H At ) 5 1 i
R Nz, CoA FIik J 3 NADPH. 2,75t CoA
1E PHA & AR AL b 5 OCHEVE AT, Z Bk CoA
FEOR A TR MR, EBRUE A LR A AE
R T CoA, 3K I 4 Ml e A A — FR R IG 1 1 A
o BEAME R LUK F AR 1 i A, dnfig
R -B A fk. NADPH J&4i it P 5 22 () 526 U1,
2 R 2 R R o ol TR W AR A
IO IR R AT, BT CoA I I
RARFEEE PR TR 57 NADPH, M I 3Cf %
PHB & &2 M iR T A1, kT CoA i 5
it %2 NADPH 7£ Z. Tt £t CoA %54k ky 3-F2 3L T ik
CoA s FE il % ST . 25 1 iR, PHA Hij{R
Y 2. 1% CoA FI NADPH it 45 76— f B o
T PHA [y 3, T3 P4 A4 5 4 A A7 AR AR
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RGN AR B, B T BT
AT PHA G L, B b G- A R .
W, A RE S A T A R R AN B
WIS R RS NADH/NAD (I L THE . 5200
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i, AR Sz BB B 54, ek
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e BRI A B IE TR SR, e R A
BEHEATAER, YA PR RS A Re s A I At Ak
W, HIRAHEZSRYA RS, Wik, Yk
Wy R 5 A B o W AR IR A R e, 7R
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Ve ik ARSI R GG, — 38709l IR B ) g B ot
ST PR fp it R T A e e ).

R B B T AR A e A, HRAE IR AR
AT, TR AT R S P RUK AR TS e )
S (AR R B AR R R Y IR T 2 A S
S IRE M AL AR BN, 2 A 8
FI K IR 45 = S AL SR ) SR, A A
JRAT A g TS

TF 5 U0 S 65 A R TT LA 56k Ak 2B 0 Y 4 RS
P, AU MEER S AT 29/, & 8BERAX
UED L ERE ST, DI RRAR T 2k 9 i A 48T
PRS0 i S I A R 0 TR 4 PHA 4 BT
DA A B PHA T2 B (I 4 /b | 75 B s
X3 — 7 TH 5% Wil FOLER B4R 52

KB 3 Flvi UL DOM (AR 42 ok
F, EAIBE T E ST DL B AR A IR T A AR
PHA DLz 4f s, oA 2 iy Au b al ™= %t
PHA & AR HLT . AH GRS 4 B L 4% 33 7%
WAATEB R KA, KIS E 2k — 2 A
NG

3.3 DOM &R PHA BT R&AMAIS M
WM e M A R A W (Extracellular
polymeric substances, EPS) A £ BH & 11 At
A, S S I B — & W/ . DOM
ZRME . B i AR A 2R
REVESEH], LIS EPS RAEMEAEH, H15/KH
H TR DOM AT IOKAHIE RS 21 EPS H, 3¢
DOM  7E 3 115 & 22 Ge /K AHFI YR AR Hh 14 43 B L 3]

&: 010-64807509

PLRGEPETS U EPS HhaS 414 i & i o R AR
b, WIS 65 PR B 2544 o Li 251800 IR [
W BRIV AE R IR A& i PHA B, &3
EPS R i 5 £ R & m AR L& 51k
PHA =it TG R 2R K/INW ARk . EPS rP B 1 i
AR R AR E A S R R AR BUE R, S80S
Ve RSN, AR BTl B8R, S0 TE kTS
WA YEYE, AR TE 1 PHA, 53451, EHZE
Y AE R 4515 e B SR EY R, S
TEPETE IR LK PERE . MRS EPS B2 BRIE, 15
U 22 A rh B 1 B o AR AT R 3R TR 07 P A 2 25 4
SR i L HE R 7, AT BELAS V5 8 28 1A A 22 T I
FEAF] T PHA $E4GRY B 1 [ 45 25 540%, I
B KT SR A 7R AR

O B SR M TS Ve A A L A R
B AT R R A TLTE % SR A L
AT FE D e Y T el AR V5 YR 45 44
Xu ZEOPNEE T R 5 AT LAk AR 5 YR v R MR
YIRS AR RY , B TS PR 45 R AR RE T

HE, 74 % PHA T2 ad b, 2  DOM
W B SRR AR R R A G MK, DT AT D4
PHA =35, [a] s 5 Je 25t ke e vk L iRt
FEAR S PR A 77 AR

4 HEDOM # PHA & B LY B th 37 5K

H T DOM 23540 PHA B4 8%, Pk A2
T 3 A5 A [F] A A AR B R PHA A L RE
Korkakaki %1% B e #1052 2 Pk BELAG T 14
AT AR, i RIS DOM ALl VFAS
IR PHA AL, ATLLTHER DOM Xt PHA
A SRR R, DT A B A Y
PHA ik 78%. Campanari 27 FRIcHE
K KB BR A PHA B Bl 2ok Je BRI =
(Famine period) i Beist s dsN i DOM A LIS i
PHA ™ 4t, H PHA 22N 2 500 mg COD/L.
Oliveira 25 T — Pl #4220 R S s
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TE S 4 A 5 T 7 28 B B e RS A R VR A
JEEY, AEE T R MR B = I Bl A & A 5 57
JCEMYEY , IR PHA 748 I ) 2.55 g/(L-d)
1R 6.09 g/(L-d), Tu PN KA RS 152
bR & T 5 JC DOM B VFAS IR & 1R
YT PHA B & £ PHA B AL, ZEREBR Tl
5T, PHA RS 5 61.4 witd%.

B 7 3 Ao R I T 4 B I R I AR R I R
DOM ¥, ik al4F %} PHA & ilE & E MBS
PHA & BB BL, FIHEYE pH. B . SRT. Mk
B WIRAESE, RN E LG
BRI A5 5K . GuerraBlanco 2% PHA & B
w| AR Bl MR R A (RBEZ . i pH)
BB A MR S5 R, WD AE PHA & BLEE )
o, PHA &0l 5k 44.5 W%, #4575 25 008 1o F
FEUESE, Pl vl DUE MR YA 2 PHA,
R SIRSERAE (BT 2IK) WE, AR T
YRR, N EEGCAE 2% DOM i FIH .

PR, AT LA 3 i s o A 0 A 3 Rk
IBEIEVETS VA R PHA 125 0 sk R 87 fr:
Wyl TG R T A P A R A A R
VERR, WA vl T 3 T AR 53 Ry TR DY Pl A% 328
FEAN 158 . BiE LR/ LR . BRRER
SR HE 20N PP R B A2 AR IS A DA AR
. S 4R SR S X LR AN P B ) 5y
HL P32, ZEReint PHA 4 BB 09I 4 F) i
2, W E RN B E-YURKR ] (Feast-Famine
ratio, F/F), WA FT PHA &A1 & 5 & PHA
G

HHTOC T PHA & R & AR B Befil PHA
B U B L AR s AR T oy 3 Ay —
JETRIMBR A SN F 20k, BInsrRER . wiie
ERIEIE AT LU hnsE NAD/NADH 8 4L A [5G, n
PRI AE, 4k DOM o) st +
PHA R, (RS RR R 1 L 2 T
ROV, dasdmil PHB 94 a8, [H I Al R £k 1)
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PN S WA — & B EEE R N . R
b2 R i s 745% . Nishio 207 i 76
H b2 Z G0 v [t T AR W AR 2540 ok o it A vl
e, IR RIMSMNAN, 15 1A
AT Ralstonia eutropha f) PHB j= &5 T
60%. —ESBMAMNEYIET, e N g
%, Flnwgy . s H A T 925K
WERY B, BT HEERD HA DL R i, B hE
W AE 2 A LAk A2, o, mik
YK BURL (nanoFes04) T 25T 12 i A TR0
e R a4 . Fu R E
&2 /\ & BK# Methanosarcina barkeri, #7840
nanoFesO4 /f A BL F 28R 1A, & B Fe (11)F1 Fe (TIT)
TRA M H) nanoFesO, X H e Az LA fie #E 7 T ey
B, fEE T nanoFesO, 1 Jy L T ZE MR A2
PG PETS T v i AR, IR A% T PHA & LA
TEA M PHA 2F v iy M i 4% 388 Rt A AT

L M A 15 L4
5 R&EHRE

TP YR A FH DR A8 TR AR R IR 64T PHA
A PG AT 6 AT RS L i, {H)2, DOM
X 1 M VR s A R R S TRV R )
B PHA 5200 A 25 WO TR . — 5 T, 2 & #) DOM
X PHA G 1 B8 B AR LA S PHA G 1A S 5
J3—J71H , DOM TE— 7 5140 T A HAEAE A&
B PHA, TR A A Fi5 R Mk R R e, BRI
PHA 4GB RIA . L, FESLPrA =T 2%, 1]
P2l DOM e B 5 Al R A B A8 KO

It4h, DOM Xt G5 e A PHA Hif i
TSR EEA . AR O T RS TR — 2P TR
Ao X7 HIB B WY Z IR F 4l 451, X+
R ARG A L FHAMNE M
I AL R IR PHA A RE I A &
W) B Bt 5 0 5 5 o
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