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Abstract: Biomanufacturing industry includes biofuels, biomaterials and biochemicals, and it is also called “white bio-
technology”. Due to recent policy to promote industries independent of petroleum, CO, reduction and environmentally
friendliness, biomanufacturing develops very fast. Being a family of biopolyesters with biodegradability, biocompatibility
and chirality; microbial polyhydroxyalkanoates (PHA) has become one of the focuses of biomanufacturing today. Over the
past several decades, PHA has been developed into an industrial value chain ranging from industrial fermentation, bioplas-
tics, and biofuels to medical implant materials. In this review, we describe the most recent PHA developments including
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new applications both in China and aboard.
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Table 1 Global PHA research and production companies
Companies Types of PHA Production scale/t - a ™' Period
ICI, UK PHBV 300 1980’s to 1990’s
Chemie Linz, Austria PHB 20 ~ 100 1980°s
BTF, Austria PHB 20 ~100 1990’s
Biomers, Germany PHB Unknown 1990’s to ?
BASF, Germany PHB, PHBV Pilot scale 1980’s to ?
Metabolix, USA All types of PHA Unknown 1980’s to Present

Tepha, USA
Metabolix, USA (with ADM)
P & G, USA
Monsonto, USA
Kaneka, Japan(with P & G)
Mitsubishi, Japan
Biocycles, Brazil

Zhejian Tian An, China

Jiangmen Biotech Center, China

Tianjin Northern Food, China

Beijing Tianzhu Changyun, China

Jiangsu Nan Tian Group, China
Shenzhen Ecoman, China
Tianjin Green Biosci, China
Shandong Lukang, China

All types of PHA
All types of PHA
PHBHHx
PHB, PHBV
PHBHHx
PHB
PHB
P(HB-5% HV)
PHBHHx
PHB
All types of PHA
PHB
All types of PHA
P(3HB-co4HB)
All types of PHA

PHA as medical implants
50 000

Contract manufacture

1990’s to present
2005 to present
1980’s to present

Plant PHA production 1990’s
Unknown 1990’s to 7
10 1990’s
100 1990’s to Present
2 000 1990’s to Present
Unknown 1990’s stop
Pilot scale 1990’s stop
PHA as bio-implants 2002 to ?
Pilot scale 1990’s to 7

5 000
10 000

Pilot scale

2004 to present
2004 to present
2005 to ?
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Table 2 Wild type and industrial strains used for pilot or large scale PHA production

PHA type and

Final

a1 P 1 ati . 2, s . -1 & ies
Strain DNA Manipulation vield/t - a-! C - Source Final CDW/g - L PHA/% CDW Companyies
Ralstonia eutropha No PHB(10) Glucose >200 80% Tianjin North. Food, China
Alcaligenes latus No PHB(10 ~300) Glucose >60 >75% Chemie Linz, btf, Austria
Sucrose Biomers, Germany
Escherichia coli phbCAB + vgb PHB(10) Glucose >150 >80% Jiangsu LanTian, China
Ralstonia eutropha No PHBV (300 ~2 000) Glucose > 160 >75% ICI, UK
Propionate Zhejiang Tianan, China
Ralstonia eutropha No P3HB4HB Glucose >100 >75% Metabolix, USA
( >10000)
Escherichia coli phbCAB 1, 4-BD Tianjin Green Biosci. China
Ralstonia eutropha phaCAC PHBHHx(1) Fatty acids > 100 >80% P&G, Kaneka, Japan
Aeromonas No PHBHHx (1) Lauric acid <50 <50% P&G, Jiangmen Biotech
hydrophilia Cir, China
Aeromonas phbAB + vgb PHBHHx(0. 1) Lauric acid 50 >50% Shandong Lukang, China
hydrophilia
Pseudomonas putida No mel PHA(O. 1) Fatty acids 45 >60% ETH, Switzerland
Bacillus spp. No PHB(5) Sucrose >90 >50% Biocyles, Brazil

Note: CDW : Cell dry weight; vgb: Gene encoding Vitreoscilla hemoglobin; phbCAB: PHB synthesis genes encoding B-ketothiolase, acetoacetyl-CoA

reductase and PHB synthase; A. caviae: Aeromonas caviae; 1, 4-BD; 1, 4-5 butanediol; phaCAC: PHA synthase gene phaC from Aeromonas caviae
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Fig. 3  Biofuels 3HBME and 3HAME derived from methyl

esterification of PHA
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Table 3 Comparison of PHA and conventional plastics

regarding properties

Tensile Young’s Elongation Impact

Polymers T./C strength  module at break osrtr‘;)r;rigll(

/MPa  /GPa /% /T m-!

P(3HB) 179 40 3.5 5 50

P(3HB-co-3HV)

3% 3HV 170 38 2.9 - 60
10% 3HV 150 25 1.2 20 100
20% 3HV 135 20 0.8 100 300

P(3HB-co4HB)

3% 4HB 166 28 - 45 -
10% 4HB 159 24 - 242 -
16% 4HB 130 26 - 444 -
64% 4HB 50 17 - 591 -
90% 4HB 50 65 - 1 080 -

P(4HB) 53 104 - 1 000 -

P(3HB-co-3HH)

5% 3HH 151 - - - -
10% 3HH 127 21 - 400 -
17% 3HH 120 20 - 850 -
25% 3HH 52 - - - -

P(3HH-co-3HO 61 10 - 300 -
-co-3HD)
PP 170 34 1.7 400 45
PET 262 57 2.2 300 59
HDPE 135 29 0.94 650 -
PS - 50 3.1 3 21

3.3 PHA{EAERENMEIEIRA
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PAHB L1 PHA4400 24 24 1 g 5 B4 Rtk ATl 3
UEABFSE 7k, PHBHHx PRFC R4 19 s H A T ok B
FHT e B i 14 o W90 X T PHBHHx 75 1 2 50 1
{6 52 AN L8 Dy T A S5 A 2 (P 4) T
WA, BEFEE L Kk B PHA 1) SERY) BA E FRFIRIT I
BIIL

Shishatskaya 6 A & B, K T 1 4E A0 56 39
PHB il PHBV B2 4 4% 5 A 38 A A X IR AT fT A
RV, 7EXTF PHBHHx B MF 5T 7t 2 B0 17 2 0L 193X
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(a) PHBHHx 4>k £f-4E, (b) PHBHHx #1455
Fig. 4 SEM images of PHBHHx electric spinning films and its
neuron conduits: (a) PHBHHx nanofibers and (b) PH-

BHHx neuron conduit
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Fig. 5 Structural schematic diagram of a PHA intracellular granule
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