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Table 1

Bacterial strains and plasmids used in this study

Bacterial strains or plasmid

Relevant phenotype

Suurce or I'CfCTGHCC

Comamonas sp. CNB-1 Separated from Activated Sludge Wu et al. !
E. coli BI21 DE3 Express host Stratagene
pET-21a + Express vector Novagen
pET-28a + Express vector Novagen
pET21-Cl1 pET-2la + connected with phaC genel this study
pET21-AB pET-21a + connected with phaAB gene this study
pET21-C-AB pET-2la + connected with phaC phaAB this study
pET28-C2 pET-28a +  connected with phaC gene2 this study
pET21-A pET-2la + connected with phad gene this study
pET21-B pET-21a + connected with phaB gene this study
2 PCR

Table 2 Primers used in this experiments

Names of primer Characteristics and utilities

Sequences of primer 53’

P1 Degenerate primer of phaC upstream conservative region

P2

Degenerate primer of phaC downstream conservative region

CC C/G CC C/G TGGATCAA T/C AAGT T/A T/C TA T/C ATC
G/C AGCCA G/C GC G/C GICCA A/G TC G/C GGCCACCA

CP1 Upstream primer 1 of phaC ATAGGATCCCCGGTCGCTTGCCTTGA
CP2 Downstream primer 1 of phaC AGGGAGCTCTCAGGCTTTTGACAGAAC
CPF Upstream primer 2 of phaC CGCGGATCC ATG AATTTTGACCCGAGCTG
ABP1 Upstream primer of phaA-B TCGGAGCTCATG GAAGACATCGTTATC
ABP2 Downstream primer of phaA-B ATCTAAGCTTTTGCTGAACCGAGTTTT
BP1 Upstream primer of phaB CGCGGATCC ATG GGTCAGAAAGTAGCG
BP2 Upstream primer of phaB CGCGGATCCTGCTGAATGCCTGAAAA
Note The start codons are Underlined.
1.2 CNB-1 PHA PCR
1.2.1 pET-21a + pET-28a +
MS 6 E. coli BI21 DE3
0.5% 2d PHA 1 PCR 2
CNB-1 100mL NB”® 1.5 E. coli PHA
12h E. coli BI21 DE3 LB
MS 2d PHA 37°C ODgy 0.6 0. Immol/L IPTG
1.2.2 PHA 30C  3h 1% 2d
PHA 0.025% PHA
2ml, 15% 1.6 SDS-PAGE
85% 95C  2~3h  2mL 1.6.1 CNB-1  100ml. LB
Tk 2010 30C 12k E. coli 100ml, 1B
PHA 37°C ODgy 0.6
13 PHA . IPTG 0 0.1 1mmol/L 30°C 3h 30mL
P2 CNBLL ShaC 0.9% NaCl ImL pHS.0
PCR PCR 10mmol/L.  PBS 13000r/min
PCR 10min SDS-
10 PAGE '
NCBI 1.6.2 DPhaC Tris
BLAST - HCl 150mmol/L. pH7.5 MgCl, 20mmol/I. DTNB
1.4 Immol/L.  3HBCoA 0.6mmol/L. @ PhaA
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10mmol/L CoA 0.05mmol/LL.  CoA 3 CNB-1
0.6mmol/l. @ PhaB Tris PHA

HCl 50mmol/L. pH7.5 MgCl, 10mmol/L
CoA 0.05mmol/I. NADPH 0.05mmol/L
PhaC PhaA PhaB
412nm 303nm 340nm

Bradford v
2
2.1 CNB-1 PHA
CNB-1
PHA
PHA 3
PHA
PHA
3HB 1 4-
4HB  3HV 3
21.5%
29.1% 47.7% PHB
1 4-
3HB  3HV
3HV
PHA
B- PHA
1 4- 4HB
1 4-
+1 4- 3HB
4HB
PHA
NR ° NB
1 4-
4HB 56.2%
D . acidovorans JCM 10181
phaA  phaC 7
1 4- LB
1 4-
4HB 10.3%
CNB-1 4HB

Table 3 PHAs content and composition by strain CNB-1

with one-stage and two-stage batch cultivation

One-stage batch cultivation
% of cell dry wt

Two-stage batch cultivation

Carbon source s % of cell dry wt PHA

3HB 3HV 4HB 3HB
Sodium acetate 1.4 0 0 1.4 0.5
Propionic Acid 1.1 5.5 0 6.6 0.16
butyric acid 3.1 0 0 3.1 0.7
valerate 2.4 37.1 0 39.5 0.1* 14.2 3HV
1 4-butanediol 0.9 0 29.1 30.0 -
Ethanol 10.7 0 0 10.7 -
Butanol 6.1 0 0 6.1 -
Butanol + 1 4-butanediol 21.5 0 2.0 23.5 -
Butyric acid + 1 4-butanediol 7.3 0 1.1 8.4 2.2
Valerate + 1 4-butanediol 7.9 47.7 1.4 57.0 0.2* 23.5 3HV

“ —"means not detected * means except special note all the component are 3HB.

2.2
CNB-1 PHA
PHA
B- CoA PHA
4
CNB-1
phaC 900bp
phaC
PCR CNB-1
3
3
46kb
Comamonas
Burkholderiales Polaromonas  Ralstonia
Burkholderia 3 ORF
PhaC PhaA PhaB
1890bp 1179bp  735bp
phaCAB
1
|- Promoter
phaC: phaA pha B

————

"

CGCTTCTTGTCGGAACTGCCTGGCACATAGGT GACAATGCCGCCGTGTGAGCCOGTATT
_as -10

GCAGATTCCGCAAGCGTCCCCAGACCCTGAGATCGCCGGTCGCTTGCCTTGACTAGGA
remaccars RBS
1 phaCAB
Fig.1 Subfragments of phaCAB nucleotide sequence analysis.
PhaC P.
oleovorans NRRL B-14682
AAL17611 Identity = 90.5% D.

BAA33155 Identity =

acidovorans
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70.2% NRRL B-14682

CNB-1

DS-17

NRRL B-14682 phaC
AF422800 18

90.9%

phaA

Comamonas  Pseudomonas
Gammaproteobacteria

Delftia

Betaproteobacteria

Comamonas Comamonadaceae

NRRL B-14682

CNB-1 PhaA
D. acidovorans DS-17 BAA33156 88.6%
Alcaligenes latus DSM 1124
PhaB
Acidovorax sp. JS42 7P _
Rhodoferax ferrireducens T118 YP

Azohydromonas lata
AAD10275 80.0%

01383710 88.5%
_ 523808 87.7%

http //www. fruitfly. org/seq _ tools/promoter.

html phaCAB
phaC
1 phaCAB
phaCAB 14kb ORF
PHA
Polaromonas sp. JS666
76% Cupriavidus necator
PHB 64% " Shinomiya
* Comamonas testosteroni
2
3
PhaA PhaB PhaC
PHB 3
pET

E. coli BL21 DE3

2.3 phaC phaA phaB E. coli
PHA
3 pET21-C-AB
E. coli BIL21 DE3

3.3% PHB 4
3 PhaC
pET28-C2 pET21-
A pET21-B 3
IPTG
Immol/L. 0. 1mmol/L IPTG
pET28-C2
20C
His. tag
PhaC
PhaC  PhaC, PhaC
21 22
4 CNB-1 E. coli BL21 DE3
0.1mmol/L IPTG PhaC PhaA PhaB
Table 4  Determination of specific activities of PhaC
PhaA and PhaB of CNB-1 and E. coli BI21 DE3
which is induced by mmol/L TPTG
Bacterial  strains  or Specific activities/ nmol/ min mg
fashls PhaC PhaA PhaB
pET21-C-AB 4.5 37 49
pET28-C2 27.9
pET21-A 76902
pET21-B 31125
CNB-1 13.4 1089 10.8
The blank means data not available.
3
Comamonas sp. CNB-1 PHA
PHA 3HB 4HB  3HV
1 4-
3HV  4HB 4HB
’ CNB-1
4HB PHA
CNB-1
PHA PHA
PHA
3HB 3HV
1 4- 4HB
1 4-
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PHA
CNB-1
PhaC

PhaC PhaA PhaB

phaCAB
B_
Cupriavidus necator Ralstonia eutropha

Burkholderia sp. ®

Alcaligenes latus >

Gammaproteobacteria  Pseudomonas oleovorans
NRRL B-14682 D . acidovorans DS-17
NRRL B-14682  CNB-1
26
3
NRRL B-14682
Comamonas testosteroni KBOS 01
Pseudomonas sp. KBOS 04 phaCl/phaZ/phaC2
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3 pET-21a +
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PHB 3.3% E.
coli  PHB PhaC »
E. coli  PhaC PHB
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PHB phaC phaA phaB
pET E. coli BL21 DE3
SDS-PAGE
PhaC
2.1
E. coli
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Biosynthesis of polyhydroxyalkanoates and its metabolic pathway
in Comamonas sp. strain CNB-1

YING Jiao-yan' > YANG Su-sheng® LIU Shuang-jiang' JIANG Cheng-ying'"
U Institute of Microbiology Chinese Academy of Sciences Beijing 100080 China
2 College of life Sciences Chinese Agricultural University Beijing 100094 China

Abstract Comamonas sp. strain CNB-1 degrades chloronitrbenzene and nitrobenzene for carbon and nitrogen sources. In
this study accumulation of polyhydroxyalkanoic acids PHAs within strain CNB-1 cells was investigated under various
conditions. Results indicated that strain CNB-1 was able to synthesize PHA from various short-chain fatty acid and
alcohols and 57 w% of the dry cell weight DCW PHA was obtained when valerate and 1 4-butanediol were co-fed.
Supplements of short-chain alcohols stimulated the accumulation of PHAs and this stimulatory effect was attributed to the
more amount of reductant generated from alcohol dehydrogenation. The genes encoding for PHA polymerase phaC  for
acetoacetyl-CoA thiolase phaAd  and acetoacetyl-CoA reductase phaB  were cloned in FEscherichia coli and the
recombinant E . coli synthesized PHA and showed enzymatic activities of PHA polymerase acetoacetyl-CoA thiolase and
acetoacetyl-CoA reductase. The three genes occurred as a cluster of pha C-A-B . To optimize their expression the three
genes were cloned to the pET vector and expressed respectively. Mass of expressed protein was detected and the enzyme
activities increased greatly in contrast to wild CNB-1 strain which is about 4.1 71 and 2882 folds of activities of CNB-1.
Keywords Comamonas polyhydroxylalkonate biopolymer biopolyester
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