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RECOMBINANT PLASMID pZQ12, RECOMBINANT BACTERIUM FOR
SYNTHESIZING ODD AND EVEN CARBON CHAIN MONOMER
COPOLYMERIZED MCL-PHA AND APPLICATION THEREOF

TECHNICAL FIELD

The present invention relates to the technical field of genetic engineering, and in particular,
to a recombinant plasmid pZQ12, a recombinant bacterium for synthesizing odd and even
carbon chain monomer copolymerized mcl-PHA and an application thereof.

BACKGROUND

With the continuous consumption of petroleum fossil fuels and the increasing
environmental pollution caused by petrochemical plastics, the development and synthesis of
bio-based materials have attracted much attention. Polyhydroxyalkanoate (PHA), as a storage
material for carbon and energy sources, is a kind of biopolyester synthesized by
microorganisms. The PHA has been increasingly used as an environment-friendly material to
replace conventional petroleum-based plastics due to its excellent properties such as
biodegradability and biocompatibility. 3-hydroxyalkanoate (3HA), a composition monomer of
PHA, is of a wide variety of types and has various properties. Because of the diversity of
monomer structures of the PHA, the properties of materials produced thereby are also
diversified (i.e., from rigid and brittle hard plastics to soft elastomers), and therefore, the PHA
has broader application prospects than other biodegradable materials.

In general, medium-chain-length polyhydroxyalkanoate (mcl-PHA) contains 6-14 carbon
atoms. The monomer structure and composition of conventional mcl-PHA are difficult to
control, high in production cost, and low in industrial yield, and the existing mcl-PHA is single
in type and limited in application range. Therefore, novel mcl-PHA applicable in the fields
such as biomaterials, fine chemicals, medicine and nutrition need to be developed and
synthesized urgently. In addition, mcl-PHA containing only even carbon chain monomers has
shown ideal physical and mechanical properties, and if a component containing odd carbon
chain monomers is added thereto, the biomaterial can be endowed with higher strength and
flexibility, and thus becoming more novel and practical. However, currently synthesized
mcl-PHA monomers containing odd carbon chain monomers include only 3HHp, 3HN, etc.,
which are short in carbon chain length, single in monomer type, expensive in carbon source for
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synthesis, toxic to microbial cells, and unfavorable to cell growth and mcl-PHA synthesis and
accumulation.

SUMMARY

In view of the above, the present invention provides a recombinant plasmid pZQ12, and a
recombinant bacterium for synthesizing odd and even carbon chain monomer copolymerized
mcl-PHA. The recombinant bacterium can be fermented under the condition of using only
glucose as a carbon source, to synthesize mcl-PHA in which odd and even carbon chain
monomers are copolymerized.

To achieve the above purpose, the present invention provides the following technical
solutions.

In one aspect, the present invention provides a recombinant plasmid pZQ12, where a cimA
gene is inserted into Ncol and BamHI multiple cloning sites of a plasmid pACYCDuet-1; a
leuBCD gene is inserted into BamHI and Sacl multiple cloning sites of the plasmid
pACYCDuet-1; an ilvA gene is inserted into Sacl and Ascl multiple cloning sites of the
plasmid pACYCDuet-1; and a thrA*BC gene is inserted into the Ascl multiple cloning site of
the plasmid pACYCDuet-1;

the cimA gene has a nucleotide sequence represented by SEQ ID No. 1 in the sequence
table;

the leuBCD gene has a nucleotide sequence represented by SEQ ID No. 2 in the sequence
table;

the ilvA gene has a nucleotide sequence represented by SEQ ID No. 3 in the sequence
table.

the thrA*BC gene has a nucleotide sequence represented by SEQ ID No. 4 in the sequence
table.

In another aspect, the present invention provides a preparation method for the above
recombinant plasmid pZQ12, including the following steps:

1) performing double enzyme digestion on the plasmid pACYCDuet-1 and the cimA gene
by using Ncol and BamHI respectively, to obtain enzyme-digested pACYCDuet-1 and cimA
gene;

2) ligating the enzyme-digested pACYCDuet-1 and cimA gene of step 1) to obtain
recombinant plasmid pACYCDuet-1-CimA;

3) performing double enzyme digestion on the recombinant plasmid pACY CDuet-1-cimA
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of step 2) and the leuBCD gene by using BamHI and Sacl respectively, to obtain
enzyme-digested pACY CDuet-1-cimA and leuBCD gene;

4) ligating the enzyme-digested pACYCDuet-1-cimA and leuBCD gene of step 3) to
obtain recombinant plasmid pACYCDuet-1-cimA-leuBCD;

5) performing double enzyme digestion on the recombinant plasmid
pACY CDuet-1-cimA-leuBCD of step 4) and the ilvA gene by using Sacl and Ascl respectively,
to obtain enzyme-digested pACY CDuet-1-cimA-leuBCD and ilvA gene;

6) ligating the enzyme-digested pACY CDuet-1-cimA-leuBCD and ilvA gene of step 5) to
obtain recombinant plasmid pACY CDuet-1-cimA-leuBCD-ilvA,

7) performing single enzyme digestion on the recombinant plasmid
pACY CDuet-1-cimA-leuBCD-ilvA of step 6) and the thrA*BC gene by using Ascl respectively,
to obtain enzyme-digested pACY CDuet-1-cimA-leuBCD-ilvA and thrA*BC gene; and

8) ligating the enzyme-digested pACY CDuet-1-cimA-leuBCD-ilvA and thrA*BC gene of
step 7) to obtain the recombinant plasmid pZQ12.

Preferably, the preparation method for the cimA gene in step 1) includes the following
steps:

a. extracting total DNA of Methanobacterium sp. MB1; and

b. by using the total DNA of step a as a template, amplifying the cimA gene with primers
cimA-F and cimA-R to obtain the cimA gene; where

the primer cimA-F has a nucleotide sequence represented by SEQ ID No. 5 in the
sequence table; and

the primer cimA-R has a nucleotide sequence represented by SEQ ID No. 6 in the
sequence table.

Preferably, the preparation method for the leuBCD gene in step 3) includes the following
steps:

(1) extracting total DNA of Escherichia coli MG1655; and

(2) by using the total DNA of step (1) as a template, amplifying the leuBCD gene with
primers leuBCD-F and leuBCD-R to obtain the leuBCD gene; where

the primer leuBCD-F has a nucleotide sequence represented by SEQ ID No. 7 in the
sequence table; and

the primer leuBCD-R has a nucleotide sequence represented by SEQ ID No. 8 in the
sequence table.

Preferably, the preparation method for the ilvA gene in step 5) includes the following steps:

[1] extracting total DNA of Pseudomonas fluorescens PICF7; and
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[2] by using the total DNA of step [1] as a template, amplifying the ilvA gene with primers
ilvA-F and ilvA-R to obtain the ilvA gene; where

the primer ilvA-F has a nucleotide sequence represented by SEQ ID No. 9 in the sequence
table; and

the primer ilvA-R has a nucleotide sequence represented by SEQ ID No. 10 in the
sequence table.

Preferably, amplification procedures for the amplification in steps b, (2), and [2] are
independently: pre-denaturation: 94°C, 5 min, 1 cycle; denaturation: 94°C, 45 s; annealing:
55-60°C, 45 s; extension: 72°C, 2 min, where the denaturation, annealing, and extension all
experience 30 cycles; and final extension: 72°C, 10 min.

Preferably, the preparation method for the thrA*BC gene in step 7) includes the following
steps:

(S1) extracting total DNA of Escherichia coli MDS42; and

(S2) by using the total DNA of step S1 as a template, performing amplification with
primers thrA-F1/thrA-R1 and thrA-F2/thrA-R2 respectively to obtain two fragments;

(S3) after mixing the two fragments obtained in step S2, by using the obtained mixed
fragment as a template, performing amplification with primers thrA-F1 and thrA-R2 to obtain a
thrA* gene subjected to site-directed mutagenesis;

(S4) by using the total DNA of step S1 as a template, performing amplification with a
primer thrBC-F/thrBC-R to obtain a thrBC gene; and

(S5) by using the thrA* gene of step S3 and the thrBC gene of step S4 as templates,
performing amplification with a primer thrA*BC-F/thrA*BC-R to obtain the thrA*BC gene;
where

the primer thrA-F1 has a nucleotide sequence represented by SEQ ID No. 11 in the
sequence table;

the primer thrA-R1 has a nucleotide sequence represented by SEQ ID No. 12 in the
sequence table;

the primer thrA-F2 has a nucleotide sequence represented by SEQ ID No. 13 in the
sequence table;

the primer thrA-R2 has a nucleotide sequence represented by SEQ ID No. 14 in the
sequence table;

the primer thrBC-F has a nucleotide sequence represented by SEQ ID No. 15 in the

sequence table;
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the primer thrBC-R has a nucleotide sequence represented by SEQ ID No. 16 in the
sequence table;

the primer thrA*BC-F has a nucleotide sequence represented by SEQ ID No. 17 in the
sequence table; and

the primer thrA*BC-R has a nucleotide sequence represented by SEQ ID No. 18 in the
sequence table.

In still another aspect, the present invention provides a recombinant bacterium for
synthesizing odd and even carbon chain monomer copolymerized mcl-PHA, where the
recombinant bacterium is prepared using the following method: transferring the above
recombinant plasmid pZQ12 and a recombinant plasmid pQQO05 into Escherichia coli LZ09;

the Escherichia coli LZ09 is obtained by knocking out acetic acid synthesis genes ackA
and poxB, and a lactate synthesis gene IdhA from Escherichia coli LZ05.

In still yet another aspect, the present invention provides an application of the above
recombinant bacterium in the synthesis of odd and even carbon chain monomer copolymerized
mcl-PHA.

The present invention provides a recombinant plasmid pZQ12, a recombinant bacterium
for synthesizing odd and even carbon chain monomer copolymerized mcl-PHA and an
application thereof. In the present invention, the recombinant plasmid pZQ12 includes: a cimA
gene inserted into Ncol and BamHI multiple cloning sites of a plasmid pACYCDuet-1; a
leuBCD gene inserted into BamHI and Sacl multiple cloning sites of the plasmid
pACYCDuet-1; an ilvA gene inserted into Sacl and Ascl multiple cloning sites of the plasmid
pACYCDuet-1; and a thrA*BC gene inserted into the Ascl multiple cloning site of the plasmid
pACYCDuet-1. By inserting the cimA, leuBCD, ilvA, and thrA*BC genes into particular
multiple cloning sites of the plasmid pACY CDuet-1, the recombinant plasmid can overexpress
related enzyme genes and provide more precursor-propionyl coenzyme A for the synthesis of
odd carbon chain monomers, thereby implementing the synthesis of the odd carbon chain
monomers described in the present invention.

Further, the present invention provides a recombinant bacterium for synthesizing odd and
even carbon chain monomer copolymerized mcl-PHA, where the recombinant bacterium is
obtained by transferring the recombinant plasmid pZQ12 described in the aforementioned
solution and a recombinant plasmid pQQO05 into Escherichia coli LZ09. By knocking out
acetic acid synthesis gene ackA and poxB, and a lactic acid synthesis gene IdhA in Escherichia
coli LZ05, an LZ09 strain is constructed so as to inhibit the synthesis of by-products such as
acetic acid and lactic acid, and the recombinant plasmid pQQO5 capable of synthesizing even
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carbon chain monomers and extending carbon chain and the recombinant plasmid pZQ12
capable of synthesizing odd carbon chain monomers are transferred into the Escherichia coli
LZ09, so that the recombinant bacterium can better use a carbon source to synthesize mcl-PHA
in which odd and even carbon chain monomers are copolymerized. The results of the
embodiments show that the synthesis amount of the odd and even carbon chain monomer
copolymerized mcl-PHA accounts for about 3.9% of the dry cell weight.

In addition, the recombinant bacterium provided by the present invention uses inexpensive
and widely-sourced glucose as a sole carbon source, thus effectively avoiding the
disadvantages, such as cytotoxicity and high price, of the carbon source applied in the
conventional synthesis method, and the newly synthesized mcl-PHA has a wide variety of
carbon chain monomers, and covers the number of odd and even carbon atoms from 6 to 14.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an electrophoretogram of a cimA gene verified by PCR (where M represents
Marker);

FIG. 2 is an electrophoretogram of a leuBCD gene verified by PCR (where M represents
Marker);

FIG. 3 is an electrophoretogram of an ilvA gene verified by PCR (where M represents
Marker);

FIG. 4 is an electrophoretogram of a knockout gene verified by PCR (where M represents
Marker; FIG. 4-a is the verification of ackA gene knockout; FIG. 4-b is the verification of poxB
gene knockout; and FIG. 4-c is the verification of IdhA gene knockout);

FIG. 5 is an electrophoretogram of a thrA* gene verified by PCR (where M represents
Marker); and

FIG. 6 is an electrophoretogram of a thrBC gene verified by PCR (where M represents
Marker).

DETAILED DESCRIPTION

The present invention provides a recombinant plasmid pZQ12, where a cimA gene is
inserted into Ncol and BamHI multiple cloning sites of a plasmid pACYCDuet-1; a leuBCD
gene is inserted into BamHI and Sacl multiple cloning sites of the plasmid pACYCDuet-1; an
ilvA gene is inserted into Sacl and Ascl multiple cloning sites of the plasmid pACYCDuet-1;
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and a thrA*BC gene is inserted into the Ascl multiple cloning site of the plasmid
pACYCDuet-1.

The cimA gene has a nucleotide sequence represented by SEQ ID No. 1 in the sequence
table.

The leuBCD gene has a nucleotide sequence represented by SEQ ID No. 2 in the sequence
table.

The ilvA gene has a nucleotide sequence represented by SEQ ID No. 3 in the sequence
table.

The thrA*BC gene has a nucleotide sequence represented by SEQ ID No. 4 in the
sequence table.

In the present invention, the cimA gene is a citramalate synthase gene, and the enzyme is
used for synthesizing citramalic acid. In the present invention, the cimA gene is derived from
Methanobacterium sp. MB1.

In the present invention, the leuBCD gene is used for synthesizing leucine. In the present
invention, the leuBCD gene is derived from Escherichia coli (Escherichia coli MG1655).

In the present invention, the ilvA gene is a threonine dehydratase gene, and the function
thereof is to perform threonine dehydration. In the present invention, the ilvA gene is derived
from Pseudomonas fluorescens (Pseudomonas fluorescens PICF7).

In the present invention, the thrA*BC gene is used for synthesizing threonine.

The recombinant plasmid pZQ12 provided by the present invention can provide a
precursor for synthesizing odd carbon chain monomers, thereby laying a foundation for further
synthesis of medium-chain-length polyhydroxyalkanoate (mcl-PHA) in which odd and even
carbon chain monomers are copolymerized.

The present invention provides a preparation method for the recombinant plasmid pZQ12
described in the aforementioned solution, including the following steps:

1) performing double enzyme digestion on the plasmid pACYCDuet-1 and the cimA gene
by using Ncol and BamHI respectively, to obtain enzyme-digested pACYCDuet-1 and cimA
gene;

2) ligating the enzyme-digested pACYCDuet-1 and cimA gene of step 1) to obtain
recombinant plasmid pACYCDuet-1-CimA;

3) performing double enzyme digestion on the recombinant plasmid pACY CDuet-1-cimA
of step 2) and the leuBCD gene by using BamHI and Sacl respectively, to obtain
enzyme-digested pACY CDuet-1-cimA and leuBCD gene;

4) ligating the enzyme-digested pACYCDuet-1-cimA and leuBCD gene of step 3) to



10

15

20

25

30

obtain recombinant plasmid pACYCDuet-1-cimA-leuBCD;

5) performing double enzyme digestion on the recombinant plasmid
pACY CDuet-1-cimA-leuBCD of step 4) and the ilvA gene by using Sacl and Ascl respectively,
to obtain enzyme-digested pACY CDuet-1-cimA-leuBCD and ilvA gene;

6) ligating the enzyme-digested pACY CDuet-1-cimA-leuBCD and ilvA gene of step 5) to
obtain recombinant plasmid pACY CDuet-1-cimA-leuBCD-ilvA,

7) performing single enzyme digestion on the recombinant plasmid
pACY CDuet-1-cimA-leuBCD-ilvA of step 6) and the thrA*BC gene by using Ascl respectively,
to obtain enzyme-digested pACY CDuet-1-cimA-leuBCD-ilvA and thrA*BC gene; and

8) ligating the enzyme-digested pACY CDuet-1-cimA-leuBCD-ilvA and thrA*BC gene of
step 7) to obtain the recombinant plasmid pZQ12.

Double enzyme digestion is performed on the plasmid pACYCDuet-1 and the cimA gene
by using Ncol and BamHI respectively, to obtain enzyme-digested pACYCDuet-1 and cimA
gene. In the present invention, the preparation method for the cimA gene preferably includes
the following steps:

a. extracting total DNA of Methanobacterium sp. MB1; and

b. by using the total DNA of step a as a template, amplifying the cimA gene with primers
cimA-F and cimA-R to obtain the cimA gene; where

the primer cimA-F has a nucleotide sequence represented by SEQ ID No. 5 in the
sequence table; and

the primer cimA-R has a nucleotide sequence represented by SEQ ID No. 6 in the
sequence table.

In the present invention, the total DNA of the Methanobacterium sp. MBL1 is preferably
extracted. The present invention has no special limitation to the method for extracting the total
DNA of the Methanobacterium sp. MB1, and a conventional DNA extraction method in the art
can be used. In the embodiments of the present invention, a kit produced by TIANGEN is used
for extraction.

In the present invention, after the total DNA of the Methanobacterium sp. MB1 is obtained,
by using the total DNA of the Methanobacterium sp. MB1 as a template, the cimA gene is
preferably amplified with primers cimA-F and cimA-R to obtain the cimA gene; the primer
cimA-F has a nucleotide sequence represented by SEQ ID No. 5 in the sequence table; and the
primer cimA-R has a nucleotide sequence represented by SEQ ID No. 6 in the sequence table.
In the present invention, the amplification system for the amplification of the cimA gene is
preferably as follows: 10xHiFi DNA polymerase buffer: 5 pL, dNTPs (2.5 mM): 4 pL,
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template: 1 pL, cimA-F: 1 pL, cimA-R: 1 pL, HiFi DNA polymerase: 0.5 pL, and ddH20: 37.5
uL; and the total system is 50 pL.

In the present invention, the amplification procedures for the amplification of the cimA
gene are preferably as follows: pre-denaturation: 94°C, 5 min, 1 cycle; denaturation: 94°C, 45 s;
annealing: 55-60°C, 45 s; extension: 72°C, 2 min, where the denaturation, annealing, and
extension all experience 30 cycles; and final extension: 72°C, 10 min.

The present invention has no special limitation to the method for performing double
enzyme digestion on the plasmid pACY CDuet-1 and the cimA gene by using Ncol and BamHlI
respectively, and a conventional enzyme digestion method in the art can be used.

In the present invention, after the enzyme-digested pACYCDuet-1 and cimA gene are
obtained, the enzyme-digested pACYCDuet-1 and cimA gene are preferably ligated to obtain
recombinant plasmid pACYCDuet-1-cimA. In the present invention, the ligation is preferably
performed using T4 DNA ligase. In the present invention, the temperature of the ligation is
preferably 25°C. The ligation system is preferably as follows: 10xT4 DNA Ligase Buffer: 1 pL,
CimA gene fragment: 7 uL, pACYCDuet-1: 1 uL, T4 DNA Ligase: 0.5 uL, and ddH20: 0.5 pL;
and the total system is 10 pL.

In the present invention, after the recombinant plasmid pACYCDuet-1-cimA is obtained,
double enzyme digestion is preferably performed on the recombinant plasmid
pACYCDuet-1-cimA and the leuBCD gene by using BamHI and Sacl respectively, to obtain
enzyme-digested pACYCDuet-1-cimA and leuBCD gene. In the present invention, the
preparation method for the leuBCD gene includes the following steps:

(1) extracting total DNA of Escherichia coli MG1655; and

(2) by using the total DNA of step (1) as a template, amplifying the leuBCD gene with
primers leuBCD-F and leuBCD-R to obtain the leuBCD gene; where

the primer leuBCD-F has a nucleotide sequence represented by SEQ ID No. 7 in the
sequence table; and

the primer leuBCD-R has a nucleotide sequence represented by SEQ ID No. 8 in the
sequence table.

In the present invention, the total DNA of the Escherichia coli MG1655 is preferably
extracted. The present invention has no special limitation to the method for extracting the total
DNA of the Escherichia coli MG1655, and a conventional DNA extraction method in the art
can be used. In the embodiments of the present invention, a kit produced by TIANGEN is used
for extraction.

In the present invention, after the total DNA of the Escherichia coli MG1655 is obtained,
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by using the total DNA of the Escherichia coli MG1655 as a template, the leuBCD gene is
preferably amplified with primers leuBCD-F and leuBCD-R to obtain the leuBCD gene; the
primer leuBCD-F has a nucleotide sequence represented by SEQ ID No. 7 in the sequence
table; and the primer leuBCD-R has a nucleotide sequence represented by SEQ ID No. 8 in the
sequence table. In the present invention, the amplification system for the amplification of the
leuBCD gene is preferably as follows: 10xHiFi DNA polymerase buffer: 5 pL, dNTPs (2.5
mM): 4 uL, template: 1 puL, leuBCD-F: 1 puL, leuBCD-R: 1 pL, HiFi DNA polymerase: 0.5 pL,
and ddH20: 37.5 uL; and the total system is 50 uL.

In the present invention, the amplification procedures for the amplification of the leuBCD
gene are preferably as follows: pre-denaturation: 94°C, 5 min, 1 cycle; denaturation: 94°C, 45 s;
annealing: 55-60°C, 45 s; extension: 72°C, 2 min, where the denaturation, annealing, and
extension all experience 30 cycles; and final extension: 72°C, 10 min.

The present invention has no special limitation to the method for performing double
enzyme digestion on the plasmid pACY CDuet-1-cimA and the leuBCD gene by using BamHlI
and Sacl respectively, and a conventional enzyme digestion method in the art can be used.

In the present invention, after the enzyme-digested pACY CDuet-1-cimA and leuBCD gene
are obtained, the enzyme-digested pACYCDuet-1-cimA and leuBCD gene are preferably
ligated to obtain recombinant plasmid pACY CDuet-1-cimA-leuBCD. In the present invention,
the ligation is preferably performed using T4 DNA ligase. In the present invention, the
temperature of the ligation is preferably 25°C. The ligation system is preferably as follows:
10xT4 DNA Ligase Buffer: 1 uL, leuBCD gene fragment: 7 uL, pACYCDuet-1-cimA: 1 pL,
T4 DNA Ligase: 0.5 puL, and ddH20: 0.5 pL; and the total system is 10 pL.

In the present invention, after the recombinant plasmid pACY CDuet-1-cimA-leuBCD is
obtained, double enzyme digestion is preferably performed on the recombinant plasmid
pACY CDuet-1-cimA-leuBCD and the ilvA gene by using Sacl and Ascl respectively, to obtain
enzyme-digested pACYCDuet-1-cimA-leuBCD and ilvA gene. In the present invention, the
preparation method for the ilvA gene preferably includes the following steps:

[1] extracting total DNA of Pseudomonas fluorescens PICF7; and

[2] by using the total DNA of step [1] as a template, amplifying the ilvA gene with primers
ilvVA-F and ilvA-R to obtain the ilvA gene; where

the primer ilvA-F has a nucleotide sequence represented by SEQ ID No. 9 in the sequence
table; and

the primer ilvA-R has a nucleotide sequence represented by SEQ ID No. 10 in the
sequence table.

10
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In the present invention, the total DNA of the Pseudomonas fluorescens PICF7 is
preferably extracted. The present invention has no special limitation to the method for
extracting the total DNA of the Pseudomonas fluorescens PICF7, and a conventional DNA
extraction method in the art can be used. In the embodiments of the present invention, a kit
produced by TIANGEN is used for extraction.

In the present invention, after the total DNA of the Pseudomonas fluorescens PICF7 is
obtained, by using the total DNA of the Pseudomonas fluorescens PICF7 as a template, the ilvA
gene is preferably amplified with primers ilvA-F and ilvA-R to obtain the ilvA gene; the primer
iIlVA-F has a nucleotide sequence represented by SEQ ID No. 9 in the sequence table; and the
primer ilvA-R has a nucleotide sequence represented by SEQ ID No. 10 in the sequence table.

In the present invention, the amplification system for the amplification of the ilvA gene is
preferably as follows: 10xHiFi DNA polymerase buffer: 5 pL, dNTPs (2.5 mM): 4 uL,
template: 1 pL, ilvA-F: 1 pL, ilvA-R: 1 pL, HiFi DNA polymerase: 0.5 pL, and ddH»O: 37.5
uL; and the total system is 50 pL. In the present invention, the amplification procedures for the
amplification of the ilvA gene are preferably as follows: pre-denaturation: 94°C, 5 min, 1 cycle;
denaturation: 94°C, 45 s; annealing: 55-60°C, 45 s; extension: 72°C, 2 min, where the
denaturation, annealing, and extension all experience 30 cycles; and final extension: 72°C, 10
min.

The present invention has no special limitation to the method for performing double
enzyme digestion on the plasmid pACYCDuet-1-cimA-leuBCD and the ilvA gene by using
Sacl and Ascl respectively, and a conventional enzyme digestion method in the art can be used.

In the present invention, after the enzyme-digested pACY CDuet-1-cimA-leuBCD and ilvA
gene are obtained, the enzyme-digested pACYCDuet-1-cimA-leuBCD and ilvA gene are
preferably ligated to obtain recombinant plasmid pACYCDuet-1-cimA-leuBCD-ilvA. In the
present invention, the ligation is preferably performed using T4 DNA ligase. In the present
invention, the temperature of the ligation is preferably 25°C. The ligation system is preferably
as follows: 10xT4 DNA Ligase Buffer: 1 pL, ilvA gene fragment: 7 puL,
pACYCDuet-1-cimA-leuBCD: 1 uL, T4 DNA Ligase: 0.5 uL, and ddH2O: 0.5 uL; and the
total system is 10 pL.

In the present invention, after the recombinant plasmid
pACY CDuet-1-cimA-leuBCD-ilvA is obtained, single enzyme digestion is performed on the
recombinant plasmid pACY CDuet-1-cimA-leuBCD-ilvA and the thrA*BC gene by using Ascl
respectively, to obtain enzyme-digested pACY CDuet-1-cimA-leuBCD-ilvA and thrA*BC gene.

In the present invention, the preparation method for the thrA*BC gene preferably includes

11
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the following steps:

(S1) extracting total DNA of Escherichia coli MDS42; and

(S2) by using the total DNA of step S1 as a template, performing amplification with
primers thrA-F1/thrA-R1 and thrA-F2/thrA-R2 respectively to obtain two fragments;

(S3) after mixing the two fragments obtained in step S2, by using the obtained mixed
fragment as a template, performing amplification with primers thrA-F1 and thrA-R2 to obtain a
thrA* gene subjected to site-directed mutagenesis;

(S4) by using the total DNA of step S1 as a template, performing amplification with a
primer thrBC-F/thrBC-R to obtain a thrBC gene; and

(S5) by using the thrA* gene of step S3 and the thrBC gene of step S4 as templates,
performing amplification with a primer thrA*BC-F/thrA*BC-R to obtain the thrA*BC gene;
where

the primer thrA-F1 has a nucleotide sequence represented by SEQ ID No. 11 in the
sequence table;

the primer thrA-R1 has a nucleotide sequence represented by SEQ ID No. 12 in the
sequence table;

the primer thrA-F2 has a nucleotide sequence represented by SEQ ID No. 13 in the
sequence table;

the primer thrA-R2 has a nucleotide sequence represented by SEQ ID No. 14 in the
sequence table;

the primer thrBC-F has a nucleotide sequence represented by SEQ ID No. 15 in the
sequence table;

the primer thrBC-R has a nucleotide sequence represented by SEQ ID No. 16 in the
sequence table;

the primer thrA*BC-F has a nucleotide sequence represented by SEQ ID No. 17 in the
sequence table; and

the primer thrA*BC-R has a nucleotide sequence represented by SEQ ID No. 18 in the
sequence table.

In the present invention, the total DNA of the Escherichia coli MDS42 is preferably
extracted. In the present invention, the Escherichia coli is preferably Escherichia coli MDS42.
The present invention has no special limitation to the method for extracting the total DNA of
the Escherichia coli MDS42, and a conventional DNA extraction method in the art can be used.
In the embodiments of the present invention, a kit produced by TIANGEN is used for
extraction.

12



10

15

20

25

30

In the present invention, after the total DNA of the Escherichia coli MDS42 is obtained,
by using the total DNA of the Escherichia coli MDS42 as a template, amplification is
preferably performed with primers thrA-F1/thrA-R1 and thrA-F2/thrA-R2 respectively to
obtain two fragments; the primer thrA-F1 has a nucleotide sequence represented by SEQ ID No.
11 in the sequence table; the primer thrA-R1 has a nucleotide sequence represented by SEQ 1D
No. 12 in the sequence table; the primer thrA-F2 has a nucleotide sequence represented by
SEQ ID No. 13 in the sequence table; and the primer thrA-R2 has a nucleotide sequence
represented by SEQ ID No. 14 in the sequence table.

In the present invention, the amplification system for the amplification using the primers
thrA-F1/thrA-R1 and thrA-F2/thrA-R2 is preferably as follows: 10xHiFi DNA polymerase
buffer: 5 uL, dNTPs (2.5 mM): 4 uL, template: 1 pL, thrA-F1 or thrA-F2: 1 uL, thrA-R1 or
thrA-R2: 1 pL, HiFi DNA polymerase: 0.5 uL, and ddH2O: 37.5 uL; and the total system is 50
pL.

In the present invention, the amplification procedures for the amplification using the
primers thrA-F1/thrA-R1 and thrA-F2/thrA-R2 are preferably as follows: pre-denaturation:
94°C, 5 min, 1 cycle; denaturation: 94°C, 45 s; annealing: 55-60°C, 45 s; extension: 72°C, 2
min, where the denaturation, annealing, and extension all experience 30 cycles; and final
extension: 72°C, 10 min.

In the present invention, after the two fragments are obtained, the two fragments are mixed,
and by using the obtained mixed fragment as a template, amplification is performed with
primers thrA-F1 and thrA-R2 to obtain a thrA* gene subjected to site-directed mutagenesis.
The site-directed mutagenesis is to perform site-directed mutagenesis at position 799 of the
thrA gene of the Escherichia coli MDS42, and replaces C with T.

In the present invention, by using the total DNA of the Escherichia coli MDS42 as a
template, amplification is preferably performed with a primer thrBC-F/thrBC-R to obtain the
thrBC gene. The primer thrBC-F has a nucleotide sequence represented by SEQ ID No. 15 in
the sequence table; and the primer thrBC-R has a nucleotide sequence represented by SEQ ID
No. 16 in the sequence table.

In the present invention, the amplification system for the amplification of the thrBC gene
is preferably as follows: 10xHiFi DNA polymerase buffer: 5 pL, dNTPs (2.5 mM): 4 uL,
template: 1 pL, thrBC-F: 1 pL, thrBC-R: 1 pL, HiFi DNA polymerase: 0.5 pL, and ddH>O:
37.5 pL; and the total system is 50 pL. In the present invention, the amplification procedures
for the amplification of the thrBC gene are preferably as follows: pre-denaturation: 94°C, 5
min, 1 cycle; denaturation: 94°C, 45 s; annealing: 55-60°C, 45 s; extension: 72°C, 2 min,
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where the denaturation, annealing, and extension all experience 30 cycles; and final extension:
72°C, 10 min.

In the present invention, after the thrA* gene and the thrBC gene are obtained, by using the
thrA* gene and the thrBC gene as templates, amplification is preferably performed with a
primer thrA*BC-F/thrA*BC-R to obtain the thrA*BC gene. The primer thrA*BC-F has a
nucleotide sequence represented by SEQ ID No. 17 in the sequence table; and the primer
thrA*BC-R has a nucleotide sequence represented by SEQ ID No. 18 in the sequence table.

In the present invention, the amplification system for the amplification of the thrA*BC
gene is preferably as follows: 10xHiFi DNA polymerase buffer: 5 uL., dNTPs (2.5 mM): 4 uL,
template: 1 pL, thrA*BC-F: 1 pL, thrA*BC-R: 1 pL, HiFi DNA polymerase: 0.5 pL, and
ddH20: 37.5 uL; and the total system is 50 pL. In the present invention, the amplification
procedures for the amplification of the cimA gene are preferably as follows: pre-denaturation:
94°C, 5 min, 1 cycle; denaturation: 94°C, 45 s; annealing: 55-60°C, 45 s; extension: 72°C, 2
min, where the denaturation, annealing, and extension all experience 30 cycles; and final
extension: 72°C, 10 min.

The present invention has no special limitation to the method for performing single
enzyme digestion on the plasmid pACY CDuet-1-cimA-leuBCD-ilvA and the thrA*BC gene by
using Ascl respectively, and a conventional enzyme digestion method in the art can be used.

In the present invention, after the enzyme-digested pACY CDuet-1-cimA-leuBCD-ilvA
and thrA*BC gene are obtained, the enzyme-digested pACY CDuet-1-cimA-leuBCD-ilvA and
thrA*BC gene are ligated to obtain the recombinant plasmid pZQ12. In the present invention,
the ligation is preferably performed using T4 DNA ligase. In the present invention, the
temperature of the ligation is preferably 25°C. The ligation system is preferably as follows:
10xT4 DNA Ligase Buffer: 1 pulL, thrA*BC gene fragment: 6 puL,
PACYCDuet-1-cimA-leuBCD-ilvA: 2 pL, T4 DNA Ligase: 0.5 pL, and ddH20: 0.5 uL; and
the total system is 10 pL.

The present invention provides a recombinant bacterium for synthesizing odd and even
carbon chain monomer copolymerized mcl-PHA, where the recombinant bacterium is prepared
using the following method: transferring the recombinant plasmid pZQ12 described in the
aforementioned solution and a recombinant plasmid pQQO05 into Escherichia coli LZ09; the
Escherichia coli LZ09 is obtained by knocking out acetic acid synthesis genes ackA and poxB,
and a lactate synthesis gene IdhA from Escherichia coli LZ05.

In the present invention, the Escherichia coli LZ05 and the recombinant plasmid pQQO05
are preferably prepared using a method (Synthesis of polyhydroxyalkanoates from glucose that
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contain medium-chain-length monomers via the reversed fatty acid p-oxidation cycle in
Escherichia coli, Zhuang, et al., 2014(24): 78-86).

The present invention has no special limitation to the specific method for knocking out the
acetic acid synthesis genes ackA and poxB, and the lactate synthesis gene IdhA, and a
conventional method in the art can be used. In the present invention, the specific process of
knocking out the acetic acid synthesis genes ackA and poxB, and the lactate synthesis gene
IdhA includes: designing upstream and downstream primers of the acetic acid synthesis genes
ackA and poxB, and the lactate synthesis gene IdhA, and amplifying homologous recombinant
fragments with corresponding resistant genes by using plasmid pKD3 or pKD4 as the template.
Electrotransformed competent cells are prepared, and the homologous recombinant fragments
with corresponding resistance genes are transferred into the prepared electrotransformed
competent cells through an electrotransformation process, the knocked-out strains are then
screened and identified, and the electrotransformed helper plasmids and corresponding
resistance genes are knocked out.

In the present invention, the primers for knocking out the acetic acid synthesis gene ackA
are preferably ackA-pKD4-F and ackA-pKD4-R; the primer ackA-pKD4-F has a nucleotide
sequence represented by SEQ ID No. 19 in the sequence table; and the primer ackA-pKD4-R
has a nucleotide sequence represented by SEQ ID No. 20 in the sequence table.

In the present invention, the primers for knocking out poxB are preferably poxB-pKD3-F
and poxB-pKD3-R; the primer poxB-pKD3-F has a nucleotide sequence represented by SEQ
ID No. 21 in the sequence table; and the primer poxB-pKD3-R has a nucleotide sequence
represented by SEQ ID No. 22 in the sequence table.

In the present invention, the primers for knocking out the acetic acid synthesis gene IdhA
are preferably ldhA-pKD4-F and IdhA-pKD4-R; the primer IdhA-pKD4-F has a nucleotide
sequence represented by SEQ ID No. 23 in the sequence table; and the primer IdhA-pKD4-R
has a nucleotide sequence represented by SEQ ID No. 24 in the sequence table. In the present
invention, the amplification system for the amplification of the homologous recombinant
fragments with corresponding resistance genes is preferably as follows: 10xHiFi DNA
polymerase buffer: 5 uL, dNTPs (2.5 mM): 4 uL, template: 1 pL, upstream primer: 1 pL,
downstream primer: 1 pL, HiFi DNA polymerase: 0.5 pL, and ddH20: 37.5 pL; and the total
system is 50 pL. In the present invention, the amplification procedures for the amplification of
the homologous recombinant fragments with corresponding resistance genes are preferably as
follows: pre-denaturation: 94°C, 5 min, 1 cycle; denaturation: 94°C, 45 s; annealing: 55-60°C,
45 s; extension: 72°C, 2 min, where the denaturation, annealing, and extension all experience
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30 cycles; and final extension: 72°C, 10 min.

In the present invention, the knockout of the acetic acid synthesis genes ackA and poxB,
and the lactic acid synthesis gene IdhA can inhibit the synthesis of by-products such as acetic
acid and lactic acid, so that the carbon source is maximally used in the synthesis of the odd and
even carbon chain monomer copolymerized mcl-PHA.

In the present invention, after knocking out the acetic acid synthetic genes ackA and poxB,
and the lactic acid synthetic gene IdhA, PCR is preferably used to verify whether the genes are
knocked out; the primers for the PCR identification are preferably ackA-F, ackA-R, poxB-F,
poxB-R, IdhA-F, and IdhA-R; the ackA-F has a nucleotide sequence represented by SEQ ID
No. 25 in the sequence table; the ackA-R has a nucleotide sequence represented by SEQ ID No.
26 in the sequence table; the poxB-F has a nucleotide sequence represented by SEQ ID No. 27
in the sequence table; the poxB-R has a nucleotide sequence represented by SEQ ID No. 28 in
the sequence table; the IdhA-F has a nucleotide sequence represented by SEQ ID No. 29 in the
sequence table; and the IdhA-R has a nucleotide sequence represented by SEQ ID No. 30 in the
sequence table.

The present invention provides an application of the recombinant bacterium described in
the aforementioned solution in the synthesis of odd and even carbon chain monomer
copolymerized mcl-PHA. In the present invention, the specific method for synthesizing the odd
and even carbon chain monomer copolymerized mcl-PHA preferably includes: streaking the
recombinant bacterium on a plate, picking up single clones, and inoculating the single clones
into LB media (the specific components are: Tryptone: 10 g, Yeast Extract: 5 g, and NaCl: 10 g;
distilled water is added to 1000 mL; the pH value is 7.0; the LB media are sterilized at 121°C
for 20 min before use) for culture at 36-38°C to a logarithmic growth phase to obtain a seed
solution, then inoculating the seed solution at an inoculation amount of 5% into a fermentation
medium (the LB medium) with a liquid volume of 100 mL/500 mL for shake flask culture at
28-31°C and 240-260 rpm for 70-75 h; after the fermentation, centrifuging the fermentation
broth to obtain bacteria for synthesizing the odd and even carbon chain monomer
copolymerized mcl-PHA, and after freeze-drying the bacteria, taking 15-30 mg of dry powder
of the bacteria for monomer composition and content detection of the subsequent product.

The technical solutions in the present invention are clearly and completely described
below with reference to the embodiments of the present invention. Apparently, the described
embodiments are merely some rather than all of the embodiments of the present invention. All
other embodiments obtained by a person of ordinary skill in the art based on the embodiments
of the present invention without creative efforts shall fall within the scope of projection of the
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present invention.

Embodiment 1

a. Total DNA of Methanobacterium sp. MB1 is extracted,

b. by using the total DNA of step a as a template, a cimA gene is amplified with primers
cimA-F and cimA-R (the amplification system is as follows: 10xHiFi DNA polymerase buffer:
5 puL, dNTPs (2.5 mM): 4 pL, template: 1 pL, cimA-F: 1 pL, cimA-R: 1 pL, HiFi DNA
polymerase: 0.5 pL, and ddH20: 37.5 uL; and the total system is 50 pL). The amplification
procedures are as follows: pre-denaturation: 94°C, 5 min, 1 cycle; denaturation: 94°C, 45 s;
annealing: 55-60°C, 45 s; extension: 72°C, 2 min, where the denaturation, annealing, and
extension all experience 30 cycles; and final extension: 72°C, 10 min, so that a cimA gene is
obtained. PCR is used for verification, and the specific result is shown in FIG. 1. As can be
seen from FIG. 1, a cimA gene band appears, i.e., the cimA gene is obtained.

(1) Total DNA of Escherichia coli (Escherichia coli MG1655) is extracted,

(2) by using the total DNA of step (1) as a template, a leuBCD gene is amplified with
primers leuBCD-F and leuBCD-R (the amplification system is as follows: 10xHiFi DNA
polymerase buffer: 5 uL, dNTPs (2.5 mM): 4 uL, template: 1 uL, leuBCD-F: 1 pL, leuBCD-R:
1 uL, HiFi DNA polymerase: 0.5 pL, and ddH20: 37.5 pL; and the total system is 50 uL). The
amplification procedures are as follows: pre-denaturation: 94°C, 5 min, 1 cycle; denaturation:
94°C, 45 s; annealing: 55-60°C, 45 s; extension: 72°C, 2 min, where the denaturation,
annealing, and extension all experience 30 cycles; and final extension: 72°C, 10 min, so that a
leuBCD gene is obtained. PCR is used for verification, and the specific result is shown in FIG.
2. As can be seen from FIG. 2, a leuBCD gene band appears, i.e., the leuBCD gene is obtained.

[1] Total DNA of Pseudomonas fluorescens (Pseudomonas fluorescens PICF7) is
extracted;

[2] by using the total DNA of step [1] as a template, an ilvA gene is amplified with primers
ilvVA-F and ilvA-F. The amplification system is as follows: 10xHiFi DNA polymerase buffer: 5
pL, dNTPs (2.5 mM): 4 pL, template: 1 pL, ilvA-F: 1 pL, ilvA-R: 1 pL, HiFi DNA polymerase:
0.5 pL, and ddH20: 37.5 puL; and the total system is 50 uL. The amplification procedures are as
follows: pre-denaturation: 94°C, 5 min, 1 cycle; denaturation: 94°C, 45 s; annealing: 55-60°C,
45 s; extension: 72°C, 2 min, where the denaturation, annealing, and extension all experience
30 cycles; and final extension: 72°C, 10 min, so that an ilvA gene is obtained. PCR is used for
verification, and the specific result is shown in FIG. 3. As can be seen from FIG. 3, an ilvA gene
band appears, i.e., the ilvA gene is obtained.

1) Double enzyme digestion is performed on a plasmid pACYCDuet-1 and the cimA gene
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by using Ncol and BamHI respectively, to obtain enzyme-digested pACYCDuet-1 and cimA
gene;

2) the enzyme-digested pACY CDuet-1 and cimA gene are ligated using T4 DNA Ligase to
obtain recombinant plasmid pACYCDuet-1-cimA,;

3) double enzyme digestion is performed on the recombinant plasmid
pACYCDuet-1-cimA and the leuBCD gene by using BamHI and Sacl respectively, to obtain
enzyme-digested pACY CDuet-1-cimA and leuBCD gene;

4) the enzyme-digested pACYCDuet-1-cimA and leuBCD gene are ligated using the T4
DNA Ligase to obtain recombinant plasmid pACY CDpACY CDuet-1-cimA-leuBCD;

5) double enzyme digestion is performed on the recombinant plasmid
pACY CDuet-1-cimA-leuBCD and the ilvA gene by using Sacl and Ascl respectively, to obtain
enzyme-digested pACY CDuet-1-cimA-leuBCD and ilvA gene;

6) the enzyme-digested pACYCDuet-1-cimA-leuBCD and ilvA gene are ligated using the
T4 DNA Ligase to obtain recombinant plasmid pACY CDuet-1-cimA-leuBCD-ilvA.

Embodiment 2

By using plasmid pKD3 or pKD4 as a template, homologous recombinant fragments with
corresponding resistance genes are amplified with primers ackA-pKD4-F, ackA-pKD4-R,
poxB-pKD3-F, poxB-pKD3-R, IdhA-pKD4-F, and IdhA-pKD4-R. Electrotransformed
competent cells are prepared, an electrotransformation process is performed, and strains from
which the genes are knocked out are screened to obtain an LZ09 strain. The obtained LZ09
strain is verified by PCR (the primers for the PCR verification are ackA-F, ackA-R, poxB-F,
poxB-R, IdhA-F, and IdhA-R). The specific result is shown in FIG. 4. As can be seen from FIG.
4, there is no electrophoresis band in a, b, and c, indicating that the genes have been knocked
out.

Embodiment 3

(S1) Total DNA of Escherichia coli (Escherichia coli MDS42) is extracted,;

(S2) by using the total DNA of step S1 as a template, amplification is performed with
primers thrA-F1/thrA-R1 and thrA-F2/thrA-R2 respectively. The amplification system is as
follows: 10xHiFi DNA polymerase buffer: 5 pL, dNTPs (2.5 mM): 4 uL, template: 1 pL,
thrA-F1 or thrA-F2: 1 uL, thrA-R1 or thrA-R2: 1 uL, HiFi DNA polymerase: 0.5 pL, and
ddH20: 37.5 uL; and the total system is 50 pL.

The amplification procedures are preferably as follows: pre-denaturation: 94°C, 5 min, 1
cycle; denaturation: 94°C, 45 s; annealing: 55-60°C, 45 s; extension: 72°C, 2 min, where the
denaturation, annealing, and extension all experience 30 cycles; and final extension: 72°C, 10
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min, so that two fragments are obtained;

(S3) after mixing the two fragments obtained in step S2, by using the obtained mixed
fragment as a template, amplification is performed with primers thrA-F1 and thrA-R2 to obtain
a thrA* gene subjected to site-directed mutagenesis (PCR is used for verification, and the
specific result is shown in FIG. 5. As can be seen from FIG. 5, a thrA* gene band appears, i.e.,
the thrA* gene is obtained);

(S4) by using the total DNA of step S1 as a template, amplification is performed with a
primer thrBC-F/thrBC-R to obtain a thrBC gene (the amplification system is as follows:
10xHiFi DNA polymerase buffer: 5 pL, dNTPs (2.5 mM): 4 uL, template: 1 pL, thrBC-F: 1 pL,
thrBC-R: 1 uL, HiFi DNA polymerase: 0.5 pL, and ddH20: 37.5 pL; and the total system is 50
uL). The amplification procedures for the amplification of the thrBC gene are as follows:
pre-denaturation: 94°C, 5 min, 1 cycle; denaturation: 94°C, 45 s; annealing: 55-60°C, 45 s;
extension: 72°C, 2 min, where the denaturation, annealing, and extension all experience 30
cycles; and final extension: 72°C, 10 min. PCR is used for verification, and the specific result
is shown in FIG. 6. As can be seen from FIG. 6, a thrBC gene band appears, i.e., the thrBC gene
is obtained,;

(S5) by sing the thrA* gene of step S3 and the thrBC gene of step S4 as templates,
amplification is performed with a primer thrA*BC-F/thrA*BC-R (the amplification system is
preferably as follows: 10xHiFi DNA polymerase buffer: 5 pL, dNTPs (2.5 mM): 4 uL,
template: 1 pL, thrA*BC-F: 1 pL, thrA*BC-R: 1 pL, HiFi DNA polymerase: 0.5 pL, and
ddH20: 37.5 uL; and the total system is 50 pL. The amplification procedures are as follows:
pre-denaturation: 94°C, 5 min, 1 cycle; denaturation: 94°C, 45 s; annealing: 55-60°C, 45 s;
extension: 72°C, 2 min, where the denaturation, annealing, and extension all experience 30
cycles; and final extension: 72°C, 10 min, so that a thrA*BC gene is obtained.

The recombinant plasmid pACYCDuet-1-cimA-leuBCD-ilvA of Embodiment 1 and the
thrA*BC gene obtained above are enzyme-digested using Ascl respectively, and the
enzyme-digested pACY CDuet-1-cimA-leuBCD-ilvA and thrA*BC gene are ligated using T4
DNA ligase to obtain the recombinant plasmid pZQ12.

Embodiment 4

The recombinant plasmid pZQ12 obtained in Embodiment 3 and a recombinant plasmid
pQQO5 are transferred into Escherichia coli LZ09 to obtain a recombinant bacterium. The
recombinant bacterium is streaked on a plate, a single clone is picked up and added to ashake
flask containing an LB medium for culture at 37°C to a logarithmic growth phase to obtain a
seed solution, the seed liquid is then inoculated at an inoculation amount of 5% into a
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fermentation medium (the LB medium) with the liquid volume of 100 mL/500 mL for
fermentation at 30°C and 250 rpm for 72 h; a fermentation broth is collected and centrifuged at
5000 rpm for 15 min, and after the centrifugation, supernatant and bacteria precipitate are
separated. The bacteria are freeze-dried and 20 mg of dry powder of the bacteria is taken for
methylation for 1 h. After cooling to room temperature, 1 mL of double distilled water is added
to extract cell debris in the aqueous phase. 10 mg-ml? of pentadecanoic acid is dissolved in
ethanol and added as an internal standard. The mixed solution is vortexed and centrifuged at
12,000 rpm for 10 min. After standing for layer separation, 500 pL of organic (chloroform)
phase is transferred into a new GC detection bottle. Afterwards, sample analysis is performed
by gas chromatography and the content and monomer composition of mcl-PHA in the bacteria
are analyzed by GC detection.
GC analysis procedure settings are shown in Table 1:
Table 1: GC analysis procedure settings

column temperature retention time
80°C 1 min
raising the temperature to 230°C at a rate of 10°C/min 10 min
Table 2: monomer composition and content of mcl-PHA in bacteria
plasmid pQQO5, pZQ12
dry cell weight (g/L) 5.16 £ 0.53
mcl-PHA content (wt%) 3.92+0.17
3HHx (mol%) 0.37
3HHp (mol%) 5.01
3HO (mol%) 31.75
3HN (mol%) 1.96
3HD (mol%) 32.56
3HUD (mol%) 1.23
3HDD (mol%) 19.77
3HTRD (mol%) 1.06
3HTD (mol%) 6.29

Note: 3HHx, C6 monomer; 3HHp, C7 monomer; 3HO, C8 monomer; 3HN, C9 monomer;
3HD, C10 monomer; 3HUD, C11 monomer; 3HDD, C12 monomer; 3HTRD, C13 monomer;
3HTD, C14 monomer.

As can be seen from Table 2, the synthesis amount of the odd and even carbon chain
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monomer copolymerized mcl-PHA is about 3.9% of the dry cell weight, i.e., 317 mg/L (shake
flask culture), and the obtained copolymer is rich in odd carbon chain monomers and has a
complex structure. The experimental results show that the recombinant bacterium prepared by
the present invention can utilize only glucose as a carbon source for fermentation to synthesize
mcl-PHA in which odd and even carbon chain monomers are copolymerized.

The foregoing descriptions are only preferred implementation manners of the present
invention. It should be noted that for a person of ordinary skill in the art, several improvements
and modifications may further be made without departing from the principle of the present
invention. These improvements and modifications should also be deemed as falling within the
protection scope of the present invention.
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Sequence Table
<110> Qilu University of Technology

<120> RECOMBINANT PLASMID pzZQ12, RECOMBINANT BACTERIUM FOR

SYNTHESIZING ODD AND EVEN CARBON CHAIN MONOMER
MCL-PHAAND APPLICATION THEREOF

<141> 2018-12-29

<160> 30

<170> SIPOSequencelL.isting 1.0

<210> 1

<211> 1500

<212> DNA

<213> 2 Ambystoma laterale x Ambystoma jeffersonianum
<400> 1

atgaaagcca gaatttttga taccaccctc cgtgatggtg aacaaacccc gggaatatcc
ctgacaccgg atgaaaaacg tttaatagcc cgaaaacttg atgaattagg agttgatgta
attgaggccg gatcagccat tacatcccaa ggagaaaggg aaggtattaa aaaaattact
tctgaagggc tttctgctga gatatgtagt tttacccggg cagttcaggt agatatcgat
gctgecttgg aatgtgatgt ggatagtatc catctggtgg tgcccacctc tgatcttcac
ttacaataca aactacgaaa atcaagggaa gaagtaaaag aaatgacaat aaaatccact
caatatgccg ttgatcacgg tttactggtg gaattgtctg cagaagattc cacacgtagt
gatatggcct atttgagaga gatattccag gcaggtatag aggctggtgce caaacgtatc
tgtgcctgtg atacagtggg aatgctaacc ccagaaaatt cttatgaatt ttacagtcaa
ctttctgatt taaaagtccc cttgagtgtg cactgtcaca atgacttcgg cctcgeagta
gccaattcac tcagtggatt gagggegggt gcaacccagg cccatgtcac tgttaatgga
ataggagaaa gagcaggtaa tgcctcectg gaagaattgg tggtttcect ttattcactt
tataatatta agaccaaagt aaacctagag atgttatatg aaatttctaa aactgtggcec
aggataactg ggatatattt acagcctaac aaggccatag taggtgaaaa tgctttcgec
cacgaatctg gaattcatgc cgatggagtt atgaagaaag cagagaccta cgaacccatc
acgccggaac ttgtgggceca caagcgecgt ttegttatgg gtaaacatgt tggttcccac
atcatcaaag aacgtataaa tgagatggga ttccaggtgg atgaagctaa atttgcccaa
atattcaacc ggataaaagc cctgggtgat atgggcaaat gegttactga tgttgattta
caggccatag ccgaggatgt tatgggagta atgtctgaaa aaccagtaga acttcaggaa
ttaaccatag tatccgggaa caaggtcaca cccacagctt cagtcaaact caaaataggg
gatgtggaaa aattagaagc aggaataggt gtgggtccag ttgatgcage tataggggcec
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atcaaaaaaa gcattgaaga cattacaaat atagaacttg aagaatacca cgtggatgcc
atcactggag gaaccgatgc ccttattgat gtggtggtta aactaaaaca cgatggtaaa
gtggtgagtg cccgaagceac ccagcecagac attataaacg ccagtgtaga agecttttta
ggtggtataa acaaggtttt aaccgataag ggattaacaa gatctgaaaa atccccttaa
<210> 2

<211> 3099

<212> DNA

<213> 2 Ambystoma laterale x Ambystoma jeffersonianum

<400> 2

atgtcgaaga attaccatat tgccgtattg ccgggggacg gtattggtcc ggaagtgatg
acccaggcgc tgaaagtgct ggatgeegty cgcaaccgct ttgegatgeg catcaccace
agccattacg atgtaggcgg cgcagccatt gataaccacg ggcaaccact geecgectgeg
acggttgaag gttgtgagca agccgatgee gtgctgtttg getcggtagg cggeccgaag
tgggaacatt taccaccaga ccagcaacca gaacgcggeg cgctgetgec tetgegtaag
cacttcaaat tattcagcaa cctgcgeccg gcaaaactgt atcagggget ggaagceatte
tgtccgetge gtgcagacat tgccgcaaac ggcttcgaca tectgtgtgt gegegaactg
accggeggca tctatttcgg tcagccaaaa ggecgegaag gtagcggaca atatgaaaaa
gcctttgata ccgaggtgta tcaccgtttt gagatcgaac gtatcgeceg catcgegttt
gaatctgetc gcaagegtcg ccacaaagtg acgtcgatcg ataaagecaa cgtgctgcaa
tcctetattt tatggcggga gatcgttaac gagatcgeca cggaatacce ggatgtcgaa
ctggcgcata tgtacatcga caacgecace atgcagctga ttaaagatce atcacagttt
gacgttctgc tgtgetccaa cctgtttgge gacattctgt ctgacgagty cgcaatgate
actggctcga tggggatgtt gecttccgee agectgaacg agcaaggttt tggactgtat
gaaccggcgg geggctegge accagatatc gcaggcaaaa acatcgcecaa cccgattgea
caaatccttt cgctggeact getgetgegt tacagectgg atgecgatga tgeggcttge
gccattgaac gegccattaa ccgegeatta gaagaaggea ttcgeaccgg ggatttagec
cgtggegetg cecgecgttag taccgatgaa atgggegata teattgeccg ctatgtagea
gaaggggtgt aaatggctaa gacgttatac gaaaaattgt tcgacgcetca cgttgtgtac
gaagccgaaa acgaaaccce actgttatat atcgaccgec acctggtgea tgaagtgace
tcaccgcagg cgttcgatgg tctgcgegee cacggtcgee cggtacgtca gecgggeaaa
accttcgcta ccatggatca caacgtctct acccagacca aagacattaa tgectgeggt
gaaatggcge gtatccagat gcaggaactg atcaaaaact gcaaagaatt tggegtcgaa
ctgtatgacc tgaatcaccc gtatcagggg atcgtccacy taatggggec ggaacagggc

23

1320
1380

1440
1500

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
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gtcaccttgc cggggatgac cattgtctge ggcgactcge ataccgecac ccacggegeg 1500

tttggcgcac tggcctttgg tatcggcact tccgaagttg aacacgtact ggcaacgcaa 1560
accctgaaac agggcecgegce aaaaaccatg aaaattgaag tccagggcaa agecgegecy 1620
ggcattaccg caaaagatat cgtgctggca attatcggta aaaccggtag cgcaggegge 1680
accgggcatg tggtggagtt ttgcggcgaa gcaatccgtg atttaagcat ggaaggtcgt 1740
atgaccctgt gcaatatggc aatcgaaatg ggcgcaaaag ccggtctggt tgcaccggac 1800
gaaaccacct ttaactatgt caaaggccgt ctgcatgcge cgaaaggcaa agatttcgac 1860
gacgccgttg cctactggaa aaccctgcaa accgacgaag gcgcaacttt cgataccgtt 1920
gtcactctgc aagcagaaga aatttcaccg caggtcacct ggggcaccaa tcceggecag 1980
gtgatttccg tgaacgacaa tattcccgat ccggcettegt ttgecgatce ggttgaacge 2040
gcgtcggeag aaaaagcgct ggcectatatg gggctgaaac cgggtattce getgaccgaa 2100
gtggctatcg acaaagtgtt tatcggttcc tgtaccaact cgcgeattga agatttacgc 2160
gcggcagegg agatcgecaa agggecgaaaa gtcgegecag gegtgeaggce actggtggtt 2220
cceggctetg geececggtaaa ageccaggceg gaagcggaag gtctggataa aatctttatt 2280
gaagccggtt ttgaatggceg cttgectggc tgcetcaatgt gtctggegat gaacaacgac 2340
cgtctgaatc cgggcgaacy ttgtgectee accagcaacc gtaactttga aggecgecag 2400
gggcgeggeg ggegeacgca tetggtcage ccggceaatgg ctgeegetgce tgetgtgace 2460
ggacatttcg ccgacattcg caacattaaa taaatggcag agaaatttat caaacacaca 2520
ggcctggtgg ttecegetgga tgecgecaat gtcgataccg atgcaatcat cccgaaacag 2580
tttttgcaga aagtgacccg tacgggtttt ggcgegcatc tgtttaacga ctggegtttt 2640
ctggatgaaa aaggccaaca gccaaacceg gacttcgtge tgaacttcee geagtatcag 2700
ggcgcttcca ttttgctgge acgagaaaac ttcggcetgtg getcttcgeg tgageacgeg 2760
ccctgggcat tgaccgacta cggttttaaa gtggtgattg cgecgagttt tgctgacatc 2820
ttctacggca atagctttaa caaccagctg ctgccggtga aattaagcga tgcagaagtg 2880
gacgaactgt ttgcgcetggt gaaagctaat ccggggatcc atttcgacgt ggatctggaa 2940
gcgcaagagg tgaaagcggg agagaaaacc tatcgcttta ccatcgatgc cttccgeege 3000
cactgcatga tgaacggtct ggacagtatt gggcttacct tgcagcacga cgacgccatt 3060
gccgcttatg aagcaaaaca acctgcgttt atgaattaa 3099
<210> 3

<211> 966

<212> DNA

<213> 2 Ambystoma laterale x Ambystoma jeffersonianum

<400> 3

atgccatcge ccacttacca agacgtcatc gacgcecgege aacgcectgga aggegttgeg 60

24
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cacgcgacgc cggtgttcac ctcgegeacc ctcgacgege tgaccegtge geaggtgtte
atcaagtgtg aaaacctgca acgtgcaggc tcgttcaagt ttcgcggegce gttcaacgec
ctgtcgcaat ttgacccgcea gecagegcaaa gecggegtgg tggcatttte atccggeaac
cacgcccagg geattgegcet ggeggegceag ttgetgggea teceggegac tatcgtgatg
cccaccgatg caccggecge caaggttgee gecaccegtg aatatggege cagegtggtg
ctgtacgacc gcttcactga agaccgcgag cagatcggec gcaacctggce cactgaacag
ggcctgaccc tgatccecgee ctacgaccat ccgeacatee tcgeegggea aggcacggcet
gccaaggaac tgctggagtc caccggaccg ctggatgect tgttcgttgg tetcggegge
ggtggcatgc tctcgggtac agegttgtcg actcgtgect tgtcgecgga ttgectgetg
tatggcgtgg aaccggaagc cggcaatgac gggcagegct cgtttcgecag cggceageatc
gtgcatatcg acacgccgaa gaccattgee gacggegcetc agacccagcea cctgggcaat
tacaccttcc ccatcatccg tgacaacgtc aacgacatcc tcaccgtgtc ggatgccgag
ttggtggcgg cgatgaagtt cttcatgcag cgcatgaaaa tggtggtcga gectactgge
tgcctgggece tggeggcectt getcaacgaa gecaggeeggt tcaagggceca acgggtggge
attatcgtca ccggceggcaa tgtcgatatt gaaaagtacg cggcecctgct cagtgaggcec
tcatga

966

<210> 4

<211> 3663

<212> DNA

<213> 2 Ambystoma laterale x Ambystoma jeffersonianum

<400> 4

atggctgaca ttctgctget cgataatatc gactctttta cgtacaacct ggcagatcag
ttgcgcagca atgggcataa cgtggtgatt taccgcaacc atattccgge gcaaacctta
attgaacgcc tggcgaccat gagcaatcecg gtgetgatge ttteteetgg ceceggtgtg
ccgagcgaag ccggttgtat gccggaactc ctcaccegct tgegtggceaa getgeccatt
attggcattt gcctcggaca tcaggcegatt gtcgaagcett acgggggcta tgtcggtcag
gcgggcgaaa ttctccacgg taaagectee ageattgaac atgacggtca ggcegatgttt
gccggattaa caaacccgct gecggtggeg cgttatcact cgetggttgg cagtaacatt
ccggcecggtt taaccatcaa cgceccatttt aatggcatgg tgatggceagt acgtcacgat
gcggatcgcg tttgtggatt ccagttccat ccggaatcca ttctcaccac ccagggegcet
cgcctgetgg aacaaacgct ggectgggeg cagcagaaac tagagecage caacacgctg
caaccgattc tggaaaaact gtatcaggcg cagacgctta gccaacaaga aagccaccag

ctgttttcag cggtggtgcg tggcgagetg aagecggaac aactggegge ggegetggtg

25

120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

60
120
180
240
300
360
420
480
540
600
660
720
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agcatgaaaa ttcgcggtga gecacccgaac gagatcgecg gggeageaac cgegetactg
gaaaacgcag cgccgttctc gegeceggat tatctgtttg ctgatatcgt cggtactgge
ggtgacggca gecaacagtat caatatttct accgecagtg cgtttgtcge cgeggectgt
gggctgaaag tggcgaaaca cggcaaccgt agegtcteca gtaaatctgg ttegtccgat
ctgctggegg cgttcggtat taatcttgat atgaacgeceg ataaatcgeg ccaggegetg
gatgagttag gtgtatgttt cctctttgeg ccgaagtatc acaccggatt ccgecacgeg
atgccggttc gecagceaact gaaaacccge accetgttca atgtgetggy gecattgatt
aacccggege atccgeegct ggegttaatt ggtgtttata gtccggaact ggtgetgeeg
attgccgaaa ccttgegegt getggggtat caacgegegg cggtggtgea cageggeggg
atggatgaag tttcattaca cgcgcecgaca atcgttgeeg aactgcatga cggegaaatt
aaaagctatc agctcaccgce agaagacttt ggcctgacac cctaccacca ggagcaactg
gcaggcggaa caccggaaga aaaccgtgac attttaacac gtttgttaca aggtaaagge
gacgccgcecc atgaagcage cgtcgetgeg aacgtcgeca tgttaatgeg cctgeatgge
catgaagatc tgcaagccaa tgcgcaaacc gttcttgagg tactgegeag tggttceget
tacgacagag tcaccgcact ggcggceacga gggtaaatgg ttaaagttta tgccecggct
tccagtgcca atatgagegt cgggtttgat gtgetcgggg cggeggtgac acctgttgat
ggtgcattge tcggagatgt agtcacggtt gaggeggceag agacattcag tctcaacaac
ctcggacgct ttgccgataa getgeegtca gaaccacggg aaaatategt ttatcagtge
tgggagegtt tttgccagga actgggtaag caaattccag tggcgatgac cctggaaaag
aatatgccga tcggttcggg cttaggctee agtgectgtt cggtggtege ggegcetgatg
gcgatgaatg aacactgcgg caagecgcett aatgacacte gtttgetggc tttgatggge
gagctggaag gecgtatcte cggeagcatt cattacgaca acgtggeacce gtgttttcte
gotggtatgce agttgatgat cgaagaaaac gacatcatca gccagcaagt gecaggottt
gatgagtgge tgtgggtget ggegtatceg gggattaaag tctcgacgge agaagecagg
gctattttac cggcgeagta tcgecgecag gattgeattg cgcacgggeg acatctggea
ggcttcattc acgectgeta ttccegtcag cetgagettg ccgegaagcet gatgaaagat
gttatcgcty aaccctaccy tgaacggtta ctgccagget tccggeagge geggeaggeg
gtcgcggaaa tcggegeggt agecgageggt atctccatga aactctacaa tctgaaagat
cacaacgagc aggtcagctt tgcgcaagcee gtaacccagg ggttgggcaa aaatcagggg
ctgttttttc cgcacgacct gccggaattc agectgactg aaattgatga gatgctgaag
ctggattttg tcacccgeag tgcgaagate ctctcggegt ttattggtga tgaaatceca
caggaaatcc tggaagagceg cgtgegegeg gegtttgect teccggetee ggtcgecaat
gttgaaagcg atgtcggttg tctggaattg ttccacggge caacgctgge atttaaagat
ttcggeggte getttatgge acaaatgetg acceatattg cgggtgataa gecagtgacc

26

780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
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attctgaccg cgacctccgg tgataccgga geggeagtgg ctcatgcettt ctacggttta
ccgaatgtga aagtggttat cctctatcca cgaggcaaaa tcagtccact gcaagaaaaa
ctgttctgta cattgggcgg caatatcgaa actgttgcca tcgacggcega tttcgatgec
tgtcaggcgc tggtgaagcea ggcegtttgat gatgaagaac tgaaagtgge getagggtta
aactcggcta actcgattaa catcagccgt ttgctggege agatttgcta ctactttgaa
gctgttgege agetgecgea ggagacgegce aaccagetgg ttgtctcggt gecaagegga
aacttcggceg atttgacggc gggtctgetg gegaagtcac tcggtctgec ggtgaaacgt
tttattgctg cgaccaacgt gaacgatacc gtgccacgtt tcctgcacga cggtcagtgg
tcacccaaag cgactcaggce gacgttatcc aacgcgatgg acgtgagtca gccgaacaac
tggccgegtg tggaagagtt gttccgecge aaaatctgge aactgaaaga getgggttat
gcagccgtgg atgatgaaac cacgcaacag acaatgcgtg agttaaaaga actgggctac
acttcggagc cgcacgctgc cgtagcttat cgtgegetge gtgatcagtt gaatccagge
gaatatggct tgttcctcgg caccgegeat ccggegaaat ttaaagagag cgtggaageg
attctcggtg aaacgttgga tctgccaaaa gagcetggceag aacgtgcetga tttacccttg
ctttcacata atctgcccge cgattttget gegttgegta aattgatgat gaatcatcag

taa

3663

<210> 5

<211> 29

<212> DNA

<213> 2 Ambystoma laterale x Ambystoma jeffersonianum
<400> 5

gccccatgga tgaaagccag aatttttga

<210> 6

<211> 29

<212> DNA

<213> 2 Ambystoma laterale x Ambystoma jeffersonianum
<400> 6

cgcggatcct taaggggatt tttcagatc

<210> 7

<211> 43

<212> DNA

<213> 2 Ambystoma laterale x Ambystoma jeffersonianum
<400> 7

27

2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600

3660
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cgcggatcca ggaggtataa ttaatgtcga agaattacca tat

<210> 8

<211> 29

<212> DNA

<213> 2 Ambystoma laterale x Ambystoma jeffersonianum
<400> 8

cgagctcgat taattcataa acgcaggtt

<210> 9

<211> 47

<212> DNA

<213> 2 Ambystoma laterale x Ambystoma jeffersonianum
<400> 9

cgagctcgaa ttaaagagga gaaatacatg ccatcgccca cttacca

<210> 10

<211> 32

<212> DNA

<213> 2 Ambystoma laterale x Ambystoma jeffersonianum
<400> 10

ttggcgegcec aatcatgagg cctcactgag ca

<210> 11

<211> 24

<212> DNA

<213> 2 Ambystoma laterale x Ambystoma jeffersonianum
<400> 11

acgcatggct gacattctge tgct

<210> 12

<211> 21

<212> DNA

<213> 2 Ambystoma laterale x Ambystoma jeffersonianum

<400> 12

ggcgcgagaa cggecgetge g
<210> 13
<211> 24

28

43

29

47

32

24

21
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<212>
<213>
<400>

DNA
2 Ambystoma laterale x Ambystoma jeffersonianum
13

ccgttctege geceggatta tetg

<210>
<211>
<212>
<213>
<400>

14

22

DNA

2 Ambystoma laterale x Ambystoma jeffersonianum
14

ttaccctegt gecgecagtg cg

<210>
<211>
<212>
<213>
<400>

15

21

DNA

2 Ambystoma laterale x Ambystoma jeffersonianum
15

atggttaaag tttatgccec g

<210>
<211>
<212>
<213>
<400>

16

23

DNA

2 Ambystoma laterale x Ambystoma jeffersonianum
16

ttactgatga ttcatcatca att

<210>
<211>
<212>
<213>
<400>

17

32

DNA

2 Ambystoma laterale x Ambystoma jeffersonianum
17

ttggcgegec aaatggetga cattctgetg ct

<210>
<211>
<212>
<213>
<400>

18

32

DNA

2 Ambystoma laterale x Ambystoma jeffersonianum
18

ttggcgegec aattactgat gattcatcat ca

29

24

22

21

23

32

32
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<210>
<211>
<212>
<213>
<400>

19

59

DNA

2 Ambystoma laterale x Ambystoma jeffersonianum
19

tgacgttttt ttagccacgt atcaattata ggtacttccg tgtaggctgg agetgctte

<210>
<211>
<212>
<213>
<400>

20

59

DNA

2 Ambystoma laterale x Ambystoma jeffersonianum
20

ttacaaaaca gcaccgccag ctgagetgge ggtgtgaaaa tgggaattag ccatggtece

<210>
<211>
<212>
<213>
<400>

21

59

DNA

2 Ambystoma laterale x Ambystoma jeffersonianum
21

aaacttgtta ccgttatcac attcaggaga tggagaaccg tgtaggctgg agetgcttc

<210>
<211>
<212>
<213>
<400>

22

59

DNA

2 Ambystoma laterale x Ambystoma jeffersonianum
22

ggcatgtcct tattatgacg ggaaatgcca ccctttttaa tgggaattag ccatggtce

<210>
<211>
<212>
<213>
<400>

23

59

DNA

2 Ambystoma laterale x Ambystoma jeffersonianum
23

gtagcttaaa tgtgattcaa catcactgga gaaagtcttg tgtaggctgg agcetgcttc

<210>
<211>
<212>
<213>

24

59

DNA

2 Ambystoma laterale x Ambystoma jeffersonianum

30

59

59

59

59

59
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<400>

tctgaatcag ctcecctgga atgcagggga geggeaagaa tgggaattag ccatggtee

<210>
<211>
<212>
<213>
<400>

24

25

26

DNA

2 Ambystoma laterale x Ambystoma jeffersonianum
25

cccactatca ggtatccttt agcage

<210>
<211>
<212>
<213>
<400>

26

25

DNA

2 Ambystoma laterale x Ambystoma jeffersonianum
26

tccggggtgt cagtgeectg agaca

<210>
<211>
<212>
<213>
<400>

27

23

DNA

2 Ambystoma laterale x Ambystoma jeffersonianum
27

actggaggcg ctggaaagca ata

<210>
<211>
<212>
<213>
<400>

28

23

DNA

2 Ambystoma laterale x Ambystoma jeffersonianum
28

ggcacgctac cgctggataa agt

<210>
<211>
<212>
<213>
<400>

29

21

DNA

2 Ambystoma laterale x Ambystoma jeffersonianum
29

gttgacgagt aatttgccac g

<210>
<211>

30
21

31

59

26

25

23

23

21
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<212> DNA

<213> 2 Ambystoma laterale x Ambystoma jeffersonianum

<400> 30
tcttctgcat tttegetttt g

32

21
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What is claimed is:

1. A recombinant plasmid pZQ12, wherein a cimA gene is inserted into Ncol and BamHI
multiple cloning sites of a plasmid pACYCDuet-1; a leuBCD gene is inserted into BamHI and
Sacl multiple cloning sites of the plasmid pACY CDuet-1; an ilvA gene is inserted into Sacl and
Ascl multiple cloning sites of the plasmid pACYCDuet-1; and a thrA*BC gene is inserted into
the Ascl multiple cloning site of the plasmid pACYCDuet-1,

the cimA gene has a nucleotide sequence represented by SEQ ID No. 1 in the sequence
table;

the leuBCD gene has a nucleotide sequence represented by SEQ ID No. 2 in the sequence
table;

the ilvA gene has a nucleotide sequence represented by SEQ ID No. 3 in the sequence
table.

the thrA*BC gene has a nucleotide sequence represented by SEQ ID No. 4 in the sequence
table.

2. A preparation method for the recombinant plasmid pZQ12 according to claim 1,
comprising the following steps:

1) performing double enzyme digestion on the plasmid pACYCDuet-1 and the cimA gene
by using Ncol and BamHI respectively, to obtain enzyme-digested pACYCDuet-1 and cimA
gene;

2) ligating the enzyme-digested pACYCDuet-1 and cimA gene of step 1) to obtain
recombinant plasmid pACYCDuet-1-CimA;

3) performing double enzyme digestion on the recombinant plasmid pACY CDuet-1-cimA
of step 2) and the leuBCD gene by using BamHI and Sacl respectively, to obtain
enzyme-digested pACY CDuet-1-cimA and leuBCD gene;

4) ligating the enzyme-digested pACYCDuet-1-cimA and leuBCD gene of step 3) to
obtain recombinant plasmid pACYCDuet-1-cimA-leuBCD;

5) performing double enzyme digestion on the recombinant plasmid
pACYCDuet-1-cimA-leuBCD of step 4) and the ilvA gene by using Sacl and Ascl respectively,
to obtain enzyme-digested pACY CDuet-1-cimA-leuBCD and ilvA gene;

6) ligating the enzyme-digested pACY CDuet-1-cimA-leuBCD and ilvA gene of step 5) to
obtain recombinant plasmid pACYCDuet-1-cimA-leuBCD-ilvA,

7) performing single enzyme digestion on the recombinant plasmid
pACYCDuet-1-cimA-leuBCD-ilvA of step 6) and the thrA*BC gene by using Ascl respectively,
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to obtain enzyme-digested pACY CDuet-1-cimA-leuBCD-ilvA and thrA*BC gene; and

8) ligating the enzyme-digested pACY CDuet-1-cimA-leuBCD-ilvA and thrA*BC gene of
step 7) to obtain the recombinant plasmid pZQ12.

3. The preparation method according to claim 2, wherein the preparation method for the
cimA gene in step 1) comprises the following steps:

a. extracting total DNA of Methanobacterium sp. MB1; and

b. by using the total DNA of step a as a template, amplifying the cimA gene with primers
cimA-F and cimA-R to obtain the cimA gene; wherein

the primer cimA-F has a nucleotide sequence represented by SEQ ID No. 5 in the
sequence table; and

the primer cimA-R has a nucleotide sequence represented by SEQ ID No. 6 in the
sequence table.

4. The preparation method according to claim 2, wherein the preparation method for the
leuBCD gene in step 3) comprises the following steps:

(1) extracting total DNA of Escherichia coli MG1655; and

(2) by using the total DNA of step (1) as a template, amplifying the leuBCD gene with
primers leuBCD-F and leuBCD-R to obtain the leuBCD gene; wherein

the primer leuBCD-F has a nucleotide sequence represented by SEQ ID No. 7 in the
sequence table; and

the primer leuBCD-R has a nucleotide sequence represented by SEQ ID No. 8 in the
sequence table.

5. The preparation method according to claim 2, wherein the preparation method for the
ilvA gene in step 5) comprises the following steps:

[1] extracting total DNA of Pseudomonas fluorescens PICF7; and

[2] by using the total DNA of step [1] as a template, amplifying the ilvA gene with primers
ilvA-F and ilvA-R to obtain the ilvA gene; wherein

the primer ilvA-F has a nucleotide sequence represented by SEQ ID No. 9 in the sequence
table; and

the primer ilvA-R has a nucleotide sequence represented by SEQ ID No. 10 in the
sequence table.

6. The preparation method according to any one of claims 3-5, wherein amplification
procedures for the amplification in steps b, (2), and [2] are independently: pre-denaturation:
94°C, 5 min, 1 cycle; denaturation: 94°C, 45 s; annealing: 55-60°C, 45 s; extension: 72°C, 2
min, wherein the denaturation, annealing, and extension all experience 30 cycles; and final
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extension: 72°C, 10 min.

7. The preparation method according to claim 2, wherein the preparation method for the
thrA*BC gene in step 7) comprises the following steps:

(S1) extracting total DNA of Escherichia coli MDS42; and

(S2) by using the total DNA of step S1 as a template, performing amplification with
primers thrA-F1/thrA-R1 and thrA-F2/thrA-R2 respectively to obtain two fragments;

(S3) after mixing the two fragments obtained in step S2, by using the obtained mixed
fragment as a template, performing amplification with primers thrA-F1 and thrA-R2 to obtain a
thrA* gene subjected to site-directed mutagenesis;

(S4) by using the total DNA of step S1 as a template, performing amplification with a
primer thrBC-F/thrBC-R to obtain a thrBC gene; and

(S5) by using the thrA* gene of step S3 and the thrBC gene of step S4 as templates,
performing amplification with a primer thrA*BC-F/thrA*BC-R to obtain the thrA*BC gene;
wherein

the primer thrA-F1 has a nucleotide sequence represented by SEQ ID No. 11 in the
sequence table;

the primer thrA-R1 has a nucleotide sequence represented by SEQ ID No. 12 in the
sequence table;

the primer thrA-F2 has a nucleotide sequence represented by SEQ ID No. 13 in the
sequence table;

the primer thrA-R2 has a nucleotide sequence represented by SEQ ID No. 14 in the
sequence table;

the primer thrBC-F has a nucleotide sequence represented by SEQ ID No. 15 in the

sequence table;

the primer thrBC-R has a nucleotide sequence represented by SEQ ID No. 16 in the
sequence table;

the primer thrA*BC-F has a nucleotide sequence represented by SEQ ID No. 17 in the
sequence table; and

the primer thrA*BC-R has a nucleotide sequence represented by SEQ ID No. 18 in the
sequence table.

8. A recombinant bacterium for synthesizing odd and even carbon chain monomer
copolymerized mcl-PHA, wherein the recombinant bacterium is prepared using the following
method: transferring the recombinant plasmid pZQ12 according to any one of claims 1-7 and a
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recombinant plasmid pQQO5 into Escherichia coli LZ09;

the Escherichia coli LZ09 is obtained by knocking out acetic acid synthesis genes ackA
and poxB, and a lactate synthesis gene IdhA from Escherichia coli LZ05.

9. An application of the recombinant bacterium according to claim 8 in the synthesis of

5 odd and even carbon chain monomer copolymerized mcl-PHA.
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