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Abstract

With the increasingly severe problems of energy crisis and environmental
pollution, biodiesel has been attracting more and more attention worldwide by
providing renewable energy and reducing greenhouse emissions. As photoautotrophic
microorganisms, Cyanobacteria are major contributors to atmospheric carbon cycle,
the biodiesel productivity of which is 8 to 24 times of that observed in oilseeds.
Acetyl coenzyme A carboxylase (ACCase) is the key enzyme controlling fatty acid
biosynthesis in vivo, and researchers found that the overexpression of ACCase in vovo
can enhance the lipid synthesis. Apart from Cyanobacteria, Escherichia coli presents
well-known genetic background, fast growing speed and other excellent features.
Genetically engineered E. coli expression system is currently the most popular
exogenous gene expression system, securing a dominant position in transgenic
production.

In this study, Synechocystis sp.PCC6803 was set as the main research object and
the four subunit genes of its ACCase had been cloned respectively by PCR technology.
The pUCEBCAD cloning vector and pET32a(+)-BCAD bacterial expression vector
were constructed by genetic engineering techniques, such as endonuclease digestion
and CloneEZ cloning technology, and expressed in E. coli BL21 (DE3).
Loop-mediated isothermal amplification (LAMP) was applied in exogenous gene
conformation in transgenic strains, SDS-PAGE analysis was used to verify protein
molecular weight and C16: 0 fatty acids in E. coli were finally accurately determined
by Gas chromatography—mass spectrometry (GC-MS). The main findings of this
dissertation are as follows:

1. Cell density determination strategies of Synechocystis sp.PCC6803 had been
studied. The results demonstrated that the change of cell density could be best
observed in the absorbance at 750 nm. Three DNA extraction methods of
Synechocystis sp.PCC6803 were also analysed, demonstrating the method based on
Roche kit was optimal compared with CTAB and SDS extraction methods.

2. The four subunit genes of Synechocystis sp.PCC6803’s acetyl-coenzyme A
carboxylase were cloned and comparative analysis was performed. It was shown that
the Synechocystis sp.PCC6803’s acetyl-coenzyme A carboxylase used in this study
was different from those in previously reported references, further analysis showed

Synechocystis Synechocystis sp.PCC6803 in this study could be a new subspecies.

XII



RS

3. The four subunit genes of Synechocystis sp.PCC6803’s acetyl-coenzyme A
carboxylase were combined together in the sequence of BCAD to construct
pUCEBCAD cloning vector. Then the target gene was integrated into pET32a (+) -
BCAD bacterial expression vector by CloneEZ cloning technology and expressed in
E. coli BL21 (DE3).

4. The expression of transgenic strains was discussed. The results of SDS-PAGE
analysis showed that, the protein with an approximate molecular mass of 35k Da was
abundantly expressed, which may be a-CT and B—CT subunits of ACCase. The
protein with molecular mass of around 66k Da was also significantly expressed,
presenting possibly Biotincarboxylase (BC, 17k Da) combined with Biotincarboxyl
carrier protein (BCCP, 49k Da).The results of crude lipid determination showed: The
lipid content in the cells of transgenic strains increased by 65.54%, and a further
increase of 19.59% was achieved after being induced by IPTG for 4 hours, totally
97.97% higher than non-transgenic strains. All the results indicated that the lipid yield
could be eventually improved after the strains were engineered with genes coding for
acetyl coenzyme A carboxylase. Gas chromatography—mass spectrometry (GC-MS)
was used to accurately determine typical C16: 0 fatty acids in E. coli and it was
demonstrated that the content of C16: 0 fatty acid in the cells of engineered strains
increased by 29.7%, which is a significant difference compared with wild strains.

5. The growth of transgenic strains BL2IBCAD was assessed. The results
showed the ODggg value of BL21BCAD was measured as 0.61 after being cultured for
3 hours at 37 C 200rpm while the ODgq value of wild strains BL21(DE3) was 0.66
with same culturing conditions, which indicated that no significant impact on bacterial
cell growth was present after the ACCase gene being transferred. Research on
Ampicillin resistance demonstrated that transgenic strains BL21BCAD could also
grow when the concentration of ampicillin reached 100pug/mL. In summary, research
results showed that the optimal culture conditions for the expression of C16:0 fatty
acids were IPTG concentration 0.75mmol/L, Amp density 25ug/mL, shaking speed
200rpm, temperature 37 C and culture time 3h.

Keywords: Synechocystis;,ACCase gene cloning; vector construction ; Gene

expression; fat production
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Fig.1-1: The world annual production of bio-diesel Unit: million tons"’
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Fig.1-2: China annual production of bio-diesel Unit: million tons!”

1.2 ZHtHEE A BUEER /Y

LT 4E A RALEE (Acetyl-CoA carboxylase, 4CCase) 7E ATP fitfit. Mg®*
FAER, DL HCO, NAREMMAE, 5 ZMEmle A BRI R I RIS A. 7
TIREE A ZREITIR KA USRI BB, N IIX R SN2 i R
FRFH A A T BRI R 1) G D BR, ACCase fEREMITREE Y& BUS R 1%
SRPRIEEE, BRI G RIEITOE, WIRNIR G i E B EEEA .
1.2.1 ACCaseR) KL, 454, ThEE

IR AAT 2 ACCase, Hi—KFENFRBIACCase, B2 WHAS, dai
W3 AR, B AR W & #R 1k B (Biotincarboxylase, BC) « A2 ) & R L 4 Kk &

(Biotincarboxyl carrier protein, BCCP) LLMFRIELHFEME (Carboxyltransferase,
CT) MI2ANWHE a-CT Al B-CT. X H L &7 — L L RACC A, 7 REL
(BC)2(BCCP)4(CT a ,CT B JEAAFLE, (HAEBHRATEE, 5B s FAS [ (1T
AP RFALACCase!" " P HFAE T A0 « BT AR R AR IR A 1) 5 A4
H KT B 1 ACCaser 53 JFi L ACCasef 1R -

KW ¥ B ACCase T2 45 ¥ EA 3N TR, 43 7l /2 42 W 3 7% 1L 1 (biotin
carboxylase, BC). A4 3 R 3L % /A 5 [ (biotin carboxyl carrier protein, BCCP).
F % ¥ B (Carboxyltransferase, CT). 4%k LAIANBEIE B AEBCCP 2L |, 7E
ACCasef2M L1 CoA R A AR EE I A Bk . BCHICT &AL BAL I
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