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Synechocys)s	
  PCC	
  6803	
  

Spherical-­‐shape	
  cell	
  
average	
  Φ	
  1,5-­‐2	
  mm	
  

§  Able	
  to	
  grow	
  both	
  photoautotrophycally	
  
and	
  heterotrophically	
  providing	
  an	
  organic	
  
carbon	
  source	
  (glucose)	
  

§  Spontaneously	
  transformable,	
  DNA	
  
integrates	
  in	
  the	
  genome	
  by	
  homologous	
  
recombinaCon	
  	
  è	
  	
  model	
  organism	
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Synechocys)s	
  PCC	
  6803	
  :	
  the	
  3573470	
  bp	
  	
  genome	
  

§ MulCple	
  copies	
  of	
  the	
  genome	
  (20	
  on	
  
average;	
  4-­‐60	
  copies	
  esCmated,	
  
depending	
  growth	
  phase	
  and	
  physical	
  
and	
  chemical	
  environmental	
  
parameters)	
  (Zerulla	
  &	
  al.,	
  2016)	
  	
  

§  87%	
  of	
  the	
  genome	
  is	
  protein	
  coding	
  

§  64	
  %	
  of	
  the	
  TranscripConal	
  Start	
  Sites	
  
code	
  for	
  ncRNAs	
  	
  (Mitsche	
  &	
  al.,	
  2011)	
  

§ èHeteroplasmic	
  clones	
  are	
  frequently	
  
obtained	
  and	
  analysed	
  

	
   h"p://genome.microbedb.jp/CyanoBase	
  §  Lack	
  of	
  handy	
  plasmids,	
  currently	
  only	
  one	
  broad-­‐host-­‐range	
  shuUle	
  vector,	
  
RSF1010	
  

§ èEpisomal	
  vectors	
  need	
  helper	
  plasmids	
  for	
  coniugaCon,	
  are	
  geneCcally	
  
unstable,	
  require	
  high	
  selecCve	
  pressure	
  	
  

3573470	
  bp	
  	
  



90,8	
  ±	
  0.018	
  	
  

25,3	
  ±	
  0.043	
  	
  

22,7	
  ±	
  0.031	
  	
  

70	
  ±	
  0.006	
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Baeyer-­‐Villiger	
  monooxygenases	
  in	
  biocatalysis	
  

§  Valuable	
  alternaCve	
  to	
  peroxyacids,	
  
with	
  a	
  great	
  potenCal	
  in	
  biocatalysts	
  	
  

§  Flavoenzymes:	
  bound	
  FAD	
  cofactor	
  

§  Lead	
  to	
  enanComerically	
  pure	
  products	
  

§ We	
  had	
  previously	
  characterized	
  a	
  
BVMO	
  from	
  the	
  red	
  alga	
  
Cyanidioschyzon	
  merolae	
  (CmBVMO)	
  
(BenevenC	
  &	
  al.,	
  2013)	
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  of	
  the	
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  the	
  BVMO	
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  growth	
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CmBVMO	
  is	
  able	
  to	
  act	
  on	
  an	
  unknown	
  substrate	
  accumulaCng	
  into	
  the	
  cells	
  	
  

release	
  of	
  a	
  molecule	
  reusable	
  
as	
  energy	
  source	
  

increased	
  consumpCon	
  of	
  NADPH	
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How	
  does	
  the	
  BVMO	
  increase	
  cyanobacterial	
  growth?	
  

ketone	
   ester	
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A	
  possible	
  substrate	
  for	
  CmBVMO	
  in	
  Synechocys)s	
  

with the S. 6803 codon preference (e.g. http://exon.gatech.edu/
metagenome/CodonUsageDatabase/?&page=16), and the 720 bp
30 flanking region of S. 6803 psbA2, were designed as a contiguous
sequence. An NdeI site encompassing the psbA2 ATG start codon in
the psbA2-FatB junction, a PstI site at the 50 end, and a KpnI site at
the 30 end of the construct were added. The sequence was synthe-
sized as an EcoRV fragment and blunt end cloned into pUC57-
simple (GenScript). The resulting plasmid is referred to as pFUEL2.
The km resistance gene, nptII, from pUC4K, including its own
promoter, was released as a SalI fragment and cloned into SalI-
digested pFUEL2, generating plasmid pFUEL3. To remove the
endogenous NdeI site in the vector backbone, pFUEL3 was digested
with ZraI and BstAPI, blunt ended with mung bean nuclease, and
religated. This generated plasmid pFUEL3d.

pFUEL16: The S. 6803 AAS gene (locus slr1609; NCBI ID: 953643)
was PCR amplified from genomic S. 6803 DNA using primers with
Gateway-compatible extension (Invitrogen, USA) and cloned into
the Gateway donor vector pDONR221 (Invitrogen). This resulted
in plasmid pFUEL15. An Xma fragment from pKRP13, containing
the streptinomycin/spectinomycin resistance cassette, was cloned
into XmaI-digested pFUEL15, generating pFUEL16.

pFUEL30: The Gateway Frame A Cassette was inserted into SfoI-
digested pFUEL3d, generating pFUEL29. The sll0208 (NCBI ID:
952286) and sll0209 (NCBI ID: 952637) loci in S. 6803, encoding
the FAD and FAR enzymes, respectively, were assembled as an op-
eron by utilizing the 50 untranslated region (UTR) containing the
!35 and !10 promoter signals, the first and third ribosome bind-
ing sites (RBSs), and the transcription termination signals of the S.
6803 rbcLSX operon. NotI, PacI, FseI, and SpeI sites were added. The

construct was cloned as an EcoRV fragment in pUC57-simple. This
plasmid is referred to as pFUEL23. The sll0208-sll0209 operon from
pFUEL23 was PCR amplified with Gateway primers and cloned into
pFUEL29, replacing the Gateway cassette. This resulted in plasmid
pFUEL30.

2.4. PCR

Phusion and OneTag DNA polymerases were used for cloning
and colony PCR respectively. PCR reactions were carried out
according to standard protocols.

2.5. Preparation of cells for single-cell SR-FTIR spectromicroscopy

Gold-coated glass slides were cut into 1.5 " 0.5 cm pieces using
a diamond knife. The gold-coated slides were submerged in a series
of washes for 5 min each: acetone, followed by sterile deionized
water, 95% ethanol, and sterile deionized water. To ensure sterility,
the gold-coated slides were autoclaved (121 !C for 20 min) three
times, allowing a day between autoclaving to allow spores to
germinate. The slides were functionalized with poly-L-lysine to
facilitate cell adherence to the slide (100 ll of a 1/10 dilution of
poly-L-lysine solution (P8920-100ML; Sigma Aldrich, USA) was ap-
plied to the slide immediately before use). The slides were coated
for 1 h, and then rinsed three times with sterile deionized water.

Cells for SR-FTIR measurements were prepared using BG 11
medium and appropriate antibiotics. 1 ml of cell cultures in expo-
nential phase was sampled and spun down twice for five minutes
at 5000 rpm with fresh media to remove dead cells. Cells were then

Fig. 1. Lipid metabolism in S. 6803-FUEL strains. Key enzymes affecting FA and alkane biosynthesis are shown (spheres). Enzyme activities targeted in this study are indicated
with green for introduced/enhanced activities and red for blocked activity. Traits used to designate the strains are shown. The crossroad position of FA acyl-ACP in FA and
alkane biosynthesis is indicated.
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Conclusions	
  &	
  outlooks	
  

§  The	
  BVMO	
  Baeyer-­‐Villiger	
  monooxygenase	
  from	
  the	
  red	
  alga	
  Cyanidioschyzon	
  
merolae	
  is	
  produced	
  as	
  an	
  acCve	
  enzyme	
  in	
  the	
  Synechocys?s	
  

§  The	
  heterologous	
  enzyme	
  somehow	
  increases	
  photosyntheCc	
  efficiency	
  and	
  
biomass	
  accumulaCon	
  

§  In	
  progress:	
  	
  whole-­‐cell	
  transformaCons	
  using	
  idenCfied	
  substrates	
  of	
  CmBVMO	
  è 
import	
  and	
  export	
  of	
  small	
  molecules	
  across	
  ?	
  

§  DisrupCon	
  of	
  the	
  gene	
  coding	
  for	
  the	
  faUy	
  acyl-­‐ACP	
  reductase	
  in	
  both	
  the	
  wild	
  type	
  
and	
  the	
  BVMO	
  strain	
  è	
  growth	
  profiles	
  of	
  these	
  two	
  mutants	
  will	
  be	
  compared.	
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