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Introduc4on|In	
  the	
  last	
  years,	
  we	
  have	
  been	
  listening	
  in	
  different	
  media	
  and	
  from	
  different	
  governments	
  that	
  petroleum	
  will	
  run	
  out	
  in	
  a	
  few	
  
years.	
  Recently,	
  several	
  studies	
  are	
  trying	
  to	
  develop	
  new	
  approaches	
  for	
  the	
  creaAon	
  of	
  different	
  alternaAve	
  biofuels.	
  One	
  of	
  these	
  biofuels	
  is	
  
farnesane,	
  a	
  sesquiterpenoid.	
  Farnesane	
   is	
  classified	
  as	
  a	
  renewable	
  diesel	
  and	
  can	
  be	
  used	
  as	
  a	
  Bio-­‐Jet	
  fuel	
  for	
  jet	
  engines,	
  like	
  planes	
  and	
  
rockets.	
   One	
   producAon	
   possibility	
   is	
   metabolic	
   engineering	
   in	
   the	
   mevalonate	
   pathway	
   of	
   Saccharomyces	
   cerevisiae	
   and	
   an	
   expression	
  
plasmid	
  introducAon	
  in	
  order	
  to	
  produce	
  farnesane.	
  	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  !	
  

	
  
	
  
	
  
	
  
	
  
	
  

OBJECTIVES	
  
	
  

•  L e a r n	
   h o w	
   t o	
   m o d i f y	
  
Saccharomyces	
   cerevis iae	
  
metabolic	
   pathway	
   and	
   which	
  
strain	
   is	
   the	
   best	
   for	
   the	
  
invenAon.	
  	
  
	
  	
  

•  Deal	
  with	
  molecular	
  techniques	
  
and	
  their	
  applicaAons.	
  
	
  

•  Learn	
   how	
   to	
   design	
   an	
  
expression	
  plasmid.	
  	
  

	
  
•  Evaluate	
  new	
  biofuel	
  sources.	
  

	
  
	
  
	
  

	
  

	
  
	
  
	
  

T r a n s f o r m e d	
   p l a s m i d	
  

T e c h n i q u e s 	
   u s e d	
  

Modified	
  yeast	
  used	
  |Y1979	
  

	
  
	
  
	
  
	
  
	
  

	
  
	
  Inac4vated	
  genes	
  by	
  homologous	
  

recombinaAon.	
  
	
  
	
  
	
  

	
  
	
  
	
  
	
  
	
  
	
  	
  Diploid	
  and	
  an	
  immutable	
  strain.	
  
	
  
	
  
	
  
	
  
	
  
	
  

	
  
	
  

pAM404.	
  
Expression	
  

plasmid	
  inserted	
  
by	
  

transforma4on.	
  
β-­‐farnesene	
  
synthase	
  gene	
  
expression.	
  	
  

	
  
	
  
	
  	
  

	
  
	
  
	
  
Modified	
  genomic	
  DNA.	
  
¥  Modified	
  mevalonate	
  pathway	
  	
  
¥  Modified	
  sporulaAon	
  and	
  maAng	
  

genes	
  

	
  
	
  
	
  

Modified	
  yeast	
  used	
  |	
  Y1979	
  

M a i n 	
   r e f e r e n c e s	
  

C a r r i ed	
   ou t	
   t e chn i que s	
  

D i s r up4on	
   c on s t r u c t	
   e x amp l e	
  

GAL80	
  
US	
   HygR	
  

tHMG1	
   PGAL1,
10	
   ERG10	
  

ERG13	
   PGAL1
,10	
  

tHMG1	
   GAL80	
  
DS	
  

US	
   DS	
  

Integra4on	
  at	
  GAL80	
  locus	
  

Chromosome	
  13	
  

Phase	
  I	
  disrup4on	
  construct	
  

GAL80	
  

	
  
	
  

	
  	
  

c	
  

GPP	
  

Erg9::PCTR3-­‐ERG9	
  

ERG10	
  

ERG13	
  

3x	
  tHMGR	
  

ERG12	
  

ERG19	
  

ERG20	
  

ERG20	
  

IDI1	
  

Enzyme	
  from	
  
pAM404	
  

Mevalonate-­‐PP	
  

Mevalonate-­‐P	
  

DMAPP	
  IPP	
  

FPP	
  

Squalene	
  

β-­‐farnesene	
  synthase	
  

Copper	
  	
  

Modified	
   mevalonate	
   pathway	
  

	
  
Disrup4on	
  cassete	
  triple	
  funcAon:	
  	
  
1.   Overexpressed	
   mevalonate	
   genes	
   by	
   homologous	
  

recombinaAon.	
  
¥ SelecAon	
   genes	
   used:	
  hygA,	
   natR,	
   kanA	
   (resistance)	
   and	
  URA3	
  

(without	
  it,	
  no	
  growth).	
  	
  
¥ Promoters:	
  pGAL1ßàpGAL10,	
  pGAL4	
  (!),	
  pGAL7.	
  
2.	
  Knock-­‐out	
  genes	
  by	
  homologous	
  recombinaAon.	
  	
  
¥  STE5	
  and	
  IME1.	
  
3.	
  Promoter	
  subs4tu4on	
  for	
  expression	
  repression	
  by	
  homologous	
  
recombinaAon.	
  	
  
¥ ERG9	
  promoter	
  is	
  subsAtuted	
  by	
  a	
  CTR3	
  promoter	
  under	
  Copper	
  

control.	
  

F a r n e s a n e	
  

β -­‐ F a r n e s e n e	
   Company	
  and	
  applica4on	
  

hydrogena4on	
  

fermenta4on	
  

10%	
  Pd/C,	
  H2,	
  25	
  ºC	
  	
  

▲Figure	
  1.	
  DisrupAon	
  construct	
  casseXe	
  with	
  promoters	
  and	
  homologous	
  recombinaAon	
  in	
  GAL80	
  locus	
  example	
  	
  	
  

▲	
  Figure	
  2.	
  Metabolic	
  pathway	
  showing	
  which	
  genes	
  have	
  been	
  modified	
  to	
  
	
  	
  synthesize	
  ß-­‐farnesene	
  

▲Figure	
  3.	
  Overview	
  of	
  pAM404	
  and	
  genes	
  that	
  makes	
  up	
  of	
  it	
  	
  	
  

▲Figure	
  4.	
  SchemaAc	
  figure	
  of	
  a	
  Saccharomyces	
  cerevisiae	
  strain	
  and	
  what	
  includes	
  on	
  it	
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Sugarcane	
  as	
  a	
  substrate	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
¥  Part	
  of	
  the	
  informaAon	
  taken	
  in	
  this	
  project	
  comes	
  from	
  patents.	
  That	
  is	
  why	
  there	
  is	
  a	
  lack	
  of	
  informaAon	
  

in	
  different	
  points.	
  
¥  There	
   are	
   different	
   strategies	
   for	
   modifying	
   Saccharomyces	
   cerevisiae.	
   The	
   use	
   of	
   disrupAon	
   casseXes	
  

involving	
  more	
  than	
  one	
  gene	
  is	
  innovaAve	
  and	
  different	
  from	
  what	
  other	
  research	
  group	
  have	
  tested.	
  	
  
¥  Farnesane	
  producAon	
  shows	
  that	
  yeasts,	
  and	
   in	
  this	
  case	
  Saccharomyces	
  cerevisiae,	
  are	
  a	
  good	
  plalorm	
  

for	
  sesquiterpenoids	
  producAon.	
  	
  
¥  Farnesane	
  can	
  be	
  one	
  of	
  the	
  future	
  biojet	
  fuels	
  available	
  against	
  the	
  imminent	
  lack	
  of	
  oil	
  and	
  petrol.	
  

	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

C o n c l u s i o n s	
  

Codon	
  op4mized	
  for	
  
Saccharomyces	
  cerevisiae.	
  	
  

Under	
  a	
  very	
  strong	
  
pGAL10	
  promoter	
  	
  

Inserted	
  into	
  a	
  pAM178,	
  
yielding	
  pAM404,	
  using	
  
restricAon	
  enzymes.	
  	
  

Leu2	
  gene	
  as	
  a	
  selectable	
  
marker	
  

SyntheAcally	
  generated	
  
β-­‐farnesene	
  synthase	
  
gene	
  from	
  Artemisia	
  

annua.	
  

STE5.	
   MaAng	
   –	
   pheromone	
   response	
   gene.	
  
Without	
  it,	
  the	
  possibility	
  of	
  sexual	
  reproducAon	
  is	
  6	
  
Ames	
  less	
  possible	
  than	
  with	
  it	
  (WT).	
  	
  

IME1.	
  Meiosis	
  transcripAonal	
  regulator	
  

β-­‐farnesene	
  synthase	
  


