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The	  Eukaryo,c	  Cell	  
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Eukaryo1c	  cells	  and	  biomanufacturing	  

•  Examples	  are	  CHO	  and	  Pichia	  pastoris	  
•  Used	  to	  make	  products	  that	  can	  not	  be	  made	  
in	  prokaryotes	  

•  Such	  as	  complex	  proteins,	  an1bodies,	  etc.	  
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– Plasma	  or	  cell	  membrane	  

– Cytoplasm	  	  
– Nucleus	  and	  organelles	  



Animal	  vs.	  Plant	  Cells	  
•  Most	  eukaryo1c	  cells	  range	  in	  size	  between	  1	  and	  
100	  µm	  and	  are	  thus	  visible	  only	  with	  a	  microscope.	  	  

•  Animal	  cells	  are	  enclosed	  by	  a	  plasma	  membrane	  
and	  containing	  a	  membrane-‐bound	  nucleus	  and	  
organelles.	  	  

•  In	  contrast	  plants	  and	  fungi,	  animal	  cells	  do	  not	  have	  
a	  cell	  wall.	  

•  The	  lack	  of	  a	  rigid	  cell	  wall	  allowed	  animals	  to	  
develop	  a	  greater	  diversity	  of	  cell	  types,	  1ssues,	  and	  
organs.	  Specialized	  cells	  that	  formed	  nerves	  and	  
muscles—1ssues	  impossible	  for	  plants	  to	  evolve—
gave	  these	  organisms	  mobility.	  	  

•  Animal	  cells	  are	  unique	  because	  most	  animal	  1ssues	  
are	  bound	  together	  in	  an	  extracellular	  matrix	  by	  
collagen.	  	  

•  Plant	  and	  fungal	  cells	  are	  bound	  together	  in	  1ssues	  
or	  aggrega1ons	  by	  other	  molecules,	  such	  as	  pec,n.	  	  
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Notice cell shape is crucial for cell function 
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•  The	  plasma	  or	  cell	  membrane	  surrounds	  
the	  cytoplasm	  of	  the	  cell.	  	  

•  It	  acts	  as	  a	  boundary	  layer	  to	  contain	  the	  
cytoplasm	  (fluid	  in	  cell).	  

•  It	  allows	  water,	  oxygen,	  and	  other	  
materials	  to	  pass	  in	  and	  out	  of	  cells.	  
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Fluid	  Mosaic	  Model	  

•  A	  mosaic	  is	  a	  structure	  made	  up	  of	  many	  
different	  parts.	  	  

•  The	  plasma	  membrane	  also	  is	  a	  fluid	  structure	  
composed	  of	  different	  kinds	  of	  molecules.	  	  

•  The	  components	  of	  a	  plasma	  membrane	  are	  
integral	  proteins,	  peripheral	  proteins,	  
glycoproteins,	  phospholipids,	  glycolipids,	  and	  
in	  some	  cases	  cholesterol,	  lipoproteins.	  
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Fluid	  Mosaic	  Model	  
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•  Cytoplasm	  contains	  the	  cellular	  contents	  
inside	  the	  plasma	  membrane.	  	  

•  It	  fills	  the	  en1re	  cell.	  
•  It	  contains	  a	  large	  variety	  of	  organelles.	  
•  It	  is	  about	  80%	  water,	  but	  also	  stores	  
nutrients	  and	  building	  blocks	  for	  the	  cell.	  



Cytoskeleton	  

•  The	  cytoskeleton	  gives	  the	  cell	  its	  structure	  
and	  shape,	  it	  also	  allows	  for	  movement.	  

•  Within	  the	  cytoplasm,	  eukaryo1c	  cells	  contain	  
three	  main	  kinds	  of	  cytoskeletal	  filaments:	  

•  Microfilaments	  

•  Intermediate	  filaments	  

•  Microtubules	  
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Extracellular	  matrix	  includes	  the	  inters11al	  matrix	  and	  the	  basement	  
membrane.	  Inters11al	  matrix	  is	  present	  between	  various	  cells	  (i.e.,	  in	  the	  

intercellular	  spaces).	  
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Interac1on	  between	  the	  cytoskeleton	  and	  
the	  plasma	  membrane	  
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Cells	  in	  Mo,on	  

•  In	  mul1cellular	  1ssues,	  cells	  employ	  a	  variety	  of	  mechanisms	  
to	  maneuver	  through	  spaces	  in	  the	  extracellular	  matrix	  and	  
over	  the	  surfaces	  of	  other	  cells.	  

•  Examples	  are	  the	  rapid	  movement	  of	  cells	  in	  developing	  
embryos,	  organ-‐to-‐organ	  spreading	  of	  malignant	  cancer	  cells,	  
and	  the	  migra1on	  of	  neural	  axons	  to	  synap1c	  targets.	  

•  Crawling	  cells	  in	  culture	  do	  not	  possess	  cilia	  or	  flagella,	  but	  
tend	  to	  move	  by	  coordinated	  projec1on	  of	  the	  cytoskeleton	  in	  
repea1ng	  cycles	  of	  extension	  and	  retrac1on	  (pseudopod	  
forma1on).	  
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•  The	  nucleus	  is	  a	  highly	  specialized	  organelle	  that	  
serves	  as	  the	  informa1on	  processing	  and	  
administra1ve	  center	  of	  the	  cell.	  	  

•  This	  organelle	  has	  two	  major	  func1ons:	  	  
–  it	  stores	  the	  cell's	  hereditary	  material,	  or	  DNA	  
–  it	  coordinates	  the	  cell's	  ac1vi1es,	  which	  include	  
growth,	  intermediary	  metabolism,	  protein	  
synthesis,	  and	  reproduc1on	  (cell	  division).	  
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Endoplasmic	  re,culum	  

•  The	  endoplasmic	  re1culum	  (ER)	  is	  a	  network	  of	  sacs	  
that	  manufactures,	  processes,	  and	  transports	  
molecules	  for	  use	  inside	  and	  outside	  of	  the	  cell.	  	  

•  The	  ER	  is	  connected	  to	  the	  double-‐layered	  nuclear	  
envelope,	  providing	  a	  pipeline	  between	  the	  nucleus	  
and	  the	  cytoplasm.	  	  

•  There	  are	  two	  types	  of	  ER,	  rough	  and	  smooth	  ER.	  	  
– Rough	  ER	  has	  ribosomes	  a^ached	  to	  it,	  and	  
smooth	  ER	  does	  not.	  	  
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Golgi	  Apparatus	  

•  The	  Golgi	  apparatus	  is	  the	  distribu1on	  and	  shipping	  
department	  for	  the	  cell's	  biochemical	  products.	  It	  
modifies	  proteins	  and	  fats	  built	  in	  the	  endoplasmic	  
re1culum	  and	  prepares	  them	  for	  export	  to	  the	  
outside	  of	  the	  cell.	  	  

•  This	  organelle	  modifies	  molecules	  and	  packages	  
them	  into	  small	  membrane	  bound	  sacs	  called	  
vesicles.	  

•  	  These	  sacs	  can	  be	  targeted	  at	  various	  loca1ons	  in	  
the	  cell	  and	  even	  to	  its	  exterior.	  
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Protein	  Transport	  
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Lysosome	  
•  The	  main	  func1on	  of	  the	  lysosome	  is	  diges1on.	  
•  Lysosomes	  break	  down	  molecules	  into	  their	  
base	  components	  with	  strong	  diges1ve	  
enzymes.	  	  	  

•  These	  components	  are	  then	  transferred	  to	  the	  
cytoplasm	  as	  new	  cell-‐building	  materials.	  	  

•  This	  demonstrates	  an	  advantage	  of	  the	  
compartmentaliza1on	  of	  the	  eukaryo1c	  cell:	  the	  
cell	  could	  not	  support	  such	  destruc1ve	  enzymes	  
if	  they	  were	  not	  contained	  in	  a	  membrane-‐
bound	  lysosome	  .	  	  

•  Specific	  to	  animal	  cells.	  
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The	  Lysosome	  originates	  from	  the	  Golgi	  
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Peroxisome	  

•  Peroxisomes	  func1on	  to	  rid	  the	  cell	  of	  toxic	  substances,	  such	  as	  
H2O2.	  	  	  They	  are	  also	  involved	  in	  breaking	  down	  lipids/fa^y	  acids.	  

•  They	  have	  a	  single	  membrane	  that	  separates	  their	  contents	  from	  
the	  cytoplasm	  and	  that	  contains	  membrane-‐proteins	  cri1cal	  for	  
various	  func1ons,	  such	  as	  impor1ng	  proteins	  into	  the	  organelles.	  	  

•  Unlike	  lysosomes,	  which	  are	  formed	  in	  the	  secretory	  pathway,	  
peroxisomes	  usually	  self-‐replicate	  by	  enlarging	  and	  then	  dividing,	  
although	  there	  is	  some	  indica1on	  that	  new	  ones	  may	  be	  formed	  
directly.	  	  

•  Found	  in	  both	  plant	  and	  animal	  cells.	  
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•  Mitochondria	  are	  found	  in	  the	  cytoplasm	  of	  every	  
eukaryo1c	  cell.	  In	  the	  animal	  cell,	  they	  are	  the	  main	  
power	  generators,	  conver1ng	  oxygen	  and	  nutrients	  
into	  energy.	  	  

•  Provide	  the	  energy	  for	  the	  cell	  
•  Have	  two	  membranes,	  an	  inner	  and	  an	  outer	  

–  Inner	  membranes	  is	  highly	  folded,	  this	  is	  to	  
increase	  the	  surface	  area	  of	  the	  membrane,	  so	  
more	  reac1ons	  can	  take	  place	  at	  this	  site	  

•  Have	  their	  own	  DNA	  and	  ribosomes	  



Endosymbio,c	  Theory	  
•  The	  existence	  of	  the	  double	  

membrane	  has	  led	  to	  the	  theory	  
that	  mitochondria	  are	  the	  
descendants	  of	  some	  bacteria	  
that	  was	  endocytosed	  by	  a	  larger	  
cell	  billions	  of	  years	  ago,	  but	  not	  
digested.	  	  

•  Addi1onal	  suppor1ng	  evidence	  of	  
this	  theory	  is	  the	  fact	  that	  
mitochondria	  have	  their	  own	  DNA	  
and	  their	  own	  ribosomes;	  and	  
those	  ribosomes	  are	  more	  similar	  
to	  bacterial	  ribosomes	  than	  to	  
eukaryo1c	  ribosomes.	  	  

•  Plant	  cell	  chloroplasts	  also	  are	  
thought	  to	  have	  a	  similar	  past.	  	  
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Cilia	  and	  Flagella	  

•  Cilia	  and	  flagella	  are	  mo1le	  cellular	  
appendages	  found	  in	  most	  
microorganisms	  and	  animals,	  but	  not	  in	  
higher	  plants.	  

•  For	  single-‐celled	  eukaryotes,	  cilia	  and	  
flagella	  are	  essen1al	  for	  the	  locomo1on	  
of	  individual	  organisms.	  	  



Cilia	  

–  In	  mul1cellular	  organisms,	  cilia	  func1on	  to	  move	  fluid	  
or	  materials	  past	  an	  immobile	  cell	  as	  well	  as	  moving	  a	  
cell	  or	  group	  of	  cells.	  

–  cilia	  are	  usually	  shorter	  and	  occur	  together	  in	  much	  
greater	  numbers	  than	  flagella,	  which	  are	  oeen	  
solitary.	  

– movement	  of	  cilia	  is	  oeen	  described	  as	  whip-‐like,	  or	  
compared	  to	  the	  breast	  stroke	  in	  swimming.	  

–  	  Adjacent	  cilia	  move	  almost	  simultaneously	  (but	  not	  
quite),	  so	  that	  in	  groups	  of	  cilia,	  wave-‐like	  pa^erns	  of	  
mo1on	  occur	  
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Cilia	  



Flagella	  

– Flagella	  are	  found	  primarily	  on	  
gametes,	  but	  create	  the	  water	  currents	  
necessary	  for	  respira1on	  and	  
circula1on	  in	  some	  invertebrates	  such	  
as	  sponges.	  

– 	  Flagella	  exhibit	  a	  smooth,	  
independent	  undulatory	  type	  of	  
movement	  in	  eukaryotes.	  
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Flagella…think	  sperm!	  



Plant	  cells	  

•  The	  basic	  plant	  cell	  has	  a	  similar	  construc1on	  to	  the	  
animal	  cell,	  but	  does	  not	  have	  lysosomes,	  cilia,	  or	  
flagella.	  

•  	  It	  does	  have	  addi1onal	  structures,	  including	  a	  rigid	  
cell	  wall,	  central	  vacuole,	  plasmodesmata,	  and	  
chloroplasts.	  	  
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The	  plant	  cell	  wall	  

•  Protects	  the	  intracellular	  contents	  	  
•  Lends	  structure	  and	  rigidity	  to	  the	  plant	  
•  Provides	  a	  porous	  medium	  for	  the	  circula1on	  
and	  distribu1on	  of	  water,	  minerals,	  and	  other	  
nutrients	  

•  Mainly	  composed	  of	  cellulose	  -‐	  a	  
polysaccharide.	  



Plasmodesmata	  
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Chloroplast	  
–  These	  organelles	  are	  the	  site	  of	  photosynthesis	  
in	  plants	  and	  other	  photosynthesizing	  organisms.	  

•  Convert	  energy	  from	  sun	  into	  consumable	  
energy	  (ATP)	  

–  Chloroplasts	  have	  a	  double	  membrane.	  
•  On	  the	  average,	  the	  chloroplast	  density	  on	  the	  
surface	  of	  a	  leaf	  is	  about	  one-‐half	  million	  per	  
square	  millimeter.	  	  

–  Like	  the	  mitochondrion,	  the	  chloroplast	  is	  
different	  from	  most	  other	  organelles	  because	  it	  
has	  its	  own	  DNA	  and	  reproduces	  independently	  
of	  the	  cell	  in	  which	  it	  is	  found;	  an	  apparent	  case	  
of	  endosymbiosis	  .	  
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Central	  Vacuole	  
•  Many	  plant	  cells	  have	  a	  large,	  single	  central	  
vacuole	  that	  typically	  takes	  up	  most	  of	  the	  room	  
in	  the	  cell	  (80	  percent	  or	  more).	  	  

•  The	  central	  vacuole	  is	  a	  membrane-‐bound	  sac	  
that	  stores	  compounds,	  helps	  in	  plant	  growth,	  
and	  plays	  an	  important	  structural	  role	  for	  the	  
plant.	  	  
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What kind of cell is it? 

How do you know that? 
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h^p://www.olympusconfocal.com/gallery	  
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