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The	
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  the	
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  of	
  life	
  
Cell	
  wall	
  structure	
  and	
  func4on	
  
Major	
  organelles	
  in	
  the	
  eukaryo4c	
  plant	
  cell	
  
All	
  cells	
  have	
  a	
  plasma	
  membrane,	
  a	
  selec4ve	
  barrier	
  	
  
The	
  central	
  vacuole	
  and	
  osmosis	
  –	
  the	
  passive	
  movement	
  of	
  water	
  
Cell	
  division	
  (mitosis)	
  in	
  a	
  plant	
  cell	
  

Mitosis	
  produces	
  
clones	
  in	
  Kalanchoe	
  

hDp://maple.dnr.cornell.edu	
  

Sugar	
  maple,	
  Acer	
  saccharum	
  



Hierarchical	
  organiza4on	
  of	
  mul8cellular	
  
organisms	
  (e.g.,	
  plants,	
  animals)	
  

cells	
  à	
  4ssues	
  à	
  4ssue	
  systems	
  à	
  organs	
  à	
  whole	
  organism	
  

e.g.,	
  tracheids	
  

e.g.,	
  xylem	
  

e.g.,	
  vascular	
  

e.g.,	
  stem	
  

e.g.,	
  angiosperm	
  	
  
(flowering	
  plant)	
  

Macro	
  4me	
  lapse	
  video	
  



Prokaryotes	
  
No	
  nucleus	
  

No	
  organelles	
  

Eukaryotes	
  
Nucleus	
  

Organelles	
  

The	
  3	
  Domains	
  of	
  Life	
  

bacterium	
   plant	
  cell	
  



Basic	
  features	
  of	
  all	
  cells	
  

1.   Plasma	
  membranes	
  –	
  a	
  selec4ve	
  barrier	
  made	
  
of	
  lipids	
  and	
  proteins	
  

2.   Cytoplasm	
  –	
  a	
  jellylike	
  fluid	
  containing	
  all	
  
organelles	
  and	
  other	
  components	
  

3.   Chromosomes	
  -­‐	
  carry	
  genes	
  in	
  the	
  form	
  of	
  
DNA,	
  chromosomes	
  duplicate	
  before	
  cell	
  
division	
  

4.   Ribosomes	
  –	
  small	
  complexes	
  of	
  proteins	
  and	
  
RNA	
  molecules	
  that	
  are	
  sites	
  of	
  protein	
  
assembly	
  



Range	
  of	
  measurements:	
  
1	
  mm	
  =	
  0.001	
  m,	
  10-­‐3	
  m	
  (thickness	
  of	
  a	
  dime)	
  
1	
  nm	
  =	
  0.000000001	
  m,	
  10-­‐9	
  m	
  (size	
  of	
  a	
  small	
  molecule;	
  e.g.,	
  methane	
  CH4)	
  

“Understanding	
  science	
  can	
  change	
  your	
  percep4on	
  of	
  things	
  
when	
  you	
  look	
  beyond	
  what	
  meets	
  the	
  eye	
  and	
  beDer	
  understand	
  
things	
  at	
  a	
  smaller,	
  microscopic	
  level…”	
  	
  	
  PBIO6	
  student	
  



Robert	
  Hooke’s	
  cork	
  
cell	
  drawings	
  

hDp://askabiologist.asu.edu	
  

Cell	
  Theory	
  
1.  life	
  cannot	
  exist	
  beneath	
  

the	
  level	
  of	
  a	
  cell	
  
2.  all	
  organisms	
  are	
  

composed	
  of	
  cells	
  (both	
  
uni-­‐	
  and	
  mul4-­‐cellular)	
  

3.  all	
  cells	
  arise	
  from	
  
preexis4ng	
  cells	
  via	
  	
  
cell	
  division	
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The	
  Plant	
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Plasmodesmata	


Wall of adjacent 
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membrane	
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All	
  plant	
  cells	
  are	
  contained	
  by	
  a	
  cell	
  wall	
  

cell	
  wall	
  –	
  the	
  outer	
  layer	
  
of	
  a	
  plant	
  cell	
  consis4ng	
  of	
  
various	
  carbohydrates	
  
(e.g.,	
  cellulose,	
  pec4n,	
  
lignin)	
  and	
  proteins	
  
•  primary	
  cell	
  wall	
  is	
  thin	
  
and	
  flexible	
  

•  secondary	
  cell	
  wall	
  is	
  s4ff	
  
(lignin)	
  and	
  waterproof	
  
(suberin)	
  

hDp://www.bio.miami.edu	
  



Cellulose	
  is	
  a	
  major	
  part	
  of	
  the	
  cell	
  wall	
  

Glucose	
  sugar	
  
C6H12O6	



Cellulose	
  
molecules	



Cellulose	
  
in	
  a	
  plant	
  
cell	
  wall	



0.5	
  µm	
  
	



10	
  µm	
  
	



Cell	
  walls	
  



The	
  plant	
  cell	
  
contains	
  many	
  
organelles,	
  each	
  
with	
  a	
  specific	
  
structure	
  and	
  

func4on	
  

Nucleus	


Endoplasmic reticulum	



Ribosomes	



Central vacuole	



Cytoskeleton 

Chloroplast	



Plasmodesmata	


Wall of adjacent 
cell	



Cell wall	



Plasma 
membrane	



Mitochondrion	



Golgi 
apparatus	





Nucleus	
  =	
  the	
  cell’s	
  “informa4on	
  center”	
  

hDp://mimp.mems.cmu.edu	
  

nucleus	
  

The	
  nucleus	
  contains	
  
chromosomes	
  -­‐	
  long	
  strands	
  of	
  	
  
DNA	
  that	
  contain	
  genes	
  	
  
	
  



DNA	
  and	
  genes	
  

geneIc	
  code	
  =	
  a	
  unique	
  
sequence	
  of	
  ATCG	
  molecules	
  
•  each	
  leDer	
  represents	
  a	
  
nitrogen-­‐containing	
  
molecule	
  called	
  a	
  base	
  

	
  
Genes	
  contain	
  instruc4ons	
  for	
  
the	
  assembly	
  of	
  the	
  en4re	
  
organism!	
  
	
  
Genes	
  contain	
  instruc4ons	
  for	
  
making	
  proteins…	
  

A	
  DNA	
  molecule	
  
contains	
  the	
  gene4c	
  
code	
  (ATCG)	
  

A	
  duplica4ng	
  DNA	
  molecule	
  

Gene4c	
  code	
  for	
  the	
  hexose	
  oxidase	
  gene	
  



Ribosomes	
  are	
  sites	
  of	
  protein	
  assembly	
  

©	
  Tom	
  	
  
Pantages	
  

A	
  ribosome	
  is	
  a	
  
molecule	
  consis4ng	
  of	
  
RNA	
  and	
  proteins.	
  

RNA	
  

proteins	
  	
  
(pink	
  and	
  purple)	
  



The	
  Plant	
  Cell	
   NUCLEUS	


Endoplasmic reticulum	



Ribosomes	



Central vacuole	
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Ribosomes	
  are	
  very	
  small!	
  



Endoplasmic  
Reticulum	



Nucleus	



Ribosomes	



Many	
  proteins	
  are	
  processed	
  and	
  shipped	
  ader	
  leaving	
  the	
  ribosome	
  

Endoplasmic	
  re8culum	
  –	
  protein	
  processing	
   Golgi	
  apparatus	
  –	
  the	
  “warehouse;”	
  proteins	
  
are	
  shipped	
  to	
  their	
  final	
  des4na4on	
  

Endoplasmic 
Reticulum	



Golgi 
apparatus	





Nucleus	



Endoplasmic 
reticulum	



Plasma 
membrane	



Golgi	



Connec4ons	
  within	
  a	
  cell	
  



Biofuels:	
  Using	
  enzymes	
  to	
  make	
  corn	
  ethanol	
  

A	
  vial	
  of	
  enzymes	
  for	
  cellulosic	
  ethanol	
  
produc4on.	
  
Denmark-­‐based	
  company	
  Novozyme	
  

enzyme	
  =	
  a	
  protein	
  catalyst	
  used	
  
for	
  a	
  specific	
  chemical	
  reac4on	
  
	
  
Corn	
  ethanol	
  produc4on	
  has	
  
tradi4onally	
  used	
  enzymes	
  to	
  
break	
  down	
  starch	
  (e.g.,	
  from	
  
corn	
  kernel)	
  to	
  make	
  ethanol.	
  
	
  
The	
  future	
  à	
  Cellulosic	
  ethanol	
  
using	
  enzymes	
  to	
  break	
  down	
  
cellulose	
  (e.g.,	
  from	
  cornstalks)	
  
to	
  make	
  ethanol.	
  

hDp://harvestpublicmedia.org	
  

Link	
  to	
  NYT	
  story	
  on	
  Blackboard.	
  





Basic	
  features	
  of	
  all	
  cells	
  

1.   Plasma	
  membrane	
  –	
  a	
  selec4ve	
  barrier	
  
made	
  of	
  lipids	
  and	
  proteins	
  

2.   Cytoplasm	
  –	
  a	
  jellylike	
  fluid	
  containing	
  all	
  
organelles	
  and	
  other	
  components	
  

3.   Chromosomes	
  -­‐	
  carry	
  genes	
  in	
  the	
  form	
  of	
  
DNA,	
  duplicate	
  before	
  cell	
  division	
  

4.   Ribosomes	
  –	
  small	
  complexes	
  of	
  proteins	
  
and	
  RNA	
  molecules	
  that	
  are	
  sites	
  of	
  
protein	
  assembly	
  



Lipid	
  bilayer	
  
(fluid)	



Protein	



The	
  plasma	
  membrane	
  creates	
  a	
  selec8ve	
  barrier	
  

selec4ve	
  barrier	
  à	
  the	
  solu4on	
  inside	
  the	
  cell	
  differs	
  
from	
  the	
  solu4on	
  outside	
  the	
  cell	
  	
  



Central vacuole	



Cytosol	



Central 
vacuole	



Nucleus	



Cell wall	



Chloroplast	



5 µm	



Central	
  vacuole	
  –	
  a	
  membrane-­‐bound	
  vesicle	
  within	
  
plant	
  cell	
  with	
  specialized	
  func4ons	
  

Plant	
  cell	
  



Osmosis	
  -­‐	
  the	
  passive	
  movement	
  of	
  
water	
  across	
  a	
  plasma	
  membrane	
  

hDp://weknowmemes.com	
  

Direc4on	
  of	
  water	
  
movement:	
  

high	
  concentra4on	
  à	
  
low	
  concentra4on	
  



Hypotonic solution	



H2O	



Lysed	



H2O	



Turgid (normal)	



H2O	



H2O	



H2O	



H2O	



Normal	



Isotonic solution	



Flaccid	



H2O	



H2O	



Shriveled	



Plasmolyzed	



Hypertonic solution	



Osmosis	
  (passive	
  water	
  movement)	
  in	
  plant	
  
cells	
  



Cell	
  division	
  produces	
  2	
  iden4cal	
  cells	
  

A	
  dividing	
  cell	
  
*	
  chromosomes	
  containing	
  DNA	
  are	
  labeled	
  blue	
  and	
  spindle	
  fibers	
  are	
  green	
  



The	
  cell	
  duplicates	
  its	
  chromosomes	
  and	
  divides	
  	
  	
  
them	
  equally	
  into	
  2	
  new	
  cells	
  during	
  mitosis	
  

Chromosomes	
   DNA	
  molecules	
  

Replicated	
  
chromosome	
  



An	
  elaborate	
  
and	
  coordinated	
  
series	
  of	
  events	
  
during	
  mitosis	
  
and	
  cytokinesis	
  

yields	
  2	
  
iden4cal	
  cells	
  





Lecture	
  Review,	
  Chapter	
  2	
  
•  What	
  are	
  the	
  4	
  basic	
  features	
  of	
  all	
  living	
  cells?	
  
•  What	
  are	
  the	
  major	
  tenets	
  of	
  the	
  cell	
  theory?	
  
•  Compare	
  and	
  contrast	
  prokaryo4c	
  and	
  eukaryo4c	
  cells.	
  
•  Describe	
  the	
  structure	
  and	
  func4on	
  of	
  the	
  cell	
  wall	
  and	
  plasma	
  

membrane.	
  
•  Define	
  chromosome.	
  How	
  do	
  DNA	
  and	
  genes	
  relate	
  to	
  chromosomes?	
  
•  Define	
  organelle,	
  and	
  be	
  able	
  to	
  label	
  the	
  organelles	
  in	
  a	
  plant	
  cell.	
  
•  How	
  do	
  the	
  following	
  organelles	
  interact	
  within	
  a	
  cell:	
  nucleus,	
  

endoplasmic	
  re4culum,	
  Golgi	
  apparatus,	
  ribosomes?	
  
•  Define	
  osmosis.	
  Which	
  is	
  the	
  most	
  ideal	
  for	
  a	
  plant	
  cell:	
  water	
  moving	
  

into	
  the	
  cell,	
  water	
  moving	
  out	
  of	
  the	
  cell,	
  or	
  water	
  moving	
  at	
  equal	
  
rates	
  into	
  and	
  out	
  of	
  a	
  cell?	
  	
  	
  	
  

•  Define	
  mitosis.	
  What	
  is	
  the	
  direct	
  result	
  of	
  1	
  round	
  of	
  mitosis	
  in	
  a	
  
plant?	
  



Good	
  summary	
  table	
  (focus	
  on	
  cell	
  
structures	
  discussed	
  in	
  lecture)	
  


