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Objec(ves	
  

•  Proper&es	
  of	
  molecular	
  structures	
  (proteins,	
  
RNA,	
  genome	
  /	
  DNA)	
  

•  Computa&onal	
  representa&on	
  of	
  molecular	
  
structures	
  

•  Computa&onal	
  modeling	
  of	
  molecular	
  
structures	
  

•  Applica&on	
  of	
  modeling	
  of	
  molecular	
  
structures	
  



Significance	
  of	
  Studying	
  Molecular	
  
Structures	
  

•  One	
  founda&on	
  of	
  life	
  sciences	
  
•  Personal	
  healthcare	
  and	
  medicine	
  
•  One	
  major	
  topic	
  of	
  bioinforma&cs	
  and	
  
computa&onal	
  biology	
  –	
  an	
  important	
  field	
  of	
  
computer	
  science	
  

•  A	
  great	
  applica(on	
  area	
  of	
  computer	
  algorithms	
  
and	
  data	
  structures	
  

•  A	
  great	
  applica(on	
  area	
  of	
  engineering	
  
•  A	
  very	
  interdisciplinary	
  field	
  (CS,	
  math,	
  biology,	
  
chemistry,	
  physics)	
  



Three	
  Kinds	
  of	
  Structures	
  

•  Protein	
  Structure	
  

•  Genome	
  Structure	
  

•  RNA	
  Structure	
  
	
  



Representa(on	
  of	
  Molecular	
  
Structures	
  

•  X,	
  Y,	
  Z	
  coordinates	
  
•  Euclidean	
  grid	
  
•  Vector	
  and	
  angles	
  
•  Computer	
  graphics	
  



Algorithms	
  

•  Grid-­‐based	
  simula&on	
  (random	
  walk)	
  
•  Vector-­‐based	
  simula&on	
  
•  Angular-­‐based	
  simula&on	
  
•  Gradient	
  descent	
  simula&on	
  and	
  variants	
  
•  Simulated	
  annealing	
  
•  Markov	
  Chain	
  Monte	
  Carlo	
  
•  Probabilis&c	
  modeling	
  	
  
•  Constraint-­‐based	
  op&miza&on	
  

	
  



SoNware	
  Packages	
  

•  RasMol,	
  Jmol,	
  PyMol	
  
•  Modeller,	
  RoseRa,	
  I-­‐TASSER,	
  IMP,	
  CNS,	
  Tinker,	
  
etc	
  

•  Your	
  own	
  algorithm,	
  implementa&on,	
  and	
  
prac&ce	
  



Course	
  Format	
  

•  Course	
  web	
  site:	
  
hRp://people.cs.missouri.edu/~chengji/
cscmms/	
  	
  

•  Username	
  and	
  password:	
  cmms	
  
•  Problem	
  solving	
  	
  
•  Ac&ve	
  learning	
  by	
  prac&cing	
  
•  Syllabus	
  (see	
  details)	
  



Teaching	
  Format	
  of	
  Each	
  Topic	
  
Course	
  Introduc&on	
  

Topic	
  Lecture	
  (reading)	
  

Problem	
  Defini&on	
  
(discussion,	
  planning)	
  

Plan	
  Presenta&on	
  

Project	
  Implementa&on	
  
(programming,	
  report)	
  

Results	
  and	
  Analysis	
  
(discussion	
  and	
  update)	
  

Final	
  presenta&on	
  and	
  
report	
  

Group:	
  
	
  
4	
  –	
  5	
  students	
  per	
  group	
  
	
  
Rotate	
  as	
  topic	
  coordinator	
  
	
  
Each	
  member	
  par(cipates	
  
in	
  every	
  topic	
  
	
  
All	
  members	
  present	
  
the	
  whole	
  project	
  
	
  



Grading	
  

•  Class	
  discussions	
  (15%)	
  
•  Literature	
  reviews	
  (10%)	
  
•  Topic	
  plan	
  presenta&on	
  (20%,	
  group)	
  
•  Topic	
  implementa&on	
  (25%,	
  group)	
  
•  Topic	
  report	
  (20%,	
  group)	
  
•  Final	
  presenta&on	
  (10%,	
  group)	
  
•  Grade	
  scale:	
  A+,	
  A,	
  A-­‐,	
  B+,	
  B,	
  B-­‐,	
  C+,	
  C,	
  C-­‐,	
  and	
  
F.	
  	
  



Introduc(on	
  to	
  Molecular	
  Biology	
  for	
  
Computer	
  Science	
  and	
  Engineering	
  

Students	
  



Introduc&on	
  to	
  Molecular	
  Biology	
  
•  Cell	
  is	
  the	
  unit	
  of	
  structure	
  and	
  func&on	
  of	
  all	
  living	
  
things.	
  

Two	
  types	
  of	
  cells:	
  eukaryote	
  (higher	
  organisms)	
  and	
  prokaryote	
  
(lower	
  organisms)	
  



Central	
  Dogma	
  of	
  Molecular	
  Biology	
  

DNA	
   RNA	
   Protein	
  

Transcrip&on	
   Transla&on	
  

Replica&on	
  

Phenotype	
  

Genotype	
  





Central	
  Dogma	
  of	
  Molecular	
  Biology	
  

DNA	
   RNA	
   Protein	
  

Transcrip&on	
  

Informa&on	
  flow	
  

Transla&on	
  

Replica&on	
  

Reverse	
  
Transcrip&on	
  (HIV	
  virus)	
  





DNA	
  (Deoxyribose	
  Nucleo&de	
  Acids)	
  

DNA	
  is	
  a	
  polymer.	
  The	
  monomer	
  	
  
units	
  of	
  DNA	
  are	
  nucleo&des,	
  	
  
and	
  the	
  polymer	
  is	
  known	
  as	
  a	
  	
  
"polynucleo&de."	
  Each	
  nucleo&de	
  	
  
consists	
  of	
  a	
  5-­‐carbon	
  sugar	
  	
  
(deoxyribose),	
  a	
  nitrogen	
  containing	
  
	
  base	
  aRached	
  to	
  the	
  sugar,	
  and	
  	
  
a	
  phosphate	
  group.	
  	
  

A	
  is	
  for	
  adenine	
  	
  
G	
  is	
  for	
  guanine	
  	
  
C	
  is	
  for	
  cytosine	
  	
  
T	
  is	
  for	
  thymine	
  	
  
	
  

Introduc&on	
  to	
  DNA	
  structure,	
  Richard	
  B.	
  Hallick,	
  1995	
  

CGAATGGGAAA……	
  





Base	
  Pairs:	
  
A-­‐T	
  	
  (2	
  H-­‐bonds)	
  
C-­‐G	
  (3	
  H-­‐bonds)	
  

Hydrogen	
  bonds:	
  non-­‐covalent	
  bonds	
  mediated	
  by	
  hydrogen	
  atoms	
  



Uncoiled	
  DNA	
  Molecule	
  

Source:	
  Dr.	
  Gary	
  Stormo,	
  2002	
  



James	
  Watson	
  &	
  Francis	
  Crick	
  

Maurice	
  
Wilkins	
  

Rosalind	
  
Franklin	
  

Linus	
  
Pauling	
  

Erwin	
  
Chargaff	
  

Fundamental	
  Problems:	
  How	
  gene&c	
  informa&on	
  pass	
  from	
  one	
  
cell	
  to	
  another	
  and	
  from	
  one	
  genera&on	
  to	
  next	
  genera&on	
  



DNA	
  
Polymerase	
  

DNA	
  Replica&on	
  



RNA	
  (Ribose	
  Nucleo&de	
  Acids)	
  

ACGAAUAACAGGUAAUAAAAAUAGAUAUACCUAUAGAUUCGU	
  



Different	
  Kinds	
  of	
  RNA	
  
•  mRNA:	
  messager	
  RNA	
  
	
  	
  	
  	
  carry	
  gene&c	
  informa&on	
  out	
  of	
  nucleus	
  for	
  protein	
  synthesis	
  	
  

(transcrip&on	
  process:	
  RNA	
  polymerase)	
  
•  rRNA:	
  ribosomal	
  RNA	
  
	
  	
  	
  cons&tute	
  50%	
  of	
  ribosome,	
  which	
  is	
  a	
  molecular	
  assembly	
  for	
  

protein	
  synthesis	
  
•  tRNA:	
  transfer	
  RNA	
  
	
  	
  	
  	
  decode	
  informa&on	
  (map	
  3	
  nucleo&des	
  to	
  amino	
  acid);	
  

transfer	
  amino	
  acid	
  
•  snRNA:	
  small	
  RNA	
  molecules	
  found	
  in	
  nucleus	
  
	
  	
  	
  	
  involve	
  RNA	
  splicing	
  
	
  



Transcrip&on	
  of	
  Gene	
  into	
  RNA	
  



Gene&c	
  Code	
  and	
  Transla&on	
  

Three	
  Nucleo&des	
  
is	
  called	
  a	
  codon.	
  



Protein	
  Sequence	
  

A	
  direc(onal	
  sequence	
  of	
  amino	
  acids/residues	
  

N	
   C	
  

…	
  

Amino	
  Acid	
  1	
   Amino	
  Acid	
  2	
  

Pep(de	
  bond	
  



Amino	
  Acid	
  Structure	
  



Lysine	
  



Amino	
  Acids	
  

Hydrophilic	
  





Central	
  Dogma	
  of	
  Proteomics	
  

AGCWY……	
  

Sequence	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Structure	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Func(on	
  

Cell	
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