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2#Protein G B1 (3gb1)                Myoglobin (1mbc)               tRNA transferase (1mxi)
a knot!

Amino Acids                                 Peptides 

Primary Sequence:    MTYKLILNGK TLKGETTTEA VDAATAEKVF  
  KQYANDNGVD GEWTYDDATK TFTVTE  
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StructureAFuncOon#Paradigm#

MTYKLILNGK
TLKGETTTEA
VDAATAEKVF
KQYANDNGV
DGEWTYDDA
TKTFTVTE …  

Sequence          Folded 3D Structure       Functions 

catalysis 

transport 

signaling 

motors … 

•  Structural#Genomics#(NMR,#XAray)#
•  Protein#structure#predicOons#

5.1#PolypepOde#diversity#

•  In#theory,#the#size#and#composiOon#of#a#polypepOde#chain#are#
unlimited#(possible#number#of#sequence:#20N).#

•  In#cells,#this#potenOal#variety#is#limited#by#the#efficiency#of#
protein#synthesis#and#by#the#ability#of#the#polypepOde#to#fold#
into#a#funcOonal#structure.#
–  Only#a#very#small#subset#are#explored#in#biology#and#most#of#them#give#

rise#to#specific#3D#structures#under#the#proper#condiOons#
–  Some#sequences#are#�intrinsically#disordered�!#They#play#parOcularly#

important#roles#in#signaling#and#regulaOon.#

(c)#Jianhan#Chen# 4#

Bovine Insulin 



Most#Proteins#Have#100A1000#Amino#Acids# Most#Proteins#Have#100A1000#Amino#Acids#

•  PepOdes#shorter#than#40#residues#can#not#fold#properly;#
•  Longer#than#1000#residues#are#error#prone#in#transcripOon#

and#translaOon#and#also#experience#expression#efficiency#
bocleneck.#

5.4#Protein#EvoluOon#
•  Key$Concepts$5.4$

–  #Sequence#comparisons#reveal#the#evoluOonary#relaOonships#between#
proteins.#

–  Protein#families#evolve#by#the#duplicaOon#and#divergence#of#genes#encoding#
protein#domains.#

–  The#rate#of#evoluOon#varies#from#protein#to#protein.#
#

(c)#Jianhan#Chen# 7#

5.4#Protein#EvoluOon#
•  Most#(random)#mutaOons#harmful#or#deleterious##
•  MutaOons#propagated#only#if#it#increases#or#does#not#decrease#fitness;#this#

happens#only#rarely#
•  EvoluOon#by#natural#selecOon#

(c)#Jianhan#Chen# 8#



5.4#Protein#EvoluOon#
•  Most#(random)#mutaOons#harmful#or#deleterious##
•  MutaOons#propagated#only#if#it#increases#or#does#not#decrease#fitness;#this#

happens#only#rarely#
•  EvoluOon#by#natural#selecOon#

•  EvoluOonary#relaOonships#can#be#derived#from#sequences:#related#species#
have#evolved#from#a#common#ancestor,#so#it#follows#that#the#genes#
specifying#each#of#their#proteins#must#likewise#have#evolved#from#the#
corresponding#gene#in#that#ancestor.#

•  Sequence#conservaOon#provide#insights#on#protein#funcOon#(and#
structure):#invariant#(conserved)#residues#likely#essenOal#for#funcOon;#
variant#(or#hypervariable)#residues#not#specific/required#for#funcOon#

•  Neutral#drif:#random#mutaOons#that#do#not#affect#funcOon#will#naturally#
accumulate#over#Ome#

•  Predict#funcOon#of#novel#proteins:#sequence#homologs#
•  Structure#predicOon:#homology#modeling#
#

(c)#Jianhan#Chen# 9#

PhylogeneOc#Trees#
•  Depict#evoluOonary#history#
•  Levels#of#differences#parallel#classical#taxonomy#
•  Many#online#tools:##

–  hcp://www.ebi.ac.uk/Tools/phylogeny/clustalw2_phylogeny/#
–  hcp://www.phylogeny.fr#(also#contains#a#list#of#other#phylogeny#programs)#

(c)#Jianhan#Chen# 10#

Cytochrome c Phylogenetic Tree  

Branching points: putative common 
ancestors  
Distance between branching points: 
number of mutations per 100 residues 

All modern forms about same 
distance from the lowest point: 
Lower life forms did not appear 

earlier and ceased to evolve. 

Protein#Domains#

•  Domains:#evoluOonary#conserved#sequences#are#ofen#
segments#of#about#40A200#residues##
–  Related#to#structural#domains#to#be#discussed#in#Chapter#6#

•  Protein#domains#can#be#grouped#into#1000A1400#families,#
with#half#of#them#in#~200#most#populated#families#

•  Level#of#sequence#conservaOon#within#family#is#correlated#
with#funcOonal#conservaOon#
–  >40%#sequence#conservaOon#for#most#funcOonally#conserved#proteins#
–  <20%#sequence#conservaOon:#likely#different#funcOon#

•  Protein#families:#likely#arise#from#gene#duplicaOon#

(c)#Jianhan#Chen# 12#



EvoluOon#by#Gene#DuplicaOon#

•  Orthologs:#homologous#proteins#with#the#same#funcOon#
•  Gene#duplicaOon:#aberrant#geneOc#recombinaOon#event#in#

which#one#member#of#a#chromosome#pair#receives#both#
copies#of#the#primordial#gene##
–  The#sequences#may#diverge#through#evoluOon:#one#copy#of#the#gene#

may#evolve#a#new#funcOon#(paralogs)#
–  In#human,#~98%#of#protein#domains#have#been#duplicated!#
–  Pseudogenes:#dead#ends#of#protein#evoluOon#

•  Example:#globin#family##
–  Hemoglobin:#transports#O2,#tetramer#(α2β2)#
–  Myoglobin:#O2#diffusion#in#muscle,#singleAchain#

(c)#Jianhan#Chen# 13#

Rate#of#Sequence#Divergence#Varies#
•  EvoluOon#rates#largely#constant#

over#Ome#
•  Rates#(of#mutaOons#accepted)#

vary#from#protein#to#protein#
•  FuncOonal#(and#structural)#

constrains#
•  Histone#H4:#most#conserved,#

extremely#intolerant#of#mutaOons#
•  FibrinopepOdes:#cleaved#from#

fibrinogen#to#induce#blood#
cloqng,#licle#selecOve#pressure#
for#conservaOon#

•  Intrinsically#disordered#proteins:#
highly#mutaOon#rates#

SubAsummary:#Primary#Sequence#
•  Protein(sequence:(highly(selective((structural,(functional(

restrains;(efficiency(of(synthesis)(

•  Mutation(and(evolution:((
–  Natural(selection(
–  Gene(duplication((
–  many(useful(insights(that(can(be(derived(from(examine(sequence(

conservation(and(variations((
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PROTEIN$STRUCTURE$(CHAPTER$6)$

(c)#Jianhan#Chen# 16#



A#licle#history#

•  The#fact#that#proteins#are#usually#structured#was#not#
recognized#unOl#1934,#when#Bernal#and#Hodgkin#observed#
discrete#diffracOon#pacern#of#a#crystal#of#pepsin.#

•  First#structure#of#protein:#myoglobin#in#1958#by#Kendrew##and#
coworkers;#it#was#depressingly#complex#and#nothing#like#the#
beauOful#DNA#double#helix!#
–  The#structural#complexity#of#proteins#is#actually#
#####consistent#with#the#extremely#diversity#in#funcOon#

•  Structural#proteome#efforts#
–  As#of#Aug#2015,#111,558#structures#publically#available#
–  Regularity#of#protein#structure#(on#both#2nd#and#terOary#levels!)#

(c)#Jianhan#Chen# 17#

Levels#of#Protein#Structure#

(c)#Jianhan#Chen# 18#

Local 
conformational 
arrangements 

3D structure of the 
entire protein  

Spatial arrangement 
of multiple subunits 

Breaking#the#Protein#Rules:#Intrinsically#Disordered#Proteins#

Models of tumor suppressor p53 
tetramer in complex with DNA 
(magenta). The N-terminal activation 
domains are disordered. 

Wells et al., PNAS (2008); Chouard, Nature (2011).    

Cancer?associated$(HCAP)$

Signaling$(AfCS)$

EukaryoGc$(EU_SW)$

Ordered$(PDB_S25)$

Iakoucheva#I#et#al.,#J#Mol#Biol##(2002)#

6.1#Secondary#Structure#

•  Key$Concepts$6.1$
–  The#planar#character#of#the#pepOde#group#limits#the#conformaOonal#

flexibility#of#the#polypepOde#chain.#

–  The#α#helix#and#the#β#sheet#allow#the#polypepOde#chain#to#adopt#
favorable#φ#and#ψ#angles#and#to#form#hydrogen#bonds.#

–  Fibrous#proteins#contain#long#stretches#of#regular#secondary#structure,#
such#as#the#coiled#coils#in#α#keraOn#and#the#triple#helix#in#collagen.#

–  Not#all#polypepOde#segments#form#regular#secondary#structure#such#as#
α#helices#or#β#sheets.!

(c)#Jianhan#Chen# 20#



A.#PepOde#Backbone#Has#Limited#Flexibility#

•  The#pepOde#plane#is#rigid#due#to#resonance#

–  Almost#always#in#transA#(that#is,#CA#on#opposite#sides#of#pepOde#bond)#
–  Only#proline#has#finite#(~10%)#probability#of#adopOng#cisAconformaOon#

•  Two#major#rotatable#torsion#angles#(before#and#afer#each#
pepOde#plane)##

(c)#Jianhan#Chen# 21#

Torsion#(Dihedral)#Angle#

•  PepOde#conformaOons#are#mainly#defined#by#key#backbone#
torsion#angles#
–  Also#referred#to#as#dihedral#angle:#the#angle#between#two#groups#on#

either#side#of#a#freely#rotaOng#chemical#bond#
–  Defined#by#four#consecuOvely#linked#atoms: φ(AABACAD)#

#
# ##

–  RightAhand#rule:#posiOve#sense#is#clockwise#

22#

A 
B � C 

D 

(c)#Jianhan#Chen#

PepOde#Backbone#Torsions#

•  φ:#C(O)ANACαAC(O)#
•  ψ:#NACαAC(O)AN#

(c)#Jianhan#Chen# 23#

C 
 || 

O 

Ramachandran#Plot#
•  2D#plot#of#(φ,ψ)#distribuOon#
•  Not#all#possible#(φ,ψ)#accessible#

to#pepOdes#
•  Steric#clash#of#C=O#with#side#

chain#prohibits#posiOve#φ (right#
half)#

•  Allow#assignment#of#secondary#
structures#

•  StaOsOcs#of#known#protein#
structures#reveal#common#
regions#of#(φ,ψ)#distribuOons#

•  An#important#way#of#structural#
evaluaOon#

(c)#Jianhan#Chen# 24#



(c)#Jianhan#Chen# 25#

C 
 || 

O 

φ: C(O)-N-Cα-C(O) ψ: N-Cα-C(O)-N 
Glycine#and#Proline#

(c)#Jianhan#Chen# 26#

http://wiki.christophchamp.com/index.php/Ramachandran_plot 

B.#Secondary#Structures#of#Proteins#

•  αAhelix:##
–  (i,i+4)#hydrogen#bonds,#3.6#residues/5.4#Å#per#turn,#(φ,ψ)#~#(A55°,#A50°)#
–  Average#helix#length#in#proteins:#~12#residues#(or#~18#Å)#

(c)#Jianhan#Chen# 27#

Secondary#Structures#of#Proteins#

•  βAstrands:##
–  (near)#transA#backbone#torsions:#(φ,#ψ)#~#(–135°,#135°),#RightAhand#twist#
–  CAACA#distance#along#the#strand#~#7#Å#
–  Hydrogen#bonds#between#neighboring#strands#

(c)#Jianhan#Chen# 28#



Beta#Sheets#

(c)#Jianhan#Chen# 29#

Note the 
distinct 

hydrogen 
bonding 
patterns! 

Turns#ConnecOng#Secondary#Structures#

•  Links#between#secondary#structures#vary#greatly!#
•  Very#Oght#turns#possible#between#strands#
•  Types#I#and#II#betaAbends:#4Aresidue#Oght#turn#

–  Differ#in#the#central#pepOde#plane##
–  2nd#residue#is#ofen#Pro#
–  3rd#residue#in#type#II#is#ofen#Gly##

(c)#Jianhan#Chen# 30#

Fibrous#Proteins:#RepeaOng#2nd#Structures#

•  Fibrous#vs#globular#
•  KeraOn#&#collagen:#highly#elongated#
•  KeraOn:#coiled#coil#

–  Mechanically#durable#
–  Horny#outer#epidermal#layer#(hair,#horn,#

nail#and#feather)#
–  AlphaAhelix#with#5.1#Å#spacing#
–  7Aresidue#pseudoArepeats#(3.5#residues#

per#turn)#
–  Higher#order#structures#not#fully#

understood#
–  Rich#with#cys:#chemical#inter#coil#crossA

linking##

(c)#Jianhan#Chen# 31#

Higher#Order#Structure#of#α#KeraOn#



Collagen:#Triple#Helix#

•  The#most#abundant#vertebrate#protein#
•  The#major#stressAbearing#components#of#connecOve#Ossues#
•  Each#collagen#consists#of#three#pepOde#chains#
•  Many#collagen#chains/varieOes#(fort#different#Ossues)#
•  Type#I:#the#most#common#one#

–  Two#α1#+#one#α2;#~285#KD;##
–  ~14#Å#in#width#and#~3000#Å#in#length!#

•  Very#disOncOve#amino#acid#composiOons#
–  1/3#are#Gly;#15A30%#are#Pro#and#its#derivaOves#

(c)#Jianhan#Chen# 33#

Collagen:#Triple#Helix#
•  Typical#sequence:#A(GlyAXAY)A#repeats#(X#~#Pro#&#Y#~#Hyp#)#
•  LefAhanded#helix#with#rightAhanded#twist##

–  Three#residues#per#turn#
•  Covalent#linkages:#Lys#and#His#

–  Increase#with#age#(Ossues#becoming#sOffer)#

(c)#Jianhan#Chen# 34#

PDB: 1CAG 

•  Gly required for 
packing 

•  H-bonds between 
Gly NH and Pro CO 

•  Pro/Hyp rings rigid 
and well packed  
  

Other,#NonrepeOOve#Local#Structures#

(c)#Jianhan#Chen# 35#
The structure of BamA from the BAM complex (Nature 2013) . 

2nd#Structure#PropensiOes#
•  Different#amino#acids#have#different#

inherent#2nd#structure#propensiOes#
•  TerOary#structure#context#also#affect#2nd#

structure#
•  Ala:#the#most#helical#residue#
•  Gly#and#Pro:#strong#helix#breakers#
•  Certain#residues#tend#to#cap#helices#and#

strands#
–  Asn#and#Gln:#side#chains#could#fold#back#

and#hAbond#with#backbone#(“helix#
capping”)#

(c)#Jianhan#Chen# 36#



Which of the following statements is FALSE with 
respect to the ribbon diagrams shown below ? 

A.  Protein 2 contains parallel β-sheet strands. 
B.  Protein 3 contains a prosthetic group. 
C.  The secondary structure of protein 3 is all α-helix. 
D.  These proteins have both secondary and tertiary structure. 

1 2 3 

6.2#TerOary#Structure#

•  Key$Concepts$6.2$
–  XARay#crystallography#and#NMR#spectroscopy#are#used#to#determine#

the#posiOons#of#atoms#in#proteins.#

–  Nonpolar#residues#tend#to#occur#in#the#protein#interior#and#polar#
residues#on#the#exterior.#

–  A#protein�s#terOary#structure#consists#of#secondary#structural#
elements#that#combine#to#form#moOfs#and#domains.#

–  Over#Ome,#a#protein�s#structure#is#more#highly#conserved#than#its#
sequence.#

–  BioinformaOcs#databases#store#macromolecular#structure#coordinates.#
Sofware#makes#it#possible#to#visualize#proteins#and#compare#their#
structural#features.!

(c)#Jianhan#Chen# 38#

High#ResoluOon#Structure#DeterminaOon#
•  Two#main#techniques:#XAray#crystallography#and#NMR##
•  XAray:#crystallizaOon#is#criOcal;#accounts#for#~85%#
•  NMR:#very#tedious,#but#very#powerful#in#funcOonal#studies#
•  CryoAEM:#recent#advances#allow#Angstrom#resoluOon;#extremely#powerful#

for#large,#live#complexes!#

(c)#Jianhan#Chen# 39#

NMR        X-ray crystallography 
  
short time scale, protein folding  long time scale, static structure 
solution, purity      single crystal, purity 
< 20kD, domain      any size, domain, complex 
functional active site     active or inactive 
atomic nuclei, chemical bonds   electron density 
resolution limit 2-3.5Å     resolution limit 1.5-3.5Å 
 
Dynamics 
Transient interactions 
 

Protein#Structure#IniOaOves#

•  Aimed#at#covering#as#much#fold#space#as#possible##
•  Three#phases,#$764M#invested#(from#NIH)#

(c)#Jianhan#Chen# 40#

(more structures 
were actually 
solved than those 
finally deposited) 



Over#85%#of#Known#Protein#Structures#from#XAray#

(c)#Jianhan#Chen# 41#

First X-ray protein structures 
Hemoglobin  and myoglobin, by 
Max Perutz and Sir John Kendrew, 
respectively, in 1958 

Source: PDB 

Protein#Structure#DeterminaOon#by#XAray#
Crystallography#

•  Protein#purificaOon:#first#step#of#all#structural#determinaOon#efforts#
•  Protein#CrystallizaOon:#the#most#challenging#part!#

–  Produce#wellAordered#protein#monoAcrystals#without#any#inclusion#and#large#
enough#to#diffract#XARay#beam##

–  More#art#than#science:#largely#impossible#to#predict#crystallizaOon#condiOons#
•  Crystal#mounOng:#transfer#of#crystals#from#soluOon#to#detector#

–  Proper#alignment#can#improve#completeness#
•  DiffracOon#data#collecOon:#central#but#somewhat#standard#

–  Record#monochromaOc#reflecOons#while#rotaOng#the#crystal#
–  MulOAwavelength#data#collecOon#on#synchrotrons#

•  Data#processing:#indexing,#integraOon#and#scaling#
•  Structure#construcOon:#phase#problem#

–  Molecular#replacement;#Heavy#atom#methods##
•  Structure#refinement#and#analysis:#

–  ResoluOon,#RAfactor,#what#about#biology!?#

(c)#Jianhan#Chen# 42#http://proteincrystallography.org/  & Wikipedia 

(c)#Jianhan#Chen# 43#

First NMR protein structure: 
Proteinase inhibitor IIA by Wüthrich 
lab in 1984 (published on JMB 1985). 
(see a historical review by Wüthrich, Nature 
Struct Biol 8, 923 - 925 (2001))    

First X-ray protein structures 
Hemoglobin  and myoglobin, by Max Perutz 
and Sir John Kendrew, respectively, in 1958 

Source: PDB HighAresoluOon#NMR#structure#determinaOon#

•  NMR#is#one#of#the#only#two#methods#for#highAresoluOon#
structure#determinaOon#besides#XAray#crystallography#

•  Advantages#of#NMR#
–  In#soluOon:#more#physiologically#relevant#condiOons#
–  Provide#informaOon#on#protein#dynamics#
–  Room#temperature#or#(almost)#any#temperatures#of#interest#
–  Direct#monitoring#of#biophysical#and#biochemical#processes#

•  LimitaOons#of#NMR#
–  Time#consuming#and#labor#intensive:#difficult#for#highAthroughput,#

prone#to#human#errors,#less#precise#
–  Need#to#be#highly#soluble:#stable#with#near#mM#concentraOon#

•  SomeOmes#�strange�#NMR#buffers#have#to#be#used#
–  Limited#to#protein#of#moderate#sizes:#<#200#residues#in#general #

•  XAray#and#NMR#can#be#complementary#
(c)#Jianhan#Chen# 44#



Basic#Steps#of#NMR#Structure#DeterminaOon#
•  Sample#preparaOon#and#data#collecOon#
•  Chemical#shif#assignments:#backbone#and#sidechain#

–  Chemical#Shif#Indexing#and#JAcoupling#constants:#2nd#structures#
•  Distance#and#other#structural#restraints:#NOESY#
•  Structural#calculaOons:#restrained#molecular#dynamics#
•  Refinement#and#validaOon#

(c)#Jianhan#Chen# 45#

...
30 CYS HA 31 ASP HN  3.0
30 CYS HA 35 ALA HN  5.5
31 ASP HB 33 VAL HA  4.5
31 ASP HA 35 ALA HG  5.5
32 TRP HB 40 GLN HN  5.0
32 TRP HB 42 HIS HB  5.5
33 VAL HB 40 GLN HN  5.0
37 ASP HN 38 MET HN  4.8 
38 MET HN 47 TYR HB  5.5 
38 MET HN 48 LEU QD  4.5 
38 MET HN 49 PHE QD  4.8
...

Also see: http://en.wikipedia.org/wiki/Protein_nuclear_magnetic_resonance_spectroscopy 

Protein#Structure#VisualizaOon#

•  Many#free#sofware:#Pymol,#vmd#etc##
–  hcp://www.bioinformaOcsAmadeAsimple.com/2012/09/10AfreeA

sofwareAforAproteinA3d.html##
–  They#all#come#with#excellent#tutorials!#

(c)#Jianhan#Chen# 46#

SOcks # # # # # # # #CPK##
(bonds) # # # # ######(ballAnAsOck)#
#
#
#
#
VDW # # # # # # #####Cartoon# # ##

Sidechain#DistribuOons#in#Protein#Structure#

•  Protein#folding#is#a#selfAassembly#process#that#is#
largely#driven#by#hydrophobic#effects#

•  Nonpolar#residues#form#“hydrophobic#core”#
•  Charged#residues#decorate#the#protein#surface:#

solubility#and#aggregaOon#resistance#
–  Buried#charges#are#typically#complemented##

•  Polar#residues#can#be#on#surface#or#buried#
–  Buried#polar#sidechains#typically#in#hAbonds#

•  “Buried”#backbone#typically#involved#in#hAbonds#
(helices,#sheets#etc)#

•  Proteins#are#very#well#packed!#
•  “Structural”#waters##

(c)#Jianhan#Chen# 47#

α-helix and β-sheet secondary structure is located 
mainly in the interior of folded proteins, whereas 

irregular loops occur on the outside. Why? 

A.  The loops are needed for the polypeptide to �turn 
corners� and this occurs on the outside of the protein. 

Β.  α-helix and β-sheet structures are more compact than 
loops, and so they fit better in the interior of the folded 
protein. 

C.  The side chains in α-helix and β-sheet structures are 
mostly non-polar.  

D.  The H bonding requirements of the polypeptide 
backbone in irregular loops are not fully satisfied, and 
so these structures interact with water at the surface. 



TerOary#Structure#

•  Mostly#formed#by#combinaOon#of#2nd#structures#
•  Arrange#of#secondary#structures#provide#a#convenient#way#of#

classifying#“folds”#
•  SuperAsecondary#structure:#common#(local)#grouping##

(c)#Jianhan#Chen# 49#

βαβ  β�hairpin  αα  

Most#Proteins#are#α,#β,#or#α/β#

•  These#classes#can#be#further#divided#into#more#specific#folds#

(c)#Jianhan#Chen# 50#

Cytochrome b562!
PDBid 256B

Human immunoglobulin fragment!
PDBid 7FAB

Dogfish$lactate$dehydrogenase$

PDBid$6LDH$

8-Stranded β Barrels #

(c)#Jianhan#Chen# 51#

Human retinol binding protein !
PDBid 1RBP

PepGde?N4?(N?acetyl?β?D?
glucosaminyl)$asparagine$amidase$

PDBid$1PNG$

Triose$phosphate$isomerase$

PDBid$1TIM$

MulOADomain#Proteins#
•  Larger#proteins#(e.g.,#>200#residues)#ofen#fold#into#mulOple#domains#
•  Domains#ofen#linked#by#one#or#two#segments:#flexibility,#regulaOon#
•  Domains#are#ofen#structurally#independent#
•  Domains#are#also#ofen#responsible#for#different#aspects#of#the#funcOon,#

e.g.,#regulatory#and#catalyOc#domains#

(c)#Jianhan#Chen# 52#Lactose Repressor 
Glyceraldehyde?3?

phosphate$dehydrogenase$

PDBid$1GD1$



Structure Conserved More Than Sequence#
•  Only#~1400#protein#domain#families##
•  Domains/folds#persist#if##

–  Form#stable#structures#(against#degradaOon/aggregaOon)#
–  Tolerate#(random)#mutaOons#
–  Support#essenOal#biological#funcOon#

•  Structural#conservaOon:#Cytochrome#c#as#an#example#

(c)#Jianhan#Chen# 53#

(Structural)#BioinformaOcs#

•  Powerful#tools#for#mining#sequence/structural#data#to#infer#
the#structure#and#funcOon#of#new#proteins#

•  The#Protein#Data#Bank#(PDB):#structure#depository#
•  VisualizaOon:#VMD,#PyMol#etc#
•  Sequence#search#and#alignment#
•  “Big#Data”#era!#

(c)#Jianhan#Chen# 54#

www.taverna.org.uk 

Internet Bioinformatics Tools#

(c)#Jianhan#Chen# 55#

Quaternary#Structure#and#Symmetry#

•  Many#proteins#consist#of#mulOple#subunits##
•  Subunits#are#usually#arranged#symmetrically#

(c)#Jianhan#Chen# 56#



Quaternary#Structure#and#Symmetry#

•  Many#proteins#consist#of#mulOple#subunits##
•  Subunits#are#usually#arranged#symmetrically#
•  Why#mulOAunit#assembly?#

–  More#efficient#for#synthesis#
–  More#robust#to#maintain#(against#damages)#
–  Requires#smaller#genes#
–  The#assemblyAdisassembly#equilibrium#can#be#regulated#

•  Same#principles#determining#folding#governs#assembly#
•  Typically#rotaOonal#symmetry#(Cn)#
•  Dihedral#symmetry#for#more#complex#assemblies#(Dn)##

(c)#Jianhan#Chen# 57#

Symmetries#of#Oligomeric#Proteins#

(c)#Jianhan#Chen# 58#

Beauty#of#Symmetry#

(c)#Jianhan#Chen# 59#

Proteasome (C7) 

C6 

Actin filament 

Viral capsid (icosahedral symmetry) 

SubAsummary:#3D#Sequence#
•  Protein(backbone:(restrict(flexibility,(key(torsions(
•  Common(2nd(structures:(basic(features(
•  Two(key(techniques(for(solving(protein(structure(
•  Tertiary(and(quaternary(structures(

–  Basic(features(
–  Classification(
–  Symmetry(
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