I. Overview Session 2 Part B (2/03/11)

II. Representations of protein (& other macromolecular) structure

A. Mostly from X-ray crystallography, but does include 3D structures determined from NMR (and even by molecular modeling); Note RCSB site (see below)(Education(Understanding PDB(: Looking at Structures) 

OR DIRECT LINK

http://www.pdb.org/pdb/static.do?p=education_discussion/Looking-at-Structures/methods.html


1. X-ray methods require crystallization of a macromolecule (not an easy task) to allow diffraction of source X-rays




a. Extensive computational methods required  “back-calculate” the structure from diffraction patterns



b. Flexible regions are difficult to characterize



c. Resolution (and R-value and R-free) are measures of the fidelity of the co-ordinates


 

2. NMR for (see above site and often described as multi-dimensional) involves proteins in solution and applying a magnetic field that is then probed and by electric fields, indicating spectra that are sensitive to neighboring atomic nuclei; Typically less resolution than X-ray, but often includes an ensemble of structures
B. Go “back” to RCSB site (is one of the best PDB e.g. Protein Data Bank portals) http://www.rcsb.org/pdb/home/home.do
 

1. A database of 3D structures of biological interest (including proteins)



2. Try an example (see RCSB Portal noted earlier) for 1es6.pdb (matrix protein of ebola virus), input 1es6 as pdb identifier in site search window)

OR NOTE DIRECT LINK http://www.pdb.org/pdb/explore/explore.do?structureId=1ES6



a. Can display or download the text file 1es6.pdb; Note key excerpts below (supplement: http://life.nthu.edu.tw/~fmhsu/rasframe/1CRN.HTM)

1>-“header” section

HEADER    VIRAL PROTEIN                           07-APR-00   1ES6              

TITLE     CRYSTAL STRUCTURE OF THE MATRIX PROTEIN OF EBOLA VIRUS                

COMPND    MOL_ID: 1;                                                            

COMPND   2 MOLECULE: MATRIX PROTEIN VP40;                                       

COMPND   3 CHAIN: A;                                                            

COMPND   4 ENGINEERED: YES;                                                     

COMPND   5 MUTATION: YES                                                        

SOURCE    MOL_ID: 1;                                                            

SOURCE   2 ORGANISM_SCIENTIFIC: EBOLA VIRUS SP.;                                

SOURCE   3 STRAIN: ZAIRE;                                                       

SOURCE   4 EXPRESSION_SYSTEM: ESCHERICHIA COLI;                                 

SOURCE   5 EXPRESSION_SYSTEM_COMMON: BACTERIA;                                  

SOURCE   6 EXPRESSION_SYSTEM_PLASMID: PRSET;                                    

SOURCE   7 OTHER_DETAILS: EBOLA VIRUS RNA GENOME                                

KEYWDS    BETA SANDWICH, ANTI-PARALLEL STRANDS, BETA SHEET, HELIX               

EXPDTA    X-RAY DIFFRACTION                                                     

AUTHOR    A.DESSEN,V.VOLCHKOV,O.DOLNIK,H.-D.KLENK,W.WEISSENHORN                 

REVDAT   2   01-APR-03 1ES6    1       JRNL                                     

REVDAT   1   30-AUG-00 1ES6    0                                                

JRNL        AUTH   A.DESSEN,V.VOLCHKOV,O.DOLNIK,H.D.KLENK,                      

JRNL        AUTH 2 W.WEISSENHORN                                                

JRNL        TITL   CRYSTAL STRUCTURE OF THE MATRIX PROTEIN VP40 FROM            

JRNL        TITL 2 EBOLA VIRUS.                                                 

JRNL        REF    EMBO J.                       V.  19  4228 2000              

JRNL        REFN   ASTM EMJODG  UK ISSN 0261-4189                               

REMARK   1                                                                      

REMARK   1 REFERENCE 1                                                          

REMARK   1  AUTH   A.DESSEN,E.FOREST,V.VOLCHKOV,O.DOLNIK,H.-D.KLENK,            

REMARK   1  AUTH 2 W.WEISSENHORN                                                

REMARK   1  TITL   CRYSTALLIZATION AND PRELIMINARY X-RAY ANALYSIS OF            

REMARK   1  TITL 2 THE MATRIX PROTEIN FROM EBOLA VIRUS                          

REMARK   1  REF    ACTA CRYSTALLOGR., SECT.D     V.  56   758 2000              

REMARK   1  REFN   ASTM ABCRE6  DK ISSN 0907-4449                               

2>-‘Details of the structure solution’
REMARK   2 RESOLUTION. 2.00 ANGSTROMS.

etc. …

3>-‘Sequence’ (and secondary structure)

SEQRES   1 A  296  ASN SER ASN THR GLY PHE LEU THR PRO GLU SER VAL ASN          

SEQRES   2 A  296  GLY ASP THR PRO SER ASN PRO LEU ARG PRO ILE ALA ASP          

SEQRES   3 A  296  ASP THR ILE ASP HIS ALA SER HIS THR PRO GLY SER VAL          

SEQRES   4 A  296  SER SER ALA PHE ILE LEU GLU ALA MET VAL ASN VAL ILE          

SEQRES   5 A  296  SER GLY PRO LYS VAL LEU MET LYS GLN ILE PRO ILE TRP          

SEQRES   6 A  296  LEU PRO LEU GLY VAL ALA ASP GLN LYS THR TYR SER PHE          

SEQRES   7 A  296  ASP SER THR THR ALA ALA ILE MET LEU ALA SER TYR THR          

SEQRES   8 A  296  ILE THR HIS PHE GLY LYS ALA THR ASN PRO LEU VAL ARG          

SEQRES   9 A  296  VAL ASN ARG LEU GLY PRO GLY ILE PRO ASP HIS PRO LEU          

SEQRES  10 A  296  ARG LEU LEU ARG ILE GLY ASN GLN ALA PHE LEU GLN GLU          

SEQRES  11 A  296  PHE VAL LEU PRO PRO VAL GLN LEU PRO GLN TYR PHE THR          

SEQRES  12 A  296  PHE ASP LEU THR ALA LEU LYS LEU ILE THR GLN PRO LEU          

SEQRES  13 A  296  PRO ALA ALA THR TRP THR ASP ASP THR PRO THR GLY SER          

SEQRES  14 A  296  ASN GLY ALA LEU ARG PRO GLY ILE SER PHE HIS PRO LYS          

SEQRES  15 A  296  LEU ARG PRO ILE LEU LEU PRO ASN LYS SER GLY LYS LYS          

SEQRES  16 A  296  GLY ASN SER ALA ASP LEU THR SER PRO GLU LYS ILE GLN          

SEQRES  17 A  296  ALA ILE MET THR SER LEU GLN ASP PHE LYS ILE VAL PRO          

SEQRES  18 A  296  ILE ASP PRO THR LYS ASN ILE MET GLY ILE GLU VAL PRO          

SEQRES  19 A  296  GLU THR LEU VAL LEU LYS LEU THR GLY LYS LYS VAL THR          

SEQRES  20 A  296  SER LYS ASN GLY GLN PRO ILE ILE PRO VAL LEU LEU PRO          

SEQRES  21 A  296  LYS TYR ILE GLY LEU ASP PRO VAL ALA PRO GLY ASP LEU          

SEQRES  22 A  296  THR MET VAL ILE THR GLN ASP CYS ASP THR CYS HIS SER          

SEQRES  23 A  296  PRO ALA SER LEU PRO ALA VAL ILE GLU LYS
…

HELIX    1   1 ASP A   60  HIS A   64  5                                   5    

HELIX    2   2 SER A  107  LEU A  117  1                                  11    

HELIX    3   3 LEU A  147  GLY A  153  1                                   7    

HELIX    4   4 GLN A  159  LEU A  163  1                                   5    

HELIX    5   5 ASN A  227  THR A  232  1                                   6    

HELIX    6   6 SER A  233  LEU A  244  1                                  12    

HELIX    7   7 GLN A  245  PHE A  247  5                                   3    

HELIX    8   8 PRO A  254  LYS A  256  5                                   3    

HELIX    9   9 PRO A  264  THR A  272  1                                   9    

SHEET    1   A 4 ILE A  54  ALA A  55  0                                        

SHEET    2   A 4 THR A 173  PRO A 185  1  O  LEU A 179   N  ILE A  54           

SHEET    3   A 4 SER A  71  SER A  83 -1  N  ALA A  72   O  GLN A 184           

SHEET    4   A 4 LYS A  86  ALA A 101 -1  O  LYS A  86   N  SER A  83           

SHEET    1   B 3 TYR A 120  PHE A 125  0                                        

SHEET    2   B 3 LEU A 132  ARG A 137 -1  O  LEU A 132   N  PHE A 125           

SHEET    3   B 3 ASN A 154  LEU A 158 -1  O  GLN A 155   N  VAL A 135           

SHEET    1   C 3 ILE A 216  LEU A 217  0                                        

SHEET    2   C 3 LEU A 203  SER A 208 -1  O  ILE A 207   N  ILE A 216           

SHEET    3   C 3 THR A 304  GLN A 309 -1  O  THR A 304   N  SER A 208           

SHEET    1   D 3 LYS A 248  ASP A 253  0                                        

SHEET    2   D 3 ILE A 258  GLU A 262 -1  O  ILE A 258   N  ASP A 253           

SHEET    3   D 3 ILE A 284  LEU A 288 -1  O  ILE A 285   N  ILE A 261

4>-‘Co-ordinates’ (note often after co-ordinates have CONECT statements that connect key atoms)//END Statement 

1234567890123456789012345678901234567890123456789012345678901234567890

ATOM      1  N   GLY A  44      -0.193  18.155  20.580  1.00 48.88           N  

ATOM      2  CA  GLY A  44       0.754  18.614  21.643  1.00 48.92           C  

ATOM      3  C   GLY A  44       1.419  17.469  22.382  1.00 48.40           C  

ATOM      4  O   GLY A  44       0.976  16.327  22.279  1.00 49.14           O  

ATOM      5  N   ASP A  45       2.483  17.763  23.125  1.00 47.53           N  

ATOM      6  CA  ASP A  45       3.178  16.721  23.871  1.00 46.19           C  

ATOM      7  C   ASP A  45       4.079  17.250  24.992  1.00 44.56           C  

ATOM      8  O   ASP A  45       3.813  18.302  25.578  1.00 44.60           O  

ATOM      9  CB  ASP A  45       4.002  15.848  22.920  1.00 47.10           C  

ATOM     10  CG  ASP A  45       3.948  14.375  23.290  1.00 47.68           C  

ATOM     11  OD1 ASP A  45       3.984  14.061  24.499  1.00 48.66           O  

ATOM     12  OD2 ASP A  45       3.877  13.529  22.374  1.00 47.72           O  

etc. …

ATOM   1959  N   PRO A 321       3.693  31.598  13.438  1.00 29.50           N  

ATOM   1960  CA  PRO A 321       3.252  32.692  14.305  1.00 30.53           C  

ATOM   1961  C   PRO A 321       2.476  32.206  15.534  1.00 30.47           C  

ATOM   1962  O   PRO A 321       2.064  31.027  15.552  1.00 30.65           O  

ATOM   1963  CB  PRO A 321       2.408  33.546  13.361  1.00 30.91           C  

ATOM   1964  CG  PRO A 321       1.784  32.523  12.469  1.00 30.56           C  

ATOM   1965  CD  PRO A 321       2.938  31.587  12.172  1.00 30.98           C  

TER    1966      PRO A 321                                                      

HETATM 1967  O   HOH     1      13.342  45.872  11.744  1.00 55.41           O 

etc. ...

HETATM 2086  O   HOH   121       2.923   7.514  20.200  1.00 56.04           O  

MASTER      326    0    0    9   13    0    0    6 2085    1    0   23          

END 

4A>-Character field for co-ordinates, ‘File Formats Protein Data Bank Files’, from Rasmol Manual link: http://www.rasmol.org/software/RasMol_Latest_Manual.html
FORMAT(6A1,I5,1X,A4,A1,A3,1X,A1,I4,A1,3X,3F8.3,2F6.2,1X,I3,2X,A4,2A2)

Column
Content





fmt

1-6
'ATOM' or 'HETATM'
all

7-11
Atom serial number (may have gaps)


all

13-16
Atom name, in IUPAC standard format


all

17
Alternate location indicator indicated by A, B or C
all

18-20
Residue name, in IUPAC standard format


all

23-26
Residue sequence number
all

27
Code for insertions of residues (i.e. 66A & 66B)

all

31-38
X coordinate






all

39-46
Y coordinate






all

47-54
Z coordinate






all

55-60
Occupancy






all

61-66
Temperature factor





all

68-70
Footnote number





92

73-76
Segment Identifier (left-justified)



96

77-78
Element Symbol (right-justified)



96

79-80
Charge on the Atom





96

IIB2(cont)b. We can visualize a certain class of “reduced representation” w/ Jmol from right-hand menu of RCSB 1es6 page already opened OR DIRECTLY http://www.pdb.org/pdb/explore/jmol.do?structureId=1ES6&bionumber=1
III. Sequence alignment methods

A. GenBank files, for key elements see sample file http://www.ncbi.nlm.nih.gov/Sitemap/samplerecord.html
  
1. Locus name/sequence length/molecule type/GenBank database/date of last modification

2. Accession “number”//version “number”//GI “number”


3. Keywords//Source: Organism


4. Reference: Authors etc.


5. Features


6. Below Origin (FASTA “consistent” format sequence), note bellow that sequence for 1es6// end statement

ORIGIN      

        1 nsntgfltpe svngdtpsnp lrpiaddtid hashtpgsvs safileamvn visgpkvlmk

       61 qipiwlplgv adqktysfds ttaaimlasy tithfgkatn plvrvnrlgp gipdhplrll

      121 rignqaflqe fvlppvqlpq yftfdltalk litqplpaat wtddtptgsn galrpgisfh

      181 pklrpillpn ksgkkgnsad ltspekiqai mtslqdfkiv pidptknimg ievpetlvlk

      241 ltgkkvtskn gqpiipvllp kyigldpvap gdltmvitqd cdtchspasl paviek

//




a. Note 1es6.pdb and 1ES6_A overlay but do they start and end differently?

For GenBank file: http://www.ncbi.nlm.nih.gov
NCBI(Search <Protein>(1ES6_A
III-B. Sequence alignment 




1. Example of an alignment (from larger set of 40 or so aligning sequences in BLASTp for 1es6); also see link to aaccess GenBank and BLAST

http://www.ncbi.nlm.nih.gov/guide/
NCBI(BLAST(protein blast (i.e. BLASTP)

To input into BLASTP (start NCBI homepage) set default (including nr database 

>seq. 1

XXXXXXXXXX   XXXXXXXXXX   XXXXXXXXXX XXXXXXXXX XXXXXXXXXX   XXetc (try 6 sets of ten X’s per line, just like GenBank sequence at bottom OR GI #:  10120642) 

>gb|AAS93399.1|  pilus adhesin [Haemophilus influenzae]

Length=256

 Score = 37.4 bits (85),  Expect = 2.7, Method: Compositional matrix adjust.

 Identities = 33/95 (35%), Positives = 44/95 (47%), Gaps = 14/95 (14%)

Query  68   LGVADQKTYSFDSTTAAIMLASYTITH---FGKATN-----PLVRVNRLGPGIPDHPLRL 119     

            LGV    TY+FD ++   M+AS T      F KA +     P    NR    I +H +  

Sbjct  13   LGVNRTYTYTFDGSSN--MIASATTPEQILFSKARDNSVNMPFFSNNRQQSSIFNHWINT  70

Query  120  LRIGNQAF-LQEFVL---PPVQLPQYFTFDLTALK  150

               G+  +  Q F     P +QLP YFTFD T L+

Sbjct  71   TVSGHTGYSFQGFTCTNCPLMQLPLYFTFDSTKLE  105




a. Query (given seq.) vs. subject (database), see Glossary




b. Score (bits) is a sum value calculated for alignments using the scoring matrix; the higher the score value, the better the alignment 




c. Expect value is the probability that the associated match is due to randomness; the lower the E value, the more specific/significant is the match; E value also sometimes expressed as expectation value indicating the number of alignments having scores equivalent or better than bit score expected by chance (see NCBI Glossary and Altschul et al., 1997 

http://www.ncbi.nlm.nih.gov/Education/BLASTinfo/glossary2.html
http://www.pubmedcentral.nih.gov/articlerender.fcgi?tool=pubmed&pubmedid=9254694



d. Percent identity (called "Identities" is given as a percent) is the percent of exact matches between your query sequence and the database sequence




e. Gap value is the percent of the alignment sequence that has been gapped in the particular alignment

3. Mutation and molecular evolution




a. Comparing differences between sequences allows us to construct scenarios

Position k:
1 2 3 4 5 6 7 8 9

Sequence 1:
P E T I C Y F G K

Sequence 2:
P E T I C Y F G K

Sequence 3:
P E E I C Y F G K

Sequence 4:
P E E I C Y F G K

Sequence 5:
P E G I C Y F G L

Sequence 6:
- E G I C Y F G L

Sequence 7:
- E A - C Y Y G R

Sequence 8:
- E A I C Y Y G R




b. Not just of some academic interest e.g. implications for genetic disorders



3. Determining possible function for newly identified protein (and RNA) sequences




a.  Residues associated w/ function and/or certain structural features typically conserved




b. Degree of packing and other structural features(correlated to configurational entropy) of certain regions can be calculated by a form of Shannon Entropy, S
    Sk ~ -i=1,20 pi log2pi  

<Addendum:

so S2 ~ -8 log2 8 = 0  and S9 ~ -4 log2 4  – 2 log2 2 – 2 log2 2
 

8
    8


         8         8     8         8    8         8







= 1 log2 2+ 2 X 2 log2 4 = 1 + 1 =  3 






   2


    8


2            2

One way of describing this is: That the more mutable a particular residue position, the better it is able to accommodate mutation>



4. Explicit methods for constructing 3D models of protein(s) and RNAs



a. Homology methods (that can include all-atom or other energy-based approaches)

HW II ( Note: due 2/10/11 beginning of class, make a copy to keep w/ you after turning in original to instructor; show all work.)

Question 1. Notefor  the following two links.  A) Derive the linear regression equations for m (slope) and b (intercept) expressions for slope and intercept.

B) Determine the regression slope, intercept and correlation coefficient as well as the P value for the tutorial set of six points, but modifying the last pair of x, y values to 6.0, 5.0 (from 6.3, 5.3). Does that P value indicate a fit that is statistically significant (explain in one good paragraph <not just a rewrite of QuickCalcs output text, but really what P value means>, assuming a 95% confidence limit as being statistically significant).

http://phoenix.phys.clemson.edu/tutorials/excel/regression.html
http://www.graphpad.com/quickcalcs/PValue1.cfm
Question 2. A) Calculate the distance between C’s (noted earlier in 1es6.pdb) for Asp45 and Pro321 (Hint: In two dimensions one uses the Pythagorean Theorem, for a right triangle, a**2 +b**2 =h**2). B) Calculate an estimated linear end-to‑end distance between those two residues.  Which distance (A or B) do you expect to be bigger and explain your answer?

