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1. INTRODUCTION 

The  Chou-Fasman  algorithm for  the prediction  of  protein  secondary  structure is one of the 
most widely  used pdicl ive schemes.  This is because of its relative  simplicity  and its reasona- 
bly high  degree of accuracy. 
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A number  of  modifications  of  the  Chou-Fasman  algorithm  have been dcvclopcd and 
published (see G. D. Fasmp. Chapter 6 ,  this volume, for a rcvicw). Howcvcr, in gcncral 
thcsc suflcr from  onc of two  faults:  cithcr  lllcy arc complctcly  computcrizcd  and  hide  much of 
the  decision-making  process  from  thc  user or they  leave  the uscr lo rnakc  decisions  but do not 
adequately describe the  decision-making  process uscd by the authors. 

This  chapter attempts  to outline thc  approach  that  has  bcen  si'cccssfully  ernploycd by the 
authors over the  past scvcnl ycars. The approach is one in which a computcr  program  is 
cmployed to perform thc  arithmctic  calculations and [hcn  thc du!a rcduction  is  pcrformcd by 
hand. This approach  utilizcs  the  computer to reduce the tedious  calculations  while  at thc same 
time allowing  the  individual to bring  his  experience  and  intuition to bcar. The computer 
program  itself  was  developed from ideas in  a program  originally  written by Dr. George Long 
and  Jeff  Siege1 in 1979. 

The first section of this  chapter  reviews  the  Chou-Fasman  method  for  prediction  of 
protein  structure. This is  followed by a section  that  lays  out  thc  mechanics of opcrating  thc 
program  and  then by a discussion  of  the  process  of  data  reduction.  Finally,  worked examples 
are provided in the  hope  that  they  will  make  more concrete the  many  considerations  involved 
in  predicting a protein  secondary  structure. 

11. REVIEW OF THE  METHOD  AND  RATIONALE OF THE CHOU-FASMAN 
ALGORITHM 

The Chou-Fasman  algorithm is an  algorithm  to  predict  the  secondary struclure of proteins 
from  their amino acid  scquence. It falls into  the class of  the stitistical approach as discussed by 
Fasman  (Chapter 6,  this  volume). 

The x-ray-determined  structures of IS proteins  containing 2473 amino  acid  residues  were 
carefully examined, and  the  number of Occurrences of  a given amino acid in the a helix, p 
sheet, and coil was tabulated (Tabld I). From  this.  the  conformational  parameters  for each 
amino acid w e n  calculated  by  considering  the  relative  frequency  of a given amino acid  within 
a protein, its Occurrence in a given  type  of sccondaq structure,  and  the  fraction of residues 
occurring  in that type of  structure-  (Chou  and Fasrnan, 1974a). This conformational  parameter 
is essentially a measure of  a  given amino  acid's  preference  to be found  in a helix, p sheet. or 
coil. These parameters,  symbolized by f,. fp ,  and PC, respectively,  presumably  contain 
information about the  physical-chemical parameten defining  protein  stability, such as  hydro- 
phobicity,  property  weighted for their  relative  importance. These  paramcten therefore  should 
be useful for predicting a protein's  secondary  structure  based  on  the amino acid sequence. 

Having  computed  thcse  conformational  parameters,  Chou  and  Fasman  formulated a set of 
empirical rules for predicting  secondary  structure  (Chou  and  Fasman,  1974b). The develop- 
ment of  these empirical  rules  was  guided  by  underlying  considerations  of  protein structure. 
These rules, when  applied by Chou and  Fasman,  resulted in a 7040% prcdictive  accuracy. 
The rules  were  never developed as a computer  algorithm  and  hence  lack  the type of rigorous 
definition  that a computer algorithm qui res .  "his has  led to a wide  variety of implementa- 
tions. which  have  an  equally wide variety  of  accuracies. 

Chou and  Fasman  later  extended  thc  analysis of a helix, p sheet, and  coil  to  include 29 
proteins of known  x-ray  structure. This increased the total  number  of  residues classificd to 
4741, or approximately  double  the  Initial  number  (Chou  and  Fasman. 1978). Thc most 
pronounced change  occuhed lor Met. This changc  rcsulted  from an underrepresentation of MCI 
in the initial 15  proteins  examined. k s s  pronounced  changes  were  also  seen in Asn. Asp, Ala. 
His, Gly. He, Lys, and Tyr (Table 11). 
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Table I. Assignment of  Amino Acids  as 
Formers,  Breakers. and lndiflerent  for  Helical 

and p-Sheet Regions in Proteins  Based 
on Pa and Pp Valuesa 

Helical &Shd 
rcsiducsh p .  ttriducs' pll , 

G1ul-r Met 
Ala ::::I If, Val H, 
Leu I .I4 Ile I .60 
His'*J CY 5 1-30 
Met TYr I .29 
Gln P h C  1.28 
Trp 1.14 Gln 1.23 h, 
Val 1.14 Leu I .22 
PllC 1.12 Thr I .20 
Ly st + 1 Trp 1.19 
Ile Ala 0.97 I, 
Asp,-) 0.98 Argt + ' 
Thr 
Ser Asp-' 0.80 
A r P '  0.79 
CY 0.77 Scr 
Asn H i d + )  
TYr  Asn  0.65 
Pro Ro 0.62 

* 

GlY Glu~-l 0.26) D, 

Table It. Conformational  Parameters for a-Helical, 8-Sheet, 
and /&Turn Residues in 29 Proteins. 

p, pr Pr fl  fl. I f l .2  h+> 
Glu 1.51 

MCI 1,451 H, Ilc I*.) 

H, Cly 1-56 Cyr 0.149 Scr 0,139 Gly 0,190 Gly 0.152 
Val 1.70 Asn 1.56 Asn 0.161  Fro 0,301 Asn 0.1b1 Trp 0.167 

Ala 1.42 Tyr 1-47 Pro 1.52 Asp 0,147 Lys 0.115 Asp 0.179 Cyr 0.128 
L-u 1.21 I'l~c 1.38' Asp 1+1 llis 0.140 Asp 0.110 Scr 0.125 Tyr 0.125 

Trp 1.37 Scr 1.43 Scr 0.120 Thr 0.108 Cys 0.111 Scr 0.106 
Lcu 1.30 Cys 1.19 Pro 0.102 Arg 0-106 Tyr 0.114 Gln 

ha Thr 1.19 Lys 1.01 Thr 0086 Gly 0085 His 0.093 Am 0.091 
Cys 1.19 h, Tyr 1.14 Gly 0.102 Gln 0.098 Arg 0,099 Lys o+g5 

Gln 1-10 Gln 0.98 Tyr 0.082 Asn 0.083 Glu  0.077 Arg 0.085 
Me1 1.05, Thr 0.96 Trp 0077 Met 0.082 Lys 0.072 Asp 0.081 

Asp 1.01 Arg 0-93 
, i,, hry 0.95 Arg 0.070 Tyr 0.06s Pllc 0.065 [xu 0.070 His 1 4 0 ) ' "  Asn 0.89 

Trp 0.96 Gln 0.074 Ala 0,076 Thr 0.065 Thr 0,079 

Leu 0.59 Glu 0.0% Ile 0-034 Val 0.028 Met 0.055 

*P Po. nndP, utconfomutionrl puuncwnof helia. f3 r h c e ~ .  md f3 Nrns.~,.f,*,,J.,,~+, are bend fqucncicr in rhc fw 
~ili~ollhe~hlm.H..H,,clc..rr&(inedprcwiwsly(OlourndFrsmrn. 1974b).FromChwmdFumrn(1977. 1978). 

A similar  analysis, using  the  29-protein  data  base,  was  pcrformcd for amino acid'residues 
that were found in p turns (Chou and Fasman, 1977). The conformational parameter P, was 
Aetermined. In the case of turns.  a  significant  difference was also observed in the frequency of 
residues in h e  first, second,  third, and fourth positions of p turns for all residues  (Table 11). 
Some  residues  were found to have a dramatic positional preference, c.g., proline. Proline 
xcurs 30% of the time in position number 2 of the p bend but less than 4% of the time in 
msition number 3, Therefore,  for the prediction of  turns a method to factor in positional 
preference was devised (Chou and Fasman. 1979). 

The Chou-Fasrnan algorithm is simple in principle.  Using  the conformational paramelm. 
one finds nucleation sites within the sequence and extends them until a strctch  of amino acids 
is encountered that is not disposed to occur in that type of ~lructurc or until a  stretch is 
encountered that has a greater disposition for another t y p  of  Structure. At that point,  the 
smcture is  terminated. This process is repcated h u g h o u t  the sequence until the entire 
sequence is predicted.  The conformational parameters for coil are not employed; coil  is 
predicted by default. 

An abbreviated set of rules  follows (Fasman, 1985). 

1. A cluster of  four  helical  residues (Ha or ha) out  of  six along the  protein sequcnce will 
initiate a helix. The helical segment is extended in both directions until sets of  tetrapeptide 
breakers ((Pa) < 1.00) are reached. Proline cannot  occur in the inner helix or at the C-terminal 
helical end but can occur within  the last three  residues  at  the N-terminal end.  The inner  helix  is 
defined as one  omitting  the lhree helical  end nsidues at both the amino and carboxyl ends. 
Any segment that  is  at  least six residues  long  with (Pa) > 1.03 and (Pa) > (Pg) is  predicted as 
belical. 

2. A cluster of lhrce p formers or  a clustcr of three formers out of five rcsidues along 
the sequence will initiate  a p sheet. The p 5hMt  is propagated in both dimtions until  
terminated by a set of tetrapcptide breakers ((P,) < 1 .00). Any segment with (P e) > I .OS as 
well as (Pp) > (Pa) is predicted as p sheet. 

3.Theprobabilityofabendatnsidueiiscalculatedfromp1=fi X & + ,  X & + 2  X & + , .  
Tetrapeptides with p ,  > 0.75 X 10-4 as wcll as ( f l )  > 1.00 and (fa) < (PI) > ( P p )  are 

-'- 4. Any segment containing overlapping a and p regions is  helical if (f,) > ( P p )  or p 
predjcted as p-turns. 

sheet if (Pp) > (Pa). 

Ill. OPERATION OF THE PREDICTION PROGRAM: THE INPUT FILE 

The input file must bc an ASCII file containing the single-lttter  codes for  the amino acids. 
The format of the file does not matter--.the  letters can be upper or lower  case, there  can be one 
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> PREDICT 

Enter name of input f i l e :  B : s U D a  

Enter name of output file: p:SVRTIL.PIW 

Enter  the name of the   prote in  ----> SIlBTIfrISIN BPNO 

Use database o f  29 prote ins  (Chou-Fasman ' 7 8 )  ----> enter  29-- 

Use database of 64 prote ins  (Chou ' 79 )  ----> enter  64 

22 

ASCII format enter  A ,  or II)TW format, e n t e r  L: 

L 
PROGRAH EXECUTING. 

To obtain  print-out   enter:  

SV- (Filename 0UTPUT.PRH) 

Figure 1. Sample of %fun during program execution. Uxr input is  shown in all capiul leltcrt md bold print. 

per line or as  many as desired-however, each letter must be separated by a "white space." 
White spaces are spaces, tabs, or carriage returns. The program will accept drive and path 
information up to a total of 128 characters. The input file can be written using any word 
processor program that has a nondocument or ASCII mode. 

To run the program, type PREDICT. The program will query the user for the name of the 
input file followed by the name of the output file (Fig. 1). 

The next question asked by the  program concerns the data base to use  in predicting the 
secondary structure. There are two choices: the Chou-Fasman original data set based on 29 
proteins (Chou  and Fasman, 1978) or the expanded data set based on 64 proteins (P: Chou. 
Chapter 12, this volume). 

Finally, the program will query the user for the type of output file. Thcrc are two formats, 
one that can be read into Lotus-123 and a plain ASCII-type file. The only difference between 
the two is that the Lops venion has the characters surmunded by quotation marks. This 
enables it to be read into Lotus using the File Import function (sa? Section IV). 

The program will then proceed to perform the prediction and write the output filc. The 
output file requires that the data be reduced by hand. The program does not perform this 
function. This is a deliberate decision. The Chou-Fasman algorilhm is really a set of guide- 
lines, and in reducing the data to a single predicted structure significant information is lost. 
Frequently a region will display significant propensity for more th one type of stn~cturc and 
be "hard to call." These regions are actually very interesting and 7 n  ay be sites of conforma- 
tianal change (see Fasman, Chapter 6,  this volume). It is hoped thnt by being forced to bc in 
closer contact wilh Ute raw data, thc user will bccomc aware of lhcse potentialities. 

1 A 142 83 66 tI i 

3 S 77 75 143 i b 
2 Q 111 110 98 h h 

4 V 106 170 5 0  h H 
5 P 57 55 152 B B 
6 Y 69  147 114 b ti 
7 0 57 7 5  156 B b 
8 V 106 170 5 0  h It 
9 5 7 7  75 143 1 b 

10 Q 111  110 98  h h 
11 I 108 160 47 h 11 
1 2  K 116 74 101 h b 
13 A 142 83  66  Ii i 

15 A 142 83 66 II i 

17 H 100 87 95 I i 
16 L 121 130 59 H H 

18 S 77 75 143 i b 
19 Q 111 110 98  h h 
20 C 57 75 156 B b 
2 1  Y 69 147 114 b H 
22  T 83 119 96 i h 
23 G 57 75 156 B b 
24 S 77 75 143 i b 
25 N 67  89  156 b i 
26 V 106 170 50 h 11 
27 K 116 74 101 h b 
28 V 106 170 50 h H 
29 A 142 83 66 H i 
30  V 106 170 50 h H 
3 1  I 108 160 47 h I{ 

33  9 77 75 143 1 b 
3 2  D 101  54 146 I B 

34 0 57 75 156 B b 
35 I 108 160 47 h H 
36 D 101  54 146 I B 
37  S 77  75 143 i b 
38 S 77  75 143 i b 
39 H 100 87  95 I f 
4 0  P 57 55  152 B B 
4 1  D 101 54 146 I 8 
42 L 121  130 59 li H 
43 K 116 74 101 h b 

14 P 57  55  152 n n 

109 1 
87 
77 
7 2  
72 
77 
87 

100 t 
103 1 
119 i 
105 i 
114 i 
115 t 
105 t 
110 I 
102 t 

78 
86 

8 0  
66  
7 1  
7 1  
76 
9 1  
9 8  

117 t 
117 i 
115 f 
114 8 

85  
98 

85 
85 
85 

88 
90  

77 
83  
94 
9 8  

111 * 
121 f 
105 t 

109 t 89 
102 * 110 
111 * 114 
111  118 
111 * 118 
116 t ;I15 
107 * 111  
128 * 84 
104 L 97  
106 1: 78  

9 3   9 1  
73 
87 

96 
8 5  

88 93 
93  90 

100 t 98 
86  123 

101 8 127 
112 t 116 
104 * 130 
104 t 127 

89  137 
102 * 126 
102 t 112 
125 f 89 
124 * 66 
124 f 66  
145 t 53 
116 t 77 
114 I 96 

91   123 
91  123 
91   123 
91   123 
9 1  119 
72   131 
73  133 
67  134 
81   113  
78  114 

107 t 89 
114 i 69 
100 t 93 

3.90e-005 
1.96e-005 
2.45e-005 
3.23e-004 t 

2.07e-005 
6.00e-005 
1.79e-005 

1.05e-005 
1.18e-005 
8.24e-006 
4.42e-005 
1.51  e-005 

3.51  e-005 

2.79e-004 f 

1.09e-004 t 

5 .66e-005  
6.55e-005 

8 .32e-005  % 
1.78e-004 I 

1.44e-004 * 
2.65e-005 
2.95e-005 
1.16e-005 
4.90e-006 
7.39e-006 
3.03e-006 

8.99e-005 8 
4.00e-005 

2.17e-004 : 

6.58e-005 
1.07e-005 

6.27e-005 
1.38e-004 : 
1.05e-004 * 
5.28e-004 f 

1.55e-005 

3.84e-005 
1.40e-005 

1.40e-005 

6 . 6 ' 8 ~ ~ - 0 0 5  

1.45e-005 

1 . 4 8 ~ - 0 0 5  

1.14e-005 

Figure 2. Sample of ASCII-mode output file for UIC Chou-Fasman algorithm. Input file, a:SUBTIL: protein 
namc, SUBTILISIN BPN'; dab base used was 29 proteins. 

I.Vs.'DATA REDUCTION: THE OUTPUT FILE 

A sample output file is presented in Fig. 2. T h e  first column is  the rcsidue number, and 
the second column is the single-letter code for the amino acid  at  that position. 

The next five columns am data base data; they are, in order, the P, value, the P B  value, 
the PI value, the helical assignment, and  the P-sheet probability. It should k noted  that since 
Ihe helical and P-sheet assignments were made only for the original Chou-Fasman data set, 
these arc the ones that are always listcd. Likcwise. all turn  values are from thc original Chou- 

.,E: 
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Fasrnan  data set. AI1 the  data  basc  valucs  and  all  thc output values  have bccn  mulliplicd by a 

1'11s four colwws 011 111c I i ~ l l t  ;IIC thc c;tlcul;ltcd w q w t  h t i ~ .  Thc f i r s t  tIIrcc of 111tsc itrc ~ I I C  
tctrapcp(idc averages calculatcd from [IIC /',,. Po, and P I  values. The astcrisks  indicate  whcn thc 
tetrapcptidc  average  is  greater  than 1 0 0 .  Thc last  colunrn is he position-dcpcndcnt  turn  calcula- 
lion ( p J .  This value  is  flaggcd  with  an  astcrisk  when  the  calculated valuc is  abovc 1 0 0 .  

An approach to data  rcduction is prcscntcd  bclow in terms  of  the  search  for  helical 
rcgions,  the search for P-shccl  regions.  and  the  search for p-turn sitcs. In  fact. thc procord'is 
most easily  performed  in a single  pass  through the data, checking for all thrcc types of 
structure,  rather  than  three  passes as nlighl k implied by the prcscntation. 

rmor of 1 0 0 .  

V. ANALYSIS OF OUTPUT 

A. Search  for  Helical  Regions 

7. Helix  Nucleation 

Helical regions are nucleated by the presence  of  four  sequential  tetrapeptide  averages  with 
a value  greater  than 100.  These are  easily  located by visually  scanning  for a cluster of 
asterisks. 

2. Helix  Propagation 

The helix is extended  towards  the  carboxyl  tcrminus  until  the  fctrapeptide  average drops 
below 1 0 0 .  Thus, the  following  thrce  residues  are  included in the  helical  region. At this point,  
the residues  immediately  following are examined. If they  are of class H or h. thcy arc generally 
included; if they are of class i, with  high Pa values  they are included. The (Pa) for the  entire 
rcgion is then  calculatcd  and  rccalculatcd with  the  exclusion of the  lcrminal  class i residues 
(should any be present). I f  thc  calculated  value is above  the  threshold  value of 103, the  region 
may be assigned as helical. In dcciding  whether to include a terminal  residue, one should 
consider that  the  distribution  of  number  of  residues per helical  segment  has peaks at multiples 
of four residues (Fig. 3). This reflects  the  fact  that  the  hydrogen-bonding  scheme  in  an a helix 
has  residue i hydrogen  bonded to residue i + 3. Thecfore. inclusion  of  unfavorable  residues is 
more  acceptable  when  they  make  the total number a multiple of four. 

It will often be the case that  the  tetrapeptide  average  will  drop below 1 0 0  for a.rcsidue 
while it is  above 1 0 0  for  thc  residues  on ciher side. The somewhat  low  residue is gcncrally 
included  in  the  structural  region. 

3. Proline  as  a Helix Breaker 

Proline cannot  occur in Ihc  inncr  helix or at the C-terminal end. It can OCCUPY thc first turn 
in  the  N-terminal  helix. 

8. Search  for  p-Sheet Regions 

1.  p-Sheet Nucleation 

p-dheet regions  are  nucleated by thc  presence of thrce  scqucntial  tetrapcptidc  averages 
with a value  greater fhan 1 0 0 .  Thcsc arc easily  located by visually  scanning  for a cluster of 
asterisks. 

8 1 2  I 

A 

J ,I1 ! I 
20 24  28 

Number of a Residues 

20 ' 

18 - 

16 
U 
I 

E 
14 - 

8 1 1 2  16 

Number of /3 Residues 
Figure 3. Dislribution of the number or midues per helical segment (A) and per p-sheet segment (I)) for : 
proteins  determined from x m y  crystallography (Chou  and Fasman. 1974b). 

2. p-Sheet Propagation 

The sheet  is  extended  towards  the  carboxyl  terminus  until  the  tetrapeptide  average  drop 
below 100. The next three residues  (the four of  the ternpeptide) an included in thc P-she( 
sequence. At this  point,  the  residues  immediately  following are examined. If thcy  arc of cia> 
H or h, they are gcncrally  includcd; if  they  are  of class i with high Pp valucs,  thcy ar 
included. The (Pp) for the entire region is then  calculated  and  recalculated with thc  cxclusio 
of the  terminal class i residues  (should  any bc present). If the calculated  value is above th 
threshold  value of 103. the  region  may bc assigned as p sheet. 

I1 will ohen be the case that the fernpeptide average  will drop below 100 for a residu 
while it is above 100 on either side. These residues  are  generally  included in the  structur; 
region. 

., 

C. Search  for p Turns 

1. Definition of p Turns 

Beta turns arc defined by having (PI) > 100, (Pa) < (P , )  > (P&, and p ,  > 0.75 x 10- 
In gencral. turns an assigned  legardlcss of disruption of hclical or shcet regions. 
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2. Resolving Overlapping  Turns 

Where a scrics of turns is found to overlap, the  pssignmcnt is madc  to  the tun1 with thc 
nigher  local (p , )  value. One should then go back to make sure that no potential turns have been 
jiscountcd. If a turn was discountcd because of overlap with another turn. which finally was 
not assigned, the first turn should be reconsidered. 

0, Resolving Overlapping  Regions 

Resolving the overlapping regions is the most difficult aspcct of the analysis. It is nt this 
point  that  using a spreadsheet program such as Lotus-123 greatly d u c e s  the tedium  of thc 
process. In  general thc overlapping regions are compared  for the calculated average value. If 
the (P,) is greater than  thc (Po) .  the region is  assigned as CL helical; if the situation is reverscd. 
the region is assigned as p sheet. 

When one region of structure is wholely contained within another and the lengths are 
similar, the procedure is relatively straightfonvard. If. for example, there is a region of p sheet 
contained within a longer region of potential helix, the average value for the contained P-sheet 
region is calculated and compared to dle average helical value for the same residues. If the 
average p-sheet value is greater, then the region is assigned as p sheet; otherwise it is a helix. 

If one region of smcture is significantly longer than another. it is handled as described 
above. Should the contained region have a larger average value, the assignment is made for the 
contained region. The user should then go back  and reevaluate the remaining region IO see if  it 
will be stable on its own. 

A problem arises when the contained region has a larger average value and the leftover 
residues are not long enough to form a stable smcture. Should a small region of stable 
smctllre disrupt a longer region? Although  generally. a small locally stable region is not 
allowed to disrupt a longer region of secondary smcture. if the difference in average value is 
large i t  may do so. 

VI. GRAPHIC DISPLA Y 

It is frequently useful to look at the tetrapeptide averages for a helix, p sheet, and p turns 
i n  a graphic format. If the Lotus output file has  been generated and  the file imported, this is a 
simple procedure using the graph option (see Fig. 4). 

A program to display simultancously the three tetrapeptide avcrages for the a helix, p 
sheet. and turns, called PREVIEW, has been written by R. Lcc for use on an IBM-PC. Such a 
plot is displayed in  Fig, 5 for staphylococcal nuclease, which is discussed later in  this chapter. 
As an aid in portraying the prediction of secondruy s t~~c tu re ,  a diagamatic plot can be made of 
the secondary structure. as was demonstrated in the original paper on the prediction of 
secondary structure (Chou  and Fasman. 1974b). A diagmatic representation of the bovine 
pancreatic trypsin inhibitor is shown in Fig. 6 (Chou  and Fasman, 1974b). 

Vll. PORTABILITY 

This program is written in the C programming language. The source code is reproduced in 
Appendix I .  The. data set is contained in an Include file called Ptotein.Dat. The Include file 

5 0 1  . - 1 .  . . . ' ,  . 
. .  

0 20 40 60 B O  100 

Resldue Number Residue Number 

1501 6.OE-041 

Residue Number Residue Number 

Figure 4. Graphic display of tetrapeptide averages produced using Lorus. 

program must be available far compilation. The program uses only standard C functions and 
thus should be- readily portable from machine to machine. 

Vlll. LOTUS HINTS 

The Lolus-cornpatible version of the output file can be read into Lotus using  thc File Import 
function. The file should be impofled as "numbers." Once imported it is useful  to reformat h e  
file so that it is displayed conveniently on the screen. In order to do this, select the Worksheet 
function, followed by the Global function, Then use the Column-Width feature and set thc 
.CO~U~TUI width to 4. This takes care of all but the position-dependent turn data, which will be 
displayed as all zeros. This can be set ns follows: select Range, then Format. and finally selccr 
Scientific with two decimal places. Therange will  now appcaras a l l  asterisks. Adjust  the column 
widlh by selecting Worksheet and  Column-Width: set the column width to 9. 

In order to obtain the average of the P ,  or P p  values for  a range, use  the @AVO function. A 
convenient place to locate the calculation is in the adjacent column where  the asterisks are 
located. It is also possible to obtain a running average by fixing the starting point. using thc 
average function, and copying the function through the range. 
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Figure 6. Schematic  diagram of helical. P-sheet. and revc~sc P-lurn regions pdicted in pancreatic  trypsin 
inhibitor.  Residues arc represented  in heir respective  conformational stales: helical.  p-sheet.  and  coil. Chain 
rcvcnalr denote p.turn reuapeptidcs.  Hydrogen  bonding k t w w n  antiparallcl p shccts is represented by dashed 
lines. Conlornational boundary  residues arc numbered, as well as Lhe six Cyr residues  indicated by S. I t  should 
be noted h a t  in the present scale  cach  helical loop npmsentr a single  helical  residue  and not a single turn 
consisting of 3.6 residues (Chou and  Fasman. 1974b). N 

0 
0 

N 

IX. ACCURACY OF PREDICTION 

The prediction of the secondary structure of staphylococcal nuclease is compared to the x- 
ray diffraction results of Huber et 01. (197 1) in Table m. All regions of a and p struc~urc were 
c o m t l y  prcdictcd: four a-helical regions and two f3-sheet regions. Within cach region the 
numbers of overpredicted residues and missed residues are also listed in Table Ill. A total of 44 
msidues wcrc either overpredicled or missed. Therefore, a total of 7 I %  (subtracting both misscd 
and overpredicted residues) of the residues werccorreclly predicted. The p i n t  to be emphasized 
is that all secondary structural regions w c ~ c  comctly predicted. and thus a fairly accurate picture 
of the secondary structure was obtained. The pd ic t ed  f3 turns are also listed in Table 111 but 
cannot be compared, as they are not identified as such in the original paper (Huber t f  al, ,  1971). 

9 e s - e  results are an improvement over the original prediction of staphylococcal nuclease 
(Chou and Fasrnan. 1974b). and the improvement can be attributed to the larger data base (64 
versus 29 proteins) used to obtain the conformational parameters P, and Pp. 

Figure 5. Predicted  conformational  profile of staphylococcal  nuclease. The rveragc helical  and p-shwt poten- 
tial of leuapcptider I to I + 3 b a d  on ringlc-residue  information. Data brse i s  64 proteins (see Chou. Chapter 
12. his volume). (P.) and (E',) are shown,  nspcetivcly. by h e  solid linc and dotted  liner. The p-turn 
probability  profile  is shown bs a solid line a1 the bottom of the profile. The horimntal linc concspords to the 
cutoff  value of 0.7s x IO-J .  

X. PREDICTION OF STAPHYLOCOCCAL  NUCLEASE 

This is an analysis of the prediction for staphylococcal nuclcasc. Thc output file  is 
reproduced in Fig. 7. 



Residue 

3-6 
7-18 

19-22 
23-26 
27-30 
3 1-40 
41-44 
46-49 

55-58 
59-16 

Table Ill. The Conformational Prediction## 
of Staphylococcal  Nuclease Compared 

to X-Ra y Resultsh - 
Rcriducr Rcsiducr 

P d i c t c d  X ray ovcrprcdictcd missed 

7-18 R 12-19 u 5 1 
23-26 p 21-27 0 3 
31-40 p 30-36 p 4 1 
59-76 a 54-67 a IO a 

120-140 R 122-134 a a 0 

f3 turns' 

97- 1 0 4  01 9 9 - 1 0 6  4 2 2 

roul 29 IS 

3-6 
19-22 
27-30 
41-44  
4 6 4 9  
55-58 
77-80 
83-86 
93-96 
105-IO6 
116-119 
141-144 
146- I49 

403 404 Peter  Provelige,  Jr., and Gerald 0. Fasman 

Pa Pb Pt a b <Pa> <Pb) <Pt) ( p t )  

2 T 83 119 96 i h 
1 A 142 83 66 II i 

3 S 77 75 143 i b 
4 T 83 119 96 i h 
5 K 111; 74 101 h b 
6 K 116 74 101 h b 
7 L 121 130 59 li H 
8 H 100 87 95 I i 

10 E 151 37 74 t i  B 
9 K 116 74 101 h b 

1 1  P 57 5 5  152 B B 
12 A 142 83 66 H i 
13 T 83 119 96 i h 

15 I 108 160 47 h II  
16 K 116 74 101 h b 
17 A 142 83 66 H i 
18 I 108 160 47 h II 

20 0 57 75 156 B b 
19 D 101 54 146 I B 

21 D 101 54 146 I B 
22 T 83 119 96 i h 
23 V 106 170 50 h H 
24 K 116 74 101 h b 
25 L 121 130 59 H H 
26 M 145 105 60 H h 
27 Y 69 147 114 b H 
28 K 116 74 101 h b 
29 G 57 75 156 B b 
30 Q 1 1 1  110 98 h h 
31 P 57 55 152 B B 
32 M 145 105 60 H h 
33 T 83 119 96 i h 
34 F 113 138 60 h h 

36 L 121 130 59 H H 
35 R 98 93 95 i i 

38 L 121 130 59 H H 
37 L 121 130 59 H H 

39 V 106 170 50 h H 
40 D 101 54 146 I B 
41 T 83 119 96 i h 
42 P 57 55 152 B B 
43 E 151 37 74 H B 
44 T 83 119 96 i h 
45 K 116 74 101 h b 
46 H 100 87 95 I i 
47 P 57 55 152 B B 

49 K 116 74 101 h b 
50 G 57 75 156 B b 
51 V 106 170 50 t b  H 
52 E 151 37 74 H B 
53 R 116 74 101 h b 

14 L 121  130  59 t i  r I  

-..'a8 K 116 7 4  101 h b 

9G 
89 
98 
109 : 
113 a 
113 * 
122 a 
106 8 
116 t 
108 : 
loo a 
113 a 
107 * 
121 : 
118 : 

102 : 
91 
85 
86 

106 8 
122 0 
312 1 
112 a 
96 
88 
85 
92 
99 
99 

103 t 
113 
115 .$ 
117 i 
112 : 

116 a 

101 a 

109 a 

102 a 
86 
98 
93 

112 
89 
97 
97 
86 
98 

107 8 
110 : 
98 
74 

101 a 

107 a 

99 
96 
85 
99 
91 
91 
82 
63 
62 

96 
73 

123 t 
120 a 
1 1 1  t 
119 t 
92 
93 
85 
75 

104 t 

119 * 
114 t 
114 8 
100 * 
101 : 
78 
86 
97 

104 a 

123 a 

104 a 
113 a 
120 a 
122 : 
120 t 
140 a 
121 a 
118 : 
99 
66 
82 
71 
79 
83 
72 
72 
69 
98 
89 
89 

83 
87 

107 a 

100 
109 
110 
89 
.8 9 
-89 
82 
105 

98 
97 
93 
6 7  
75 
68 
65 
90 
103 
123 
136 
112 
98 
76 
67 
83 

107 
83 

117 
126 
116 
101 
92 
77 
77 
68 
68 
56 
78 

I l l  
87 

117 
104 
105 
91 

1 1 1  
112 
112 
127 
102 
95 

84 
95 

1 1 1  
130 

6 . 4 0 ~ - 0 0 5  
7.38e-OOS 
8.86~-005 t 
4.9&-005 
1 . 2 3 e - 0 0 5  
1.21e-005 
1.32e-005 
8,43e-005 : 
6.51e-006 

3.53e-005 
4.66e-005 

1.31e-005 
2.66e-00G 
8.66e-006 

4.40e-006 
5.55e-005 
7.28e-005 
1.77e-004 : 
3.87e-005 
4.22e-005 
2 .08e-005 
1.4 le-005 
2.4 le-006 
5.42e-005 
4.84e-005 

1.87e-005 
1.18e-005 

2.46e-005 
3.53e-005 
4.06e-005 
2.44e-005 
1.58e-005 
4.4 le-006 
2.91e-006 
3.46e-006 
4.14e-005 
3.Ole-005 
3.45e-005 
1.57e-004 t 
3.78e-005 
2.35e-005 

8.35e-006 
2.88e-004 t 
1.28e-004 t 
6.37e-005 
8.38e-006 

3.35e-005 
3.58e-005 

1.12e-004 * 
4.62e-005 

9.69e-006 

1.76e-004 f 

6.25e-005 

Figure 7. Ourpu~ file for staphyloedccal nuclclsc. Nole that I rcprcscnts (I, and b p. Chou-Fasman algorihrn: 
input file. a:NUCLEASE; protein name, STAPH; data b u  used was 29 proteins. 
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83 
101 : 
106 t 

118 * 128 : 

103 * 
113 8 
107 * 
115 1 
120 t 
129 t 
117 
116 8 
119 a 
110 t 
120 * 
122 * 
120 * 
129 * 
109 t 
130 t 

88 
87 
95 
87 
98 
99 
92 
85 
85 
70 
83 
104 * 
97 
110 * 
97 
97 
105 t 
92 
104 * 
104 : 
106 * 
108 : 
117 * 
116 8 
120 t 
130 * 
116 : 
109 : 
93 
96 
107 1 
109 t 
121 t 
126 * 
108 * 

1 1 1  a 

54 Y 69 147 114 
55 c 57 75 156 
56 P 57 ' 5 5  152 
57 E 1 5 1  37 74 
58 A 142 83 66 

60 A 142 83 66 
59 s 77 7 5  143 

6 2  T 83 119 96 
6 1  F 113 138 60 

63 h' 116 74 101 
64 K 116 7 4  101 
65 M 145 105 60 
6 6  V 106 170 50 
67 E 151 37 74 
68 N 67 89 156 
69 X 142 83 66 
70 K 116 74 101 

72 I 108 160 47 
71 K 116 74 101 

74 V 106 170 50 
73 E 151 37 74 

75 E 151 37 74 
76 F 113 138 60 

78 K 116 74 101 
77 N 67 89 156 

I9 G 57 75 156 
80 Q 1 1 1  110 98 
81 R 98 93 95 
82 T 83 119 96 
83 D 101 5 4  116 
84 K 116 74 101 
85 Y 69 147 114 
86 G 57 75 156 
87 R 98 93 95 
88 G 57 1 5  156 

b H  
B b  
B B  
I1 0 
H i  
i b  
H i  
h h  
i h  
h b  
h b  
H h  
h H 
H B 
b i  
11 i 
h b  
h b  
h H  

h 11 
H B  

tI B 
h h  
b i  
h b  
B b  
h h  
i i  
i h  
I B  
h b  
b H  
B b  
i i  
B b  

1 1 1  V 106  170 50 h H 105 * 142 t 70 2.8512-005 
112 A 142 83  66 H i 96 136 t 86 1.36e-005 

11 4  V 106 170 50 h II 
113 Y 69 147  114 b H 90 134 * 94 4.26e-005 

1 1 5  Y 69 147 114 b I( 
87 1 1 1  * 104 1.97e-005 
77 91 J30 2.92e-005 

116 K 116  74 101 h b 76 
117 P 51 55 152 U B 68 

76 141 2.R8e-004 8 

118 N 67 89 156 b i 19 
88 140 1.28e-004 6 

119 N 67 89 156 b i l o o  t 83 103 1 nq--nnA * 
96  125 4.69e-005 

78 
62 
62 
69 
94 

103 t 
103 * 
101 : 
93 
105 * 
96 
100 * 
94 
70 
80 
97 
86 
110 : 
101 t 
95 
108 t 
84 
94 
07 
80 
99 
94 
85 
98 

97 
87 

97 
93 
95 
108 : 
130 t 
134 * 
134 8 
1 1 1  1: 
89 
71 
71 
106 * 
109 * 
100 : 
94 

105 * 
119 : 
125 
112 * 
102 a 
99 
90 
114 * 
102 * 
118 t 

a4 

124 
112 
108 
87 

91 
80 

89 
78 
71 
85 
86 
99 
106 
78 
00 
68 
61 
64 
85 
97 
118 
127 
112 
1 1 1  
108 
109 
114 
129 
116 
130 
116 
94 
98 
71 
85 
85 
93 
120 
117 
115 
91 
91 
85 
86 
88 
62 
67 
75 
99 
102 
94 

69 
95 

70 

a3 

a9 

s t  

I. 52s-005 
1.37e-004 t 
2 I 27e-005 
3.09e-005 
1.90e-005 
4.68e-005 
1.52e-005 
4.36e-005 
3.92e-005 

8.08e-OQ6 
4.69e-006 

2 29e-005 

1.55e-005 
8.37e-005 8 
2.70e-005 
5.26e-006 
7.63e-006 
4.62e-006 

2.20e-005 
1.35e-005 

4.17e-005 
5 36e-005 
3.45e-004 * 

4.12~-005 

1 a 47a-005 
7.82e-005 * 
4.13e-005 
1.29e-004 
8.51e-005 * 
2.93e-004 * 
5.77e-005 
1.05e-004 * 
1.44e-004 * 
1.24e-005 
1.12e-005 
2.96e-005 
6.34e-006 
1.84e-005 
7.92e-006 
1.70e-004 t 
1.19e-004 8 
4.95e-005 
8.70e-006 
1.15e-005 

2.37e-005 
2.30e-005 

0 12e-006 
3.57e-006 
2.84e-006 
3.70e-005 
9.12e-005 : 
1.3 le-005 
8.48e-006 
1.77e-005 
I .  12e-005 
1.15e-005 

3.99e-005 

120 T 83 119 96 i h 1 1 1  t 88 
121 H 100 87 95 I i 120 8 91 

90 3.05e-005 

122 E 151 37  74 H B 126 : 101 I 72 1.38e-005 
81 2.18e-005 

. , Y Y L  - " " 7  _I 

123 Q 1 1 1  110 98 h h 1 1 2  * 115 * 77 FICo-nnfi 

59 H 11 114 8 106 * 78 1.43~-005 
I. Y V b  - " v u  

59 H H 103 t 93 
95 i i 110 * 69 103 6.44e-005 

99 4.93e-005 

101 h b 121 8 67 
143 i b 120 * 7C 

96 3.41~-005 
95 2.47~-005 

74 H B 136 8 78  76 9.13e-006 
66 H i 127 t 87 82 1.96e-005 
98 h  h 121 : 85 91 3.85e-005 
66 H i 131 t 67 
101 h b 124 : 64 

85 3.18e-005 
94 A c?,-nnr 

124 L 121 130 
125 L 121 130 
126 R 98 93 

128 S 71 75 
127 K 116 74 

129 E 151 37 
130 A 142 83 
131 Q 1 1 1  110 
132 A 142 83 
133 K 116 74 7 .  vu=-vv.J 

1.66e-005 
2.1 le-005 
1-47e-005 
1.10e-005 
3.71e-005 
A 4.7.. nnc 

134 K 
135 E 
136 K 
137 L 
138 N 

140 W 
139 I 

141 9 
142 E 
143' N 
144 1) 
145 A 
146 D 
141 S 

149 Q 
150 -8 

148 o 

116 74 101 
151 37  74 
116  74 101 
121 130  59 
67  89 I56 
108 160 47 

126 * 
113 8 
103 t 
101 * 
90 

1 1 1  : 

78 
82 
113 t 
129 t 
115 8 
102 : 

83 
97 
90 
89 
I10 
90 
117 
129 
110 
128 
125 
127 
135 
0 
0 
0 

7 .  

7. 
1.  
4. 
5. 
2. 

3. 
1. 

0. 
0. 
0. 
0 

.l I T - V V U  

50e-005 
lle-004 d 
83e-005 
02e-005 
12e-004 a 
25e-004 * 
80e-004 t 
00e+000 
00e+000 
OOet000 
0.00et000 

108 137 
77 75 
151 37 
67 89 
101 54 
142 83 

77 75 
57 1 5  

1 1 1  110 

-101  54 

0 . o  

143 i b 
96 h  h 

14 H B 
156 b i 
146 I B 
66 H i 
146 I B 
143 i b 
156 B b 
98 h  h 
0 *a 

100 
99 

115 
102 
105 
94 
86 
0 
0 
0 

a 

t 
t 
: 

0 

84 
63 
65 
70 
66 
71 
78 
0 
0 
0 

89 L 121 130 
90 A 142 83 
91 Y 69 147 
92 I 108 160 
93 Y 69 147 
94 A 142 83 
95 D 101 54 
96 C 57 75 
97 K 116 74 
98 M 145 105 
99 V 106 170 
100 N 67 89 
101 E 151 37 

103 L 121 130 
102 A 142 83 

104 V 106 170 
105 R 98 93 
106 Q 1 1 1  110 
107 C 5 7  75 
108 L 121 130 
109 A 142 83 
110 K 116 74 

59 H H 
66 H i 
14 b H 
47 h H 
14 b H 
66 II i 
46 I B 
56 B b 
01 h b 
60 H h 
50 h H 

-e  0 

77-80 

83-86 

88-92 
93-96 

P7- 1 151 

p turn. This has k e n  assigned as a turn because i t  has the largcst  local  value of 

p tum. This  assignment has been made for the same reason as above, the strongest 
local vdue  of kt). 
P sheet: (Pa) = 1.19, (P,)  = 0.97. 
P turn. 
The region from residue 97 to residue I15 has several possible prcdictions. This 
may be taken to mean that tHere is the  possibility of conformational changes laking 
place (see Fasman, Chapter 6, this volume). A P-turn assignment could possibly be 
made  at residues 105-108, The (P,) is equal to the (Po) there. If this turn i s  not 
predicted, lhco either a hell or sheet could run through to about residue 112 or 
115, rcspectively. For res1 if uw 97-104, (Pa) = 1.19 and (Po)  = 1.07, so ulc 
assignment is made to a helix. 

b,). 
156 
14 
66 
59 
50 
95 

156 
98 

-5 9 
66 
101 

b i  
11 E 
H i  
H H  
h H  
i i  
h h  
B b  
H H  
H i  
h b  

Figure 7 (conr.1 
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97- I O 4  

OS - I o n  
09-115 

116-1 19 
120-143 
I 36- I401 

141-144 

146-149 

a helix. Since (P , }  > (P,} at rcsiduc 105, thc  turn  assignmcnt was madc for 
rcsiducs 105- IQR. 

p sheet.  Residues IO- I 15 wcrc  assigned as p slmt bccausc  the most svablc hclix 
of six residues  that  could bc rnadc  (residues 109-114) has (P,) = 1.13, signifi- 
cantly  less than the  value  oblaincd for (Pp) 5 I .21. 
p turn. 
o helix: (Pa) = 1.13. 
Residues 136- 140 have (P,) = I ,OS versus (Pa) = I .01 and could be assigned  as  a 
p sheet. but as it is a short region  within  a  much longer u region, it is not  assigned. 
p turn. This turn  precludes h e  t u r n  possible at residues 141-144. The turn  at 144- 
147 has a higher (p , ) .  
p turn.  

turn. 

,. 

X/ .  PREDICTION OF SUBTILISIN 

This is an analysis of  the  prediction  for  subtilisin. The output file is reproduced in Fig. 8. 

Residue 

1-3 
4-1 
a- IO 

11-17 
18-21 
23-26 

[ I .  1-26]' 
37-3 I 

32-35 
36-39 
44-47 
51-54 
55-58 
60-63 
(32-631 
65-74 

75-78 
79-84 
85-88 
89-96 

100-103 
104-122 

123-126 

Structural  assignment 

p sheet. 
p turn. 

a helix.  Note  inclusion  of  indifferent  residue, (P,) = 1.12. 
p turn. 
p turn. 
a helix. Note these two p turns could bc includcd in thc a-helical region. 

1.31. 
p turn. 
p turn. 

P turn. 
p t u r n .  

sheet: (P , )  = 1.18, (Pa) = 0.98. 

sheet. Note  inclusion of rcsiduc 31 because it is of class h.  and  fhe  value (Po) is 

p turn. 

p turn.  Highest  local  value of (I),). 
ct helix + 3 , 0  helix. 
p sheet; (P , )  = I .06. (Pa) = I .02 for  residues 66-74. This rcgion  is  difficult lo 
assign and is a candidate for a rcgion  displaying an inducible change in  secondary 
structure. 
p turn. 

p turn. 
sheet. (P,) = 1.30, (Pa) = 0.93. 

p sheet, (PB) = 1.23. There is helical  potential from residues 89-96; (Pa) - 1.15. 
P nun. p sheet, (p,) = 1.14, (P,) = 1.03. There may  be a p turn  located at residucs 1 18- 
121. 
p turn. 

I A I 4 2  A 3  GT, I t  i 
2 4 1 1 1  110 9 8  I1 tr 
3 S 7 7  75 143 i b 
4 V 106 170 50 h H 
5 P 51 55 152 B D 
6 Y 69 147 114 b H 
7 G 57 75  156 B b 
8 V 106 170 50 h H 
9 S 77 75  143 i b, 

11 I 108 160 47 h H 
10 Q 111 110 98 h h -  

12 K 116 74 101 h b 
13 A 142 8 3  66 H i 
14 P 57 55 152 D D 
15 A 142 8 3  66 II i 
16 L 121 130 59 H H 
17 H 100 87 95 I i 
18 S 77 75 143 i b 

20 C 57 75 156 B b 
19 Q 111 110 98  h  h 

2 1  Y 69 147 114 b H 
22 T 8 3  119 96 i h 
23  Q 57 75  156 B b 
24 S 77 75 143 i b 
25 N 67 89 156 b i 
26 V 106 170 50 h H 
27 K 116 74 101 h b 
28 V 106 170 50 h H 
29 A 142 8 3  66 H i 
30 V 106 170 50 h H 
31 I 108 160 47 h H 
32 D 101 54 146 I B 
33 S 77 75 143 i b 
3 4  G 57 75  156 B b 
35 I 108 160 47 h H 
36 D 101 5 4  146 I B 
37 S 17 75 143 i b 
38 S 77 75 143 i b 
39 11 100 87 95  I i 

4 1  D 101 54 146 I B 
4 0  P 57 55 1 5 2  B 8 

42 L 121 130 59 t i  H 
43 K 116 1 4  101 h b 
4 4  V 106 170 50 h H 
45 A 142 8 3  66 H i 

47 C 57 7 5  156 B b 
46 0 57 75 156 B b 

4 8  A 142 83  66 H i 
49 S 77 75 143 i b 
50 M 145 105 60 11 h 
5 1  V 106 170 5 0  h H 
52 P 57 5 5  152 D B 
53 S 77 75 143 i b 
54 E 151 37 74 H B 

Ian  t 
8 7  
77 
72 
72 
7 7  
87 
100 a 
103 t 
119 a 
105 * 
115 * 114 * 
1 0 5  i 
110 t 
102 8 
86 
7 8  
80  
66 
71 
71 
76 
91 
9 8  

117 * 117 i 

115 * 
114 * 

98 
8 5  
85  
85 
85 
90 
88 
77 
8 3  
94 
98  

11.1 t 
121 * 
105 t 

99 
90 

8 3  
105 * 
117 * 

96 
96 
97 
92 
92 
89 

I o n  t 8 9  
102 1 110 
111 * 114 
111 * 118 

116 * 1 1 5  
107 * 111 
128 * 84 
104 * 97 
106 * 7 8  
9 3   9 1  
73  96 
87 8 5  
88  93  
93  90 

100 t 98 
86 123 

101 * 127 
112 * 116 
104 * 130 
104 * 127 
89  137 

102 * 126 
102 : 112 
125 1 89 
124 t 66 
124 t 66 
145 * 5 3  
116 * 77 
114 * 96 
91  123 
91 123 
91  123 
9 1  1 2 3  
91  119 
72  131  
7 3  133 
67 134 
81 113 

107 * 89 
78 114 

1 1 4  8 69 
100 t 93 
100 * 107 
79  111 
77  130 
84 106 

108 t 79 
101 t 101 
101 * 101 

84  104 
71  116 
71  116 
75  119 

1 1 1  * "  118 

3.80l!-00.5 
I ,  9 6 ~ - 0 0 5  
2 I 45e-005 
3 I 23e-004 8 
6.68e-005 
2.07e-005 
6 I 00e-005 
1.79e-005 
1.45e-005 
1.05e-005 
I .  18e-005 

4.42e-005 
1.51e-005 
1.48e-005 
3.51e-005 
1.09e-004 t 
2.19e-004 t 
5.66e-005 
6.55e-005 
1.78e-004 t 
8.32e-005 ? 
1.44e-004 * 
2.65e-005 
2.95e-005 

4.90e-006 
1.16e-005 

7.39e-006 
3.03e-006 
4.00e-005 
8.99e-005 I 
2.17e-004 t 
1.07e-005 
6.58e-005 
6.27e-005 
1.38e-004 t 
1.05e-004 i 
1.55e-005 
5.28e-004 t 
3.84e-005 
1.4Oe-005 
1.14e-005 
1 . Q O e - O W i  
1.36e-004 t 
5.62e-005 
3 , 2 2 @ - 0 0 5  

8.24e-006 

5.33e-005 
6 I 19e-006 
1.87e-005 
1.18e-005 
1.49e-004 i 
8.62e-005 t 
3.18e-005 
1.87e-005 
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55 T 
56 P 
57 N 

59 Q 
58 F 

61 0 
60 D 

62 N 
63 s 
64 H 
65 F 

67 H 
66 T 

68 V 
69 A 
70 G 
71 T 

73 A 
72 V 

75 L 
74 A 

76 N 
77 N 
78 s 
79 I 
80 G 
81 v 
82 L 
83 G 
84 v 
85 A 
86 P 
87 s 
88 s 
89 A 
90 L 
91 Y 
92 A 
93 v 
94 K 
95 v 
96 L 
97 c 
98 D 
99 A 

101 s 
100 G 

102 c 
103 Q 
104 Y 
105 S 
106 W 
107 I 
108 I 
109 N 
110 G 
1 1 1  1 

83 119 96 
57 5 5  152 
67 89 156 
113  138 60 
1 1 1  110 98 
101 54 146 
101 54  146 
67 89 156 
7 1  7 5  143 
100 87 95 
57 75 156 
83 119  96 
100 
106 
142 
57 
83 
106 
142 
142 
121 
67 
67 
77 
108 
57 
106 
121 

5 1  

1 

1 
1 

1 

87 95 

83 66 
70 50 

75 156 
19 96 
70 5 0  
83 66 
83 66 
30 59 
89 156 
89 156 
75 143 
60 47 
75 156 
70 50 
30 59 1 
75 156 

106 170 50 
142 83 66 

77 75 143 
57 5 5  152 

77 75 143 
142 83 66 
121 130 59 

142 83 66 
69 147 114 

106 170 5 0  
116  74  101 
106 170 5 0  
121 130 59 
57 75  156 
101 54  146 
142 83 66 
57 75 156 
77 75 143 
57 75 156 

1 1 1  110 98 
69 147 111 
7 7  75 143 

108 160 47 
108 137 96 

108 160 47 
67 89 156 
57 75 156 
108 160 47 

R B  
i h  

1) i 
h h  
h h  

I B  
I B  

b i  
i b  
I i  
B b  
i h  
X i  
h H 
H i 
B b  
i h  
h I1 
H i  
H i 
H H  
b i  
b i  
i b  
h H  
B b  
h H  
H H  
B b  
h H  
H i  
B B  
i b  
i b  
H i  

b H  
H If 

H i  
h H  
h b  
h H  
H H  
B b  
I B  
H i  
B b  
i b  
B b  
h h  
b H  
i b  
h h  
h H  
h H  
b i  
B b  
h H  

80 
87 
98 

95 
86 
86 
75 
79 
85 
86 

106 t 

107 t 
101 t 
97 
97 
97 
118 * 
127 * 
118 * 
99 
83 
79 
77 
87 
98 
85 
97 
106 t 
90 
95 
88 
88 
104 
102 * 
118 * 
109 * 
108 * 
117 t 
112 t 
100 t 

105 * 
96 

94 
89 

83 
75 
78 
78 
91 
90 
100 * 
97 
85 
85 
95 
106 * 
127 t 

100 : 
9R 

89 
97 

76 
68 
76 
81 
89 
92 
112 t 

103 * 114 * 
1 1 1  * 
1 1 1  * 
1 1 1  * 
113 * 
116 t 
96 
97 
95 
103 t 
99 
120 t 
133 8 
112 t 
136 t 
114 t 
95 
95 
72 
72 
90 
108 t 
110 t 
132 t 
118 t 
124 * 
136 t 
112 t 
107 t 
85 

71 
71 

77 
83 
101 : 
101 * 
117 t 
I29 * 
133 * 
136 * 
121 * 
121 * 
102 * 
104 * 
90 

1 I6 
116 
115 

136 
112 

147 
135 
137 
122 
110 
99 
76 
91 
92 
92 
92 
69 
60 
86 
109 
128 
125 
125 
99 

105 
78 

78 
82 
106 
102 
126 
126 
102 
95 
76 
72 
82 
66 
65 
91 
102 

131 
106 

127 
130 
138 
127 
127 
112 
100 
83 
86 
101 x 
93 
70 

409 

3.21e-004 * 
5.39e-005 

8.38e-005 t 
1.98e-005 

1.33e-004 t 
3.27e-004 : 

8.47e-005 t 
3.16e-004 * _. 

4.18e-005 
5.43e-005 
6.56e-006 
3.58e-005 
7.07e-005 
1.76e-005 
1.79e-005 
8.38e-006 
1.15e-005 
1.49e-005 
2.61e-005 

9.35e-005 * 
4.42e-005 

7.16e-006 
4.lle-005 

2.68e-005 

8.42e-006 
1.56e-005 

1.17~-006 

2.39e-004 * 1.70e-005 

1.03e-004 * 
4 09e-005 

9.92e-006 
4,lOe-005 

7. 36e-006 
1.66e-005 
1.10e-005 
1.40e-005 
1.44e-005 
2.39e-005 
5.38e-005 

2.25e-004 * 5.97e-005 

9.69e-005 t 
2.64e-004 * 
4.72e-005 
1.21e-004 * 
4.09e-005 
1.00e-004 * 
1.14e-006 
3.10e-006 
4.2ae-005 
3.80e-005 
1.14e-005 
4.46e-005 
9 58e-006 

8.24e-005 * 

1.03e-004 * 

410 

112 E 151 37 74 H D 
I f 3  W 108 137 86 h  h 
If4 A 142 83 G I 1  i 
115 I 108 160 E7 h H 
116 A 142 83 66 t I  i 
117 N 67 89 156 b i 
118 N 67 89 156 b i 
119 M 145 105 60 tl h 
120 D 101 54 146 I D 
121 V 106 170 50 h t i  
122 I 108 160 47 h I1 

124 M 145 105 60 H h 
123 N 67 89 156 b i 

125 S 77 75 143 i b 
126 L 121 130 59 I1 II 
127 C 57 75 156 I) b 
128 G 57 75 156 B b 
129 P 57 55 152 B  B 
130 S 77 75 143 i b 
131 C 57 75 156 B b 
132 S 77 75 143 i b 
133 A 142 83 66 H i 
134 A 142 83 66 11 i 
135 L 121 130 59 H H 
136 K 116 74 101 h b 
137 A 142 83 66 H i 
138 A 142 83 66 I1 i 
139 V 106 170 50 h H 

141 K 116 74 101 h b 
140 D 101 54 146 I B 

142 A 142 83 66 H i 
143 V 106 170 50 h H 
144 A 142 83 66 II 1 
145 S 77 75 143 i b 
146 C 57 75 156 B b 
147 V 106 170 50 h H 
148 V 106 170 50 h H 
149 V 106 170 50 h II  
150 V 106 170 50 h H 
151 A 142 83 66 H i 
152 A 142 83 66 H i 
153 A 142 83 66 H i 
154 C 57 75 156 B b 
155 N 67 89 156 b i 
156 E 151 37 74 H B 
157 C 57 75 156 B b 
158 S 77 75 143 i b 

,,160 G 57 75 156 B b 
159 T 83 119 96 i h 

161 S 77 75 143 i b 
162 S 77 75 143 i b 
163 S 77 75 143 i b 
164 T 83 119 96 i h 
165 V 106 110 50 h 11 
166 G 57 75 156 B  b 
167 Y 69 147 114 b 11 
168 P 57 55 152 B B 

127 * 104 * 
125 t 115 * 
114 8 103 8 
96 105 * 
105 d 91 
95 84 
104 t 104 * 
115 t 122 : 
95 118 : 
106 t 131 t 
99 107 t 
102 1 99 
100 * 96 
78 88 
73 
62 

83 
70 

62 70 
67 
88 

70 
77 

104 * 79 
120 * 92 
130 * 92 
130 * 92 
130 t 92 
126 t 102 t 
122 * 97 

116 * 95 
116 * 95 

116 I 95 
126 * 102 * 
116 * 102 * 
95 100 * 
95 100 * 
86 122 * 
93 146 t 
106 t 170 
115 * 148 * 
124 t 126 * 
133 t 104 * 
102 * 82 
104 * 71 
83 
88 

69 

92 
69 
76 

68 86 
73 
73 86 

86 

72 75 
78 
85 109 t 

86 

80 109 t 
78 127 * 
72 1 1 1  * 
60 
74 87 

88 

74 87 

120 : . 81 

70 l.43e-006 
68 4.41e-006 

106 5.68e-005 

129 1.62e-005 
109 5.23e-005 

;'lo3 1.25e-004 : 
75  1.17e-005 

78 2.21e-005 
101 5.30e-006 
104 1.16e-004 t 
104  5.17e-005 
128 8.66e-005 t 
130 6.70e-005 
151 3.12e-005 

148  2.86e-004 t 
127 7.39e-005 
107 2.88e-005 
83 2.23e-005 
73 1.56e-005 
73 6.26e-006 
73 1.42e-005 
70 7.75e-006 
82  1.03e-005 
90 4.90e-005 
90 2.85e-005 
90 3.14e-005 
70 6.79e-006 

103 8.95e-005 * 81 1.07e-005 

103 8.40e-005 : 
99 1.51e-005 
76 7.27e-006 
50 4.42e-006 
54 4.83e-006 
58 6.04e-006 
62  9.5le-006 
88 2,43e-005 

1 1 1  7.88e-005 : 
113 6.23e-003 
135 9.91e-005 t 
132 1.95e-004 * 
117 4.70e-005 
137  1.40e-004 : 
134 2.61e-004 6 
134 9.69e-005 t 

on G . ~ O ~ - ~ O G  

99 8.35~-006 

151 5.83~-004 

146 1.88e-004 * 
131 1.65~-004 * 
108 5.75~-006 
1 1 1  5.52e-005 
104 9.80e-005 : 
118  4.09e-005 
144 3.43e-005 
130 4.46e-004 t 
130 7.80e-005 t 

figure 8 (conr.) 
Figure 8 (conr.) 
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I69 C 57 75  156 b 

171 Y 69 147 I 1 4  t) I I  

173 S 77 75 143 i b 
172 P 57 55 152 I3 n 

175 I 108 160 47 h H 
174 V 106 170 50 h H 

176 A 142 83 66 ti i 
177 V 106 170 50 h H 
178 G 57 75 156 E b 
179 A 142 83 66 ti i 

181 G 57 75 156 B b 
180 V 106 170 50 h H 

182 N 67 89 156 b i 
183 K 116 74 101 h b 
184 Y 69 147 1 1 4  b H 
185 G 57 75 156 B b 
186 A 142 83 66 H i 
187 Y 69 147 114 b H 
188 N 67 89 156 b i 
189 G 57 75 156 B b 
190 T 83 119 96 i h 
191 S 77 75 143 5 b 
192 M 145 105 60 H h 
193 A 142 83 66 H i 
194 S 77 75 143 i b 

197 V 106 170 50 h H 
196 H 100 87 95 I i 

198 A 142 83 66 H i 
199 C 57 75 156 D b 
200 A 142 83 66 H i 
201 A 142 83 66 H i 
202 A 142 83 66 H I 
203 L 121 130 59 H ti 
204 I 108 160 47 h H 
205 L 121 130 59 H H 
206 S 77 75 143 1 b 
207 K 116 74 101 h b 
208 H 100 87 95 I i 
209 P 57 55 152 8 B 
210 N 67 89 156 b i 
211 W 108 137 96 h h 

213 N 67 89 156 b i 
212 T 83 119 96 i h 

214 T 83 119 96 i h 
215 Q 111 110 98 h h 
216 V 106 170 50 h H 
217 R 98 93 95 i i 
218 S 77 75 143 i b 
219 S 77 75 143 i b 
220 L 121 130 59 H H 
221 Q 1 1 1  110 98 h h 
222 N 67 89 156 b i 
223 T 83 119 96 i h 
224 T 83 119 96 i h 
225 T 83 119 96 i h 

170 K 116 74 101 h b 

195 P 57 55 152 n n 

74 a7 
79 87 
77 I l l  t 
87 1 1 5  t 
108 : 122 * 
115 t 145 t 
103 * 122 t 
1 1 1  * 102 * 
102 * 124 t 
90 100 * 
93 104 : 
86 102 * 
77 96 
71 96 
96  94 
84 113 * 
83 98 
83 98 
69 107 * 
71 89 
90  93 

1 1 1  * 95 
110 * 84 
105 * 79 
94 
85 

75 
96 

101 1 98 
101 * 103 * 
1 1 1  t 102 t 
120 * 81 
120 * 81 
136 t 94 
128 t 114 * 
123 * 125 t 
106 I 123 t 
105 t 109 * 
103 * 91 
87 72 
85 76 
83 92 
78 100 * 
81  108 * 
85  116 t 
86 109 t 
91 122 * 
99  123 * 
98 112 * 
93 
96 

93 
97 

94 101 t 
95 112 * 
86 109 t 
79 1 1 1  * 
91 107 t 

100 t 110 * 
94 99 

a9 103 e 

130 9.09e-005 
127 1.29e-005 

76 4.34e-006 
98 2.22e-005 

79 1.39e-005 
53 3.91e-006 

84 3.17e-005 
80 9.78e-006 
107  3.3Oe-005 
107  4.98e-005 
115 9.56e-005 
131 7.62e-005 
131 3.21e-004 
109  3.94e-005 
112 3.05e-005 
123 8.04e-005 
123  1.13e-004 
130  1.02e-004 
137 9.43e-005 
113 7.57e-005 
91 9.7 le-006 
103 3.65e-005 
105 4.39e-005 
114 1.53e-005 
110 1.78e-004 
90 7.79e-000 

84  5.19e-005 
91  3.58e-005 

88 1.04e-005 
88 1.57e-005 
64 1.12e-005 
59  9.19e-006 
57  1.36e-006 

87 1.28e-005 

122 8.73e-005 
99 3.30e-005 

126 8.00e-006 
124  1.34e-003 
125  4.28e-005 
126 1.24e-005 
1 1  1 1.25e-00.4 

100 3.4le-005 
1 1 1  4.55e-005 

84 2.01e-005 

107 8,.71e-005 
96 3.73e-005 

110 8.51e-005 
110  5.88e-005 
114 1 .Ole-005 
102 9.02e-005 
1 1 1  3.15e-005 
11 1  8.93e-005 
97 5.14e-005 
88 4.68e-005 
103 5.4 le-005 

I 11 1,61~-004 

77 7.91e-006 

41 1 
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226 K 
227 L 
228 G 
229 D 
230 S 
231 F 
232 Y 
233 Y 
234 G 
235 K 
236 0 
237 b 
238 I 
239 N 
240 V 
241 Q 
242 A 
243 A 
244 A 
245 Q 
246 -4 

116  74  101 h b 
121 130 53 I I  Ii 

9E 83 115 
89 83 126 

57 75 156 U h 87 
101 54  146 I Li 90 103 * 115 

8 5  126 

113  138 60 h h 
77 75 143 i b 82 126 * 107 

69 147  114 b H 
77  126 * 1 1 1  
77 110 * ?dl21 

69 147 114 b H 
57 75 156 B b 

74 
87 

92 131 

116  74  101 h b 100 t 109 * 90 
88 118 

57  75  156 I b 88 113 t 104 
121 130 59 H H 100 * 137 I 78 
108 160 47 h ti 
67 89 156 b i 106 * 113 * 92 

98 132 * 87 

106 170 50 h H 125 * 1 1 1  t 70 
1 1 1  110 98 h h 134 t 89 
142 83 66 H i 134 t 89 

74 

142 83  66 H i 0 
74 

142 83  66 H i 
0 

0 
0 

1 1 1  110 98 h h 0 
0 
0 

0 
0 

0 0 o o o *e -e 

128-131 f3 turn. . 
132-142 a helix. 
143-146 p turn. 

154-157 p turn. 
158-161 p turn. 
162-166 p shect. 
167-170 f.3 turn. 

182-185 8 turn. 
186189 p turn. 
190-193 a helix. 
194-197 turn. 
1981207 a helix. 
208-211 p turn. 
212-227 p sheet. 
228-231 p turn. 
236237 p turn. 
238-245 a helix, (P,) = 1.19, (Ps) = 1.06. 

147-153 sheet. (Pp)  = 1.33. (Pa) = 1.21. 

171-181 p sheet. 

2.12e-005 
9.84~-005 t 
9.12~-005 L 
I .66c-004 t 
7.0 le-005 
6.6’5e-005 
9.62e-005 t 
7.63e-005 t 

9.42e-QO6 
3.02e-006 
2.10e-005 
9.19e-006 
1.66e-005 
I .  23~-005 
1.14e-005 

0.00et000 
1.56~-005 

0.00etOQO 
0.00et000 
0 0.00et000 

1.56e-004 t 



atinclude  <rtdio.hr 
*include  <etypc.h> 
*deTinc  MAXLENGTH 1000 
slruct  protein-data [ 

i n t  codc; 
in1  p  alpha; 
int  p-bcta; 
in1 p-turn: 
float-6end[4]; 
int alpha class; 
in t   be ta   aass ;  
in1  p4  iilpha; 

in1 p4-turn; 
in1 p4xbcta;  

float  turn  prod: 
1 sequencc[Mln(LENGTH]; 

uinclude  4protein.datr 

char  ans[6]; . 
FILE *fopen().  *fpi, vp0 ;  
int   fc losdFILE *fool: 

Printk\o\n  Chou-Fasman-Prcvelige  Algorithm\n\n\n\n\n'); 
P r in t l r \n \n  ('2) copyright 1988, Peter Prevclige. all rights  reserved\n\n\n'); 

~ -,. 
do  ( 

printf('8ntcr  name of input  file: '); 
scanf('%s'.infile); 
if  ((fpi - fopen(infilc, T ) )  -I NULL) 

)while  (fpi -- NULL); 
printl('No  such file cnirts.\n'); 

do  f 

while  ((c-getc(fpi)) !- EOF) 
i l  (!isspacc(c)) scqucncc[leng~htt] .code - toupper(c); 

g c t g r o b a b i l i t y ( l c n ~ t h ) ;  

ICtra-avc(length) ; 

Print_it(lcngth,Tpo); 

414 Peter Prevelige, Jr.. and Gerald 0. Fasrnah 

I 
int  i.j.k.dbase: 

do( 
printl('Urc  database or 29 protcinr  (Chou & Fasman '78)--+ enter  29\n"); 
printf('Usc  database or 64  proteins  (Chou '79)--, enter 64\11?; 

dbasc - 2: 

scanf('%s'.d-basc): 

il(d_bns~[O]--'Z')dbase-O; 

If(d_base[O]--'C')dbasc-1; 

) while  (dbasc > I); 

lor (i-l.j-O;l~lcngth;i+t)( 
whilc((sequcnce[i].codc I- data[j].c) && j < 20) j t t ;  
iT ( j  -.I 20) (printf('lllee.al data  point  #%d it%d\n'.i,scqucnce[i].codc);e~it(l1;); 
sequcncc[i].p  alpha - datr[j].p  a[dbasc]; 
s cqucncc [ i~ .p~bc ta  - data[j].p  -b[dbarc]; 
scquencc[i].p-turn - data[jj.p-l; 
for(k-O;k<-33++) sequcncc[i].6&d[k] - data[j].b[k]; 
rcqucnce[i].alpha  class - data[j].a  class[dbase]; 
s cquencc [ i ] . bc t a~~ass  - daIa[j].b~class[dbase]; 

sdc r inc  TURN-PRODUCT 0.7SE-4 

tetra  avc(lcngth) /e calculates  tetrapcptidc  averages of protein */ 
int Gigth;  
( 

in1 1-1, j-0; 
in1  asum,  bsum,  tsum; 
float tprod; 

tor (i-1; i lcngth - 3; I++)[ 
asum-bsum-[sum-0; 
tprod-1: 

,,. ' Tor (j-k j<-3; j t t ) (  
mum t- scqucncc[itj).p_alpha; 
bsum +- scqucncc[i+j].p-beta; 
trum +- scqucnce[itj).p_turn; 



I 

1 
[p rod*-   r c~ucncc~ i~ j J .bcnd l j l ;  

sc~ucncc(i].p4  alpha - asum/d; 
sequ~ncc[i] .p4-b~ra - bsum/4; 
s equcncc [ i~ .p4~ tu tn  - tsumld; 
scqucaec[i).~urn_prod-  [prod; 

416 Peter Prevelige, Jr., and Gerald D. Fasm 

in1 i; 
char  lormat.  *forma. Vorml. *lorm: 

forma-'%4d  %c %3d %3d  %3d  %c %c %3d %c %3d %c %3d %.2c  %c\n'; 
forml-'%4d \'%c\' %3d %3d %3d \'%cy \'%e\' %3d v%c\' %3d v%c\' %3d 

while  ((lormat !- 'A') && (format !- 'L')); 
fprinlf(fpo,' Chou-Fasman-Algorithm\n\n'); 
fprintl(fpo.'Input  file: %s\n',inCile): 
fprinfl(fpo:Protcin  name: %s\n..prot-namc); 
fprinlf(fpo,'Dalabase used was %s protcins\n\n',d_basc); 
fprintl(fp0.'  Pa Pb  Pt a b <Pa> <Pb> < P b  <Pt>\n% 
rprinlr(f'po,' ..................................... --.-.-.- \n?; 

il (format -- 'L') form-formt 
clsc form-forma; 

for(i-l;ic-lcngth:itt) 
rprinif(rpo,lorm.i, 

sc~ucnce[i].codc. 
scqucncc[i).p  alpha, 
sequcncc[il.prbeta. 
scqucncc[ij.p turn. 
seQucncc ( i ) . a~ha  class. 
rcQUCncc(i~.bcta &sS. 
sequcncc[i].pd-~pha, (scquencc[ij.p4 alpha >- ALPHA CUT) 1.':' : ", 
scqucnec[i].p4  bcra.  (scqucncc(i].p4--cla r- DETA-cm)  7 '*' : , 
tcqucncc~i~.p4-turn,  
sequcncc(i].~ur?i_prod, (sequcnce[ij.turn-prod *- TURN-CUT) ? '*' : '') 

Appendix 2: Include File "Protein.Dat" 
struct  p-data I 

i n t  c :  
I n t  p,e121; 

I n t  p-t: 
i n t  p-blZ1; 

f los t  bf41; 
Int a-claseI21: 
I n t  b-claaaIZ]; 
i n t  p 4 p ;  
Int p4-b; 
i n t  p4-t; 

1 ;  
mtruct p-data datal1 = (  

'R', 98.100, 9 3 ,  94.  95,0.070,0.106,0.099,0.085,'I','h', l','i',O,O 
' A ' . 1 4 2 , 1 3 9 .  83, 79,  

66,0.060,0.076,0.035,0.05~,'li','H'.~1','1',0.0 
:N', 67 .  78, 89,  66,156,0.161,0.083,0.191,0.091.'b', 
D'~101.106, 54, 6 6 , 1 4 6 , 0 , 147,0.ll0,0.179,0.081,'~',~~~~~~~,~b~,0,~ ' I ' ; b ' , o , o  

' C ' ,  70. 95,119,107,119,0.149,0.053,0.111,0.128,'1',' , ' h ' , ' h  , O , O  
'Q'~lll,ll2~llO,lOO, 98,0.074,0.098,0.037,0.098,'h~,'~~,~h','I'.0.0 
'E',151,144, 37, 51. 74,0.056.0.060,0.077,0,064,'H , ' I t ' ,  D','b',0,0 
'G 'o  57, 6 4 ,  75, 87,156,0.102,0.085,0.190,0,152,'8','8','b','i' 
'H',100,112, 87, 83, 95,0.140,0.047,0.093,0.054,'1','h','I','i',0,0 

, o , o  
'I'nlO8, 99,160,157, 4 7 ~ 0 ~ 0 4 3 ~ 0 ~ 0 3 4 ~ 0 ~ 0 1 3 ~ 0 ~ 0 5 6 ~ ' h ' ,  
'L'~121,130~130,117, 59.0.061,0,025,0.036,0.070,'H~,~~'~~~~, 1 :H',0,0 h',0,0. 

'H*~l45,132,105~101, 60~0~06B~0~082~0~Ol4~0,055~'ll','H','h','l',O,O, 
'K'~lI6~l21~ 74, 7 3 ~ 1 0 1 ~ 0 ~ 0 5 5 ~ 0 ~ 1 1 5 ~ 0 ~ 0 7 2 1 0 ~ 0 9 5 ~ ' h  , ' h ' , ' b ' , ' b ' , O , O ,  

'P'p 57. 55, 55, 62~152~0~102~0~301~0~034,0.068~'8'~*8'~'8','8',0,O. 
'F',113~111,138~123~ 60~0~059~0~041~0~065,0.065~'h'1'h','h','h',0,0, 

'T'' 83s 78,119,133, 96~0~086~0~108~0~065,O.Q79~'i','i'~'h','h',O,O, 
'W',108a103,137,124, 96~0~077~0~013~0~064,O,167,'he 

'V'e106, 97,170,164, 50~0~062~0~048~0~028,0.053~'h'.ll'.'H','H',O,O, 

's's 77. 72, 75, 94,143.0.120,0.139,0.125,0.106,'1','b','b','i',0,0, 

' Y ' ,  69, 73,147.131,114,0.082,0.065,0.114,0,125,'b'~~~'~ ' h ' , ' h ' , O . O ,  ' H ' , ' h ' , O , O ,  

1 :  
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