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SPECIFICITY OF PROTEIN STRUCTURE

Flexibility around torslonal bonds

Large molecules
Dihydrofolate reductase
2492 atoms--139 amino acids
Large possible sequence diversity
Peptide of 20 amino acids :

2020 possible sequences
OR 1.04 1026 combinations

Degeneracy of the code relating structure
and amino acids
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DISTRIBUTION OF SOME AMINO ACID RESIDUES

ACCORDING TO THEIR CONFORMATION

Amino Acid

ALL

Total Ramachandran map
%
h e g+X

981 18.8 47.7 33.5

926 58.7 J6.1 5.2
802 39.8 57.5 2.8
508 43.3 54.5 2.2

11051 45.3 46.5 8.1



DISTRIBUTION OF SOME AMINO ACID RESIDUES

IN APERIODIC (COIL) CONFORMATION

Amino Acid C/Total Ramachandran map
% %
h e g
G 72.1 10.2 44 .4 43.0
A 40.5 37.8 50.9 4.0
A’ 32.8 26.6 65.8 2.7
P 74.2 35.5 61.8 0.3
ALL (O) 49.7 31.6 52.7 9.3

ALL (H+E+C) 45.3 46.5 4.8
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Teble I: Distribution of the residues in the Remechandran zones sccording to their secondery structure *

Secondery structure: H
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Table |: (continued)

Secondary structure: C Secondary structure: H+E+C
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Basic Approximations
Basic Approximations

1 Local sequence : for -8 <« m < 8 or 17 amino acids
1 Local sequence : for -8 « m <« 8 or 17 aminoe acids

2 GOR | (1978)
2 GOR | (1978)

!(AS]'R1,....,R“) = |(AS],R]) + Zm,m:OI(ASi;Rj-o-m)
|(AS]R1,....,RH) =~ |(A8,,ﬂ|) + Emlm;tol(As";Ri*m)

3 GOR Il (1987)
3 GOR It (1987)

1(8S;R1sercsRp) = HAS[iR}) + Sm.mrol(AS|iRjymiR))
I(ASI';H-“....,R") S l(ASI;Rl) + Em.mu'(AS]FR1+mlR])

With
With :

n(sijij-rm) = n(Sstst+m)0bS + n(s’Rj-irm)d
n(s,R;,Rj.m) = N(s,R;,Rj,mlobs + N(s,Bj.m)d

n(s,Rj,m)d + n(s,Rj,m)d = 225 or 200
n(s,R;,m)d + N(8,Rj,m}d = 225 or 200

L, Gor W (1116)

Averlsll 6 f’fp aronymous o ‘broh'nc.(jovr_ inre. 1>
" //)dZ/ GIR
Server of NIH hﬂ’a:// a&rd//OAO.dcrfT m'ﬁfa SO




Basic approximations of GOR IV
Basic approximations of GOR IV

- Local sequence (LocSeq) : for -8 < m < 8 or 17 amono acids

- Local sequence (LocSeq) : for -8 < m < 8 or 17 ameone acids
- All pairs are counted

- All pairs are counted

P(S, . LocSeq) 2 *H] P(S,.R.,,..R..)
P pesS LSSy E N RS IR RE )

log
P(n-S,, Loc %q) %7“ ~ gP _7% R, ..R.,)
og SN +m
17 m=—8 é P(n’ ]+m)
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GOR IV RESULTS

# H segments # E segments Total #
Obs. 1989 2587 4576
Pred. 2148 2043 4191
Ave length H Ave. length E
Obs. 10.9 5.9
Pred. 10.6 4.1
Overlap H segments E segments
T5% 51.1 237
50% 70.0 42.0
25% 75.7 50.2
H E C
Qprd. 647 60.7 65.1
Qobs. 67.0 36.5 75.8
Q3 =644% + 1.2% (2 o) 267 proteins or 63 366 AA residues
ftp uehininwnib.gei - /‘gibsatidseR
Prolu'ncnfiouy. fﬂ"-ﬁ /f"z/GOR

I3
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Table 111

Prediction of Eglin
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Protein size (residues)
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A nearest-neigivbor w te protein secondary structure prodiction:
Similarity Peptide Analysis (SIMPA)
Principie :

Similar peptides of same sequence length n will have same

secondary strueture

Define :
a similarity matrix between amino acids: blosuwmé2 *
a window length of n= 15 amine acids™
a cutoff of similarity = 13, above it, the observed conformation is
assigned to the test sequence with this similarity score*
References

Levin, Robson and Garnier, FEBS Lett., 205, 303.308 (1986)
Levin and Garnier, BBA, 955, 283-295 (1988)
*Levin and Garnier (1996) to be pubkished




Similarity Peptide Analysis (SIMPA)* 3

Prineiple
similar peptides of same sequence length n will
have similar secondary structure tendeneies.

Define :
a similarity matrix of 20x20 amino acids
a window length of n=17 amine acids
a cutoff of 7

* Levin and Garnier, 1988.
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A simplitied example of SIMPA ()

(Unitary matrix, n = 7, cutoff=2, DC=1)

Unknown sequence:

Reference database:

Search:
Step 1

Step 2

All the database

Step i+1

All the database and
All the sequence length to be predicted

SLCGTVADLK..

ALPGCTALEGAWV..
CCEEEEHHHH HH..

ALPGCTALEGAWV..

SLCGTVA
Score=3
ALPGCTALEGAWV..
SLCGTVA
Score=1

ALPGCTALEGAV..
LCGTVAD
Score=0




- a M| - N BN s AN S A& e R e, - T T o

T A& . B A S .

S e & “kf‘,‘?}?jé\f}t‘

A simplified example of SIMPA (M)
Search results for : SLCGTVADLK..

Obs. CCEEEEHHHH HH...
Seq. ALPGCTALEQAYV...

SLCAGTVA Scores$
LCGTVAD Scorex$
etc...

Match-score table and prediction

Unknown H E C Prediction

S 0 0 3 C
L 0 0 3+3 C
C 0 3+3 0 E
G 0 3+3 0 E
T 0 3+3 0 E
\Y 0 3+3 0 E
A 3+3 0 0 H
D 3 0 0 H
etc

BT RS - S A N L A N R S N SN R T
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Table 1
Secondary structure prediction of homologous proteins with the SIMPA method*
File Name Identity Basic Prediction I-Iomol%ous Prediction
% %
2ACT 48 53.7 83.5
2ALP 39 50.0 77.8
2 ABX 42 81.1 78.7
SCHA (1) 34-43 65.7 89.3
5 CHA (2) 41-45 60.8 87.6
3C2C 40-44 64.3 87.5
2 EST 30-43 62.1 86.7
2 EBX 42 71.0 96.7
1 FDX 43 70.4 75.9
2 FDI 43 64.2 70.8
2 HHB (1) 35-45 61.7 92.9
2 HHB (2) 45 56.9 £9.7
2LHB 35 73.2 88.6
1 MCP (2) 44 67.6 88.7
1 FB4 (2) 44 75.6 87.3
2 PKA (1) 34-42 63.8 96.3
2 PKA (2) 30-41 60.5 91.5
1 MBN 25 80.4 889
1 PPD 48 63.7 92.0
2 SGA 39 54.1 76.8
3 RP2 34-38 56.7 84.8
1 TPO 36-45 61.4 89.7
Global: 22 25-48 64.5 (SD 8%) 86.3 (SD 6.7%)
*Selected from Levin and Garnier (7). The basic prediction was obtained when ali homologous
roteins of more than 22% identity were removed tProm the data base. The homologous prediction
1s explicitly using the homologies in the data base.




Obs

Preci.

Obs.
Pred.

Qprd.
Qobs.

Q3

Similarity Peptide Analysis (SIMPA) RESULTS

# H segments

= 67.5%

2515
2510

Ave length H

10.8
10.6
H E
70.0 62.0
68.4 46.8

+ 1.2% (2 0)

# E segments Total #
3430 5945
3316 5826

Ave. length E

5.3
4.1

~ 320 proteins or 82 527 AA residues

With evolutionary information (Consensus)

Q3

= 71.3%

+ 1.2% (2 o)

~ 190 proteins or 49 244 AA residues

- ) owrivambamtm il

LR3




Comparison of secondaiy strueture predlctloni' |
A Sirgls Sequence
Probablliity Index (%)

3 states, H, E & C
Information Theory

GOR | (1) 56.9
GOR Il (o) 63.0
R TU + bb. 4

Similarity anaiysis

SlMPA(S) 63, 7"“!&‘0'.)
s impa’ (1ns) 2;..#«“@91.1
Vir Londar (1914) Y0

Neural network

Qlan & Sejnowskli( 64.3
Joint predictions

COMBINE s 68.5

NB. 8D on the means about 1-2%

Garnler et al., JMB, 120, 97-120,(1978), 1880.

@ibrat et al., JMB, 198, 426-443,(1937), Bloehemistry, 30, 1578-1808, (1991)
Levin & Garnier, BBA, 955, 203.295, (1089)

Qlan & Sejnowski, JMB, 208, #$685.834, (1988)

% Biou et al, Prot. Eng., 2, 186-191,(1908)

o+ Garnier stol. Metlods s Eterypmology (095, sues poresss )

- W -

B moltiph hemologovs seyoemces } A
. SiMPAY (Levin cFet 1995) #.3

- PHD (Rst-et 4. 1904) 7.3z (617 g
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Anti-progesterone antibody DB3*, CDR-H3
CLUSTAL W(1.4) multiple sequence alignment
1DBAb_FAB’ EDTATYFCTRG@DYVN——-——— WYF~--DVWNGA
1MCPb_IMMU EDTAIYYCARNYYGST-—-———-— WYFDVWGA
2F19b_FAB EDAAVYFPCARSFYGGSDLAVYYF=-=-DBWGQ
2FB4b_IMMU EDTGVYFCARDGGHGFCSSASCFGPDYWGQ
2FBJb_IG*A EDTALYYCARLHYYG-——==~~-~ YNAYWGO
3HFLb_IG*G EDSGVYYCLHGNYD~-—-————- F~--DGWGQ
7FABb_LAMB ADTAVYYCARNLIAGG--—-———~~ IDVHGQ
3HFMb _IG*G EDTATYYCANWDG-—-———~=~=—=—~ DYWGQ

Corrected multiple sequence alignment

1DBADL_FAB'
1MCPb__IMMU
2F19b_FAB

2FB4b_TIMMU
2FBJb_IG*A
3HFLb_IG*G
7FABb_LAMB
3HFMb_IG*G

EDTATYFCTRGD-~-~-YVN----WYFDVWGA
EDTAIYYCARNYY--GST-~-~-WYFDVWGA
EDAAVYFCARS-FYGGSDLAVYY-FDSWGQ

EDTGVYFCARDGGHGFCSSASCFGPDYWGQ

EDTALYYCARLH---YYG—~——-— YNAYWGQ
EDSGVYYCL---—-HGNYD-——~~~ FDGWGQ
ADTAVYYCARN----LIAGG----IDVWGQ
EDTATYYCAN-~——-— WDG——————— DYWGQ

* ITn red are observed beta-strands except for

DB3

(1DBA) which is predicted.
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Anti-progesterone antibody DB3*, CDR-LI1.

CLUSTAL W(1.4) multiple sequence alignment

1DBAa_FAB' GDQASIBCRBSQSLIHSNGN—TYLHWYLQKPGQ
1MCPa_IMMU GERVTHBCKSSQSLLNSGNQKNFLAMYQQKPGQ
1RETa_BENC GDRVTITCQASQDIIKY-————— LMWYQQTPGK
2F19a_FAB GDRVTISCRASQDISNY---—-- LMW¥QQKPDG
2FB4da_IMMU GQRVTIBCIGTSSNIGS——~—STV"'YQQLPGM
2FBJa_IG*A GOKVTITCSASSSVSSL-—~e—um WYQQKSGT
2RHEa_BENC GQRVTIBCTGSATDIGS-———NSVIHYQQVPGK
3HFLa_IG*G GEKVTMTCSASSSVNYM-==-—mw YWYQQKSGT
7/FABa_LAMB GQRVTIUCTGSSSNIGAG———HNVEHYQQLPGT
3HFMa_IG*G GNSVSLSCRASQSIGNN- - —— - LHEWYQQKSHE

Corrected multiple sequence alignment

1DBAa_FAB'’ GDQASISCRSSQSLIHSNGNTY-LHWYLQKPGQ
1MCPa_IMMU GERVTMSCKSSQSLLNSGNQKNFLAWYQQKPGQ
1REIa_BENC GDRVTITCQA---SQDIIKY---LNWYQQTPGK
2F19a_¥wAB GDRVTISCRA---SQDISNY--~LNWYQQKPDG
2FB4a_IMMU GQRVTISCB--GTSSNIGSSTV--NWYQQLPGM
2FBJa_IG*A GQKVTITCSA-~-SSSVS—---SLHWYQQKSGT
2RHEa_BENC GQRVTIBCT--GSATDIGSNS--VIWYQQOVPGK
3HFLa_IG*G GEKVTMTC8---ASSSVNY-- - -MYWYQQKSGT
7FABa_LAMB GQRVTISCT-GSSSNIGAGHNV--KWYQQLPGT
3HFMa_IG*G GNSVSLSCRA---SQSIGNN---LHWYQQKSHE

*In red are observed beta-strands except for
JDB3 (ldba) which is predicted.
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1- CAP promotor activated by mutant Fnr (8pire &Guest)

Mutated Amino aclds | Conserved amino aclds
Viso R Bia
S84 G Tioe
G188 K Riss

2- Promotor consensus sequences (Emsright et al)

CAP TEGTGA civvirerreeeennn TEAC A
R G
180 184
Fnr TUTTG A TCAAA
VS

180 184
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Folding simulation
Principles:

Search for the lowest {free) energy
Problems:
lowest ?

numbe: of variables:

carnesian or intemal coordinates?

multiple minima problem

N IoN

N wumber of residuss
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