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ABSTRACT

AAindex is a database of numerical indices represent-
ing various physicochemical and biochemical prop-
erties of amino acids and pairs of amino acids. It
consists of two sections: AAindex1 for the amino acid
index of 20 numerical values and AAindex2 for the
amino acid mutation matrix of 210 numerical values.
Each entry of either AAindex1 or AAindex2 consists of
the definition, the reference information, a list of
related entries in terms of the correlation coefficient,
and the actual data. The database may be accessed
through the DBGET/LInkDB system at GenomeNet
(http://Aww.genome.ad.jp/dbget/ ) or may be down-
loaded by anonymous FTP (ftp://ftp.genome.ad.jp/db/
genomenet/aaindex/ ).

INTRODUCTION

chemical properties such as bulkiness of amino acid residues. In
1996 Tomii and Kanehis&)increased the size of the collection

to include 402 indices and re-performed the clustering. The result
was generally in good agreement with the previous work, but for
the sake of convenience the collection was divided into six major
classes:a and turn propensities3 propensity, amino acid
composition, hydrophobicity, physicochemical properties, and
other properties.

Tomii and Kanehisa?) also collected 42 amino acid mutation
matrices from the literature and conducted extensive analysis on
the correlations among them and with the amino acid indices. The
AAindex database was initiated by Na&bal (1), was expanded
by Tomii and Kanehisa2}, and is continuously updated by the
present authors.

THE CURRENT DATABASE

The AAindex database is a flat file database that consists of two

sections: AAindex1 for the amino acid indices and AAindex2 for

The variety and specificity of protein three-dimensional struCpq aming acid mutation matrices. The format of the two sections
tures and biological functions are due to the combination of tqg as follows

20 different amino acids as specified by the genetic code. The
amino acids are the building blocks of proteins each havin
different characteristics in terms of the shape, the volume, and the
chemical reactivity among others. A large body of experimentalhe AAindex1 section currently contains 434 amino acid indices.
and theoretical research has been performed to characterixgample entry of AAindex1 is shown in FiguteEach entry
physicochemical and biochemical properties of individual aminaonsists of an accession number, a short description on the index,
acids. The derived property is often represented by a set of 8 reference information, and the numerical values for the
numerical values that is called the amino acid index. property of 20 amino acids. In addition, it contains neighbor
In addition to the properties of individual amino acids, thénformation; namely, the cross-links to other entries with an
relations between amino acids are also represented by numerab$olute value for the correlation coefficient of 0.8 or larger. With
values in the analysis of protein sequences and structurése links the user can identify a set of entries describing similar
Especially, the amino acid mutation matrix, also called the amingroperties. In some instances the values are not reported for all 20
acid similarity matrix, is the basis for optimization in proteinamino acids. When available we adopt the estimates by Kitlera
sequence alignments and similarity searches. The amino aaild (4) who tried to fill missing values by statistical consider-
mutation matrix is generally a set of @0 numerical values, or ations. When the estimates were not available, the missing values
a set of 210 numerical values since the matrix is usuallwere either replaced by the mean value of the rest or simply filled
symmetric. The AAindex database is a collection of publishedith zeros.
amino acid indices and mutation matrices.

index1

AAindex2

BACKGROUND The AAindex2 section currently contains 66 amino acid mutation
In 1988 Nakaiet al collected 222 amino acid indices from matrices: 47 symmetric matrices and 19 non-symmetric matrices.
research papers and investigated the relationships by the hiArsample entry of AAindex2 is shown in Fig@eThe format of
archical cluster analysid)( They identified four major classes, the entry is almost the same as that of AAindex1 except that it
o-helix and turn propensitie;strand propensity, hydrophobicity contains 210 numerical values (20 diagonal andx209/2
that can further be divided into subclasses, and other physiaoff-diagonal elements) for a symmetric matrix and 400 or more
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H PTIO830101 H NIEK910101
D Helix-~coil equilibrium constant (Ptitsyn-Finkelstein, 1983) D Structure-derived correlation matrix 1 (Niefind-Schomburg, 1991)
R 0904057 R 1713140
A Ptitsyn, O.B. and Finkelstein, A.V. A Niefind, K. and Schomburg, D.
T Theory of protein secondary structure and algorithm of its prediction T Amino acid similarity coefficients for protein modeling and sequence
J Biopolymers 22, 15-25 (1983) alignment derived from main-chain folding angles
* Charged state for Arg, His, Lys, Asp, and Glu J J. Mol. Biol. 219, 481-497 (1991)
C ROBB760103 0.903 QIAN880109 0.886 (QIANB80108 0.884 C NIEK910102 0.998 TUDES00101 0.809
SUEM840101 0.877 QIAN880111 0.857 QIAN8B80107 0.846 I Data ordered by I+J*(J-1)/2 where I,J = ARNDCQEGHILKMFPSTWYV
QIAN880110 0.835 FAUJ880102 0.832 FINA770101 0.826 1.00 0.09 1.00 -0.29 -0.10 1.00 0.05 -0.08 0.30 1.00
ROBB760104 0.817 QIAN880131 -0.826 1IS0Y800104 -0.832 -0.35 -0.17 0.04 -0.10 1.00 0.32 0.05 -0.14 0.11 -0.16
QIAN880132 -0.833 CHOP780213 -0.835 GEIM800108 -0.840 1.00 0.70 0.09 -0.24 0.07 -0.34 0.39 1.00 -0.40 -0.18
CHAM830101 -0.841 LEVM780106 -0.854 CHOP780216 -0.855 0.37 0.08 0.12 -0.28 -0.45 1.00 -0.18 0.15 0.04 -0.01
PRAMS00104 -0.858 LEVM780103 -0.860 QIAN880133 -0.864 -0.04 0.08 -0.14 0.06 1.00 -0.25 0.05 -0.06 -0.28 -0.15
GEIM800111 -0.876 QIAN880135 -0.899 QIAN880134 -0.920 -0.13 -0.14 -0.23 0.01 1.00 0.51 0.00 -0.23 0.01 -0.27
I A/L R/K N/M D/F c/p Q/s E/T G/W H/Y v 0.29 0.57 -0.54 -0.09 0.25 1.00 0.55 0.14 -0.19 0.13
1.10 0.95 0.80 0.65 0.95 1.00 1.00 0.60 0.85 1.10 -0.25 0.16 0.50 -0.34 -0.23 -0.17 0.31 1.00 0.39 -0.10
1.25 1.00 1.15 1.10 0.10 0.75 0.75 1.10 1.10 0.95 -0.13 =~0.09 -0.25 0.22 0.36 -0.29 -0.08 0.15 0.41 0.05
/7 1.00 -0.18 0.15 -0.13 -0.31 -0.05 -0.25 -0.24 -0.05 0.17

0.27 -0.08 -0.16 -0.02 1.0 0.10 -0.18 -0.10 0.02 0.13
-0.18 -0.08 0.10 -0.32 -0.53 -0.25 0.04 -0.31 -0.28 1.00
-0.38 -0.10 0.04 0.02 0.31 -0.23 -0.41 0.28 -0.05 -0.34

Figure 1. An example of the amino acid index entry in the AAindex database _0.61 -0.18 -0.48 -0.13 0.35 1.00 -0.59 -0.12 0.01 -0.18
(AAindex1). Each record of an entry is identified by the one-letter codes: 0.12 -0.21 -0.50 0.10 0.10 0.30 -0.31 -0.33 -0.31 0.19
H, accession number; D, definition of the entry; R, LITDB (3) literature :g-ié 72'3? é-gg :83 ggg ‘gi; ‘gig ggg -géz -g%?,
Qatabasg identifier; A, apthor(s);T,tltleoft_he_JournaI artchQ;J,JournaI citation 100 -0.59 -0.01 0.04 -0.19 0.25 -0.28 -0.57 0.19 0.13
information; C, accession numbers of similar entries with the correlation 0.13 -0.46 -0.43 -0.31 0.24 -0.13 0.34 0.46 0.06 1.00
coefficients of 0.8 (—0.8) or more (less); |, actual data in the specified order; and -0.23 -0.03 -0.15 -0.22 -0.10 -0.03 -0.09 -0.24 -0.11 0.67
* Optional comments 0.23 -0.13 0.08 0.13 -0.42 -0.25 0.35 -0.04 0.15 1.00
' ' /1

numerical values for a non-symmetric matrix (some matrice

. S . . %igure 2.An example of the amino acid mutation matrix entry in the AAindex
include a gap or distinguish two states of cysteine).

database (AAindex2). The data format is the same as described in Figure 1. The
order of the matrix elements may be computed by the equation or examined in
AVAILABILITY the database documentation file.

The AAindex database can be retrieved through the DBGET/

LinkDB system §) of the Japanese GenomeNet servieal  Area ‘Genome Science’ from the Ministry of Education, Science,
http://www.genome.ad.jp/dbget/ Sports and Culture of Japan. The computation time was provided

The DBGET/LInkDB system integrates most of the majolby the Supercomputer Laboratory, Institute for Chemical
molecular biology databases and is especially suited for usif@esearch, Kyoto University.

hyperlinks to related entries within the AAindex database as well
as to the other databases.

Alternatively, the entire database may be copied and us®®EFERENCES
locally. The URL for anonymous FTP is: ftp://ftp.genome.ad.jp/

: 1 NakaiK., Kidera,A. and Kanehisa,M. (1988ptein Engng.2, 93-100.
db/genomenet/aamde)d . . . . 2 Tomii,K. and Kanehisa,M. (1996¥otein Engng.9, 27-36.
Users are requested to cite this article when making use of the seto,v., Ihara,S., Kohtsuki,S., Ooi,T. and Sakakibara,S. (1988) In
AAindex database. Lesk,A.M. (ed.) Computational Molecular Biologyxford University
Press, New York, pp. 27-37.
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