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Prediction of protein structures from amino-acid sequences is one of the most important, but
difficult problem in computational biology. The authors have been working on the expressions
of protein structures because we need expressions of the targets in order to predict them.
Now the authors are trying to classify the protein structures by the expression, Multi Scale
Structure Description (MSSD). In this paper, labeling of local structures and classification of
local structure packings are performed by Hidden Markov Models (HMMs} using MSSD.

HMMs have been used for protein researches for local structure prediction [Asaidl, Asai93A,
Asai93B], for sequence alignment [Haussler93], for protein classification [Tanaka9 3], and for mo-
tif extraction [Fujiwara94). Most of them used 20 amino acids as the discrete output symbols
of distributions in HMMs. In this paper, however, HMMs have continuous output distribu-
tions of MSSD-parameters of protein structures. MSSD is a robust and residue length free
parameterization of protein structures using 3D coordinates of a carbons [Onizuka94]. For the
network shape determination, iterative duplication method [Fujiwara94] and successive state
splitting (S5S) algorithm [Tanaka93] have been used for protein HMMs. We used modified
iterative duplication method, where negligible links are deleted and states of the largest output
variances are duplicated.

For the purpose of local structure clustering and the automatic labeling of the structures,
the parameters of 5-residue MSSD are used. Both continuous structures and short ranged
structures are categorized naturally as the hidden states in HMMs, which nearly correspond to
the secondary structures, " helix” and " § strand” and many types of *turns” and "coils”. After
the automatic labeling, the packings of the local structures are detected and parameterized by
MS5SD, which can treat the structures of variable lengths. The HMM of the MSSD parameters
of structure packings are constructed and trained just as same as local structure HMM.
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By estimation of the hidden state transitions using Viterbi algorithm, the protein structures
are aligned to the HMMs. The labeling of the local structures and the structure packings are
easy translations of this alignment. At the same time, the HMMs extract the rules between the
local structures and between the structure packings as the matrices of the transition probabil-
ities. These rules are important for modeling the protein structures including the higher level
structures. We need these models and rules for the structure prediction of protein.
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