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i// % o [ a a o
neluruenisaiaed@igsiaunsnasiluaasldsAuuasn1anay

nnsafeantaAuTL duaIEaflaInsae gl lwariin sl uiufaieadnglieaing

1 1%
A

Tseadne 3 48 Asnansluguint TnalassaFsmasilsfuiinagauniuavegiuarduuas

u

AsaNTAU09N AR HlW LU AANT R A NI ULASA AN AR N lTa YN
(Hydrophilic  and...Hydrophobic) %38 Araniifyszanaeliln (Electrically Charged)

felmseaireresilsiuiininastiouiuanag Avnsan wlsiudn Tnadauninazilassairandn

1 v
a 1 °

2194n7n0 A L7 Lge1110 (Hydrophobic | Core) aginae i iaziulassaiesuniilsey
Gl = ?:J/ yd‘ dg’ = v dl 2 O aan 20/ % '
wiadda Minwutanatuanaedlassadae e binalffsanazazaianunldlnedne
d‘ 4 2 £ o g = % S| [ o o aaa
iHasananiazuwsney lradsnansisuiuiiagidaluesAlsznauvan nisvindgisen

= QOJ 1 ZJ/ o U [ %3 U o/ £
1raazaNe1N tolaedaeunn 1A ldna 9911 lun s uR ITa sl

I
=

317 2.1 daghanisdauiuaesaiellsmu

aa

AINAURIEANALNTADL NI LTI TR AT 3 KR



22 ngaazdly (Amino Acid)
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23  Taseds19uaaldsiu (Protein Structure)
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232 TAs9@§1NRLNA (Secondary Structure)
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Primary protein structure
i seguence of a chain of amino &cids

“Pleated sheet “Rhohe Hisllg

Secondary protein structure

’ occurs whanthe saguance of amino acids
; ars linked byhydrogen bonds

Pleated sheet

Terdiary protein structune

oCours whan cartein atractons ars pressnt
betwesn Blpha helices and pleatad shaats

Quaternary protein structure

i 8 protein consstng of mors than one
aming acid chain.
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24  n1sAugaIAuNsAazilu (Amino Acid Sequence Alignment)
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242 maudsaumisuluansmuueAn (Word Method, K-tuple Method)
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25 mﬁmiﬁzﬁnéu‘mﬁﬁﬂuﬁ’l (Hydrophobic Cluster Analysis)
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f19197 n.1 Fhetemautangaitlsfnlugaudesa HOMSTRAD

Family Name Length
3,4-dihydroxy-2-butanone 4-phosphate synthase 210
3C cysteine protease (picornain 3C) 191
4\'-phosphopantetheinyl transferase superfamily. 109
5\'-3\' exonuclease 265
6,7-dimethyl-8-ribityllumazine synthase 158
6-O-methylguanine DNA methyltransferase 166
6-phosphofructo-2-kinase 213
6-phosphogluconate dehydrogenases 475
7,8-dihydro-6-hydroxymethylpterin-pyrophosphokinase (HPPK) 150
7S seed storage protein 353
7kD DNA-binding domain 65
ABC transporter 255
ACT domain 90




F19799 N1 At ensutengnidsiiulugiudesya HOMSTRAD (sie)

Family Name Length
ADP-specific Phosphofructokinase/Glucokinase conserved region 450
AMP-binding enzyme 514
AP endonuclease family 1 271
AP endonuclease family 2 271
ARID/BRIGHT DNA binding domain 17
ATP dependent DNA ligase C-terminal domain 90
ATP dependent DNA ligase N-terminal domain 207
ATP synthase 481
ATP synthase, Delta/Epsilon chain, beta-sandwich domain 86
ATP synthase, gamma subunit 241
ATP-guanido phosphotransferase 367
ATP-sulfurylase 541
ATPase family associated with various cellular activities (AAA) 314
Acetyltransferase (GNAT) family 161
Aconitase family (aconitate hydratase) 445
actin-depolymerizing proteins 147
actin/heat-shock cognate 377
Activin types land Il receptor domain 87
Acyl CoA binding protein 87
acyl-CoA dehydrogenase 385
acylphosphatase 98
Adenosylmethionine decarboxylase 309
Adenovirus fiber protein head domain (knob domain) 188
Adenylosuccinate synthetase 430
Adenylyl- / guanylyl cyclase, catalytic domain 189
Agglutinin 149
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Family Name Length
Alanine dehydrogenase/pyridine nucleotide transhydrogenase 364
Alanine dehydrogenase/pyridine nucleotide transhydrogenase domain 1 193
Alanine dehydrogenase/pyridine nuclectide transhydrogenase domain 2 171
Alanine racemase, N-terminal domain 229
albumin 194
alcohol dehydrogenase 373
Aldehyde dehydrogenase 484
Aldehyde ferredoxin oxidoreductase 608
Aldehyde oxidase and xanthine dehydrogenase, domains 1-2 172
Aldehyde oxidase and xanthine dehydrogenase, domains 3-4 764
aldo/keto reductase 310
Alkaline phosphatase 464
Alpha adaptin AP2, C-terminal domain of C-terminal region 113
Alpha adaptin AP2, C-terminal region (consists of 2 domains) 240
Alpha adaptin AP2, N-terminal domain of C-terminal region 126
Alpha amylase, C-terminal domain 85
Alpha amylase, N-terminal ig-like domain 121
Alpha amylase,.catalytic and C-terminal domains 486
Alpha amylase, catalytic. domain 401
alpha beta-hydrolase 533
Alpha-2-macroglobulin family A 132
Alpha-2-macroglobulin family B 285
Alphavirus core protein 161
Amidase 450
Amidinotransferase 354
Amino acid kinase family 310
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Family Name Length

Aminotransferase class IV 286
aminotransferase class-IlI 431
Aminotransferases class-V. 360
Anaphase-promoting complex, subunit 10 (APC10) 170
Anaphylatoxin hemologous.domain 69

animal haem peroxidase 540
ankyrin repeats 127
annexin 317
antibacterial protein 111
Anticodon binding domain 104
Antifreeze protein 67

Apocytochrome F 250
Apoptosis regulator proteins, Bcl-2 family 166
Arginase family 303
Arginine repressor (ArgR); N-terminal DNA-binding domain 76

arginine repressor, C-terminal domain 71

Arginosuccinate synthase 412
Armadillo/beta-catenin-like repeats 431
Arrestin (or S-antigen) 364
Arrestin (or S-antigen), C-terminal domain 191
Arrestin (or S-antigen), N-terminal domain 173
Arthropod defensin 39

Asp/Glu/Hydontoin racemase 240
Asp/Glu/Hydontoin racemase domain 109
Asparagine synthase 493
Asparagine synthase, C-terminal domain 298
Aspartate carbamoyltransferase regulatory chain 152
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Family Name Length

Aspartate carbamoyltransferase regulatory chain N-terminal domain 85
Aspartate/ornithine carbamoyltransferase 37
aspartic proteinase 37
Assemblin (Peptidase family S21) 37
Astacin (Peptidase family M12A) 32
avidin 32
azurin/plastocyanin 33
B domain 78
BAG domain 81
BRCA1 C Terminus (BRCT) domain 30
Bacterial DNA recombination protein, RuvA 33
Bacterial DNA-binding protein 33
Bacterial RNA polymerase; alpha chain 47
Bacterial RNA polymerase, alpha chain C-terminal domain 31
bacterial exopeptidases 20
Bacterial extracellular solute-binding protein, family 1 34
bacterial extracellular solute-binding proteins, family 3 43
Bacterial extracellular solute-binding proteins, family 5 25
bacterial lipase 84
Bacterial luciferase 30
Bacterial regulatory helix-turn-helix protein, lysR family 20
Bacterial regulatory helix-turn-helix proteins, araC family, single 27
structural repeat

Bacterial regulatory helix-turn-helix proteins, araC family, the two 46
structural repeats

Bacterial regulatory proteins, luxR family 32
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Family Name Length

Bacterial transferase hexapeptide repeats 160
Bacteriochlorophyll A protein 353
Bacterioferritin 158
Bacteriorhodopsin 226
Beta-eliminating lyase 445
beta-lactamase 261
beta/gamma crystallins 174
Biopterin-dependent aromatic amino acid hydroxylase 316
Biotin carboxylase/Carbamoyl phosphate synthetase 240
Biotin-requiring enzymes 83
Bromodomain 120
Bulb-type mannose-specific lectin 108
C-5 cytosine-specific DNA methylase 325
C-terminal domain of Threonine dehydratase 81

C-terminal tandem repeated domains in type 4 procollagen 226
C-type lectin 126
C1qg domain 127
CAP-Gly domain 100
CAT RNA binding domain 55
CBS domain 53

CIDE-N domain 104
cadherin 104
calcium-binding protein -- calmodulin-like 199
calcium-binding protein -- parvalbumin-like 107
Calpain family cysteine protease, catalytic domain (domain ) 337
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Family Name Length

Calponin homology domain 115
Capsid protein (F protein) 421
Carbamoyl-phosphate synthase L chain and 115
Phosphoribosylglycinamide synthetase, N-terminal domain

carbohydrate binding. module family 12 52
carbohydrate binding module family 3 153
Carbon-nitrogen hydrolase 286
Carboxypeptidase activation peptide 92
Caspase recruitment domain 96
Caspase, interleukin-1 beta converting enzyme (ICE) homologues 243
catalase 566
CcmE 108
Cdc48-like, domains 1 and 2 184
Cellulose binding domain 152
Cellulose binding domain family 2 98
Cereal trypsin/alpha-amylase inhibitor family 114
Chalcone and.stilbene synthases 345
Chaperonin 10 kD subunit 98
Chitin binding domain 42
Chitinase class | 242
charismate binding enzyme 481
Chorismate mutase 218
chromo (CHRomatin Qrganization MOdifier domain) |
ciliate pheromone 39
Citrate synthase 394
Class Il Aldolase 214
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Family Name Length
Class Il histocompatibility antigen, alpha chain 181
Class Il histocompatibility antigen, beta chain 192
Clostridial binary toxin'A 204
Clostridial neurotoxin zinc protease 529
Clostridium neurotoxins 438
Clp amino terminal domain 137
CoA binding domain 125
CoA-dependent acetyltransferase 232
CoA-ligase 389
CoA-ligase C-terminal domain 152
Cobalamin (vitamin B12)-binding domain 149
Coenzyme A transferase 267
Cohesin domain 140
cold-shock DNA-binding domain 67
Colicin immunity protein / pyocin immunity protein 85
Colicin pore forming domain 194
Common central domain of tyrosinase 279
complement control protein module (SUSHI) (SCR) 59
Copper amine oxidase 637
Copper resistance protein CopC 102
copper-containing nitrite reductase 334
Cu/Zn superoxide dismutase 152
Cucumavirus coat protein 166
Cutinase 202
Cyclic nucleotide-monophosphate binding domain 123
Cyclin 252
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Superfamily Length
Hemoglobin alpha/beta 141
g Kappa chain V-l region 108
G-prot. Coupled receptors 348
Cytochrome C 105
Snake neurotoxin 74
Calcium binding EF-hand 159
Glutathione transferase 222
Protein kinase, CAMP-dependent 351
Ferredoxin 54
Ribulose-bisphosphate carboxylase 139
g Kappa chain C region 106
Hemagglutinin 567
Histocompatibility antigen 338
Insulin 110
Alpha-Crystallin'chain A 179
Phospholipase A2 148
Glyceraldehyde-3-P-DH 839
Transforming prot. (N-ras) 189
Serine protease 246
Glucagon precursor 180
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Superfamily Length
H+—transporting ATP synthase alpha chain precursor 553
Hemagglutinin-neuraminidase 576
Ribonuclease 124
Interferon alpha-1-6 189
Glutamate-ammonia ligase 373
Azurin 129
Fusion protein—Sendai virus 565
Cytochrome P450 497
Outer capsid protein VP8 280
Gag polyprotein 512
Keratin 471
Nucleoprotein-influenza A 498
Acidic ribosomal protein P2 115
E6 protein papillomavirus 158
Lysozyme 130
N-Cadherin 906
Exo-alpha-sialidase 454
L2 protein papillomavirus 507
Scorpion neurotoxin 64
E7 protein papillomavirus 98
H+—transporting ATP synthase lipid-binding 75
L-Lactate dehydrogenase 333
E2 protein papillomavirus 322
Core antigen—hepatitis B 183
Antithrombin-II| 464
Thymidine kinase 376
Phycocyanin 162
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Superfamily Length
Protamine Y2 34
Transforming prot. (myc) 439
Matrix protein 348
"‘_.-qtr L
H'-transporting ATR.synthase P6 ' i 226
Alcohol dehydrogenase A . 375
T e /NN
lonotropic acetylcho mgm\\\\\ 457
Non-structural protei ll \\\\\ 121
Annexin | ll \“\ \ 346
‘ |
w7 J P ANNY e
Metallothionei ’ : “\‘\ 61
Beta-Crystallin chain Bp 2TET / \ N 204
Proteinase inhibit B E 71
roteinase inhibitor T AT
Hepatic lectin H1 : 291
, =T T
E2 glycoprotein preCuUlSOIE s S, = S8 1447
Alpha-2u-Globulin precursc 181
Pepsin & /. '\ 388
DNA-directed |D A polymera 1462
—_ =
Prolactin ' 7 227
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Abstract

Curvent techniques in protein homology ftesting
involve a I-dimensional alignment of Nucleotide or
Amino  acid sequencing.  Due to its wvarious
consiraints and low sequence identily values,
a 2-Dimensional Hydrophobic Cluster 4lignment has
increasingly been used to predict the structure and
Sunctionality of protein. This work proposed an
algorithm  based on @  secondary-structure
Hydrophobic  Cluster Alignment  to  compule a
similarity score of protein sequences automatically,
which helps reduce interventions of a human expert
for a manual alignment. Additional techniques are
introduced lo speed up the calculation, as well as to
resolve some greedy-based alignment limilation in
the previous work. The alignment results and the
classification | accuracies from the well-known
HOMSTRAD ~database  have demonstrated an
improvement in both accuracy and the computation
time.

Key Words: bicinformatic;, hydrophobic cluster
analysis; protien homology; automatic alignment

1. Introduction

As biological data have grown tremendously in
the past decade, they provide an avenue of researches
in analyzing and extracting useful knowledge that
give us better understanding of the rules of nature.
Genome projects are parts-of the largest resources of
life science data, which mainly include nucleotide
and amino. acid sequences. However, effective
retrieval of these data is still a great challenge. More
specifically, we need a high-quality tool to determine
protein homology via sequence alignment. Detection
of protein homology has become a large research
field in bicinformatics. Several crucial analyzed

protein databases, such as UniProt [1], PDB [2],
SCOP [3], and PFam [4] have been created. These
databases contain useful knowledge, eg, protein
homology, structure, or functionalities. By detecting
protein similarity, the newly discovered protein
sequences can be used to predict their functionalities
from the known information in the database.

Early methods, such as Maximum Matching,
Basic Alignment Search Tool (BLAST) [5], and
FASTA [6], measure protein homology from
protein’s primary structure information. These
methods still have major limitations and drawbacks;
they are unable to provide a proof of sequence
homology if the sequence identity appears to be too
low, a situation that typically occurs in proteins of the
same functionality, but belong to organism from
different species.

The similarity can generally be measured from an
alignment of either nucleotide sequences or amino
acid sequences. However, nucleotide sequence
similarity is not suitable for protein function
discovery; amino “aeid sequences are typically
exploited instead since they contain much more
information, such as hydrophobic and hydrophilic
properties. - Unfortunately, . the current one-
dimensional alignment tools mentioned earlier all
have some limitation that yields poor alignment
results. Therefore, higher level structures (Secondary
(2-dimensional), Tertiary  (3-dimensional), and
Quaternary (4-dimensional)) have been increasingly
put into consideration. Functionality of a protein is
generally based on its 3-Dimensional structure. Some
researchers have attempted to predict this protein
structure by amino sequence folding based on each
amino acid property, but this approach turns out to be
unfeasible in  practice that extremely high
computational power is needed.
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Figure 1. Two-dimensicanal represantation of the amino acid sequence using HCA method.

Instead, our propesed method §s based on the idea

of a 2-Dimensional strughure, Hydeophobic Cluster
Analysis (HCA). Hydraphobigity property is the key
in protein folding. The reason i8 that as prolein
creating and folding oceur in Waler, they try lo
preserve the structure by compacting. and turning
their hydrophobic pat” inside and testing - the
hydrophilic part outside for aneasy accessto water.
Hydrophobic Cluster Analysis (HCA)-approach has
been developed from this®belief yHCA® approach
visualizes amino acid sequence ‘as-a 2-D helical
pattern. In a Hydrophobic Cluster Analysis, amino
acid sequences are laid into a 2-I) helical pattern by
twisting the protein into a smoothed helix, where
each twist will contain 3.6 amino acids [7]. Then, this
cylinder is cut lengthwise and spread into a 2-
Dimensional plane, and the hydrophobic amino acid
will be highlighted and grouped together [8], as
shown in Fig. 1. This representation is then used in
protein alignment. However the actual hydrophobic
cluster alignment requires a human expert to perform
the alignment manually.

An earlier work of Autematic 2-D Hydrophobic
Cluster Alignment [9] introduced _the. new
representation of amino acid sequences and used
dynamic programming approach to measure their
similarity. The homologous proteins with the same
functionalities will have a high sequence identity
score and others with different functionalities will
have a low sequence score.

In more detail, the algorithm in [9] is based on a
dynamic programming approach. Every cluster block
from the test sequence will be compared with all
cluster blocks from another sequence to discover the
best alignment and score. First, a matrix as large as
the number of cluster blocks in each sequence is
created. Then each cell in the matrix is filled

a::curdu’@x starting from the first pair to the last
pair. To determine a cumulative value in each current
cell, the maamum, score of the three neighboring
cells (Top, Left, and Diagonal) is added to the current
cell’s ‘alignmeni score. This cell’s alignment score
reflects the best alignment score by shifting residues
one-by-one. from left to rght and updating the
remaining residues in the matrix that will be used
later, After the score of the last pair is calculated, the
Best seore of the alignment is obtained. The actual
ali,grlm 2nt can be constructed by tracing the path back
1o ihe first auguu'lcul. pﬁh’ Even 'l.hﬁhéu this approach
achieves good accuracy improvement over the one-
dimensional alignment approaches, its alignment is
still not optimal and its computational complexity can
be much improved. .

Therefore, this work proposes an extension of the
previous technique in- [9]. We revise the
representation of the amino acid sequence and
mmprove the dynamic programming algorithm. The
goal 1s to offer a better accuracy alignment score and
improve the efficiency of the computation.

2. Proposed Method

2.1 New representation

We improve the representation proposed in [9],
whose amino acids are simply transformed into
binary symbaols;, “17 represents hydrophobic amino
acid and “0” represent hydrophilic amino acid. As a
result, the information regarding  different
hydrophobic amino acids is lost. Instead, our
representation replaces only hydrophilic amino acid
into “0” since it has no role during the alignment, and
keeps the original representation of all 7 types of the
hydrophobic amino acids (Valine (V), Isoleucine (1),
Leucine (L), Phenylalanine (F), Tryptophan (W),
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Methionine (M), and Tyrosine (Y). Preserving thls To calculate the alignment score of two cluster

hydrophobic information enables our appros blocks, we search the alignment position that gives

achieve a more accurale score since We t highest score by shifting residues one-by-one

different scoring to different types of h fopl m left to right. Current position alignment score is

amino acids, Our sub&utullm \?\.h axtende the*summation of all aligned amino acid pairs score
cifica | i O

substitution matrix in Fig. 1. An
scores of hydrophabm i in Fig 5. Cluster] and Cluster2 are
hydrophilic amino acid i

average score of the ohobic- i
shown in Fig. 2, S

EF<XT<r-r—=

Figure 2. The substituti -;-uw LOOLOVVIODLFOOOLMODOLORL

L
':.Ill

To extract an amific a SeC intc an A T =
indivichul hdircplg jter. jf g : ; re. AN Kammaofnurcalculanﬂn
previously proposed methy : ST \

“0"s or more in the sequg
amino acid symbol (P
cluster. Now our 4
transformed into cluster blog
used in our alignment algor!
new representation.

work, gur cluster alignment algorithm also
amic programming approach and is based
ensional siring matching technique
to that in [9]. However, we include additional
Hniques as follows to increase accuracy and to

(8)  MASFKIALLLGVIAFVNACSQAPGTTTTIVETTVITVSADOGSEAGLLS pmputation cost.

ses a dym

(b)  MOOFOTOLLLGMTOFVOQOH 1000000000 nary Lookup
tme, for an alignment of amino
' ks is spent mostly in score
qugnce pairs. Generally, the
©) el 10 01 Co Igaad between the new query
s and each of the sequences in a very large
In order to ze, identify, and understand database. Ca!cu]at e score of the same sequence
features of cluster blocks easily, we use the  repeatedly clearly Wastes a lot of computational

vismllzaum tm] in [g example ﬂsuallzanon of 1 - S0, we introduce the score dictionary
sters . technique to retrieve the already existed

(&)  MDOFOIOULLO

Figure 3,
(a) Original <aq

ate score of each sequence

ible and their

espnndmg scores into a :I:mu:mary MNext ume a

MODEDI 0Fv palr of the sequences with the same subsl.nng in the
I*HM dlctmnary

Figure 4, A Visualization corresponded Id’fmlh'ﬂ subsequences score we Eﬂl "-'-‘l|1 add to
to our representation ichionary.
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into training and test set.



In our experiments, test sets include one random
sequence from each of the protein family, resulting in
a total of 1032 sequences. The training set also
randomly select and each protein family must be
selected at least one sequence. Sizes of the training
set are varied from 3448 sequences to the entire
HOMSTRAD database of 336827 sequences. Note
that both training and test data are distinct, where no
sequences in the test set overlaps with those in-the
training set.

To validate our proposed method for each of the
sequence in the test set, we search the training set to
find the most similar sequence based on our
alignment scores. If the best sequence we discover is
in the same family as the test sequence, we denote it
as a correct answer. We compare our classification
accuracy with the previeus method [9]; results are
shown in Table 1.

Table 1. Experimnetal result

Training Testing

. . Method Accuracy

size size

Our aprroach 93.50%

s 1032 Previous approach[9] 91.47%

Our aprroach 95.05%

4813 1032 Previous approach[9] 94,38%

Our aprroach 95.93%

8o678 1032 Previous approach[9] 95.15%

137991 1032 Our aprroach 97.18%

Previous approach[9] 96.32%

Our aprroach 98.64%

336817 To% Previous approach[9] 97.09%

From the results, our proposed method reports
higher classification accuracy based on protein’s
secondary structure and 1ts homology. Our running
time 1s also significantly improved. However, we
decide not to report the raw running time here since it
would be unfair to the previous approach as they are
implemented under different. platforms. However, a
simple - analysis of our algorithm theoretically
confirms that our newly proposed approach will
reduce the time complexity by a large margin,
especially in massive databases.

4. Conclusion

In this work, we propose an improved automatic
2-Dimensional  Hydrophobic -~ Cluster  Alignment
algorithm that yields higher classification accuracy
with reduced time complexity, As a result, our
proposed technique could facilitate and unveil a new
opportunity of research in protein’s homology, its
functionality, and  numerous  Bioinformatics
applications.
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