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(Introduction Protein)

(protein)

Cytochrome C

574

(Enzymes)

(catalyst)

104



wonjj* ! J 5

nJim 5
2. ? (Transport Proteins)
3. (Nurtn'ent and storage
Proteins)
(casein) (ovalbumin)
4, (Contractile or Motile Proteins)
2
(actin) (microtubules)
(cilia) (flagella)
5. (Structural Proteins)
(collagen)
(keratin)
6. (Defensive Proteins)

(antibody)



20

(0)

(Regulatory Proteins)
(insulin)

(growth Hormone)

(Other Protein)

(Amino acid and Peptide bond)

20

DNA

20

(djenkolic acid)

4 ©.

(N) P),

monellin

(H),
()



Side Chain

0

N-— ¢ —C
\

Amino Group H- Carboxyl Group
2.1
COOH ;  (carboxyl group)
NH2 (amino group)
R side chain



Alanine

(Ala,A)

Arginine

(Arg.R)

Asparagine

(Asn,N)

Aspartic Acid

(Asp, )

Cysteine

(Cys.C)

Glutamic Acid

(GIn.Q)

coo
+-3 —A—H

CH3

coo'
+3 —A—H

Cl-fc

+HjN— C—H
Chk
SH

coo!

coo

Mass

(daltons)

71.08

156.20

114.11

115.09

103.14

128.14

Volume

(A3)

88.6

173.4

117.7

111.1

108.5

143.9

Accesible
suface area
(A2

115

225

160

150

135

180



Glutamine

(Glu.E)

Glycine
(Gly.G)
Histidine

(His.H)

Isoleucine

(He.l)

Leucine

(Leu.L)

Lysine

(Lys.k)

000)
+3 —i—H

Chb

Chb

K K
600}
+3 —C—H

HN-i —H
C;

n»

HC—N

000)
H#HN—C_H
H—_ b

+3 —C—H
Cho
Cho
Cho
Cho

129.12

51.06

137.15

113.17

113.17

128.18

138.4

60.1

1532

166.7

166.7

168.6

190

5

195

175

170

200



Methionine

(Met.M)

Phenylalanine

(Phe.F)

Proline

(Pro.P)

Serine

(Ser.S)

Threonine

(Thr.T)

Trytophan

(Trp, )

Tyrosine

(Try.Y)

Coo
+HIN—¢—H

+HjN— G—H
ct-t

131.21

147.18

97.12

87.08

101.11

186.21

163.18

162.9

189.9

122.7

89.0

116.1

227.8

193.6

185

210

145

115

140

255

230

10



Vvaline 600] 99.14 140.0 155
Valy "HiN—C —H
(Val.v) CH
Moy B
2.1

(peptide bond)

N 0
Iy
NH- ca-c- - -
R
N - terminus

pH

(Creighton T.E., 1984.)

(covalent bond)

SiaNy H 0 H 0
o
= : | 1 |
IH R’ ”i! R- | H R Oft
resicue resilue ¢ - terminus

2.2



(Protein structure)

Seconiai*y

Primary
structure

structure
I Lys |

1

Ulv
1 (lly ! \ al
[Leu j

Ow j %
3a~'

(U

*

Amino a Hélix

2.3
1993.)

(primary structure)
(secondary structure)
(tertiary structure)

(quaternary structure)

Tertiary
structure
* N
Polypeptide
chain

(Cox.,

(Primary structure)

12

Quaternary
structure

VLY %>
1\] ***l

*( 4 0A

Assembled
subunits

Lenhinger. and Nelson.,

20



2. (Secondary structure)
side chain
2
21 (a-helix)
0
c=0 H N—H
R
L N J
&
"3 V"
M
LS P
- ;
U F
4‘ 34 ,.‘_\"
ERe R
LG ’1

2.4

Nelson., 1993))

(Cox., Lenhinger.

13

and



2.2

2.5

1993.)

(p- sheet)

- /]

fe L '
} ( W2

“'\&.J). % '.g o
i - YY) o AID

F ‘we 4

&

(Cox., Lenhinger. and Nelson.,

(Tertiary structure)

side chain

(globular protein)

(Quaternary structure)

(subunit)

14



(Human Genome Project)

15



16

protein
sequence with
unknown

structure |

Find similar
sequence with
known structure

protein
seguence
with known
structure |

2

E xtract significant
structural properties.

known >
protein = =

3

Infer similar
structural properties
for unknown

s — structure.
predicted

e

O s

2.6 (Smith ., 1998)
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(Homology of protein)

(Homology and similarity)

(Homologous protein)

variable residues

(Gap)
3 (three-dimensional
structure” , A 3
B 3 A
A 3
3
Dynamic programming methods (Needlemann., et al.,1969), BL-AST (Altshul

et al.,, 1990), Hidden markov models (Kevin., et al ,1999)

2
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Needlemann

1. Dynamic Programming methods
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0

Needlemann(Term H.,

Dynamic programming methods

2.7

1999.)

(gap)



2. BLAST

BLAST Algorithm

(1) Forthe query find the list of high scoring words of length

Query Sequence oflengti L

o e e 0 o ot et MaHfflum ofL-w+1 words (fcpically 3 for proteins)

ma In (e @0 H arameters
tiere around oS per residue of the query..

_E_ fo ac a/vor e%uence
= | e

(2) Compare the word list to the database and identify exact matches.

atabase
=4 Sedueiices

%%C\I,\Iba%ﬂls%s orworas

(3) For each word match, ertend alignment in both Erections to find
alignments that score greater than score threshold

Mammal Segment Pairs (M5PS)

2.8 BLAST(Term H., 1999.)



BLAST Basic Local'Alignment Search Tool

1980 1

Hydrophobic Cluster Analysis (HCA)

2.9 2 ' ' HCA (Karlin and Altschul., 1987)

20



Local VS Global Alignment

Local alignment

mw

fl 1 3

global alignment

/

R

+ Global Alignment

8 1 ]
+ Local Alignm ent
L@y v 8 ]
5 rews oS gt ]
2.10 Local VS Global Alignment (Term H., 1999.)
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(Neural Networks)

(Biological neural system)

neuron ( 101 )
3
dendrite
cell body dendrite
axon neuron

\\ / \ |

X,,/\-/ k\ 3
)\> ’ A ’Lfaru: N
\/\\ \

2.11 (Demuth H.B., Beale M. and Hagan M.T.,
1995.)
synapse dendrite axon
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2.
function
(Neural Model)
input
input 1
R Input ~ neuron
P, I
N j I
input P
Inputs - Multiple-Input Neuron
N
a ’
y
212 Multiple-Input (Demuth H.B.,

Beale M. and Hagan M.T., 1995.)



= WLIP1+ W12P2 + e-+W1LlrPr+ b

a = neuron
= f(Wpt)
b - hias
Network Architecture
1 neuron
input
Single Layer Network Neuron
Inputs ~ Layer of 5 Neurons
,___i»{ ./" ;-..i’
| &,
9
|
AVARN A V4
a- fi.Wp+Di
2.13 Layer

(Demuth H.B., Beale M and Hagan MT., 1995)

24

neuron

Single-Layer



a - f(Wpth)
Input p neuron  weight matrix
bias b transfer function f 3,
" input  weight matrix

Wy oo R
21 22 +- 2R

Laysr > Neurons
WAL S 7o =

p i a

TR g RSN T

i b

1 fi 0+h)

neuron

214 Layer Single-Layer

(Demuth HB., Beale M. and Hagan M.T., 1995.)

McCulloch and Pitts Model (MCP)
model

25
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(t+ D) = 0CT A jit) - I

0 step function

0(x) 1 x>=(
0
synapse neuronj  neuron i
synapse neuronj  neuroni  -=(
= |
E neuron | I 0
VY
y/—
2.15 McCulloch and Pitts (Krongh A., Hertz J.

and Palmer R.G., 1991}

1 |
0(x) nonlinear activation function gain
function  transfer function



Pattern Classification

pattern XOR
2 0 1
i A=[0 O] 1
':}r' p2=[0 1]
' p3=[L Of
pa=[l ]
single layer XOR
network layer P, layer 2 pd
i 4
== W |
! T O
!
% e
"E;f‘\'“‘*""‘—i* ,w! -*I—
Layer UNeuron 1 Layer 1/Neuron 2
2.16

Beale M. and Hagan M.T., 1995))

The Backpropagation

neuron network

27

two-layer

(Demuth H.B.,

By Ho

(1969), Werbos(1974), Parker(1985)  Rumelhart et al(1986a,b)
m feed-forward network

input output { ;,¢*J

gradient descent
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Ew]= fier - 0f =336 - X war

k

E[ ] K
gradient descent  E

E
Aw; - C_

2.17 Feedforward network (Krongh A., Hertz J. and Palmer

R.G., 199m



2.18 Black-propagation  3-Layer network (Krongh A, Hertz J.
and Palmer R.G,, 1991)

Awpg = 1 Z Output x Vinput
pattern

Backprogation
L
2. pattern input layer (m = 0)
W=E
3. propagate network
V' = g(h") = g £ wivf-)
| m Vf
4, delta output layer
8" = g(h) Kl - V]

! ¢"



delta preceding layers  propagateing
O-1=gh-%E o
= MM-1....2 delta
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