2016%

B TI\AAAMYITANT 1 DR,
AR T IER

BRI PSA XV~ (R3})
T—HIR=2Y—F (A})

HEEE - BE R (A3

BRSEF—7 - BNILOT7ETIL (AL
Py UETwvEYS (Blanc-Mathieu)
DHELL (&H)

DFRIGEENT (W)

nFRGiEENT 8] (Blanc-Mathieu)
BT PEl (EH)

10 BeRe P /) T—aY - thB&YT /A ($8H)
11. YRFARIN1rA0Y— (R3})

12. X545 J L@t (hH)

13. X595 L@t (#5H)

©CONOORWN -~

http://goto.kuicr.kyoto-u.ac.jp/lecture/bioinfo.html
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@ INEEP CEBDEY
[CTFES DEHDA
AlliES

s aNJ WO R
[ | ,8 ‘\J_ |\
« JA1I)L =T

@ C=0 & N-H DXKZ*E
SENLEIICES

http://mikilab.doshisha.ac.jp/dia/research/person/yoneda/research/2002_5_29/protein/01-protein.htm
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Chou-Fasman

Helical £-Sheet » BRI EESH 5. B
. 5 . c N ~ s 0O
R;“‘(“js 1”;3 R;“‘“es l’;; \ 7= BERENaAU Y
u's" . et . L) — -
Ala 1.451 H, Val 1.65l Hj fét B /c‘: H“jfgnké
Leu 1.34 Ile 1.60 ’/‘I\R‘,('Da 'DB) sTE L
His®  1.24 Cys 1.30! TH¥E,
Met 1.20 Tyr 1.29 .
plo 17| PLe g = H: Strong former
Trp 1.14 ¢ Gin 1.23} hg s h: Former
Phe 1.12{ Thr 1.20 = . VWeak Tormer
Lys®  1.07] Trp 1.19] = i; Indifferent
Ile 1.00/ Ala 0.97} I
Asp® 0 98 Arg™ 0.90 s b: Breaker
Thr 0.82 Gly 0.81}ig .
o 075}, A 030 = B: Strong breaker
Arg™® 0.79 Lys® 0.74
Rt e o » 5~BEEDD Y RDT
sn 0.73 b His 0.71; bg o - _
Tyr 061 = Asn 0.65 Pac‘_’_ PB%HS%L?%C_C\:(;
Pro 0-59}13 Pro 0.62 KXo2>TCanNUwvIORERB
Gly 0.53 Glu®™® 0.26} By ) — &3,

Chou and Fasman (1974) J Mol Biol



D INDE

3D _Rigis Al

EE 31

a Chou-Fasman Q1 YTy O RZBWNcD1 YV ERD
H—FTCIRESEZFALUTHE D,

2 Bl ZORUDKUA—-RVUYVEAY XS —F

s SWISS-PROT: T

s 5EED4YVERDODE

PS CHICK
219 . Pa DEiH

= (1.20+1.45+0.59+0.79+1.07) / 5 =1.02

o iﬁ'(i%%(c}’ a D

I9EP B DI ZLEER LT, K

= b\ﬂﬁ%%j d’@%x%]&%'] DHTTHEK D,

Sl

MAPRKFFVGGNWKMNGDKKSLGELIHTLNG
CCCCCEEEEEECCCCCCHHHHHHHHHHHHH

E:— bk, H:NUWDO R c: 1)L



Chou-Fasman

KRICEEHDOE 21— RT 4 IV RZ@EALTaNY v IR,
BI—hk. J4)L JL—7) #ZEDOYTTLB,

JL=IL1 : anNUwvw O R
s <Pa>>=1.03and <Pa>><PB> (1)
s Prol@NUw o XPCFHEIB UL,

= Pro, Asp, Glu (& NRIZ. His, Lys, Arg [& CRICEIRT S
C EDZLN,

IL—IL2 : BY—hk

s <PB>>=1.05and <PB>><Pa> (2)
s Gluld® o7zl —kPICBIB UL,

s Prold>y—hkDPRICIFBIR UL,

. ;rgolg(it/uc‘:“b“NEE(:tljiﬁb\ CRICEIBI B &(EH-
ful (/AN AR

IL=ILT ICBI=IL2CHBHETEFERSHWL : DT



GOR

~

JBREEN QAU VIR BY—h, DTILICRNZEES

RS
BREDMUEBHREZR L TR,

2 17REDDAYVEDOTanNUy IR, BY—b. DAMIADZEDR

Directional information measure for the «-helical conformationt

Residue position}

Amino acid .
residue . . (centuu.;,ts) . . . .

j—8 Jj—6 J—4 J—2 J J+2 J+4 J+6 J+ 8

Gly —b —10 —156 —20 —30 —40 —50 —60 —86 —60 — 80 —40 —30 —20 —15 —10 -5
Ala b 10 156 20 30 40 50 60 65 60 50 40 30 20 15 10 5
Val 0 0 0 0 0 0 b 10 14 10 b 0 0 0 0 0 0
Leu 0 53 10 16 20 25 28 30 32 30 28 25 20 15 10 5 0
Ile 5 10 15 20 25 20 16 10 6 0 —-10 -1 —20 —25 —20 -—10 -5
Ser 0 —b —10 —16 —20 —25 —30 —36 —39 —35 —30 —25 —20 —15 —10 ] 0
Thr 0 0 0 —b —10 —16 —20 —25 —26 —26 —20 —15 —10 -5 0 0 0
Asp 0 —b —10 — 15 —20 —15 —10 0 5 10 15 20 20 20 16 10 5
Glu 0 0 0 0 10 20 60 70 78 78 78 78 78 70 60 40 20
Asn 0 0 0 0 —10 —20 —30 — 40 —5b1 — 40 —30 —20 — 10 0 0 0 0
Gin 0 0 0 0 b 10 20 20 10 —10 —20 —20 —10 -5 0 0 0
Lys 20 40 50 b5 60 60 50 30 23 10 5 (] 0 0 0 0 0
His 10 20 30 40 50 50 50 30 12 —20 —10 0 0 0 0 0 0
Arg 0 V] 0 0 0 0 0 0 —9 —15 —20 —30 —40 — 50 — 580 —30 —10
Phe 0 0 0 0 0 5 10 16 16 16 10 b 0 0 0 (] 0
Tyr —b —10 —15 —20 —2b —30 —35 —40 —45 —40 —35 —30 — 26 - 20 —15 —10 —b
Trp —10 -—-20 —-40 —50 —580 -—10 0 10 12 10 o —-10 -5 -5 —40 —-20 —10
Cys 0 0 0 0 0 0 -5 =10 —13 —10 —5 0 0 0 0 0 0
Met 10 20 25 30 36 40 46 50 53 50 45 40 35 30 25 20 10
Pro —10 —20 —40 — 60 —80 —100 —120 —140 —77 — 60 —30 —20 —10 0 0 0 0

Garnier, Osguthorpe and Robson (1978) J Mol Biol
10



PHD

first level; second level: third level: prediction
profile generation sequence to structure  structure (o structure Jury decision winner take all
from a multiple in: profiles, in: output of first in: output of (given here .
sequence alignment out: units for level, out: @, B, L different networks for the N at
(here: B-lactamase: 3bla) helix (o), strand (B) out: arithmetic position 4)
and loop(L) average for o, B, L

protein  DSSP aligned  number of

sequence  example: input
K.HK 1:K=.7§, H=.25
EDAE 2:E=.6,D=2,A=2
FFFF
SAAS
QKKQ
LLLL
EEEE
KEKK
KQEK
FFYF
DDND
AARAR
RKKR
LLLL

B
B coss 3BD=2—SILRY RD—5X2

helix
I@ 246 g —v

\

37
8: K=.8, E=.2 I®

R R 8 R RARKRK R A

0 126

l 0000 660

O H @I Y Z <KX XN ®HMOCOZC mR

Rost and Sander (1993) J Mol Biol
11
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PHD

® Z_ORJORIVA-RVYVEBEAYXS—F
» SWISS-PROT: TIPS_CHICK Z0 U [CS A TCHER

10 20 30 40 50 60 70

MAPRKFFVGGNWKMNGDKKSLGELTHTLNGAKLSADTEVVCGAPSIYLDFARQKLDAKIGVAAQNCYKVP
eEEe hhhHhhhhe e eEee hhHHHHHHHHHhhhhchhhhhhh
KGAFTGEISPAMIKDIGAAWVILGHSERRHVFGESDELIGQKVAHALAEGLGVIACIGEKLDEREAGITE

HHHHHHHhhheeee ecceEe HHHHHHHHHHHHHh EEEEe hh
KVVFEQTKATADNVKDWSKVVLAYEPVWAIGTGKTATPQQAQEVHEKLRGWLKSHVSDAVAQSTRIIYGG

hhhhHHHHHHHHHHAh eEEEEEEeeEeee HHHHHHHHHHHHHHHHHHHHHHHHhceEEEEEe
SVTGGNCKELASQHDVDGFLVGGASLKPEFVDIINAKH

hHHHHh eEEe hhHhhhh

MAPRKFFVGGNWKMNGDKKSLGELTIHTLNG
CCCCCEEEEEECCCCCCHHHHHHHHHHHHH
E:>— Kk, H:ANUWYO R c:D1)L

13



PSIPRED

[Raw profile from PSI-BLAST Log File|

» PSI-BLAST T PSSM Z{ERk,

T
]
@

Position-based scori

&

o

E_l_/"h—
(=]

J BEDERE

—
=
—_—

o LS?%%GD D4 VRO THREMNE
)

Window of
15 rows

V23303440140243004

[ [ [ [ [

HNMONTTITAMITNAMONMO
[ A A N A Ol

FOSTsTOOMIOIONTTOTO
[ R R A S B B ] [

EMNONANNNAHO AN ANNOO
[ | [ e

VOLNMOAANNNONHOONO

| ' 1

ANNNTMIMTOMMO OO SO0
[ S S A B A B B

MO TTATTITNITAMITONO
[ [ 1 [

IamgNoNMaaanGNOETOn
[ [ 1
XTOHONOHAA~MT N0~
1 [
HMAdsmWosssnsNmesmsos
[ [ [ [ i

114403413341344304
[ [ [ [ i

TN ANTMNN T NN T NN NN
L T e N N S B N N B

VTAAOIT D OO NN 0O
i [ [ v [

E440ﬂ2214104401402
1 [ v 1 [ 1

N41244034233531103
[ ' [ '
EeA A MMNNOMONM T O™
e ' [ [
KMOONCODHNNCW O~ NO
[ ' [ [ [ l

15 x 20 scaled inputs
to 1st network

TNY T
>o0o000
~moe
noooo
n N OWNn
zococoo
T O T e~
Hoooo
- T TN
noooo
Mo
acocoo
oONOO
moooo
LT IR Y]
ZTcocoo
MmMMONm
xoocoo
T T T T
mMococoo
TN AT
Hoooo
T O~
moooo
M- OON
woooo
MmN
moooo
™M =N
cocococo
N TN M
voocoo
Mm oM
acococo
MM m
zoooo
MmN M
xoooo

<+ MmO

<oooo -

(ZREE+ D1V ROD
AT VI R)

60D AA : 15X4

Final 3-state
Prediction

60 hidden units

2nd Network
3 outputs

60 inputs

-

outputs fed to 2nd

Window of 15 x 3
network

JBEERE+ DA VRODA VYT VIR)

—
—
_—

1st Network
75 hidden units
3 outputs

315 inputs

30BN ANVYOR Y=k M)

315DAN 1 15%x21 (7

Jones (1999) J Mol Biol
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fHRRRBREFAT

51

¢ PSORT

s BCHIPICERRID I T FILDH D HE S HEFH N
M5 FHIT D RERZRHUVIZAE

s http://psort.hgc.jp/

¢ IPSORT—=Wolf PSORT

» PSORTICECHIFELUEDERZEA UTcihik,

» http://ipsort.hgc.jp/
@ ESLPred, SublLoc

= SVM (Support Vector Machine) ZRRWcEE,

@ SOSUI, TMHHM: [R&:&

» SOSUL: D14 Y RDONXR—=Z,

SR TR

« TMHHM: HMM [E&3ET UL,

17



PSORT DREAR

ER-transferon

LS: UYY—1
MT: SkIVRUP
PX: RILAF Y — L

NC: #%

o, X ER: /J\f@{K
ERdepron ) e PM: ABEAR
O 1fic Signals
| P CP: #fif28&
TMS in Mature GG: JILIAR
Portion | X
I M-transferon
o % T™S
| NLS
Topol (o) X
- Topology - KDEL opology T™S SKL |
o X o X Topology
GPI .
Apolar motif
] T l—l_l

ERM PM LSM ERL LSL OT ERM PM MT MT MT MT NC PX ERM PM GG CP

OM IM IT MX

Nakai et al. (1992) Genomics

18



Terminology for Various Sorting Signals”

Name of a signal Function
M-transferon Translocation from cytosol into mitochondrial matrix (matrix targeting sequence)
M-degron Recognition signal for the cleavage of M-transferons
M/IMS-transferon Translocation from mitochondrial matrix (M) into intermembrane space (IMS)
Nu-transferon Translocation from cytosol into nucleus (nuclear localization signal)
P-transferon Translocation from cytosol into peroxisome
ER-transferon Translocation from cytosol into endoplasmic reticulum (signal sequence)
ER-comparton Retention in endoplasmic reticulum (for the lumen or membrane)
GPI-modon Generation of GPI-anchor after the cleavage (also a degron?)
M6P-modon, G/L-comparton Golgi-mediated generation of Man6P residues; may be identical with the signal for transfe
from trans-Golgi to lysosomes
S-transferon Translocation from cytosol into chloroplast stroma

S/T-transferon Translocation from chloroplast stroma (S) into thylakoid space (T)




ﬂ ?Ei —LB'f_L%/,\J

BRKETEIR (H ) EMFRZEIEER (A, A7)

¢ [RE @8

. a/\U ‘JOZ Amino acid A A H
= Lysine (K 3.67 0 -39
® 7~ 1 7%E= A);:lxxllfn(e ()R) 2.45 0 4.5
\ = Histidine (H) 1.45 0 -3.2
g ), E§E7J<'|$}E Glutamic acid (E) 1.27 0 ~35
;i@ RY AL Y Glutamine (Q) 1.25 0 -3.5
O) ill\j 1E % Aspartic acid (D) 0 0 -3.5
7 D Y, Asparagine (N) 0 0 -35
Trptophan (W) 0 6.93 -0.9
= Tyrosine (Y) 0 5.06 -1.3
@ 3 ’i’JﬂEb‘% LY Serine (5 0 0 “0s
""'-EB-\ Threonine (T) 0 0 -0.7

B H% = l— Proline

= ®) 0 0 ~1.6
A Glycine (G) 0 0 —0.4
p’é‘ijz' C\:_ }E XE Alanine (A) 0 0 1.8
Methionine (M) 0 0 1.9
Cysteine (C) 0 0 2.5
Phenylalanine (A) 0 0 2.8
Leucine (L) 0 0 3.8
Valine (V) 0 0 4.2
Isoleucine (I) 0 0 4.5

Mitaku et al. (2002) Bioinformatics
20



SOSUI

|

N\
N:|

[Hydropathy profile]

Jy
WY

U

P4

M

[Helical wheel diagram of predicted segments]

/L\ S

A

¥

W

Blue

Hydrophobic residue: Black

Polar residue:

PRIMARY  HELIX
ECONDARY HELIX

S

Bold blue(+) Bold red(-)

Charged residue:

21



fRE@3 TR - SOSUI

SOSUI: Submit a protein sequence

[Sample Sequences] [References])

Enter a title or commen SOQOSUI Result

Rhodopsin http://bp.nuap.nagoya-u.ac.jp/sosui/
. N N S > \ S kdb
Enter yztgsgglgc:ccﬁ: Query title : Rhodopsin _'7 4V RONR—ATERKEDISIER
VTvaHRKLRTPLAYiLLNLAY Total length : 348 AL A. 51_5' 6_ D o

EGFFATLG
GEIALWSLVVLAIERYVWCK' Average of hydrophobicity : 0.473851
VGWSRYIP

EGMQCSCGIDYYTPHEETNA

AQQQES
ATTQKAEKEVTRMVIIMVIAF
AKTSAV

YNPVIYIMMNKQFRNCMVT This amino acid sequence is of a MEMBRANE PROTEIN
which have 7 transmembrane helices.

To execute the query, p

To clear the form, press |N0.||N tcrminal” transmembrane region “C tcrrninal“ type ||lcngth|
| 1| 40 || LAAYMFLLIMLGFPINFLTLYVT | 62 | PRIMARY | 23 |
|2 | 71 || PLNYILLNLAVADLFMVFGGFIT | 93 |SECONDARY| 23 |
|3 ]| 113 || EGFFATLGGEIALWSLVVLAIER | 135 |SECONDARY| 23 |
|4 | 156 ||[GVAFTWVMALACAAPPLVGWSRY| 178 |SECONDARY| 23 |
|
|
|

|5 | 207 || MFVVHFIPLIVIFFCYGQLVFT || 229 | PRIMARY | 23
| 6 | 261 || FLICWLPYAGVAFYIFTHQGSDF || 283 | PRIMARY | 23
| 7 300 || VYNPVIYIMMNKQFRNCMVTTLC | 322 [SECONDARY| 23

22



fRE@SL TR - TMHHM

(a)
cy to;l:esmjc non-cytoplasmic side

cap . > short loop | glob-
cyt. non-cyt. non-cyt. (<€ ular

glob- | loop

ular [«€— cyt.
cap . - long loop | glob-
cyt. non-cyt. non-cyt. (<& ular

loop cap

helix core
1 2 3 4 5 6 7 8 22 23 24 25

Krogh et al. (2001) J Mol Biol

23
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M AREED TR

& REOQY—-—EFTVUVY
= Homology modeling / Comparative modeling
» BRHIAMBTULNEBSEHLITVLDS
w VEESBIROY VOB TEIREODY —DHDHDH
SEExETVUVY
 AVNE A Vis)
= Threading / 3D-1D / Fold recognition
» UEES AT —
« Bo7 - B EE MMM (RT VY v L)
® PITAZIAE
» BIEIRILF—DIRILF—DRNCED L SRIRFDEC
BZ5T8R I D

25



I20AXV s - PRYTUEK

VAP

& @

HEREDNSTHHEREDOMABEZ 707 7 1 )LEEESE
R EZRAWCERIESET — I N—IH S EUS
— QLﬁH’@B@Ug E (W DHO\DIERZEZE S

V20XV RZDREEDEDIZEICKDEREEZ
Fllle DREEBDEDIRICEDFENZEREICKD
ITRIF—RELREEITS

Univ. Washington @ Baker ShH'F%
BRERCTERBOFEEZZISN TS
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VIBEFAICEFDTL—ORIL—

® AL vT 1 VIEDFBR (Eisenberg et al.,

1991)

= BIS

pl

A0 DECS & BB DV BSOS T

@ PSI-BLASTDRF (Altschul et al, 1997)

s

J 7 ’r)l/(g_

DLKNILF TP SA4 XY

NDIEDRUETICKDALYT VT
@ David Baker [C &3 ab initio 378 (1997)
s EHBHR+> a2l —Y 3V

27



MAKES TR R T LADEERS)

¢ GenTHREADER
s NEQAY—TEFVIITERLYT 4 VI ZHEDLEDFE

« PSIPREDY —/\—"TC{EROJRE

» http://bioinf.cs.ucl.ac.uk/psipred/ %"Fﬂ@ﬂﬁljj

5 J

B0 74)LJ

A

w

Non-redundant
database

¥.—/
&5 @B’iIJJ

2 0—/V)LDP

e | J

BRI EBR2DKIWVADRT Y
Vv )LEHELZ1-S)LRY ~
TIEULWLWHDESHZHIFET S
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PIAZIA%E

MIBNRIB(CE DK AL

® IRIL*X—8/IVE. BULIE, #oariEXZ (FE
MIC) <. BEDYEBNRIBICED K AE
® £ & L ThFEAEEMolecular Dynamics)

& HrEREEETHNE. REOYVINOBPRTF
~NEBTEBEEHEDRE (RS EDH D)

® BEDREILPEZE M DEENTICIEZERY
= NREQY—FEFTUVD
& BIHGTERONA. ERFTERORE
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PIAZIA%E

YVINDBEDBSIRILF—

E=FEb+ Eo+ E¢p + Evdw + Eel

E, = 3K, (r-r) : £BREERNT VI vl
E,=3K,(6-6,; : £BHEEADRNT VI v I
E,=3K;[I+cos(ng-y)] : —EAONTYIYIL

A —\d
E, ‘E,[Z”_"”é] 27V - FI - D—ILRN
E,=3 949 : HENEEERE
i<j El"l-j

30



ViIMESD TR (F&dH)

® REQY—FEFUVY

» VAEERIRIDY VN OB TERIREOY —D'HDHDH
SEEZEET VYD

® 2ALVvTFravy
x f23 - S EESMHEHBREE (RT VY v ILEE)
® PITAZIAE
s BETRILE—DIRILE—DRNCED LS BEFOR
BEIET D
A et | NV EINOY = S DE ST
& EEIEEEML
@ BRIEER{L
® PORTYYOLREBEZEL

CNEDFRHEZEEIT DRENH D

YAEED SEEEX CTTAIT DEHICI,
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DNA, RNA O RiEE

¢DNAD/NU Y = Nl
— A—I—?dt%‘fci o _—_9-—;<|:Hl?—Amino acid
®RNAD T I '

V=T &

tRNA
molecule

Intramolecular
base-pairing

Anticodon

mRNA 5

http://www.wiley.com/college/boyer/0470003790/structure/tRNA/trna_intro.htm




RNA O ZRi@iE Al

& AT LBEEBI—TRBEDREMDFHIEZ

Bt U IRIVF—BEZzm/IMb T D&
@ B DREIL T 514 XY
5 %)_P % RIDENBEEDRET 51 XY =R
 Z1—JIILRY b~ I RTLADEBZ DO DZDERE
HEEZHET
n EEB7ILTUX A
» XARBEBIXE
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RNA O ZXRB& T8l (DPX)

100 200 300

0 100 200

100
+200

-300

100
200

300

Fig. 2. (A) The 0
dot plot for the (.
The minimum comp
ergy is —121.8 kcal
5-optimal PSTV e
(C) The 10-optima
dot plot.

300
510
-100
- 200
- 300
44
|15 GAccucc ui
cy A
AN LA YL
T vy uu 318
347
c
uch CAc
15 7 Fig. 3. (A) A portion of the optimal
\ ue " e rodlike structure of PSTV RNA. (B)
GUGGUUCC lé 44 The same region in a 3-optimal fold-
¢ (i CCAAGG GGCN‘/ ing, which destroys 12 base pairs of
GcC oA the rodlike structure to create a local

Y
547 c%GA v cruciform. Although there are many
A o7/6 318 3-optimal foldings, there are only

u e two different cruciform motifs at this
level of suboptimality.

Zuker (1989) Science
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YVINOBEDEHEAIEE

Glycine (Gly) Alanine (Ala) Valine(Va[ Leucine (Leu) soleucine!lle)

o} CH3
CH
HOJH HOJ\(CH : )k/\( : A
NH, NH, N NH, NH,
C00037 Co0041 C00183 00123 C00407
Aspartate (Asp) Asparagine (Asn) Glutamate (Glu) Glutamine (GIn)
o]
HOW” H” Y /”\/\)'\ Mj\
NH, O N, NH, NH,
C00049 C00152 C00025 C00064

< Serine (Ser) Threonine (Thr) Methionine (Met) Cysteine (Cys)
Fi#H : -Ca-C-N-Ca-C-N i
N[ - - - - - - - H
1= . y HoJH/\CHs Jk/v Jk/\
o 70 N = AN He NH,
/\ no D CO0065 Co0188 Co0073 C00097

Lysine (Lys) Arginine gArg) Histidine (His) Proline (Pro)
O

PP PN W N

Zme
leu.

Zun

\Y 4 H H C
flEH : R (7= /BEDiES8) . " S
AJUR & C00047 Cco0062 H 00148

C00135
Phenylalanine (Phe) Tyrosine (Tyr) Tryptophan (Trp)
C00079 con0sz

Ccooo7s
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P BEERENEDSBI_EAEZRX
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