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Prediction of HIV-1 tropisms by using
physicochemical properties of V3 loop sequences

Student : Kai-Ti Hsu Advisor : Dr. Shinn-Ying Ho

Institute of Bioinformatics and Systems Biology

National Chiao Tung University

ABSTRACT

Bioinformatics methods for predicting the T cell coreceptor usage from the array
of membrane protein of HIV-1 are.investigated: Because the coreceptor is necessary
for entrances of HIV-1, if we confirm the coreceptorusage, the pathway of HIV could
be blocked.

According to the usage of coreceptor, HIV-1could be classified to three tropisms,
R5, X4 and R5/X4. The V3 loop sequences were used as input data since the critical
properties of sequences that can decide the HIV-1 tropisms. In this study, we aim to
propose an effective prediction method for dealing with the three-class prediction
problem of RS, X4 and R5/X4 HIV-1 tropisms and find out a feature set of
informative physicochemical properties which can be utilized at different data and

classifier.

The difficulties of problem are different length and highly variable composition
of V3 loop sequences. We deal with the difficulties by physicochemical properties of
AAindex because it counts the physicochemical properties of whole sequences, not
the specific sequences site. Otherwise, the IBCGA was used to select the
physicochemical properties and SVM parameters that make the highest accuracy with
least number of properties. Finally, we analyzed the characteristic of selected

physicochemical properties to confirm our discovery and have new finding.
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2 1 1 1 2 2 2 2 82.4969
3 1 2 2 1 1 2 2 81.2729
4 1 2 2 2 2 1 1 82.4969
5 2 1 2 1 2 1 2 83.8433
6 2 1 2 2 1 2 1 85.5569
7 2 2 1 1 2 2 1 82.7417
8 2 2 1 2 1 1 2 85.9241
Sjl 333.17 338.80 338.07 334.76 339.66 339.17 337.70
Sj2 338.07 33244 333.17 33647 331.58 332.07 333.54
MED 4.8960 63648 4.8960 1.7136 8.0783 7.0991 4.1616
Rank 4 3 4 7 1 2 6
Better Level 2 1 1 2 1 1 1




TR R D T SVME 7 kel SR o g KR P E dud (30,
43,70,95,142,205,281) T i s % A 47 (s #THH Tl end % o

3.3.3 IBCGA /42

%*Jv@ﬁﬁﬁﬂX)M¢BCGA%waﬂLA—ﬁwM%ﬁﬁﬁﬁ‘MV@N

xﬁ’:ﬁ* X, 2er K/I*\’\ L Q:s;&l m?"%] POE > e G =Tstarts TstartT 1,
Vend ° ?ﬁ'ﬂﬁ'&*rstan f"ﬂ rendm#[ﬂ'.g’_fv ’IBCGAQIKF‘GMT%}'% J{Af’r :
(1) 4= 4 i (Initiation) * " & 2 - 44> 3 e (population) ¥ F0

Npop 1% % ¢ 48 (individuals) o %% ¢ 8% cn B GA AT ¢ ”g‘ Tripl
BEfen-r B0 B HP r=rgn-
(2) # 1% (Evaluation) @ 4% AX) k=G = if 4 & #enig o
(3) E# (Selection) : fI* B GA ant >z > TP IL KA EL 9 B T
TR RS m-f,L ¢ §83x F| 2 fie ¥ (mating pool)® o
4 2 ﬁo(Crossover) e T P EE P XNy, BHLAL I R T2 P %
EE A %iﬁb:@ﬁi“‘ P R RS AN A e BPY po 5 L pRE A
(crossover probability) o
(5) % % (Mutation) : “E 18538 H puxNpgp B+ N Fd §8 K38 (7 2 358 % B (swap
mutation)"l;i A RS N LE M hp, REH LS o R F ALY
TR BRI R T A R e R eh S AR
i > 8 H A K"t’ﬁ%‘ﬁg?
(6) %% & /Pl (Termination test) @ 4% X Kﬁiﬁ# &_ig Jb % 2 (stopping
condition) » B ﬂih] X P EBAT s M S g E R B iR B
I AQ2) - AR T P o NPT cpig b i F 40 BR Ko
(7) %4t @ (Inheritance) © § 7 < reg B + &% 5% 4 WY EHE - B GA
KF @ R FPEE O R 1 e clcR & rH] E v T () -
¥R <reaPF > 1k IBCGA -

by

i+
3

34HIV g B 5

Flr V3 Bk B RTER A AR A A SR 0 % 1995 & 2
B4 o %‘u“ﬁ F1#* F j7 2 P (charge rule) % 1§ ¥ eripip] [14] - TPt 471 &
LA B AL A A A A 0 1% CCRS 75 2k £ M-l * CXCR4
FAtal A fE & 7 P A itk £ s 3 RIS At 7 CXCRY &
A Y - 2717 2008 4G F- B RERBAFLELL HE A S
ZHEAIRTEIER [1S] e M T AL ARG AR 2 sk fdFan 2

3412214 %

o

1. % = A Pl(charge rule) : & w4 A* F 5 11/25 R RI(11/25 rule) » 2 & & 7]
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T

SIEBAERCG ARSI o8 25 B E avegpt o B9 iR AR e X0
A4 V3 B AISERF T E - e éﬁf#%%4mﬂ—ﬂm%
o5 F 1 BIe5 25 Bk GvRAR L AL T vRAR T FWF T E 0
+5’u{i2k)%»ﬂngt—,m/,;‘ai&*é hoX4 Al ¢ [14] < 4ok Uik f R V3 R A
)0 RIS RS AR o

2. =% 442 (Position Specific Score Matrix, PSSM) : 2003 # Jensen # !
TR SR E 1] L e EEE IR VIBKRESIEABTS  E B
* B A FORAREES - B enE s X R R e i A S - B
20%35 eEtL o 2 15 B W St 0y RS o X4 Alps 3 dR ik e A AT v Ak i
HRE > ¥ 8 MR E > LFL AMhkyy o § F ATHE AR AP X BIRA
Fedt g F - BE A B A AL g PR AR A B o g A ik ) s L
- Al A (1] -

3. SVM(Support vector machines) : & 2007 & p# > Sing f1* 7 SVM k{cH is
SR ivit s I & 7 SVM E_% kA dedd cnk 58 B[2] o 2420 SVM A e

AR Ry o AEE B R E’Tﬂikﬁﬁi&’* Z MM 8 0 20 BIRARE A B
= 20 B 7 fenz s e A=00000000000000000001 » 112 20 i Ei?-z%ﬁﬁi*?
20 27 enie s o JUF ofh Sl S VRS B o AR g o B fS § 1T
20%35 BAME > X % B E L SYM A sk 55 [2] -

4. SVM+ J’Jfﬁ;}*—]@ 1200782 F - R 7 ‘”fﬁ:f*‘]% KIE B A KL
B S AI[16] - 2 i ¥ A %Mé&m%ﬁﬂiﬂﬁ’&%
EHYORABAIER LTI BHERFE T XA FOFE G F /AR
(hydrogen-bond donor) ~ & 44 ‘1’{—*‘ (hydrogen-bond acceptor) ~ 3+ 44 & f\-"iq—
e # (ambivalent donor/acceptor) 7 Pq %5 % v i BL (aliphatic) ™2 2 7 ¥ % ’hré i
(aromatic ring) = * ¥ o & Il}t’hczlsf&v MARe T A B ARFEY AR R
Py e q—\p a2 B eniedr o R IT S A SF i [16]

5. 7@ i 3V iEA 5 e g2 (Eevolved neural networks) @ 2. e B0 A G

I A 4 :}Iisi AR F z‘e}fi TR B > 2008 & Lamers c7%7 7 4% - A :l%—}}ia-% A

#g W] K TEFE P FT 7 [15] ° Lamers 787 3 A ) % =il fhenge Y R 18 5 58

RN TR A é\;ﬁd TRy TAEE ;»/%@/@_JI%—%- ek H-% Fgp| - Lamers ¢ *

1O fEamERREE > AFE VI RAEAIIE R L 35 BARAMNERT T

BE] O35 B E s L b R4 2 T B IR T £ (total charge)fr % 7 &+ B
(isoelectric point) » #714 & 5F % € 7 9*¥35+2 B 4FfEd (EPeg[15] -
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%350

T " e d i

SoEagutge o A A R E Y k3

Rfos mg* auF

«v)’fiﬁh ’ T'

Z 3 ABEALEAEA :}Iisi TR FE R
Method Year | Tropisms | Classifier Properties | Other
Charge rule | 1995 | Two Charge 11/25 site | Earliest method of
[14] value charge and | prediction
net charge
PSSM [1] 2003 | Two Statistical PSSM Effective improved the
cutoff value prediction accuracy
SVM  [2]] 2007 | Two SVM Binary Best method before
with binary coding 2007
coding sequences | (compare with ANN,
PSSM, decision tree,
charge rule, SVM)
SVM[16] 2007 | Two SVM Structure | Feature set contain
with properties | sequences and
structure structure properties
properties
ENN [15] 2008 | Three ENN Amino First using the three
acid classes of tropism to
properties | predict
T ki © 15 (1] (20 [lfeltehh = ¢ 7
WP A3 EHY A AR 2 E ot T R kA A
B o
342 3 245

i %mﬁﬁﬂ’vig
b Jm”kﬁ’?Muzmﬁﬁ5ﬁﬁ1i%&oqﬁﬁﬁﬁ?ﬁﬁﬁﬁyﬁ

E’fw% *E TR S

v (multiple sequences alignment) 2.

&m%,{% ) HT"('“/P'Q F #BP\‘:'"E }im};;ljo erL )
T JE ¢ K,\._Qma L_}fr-iljl’bﬁbﬂ’fé , g

BRI IVIBRAE DR ZERICR HFE M-

P ER

Fli kB FORE R A4 IR Il R “Z]E WAz e B(gap)nA 4 o ipit
AR SR RCEL

B g
AR g i
4 7% o T L

%

2

X
> F Ok
iE

ik g o

Béads By

TS

faF %3k

12

Tf'__E_ m;f%]“* ]F/év\ [k\Fl g

’ﬁ g %IL‘ m”a—ikfj& oy 2 ETR sUA; Fl,fjf
BREBMERZIPF LR RITIER a2 2 SRR
BT, uas Y-

—

At

[P

I o8




qu ’ I,{ﬁ,fu_,.)_)}.;lj é, %jﬁ‘:,‘; ET’J% /é’:? 11’:-‘; ‘afllf}%‘%ﬁgﬁ%ﬂ %i)i ’ 5"\&&@}1@?} é’—

iy ’E%ET’_" ER

A A T RN A BRAE FR T T AAindex 1F 5 AP oA s o
AAindex € #-47 i HE A FER F P TR hE T R FE BELLAE "J R
7 - zl%ﬁgj NN % > R BB T AT Y R PIEERS SRR
NI R R R o ST AP G i 3 F R GER D H T %%*9"
ST LR R B | R g R o

FRE EOEN SRR 3 S 1 RJE s & A A 2 55 e
VR T EF AR E o AR IBCGA RKPFEA AR ch (L g e
F]% IBCGA ¥ 11 5 »xeiyi g2 + £ Sl 4L > “T 0 g = a3 e o
GRREVEIE A e U L = e

BT Y e L 4R AT R ek B K 8 TR AR B A 0 AR
Sz inS AR hl b B R e Rk LK H By R ITREE 2
LEE SRV EE SRRV S S T h s TF E R LSS SR
TEHHE Ik e 1 5 Y B RATT R

hY

>
(\x
mk
3
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4.1 JEP L&

AP DI AR A AL VIR A FITIRARA S K
TRRIH ARG e A B AL B AR A )]‘9‘5* A_R5~X4frRS5X4 iz = 4| ¢ - b o T35
PrPE dlende e s B ir 2t S g R feAp AT o

ARl AAindex kHEH V3 BR A @ B RS F Bl 0 BY
Bgp (M ok 5 B oo Sodic(kernel parameter) 3 /5 = IBCGA 4 ¢ §8- 1
1% IBCGA kiF# & * anfr it i foir o 3@ - IBCGA & I e i oy
R BcE o € & SVM A S E Y ] * L4722 5% % (10-fold cross valuation) % 3" 3

A DRG] - A A PRENSEhy e TR e
_m/,};\p',;‘b 4R RS LMt B R R o

3 & e ok FoR A& Los Alames National Laboratory HIV Sequence Database
Ak THREL DT AR LA A G L R TR o
z73 V3 BPHRELHFEFESE S 28 FH I * CCRS ~ CXCR411 2 CCR5/CXCR4

AR A LA A )]%+ GGk I T B A B 52,9400 & 22,235
ik 4] * CCRS ¥4 Ip X %8 e 21 o~ 3830 1 CXCR4 < A 7] 00 2 3220% 4] *
CCRS/CXCRA1A 7] o g+ ¢ B 405 tha e g 74 B2 # 5 5 [2, 15]5
Hihe ign B RTFTT KRN P DL 4 foz w ST 2 % o

421 FHGE

KERBIE DR 55 Rojeavefipre S E4pk o R 240G 3 b
accession number e % 7 ¥ & < B AR 0R 7 € & 4 3 R - & (overfitting) 0 % %
Fore Fr TN FNFE o APRPUT A IR R EF T (- &

I AR RAfEXPBEFARY AFBSA B I i L8 AP

PR Bo7 G R R en B 7 (conflict) 0 T ds v P 2 IRH Kf °
2. RO ARABEEHFAOREIPTPE FP A PR L RO #g o
AR 7 5§ AR 7 (duplicate)  * - € BB AP o APRF

\F‘
N

,-\

TG N4 o
Zd A ‘)ﬁ,ﬁm? FLéFigE fs » AP ED 1225 ER7 > ¢ 3 931 iE@
CCRS iF+s fr X R e /5 7] ~ 164 518 * CXCR4 12 %2 130 i5 ¢ * CCR5/CXCR4 &
e X MR -

14



Fo4 RASTAE GEE A T R

RS X4 R5X4 Total
Original Data 2235 383 322 2940
Duplicate and conflict 1304 220 191 1715
Handled Data 931 163 131 1225

74 k& ¢ d Los Alamos National Laboratory HIV Sequence Database ¥ 3| %
FIFOR S T2 “%ﬁ-'ﬁ!ﬁﬁﬁjﬁ e BFRDBFNEFIT ORI AR &Y

Hp 7 o

422 FHLA

Tk
il

WR BT o ¥ - B2F 45 Datalclass » #.d Richard ¥ 4 [2]&

& 7 PR A 1% CCRS/CXCR4 m[ﬁa% >t CXCR4 542
1 rﬂt“f&f’.?r}«'f R E o Aw L% CCRS 22 CXCR4 & 48 » 2L ipig
P FH ez 1l LT B - BEALE 7 423 i541% CCRS 2 84 i% 41

% = 2T L Datal39 > 439 Lamers & X [15]#74% i <7 accession number
KARF 0 045 Fen- mF AL M B 270 139 6 AF o Lamers[15):6 F % ¢ L%
- hHEA e X WP A S AR (BRI T AP e TR kR
A LT L LT

¥Z A FA S Datal225 AR * G & FUGOR R IDE o i 2 3L
€70 AR 1225F R 7 ¢
% 5 Z TR B R
R5 R5X4 X4 Total
Data2class 423 - 84 507
Datal39 72 27 40 139
Datal225 931 130 164 1225

FARRR 5227 b T o o A B UKL F 2, IS A
kehFAl o F 2 I E RS LT FEwE KT -

43 @ % 3k

f1* IBCGA kEFH# 57 * chfe it i fe SVM & g Bt - 7 1L §Bbix
SR A B AR R A CER P AR S MR 4 R AR N
AT LB e S MITERIIT GARR 4 T OUFE {5 R ATARA A A e
Fole £ Bid B eni ] o 715 IBCGA #718 3| ende (L 4314 0 % §_F T efwi— i3 > 97
PR AR P B e eI R S B JE I B s 2 E R avR- et

=%

&
%
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R B} ks
4.3.1 SVM-PCP

SVM-PCP 3 24 i1t % % Tfip| A AR 4 2 fod @ % cfale LA en= 2 0 29
¢ %7 91" IBCGA Rt it Eitefoi * SVM A B T BE ¥ a9k o
SVM-PCP ¢ p # -2~ e dr * fridje 22 = SVM #7300 (SVM-model) © 1
T §_SVM-PCP &34 {7 % 3 -

FAAPEEG T K ooz THAKE FREFY P 0 RanTAH - ¥ 5
—Em?lﬁgﬁﬁ Sl PR AP g R B] KXR el R AL e g
LM E e pRFFy e o AP ERY K=10 0 R=20 > F]t 5 IBCGA (FuE &1 »
W TR 200 minge i HE > @ - BIRE G om B B B
_F_g 538 SVM & 28 B o B {5 {8 5] SVM 3] 20 %k BUp) & o

432 PeiE it F e
2 BRIFREI P L ERETA BN A FI R A E RS B
dHES FO) 0 FOE 3 23R @Jn’ﬂ};ﬁuw Ll e > - B AR
o MR EE TR LE S B AR S, B =

Lme’m&%;Qiﬁz

= () FEEpyfm
=1

3)

He FP)s % i B CEHERERNHom 5 HFIEEd 505 e v B
ﬁ';: o ﬁ’» 9"1\. ]FB V’% ﬁ,‘—\ Sr ]_E_'_E‘r’;}’ﬂ' L ;}—j—lk:l—_‘_E'_]‘E‘ﬁ N ]Fa P R L"‘F{ f;% °
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(X1
4
N
&)
et 2
i
=

5.1 SVM-PCP »xse 3% 1%

AAAIE A e TR ke w AT F 8 & i A3 SVM-PCP fgp 4 4
LAKEZHTABI RHFRT OGNS o2 B P PEN KPR E
FORGER A R A A ET LA

5.1.1 & %3] A 49

F] 5 22007 & 2 a.lmﬁﬂ"{’i-ﬁiﬁ@-’ﬁiﬁflﬁ%/ }?3“%'\'5\":"‘7“‘\?’/”\%]{
R52 X473 #54] » @ RSX4iz- Al dup4 > @ F § AT aXdiz— 4% ¢ 2] - 7
e ﬂ“ﬁa? | * Data2classiz — . - B A a4 }1%“* R AR

e
“’5%
S

=

>_L

e
B
=+ o
>~

Fk
5
&
*‘-L

hipef Ry Y o APRTR S RT - BT enns £ R0 F
Toeh- B A REEFAR o @ AP e 50025 rule[14, 17] - PSSM[1]14 2
® 2 e A SISVMA 4 E[2] ¢

306 % AR TR R

Method Sensitivity (%) AUC
11/25 rule[2] 595 *
PSSM[2] 71.9 0.90
SVMbinaW[z] 76.4 0.91
SVM-PCP 88.9 0.94

TR &R 0 d Sing[2]1 Tl B FTEIRIE & X ot en 2 (T R
FP L A6E VRS E 0 eniR B T L F 2 3 R e B (specificity) &
92.5% » FR {5V R B AT M (sensitivity) > 12 2 d VR F L F Ik ROC
W At e 7 e AUC(area under the ROC curve)[2] o

PR RATERFR ML EEPE > 1% IBCGA k $43E & 4F
e gwia—;ﬁv% EAFCE orp b2tk A 1 o e
o 4 E L 0 4TI 3| enlEFr R (accuracy)+ F 90.22% o
512 = FE 4~ 47

%2008& - Lamers#-4 &g d R d- 4 & &~ = Z S kAT Y > X F EIERID &
[15]c 3 7 @ RH B %o A0 Fr o3 A 8 2 ffen o )]-*{/%%\R N
X44eR5X4 K (€2 47 3F0R] > T3 A1 * 2 2 cdF ik o
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A ¢ * ¢ Lamers$k & chaccession number#73% 1) % ehDatal39 &k %4 = 20
Py 3 & v g o AP L -Datal394] * Lamers#7 @ * et o] k A 3 R {op3E F
Ko HRE RS E R e AT oA 84 N SRR E S % o F 3
Lamerstrim~ ¢ 8% 2137 A4Fa— 2k T R[15] > #ru A s § % R 4F il
B i g o

# 7 2 Lamers 3" s &

RS X4 R5X4 Overall Mean
Lamers[15] | 75.00% 79.31% 40.00% 67.72% 64.77%
SVM-PCP | 99.00% 81.50% 72.73% 89.15% 84.41%

7L kR ¢ Lamers[15]572" S (training) 3 42 fr 2% 79 e U & (810 0

% 8 i Lamers BliE 2 %

R5 X4 R5X4 Overall Mean
Lamers[15] | 78.57% 70.00% 50.00% 70.00% 66.19%
SVM-PCP | 91.67% 80.00% 60.00% 81.48% 77.22%
TR %R ¢ Lamers[15] ]38 (test) 7 4L fr s o cip| 32 2 % 1Tt i

4

PP R TR 8F g M3 g AN RGBS e iR[3E o AP
SVM-PCP} 4 = §g e 44ps o *rsg V2050 fg R S o

tLamerssgh 2 ¢ 5 3 3 plen B Al #cfe g A 0 £ ¢ c9MCC(Matthew’s

correlation coefficient) #_st uF“ﬂ HO N R A T o

52 satadg

5.1 dmeii =R T 4 50§17 IBCGA $4iF it #4250 SVM-PCP = % >

G WA TR ARIER S E F A AR o FI A P 350 anE R

Datal225 fe & SVM-PCP > &k (E3g R H- A cuE % 01 2 o it F e 47 o Ak

Datal225 &§ 4% & & Hedixivd' o 17 - »FRFE > &% SVM-PCP

B VRHCE] o B S L SVM-PCP #7 & 2 e JUCA ¢ > Peig 4 i o dic
ﬁxrg IR K TEL AT o

R

AP E - g L G SVM-PCP 30 U8 Blentird] ¢ 0 97 e i
PR BT L A e BEFEE - BICI Y R ) ke
FEC A VTS TRETRS S Tl U= Bt SRR
1R e 2 3 S RS R

_5]7 s

52.1 &
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2 9 EFHRNETHE VR

Training | Number | Feature | Test

R5 X4 R5X4
accuracy | of feature | score accuracy
PCP-model | 98.55% | 75.22% | 52.87% | 90.58% 14 29.43 90.44%
Average of
96.11% | 81.09% | 59.97% | 91.11% 35.2 20.74 87.51%
models

?%l %k« * Datal225 i¥ SVM-PCP # 3| et

FP : PCP-model H_ 2% /% % Fo it 4 ann fie > P A ken— ) o AR
# ke 200 B HCR] T 3R I g g 1 s b D)k ehiCE] > 2T
W WA o A AT UE I G E P Bh TR R £ - B e SRR
SR AR A RE e

FIr it FR R RBCA P T U LY RERTE R B
(overfitting) » » F " PeiE I A B 4 RAF g L AF e o TF 2R * 5 il
PRI REA S F A A oA 10 Z AP ATPE D ke L e
He e 27 14 Byt it Fid4395 3 % » 47(MED analysis) gt % (%
SEA -

F 10 Fiv e @ ch 4B

Feature ID | Ranking | AAindex identity Description

Normalized/ ‘frequency of N-terminal non
43 1 CHOP780206 : )

helical region (Chou-Fasman, 1978b)

Atom-based hydrophobic moment
70 2 EISD860102 .

(Eisenberg-McLachlan, 1986)

Volumes not including the crystallographic
475 2 TSAJ990102 . _

waters using the ProtOr (Tsai et al., 1999)

AA composition of EXT2 of single-spanning
205 4 NAKH920104 _ _ o

proteins (Nakashima-Nishikawa, 1992)

Weights for beta-sheet at the window position
281 4 QIANS80124 ) ) _

of 4 (Qian-Sejnowski, 1988)

Energy transfer from out to in(95%buried)
320 4 RADAS880107 .

(Radzicka-Wolfenden, 1988)

Relative preference value at Cl
335 7 RICJ880114 ] _

(Richardson-Richardson, 1988)

Free energy change of alpha(Ri) to alpha(Rh
386 8 WERD780103 = s pha(Ri) pha(Rh)

(Wertz-Scheraga, 1978)

Hydrophobicity coefficient in RP-HPLC, C8
479 9 WILM950102 . .

with 0.1%TFA/MeCN/H20 (Wilce et al. 1995)
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A parameter of charge transfer capability
30 10 CHAMS830107

(Charton-Charton, 1983)
392 11 WOLS870103 Principal property value z3 (Wold et al., 1987)

Flexibility parameter for no rigid neighbors
142 12 KARP850101

(Karplus-Schulz, 1985)
360 12 SNEP660102 Principal component II (Sneath, 1966)

Helix termination parameter at posision j+I1
95 14 FINA910104 ) )

(Finkelstein et al., 1991)

FORL IR 1% d e g g aE ) ok g g R A Bk B S
WAl #rie » ehge e > B Y 2 50 14 B

Sp 14 BE R ¢ AAindex S0 1D iR v 1 okk A 4 Bk %
AR iRy

522 a3k 27

TR E - FHHERRE IO T L LA DM R RE & -
o AP 04 sk A 47(MED analysis) kT B - a4 o 4tk A
IRSAEREEN EERE T d s o AR Rl R
L-ﬁcmﬂ,ég@ﬁi}i T A% 4T eniE kX O M gq—si\“ . E7L
Fenf VM e ITA sk AT sk i B 115 i made IL*;-T»}A ‘ff%v\
#i o

=N W R N oo
T T T T T R T

Bl 7 2c% A7 E £
F‘x#«'—j\/&lﬂz—#b’“ 4’5”?714@%@:%:}4 T i;:%/,}s}q.,;;:g.gi%% % chE 1 i £ F] o
WP R ngdn(Y) s vk E A A i BFn(X) s TR & i L B
Identity o 4 #ic— % P¥ 2 AAindex=ID (7 5 2 B R o F 5 gt 4 o 5 B
S31MB e Py ke #pu §L 84 ""Hﬁg‘?m« VRO R P - b
PRI P Bhdui 4 .
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A MR Wt AT L Y -

AAindex ID Score Feature descriptions
CHOP780206 |9.791916 |[Normalized frequency of N-terminal non helical region
EISD860102 | 8.323135 |Atom-based hydrophobic moment
Volumes not including the crystallographic waters using
the ProtOr
NAKH920104 | 6.609543 |AA composition of EXT2 of single-spanning proteins
QIANS880124 | 6.609543 |Weights for beta-sheet at the window position of 4
RADAS880107 | 6.609543 |[Energy transfer from out to in(95%buried)

RICJ880114 |4.651138 [Relative preference value at C1
WERD780103 | 4.161575 |Free energy change of alpha(Ri) to alpha(Rh)
Hydrophobicity coefficient in RP-HPLC, C8 with
0.1%TFA/MeCN/H20
CHAMS30107 | 3.42717 |A parameter of charge transfer capability
WOLSS870103 | 2.937576 |Principal property value z3

KARP850101 | 1.713577 |Flexibility parameter for no rigid neighbors
SNEP660102 | 1.713577 |Principal component 11

FINA910104 | 0.244797 |Helix termination parameter at posision j+1

TR R L RPE A 4R e I R IT A Ak A\ﬁ s B R EX AR oo

Pk AR Rante il @ 20 b iV ehsat fridentity 5 1 %
AR AP B P AR AFHSET AT S BHE TS Ao

TSAJ990102 |8.323135

WILM950102 |3.916763

ﬂ}%\i

g RlA T L P A Pand TR e Y B R < chiRBLCHOP780206
e77"Normalized frequency of N-terminal non helical region” [18] > #t 4F 4 3 s % & 7
E 5 9.792 0 @ FEA B] A HELFINA910104:"Helix termination parameter
at posision j+17[19] > A % A 474 Hc 50245 Fl L g F i o S HEF T
SRR -3 L #$'l“im§af§f$ SR e ﬁnﬁ - PR LR A v
g ]

523 i ge (v

TORIEEF Fi B s et E I R ende iV B g A 4 AP R
EEMREE W TRA R > KRR - R %'rfﬂﬁi?'lﬂ@r& M S
AL 5 o A de R * 7 Data2class o Datal39 kit i o @ &7 o 5F B iAo
Al r ANN fr C4.5 3 84 51 E & (P35 o1 i A2 18 LT A & 2 5
FeRlEFAL > Z 2 @ % d 521 ArPE ke B e R FY s s X
RIEE o
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