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Abstract: Amino acids are the basic components of proteins. As for the prediction of protein classification, the feature extraction method
of the amino acid sequence is a very important factor. It gives a clear clarification and simple evaluation on the basis of amino acid composi-
tion, location of the feature extraction algorithm, such as entropy density profile, n— order coupled composition, and feature extraction
m_ethods of amino acid nature, such as auto - correlation function, pseudo, amino acid composition and so on. Researchers may choose the
corresponding feature extraction methods according to the different requirements for protein on the basis of that the method of the amino
acid composition is simple, the computation load is light, and it can be applied to all amino acid sequence but the information on amino acid

order and the interaction between them are lost, and also on the basis of that the computation load for information of amino acid location

or physical and chemical features is heavy.

Key words: feature extraction; entropy density profile; complete information set

0 5 &

B AZSEE AR BIBTR R, kLS
ERIE ok, AN LRAER AW SNRNE
BRI AR, EBRES B B, LR RER
SR H AT RS R, BIREFH A
BHEFERHREOREHAIEEFEEE L,

e A — SR BRI R B SR IR E 9 A B, 3 A
E LR BRRERREEE, B EER
RBFFI SEMBINEEZ R X R, TEARS L
PIREEXEEMN, CRRESLRRNLE, B
B IERRFF B AR IE SRR T 3k £ B4 AP K. — KK

% B #2009 - 06 - 25; #8 B B #:2009 - 09 - 05
TR RIS BB (1982 - ), 3 WL, G-L AT IS4, WESE 5 1
FERIE R ST Wk, R, Bk S, WS 1 RO
#I_Eo

PUXETEEMARMM BN ITE A —RKNETH
BERYBAEERO T %K.

1 ETESERANMUIENSERNEX

HEBEAREARNMELLN ., —FEARE
EREARRFER 20 FHEERMFPAMATINT , Hilk
ETERERARMAEMIFERRE L ER R A &
HMBH %, FEHREMHAM (Amino Acid Composi-
tion, AAC) 1 % & (Entropy Density Profile, EDP) .n %}
FAIKZH A (n — Order Coupled Composition, n = OCC)
524 {E B4 (Complete Information Set, CIS) %,

1.1 SEBRAM(AAC)

SRR RS 20 MERRE—-FEEK T
HIAYIAH . Nishikaw FARR LR, EARWITE
RS EEMRANA B KB, B AT LA —4
20 M BERFER—-FEEE, BIR X E--%REH



B2

BB RBERFIFERRTENA - 207 -

R, f(x) BREER 2, = 1,2,-,20) EEFIIF
HEMRE, FR—AEARTURRIEERAM
2SN — RN &

V(X) = (Vi(X), V(X)) Voo X)T

Heé,v(X) = f(xi)/gf(x,-),(i =1,2,-,20), 8

%i V,(X) = 10
1.2 #E(EDP)

Zhu ¥ A FAEHE R DNA 51, € 2 H F 51
PR R T,

fREmaE B

H(X) =- 2 filogf;
NP f R EEREXEARPHBRKIE

B, 4% B RN :

Si2) == g3y Vi Xlog Vi(X)

(i =1,2,,20)

FRZEAR X WRRA:

S(z) = (S;(x),S,(x),*,Sp(x))T
1.3 » Br@BER (n—- OCC)

n BOHEREAE R ) R T 4RI R o MEERMEA
HEEROBBAER Y » = 0BT BRARBI Y EE
BRAR, B— 120 M BEER ;Y n = 184, 5B
HRFERH— 20 X 20 HAHHERER

vi(s) =

P(A1A) P(CI1A) P(DIA) P(EI1A) - P(Y!A)
P(AIC) P(CIC) P(DIC) P(EIC) -~ P(Y!IC)

P(AID) P(CiD) P(DID) P(EID) - P(YiD)

P(A1Y) P(C1Y) P(DIY) PC(E1Y) - P(Y!1Y) 20x20

HAP Pay | o) BRZEARPEER o, BHHE
HER o) BSRE BRI S D p(a; | o))

i=1 j=1

= 1.4 n > 28, n MEBKRARASEN R RBE
B o
1.4 T2ELBHK(CS)

RF R FHEC S S FDOD B3, AFE
HRSHETRMO T, T2FRERERE —£F
TeHEmFER. RERR HNEKRENL A%
KA BERTHFIRENME EHERERE n
i, AL XBENFRIIA m' D, 4 m (1) = n',
iﬂ%i/l\%ﬁ'ﬂjﬂsg”(i =1,2,, m(1)).iH& sf”
FEBARH PR 2, O ERMZEARSD
HBAGIREH [0 = 2 O/L - 1+ 1) FRTLUBE
H®—A TR0

m(l)
U(X) = (S0, 0, fODT, B D) A0 =
i=1
1,/<L

m(!)

& M FRFHWR D A1V = 1T FIIST
%%s?%:

I = Ao )T D310 = 1,0 >
0,(1 =1,2,,L)

R BAE 1(1 = 1,2,,L) ARMESHER
F¥ H — 28R

U(X) = {UNX),UX), ", UX) | U(X)
er, =1,2,,L}

ETEERABMMIBVIFERRBEEREFRE
$EHEHE Y (Residue Couple Model, RCM) 7180, & 3
MARM T B MERARRS T L%,

2 ETSERWEALFHRISFERNA X

HERONEEIRE TEHEROME, 20 HEER
MEETETEAR A/ S B P K DA B B B 45 O T 6
FEER,EREX 20 EERNER, FEHARA
AHEERFIIEBESHARNEQRSH, 3E B
BANE, ERHFEN B, BEENEY ¥
EHAEAERIERERSAZSHNTE, B
UAEE AR EERARMENNHETIT HAGE
FETHREORNEGH,  FEZBEERNER, B
M, EREERUERNEBEFEAR : AHXRE . IE
A8 H B (Pseudo Amino Acid Composition, PseAA) | #E
P30 B 16 F A K #2418 (Hydrophoble Pattern,
HP)%,
2.1 HEXEY

AEMIERRERET 20 FEERARYHEL
EMEVEERKN—ABIE. KA BHXREESR
510Vt %6 Kawashima % A B 37 B9 S B BR3IE F
FREERRERBE SEQRT ST %
B3 S, = hihohyh , RFh(i=1,2,,L) A
B i NMRENEERER . ELHHETRE:

L-n
! Z’Hh,‘q,,,,?’l = 1’29"',"1 E.m < L

™= L -n p
m B—MFENER, m < LLATERRE:

V = (rl,rz,"',r,,)T
2.2 ARERMAM (PseAA)

Ph R BB U 7 PR IR SR X T 35 /& Chou 21 89
— R T EERTFIFERR . hEBEBRARE
~AN(20+ 2) A R, K PET 20 AT R R EEMRYA
B, Ja A TEB TR




- 208 - IHBENERS L&

#20%

1

6= TR 2 ORR),j = 1,2,

He R, A MEREAX N S EUE, # T —
AR BRI —N(20 + A) HEfy .
V(z) = (X1, X5, X0, Xopsm Xoe) T

S,
20 f“ i 1<u<20
Ef,-+w20,

X = =1 J=1

i, _
B 1< u<<20+2
Eﬂ+w20;

Ko £, 20 FEERAE K 9 B0,
2.3 RFFIRAFIER

5 2T I UOT Fe B O SR B Chou 3R 11
B R — R B 5 R SR BGE , B 2 IR TR
PR T A T RO 1 4 6B X F— 1
KEEN LWEEREX = hihohshy , FFIRF W
AT LA it T 7 S B — L 9 Uk P LA TR T
0, KK

@=N%7§ﬁmﬁJ=1zwuN—1
RHF Jip = D(h;, b)) AEER b, Blh, WYECEE
B ARIEEERRE MK R AR 65
AR E R TR—AEOEATURRR:

V(z) = (X1, X3, X200 Xo107 5 Xooea) T

He:

3 HEFHERIEZ

HT NEERFEFI P IRNEZHIFIESE,
ABIATHFESABER, #ETETEAEY
BEGEZENT E, Rt IFREMFTEMEEHR
Ak, FERIEH THTERS DI HIFER
BT, Choul™ 42 H T Th B 45 # 3 40 A 1) 6 £ 4R B
Frik, Ashburner 20 T 2 A (RIS 4R 1T 4R U
B, Pan FNRE T ALK HE S L IBHE AR HHER
AT AR R B TR, T B SR R TR
/N SR B FFIE SR U 2 o

4 BFRIEF
WS T RERF SIS R, BT EER

AT N AAC J7 35 FNAN 2 B & 5 i S BLRT A  ik
GR/N, BT M EERFIEEA, BERTEE
R L R R G AI TR S T EEMAE
{5 BB S B0 n - OCC F ik, B2 15 B
Jk, PseAA IS HERER K, ANEEIRE A K
FIR SR —1 20 B0 M E; BREEERFIE
ERI R F S AMFFT LR FE S
B AR EH AL BRI SR R R,
HUTEYHE EYEE I EARA TR ity T
H—SBME L REHLRANEEHFRETL S
B EEBF PR A R — S R R, '

B EM:

[1] Nakashima H, Nishikawa K. Discrimination of intracellular and
extracellular proteins using amino acid composition and residue
— pair frequencies[ ] ]. Jounal of Molecular Biology, 1994
(238):54-61.

[2] ZhuH Q,She Z S,Wang J. An EDP — based description of
DNA sequences and its application in identification of exons in
Human genome[C] /& P ELEPER ¥ RSB IE.
Jemt: (HARFE AR ],2002:23 - 24.

[3] Sharnon C E. The mathematical theory of communication
[J]. Bell Sys. Tech.],1948,27:623 — 656.

[4] Luw R Y,Feng Z P,Liu ] K. Prediction of protein structural
class by amino acid and polypeptide composition{ J ]. European
Journal of Biochemistry,2002(269) :4219 — 4225.

[5] HB. ZEaRSHBNAERRE(D]. K% KEETX
%#,2002.

[6] GuoJ,LinY L,Sun Z R. A novel method for protein subcellu-
lar localization: Combining residue — couple model and SVM
[ C]// Proceedings of 3rd Asia— Pacific Bioinformatics Confer-
ence. Singapore: [ s. n. 1,2005.

7] HEF. & %8R4 FTAXREARIHFHEL
B IREE R4y 6 HF5T ()], e M B2 4R, 2006,22(1)
49 —55. '

[8] M 1B MEFREARNERBEIRTEID]. KE. X
FHEFITK¥,2006.

(9] 3kitA. BFXHARNMMNESRSAHMRID]. BE:B
e Tk K3, 2003. .

[10] Chou K C. Prediction of protein subcellular locations by incor-
porating quasi — sequence — order effect [ 1. Biochemical and
Biophysical Rescarch Communications,2000(19) :477 — 483.

(1] FHER. BAR - ASWTMOEMNSFRHRID] K
¥ EPRH KR, 2004,

[12] Chou K C,Cai Y D. Predicting protein structural class by func-
tional domain Composition [ J]. Biochemical and Biophysical
Research Communications,2004(321): 1007 — 1009.

(F#F212R)



212 - BEEEIESSY A

B20R

A A LT 14 MAE,
A1 XH4R

BALS LT o324
.V it | ERREE | RiRE LERRAE
(1241 (124%) (16 fif) (16 fi1)
0.1111 133 134 2141 2149~2150
0.4111 495 495 7924 7927~7929
0.8111 977 978 15634 | 15642 ~15645
1.2111 1459 1460 23344 | 23355~23358
1.6111 1940 1941 31054 | 31064~31068
2.111 2543 2544 40692 | 40713~40718
2.7111 3266 3268 52257 | 52281~52286
3111 3747 3749 59967 | 59986~ 59992

3 RERHESN

ERBMG RGP, 4338 FE R BT AI/E7E DMA
SR AL IE b, A& &R 256 5K
P& HOTESE 2o

B F STM32 RIVEIEHI B RA T Cortex— M3 4b
R, M Cortex ~ M3 ALHBIHE.L BET R HEEMARKY
3SEBALAR, ZABERT 5 XHWEA, BrLhik
BT 1.25 DMIPS/MH:z ftE R RE. 7E S6MHz B &
SERteh T, 354 B = 1/(1.25X56) =0.01423ps, 8
SRICATUEE, BREBENFE 6 XIBS(BRHEP
14T LDR #1 BCC#64 BB T LM F &1t 4i%
AR, AR UER T 43X H, Bt A RK LR ARIES
AL R B — &34, 256 KEMBLRF
256 X 6 = 1536 %184, tRATHE = 1536 X 0. 01423~
21.857uso WELRTE 10ms B9 K4, 8] R it 9, 4b 28
BABENLH 21.85Tus ZLBHEE, MMV iHHALTE
@A =0.021857/10220.22% , LT WAL FE2E
HASH R R SR L3 32 BIR K KR

4 STM32 Lid REFHANESSIMERIRH
HRiE Nyquist TR, RERRNTREGAESH 2
EAEBE SRR, MEERE p RN E

5, R B E 42 1%, STM32 L&Y ADC B3 B
BRERFERN IMHz, IR ERP 16 MK E, B4
WAGSRAER AL 1M2/256 =2kHz,

5 EXRIE

SRR ARG, BB FBOL A AEEERN
ADCHRERBENREER, IEBELRBTEERE
REGSNEE B ADC BB FI 850U F B #89 ADC 3t
B RBIN AR, E—EBE L WAT B4,

R, SRERARWERALAREZ—EMATRE
I EFEREIREERENWAGEHREE —E
R, FREREARN CPUKRMOREE —EHE
A, B RS T STM32 KA T E R Cortex — M3
2038, 3 AR AT DMA TESMR N SRAM Z R #1TH
BYUE L, R RS R4 STM32 1841
IR KA

B 3H

[1]  Schafer R. Discrete2time signal processing] M]. New Jersey:
Prentice Hall,1999.

[2] Karema T,Ritoniemi T, Tenhunen H. A 20 — bit sigma— delta
D/A converter prototype for audio applications[ M]//0f 1991
IEEE Int. Conference on A/D and D/A Conversion. UK:[s.
n.],1991:136 - 141.

[3] Cygnal. Application Note An18 UAS{EB/OL].2003. http: //
www. cygnal. com/suport/application. htm/< < Improving
ADC resolution by Over sampling and Averaging> >

(41 & &H.» B, THER. 2. E2T ADHBRBDAIREN
BAEREMA)]. BitEHIER,2009,4(2):280 - 282.

[5] BB .EFTARMMSKRBERERZEHNBHII]L FH
K#%1R,2006,24(2):222 ~ 223.

[6] FkZFE. B .8 F. STM32 &%) ARM Cortex ~ M3
BEHEFREXBRIM]L IR b EMEMRKF SR,
2008.

(7] Sloss A N, Symes D. ARM # AR RHEFF Z—8 B i it
HigkiM] sige, F A A EMESHRRKE Y,
2005.

(8] #% & EAFEIM] AL ACEAMBHK AR, 2008.

F e St T S e s L m ST S S e S T a in atain atuie ol

(k4% 208 /)

[13] Ashburner M,Ball C A,Blake } A, et al. Gene ontology: tool
for the unification of biology{]]. Nature Genetics, 2000(25):
25-29.

{147 Pan Y X, Zhang Z Z,Guo Z M, et al. Application of pscudo

amino acid composition for predicting protein subcellular loca-

tion: stochastic signal processing approach[]]. Journal of Pro-
tein Chemistry,2003(22) :395 - 402.

(15) FRk . SH/MNEERMEQRFAMELE(D]. 858,
MR ,2004.



