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Abstract

The anticancer peptide is a kind of antimicrobial peptide which has obvious antitumor activity.
Anti-cancer peptide can not only quickly and effectively eliminate pathogenic bacteria, but also
can be effective in human tumor cells. Based on the published literature anticancer peptide data-
set, the three kinds of protein secondary structure (3PSS) were extracted as the characteristic pa-
rameters for the first time. Combined with 20 kinds of amino acids (2044C) and 6 kinds of hydro-
phobic amino acids (6HP) as characteristic information, using the quadratic discriminant method
(@D) to carry out prediction, under the 7 folds of cross-validations, when using three kinds of pro-
tein secondary structure components (3PSS) combined with six kinds of hydrophobic amino acid
components (6HP) as a feature, the overall accuracy (Acc) was 86%. When using three kinds of
protein secondary structure components (3PSS) combined with 20 kinds of amino acid compo-
nents (204AC) as a feature, the total accuracy was 94%. It is found from the prediction results that
the total accuracy can be improved with the addition of secondary structure information. In addi-
tion, compared with other prediction software, we confirm that the prediction accuracy was the
highest when we join the secondary structure.
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PR R — A B B R MR DAL, PR AR PR R IE KBUR RS, EREA R
{ERF R . 2308 B RR TIPSR E S, BRI T BEER3FH =R EHE 5 (3PSS)
EREHMES R, HEE20FEERE S (204A0)F6FEB/KEEMRA SN (6HP)ENFHMESE, XA
KA (QD) LM . B)5, E7THXXERT, B RABRARIM _REWH S (3PSS)E A 6FEHR
KEEFRL S (6HP)VERERERT, TN EHEEE (Acc)itB86%; 4K FE AR 3F — KL HH > (3PSS)4
20 R ERRA S (20AAC)/ERFHERT, TSR EER94%. NTRIUGERIN: BINT ZHEHERE
5, TKEHEARBRENRS. 55 ERMFEEES, AEMBUKEHELE, BRFEATIA
RS BAEARHMEE, BITHTNEERR .
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1. 51§

PuJ ik (anticancer peptides, ACP)J&—F B A B BB i Ve BT CE VIR 1], I 4 RAEM) % KA HE
P — kil 7 RER AL, BEEBEFARN, BEEEFAVR A I, P KA AR & R K
BRI, EREA BOAE T AR AnAE, R 40 1 i e i B2 B, 8 1 DNA W24 S 80U
JEAIMIAE T [2] [3] [4], PUiEIK(ACP) M &I A RE 16 IT $& 4t 1845 2 [5] [6], R NPifmk(ACP)Aa4id
IR FINUAREBE D) RE o 7RI 25 T4 rp, VP 250X SR R 84 (i Bue Ik L 7RI R B A[7] [8] [9] [10],
R PR K (ACP) W] BE U RAE YR 9T 1 — PP T Bt o

2013 4F, Tyagi 5 A[11]2E TR MR/ SRAE(S B, 18 F SRR & L(Suppoa Vector Machine,
SVM) SRS B R HEAT T, K5 (Acc)y 88.89%; 2014 4, Hajisharifi 25 A\ [12]% T Hh & LR A 05
BAUD I AAZHEE, B AEHL(Suppoa Vector Machine, SVM)EEETE 5 H1 38 A& T X i ik
BT T, SRS E (Ace)iB F 89.7%; 2016 4 Chen 28 A\ [13]2E T /741 T BLAE FL 4738 XAG LG N Xt i kgt
FTTR, SRS (Acc)ik B 94.77%.

AN R F L [14] [15] [16], 1EHR 20 Fha FEBR2H 4 (20AAC) BRIt 3 Bl — 41 2H 73 (3PSS)
R 6 PR B /KA EEIR A 73 (BHP)E R RFIE S St AT T, 5 i () 00U s 2 (Ace)iB 2| 94%, [ 7E
AR A R0 B R A7 0oF I, 45 SRR s N R S A T A0 T F At T %

2. MRI57%
2.1. BIRLEE

NTAETFRIEZR AR LS, ASC Wik 7 Hajisharifi 2 A[12] (http:/aps.unmc.edu/AP/main.php) ) 2
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Mpie IR EGE A, FRONEIRE Po HrP IESEAL A 138 SKHUm T4, FR PO FUEML S 206 2 ARhise ik
P4, By PO,

2.2. $54ERYIEEL

22.1. ERRZ-REHES

AR IR it 3 Fh A5 453 (BPSS)E BENRHIES &, EAR 3 F ZREW 0N o BRE.
B I BFTCRIN A it (Coil). HHmeE, B4R 138 KPulik/Fal, e 206 vk r s, H_ogamfE
S22 i1 PSIPERD [17]#AE T 3545 .

22.2. FEBES
ARSCEHT 20 FhEFEIRZH 7 (20AAC) 5 BN NS &

2.2.3. FHKEERRLE S

AR S R SR K [181Kf 20 Al ZElR 4 6 K2, HARRERAR: Haiop KRR B R
RAEIRD). HERR). BEBILE). REABEN). HERQ). HEAMmK). HAmH)HAN—2K, it
fE H; KK R AR AR A) . HERM). RHERF). & RL). megdiR(). SEmR\V)AA
—3, fE L BRI B UK I R IR 2 IR (S) HEIK(T). BAEIR(Y). BRR@)IIN—2K, il
fEW; RIRH 3 ME R, BIHEARRP). HEMR(G). FIEMR(C)FILAFIRHIL 2S5 % il — . X
20 FHEIEIE AT LUHIFN 6 F(RD H, L, W, P, C, G), AT 13X 6 FiirsiiK @ ILIRAL 7> (6HP){E
FHIE

2.3. ZRFIHIEQD)
L R 512(QD) A M IE S AN rh FIT AR DP9 F) VA R AR S5 2% 1 Kk i % S 52 [14] [15]
[16]f9 AR, AR SO — R FDE, WERWAMES I, j ZBfAERSR, A FHHARQ)RR:
& =Ip(ax)=Inp(e;]x) M
AR DU e, AT DL
p_d-9; 1 In |ZI|

g=l P G7% 2yplal
I @
1 1 1 1
=(Inpi—55i—5|n|zi|j—(|npi—55j—5|n|zj0
Hr PRI P A i, INEA IREASL
FATBE -
o, 1
77v=|npv_?v_5|n|zv| (3)
8, =(R—4) TN (R- 1) )
FEME R E g, 7T RERR
ﬂi:iiti )

Hrbop, R —EEFHFFIEE, S, &R M p, Z ISR, [X,| Ry 28 Y, TR, (0
Beou ME [ ENZGERLE. )

O
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2, AT A R
oy Oy, 06
Y - U\Zl,l U;,z O';/,e
O'(\s/,1 O—(\:",Z O'e\sl,e
X, 5 ERHE TR
o, zpiz(t‘ — )t = ") (v=P" and P )
E Ve A L ’ M %
Eﬁﬁ“*véﬁﬁim mﬁﬁz%
é:ij =75 =1 @)

RATAT LM 7, 7, BR/NSKIUTH p(o | X) (v=P" and PP )i A /NIBT . T4
AT X, RS, n RIEEATHEIZ 2 D KRN, R g, 2, PERE—D, IRE
UL p (o, | X) 5 p(o, | X) ok, S8 X HBLZER AN b s ok, AR5 X s T
Al k2K,

RMAES T FEE T, SFAEMEREISR, B UARATE LT RvrRZ2 G N e I R

R = Neorr — Twro (8)
Teorr

Hrb, N FRBETHCOEEMEI N, 1y FORBETRTM A HABZE IR 7 (8 T 52, BRIy )
). FATEER R ERATAIERIBE, WEER] ]2 30 (@) T Wl 45 R AT d M g Ik

2.4. BEMARHEE(RF)

BEHLARAR[19] [20]577% 2 Leo Breiman 7E 2001 4F4& H ) —Fh o K HIIAL Y, 2 i vr 2 AR 25 [H
W ATRE, — B SEEEMERE— 2K 88, BE MRS R R TE . E i3 AR AR
Z 990 HARE R — AR Ak . BENLARAR S — Pl ik { Bk R RS 2 A KRB A& Sds.

BENLARMA A EZ M SE, — A2 SRR SRR N1 2AL 7 2R B it P IRMBEE REAE S 500 A4 m,
A B LARR A SR AR S K (k = 500) 0 FHBEATLARIR 23 S 38 008 0 BE 2EA7 #0500 5 53 28, $= e 4y
KBTS, BJE HAREEEUE 7 R A R . FENLARMRE I AE AT fUALBEN LR PR AT 70 3, 1XFF
AT DA/ MG B AR S 2 [RIRIAR DG, 3R IR B e . AT R R 1BES NI RF FEF . BEML
AMEEASHIUL EUEIG . R8RS, Wi At Pud b B R A SR, RN &ZE RS
B bbb, BESE U A Ah TS AN RFAELE 2 e o B 2

2.5, TN RETAH

H AT, T B B AR 56w FH 0 5 vk 32 B A S AR 56 (independent test) F1 K- 47 38 XU I 56 (k-fold
cross-validation test).

AR 7 P38 AT, B BIRERNL N 7 AN THES, KRNI —AFEE RIS, 1
BRIRM 6 NTFHEAMIENINGLE, HIFBE—ILER 7 R X TARAT I EEE R VA, R ARIIE
IR L B 8 T 1R — R S B R AR A T AR [21] . TEFRATTIT 7T b 2 LA A U (Sn) . RS
P (Sp)~ T K FE (Acc) Fl Mathew’s #H 2% 2240 MCC iX 4 A8 BV T B35 194 R -

()
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1) ugtE: FonBdREh R RMBIERR, & XUWT:

ne— 1P 100% ©)
TP+ FN
2) Rtk SRR ST RN N TN A R B R E R, R
Sp=— N 100% (10)
TN+ FP

3) TS E: RTINS IR, & W T
TP +TN
Acc =
TP+FN +TN + FP
4) LBEMRRE: — DBV, RS TMNSEARES, & XnF:
MCC (TPxTN)—(FPxFN) < 100% 12)
\/(TP+ FN)x (TN + FN) x(TP + FP)x (TN + FP)
Horp, TP RRiZ 2R BT RE 8, FN R 228 T BRI I RE L8, FP 3 n HAh 28 T it
REIFEE, TN R HABE P IEM BN AR S, N RN a5, BUSHE(Sn) R Tl &k
HIRE T, HrFIE(Sp) gl B K Al 45 5, TR B2 (Ace) - Tl 45 B (K 1IE A, Mathew’s #H% &
B MCC R M EE S5 EEY, MCC FIBUEVERITE[-1, +1]2 (8], MCCEST LI, FRonTuls
REESR5E IS, MCCEZET 0 i, FRonEe NI, MCC{H%T-1 i, FRIRFAHM.

3. BR5WiE
3.1 ZIRFIHIE(QD)xHi#E AR TR

TEPUE SRS P, AT IR 20 FRE LR 4153 (20AAC) . R )i 3 Fl R 4541 53 (3PSS). 6
FRoRE K Z AL TR A ) (BHP)ENRHE S &, RO HDIEFAT I, 78 7 #7258 XARS T, HLR<0.3, T
Mg AL 1.

& 1AW, 78 7 8 URHIE T, SR ZkFIRE, L 20 e IR 2H 43 (20AAC) 45 & 8 1 Jit 3 Ff
TR EE 2 5y (BPSS)E BAENRFIES SN, TN IR v, TSRS B (Ace)iA 1) 94%, fUSkME: Sn. #F
S Sp 5 DB A< A% MCC 43 511A 90%. 96.67%- A1 0.87. Hi%E 1 Al WL: 7EF 515 BAENEHMES RN
BEfli b, N T ZREEMME R, TS BEERA TR KRR, BB AR R S ME B AR A
EZ .

3.2. BEHLARH(RF)E AR AR A TN

N T i E BRATTFTE AR S {20 PR FEER4L /) (20AAC). SR 3 B 2145 K(3PSS). 6 FhSEiiK
IR 5y (6HP) X TR B K B A AN AR, AT AEA 7 BENL AR EIE S & X SR AIE S s
N, 7 I XA, HUR<0.3, TS BAIEE 2,

W 2, RN T a5 s 5, TR A T AR e . |G, £ 7 X XRR T,
KBNS, EEL 20 FhEFERRZH 5r (20AAC) 45 & BR AT 3 Fh g &5 #4143 (3PSS)[5 B NFFHIES:
i, TR IEA S E =, IR 2R (Acc) i iRk 2] 88%, BUBME Sn. 455k Sp 5 BB HH L RE MCC 45N
80%-. 93%. #10.75. [FEWIXFEEEE 1SR, KIEMFEIRRMESET, ZFn1%(QD) ELEE HLAR K (RF)
FEIE G T K T

WU, W FouRE T RERIBEA, AT Ron BT TS AY (A 50k, 72 A8 A b e Ik 4k
PEEP N, AIXFEL T Hajisharifi [12]55 NHIRF S5 5, XL gs RA#E S 3.

)

x100% (11)
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Table 1. Prediction results based on QD in 7 fold cross-validation
= L7 R T RFIFERTUNLE R

Features Sn (%) Sp (%) Acc (%) MCC
3PSS 35 96.67 72 0.43
6HP 95 76.67 84 0.70

3PSS + 6HP 85 86.67 86 0.72

20AAC 80 93.33 92 0.83

20AAC + 3PSS 90 96.67 94 0.87

Notes: PSS: &[4l —Z/&5H; AAC: LM M : HP: SFEH/KEMER

Table 2. Prediction results based on RF in 7- fold cross-validation

2. T4 X TREH AR MR RO TS R

Features Sn (%) Sp (%) Acc (%) MCC
3PSS 50 80 68 0.32
6HP 70 87 72 0.41

3PSS + 6HP 60 80 80 0.52

20AAC 80 90 86 0.71

20AAC + 3PSS 80 93 88 0.75

Notes: PSS: # i —45k: AAC: EUIEMRALNY: HP: SRH/KEILER

Table 3. Comparison results by using different method
= 3. TEIFEMFTEEER

Methods Sn (%) Sp (%) Acc (%) MCC
Our method 90 96.67 94 0.87
Hajisharifi [12] 81.48 85.36 83.82 0.66

Notes: Hajisharifi [12] see in ref [12].

3 AL A R EOR T IRAT S RO T H e TR, AT R FRA TR B AU E AR HE . JC R M
SRS, TR AR KIS, RN 515 BAE DU IR T Ao A I 3%
4. g5

A, TATE VO E AR 3 Rl 2055 K20 2 (BPSSYE NARAE, F145 4 20 R SR 2H 73 (20AAC).
6 MBI K EILFRZ 23 (6HP), N A HIE(QD)IHEAT T, 455 B N 20 MaE FE R4 5 (20AAC)
EEEAR 3 R i EE A Sy (3PSS)BEAT T IEM R B v, SRS (Acc) i im N 94%, FHH&ETHEM
TR 5L [19] [20]. A5 BERFRATT A PRI Y mT DLz A 32 e Pk iR s b
E&InE

AT H EE 5 E AR S5 H (31360206): 7452 T 1A X 25 BRHIE I H (NJZY067): 52 Al K
PRI R FE 45 (JC2013004) % B .
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