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Abstract

Protein secondary structure prediction is an important field of computational biology. Although
the accuracies of the existed state-of-the-art approaches are more than 80% but these methods
have a common limitation. They couldn’t learn new structure knowledge of currently measured
proteins, and couldn’t change the used model and their parameters. Thus, they couldn’t satisfy our
expecting in the changing world. Here, we present a predictor of protein secondary structure
based on a continuously updated templet library: SIPSS. The basic stone of our approach is struc-
tural similarity based on sequence homology. First, a continuously updated templet library is con-
structed, which can automatically download the measured protein structure data from PDB
per-month. After screening, the new information of protein sequences and structures are supplied
into the template library. Then a query sequence is aligned against the template library by using
PSI BLAST, and a new variable-SPSSM variable is obtained. Last, the SPSSM variable is used in a
conditional random field algorithm for modelling and prediction. Our experiments showed that
SIPSS can online learn new protein structure information and its prediction accuracy (80.6%) of
protein secondary structure measured in recent times is significantly better than the state-of-the
art approaches. SIPSS is available free of charge at http://cheminfo.tongji.edu.cn/SIPSS/.
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BEAHR - REHTNRTEEMFM AN EES. BRIENRTS VLRSI ER TR E EL8
i180%, ERENHAILFARIBKE: FEANEIBRFTLNHNEREAREMER, FRFEESHAENS
¥, M RATIEHH B RN EAR ZRERFRRER. S CHER T T RFEFEFERER
BAHR_KEMTINEE: SIPSS. BATIFT 712 ENRFF M E RN R, HARITELT —
MR EFERE, A EINEARSEEF TERINEWELREWEE, SdmEiine
FIAE MG BB E. REXNTERFS, HELERBELST SERELXT, B2IFKZEE: SPSSM
. &G, RITCSPSSMAZEE, FKMAMIIZEEMBN . KERUARE, SIPSSREBIELZIFM
BEHREWE R, XLl e M E B R =R W TR (80.6%) B &5 T A TN 2E . SIPSSH ¥k
http://cheminfo.tongji.edu.cn/SIPSS/, W #tH %R EH .
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1. 51§

B AR R TN — B T AR YDA T R U 1] R R R4 R IO A4 2 B B S A
SERIFNTHRETON P28 —20, = B EE AR RS M TN AME N B8 i Ao de A R s i 2k, i FLAR KR
J& b 5 . S B A 45 SRR

AR, B E R A M TN ) S T V2R LA 2 S ik o LA ST B T YR At 4 B WD Y 50%
fedi, R 800%, —SeR T T LA H T N 45 il %5 4%, 40 PSIPRED [2]. Porter [3]. Jpred
[4]+ SPIDER [5]#1 DeepCNF [61%, Tl #EffE (L4200 Rost TS BT EL R AR FR 88% [7]. 43 HTiX LLfi
NI TSR, FRATTRT CAE B 2618 AR R B — SR Sudt i ik, s s s ik,
ELin N TP 25 [8]. SZHREM ML) BRI /RABIR[10]. AHRENLIA[11]. IR I[12]55% . FihLes
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I TTFATAT R B S T A HERR B . 1 — WA R AR T AR . L & AT ANE B E R
WIER AL B M SR, A TR AT R | 7 B R S 1 15 43 4 B (Position-Specific Scoring Matrix, PSSM) [13]45 . PSSM
SR AT 512 BRI 45 R, @ H H PSI-BLAST [141354%, X F&—AMNEEMR, XHN#H 20 MoER
R . PSSM B T RS B, il | a R BR IR 7 AR AZ IS B e PSSM 1) — N B 45 S 2[RI
— PP EIERR AR I — 2P SIARIIALE, EAT1 PSSM Al BER AR . Xt 2 LR M PSSM
ST S B R i A A B ) B R B . PSSMY BRX AN L, A A5 B0 RO B 1 R G ) T ) e B AR

=

Ho
TATAAEFTIA BB T P32 — PR 0T R S5 R 00 R AR &, 25 B R S MR AS 70 B (Structural
Position-Specific Scoring Matrix, SPSSM) [15]. SPSSM 5 PSSM 24l J&ilid £ & ¢ 51| L xS 2, At
EREESATERNRR, WNTZREMN MRS 8, et mGih. gk, ROmET 1K
H NCBI HETUA4 900 £ /5 %7 55 BLAST AR E . XMERER 2% HAFEMHRER, —RK27
FIE R, EVEERMEIETRA Y —FRX N REE R SR H(E Bg@id PSI-BLAST Huxf
R 45 /%5 P2 PDB (Protein Data Bank) [16113201. #8)5, TEIZREEER T IR %, 256 551
PSI-BLAST LUXBARE, HUH N Z&ULHACE 51 LR L 45815 5., THE SPSSM. e, FATTH PSSM
A1 SPSSM 3% 23 MASE I 1 T B H i — R A%, SPSSMPred, HXAST 1 W 075 (A T #Eff 2
b5, FRADCK X RSS2 8 A8 &5 T, % 7 SPSSM8 [17], [RIFE 25 m 1 Flll #ERi i .

AN, SPSSMPred Al SPSSM8 @A GRFAMT: Tl /7 71 HAS 21 [F) YA AR B R1UE 7 51 Fr B
SPSSM A E I = AN LR AE, AT TS HGESE PSSM A5 1. JLOASREE LR TR AR FE ARG . FFsK
EETE WA I DR X ARG . AR NATTE A PT Re AR TIN5 B 41 56 4 TG R T A I S R g 2
bRk (5 i 0y CASP (Critical Assessment of Techniques for Protein Structure Prediction) 3 28 1) 2 41 %
V4B 1 R S5 A TN 7 V43 9 T AR (Template-Based Method, TBM)AI3EAEHR (Template-Free Method, FM)
PIZRITVE[18]. — My, TBM THEPR, HEMIERERGE, HAMEANE; FM TR 2 K BAERf BRI, H
XF 58 A BEAE I P A AT Re SR it A FH A IS B .

PATI AR RE A AR, Bl g 1) i S5 M B AR I o ek E AR, iR,
BORLAAHR 1 55 1) 45 K B 2 S0 A% (0 BB L SEER R 1) - & AN e il 1% T L938nill E i & B 5 PDB
PEAF I B 1 [RIR PR RLAS, A 0 B 1 J0T — S 5 A Tt 28 DR AN B AR 1 T AT T ) = Ry, vk e
A AT S5 5 B AT e R E A . BT MR AR R st 2l — B Rl (1 4E 3~5 4F),
BOPTWCARBE, EHTERE, AT TN B R AR AS o TN R TR, BT R IME BN ) K
R

ATSCHE TR KRR AL SRR R A B S RS A NGET % SIPSS (Sustainable Inferring Protein
Secondary Structure). SIPSS LAEJE 1 45 /(s oA FS FEmtE, 45 M0 B4 S0 JE MR E A |
F A BN SRR AT RN T o S50 7 B A e VA5 40 AR B B T T RR A BB AR R 3R A5 . B R
b5 PDB A 1 5 85 1ot S 5o 45 K4 24 B 20 SE R Kb 78 5 SR o SX A SIPSS BT fig 71 S i 2% 2] sk
SAF ORI DL RE 8 1 i H S0 AR LA e 21 [R5 2 1Y) 3 A 445

2. HRIFIFA
2.1. g

BAEES: |AFFHIN PDB F#k. Hd DB-1 4 2015 ERT RATHIE A T8, FFHALLE < 90%,
3t 41350 4&/F%1; DB-2 520154 1 H 01 HE 2016 4F 3 A 31 Z[aIAH. FBHIAELYE < 90% T4,

I 5061 751,
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PR . WIAAASAR 2 B DB-1 3575 . 43d PISCES [19] 2 T (W B %41 FAIMALE <90%. 751K
FEE 40 NEIEER . R <3.0A, MIRME <0.3), 5521553 %541, BHR % /& Al BLAST $di %
TR (1) RS < [ o5 B () AN BRI 38 K o AR 2w 1) 1 47 R 38 — 454 FH DSSP [20182 7 1HEL, D307 Hil
THEAS A B AN ol S S R M B (LG a0 T 7 2 BE BR) - DSSP 45 H I 8 78 S5 M ik Ry 3 A8 0454,
B o BB5E(H) B F1E(E) R T (C).

W ¥ DB-1 fl DB-2 &Jf, £ PISCES £IUR(KEFKM: FHIFHLIE < 25%. /7HIH AL #
40 NMEIERR . 2R <3.0A, MR <0.3), 155 9676 4751 HkiET DB-1 1F A4, 3t 8507
KIFH.

MRS FIRRITURE R RIET DB-2 E A (1169 26/7 1), IXFEALRE, FRIUFIZRES MR
LI F IR N T 25%.

CASP12: CASP (107 #1l& %F T A M S 2 15 5 4 U s Bk ik, ‘e 15 PDB I TU AR FE 1R /1N (<30%) »
FHE T =BT, RATFE 7 BoCn PDB KATHIAH, Z2EREITNR 0%/, 957 20 %4
ETCRFPHIEN CASP12. IZkEE, MR CASP12 ¢8I 1) — 2 45/t i DSSP 15152,

22. GHUNERFHETER

ZENAL B R IS R R AT e AT PR AR B R & A B R SR TR R, B RE 3 AT
o M TEBFIIRIE, &6 PSI-BLAST SR AT RIURILNS « ZRJEIEI N Z2GERINEN 10)VLEL 7
BIFIT NS N 450 o B R4 UL P 4 i R 4 h), 3% IR &R AR FE TR 11528 | 4> SPSSM A8 & 1) 28
S /l\ﬁi%‘%

2P0 s)

SPSSM(i,s) S P (1)
XA, jRRICEF A P(i,j,s)/2 5 j 2kILACTFAIEE | N EERR . 45009 s AakME, BISET s 1, H
BN0. XEANEIERM S, SPSSM A8 &2 1L,
SPSSM Az 78 43 R T [RIVE 7 41 (0 45 R ARALL P, DA 2R 45 R 1 S B0 B0 R 3R 18 s M mT RE (S
Bo BN, SRR, MRME, RSN TNAS R, SPSSM AL & CUIE SRR S WA IR
SR TR THERF 5 o BT DAAR ST 25 T 28 R SPSSM 8 4

2.3. AIFFERE AT RAR B

T Bt A R O HE AR IR IR AS W I BRI, TEMLAR A I A, AT T 7E 4% 2] (Online
Learning) f15RI& [21] 0 TEZR2: 2] i, AATTRT DA ZEE I ZRiisi Al , SRR A8, Har1e
USRS AR R AR, T DUB BB, A ER SR E . BANS R E A, T R R
N TR . FRATRIN, HOERFER TR, A A T ) AR B R OR A = KT, T ERT
B, KA HBEHR S 0.1%/A 4. IXIRKFEEE Bt SPSSM AR BT Ei. R FH AT R 482 B8 B (1 A P2
A DAFE A AR RO fff P58 FRT T T RO T A0 00l 25 1 B 4 1k

AR B BT ARSAR FE (LT E I R < TEWIURAEAR Ll -, AR 4% PDB & A i B [ 45 F S B0 B 1 AR
TEHY A PE E AR EY o, &5t PISECES 704G (W B &M FAIARBE < 90%. 5
KB <40 NMEIERE. iR <3.0A, FIRME <0.3). EAIH et DSSP i+, 4R FH 24w ik
BRFEVHEEA1H) SPSSM AB &, FETINIL 540 o WS — 2% 77 510 00 00l v v T R AT T 8 1) BRMEL
(BRME N 88%), ULHH AT RN & & H 51X %78 m ARk H, B R R KT BT
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I ES. k2, WR—ZFHI TR N TR, WHZP 50 M MG BAN TR AR . = o5
), IXEEHEAEEIAERER, X EE AR EEF S R E S KRR = . 1 25T
R B AT HE

2.4. SIPSS EH R R AT

AT E AR BTN 4 SIPSS. TR @BL TN, w5k, AP H 5 T FE
bext, 59 id sk B A VC B 75 4> (Score) LA & SPSSM B &, Uk, fkdls SPSSM A8 & FH 4 1Bt HL 3%
(Conditional Random Field, CRF) [22] B al & 7l . 4R )5, %t FLl &5 SR 3 AR HE Score X 7 5 45 HH 5
P4, BTN 2R 51 S5 AR A [R5, 2 &i(high, score KT 360), HT(medium)fik(low, score 7T 60)
P, R PRI A B T 4 S

TOI#S B Web 3k R v T RE PP 2R, 9k e H java+JSP 9w 5, ffiH SQL Server fig fE4#E, 11t
TS PR E AT G CHES S . BURETEHFET H Python Il CHIE SRS . MR E R
HEE— U DRAIE SIPSS BEMS 8 HI o i 8 1 B 45 K 5 B 9 7 I g% - SIPSS #ii Ao FASTA % X4
FPH, SRR BAT N R AR TS R .

2.5. THAIEIR

T REERITIN P HER R VR 2R AR R, R 2 Qs AT SOVs (Segment Overlap Score) [23].
SOV FE & T 5 5256 — JRab At P BB e R E, B\ O e b B AN S R R 1 P32 B8 T B (K145 6 - Qs 78 S
Qs = correct prediction(s)

all residues(s)

X, s RRDUEEMIA, BIH, E, CuiE 3 (i KA.
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Figure 1. The flowsheet of the continuously updated templet library
1. B E R R IEE
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JEmA

SOVs 5E S H:

minov(s,.,S )
SOVS:%Z ( obs pred)+) Xlen(sobs) (3)

S

maxov(sobs ’ Spred

b, NGRFTA s RAEILIRE . minov A maxov 7373 T 5 A /NI KAEL,  Sobs AT Sprea 73711327 s
FARGELL Fr B i AT R M. Len)Rn K. & B4 AN f/ME, BP

& =min {(maxov(sobs, Spred ) — MNOV (S Sy ) )5 MINOV (S Spea ) 51Nt (16N (545 )/2) 10t (TN Sy )/2)} (4)
3. ZR5TiE
3.1. EREFFIIRGERFETMY

SIPSS FiilifE /7 = Bk 4% SPSSM AF &, 1 SPSSM A& 2 [al Vs b AR FE (R 45 5. BREJRATT TR 75
RS IE AR FIR Y 5 S A RS o SEBR b, BT E BLES 2% 21 V280 i S e [RIR 7 A1 I 5 R R s k2
b =TT, FRATIEE RIS 2 2] R S T — 2% S A S NG EA R F A0 R B—T7
M, FATAT LK BT & AR E SR R 20 FREERRALRE) “RIVE” P8 S8k i) it 2 [RIJ8 F BE K,
PR BUE, /T 3 ANEEER A B, XN I R MR R 25, ARARTIEA T, RAKAIE
BB, WInE R EH KT 9, ditafrsrih nl DURIE 1, (HITERISRFEAREHRAZ] T, Kbt o
EH T . 2 B [FE EEA (PSI-BLAST) I Zh A LRI B i figg ke 73X AN 1] /[ 14] . &R $T 53 (e value %),
AHER IR (BLOSUM-62)F1 2 XGRS, fRIE T A [FYRF A i . FRATISLEGIESS, PSI-BLAT £
BRI B, RS M 2w BEOR ST ), RT DA Ry R 4 ) 0 ) A R FE [ 15] o

AT N5 55(8507 257 H1) i,  WIHAARAR 12 (21553 257 A1) bk 2, TR 4E (1169 45 )% 41).
H IR 5 )1 2 B R AT AR 25 1) 71 R 1k AR AR (<259%) , S AR HE R Qa 2158 72%. 414l 404 T
MBI 5, BATE B0 R — 4R TIN5 51 BELER A6 AR e 48 30 [R5 77 51 5l [R5 91 7 B, TR HERf
J& — M #RRE AR 90%. WS — 25 A I 5 A1 FRAS B[RS 7 510 F B, o) A 7k B K 31 50%~60% 77 47
TR 5 IA BIOLF Tl &8 2 A8 2(Z WAk 2).

DGR P T 0 B 5 ) I B AR B, LUy an el e, v R RIS S, (E 238 N Sk AL
AR HLAA 0 B2 - i SE R P AR B B . — BLIRATT 2016 4F 3 H BRI, ISk
FEARUARAS, TR AER T Qs it 94%. [Fi SIPSS 2K SPSSM A% & Al fit % 1 45 58 HOASAR 22

3.2. BEHRIRERNFRER

TATCL FIRYIZREERIAN 2016 4F 3 A AAR 22 v :At, Wik SIPSS HtERE. & H 27 H3) N4 PDB &
AT 5T 41 S 2 o R 1 e IR 444 B B BB AR e . AN 2016 4 4 H 3] 12 H 1 53T J5 Pt
SR N 1.

MERFEATTLLER], 8 HKAH 1 B KA R 55 e mi i TU R LUK, X E8f7 41 J H 25
FA I NABEAR 2 i 0l A 2 B 8 o o

SIPSS J& —ANjvE P&, AN BRAERA Tl 5 AR 2 17 41 [RIJR PEARAIC AR 0 ) e s, (2 e R
L5 TR R R R AR, R AR TR 2R % 2 B 0 (W B 1 R — e S5 K Tl 2%

3.3. 5L ETNRELE

FH TR AT R o W O AR 28, SIPSS RSB H A8 11, RefeBEE I 3RS, AW 1B AR,
WSROI AL f7. FRATH EaR VIR, WIaaRAR . 2016 4E 8 A IR FEM 12 H A%, %F CASP12



Table 1. Comparison of performances between before and after updating the template library
= 1. SIPSS B FEMR E AR TN REL R

2301 315
4 f
H E c 3 H E c 3
Q (%) 78.6 67.0 54.5 69.4 96.8 95.6 90.4 94.9
2016.04 (102)
sov 80.2 81.2 71.4 78.2 88.3 928 85.2 88.7
Q 79.4 62.9 51.1 67.3 96.3 96.1 90.5 94.7
2016.05 (91)
sov 81.2 79.9 711 78.1 88.2 92.8 85.0 88.6
Q 80.9 61.2 52.9 68.0 96.5 95.8 90.5 94.8
2016.06 (95)
sov 823 78.9 722 78.8 88.2 926 84.7 88.4
Q 77.2 701 58.4 70.3 96.1 96.2 90.3 94.7
2016.07 (101)
sov 80.8 81.8 733 79.1 88.1 92.7 84.9 88.5
Q 78.9 67.3 55.4 69.6 96.3 96.0 91.2 94.9
2016.08 (116)
Sov 79.2 80.5 705 773 87.8 92.9 85.2 885
Q 78.9 67.5 56.0 69.4 95.7 96.8 90.4 94.6
2016.09 (114)
Sov 80.3 80.4 71.9 78.1 87.8 93.4 85.8 88.9
Q 775 62.0 545 66.4 95.6 96.0 92.3 94.8
2016.10 (112)
sovV 79.9 76.2 69.2 76.0 88.7 92.6 85.6 88.9
Q 78.7 66.9 57.4 70.0 95.8 96.1 90.4 945
2016.11 (102)
sov 81.7 82.6 735 79.8 88.4 93.2 84.9 88.8
Q 7738 62.7 55.6 68.0 96.1 95.0 90.8 94.4
2016.12 (79)
sov 80.3 81.9 72.3 78.6 87.6 93.1 84.8 88.4

VE: SR H RS S N B R 2 ] TN HERS LG T 0.88 B A KK

(R F AR EEAT TR, HERAFE Q373 BN 62.9% (SOV3:54.9), 79.1% (73.4)F1 94.4% (92.4). A T 4T HL#L,
AL T 5 AT R HA 2 A8 0 s # T2 : DeepCNF [6], SPIDER2 [5], PSIPRED3 [2], Jpred4
[4]VA K Porterd [3]. iX STl & £E & A R A2+ 75 04, 3F BB f5 SOAWTsod:, &A1 #ihiia . PSIPRED
S — > PSSM TR — 2 25 4 ) Tl 25 [24], & BAE W] AR AR /2 3.3. Jpred #1 Porter #4 1#TH 4 hitA
SPIDER2 % FH A8 ST i 5 13 v 1 T AR vEE 4 5 - DeepCNF U FH I 5 2 > 0 7 42 LA 41l PSSML AR
B, DELCH T WIAERE . IR 5 R LU IRAT 2016 4 8 FASTAR FE TR 45 R A Tk 2.

T 285 R FRATTR DU, an SRJ2 A WIAR IR 2, FRATT VAR ANIF I . (R BEAE I (A1 HERS , A7)
(1) S T AR AR 2R AL 1 CASPL2 (1) 50 T 41 B AHABLT 41 . SIPSS F Tl A 5 AN g =y, %1 2016 4F
8 HtiIL e A AR . X U0 IATATALAS 2% 21 (0TI 25 G AN S i SO i A Y, ARk 2k e
[PILH . Lhin DeepDNF X} CASP10 1 CASP11 [) Qs #kE It 84%, {HXFT CASP12 KA 72.9%. mMiFkAl
(1) SIPSS HATELS I Re 1, B JeiToR LA th, BeAERAHbAEE M BRATE A L BT S B i )
45K

3.4. FHIEBRTNGIF

SIPSS Tl &% ASE e % v A TN 2 ) 17 91 g, e BRI P A IRR P, 0 R i —
et . AT 2016 4 12 H BRI 2017 45 1 A 25 H B A543 avp6: S5FFG [25]. A2
MR W2 A KR, (B8 5%, A2 A aiEsh H iR EZ/EH . SFFGb & A5 H 257 251,
SIPSS il Qs /& 88.4%, THMlI4E Ul 2 Fow.
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Table 2. Comparison of different predictors on CASP12
= 2. TEFMEExT CASP12 FllLE RELE:

SIPSS DeepCNF SPIDER2 PSIPRED3 Jpred4 Porter 4
Qs (%) 80.6 72.9 72.6 69.5 67.8 72.7
Qh 88.9 715 75.9 65.6 66.5 74.0
Qe 80.7 65.4 64.1 60.8 58.0 66.5
Qc 69.2 85.1 79.4 86.3 82.6 79.2
SOV, 74.9 58.7 61.6 54.7 54.5 60.0
SOVh 81.6 63.2 68.8 59.4 60.7 65.2
SOVe 75.6 61.0 60.0 57.7 54.7 61.4
SOVce 64.8 49.3 54.0 445 459 51.1
T
—
!t; \ ,;-& ;_.:: <
’é i

Figure 2. The diagram of the predicted protein 5FFGb structure.
Where, red shows the correct predicted o helixes; green shows the
correct predicted coils; blue shows the correct predicted g sheets;
grey shows the incorrect predicted structures; yellow shows the dis-
order structures

2. ERAR SFFGh TUNZERTEE . EF, ABKKEEHR
MEY o IZRELR ., FERREEBTUNOTAEHAR., B
RIEWMTUME g T BB, REFRERTUNPLEH. BREKER
M DSSP Bt EA i — R &5+ . 5ffgb Z4EL5HR M Pymol EfY

4, &5ig

AR R T BT AT RESR SRR (1 B 0 RS TN AR o 5 A0S [ 2 A2 FRATT A [R5 7 571 45
FORSFYE R, AU 3 ANJTE ) SPSSM A8 f DA K R RF 45 BT AASTAR e > 00 £ 1 o7 — 4. FRATTi)
SIPSS TR A8 AS 75 E A5 % 5 5O R Al B Bl B 18] 51 301 5837, R0 FH B 114 48 0 2R 2 T 2 0 ol ) — R 45
SR SIPSS A i A8 A AT IS HERR 10 T AATT CL4 503 R 46 K 2 BUE A —hss i, RN e et
SRERLFTTIN £ 13 5T 85 A6 AUk o T Rl 8 2 FH i 55

NSRRI 5T S B 7%, 56 SIPSS, DAk 3 B & 1) 4 5T — R A R T v
BHRE . A SCH) TAE AT AE1E R N T8 e - BE5s 2% 3] (reinforcement learning) #5243 . FATAHISBESE A
T B HARTE T E AR AW R R AN, NATT— % Re % 14 6 56 36 1) 8 1 R 45 A TOOl 245
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