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5 RS 58 R 5 A7 BT IV A0 1) 5 SR FE RS . TAP 3 F
XTI s LI AL TR AR B B 2

MHCIZE 7. TAP 731 550 IRES G # A 1E +F
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FIFHAS 20 AR 4 S 5L G [ PR R A . A e
328 DA e JURC 178 T 07 32 220 MHC 12853 T A0 1
AL

BARMHCIZES> T TAP 40T 55K 45 4 8
AikEr:, XA RA =5, HIEMHCI
KA 26 F1 RS RN TAP 35 Fl 7 455780 25 45 7 o ik,
R — AR FH T 1 BT S v Y SRR RT e R A
B . EAE M G PR I vk S Ak
K, A5G JE RIRTRUE TR A TSR, SR 2,
AT

R TS R4 = 0 R, 2SO 4 i
B ARSCUAM kS, BEERSLE . [RIA i 4k
PRI AT LT 42 S A7 B SRR X 25 B 2R N
PISENR , A SGE R 53 2tk i MHCIZE 43R FiL )
BIAY . TAP SR AN AR 280, 249K X 2 4 Ik i
MHCEE A>T 35 F1 1 . TAP 35 R 55 5L 2%
SR B R MHCIZE 53735 R G I e 1) 22
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a. MHCIZE 7T/ IR A W 1 e 28 SR M A I . 454
PRCFFIR I A e SC B 3R I, AR B Y HLA
A22% . HLA A3Z2EHIHLA B7 25 T 5K E &
Y (8 A& XS HLA JE 1) A Zhi43E CTL
2 L %) 28 I 2 R g ) b, I MHCIZE A F S5 i T
IRAK, 5 MHCIZR 2 T8 2 A R 5 L) 3
CTL 21 B i G B 22 S g 1
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1 F7 . TAP 3% F1 7 A5 A (1% T 00 A B 52 5% 48 2
70%, WERPTASBIRI A M 0, PIAMBERIZE &
F4) FUIRE B B 2 49%, AN THr, R A
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ASCAE (145 TAP 5 718 H 9 2 IR B o T
TR AR T CA WSk B 7, WA B A
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(), XFEGIIE T TAP 2T 55 A ) i 42 1 RIE 4
HE20184E12 A 12 H, MHCBN $¥i 5405 1 052
%5 TAP o FAEH M ARSI, R K ol 7~25
MR A S H A 9 E B R 1Y 730 4%
B A ScEk [5, 7] BRSO ASCHE
EXCEL £ZH T I 5 IF 5 8e384 Ik 1) =
BEER IR TP HES, SRIG XA FHEOGH GLIR(E “=
IF (COUNTIF (Al: A$2000, "*"&A1&"*") >1,
"duplicate", "not") 7, HEL “+7 JFTHL, XEEA
SCHR AR A R . A A RO R AR TR] 1C50 {ELI)
Z5RBERT, AR SO X SE R A R4S
£ 699 55 TAP 43+ 1EF W i IR . R 45 &
SEM R Ry-lg (relative IC50), Hirp 2 IR % ik
“RRYNASTEL” #9JIC50 18 A 400 nmol/L. &5 Rk 45
GAEMIIERE K, M AKREDE TAP 70T 18 1Y nl BE
PR

AR CHITFFETEFEE S HLA BRI A2 . A3 255
TSRS G 0EM I UL HLA AL A2 . A3 FRH]
PRSI A G2 5 . R A2 A3 BB S
BHCA T8 8ds i 2 1 A>3 B HLA-A 2.1 73 F
M HLA-A 3.1 73, XS4 T 0 B 1EDB %4
J&E 12 TEDB $d e LA S KB A AL T 1C50
B, ARG T ek, A e
HLA-A 2.1 43T F1HLA-A 3.1 43 FR il #4 J Jik M %%
P& ¢ IEDB "'*' | SYFPEITHI "' | fit 983 7t J5t %0 i
JE 14 F1 Los Alamos HIV (45 2 157 $EHL . X 2ed5 ik
TE R AH R B MHCL 7/ R R A AR L 2 e s v]
DL RS CTL 40 M i S e W 285, R A U f i ik
AEJTINASE A IEREAS . A SC R HE E A 7T LT HLA
LG PRI EA S e, XA AR R
TG IR RE AR 1 AR

IEDB $0¥8 i 43, & 7 31415 HLA-A 2.1 73 T1F
FH B R BREHE . A SCH e B b EE A 1Y 1 545 5%
B R RBIE R 772 A T ICS0ME, PLx
772 FEAERE MRS L DL (1) S E ER T
FoRE, YRR R AL KSMM, XA E] T
HLA-A 2.1 77 F 2 f1 3 BE AL (i #K i KSMM-
LINEAR,,) . FHIJFUE A2 BRI . R 50 G s vk
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AE 1 L5 (FR A A2-immunogenic) 19 4 # .
TEDB %4 i Hh b 1 51 A 0 R R I 2 4 B T 1
T T B4 701 545 HLA-A 2.1 73 T4546 09 % AR
i3k 4 A2-immunogenic (1Y 71 FEAS ;3R E A2-
immunogenic [ 1EFE 7R J& 863 25 HLA-A 2.1 PR il ¥
. B e E AR R RN ARSE
RRIIRAT 27 5%, (EMEEARE MR, R
A4 32 B2 A2-immunogenic £ 7% 4 674 S T REAS |
863 SLIEAEA . AR 355 ## 57 HLA-A 2.1 36 A1 7713
£ IEDB-0201, 154 701 & kAR (AE45E 1K)
296 SR IEHEAS (456K .

IEDB (4 541 75 5 400 15 HLA-A 3.1 43 T4E
FH 0B RREHE  AS SO e BRI B & A 1159 4%
BE . R BBIE R 594 00 A T ICS0ME, LAk
594 ZBUREAE N4 . L (1) PR E /N5
SRRE, VIR A% R AL KSMM, X AR E] T
HLA-A 3.1 77 F 26 F Oy B2 8 (& 7% 2 KSMM-
LINEAR,,) . FIIJFIE A3 BRBIPE . TR 51 5058 5 1
Ae 71k % (FR A A3-immunogenic) A9 4 #E .
IEDB %04 122 bk 1 35 42 10 AR R I R 4548 T A
P Y2 712 545 HLA-A 3.1 53 745 4 19 %8 Ik
7R 4E A3-immunogenic B9 fREAS ;K £E A3-
immunogenic [ IEAE A2 276 45 HLA-A 3.1 BR il 14
). AT e E MR IR R AR RIIEFE AR SE &
HWEA 9N, FERFEARLE PR, XFRAN
Il 4E A3-immunogenic £ 7% 2 703 R AFEA | 276
ZRIEREAR | A S ST HLA-A 3.1 36 F 1 iR 4
IEDB-0301, &2 712 cfkEAR (FEZ5 G ) i
347 KIEREAR (456K .
2.2 KSMMELE T

TP e NP R

R = [0 20 000 x| A8 X 22 R A 6 2 B 11
i f, y 2 m PR . KSMM A& Wik, §—0
R/ MUE RGP w,

E1=2Uqﬁmxﬂ”+b—yJ+AﬂwW(D
HAW b, ¢, MERTLET KNS E, K Fn
KRB, ASCfli LM (linear) F142[A3E (radial
based kernel function, Rbf) %K%K,

Bk T KB B S IR X R IR RN T 27 A
SO, 0 B [ B 2 LR A AR BV P A mT Rkt
FERR OB AN ) 23 = A s ) . AR SO S8 52 ) ] £k Ak
B RS RS R 57 B L R A A B X 2

FOEISEm, BB . X TR B R 9 Rk, T
FAET 14 400 NEEXT . DR AE v 1 IR CBOR D R
KRB G4 L, ARSI RE BB H PRV B
MBS 10, X T TAP 54 kag 5 M gk, —
FA 126 A ECXT H BLRECA/NF 10, BEDFEAR R R
KA 126 fE i« A7 RO IRAEREA T, )
o BRE R A3 A 15 7500 o/ A9 X R 43 K A 0.
5w B w* AR B e, F1 D", S/ MEE, SR
ot ZH ) w | TR

E, = 2“_|c1 K, (xi,w*) + 02°K2(xi',w,) +b" -

yl+ A llw!'IP (2)
Hrfiye,. M EATLIET KANISEL, KRR R
B, A FHZRMERNAR 1) FEAZ R BN
23 R ERGRER

R TR G VRA R AL 3 X422 1) o A
AR, AT 3 R R B RO B
Autodock Vina "' | Ledock "' il Surflex-Dock '"*' .
R T R A FIE B A SORE i A S fey £
SRR E R IEW, ASCER T &4 HLA-A2/
peptide & G A SR AL SCMF (pdb code:  1hhk),
A3 M X 3 AP AR K (c %) XT 42 Bl HLA-
A24rF (afif) . SRERATTI0I0 A4 A0 IR AS G AR X T
U6+ 5 19 3 J5 MR Ml 2% (Root mean square
deviation, RMSD) (FrfiJii¥) ART 224, it
WIS B0 TR, 0 EL AP T 0 6 ARG G A i
B %) F Surflex-Dock, AL HIESH EHH
{14 66 IR T A4 SR AE R T L AR A 42 11 similarity B,
N similarity (R T 0.8, FHITINEE RELT

i | Autodock Vina. Ledock FJERINZ%L, &
HAEK/NEE G &, WE Autodock vina,
Ledock 45 H 19 55 K BC A G2 502 20. X F Surflex-
Dock, ZAREHE 137 “Kollman All-Atom” .
I “Amber” . BCAKF137 i “Tripos” . HL
Y#F “Gasteriger-Hackel” . X} 424§ Threshold=
0.5. Bloat=0.

R i FH Autodock Vina, Ledock il 4 %5 ik
4 % RMSD 43 % 4 1.76A, 2.19A; 7 3Cffi ]
Surflex-Dock %4 i Y 45 K ¥4 % similarity {E 4 0.82.
Ul W AR SO 35 S0 250 e g i P2 TE A8 1) A T 2
HAPE UL T http: //www. bilologymaths. top/mbtwo/

supplement.aspx.
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31 ETKSMMEZMTAPEF /&S

ASCHE 699 4~ TAP FCAREE 5553 18 50y, KK
B Hor 1 AR i, R 4 VR I ZRdE
KSMM 155 4 45 5L F B 40 /9 25 A L 45 45 %)

Pearson #H 3¢ & %4 (relevant Pearson's correlation

coefficient, R,) . % 1% A R, /& KSMM FE 5~
RE LRI RAEIIME . R T 3k A5 et KSMM #5
R TN KSMM B Ir A S 800 — 2 1 [l 3t
BSPEIUE, 22 150 T 3k SE S 800 358 8 i 161 R )
RINEAEN W RE . MR 1 &G 15, ETRMm
FEKSMM (L)L F & K KSMM-RBF,,,, R,=0.89)
HEZPE KSMM (LA T {8 Fk KSMM-LINEAR,,,, R,=
0.88) oIl MR 5 ZERH ff— 2L

Table 1 The performance of KSMM with different Kernel functions

Function type Kernel function parameter

Scale parameter

Penalty parameter

R

Range BV (K) BV (K C, C, Range BV (1 BV Y ’
Rbf 10~ 4~10* 40 40 2.00 0.40 10-2~10° 0.5 0.4 0.89
Linear 1.00 1.00 10°2~10° 1.00 5.00 0.88

BV: Best Value; Rp: relevant Pearson's correlation coefficient.

F2 W TR Y FI KSMM-RBF,,  7EA
W] () TAP 35 A IR 4E . 045 b 300 245 SR 1
Spearman AH & R 4
coefficient, R,) . H:Hf, KSMM-RBF,,, 1545510
R{H FH Origin8.0 3K 15 . & 2 55 1 41 51 Hi 14 7 3 FL 1hl
CM '®' . ADM ' #1 TAPRED '*" {4 Il 25 £ 43 5 12
16345, 435 2 FN435 558, MNASE &4 178 %4
#5 . HMM * FITAPREG ' 25 LA 493 45, 613
KBRS LR IR R R R 2T LR 1,
KSMM-RBF,,, fl TAPREG 75 ) R #B 4 0.89, J&
B, e T CM. ADM. TAPRED Hl HMM i
Ry, % [E%| KSMM-RBF,,, 1% 4 [t TAPREG [7)
K, ASCH ] KSMM-RBF,, , 15 5] oK %01 %4 JIK () TAP
SR TR T S

(Spearman's  correlation

Table 2 Spearman’s correlation coefficients between
observed TAP affinities and predictive TAP affinities of

different methods
Method Ry Reference
KSMM-RBF,, 0.89 This study
CcM 0.87 [8]
HMM 0.88 [4]
TAPREG 0.89 [6]
ADM 0.74 (5]
TAPPRED 0.67 (6]

Rg: Spearman's correlation coefficient.

3.2 KSMM-RBF,,, 7 il if £ A2-immunogenic.
IEDB-0301%1A3-immunogenich il & I
B4, AL HE T KSMM-RBF,,, il KSMM-

LINEAR,, Ul A2 BIR il 14 e 28 Jop: o KR 8 7 . an
K 1afrs, 7EMHASE A2-immunogenic |1, KSMM-
LINEAR,, i X 43 B£ #H X4 &, AUC {H i 0.873;
KSMM-RBF,,, % 1L X 43 &, AUC{E 4 0.491,
A2 FREAL I . A S T 5% F KSMM-RBF,,, &
KSMM-LINEAR,, 11525 52 7 660 1~ TAP FL{A
ST EARAE L2 KSMM A5 21 /Y .

HWK, AXHE T KSMM-RBF,,, il KSMM-
LINEAR, U A3 BRAIPESS & BRBYE 7 . & 16 fr
7N, FE 4 IEDB-0301 |-, KSMM-RBF,,, {J X
S —E, AUCTH M 0.672; KSMM-LINEAR,, /{4
XM EARE, AUCTE M 0.918.

)5, AL T KSMM-RBF,,, fil KSMM-
LINEAR;, Ul A3 FR P G e i vk Ik ae 77 . ani&l
le i, ZEIHR4E A3-immunogenic |-, KSMM-
RBF,,, fl KSMM-LINEAR,, X 4} FE 4 24, AUC A
S350k 0.842 F10.798.

KSMM-RBF,,, 7 M i & A2-immunogenic |- 7%
A ERB X R, AEZMERAEIE THCE T

KSMM-RBF,,, 7£ ] i 4 IEDB-0301 #1 A3-
immunogenic B/~ H TR A X 40, AR SCHEX N
Ak 45 4 KSMM-RBF,,, il KSMM-
LINEAR, . A C % % KSMM-RBF,,, 7t TAP 3% 1 }J
DAL FRRSPE CRES =000 1E 60 %) 7 A AR 5593
WA FAREA B 84.49% FIMFURE (B0 =T8I0
TEAff B TEAE AR T0 R IEREAS D) 90.2% i Xk
(R B ARG I, OB 249 90% B XoF o7 114 6]
B, T LA 2 I R S e v AU B W T e . X
T TAP WM{E AR T BE A IR, KSMM-LINEAR,



2020; 47 (2

BiE, % ETFTAPHFHERMAERFNMMHEC | £5FREEBRHEZRYE

+161-

UM i 2.6 B R 64 BUMAE ;B KSMM-
LINEAR,, T I J ik 5 1 (R BBl DA 2.6 1] 2.6,
PR TE AT Y 18 i ORI — > T o085 LA e IR
BTN 5380 KSMM-LINEAR, , i 4345 .
EMA4E IEDB-0301 I, HBXA AU AL A AUC
843 9 4 0.831, X 43 J& Ht KSMM-LINEAR,, fi
(Kl1b) . #£ A3-immunogenic MiX£E -, B4 T

R S AERY X 70, AUCTH 5 0.873 (Ellc) .
1E A3-immunogenic |-, 7EZ i AUC [Hh £ 138
JEAE (R RE AN XTI P, B T ASE A8 AH X6 T KSMM-
LINEAR, 4SRN T 39.3% (& 1c) . £ IEDB-
0301 b, 2 AUC i Zemf 15 BUe: i 4 X (1]
W, BEA TUA AT KSMM-LINEAR,  F554E
WP T 36.3% (F1b) .

@ 0 N b ot e ——
0.9 P 7 0.9+ o —
© 0.8 - // o 0.8F Vadl
E 07 / e E 07r s
2 06 o 2 06f o
= — = L P
é 0.5 / // é 0.5 / /
= 04f / - g 04/
ENI // 2 03}/ / —: TAP=0.672
- —: TAP=0.491 2l —: MHC=0.918
([)]zl / ,/ — : MHC=0.873 g']# // : TAP+MHC=0.831
L1 " AT
“'/Jw n I L 1 L L L 1 1 L L 1 L L I 1 1 L L
0 01 02 03 04 05 06 07 08 09 10 0 01 02 03 04 05 06 07 08 09 1.0
False positive rate False positive rate
(©) 1.0F —
X L —
0.9r -
0.8+
s
g 07F
2 o6
Z 0.5+
2 /
o 04/,
= 031/ —: TAP=0.842
0.2 If : MHC=0.798

0.1
0

: TAP+MHC=0.873

0.1 02 03

04 05 06 07

08 09 10

False positive rate

Fig. 1 ROC analysis curves for KSMM-RBF,,, on A2—immunogenic(a), IEDB—0301(b)and A3-immunogenic(c)

3.3 KSMM-LINEAR,,,. KSMM-LINEAR,, 1
KSMM-LINEAR, & BB H I E R

A L EZ R L (1) XA E EN
1SR, 2 KSMM BE1S B AR w*, X4
w* 45 AV IR 9 AR B 20 IR ——
RS 2R s BV o * BEAS 431 1 1E S7URN 48 XHE KN
TR 52 43 Rt B A B B 20 P & FE R 1Y) I
T RIS o i e A R 5 LRI LA R S 3 F 5T
KSMM-LINEAR,,,. KSMM-LINEAR,, fl KSMM-
LINEAR,, 1 w* 4% 73 5 K BF 58 TAP & 11 . HLA-A
2.1 43 FFITHLA-A 3.1 53 F % 56 BK 7 28 B4 S+ 1k
I g% ] 2a~c 25 MY . a0 4% A T 24 (B I
LB B EIER T RRTT T B L B R
F55 A LR 74710 1F B e8] 8 2R . B E R

P AT S BN . BTN EEK
PEEIERR . 5 O IR E IR . SR IR TR
PEEIER . A aFoRME RS .
3.4 TAPEFMAFMARSE

AR SR FHAS [R) 4% eR R ) TAP 2% F1 7 Ft i A5
% KSMM-LINEAR,,,. KSMM-RBF,,, &}t T i iil]
WR55, $EACTUI AN 3 Bz . An S P e i 2
HIJE “peptide”, FiJF AI AT A B Y5 I 7E 6~40 1
FHETR IR Y TAP SEF 75 QSR P e Tl 26
AZ “protein”, TIP3 ER BT F SR UK AR
WK BE R 9 N IESL FE R I J K, SR 5 430 T
PR TR W Y 7 S DL ERRARHT I, Hotin bE
WA ARBBIE R AT RSO, 1B AR AR b —
M wl LLOOE W iz AT . MOhE 2 http: /iwww.

bilologymaths.top/mbtwo/major.aspx.
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Fig.2 The weight coefficients of amino acids for KSMM-LINEAR;,,, KSMM-LINEAR,  and KSMM-LINEAR, ,

(a) TAP; (b) HLA-A3.1;
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(c) HLA-A2.1.
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41 % 4 1% B KSMM-LINEAR,,,., KSMM-
LINEAR, #IKSMM-LINEAR, ,HJ £/
KSMM-LINEAR,,, 7 TAP 2 F1 7146 I 5 97
KR R, /% 0.88 (£ 1); KSMM-LINEAR,, 7F
HLA-A 3.1 50 F 2 A1 A4 TEDB-0301 ) AUCH
570918 (& 1b); KSMM-LINEAR,, 7 HLA-A 2.1
Ay 3E A1 7R 4E TEDB-0201 19 AUC {8 9 0.919;
DL 25 R R W2 I 2545 3 1) Z P ) KSMM #5278
AT LAVRERA 0 TAP 8 MHCI> 15 58 JIK 4 26 #1177
XL ZEPEATAY 1Y) 0 B AN 43t 1 1F B7 R4 0HE KN
AT LAYER 52 e TAP 3788 MHCIS> 1% 46 Bk 4507
B B R I 1) Qi - R el e iR g (A

2a, 2bA12¢) . AR w*HE ] LIZE T )
M HEF% 2 . http: //www. bilologymaths. top/mbtwo/

supplement.aspx.
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R EIKE A2, A3 5T Ikgs SRR, kK
2. 9N E AR R — LR E R R R E AR, P
(1 MHCI/%JIK 7352 & W e R ] R B fi e Ji vk
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Table 3 Best defined A2-restricted epitopes and components of »* in KSMM-LINEAR, , and
KSMM-LINEAR,,,

Best defined A2-restricted epitopes

P1—P2—P3—P4—P5—P6—P7—P8—P9

L L

M \Y%
Components of w* in KSMM-LINEAR, , L 0.42 L 0.20

M 0.48 V 0.34

Ave 0.07 Ave -0.05

L -03 L 0.27

M -0.08 VvV 0.0

Table 4 Best defined A3-restricted epitopes and the components of w* in KSMM-LINEAR,, and
KSMM-LINEAR,,,

Best defined A3-restricted epitopes

P1—P2—P3—P4—P5—P6—P7—P8—P9

L K
\ Y
M F
I R
A
S
T

Components of @* in KSMM-LINEAR,; | L 0.74 K -0.07
V 0.58 Y -0.29
M 0.74 F 0.07
I 075 R -0.6
A 0.52
S 0.45
T 0.70
Ave —0.01 Ave —0.04
L -03 K 0.54
V 0.26 Y 0.64
M -0.08 F 0.51
10.09 R 0.64
A 02
S 0.01
T 0.15

4.3 HLA-A 214 F. HLA-A 3.15 FHTAPS
FXxTA2, ABRBIMEEER “SE” SEBRNE
i

#3 1, KSMM-LINEAR, it w*XF i 2 2 v &
“EAET @A (LM) sy h A BT i
SEIER (6~T1%) 5 XTRZE O E “Heft” ﬁ%@&
(L/V) i h e —0 & e o i P E A -5~-
i, HiXEsrm ¥ h IEE, J_J'E/THLAAzléHC
XL G R IRAE X AL E Y B S i1t B

;5 KSMM-LINEAR,,, A9 w* X W 55 2 v B 1) A2 R

wi P et EIERR I EEUE Y H,, KSMM-

LINEAR,, 1 w* X} 55 O 3 B 1) A2 BRI “ Bt
@aﬁﬁaﬁiiﬂﬁ“?ﬁiﬂﬁﬂﬂﬁ&ﬁ RREELR,

7R TAP 43 F X 3 A7 i 1) A2 BRI “ e f”
%%@ﬁ&ﬁfﬁﬁﬂ%ﬁ%r .

F 4, KSMM-LINEAR, , [ w* Xt 13 45 2 {37 8
R AL (L/V/M/VA/S/T) Sof 445

$90.63, He/ME N 0.45; T [E—1 &A1
B M-0.015 XA EEONIE “HefE” EILFR (K/Y/F/

R) JrEINE, s LXHER/D . X 28 HLA-
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A3 TSGR 20 E Il &R
PRiF ARG, T HLA-A 3.1 4 F X454 5 ke 45 9
B R & IR A TE R SS . KSMM-

LINEARq,, [ w*XF 55 2 0 B “IefE” R IER i
BUEA EERA R, HAAXY o FIEEAaTR
KAEEOCR, BN TAP /3T X565 2 v & A3 PRl 14
“EAET AR B A W R A% KSMM-
LINEARq,, [ w*XF R 55 O o ' “IefE” R AR &
A R4 2,565, BH¥ONIEM, SR
TAP 43 T X555 O v A3 PRl “IefE” &R A
W R Ak .
44 TAPHFE5HLA-A 314 FiHEANEFENE
BEEEME

HE 1b T LLES], TAP/rF5HLA-A 31501
IRGEE BN LA AR —A 53 B ) e B X S 2 I
P RIR IR BE i, AUC {EM~0.82 F T 0.87.
P& T 19 I A 3 o e 3R 4 h KSMM-LINEAR; |

KSMM-LINEAR,,, FJ w* X B 265 2. 9 137 B A3 B il
P CIRAE” SRR A 25 5 T IR 2R 5 X 43
K : KSMM-LINEAR,, % 2f 2 v B A3 FR i PE “H
FE™ E LR m iR 2, 1 KSMM-LINEAR,,, %}
S5O E A3 FRMIME “HefE” AR ik B
45 TAPEREEMEEMLSHHE

PDB 3 {4 Suld 45} T TAP & A B9 4 T 45
P 200 fLE T TAPLAE . TAP2 4% F It 2 9% 75 46
1 ICP47. ICP47 fE 11 & 47 55 & LR, H 5 TAP
FEOAMSE A TAP R AR LEHs ZIRMRe ). —

THEOUT, ICPATHE LS TAPEE AN “ kb
HI A" Rk 2 KI5 A 01 5 45 A . AR SR
P — B e ARG B AL AR T
AT —A i 5 ICP4T &R AR — R FFE /N T
SARIITAE TAP B HARAEE, W3RS; TFRSIIM
TAP & (5% SLHR AL T TAP2 55—, < SCHf 5 1
ANTTRE Y TAP £ [ IR G O S AR T TAP2 55
—, AN 4R PSR RE G A KA, A R A
FRILVL % 55 AR SO X HE A0 A R A i g 1 X 4
I TAP B (IR 2 4 ] R A9 R IR 25 & a5 R K
FEARBA FEATT, RILHE S | ARG &7 2
TAP & [ R FEIRGS A7 45

Fig. 4 Possible peptide—binding sites of TAP

Table 5 Possible component parts of peptide—binding sites of TAP

Residues in the peptide-binding site 1

Residues in the peptide-

All residues of TAP less than 5A away from ICP47

binding site 2

GLN350", LEU352", GLU353", VAL354", GLN355",
VAL356", ARG357°, GLU358", SER359", LEU360",
ALA361%, ILE397", LYS398", LEU400", ASN401%,
GLN402", GLU404", ALA405", TYR408", ASP148%,
LEU151%, LEU152%, LEU159%, ARG210%, GLY211%,
GLY212%, CYS213%, PHE214%, THR215%, TYR216%
THR217%, MET218%, SER219%, ARG220%, ILE221%,
ASN222%, LEU223", ILE225, ARG226, THR258",
SER261%, ASN262%, LEU264%, PRO265%, LEU266%,
ALA268%, ASN269*

ASN436*

LEU259%, TRP263%,
ASN267%, LEU271%,
LEU426%, TYR428%,
ILE429%, MEY433%,

SER286°, ASP297", SER298", GLU301", LEU305",
TYR309", TYR349", GLN350°, GLU353", ARG357",
GLN365", ILE368", SER372°, PRO375", GLU404",
TYR408", GLN453", GLN456", GLU459", ARG467",
GLU166%, ARG210%, PHE214¥, THR215*, MET218%,
LEU238%, PHE241%, GLN242%, THR244%, LYS245%
THR246", GLY247%, GLU248%, LEU249%, ASN2507,
SER251%, ARG252%, SER254%, SER255%, ASP256%,
THR258%, LEU259%, ASN262*, PRO265%, LEU266%,
ASN267%, ASN269*, VAL270%, ARG273%, HIS314%,
ARG373%, LEU377%, ARG380%, ARG381%, HIS384%,
GLU417%, SER421%, TYR422%, THR425", TYR428%,
ILE429%, ASP432%, SER435%, ASN436%, LYS442%,
TYR477%, TYR520*

“TAP1; #TAP2.
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4.6 TAPZEB5ERAIEINTE

MR O 2R BN 1N RRES S 015, A3y
SFH 3 BT XF TAP 2R L 3 4% k20 il ik
TR s A SO R 2 E0R 5 R
HAIA] . 3 408 k2 KSMM-RBFTAP i, A £k
[ TAP 43 F 25 Il 1 . TAP 2 1 & PR 45 74 SO B
pdb SCHF Suld; 3 4 K A 25 A8 S 530 B A
& MHC 531/ JIKEZ & P14 pdb SCHF 2¢lr, 312 Al
5h94. 3£ 64 1 T {di F Autodock vina £l Ledock 25 31

[ TAP £ 5 3 R IR 8 R, b A e
O 2R R T RE KA I SUBEVE T . BRI LA TAP
F BT, Autodock vina Al Ledock #£3 A: Ji,
ZATAM G A SR G 8 U U 2 1P BE
AR A R IR RS Z RS . 2R 6 XS
SERFW], KA 5y e i A1 A i Al TAP & FUE
A% & B AE FH . Autodock vina, Ledock Fil Surflex-
Dock %) X} 2 45 5 UL F http: //www. bilologymaths.
top/mbtwo/supplement.aspx.

Table 6 TAP-ligand docking predictions by Autodock vina and Ledock

Autodock vina

Ledock

Ligand, MLLSVPLLLG; Extracted from PDB, 2clr; Predictive binding affinity to TAP, 0.82(binders)
Predictive score by vina, —2.7 kcal/mol; Predictive score by Ledock, —2.74 kcal/mol;
Selected pose in the index, the second;
Residues forming possible hydrogen bonds with TAP, M1, V5, L7,

L8, L9, G10

Selected pose in the index, the second;
Residues forming possible hydrogen bonds with TAP, M1,
L2,L7,G10

l
Ligand, QVPLRPMTY; Extracted from PDB, 31r2; Predictive binding affinity to TAP, 0.48(binders)

Predictive score by vina, —4.36 kcal/mol; Predictive score by Ledock, —2.89 kcal/mol;
Selected pose in the index, the second;

Residues forming possible hydrogen bonds with TAP, Q1, P6, M7, T8, Y9

Selected pose in the index, the fist;
Residues forming possible hydrogen bonds with TAP, Q1, L4, Y9
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Continued to Table 6

Autodock vina

Ledock

Ligand, KMNTQFTAYV; Extracted from PDB, 5h94; Predictive binding affinity to TAP, 0.7(binders)

Predictive score by vina, —3.2 kcal/mol;

Selected pose in the index, the second;

Residues forming possible hydrogen bonds with TAP, K1, M2,
N3, T4,V9

Predictive score by Ledock, —3.36 kcal/mol;

Selected pose in the index, the second;
Residues forming possible hydrogen bonds with TAP, K1, M2, N3,

T4, Q5, V9

AR SCHEST 2 TAP R AN BERY , F50I0 A it 2 LE
[FIZREEL LY, TAPSEMI TR 10 . http: //www.
bilologymaths. top/mbtwo/major. aspx. Fi] Ff] £& ¥4 #& 71

() w* 53 #7 T HLA-A 2.1 53 F . HLA-A 3.1 531 Fll
TAP 73 FXHEAK P2, PO AV B 14 8 26 P ol 5% i) 42
S KB s IR, e X TAP 431 FnJE ik gk A7
TR .
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Immunogenicity Prediction of The Peptides Presented by MHC I Molecules
Based on The TAP Binding Affinity Model

SHENG Hao"", LU Yu-Feng”, BAO Yong-Ming”
(VCollege of Sciences, Liaoning Shihua University, Fushun 113001, China;
ISchool of Mathematical Sciences, Dalian University of Technology. Dalian 116023, China;
38School of Life Science and Biotechnology, Dalian University of Technology, Dalian 116023, China)

Abstract The major histocompatibility complex (MHC)I binding affinity models have contributed to screen the
candidate peptides, and have assisted the experiments in determining the peptides that can form complexes with
MHCImolecules to activate cytotoxic T cells. The transporter associated with antigen processing (TAP) binding
models could also be used for screening the candidate peptides. How to make the best of the two types of binding
affinity models for screening out the candidate peptides, the similarities and differences between the selectivity of
TAP and MHCImolecules in peptides and the biological mechanism of that similarities and differences, these
three questions remains obscure. Herein, we rearranged the TAP binding test set, increasing its size to 699. The
established TAP binding model based on Kernel-function stabilized matrix method (KSMM) had a higher
prediction accuracy than that of the state of the art, achieving a relevant correlation coefficient of 0.89 on a 5-fold
cross-validation. The integrative prediction of HLA-A3 affinity and TAP affinity models remarkedly improved the
discrimination accuracy, with the AUC value increasing from ~0.82 to 0.87. This improvement is due to the
different preferences of the two types of affinity models for the best defined amino acids on 2nd and 9th positions,
as well as to the complementarity of such different preferences. The results of TAP-peptide docking also

supported this conclusion. The TAP model is available online: http://www.bilologymaths.top/mbtwo/major.aspx.
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