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Epstein-Barr viral protein BNL F2a suppresses the confor mational
change of antigenic peptidetransporter TAP
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Abstract: [Background] Epstein-Barr virus (EBV) is a common pathogen causing Burkitt's lymphoma,
Hodgkin's disease, gastric cancer and nasopharyngeal carcinoma. A membrane protein BNLF2a encoded by
EBV inhibits antigen transportation by transporter associated with antigen processing (TAP) and thereby
evades the elimination by cytotoxic T cells. TAPisamember of the ATP-binding cassette (ABC) superfamily
and composed of two subunits of TAP1 and TAP2. Using the energy of ATP hydrolysis, TAP transports
antigenic peptides across the membrane with a conformational change. [Objective] The aim of this study
was to study if BNLF2a affects the conformational switch of TAP. [M ethods] Cysteines were introduced into
the D-loop at the interface of TAP's nucleotide binding domains. TAP were cross-linked by oxidizing agent
Cu(Il). The ratios of disulfide formed TAP were compared in the presence or absence of BNLF2a by western
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blot. [Results] The expression of BNLF2a increased the ratio of cross-linked TAP. [Conclusion] BNLF2a
appears to stabilize TAP in the nucleotide binding domains dimerized conformation and thereby inhibit both

of ATP and antigenic peptide binding to TAPR.
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Membrane
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Figurel Thestructureof Typelll ABC transporter Sav1866 and P-glycoprotein
TE: A [FIBIRIK Sav1866 MIHITHLIAL. FalhZs SRR AL T TMD [ 404 (Extracellulan)i4R7s, 24> NBD 455 7E—i, 41

B AR N 7E NBD —SR{A LRI 1) D-loop EP~22%{R, HEHESN 2.6 A. B: /)il P-glycoprotein (FTHLIAL. *44bF TMD [ 2
J3i (Cytoplasm)F [ FF(#RZS, NBD AAHEAS G, ZLEAM A BR A7E NBD —SRAAFHE 1Y D-loop FMA22 4R, HEEE N 27.9A.
Note: A: Front views of the homodimeric Sav1866 are shown. When the transporter binds nucleotide, TMD is in the outward facing state.
The two NBDs are bound together. The red point is shown as two serines on the D-loop at the NBD dimer interface, with adistance of 2.6 A.
B: The structure of mouse P-glycoprotein is showed in an inward facing apostate. When TMD opens into the cytoplasm, NBD does not bind
to each other, and the red dots show two serines on the D-loop at the NBD dimer interface, with a distance of 27.9 A.
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BNLF2a — + — +

— G— Q) e  TAP|

R — — O — TAP2

— B BNLF2a

2 TAP REIREIFRIE

Figure2 Theexpression of TAP mutant

. i 10% SDSPAGE (20 ng  1/18) 5 N A IR BRI i Tk
L AP S BT 1 R BURRTR BNLF2a 1§00 T, 588k
SEFA R TAPL A1 TAP2 f235 /K. TAPL A TAP2 A5 fir F
HULARST312 TAPL Al TAP2 Hidd, BNLF2a ik H Flag Hifk.
Note: The expression levels of TAP1 and TAP2 in mutant and wild
strains were detected by 10% SDS/PAGE (20 pg protein/channel)
polyacrylamide gel electrophoresis and immunoblot analysisin the
presence or absence of BNLF2a expresson. TAPL and TAP2
antibodies were used for TAP1 and TAP2 detection respectively,
and flag antibody was used for BNL F2a detection.

BNLF2aZ ji , N T A B TAP IS JE 5245 7 TAP,
Z KRGS A RE IR B FOR I 20%4 4. R4,

BNLF2a fit 7538 12l 1] TAP [ 22 ks A TG Mgk i
il TAP BUZIKEFETEYEVR? R T 5T 3% — [l A ]

125 -
B +ATP
g 100 + [ -ATP
g_ 75 |
5 s0f
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ﬁ % i iﬁ
(=
LR "o . Y
X ™ 5
ST e
Qx 'i?" “\x
«QP" X
2™
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Figure3 BNLF2ainhibitsthe polypeptide binding and transport activity of TAP mutant
e A i RGE SR SZIASI T BNLF2a X TAP BFAMRAN TAP RAEKRIPTR Z RS &b ersem, o, BAMEXIER A 200
FERIRARICIR(RRY QKSTEL) e+ 25657 TAP MBHIEEY); B @it RS Rl SL Ikl T e SN FAE ATP 28T, BNLF2a X}

TAP B A BT TAP KRR 22 IRz 16 PR R .

Note: A: The effect of BNLF2a on the antigen peptide binding activity of TAP wild strains and TAP mutant strains was detected by peptide
binding test, and for negative control, 200 times of unlabeled peptides (RRYQKSTEL) were used to compete with TAP-containing
membrane extracts. B: The effect of BNLF2a on the antigen peptide transport activity of TAP wild strains and TAP mutant strains was

detected by peptide transport test in the presence or absence of ATP.
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Q Q
E o E 9
= < = <
§ & § =
kbosa 2 &
) «— Heavy chain
180 «— X-linked heterodimer
130—
oy . >
72— " ~ ‘ l—TAP1
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WB:TAPI

4 TAP RZ#k NBD FiR Z BB

Figure 4 Crosslinking of NBDs of TAP heterodimer in
TAP mutants

T FALSFA(CuPhen) BB 45 (DTT) T, TAP 5878 K — i
SEACHRAROL. S LN T BTy TAP2 Htik, 1] TAPL B
TRKGIN TAPL (2651500 Heavy chain: HitfATE4E. Light chain:
BUiRRREE.

Note: The disulfide cross-linking of TAP mutant under oxidation
conditions (Cu/Phen) and reduction conditions (DTT). The TAP2
Antibody was used for immunoprecipitation and TAP1 expression

was detected with TAP1 antibody. Heavy chain: antibody heavy
chain. Light chain: antibody light chain.
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MR TAP W2 K816 PE . [RIAE X 58 A8 pk
TAP it 80 s SC B 64T T ke, il 6B iR,
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A 0 I 4 16 ¢(min) B 0 I 4 16 t(min)
s g < X-linked TAPI b e we < X-linked TAPI
D g e e < TAP] e <TAPI
<« X-linked TAP2 e < X-linked TAP2
- "_."A<—TAP2 P— Y < TAP2
C s S S ————— DN F2a
& 100 r 7 -BNL2a
2 B +BNL2a
Z 80
g 60
o
2 40t
=
3 20}
e
< 0

0 1 4 16 0 1 4 16 1 (min)

X-linked TAPI ~ X-linked TAP2
El 5 BNLF2a#M+MERELRER TAPL 0 TAP2 BRI BRAER
Figure5 BNLF2a affectsthe crosslinking efficiency cysteine mutant TAPL/TAP2
T A BARAATT, 00 1. 4, 16 minJ5 TAP S Mk “BisEAcikiE L. B HiT/R TAPL, TAP2 FUR R AEHEG 1957 I8 — R 14 X-linked
TAPL, X-linked TAPL B: %L1, 1235 BNLF2a)5, 0. 1. 4. 16 minJ5 TAP S5 bk —Hisdsceg L. C: [/ A FIE B
TAP R BEACHR MRS H AP 2 i 285
Note: A: The disulfide cross-linking of TAP mutant at O, 1, 4 and 16 min under oxidation conditions. The monomers of TAP1 and TAP2 and
the heterodimers of X-linked TAPL and X-linked TAP1 are shown in the figure. B: The disulfide cross-linking of TAP mutant at 0, 1, 4 and

16 min under oxidation conditions after the overexpression of BNLF2a. C: Quantitative results of the relative proportion of TAP disulfide
cross-linking in figure A and figure B.

A B
B +ATP Control  BNLF2a 1-39
_ 100 ] -ATP -+ - 4+ Cross-linking
X
z 75
g — ,
? « s < X-linked TAP1
g 50t
2
a 25
& ’l‘ i Saman . < TAPI
W ‘; (F2e 1”1 AP ﬁ““‘a“ | F22 -
TAPT

B
ran
N

# 6 BNLF2a1-39 #ii#] TAP RETHRAGIE 14

Figure6 BNLF2a 1-39inhibitesthe activity of TAP mutant

7: A: 200 pmol/L BNLF2a 1-39 X TAP ¥4 41 TAP 7SRRI BT IR 22 IRFE 2 1 P (9521 ; B: 200 pmol/L BNLF2a 1-39 Flxf Bd £
JIKT TAP 58 A8 bk — it s A T0c 5 B0 ) 2

Note: A: The effect of 200 umol/L BNLF2a 1-39 on the antigen peptide transport activity of TAP wild strains and TAP mutant strains was
detected by peptide transport test. B: The effect of 200 pmol/L BNLF2a 1-39 and control polypeptides on disulfide cross-linking of TAP mutant.
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Epstein-Barr i 7 J& T2 2B, SH e
BRI, BT DA ORI, — HURL R
AEVRARAENARIN . FERLIRN, A1 P 5 D ik 22
SEAAR ST, A e e EBV B rhiie
HRHPEVE IO, EB 5 R I 16 40 i 40 ] 1k 3ot
CTL MAG e — M EE MR, Frh Lz
—JEM T EB MeigmigigE e BNLF2aA[ Ll
ATP AL EE 45 TAP |, XFE TAP ik 2=
Hazhisinyee s, EBRTEHIHUEAUA REE T MHC
class | Hih S BRI, AU A9 20 A st AN Bk
CTL A4

H A BNLF2a il TAP () 5FHLi i A 58 423
A, il BNLF2a qnfe] [a) B il ATP FHL)s 2 ke
A8 TAP, 5T ABC Hia 2 1 fb iRzt F A= 4
T2F B SEBGAE T, HET TAP 5555 Z AL 5
2 WIEIRAS T TAP B A T 1 [l 4 A N 4T IF
k% H, NBDs A R, TAP %4k ATP Jf:
SiaPiRZME, TAPK NBDs & Rk, X4k
T TMDs (Fg5 A8k, A8 f i) 4 A (P9 5T P90 1) 4 T
TR, IIRETE Z BRI B4 5] ER i
.24 ATP /K fiftfe , NBDs AN R4 Il & TMDs
EEY A SERBARIBEYE 7%= LN

% BNLF2a 454 TAP JEfli H{5 876 NBDs
T RAL TMD [ NI EFT IR %, 24 TAP 76X
— A ATP FIH R Z IREICIL S & 8] TAP .
X — B T LA R k] BNLF2ala] il ATP A
JRZ KA 5] TAP b i T Rk —fRut, 752k
] BNLF2a 275520 NBDs i) — 21k . 3T TAP[A]
YA PR R = R ABC B iz 2B Y K 45 R
P-glycoprotein #il Sav1866, 41l D-loop A it /& NBDs
TRARR S L AR SEAE D-loop EFIA TR
0%, it A EIE R ARSI UESS T D-loop
#57E NBDs —SRALA A, s il — M
B2 A B BR 1B R T R 2-3 A B9V RN .
X—PiE ) TAP 551z 11w LURAESE BNLF2a

MRHIBLE . ABFIE 4552 BNFL2a Xtk i)
TAP HAG A EF A= 7 TAP AR, Bk )5
f) TAP ZRA (R 15 5 A T — B m LA ] . S 2h
KWL BNLF2agfEoL T, TAP AL LLf] K
KARE T, X—45 285 T BNLF2a 454 TAP 5 {2
#F NBDs R ALMPR S X —F54H . A LTIl
AN, PO AR AFTIRIE B T LA IR T R K
TAP FI BNLF2a 5885 11, 308 TAfbmoR, (Hi2
5N IEA —E 280, FElE BNLF2a
F14) 3% T8 16 i R 100 78 VR ol 400 i v R T — B0 el —
HASE . FATEHISE T BNLF2a B2 5 X a6 2
RIX 4% T {23 NBDs —BRALMIIhEE, Soue s i
FE 3] BNLF2a 1) 20 it 55 DX 11 22 K DA 28 [RIRE A7
TFYIMIFE Y NBDs 19 1k, ILaiABFsE &M
BNLF2a /&—1> TA 1 (Tail anchon)*3. kA TiA N
BNLF2a 1Y C i /K #5 BT B HAE y TA 221,
PLBE S A A TR X 7 78 9 B I B L
BNLF2a N i35 /K 2 IR EETEA T, 5 TAP 4
MBI A, IIHA SR Ak X —F58h ABC
s RIS LRI R AL T i %, 1 oh EB
Joa 5 A B 4 At 0 B S LR AL T k2
14 B
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