
O
ptim

alH
IV

-1
C

T
L

E
pitopes

IV
-14

D
E

C
98

S
ystem

atic
Identification

ofO
ptim

al
H

IV
-1

C
T

L
E

pitopes

C
hristian

B
rander

and
B

ruce
D

.W
alker

A
ID

S
R

e
se

a
rch

C
e

n
te

r,M
a

ssa
ch

u
se

tts
G

e
n

e
ra

lH
o

sp
ita

l,
1

4
9

1
3

th
S

tre
e

t,R
o

o
m

5
2

3
4

,
C

h
a

rle
sto

w
n

,M
A

0
2

1
2

9
,U

S
A

,a
n

d
H

a
rva

rd
M

e
d

ica
lS

ch
o

o
lB

o
sto

n
,M

A
U

S
A

U
pdated

O
ctober

1998

O
ver

the
last

ten
years,

the
efforts

of
m

any
laboratories

have
led

to
the

identification
of

num
erous

H
LA

class
I

restricted
C

T
L

epitopes
in

m
ost

of
the

H
IV

-1
proteins.

W
ith

the
help

of
m

any
other

scientists,
w

ho
generously

contributed
their

unpublished
data,

w
e

have
created

this
list

w
hich

includes
only

epitopes
for

w
hich

the
restricting

H
LA

class
I

m
olecule

has
been

de-
fined

and
for

w
hich

peptide
titration

w
ith

truncated
peptides

have
been

per-
form

ed.
S

ince
the

last
update

of
this

C
T

L
epitope

list
in

1997,
four

new
epitopes

have
been

included
w

hile
tw

o
epitopes

have
been

rem
oved

due
to

conflicting
data

regarding
H

LA
restriction

and
definition

of
the

m
inim

alepi-
tope,respectively.

W
e

consistently
try

to
verify

data
regarding

new
ly

described
C

T
L

epitopes
before

their
inclusion

in
this

database.
In

order
to

keep
this

list as
flaw

less
and

updated
as

possible
it

w
ould

be
very

helpfulfor
us

to
receive

inform
ation

about
new

ly
identified

epitopes
as

they
becom

e
available.

A
lso

conflicting
data,

w
hen

brought
to

our
attention,

w
illbe

addressed
to

keep
the

database
as

accurate
as

possible.
F

or
com

m
ents

and/or
contributions

to
the

C
T

L
epitope

list
(C

.B
.

or
B

.W
.)

or
the

database
(B

.K
.)

please
call,

w
rite,

or
m

ailus
at:

C
hristian

B
rander

B
ruce

D
.W

alker
B

ette
K

orber
phone:

(617)
724-5789

phone:
(617)

724-8332
phone:

(505)
665-4453

FA
X

:(617)
726-5411

FA
X

:(617)
726-4691

FA
X

:(505)
665-3493

brander@
helix.m

gh.harvard.edu
bw

alker@
helix.m

gh.harvard.edu
btk@

t10.lanl.gov



O
ptim

alH
IV

-1
C

T
L

E
pitopes

IV
-15

D
E

C
98

Table
1

B
estD

efined
H

IV
C

T
L

E
pitopes

H
LA

P
rotein

A
A

Isolate
S

equence
R

eference

H
LA

-A
2

2
C

[F
alk

(1991)]

L
V

I
L

p17
77–85

LA
I

S
L

Y
N

T
V

A
T

L
[Johnson

(1991),
P

arker
(1992),

P
arker

(1994)]

R
T

33-41
LA

I
A

L
V

E
IC

T
E

M
[H

aas
(1998)]

R
T

346–354
LA

I
V

IY
Q

Y
M

D
D

L
[H

arrer
(1996a)]

R
T

476–484
LA

I
IL

K
E

P
V

H
G

V
[W

alker
(1989),

T
som

ides
(1991)]

A
*0201

gp120
311-320

IIIB
R

G
P

G
R

A
F

V
T

I
[A

lexander-M
iller

(1996)]

gp41
818–827

LA
I

S
L

L
N

A
T

D
IA

V
[D

upuis
(1995)]

nef
136–145

LA
I

P
L

T
F

G
W

C
Y

K
L

[H
aas

(1996)],
B

.
M

aier
and

B
.

A
utran,

P
er.

com
m

.
nef

180–189
LA

I
V

L
E

W
R

F
D

S
R

L
[H

aas
(1996)],

B
.

M
aier

and
B

.
A

utran,
P

er.
com

m
.

H
LA

-A
3.1

2
3

C
[D

iB
rino

(1993)]

IF
K

L
Y

p17
18–26

LA
I

K
IR

L
R

P
G

G
K

[H
arrer

(1996b)]

p17
20–28

LA
I

R
L

R
P

G
G

K
K

K
B

.
C

ulm
ann,

D
.

Lew
insohn,

D
.

R
uhl,

S
.

R
iddell,

B
.

W
ilkes,

P
er.

com
m

.
[G

oulder
(1997)]

p17
20–29

LA
I

R
L

R
P

G
G

K
K

K
Y

B
.

W
ilkes,

D
.

R
uhl,

P
er.

com
m

.

R
T

33-43
LA

I
A

L
V

E
IC

T
E

M
E

K
[H

aas
(1998)]

R
T

325–333
LA

I
A

IF
Q

S
S

M
T

K
[T

hrelkeld
(1997)]

gp120
37–46

LA
I

T
V

Y
Y

G
V

P
V

W
K

[Johnson
(1994)]

gp41
775–785

LA
I

R
L

R
D

L
L

L
IV

T
R

[Takahashi(1991)]

nef
73–82

LA
I

Q
V

P
L

R
P

M
T

Y
K

[K
oenig

(1990),
C

ulm
ann

(1991)]



O
ptim

alH
IV

-1
C

T
L

E
pitopes

IV
-16

D
E

C
98

Table
1

(cont.)
B

estD
efined

H
IV

C
T

L
E

pitopes

H
LA

P
rotein

A
A

Isolate
S

equence
R

eference

H
LA

-A
11

2
C

[Z
hang

(1993)]

I
KL

p17
84–92

LA
I

T
L

Y
C

V
H

Q
R

I
T.

H
arrer,

P
er.

com
m

.

p24
349–359

III-B
A

C
Q

G
V

G
G

P
G

G
H

K[S
ipsas

(1997)]

R
T

325–333
LA

I
A

IF
Q

S
S

M
T

K
[Johnson

&
W

alker(1994),
Z

hang
(1993),

T
hrelkeld

(1997)]
R

T
508–517

LA
I

IY
Q

E
P

F
K

N
L

K
B

.
C

ulm
ann,

P
er.

com
m

.

nef
75–82

LA
I

P
L

R
P

M
T

Y
K

[C
ulm

ann
(1991)]

nef
84–92

LA
I

A
V

D
L

S
H

F
L

K
[C

ulm
ann

(1991)]

H
LA

-A
19

A
*7401

R
T

71–79
C

lade
A

/B
/D

IT
L

W
Q

R
P

L
V

S
.

R
ow

land-Jones,
P

er.
com

m
.

H
LA

-A
24

p17
28–36

LA
I

K
Y

K
L

K
H

IV
W

D
.

Lew
insohn,

P
er.

com
m

.

p24
296-306

H
IV

-1
clade

A
R

D
Y

V
D

R
F

F
K

T
L

S
.

R
ow

land-Jones,
P

er.
com

m
.

gp120
53–62

LA
I

L
F

C
A

S
D

A
K

A
Y

[Lieberm
an

(1992),
S

hankar
(1996)]

gp41
591–598

LA
I

Y
L

K
D

Q
Q

L
L

[D
ai(1992)]

N
ef

138-147
LA

I
R

Y
P

L
T

F
G

W
[G

oulder
(1997)]

H
LA

-A
25

p24
145–155

LA
I

Q
A

IS
P

R
T

L
N

A
W

I.
K

urane,
K

.
W

est,
P

er.
com

m
.

p24
203–212

LA
I

E
T

IN
E

E
A

A
E

W
[K

lenerm
an

(1996),
van

B
aalen

(1996)]

H
LA

-A
26

p24
167–175

LA
I

E
V

IP
M

F
S

A
L

[G
oulder

(1996a)]

R
T

593–603
LA

I
E

T
F

Y
V

D
G

A
A

N
R

B
.

W
ilkes,

D
.

R
uhl,

P
er.

com
m

.



O
ptim

alH
IV

-1
C

T
L

E
pitopes

IV
-17

D
E

C
98

Table
1

(cont.)
B

estD
efined

H
IV

C
T

L
E

pitopes

H
LA

P
rotein

A
A

Isolate
S

equence
R

eference

H
LA

-A
28

A
*6802

R
T

71–79
C

lade
A

/B
/D

IT
L

W
Q

R
P

L
V

S
.

R
ow

land-Jones,
P

er.
com

m
.

A
*6802

R
T

85–93
C

lade
D

D
T

V
L

E
E

M
N

L
S

.
R

ow
land-Jones,

P
er.

com
m

.

H
LA

-A
29

gp120
376–384

LA
I

F
N

C
G

G
E

F
F

Y
[W

ilson
(1997)]

H
LA

-A
31

gp41
775–785

LA
I

R
L

R
D

L
L

L
IV

T
R

[S
afrit

(1994a),
S

afrit
(1994b)]

H
LA

-A
32

R
T

559–568
LA

I
P

IQ
K

E
T

W
E

T
W

[H
arrer

(1996b)]

gp120
419–427

H
X

B
2

R
IK

Q
IIN

M
W

[H
arrer

(1996b)]

H
LA

-B
7

1
2

3
C

[E
nglehard

(1993)]

A
P

R
L

p24
148–156

LA
I

S
P

R
T

L
N

A
W

V
D

.
Lew

insohn,
P

er.
com

m
.

p24
179–187

LA
I

A
T

P
Q

D
L

N
T

M
B

.
W

ilkes,
D

.
R

uhl,
P

er.
com

m
.

R
T

323-332
LA

I
S

P
A

IF
Q

S
S

M
T

C
.

H
ey

and
D

.
R

uhl,
P

er.
com

m
.

gp120
303–312

LA
I

R
P

N
N

N
T

R
K

S
I

[S
afrit

(1994b)]

gp41
843–851

LA
I

IP
R

R
IR

Q
G

L
B

.
W

ilkes
and

D
.

R
uhl,

P
er.

com
m

.

nef
68–77

LA
I

F
P

V
T

P
Q

V
P

L
R

[H
aas

(1996)],
B

.
M

aier
and

B
.

A
utran,

P
er.

com
m

.
nef

77–85
LA

I
R

P
M

T
Y

K
A

A
L

[B
auer

(1997)]

nef
128–137

LA
I

T
P

G
P

G
V

R
Y

P
L

[C
ulm

ann-P
enciolelli(1994),

H
aas

(1996)],
B

.
M

aier
and

B
.

A
utran,

P
er.

com
m

.



O
ptim

alH
IV

-1
C

T
L

E
pitopes

IV
-18

D
E

C
98

Table
1

(cont.)
B

estD
efined

H
IV

C
T

L
E

pitopes

H
LA

P
rotein

A
A

Isolate
S

equence
R

eference

H
LA

-B
8

2
3

5
C

[H
ill(1992),

S
utton

(1993)]

P
R

L

L
K

K
IM

p17
24–31

LA
I

G
G

K
K

K
Y

K
L

[R
ow

land-Jones
(1993),

G
oulder

(1997)]

p17
74–82

LA
I

E
L

R
S

L
Y

N
T

V
[G

oulder
(1997c)]

p24
260-267

LA
I

E
IY

K
R

W
II

[S
utton

(1993),
G

oulder
(1997c)]

gp120
2–10

III-B
R

V
K

E
K

Y
Q

H
L

[S
ipsas

(1997)]

gp41
591–598

LA
I

Y
L

K
D

Q
Q

L
L

[Johnson
(1992),

S
hankar

(1996)]

nef
13–20

LA
I

W
P

T
V

R
E

R
M

[G
oulder

(1997c)]

nef
90–97

LA
I

F
L

K
E

K
G

G
L

[C
ulm

ann-P
enciolelli(1994),

P
rice

(1997)]

H
LA

-B
14

2
3

5
6

C
[D

iB
rino

(1994)]

R
L

R
I

L

K
Y

H
LF

p24
298–306

LA
I

D
R

F
Y

K
T

L
R

A
[H

arrer
(1996b)]

gp41
589–597

LA
I

E
R

Y
L

K
D

Q
Q

L
[Johnson

(1992)]

H
LA

-B
15

gp120
375–383

LA
I

S
F

N
C

G
G

E
F

F
[W

ilson
(1997)]

H
LA

-B
18

p24
293-302

H
IV

-1
clade

B
/DF

R
D

Y
V

D
R

F
Y

K
[O

gg
(1998)]

nef
135–143

LA
I

Y
P

L
T

F
G

W
C

Y
[C

ulm
ann

(1991),
C

ulm
ann-P

enciolelli(1994)]



O
ptim

alH
IV

-1
C

T
L

E
pitopes

IV
-19

D
E

C
98

Table
1

(cont.)
B

estD
efined

H
IV

C
T

L
E

pitopes

H
LA

P
rotein

A
A

Isolate
S

equence
R

eference

H
LA

-B
27

2
C

[Jardetzky
(1991)]

R
KR

p17
18–27

LA
I

K
IR

L
R

P
G

G
K

K
D

.
Lew

insohn,
P

er.
com

m
.

p17
19–27

LA
I

IR
L

R
P

G
G

K
K

D
.

Lew
insohn,

P
er.

com
m

.

p24
263–272

LA
I

K
R

W
IIL

G
L

N
K

[N
ixon

(1988),
B

useyne
(1993)]

gp41
590–597

LA
I

R
Y

L
K

D
Q

Q
L

[S
hankar

(1996)]

gp41
791–799

LA
I

G
R

R
G

W
E

A
L

K
Y

[Lieberm
an

(1992)],
J.

Lieberm
an,

P
er.

com
m

.

H
LA

-B
*2703

p24
265-274

H
IV

-2
R

R
W

IQ
L

G
L

Q
K

[R
ow

land-Jones
(1998)]

B
*2705

nef
105–114

LA
I

R
R

Q
D

IL
D

L
W

I
[G

oulder
(1997a)]

nef
73–82

LA
I

Q
V

P
L

R
P

M
T

Y
K

B
.

C
ulm

ann,
P

er.
com

m
.

nef
134–141

LA
I

R
Y

P
L

T
F

G
W

B
.

C
ulm

ann,
P

er.
com

m
.

H
LA

-B
35

2
C

[H
ill(1992)]

P
YS

p17
124–132

JH
31

N
S

S
K

V
S

Q
N

Y
[R

ow
land-Jones

(1995)]

p17
36-44

LA
I

W
A

S
R

E
L

E
R

F
[G

oulder
(1997b)]

p24
254–262

U
455

P
P

IP
V

G
D

IY
[R

ow
land-Jones

(1995)]

R
T

262–270
LA

I
T

V
L

D
V

G
D

A
Y

B
.

W
ilkes,

D
.

R
uhl,

P
er.

com
m

.

R
T

273–282
III-B

V
P

L
D

E
D

F
R

K
Y

[S
ipsas

(1997),
S

higa
(1996)]

R
T

328–336
III-B

N
P

D
IV

IY
Q

Y
[S

ipsas
(1997),

S
higa

(1996)]

R
T

342–350
LA

I
H

P
D

IV
IY

Q
Y

[R
ow

land-Jones
(1995)]

gp120
42–52

LA
I

V
P

V
W

K
E

A
T

T
T

L
B

.
W

ilkes,
D

.
R

uhl,
P

er.
com

m
.

gp41
611–619

LA
I

T
A

V
P

W
N

A
S

W
[Johnson

(1994)]

nef
74–81

LA
I

V
P

L
R

P
M

T
Y

[C
ulm

ann
(1991),

C
ulm

ann-P
enciolelli(1994)]

gag
245–253

H
IV

-2
N

P
V

P
V

G
N

IY
[R

ow
land-Jones

(1995)]



O
ptim

alH
IV

-1
C

T
L

E
pitopes

IV
-20

D
E

C
98

Table
1

(cont.)
B

estD
efined

H
IV

C
T

L
E

pitopes

H
LA

P
rotein

A
A

Isolate
S

equence
R

eference

H
LA

-B
37

nef
120–128

LA
I

Y
F

P
D

W
Q

N
Y

T
[C

ulm
ann

(1991)]
and

P
er.

com
m

.

H
LA

-B
39

p24
193–201

LA
I

G
H

Q
A

A
M

Q
M

L
I.

K
urane,

K
.

W
est,

P
er.

com
m

.

H
LA

-B
42

p17
20–29

LA
I

R
L

R
P

G
G

K
K

K
Y

B
.

W
ilkes,

D
.

R
uhl,

P
er.

com
m

.

R
T

438–446
LA

I
Y

P
G

IK
V

R
Q

L
B

.
W

ilkes,
D

.
R

uhl,
P

er.
com

m
.

H
LA

-B
44

p24
306-316

S
F

2
A

E
Q

A
S

Q
D

V
K

N
W

Lew
insohn,

P
er.

com
m

.

gp120
30-38

S
F

33
A

E
N

L
W

V
T

V
Y

[B
orrow

(1997)]

H
LA

-B
*4402

p24
294-304

H
IV

-1
clade

BR
D

Y
V

D
R

F
Y

K
T

L
[O

gg
(1998)]

H
LA

-B
45

R
T

591–600
LA

I
G

A
E

T
F

Y
V

D
G

A
B

.
W

ilkes,
D

.
R

uhl,
P

er.
com

m
.

H
LA

-B
51

p24
325–333

LA
I

N
A

N
P

D
C

K
T

I
B

.
W

ilkes,
D

.
R

uhl,
P

er.
com

m
.

R
T

42-50
LA

I
E

K
E

G
K

IS
K

I
[H

aas
(1998)]

R
T

295–302
III-B

T
A

F
T

IP
S

I
[S

ipsas
(1997)]

gp41
557–565

III-B
R

A
IE

A
Q

Q
H

L
[S

ipsas
(1997)]

H
LA

-B
52

p24
275–282

LA
I

R
M

Y
S

P
T

S
I

B
.

W
ilkes,

D
.

R
uhl,

P
er.

com
m

.



O
ptim

alH
IV

-1
C

T
L

E
pitopes

IV
-21

D
E

C
98

Table
1

(cont.)
B

estD
efined

H
IV

C
T

L
E

pitopes

H
LA

P
rotein

A
A

Isolate
S

equence
R

eference

H
LA

-B
53

2
C

[H
ill(1992)]

P
YFW

H
IV

-2
gag

173–181
H

IV
-2

T
P

Y
D

IN
Q

M
L

[G
otch

(1993)]

H
LA

-B
55

gp120
42–51

LA
I

V
P

V
W

K
E

A
T

T
T

[S
hankar

(1996)]

H
LA

-B
57

p24
147–155

III-B
IS

P
R

T
L

N
A

W
[Johnson

(1991),
G

oulder
(1996b)]

p24
140–149

LA
I

T
S

T
L

Q
E

Q
IG

W
[G

oulder
(1996b)]

p24
162–172

LA
I

K
A

F
S

P
E

V
IP

M
F

[G
oulder

(1996b)]

p24
240–249

LA
I

T
S

T
L

Q
E

Q
IG

W
[G

oulder
(1996b)]

p24
311–319

LA
I

Q
A

S
Q

E
V

K
N

W
[G

oulder
(1996b)]

p24
311–319

LA
I

Q
A

S
Q

D
V

K
N

W
[G

oulder
(1996b)]

nef
116–125

LA
I

H
T

Q
G

Y
F

P
D

W
Q

[C
ulm

ann
(1991)]

nef
120–128

LA
I

Y
F

P
D

W
Q

N
Y

T
[C

ulm
ann

(1991)]

H
LA

-B
58

p24
240–249

LA
I

T
S

T
L

Q
E

Q
IG

W
[G

oulder
(1996b)]

H
LA

-B
60

p17
92-101

LA
I

IE
IK

D
T

K
E

A
L

A
.

T
rocha

and
S

.
K

alam
s,

P
er.

com
m

.



O
ptim

alH
IV

-1
C

T
L

E
pitopes

IV
-22

D
E

C
98

Table
1

(cont.)
B

estD
efined

H
IV

C
T

L
E

pitopes

H
LA

P
rotein

A
A

Isolate
S

equence
R

eference

H
LA

-B
w

62

p17
20–29

LA
I

R
L

R
P

G
G

K
K

K
Y

[Johnson
(1991)],

B
.

W
ilkes,

D
.

R
uhl,

P
er.

com
m

.
p24

268–277
LA

I
L

G
L

N
K

IV
R

M
Y

[Johnson
(1991)]

R
T

415–426
III-B

L
V

G
K

L
N

W
A

S
Q

IY
P.

Johnson,
P

er.
com

m
.

R
T

476–485
LA

I
IL

K
E

P
V

H
G

V
Y

[Johnson
(1991)],

P.
Johnson,

P
er.

com
m

.
nef

84–91
LA

I
A

V
D

L
S

H
F

L
[C

ulm
ann-P

enciolelli(1994)]

nef
117–127

LA
I

T
Q

G
Y

F
P

D
W

Q
N

Y
B

.
C

ulm
ann,

P
er.

com
m

.

H
LA

-C
w

*01,02

p24
168–175

LA
I

V
IP

M
F

S
A

L
P.

G
oulder

in
pressA

ID
S

H
LA

-C
w

4
2

C
[F

alk
(1994)]

Y
F

P
L

F
M

gp120
380–388

LA
I

S
F

N
C

G
G

E
F

F
[Johnson

(1993),
W

ilson
(1997)]

C
*0401

p24
308-316

LA
I

Q
A

S
Q

E
V

K
N

W
[B

useyne
(1997)]



O
ptim

alH
IV

-1
C

T
L

E
pitopes

IV
-23

D
E

C
98

R
E

F
E

R
E

N
C

E
S

[A
lexander-M

iller
(1996)]

M
.

A
.

A
lexander-M

iller,
K

.
C

.
P

arker,
T.

T
sukui,

C
.

D
.

P
endleton,

J.
E

.
C

oligan,
&

J.
A

.
B

erzofsky.
M

olecular
analysis

of
presentation

by
H

LA
-A

2.1
ofa

prom
iscuously

binding
V

3
loop

peptide
from

the
H

IV
-1

E
nvelope

protein
to

hum
an

cytotoxic
T

lym
phocytes.

In
tIm

m
u

n
o

l
8:641–649,1996.

[B
auer

(1997)]
M

.
B

auer,
M

.
Lucchiari-H

artz,
R

.
M

aier,
G

.
H

aas,
B

.
A

utran,
K

.
E

ichm
ann,

R
.

F
rank,

B
.

M
aier,

&
A

.
M

eyerhans.
S

tructuralconstraints
ofH

IV
-1

N
efm

ay
curtailescape

from
H

LA
-B

7-restricted
C

T
L

recognition.
Im

m
u

n
o

lL
e

tt55:119–22,1997.

[B
orrow

(1997)]
P.

B
orrow

,
H

.
Lew

icki,
X

.
W

ei,
M

.
S

.
H

orw
itz,

N
.

P
effer,

H
.M

eyers,J.A
.N

elson,J.E
.G

airin,B
.H

.H
ahn,M

.B
.O

ldstone,&
G

.M
.

S
haw

.
A

nti-viralpressure
exerted

by
H

IV
-1-specific

cytotoxic
T

lym
pho-

cytes
(C

T
Ls)

during
prim

ary
infection

dem
onstrated

by
rapid

selection
of

C
T

L
escape

virus.N
a

tM
e

d3:205–11,1997.

[B
useyne

(1993)]
F.

B
useyne,

M
.

M
cC

hesney,
F.

P
orrot,

S
.

K
ovarik,

B
.

G
uy,

&
Y.

R
iviere.

G
ag-specific

cytotoxic
T

lym
phocytes

from
hum

an
im

m
un-

odeficiency
virus

type
1

infected
individuals:

gag
epitopes

are
clustered

in
three

regions
ofthe

p24
gag

protein.
J

V
iro

l67:694–702,1993.

[B
useyne

(1997)]
F.

B
useyne,

S
.

S
tevanovic,

H
.

R
am

m
ensee,

&
Y.

R
iviere.

C
haracterization

ofan
H

IV
-1

p24
gag

epitope
recognized

by
a

C
D

8+
cyto-

toxic
T-cellclone.Im

m
u

n
o

lL
e

tt55(3):145–149,1997.

[C
ulm

ann
(1991)]

B
.

C
ulm

ann,
E

.
G

om
ard,

M
.

K
ieny,

B
.

G
uy,

F.
D

reyfus,
A

.S
aim

ot,D
.S

ereni,D
.S

icard,&
J.Levy.S

ix
epitopes

w
ith

hum
an

cytotoxic
C

D
8+

cells
in

the
central

region
of

the
H

IV
-1

N
ef

protein.J
Im

m
u

n
o

l
146:1560–1565,1991.

[C
ulm

ann-P
enciolelli(1994)]

B
.

C
ulm

ann-
P

enciolelli,S
.Lam

ham
edi-C

herradi,I.C
ouillin,N

.G
uegan,J.P.Levy,J.G

.
G

uillet,
&

E
.

G
om

ard.
Identification

of
m

ultirestricted
im

m
unodom

inant
regions

recognized
by

cytolytic
T

lym
phocytes

in
the

hum
an

im
m

unodefi-
ciency

virus
type

1
N

efprotein
(published

erratum
appears

in
J

V
irol1995

Jan;69(1):618).J
V

iro
l68:7336–43,1994.

[D
ai(1992)]

L.
C

.
D

ai,
K

.
W

est,
R

.
Littaua,

K
.

Takahashi,
&

F.
A

.
E

nnis.
M

utation
ofhum

an
im

m
unodeficiency

virus
type

1
atam

ino
acid

585
on

gp41

results
in

loss
ofkilling

by
C

D
8+

A
24-restricted

cytotoxic
T

lym
phocytes.

J
V

iro
l66:3151–3154,1992.

[D
iB

rino
(1993)]

M
.

D
iB

rino,
K

.
C

.
P

arker,
&

J.
S

.
E

ndogenous
peptides

bound
to

H
LA

-A
3

possess
a

specific
com

bination
of

anchor
residues

that
perm

itidentification
ofpotentialantigenic

peptides.
P

ro
c

N
a

tlA
ca

d
S

ciU
S

A
90:1508–1512,1993.

[D
iB

rino
(1994)]

M
.D

iB
rino,K

.C
.P

arker,D
.H

.M
argulies,J.S

hiloach,R
.V.

T
urner,M

.G
arfield,W

.E
.B

.W
E

,&
J.E

.C
oligan.

T
he

H
LA

-B
14

peptide
binding

site
can

accom
m

odate
peptides

w
ith

different
com

binations
of

an-
chor

residues.J
B

io
lC

h
e

m
269,1994.

[D
upuis

(1995)]
M

.D
upuis,S

.K
.K

undu,&
T.C

.M
erigan.

C
haracterization

of
H

LA
-A

*0201-restricted
cytotoxic

T
-cell

epitopes
in

conserved
regions

ofthe
H

IV
type

1
gp160

protein.J
Im

m
u

n
o

l155:2232–2239,1995.

[E
nglehard

(1993)]
V.

H
.

E
nglehard,

E
.

L.
H

uczko,
&

W
.

B
.

P
eptides

bound
to

H
LA

-B
7

determ
ined

by
m

ass
spectrom

etry.
J

C
e

llB
io

ch
e

m
S

u
p

p
l1

9
9

3
17C

:56,1993.

[F
alk

(1994)]
K

.
F

alk,
O

.
R

otzschke,
&

B
.

G
rahavac.

A
llele-specific

peptide
m

otifs
of

H
LA

-C
m

olecules.P
ro

c
N

a
tl

A
ca

d
S

ci
U

S
A90:12005–12009,

1994.

[F
alk

(1991)]
K

.F
alk,O

.R
otzschke,S

.S
tevanovic,G

.Jung,&
H

.R
am

m
ensee.

A
llele-specific

m
otifs

revealed
by

sequencing
of

self-peptides
eluted

from
M

H
C

m
olecules.N

a
tu

re
351:290–296,1991.

[G
otch

(1993)]
F.G

otch,S
.N

.M
cA

dam
,&

C
.E

.A
.C

ytotoxic
T

-cells
in

H
IV

-
2

seropositive
gam

bians.
identification

of
a

virus
specific

M
H

C
-restricted

peptide
epitope.J

Im
m

u
n

o
l151:3361–3369,1993.

[G
oulder

(1996a)]
P.G

oulder,C
.C

onlon,K
.M

cIntyre,&
A

.M
cM

ichael.Iden-
tification

of
a

novel
hum

an
leukogen

antigen
A

26-restricted
epitope

in
a

conserved
region

ofG
ag.AID

S
10(12):1441–1443,1996a.

[G
oulder

(1997)]
P.

G
oulder,

A
.

S
ew

ell,
D

.
Lalloo,

D
.

P
rice,

J.
W

helan,
J.E

vans,G
.Taylor,G

.Luzzi,P.G
iangrande,R

.P
hillips,&

A
.J.M

cM
ichael.

P
atterns

of
im

m
unodom

inance
in

hiv-1-specific
cytotoxic

T
lym

phocyte
responses

in
tw

o
hum

an
histocom

patibility
leukocyte

antigens
(H

LA
)-

identical
siblings

w
ith

hla-a*0201
are

influenced
by

epitope
m

utation.
J

E
xp

M
e

d8:1423–33,1997.



O
ptim

alH
IV

-1
C

T
L

E
pitopes

IV
-24

D
E

C
98

[G
oulder

(1997)]
P.J.G

oulder,A
.E

dw
ards,R

.E
.P

hillips,&
A

.J.M
cM

ichael.
Identification

ofa
novelH

LA
-A

24-restricted
cytotoxic

T-lym
phocyte.

A
ID

S
11:1883–4,1997.

[G
oulder

(1997a)]
P.J.G

oulder,A
.E

dw
ards,R

.E
.P

hillips,&
A

.J.M
cM

ichael.
Identification

of
a

novel
H

LA
-B

*2705-restricted
cytotoxic

T
lym

phocyte
epitope

w
ithin

a
conserved

region
ofH

IV
-1

N
ef.
A

ID
S

11:536–538,1997a.

[G
oulder

(1997b)]
P.

J.
G

oulder,
A

.
E

dw
ards,

R
.

E
.

P
hillips,

&
A

.
J.

M
cM

ichael.
Identification

of
a

novel
H

LA
-B

*3501-restricted
cytotoxic

T
lym

phocyte
epitope

using
overlapping

peptides.
A

ID
S

11(7):930–932,
1997b.

[G
oulder

(1996b)]
P.J.R

.G
oulder,M

.B
unce,P.K

rausa,K
.M

cIntyre,S
.C

row
-

ley,
B

.
M

organ,
A

.
E

dw
ards,

P.
G

iangrande,
R

.
E

.
P

hillips,
&

A
.

J.
M

cM
ichael.

N
ovel,

cross-restricted,
conserved

and
im

m
unodom

inant
cy-

totoxic
T

lym
phocyte

epitopes
in

slow
H

IV
type

1
infection.

A
ID

S
R

e
s

a
n

d
H

u
m

R
e

troviru
se

s12:1691–1698,1996b.

[G
oulder

(1997c)]
P.J.R

.G
oulder,S

.W
.R

eid,D
.A

.P
rice,C

.A
.O

’C
allaghan,

A
.

J.
M

cM
ichael,

R
.

E
.

P
hillips,

&
E

.
Y.

Jones.
C

om
bined

structuraland
im

m
unological

refinem
ent

of
H

IV
-1

H
LA

-B
8

restricted
cytotoxic

T
lym

-
phocyte

epitopes.Eu
r

J
Im

m
u

n
o

l27:1515–1521,1997c.

[H
aas

(1996)]
G

.H
aas,U

.P
likat,P.D

ebre,M
.Lucchiari,C

.K
atlam

a,Y.D
u-

doit,O
.B

onduelle,M
.B

auer,H
.Ihlenfeldt,G

.Jung,B
.M

aier,A
.M

eyerhans,
&

B
.A

utran.D
ynam

ics
ofviralvariants

in
H

IV
-1

N
efand

specific
cytotoxic

T
lym

phocytes
in

vivo.J
Im

m
u

n
o

l157:4212–4221,1996.

[H
aas

(1998)]
G

.
H

aas,
A

.
S

am
ri,

E
.

G
om

ard,
A

.
H

osm
alin,

J.
D

untze,
J.

M
.

B
ouley,

H
.

G
.

Ihlenfeldt,
C

.
K

atlam
a,

&
B

.
A

utran.
C

ytotoxic
T-cell

responses
to

H
IV

-1
reverse

transcriptase,
integrase

and
protease.

A
ID

S
12:1427–36,1998.

[H
arrer

(1996a)]
E

.H
arrer,T.H

arrer,P.B
arbosa,M

.F
einberg,R

.P.Johnson,
S

.B
uchbinder,&

B
.D

.W
alker.R

ecognition
ofthe

highly
conserved

Y
M

D
D

region
in

the
hum

an
im

m
unodeficiency

virus
type

1
reverse

transcriptase
by

H
LA

-A
2-restricted

cytotoxic
T

lym
phocytes

from
an

asym
ptom

atic
long-

term
nonprogresser.JIn

fD
is

173:476–479,1996a.

[H
arrer

(1996b)]
T.

H
arrer,

E
.

H
arrer,

S
.

A
.

K
alam

s,
P.

B
arbosa,

A
.

T
rocha,

R
.P.Johnson,T.E

lbeik,M
.B

.F
einberg,S

.P.B
uchbinder,&

B
.D

.W
alker.

C
ytotoxic

T
lym

phocytes
in

asym
ptom

atic
long-term

nonprogressing
H

IV
-

1
infection.

breadth
and

specificity
of

the
response

and
relation

to
in

vivo
viralquasispecies

in
a

person
w

ith
prolonged

infection
and

low
viralload.

J
Im

m
u

n
o

l156:2616–2623,1996b.

[H
ill(1992)]

A
.V.H

ill,J.E
lvin,A

.C
.W

illis,M
.A

idoo,C
.E

.A
llsopp,F.M

.
G

otch,X
.M

.G
ao,M

.Takiguchi,B
.M

.G
reenw

ood,&
A

.R
.T.

M
olecular

analysis
ofthe

association
ofH

LA
-B

53
and

resistance
to

severe
m

alaria
(see

com
m

ents).N
a

tu
re

360:434–9,1992.

[Jardetzky
(1991)]

T.S
.Jardetzky,W

.S
.Lane,R

.A
.R

obinson,D
.R

.M
adden,

&
D

.C
.W

iley.
Identification

ofselfpeptides
bound

to
purified

H
LA

-B
27.

N
a

tu
re

353:326–9,1991.

[Johnson
(1994)]

R
.

P.
Johnson,

S
.

A
.

H
am

m
ond,

A
.

T
rocha,

R
.

F.
S

iliciano,
&

B
.

D
.

W
alker.

Induction
of

a
m

ajor
histocom

patibility
com

plex
class

I-restricted
cytotoxic

T
-lym

phocyte
response

to
a

highly
conserved

region
of

hum
an

im
m

unodeficiency
virus

type
1

(H
IV

-1)
gp120

in
seronegative

hum
ans

im
m

unized
w

ith
a

candidate
H

IV
-1

vaccine.
J

V
iro

l68:3145–3153,
1994.

[Johnson
(1992)]

R
.P.Johnson,A

.T
rocha,T.M

.B
uchanan,&

B
.D

.W
alker.

Identification
ofoverlapping

H
LA

class
I-restricted

cytotoxic
T

-cellepitopes
in

a
conserved

region
ofthe

hum
an

im
m

unodeficiency
virus

type
1

envelope
glycoprotein:definition

ofm
inim

um
epitopes

and
analysis

ofthe
effects

of
sequence

variation.JE
xp

M
e

d175:961–971,1992.

[Johnson
(1993)]

R
.P.Johnson,A

.T
rocha,T.M

.B
uchanan,&

B
.D

.W
alker.

R
ecognition

ofa
highly

conserved
region

ofhum
an

im
m

unodeficiency
virus

type
1

gp120
by

an
H

LA
-C

w
4-restricted

cytotoxic
T

-lym
phocyte

clone.
J

V
iro

l67:438–445,1993.

[Johnson
(1991)]

R
.

P.
Johnson,

A
.

T
rocha,

L.
Y

ang,
G

.
P.

M
azzara,

D
.

L.
P

anicali,T.M
.B

uchanan,&
B

.D
.W

alker.
H

IV
-1

gag-specific
cytotoxic

T
lym

phocytes
recognize

m
ultiple

highly
conserved

epitopes.fine
specificity

ofthe
gag-specific

response
defined

by
using

unstim
ulated

peripheralblood
m

ononuclear
cells

and
cloned

effector
cells.

J
Im

m
u

n
o

l147:1512–1521,
1991.

[Johnson
&

W
alker(1994)]

R
.

P.
Johnson

&
B

.
D

.
W

alker.
C

T
L

in
H

IV
-1

infection:R
esponses

to
structuralproteins.

C
u

rr
To

p
ics

M
icro

b
io

lIm
m

u
n

o
l

189:35–63,1994.



O
ptim

alH
IV

-1
C

T
L

E
pitopes

IV
-25

D
E

C
98

[K
lenerm

an
(1996)]

P.
K

lenerm
an,

G
.

Luzzi,
K

.
M

cIntyre,
R

.
P

hillips,
&

A
.

M
cM

ichael.
Identification

of
a

novel
H

LA
-A

25
restricted

epitope
in

a
conserved

region
ofp24

gag
(positions

71-80).
A

ID
S

10:348–350,1996.

[K
oenig

(1990)]
S

.K
oenig,T.R

.F
uerst,L.V.W

ood,R
.M

.W
oods,J.A

.S
uzich,

G
.M

.Jones,V.F.de
la

C
ruz,R

.T.D
avey

Jr.,S
.Venkatesan,B

.M
oss,W

.E
.

B
iddison,&

A
.S

.F
auci.

M
apping

the
fine

specificity
ofa

cytotoxic
T

-cell
response

to
H

IV
-1

N
efprotein.JIm

m
u

n
o

l145:127–135,1990.

[Lieberm
an

(1992)]
J.

Lieberm
an,

J.
A

.
F

abry,
M

.
K

uo,
P.

E
arl,

B
.

M
oss,

&
P.R

.S
kolnik.C

ytotoxic
T

lym
phocytes

from
H

IV
-1

seropositive
individuals

recognize
im

m
unodom

inantepitopes
in

gp160
and

reverse
transcriptase.

J
Im

m
u

n
o

l148:2738–2747,1992.

[N
ixon

(1988)]
D

.
N

ixon,
A

.
Tow

nsend,
J.

E
lvin,

C
.

R
izza,

J.
G

allw
ay,

&
A

.
M

cM
ichael.

H
IV

-1
gag-specific

cytotoxic
T

lym
phocytes

defined
w

ith
recom

binant
vaccinia

virus
and

synthetic
peptides.

N
a

tu
re

336:484–487,
1988.

[O
gg

(1998)]
G

.S
.O

gg,T.D
ong,P.H

ansasuta,L.D
orrell,J.C

larke,R
.C

oker,
G

.
Luzzi,

C
.

C
onlon,

A
.

P.
M

cM
ichael,

&
S

.
R

ow
land-Jones.

F
our

novel
cytotoxic

T-lym
phocyte

epitopes
in

the
highly

conserved
m

ajor
hom

ology
region

of
H

IV
-1

G
ag,

restricted
through

B
*4402,

B
*1801,

A
*2601,

B
*70

(B
*1509).A

ID
S

12:1561–3,1998.

[P
arker

(1994)]
K

.
C

.
P

arker,
M

.
A

.
B

ednarek,
&

J.
E

.
C

oligan.
S

chem
e

for
ranking

potentialH
LA

-A
2

binding
peptides

based
on

independent
binding

ofindividualpeptide
side-chains.JIm

m
u

n
o

l152,1994.

[P
arker

(1992)]
K

.C
.P

arker,M
.A

.B
ednarek,L.K

.H
ull,U

.U
tz,B

.C
.H

.J.
Z

w
eerink,W

.E
.B

iddison,&
J.E

.C
oligan.

S
equence

m
otifs

im
portantfor

peptide
binding

to
the

hum
an

M
H

C
class

Im
olecule,H

LA
-A

2.
J

Im
m

u
n

o
l

149,1992.

[P
rice

(1997)]
D

.
A

.
P

rice,
P.

J.
G

oulder,
P.

K
lenerm

an,
A

.
K

.
S

ew
ell,

P.
J.

E
asterbrook,M

.T
roop,C

.R
.B

angham
,&

R
.E

.P
hillips.

P
ositive

selection
ofH

IV
-1

cytotoxic
T

lym
phocyte

escape
variants

during
prim

ary
infection.

P
ro

c
N

a
tlA

ca
d

S
ciU

S
A94:1890–5,1997.

[R
ow

land-Jones
(1998)]

S
.

R
ow

land-Jones,
R

.
A

.
C

olbert,
T.

D
ong,

S
.

M
cA

dam
,

M
.

B
row

n,
K

.
A

riyoshi,
S

.
S

abally,
H

.
W

hittle,
&

A
.

M
cM

ichael.
D

istinct
recognition

of
closely-related

H
IV

-1
and

H
IV

-2

cytotoxic
T-

cellepitopes
presented

by
H

LA
-B

*2703
and

B
*2705.

A
ID

S
12:1391–3,1998.

[R
ow

land-Jones
(1993)]

S
.L.R

ow
land-Jones,S

.H
.P

ow
is,J.S

utton,I.M
ock-

ridge,F.M
.G

otch,N
.M

urray,A
.B

.H
ill,W

.M
.R

osenberg,J.T
row

sdale,&
A

.J.M
cM

ichael.
A

n
antigen

processing
polym

orphism
revealed

by
H

LA
-

B
8-restricted

cytotoxic
T

lym
phocytes

w
hich

does
not

correlate
w

ith
TA

P
gene

polym
orphism

.E
u

r
J

Im
m

u
n

o
l23:1999–2004,1993.

[R
ow

land-Jones
(1995)]

S
.L.R

ow
land-Jones,J.S

utton,K
.A

riyoshi,T.D
ong,

,
F.

G
otch,

S
.

M
cA

dam
,

D
.

W
hitby,

S
.

S
abally,

A
.

G
allim

ore,
T.

C
orrah,

M
.

Takiguchi,
T.

S
chultz,

A
.

M
cM

ichael,
&

H
.

W
hittle.

H
IV

-specific
cy-

totoxic
T-cells

in
H

IV
-exposed

but
uninfected

G
am

bian
w

om
en.
N

a
tu

re
M

e
d

icin
e1:59–64,1995.

[S
afrit(1994a)]

J.T.S
afrit,C

.A
.A

ndrew
s,T.Z

hu,D
.D

.H
o,&

R
.A

.K
oup.

C
haracterization

ofhum
an

im
m

unodeficiency
virus

type
1-specific

cytotoxic
T

lym
phocyte

clones
isolated

during
acute

seroconversion:
recognition

of
autologous

virus
sequences

w
ithin

a
conserved

im
m

unodom
inantepitope.

J
E

xp
M

e
d179:463–472,1994a.

[S
afrit(1994b)]

J.
T.

S
afrit,

A
.

Y.
Lee,

C
.

A
.

A
ndrew

s,
&

R
.

A
.

K
oup.

A
region

of
the

third
variable

loop
of

H
IV

-1
gp120

is
recognized

by
H

LA
-

B
7-R

estricted
C

T
Ls

from
tw

o
acute

seroconversion
patients.

J
Im

m
u

n
o

l
153:3822–3830,1994b.

[S
hankar

(1996)]
P.S

hankar,J.A
.F

abry,D
.M

.F
ong,&

J.Lieberm
an.

T
hree

regions
ofH

IV
-1

gp160
contain

clusters
ofim

m
unodom

inantC
T

L
epitopes.

Im
m

u
n

o
lL

e
tt52:23–30,1996.

[S
higa

(1996)]
H

.
S

higa,
T.

S
hioda,

H
.

Tom
iyam

a,
Y.

Takam
iya,

S
.

O
ka,

S
.

K
im

ura,
Y.

Y
am

aguchi,
T.

G
ojoubori,

H
.

G
.

R
am

m
ensee,

K
.

M
iw

a,
&

M
.

Takiguchi.
Identification

of
m

ultiple
H

IV
-1

cytotoxic
T-cell

epitopes
presented

by
hum

an
leukocyte

antigen
B

35
m

olecule.
A

ID
S

10:1075–1083,
1996.

[S
ipsas

(1997)]
N

.V.S
ipsas,S

.A
.K

alam
s,A

.T
rocha,S

.H
e,W

.A
.B

lattner,
B

.
D

.
W

alker,
&

R
.

P.
Johnson.

Identification
of

type-specific
cytotoxic

T
lym

phocyte
responses

to
hom

ologous
viralproteins

in
laboratory

w
orkers

accidentally
infected

w
ith

H
IV

-1.J
C

lin
Inve

st99:752–62,1997.

[S
utton

(1993)]
J.

S
utton,

S
.

R
ow

land-Jones,
W

.
R

osenberg,
D

.
N

ixon,
F.G

otch,X
.G

ao,N
.M

urray,A
.S

poonas,P.D
riscoll,M

.S
m

ith,A
.W

illis,



O
ptim

alH
IV

-1
C

T
L

E
pitopes

IV
-26

D
E

C
98

&
A

.M
cM

ichael.
A

sequence
pattern

for
peptides

presented
to

cytotoxic
T

lym
phocytes

by
H

LA
B

8
revealed

by
analysis

of
epitopes

and
eluted

pep-
tides.E

u
r

J
Im

m
u

n
o

l23:447–453,1993.

[Takahashi(1991)]
K

.
Takahashi,

L.
D

ai,
T.

R
.

F
uerst,

W
.

E
.

B
iddison,

P.
L.

E
arl,

B
.

M
oss,

&
F.

A
.

E
nnis.

S
pecific

lysis
of

hum
an

im
m

unodeficiency
virus

type
1-infected

cells
by

a
H

LA
-A

3.1-restricted
C

D
8+

cytotoxic
T

-
lym

phocyte
clone

thatrecognizes
a

conserved
peptide

sequence
w

ithin
the

gp41
subunit

of
the

envelope
protein.

P
ro

c
N

a
tlA

ca
d

S
ciU

S
A88:10277–

10281,1991.

[T
hrelkeld

(1997)]
S

.
C

.
T

hrelkeld,
P.

A
.

W
entw

orth,
S

.
A

.
K

alam
s,

B
.

M
.

W
ilkes,

D
.

J.
R

uhl,
E

.
K

epgh,
J.

S
idney,

S
.

S
outhw

ood,
B

.
D

.
W

alker,
&

A
.

S
ette.

D
egenerate

and
prom

iscuous
recognition

by
C

T
L

of
peptides

presented
by

the
M

H
C

class
IA

3-like
superfam

ily.
J

Im
m

u
n

o
l159

(4):1648–
1657,1997.

[T
som

ides
(1991)]

T.J.T
som

ides,B
.D

.W
alker,&

H
.N

.E
isen.

A
n

optim
al

viralpeptide
recognized

by
C

D
8+

T
-cells

binds
very

tightly
to

the
restricting

class
I

m
ajor

histocom
patibility

com
plex

protein
on

intact
cells

but
not

to
the

purified
class

Iprotein.Pro
c

N
a

tlA
ca

d
S

ciU
S

A88:11276–11280,1991.

[van
B

aalen
(1996)]

C
.

A
.

van
B

aalen,
M

.
R

.
K

lein,
R

.
C

.
H

uism
an,

M
.

E
.

D
ings,

S
.

R
.

K
erkhof

G
arde,

A
.

M
.

G
eretti,

R
.

G
ruters,

C
.

A
.

van
E

ls,
F.M

iedem
a,&

A
.D

.O
sterhaus.F

ine-specificity
ofcytotoxic

T
lym

phocytes
w

hich
recognize

conserved
epitopes

ofthe
gag

protein
ofhum

an
im

m
unod-

eficiency
virus

type
1.J

G
e

n
V

iro
l77:1659–1665,1996.

[W
alker

(1989)]
B

.D
.W

alker,C
.F

lexner,K
.B

irch-Lim
berger,L.F

isher,T.J.
P

aradis,
A

.
A

ldovini,
R

.
Young,

B
.

M
oss,

&
R

.
T.

S
chooley.

Long-term
culture

and
fine

specificity
of

hum
an

cytotoxic
T

-lym
phocyte

clones
reac-

tive
w

ith
hum

an
im

m
unodeficiency

virus
type

1.Pro
c

N
a

tlA
ca

d
S

ciU
S

A
86:9514–9518,1989.

[W
ilson

(1997)]
C

.C
.W

ilson,S
.A

.K
alam

s,B
.M

.W
ilkes,D

.J.R
uhl,F.G

ao,
B

.H
.H

ahn,I.C
.H

anson,K
.Luzuriaga,S

.W
olinsky,R

.K
oup,S

.P.B
uch-

binder,R
.P.Johnson,&

B
.D

.W
alker.

O
verlapping

epitopes
in

hum
an

im
-

m
unodeficiency

virus
type

1
gp120

presented
by

H
LA

A
,B

,and
C

m
olecules:

effects
of

viral
variation

on
cytotoxic

T-lym
phocyte

recognition.JV
iro

l
71:1256–64,1997.

[Z
hang

(1993)]
Q

.Z
hang,R

.G
avioli,G

.K
lein,&

M
.G

.M
asucci.

A
n

H
LA

-
A

ll-specific
m

otifin
nonam

er
peptides

derived
from

viraland
cellular

pro-
teins.P

ro
c

N
a

tlA
ca

d
S

ciU
S

A90:2217–2221,1993.


