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[ M1-G422, Q2-G422, Q3-G422, P4-G422, Q5-G422, P6-G422, Q7-G422,

E G8-G422, Q9-G422, Q10-G422, Q11-G422, P12-G422, G13-G422, P14-

[ G422, G15-G422, Q16-G422, Q17-G422, L18-G422, G19-G422, G20-G422,
E Q21-G422, G22-G422, A23-G422, A24-G422, P25-G422, G26-G422, A27-

r G422, G28-G422, G28-G422, G30-G422, P31-G422, G32-G422, G33-

[ G422, G34-G422, P35-G422, G36-G422, P37-G422, G38-G422, P39-G422,
E C40-G422, L41-G422, R42-G422, R43-G422, E44-G422, L45-G422, K46-

[ G422, L47-G422, L48-G422, £E49-G422, S50-G422, 151-G422, F52-G422,

E H53-G422, R54-G422, G55-G422, H56-G422, E57-G422, R58-G422, F59-

[ G422, R60-G422, 161-G422, AB2-G422, S63-G422, AB4-G422, C65-G422,

E L66-G422, D67-G422, E68-G422, L63-G422, S70-G422, C71-G422, E72-

c G422, F73-G422, L74-G422, L75-G422, A76-G422, G77-G422, A78-G422,

[ G79-G422, G80-G422, A81-G422, G82-G422, AB3-G422, G84-G422, ABS-

E G422, AB6-G422, PB7-G422, G88-G422, P89-G422, H90-G422, L91-G422,
[ P92-G422, P93-G422, R94-G422, G95-G422, S86-G422, V97-G422, PY8-

E G422, G99-G422, D100-G422, P101-G422, V102-G422, R103-G422, 1104-

[ G422, H105-G422, C106-G422, N107-G422, 1108-G422, T109-G422, E110-
[LG422. S111-G422, Y112-G422, P113-G422, A114-G422, V115-G422,
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P116-G422, P117-G422, 1118-G422, W119-G422, 5120-G422, V121-G422,
E122-G422, 5123-G422, D124-G422, D125-G422, P126-G422, N127-
(G422, L128-G422, A129-G422, A130-G422, V131-G422, L132-G422, E133-
G422, R134-G422, L135-G422, V136-G422, D137-G422, 1138-G422, K139-
G422, K140-G422, G141-G422, N142-G422, T143-G422, L144-G422,
L145-G422, L146-G422, Q147-G422, H148-G422, L149-G422, K150-G422,
R151-G422, 1152-G422, 1153-G422, $154-G422, D155-G422, L156-G422,
C157-G422, K158-G422, L159-G422, Y160-G422, N161-G422, L162-G422,
P163-G422, Q164-G422, H165-G422, P166-G422, D167-G422, V168-
G422, E169-G422, M170-G422, L171-G422, D172-G422, Q173-G422,
P174-G422, L175-G422, P176-G422, A177-G422, E178-G422, Q179-G422,
C180-G422, T181-G422, Q182-G422, E183-G422, D184-G422, V185-
(G422, S186-G422, S187-G422, E188-G422, D189-G422, E190-G422,
D191-G422, E192-G422, E193-G422, M194-G422, P195-G422, E196-
G422, D197-G422, T198-G422, E198-G422, D200-G422, L201-G422,
D202-G422, H203-G422, Y204-G422, E205-G422, M206-G422, K207-
G422, E208-G422, E209-G422, E210-G422, P211-G422, A212-G422,
E213-G422, G214-G422, K215-G422, K216-G422, S217-G422, E218-G422,
D219-G422, D220-G422, G221-G422, 1222-G422, G223-G422, K224-G422,
E225-G422, N226-G422, L227-G422, A228-G422, 1229-G422, L230-G422,
E231-G422, K232-G422, 1233-G422, K234-G422, K235-G422, N236-G422,
Q237-G422, R238-G422, Q239-G422, D240-G422, Y241-G422, L242-
G422, N243-G422, G244-(G422, A245-G422, V246-G422, 5247-G422,
(G248-G422, S249-G422, V250-G422, Q251-G422, A252-G422, T253-
G422, D254-G422, R255-G422, L256-G422, M257-G422, K258-G422,
E259-G422, L260-G422, R261-G422, D262-G422, 1263-G422, Y264-G422,
R265-G422, $S266-G422, Q267-G422, S268-G422, F269-G422, K270-G422,
G271-G422, G272-G422, N273-G422,Y274-G422, A275-G422, V2T76-
G422, E277-G422, L278-G422, V279-G422, N280-G422, D281-G422,
$282-G422, L283-G422, Y284-G422, D285-G422, W286-G422, N287-
G422, V288-G422, K2839-G422, L290-G422, L291-G422, K292-G422, V293-
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G422, D294-G422, Q295-G422, D296-G422, S297-G422, A298-G422,
L299-G422, H300-G422, N301-G422, D302-G422, L303-G422, Q304-G422,
1305-G422, L306-G422, K307-G422, E308-G422, K308-G422, E310-G422,
G311-G422, A312-G422, D313-G422, F314-G422, 1315-G422, L316-G422,
1317-G422, N318-G422, F319-G422, $320-G422, F321-G422, K322-G422,
D323-G422, N324-G422, F325-G422, P326-G422, F327-G422, D328-G422,
P329-G422, P330-G422, F331-G422, V332-G422, R333-G422, V334-G422,
V335-G422, S336-G422, P337-G422, V338-G422, L339-G422, S340-G422,
(G341-G422, G342-G422, Y343-G422, V344-G422, L345-G422, G346-
G422, G347-G422, G348-G422, A349-G422, 1350-G422, C351-G422,
M352-G422, E353-G422, L354-G422, L355-G422, T356-G422, K357-G422,
Q358-G422, G359-G422, W360-G422, S361-G422, $362-G422, A363-
G422, Y364-G422, S365-G422, 1366-G422, E367-G422, S368-G422, V369-
G422, 1370-G422, M371-G422, Q372-G422, 1373-G422, S374-G422, A375-
G422, T376-G422, L377-G422, V378-G422, K379-G422, G380-G422,
K381-G422, A382-G422, R383-G422, V384-G422, Q385-G422, F386-G422,
G387-G422, A388-G422, N389-G422, K390-G422, S391-G422, Q392-
G422, Y393-G422, S394-G422, |.395-G422, T396-G422, R397-G422,
A398-G422, Q399-G422, Q400-G422, S401-G422, Y402-G422, K403-

G422, E410-G422, K411-G422, N412-G422, G413-G422, W414-G422,
Y415-G422, BXKU/F1=(E T416-G422 .

O

gooaao
ooooao
googao
g

oooogao
googao

OOoOo0ooooao
OOoo0ooooao
O O0Oo0ooooao
O O0Oo0ooooao

good

O
O
0

O
O

[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[ G422, S404-G422, L405-G422, V406-G422, Q407-G422, 1408-G422, H409-
[
[
[
O
O
O
O
O
O
O
O
O

goooobobooboboboobooboobooobooobobooboaodnb
ooooooooooooooooooooobooooooooao
goooboobooboogoboonn

oooooooooOoOoooooooooobooboooooOooao
Oood

[ M1-G422, M1-D421, M1-E420, M1-K419, M1-P418, M1-P417, M1-T4186,

E M1-Y415, M1-W414, M1-G413, M1-N412, M1-K411, M1-E410, M1-H409,

[ M1-1408, M1-Q407, M1-V406, M1-L405, M1-S404, M1-K403, M1-Y402, M1-
E S401, M1-Q400, M1-Q399, M1-A398, M1-R397, M1-T396, M1-L.395, M1-

a
ugboodagbad
ooagogao

10

20

30

40



(75) JP 2004-512836 A 2004.4.30

S394, M1-Y393, M1-Q392, M1-S391, M1-K380, M1-N389, M1-A388, M1-
G387, M1-F386, M1-Q385, M1-V384, M1-R383, M1-A382, M1-K381, M1-
G380, M1-K379, M1-V378, M1-L377, M1-T376, M1-A375, M1-5374, M1-
1373, M1-Q372, M1-M371, M1-1370, M1-V369, M1-5368, M1-E367, M1-
1366, M1-S365, M1-Y364, M1-A363, M1-8362, M1-8361, M1-W360, M1-
G359, M1-Q358, M1-K357, M1-T356, M1-L355, M1-L354, M1-E353, M1-
M352, M1-C351, M1-1350, M1-A349, M1-G348, M1-G347, M1-G346, M1-
L345, M1-V344, M1-Y343, M1-G342, M1-G341, M1-5340, M1-L339, M1-
V338, M1-P337, M1-S336, M1-V335, M1-V334, M1-R333, M1-V332, M1-
F331, M1-P330, M1-P329, M1-D328, M1-F327, M1-P326, M1-F325, M1-
N324, M1-D323, M1-K322, M1-F321, M1-8320, M1-F319, M1-N318, M1-
L317, M1-L316, M1-1315, M1-F314, M1-D313, M1-A312, M1-G311, M1-
E310, M1-K309, M1-E308, M1-K307, M1-L306, M1-1305, M1-Q304, M1-
L 303, M1-D302, M1-N301, M1-H300, M1-L299, M1-A298, M1-5297, M1-
D296, M1-Q295, M1-D284, M1-V293, M1-K292, M1-L291, M1-L280, M1-
K289, M1-V288, M1-N287, M1-W286, M1-D285, M1-Y284, M1-L283, M1-
$282, M1-D281, M1-N280, M1-V279, M1-L278, M1-E277, M1-V276, M1-
A275, M1-Y274, M1-N273, M1-G272, M1-G271, M1-K270, M1-F269, M1-
268, M1-Q267, M1-S266, M1-R265, M1-Y264, M1-i1263, M1-D262, M1-
R261, M1-L260, M1-E259, M1-K258, M1-M257, M1-L256, M1-R255, M1-
D254, M1-T253, M1-A252, M1-Q251, M1-V250, M1-5249, M1-G248, M1-
$247, M1-V246, M1-A245, M1-G244, M1-N243, M1-L242, M1-Y241, M1-
D240, M1-Q239, M1-R238, M1-Q237, M1-N236, M1-K235, M1-K234, M1-
1233, M1-K232, M1-E231, M1-L230, M1-1229, M1-A228, M1-L227, M1-
N226, M1-E225, M1-K224, M1-G223, M1-1222, M1-G221, M1-D220, M1-
D219, M1-E218, M1-S217, M1-K216, M1-K215, M1-G214, M1-E213, M1-
A212, M1-P211, M1-E210, M1-E209, M1-E208, M1-K207, M1-M206, M1-
E205, M1-Y204, M1-H203, M1-D202, M1-.201, M1-D200, M1-E198, M1-
T198, M1-D197, M1-E196, M1-P195, M1-M194, M1-E193, M1-E192, M1-
D191, M1-E190, M1-D189, M1-E188, M1-S187, M1-5186, M1-V185, M1-
D184, M1-E183, M1-Q182, M1-T181, M1-C180, M1-Q179, M1-E178, M1-
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A177, M1-P176, M1-L175, M1-P174, M1-Q173, M1-D172, M1-L171, M1-
M170, M1-E168, M1-V168, M1-D167, M1-P166, M1-H165, M1-Q164, M1-
P163, M1-L162, M1-N161, M1-Y160, M1-L159, M1-K158, M1-C157, M1-
L156, M1-D155, M1-S154, M1-11563, M1-1152, M1-R151, M1-K150, M1-
L149, M1-H148, M1-Q147, M1-L146, M1-L145, M1-L144, M1-T143, M1-
N142, M1-G141, M1-K140, M1-K139, M1-1138, M1-D137, M1-V136, M1-
L135, M1-R134, M1-E133, M1-L132, M1-V131, M1-A130, M1-A129, M1-
L128, M1-N127, M1-P126, M1-D125, M1-D124, M1-S123, M1-E122, M1-
V121, M1-8120, M1-W118, M1-1118, M1-P117, M1-P116, M1-V115, M1-
A114, M1-P113, M1-Y112, M1-5111, M1-E110, M1-T109, M1-1108, M1-
N107, M1-C106, M1-H105, M1-1104, M1-R103, M1-V102, M1-P101, M1-
D100, M1-G99, M1-P88, M1-VG7, M1-896, M1-G95, M1-R94, M1-PS3, M1-
P92, M1-L91, M1-H90, M1-P89, M1-G88, M1-P87, M1-A86, M1-AB5, M1-
G84, M1-A83, M1-G82, M1-A81, M1-G80, M1-G79, M1-A78, M1-G77, M1-
A76, M1-L75, M1-L74, M1-F73, M1-E72, M1-C71, M1-570, M1-L68S, M1-
EG8, M1-D67, M1-L66, M1-CB5, M1-A64, M1-S63, M1-A62, M1-161, M1-
R60, M1-F58, M1-R58, M1-E57, M1-H56, M1-G55, M1-R54, M1-H53, M1-
F52, M1-151, M1-S50, M1-E49, M1-0L48, M1-L47, M1-K46, M1-L45, M1-E44,
M1-R43, M1-R42, M1-L41, M1-C40, M1-P39, M1-G38, M1-P37, M1-G36,
M1-P35, M1-G34, M1-G33, M1-G32, M1-P31, M1-G30, M1-G29, M1-G28,
M1-A27, M1-G26, M1-P25, M1-A24, M1-A23, M1-G22, M1-Q21, M1-G20,
M1-G19, M1-L18, M1-Q17, M1-Q16, M1-G15, M1-P14, M1-G13, M1-P12,
M1-Q11, M1-Q10, M1-Q8, M1-G8, XU /E=[KX M1-Q7,
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BAES i BH
REIE 2= RATL1d6 #%EREC 5
(FIG. 1)
BEAES 2 RATL1d6 1) RTF FE23
(F1G. 3
[EIE 2= C. elegans RIS T2 F2H2.8
FIG. 4
B &S 4 Drosophila FAR53T7& EG:25E8.2
(FIG. 4)
R E = E2 UBC P52483/< ") A UB6B
(FIG. 4)
BE3 =6 P27924/ £ b UBC1/Huntingtin
- ARE RS 2/ S BHIP)FIG. 4)
RINES7 CAAT72184/Drosophila UBCD4
FIG. 4)
BHE =8 P14682/ E#EF UBC3/CDC34
(FIG. 4)
BLIES 9 PCR 7541 < — PY508,
5'-tgcagtgtctggeteggtge-3'
ERHFEE10 PCR 754 v<— PY509,
5'-ctgatctgcatgatcactgac-3'
(R Z=2N FJIXTLAF K PY4es
5
tccactgcaacatcacggagticataccectg
-3'
BLHES 12 A)IRGLIFF PY406
5'-
atgcagtcgaactcgtgaatgacagtctgt-
2
BEC 5| &= 13 5 J5fv— , N-RInR%E
- (RIEBI12)
ECH &S 14 3 7’54’;& {;ll ii)ﬂwkée
( 1
B ES 15 5 J54<— , C-RImX%k
REIE:] 7 «r( ijﬁﬂé 13%%519&
=16 3 FS54<2—, C-FK!
= (R )
=217 RATL1d6 R RFF R
BECYH= EEEF"*I‘{ 2
BRI HEE 18 PKC 1) > ER{E B
i RURTF R,
SRR
EZ5 &S 19 PKC 1) AL B
= K RTF
IYRSQSFKGGNYA
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BC &= 20

PKC 1) VBAL &
RYRFFE,
ILLNFSFKDNFPF

AL &= 21

PKC 1) B BRL
RYRTFE,
TRAQQSYKSLVQ!

BCHI&ES 22

HEAL—E 1) DB SR
IRRTFE,
PAEQCTQEDVSSED

B &S 23

HEAL AN ) EAEER
RURTFF,
TQEDVSSEDEDEEM

BCH &S24

HEAAF—EN) EAEER
RURTF K,
QEDVSSEDEDEEMP

BCH &= 25

HEAAF—EN) EBAEER
RURTF K,
AEGKKSEDDGIGKE

BCH &S 26

HEA L —EN) UEAEERBL
RYRTFE,
ELVNDSLYDWNVKL

Be I &= 27

A1 —EN ) U EEER T
RYRTFE,
ILLNFSFKDNFPFD

BCoI &= 28

FRIGET) A JULENT
RYRTF R,
VRIHCNITESYPAV

BiH &5 20

FRISSELA) A3 AL
RYRTFE.
AVELVNDSLYDWNV

BL 5| &5 30

FARINGT) 3 ALER

RYRTFE,
DFILLNFSFKDNFP

Bo &5 31

FRIGFT) 2 UL
ﬂ-\PIJ &7; I: 1
VQFGANKSQYSLTR

BHESI2

N-5 1) RFIULBMIAR Y RTF K,
QQPGPGQQLGGQGAAP

BC &5 33

N-2 U RFIULBMIARY RTF F,
PGQQLGGQGAAPGAGG

BCo &S 34

N-5 U ZFJULBMIAR) RFF K.

QLGGQGAAPGAGGGPG

BE S &S 35

N-Z ) RFIULEBIRY RTFF,

AAPGAGGGPGGGPGPG

Aol &= 36

N-5 1) ZFJULRMIAR) RFF K,

APGAGGGPGGGPGPGP

Bi S &S 37

N-5 ) RFIULBBIRY RFF K,

EFLLAGAGGAGAGAAP

—m —m —m ~—= @ @ @ @ @ @ @ ™@ ™&@ & /& & /& /s /s o/ /e /e, /e e/ /e e /e e e e e e e e e e e e e e e e

Ao &5 38

N-2 1) RFIALRMIRY RTF K,

LLAGAGGAGAGAAPGP
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Bo 5 &5 39 N-3 1) ZFJUEBEIAR) RTF F,
LAGAGGAGAGAAPGPH
Ao 3 &= 40 N-S JRFIUESHIR) RTFF,
HLPPRGSVPGDPVRIH
BLAI &S 41 N-Z JRFIUESHIR) RTFF,
QDYLNGAVSGSVQATD
Ao &= 42 N-= YRFIUEEDRYRTFF,
NGAVSGSVQATDRLMK
BRI &S 43 N-2 ) ZFJUEEMDRY RTF K,
SQSFKGGNYAVELVND
BC S &5 44 N-S [ ZFIUERHAR RTF F,
GYVLGGGAICMELLTK
BC 5 &= 45 N-Z ) RFJUEBHRY RFF F,
ARVQFGANKSQYSLTR
BCS &S 46 7 S FEBERYRTFF
EEEPAEGKKSEDDG
ENEE 47 RATL1d6 @ UBC Fj;_f A
Bl 55 48 RATL1d6E R TS5 4 <w—-
FRIO77A1)T,
5'- aggatcatctccgacctgtg -3
( RHEH 13)_
BHES 40 RATL1d6 P/ F /AT 54 ¥—--
H#EIOT77A1) 7, 5
5'- caagggttgatccageatct -3’
( iﬁﬁﬁjﬂo 13)
Bo 5 &5 50 AttacinD AMP DJOT—5—488
74 T—F TS5 <7—(RIER 14),
5' — atgaggcttggatcagettt — 3
ER5E B 51 AttacinD AMP O7OT—4>2—48%
D1v—RI517—( RHEH 14),
5' -- cctgaagcctgacaticcat — 3
B 5 &5 52 74 7—FF54<—- dsDNA,
5’ - actgcagccgattcattaatg -3
(B 14)
BE S &S 53 1)1 5¥—RF5,<7— — dsDNA,
5 -
gaattaatacgactcactatagggagatat
catacacatacgatttag - 3'
(BEHER] 14)
BRAI & E 54 74 7—F 754 <—- dsDNA,
5 -
gaattaatacgactcactatagggagacat
gattacgccaagctcgaa - 3'
( SEfE] 14)
Bo 5l &5 55 1)1 5—RF54<— — dsDNA,
5 — tgtaaaacgacggccagtgaa - 3'
( SEHEHI 14)
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FIG. 1B

a
aagaaggagcegacttoat tctacttaact l:l::cr:l:l:taaaga:aactttccl:t\:cgac 1500
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tgtgr cotet
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Palynuclaotide Encoding an Activated Human T-Lymphocyte-Derived
Protein Related to Ubiquitin Conjugating Enzyme

FIELD OF THE INVENTICON

The invention relates to the identification and isolation of a
navel polynucleotide sequence and its encoded amino acid sequence
defining a polypeptide sxpressed in activated human T-lymphooytes (T-
cells) and having similarify to ubiguitin conjugating enzyme (UBC). The
invantion further relates to the use of the polynudlectides and the
polypeptide in regulating cell growth and cell cycle progression, as well as in
targeting the degradation of cellular proteins, and in the diagnosis, treatment
and prevention of neoplastic diseases, immune disorders, and
developmental and neuronal disorders and diseases.

BACKGROUND OF THE INVENTION

The ubiqitin canjugation system (UCE) serves as a major
pathway for the degradation of cellular proteins in eukaryotic cells and in
sofme bacteria. The UCS mediates the eliminaticn of abnormal or aberrant
proteins and regulates the hali-lives of important regulatory proteins that
control cellular processes, such as gene transcription and cell cycle
progression. The UCSis believed to be involved in the degradation of
mitatic cyclic kinases, encoproteins, tumor suppressor gene products (e.g.,
p53), viral proteins, cell surface receptors associated with signal
fransduction, transcriptional regulators and mutated or damaged proteins (A.
Ciechanover, 1984, Cefl, 79:13-21).

Uhiquitin conjugating enzymes (UBCs) selectively target
proteins for protensomal degradation by the covalent attachment of ubiquitin
moiefies. The ubiquitination of cellutar proteins appears to be mediated by
the specific interplay between ubiquitin conjugafing enzyr}les {E2s) and
ubiquitin protein ligases (E3s) (T.P. Moynihan et al., 1999, J. Biol. Chem.,
274(43):30963-8). Ubiguitin-medialed proteolysis controls diverse
physiclegical processes in eukaryotic and mammalian cells, including, but
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not limited to, DNA repair, cell cycle regulation and p52-dependent
processes. )

~ The ubiquitination pathway targets not only normal, i.e., short-
lived, intracellular eukaryotic proteins for degradation when appropriats, but
it also serves fo eliminate abnormal, mutant, or misfolded proteins from the
cell. (T.P. Moynihan et al., 1998, Mammaiian Genome, 10:977-882). In the
ubiquitin pathway proteins that are covalently ligated fo ubiquitin are
targeted for degradation by the cell. The selectivily of tha destruction is
ensured by the substrate spegificity in the ubicquitination steps which are
comprised of a series of enzymalic reactions. (F. Yamao, 1999, J. Biochem.
(Tokyo), 1256(2):223-8). Ubiquitin ligase (E3), in conjunction with ubiguitin
conjugating enzyme (E2), have been implicaled in playing an essential role
in the recognition of substrate.

' The process of ubiquitin conjugation and protein degradation
involves four main steps (8. Jentsch, 1992, Ann. Rev. Genet., 26:179-207).
In the first stap, a ubiquitin activating enzyme (E1) activates ubiguitin (Ub), a
small, heat stable protein {76 amino acids) in an ATP dependent reaction
which binds the C-terminus of Ub fo the thiol group of an internal cysteine
residue in E1. Next, activated Ub is transferred to one of several Ub-
conjugaling enzymes (E2). Different ubiquitin-dependent profeolytic
pathways employ structurally similar, but distinct, ubiguitin-conjugating
enzymes that are associated with recogrition subunits which direct them to
proteins which carry a particular degradation signal. E2 then links the Ub
molecule through its C-terminal glycine to an internal lysine (acceptor lysine)
of a farget protein. In some instances, accessory factors, known as ubiguitin
ligases (E3s) are required to work in concert with E2s for tha recognition of
certain substrates. Additional Ub molecules may be added, uiimately
forming a multi-Ub chain structure. The ubiquitinated protein is then
recoghized and degraded by the protensome, a large multisubunit
proteclytic enzyme complex, and Ub is releasad for reutilization.
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UBCs and families of genes encoding UBCs have been
identified in a variety of eukaryotic genera, e.g., Saccharomyces,
Dictyosteliurs, Drosophifa, Caenorabaltls elegans (C. elegans), Paramecia,
as well as in mice and humans., UBCs or E2s are encoded by a large family
of genes that are related to each other.

The E2 ubiquitin-conjugating enzymes are imporant for
substrate specificity in different UCS pathways. All E2 molecules have a
conserved domain of approximately 16 kDa, called the UBG domain, that is
at least 35% Identical to all other E2s and coniains a centrally located
cysteine residue that is required for ubiquitin-enzyme thioester formation (S.
Jentsch, supral. A highly conserved proline-rich element is located N-
terminal io the aclive cysteine residue. Structural variations beyond this
conserved domain are used to classify the EZ enzymes. The E2s of class |
(E2-1) conslst almost exclusively of the conserved UBG domain and include
veast E2-1 and UBCs 4, 5 and 7. These E2s are thought to require E3 to
carry put their aclivities. (See, S. Jentsch, supra). UBC7 has been shown
to recognize ubiquitin as a substrate and to form polyubiquiii'n chains in vitro
(8. Van Nocker et al., 1986, JJ. Biol. Chem., 271:12150-12158). The E2s of
class Il (E2-2) have various unrelated C-terminal extensions that contribute
fo substrate specificity and cellular localization. The ysast E2-2 enzymes,
UBC2 and UBC3, have highly acldic CHerminal extensions thaf promote
interactions with basic substrates such as histones. Yeast UBCS has a
hydrophabic sighal-anchaor sequence that localizes the protein to the
andoplasmic reticulum.

Defects or alterations in the normal activity of the UCS are
associated with a number of diseases and disorders. These include
increased ubiquitin-dependent protsolysis that is associated with cachexia
{M. Llavera et al., 1895, int. J. Cancer, 61:138-141), degradation of the
tumor suppressor protein pb3 (A. Clechanover, supra), neurodegeneration,
such ag is observed in Alzhsimer's disease (L. Gregori et al., 1994,
Biochem. Biophys. Res. Comm., 203-1731-1738), and in muscle-wasfing
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disarders, such as is observed after serious injury and in diseases such as
cancer and AIDS (Sciencexpress, 2001, 10:1128). Since ubiguitin
conjugation is a raie-limiting step in antigen presentation, the ubicquitin
degradation pathway is likely to play a role in the immune response to
antigen (E.P. Grant et al., 1995, J. Jmmunof, 195:3750-3758). ndeed,
because the ubiguitin conjugating enzyme homologue of the present
invention was identified and isolated from activated T lymphocytes, alink to
a role in the Immune system is supported by this invention.

The discovery of new ubiquitin conjugating enzymes and the
polynuclactides encoeding thess proteins provides the art with new
composifions and methods of use and treatment for the diagnosis,
screening, monitaring, therapy, and prevertion of neoplastic diseases,
including cancers and tumors, immune disorders, and developmental and

neuronal disorders, cenditions, or diseases.
SUMMARY OF THE INVENTION -

The present invention provides a novel polynucleotide
encoding a ubiguitin conjugating enzyme horologue, which was isolated
from activated hunan T-celis, and hereinafter designated RATL106
(“Regulated in Activated T Lymphocytes 146"). RAfL1d6 was discovered to
be upregulated upon stimulation of Jurkat-line T cells and human peripheral
blood T lymphocytes with antibcdies directed against the CD3 and CD2§

cell surface antigens. The RATL1d6 nucleic acid was identified in a

subfraction library from activated human T lymphocyies as described herein,

The RATL1d6 polypeptide encoded by the RATL1d6 nucleic acid sequence
provided by this invention has similarity fo ubiquitin conjugating enzyme.

It is an object of the present invention to provide an isolated
RATL1d8 pelynucleolide as depicied in SEQ ID NO:1. In accordance with
this inventicn, the isolatad RATL1d6 palynucleotide encodes a ubiquitin
conjugating enzyme comprising the amino acid sequence as set forth in
SEQ ID NO:2. Fragments or pottions of the RATL1d6 polynucleotide and
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pelypeptide are also embraced by the invention. Prefarably, the isolated
RATL1d6 polynucleotide or polypeplide, of fragment or portion thereof, is
substantially purified.

It is another object of the present invention to provide an
isolated RATL1d8 polynucleotide having the nucleic acid sequence of ATCC
Deposit No. PTA-3745.

It is another object of the presen{ invention to provide a
ubiguitin conjugating enzyme homelogue, the RATL1d6 polypepfide,
encoded by the polynucleotide of SEQ: 1D NO:1 and having the amino acid
sequence of SEQ ID NO:2, or a functional or biologically active portion
therecf. Also provided are transmembrane domain regions of the RATL1d6
polypeptide and the encoding polynucleatides as elucidated herein.

Yet another object of the present invention is to provide a
ubiguitin conjugating enzyme polypeptide comprising an amino acid
sequence having at least 80% to 90% sequence identity to the sequence set
forth in SEQ 1D NO:2.

It is anather object of the present invention te provide an
isolated and substantially purified ubiquitin conjugating enzyme polypepiide
encoded by the nucleic acld sequence of ATCC Deposit No. PTA-3745.

It is another object of the present invention to provide a
ubiguitin conjugating enzyme polypepfide whose amine acid sequence
differs from SEQ ID NO:2 only by conservative substitutions.

It is another okject of the present Invention to provide
RATL1dG polypeptides having N-terminal, C-terminal and intérnal deletions
as described herein. Polynuclectides encoding these deletion polypeptides
ara also provided. According to the invention, such RATL1d6 polypeplides
can comprise immunogenic andfor antigenic epitopes as describad herein.

It is a further object of the present invention to provide the
polynuclactide sequence of RATL1d6 (SEQ ID NO:1) Iacking the initiating
cadon, as well as the resulting encoded polypeplida. In accordance with
this invention, the poiynucleotide corresponding to nucleotides 520 through
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1782 of SEQ ID NO:1, and the palypeptide corresponding te amino acids 2
through 422 of SEQ 1D NO:2 are provided.

Itis yat another object of the present invention to provide a
ublguitin conjugating enzyme polypeptide having at least 80% to 95%
sequence identity to the sequence as set forth in SEQ 1D NQ:2.

It is a further object of the present invention to provide a
substantially purified ubiquifin conjugating enzyme fusion protein, wherein all
or a portion of the RATL1d8 polypeptide is conjugated, coupled or linkad to
a heterologous polypeplide or peptide. More particularly, the invention
provides an amino acld sequence having at least 80% to 95% sequence
identity to the sequence as set forth in SEQ ID NO:2 and an amino acid
sequsnce of 2r Fe portion of a human immunoglobulin protein. According to
the presant invention ubiquitin conjugating enzyme fusion protein is provided
in which the amino acid sequence differs from SEQ 1D NO:2 only by
conservative substitutions.

It is a further object of the present invention to provide
compositions comprising the RATL1d6 polynucleotide sequence, or a
fragment thereof, or the encoded RATL1d6 polypeptide, or a fragment or
portion thereof, Also provided by the present invention are phafmaceutical
compasitions comprising at least one RATL1d8 polypeptide, or a functional
portion thereof, wherein the compositions further comprise a
pharmaceutically or physiologically acceptable carrier, excipient, or diluent.

It is yet another object of the present invention to provide a
novel isolated and purified, preferably substantially purified, polynucisotide
that encodes the RATL1dS ubiquifin conjugating enzyme homolog. Ina
particular aspect, the polynudieotide comprises the nucleotide sequence of
SEQ ID NO:1. The present invention also provides a polynucleotide
gequence comprising the complement of SEQ ID NO:1, or variants thereof.
In addition, the present invention features polynucleotide sequences which
hybridize under moderately stringent or high stringency conditions to the
polynucleotide sequence of SEQ ID NO:1. The present inverdtion further
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provides an isolated po]ynucleotide comprising a nucleic acid sequence
having (i) SEQ ID NO:1; {ii) a nuclsic acid sequence degenerats fram SEQ
ID NO:1 as a result of genetic code redundancy, or (i} @ complementary
nucleic acid sequence thereto. More particularly, the complementary
nucleic acid éequsnce of (iii} can hybridize to either strand of a denatured,
double-stranded polynucieotide comprising the nucleic acid sequence of
SEQ 1D NO:1 under conditions of moderate or high stringenicy, where a
nonlimiting example of moderately stringent conditions comprises 50%
formamide, 5x Denhart’s sofution, BxSSPE or S3C, 0.2% SDS at about
42°C, followed by washing in 0.2x SSPE or $5C and 0.2% SDS ata
temperature of about 42°C to about 50°C. High siringency conditions
typieally permit hybridization of those nucleic acid sequences that form
stable hybrids in 0.018 M NaCl at about 65°C.

It is yet another abject of the present inventian to provide a
nucleic acid sequence encading the RATL1d6 polypeptide and an anfisense
of tha nucleic acid sequence, as well as oligonucleoctides, fragments, or
portions of the nucleic acid molecule or antisense molecule. The RATL1d6
nucleic acid sequence, particularly, oligonuclectides, fragments, or portions
of the RATL1d6 nucleic acid molecule are useful s hybridization probes fo
datect, diaghose or monitor RATL1d6 in body fiuid samples. Also provided
are expression vectors and host cells comprising polynucleotides, or
fragments or portions thereof, that encode the RATL1d8 polypeptide or
peptides thereof.

Itis also an ohject of the present invantion to provide methods
for producing a polypeptide comprising the amine acid sequence depicted in
SEQ ID NO:2, or a fragment thereof, comprising: (a) culfivating a host cell
containing an expression vector containing at least a functional fragment of
the polynuclectide sequence encoding the RATL1d6 ubiquitin conjugating
enzyme homelogue according to this nvention under conditions suitable for
the expression of the polynuclectide; and (b} recovering the polypeptide
from the host cell.

JP 2004-512836 A 2004.4.30
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It is yet another object of the present invention to provide
antibodies, and binding fragments thereof, which bind specifically ta the
RATL.1d6 polypeptide, or an epitope thereof, for use as therapeutics and
diagnostic agents.

It is also an object of the present invention o provide methods
for screening for agents which bind to and/or modulate RATL1d6
polypeptide, e.g., agonists and antagonists, as well as modulators, e.g.,
agonists and antagonists, particilarly those that are oblained from the
screening methods describad.

It is another object of the present invention to provide a
purified, preferably, substantially purified, antagonist of the palypeptide of
SEQ ID NC:2. In this regard, and by way of example, a purified antibody
that binds o a polypeptide comprising the amino acid sequence of SEQ 1D
NQ:2 Is pravided, In accordance with the present invention, substantially
purified agonists of the polypeptide of SEQ ID NO:2 are furiher provided.

. it is yet another object of the present inveniion to provide
RATL1d6 nucleic acid ssquences, polypeptide, paptides and antibodies for
use in the diagnosis andfor scrasning of disorders or dissases associated
with expression of the polynucleotide and its encoded polypeptide as
described herein.

It is a further object of the present invention to provide kits for
screening and diagnosis of disorders associated with aberrant or
uncontrolled cellular development and with the expression of the
polynucleotide and its encoded polypeptide as described herein.

It is another object of the present invention to provide methods
for the treatiment or prevention of cancers ot tumors, immiune disorders,
lymphoproliferative disorders, or neurodagenerative disorders involving
administering to an individual In need of treatment or prevention an amount
of a purified antagonist or inhibitor of the RATL1d6 ubiguitin conjugating
snzyme effective to treat or prevent the disease or disorder. For example, in
cancer or tumear therapy methods, the ubiquitin conjugating enzyme

JP 2004-512836 A 2004.4.30



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(98)

WO 02/36741 PCT/USOL/46559

10

15

20

25

30

-9-

aniagonist is preferably utilized in an amount effective to block ubiquitination
of a tumor supprassor gens in cancer or tumor cells.

Another object of the present invention is to pravide a method
of suppressing the immune response in a subject requiring immune
response supprassion, comprising administration of an antagonist or
inhibitor of RATL1d8 ubiguifin conjugating enzyme, or an agoenist or activator
of RATL1d6 ubiguiiin conjugating enzyme in an amount effective to cause
immunosuppression. In such methods, immunosuppression can be the
result of ubiquination of a cell receptor and subsequent down regulation of
receptor activity.

Another object of the present invention is to provide a mefhod
of treating aberrant or abnormal cell growth causing unconirclled
proliferation of a cali In a mammal comprising administration of the RATL1d6
polypeptide or its homologue as described in accordance with the invention,
or an agonist or antagonist fhereof, in an amount effective 1o treat the
abnormal or aberrant cell growth and uncaentrolled cell proliferation.

It Is'yet another object of the presant invention to provide a
method of diagnosing a disease or susceptibility to a diseasa in a mammal
related to expression or activity of ubiquitin conjugating enzyme, The
method comprises contacting a sample from 2 mammal with &n antibody
specific for the RATL1d6 polypeptide, its homologue, or anligenic fragment
thereof, under conditions in which an antigen-antibody complex can form
between the antibody and the polypeptide, or hoemologue, or antigenic
fragment thereof in the sample, and detecting an antigen-antibody complex,
if formed. Detection of the complex indicates the presence of the RATL1d6
polypeptide, or homologue, or antigenic fragment thereof, in the sample,
wherein an increased emount of complax formed with the polypeptide,
homologue, or fragment thereof, in a test sample compared with the amount
in a normal control sample is indicative of disease or condition, or
susceplibility to a disease or condition in the mammal. Acgording to the
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invention, the disease can be an immune disorder, @ neuronal disorder, a
developmental disorder, or neoplastic growth.

Itis a further object of the present invention to provide a
nucleic acid-based method of diagnosing a disease, disorder or condition, in
which the methad comprises hybridizing a RATL1d6 palynucleotide or
fragment or oligo therecf according to the invention fo the nucleic acid
material of a sample, thereby forming a hybridization complex; and detacting
the hybridization complex. In the method, the presence of the complex
diagnoses a disease, disorder, or condition correlating with the presence of
a polynucleotide encoding ubiquitin conjugating enzyme, or a fragment
thereof, in the sample. Such a method can comprise in sifu hybridization.

It is yet another object of the present invention to provide a
methed for detecting a polynucleotide that encodes the RATL1d6
polypeptide In a biological sample comprising (a) hybridizing the
complement of the polynuclectide sequence encoding SEQ IDNO:2 tca
nucleic acid material of a biological sample, thereby forming a hybridization
complex; and (b) detecting the hybridizafion complex, wherein the presence
of the complex correlates with the presence of a polynucleotide encoding
the RATL 1d6 polypeptide in the biolegical sample. The nucieic acid material
may he further amplified by the polymerase chain reaction prior to
hybridization.

Anather object of the present invention provides a method of
datecting ubiguitin conjugating enzyme or homolague, or an antibody-
reactive fragment thereof, in a sample, comprising contacting the sample
with an antibody specific for the RATL1d6 polypeptide, or an antigenic
fragment thereof, under conditions in which an antigen-aniibody complex
can form between the anfibody and the polypeptide or entigenic fragrment
thereof in the sample; and detecting an antigen-antibody complex formed.
In such a method detection of the complex indicates the presence of
ubiquitin conjugating enzyme, ar an anfigenic fragment thereof, in the

sample.
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It is a further object of the present invention to provide a
method of screening a library of molecules or compounds with a
polynucleofide to identify at least one molecule or compound therein which
specifically binds to the pelynucleotide sequence, comprising combining the
RATLAdE polynucleotide or peptide, or & bindable portion thereof peplide
with a library of molecules or compounds under conditions fo allow spacific
binding; and detecting specific hinding, theraby identifying a molecule ar
compound which specifically binds ta the polynucleotide sedguence. In such
a method, the library can comprise DNA molecules, RNA molecules,
artificial chrerosome consiructions, PNAs, peptides and protsins.

it is yet another object of the present invention to provids a
method of using the RATLTdE polynuclectide sequence to purify & malecule
or compound in & sample, in which the melecule or compaund specifically
binds to the RATL1d8 polynucieotide. The methad comprises combining the
RATL1d6 polynﬁclectide, a bindable portion thereof, or a RATL1d6 variant,
under conditions to allow specific binding; detecting specific binding
between the palynuclectide and the molecule or compound; recovering the
bound polynuclectide; and separating the polynucleotide from the moleculs
of compound, thereby obtaining a purified molecule or compound.

Anather abject of the present invention is to pravide a method
of sereening for candidate compounds or agents that are capable of
modulating activity of a ubiquitin conjugating enzyme, such as RATLid6.
The method comptises contacting a test compound with a substantiaily or
partialty purified RATL1d6 polypepiide, peptide, or fragment; and selecting
as candidate modulating compounds those test campounds that madulate
aclivity of the polypeplide. The assay methads may be cell-based assays in
which the RATL1d6 is expressed in a cell or tiésue, or cell-free assays.
According 1o the invention and as described herein, the candidate
compounds are either agonists or antagonists, or aganists or activators, of
ubiguitin conjugating enzyme activity. The activity of the RATL1d6 ubiquitin
acfivating enzyme can be protein degradation associated with
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lymphoproliferative disorders, cancers and tumors, neuronal disorders, or
developmental disorders, or ubiguitination of & cell receptor.

A further abject of this invention Is to provide a method of
screening for or detecting candidate compeounds capable of binding to the
RATL1d6 ubiguitin conjugating enzyme. The method comprises contacting
a test compound with a purified RATL1d8 polypeplide or a peptide thersof
according te the invention and selecting as candidate compounds those test -
compounds that bind to the polypeptide. |n suech a method, the RATL1d6
polypeplide or peptide, or the candidate compounds, can be immoebilized
onto a solig support. Also, in the method, selection of a candidate
compound can based on affinity of binding determinations by analyzing
tharma! unfolding curves of complexas formed beiwesn candidate
compound and the polypeptide.

In the screening rmethods provided by the present invention,
the candidate compounds can be small molecules, therapeutics, biological
agents, and/or drugs. Such methods as provided by the present invention
and descrlbed herein are guite suitable for heing carried out viz high
throughput screening technology.

Further chjects, features and advantages of the present
invention will be better understood upon a reading of the detaiied description
of the invention when considered In connection with the accompanying

figures/drawings.

BRIEF DESCRIPTION OF THE FIGURES

FIGS. 1A and 1B show separately the polynucleolide
sequence of the RATL1d6 ubiquitin conjugating enzyme homologua (SEQ
ID MO:1), (FIG.1A), and the deduced amino acid sequence of the encoded
RATL14dG protein {(FIG. 1B). The cading sequence (CDS) of RATL1d6 is
517 to 1782 of SEQ ID NO:1.

FIGS. 2A and 2B show the polynucleotide sequence (SEQ ID
NO:1} and the deduced, encoded amino acid sequence (SEQ ID NO:2) of
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the RATL1dE ubiquitin conjugating enzyme homalogue, a portion of which
was isolated from an activated T-gell subtraction library.

FIG. 3 shows the deduced amine acid secquence of the
RATL1dB ubiguitin conjugating enzyme polypeptide (SEQ ID NG:2}. The
predicted molecular weight of the RATLTdS polypeptide encoded by the
polynucieotide of SEQ 1D NO:1 is MW = 46.1 Kd.

FIG. 4 shows an alignment of the RATL 166 ubiguitin
conjugating enzyme (UBC) with hypothetical C. efegans and Drosophifa
orthologs F2H2.8 {Genbank Accession No: gil38¢6332; SEQ IR NO:3) and
EG:25E8.2 (Genbank Accession Mao: gi|7280308; SEQ (D NO4),
respectively, and the £2 UBCs P52483/mouse UBGB {Genbank Accessian
No: gil 1717880; SEQ ID NO:5), P27924/human UBC1/Huntingtin interacting
protein (HIP), (Genbank Accession No: gi|14727922; SEQ IID NO:6Y;
CAA72184/Drosophila UBCDA {Genbank Accession No: gij7284882; SEQ
I} NO:7); and P14682fyeast UBC3/CDC34 (Genbank Accession No:
gi[6320269; SEQ 1D NO:B). The ubiquitin conjugating domain identified
through a search of the PFFAM database is boxed in RATL1d8. Residuss
that are identical in three or mare of the afigned sequences are highlighted,
and the conserved Cyé residue which has been shown in UBCs to be
involved in ubigquitin transfer through a thiol ester intermediate to target
proteins is marked with a " The % identity of RATL1d6 with C. elegans
F2H2.8 is 42% over the entire peptide sequence; 47% with Droscphifa
EG:25EB.2 over the enfire peptide sequenca; and approximatsly 25% over
the UBC domains only for the remalning proteins.

FIGS. 5A and 5B show a BLAST alignment between the
RATL1dB amino acid sequence and its putative Drosophife ortheleg (FIG.
5A, 65% identity) and . efegans ortholog (FIG, 58, 61% identity). The
guery sequence is that of RATL1dS6, while the subject sequence is the
amino acid sequence, i.e., Dfasobhﬂa (EG:25E8.2) or C. elegans (F25H2.8),
shawing a psrcent idevtity to the RATL1d6 sequence.
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FIG. 6 presents an RT-PCR expression profile of RATL1dG as -

described in Example 13.

DESGRIPTION OF THE INVENTION

The present invention provides a novel isolated polynucleotide
and encoded polypeptide, the expression of which is upregulated in human
T lymphocytes that have been stimulated with anti-CD28 and anti-CD3
antibodies versus unstimulated T lymphocytes. This novel pelypeptide is
termed herein RATL1d8, an acranym far “Regulated in Activated T
Lymphocytes 1d8”, and is further characterized as a ubiquitin conjugating

enzyme homalogue.

The following definitions are provided to more fully describe
the present invention in its various aspects. The definitions are intended to
be useful for guidance and elusidation, and are not intended to [imit the
disclosed invention ot its embodiments.

Definifions

The RATL 146 polypeptide {or protein) refers to the amino acid
sequence of substantially purifled RATL1d6, which may be obtained from
any spevies, prefetably mammalian, and more preferably, human, and from
a varisty of sources, including natural, synthetic, semi-synthetic, or
recomhinant. Functional fragments of the RATL.1d6 polypepiide are also
embraced by the present invention.

An agonist refers to a malecule which, when bound to the
RATL1dB polypeptide, or a functional fragment thergof, increases ar
profongs the duration of the effect of the RATL.1d6 polypeptide. Agonists
may include proteins, nucleic acids, carbohydrates, or any other molecules
that bing to and modulate the effect of RATL1d6 polypeptide. An antagonist
refars to a malecule which, when bound o the RATL1dE6 polypeptide, or a
functional fragment thersof, decreases the amount or duration of the
bialogical or immunolagical activity of RATL1d6 polypeptide. Anfagonists
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may include proteins, nucleic acids, carbohydrates, antibodies, or arry other
molecules that decrease or reduce the sffect of RATLIdE polypeptide.

“Nucleic acidt sequance”, as used herein, refers 1o an
aligonuclaotide, nuclestide, or polynucleotide, and fragments or portions
thereof, and to DNA or RNA of genomic or synthetic origin which may be
single- or double-stranded, and represent the sense or antisense strand. By
way of nonfimiting exampie, fragments include nugleic acid sequences that
are greater than 20-60 nuclectides in length, and preferably include
fragmentsithat are at least 70-100 nucleotides, ar which are af least 1000
ruclectides or greater in length.

Similarly, "amino acid sequence” as Qsed herein refers ta an
oligopeptide, peptide, polypeptide, or protein sequence, and fragments or
portions thereof, and to naturally occurring or synthetic molecules. Amine
acid sequence fragments are typically from about 5 to about 30, preferably
from about 5 to about 1§ amino aclds in length and retain the biclogical
activity ar function of the RATL1d6 polypeptide.

Where “aminc acid sequence” is recifed herein to refer ta an
amino acid sequence of a naturally occurring protein moleculs, “amino acid
sequence” and like terms, such as “polypeptide” or “protein” are not meant
ta limit the amino acid seguence to the complete, native amino acid
sequence associated with the recited protein molecule. In addition, the
terms RATL1d6 polypeptide and RATL14d6 protsin are used interchangeably
herein to refer to the encoded product of the RATL1d6 nucleic acid
sequence of the present invention,

A variant of the RATL 1d8 polypeptide refers to an amino acid
sequence that Is altered by one or mare amino acids. The varlant may have
"conservative” changes, wherein a substituted amino acid has similar
structural or chemical properties, 8.g., replacement of leucine with
iscleucine. Mare rarely, a variant may have “nonconservafive” changes,
e.q., replacement of a glycine with a tryptophan. Minor variations may also
Include amine acld deletions or insertions, or both, Guidance in determining
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which amino acid residues may be substituted, inserted, or deleted without
abolishing functional biclogical or immunological activity may be found using
computer programs well known in the art, for example, DNASTAR software.

An allele or allslic sequence is an alternative form of the
RATL1d6 nucleic acld sequence. Alieles may result from at least one
mutation in the nuclsic acid sequance and may yield altered mRNAs or
polypeptides whose siructure or function may or may not be aktered. Any
given gene, whether natural or recombinant, may have none, one, or many
allelic forms. Common mutational changes which give rise to alleles are
generally ascribed to natural delstions, additions, or substitutions of
nuclectides. Each of these types of changes may occur alone, or in
combination with the others, one or mere times in a given seguence.

Altered nucleic acid sequences encoding RATLAdE
polypeptide include nucleic acid sequences containing delstions, insertions
andfor substitutions of different nucleotides resulting in a polynucleotide that
encodes the same or a functionally equivalent RATL1d6 palypeptide.
Altered nucleic acid sequences may further include polymorphisms of the
polynuclectide encoding the RATLTAE polypeptide; such polymorphisms
may or may not be readily detectable using a particular oligonuclectide
probe. The encoded protein may alsc contain delations, insertions, or
substitutions of aminc acid residues which produce a silent change and
result In a functionally equivalent RATL1d6 protein. Deliberate aming acld
substitutions may be made on the basis of similarity in pclerity, charge,
solubility, hydrophobicity, hydrophilicity, and/or the amphipathic nature of the
residues, as long as the biological activity of RATL1d8 protein is retained.
For example, negatively charged amine acids may include aspartic acid and
glutamic acid; pesitively charged amino acids may include lysine and
arginine; and amine acids with uncharged palar head groups having similar
hydrophilicity values may include leucine, isoleucine, and valine; glycine and
alanine; asparagine and glutamine; serine and threonine; and phenylalanine
and tyrosine.
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“Peptide nucleic acid” (PNA) represents an aligomer of
meodified nucleic acid base pairs covalently linked through an amide bond.
PNAs have utilify in a number of antisense and anti-gene applications.
These small molecules typically act by inhibiting transcription. {e.g., P.E.
Nielsen et al., 1893, Anticancer Drug Des., 8:53-63). PNA may be
pegylated ta extend their lifespan in the cell where they preferentially bind fo
complementary single stranded DNA and RNA.

Qligonuclectides or oligomers refer to a nucleie acid sequence,
preferably comprising contiguous nucleotides, of at least about 6 nucleotides
to about 60 nucleatides, preferably at least about 8 io 10 nucleotides in
length, more preferably at least about 12 nucleofides in length e.g., about 15
to 35 nucleotides, or about 15 to 25 nucleotides, or zbout 20 1o 35
nuclectides, which can be typically used in PCR amplification assays,
hybridization essays, or in microarrays. it will be understood that the term
aligonucleotide is substantially equivalent to the terms primer, probe, or
amplimer, as cornmonly defined in the art. [t will also be appreciated by
those skilied in the pertinent art that a longer oligonucleotide probe, or
mixtures of probes, e.g., degenerate probes, can be used to detect longer,
or more complex, nucleic acid sequences, for example, genemic DNA. In
such cases, the probe may comprisa at least 20-200 nuclectides, preferably,
at least 30-108 nucleotides, mare preferably, 50-100 nucleotides.

Amplification refers to the production of additional copies of a
nucleic acid seduence and is generally carried out using polymerase chain
reaction (PCR) technologies, which are well kKnown and practiced in the art
{See, D.W. Dieffenbach and G.S. Dveksler, 1995, PCR Primer, a Laboratory
Manual, Cold Spring Harbor Prass, Plainview, NY).

Microarray is an array of distinct polynucleotides ar
cligenuclectides synthesized on a substrate, such as paper, nylon, or other
type of membrane; fitter; chip; glass slide; or any other type of suitable salid
support.
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The ferm antisense refers to nucleotide sequences, and
compositions containing nucleie acid sequences, which are complementary
to a specific DNA or RNA sequence. The term “antisense strand” is used in
reference to & nucleic acid strand that is cbmplsmentary ta the “sense”
strand. Antisanse (i.6., complamentary) nucleic acid malecules include PNA
and may be produced by any method, including synthesis or transeription.
Once introduced irto a cell, the complementary nucleotides combine with
natural sequences produced by the cell to form duplexes which black either
transcription or translation. The designatian "negative” is sometimes used in
reference to the antisense strand, and “positive” is semetimes used in
reference 1o the sense slrand.

The tarm consensus refers to the sequence that reflects the
most cammon choice of base or amino acid at each position among & series
of related DNA, RNA, or protein sequences. Areas of particularly good
agreement often represent conserved functional domains.

A delation refers to a change in either nucleotide or amirio acid
sequence and results in the absence of one or mere nuclectides or amina
acld residues. By confrast, an insertion (also termed “addition”) refers tc a
change in a nuclectide or amino acid sequenca that resuits in the addition of
one or more nucleotides or amino acid residues, as comparad with the
naturally occurring molecule. A substitution refers to the replacement of one
or more nuctectides or amino acids by different nucleptidss or amino acids.

A derivative nucleic acid molecule refers to the chemical
modification of a nucleic acid encoding, or complementary to, the encoded
RATL1d6 polypeptide. Such medifications include, for example,
replacement of lydrogen by an alkyl, acyl, or amino group. A nucleic acid
derivative encodes a polypeptide which retains the essential biclogical
and/or functional characteristics of the natural molecule. A derivative
polypeptide is one which is madified by glycosylation, pegylation, or any
similar process that retains the hiological andfor functional or immunalogicat
activity of the polypeptide from which it ls derived.
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The term “biologically active”, i.e., functional, refars to a protein
or polypeptide or fragment thereof having structural, regulatory, or
biechernical functions of & naturally occuring molecule. Likewise, '
“immunologically active” refers fo the capability of the naturaf, recombinant,
or synthetic RATL1d6, or any oligopeptide thereof, to induce a specific
iminune response in appropriate animals or cells, for example, to generate
antibodies, and to bind with specific antibodies.

The term hybridization refers to any pracass by which a strand
of nucleic acid hinds with a complementary strand through base pairing.

The term “hybridization compiex” refers to a complex formed
betwsen two nucleic acid saqusnces by virtue of the formation of hydrogen
bonds between complementary G and C bases and between
complementary A and T bases. The hydrogen bonds may be further
stabllized by base stacking interactions. The two complementary nucleic
acid sequences hydrogen bond in an anti-paralle! canfiguration. A
hybridization complex may be formed in solution {e.g., Cot or Rot analysis),
or between che nucleic acid sequence present in solution and another
nucleic acid sequence immobilized on a solid support (e.g., membranas,
filters, chips, pins, or glass slides, or any other appropriate substrate to
which cells or their nucleic acids have heen affixed).

The terms stringency or stringent conditions refer to the
conditions for hybridization as defined by nucleic acid compositw’én, salt and
temperature. These condifions are well known in the art and may be altered
to identify and/or detect identical or related polynuclectide sequences in a
sample. A variety of equivalent conditions comprising sither low, moderéle,
or high stringency depand on factors such as the length and nature of the
sequence (DNA, RNA, base composition), reaction milieu (in solution or
immobilized on a solid substrate}, nature of the target nuclete acid (DNA,
RNA, base composition), concentration of salts énd the presence ar
abssnce of other reaction components (e.g., formamide, dextran sulfate
and/or polyethylene glycol) and reaction temperature {within a range of from
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ahout 5°C below the melting temperature of the probe to about 20°C to 25°C
below the melting temperature). One or maore factors may be varied to
generate conditions, sither low or high stringency, that are different from but
equivalent to the afaremantionad conditions.

As will be understood by those of skill in the art, the stringency
of hybridization may be altered in order to identify cr detect identical or
related polynuclectide sequences. As will be further appreciated by the
skllled practitioner, Tm can be approximated by the formulas as known in
the att, depending en a number of parameters, such as the length of the
hybrid or probe it number of nuclectides, or hybridization buffer ingredients
and conditions (See, for example, T. Maniatis et al., Mclecylar Cloning: A
Laboratory Manual, Cold Spring Harbor Labaratoty, Cold Spring Harbor, NY,
1982 and J. Sambrook et al., Molecular Cloning: A |aboratory Manugl, Cold
Spring Harbor Laboratoty, Cold Spring Harbor, NY, 19838; Current Profocols
in Malecular Biofogy, Eds. F.M. Ausubsel et al., Vol. 1, “Preparatien and
Analysis of DNA”, John Wiley and Sons, [nec., 19941985, Suppls. 26, 29,
35 and 42; pp. 2.10.7- 2.10.16; G.M. Wahl and 8. L. Berger (1987; Methods
Enzymol. 152:398-407); and A.R. Kimmedf, 1987; Mathcds of Enzymol.
152:507-511). As a general guide, T, decreases approximately 1°C —1.5°C
with every 1% decrease in sequence homology. Alse, in general, the
stability of & hybrid is a function of sodium ion cencentration and
temperature. Typically, the hybridization reaction is initially performed under
cendifions of low stringency, followed by washes of varying, but highet
stringency. Reference to hybridization stringency, e.g., high, moderate, or
low stringency, typically relates to such washing conditions.

Thus, by way of nonlimting exampls, high stringency rafers to
conditions that parmit hybridization of those nucleic acid sequences that
form stabie hybrids in 0.018M NacCl at about 85°C (L.e., if a hyhbrid is not
sfable in 0.018M NaCl at about 65°C, it will not be stable under high
stringency conditions). High stringency conditions can be provided, for
instance, by hybridization in 50% farmamide, 5» Denhart’s solution, 5xSSPE
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(saline sadium phasphate EDTA) {1x SSPE buffer comprises 0.15 M NaCl,
10 mM MazHP G4, 1 miM EDTA), {or 1x SSC buffer containing 150 mM NaCl,
18 mM Nagz citrate « 2 H;O, pH 7.0}, 0.2% SDS at about 42°C, followsd by
washing in 1x SSPE {(or saline sodium citrate, 38C) and 0.1% SDS ata
temperature of at least about 42°C, preferably about 55°C, more preferably
about 65°C.

Moderate stringency refers, by nonlimiting example, to
cohditions that permit hybridization in 50% formamide, &x Denhari's
solution, 5xSSPE (or SSC), 0.2% SDS at 42°C {lo about 50°C), followed by
washing in 0.2x 3SPE {or S3C} and 0.2% SDS at a tamperature of at least
about 42°C, preferably about §5°C, more preferably about 65°C.

Low stringency refers, by nonlimiting example, to conditions
that permit hybridization in 10% formamide, 5x Denhart’s solution, Bx8SPE
(or SSC), 0.2% SDS at 42“(:, followad by washing in 1x SSPE {or SSC} and
0.2% SDS at a temperature of about 45°C, preferably about 50°C.

For additional stringeticy conditions, see T. Maniatis et al.,
Molecular Cloning: A Laboratery Manual, Cold Spring Harber Laberatary,
Cold Spring Harbor, NY (1882). Itis to ba understood that tha low,
moderate and high stringency hybridization / washing conditions may be
varied using & variety of ingredients, buffers and temperatures well known to
and practiced by the skilled practitioner.

The terms complementary or complementarity refer to the
natural binding of polynucleatides undet permissive salt and tempetature
conditions by base-pairing. For example, the sequence "A-G-T" binds fo the
complementary sequence "T-C-A". Complementarity between two single-
stranded molecules may be “partial”, in which only some of the nuclelc aclds
bind, ot it may be complete when tolal complementatity exists between
single stranded molecules. The degree of complementarity between nucleic
acid strands has sigmﬂcan;c effects on the efficiency and strength of
hyhridization between nucleic acid strands. This is of particular importance
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in amplification reactions, which depend upon binding between nucleic acids
sfrands, as well as in the design and use of PNA moleculas.

The term homology refers to a degree of complementatity.
There may be partial homology or complete homolagy, wherein complete
homealogy is equivalent to identity. A partially complementary sequence that
at least partially inhibits an identfcal sequence from hybridizing to a targst
nucleie acid is referred to using the functional term “substantially
homelogous.” The inhibition of hybridization of the completely

" complementary sequence 1o the target seguence may be examined using a

hybridizatien assay (e.g., Southem or Notthern blot, solution hybridization
and the like) under conditions of low stringency.

A substantially hemologous sequence ar probe will compete
for and inhibit the binding {i.e., the hyhridization) of a completely
homologous sequence or probe to the target sequence under conditions of
low stringency. Nonetheless, conditions of low sltringency do not permit
non-specific binding; low stringency conditions require that the binding of
two sequencas o ons ancther be a spacific (i.e., selective) interaction. The
absence of non-specific binding may be tested by the use of a second target
Seque.nce which lacks even a partial degree of complementarity {e.g., less
than about 30% identity). In the absence of non-specific binding, the probe
will not hybridize to the second non-compismentary target sequence.

Those having skill in the art will know how to determine
percent identity between/amang sequences using, for example, algorithms
such as those based on the CLUSTALW computer program (J.D. Thompson
etal., 1994, Nucle.ic Actds Research, 2(22)4673-4680), or FASTDB,
(Brutlag et al., 1990, Comp. App.-Biosci., §:237-245), as known in the art.
Althiough the FASTDB algorithm typically does not consider internal non-
mafching deletions or additions in sequances, i.e., gaps, in its calculation,
this can be corrected manually to avoid an overestimation of the % identity.
CLUSTALW, however, does take sequence gaps into accountin its identity

calculations.
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A compesition comprising a given polynuclectids sequence
refers broadly to any composition containing the given polynucieotide
sequence. The compesition may comprise a dry formulation or an aqueous
solufion. Compositions comprising polynuclestide sequence (SEQ ID NO:1)
encoding RATL1dB polypeptide, or fragments thereof, may be emplayed as
hybridization probes. The probes may be stored in freeze-dried form and
may be in association with a stabilizing agent such as a carbohydrate. In
hybridizations, the probe may be employed in an aqueous solution
cantaining salts (e.g., NaCl}, detergents or surfactants {e.g., 3DS) and other
camponents (e.g., Denhardt's solution, dry milk, salmon sperm DNA, and
the like).

The term "substantially purified” refers fo nucleic acid
saquences ar aming acid sequences that are retmoved from their natural
environment, isolated or separated, and are at least 680% fres, preferably
75% to 85% free, and most breferably 90%, or greater, free from other
compenents with which they are naturally associated.

The term sample, or biclogical sample, s meant fo be
interpreted in its broadest sense. A biolagical sample suspected of
cantaining nucleic acid encoding RATL1d8 protein, or fragments thereof, or
RATL1d8 protain itself, may comprise a hady fiuid, an extract from cslls or
tissue, chramosomes isolated from a cefl (e.9., a spread of mstaphase
chremaosomes), organelle, or membrane isclated from a cell, a cell, nucleic
acid such as genomic DNA (in solution or bound fo a solid support such as
far Southern analysis), RNA {In soiution or baund to a solid support such as
for Nerthern analysis), cONA (in solution or bound to & solid support), &
tissue, a tissue print and the like.

Transformation refers to a process by which excgenous DNA
enters and changes a recipient call. It may occur under natural or arfificial
canditfons using various meihods well knawn in the art. Transformation may
refy on any knewn method for the insertion of foreign nucleic acid.

sequences into a prokaryotic or eukaryotic host cell. The method is selected
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based on the type of host cell being transformead and may include, but is not
limited to, viral Infection, electraporation, heat shock, lipofection, and partial
bombardment. Such "transfarmed” cells include stably transformed cells in
which the inserted DNA is capable of replication either as an autonomously
repllcating plasmid or as part of the host chromasoms. Transformed cells
also include those cells which transiently express the inserted DNA or RMNA
far limited periods of time.

The term “mimetic" refers to a moleculs, the structure of which
is developed from knowledge of the structurs of RATL1d6 protein, or
portions thereof, and as such, is able to effect some or all of the actions of
RATL1dE protein.

Tha term “portion” with regard fo a profein (as in "a portion of &
given protein™) refars to fragments or segménts of that protein. The

. fragments may range tn size from four or five amino acid residues to the

entire amino acid sequence minug one amino acikt. Thus, a protein
“comprising at east a portion of the amine acid sequence of SEQ ID NO: 2°
encompasses the full-length human RATL1AE polypeptide, and fragments
thereof.

The term antbedy refers to infact melecules as well as
fragments thereof, such as Fab, F(ab')z, Fv, which are capable of binding an
epitopic or anéigenic determinant. Antibodies that bind to RATL1d6
polypeplides can be prepared using intact polypeptides or fragments
cantaining small peptides of interest or preparad recombinantly for use as
the immunizing antigen. The polypeptide or cligopeptide used to immunize
an animal ¢an be derived from the transition of RNA or synthesized
chemically, and can be conjugaied to a carrier protein, if desired.
Gommonly used carriers that are chemically coupled to peptides include
bovine setum albumin (B3A), keyhole limpet hemocyanin (KLH), and
thyroglebulin. The coupled peptide is then used fo Immunize the animal

(e.g, @ Mause, a rat, or a rabhit).
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Tha term “humanized"” antibody refars to antihody molecules in
which amino acids have heen replaced in the non-antigen binding regions in
order to more clossly resemble & human antibody, while still retaining the
ariginai binding capability, €.¢., as deseribed in U.S. Patent No. 5,585,082 to
C.L. Queen etal.

The term “antigenic determinant” refers fo that pertion of a
molecule that makes contact with a particular antibedy {i.e., an epitope).
When a protein or fragment of a protein is used to Immunize a host animal,
numeraus regions of the protein may induce the production of antibodies
which bind specifically to a given region or three-dimensional structure on
the protein; these regions or structures are referred to an antigenic
determinants. An antigenic determinant may compste with the intact
antigen (i.e., the immunogen used 1o elicit the immune response) for binding
to an antibody. .
The terms “specific binding” or "specifically binding” refer to the
interaction between a protein or pepfide and a binding molecule, such as an
agonisf, an antagonist, or an antihody. The interaction is dependent upon
the presence of a particular struciure (i.e., an antigenic determinant ot
epitope) of the protein 1hat is recognized by the binding molecule. For
example, if an antibody is specific for epitope “A", the presence of a pratein
contairing epitape A {or free, unlabsled A)in a reaction containing tabeled
“4* and the antibody will reduce the amount of labeled A bound to the
antibody. ’

The term “corralates with expressicn of a po[yﬁuc[eoﬁds”
indicates that the detection of the presence of ribonucleic acid that is similar
to SEQ ID NO:t by Nerthern analysis is indicative of the presence of mRNA
eticoding RATL1d6 polypeplide in a sample and thereby correjates with
expression of the transcript from tha polynuclectide encoding the protein.

An alteration in the polynucleotide of SEQ ID NO:1 comprises
any alteration in the sequence of the polynucleotides encading RATL1d6
polypeptide, including deiefions, insertions, and point mutations that may be
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detected using hybridization assays. Included within this definition is the
detection of alterations to the genomic DNA sequence which encodes
RATL1d6 polypeptide (e.g., by alterations in the pattern of restriction
fragment length polymorphisms capable of hybridizing to SEQ ID NC:1), the
inability of a selected fragment of SEQ 1D NQ:1 to hybridize fo a sample of
genomic DNA (e.g., using allele-specific oligonucleotide probes), and
improper or unexpected hybridization, such as hybridization to a locus other
than the normal chromasomal locus for the polynucleotide sequance
encoding RATL1d6 polypeptide (e.g., using flucrescent in sifu hybridization
(FISH) to metaphase chromesome spreads).
Description of the Preseut Invention

The present invention is based on the discovery of a novel
polypeptide isolated from activated human T-cells, and desighated RATL146

- herein, that was found to be upregulated upen stimulation of Jurkat-ine T

cells and human peripheral blood T lymphocytes with antibodies directed
against the CD3 and CD28 cell surface antigens. The invention
encampasses the polynucleotide encoding the RATL1d6 polypeptide and
the use of compositions comprising the RATL1d8 polynucleotide or
polypsptide for the screening, diagnosis, treatment or prevention of
disorders associated with aberrant or uncontrolled callular growth and/or
funetion, such as neoplastic diseases (e.g., cancers and tumors) and
immune and neurcdegeneralive disorders and conditions.

T.he invention also encompasses the polynuclectide encoding
the RATL146 polypeptide and the use of compositions comprising the
RATL1d6 polynuclectide or polypeptide for the screening, diagnosis,
reatment or prevention of disorders associated with aberrant immune
responses, such as for autaimmune conditions, degenarative conditions,
cachexia, muscle degeneration, etc.

Also encompassead by the present invention are fragments or
portions of the RATL1d6 polynuclectide and polypeptide sequences
provided herein. Funetional or active portions of the RATL1d6 polypeptide
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are preferred. The RATL1d6 polypeptide has similarity to ubiquitin
conjugating enzymes.

Nuclsic acld encoding human RATL1d6 according to the
present invention were first identified by subltraction cloning. (Example 1)
Additional nucleic acids were identified in Incyte Clone Nos. 2396483 (THP-
1, promenocyte library), 5818240 {prostate tumor lihrary); 5386270 (liver
turmor lbrary}; and 4741202 (thymus fibrary) through BLAST searches of the
Incyte database. The sequences were aligned and the resulting contig was
utifized to design oligonucleotides o obtain a full-length clane. (See
Examples 1 and 2).

In cne of its embediments, the present Invention encampasses
a polypeptide comprising the amino acid sequence of SEQ ID NO:2 as
shown in Fig. 3. The RAT1d6 palypeptide is 422 amine acids i fength and
shares amino acid sequence homology to ubiguitin conjugating enzymes.
The RATL1d6 protein s thus characterized as a newly-discovered member
of the UBC family isclated from aclivated T lymphiocytes. In addition, Fig. 4
provides an alignment of the RATL 146 polypeptide sequence with
interspecies sequences comprising a ubiquitin conjugating enzyme {(UBC)

family of proteins having UBC domains.

That EG:25E8.2 is concluded to be a ubiquitin conjugating
enzyme and likely ortholog of Rat1d6 is due to the significant level of
homology between the profeins. To better elucidate the function of
RATL1d6, studies with EG:25E8.2 were undertaken in a Drosophifa cell-
hased madel for immunity. (see Example 14).

WMammals have a complex immune response that relies on
innate and adaptive immune pathways, and these pathways share similar
classes of molecules. Most componsants of innate immunity are
avolutionarily conservad from Drosophifa to man, while enly higher
eukatyotes have acquired immunity (Silverman, N. and Maniatis, T., 2001,
Genes Dev., 15:2321-2342).
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Insects have a potent and rapid response to a broad spectrum
of pathogens. Fungal and bacteriat infections of Drosephila lead to
transcriptional activation of antimicrobial peptide (AMP) genes. The
incuction of sach AMP gene is regulated by a balance of inputs that are
manifested by combinations of the three Rel/ NF-xB proteins, namely,
Relish, Dorsal and Dif. The AMP AttacinD gene is regulated by activation of
Relish homodimers, or helerodimers of Relish and Dorsal (Han, Z.5. and Ip,
¥Y.T., 1999, J. Biol. Chem., 274:21366-21361). Activation of Relf NF-kB
pathways are essential for the Dresophifa innate immung response. For
example, Drosophila mutations in the Relish gene do nof express certain
classes of antimicrobial peptides and are susceptible to gram-negative
bacterial infection {Hendengren, M. et al., 1899, Mol. Cell., 4(5):827-837).

Drosophifa Rel protains, like mammalian Rels, are
sequastered in the cytoplasm as a result of association with an IxB-like
inhibitor protein. When cells are activated by pathogens, signaling pathways
are activated leading to the degradation of kB, nuclear transjocation of Rel
profeins and Rel activated transcription (Silverman, N. and Maniatis, T.,
2001, Genes Pev., 15:2321-2342). Cactus is the |kB protein that inhibits
Dorsal and Dif. Relish is the mammalian homolog of p105 NF-«xB, and like
NF-%-B, Relish contains hoth a Rel domain and a kB inhibitory domain.
Relish is activated by 2 cleavage event that releases the «B domain
(Stoven, 8. et al,, 2000, EMBO Rep., 1:347-352),

The above-discussed studies correlats the function of
EG:25E8.2 protein to regulation of the Drosophifa innate immunes response.
Central to these studies was the generation of a *knock out” phenotype with
double-stranded RNA-mediated interference (RNAI) of EG:25E8.2 mRNA i
Prosophifa Schneider 2 (S2) cultured celis. RNAI technologies were
developed to produce sustained post-transcriptional gene-silencing and
have been reporied to work In 82 cells (Caplen, N.J. et al., 2000, Gens,
252:95-105 and Clemens, J.C. et al., 2000, Proc. Nail. Acad. Sci. USA,
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97:6499-8503). S2 cells can be induced by the bacterial call wall
component lipepolysaccharide (LPS) to express & subset of antimicrobial
peptides, including attacin (Han, Z.8. and Ip, Y.T., 1999, J. Bol. Chem.,
274:213585-21361). The experiments described in Example 14 have tested
EG:28E8.2 RMNAI In a LPS-Inducible luciferase reporfer system In S2 cells.

Variants of the RATL1dG polypeptids are also encompassed
by the present invention. A preferred RATL1d6 variant has at least 75 to
80%, more preferably at least 85 fo 80%, and even more preferably at least
90% amino acld sequence identity to the amine acid sequence claimed
herein, and which retains at least one hiological, immunelogical, or other
functional characteristic or activity of RATL1d6 polypeptide. Most preferrad
is & variant having at least 95% amino acid sequence identity to that of SEQ
0D NOz2.

In ancther embediment, the present invention encompasses
palynucleotides which encode RATL1d6 polypeptide. Accordingly, any
nuelelc acid sequence which encodes the amina acid sequence of RATL1dB
palypeptide can be Used to produce recombinant molecules that express
RATL1d8 protein. In a particular embodiment, the present invention
encompasses the RATL1d6 polynucleotide comprising the nucleic acid
sequence of SEQ ID NO:1 'and as shown in Figures 14 and 18. More
particularly, the present invention provides the RATLTdE clone, deposited at
the Ameriecan Type Culture Collection (ATCC}, 10801 University Boulevard,
Manassas, VA 20110-2209 on October 1, 2001 and under ATCC Accession
No. PTA-3746 according to the terms of the Budapest Treaty.

As will be appreciated by the.skilled practitioner in the art, the
degeneracy of the genstic ceds results in the production of 2 multitude of
nucleotide sequences encoding RATL1d6 polypeptide. Some of the
sequences bear minimal homology to the nucleotide sequences of any
known and naturally occurring gene. Accordingly, the present invention
contemplates sach and svery possible variation of nucleotide sequence that
could be made by selecting combinations based on possible codon choices.
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Thesa combinations are made in accordance with the standard triplet
genhetic code as applied to the nuclectide sequence of naturally oceurring
RATL1d8, and all such variaticns are to be considered as being specifically
disclosed.

Although nucleotide seqhences which encode RATL1d6
polypeptide and its variants ere preferably capable of hybridizing to the
nucleolide sequence of the naturally cccurring RATL1d8 polypeptide under
appropriately selected conditions of stringency, it may be advantageous to
produce nucleoiide sequences encgding RATL 1d6 polypeptide, or its
derivelives, which possess a substantially different codon usage. Codens
may ke selected to increase the rate at which expression of the
peptide/polypeptide occurs In a particular prokaryotic or eukaryotic host in
accordance with the freguenocy with which particular codens are utitized by
the host. Other reasens for substantially altering the nucleotide saquence
encoding RATL1d6 polypeptide, and its derivatives, without altering the
enceded amine acld seguences include the production of RNA transcripts
having mare desirable properties, such as a greater half-life, than transcripts
produced from the naturally occurring sequence.

The present invention also encompasses production of DNA
sequences, or portions thereof, which encode RATL1d8 polypeptide, and its
derivatives, entirely by synthetic chemistry. After production, the synthetic
sequenca may be inserted inta any of the many avallahle expression vactors
and cell systems using reagents that are well known and practiced by those
in the art. Moreover, synthetic chemistry may be used to introduce
mutations into a sequence encoding RATL1d6 poiypeptide, or any fragment
thereof.

Also encompassed by the present invention are polynuclectide
sequencas that are capable of hybridizing to the claimed nuclectide
sequence of RATL1d6, such as that shown in SEQ ID NO:1, under various
conditions of stringency. Hytridization conditions are typically hased on the
melting termperature (Tw) of the nucleic acid binding complex or prabe (See,
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G.M. Wahl and 8.L. Bergar, 1987, Methods Enzymol., 152,389-407 and
A.R. Kimmel, 1987, Msthods of Enzymol,, 152:587-511), and may be used
at a defined stringency. For example, Included in the present invention are
sequences capable of hybridizing under moderately stringent conditions to
the RATL1dB sequence of SEQ 1D NO:1 and other sequences which are
degenerate to those which encode RATL1d6 polypeptide (e.0., as a
nonlimiting example: prewashing selution of 2X 8SC, 0.5% SDS, 1.0mM
EDTA, pH 8.0, and hybridization conditions of 53°C, 5XSS5C, overnight.

The nucleic acid sequence encoding RATL1d8 protein may be
extended utilizing a partial nuclectide sequence and employing various
methods known in the art to defect upstream sequences such as promoters
and regulatory elemeants. For example, ene method which may be
employed is restriction-site PCR, which utilizes universal primers to retrieve
unknown sequence adjacent to a known locus (G. Sarkar, 1993, PCR
Methods Appfic., 2:318-322). In particular, genomic DNA is first amplified in
the presance of brimer to a linker sequenca and a primer specific to the
known region. The amplified sequences are then subjected to 2 second
round of PCR with the same linker primer and anothat specific primer
internal to the first one. Products of each round of PCR are transcribed with
an appropriate RNA polymerase and sequenced using reverse
transcriptase,

Inverse PCR may also be used to amplify or extend
sequences using divergent primers based on a known region or sequence
(T. Triglia et al., 1988, Nucleic Acids Res., 16:8186). The primers may be
designed using OLIGO 4.08 Primer Analysis software (Nafional Biosciences
Inc., Plymouth, MN.), or another appropriate program, to be 22-30
nucleotides in length, to have a GC content of 0% cr more, and ta anneal
to the target sequence at temperatures about 68°-72°C.  The method uses
several restriction enzymes to generate & suitable fragment in the known
region of a gene. The fragment is then circularized by inframolecular

ligation and used as a PCR femplate.
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Another methed which may bs used is capturs PCR which
imvolves PCR amplification of DNA fragments adjacent to a known seguence
in hurman and yeast artificial chremosome {YAC) DNA (M. Lagerstrom et al.,
1491, PCR Methods Appiic., 1:111-119). In this method, muliiple resfriction
enzyme digestions and ligations may alsc be used to place an enginesred
double-siranded sequence into an unknown portion of the DNA molecule
before performing PCR. J.D. Parker el al. (1981, Nucleic Acids Res.,
19:3055-3060) pravide another methad which may he used to retrieve
unknown sequences. In addition, PCR, nested primers, and
PROMOTERFINDER libraries can be used to walk genomic DNA (Clontech,
Pzlo Alto, CA). This process avoids the need to screen libraries and is
useful in finding intronfexon junctions.

When screening for full-length cDNAs, it is preferable to use
libraries that have been size-selected to include larger cDNAs. Also,
random-primed lbraries ere preferable, since they will contain more
seguences which contain the 5 regions of genes. The use of a randomly
prired library may be especlally preferable for situations in which an olige
d(T} library does not vield a full-length cDNA. Genomic libraries may be
useful for extension of sequenca into the 5’ and 3’ non-franscribed
reguiatory regions, or ko identify exon usage in alternativsly-spliced
transcripts.

" The embodiments of the present invention can be practiced

using mettrads for DNA sequeneing which are well known and generally

aveiiable in the arf. The methods may employ such enzymes as the Klenow

fragment of DNA polymerase |, SEQUENASE (US Biochemical Corp.
Cleveland, OH), Taqg polymerase (PE Biosysterns), thermostable T7
palymerase (Amersham Pharmacia Biotech, Piscataway, NJ), or
combinations of recombinant polymerases and proafreading exonucleases
such as the ELONGASE Amplification Systerm marketed by Life
Technologies (Gaithersburg, Md.). Preferably, the process is automated
with machines such as the Hamilion Micro Lab 2200 (Hamitton, Reno, NV,
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Peltier Thermal Cydler (PTC200; MJ Research, Watertown, MA) and the ABI
Catalyst and 373 and 377 DNA seguencers (PE Biosystems).

Commercially available capill'ary electrophoresis systems may
be used to analyze the size or confirm the nucleotide sequence of
sequencing or PCR preducts, In particular, capillary sequencing may
employ flowable polymers for electrophoretic separation, four different
fluorescent dyes (ona for each nucleotide) which are [aser activated, and
detection of the emitted wavelengths by a charge coupled device camera.
Qutput/light intensity may be converted to electrical signal using appropriate
software (e.g., GENOTYPER and SEQUENCE NAVIGATOR, PE
Biosystems) and the entire process -~ from loading of samples to computer
analysis and electronic data display - may be computer controlled.

Capillaty electrophoresis is especially preferable for the sequencing of small
pieces of DNA which might be present in limited amounts in a particular
sample.

I another embodiment of the present inventicn,
polynucleotide seguences ar fragments thereof which encode RATL1d6
polypaptide, or peptides thereof, may be used in recombinant DNA
maolecules to direct the expression of RATL1d8 polypeptide product, or
fragments or functional equivalents therecf, in appropriate host cells.
Because of the inherent degeneracy af the genetic cade, athar DNA
sequences, which encode substantially the same ot a functionally equivalent
amino acid sequence, may be produced and these sequences may be used
to clene and express RATL 1d8 protein,

As will be appreciated by those having skill in the art, it may be
advantageous to produce RATL1d6 polypeptide-encading nucteotidé
sequences possessing non-naturally sceurring codans. For example,
corlons preferred by a particular prokaryotic or eukaryofic host can be
selected to increass the rate of protein expression or 10 produce a
resombinant RNA transcript having desftable propertiss, such as a half-life
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which is longer than that of a franseript generated from the naturally

‘oceurring sequence.

The nuclectide sequence of the prasent invention can be
engineerad using methods generally known in the art in arder to alter
RATi'_'Idfs polypeptide-encoding sequences for a variety of reasons,
including, but not limited fo, alterations which modify the cloning, processing,
and/or exprassion of the gene product. DNA shuffling by random
fragmentation and PCR reassembly of gene fragments and synthetic
oligonuclectides may be used to engineer the nucleotids sequences. For
example, site-directad {or site-specific) mutagenesis may be used to inserf
new resiriction sifes, alter glysosylation patterns, change codon preference,
produce splice varlants, or intreduce mutations, and the tike. A variety of
technigues for parforming site-directed mutagenesis are known and

_practiced int the art and are described, for example, in M.J. McPherson (ed},

1991, Directed Mutagenssis: A Practical Approach, IRL Press, Oxford; J.L.
Owen et al., Apr., 1984, Focus, Lifs Technologies, Inc., Vol. 16.2:38-44; and
R. Andag and E. Schutz, 2001, BicFechnigues, 30(3):486-488}. Kits for
performing in vitro site-directed mutager}esjs are also commercially available
and widely used (e.g., Quik-Change® Site-Direcied Mutagenesis Kit,
Stratagens, La Jolla, CA; and Unigus Site Elimination Mutagenssis Kit,
Pharmacia Biotechnology, Piscataway, N.J).

In another embodiment of the present invention, natural,
madified, or recombinant nucleic acid sequences encoding RATL1d8
polypeptide may be ligated to a heteralogous sequence to encode a fuslon
protein. For example, for screening peptide libraries for inhibitors of
RATL1dB activity, it may be useful to encede a chimeric RATL1d6 protein
that can be recognized by a commaercially available antibody. A fusion
proteln may alse be engineered to contain a cleavage site located hetween
the RATL14d8 protein-enceding sequence and the heterologous protein
sequence, so that RATL1dS profein may be cleaved and purified away from

the heterclogous maiety.
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In another embadiment, ligand-binding assays are useful to
identify inhibitor compounds that interfere with the function of the RATL1d8
product. Such assays are useful evan if tha function of a pratein is not
known. These assays are designed {o dstsct binding of test compounds to
particular target molecules, e.g., proteins or peplides. The detection may
invelve direct measurement of binding. Alternatively, indirect indications of
binding may involve stabilization of protein struciure or disru ptibn ofa
biological function. Mon-limiting examples of useful ligand-binding assays
are detailed below.

One useful methed for the datection and isclation of binding
proteins is the Biomolecular Interaction Assay {BlAcore) system developed
by Pharmacia Biosensor and described in the manufacturer's protocol {LKB
Pharmacia, Sweden). The BlAcore system uses an af‘finity purified anti-
ST antibody to immobilize GST-fusion proteins onto a sensor chip. The
sensor utilizes surface plasman resanance, which is an optical phenomenon
that detects changes in refractive indices. Aceordingly, a protein of interest,
e.g., the RATL1d8 polypeptide, or fragment thereof, of the present invantion,
ia coated onto a chip and test compounds are passad over tha chip. Binding
is detected by a change in the refractive index (surface plasmon resonance).

A different type of ligand-binding assay involves scintillation
proximity assays (SPA}, as dascribed in U.S. Patent No. 4 568,848. Ina
medification of this assay currently undergaing development, chaperoning
are used to distinguish folded and unfolded proteins. A tagged protein is
aftached to SPA beads, and test compounds are added. The bead is then
subjected to mild denaturing conditions, such as, for example, heat,
exposure to SDS, and the like, and a purified labeled chaperonin is agdded.
If a test compound has bound to a target protein, the labeled chaperonin wil
not bind; conversely, if no test compound has bound, the protein will
undergo some degree of denaturation and the chapercnin will bind. In
anather fype of ligand binding assay, proteins containing mitechendrial
targeting signals are imported into isolated mitochandria i vitre (Hurt et al.,
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1985, EMBO J., 4.2061-2068; Eilers and Schatz, 1986, Nature, 322:228-
231). In a mitochondrial import assay, expression vectors are constructed in
which nucleic acids encoding parficular target proteins are inseried
downstream of sequences encading mitochondrial import signals. The
chimeric proteins are synthesized and tested for their ability to be imported
into isolated mitachondria in the absence and presenca of test compounds.
A fest compound that binds to the target protein should inhibit its uptake into
isolated mitochondria i vitro.

Anather type of ligand-binding assay suitable for use according
to the present invention is the yeast two-hybrid system (Fields and Song,
1889, Mature, 34Q:245-246). The yeast two-hybrid system takes advantage
of the properties of the GAL4 protein of the yeast 3. cerevisiae. The GAL4
protsin is a franscriptional activator required for the expression of genes
encoding enzymes invalving the utilization of galactese. GAL4 protein
consists of twe separable and funciionally essential domains: an N-terminal
domain, which binds to specific DNA sequences (UASG); and g C-terminal

domain containing acidic regions, which is necessary fo acfivate

franscription, The native GAL4 protein, containing both domains, is a potent

activator of transcription when yeast cells are grown on galactose medium.
The N-terminal domain binds to DNA in a sequence-specific manner but is
unable to activate transcription. The C-terminal domain contains the
activating reglions but cannot activate transcription becauss it fails to be
localized to UASG. In the two-hybrid systern, a system of two hybrid
proieins containing parts of GAL4: (1) a GAL4A DNA-binding domain fused
to a protein "X, and {2) a GAL4 activation region fused to & protein "y, If X
and Y can form a protein-protein complex and reconstitute proximity of the
GAL4 domains, transcription of a gene regulated by UASG ocours. Creation
of two hybrid proteins, sach containing one of tha interacting profeins X and
Y, allows the activation region of UASG to e brought to its normal site of

action.
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The binding assay described in Fodor et al., 1991, Science,
251:767-773, which involves testing the binding affinity of test compounds
fot a plurality of defined polymers synthesized on a solid substrate, may also
be useful. Compounds that bind to the RATL1d6 polypeptide, or portiens
therecf, according to this invention are potentially useful as agents for use in
therapeutic composltions.

In ancther embadiment, sequences encoding the RATL1d6
polypeptide may be synthesized in whole, ar in part, using chemical
methods well known in the art (See, for axample, M.H. Caruthers et al.,
1880, Nuct Acids Res. Symp. Ser., 215-223 and T. Horn, T et al., 1980,
Nucl. Acids Res. Symp. Ser., 225-232). Alternatively, the protein itself may
be produced using chemical methods te synthesize the amine aeid
gsequence of RATLTdE polypeptide, or a fragment or portion thareof. Far
example, peptide synthesis can be performed using various solid-phase
techniques (J.Y. Roberge et al., 1995, Sclence, 269:202-204) and
automated synihiesis may be achieved, for example, using the ABI 431A
Peptide Synthasizer {PE Biosystems). The newly synthesized peptide can
be substantially purified by preparative high performance liquid
chramatography (e.g., T. Creighton, 1883, Profeins, Structures and
Moiacular Principles, WH Freeman and Co., New York, N.Y), by reversad-
phase high performance liquid chrematography, or other purification
methods as are known in the art. The composition of the synthetic peptides
rmay be confirmed by amina acid analysis or sequencing (e.g., the Edman
degradation procedure; Craightan, supra). In addition, the amina acid
sequence of RATL1dS polypeptide or any portion thereof, may be altered
during direct synthesis and/er combined using chemical methods with
sequences from other proteins, or any part theréof, to produce a variant
polypaptide.

Polypaptide \acking a start methioning

In & preferred embodimant, the present invention

encaompasses a polynucleotide iacking the initiating start cadon, in addition
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to the resulling encoded polypeptide of RATL1d6. Specifically, the present
invention encompasses the polynucleotide corresponding to nuclestides 520
through 1782 of SEQ ID NO:1, and the polypeptide corresponding to amino
zeids 2 through 422 of SEQ D NC:2. Alsc encompassed by this invention
are recombinzant vectors comprising the polynucleotide sequence encoding
RATL1d8, and host calls comprising the vector.

RATL 146 UBC Domain

The UBC domain of the novel RATL 1d6 polypeptide is located
from about G248 to about K411 of SEQ ID NO:2. The conserved cysteine
involved (n ubiguitin fransfer is located at amino acid 351 of SEQ D NC:2.

In a preferrsd embodiment, the following RATL1dé UBC
domain polypeptide is encompassed by the present invention:
GSVOQATDRLMKELRDIYRSQSFKGGNYAVELYNDSLYDWNVKLLKVDQD
SALHNDLOILKEKEGADFILLNFSFKDNFFFDPPFVRYVSPVLSGGYVLGGE
GAICMELLTKQGWSSAY SIESVIMQISATLVKGKARVOFGANKSQYSLTRA
QASYKSLVQIHEK (SEQ ID N(:47). The palynuclectide encoding this
palypepiide is also provided. The present invention also encompasses the
use of the RATL1d6 UBC domain palypeptide as an immunogenic and/or
antigenic epltope as described elsewhere herein.

I additional preferred embodiments, the following N-terminat
RATL1d6 UBC domain deletion polypeptides are encompassed by the
present invention: G1-K164, SZ—K15’4, V3-K184, Q4-K164, A5-K164, T6-
K164, D7-K164, RE-K 164, |.8-K164, M10-K164, Ki1-K1684, E12-K164, 113~
K164, R14-K184, D15-K164, 1168-K164, Y17-K164, R18-K164, $19-K164,
Q20-K164, S21-K 1684, F22-K184, K23-K1684, G24-K164, G25-K184, N2§-
K164, Y27-K164, A28-K164, V29-K164, E30-K164, L31-K164, V32-K164,
N33-K164, D34-K164, 535-K164, L36-K164, Y37-K164, D38-K164, W39-
K164, NAO-K164, V41-K184, K42-K164, L43-K184, L44-K164, K45-K164,
V4B-K164, D47-K164, Q48-K164, DAB-K164, S50-K184, A51-K164, L52Z~
K184, H33-1 164, N54-K164, DE5-K104, LEG-K164, Q57-K164, 158-K164,
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L59-K164, KBD-K164, EBT-K164, K62-K1684, E63-K164, G64-K164, ABS-
K184, DB6-K164, F67-K184, 163-K164, LBO-K164, |.70-K164, N71-K184,
F72-K164, 873-K'164, F74-K164, K75-K164, D76-K164, N77-K164, F78-
K164, P79-K164, F&0-K164, D81-K164, P82-K164, P83-K184, F84-K164,
Va5-K164, R88-K184, VB7-K164, VE8-K184, 588-K164, PBO-K164, VO1i-
K164, L92-K164, S93-K164, G94-K164, G95-K164, YO6-K164, VAT7-K164,
L28-K 164, $399-K164, G100-K164, G101-K164, A102-K164, 1103-K164,
C104-K164, M105-K164, E108-K184, L107-K164, L108-K164, T109-K164,
K110-K164, Q111-K164, G112-K164, W113-K164, 3114-K164, S115—K164,
A116-K164, Y117-K164, $118-K164, 1119-K164, E120-K164, §121-K164,
V122-K164, 1123-K164, M124-K164, Q128-K164, 1126-K164, S127-K164,
A128-K184, T129-K1684, L130-K184, V131-K164, K1324K164, G133-K164,
K134-K164, A135-K164, R136-K164, V137-K164, Q138-K164, F139-K164,
G140-K184, A141-K164, N142-K164, K143-K164, 8144-K164, Q145-K164,
Y146-K164, S147-K164, L148-K164, T149-K164, R150-K164, A151-K164,
Q152-K184, Q153-K164, §154-K164, Y 165-K164, K156-K1684, 5157-K164,
and/or L158-K164 of SEQ ID NO:2. Palynucleofide sequences encoding
these polypeptides are also provided. The presant invention also
encompasses the use of one ar more of these N-terminal RATL1d6 UBC
domain delstion polypeptides as immunogenic and/or antigenic epitopes as
described elsewhere herein.

in yet other preferred embodiments, the following C-terminal
RATL1d8 UBC domain delefion polypeptides are encompassed by the
present Inventlon: G1-K164, G1-E163, G1-H162, G1-1161, G1-Q160, G1-
V159, G1-L158, G1-8157, G1-K158, G1-Y155, G1-5154, G1-Q153, Gi-
@182, G1-A151, G1-R150, G1-T149, G1-L148, G1-8147, G1-Y148, G1-
Qi45, G1-5144, GT1-K143, G1-N142, G1-Al41, G1-G140, G1-F138, G1-
Q138, G1-V137, G1-RT36, G1-A135, G1-K134, G1-G133, G1-K132, G1-
Y131, G1-L138, GI-T120, Gi-A128, G1-5127, G1-1126, G1-Q125, G-
M124, G1-1123, G1-v122, G1-8121,G1-E120, G1-1119, G1-8118, G-
Y117, G1-A118, G1-8115, G1-8114, G1-W113, G1-G112, G1-Q111, G1-
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K110, G1-T108, G1-L108, G1-L107, G1-E108, G1-M105, G1-C104, G1-
1103, G1-A102, G1-G101, G1-G100, G1-G89, G1-L88, G1-ve7, G1-Y96,
G1-G95, G1-G34, G1-893, 61-L.92, G1-vVa1, G1-P90, G1-889, G1-vag, &1-
V87, G1-R86, G1-V85, Gi-F84, G1-P83, G1-P82, G1-D81, G1-F80, G1-
P79, G1-F78, G1-N77, G1-D76, G1-K75, G1-F74, G1-873, G1-F72, G1-
N71, G1-L70, G1-1.69, G1-168, G1-F67, G1-D6S, G1-AGE, G1-G64, G1-E63,
G1KB2, G1-E61, G1-K80, G1-L58, G1-158, G1-Q57, G1-L56, G1-D&5, G1-
NE4, G1-H53, G152, G1-A51, G1-S50, G1-D48, G1-Q48, G1-D47, G1-
V48, G1-K4g, G1-L44, G1-L43, G1-K42, G1-v41, G1-N40, G1-W39, G1-
D38, G1-Y37, 31-L36, G1-835, G1-D34, G1-N33, 61-V3z, G1-L31, G1-
B30, G1-V29, G1-A28, G1-Y27, G1-N26, G1-G25, G1-G24, G1-K23, G1-
F22, G1-821, G1-G20, G1-518, G1-R18, GI1-Y17, G1-116, G1-D15, G1-
R14, G1-L13, G1-E12, G1-K11, Gi-M10, G1-L9, G1-RE, and/or G1-D7 of
SEQ ID NO:2. Polynucleotfide sequences encoding these polypeptides are
also provided. The presant invention also encompasses the use of one ar
more of these C-terminal RATL1d5 LUBC domain deletion polypeplides as
immunogenic and/or antigenic epitopes as described elsewhere herein,

In additional preferred embodiments, the following RATL1d6
UBC domain amine acld substitutions are encompassea by the present
invention: wherein G248 is substituted with eitheran A, C, D, E,F, H, I, K, L,
M, N, P, Q, R, S, T,V, W, orY amine acid residue; wherein $249 is
substituted with eitheran A, C, D, E,F, G, H, |, K, L, M, N, P, Q, R, T, V, W,
or Y amino acid residue; wherein V250 is substituted with eitheran A, C, D,
E.FGHLKLMNP QR ST WorYaminao acld residus; whatein
Q251 is substituted with eitheran A, G, D, E. F, G, H, LK L, M, N, P, R, 8,
T, V, W, or ¥ amino acid residue; whersin A252 is substituted with either a
CD,EFGHLEKLMNPQRSTV,W, orY amino acld residue;
wherein T253 is substituted with eitheran A, C, D, E, F, G, H, L K, LL M, N,
P, &, R, S, ¥, W, or ¥ amino acid residue; wherein D284 is substituted with
eitheran A, C,E,F, G, M, LK, L, M, N,P,Q, R, 8, T, ¥, W, or Y amino acid
residue; wherein R255 is substituted with sither an A, C, D, E, F, G, H, [, K,
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LM NP, @ 8TV, W, orY amine acid residue; wherein L256 is
substituted with githeran A, C, B, E,F, G, H, L K, M, N, P, Q, R, §, T, V, W,
or Y amino acid residus; whetein M257 is substituted with either an A, G, D,
E,F, G H LKLNPQRST,VW,orY aminc acid residug; wherein
K258 is substituted with eitheran A, G, D, E, F, G, H, , L, M, N, P, Q, R, S,
T, V, W, or Y amino acid residue; wharein E259 fs substituted with either an
ACDFGHILKLMNPQRSTVW orY amine acid residue;
wherein L260 is substituted with eftheran A, C, D, E, F, G, H, |, K, M, N, P,
Q,R, S, T, V, W, or Y amino acid residue; wherein R261 is substituted with
eitheran A,C, D, E,F, G, H, LK, L, M, N, P, Q, 5, T, V, W, or Y amino acid
residue; wherein D262 is substituted with ¢ither an A, C, E, F, G, H, |, K, L,
M, N, P, Q, R, S T,V, W, ar Y amino acid residue; whersin [283 is
subsiituted with eitheran A, G, D, E,F, G H K LM, N, P, QR 8, T, ¥, W,
or Y amino acid residus; wherein Y284 is substituted with either an A, C, D,
E.F,GHILKLMNPQR,S,TV, orWamino acid residug; wherein
RZ265 is substifuted with eitheran A, C,D, E,F, G, H, |, K, L, M, N, P, @, 8,
T, V, W, or Y amino acid residue; wherein 5268 is subsiituted with sither an
ACLDEFRGHILKLMNP QRT,V,W, oY amino acid residue;
wherein Q267 (s substituted with eitheran A, G, D, E, F, G, K, |, K, L, M, N,
P, R. 5 T, V. W, or ¥ aminc acid residue; wherein S268 is substituted with
eitheran A, C, D E,F, G H, K, LLM,N, P, Q R, T,V, W, or Y amino acid
residue; wharein F262 (s substituted with either an A, C, D, E, G, H, I, K, L,
M,N,P,Q,R, 8 T,V W, orY amino acid residue; wherein K270 is
substituted with eitheran A, C, D, E,F,G H, L L, M,N,P,Q, R, §, T, V., W,
or Y amino acid residue; wherein G271 is substituted with either an A, G, D,
EFRHLKLMNP QRS T, V., W, aorY aminc acid residue; wherein
G272 is subsfituted with eitheran A, C, D, E,F, H, LK, L, M, N, P, Q, R, S,
T, V, W, or Y amina acid residue; wherein N273 iz substituted with aither an
ACDEFGHLKLMPQR,S, T V, W, or ¥ amino acid residus;
wherein Y274 is substituted wifh eitheran A, G, B,E, F, G, H, [ K, L, M, N,
P, @, R, S, T, V, or Wamino acid residus; wherein A275 is substituted with
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eithera C, D, E, F, G, H LK, L,M,N, P, Q, R, 8, T, V, W, orY emino acid
residue; wherein V276 is substitutad with either an A, C, D, E, F, G, H, I, K,
LIM,N P QR, S T, W, orY amino acid residue; wherein E277 is
substituted with either an A, G, D, F, G, H, LK, L, M, N, P, Q, R, &, T, V, W,
orY aming acid residue; wherein L278 is substituted with sither an A, C, D,
EFGHILKMNP QRS T V,W, orY amino acid residue; wherein
V279 is substituted with eitheran A, C,D, E, F, G, H, L K, L, M, N, P, Q, R,
8§, T, W, or Y amina acid residue; wherein N280 is substituted with either an
ACDEFRGHILKLNMP QRS TV, W, orY aminoe acid residue;
wherein D281 is substituted with sitheran A, C, E,F, G, H, L K,L, M, N, P,
Q R, S, TV, W, aorY amino acid residue; wherein S282 is subsituled with
eitheran A, C, D, E F, G H, K L,LM, N, P, @ R T, V, W, or Y amino acid
residue; whatein 1283 is substituted with either an A, C, D, E, F, G, H, |, K,
M,N, P, Q, R, 8, T,V, W, orY amine acld residue; wherein Y284 is
substituted with eitheran A, O, D, E. F, G H LKL M N, P, Q, R, S, T, V,
or W amino acid residue; wherein D285 is substiiuted with either an A, C, E,
FECGHLKLMNPQR,ST VW, orY amino acid residue; wherein

W288 is substituted with eitheran A, C, B, E, F, G, H, I, K, L, M, N, P, Q, R, ’

3, T, V, or Y amino acid residue; wherein N287 is substituted with either an
ACDEFGHILKLMPQR,S TV, W, oarY amino acid residue;
wherein V288 is substifuled with eitheran A, C, D, E, F, G, H, L K, L, M, N,
P, Q R, S T, W, orY amine acid residue; wherein K289 is substituted with
_either anA,C,D,E,F,GH,IL, ‘M, N, PO, R, 8, T,V, W, or Y amino acid
residus; whetein L290 is substituted with eitheran A, C, D, E, F, G, H, |, K,
M.N,P,Q, R, 8 T,V,W arY amino acid residue; wherein L2831 is
substituted with either an A, G, D E F, G H, LK, M, N, P, QL R, 8, T, V, W,
or Y amina aeid residue; wherein K292 is substituted with either an A, C, D,
EFGHLLMNP GRS TV, W, oY amino acid residue; wherain
V293 is substituted with sitheran A, C, 0, E, F, G, H, LK, LM, N, B, Q, R,
S, T, W, ar Y amino acid residue; wherain D294 is substituted with either an
ACEFGHILKLMNPQR S T VW orY amina acid residus;
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whetrein Q295 is substituted with eitheran A, C, D, E, F, G, H, [, K, L., M, N,
P, R, S, T,V, W, orY amino acid residue; wherein D298 is substituied with
eltheran A, G, E,F, G H L K,LLM N,P,Q R, 8 T,V, W, or Y amino acid
residue; wherein $297 is substituted with eitheran A, G, D, E, F, G, H, |, K,
LMN P, QR TV, W, orY amino acid residue; wherein A298 is
substituted with eithera C, D, E, F, G, H, LK, L, M, NP, @, R, 5, T, ¥, W,
ar’Y amine acid residue; wherein L2929 is substituted with eitheran A, G, D,
E,F,GHILKMNP QR STV, W orY amino acid residue; wherein
H300 .is substituted with eitheran A, C,0, E F, G LK, LLM,N, P, Q R, 3,
T, V, W, or Y amino acid residue; whereain N301 1s substituted with sither an
ACDEFGHILKLMP QR,STV,W, orY amino acid residue;
wherein D302 is substituied with eitheran A, C, E, F, G, H, I, K, L, M, N, P,
Q R, 5 T,V, W,orY amino acid residue; whetein L.303 is subskituted with
eitheran A, C, D, E F, G, H, I,K, M, N,P,Q, R, S, T, V, W, or Y amino acid
residue; wherein Q304 is substituted with eitheran A, C, D, E, F, G, H, | K,
L,M, N, PR, STV, W, arY aminc acid residue; wherein 1205 is
substifuted with ettheran A, C, D, E, F, G, H, K, L, M, N, P, Q, R, 5, T, ¥, W,
or Y amino actd residue; wherein L306 is substituted with either an A, C, D,
EFGHLKMNPQRSTVW orY amino acid residue; wherein
K307 is substiiuted with eitheran A, C,0,E, F, G, H, |, LM, N, P, Q, R, S,
T. V, W, or'Y amino acid residua; wherein E308 is substiluted with either an
A CD.FGH LKLMNPQR,S3TVW, oY anno acid residue;
wherein K308 is substituted with citheran A, C, D, E, F. G, H, L L, M, N, P,
Q, R, 8, T, V, W, orY amino acid residue; wherein E310 is substiluted with
eitheran A, C, D, F, G, H, LK L, M, N, P, Q, R, S, T,V, W, or Y aming acid
residue; wherein G311 is substituted with eftheran A, C, D, E, F, H, LK, L,
M, N,P,Q R, S T,V W orY amino acid residue; whersin A312 is
substituted with sithera C, D, E, F, G, H, LK, L M, N, P, O, R, §, T, V, W,
or Y aming acid residue; wherein D313 is substituted with either an A, C, E,
F.GH LK LMNP QR ST VW, orY aminc acld residue; wherein
F314 is substituted with eitheran A, G, 0, E, G, H LK LM, N P,Q R, S,
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T, V, W, or Y amino acid residuse; wherein (315 is subsfituted with either an
ACDEFGHKLMNP QRS TV, W, orY amino acid residue;
wherein L31B is substituted with eithetan A, C, D, E, F, G, H, |, K, M, N, P,
Q. R, S, T,V, W, or Y amino acid residue; whergin L317 is substituted with
eitheran A, C,D,E,F, G, H, LK, M, N, P, Q R, § T, V, W, or Y amino acid
residue; wherein N318 is substituted with eitheran A, G, D, E, F, G, H, | K,
LM, P, Q, R, S, T,V, W, orY amine acid residue; wherein F319 is
substituted with eitheran A, C, D, E, G, H, K, L, M, N, P, Q, R, 8, T, V, W,
or Y amino acid residue; wherein S320 is substituted with either an &, C, D,
E.F,GH,LKLMNPQRTV W orY amino acid residue; wherain
F321 is substituted with either an A, C, D, E, G, H, LK, L, M, N, P, Q, R, §,
T, V, W, or Y amino acid residue; wherein K322 is substituted with either an
ACDEFRGHLLMNPQR ST, V, W, orY aminc acid residue;
wharein D323 is substituied with either an A, C,E, F, G, H, |, K, L. M, N, P,
Q, R, S, T, V., W, or Y amino acid residue; wherein N324 Is substituted with
eitheran A, C,D,E,F, G H, LK, LM P, QR 8 TV, W, orY amino acid
residue; wherein F325 is substituted with eitheran A, C, D, E, G, H, |, K, L,
M,N,P, Q,R, S, T, ¥, W, or Y amino acid residue; wherein P326 is
substituted with sitheran A, C, D E, F, G, H, L K, LL M, N, Q R, 8, T, V, W,
or Y amino acid residue; wherein F327 is substituted with sither an A, C, D,
E, G H LK LMNPGQR,S TV W, orY amino acld residue; wherein
D328 is substituted with eitheran A, C,E, F, G.H, L K, L, M, N, P, Q, R, §,
T, V, W, ar Y amino acid residue; wharsin P329 is substituted with either an
AC,D,E,F,GH ILKLMNQR, ‘S; T, ¥, W, or Y amino acid residue;
wherein P330 is substituted with eftheran A, C, D, E,F. G, H, |, K, L, M, N,
Q,R, S, T,V, W, or Y amino acid residue; wherein F331 is substituted with
eitheran A, G, D, E. G, H, | K, L, M, N,P, Q, R, §, T, V, W, or Y amino acid
residue; wherein V332 is substituted with either an A, C, D, E, F, G, H, 1 K,
LM, N, P, @R, 8, T, W, orY amino acid residug; wherein R333 is
substituted with eitheran A, C, D, E, F, G H, LKL M NP QLS T VW,
or Y amino acid residue; wherein V334 is substituted with eitheran A, C, D,
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E,RGH LK LMN P QR ST W,orY amino acid residue; wherein
V335 is substifuted with eitheran A, G, D, E, F, G, H, |, K, L, M, N,P, Q, R,
3, T. W, or Y amino acid residue; wherein $336 is substituted with either an
ACDEFGHILKLMNPQR,T, V. W orY amino acid residue;
wherein P337 is substituted with sitheran A, C, D, E, F, G, H, , K, L, M, N,
Q. R, 3 TV, W, or'Y amino acid residue; whergin V338 is substituted with
eitheran A, G, D, E, F, G, H, LK, L, M, N, P, Q, R, 8 T, W, or Y amino acid
residue; wherein L339 is substituted with eitheran A, C, D, E, F, G, H, |, K,
M, N,P,Q, R, &, T, V, W, or Y amino acid residue; wherein S340 is
substituted with either an A, C,D,E, F, G, R, LK LM, N,P,Q R, T, V. W,
or ¥ amino acid residue; wherein G341 is substifuted with eitheran A, C, D,
EFHLKLMNPQRSTV, W, orY amino acid residus; wharsin
(3342 is substituted with eitheran A, C, 0, E, F, H, |, K, L, M, N, P, O, R, S,
T, ¥, W, or Y amino acid residue; whetein Y343 is substituted with either an
ACDEFGHLKLMNP QR ST,V o Waming acid residue;
wherein V344 is substifuted with eitheran A, C, D, E, F, G, H, I, K, L, M, N,
P, 2, R, 8, T, W, or Y amino acid residus; whersin L345 is substituted with
githeran A, G, D, E, F, G H, LK, M, N, P, @, R, 8, T, V, W, or Y aminc acid
residue; wherein G346 [s substituted with either an A, G, D, E, F, H L K L,
M,N,P.Q,R, S, T, V, W, or ¥ amino acid residue; wherein G347 is
substituted with eitheran A, C, D, E. F.H, L K, L, M, N,P, Q R, S, T, V, W,
or Y amino acid residue; wherein G348 is subéﬁtuted with either an A, C, D,
E,F H,LKLMNP QR,ST,V,W,orY amino acid residue; wherein
A349 is substituted with githera C, D, E, F, G, H, | K, L, M, N, P, Q, R, S, T,
Y, W, or Y amino acid residue; wherein 1350 is substituted with sither an A,
C.DEF GHKLMNPQR,S TV, W, orY amino acid residug;
whergin G351 Is subsfituted with sither an A, D, E.F,G HI|,KLMNP,
Q,R, 8 T,V, W, orY aminc acid residue; wharein M352 is substituted with
eitheran A, G, 0, E,F, G, H LK LN, P,Q R, S, T, V, W, or ¥ amino acid
residue; wherein E353 is substituted with either an A, G, D, F, G, H, |, K, L,
M, N, P, @, R, 8 T,V, W, or ¥ amino acid residug; whereln 1.354 is
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substituted with eitheran A, G, D,E, F, G, H, LK. M, N, P, Q. R, §, T, V, W,
or Y amino acid residue; wherein L355 is substituted with eitheran A, C, D,
EFRGHLKMNPQRSTV,W, oY amino acid residua; whetein
T3566 is substituted with eitheran A, C, D, E, F, G, H, |, K, L, M, N, P, Q, R,
S, V, W, or ¥ amine acid residue; wherein K357 is substituted with either an
A C,0,EFGHLLMNPQRST VW, orY amino acid residus;
wherein Q358 is substituted with eitheran A, C, D, E, F, G, H. LK, L, M, N,
P, R, & T, V, W, orY amino acid residue; wherein 3359 is substituted with
eitheran A, C,0,E, F, H LK L M, N, P, Q R, S, T, V, W, or Y amino acid
residue; wherain W3B0 is substituted with eitheran A, C, D, E, F, G, H, |, K,
LM NP QR STY,orY amine acid residue; wherein 5361 is
substituted with eitheran A, C, D, E, F, G, H, L K, L, M, N, P, Q, R, T, V, W,
ar Y amino acid residue; wherein 5362 is substituted with either an A, C, D,
EFG HLKLMNP QR,T,V, W, orY amino acid residue; whersin
A363 is substituted with eitheraC, D, E,F, G, H, LK, L,M,N,P,Q, R, 5, T,
V, W, or Y amino acid residue; wherein Y364 is substituted with either an A,
C,DEFGHLKLMNP QRS T,V,orWamino acid residue;
wherein S365 Is substituted with either an A, C, D, E, F, G H, L, K, L, M, N,
P, Q,R, T, V, W, or Y amino acid residue; wherein 1366 is substituted with
githeran A, C, D, E, F, G, H, K, L, M, N, P, Q, R, S, T, ¥, W, or Y amino acid
residue; wherein E367 is substituted with eitheran A, C, D, F, G, H, I, K, L,
M, N, P, Q R STV W, orY amino acid residue; whersin 5368 is
substituted with eitheran A, C.D, E,F, G H,LIGL M N, P, QL R, T, V, W,
or Y amino acid residue; whereln V369 is substituted with eitheran A, C, D,
E.F,.GHLKLMNP QRS T,W,orY amino acid residue; whersin
1370 is substitited with sitheran A, C. D, E, F, G H K. LM N, P, Q, R, S,
T, V, W, or ¥ amino acid residue; wherein M371 is substituted with either an
ACDEFGHLKLNP QR ST,V W, orYamino acld residue;
wharein Q372 is subsfituted with sitheran A, C, D, E, F, G, H, , K, L, M, M,
P,R, S, T, V, W, or Y aminc acfd residue; wherein (373 is substituted with
eitheran A, C,D, E, F, G H KL M,N, P, Q R, 8, T, V, W, or ¥ amino acid
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residue; wherein 5374 is substitufed with eitheran A, C, D, E,F, G, H, |, K,
LM NP QR T,V, W, orY amino acid residue; wherein A375 is
supstituied with eithera C, D, E, F, G, H, |, K, L, M, N, P, Q, R, §, T, V, W,
orY aming acid res|due; wherein T378 Is substituted with either an A, C, D,
EFGHLKLMNPQR SV W, oY amino acid residue; wherein
L.377 is substituted with either an A, C, D, E, F, G, H, [, K, M, N,P,Q, R, 8,
T, V, W, or Y amino acid residue; wherein V378 is substituted with either an
AGCDEFGHILKLMNPQRSTW, orYamins acld residue;
wherein K379 is substituted with eitheran A, C, D, E, F, G, H, [, L, M, N, P,
Q,R, 8, T,V, W, or Y amino acid residue; wherein G380 is substituted with
githeran A, C. D E.F, H, LK, LM, N, P, Q R, 5, T, V, W, or Y amino acid
residue; wherein K381 is substituted with either an A, C, D, E, F, G, H, L L,
M, N, P, Q R, S, T, V,W,orY amino acid residue; whersin A382 is
szsntured with either a C, 0, E,F, G, H, L K, L,M, N, P, Q, R, B, T, V, W,
or Y amino acid residue; wherein R383 Is substituted with either an A, C, D,
EFGHLKLMNPQSTV,W, oY amino acid residue; wherein
V384 is substituted with eitheran A, C, D, E, F, G, H, L, K, LLM,N, P, Q, R,
3, T, W, or Y aminae acid residue; wherein Q3835 is substituted with sither an
ACDEF,GH LK LMNPRST,V W, orY amino acid residue;
wherein F386 is substituted with eitheran A, C, D, E, G, H, [, K, L, M, N, P,
Q,R, 8, T,V, W, or Y aminc acid residue; wherein G387 is substituted with
eitheran A, C,D, E,F H LK LM N P, QR 8 T,V, W, oY amino acid
residue; whetein A388 Is substituted with either a C, D, E, F, G, H, | K, L, M,
N, P, Q R, 8 T, V, W, orY amine acid residue; wherein N389 is substituted
with eitheran A, C, D, E,F,G H, LK, L, M,P,Q, R, S T, V, W, or¥ amino
acid residue; wherein K390 s substituted with sither an A C D EFG,H,
ILL, MNP GR,S,T,V, W or'Y amine acid residue; wherein $391 is
substituted with eitheran A, C, D, E, F, G, H, I, K, LLM, N, P, O, R, T, V, W
or Y amino acid residus; wherain Q392 is substituted with either an A, C, D,
E,F. G, H LK LMNPRST V. W, arY amino acid residus; wherain

¥393 Is substiuted with elther an A, G, D, E, F, G, H, |, K, L, M,N, P, Q, R,
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8, T, V, or W amind acid residue; wherein $394 is substituted with either an
ACDEFGHILKLMNPQRTYVWorY anne acd residus;
wherein L395 is substituted with eitheran A, G, D, E, F, G, H, 1, K, M, N, P,
Q, R, 8, T, V, W, or Y amino acid residue; wherein T396 is substituted with
sitheran A, C,D,E,F, G, H, LK LM N, P, Q,R, 8V, W, orY amino acid
residue; wherein R397 is substituted with either an A, C, B, E, F, G, H, | K,
LM NP Q8 TV, W, oY aminc acid residue; whersin A398 is
subsfituted with eithera C, D, E,F, G, H, |, K, LM, NP, Q, R, 5, T, V, W,
or Y; wherein Q399 is substituted with eitheran A, C, D, E, F, G, H, L K, L,
M.N,P,R, 3 T,V, W, orY amino acid residue; wherein Q400 is substituted
with eitheran A, C, D, E.F, G H, |, K, L, M, N, F‘, R, S, T, V, W, or Y aminc
acid residus; wherein 8401 is substituted with eitheran A, C, D, E, F, G, H,
LK, LM NP QR T,V W, orY amino acid residue; wherain Y402 is
substituted with either an A, G, B, E,F, G, H, LK, L M, N,P, Q, R, 8, T, V,
or W ammino acid residue; wherein K403 is substituted with either an A, C, D,
E,F,G H LLMNPQR,ST,V, W, orY amino acid residus; wharein
5404 is substituted with elttheran A, C, D, E, F, G, H, LK, L, M,N, P, Q, R,

T, V,W, or ¥ amino acid residus; wherein L405 is substituted with either an

ACDEFGHILKMNP, d, R, & T, ¥, W, or Y amino acid residug;
wharein Y408 is substituted with sither an A, C, D, E, F, G, H, |, K, L, M, N,
P, Q,R S, T, W, or Y amine acid residus; wherein Q407 is substifuted with
eitheran A, C, D, E, F, G, H, K, LM NP, R S, TV, W, or Y amino acid
residue; wherein 1408 is substituted with either an A, C, D, E,FGHKL,
M, N,P,Q, R, 8 T,V, W, orY amine acid residue; wherain H409 is
substifuted with eitheran A, G, D E,F, G LK L, M,N,P,Q, R, S, T, V, W,
or Y amine acid residue; wherein E410 is substituted with eithéran A, G, D,
F,GH LK LMNP QR ST V,W orY amino acid residue; and/or
wherein K411 is substituted with elther an A, C, D, E, F, G, H, L L, M, N, P,
Q,R, 8, T, V, W, or ¥ amino acid residue of SEQ |D NO:2, in addition to any
combination thereaf. The present invention also encompasses the use of

one or mare of these RATL1d6 UBC domain amino acid subsiituted
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polypeptides as immunogenic and/or antigenic apitopes as described
elsewhere herein.

In othet preferred embodiments, the following RATL1d6 UBC
domain conservative amina acid substitutions are encompassed by the
present invention: wherein G248 is substituted with eitheran A, M, 8, or T;
wherein 5249 is substituted with either an A, G, M, or T; wherein V250 is
substituted with either an A, |, or L; wherein Q251 is substituted with a N;
wherein A252 is substituted with eithera G, |, L, M, S, T, or V; wherein T233
is substituted with sither an A, G, M, or S; wharein D264 is substituted with
an E; wherein R258 is substituted with either a K, or H; wherein L256 is
substituted with either an A, |, or V; wherein M257 is substituted with sither
an A, G, B, or T; wherein K288 is substitutad with either a R, or H; wherain
E252 I3 substituted with a D) wharein L2560 is substituted with either an A, 1,
or V; wherein R2611 is substituted with eithetr a K, or H; wherein D282 is
substituted with an E; wherein [263 is substituted with either an A, V, or L;
wherein Y264 is either an F, or W, wherein R285 is substituted with either a
K, or H; whersin 5266 is substituted with either an A, G, M, or T; wherein
Q267 is substituted with a N; wherein 3268 is substituted with either an A,
G, M, or T; wherein F263 is substituted with either a W, or Y; wharsein K270
is substituted with either 2 R, or H; wherein G271 is substituted with eithar
an A, M, 8, or T, wherein G272 [s substituted with ¢itheran A, M, S, or T;
wherefn N273 is substituted with & Q; wherein Y274 is either an F, ar W,
wherein A275 s substituted with either 2 G, [ L, M, 5, T, or V, wherein V276
is substituted with either an A, |, or L: wherein E277 is substituted with a D;
whersin L278 is substituted with either an A, 1, or ¥; wherein V279 is
substituted with either an A, [, or L; whersin N280 is substituted with a Q;
wherein D281 is substituted with ah E; whereln S282 is subsfituted with
eithar an A, G, M, or T; wherein L283 is substituted with either an A, |, or V;
wherain Y284 is either an F, or W; wherein D288 is subsituted with an E;
whergin W286 is either an F, or Y; wharein N287 is substituted with a ;
wherein V288 is substituted with either an A, |, or L; wherein K288 is
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substituted with either & R, or H; wherein L2390 is substituted with either an
A, |, or V; wherein L291 Is substituted with either an A, |, or V; wherein K282
is subsfituted with either a R, or H; wherein V293 is substituted with either
an A, 1, or L; wherein D294 is substituted with an E; wherein Q295 is
substituted withi a N; wherein D296 is substituted with an E; wherein 8287 is
substituted with either an A, G, M, or T; wherain A298 is substituted with
either a G, I, L, M, 8, T, or V; wherein L293 is substituted with sither an A, |,
or ¥; wherein H300 is substituted with either a K, or R; wherein N301 is
substituted with a Q; wherein D302 is substituted with an E; wherein L303 Is
subsfifuted with elther an A, 1, or V; wherein Q304 is substituted with a N;
wherein 305 is subsfituted with either an A, V, ar L; wherein L3086 is
substifuted with either an A, I, or V; wherein K307 is substituted with either a
R, or H; wherein E308 is substituted with a D; wherein K309 is substituted
with efther a R, or H; wherein E310 Is substituted with a [; wherein G311 is
substituted with either an A, M, 5, or T, wherein A312 is substituted with
sither a G, |, L, M, 5, T, or V; wherein D313 is substituted with an E; wherein
F314 is substituted with either a W, or Y; whereln 1315 is substituted with
either an A, V, or L; wherein L316 is substituted with either an A, [, ar v;
wherein L317 is substituted with either an A, |, or V; wherein N318 is
substituted with a Q; wherein F319 Is substituted with eithera W, ar Y;
wherein 5320 is substituted with either an A, G, M, or T; wheteln F321 is
substituted with either a W, or Y; wherein K322 is substituted with eithera R,
or H; wherein D323 is substituted with an E; wherein N324 is substituted
with a Q; wherein F325 is substituted with either a W, or Y wherain P326 is
a P; wherein F327 is substituted with either a W, or Y; wherein D328 is
substituted with an E; wherein P329 is a P; wherein P330 is a P; wherein
F331 is substituted with eithera W, or Y: wherein V332 is substituted with
gither an A, |, or L; whersin R333 is substituted with either a K, ar H;
wherein V334 is substituted with either an A, 1, or L; wherein V335 is
substituted with efther an A, I, or L; wherein $336 is substituted with sither
an A, G, M, or T; wherein P337 is a P; wherein V338 is substituted with
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either an A, |, or L; wherein L339 is substituted with either an A, |, or'V;
wherein S340 is substifuted with either an A, G, M, or T; wherein G341 is
substituted with eithet an A, M, S, or T; wherein G342 is substitutad with
either an A, M, §, or T, wherein Y343 is either an F, or W; wherein V344 is
substituted with either an A, |, or L., whaersin L345 is substituted with sither
an A, |, or V; wherein G346 is substituted with either an A, M, S, or T}
wherein G347 is substituted with either an A, M, S, or T; wherein G348 is
substituted with either an A, M, é, or T; wherein A349 is substituted with
eithera G, |, L, M, S, T, ot V; wherein 1350 is substifuted with either an A, V,
or L; wherein C351 s a C; wherein M352 is substifuted with either an A, G,
3, or T; wherein E353 is substituted with a D; wherein L354 is substituted
with either an A, |, or V; wherein L355 is substituted with either an A, |, or v,
wherein T356 Is substituted with either an A, G, M, or S; whersin K357 is
substituted with either a R, or H: wherein Q358 is substituted with a N;
wherein G352 is substituted with either an A, M, S, or T, wherein W360 is
gither an F, ar Y; wherein $361 is substituted with eitheran A, G, M, or T;
wharein §382 is subsfituted with sither an A, G, M, or T, wharein A363 is
subsfituted with eithera G, I, L, M, 8§, T, or V; whereln Y364 is either an F, or
W; wherein 8365 is substituted with either an A, G, M, or T; wherein 13686 is
substituted with either an A, V, or L; wherein E367 is substituted withi a D;
wherein 8368 is subsfituted with either én A, G, M, or T; wherein V3680 is
substituted with either an A, 1, or L; wherein 1370 Is subsfituted with either an
A, V, or L; wherein M371 is substituted with either an A, G, 8, or T; wherein
Q372 is substituted with & N; whetein 1373 is substituted with either an A, Vv,
or L; whereln $S374 Is substituted with either an A, G, M, or T; wherein A375
Is substituted with either a 3,1, L, M, 8, T, or V; wherein T376 is substituted
with either an A, G, M, or §; wherein L377 is substifuted with either an A, |,
or V; wherein V37§ is substituted with sither an A, |, or L; wherein K379 is
substituted with either a R, or H; wherein G380 is substituted with either an
A, M, 8, or T, wherein K381 is substituted with either a R, or H; wherein
A382 Is substiluted with eithera G, |, L, M, S, T, or V; wherein R383 is
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substituted with sither a K, or H; wherein V384 is substituted with either an
A, 1, of L; wherein Q385 s substituted with a N; wherein F388 is substituted
with either a W, or Y; wherein G387 is substituted with eitheran A, M, S, or
T; wherein A388 is substituted with either a G, I, L, M, S, T, or V; wherein
N389 is substituted with a (¥ wherain K380 is subsfituted with efther a R, or
H; wherein 3391 is substituted with efther an A, G, M, or T; wherein Q382 is
subsfituted with a N; wherein Y393 is either an F, or W; wherein S394 is

_ substituted with aither an A, G, M, or T; wherein 1395 is substituted with

sither an A, |, or V;, whersin T396 is substituted with eitheran A, G, M, or §;
wherein R397 Is substituted with either a K, or H; wherein A398 is
substituted with eithera G, [, L, M, S, T, or V; wherein Q339 is substituted
with a N; wherein Q400 is substituted with a N; wherein S401 Is substituted
with aither an A, G, M, ar T, wherein Y402 is either an F, or W; wherein
K403 is substituted with either a R, ot H; wherein $404 is substituted with
gither an A, G, M, or T; wherein L405 is substituted with either an A, 1, or V;
whersin V408 is substituted with aither an A, 1, or L; whsrein (3407 is
substituted with a N; whereln 1408 is substituted with either an A, V, or L;
wherein H408 is substituted with either a K, or R; wherein E410is
substituted with a D; and/or wherein K411 is substituted with eithera R, ar H
of SEQ ID NO:2 in addition fo any comhination tharsof. Other suitable
substifutions within the RATL1d6é UBC domain are encompassed by the
present invention and are referenced elsewhere herein. The present
invention alsc encompasses the use of one or more of these RATL146 UBC
domain conservative amino acid substituted polypeptides as immunogenic
and/or antigenic epitopes as described elsewhere herein.

To express a biclogically active RATL1dg polypeptide or
peptids, the nuclaotide sequences encoding RATL1d8 polypeptide, or
functional equivatents, may be inserted into an apprapriate expression
vectar, Le., 2 vector which contalns the necessary elements for the
transeription and translation of the inserted coding sequence.
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Methods which are well known to those skilled in the art may
be used to construct expression vectors containing sequences encoding
RATL1d6 polypeptide and approptiate franscriptional and translational
comirol elements. These methods include /n vitro recombinant DNA
techniques, synthetic tachnigues, and jn vive genetic recombination. Such’
techniques are desctibed inJ. Sambrook et al., 1988, Molecular Cloning, A
Laboratory Manuai, Cold Spring Harbor Press, Plainview, N.Y. and in F.M,
Ausubel et al., 1983, Current Protocols in Motecular Biology, John Wiley &
Sons, New York, N.Y.

A varlety of expression vectorfhost systems may he utilized fo
contain and express sequences encéding RATL1d6 peolypeptide. Such
expression vectorhest systems include, but are not limited to,
microorganisme such as bactetia transformed with recembinant
bacteriophage, plasimid, or cosmid DNA expression vectors; yeast
transformed with yeast expression veciors; insect cell systems infected with
virus expression vectors {e.g., baculovirus}; plant cell systems transformed

with virus exprassion vectors (e.q., cauliflower mosaic virus (CaMV) and

. tobaceo mosaic virus (TMV)), or with bacterial expression vectors (e.g., Tior

pBR322 plasmids); or animal cell systems. The host cell employed is not
limiting to the present invention.

“Control elements” or “regulatory sequences” are those non-
translated regians of the vectat, e.g., enhancers, promoters, &' and 3’
untransiated regions, which interact with host cellular proteins o carry out
transcription and translation. Such elements may vary in their strength and
specificity. Depending on the vector system and host ufilized, any number
of suitable transcription and translation elements, including constitutive and
inducible promoters, may be used. For example, when clening in bacterial
systems, inductble promotars such as the hybrid lacZ promoter of the
BLUESCRIPT phagemid (Siratagane, La Jolla, CA) or PSPORT1 plasmid
(Life Technalogies), and the like, may be used. The baculovirus polyhedrin
pramoker may be used in insect cells. Promoters or enhancers derived from
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the genomes of plent cells {e.g., heat shock, RUBISCO; and storage protein
genes), or fram plant viruses {s.g., viral promoters or leader sequances),
may be cloned into the vector. In mammalian cell systems, promoters from
mammalian genes or fram mammalian viruses are preferred. Ifit is
necessary to generate a cell line that contains multiple copies of the
sequence encoding RATL1dB, vectors based on 540 or EBY may be used
with an appropriate selectable marker,

In bacterial systems, a number of expression vectors may be
selected, depending upon the use intended for the expressed RATL1d6
product. For example, when large quantities of expressed protein are
needed for the induction of antivodies, vectors which direct high level
expression of fusion proteins that are readily purified may be used. Such
veclors include, but are noi limited 1o, the multifunctional £. coli cloning and
expression vecters such as BLUESCRIPT (Stratagene), in which the
sequence encoding RATL1dé polypeptide may be ligated inte the vector in-
frame with sequences for the amino-terminal Met and the subseguent 7
residues of R-galactosidase, so that a hybrid protein is produced; pIN
vectors (See, G. Van Heeke and S.M. Schuster, 1989, J. Biol. Chem.,
264:5503-5509); and the like. pGEX vectors (Promega, Madison, W) may
also be usad to exprelss foreign polypeptides, as fusion proteins with
glutathione S-transferase (GST). In general, such fusion proteins are
solble and can be easily purified from lysed cells by adsorption to

‘glutathione-agarose beads followed by elution in the presence of free

glutathione. Prateins made in such systems may be designad to include
heparin, thrombin, or factor XA protease cleavage sites so that the cloned
polypeptide of inferest can be released from the GST molety at wilk.

In the veast, Saccharamyces gerevisiae, a number of vectors
containing constitutive or inducible promoters such as alpha factor, alcohol
oxidase, and PGH may be used. {For reviews, see F.M. Ausubel et al,,
supra, and Grant et al., 1987, Methods Enzymol., 153:516-544),
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Should plant expression vectors be desired and used, the
expression of sequences ancoding RATL1d6 polypeptice may be driven by

any of a number of promoters. For example, viral ptomoters such as the

358 and 195 promoters of CaMV may be used alone or in combination with -

the omega leader sequence from TMV (N. Takamatsu, 1987, EMBO J,
6:307-311). Alternatively, plant promoters.such as the small subunit of
RUBISCO, or heat shock promoters, may be used (G. Coruzzi et al,, 1984,
EMBQ J., 3:1671-1680; R. Broglie et al., 1984, Scfence, 224:838-843; and
J. Winter et al., 1991, Resudls Prabl. Cefl Differ. 17:85-105). These
constructs can be introduced into plant cells by direct DNA transformation or
pathogen-mediated fransfection. Such technigues are described in a
number of generally available reviews (See, for example, 5. Hobbs or L.E.
Murry, In: McGraw Hill Yearbook of Science and Technology {1992)
MeGraw Hill, Mew York, N.Y.; pp. 181-196).

An insect system may also be uged o express RATL.1d6
polypeptide For example, in one such system, Awtographa californica
nuclear polyhedrosis virus (AGNPY) is used as a vector fo express foreign
genes in Spodoptera frugiperda cells or in Trichopiusia larvae. The
sequences encoding RATL1d6 polypeplide may be cloned into a non-
essentizl region of the virus such as the polyhedrin gene and placed under
control of the polyhedrin promoter. Successful insertion of RATL1dE
polypeptide witl rendet the polyhedrin gene inactive and produce
recambinant virus lacking coat protein. The recombinant viruses may then
be used to infect, for example, S. frugiperds cells or Trichoplusia larvaa in
which the RATL1d8 polypepiide product may be expressed (E.K. Engelhard
ct al., 1994, Proc. Mat. Acad, Sci., 91:3224-3227).

v In mammalian host cells, 8 number of viral-based expression
systerns may be ulilized. In cases whers an adenovirus is used as an
expression vector, sequences encoding RATL1d8 polypeptide may be
ligated into an adenovirus transcripfion/ translation complex containing the

late promoter and tripartite leader sequence. Insertion in & non-essential E1
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ot E3 region of the viral genome may be used to obtain a viable virus which
is capable of expressing RATL1d8 polypeptide in infected host cells {J.
Logan and T. Shenk, 1984, Proc. Nafl. Acad. Sei, 81:3655-3658). In
addition, transeription enhancers, such as the Rous sarcoma virus (RSV)
enhancer, may be used to increase expression in mammalian host cells,

Specific initlation signals may also be used to achieve more
efficient translation of sequances encoding RATL1d6 polypeptide. Such
signals include the ATG initfation codon and edjacent seguences. In cases
where ssquences encoding RATLTAG polypeptide, its initiation codon, and
upstream sequences are inserted into the appropriate expression vector, no
additional transcriptional o translational control sighals may be needed.
However, in cases where only coding sequence, or a fragment thereof, is
inserted, exogenous translational cantrol signals, including the ATG nitiation
codon, should be provided. Furthermore, the inifiation codon should be in
the carrect reading frame to ensure translatian of the entire insert.
Exogenous translational elements and initiation cedons may be of various
origins, both natural and synthetic. The efficiency of expression may be
enhanced by the inclusion of enhancers which are appropriate for the
particular cell system that is used, such as those described in the literature
(Ij. Scharf et al,, 1994, Resufis Probl Ceff Differ., 20:125-162).

Morsover, a host cell strain may be chosen for its ability to
radulate the exprassion of the inserted sequences or to process the
expressed protein in the desired fashion. Such medifications of the
polypeptide include, but are not limited to, acelylation, carboxylation,
glycosylation, phosphorylation, lipidation, and acylation. Post-translational
processing which cleaves a "prepro” form of the protein may also be used to
facilitate correct insertion, folding andfor function. Different host cells having
specific cellular machinery and characteristic mechanisms for such post-
translational activities (s.g., CHO, Hela, MDCK, HEK293; and W138) are
available from the American Type Culture Collection (ATCC), American
Type Gulture Colleciion (ATCC), 10801 University Boulevard, Manassas, VA
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20110-2208, and may be chosen to ensure the correct medification and
processing of the foreign protein. ’

For long-tarm, high-yield production of recombinant proteins,
stable expression is preferred. For example, cell lines which stably express
RATL1d8 protein may be transformed using expression vectors which may
contain viral arigins of replication and/or endogenous exprassion elements
and a selectable marker gene on the same, or on a separate, vector.
Following the introduction of the vector, cells may be allowed to grow for 1-2
days in an enriched cell culture medium before they are switched to
selective medium. The purpose of the selectable marker is 1o confer
resistance to selection, and its presence allows the growth and recavery af
cells which successfully express the introduced sequences. Resistant
cionas of stably transformed cells may he proliferated using tissue culture
techniquss apprapriate to the cell type.

Any number of selecfion systems may be used fo recover
transformed cell lines. These include, but are not limited to, the Herpes
Simplex Virus thymidine kinase (HSV TK), (M. Wigler ot al., 1977, Cefl,
11:223-32) and adenine phosphaoribosyliransferase (1. Lowy et al., 1980,
Celt, 22:817-23) genes which can be employed in tk™ or aprt cells,
respectively. Also, anti-metabelits, antibiotic or herbicide resistance can be
used as the basis for selection; for example, dhfr, which confers resistance
to methotrexate (M. Wigler et al., 1980, Proc. Naif. Acad. Sci., 77:3567-70);
npt, which confers resistance to the aminoglycosides neamycin and G-413
{F. Colbere-Garapin et af, 1881, J. Mol. Biol., 150:1-14); and als or pat,
which confer resistance to chlorsulfuron and phosphinctricir
acefyliransfarase, respactively (Murry, supra). Additional selectable genes
have been described, for example, trpB, which allows celis to utilize indole in
place of tryptophan, or hisD, which allows cells to utillze histinal in place of
histidine {S.C. Hartman and R.C. Mulligan, 1988, Proc. Natl. Acad. Scf.,
85:8047-51). Recently, the use of visible markers has gained popularity with
such markers as the anthccyanins, B-glucuronidase and its substrate GUS,
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and luciferase and its substrate luciferin, which are widely used not anly to
identify transformants, but also to quanfify the amount of fransient ar stable
protein exprassian that is attributable to a specific vector system (C.A.
Rhodes et al.,, 1995, Methods Mol. Biol,, §5:121-131).

Although the presence/absence of marker gene expression
suggests that the gene of interest is also present, the presence and
expression of the desired gene of inferest may need to be confirned. For
example, if the nucleic acid sequence encoding RATL1d6 polypeptide is
inserted within a marker gene sequence, recombinant cells containing
sequences sncaoding RATLAd6 pelypeptide can be identified by the absence
of marker gene function. Alternatively, a marker gene can be placed in
tandem with a sequence encoding RATLT1d76 polypeptide under the control
of a single promoter, Expression of the marker gene in response o
induction or selection usually indicates co-expression of the tandem gene.

Alternatively, host calls which contain the nucleic acid
sequence encoding RATL1dE polypeptide and which express RATL1dB
polypeptids product may be identified by a varisty of procedures known to
those having spcill in the arf. These procedures include, bui are not fimited
to, DNA-DNA or DNA-RNA hybridizations and protein bioassay or
immuneassay techniques, including membrane, solution, or chip based
technalogies, for tha detection and/or quantification of nucleic acid or
protein,

The presence of palynuclectide sequences encoding RATL1d6
polypeptide can be detected by DNA-DNA or DNA-RNA hybridization, or by
amplification using probes or porticns or fragments of polynucieatides
encoding RATL1d6 pelypeptide. Nucleic acid ampilification based assays
invalve the use of oligonuclectides or oligemers, based on the sequences
encoding RATL1d6 polypeptide, io detact transformants containing DNA or
RNA encoding RATL1d8 polypeptide.

Awide varisty of labels and conjugation techniques are known
and employed by those skilled in the art and may be used in various nucleic
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acid and amino acid assays. Means for producing labeled hybridization or
PCR probes for datecting sequences related to polynucleotides encoding
RATL1d6 polypeptida include oligo-labaling, nick transiation, end-labeling,
of PCR amplification using & labeled nucleotide. Alternalively, the
sequences encoding RATL1d6 polypeptide, or any portions or fragments
thereof, may be cloned into a vector for the praduction of an mRNA probe.
Such vectors are known in the art, are commercially available, and may be
used to synthesize RMNA probes i vitre by addition of an appropriate RNA
polymerase, such as T7, T3, or 8P(8) and iabelad nuclectides. These

proceduras may be conducted using a variety of commercially available kits

(e.g., Amersham Pharmacia Biotech, Promega and U.S. Biochemical Corp.).

Suitable reporter molecules or labels which may be usad include
redionuclides, enzymes, fluorescent, chemiluminescent, or chromogenic
agents, as well as subsirates, cofactors, inhibitors, magnetic particles, and
the like..

Host cells transformed with nucleotide sequences encoding
RATL1d6 protein, or fragments thareof, may be culfured under conditions
sultable far the exprassion and recovery of the protein from cell culture, The
protein produced by a recombinant cell may be secreted o contained
intracellularly depending on the sequence andfor the vector used. As will be
understood by those having skill in the art, expression vectors containing
polynucleotides which encode RATL1dE protein may be designed to coniain
sigial sequences which direct secretion of the RATL1d6 protein through a
prokaryolic or sukaryotic cell membrane. Other constructions may be used
to join nucleic acid sequences encoding RATL1d6 protein to nucleotice
sequence ancoding a polypepfide domain which will fadilitate putification of
soluble preteins. Such purification facilitating domains include, but are not
limited to, metal chelating peptides such as histidine-tryptophan madules
that allow purification on immabilized metals; protein A domaits that allow
purification on immebllized immunoeglobulin; and the domain utilized in the
FLAGS extension/affinity purification system (lmmunex Corp., Seattls, Wa).
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The inclusion of cleavable linker sequences such as those specific for
Factor XA or enterokinase (Invitrogen, San Diego, CA) between the
purification domain and RATL1d6 protein may be used to fadilitaie
purification. One such expression veclor provides far expression of a fusion
protein containing RATL14EG and & nuclsic acid encoding 6 histidine residues
preceding a thioredoxin or an enterokinase cleavage site. The histidine
residues facilitate purification on IMAC (immobilized metal ion affinity
chromatography) as described by J. Porath et al., 1992, Prot. Exp. Purif.,
3:263-281, while the enterokinase cleavage site provides a msans for
purifying from the fusion protein. For a discussion of suitable vectors for
fusion protein production, see D.J. Kroll ¢t al., 1983; DNA Cell Biol,, 12:441-
453,

In addition to recomhinant production, fragments of RATL1TdE
polypeptide may be produced by direct peptide synthesis using solid-phase
iechniques (J. Merrifield, 1363, J. Am. Chiem. Soc., 85:2149-2154). Pratein
synithesis may be performed using manual technigues or by automation.
Automated synthesia may be achieved, for example, using ABI 431A
Peptide Synihesizer (PE Biosystems). Various fragments of RATL1d6
polypeplide can be chemically synthesized separately and then combined
using chemical metheds to produce the full length molecule.

Human artificial chromosomes (HACs) may be used to deliver
larger fragments of DINA than can be contained and expressed in a plasmid
vector. HACs ate linear microchromosames which may contain DNA
Vsaquences of 10K to 10M in size, and contain all of the elements that aré
required for stable mitolic chromosome segregation and maintenance (See,
J.J. Harrington et al., 1997, Mature Genef,, 15:345-355). HACs of 6 to 10M
are constructed and delivered via conventional delivery methods (e.g.,
lipnsomes, polycationic amino polymers, or vesicles) for therapeutic
purposes.

A variety of profocols for deteciing and measuring the

expression of RATL1d6 polypeptide using aither polyclonal or monocionat
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antibodies specific for the protein are known and practiced in the arf.
Examples include enzyme-linkad immunosorbent assay (ELISA),
radicitnmuncassay (RIA), and fluorescence activated cell sorting {FACS). A
two-site, monoclonal-based immuncassay utilizing monoclonal antibodies
reactive with fwo non-interfering epitopes on the RATL1dG palypeptide is
prefarred, but a competitive hinding assay may also be employed. These
and other assays are described in the art as represented by the publication
of R. Hampton et al., 1990; Serological Methods, a Laboratory Manual, APS
Press, St Paul, MN and D.E. Maddex at al., 1883; /. Exp. Med., 158:1211-
12186). ’
Transmembrane domain Regions

The RATL1d6 polypeptide was determined te comprise two
transmembrane domaing, one locafed from about amine acid 69 to about
amina acid 88, and the other located from ahout amino acid 334 te about
aming acid 356 of SEQ (D NO:2, In this context, the ferm "about” can be
construed ta mean 1, 2, 3,4, 5, 6, 7, 8, 9, or 10 amino acids beyond the N~
terminus and/or C-terminus of the above referenced transmembrane domain
polypaptides. The TMPRED program was used for transmembrane
prediction {K Hofmann and W Stoffel, 1993, Bicf. Chem., 347:186).

In a preferred embodiment, the following transmembrane
domain polypeplide is encompassed by the present invention:
PHLPPRGSVPGDPYRIHCNITESYPAVPPIWSYESDDPNLAAVLERLYDIKK
GNTLLLQHLKRISDLCKLYNLPQHPDVEMLDQPLPAEQCTQEDVSSEDED
EEMPEDRTERLDHYEMKEEEPAEGKKSEDDGIGKENLAILEKIKKNGRQDYL
NGAVSGSVQATDRLMKELRDIYRSQSFKGGNYAVELVYNDSLYDWNYKLLK
VDQDSALHNDLQILKEKEGADFLLNFSFKDNFPFDPPFVR (SEQ ID
NO:17). Polynudleotides encoding this polypeptide is also provided. The
present invention also encompasses the use of the RATL1d6
transmembrane domain polypeptide as an immunocgenic andfor antigenic

epltops, of the source of such eplfopés, as described elsewhere herein.
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In preferred emboediments, the following N-terminal RATL1d6
inter-transmembrane domain deletion palypeptidas are encompassed by the
present invention: P1-R245, H2-R245, L3-R245, P4-R245, P5-R245, RG-
R245, G7-R245, 58-R245, VO-R245, P10-R245, G11-R245, D12-R245,
P13-R245, V14-R245, R1 5-R245, 116-R245, H17-R245, C18-R245, N19-
R245, 120-R248, T21-R245, E22-R245, 523-R245, Y24-R245, P25-R245,
A26-R245, V27-R245, P28-R245, P29-R245, 130-R245, W31-R245, $32-
R245, V33-R245, £34-R245, 835-R245, D36-R245, D37-R245, P38-R245,
N3$-R245, L40-R245, A41-R245, Ad2-R245, V43-R245, |44-R245, E45-
R245, R46-R245, L47-R245, V48-R245, D49-R245, 150-R245, KE1-R245,
K52-R245, G93-R245, Nb4-R245, T65-R245, L56-R245, L57-R245, L58-
R245, Q69-RZ45, HE0-R245, LB1-R245, K62-R245, R63-R245, 164-R245,
165-R245, 566-R245, DB7-R245, |.68-R245, C69-R245, K70-R245, L.71-
R245, Y72-R2458, N73-R245, L74-R246, PT5-R245, Q76-R245, H77-R245,
P78-R245, D73-R245, V80-R245, E81-R245, M32-R245, 1.83-R245, D84~
R246, Q85-R245, P86-R246, LB7-R245, P8-R245, ABS-R245, EQ0-R245,
Qo1-R245, C92-R245, T93-R245, Q4-R245, E85-R245, DO6-R245, Va7-
R245, 588-R245, 588-R245, £100-R245, D101-R245, E102-R245, D163-
R245, E104-R245, E105-R245, M106-R245, P{07-R245, E108-R245,
D108-R245, T118-R245, E111-R245, Dt12-R245, |L1113-R245, D114-R245,
H118-R245, ¥118-R245, E117-R245, M1168-R245, K119-R245, E120-R245,
E121-R245, E122-R245, P123-R245, A124-R245, E125-R245, G126-R245,
K127-R245, K128-R245, 3129-R245, E130-R245, D131-R245, D132-R245,
G133-R245, [134-R245, G135-R245, K136-R245, E137-R245, N138-R245,
L138-R248, A140-R245, 1141-R248, |L.142-R245, E143-R245, K144-R245,
1145-R245, K146-R245, K147-R245, N148-R245, Q148-R245, R150-R245,
Q151-R245, D162-R240, Y153-R245, L154-R245, N155-R245, G156-R245,
A157-R245, V158-R245, §159-R245, G160-R245, S161-R245, V162-R245,
Q183-R245, A184-R245, T165-R245, D166-R245, R167-R245, L 168-R245,
M169-R245, K170-R245, E171-R245, |.172-R245, R173-R245, D174-R245,
1175-R245, Y176-R245, RT77-R245, $178-R245, Q179-R245, 5180-R245,
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F181-R245, K182-R245, G183-R245, G184-R245, N185-R245, Y186-R245,
A187-R245, V188-R245, E189-R245, L190-R245, V191-R245, N192-R245,
D193-R245, S124-R245, L195-R245, Y196-R245, D197-R245, W198-R245,
N199-R248, V200-R245, K201-R245, L202-R245, L203-R245, K204-R245,
V205-R248, D20B-R245, Q207-R245, D208-R245, 5209-R245, A210-R245,
L211-R245, H212-R245, N213-R245, D214-R245, | 215-R248, Q216-R245,
1217-R245, L218-R245, K219-R245, E220-R245, K221-R245, E222-R245,
G223-R245, A224-R245, D225-R245, F228-R245, 1227-R245, L228-R245,
L229-R245, N230-R245, F231-R245, 5232-R245, F233-R245, K234~-R245,
D235-R245, N236-R245, F237-R245, P238-R245, andfor F238-R245 of
SEQ ID NO:2. Polynuclectide sequences encoding these palypeptides are
also provided. The present invention also encempasses the use of these N-
terminal RATL1d6 inter-transmembrane domain deletion polypepfides as
immunogenic andfor antigenic epitopes as described elsewhere hareirn.

Ien other preferred embodiments, the following C-terminal
RATL1dE inter-transmembrane domain delefion polypeptides are
sncompassed by the present invention: P1-R245, P1-v244, P1-F243, P1-
P242, P1-P241, P1-D240, P1-F238, P1-P238, P1-F237, P1-N236, P1-D235,
P1-K234, P1-F233, P1-8232, P1-F231, P1-N230, P1-L229, P1-L228, P{-
1227, P1-F226, P1-D225, P1-A224, P1-G223, P1-E222, P1-K221, P1-E220,
P1-K219, P1-1.218, P1-1217, P1-Q218, P1-L215, P1-D214, P1-N213, P1-
H212, P1-L211, P1-A210, P1-5209, P1-D208, P1-Q207, P1-D206, P1-
V205, P1-K204, P1-1L203, P1-L202, P1-K201, P1-V200, P1-N199, P1-W188,
P1-D197, PA-Y196, P1-.195, P1-8194, P1-D193, P1-N192, P1-V191, P1-
L1480, P1-E189, Pi-V188, P1-A187, P1-Y186, P1-N183, P1-G184, P1-
3183, P1-K182, Pi-F181, P1-53180, P1-Q178, P1-5178, P1-R177, Pi-
Y176, P1-1175, P1-D174, P1-R173, P1-L172, P1-E171, P1-K170, P1-M169,
PiL168, P1-R167, P1-D168, P1-T165, P1-A164, P1-Q183, P1-V162, P1-
5181, P1-G160, P1-8159, P1-¥188, P1-A157, P1-G156, P1-N153, P1-
164, P1-Y183, P1-D152, P1-Q181, P1-R150, P1-Q149, P1-N148, P1-
K147, P1-K148, P1-1145, P1-K144, P1-£143, P1-L142, P1-1141, P1-A140,
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P1-L139, P1-N138, P1-E137, P1-K136, P1-G135, P1-1134, P1-G133, P1-
D132, P1-D131, P1-E130, P1-5128, P1-K128, P1-K127, P1-G126, P1-
E125, P1-A124, P1-P123, P1-E122, P1-E121, P1-E120, P1-K118, P1-
M118, P1-E117, P1-Y118, Pi-H11§, P1-D114, P1-L113, P1-D112, P1-
E111, P1-T119, P1-D109, P1-E108, P1-P1G7, P1-M1086, P1-E105, P1-
E104, P1-D103, P1-E102, P1-D101, P1-E100, P1-589, P1-838, P1-V97,
P1-D96, P1-E95, P1-Q94, P1-T93, P1-C92, P1-Q91, P1-EQQ, P1-ABQ, P1-
P88, P1-L87, P1-P86, P1-Q85, P1-D84, P1-L83, P1-M8&2, P1-ES1, P1-V&0
P1-D79, P1-P78, P1-H77, P1-Q76, P1-P75, P1-L74, P1-N73, P1-Y72, P1-
L71, P1-K79, P1-CED, P1-1L68, P1-D67, P1-566, P1-165, P1-164, P1-R63,
P1-K62, P1-L61, P1-HE0, P1-Q89, P1-L58, P1-L57, P1-L86, P1-TSS, P1-
N&4, P1-GE3, P1-Kb2, P1-Kb1, P1-150, P1-D49, P1-V48, P1-L47, P1-R48,
P1-E45, P1-L44, P1-v43, P1-A4Z, P1-A41, P1-L40, P1i-N39, P1-P38, P1-
D37, P1-D36, P1-335, P1-E34, P1-V33, P1-832, P1- W31, P1-130, P1-P29,
P1-P28, P1-V27, P1-AZ6, P1-P25, P1-Y24, P1-S23, P1-E22, P1-T21, P1-
120, P1-N18, P1-C18, P1-H17, P1-116, P1-R15, P1-V14, P1-P13, P1-D12,
P1-G11, P1-P10, P1-vg, P1-58, and/or P1-G7 of SEQ ID NO:2.
Polynucleotide sequences encoding these polypeptides are also provided.
The present invention also encompasses the use of these C-terminal
RATL1d6 inter-fransmembrane domain deletion polypeptides as
immunogenic and/or antigenic epitopes as described elsewhere herein.
Therapeutics

RATL1dé polypeptide shares hamology with known ubiguitin
conjugating enzyrmes and is thus provided as & new member of the UBC
profein family. Because RATL1d6 was expressed in and isolated from
activated T lymphocytes, the RATL1d6 product may play a role in immune
disarders, e.g., lymphoproliferative disease, for example, in cell cycle
regulation, and/or in cell sighaling. In a manner sirmilar to that of other
ubiguitin conjugating enzyme family members, the RATL1d8 protein may be
further involved in neoplastic, developmental and neuronal disorders, where

it may also be associated with cell cycle and cell signaling activities, as
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described further below. With specific regard to lymphopraliferative
diseases and inflammation, inhibitors of the RATL1d6 protain may play a
role as Immunosuppressive agents, for example, by preventing entry of
lymphaocytic cells into the cell cycle, or by blocking intracellular signaling
events. [n addition, RATL1dE inhibitors may serve as anti-inflammatory
drugs.

Degradation of tumar suppressor proteins, such as p53, by E2
enzymes may contribute ta the development of necplastic disorders. Thus,
in one embodiment of the present invention, an antagonist or inhibitor of
RATL1d6 polypeptide may be administered to an Individual to prevent or
treat & neoplastic disorder. Such disorders may include, but are not limited
to, adenocarcinoma, leukemia, lymphoma, melanoms, myeloma, sarcema,
and teratocarcinoma, and particularly, cancers of the adrenal gland, biadder,
bone, bone marrow, brain, breast, cervix, gall bladder, ganglia,
gastrointestinal fract, heart, kidney, liver, lung, muscle, ovary, pancreas,
parathyroid, penis, prostate, salivary glands, skin, spleen, testis, thymus,
thyroid, and uferus. In cancers or tumors of the above-crigins, blocking
ubiquitination might prolong the half-life, and therefote the function, of p53.
In a related aspect, an antibody which specifically binds to RATL1d6 may be
used directly as an antagonist or indirectly as & targesting or delivery
mechanism for bringing a pharmaceutical agent o cells or tissue which
express RATLI4S polypeptide.

In a related embodiment, an inhibiter of RATLdE function may
be useful ag an anfi-cancer drug or agent with particular regard to the
treatment of lymphoproliferative diseases, or as an Immunosuppressive drug
by functioning as a dominant negative to a UBC such as the RATL1d6
protein product, in @ manner similar to the tumor susceptibility gene
TSG101, which has been found to be mutated at a high frequency in human
breast cancers. (C.P. Ponting et al., 19987, J. Mal. Med., 75:467-469; L. Li et
al., 1997, Call, 88M43-i54). TSG101 has been implicated as a fumor
suppresser gene, encoding a praduct having homology to ublguitin
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conjugating enzymes, but lacking the conserved cysteine that is typically
present in E2 protsins and is necessary for enzyme function. (C.P. Ponting
et al., supra). TSE101T has also been reported to function as a dominant
negative regulator of the ubiguitination of short-lived proteins (C.P. Ponting
et al, supre and E.V. Koonin and RA. Abagyan, 19297, Nature Genetics,
16:330-331). Accordingly, an antagonist of certain UBCs, such as RATL1d8
of the present inventian, may also act in a manner similar to that of the
TSG101 product and be utilized in the treatment of cancers, including T-cell
and B-cell lymphoproliferative disorders and/or as an agent to suppress
adverse immune systam reactions. )

That RATL1d6 plays a negative role in the NF-xB pathway, a
pathway of key impottance In innate immunity, suggests that antagonists of
this gene product could activate innate immunity. Innate immuaity is the first
line of defense against microbial pathogens including bacteria, fungi,
visuses, etc. The cells of the immune system which are responsible for
innate immunity are primarily macrophages/monocytes, and ta a limited
extent, neutrophils. Witheut wishing to be bound by theory, it is believed
thiat antagonists of RATL1d6 could enhance the innate immune response
anhd pravide protaction from invading pathogens in humans. In contrast,
agonists of RATL1d6 wauld be expected to inhikit the NF-kB pathway and
attenuate an inflammatory response. Hence, agonists of RATLIdE may be
useful in the treatment of inflammatory diseases including rheumatoid
arthritis, asthma, multiple sclerosis, ostsoarthritis, among others.

Since RATL1d8 was idenfifled In a T-cell library, this suggests
that the gene preduct may play & role in medulating an adaptive immune
respanse, as well. Adaptive immune responses are primarily mediated by
T-cells and require the processing and display of foreign, and in the case of
autoirmmune disease, native antigens. T-cell mediated responses are
important in developing immunity after vaccination and alsa in eliminating
tumor cells, Thus, it would be predicted that antagonists of RATL1d6 may
shhance a person’s immunity after vaccination. The RATL1d6 gene or gene
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product may also stimulate immune an immune response o tumors. In
contrast, agonists of this gene could be useful for freating T-cell mediated
autoimmine diseases such as rheumatoid arthritls, multiple sclerosis,
psoriasis, among others.

The RATL1dG protein, or functional portion thereof, can be
employed in @ method of suppressing the immune rasponse in a patient ,
preferably human, who reguires immunosuppression. For example, an
antagonist or aganist can be administered fo the patient in an amount
effective to modulate the activity of the RATL1dS protein, or portion thereof,
thereby causing an immumnosuppressive effect. In the case of agonists or
activators of RATL14G activity, immunosuppression may be caused by
ubigquination of a cell receptor, preferably a T cell recepter, or component, or
interactive component thereof, and subsequent down regulation of the
receptor activity.

Abnormalities in processing of neural proteins (AP) by
enzymes of the UCS may contribute to the cause of naurenal disorders.
Since UCS are found in neuronal tissues, the RATL1d6 polypeptide, which
appears fa be a member of the family of proteins involved in UCS
dependent proteclysis, may be affected, for example, by an antagonist of
the RATL146G polypeptide. Accordingly, a RATL1d6 pulypeptide antagonist

may be administered fo a subject to prevent or treat a neuronal disorder.

_ Such disorders may include, but are not limited to, akathesia, Alzhelmer's

disease, amnesia, amyotrophic laieral sclerosis, bipclar disorder, catatonia,
cerebral neoplasms, dementia, depression, Down's syndrome, {ardive
dyskinesia, dystonias, epilepsy, Huntington's disease, multiple sclercsis,
Parkinson’s disease, paranocid psychoses, schizophrenia, and Tourette's
disorder.

In a preferred embodiment of the present invention, an
antagonist or inhibitory agent of the RATL1dS polypeptide may be
administered {o an individual te prevent or freat an immune disorder, or an
immune-related disorder. Such disorders may include, but are not limited i,
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AIDS, Addison's disease, adult respiratory distress syndrome, allergies,
anemia, asthma, atherosclerosis, bronchits, cholecystitis, Crohn’s disease,
ulcerative colitis, atopic dermatitis, dermatomyaositis, diabetes mellitus,
emphysema, erythema nodosum, atrophic-gastritls, glomerulonephritis,
gout, Graves’ dissase, hypereasinophilia, irrifable bowal syndrome, lupus
erythematosus, multiple sclerosis, myasthenia gravis, myocardia) or
pericardial inflarmmation, osteoarthritis, osteoporosis, pancreatitis,
polymyositis, rheumateid arthritis, scleroderma, Sjogren’s syndrome, and
autaimmune thyraiditis; complications of cancer, hemadialysis,
extracorporeal circulation; viral, bacterial, fungal, parasitic, protozoal, and
helminthic infections and trauma. RATL1d6 inhibitors or antagonists may be
utilized o prevent graft rejection, such as in solid organ or bons marrow
transplants; or to prevent graft-versus-host disease following bone marrow
transplantation.

in another embodiment of the present invention, an antagonist
of RATL1d6 polypsplide may be administered to an individual in need
thereof to prevent or treat a developmental discrder. Such disorders
include, but are nat limited to, renal tubular acidosis, Cushing’s syndroms,
achondroplastic dwarfism, Duchenne and Becker muscular dystrophy,
gonadal dysgenesis, myelodysplastic syndrome, hereditary mucaepitheliai
dysplasia, hereditary keratodermas, hereditary netropathies, such as
Charcet-Marie-Tooth disease and neurofibromatosis, hypothyroidism,
hydrocephalus, seizure disorders such as Syndenham’s chorea and
cerebral palsy, spina bifida, and congenital glaucoma, cataract, or
sensorineural hearing loss.

In anether embodiment of the present invention, an expression
vector containing the complement of the polynucleofide encoding RATL1d6
polypaptide may be administered to an individual to treat or prevent a
neoplastic disorder, including, but not limited to, the types of cancers and
tumeors described above.
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In anather embodiment of the present invention, an expression
vactor containing the complement of the polynuclsotide encogding RATL1d8
polypaptide may be administered to an individual to freat or prevent a
neuronal disorder, ineluding, but not limited to, the types of disorders
described above.

In yet another embodiment of the present invention, an
expression vector containing the complement of the polynuclectide encoding
RATL1d6 polypeptide may be administered to an individual to treat or
pravent an immune disorder, including, but nat limited to, the types of
irmmune disorders described ahove.

In a further embodiment of the present invention, an
expression vector harboring the complement of the polynuclectide encoding
RATL1d6 polypeptide may be administared {a an individual to treat or
prevent a developmental disorder, including, but not limited to, the types of
disordets desctibed above.

In another embodiment, the profeins, antagonists, antibodies,
agonists, complementary sequences, or vectars of the present invention can
be administered in combination with other approptiate therapeutic agents.
Selection of the appropriate agents for use in combination therapy may be
made by ane of ordinary skill in the art, according to conventional
pharmacautical principles. The combination of therapeutic agents may act
synergistically to effect the treatment or prevention of the various disorders
descyibed above. Using this approach, one may be able to achieve
therapeutic efiicacy with lower dosages of each agent, thus reducing the
potential for adverse side effects.

Antagonists or inhibitors of the RATL146 polypeptide of the
present invention may be produced using methods which are generally
known in the art. In particular, purified RATL1d8 protein, or fragments
therecf, can be used to produce antibodies, or to screen libraries of

pharmaceutical agents, te identify those which specifically bind RATL1d85,
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such as via high throughput screening technigues known and practiced in
the art.

Antihodies specific for RATL1d6 polypeptide, or immunagenic
peptide fragments therecf, can be generated using methads that have tong
been known and carventionally practiced in the art. Such antibodies may
include, but are nat limitad to, polyclonal, mencclonal, chimeric, single chain,
Fab fragmenis, and fragments produced by an Fab expression library.
Neutralizing antibodles, (i.e., those which inhibit dimer formation) are
especially preferred for therapeutic use. For polyclonal and/or monoclonal
anti-RATL1d6 antibody production, the fullHength RATL1d6 polypeptide can
be utilized as an immunogen; aftermatively, portions of the full-length
polypeptide can be employed. Preferably, portions of the RATL1d6
polypeptide employed as immunogens include a portion that contains a
domain, for example, the UBC (e.g., residues 246-422) or non-UBC (e.g.,
residues 1-245) domains of the protein.

Far the production of antibodies, various hests including goats,
rabbits, sheep, rats, mice, humans, and others, can be immunized by
injection with RATL1d6 polypeptide, or any fragment ar oligopeptide thereof,
which has immunogenic properties. Depending on the host spegies, various
adjuvants may be used to increase the Jminunologicet response.

Nonlimiting examples of suitable adjuvants include Freund's {complete or
incomplete), RIBI, mineral gels such as aluminum hydroxide or sllica, and
surface active substances such as lysolecithin, pluranic polyols, polyanions,
peptides, oil emulsions, KLH, and dinitrophenol, Adjuvants typically used in
humans include BCG (becilli Calmette Guerin) and Corynebacterium
parviLmn.

Preferably, the peptides, fragments, or oligopeptides used to
induee anfibodies to RATL1d8 polypeptide (i.e., immunogens) have an
amino acid sequence having at lsast five amine acids, and mare preferably,
at least 7-10 amino acids. 1t is also preferable that the immunagens are
identical to a porfion of the amine acid sequence of the natural protein; they
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may also contain the entire amine acid sequence of a small, naturally
aceurring moleculs. The pepiides, fragments or oligopeptides may comprise
a single spitape or antigenic determinant or mulfiple epitopes. Short
stretches of RATL1d6 amino acids may be fused, or covalently attached, to
those of another protein, such as KLH, and antibodies are produced against
the chimeric moleculs.

Monoclanal antibedies to RATL1d6 polypaptide, or
immunogenic fragments thereof, may be prepared using any technique
which pravides for the production of antibody melecules by continuous celt
lines in culture. These include, but are not limited 1o, the hybridoma
teehnique, the human B-cell hybridoma technique, and the EBV-hybridoma
tachnigue (G. Kohler et al., 1975, Nalure, 256:485-467; D, Kozbor et at.,
1985, J. immunol. Mathods, 81:31-42; R.). Cote et al., 1983, Proc. Nafl.
Acad. Sci. USA, 80:2026-2030; and S.P. Cole et al., 1984, Mol. Ceil Biol.,
§2:109-120). The production of manaelonal antibodies Ie well known and
routinely used in the art.

In addition, techniques developed for the production of
“chimeric anfibodies,” the splicing of mouse antibedy genes to human
antibedy genes to obtain a molecule with appropriate antigen specificity and
biclogical activity can be used (8.L. Morrison et al., 1984, Proc. Nat/. Acad.
Sci. USA, B1:6851-6855; M.S. Neuberger st al., 1984, Nature, 312:604-608;
and 8. Takeda et al., 1965, Naturs, 314:452-454). Alternatively, techniques
described for the production of single chain anfibodies may be adapted,
uging methods known in the art, {o produce RATL1d6 polypeptide-specific
single chain antibodies. Antibodies with related specificity, but of distinct
idiotypic composition, may be generated by chain shuffling from random
corbinaforial immunoglobulin libraries {(D.R. Burton, 1991, Pro¢. Nati. Acad.
Scf. USA, 88:11120-3). Antibodies may alse be produced by inducing in
viva production in the lymphocyte population or by screening recombinant
immunoglobulin libraries or panels of highly specific binding reagents as
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disclosed in the literature (R. Odandi et al., 1989, Proc, Natl Acad. Sci.
USA, 86:3833-3837 and G. Winter et al., 1991, Nature, 349:293-299).
Antibody fragments which contein specific binding sites for
RATL1d6 polypeptide may also be generated. For example, such fragments
include, but are not fimited to, F(ab"). fragments which can be produced by
pepsin digestion of the attibedy malecule and Fah fragments which can be
generated by reducing the disulfide bridges of the F(ah'), fragments.
Alternafively, Fab expression libraries may be construcied to allow rapid and
easy denfification of mencclonal Fab fragments with the desired specificity

" (W.D. Huse ot at., 1989, Science, 264.1275-1281),

Various immunoassays can be used for screening to identify
antibodles having the desired specificity. Numerous protocols for
competitive binding ar immunaradiometric assays using elther polyclonal or
monoclenal antibodies with established specificities are well known in the
art. Such immunoassays typically involve measuring the formation of
complexes between RATL1d6 polypeptide and its specific antibody. A two-
site, monocional-based immunecassay utilizing monoclonal antibodies
reactive with fwo non-interfering RATL1d6 polypeptide epitopes is praferred,
but a competitive binding assay may also be employed (Maddox, supra).

In an embodiment of the present invention, the polynucleatide
encoding RATL1d6 polypeptide, or any fragment ar complement thereof,
may be used for therapeutic purposes. In one aspect, antisense to the
polynucleotide encoding RATL1dE polypeptide may be used in situations in
which it would be desirable to block franslation of mRNA, due, at least in
some instances, to degradation of mRNA. In particular, cells may be
fransformed with sequences complementary to polynucleatides encoding
RATL1d5 polypeptide. Thus, complementary molecules may be used to
modulate RATL1d6 polynuclectide and polypeptide activity, or to achieve
regulation of gene function. Such technology is now well knowr in the art,
and sense or antisense oligemers or aligonucleotides, or larger fragments,
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can he designed from various locations along the coding or control regions
of polynucleatide sequences encoding RATL1d8 polypeptide. :

Expression vectors detived from retroviruses, adehovirus,
herpes or vaccinia viruses, or from various bacterial plasmids may be used
for delivery of nuclectide sequences to the targeted organ, tissue or cel!
population. Methods which are well known to those skillad in the art can be
usad te sonstruct recombinant vectors which will exgress nucleic acid
sequence that is complementary to the nucleic acid sequence encoding
RATL1d6 polypeptide. These technigues are described both in J. Sambrook
etal., supra and in F.M. Ausubsl et al., supra.

The genes encoding the RATL1dE palypeptide can be turned
off by transforming a cell or fissue with an expression veclor that expresses
high levels of a RATL1d8 polypeptide-encoding polynucleatide, or a
fragment thereof. Such constructs may be used fo infroduce untranslatable
sense or antisense sequences into a cell. Even in the absenes of
integration into the DINA, such vactors may continue to transcribe RNA
molecules uniil they are disabled by endogenous nucleases. Transient
exprassion may last for a month or more with a2 non-replicating vectar, and
aven longer if appropriate replication lements are designed to be part of the
veetor system.

Madifications of gene expression can be obtained by designing
antisenss molecules or complementary nucleic acid sequences { DNA,
RNA, ar PNA), to the control, 5', or regulatory regions of the gene encoding
RATL1d6 polypeplide, (e.g., signal sequence, promoters, enhancets, and
introns). Oligonucleotides derived from the transcription initiation site, e.g.,
hetween positions -10 and +10 from the start site, are preferred. Similarly,
inhibition can be achieved using "friple helix” base-pairing methodology.
Triple helix pairing is useful because it causes inhibition of the ability of the
double helix to open sufficiently for the binding of palymerases, transcription
factors, or regulatory molecules. Recent therapeutic advances using triplex
DNA have been described (See, for example, J.E. Gee et al., 1984, I B.E.

JP 2004-512836 A 2004.4.30



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(163)

WO 02/36741 PCT/USOL/46559

20

25

30

-7

Huber and B.l. Carr, Molecular and lmmunologic Approaches, Futura
Publishing Co., Mt. Kisgo, NY). The antisense molecule or complementary
sequence may also be designad fo biock franslation of mRNA by preventing
the franscript from binding to ribosomes, or by causing the degradation of -
the franscripts.

Ribozymes, i.e., enzymatic RNA molecules, may alsc ba usad
to catalyze the specific cleavage of RNA. The mechanism of ribozyme
action invalves sequence-specific hybridization of the ribozyme moltecule to
camplementary target RNA, followed by endonuclealytic cleavage. Suitable
examples include engineered hammerhaad mofif ribozyme melecules that
can specifically and efficiently datalyze endonucleslytic cleavage of
sequences encoding RATL1d6 polypeptide.

Specific ribozyme cleavage sites within any potential RNA
target are initially identified by scanning the target molecule for ribozyme
cleavage sites which include the following sequences: GUA, GUL), and
GUC. Once identified, short RNA sequences of between 15 and 20
ribonucleotides corresponding to the region of the target gene containing the
cleavage stte may be evaluated for secondary strucfural features which may
render the oligonuclectide inoperable. The suitability of candidate targets
may also be evaluated hy testing accessibility to hybridization with
complementary cligenucleotides using ribonuctease protection assays.

Complementary ritonucleic acld molecutes and ribazymes
according fo the invention may be prepared by any method known in the art
for the synthests of nucleic acid molecules, Such methods include
technigues for chemically synthesizing cligonucleotides, for example, solid
phase phosphoramidite chamical synthesis. Alternatively, RNA molecules
may be generated by i Vitro and in vivo transeription of DNA seguences
encoding RATL1d8. Such DNA sequences may be incorporated into a wide
variely of vectors with suitable RNA polymerass promoters such as T7 or
SP. Alternatively, the cDNA construats that constitutively or Inducibly
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synthesize complementary RNA can be introduced into cell lines, cells, or
tissues.

RNA molecules may be medified to increase intracellular
stability and half-life. Possible modifications include, but are not limited to,
the addition of flanking sequences at the 5' and/or 3' ends of the melecule,
or the use of phosphorothioate or 2' O-methyl, rather than
phosphodiesterase linkages within the backbone of the molecule. This
concept is inherent in the production of PNAs and can be extended in all of
these molecules by the inclusion of nontraditional bases such as inosine,
queosine, and wybutosine, as well as acetyl-, methyl-, thio-, and similarly
modified forms of adenine, cytidine, guanine, thymine, and uridine which are
not as esslly recognized by endogenous endonucleases.

Many methods for intraducing vectors into cells or tissues are
available and are equally suitable for use in vivo, i vitro, and ex vive. For
ex vivo therapy, vectors may be infroduced into stem cells taken from the
patient and clonally propagated for autologous transplant back into that
same patient. Delivery by transfection and by liposoms injections may be
achieved using methods which are well known in the art.

Any of the therapeutic msthods described above may be
applied to any individual in need of such therapy, including, for example,
mammals such as dogs, cats, cows, horses, rabbits, morkeys, and most
preferably, humans.

A further ambediment of the present invention embraces the
administration of a pharmaceutical composition, in conjunction with a
pharmaceutically acceptable carrier, diluent, or excipient, for any of the
above-described therapeutic usaes and effects. Such pharmaceutical
compositions may comprise RATL1d8 nucleic acid, polypeptide, or peptides,
antibodies to RATL1dG polypeptide, mimetics, agonists, antagonists, or
inhibitors of RATL1d6 pelypeptide or pdlynucleotide, The compositions may
be administered alone or in combination with at least one other agent, such

as a stabilizing compound, which may bhe administered in any sterile,
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biocompatible pharmaceutical carrier, including, but not limited to, sal ine,‘
buffered saline, dextrose, and water. The compaesitions may he
admiristered to a patient alone, or in combination with other agents, drugs,
hormones, or biological response modifiers.

The pharmaceutical compositions for use in the present
invention can be administered by any number of routes including, but not
limited to, oral, intravenous, intramuscular, intra-arterial, intramedullary,
intrathecal, intraventricular, transdermal, subcutanecus, intraperitoneal,
infranasal, enteral, topical, sublingual, vaginal, or rectal means.

In addition to the active ingredients (l.e., the RATL1d6 nucleic
acid or polypeptide, or functional fragments thereaf), the pharmaceutical
contpositions may contain suitable pharmaceutically acceptable carrisrs or
excipients comptising auxiliaries which facilitate processing of the active
compounds into preparations which can be used pharmaceutically. Further
detaifs on techniques for formulation and administration are provided in the
latest edition of Remington’s Pharmaceutical Scisnces (Maack Publishing
Co., Faston, Pa.).

Pharrnaceutical compaositions for oral administration can be
formulated using phanmaceutically acceptable carders well known in the art
in dosages suitable for oral administration. Such carriers enable the
pharmaceutical compositions to be formultated as tablets, pills, dragees,
capsules, liquids, gels, syrups, slumries, suspensions, and the like, for
ingestion by the patient.

Pharmaceutical preparations for oral use can be obtained by
the combination of active compounds with solid excipient, optionally grinding
a resulting mixiurs, and processing the mixture of granules, after adding
suitable auxiliaries, if desired, to obtain tablets or dragee cores. Suitable
excipients are carbohydrate or protsin fillers, such as sugars, including
lactose, sucrose, mannitol, or sorbito; starch fram corn, wheat, rice, potato,
ar other plants; cellulose, such as methyl cellulose, hydroxypropyl-
methyicellulose, or sodium carboxymethylcetiulose; gums, including arabic
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and tragacanth, and proteins such as gelatin and collagen. If desired,
disintegrating or solubilizing agents may be added, such as cross-linked
polyvinyl pyrrolidone, agar, algihic acid, or a physiclogically acceptable sait
thereof, such as sedium alginate.

Drages cores may be used in cenjunction with physiclogically
suitable coatings, such as concenirated sugar solutions, which may also
contain gum arabic, talc, polyvinylpyrrolidone, carbopal gel, polyethylene
glycol, andfar titanium dioxide, lacquer solutions, and suitable organic
solvents or solvent mixtures. Dyestufis or pigments may be added to the
tablets or dragee coatings for product identification, or to characterize the
quantity of active compound, i.e., dosage,

Pharmaceutical preparations which can be used orally include
push-fit capsules made of gelatin, as well as soff, scaled capsules made of
gelatin and a coating, sush as glycerol or sorbitol. Push-fit capsules can
contain active ingredients mixed with a filler or binders, such as lactose or
starches, lubricants, such as talc or magnesium stearats, and, optionally,
stabliizers. In soft capsules, the active compounds may be digsolved or
suspended in suitable iquids, such as fatty oils, liquid, or liguid polyethylene
glycol with or without stabilizers.

Pharmaceutical formulations suitable for parenteral
administration may be formulated in aqueous solutions, preferably in
physiologically compatible buffers such as Hanks” solufion, Ringet's
solution, or physiologically buffered saline. Aqueous injection suspensions
may contain substances which increase the viscosity of the suspension,
such as sodium carboxymethy! cellulose, sorbitol, or dextran. in addition,
suspensions of the active compounds may be prepared as appropriate oily
injection suspensions. Suitable lipophilic solvents or vehicles include fatty
oils siich as sesame oil, or synthetic fatty acid esters, such as athyloleate or
triglycerides, or lippsomes. Optionally, the suspension may also contain
suitable stabilizers or agents which increase the solubility of the compounds

to allow far the preparation of highly cancentrated solufions.,
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For topical or nasal adminisfration, penetrants or permeation
agents that are appropriate to the particular barrier to be permestad are
used in the formulation. Such penstrants are generally known in the art,

The pharmaceutical compositions of the present inveniion may
be manufactured in a manner that is known in the art, e.g., by means of
conventional mixing, dissolving, granulating, drages-making, levigating,
emulsifying, encapsulating. entrapping, or lyophilizingﬂ processes.

The pharmaceutical composition may be provided as a salt
and can be formed with many acids, including but not limited to,
hydrachlaric, sulfuric, acetic, lactic, tariaric, malic, succinic, and the like.
Salts tend fo be more soluble in aqueous solvents, er other protonic
solvents, than are the corresponding free base forms. In other cases, the
preferred preparation may be a lyophilized powder which may contain any or
all of the following: 1-50 mM histidine, 0.1%-2% sucrose, and 2-7%
mannitol, at a pH range of 4.5 to 5.5, combined with a buffer prior to use.
After the pharmaceutical compositions have been prepared, they can be
plaeed in an appropriate container and labeled for treatment of an indicatad
condition. For administration of RATL1d6 product, such labeling would
include amount, frequency, and method of administration.

Pharmaceutical compositions suitable for use in the present
invention include compositions wherein the active ingredients are contained
in an effeclive amourit fo achisve the intended purpose. The determination
of an effective dose or amount is wsll within the capability of those skilled in
the art. Forany compound, the therapeutically effective dose can be
estimated initially either in cell culture assays, €.g., using neaplastic cells, or
in animal models, usually mice, rabbits, dogs, or pigs. The animal model
may &lso be used to determine the appropriate concentration range and
route of administration. Such information can then be used and
extrapolated to determine useful doses and routes for administration in

humans.
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A therapeutically effective dose rafers to that amount of active
ingredient, for example, RATL1d6 polypeptide, or fragments therecf,
antibodies to RATL146 polypeptide, agonists, antagonists or inhibitors of
RATL1d8 polypeptide, which ameliorates, reduces, or elimingates the
symptoms or conditicn. Therapeutic efficacy and toxicity may be
defermined by standard pharmaceautical procedures in cell cultures or
experimental animals, e.g., EDsq (the dose therapeutically effective in 50%
of the population) and LDs, (the dose lethal to 50% of the population). The
dose ratic of foxic to therapeutic effects is the therapeutic index, which can
he expressed as the ratio, LDse/EDsp. Pharmaceutical compasitions which
exhibit large therapeutic indicas are preferred. The data obtained from cell
culture assays and animal studies are used in determining a range of
dosages for human use. Preferred dosage contained in a phammacautical
compaositien is within a range of circulating concentrations that include the
ED50 with little or no toxiclty. The desage varies within this range
depending upon the dosage form employed, sensitivity of the patient, and
the route of administration.

The exact dosage will be determinad by the practitionet, who
will consider the factors related to the individual fequiring treatment.
Dosage and administration are adjusted to provide sufficient levels of the
active moisty or to maintain the desired effect. Factors which may be taken
into account inglude the severity of the individual's disease state, general
health of the patient, age, weight, and gender of the pafient, diet, time and
frequency of administration, drug combination(s), reaction sensitivities, and
tolerance/response to therapy. As a general guide, long-acting
pharmaceutical compositions may be administerad every 3 to 4 days, every
week, or once evely two weeks, depending on helf-life and clearance rate of
the particular formulation.

Neormal dosege amounts may vary from 0.1 to 100,000
micrograms {ug), up to a iotal dose of about 1 gram (g}, depending upen the
raute of administration. Guidance as to particular dosages and methods of
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delivety is provided in the literature and is generally available fo practitioners
in the art. Those skilled in the art will employ different formulations for
nucleotides than for protetns or their inhibitors.  Similarly, delivery of
polynucleotides or polypeptides will be spedific to particular cells, conditions,
locations, and the like. '

In another embodiment of the present invention, antibodies
which specificafly bind to the RATL1d6 polypeptide may be used for the
diagnosis of conditions or diseases characterized by expression {or
averexpression) of RATL10G polynucleotide or polypeptide, or in assays to
manitor patients baeing treated with RATL1d6 polypeplida, ar its agonists,
antagonists, or inhibitors. The antibodies useful for diagnostic purposes
may be prepared in the same manner as those described abave for use in
therapeutic methods. Diagnostic assays for RATL1d6 palypepfide include
methods which utilize the antibody and a label to detect the protsin in
human beody fluids or extracts of cells or tissues. The antibodies may be
used with or without modification, and may be labeled by joining them, either
covalently or non-covalently, with a reporter molecule. A wide variety of
teporter nolecules which are known in fhe art may be used, several of
which are described above. ‘

Several assay protocols including ELISA, RIA, and FACS for
measuring RATL1d8 polypeptide are known in the art and provide a basis
for diagnosing altered or abnormal levels of RATL 146 polypeptide
expression. Normal or standard values for RATL1d6 palypeptide expression
are established by combining body fluids or ¢ell extracts taken from norrmal
mammalian subjects, preferably human, with antibody to RATL1d8
polypeptide under conditions suitable for complex formation. The amount of
standard complex formation may be quantified by various methods;
photometric means are preferred. Quantities of RATL1d8 polypeptide
expressed in subject sample, contral sample, and diseass samples from
biopsied tissues are compared with the standard values. Deviation between
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standard and subject values establishes the parameters for diagnosing
disease.

According o another emboadiment of the present invention, the
polynugleotides encoding RATL1d6 polypeptide may be used for diagnostic
purposes. The polynuclectides which may be used include oligonucleotide
sequences, complementary RNA and DNA molecules, and PNAs. The
polynucleotides may be used to detect and quantify RATL 1d6-encoding
nucleic acid expression in biopsied tissues in which expression (or under- or
overexpression) of RATL1d6 polyhucleotide may be corvelated with diseass.
For, example, RATLAd8 polynuclectides, and fragments thereof, may be
used to cairy out i situ hybridization in both normal and diseased tissues,
such as for prognostic, diagnostic, or monitoring purposes, emuloying
laheled RATL1d6 polynucleotide as a probe and techniques known and
practiced.in the art. RATL1d6 polynucleotide may be radiolabsled, or
labeled by other means known in the art, e.g., enzymatic, fluorescent,
chemiluminescent, of biotin-avidin systems. The diaghostic assay may be
used to distinguish between the absence, presence, and excess expression
of RATL1dB, and to menitor regulation of RATL1d6 polynuclsaotide levals
during therapeutic treatment or intervention. »

In & related aspect, hybridization with PCR probes which are
capable of detecting polynucleotide sequences, including gencmic
sequences, encading RATL1d6 polypeptide, or closely related molecules,
may be used to idetttify nucleic acid sequences which encade RATL1d6
polypeplide, The specificity of the probe, whether if is made frem a highiy
specific region, €.g., ebout & ko 10 centiguous nuclectides in the 5'
regulatory region, or a less specific region, e.¢.. speclally in the 3' coding
region, and the stringetcy of the hybridization or amplification {maximal,
high, intermediate, or low) will determine whether the probe identifies only
naturaily occurring sequences encoding RATL1dG palypeptide, alleles

thereof, or related seguences.
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Prohes may also be used for the detection of related
sequences, and should preferably contain at least 50% of the nucleotides
encoding RATL14d8 polypeptide. The hybridization probes of this invention
may be DNA or RNA and may he derived from the nucleotide sequence of
SEQ ID MO:1, or from genomic sequence including promoter, enhancer
alements, and introns of the naturally occurring RATL1d8 pratein.

Methods for produeing specific hybridization probes for DNA
enceding RATL1dE polypeptide include the cloning of nucleic acid sequence
that encodes RATL1d6 polypeptide, or RATL1d8 derivatives, info vectors for
the production of MRNA probes. Such vectors are known in the art,
commercially available, and may be used to synthesize RNA probes in vitro
by means of the addition of the appropriate RNA polymerases and the
appropriate labeled nucleotides. Hybridization probes may be labeled by a
varlety of detector/reporter groups, e.g., ragionudlides such as *p or %S, or
enzymatic labels, such as alkaline phosphatase coupled to the probe via
avidin/ biotin coupling systems, and the like.

The polynuclectide sequance encoding RATL1d6 polypeptide,
or fragments thereof, may be used for the diagnosis of disorders associaled
with expression of RATL1dG. Examples of such disorders or conditions are
desciibed above for "Therapeutics™. The polynucletide sequence encoding
RATL1dS polypeptide may be used in Southetn or Northern analysis, dot
blat, or othsr membrane-based technolagies; in PCR technologies; or in dip
stick, pin, ELISA ar chip assays utilizing fluids or fissues from patient
biopsies to detect the status of, e.g., levels or overexpression of RATL1dE,
or to detect altered RATL1d6 expression. Such qualitative or quantitative
methads are well known in the art. '

In & particular aspect, the nucleotide sequence encoding
RATL1d6 polypeplide may ba ussful in assays that detect activation or
induction of various heoplasms or cancers, particularly those mentioned
supra. The nucleotide sequence encoding RATL1d6 polypeptide may ba
labeled by standard methods, and added to a fluid or tissue sample from a
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patient under conditions suitable for the farmation of hybridization
complaxes, After a suftable incubation period, the sample is washed and
the signel is guantified and compared with a standard value. [f the amount
of signal in the biopsied or extracted sample is significantly altered from that
of a comparable cantrol sample, the nuclectide sequence has hybridized
with nucleotide sequence present in the sample, and the presence of allered
levels of nucleotide sequence encading RATL1d8 palypeptide in the sample
indicates the presence of the associated disease. Such assays may also be
used to evaluate the efficacy of a particular therapsutic treatment regimen in
animal studies, in ¢linical {rfals, or in monitoring the treatment of an
individual patient.

Te pravide a basis for the diagnosis of disease associated with
expression of RATL1dS, a normal ar standard profile for exprassion is
established. This may be accomplished by combining body fluids or cell
extracta taken frorm normal subjects, either animal ar human, with &
seguence, or a fragment thereof, which encodes RATL1d6 polypeptide,
under conditions suitable for hybridization or amplification. Standard
hybridization may be quantified by comparing the values obtained from
normal subjects with those from an experiment where a known amount of a
substantially purified polynuclectide is used. Standard values obtained from

- normal samples may be compared with values gbtained from samples from

patients who are symptomatic for disease. Deviation between standard and
subject (patient) values is used fo establish the presence of disease.

Once disease is established and a treatment protocol is
initiated, hybridization assays may be repeated on a regular basfs to
evaluate whether the level of expression in the patient begins fo
approximate that which is observed in a narmal individual. The results
obtained from successive assays may be used to shaw the efficacy of
treatment over a pariod ranging from several days to months.

With respect to cancer, the presence of an abnormel amount

of transcript in biopsied tissue from an individual may indicate a
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predispesition for the development of the diseass, or may provide a means
for detecting the disease prior to the appearance of actual clinical
symptoms. A more definitive diagnosis of this type may allow health
professionals to employ preventative measures or aggressive freatment
earlier, thersby preventing the development or furthar progression of the
cancer.

Additienal diagnostic uses for oligonucleotides designed from
the nucleic acid sequence encoding RATL1d6 polypeptide may involve the
use of PCR. Such oligomers may be chemically synthesized, generated
enzymatically, or produced from a recombinant source. Oligomers will
preferably comprise fwo nucleotide sequences, one with sense orientation
(5'—3) and another with antisense (3'-5), employed under optimized
conditions for identification of a specific gene ar condition. The same two
oligomars, nested sats of cligomears, of aven a degenerate pool of oligomers
may be employed under less stringent conditicns for detection andfor
quantification of closely related DNA or RNA sequences.

Metheds suitable for guantifying the expression of RATL1d6
include radiolabeling or biotinylating nuclectides, co-amplification of a
conirol nusleic acid, and standard curves onto which the experimental
resulis are interpolated (P.C. Melby ef al., 1993, J. immunof. Methods,
159:235-244; and C. Duplaa et al., 1993, Anal. Biochem., 229-236). The
spaed of quantifying multiple samples may be accelerated by running the
assay in an ELISA format where the cligomer of interest is presented in
various dilutions and a spectrophotometric or colorimetric response gives
rapid quantification.

In another embodiment of the present invention,
oligonuclectides, or longer fragments derived from the RATL1d6
polynuclentide sequence described herein may be used as targstsin a
microarray. The microarray can be used to monitor the expression level of
large numbers of genés simultanecusly (to produce a transcript image}, and
to identify genetic variants, mutafions and polymorphisms. This information
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may be used {o determine gene function, 1o understand the genetic basls of
a disease, fo diagnose disease, and to develop and manitor the activities of
therapeutic agents. In a particular aspsci, the microarray is prepared and
used according to the methods described in WO 95/11695 (Chee et al.);
D.J. Lockhart et al., 1996, Nature Biotechnology, 14.1675-1680; and M.
Schena et al., 1898, Proe. Nafl. Acad. Sci. USA, 93:10614-10619).
Microarrays are further deseribed in UL.S. Patent No. 6,0156,7021t0 P, Lal et
al.

In another embadiment of this invention, the nuclsic acid
sequence which encodes RATL1d8 polypaptide may also be ussd to
generafe hyhridization probes which are useful for mapping the naturaily
oceuiting genomic sequence. The sequences may be mapped to a
particular chromaosoeme, fo a specific region of a chromasome, or fo artificial
chromosame constructions (HACs), yeast artificial chromosomes (YACs),
bagterial artificial chromosomes (BACs), bacterial Pl constructions, or single
chromosome cDNA libraries, as reviewed by C.M. Frice, 1993, Bload Rev.,
7:127-134 and by B.J. Trask, 1991, Trends Genet., 7:149-154.

Flucrescent In Situ Hybridization (FISH), {as desctibed in |
Varma et al., 1988, Human Chromosomes: A Manual of Basic Techniques
Pergamon Press, New Yark, NY) may be correlated with other physical
chromesome mapping technigues and genelic map data. Examples of
genetic map data can be found in numerous scientific journals, or at Online
Mendelian Inheritance in Man (OMIM). Correlation between the location of
the gene encoding RATLTd6 polypeptide on a physical chromosomal map
and a specific disease, or pradisposition to a specific disease, may halp
delimit the region of DNA associated with that genatic disease. The
nuclectide sequences, particularly that of SEQ ID NO:1, or fragments
thereof, according to this invention may be used fo detect differences in
gene sequences between narmal, carrier, or affected individuals.

I site hybridization of chromasomal preparations and physical
mapping techniques such as linkage analysis using established
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chromosemal markers may be used for extending genetic maps. Qften the
placement of a gene cn the chromosome of another mammalian species,
such as mouse, may reveal assoclated markers, even if the number ot arm
of a particular human chromosome is not known. New sequences can be
assigned to chromosomal arms, of parts thereof, by physical mapping. This
providges valuable information fo investigators searching for disease genes
using positional cloning or other gene discovery technigues. Once the
disease or syndrome has been crudely localized by genetic linkage to a
particular genomic region, for example, AT to 11¢22-23 (R.A. Gatti et al.,
1988, Nature, 336:577-580), any sequences mapping to that area may
represent associated or requlatory genes for further investigation. The
nucleotide sequence of the present invention may also be used to detect
differences in the chromosomal location due to transiocation, inversion, and
the like, amang normal, carrier, or affected individuals.

In ancther embodiment of the present invention, RATL1d6
polypeptide, its catalytic or immunagenic fragments or aligepeptides thereof,
can be used for screening braries of compounds in any of a variety of drug
screaning techniquas. The fragment emplayed in such acreening may be
free in solution, affixed to a solid support, bome on a cell surface, or located
intracellularly. The formation of binding complexes, between RATL1d6
polypeptide, ot portion thersof, and the agent being tested, may be
measured ulilizing techniques commenly practiced in the art.

Another technique for drug screening which may be used
provides for high throughput screening of compounds having suitable
binding affinity to the protein of interest as described in WO 84/035864. o
this method, as applied to RATL1d6 protein, large numbers of different small
test compounds are synthesized on a solid substrate, such as plastic pins or
some other surface. The test compounds are reacted with RATL1d6
polypeptide, or fragments thersof, and washed. Bound RATL1d8
polypsepiide is then detected by methods well known in the awt. Purifled
RATL1d8 polypeptide can alsa be coated directly onto plates for use inthe
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aforementioned drug screening techniques. Alternatively, non-nsutralizing
antihodies can be used to capture the peplide and immobilize it on a solid
supperi.

The present invention further embraces methad for high
throughiput screening of chemical ibrarles for agonists or antagonists of
RATL1d6. Such assays are based on measuring UBC enzymatic activily,
2.g., as described herein in Example 6, or similarly adapted assays which
rely on the measurement of UBC écﬁvity.

Other screaning and small molecule (e.g., drug) detection
assays which involve the detection or identification of mall molecules thal
can bind fo a given protein, i.e., the RATL1d6 profein, are encompassed by
tha present invention. Particularly preferred are assays suitable for high
throughput screening methodologies. In such binding-based screening or
defection assays, a functional assay is not typically required. Al that is
needed Is a target protein, preferably substantially purified, and a library ar
panel of compounds {e.g., ligands, drugs, small melecules) fo be screened
ar assayed for binding to the protein target. Preferably, most small
molecules that bind ta the target protein will modulata activity in some
manner, due to preferential, higher affinity binding to functional areas or
sites on the pratein.

An example of such an assay is the fluorescence based
thermal shift assay (3-Dimensional Pharmacauticals, nc., 3DP, Exton, PA)
as described in U.8. Patent Nos. 6,020,141 and 6,036,920 to Pantoliano et
al.; see also, J. Zimmerman, 2000, Gen. Eng. News, 20(8)). The assay
allows the detection of small molecules {e.g., drugs, ligands) that bind to
expressed, and prefarably purfied, RATL 146 polypeptids based on affinity
of binding determinations by analyzing thermal unfolding curves of protein-
drug or ligand complexes. The drugs or binding molecules determined by
this technigue can be further assayed, if desired, by mathods, such as those
described herein, to determine if the melecules affect or modulate function
or activity of ihe target protein.
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In & further embediment of this inventicn, competitive drug
screening assays can be used in which neutralizing antibodies capable of
binding RATL1d6 polypeptide specifically compete with a test compound for
binding to RATL1d6 polypeptide. In this menner, the antibodies can be
used o detect the presence of any peptide which shares one or mora
antigenic determinants with RATL1d8 polypeptide.

It will be understood that the nucleotide sequences which
encode RATL1d8 polypeptide may be used in any molecular biology
technicues that have yet to be developed, provided the new fechniques rely
on propearties of nuclectide sequences that are currently known, including,
but not limited to, such properties as the triplet genetic code and specific

base pair interactions.

Motifs and Descriptions

The RATL1d6 polypeptida of the prasent invention was
determined to comprise several phosphorylation sites based upon the Maiif
algorithm {(Genetics Computer Group, Ine.). The phosphorylation of such
sites may regulate biclogical activity of the RATL1d5 pelypeptide. For
axample, phosphaorylation at specific sites may be Involved in regulating the
ability of the protein to associate or bind to other molecules (e.g., proteins,
ligands, substrates, DNA, etc.). In the present cass, phosphorylation may
modutate the ability of the RATL1dé polypeptide to associate with other
polypeptides, particularly a cognale ligand for RATL1dE, or its ability to
modulate certain cellular signal pathways.

Specifically, the RATL1d8 polypeptide was predicted to .
comprise four protein kinase C (PKGC) phosphorylation sites using the Motif
algorithm (Genstics Computer Group, Inc.). In viva, PKG exhibits a
preference for the phosphorylation of serine or threenine residues. The
PKC phosphorylation sites have the following consensus pattern: [ST]-x-
[RK], where S ar T represents the site of phogphorylation and %' an
intervening amino acid residus. Additional information regarding PKC
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phospherylation sites can be found in Woodget, J.R, et al., 1986, Eur. J.
Biochem., 161:177-184 and Kishimoto A. et al., 1985, J. Bio!. Chem.,
260:12492-12499, which are hereby incorperated by reference herein.

Prefarably, the following PKC phasphorylation site
polypeptides are encompassed by the present invention:
GSVOATDRLMKEL {SEQ ID NO:18), IYRSQEFKGGNYA (SEQ 1D NO:18),
ILLNFSFKDNFPF (SEQ ID NO:20}, and/or TRAQQSYKSLVQI (SEQ ID
NQO:21). Polynuclactides encoding these polypeptides are alsc provided.
The present invention ajso encampasses the use of one or more of the
RATL1d8 PKC phosphorylation site polypeplides as immunogenic and/or
antigenic epitopes as described elsewhera harein.

The RATL1dG palypeptide was predicted to comprise six
casein kinase [l phaspharylation sites using the Motif algorithrh {Genetics
Computer Group, Ine.}. Casein kinase Il {CK-2} is & protein serine/threonine
kinase whose acti'v[ty is independent of cyclic nuclectides and calcium. CK-
2 has the ahility to phosphaorylate many diffsrent proteins. The substrate
specificity of this enzyme can be summarized as follows: (1) Under
comparable conditions Ser s favored over Thr; (2} An acidic residue {either
Asp or Giu) must be present three residues from the C-terminus of the
phosphate acceptor site; (3) Additional acidic residues in positions +1, +2,
+4 and +5 increase the phosphorylation rate. Most physiologica! subsfraies
have at least one acidic residue in these positions; (4) Asp is preferred over
Glu as the provider of acidic determinants; and (5) A basic residue at the N-
terminus of the acceptor sife decreases the phosphorylation rate, while an
acidic residue increases it

A consensus pattern for a typical casein kinase 1|
phospherylation site is as follows: [ST]x(2)-[DE], where X represents any
aming acid, and & o T is the phosphorylation site. Additional information
specific 10 aminoacyl-transfer RNA synihetase class-Ii domains can be
found in the following publication: Pinna, L.A., 1980, Biochim. Biophys.
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Acfa, 1054:267-284; which is hereby incorporated by reference herein in its
entirety.

The following casein kinase |l phosphorylation site
polypeptides are preferably encompassed by the present invention:
PAEQCTQEDVSSED (SEQ ID NO:22), TQEDVSSEDEDEEM (SEQ ID
NO:23), QEDVSSEDEDEEMP (SEQ ID NG:24), AEGKKSEDDGIGKE (SEQ
1D NQ:26), ELVNDSLYDWNVKL (SEQ 1D MNQ:28), and/or
ILLNFSFKDNFPFD {(SEQ ID NO:27). Polynucleatides ancoding these
polypeptides are alse provided. The present invention also encompasses
the use of the casein kinase i phosphorylation site polypepfides as an
immunogenic and/or antigenic epitope as described elsewhere herein.

The RATL1d8 polypaptide has been shown to comprise four
glycosylation sites according to the Motif algorithm (Genetics Computer
Group, Inc.). As discussed more specifically herein, protein glycosylation is
thought to serve a variety of functions including augmentation of protein
folding, inhibition of protein aggregation, regulation of intracellular trafficking
to organelles, increasing resistance to proteolysis, modulation of protein
antigenicity, and mediation of intercellular adhesion.

Asparagine glycosylation sites have ihe following consensus
pattern, N-{P}-[ST[-{P}, where N represenis the glycosylation site. It is wall
known that potential N-glycosylation sites are specific tc the consensus
sequence Asn-Xaa-Serf/Thr. However, the presence of the consensus
fripeptide ié not sufficient to conclude that an asparagine residue is
glycosylated, due to the fact that the folding of the protein plays an important
role in the regulation of N-glycosylation. It has been shown that the
presence of proline between Asn and Ser/Thr will inhibit N-glycosylation; this
has besn confirmed by & reeent statistical analysis of glycosylation sites,
which also shows that about 50% of the sites that have a proline C-terminal
to Ser/Thr are not glycosylated. Additional information relating to
asparagine glycosyl‘at[oﬁ can be found in the following publicatians, which
are hereby incorporated by reference herein: Marshall R.D., Annu. Rev.
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Biochem., 41:673-702{1972); Pless D.[. and Lennarz W.J., Proc. Nalf.
Acad. Sci. US.A., T4:134-138(1877); Bause E., Blochem. [, 209:331-
336(1983); Gavel Y. and von Heljine G., Profein Eng., 3:433-442(1990); and
Miletich J.P. and Broze G... Jr., J. Biol. Chem., 265:11397-11404{1990).

In preferred embodimeants, the following asparagine
glycosylation site polypeptides are encompassed by the present invention:
VRIHCNITESYPAV (SEQ ID NO:28), AVELYNDSLYDWNV (SEQ |ID
NG:29), DFILLNFSFKENFP {SEQ 1D NC:30), and/or VOFGANKSQYSLTR
(SEQ ID NO:31). Polynuclectides encoding these polypeptides are also
provided. The present invention also encompasses the use of one or mare
of these RATL1d6 asparagine glycosylation site polypeptides as
immunagenic and/or antigenic epitopes as described elsewhere herein.

The RATL1dE polypeptide was predicted to comprise fourteen
N-miyristylation sites using the Motif algorithm {Genetics Computer Group,
inc.}). An appreciable number of eukaryotic proteins are acylated by the
covalent addition of myristate (a Cis-saturated fatty acid) to their N-terminal
residue via an amide linkage. The seguence specificity of the enzyme
respansible for this modification, myristyl CoA:protein N-myristyl fransferase
(NMT), has been derived from the sequence of known N-myristylated
proteins and from studies using synihetic peptides. The spacificity ssems to
be the following: [} The N-terminal residue must be glycine; i) In position 2,
uncharged residues are allowad; iii) Charged residugs, proline and large
hydrophobic residuas are nat allowed; iv) In positions 3 and 4, most, if not
all, residues are allowed; v) in position &, small uncharged residues are
allowed (Ala, Ser, Thr, Cys, Asn and Gly). Serine is favored; and vi) In
position 6, preling is not allowed.

A consensus pattern for N-myristylation is as foliows: G-
{EDRKHPFYW)}-x(2)[STAGCN]-{P}, wherein '’ represents any amine acid,
and G is the N-myristylation site. Additional information specific to N-
myristyletion sites may be found in the following publications: Towler DA, et
al., Annu. Rev. Biochem., 57:68-89(1988); and Grand R.J.A_, Biochem. /.,
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258:625-638 (1889); which are hereby incorporated by raferancs hersin in
their entirety.

The following N-myristylation site polypeplides are preferably
encompassed by the prasent invention: QOPGPGQOLEGQRGAAP (SEQ ID
N(O:32), PGQOLGGQGAAPGAGG (S8EQ ID N33},
QLGGQGAAPGAGGGPG (SEQ D NO:34), AAPGAGGGPCGGPGPG
(SEQ ID NO:35), APGAGGGPGGGPGPGR (SEQ 1D NO:38),
EFLLAGAGGAGAGAAP (SEQ ID NO:37), LLAGAGGAGAGAAPGP (SEQ
ID NO:38}, LAGAGGAGAGAAPGPH (SEQ D NO:38),
HLPPRGSVPGDPVRIH (SEQ (D NO:40), QDYLNGAVSGSVAATD (SEQ ID
NO:41), NGAVSGSVQATORLMK (SEQ 1D NO:42),
SQSFKGGNYAVELYND (SEQ D NO:43), GYVLGGGAICMELLTK (SEQ D
NO:#44), andlior ARVQFGANKSQYSLTR {(SEQ ID NO:45). Polynucleotides
encoding these polypeptides are also provided. The present invention
further encampasses the use of these RATL1d6 N-mytistylation site
polypeptides as immunogenic andfar anfigenic epitopes as described
elsewhere hetein.

The RATL1d8 polypeptide has been shown to comprise one
amidation site according to the Molif algotithm (Genetics Computer Group,
Inc.). The precurser of harmanas and other active peptides which are C-
terminally amidated is always directly followed by a glycine residus which
provides the amide group, and most often by at least two consecutive basic
residues {Arg or Lys} which generally function as an active peptide
precursor cleavage site. Although all amino aclds can be amidated, nsutral
hydrophobic residues, such as Val or Phe, are good substrates, while
charged residues, such as Asp or Arg, are much less reactive. A consensus
pattern for amidation sites is the following: x-G-[RKJ-[RK], wherein “x*
represents the amidation site. Additional information relating to amidation
may he found in the following publications, which are hereby incorporated by
reference herein: Kreil, G., Meth. Enzymal., 106:218-223(1984) and
Bradbury, A.F. and Smyth D.G., Biosci, Rep., 7:907-816(1987).
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In a preferred embadimant, the following amidation site
pelypeptide is encompassed by the present invention:
EEEPACGKKSEDDG (SEQ ID NO46). The polynucleotide encoding this
polypeptide is also provided. The present invention also encompasses the
use of this RATL1d6 amidation site polypeptide as an immunogenic and/or
antigenic epitope as described elsewhere herein,

Methad Of Enhancing The Biological Activity/Functional Characteristics Of
the Present Invention Through Molecutar Evolution

Although many of the most bislogically active proteins known

are highly effective for their specified function in an organism, they often
possess characteristics that make them undesirable for transgenic,
therapeutic, pharmaceutical andfor industrial applications. Among thase
traits, a short physiological half-life is the most prominent problem, and is
present either at the level of the protein, or at the level of the mRNA, The
ability to exiend the half-life of a protein or peptide wauld be particularly
important for its use, for example, in gens therapy, transgenic animal
production, the bioprocess production and purification of the protein and the
usa of the profein as a chemical modulator, among others. Therefore, there
is a need fo identify novel variants of isolated proisins possessing
characteristics which enhance their application as therapeutics for treating
diseases of animal crigin, in addition to having applicability to common
indusfrial and pharmaceutical applications.

Thus, one aspect of the prasent invantion relates to the ahility
to enhance specific characteristics of the polypeptides of the present
invention through directed molecular evolution. Such an enhancemeant may,
in a non-limiting example, benefit the utility of the newly described
polynuelectide andfor protein products as an essential component In a kit;
the physical attributes of a protein and/or polynuclectide of the invention,
such as Its solubility, structure, or codon opfimization; the specific biological
activity of a protein of the invention, rmcluding. any associated enzymatic
activity; the enzyme kinetics of the protains of the invention (if applicable);

JP 2004-512836 A 2004.4.30



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(183)

WO 02/36741 PCT/USOL/46559

20

25

30

-94 -

the Ki, Keat, Km, Vmax, Kd, protein-protein activity, protein-DNA binding
activity, antagonist/inhibitory activity (including direct or indirect interaction),
agenist activity {including direct or indirect interaction) of the protein of the
invention; the antigenicity of the protein of the invention {2.g., where it would
be desirable to either increase or decrease the antigenic potential of the
protein); the immunogsnicity of the protein of the Invention; the ability of the
protein of the invention to form dimers, trimers, or multimers with eithet itself
or other proteins; the antigenic efficacy of a protein of the invention,
including its subseguent use as a preventative freatment for disease or
disease states, or as an effector for targeting diseased genes.

Mareover, the ability to enhance specific characteristics of a
protein may also be applicable to changing the characterized activity of an
ahzyme to an activity completely unrslated to its initially characterized
activity. Other desirable enhancements of the proteln of the present
invention would be specific to each individual protein, and would thus be
appreciated by the skilled practitioner in the art and contemplated by the
prasent invention.

For example, an engineered ubiquitin conjugating enzyme,
e.¢., RATL1d8 protein, may be constitutively active upon binding of its
substrate, Alternalively, an engineered ubiquitin conjugating enzyme may be
constitutively active in the absence of substrate binding. In yet another
example, an engineered ubiquitin conjugating enzyme may be capable of
being activated with less than all of the regulatory factors andfor conditions
typically required for ubiquitin conjugating enzyme activation (e.g., substrate
binding, phosphorylation, conformational changes, etc.). Such a ubliquifin
canjugating enzyme would be useful in screens to identify ubiquitin
conjugating enzyme modulators, among olher uses described herein.
Altarnatively, an engineered ubiquitin conjugating enzyme may have altered
substrate specificity, and/or enhanced ubliquitin conjugating enzyme activity.
As yet ancther alternative, an engineered ubiquitin conjugating enzyme may

have decreased ubiguitin conjugating enzyme aclivity.
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Directed evolution is comprised of several steps. The first step
involves establishing a library of variants for the gene or protein of interest.
The most impartant step is then selecting for those variants which possess
the activity fo be identified. The design of the screen is essential, since the
screert should be selective encugh to eliminate non-useful variants, but net
so stringent as to efiminate all variants. The tast stap is repeating the above
steps using the best variant from the previous screen. Each successive
cycle can then be {aillored as hecessary, such as by increasing the
stringency of the screen, for example.

Over the years, there have been a2 number of methods
developed to intreduce mutations Inte macromolecules. Somea of these
methods include randem mutagenesis, “error-prene” PCR, chemical
mutagenesis, site-directed mutagenesis, and other methods well known in
the art {for a comprehensive listing of current mutagenesis methods, see 1.
Maniatls et al., Molecular Gloning: A Labaoratory Manual, Gold Spring Harbor
Press, Cold Spring, NY (1982)). Typically, such methods have been used,
for exampls, as tools for identifying the core functional region{s} of a protein
or the funetion of specific domatns of a protain (if 2 multi-domain protein).
However, such methods have more recently been applied to the
identification of macromalecule variants with specific or enhanced
characteristics.

Randem mutagenssis has been the most widsly recognized
method to date. Typically, this has been carried out either through the use
of “error-prone” PCR (as described in Moare, J. et al, Nature Biotechnology
14:458, (18086), or through the application of randomized synthetic
oligonuclectides corresponding fo specific regions of interest (as describad
by Derbyshire, KM. et al, Gene, 46:145-152, (1986), and Hili, D.E. et &),
Methods Enzymol , 55:659-568, (1987)). Both approaches have limits to the
level of mutagenesis that can be obtained. However, either approach
enables the investigator to effectively control the rate of mutagenesis. This
is particularly important, since mutations beneficial to the activity of the
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enzyma are fairly rare. In fact, using too high a level of mutagenesis may
counter or inhibit the desired bensfit of a useful mutation.

While both of the aforementicned methads are effective for
creating randomized pools of macromolecule variants, a third method,
termed "DNA Shufiling”, or "sexual PCR” (Stemmer, W.P.C., PNAS,
91:10747, (1994)) has recently been elucidated. DNA shuffling has also
been referred to as “directed molecular evolution”, "exen-shuffling”, “directed
enzyme evolution”, “in viro evolution”, and “artfficial evolution”. Such
reference terms are known in ths art and are encompassed by the inverntion.
The new, preferred, method apparently overcomes the fimitations of the
previous methods in that it not only propagates positive traits, but
simultaneously eliminates negative fraits in the resulling progeny.

DNA shuffling accomplishes this task by cembining the
prineipal of i vitro recombination, along with the method of “error-prone”
PCR. In effect, a randomly digested pool of small DNA fragments of a given
gene (i.e., a RATL1dB gene according to this invention} is created by DNase
| digestion. The resulting fragments are then introduced intc an "error-
prone” PCR assembly reaction. During the PCR reaction, the randomly
sized DNA fragments hybridize not only to their cognate strand, but also to
other DNA fragments carresponding fo different regians of the
polynucleatide of interest — regions not typically accessible via hybridization
of the entire polynuclectide. Moreover, since the PCR assembly reaction
utilizes “error-prone” PCR reaction conditions, randem mutations are
introduced during the DNA synthesis step of the PCR raaction for all of the
fragments, thus further diversifying the potential hybridization sites during
the annealing step of the reaction.

A variety of reaction conditions can ba employed to carry out
the DNA shuffiing reaction. However, specific reaction conditions for DNA
shuffling are provided hereinbelow for guidance, (see also, PNAS,
91:10747, {1994}, Briefly: the DNA substrate that is to be subjected to the
DNA shuffting reaction is prepared. The preparation may be in the form of
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simply purifying the DNA from contaminating cellular material, chemicals,
buffers, oligonuclectide primers, deoxynuclectides, RNAs, efc., and may
utilize commercially available DNA purification kits, such as those provided
by Qiagen, Inc., or by Pramega, Corp., for example,

Once the DNA subsirate has been purified, it is subjected to
DMNase | digestion, About 2-dug of the DNA subsfrate(s} is digested with
20015 units of DNase | {Sigma) per ul in 100 of 50mM Tris-HCL, pH
7.4/1mM MgCl, for 10-20 minutes at room temperature. The resulting
fragments of 10-50bp are then purified by subjecting them to agarose gel
electrophoresis (e.g., & 2% low-melting peint agarose gel) and then
transferring them onto DEB81 lon-exchange paper (Whatman); the fragment
can also be purified using Micracon concentraiors (Amicon) of the
appropriate molecular weight cutoff, ar by using cligonuclectide purification
columns {Qiagen), in addition o other methods known in the art, If using
DE81 ion-exchange paper, the 10-50bp fragments are then elutad from said
paper using 1M NaCl, followed by ethanal precipitation.

The resulting purified fragments are then be sukjected o a
PCR assembly reastion by re-suspension in a PCR mixture confaintng: 2mivt
af each dNTP, 2.2mM MgClz, 50 mM KCl, 10mM Tris-HCL, pH 2.0, and
0.1% Triton X-100®, at a final fragment conceniration of 10-30ng/ui. No
primers are added at this point.

Tag DNA polymerase (Promega) is used at 2.5 units per 1000
of reaction mixture. A PCR program used is 84 C for 60s; 94 C for 30 sec,
50-65 C for 30 sec, and 72 C for 30 sec using 30-45 cycles, followed by
72 C for & min using an MJ Ressarch (Cambridgae, MA) PTC-150
thermocycler. After the aséemb\y reaction is complated, a 1:40 dilution of
the resulting primerless product is then infroduced into & PCR mixiure (using
the same buffer mixture used for the asssmbly reaction) containing 0.8pum of
each primer and subjecting this mixfure to 15 cycles of PCR {using 94 C for
30s, 50 C for 308, and 72 C for 30s). The referred primers are primers
corresponding to the nuclete acld sequences of the polynuciectide(s} utilized
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in the shuffling reaction. Such primers can contain modified nucleic acid
hase pairs using methods known in the art and referred to elsewhere hersin,
or can contain additianal sequencés {i.e., for adding restriction sites,
mutating specific base pairs, efc.).

The resulting shuffled, assembled, and amplified product can
be purified using methods well known in the art (e.q., Qiagen PCR
purification kits) and then subseguently cloned using appropriate restriction
enzymes.

Although a number of variations of DNA shuffling have been
published to date, such varfations are understood and practiced by the
skilled artisan and are encompassed by the invention. The DNA shuffling
method can also be tailored to the desired tevel of mutagenasis using the
methads describad by Zhao st al. 1897, Nuel Acld Res., 25(6).1307-1308.

As described above, once the randomized pool has been
created, it can then be subjected to a specific screen to identify the variant
possessing the desired characteristic(s). Once the variant has been
identified, DNA corresponding to the variant can be used as the DNA
subsirate for initiating anather round of DNA shuffling. This cycle of
shuffling, selecting the optimized varlent of interest, and then re-shuffling,
can be repeated until the ultimate variant is obtained, Examples of model
screens applied to identify variants created using DNA shuffing technalogy
are found in the following publications: J. C. Mocre et al., J. Mol. Biok,
272,336-347, (1997), F.R. Cross et al,, Mo/. Cell. Biol., 18:2923-2931,
(1998}, and A, Cramerl et al., Nat. Biotech., 15:436-438, (1997).

DNA shuffling has several advantages. First, it makes use of
beneficial mutations. When combined with screening, DNA shuffling allows
the discovery of the best mutational combinations and doss not assume that
tha best combination eontains all the mutations in a population, Second,
recombination occurs simultaneously with point mutagenesis. An effect of
forcing DNA polymerase to synthesize full-length genes from the small

fragment DINA pool is a background mutagenesis rate. In combination with
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a stringent selection method, enzymatic activity has been evolved to up toa
16000-fold increase over the wild-type form of the enzyme. 0 essence, the
background mutagenesis yislded the ganetic variability en which
recombination acied to enhance the activity.

A third feature of recombination is that it can be used to
remova deleterious mutations. As discussed above, during the process af
the randomization, for every one beneficial mutation, there may be at least
one or more neutral or inhibitary mutation(s). Such mutation{s} can be
removed by including in the assembly reaction an excess of the wild-type
random-size fragments, in addition o the random-size fragments of tha
selected mutant from the previous selection. During the suhsequent
selection, some of the most active variants of the
polynucleotide/polypeptide/enzyme should have lost the inhibitory
mutations.

Finally, recombination enables parallel processing. This
represents a significant advantags, since there are likely to be multiple
characteristics that would male a protein more desirable (e.g. solubility,
activity, etc.). Since it is increasingly difficult o screen for mare than one
desirable trait at a time, other mathods of molecular evelution tend fo be
inhibitory. However, using recembination, it is pessible to combine the
randomized fragments of the bast representative variants for the various
traits, and then fo select for multiple propertias at one time.

DNA shuffling can also be applied fo the polynucdlecfides and
polypeptides of the present invention to decrease their immunogenicity in a
specified host, particularly if the pelynucleotides and polypeptides provide a
therapeutic use. For sxample, a particular variant of the present invention
may be created and isolatad using DA shuffling technology. Such a
variant may have all of the desired characteristics, though it ‘may be highly
immunogenic in a host due to its novel infrinsic structure. Specifically, the
desired characteristic may cause the polypepfide to have a nen-native
steucture which is no longer be recognized as a “sel® molecule, but rather as
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a *foreign” molecule, and thus acivate a host's immune respense directed
against the novel variant. Such z limnitation can be overcome, for example,
by including a copy of the gene sequence for a xenoblotic ortholog of the
native protein with the gene sequence of the novel variant gene in one or
more cycles of DNA shuffiing. The molar ratio of the ortholog and novel
variant DNAs could be varied accardingly. |deally, the resulting hybrid
variant identified would contain at least some of the coding sequence which
enabled the xenobictic protein to avade the host immune system, and
additionally, the coding sequence of the original novel variant that provided
the desired characteristics.

Likewise, the present invention encompasses the application
of DNA shuffling technology to the evolution of polynuclectides and
polypeptides of the invention, wherein one or more cycles of DNA shuffiing
include, in addition to the gene template DNA, aligonucleatides coding for
known allelic sequences, optimized codon sequences, knawn variant
sequences, known polynucleatide polymarphism sequences, known
arthclog sequences, known hameolog sequences, additional homologous
sequences, additional non-homologous sequences, sequances from another
species, and any number and combination of the above. -

In addition to the above-described methods, there are a
number of related methods that may also be applicable, or desirable, in
certain cases. Reprasentative among thase are the methods discussed in
PCT applications WQ 98/31700, and WO 88/32845, which are hereby
incorparated by reference. Furthermore, related methods can also be
applied to the polynucleotide sequences of the present invention In order to
avolve and create ideal variants for use in gene therapy, protein
engineering, evolution of whale cells containing the variant, or in the
evclution of entire enzyme pethways, contasining polynucleotides of the
invention, such as described in PCT applications WO 98/13485, WO
98/13487, WO 96/27230, WO 88/31837, and Crameri; A etal, Nat.
Biotechnol,, 15:436-438, (1997).
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Additional methods of applying ‘DNA Shuffling” technalogy to
the polynuclaotides and polypeptides of the present invention, ineluding their
proposed applications, may be found in US Patent Mo. 5,605,793, PCT
Application No. WO 95/22625; PCT Application No. WO 97/20078; PCT
Application Na. WO 87/35966; and PCT Application MNe. WO 98/42332. The
forsgoing are hereby incorporated by reference in their entirety herein for all
purposes.

EXAMPLES

The Examples below are provided to illustrate the subject
invention and are nof Intsnded to limit the invention,

Example 1
Methods

A T-Cell Preparation

T cells were prepared by standard roselting protocols with
sheep red blaod cells (SRBCs), Briefly, peripheral blood mononuclaar cslls
(PBMCs) from 225 ml of heparinized blood from each of 2 donors were
prapared by centrifugation over Ficoll. T cells (E+ fraction) were isalated by
rosetting with SRBCs. Messenget RNA (mRNA) from one half of the
unstimulated T cells {appraximately 2.25 x 10° cells) was ptepared
aceording to the manufacturers instructions with @ FAST-TRACK mRNA
isolation kit {Invitrogan). The remalning T cells were diluted to 1.25 x 10%m)
In RPMIMO0%FBS containing the costimutatory anti-CD28 mab 2E12 at 5
pg/ml and added {20mi/plate) to 10cm tissue cllture plates (Corning) that
had been coated with anti-CD3 mAb G19-4. Plates were coated hy
incubating & mit of 5 ug/ml mAb diluted in PBS for 7hours at 37°C followed
by washing 3 times with PBS. The plates were cultured under normal
conditions of cell culture for 18hours. Activated cells were harvested hy
vigorous pipetting and scraping to obtain bhoth suspension and adherent
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cells, pelleted by centrifugation, and processed for mRNA isclation as
desctibed above.
B. Subtraction Library Construction
A cDNA subtraction lbrary was made using the CLONTECH
PCR-Select™ cDNA  Subiraction  Kit (Clontech, Pale Alto, CA).
Manufacturer's protocols were followed for 500 ng of anti-CD3/anti-CD28
activated periphera! biood T cell poly A+ RNA (tester} and 500 ng of
Unactivated, resting peripheral blood T be!] poly A+ RNA (driver) . Five
secondary PCR reactions were combined and run on a 1.2% agarose gel.
Fragments ranging from approximately 0.3kb-1.5 kb were gel purified using
the QlAgen gel exiraction kit {QiAgen Inc., Valencia, CA) and insarted into
the TA cloning vector, pCR2.1 (Invitrogen). TOP10F' competent E. Coli
(Invitrogen) were transformed and plated on Lauria-Bertani (LB) plates
containing 50 micrograms/ml ampicillin,  Approximately 600 clones were
isolated and grown in LB broth centaining similar concentrations of
ampicillin. Plasmids were isolated using GlAgen miniprep spin (QlAgen)
and sequenced Using ABI cycle sequencers (ABI Prism, PE Applied
Biosystems).
C. atabase Minih. r Ovarlapping EST clones
Over six hundred clone inserts were analyzed using BLAST2
{Basic Local Alignment Search Tacl). Clones with ESTs (Expressed
Sequence Tags) of known genes were remaved using the non-redundant
nuclectide database maintained by NCBI A number of clones proved to be
novel, 1.8., such clones were not published by NCBI or found in the
database. Afurther search was performed using the geneseq nucleotide
patent database {also available through BLAST2). Clones centaining ESTs
of patented sequences were eliminated depending on the size of the known
sequence, quality of known sequence information, and/or [ack of utility
associated with publicly available sequence.
After analyzing the sequences for novelty, virtual cloning was
performed using the D2 clustered EST database (also available on

JP 2004-512836 A 2004.4.30



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(192)

WO 02/36741 PCT/USOL/46559

15

20

25

30

-103 -

BLAST2). This D2 clustered database was designed by the Bristol-Myers
Squibb Bicinformatics department. [t contains both public and proprietary
(Incyte Pharmaceuticals, Inc.) ESTs assembled into contigs. A contigis a
collection of smaller EST glones assembled into larger sequence fragments,
The subfraction clone sequences were used 1o query this clustered
database. Cluster sequences wete assembled with the subiraction clone
sequence using the sequence analysis program Sequencher (Gene Codes),
The larger contig seguence was then back-searched against the non-
redundant nueleotide (MRN), geneseq nucleotide palent (GNP), nen-
redundant protein (NRP), and genaseq peptide patent (GPP) databases.
D. Drosophifa Ortholog Identification

To search the Drosophila orthelogue of the human RATL1d8
gene, the RATL1d6 protein sequence was searched against the pubiic
Drosophila protein and genomic sequence database frem GenBank, using
the BLAST software {Altschul, 8.F. et al., 1897, Mucleic Acids Res.,
25:3389-3402). The Drosophifa gene EG:26E8 (Genbank Accession No:
AAF48767) was found to have the highest homoalogy with the human
RATL1d6 gene, with 48% identity at the amino acid level covering the
majority of the gene. The Drosophila gene EG:25E8 was used (o search
against the public human proteln end genemic sequence database from
GenBank. Among all of the human genes, RATL1d6 was found to be most
similar fc the Drosophiiz EG:25E8 gene. The results of the database search
indicate that EG:26E8 [s the Drasophifa orthologue of the human UBC
enzyme RATL1d6 gene.

Example 2
nin TL1d8 Polynuclectide

FulHlength cloning experiments to isolate and obtain the
RATLAdE polynucleotide were performed using Gene Trapper technalogy
{LifeTechnologies, MD} according o the manufacturer's instructions. Briefly,
PCR primers PY508, (8-TGCAGTGTCTGGCTOGGETGC-3", (SEQ ID NO:9)
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and PY809, (5-CTGATCTGCATGATCACTGAC-3Y), (BEQ ID NO:10) were
used to screen a panel of human cDNA libraries {[.ifaTechnologies),
including bone marrow, heart, lung, brain, kidney, peripheral blood
leukecyte, liver, spleen, testis and fetal brain cDNA libraries. A strong
positive FCR product was identified in human brain and bone marrcw cDNA
libtaries {LifsTechnologles).

The double stranded cDNA plasmid libraries were converted to
single stranded DNA (ssDNA) using Gene |l and Exenuclease [ll. Hybrids
between the biotinylated oligonucleotide (FY485: 5%
TCCACTGCAACATCAGGGAGTCATACCCTG-3'), (SEQ D NO: 1) or
(PY4e8: 5’-ATGCAGTCGAACTCGTGAATGACAGTCTGT—S'), (3EQID
NO:12} and the ssDNA were formed and then captured on paramagnetic
beads. { (D.A. Tagle of al., 1983, Nature, 361:751-753). After washing, the
ssDNA was refeased and converted to dsDNA by DNA polymerase.
Following fransformation and plating of DH10B cells, positive clones were
identified by PCR analysis. Through this tfechnique, posifive clones were
fdentified for the novel RATL1d6 gene. The plasmids were prepared using a
QlAprep spin miniprep kit {Qiagen) and the resulting DNA was subjected to
sequencing using conventional protacols known in the art.

Sequence analysis of the 5' end of the seguenced
polynuclectide indicated that three of the clones from the bone marrow
cDNA, library contained the full-length coding region for the RATL1d8
polypeptide. Additional primers were synthesized and used to sequence the
entire insert using conventional sequencing protocols, The vector for thess
cDNA inserts was pCMVSPORT2 with cloning sites Sall (8-end) and Notl
{3-end).

Examuple 3
Labeling of Hyhridization Prob nd Use Thereof

Hyhridization probes derived from SEQ ID NO:1 are amployed
to screen cDMAs, genomic DNAs, or mRNAs. Although the labeling of
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dligonuclestides containing about 20 base pairs is described in this
Exampls, essentially the same procedure is used with larger cDNA
fragments. Oligonucleotides are designed using state-of-the-art software
such as QLIGO 4.06 (Matipnal Biosciences), labeled by combining 50 pmol
of sach oligemer and 250 uCl of [P adenosing tiphosphate (Amersham)
and T4 polynucleotide kinase (DuPont NEN, Boston, Mass.}. The labeled
aligonuclectides are substantially purified with SEPHADEX G-25 superfine
resin column {Amersham Pharmacia Biotech). A portion containing 107
counts per minute of each of the sense and antisense oligonucleotides is
used in a typical membrane based hybtidization analysis of human genomic
DNA digested with one of the following endonucleases {e.g., Ase |, Bgi |i,
Eco R, Pstl, Xba 1, or Pvu ll, DuFont NEN},

The DNA from each digest is fractionated on a 0.7 percent
agarose gel and transferred to nylen membranes (Nytran Plus, Schieicher &
Schusll, Durham, N.H.). Hybridization is carrisd out for 16 hours at 40°C.
To remaove nonspecHic signals, blots are sequentially washed at room
temperature under increasingly stringent cenditions up to 0. 1xsaline sodium
citrate and 0.5% sodium dodecy] sulfate. After XOMATAR film {Kodak,
Rochester, NY) is exposed to the blots in a Phospholmager cassette
{Moiecular Dynamics, Sunnyvale, CA) for several hours, hybridization
patterns are compared visually,

Example 4

Complementary Polynucleotides

Antisense molesules or nuclsic acid sequence complemantary
to the RATL1d6 profein-encoding sequence, or any part theredf, is used to
decrease ot to inhibit the expression of naturally occurring RATL1d6.
Although the use of antisense or complementary oligonuclectides
comptising about 15 to 35 base-pairs is described, essentially the same
procedure is used with smaller or larger nucleic acid sequence fragments.
An oligonucleotide based on the coding sequence of RATL1d6 protein, as
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shown in Figures 1A, 1B and 2A, 2B, is used fo inhibit expression of
naturally occurring RATL1d8. The complementary oligonuclectide is
designed from the mast Unique 5' sequence (Figures 1A, 1B and 2A, 2B),
and is used either to inhibit transcription by preventing promoter binding to
the coding sequence, or Lo inhibit ranslation by preventing the ribosome
from binding te the RATL1d6 profein-encoding transcript. Using an
appropriate portion of the signal and &' sequence of SEQ D NO:1, an
effective antisense oligonucleotide includes any of about 15-35 nucleotides
to target any portion of the mRNA, preferably, an antisense oligo spans the
region which translates inta the signal, or the coding sequence of the
polypeptide as shown in Figures 1A, 1B and 2A, 2B. Appropriate
oligonucleotides are designed using OLIGO 4.08 software and RATL1d8
protein coding sequence.

Example 5

Expresston of RATL1d6

Expression of RATL1d6 polypeptide is achieved by subcloning
the enceding cONA into appropriate veciors and transforming the vectors
into host celis. For this example, the cloning vectar, pGEX, is used to
express RATL1d6 in DHS5a host cells.

By way of this Example, using E. coff as the host call, the
cloning vectar contains a promoter for f-galactosidase upstream of the
cloning site, followed by sequence encoding glutathione 3-transferase
(GS8T). Immediately following these residues is a bacteriophage promoter
that is useful for ranscription and a linker containing a number of unique
restriction sites.

Inductian of an isoleled iransformed bacterial strain with IPTG
using standard methods produces a fusion profein which coniains the first
eight residues of -galactosidase, about 5-15 residues of linier, GST and

then full-length RATL1d6 protein. Ths signal residues direct the secretion of
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RATL1d6 protein into the bacterial growth medium, which can be used
directly in the assays to determine the activity of the protein.

Example 6

Demonstration of RATL1d6 Activit

RATL1d8 gene product activity is demanstrated in vitro by the
formation of muli-ubiquitin conjugates and ubiguitin-RATL 146 thiol ester
linkage from free ubiquitin and E2 ubiguitin carrer protein, which catalyzes
multi-ubiguitin chain formation {S. Yan Nocker and R. D, Vierstra, 1891,
Proc. Nat’i. Acad. Sci. U/SA, 88:10287-10301). Briefly, thiol ester adduct
formation between ubiquitin and E2 (20kDa), control, and RATL1dS protein
is assayed as described by A L. Haas et al., 1882, J Biol. Chem., 257:2543-
2548. "llabeled ubiquitin or [Arg*®] ubiquitin (11M) is incubated in a
reaction midure with RATLAdS profein (50-500 nM), E1 (ubiguitin activating
enzyme), (10 nM), and E2 (20 kDa}, (50-50Q nM), and Mg ATP (2 mM} in 50
mM Tris-HCL, pH 8.0, for 2 minutes at 30°C. To assay for conjugate
formation, the same reaction mixture is incubated at 37°C and allowed to
proceed.for various times. Multi-ubiquitin conjugates and thiol ester finkages
dus to the activity of RATL146G are separated fram free ubiquitin by

polyacrylamide gel electrophoresis and visualized by auteradiography.
Example 7

Northern Analysis

Northern analysis is used to detect the presence of a transcript
of a gene and invalves the hybridization of a labeled nucleotide sequence to
a membrane on which RMA fram a particular cell or tissue type has been
bound (See, J. SBambrook et al., supra). Analogous computer techniques
using BLAST (S.F. Alischul, 1983, 4. Mof. Evol., 36:290-300 and S.F.
Altschul et al., 1890, J. Mol Evol., 215:403-410} are used to search for
identical or related molecules in nuclectide databases, such as GenBank or
the LIFESEQ database (Incyte Pharmaceuticals). This analysis is much
mare rapid and less labor-intensive than performing multiple, membrane-
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based hybridizations. In addition, the sensitivity of the computer search can
be modified to determine whether any particular match is categorized as
being exact {identical) or homologous.,

The basis of the search is the product score, which is defined
as follows: (% sequence identity x maximum BLAST scare) / 100,
The product score takes info account beth the degree of similarity between
two sequences and the length of the sequence match. For example, with a
product score of 40, the match will be exact within a 1-2% error; at 70, the
match will be exact. Homologous molecules are usually identifisd by
selecting those which show product scores between 15 and 40, although
lewer scores may identify related molecules. The results of Northern
analysis are reported as a list of libraries in which the transcript encoding
RATL1d8 occurs. Abundanca and percent abundance are also reparted.
Abundance directly reflects the number of times that a particular transcript is
represented in a cDNA library, and pereent abundance is abundance divided

by the tctal number of sequences that are examined in the cONA library.
Example B
Microarrays

For the production of oligonuclectides for 8 microstray, SEQ
1D NO:1 is examined using a computer algorithm which starts at the 3' end
of the nuclectide sequence. The algarithm identifiss oligomers of defined
length that are unique to the gene, have a GC content within a range that is
suitable for hybridization and lack predicted secondary structure that would
interfere with hybridization. The aigorithn identifies specific oligonudlsotides
of 20 nucleotides in length, T.e., 20-mers. A matchad set of oligonuciectides
is created in which one nudlectide in the center of each sequence is altered.
This process is repeatad for each gene in the microarray, and double sets of
20-mers are synthesized in the presence of fluorescent or radioactive
nucleotides and arranged on the surface of a subsfrate. When the substrate
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is a silicon chip, a lighi-directed chemical process is used for deposition
{WO 95/14885, M. Chee et al.}.

Altarnatively, a chemical coupling procedure and an ink jet
device Is used to synthesize aligomers on the surface of a substrate. (WO
95/25116, J.D, Baldeschweiler et al.}. As another alternative, a ‘gridded”
array that is analogous to a dot {or siof) blot is used o arrange and fink
cDNA fragments or oligonucleotides 1o the surface of a substrate using, for
example, a vacuum system, or thermal, UV, mechanical, or chemicsl
bending technigues. A typical array may be produced by hand, or by using
availahle materials and eguipment, and may contain grids of 8 dots, 24 dots,
96 dots, 384 dots, 1536 dots, 6r 6144 dots. After hybridization, the
microarray is washed to remove any non-hybridized probe, and a detection
gevice Is used to determine the levels and patterns of radioactivity or
fluocrescence. The detection device may be as simple as X-ray film, or as
complicated as a light scanning apparatus. Scanned fluorescent images are
examined to determine degree of complementarity and the relative
abundance / expression level of each cligonucleotide sequence in the
micraarray.

Example §
Production of Antibodies Specific for RATL1d6 Polypeptide
A RATL1d6 peptide conjugated to a carrier, such as BSA or

KLH, or the full-ength RATL1dE protein, is used as an immunogen to raise
antibodies in a host, such as rabbits or mice. As an glternative, a RATL{d6
fusion protein, i.e., RATL16 fused to GST or 6xHIS is expressed in an
appropriate host expression system, such as bacteria, ingect or mammalian
cells and the resulting fusion product is ispla!ed according o standard
practics and used as an iImmunogen to generate polyclonal ar monoctonal
antibedies utilizing routine production methods and protocols known fo those
having skill in the art.
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As another alternative, RATL1d6 polypeptide that is
substantially purifled using polyacrylamide gel electrophoresis (PAGE), (J.
Sambrook, supra), or other purification techniques, is used to immunizé
rabbits and to produce antibodies using standard protocols. The amino acid
sequence from SEQ 10 NO:2 is analyzed using LASERGENE software
{DNASTAR Inc.) to determine regions of high immunagenicity and one or
mare corresponding cligopeptides is synthesized and used to ralse
antibodies by means known and used by those having skill in the art. The
selection of appropsiate epitopes, such as thase near the C-terminus, or in
hydrophilic regions, Is describad by F.M. Ausubel et al., supra, as well as
others.

Typically, the cligopeptides are 15 residues in length,
synthesized using an ABI Paptide Synihesizer 4314 (PE Biosysiems) using
fmoc-chemistry, and coupled to KLH (Blgma, St. Louis, MO} by reaction with
N-maleimidobenzoyl-N-hydroxysuecinimide esfer (MBS; F.M. Ausubel et al.,
supra). Rabbits are immunized with the oligopeptide-KLH complex in
Freund's adjuvant. The resulfing antisera are tested for anti-paptide activity,
for example, by binding the peptide to plastic. blocking with 1% bovine
serum albumin (BSA), reacting with the rabbit antisera, washing and
reacting with radio-iodinated, or anzyme-labeled (e.g., horse radish

peroxidase) goat or mouse anti-rabbit 1gG immunaglobulin.

Example 10
Purifigati I rrin TL1g6 Paol ti
Using Specific Antibodies

Naturall)-/ occurring ar recombinant RATL1d6 palypeptide is
substantially purified by immunoaffinity chromatography using antibedies
specific for RATL1d6 polypeptide. An immunoatiinity column is consiructed
by covalently coupling anti-RATL1d6 polypeptide antibody to an activated
chromatographic resin, such as CMBr-activated SEPHAROSE (Amaersham
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Pharmacia Biotech). Adfter the coupling, the resin is blocked and washed
according to the manufaciurer's instructions.

Medium containing RATL1d6 polypeptide is passed over the
immuneaffinity column, and the celumn is washed under conditions that
allow the preferential absorbance of RATL1dE polypeptids (e.g., high ionic
strength buffers in the presence of detergent). The column is eluted under
conditions that disrupt antibody/RATL1d6 polypeptide binding (e.g., a buffer
of pH 2-3, or a high concentration of a chaotrope, such as urea or
thioeyanats ion}, and RATL1d6 polypeptide is collecied.

Example 11

1dentificati f Molecules That Inter: ith tid

RATL1d86 pelypeptide, or biologically active fragments thereof,
are labeled with ™| Bolton-Huntfer reagent (Bolton et ak., 1973, Biecherm. J.,
133:528), Candidate molecules previously arrayed in wells of a multi-welled
plate are incubated with the labeled RATL1G polypeptide, washed, and any
wells having labeled RATL1d8 polypaptide-candidate molecule complexes
are assayed. Data obtained using different concenirations of RATL1d6
polypeptide are used to caloulate values for the number, affinity and
association of RATL1d8 palypeplide with the ¢andidate molecules.

Ancther method suitable for identifying proteins, peptides or
ather molecules that interact with the RATL1d6 polypeptide include ligand

binding assays such as the yeast-two hybrid system as described above.

Example 12
Creating N- and C-terminal Deletion Mutants Correspending to the

RATL1¢8 Polypentide of the Present Invention

As described elsewhere herein, the present invention
encompasses the creation of N- and C-terminal deletion mutants, in addiflon
to any combination of N- and C-termminal delstions thereof, corresponding to
the: RATL1d8 polypeptide of the present invention. A number of methods
are available to one skilled in the art for creating such mutants, Such
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methads include 2 combination of PCR amplification and gene cloning
methodology. Although ene of skill in the art of malecular biology, through
the use of the teachings providsd or referenced harein, and/or otherwise
known in ihe art as standard methods, could readily create each deletion
mutants of the present inveniion, exemplary methods are described below.

Briafly, using the isolated cDNA clone encoding the full-length
RATL1dE polypeptide sequence, or splice variant sequences, appropriate
primers of about 15-25 nucleotides derived from the desired §' and 3
positions of SEQ ID NO:1 may be designed to PCR amplify, and
subsequently clone, the intended M- and/or C-terminal deletion mutant.
Such primers can comptise, for example, an initiztion and stop codon for the
& and 3’ primer, respeciively. Such primers can also comptise restriction
sites to facilitate clening of the deletion mutant post-amplification. Moereover,
the primers can comprise additional sequences, such .as, for exampls, flag-
tag sequences, kozac sequences, or other sequenses discussed andfor
referenced herein.

For example, in the case of the D67 to 5422 N-terminal
deletion mutant, the following primers presented in Table 1 can be used to
amplify a cDNA fragment correspending to this deletion mutant:

Table 1

&' Primer | 5- geagea goggooge gacgagotgagetgegagtiostgs —3 (SEQ 1D NO:13),

where the underlined sequence represents the No#! restriction
enzyme site.

3' Primer | - gcagea gtegac gecgtettettitgggpatotgtac -3 (SEG 1D NO:14),

where the underlined sequence reprasents the Saff restriction enzyime
 site.

I addition, in the case of tha M1 to G359 C-terminal deletion
mutant, for example, the following primers presented in Table 2 can be usad
fo amplify a cDNA fragment corresponding ta this deletion mutant:
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Table 2
5' Primer | &'- gcagea geggeege atgoageagoegeagecgeagggos ~3 (SEQ ID
NO:18),
where the undetlined sequenge represents the Noff restriction
enzyme site.

"3 Primer | 8- goagea gtegac geeciglitgglgagaagticealg -3' (SEQ 1T NO:18),
where the underlined sequence represents the Sall restriction enzyme
site. —

Reprasentative PCR amplification conditions are provided
below, although the skilled artisart will appreciate that other conditions may

&  be employed and/or required for efficient amplification. A 100 pl PCR

reactio

n mixture can be prepared using 10ng of the template DNA {cDNA

clone of RATL1d8), 200 pM 4dNTPs, 1pM primers, 0.25U Tag DNA
pelymerase (PE), and standard Taq DNA polymerase buffer. Typlcal PCR

cycling condifion are as follows:

20-25 cycles: 45 seconds, 93 degrees
2 minutes, 50 degrees
2 minutes, 72 degrees

1 cycle: 10 minuies, 72 degrees

15 After the final extension step of PCR, 8U Klenow Fragment can be added

and incubated for 15 minutes at 30 degrees.

Upen digestion of the fragment with the Nefl and Sall

restriction enzymes, the fragment can be claned into an appropriate

Bxpres:
20 pSport

sion and/ar claning vecter which has bean similarly digested {e.g.,

1, among others). The skilled artisan will appreciate that other

plasmids can be equally substituted, and may be desirable in certain

circumstances. The digested fragment and vector are then ligated using a
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DNA ligase, and then used to transform compstent E. colf cells, using
methoads provided herein and/or as otherwise known in the ait.

The & primer sequence for amplifying any additional N-
terminal deletion mutants may be determined by reference to the following
formula:

{(SH(X * 3)) to ((S+{X * 3)+25), wherein ‘5 1s equal to the
nucleotide position of the initiating stait codan of the RATL1d6 gene (SEQ
1D NO:1), and ‘X is eguai to the most N-terminal amino acid of the intended
N-tsrminal delefion mutant. The first term provides the start 5 nucleotide
position of the 5 prirmer, while the second term provides the end 3
nuclectide position of the &' primer corresponding to the sense strand of
SEQ [D NO:1. Once the corresponding nucleotide positions of the primer
are determined, the final nucleotide sequence can he created by the
addition of applicable restriction site sequences to the 8 end of the
sequence, for example. As described herein, the addition of other
sequences to the 5' primar may be desired in certain circumstances {e.g.,
kozac sequences, ets.).

The 3 primer sequence for amplifying any additional N-
terminal defetion mutants can be determined by reference fo the following
formula:

(S+{(X * 3} fo ({S+(X * 3))-25), wherein ‘S’ is equal {o the
nucleotide position of the initlating start codon of the RATL1d6 gene (SEQ
ID NQ:1), and X is equal to the most C-terminal amino acid of the intended
N-terrninal delefion mutant. The first term provides the start 5' nucleotide
position of the 3 primer, while the second term provides the end 3’

nucleotide position of the 3’ primer carresponding to the antisense strand of ‘

SEQ ID NO:1. Once the corresponding nucleatide positions of the primer
are determined, the final nuecleoiide sequence can be craated by the
addition of applicable restriciion site sequences to the §' end of the
sequence, for example. As descrlbed herein, the addition of other
sequences Lo the 3’ primer may be desired in certain circumstances (e.g.,
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stop codon sequences, ete.). The skilled artisan will appreciate that
modifications to the above nucleotide positions may be necessary for
optimizing PCR amplification.

The same general formulas provided abave can be used in
identifving the 5' and 3' primer sequences far amplifying any C-terminal
deletion mutant of the present invention. Moreover, the same general
formulas provided above may be used in identifying the 5' and 3' primer
sequences for amplifying any combination of N-terminal and C-terminaf
deletion mutant of the present invention. The skilied artisan wilt appreciate
that mo&iﬁcations of the above nucleoctide positions may be necessary for
optimizing PCR amplification.

Preferably, the following N-terminal RATL1d6 deletion
polypeptides of SEQ ID NO:2 are encompassed by the preseni invention:
M1-G422, Q2-G422, Q3-G422, P4-G422, Q5-G422, P6-G422, Q7-G422,
G8-GA22, Q8-G422, Q10-G422, Q11-G422, P12-G422, G13-G422, P14-
G422, G1543422, Q16-63422, Q17-G422, L18-G422, G19-G422, G20-G422,
Q21-C422, G22-G422, A23-C422, A24-G422, P25-G422, G26-G422, A27-
G422, G28-G422, G28-G422, G30-G422, P31-G422, G32-G422, G33-
(5422, G34-53422, P35-G422, G36-G422, P37-6422, G38-(G422, P38-G422,
$40-G422, L41-G422, R42-G422, R43-G422, E44-G422, L45-G422, K46~
3422, L47-G422, L48-G4A22, E49-G422, S50-G422, 151-G422, F52-G422,
H53-G422, R54-(3422, G55-G422, HB6-GA22, £57-G422, R568-G422, F59-
(G422, R60-G422, 1871-G422, A§2-G422, 863-G422, AB4-G422, C65-G422,
|.66-G422, D67-G422, E6R-G422, LO8-G422, §70-G422, C71-G422, E72-
G422, F73-G422, L74-G422, L 75-(G422, A78-G422, G77-G422, A78-G422,
G78-G422, G80-G422, A81-G422, G82-G422, ABI-G422, G84-3422, ABS-
G422, ABB-G422, P87-G422, G8B-G422, PBO-G422, HO0-G422, L 91-G422,
PO2-G422, PO3.G422, R94-5422, GI5-G422, 896-G422, Vg7-G422, PAB-
G422, G98-G422, D100-G422, P101-G422, V102-G422, R103-G422, 1104~

T G422, H108-G422, C1068-G422, N107-G422, 1108-G422, T109-G422, E110-

G422, 5111-G422, v112-G422, P113-G422, A114-G422, v115-G422,
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P116-G422, P117-G422, 1118-G422, W119-G422, 5120-G422, V121-G422,
E122-G422, $123-G422, D124-G422, D125-G422, P126-G422, N127-
G422, L128-G422, A120-G422, A130-GA22, V131-G422, L132-G422, E133-
G422, R134-G422, L135-G422, V136-G422, D137-G422, 1138-G422, K13g-
G422, K140-G422, G141-G422, N142-G422, T143-G422, L144-G422,
L145-G422, £ 146-G422, Q147-G422, H148-G422, L148-G422, K150-G422,
R161-G422, 1162-G422, 1153-G422, 8154-G422, D155-G422, L156-G422,
C1567-Gd22, K158-G422, L159-G422, Y180-G422, N161-G422, L162-G422,
P163-G422, Q164-G422, H165-G422, P166-G422, D167-G422, V168-
G422, E169-G422, M170-G422, |L171-G422, D172-G422, Q173-G422,
P174-G422, L175-G422, P176-G422, A177-G422, E178-G422, Q178-G422,
G180-G422, T181-G422, O182-GA22, E183-G422, D184-G422, V185-
G422, 8186-G422, $187-G422, E188-G422, D189-3422, E190-G422,
B101-G422, E192-G422, E193-G422, M104-G422, P195-G422, E198-
G422, D197-G422, T198-G422, E199-G422, D200-G422, L201-G422, .
D202-G422, H203-GA422, Y204-(3422, E205-G422, M206-G422, K207-
G422, E208-G422, E200-G422, E210-G422, P211-G422, A212-G422,
E213-G422, G214-G422, K215-G422, K216-0422, 8217-0422, E218-G422,
D219-G422, D220-G422, G221-G422, 1222-G422, G223-G422, K224-G422,
E225-G422, N226-G422, 1.227-G422, A228-G422, 1229-G422, | 230-G422,
E231-G422, K232-GA22, 1233-G422, K234-G422, K235-G422, N236-G422,
Q257-G422, R236-G422, Q238-G422, D240-G422, Y241-G422, L242-
G422, N243-G422, G244-GA22, A245-G422, V246-G422, 5247-G422,
G248-GA22, §249-G422, V250-G422, Q251-G422, A252-G422, T253-
GA22, D254-GA22, R255-G422, 1 256-G422, M257-G422, K258-G422,

E250-(G422, 1.200-G422, R261-G422, D262-G422, 1263-G422, Y264-G422,

R265-G422, 8266-G422, Q267-G422, 8268-G422, F269-(G422, K270-G422,
GR71-G4AZ2, G272-G422, N273-G422, Y274-G422, AZ75-(G422, V276-
G422, E277-GA422, L2T8-G422, V278-G422, N280-G422, D281-G422,
S282-G422, L283-G422, Y284-G422, D2856-Q422, W286-G422, N237-
G422, VZB8-G422, K2488-G422, L290-G422, L291-G422, K292-G422, V293-
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G422, D294-G422, Q295-G422, D29B-(G422, S207-G422, A208-G422,
L299-G422, H300-G422, N301-G422, D2302-G422, L.303-G422, 0304-G422,
1305-G422, L308-G422, K307-G422, E308-G422, K303-G422, E310-G422,
G311-G422, A312-G422, D313-G422, F314-G422, 1315-G422, L316-G422,
L317-3422, N318-G422, F319-G422, 8320-G422, F321-G422, K322-G422,
D323-G422, N324-G422, F326-G422, P326-G422, F327-G422, D328-G422,
P328-G422, P330-G422, F331-0422, V332-G422, R333-G422, V334-G422,
V335-G422, §336-G422, P337-G422, V338-G422, [339-G422, 5340-G422,
G341-G422, G342-G422, Y343-G422, ¥344-G422, L345-G422, G346~
G422, G347-G422, BG348-G422, A349-G422, 1350-G422, C351-G422,
M352-G422, E353-(G5422, L384-G422, L355—6422, T356-G422, K357-G422,
Q358-G422, G359-G422, W3G0-G422, §361-G422, 8362-G422, A3R3-
G422, Y364-G422, $365-G422, 1366-G422, E367-G422, S368-(3422, V369-
G422, 1370-G422, M371-G422, 0372-G422, 1373-G422, S5374-G422, A375-
G422, TA76-G422, (377-6422, V378-G422, K379-G422, (G380-G422,
K381-G422, A382-G422, R383-G422, V384-G422, Q385-G422, F386-G422,
G387-G422, A38B-G422, N389-G422, K380-G422, 8391-G422, Q392-
G422, Y393-G422, §394.G422, L355-G422, T398-G422, R397-G422,
A398-G422, Q389-G422, Q400-G422, 5401-G422, Y402-G422, K403~
G422, S404-G422, LADSE-G422, V406-G422, Q407-G422, 1408-G422, H409-
G422, E410-G422, K411-G422, N412-G422, G413-G422, W414-G422,
Y415-G422, and/or T418-G422 {of 8EQ 1D NO:2). Palynuclaotide
senuences encoding these polypeptides are also provided. One or mare of
these N-terminal RATL1d6 deleiion polypeptides can be employed as
imtmunogenic and/or antigenic epitopes as described elsewhere herein,
Also, preferably, the following C-terminal RATL1d8 dslefion
polyneptides of SEQ 1D NO:2 are encompassed by the presenf invention:
M1-E422, M1-D421, M1-E420, M1-K419, M1-P418, M1-P417, M1-T418,
MA-Yd15, M1-Wa14, M1-G413, M1-N41Z, M1-K411, M1-E410, M1-H409,
M1-1408, M1-Q407, M1-v406, M1-1.405, M1-S404, M1-K403, M1-Y402, M1~
3401, M1-Q400, M1-G398, M1-A388, M1-R397, M1-T396, M1-L385, M1-
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5364, M1-Y383, M1-Q392, M1-8391, M1-K390, M{-N389, M1-A388, M1-
(G387, M1-F388, M1-Qa88, M1-v384, M1-R383, M1-A382, Mi-K381, M1-
G380, M1-K379, M1-v378, M1-L377, M1-T376, M1-A375, M1-8374, M1-
1373, M1-Q372, WH-M371, M1-1370, M1-V368, M1-3368, M1-L£367, M1-
1866, M1-8365, M1-Y364, M1-A363, M1-5362, M1-8361, M1-W360, M1-
$359, M1-Q358, M1-K357, M1-T3536, M1-L365, M1-L354, M1-E353, M1-
M352, M1-C351, M1-1350, M{-A349, M1-G348, M1-G347, M1-G3486, M1-
1345, M1-V344, M1-Y343, M1-G242, M1-G341, Mi-8340, M1-L338, M1-
V338, M1-P337, M1-$336, M1-V335, M1-v324, M1-R333, M1-V332, M1-
F331, M1-P330, M1-P329, M1-D328, M1-F327, M1-P326, M1-F325, M1-
N324, M1-D323, M1-K322, M1-F321, M1-8320, M1-F319, M1-N318, M1-
317, M1-L318, M1-1315, M1-F314, M1-D313, M1-A312, M1-G311, Mf-
E310, M1-K309, M1-£308, M1-K307, M1-.308, M1-1305, M1-Q304, M1-
1.303, M1-D302, M1-N301, M1-H300, M1-L.289, M1-A298, M1-5287, M1-
D286, M1-Q295, MT-D284, M1-V203, M1-K202, M1-L291, M1-1.280, M1-
K289, M1-V288, M1-N287, M1-W286, M1-D285, M1-Y284, M1-L283, M1-
282, M1-D281, M1-N280, M1-v279, M1-L278, M1-E277, M1-V276, M1-
A275, M1-Y274, M1-N273, M1-G272, M1-G271, M1-K270, M1-F268, Mt-
8268, M1-Q287, M1-5266, M1-R265, M1-Y264, F1-1263, M1-D262, M1~
R261, M1-L260, M1-E259, M1-K258, M{-M257; M1-L256, M1-R255, M1-
D264, M1-T2583, M1-A252, M1-Q251, M1-v280, M1-5248, M1-G248, M1-
8247, M1-V246, M1-A245, M1-G244, M1-N243, M1-L242, M1-Y241, M1-
D240, M1-Q239, M1-R238, M1-Q237, M1-N236, M1-K235, M1-K234, M1-
1232, M1-K232, M1-E234, M1-L230, M1-1229, M1-A228, M1-L227, W1-
N226, M1-E225, M1-K224, M{1-G223, M1-1222, M1-G221, M1-D220, M1-
D219, M1-E218, M1-S217, M1-K216, M1-K215, M1-G214, M1-E213, M1-
AZ12, M1-P211, M1-E210, M1-E209, M1-E208, M1-K207, M1-M206, M1-
E205, M1-¥204, M1-H203, M1-D202, M1-L201, M1-D200, M1-E188, M1-
T198, M1-D197, M1-E196, M1-P195, M1-M184, M1-E193, M1-E192, M1-
D191, M1-E190, M1-D188, M1-E188, M1-5187, M1-5186, M1-v185, M1-
D184, M1-E183, M1-Q182, M1-T181, M1-C180, M1-Q179, M1-E178, M-
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Aﬁ?, M1-P176, M1-L175, M1-P174, M1-Q173, M1-D172, Mi-L17 1, M1-
M170, M1-E189, M1-V188, M1-D167, M1-P166, M1-H185, M1-Q164, M1~
P163, M1-L162, M1-N161, M1-¥ 160, M1-L159, M1-K158, M1-G157, M1-
L1586, M1-D155, M1-S1584, M1-1153, M1-1152, M1-R151, M1-K150, M1-
L149, M1-H148, M1-Q147, M1-L146, M1-L145, M1-L144, M1-T143, M1-
N142, M1-G141, M1-K140, M1-K139, M1-1138, M1-D137, M1-V136, M-
L135, M1-R134, M1-E133, M1-1.132, M1-V131, M1-A130, M1-A129, M1-
L128, M1-N127, M1-P126, M1-D125, M1-D124, M1-8123, M1-E122, M1-
V121, M1-5120, M1-W118, M1-1118, M1-P117, M1-P118, M1-V115, M1-
A4, M1-P113, M1-¥112, M1-8111, M1-E110, M1-T108, M1-1108, M1-
N107, M1-C108, M1-H105, M1-1104, M1-R103, M1-¥102, M1-P101, M1-
D100, M1-Gog, M1-P88, M1-V87, M1-8986, M1-GY95, M1-R94, M1-P83, M1-
P2z, M1-L91, M1-H30, M1-P89, M1-G88, M1-Pa7, M1-A886, M1-A85, M1i-
&84, M1-AB3, M1-G82, M1-AB1, M1-G80, M1-G79, M1-A78, Mﬁ~G77, WM1-
A78, M1-L75, M1-L74, M1-F73, M1-E72, M1-C71, M1-570, M1-169, M1-
F68, M1-DEF, M1-L66, M1-Ca5, M1-AB4, M1-363, M1-A82, M1-187, M1-
REB0, M1-F53, M1-R58, M1-E57, M1-H58, M1-G55, M1-R54, M1-H53, M1-
F52, M1-151, M1-850, M1-E49, M1-L48, M1L4AT, M1K46, M1445, M1-E44
M1-R43, M1-R42, M1-L41, M1-C4AQ, M1-P38, M1-G38, M1-P37, M1-G36,
WM1-P35, M1-G34, M{-G33, M{1-G332, M1-P31, M1-G30, M1-G28, M1-G28,
M1-A27, M1-G26, M1-P25, M1-A24, M1-A23, M1-G22, M1-Q21, M1-G20,
M1-G19, M1-L18, M1-Q17, M1-Q16, M1-G15, M1-P14, M1-G13, M1-P12,
M1-Q11, M1-Q10, MT-Q8, M1-GE, and/or M1-Q7 (of SEQ ID NO:2).
Polynucleotide sequences encoding these polypeptides are also provided.
One or more of these C-terminal RATL1d6 deletion polypeptides can he

used as Immunoganic and/or anfigenic epltopes as described elsewhere
hersin.

Alternatively, preferred polypeptides/peptides of the present
invention comprise polypepfide/peptide sequences correspanding to, for
example, internal regions of the RATL1d8 polypeptide (e.g., any
combination of both N- and G- terminal RATL1d4 palypeptide deletions) of
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SEQ ID N2, For example, infernal regions can be defined by the
equation: amino acid "NX" to amino acid "CX", where "NX" refers to any N-
terminal deletion polypeptide amino acid of RATL1d6 {(SEQ 1D NO:2}, and
where “CX" refers fo any C-terminal deletion polypeptide amino acld of
RATL1d6 (SEQ ID NO:2), Polynuclectides encoding these polypeptides are
also provided. The present invention also encompasses the use of these
polypeptides as an irmmunagenic and/ar antigenic epitope as desctibed

elsewhere hetsin.

Ex [e 1

Expression Profiling of the Human RATL1D6 Polypepfide

The following PCR primer pair was used to measurs the
steady state levels of RATL1d6 mRNA by quantitative PCR:

Sense: . B- aggateatctecgacetgly -3 (SEQ ID NO:48)
Anlisense; 5'- caagggttgatecageatcet -3° (SEQ D NO:49)

Briefly, first strand cDNA was producead from commercially
available mRNA (Clontech, Palo Alto, CA}, Le., the mRNA obtained from the
15 tissues anatyzed in the expression profile of Fig. 8. The relative amount
of cDNA used in each assay was determined by performing a parallel
experiment using a primer pair for a gene expressed in squal amounts in ali
fissues, I.e., cyclophlilin. The cyctophilin primer pair detected small
variations in the amount of cONA in each sample and these data were used
for normalization of the data obtained with the pritner pair for the RATL1d8
gene,

The PGR data were converted inte a relafive assessment of
the differences in transcript abundance amony the tissues tested, as
presented in Fig. 8. Transcripts correspending to the ubiquitin conjugating
enzyme, RATLIDG, wete expressed at high levels in many tissues:
predaminately in testis, spleen, and spinal card; significantly in thymus,
small intestine, and to & lesser extent in prostate, lung, bone maraw,
kidney, brain, liver, heart, lymph node, pituitary, and pancreas tissues. The
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ublquitous expression of the RATL1d6 polypeplide Is consistent with its
impottant role as a ubiquitin conjugating enzyme, andg affirms its function as
an essential enzyme in a variety of cellular processes.

Example 14

Functional Studies of RATL1d6 invelving Draosophila ortholog
EG:25E8.2 in an LPS-inducible luciferase reporter systam

A stable 82 cell line was generated with an LPS-responsive
AftacinD prometer fused to & luciferase reporter (modified as deseribed
below from Tauszig, 8. et al., 2000, Proc. Nall. Acad. Sci. USA, 97:10620-
10525). 32 cells were purchased from Invitregen and maintained at 25° Cin
complete 1 x Schneider's Drosophila madium (Cat. No. 11720-034,
Invitrogen, fotmer GIBCO BRL) supplemented to contain 10% heat-
inactivated fetal bovine serum {Cat. No. 10100147, Invitroget, former
GIBCO BRL), 160 units/m! of panicillin, 100 pgfml of streptomyein (100 X
stock of Penicillin-Streptomyein, Cat. No. 15140-148, from Invitrogen, former
GIBCO BRL} and 20 mM L-Glutamine (100 x L-Glutamine, Caf. No. 25030-
148, from Invitrogen, former GIBCO BRL).

A 1.6 Kb promoter region of the attacinD AMP gene was
isolated from 82 genomic DNA by PCR using the primer pair:
§'— atgaggetiggatcagetit — 3" (SEQ 1D NO:50), (forward, 157804-157823bp
of AED03718 Drosophila Genome projsct) and
5 - cotgasagontgacaticoat — 3 (SEQ (D NO51), freversed, 158547-
158568bp of AECO3718). Primers were obiained from GIBCOBRL. PCR
conditions wers as follows: 86°C, 4min; 94*C, 2 min; B5°C, 45 seconds;
72°C, 2min; PCR 35 cycles. The 1.6kb attacinD PCR fragment was
subcloned into & pCR2.1-TOPQ vector {TOPQ TA Clening Kits, Cat. No.
K4500-01, Invitrogen), The attacinD promoter was subcloned from pCR2.1-
TOPQ vestor into the pGL3-Enhancer luciferase vector with restriction
enzymes Sach and Xhol {pGLI-Enhancer luciferase reporter vector, Cat. Na,
E1771, Promega}. A similar region was shown to be LPS responsive in a
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reporter assay (Tauszig, S. et al., 2000, Proc. Natl. Acad. Sci. USA,
97:10520-10525).

Afinal transfection construct, pGL3-enhancer-attacinD, was
co-transfected using known calcium phosphate method with pCoHYGRO
plasmid providing the hiygromycin-B resistant gene as a stable selection.
This consfruct was used to transfect 2 cells {Inducihle DES Kit, Cat. No.
K4120-01, Drosophila Expression System Instruction Manual, Invitrogen).

Brisfly 19 pq of pGL3-enhancer-attacink DNA was mixed with
1 pg of pPCOHYGROQ DNA and transfection buffer and the mixturs was used
to transfect 8-12 x 10° calls/3 mishwell in a 8-well Falcon tissue culture plate.
Stable cells were selacted and maintained in complete Schneider's medium
containting 300 Lg/ml Hygromycin-B (Cat. No. R220-05, Invitrogen). Stable
lines were tested for responsiveness to LPS (Han, Z.8. and Ip, ¥.T., 1999, .1
Biol. Chem., 274:21355-21361). Cells were treated with 20 ug/ml LPS (Cat.
No. L-2654, Sigma) for 5 hours. Luciferase expression was assayed with
Bright-Glo™ Luciferase Assay System (Cat. No. E2620, Promega) and the
luminescence signal was detected by a 1450 MICROBETA Wallac Jet
Liguid Scintillation & Luminescence Counter (Ferkin Elmer Life Sciences).

" Twao stable AttD-luc reporier cell lines {E4-1 and E4-9) were obtained after

three rounds of limiting dilution and used for further studies,

RNAI constructs were made for EG:25E8.2 and control genes
as follows: Complementary DNA (¢DNA) clones for Drosophila genes were
obtained from Research Genetics, Inc (St. Louis, MO}. These includsd the
c¢DNAs from Relish (EST GHO1881}, IKKB (EST LD21354), Gactus
{LD18620), and EG:26E8.2 (LDOYIS1) (Rubin, G.M. et al., 2000, Science,
287:2222-2224), Double-stranded RNAj was generated following a modifisd
protocol of (Hammend, S.M. et al., 2000, Nature, 404:283-0286). Briefly,

"dsRNA was synthesized from a template amplified by PCR with T7 promoter

sequences flanking the cDNA insett using the MEGAscript™ T7 High Yield
Transcription Kit (Cat. No. 1334, Ambion}. GR0881 and LD 21354 were
used in the pOT2 vector,
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(forward primer. &' - actgeagecgaticattaaty — 3, (S8EQ ID NO:52), {reverse
primer:

&' -- gaattaatacgactcactatagggagatatcatacacatacgaittag -- 3%, (SEQ ID
NO:53); and LD18620 and CG 2924 were used in a pBS vector

{forward primer: 5 - gaattaatacgactcactatagggagacatgatiacgocaagetogaa —
2, (SEQ 1D NO:54);

(reverse primer: 5’ — tgtaaaacgacgyccagtgaa — 3'), (SEQ 1D NO:65).
Double stranded RNA (dsRNA}) was diluted at 1:5 and denatured prior to
sddition to £4-1 and E4-9 cells,

Transfection of dsRNA into S2 cells was performed by adding
dsRNA directly into 82 cells in serum free medium (Clemens, J.C. et &,
2000, Proe, Natl. Acad. Sci. USA, 97:6499-6503}. Prior to transfection, the
cells were passaged about 24 hours hefore transfection at 1x 10° cells/ml in
complete 1x Schnsider medium. mediately preceding the transfeciion,
the cells were washed twice with serum free DES Expression Medium {Cat.
Na. Q500-01, Invitrogen) and resuspended in serum-free DES medium at 7x
10° cells/mi.

100l of cells were added to each well in 96-well tissue culture
plates (Falcon). Thereadter, 5 ut of dsRNA/well were added, followed hy
vigorous shaking for 45 minutes to 1 hour. Finally, 150 w complete 1x
Schneider medium/well was added. The 96-well plates were covered with
Saran Wrap before incubating at 25°C, After 3 days of incubation, each of
the dsRNA treated cells were splif inte duplicates for the |luciferase assay,
and into triplicates for the profiferation assay.

5-15 pl of cells in 100 pl total valume for were used for the
luciferase assay, and 30-35 pl of cells in 100 il total volume were used for
the proliferation assay. Luciferase assay plates were incubaied for 5 hours
after adding LPS at 20 pgiml. Proliferation assay plates were incubated for
2-3 hours before reading at 460nm Optical Density. (Cel[Titer 96 Aqusous
One Solution Cell Proliferation Assay from Promega, Cat. No. G3580).
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The results presented in Table 3 represent the results of one
experiment with E4-1 cells averaged in duplicaie relative to conirol samples.
Changes are relative to 1.00, with 1.00 rspfeseming the Control sample's
relative luciferase activity after normalization with cell number cbtained in
the proliferation assay, as averaged from several experitnents. Similar
results were obtained in muliiple, repeat experiments and with the E4-9
stakﬂe cell line. In Table 3, NS signified non-stimulated and LPS denctes the
LPS treatment as described above.

Table 3

NS TLPS

Control 12 0.8

[ EG:25EB.2 465 6.9

{Drosophila

ortholog)

IKKB 033 02

Relish 012 0.0t

Cactus 6.9 4.65

The results from these analyses and presented in Table 3
indicate that EG.25E8.2 serves as a negative regulatar in an innate
fmmunity madel in Drosophila cells, with a similar profile as cactus (lkB).
RNAi sxperiments of positive regulators of this signaling pathway were
found to have low luciferase activity as demanstrated with kKB and Relish
{Silverman, N. etal., 2000, Genes Dov., 14:2461-2471). These results
demonstrate that EG:25E8.2 does regulate the LPS-response pathway.
Similarly, RATL1d8, due to its similarity to EG:25E8.2, is expacted to have a
similar role in mammalian immunity pathways.
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Example 158

Site Directed/Site-Specific Mutagenesis

In vitro site-directed mutagenesis is an invaluable technique
for studying protein structure-function relationships and gene expressian, for
example, as well as Tor vector modification. Approacheas utilizing single
stranded DNA {(ssDMA) as the template have been reported {e.g., T.A.
Kunkel et al., 1985, Proc. Nail, Acad. Sci. UUSA), 82:488-492; M.A. Vandeyar
et al., 1988, Gene, 65(1):129~133; M. Sugimato et al., 1989, Ansl. Biochem.,
179(2):308-311; and J.W. Taylor ef al., 1885, Nuc. Acfds. Res., 13(24):B765-
3785).

The use of PCR in site-directed mutagenesis accomplishes
strand separation by using 2 denaturing step to separate the complementary
strands and to allow sfficient polymerization of the PCR primers. PCR site-
directed mutagenesis methods thus permit site specific mutations o be
incorporated in virtually any double stranded plasmid, thus eliminating the
need for re-subcloning into M13-based bacteriophage vectors or single-
stranded rescue. (M.P. Weiner et al., 1995, Molecular Giclogy: Current
Innovations and Future Trends, Eds. AM. Griffin and H.G. Griffin, Horizon
Scientific Press, Naorfolk, UK; and C. Papworth et al., 1996, Strategies,
9(3)3-4).

A profocol for performing site~-diracted mutagenesis,
particularly employing the DuikChange™ site-directed mutagenesis kit
(Stratagene, La Jolla, CA; U.S. Patent Nos. 5,789,166 and 6,923,419} is
provided for making point mutations, to switch or substitute amine acids, and
to delete or insert single or multiple amine acids in the RATL1d6 amino acid
sequence of this invention.

Prirnet Design

For primer design using this protocol, the mutagenic
oligonuclectide primers are designed individually according to the desired
mutation. The following considerations should be made for designing
mutagenic primers: 1) Both of the mutagenic primers must contain the
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desired mutation and anneal to the same sequence Bn opposite strands of
the plasmid; 2) Primers should be between 25 and 45 bases in length, and
the melting temperature (7.} of the primers should be grester than, or equal
te, 78°C. The following formula is commonly used for estimating the T of
primers: 7= 81.5 + 0.41 (%GC) - 675/ - %mismatch. For calculating T,
Nis the primer length in bases; and values for %GC and % mismatch are
whole numbers. For calculating T for ptimers intended ta introduce
insertions or deletions, a medified version of the above formula is employed:
T=81.5+ 041 (%GC) — 675/, whera N doss not include the bases which
are being inserted or deleted; 3) The desired mutation (delefion or
insertion) showld be in the middle of the primer with approximately 10-15
bases of correct sequence on both sides; 4} The primers optimally should
have a minimum GG sontent of 40%, and should terminate in one or more G
or G bases; 5) Primers need not be &-phospharylated, but must be purified
either by fast polynucleofide liquid chromatography (FPLC) or by
pelyacrylamide gel electrophoresis (PAGE). Failure to purify the primers
results in a significant decrease in mutation efficlency; and 8) It is important
that primer concentration is in excess. 1t is suggested to vary the amount of
template while keeping the concentration of the primers constantly in excess
(QuikChange" Site-Diracted Mutagenesis Kit, Stratagene, La Jolia, CA).
Protocol for Sefting Up the Reactions

Using the above-described primer dasign, two complimentary

oligonucleotides containing the desired mutation, flanked by unmodified
nucleic acld sequence, are synthesized. The resulling cligonuclectide
primers are purified.

A control reactlon is prepared using 5 ! 10x reaction buffer
£100mM KCI; 100mM (NH4)S04; 200mM Tris-HCI, pH 8.8; 20mM MgSQ4;
1% Triton® X-100; 1 mg/ml nuclease-free bovine serum albumin, BSA); 2 ul
(10ng) of pWhiteseript™, 4.5-b control plzsmid (5 ng/pl); .25 W {125 ng) of
oligonucleotide cantrol primer #1 (34-mer, 100 ng/pl); 1,25 w (125 ng) of
aligonucleotide control primer #2 (34-mer, 100 ng/ul; 1 ul of dNTP mix;
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double distilled H2C; to a final volume of 50 pl. Thereafter, 1 ul of DNA
polymerase (PiuTurbo® DNA Pelymerase, Stratagens), {2.5U/1} Is added.
PluTurbo® DNA Polymerase [s stated to have 8-fold higher fidality in DNA
synthesis than does Tag polyﬁerase. To maximize femperaiure cycling
performanee, use of thin-walled test tubes is suggested 1o ensure optimum
confact with the heating blocks of the temperature cycler.

The sample reaction is prepared by combining 5 pl of 10x
reaction buffer; x pl (5-50 ng) of dsDNA template; x pl {125 ng) of
oligonucleotide primer #1; % pl (5-50 ng) of dsDNA template; x ul (125 ng) of
aligonucleatide primer #2; 1 pl of INTP mix; and ddH:O to a final volume of
50 pl. Thereafter, 1 ut of DNA polymerase {PfuTurbo DNA Polymerase,
Stratagene}, (2.5U/) is added.

It is suggested that if the thermal cycler does not have a hot-
top assembly, each reaction should be overlaid with approximately 30 ul of
mineral oll.

Cycling the Reactions
Each reaction is eycled using the following cycling parameters:

Segment Cycles Temperaiure Time

1 1 ’ 95°C 3G seconds

2 12-18 95°C 30 secands
&6°C 1 minute
88°C 2 minutes/kb of

plasmid lergth

For the control reaction, a 12-minute extension time is used
and the reaction is run far 12 cycles. Segment 2 of the above cyeling
parameters is adjusted in accordance with the type of mutation desired. For
example, for point mutations, 12 cyeles are used; for single amino acid
changes, 16 cycles are used; and for multiple amino acid deletions or
insertions, ‘18 cycles are used. Following the temperature cycling, the

raaction is placed on ice for 2 minutes to ceol the reaction to £37°C.
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Digesting the Products and rming C ent Gell

One i of the Dpni resfricfion enzyme (10U/ul) is added directly
(below mineraf oil overlay) to each ampiification reaction using a small,
pointed pipette tip. The reaction mixture is gently and thoroughly mixed by
pipetting the selution up and down several times. The reaction mixture is
then centrifuged for 1 minute in a microcentrifuge. (mmediately thereafter,
each reaction is incubated at 37°C for 1 hour te digest the parental (Le., the
non-mutated) supercoiled dsDNA.

Competent cells {i.e., XL1-Blue suparcompetant cells,
Stratagene) are thawed gently on ice. For sach control and sample reaction
fo be transformed, 50 pl of the suparcompetent celis are aliquotted to a
prechilled test fube (Falcon 2059 polypropylene). Next, 1 pl of the Dpnl-
digested DNA Is transferred from the control and the sample reactions to
separate aliquots of the supercompetent cells. The transformation reactions
are genily swirled lo mix and incubated for 30 minuies on ice. Thereafter,
the transformation reactions are heat-puised for 46 seconds at 42°C for 2
minutes.

0.5 ml of NZ¥+ broth, preheated to 42°C is added to the
transformation reactions which are then incubated at 37°C for 1 hour witht
shaking at 225-250 rppm. An aliquot of each fransformation reaction is plated
on agar plates contalning the appropriate antibiotic for the vector. For the
mutagenesis and transformation controls, cells are spread on LB-ampicillin
agar plates containing 80 pg/mi of X-gal and 20mM MIPTG. Transformation
plates are incubated for »>16 hours at 37°C.
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Table 4
Sequence Listing Description
___SEQWNG: 1 Descripion |
SEQ ID N RATL1d8 nucleic acid sequence
(FIG. 1)
SEQ D NQ:2 RATL1d6 polypeptide sequance
FIG. 3
SEQ ID NO:3 C. efegans ortholog FZH2.3
(FIG. 4)
SEQID NC:4 Drosaphila orthalog EG:25E8.2
R I FIG.4)
SEQ D NO:5 E2 UBG P52483/mouse IB6R
(FI1G. 4) )
SEQ 1D NO6 P27924/numan UBC1/Huntingtin
interacting protein {HIPY (FIG. 4)
SEQ ID NOT CAAT2184/Drosophila UBCEC4
(FIG. 4)
SEQ ID N8 P14682fyeast UBC3/CDC34
SEQ (D NO:9 PCR primer PY508,
_ §-tgeagtglelggoleoglge-3” |
SEQID NG:10 PCR primer PY508,
S'-clyatetgeatgateactyac-3'
SEQ D NO:11 oligonuclectide PY¥495
g
tecaetgcaacalcacggagt ]
ey
SEQ 1D N2 aligonuclectide PY496 |
5
atgcaglcgaactcgigaatgacagtatgt- %
3 j
BEQ 1D NO:13 &' primer, N-terminal deletion
(Example 12)
SEQ ID NO:14 3' primer, N-terminal deletion |
{Exampls 12) |
SEQ D NO:15 5' primer, C-{erminal delelion
I {(Exampte 12)
SEQ ID NO:16 3' primer, C-terminal deletion
{(Example 12) i
SEQ 1D NO:HT7 RATL1dE polypeptide |
transmernbrane demain |
SEQ D NO:18 PKG phosphorylation site |
polypeptide, J
GEVQATDRLMKEL |
SEQ D NO:19 PKC phasphorylation site \‘
polypeptide, '
IYRSQSFKGGNYA |
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SEQ D NO:20

PKC phaspherylation site
polypeptide,
ILLNFSFKDNFPE

SEC B NO:21

polypaptids,
TRAQGSYKSLVGI

SEQ 1D NO:22

Casein kinass [l phosphorylation
site palypeplids,

PKC phosphorylation site ]
PAEQCTQEDVSSED \
1

SEQ D NO:23

Casein kinase [l phosphorylation |
site polypeptide,
TQEDVYSSEDEDEEM I

SEQ ID NO:24

Casein kinase | phospharylatlurﬂ
site palypeptide,
QFEDVSSEDEDEEMP \

SEQ ID NO28

Casein kinasa il phosphorylation
site palypeptide,
AEGKKSEDDGIGKE

SEQ ID NO:26

site polypeptide,

1
J
E |
Casein kinase [l phospharylation }
ELVNDSLYDWNVKL |

SEQ 1D NOQ:27

Casein kinase 1 phosphorylatia
site polypeptide,

SEQ D NO:28

Asparagine glycasylation site
polypeptide,
VRIHCNITESYPAY |

|
ILLNFSFKDNFEFD \
|

SEQ 1D NO229

Asparagine glycosylation site
polypeptide,

SEQ ID NO:30

Asparagine glycosylation site
pelypeptide,

[
|
AVELVNDSLYOWNY j
DFILLNFSFIRDNFP \

SEQ D NQ:31

Asparagine glycosylation site

polypeptide,
_VQFGANKSQYSLTR

SEQ D NO32

N- mynsiylatmn site polypeptide,
QAPGPGQALGGAGAAP

SEQID NO:33

N-myristylation site polypeptide, |
PRQQLGGOGAARPGAGS

SEQ D NC:34

N-myristylation site polypeptide,
QLGGAGAAPGAGGGPG

SEQ D NO:35

N-miyristylation site polypeptide,
AAPGAGGGPCEGRGPG

" SEQID NG'36

N-myristyiaton site polypeptide,
APGAGGGPGGGPGPGP

F_

SEQ ID NC:37

N-myristylation site polypeptide,
EFLLAGAGGAGAGAAP

SEQ D NC:38

N-myristylation site polypeptida,
LLAGAGGAGAGAAPGP
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SEQ ID NQ:39

N-myristytation site polypeptide,
LAGAGGAGAGAAPGPH

SEQ ID NO4D

N-myristylation site polypeptide,
HLPPRGSVPGRPVRIH

SEQ ID NG44

N-myrisfylation site polypeptide,
QDYLNGAVECSYQATD

T SEQ D NO2

N-myristylation site palypeptide,
NOAVSGSVOATDRLVK |

SEQID NO43

N-myristylation sits polypeptids,
SOSFKGGNYAVELYND

SEQ (D NOwd4

N-myristylation site polypeptide,
GYVLGGGAICMELLTK

SEQ ID NO45

M-myristylation site polypeptide,
ARVOFGANKSQYSLTR

SEQ ID NO:46

__SEQIDNCAT

Amidation site polypeptide,
. EEEPAECKKSEDDG
UBC Domain of RATL1d6

SEQ D NO:48

RATL1d@ sense primer -~
expression profiling,
&'- aggateatctecgacetgty -3
(Example 13)

SEQ ID NG:48

RATL1d6 antisense primer —
expression profiling,
&' caagggttgatccageatet -3
(Example 13)

SEQ ID NO:50

Promoter regtan of attacinD AMP |
forward primer (Exatmple 14),
5' — algaggctiggatcagettt — 3°

SEQ ID NG

Promioter region of attacinD AMF
reversed primer (Example 14),
9 ~ celgaagecigacaticcat — 3

SEQID NG:52

Forward pritmer — dsDNA,
5" - actgragccgattcatiaatg -3
(Example 14)

SEQ 1D NO:53

Reverse primer — dsDNA,
gasttaatacgactcactatagagagatat
catacacatacgatttag - &

_ (Bxampletd)

SEQ ID NG:54

Fonward primer — dsDNA,
5 -

gaattaatacgactcactataggoagacat
gattacgeeaagetegaa - 3
(Example 14)

SEQ D NO58

Reverse primer — dsiiA,
& - tgtaaaacgacggecagtgaa — 8

{Example 14}
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The contents of all patents, patent applications, published PCT
applications and articles, books, references, reference manuals and
abstracts cited heraih are hateby (ncorporated by reference in their entirety

5 tomore fully describe the state of the art to which the invention pertaing.

As varicus changes can be made in the above-described
subject matter without departing from the scope and spirit of the present
invention, it is intended that all subject matter contained in the ebove

10 description, ot defined in the appended claims, be interpreted as descriptive
and illustrative of the present invention. Many medifications and variations
of the present invention are possible in light of the above teachings.
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WHAT IS CLAIMED IS:
1. An isolated pofynucleotide selected from the group consisting of:

20

25

(@Y  an isolated polynuclectide encoding a ubiquitin conjugating
enzyme homologue comprising the aming acid sequence as set forth in
SEQ ID NO:2, or a fragment thereof; g

(8}  an isolated polynucleotide comprizing SEQ 1D NQ:1,

(c) an isolated polynucleotide, or fragment thereof, encading a
ublquitin conjugating enzyme amino acid sequence having at least 80%
sequence identity with the sequence of SEQ (D NO:2;

) an isolated polynuclestide having the nucleic acid sequence of
ATCC Accession No. PTA-374b;

(e}  an isolated polynucleotide having the nucieic acld sequence
aceoerding to nucleotides 517 to 1782 of SEQ ID NO; 1, wherein said
nucleotides encode a polypeptide of SEQ 1D NO:2 minus the start codon;

[\ an isofated polynucleotide having the nucleic acid sequence
aceording to nucleotides 520 to 1782 of SEQ 1D NO: 1, wherein said
nucleotides encode a riolypeptide of SEQ ID NO:2 including the start codon;

{g)  an isolated polynucleotide which is fulty complementary to the

polynucleotide according to {a} through (f).

2. A hybridizafion probe comprising the polynucleotide according to
claim 1.

3. A composition comprising the isolated polynudlectide according io
claim 1.
4, An sxpression vector containing the polynuctectide according te claim

1.

5. A hast cell containing the expression vector according to cfaim 4.
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6. A substantially purified ubiguitin conjugating (UBG) enzyme
polypeptide selected from the graup consisting of:

{8) & ubiquitin conjugating enzyme polypeptide having the amino )
acid sequence as sef forth in SEQ 1D NO:2;

(b}  a ublquifin conjugating enzyme polypeptide comprising an
amino acid sequence having at least 80% sequence identity to the
sequence set forth in SEQ 1D NO:Z;

(e)  a pclypeptids according to (a), whersin the amino acid

sequence differs from SEQ ID NO:2 only by conservative substitutions:

(¢ a2 polypeptide according to (a), wherein the amine acid
sequence has at least 90% sequence identity to the sequence set forth in
SEQ 1D NO:2;

(e}  anisolated ubiguiiin conjugating enzyme polypeptide encoded
hy the nuclele acid sequence of ATCC Accassion No. PTA-3745;

{f) an isolated polypeptide having the amino acid sequence
acrording to amino acids 2 to 422 of SEQ IB NO:2, wherein said amino acid
encode a poiypeptide of SEQ ID NO:2 mihus the start methionine;

{g}  anizolated polypeptide having the amino acid sequence
according to aming acids 1 to 422 of SEQ |D NQ:2, wherein said amine acid
encode a palypeptide of SEQ ID NO:2 including the start mathionine;

(h}  anisolated polypeptide having the transmembrane domain
region set forth in SEQ 1D NO:17; and

0] a substantially purified fragment of the ubiguitin conjugating
enzyme polypeptide according to any one of (a) to ().

7. A substantfally purified ubiquitin conjugating enzyme fusion protein
comprising an amine acid sequence having &t least 80% sequence identity
fo the sequence as set forth in SEQ ID NO:2 and an amina acid sequence of

an Fe poriion of & human immunaglobulin prbtein(

JP 2004-512836 A 2004.4.30
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8. A pharmaceutical composition comprising the polypsptide according
to claim 6, or a functional portion therecf, and a pharmaceutically acceptable
diluent, catrier, or excipient.

9. A pharmaceutical composition comprising the fusion protein
accarding to claim 7, and a pharmaceutically acceptable diluent, carrier, or
excipient.

10, Apurified antibody which hinds specificaily 1o the polypeptide
according to claim 6, or an antigenic epitope theraof.

11, Amethod of screening for candidate compounds capable of binding
o and/or modulating activity of a ubliquitin conjugating enzyme, comprising:

{a) contacting a test compound with a substantially or partially
purified polypeptide according to cleim 8; and

{b)  =selecting as candidate compounds those test compounds that
bind to and/or madulate activity of the polypeptide.

12, The method aceording fo claim 11, whereln the candidate compounds
are small molecules, therapeutics, biclogical agents, or drugs.

13. A method of treating & cancer or tumar, comprising administering an
antagonist or inhibitor of the ubiquitin conjugating enzyme polypeptide
accarding fo claim 8 in an amount effective to block ubiquitination of a tumor
suppressor gene in cancer or tumor cells.

14, Amethod of suppressing the imnmune response in a subject requiring
said suppression, comprising administering a modulator of the ubiquitin
conjugating enzyme polypeptide accarding to claim & in an amount effective
o cause Immunosuppression.

15, A method of treating an mmune or neuronal disorder in a mammal
comprising administering the ubiquitin conjugating enzyme polypeptide
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according to claim 6 in an amount effective to treat the immune or neuronai
disorder.

16. A method of treating a eancer or tumor, an Immune disorder, a
lymphaoproliferative disorder, or a neurodegenefative disorder, comprising:
administering to an individual in need of treatment or therapy an
anfagonist or inhibitor of the ubiquitin corjugating enzyme polypeptide
according to claim § in an amount effective to freat the disease or disorder
by blocking ubiguitination of & fumor suppressor gene in a cancer or tumor

cell, a lymphoid cell, or a cell of the nervous system.

17. A method of treating cancers or tumors, immune disorders,

lymphopraliferative disarders, or neurodegenarative disorders, comprising:
administering fo an individual in need of reatment or therapy an

agonist of the ubiquitin conjugating enzyme polypeptide according ta claim 6

in an amount effective to treat the disorder.

18, A kit for hybridization comptising the isolated polynuclectide
according to claim 1, and instructions for use.
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FIG. 1A

ctogctectotectacttggataantgtggtaat tetagagotaatacatgocgacgyge

gebgateccorTago tgegtgeatttatcagatcaagaccascaogghcage

cegtctooggoodegge t tetagataacote

gggcé:gatcgca:gc cococghggeygegacgacacattogaacgtetgocatatocaact
ttogatggtagtagecgtgectatcatgiit gaccacggotgacggayaat cagggraga

thecgg gagaaa tocoaaggaaggoageaggogogeaaa

ttacccadteoeagagatggoggcggegecatertggrgaaggggggat caggaagy Cgog

Fact geggogacy Cggagedg a0 Lo

c gcocrggag sgGRggat gCogoageogeaggsy

AIHICeIgIIeagtaguiygaugd

Jggce goatga gotgRagotgets

gagtoratohleracegeggecacyagegct teageat tyrragogeetgoct.ggacgag

chgagel: GLLeetartggetgyygecggagaggecay : cgogotagya
cogeatetcccoecacgggggteggtgoetggggatactgteogoatogactgoaatana

Agggagtcatadestgorgtgroocacat ciggtogghygagiotgatgaceotaactng

gekgetgtetts gocggtggacat tactotgotaktbgoageat
ctgaagagdakcatocbengacctgtgraaactotataanoteccteag catocagatgrg
gagatgetggatoaaccet kgucageagagoagtycacacaggaagacgtgretioagaa

aqa’ t t aagacttagatcactatysaatgaragag

gaagagccagetgagggcaagaaatotgaagatgatggeat tygaaaagaaaactrgges

atcet . tt cagagg tacttaaatggtgcagtatetyge
Lrogtgeaggocactgancggotgatgaaggagetcagggatatatacogatcacagagt
ttcoaasggeyganactargeagtegaactocgtgaatgacagtatgbatgattggaatgue

aaactecteaaagtigaccaggacageget btbgoacaacgatetooagatecLoaagag

€0

120 |

180

240

180
540
B8040
g60
720
780
B840
900
860
1020
1080
1149
1204
1260
320
13840

14490
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FIG. 1B
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aaagaagdagergactieattctacttaactitoctbtaaagataacttteccetbigac

ccaccatttgteagggttgtgtetocagtoatot

atgtt

geeakat Ltotoacaaaacaggget

actecatagegtoa

gtgatcatgoagatoagtgccacactggbigaaggggaaageacgagtgeagt ttggagew

toboaatacagtatgac:

acagoadg

tootac

fagt

+

ggchaaccctggagtatcace

ertect

qa

aatta

thtgratgetgratitggatobes

agergectetgtaattcectorgtratbtbtectggacytyatagetctgectattgeay

gacaatgatggetattetaasrgobaaggaaaiaraacaiacacagaactgtbrcaagea

tre

ctoaagacigacttacagaccaaccaacoacrttgotggaac get.

TLataaaagaaactiicgagectocttatatLgotggaracieagotgtgetocagacta.

gagcctccthaccratgetatggatittraattarcttctottatitoatgtacactge

tttbkttggktacagtgtatgatggatgtgtatgaanaaaatgtatetiigggasaacaa

ttacagtttgttaattt

(SEQ 1D NO:1Y

1sc0

1560

1820
1680
1720
1800
1850
1920
1380
2040
2100
ZI6C
2220

2280
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FIG. 2A

TG OO T T CCTACT TRGATAA C G TGO TAA T TCTASAGCTAATACATGCCOANGEEE
HCTEACCCOCTTCECEEEAGEEATEOGTOCAT T PATCAGA TCARGACCARCCCOGTORGC
COCTCTGCGBUCCCGACE 20GECEO0GEURGCTTTSGTEARTCTAGATAACC TS
GOACCEATCGCACGCCCCCCOTERC0ACGACGACTCATTCEAACGTCTGCOCTATCABCT
T GA TG TAG TCOSCCETACCTANCAT COTGACCACEGGTRACCORGARTCAGIGTTOGA.
PTCX CCTARGRARCOACTACTBCATCCAAGGAASGEAGCROGCECGCRAR
TTACCCACTCC GGOGECGCCATCTTGHEC GOAAGTECS
LA G CGEOGEC GG CGraE Caa GG GG OGGAGCCCEEAGCECAGE DG AGGOTO
CCBGCC GO LGECC T CEEAGCBAGCGEAGC T AGCAGCOGCASCCECAGESGS
M Q Q9 P Q P Q G
CAGCAG ABCUGEEE CCEEGECAGIAGRTOOG00ECCAGBEUECHORGITREERCEcaE
4 00 P G F S8 QQLGeE QB8 AAZPOGADGS
GECERCCT, CBGEECCEEAACCCTE OO TRAGICEATAGCTCARGCTCCTC
8 8 ® 46 PGP GPCLRRXEBEL KL L
GAGTCCATCTTCCACCOCEGCCALGAGCEC T T O E CATTCLCAGCGCCTCEC TEGACTAT
®E S8 T FHRE@HERTPFRTIUASA ATCECTLTDE
CIGAGCTE CCAGTTC TR U TEGCTEEECCCGEAGECECCCEEEIRGERACCEURCCCEEA
L $ ¢ EF L L AGBAG® G RZGD IO GR I AT PG
COGCRTC T CCCCOACGGEGETCRGTECCTGEEGATCCTETCCGUATOCATTSCAACKTS .
F HL PPRGSV¥YPOGDPRPR Y R TIT HCN I
ACBEAGTCATACCCTGCTE G L COCCOATOTEGTCOUTRGAGTCTEATGACCCTAACTTG
T B & ¥ P AVEPIWSVYV ESDPDTPNIL
GOTECTOTCI TECAGAGGC T TRGACATAAN GA A ACGAAATACTCTGCTAT TG CASCAT
A AV L ERTIEIZTVDTIKEKOEGENTISLILLQ K
CTGRAGAGGRTCATC TCCGACCTETATAM CTOTATAACCT DAL TCAICATCCAGATRTS
L KR I I $ B g CKDLYNTELPOGHTEPTDTY
GAGATGCTGEATCARCCCTIGCCAGCAGAGOA S TACACACAGGANGACGTGTCTTCAGAS
E M LDOQEPPLPFPAEQCTOQRTDUY S &8
CATGARGATUAGEAGATICCTEAGRRCACAGAAGACTIAGAT CACTATCARATCARAGAS
D EDEEMTPUREDTEBDTDLDEHTYEHMEKRER
CGAAGAGCCALT AAGRAATCTGR AT RAAGAARACTTCECC
% R P AEAGREKEKSETDDG GTIGREUHNTLA
ATCCTAGRGRANATTAARARGAACCAGATGCARGATTACTTAAATGTGCACTGTCTANE
I L EEKTZEKEKNQROQDTYLDHNGA ATYA G
TCEGTGCAGGUCACTOACCAGCTOATEARGGAGCTC, TATATACCGATCACAGRGT
8 ¥ O ATDRTLMEKETULRTDTITYTRSETGQS
TTCARRGGCIGARACTATACACTCGAACTCGTGAAT GACAGECTITATGATTOGRATATC
F K@ @8N Y AVELVYND STULTYDWRDNT
AARCTCCTCARAGT TEACCAGOACAGUGETTTE CACAACGAT CTCCRGATCCTCARAGRG
B b L KYDOQGDS ALHENTDTLGTITELZEKTE
BARGAAGOAGCEACT TCATTCTACTTAACTT TTCE TTEAARGATARCTTTCOCTTTGAS
XK E@ APFILTLUNFSGEFKDISNTFTE RPTFD
COMNIORTITE, TATGTCTCUAGTCCTOTCT TCTGOEGCECAGEE
P ¥ FVYRYYBEELVYLGSZGO G Y VL GG G
GUOATCTaCATGOARCTTOTCACCAAACABGACTEAGCAGTGCCTACTCCATAGAGTCA
A1 ¢ MELLTEKO®SOG GWYS S AYE T B &
GPEATCATGCAGATCAGTGCCACACTGRTAAAGGCCAAR(CACCAGTECAGTITGSAGED
¥ I MQISATLVYEKGSE KA ARTGQTFGA
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FIG. 2B

MTCTWTAWAEAAGAGCA@GCAGTCCTMTCCHGGTGCAGATC
NKSQ’YS!ITRRQQSYKSLVQI
GACGEARAAMDI}GCTGGTRCMACCCCCAAAAGMGACGQCTMCCCTGGAGT&TCAEC
HEEKWNGWTYTPPEKTETDSOG*
C'I"FCC'PCCWCEECMGCACCACTGGACCN\TTACE’TTTGMTGCTGTATTTGGI\TCTCA
CECIGCL T T GTAG T TCCC I CCTCAT T T T CO TGS ACG TEATARCTUTACCTATTEOAG
GACAATGATGC’CTAWCTWEGCTM@MMAAAAMACACMMCTG’ITTCMGTA
c:cmmﬁwmh&smmccmcmcmccwmmcnmwmmscam
TEATMMGAAAE‘ITTCG}\GGGTCC’I‘I‘ATATTGCTGGAMCTCMCIGTGCIC@GAC}‘R
GFGCC‘[’CCTTAL‘C’l‘ATGCTATGGATHTTMTTTATTMCTCTTRITTCATGT?\CACTGC
TTTTTTTGCTTACAGTITATGATAG! ARBARAT AARCED
TTACAGT I TGTTAATTTAAAAAARARAAAARALA
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MOOPGRPQEQO
LRRELKLLES
RGAGAAPGPH
VESDDPNLAA
NLPQHPDVEM
LDHYEMKEES
YINGAVSGIYV
DSLYDWNVEL
PKDNFPFDPP
SSAYSIESVI
SYKSLVQIRE
(SEQ ID NG:2)

QPGFEQQLAC
IFERGHERFR

LPPRESVPGD"

VLERLVDIKK
LDQPLPAEQC
PARGKKSEDD
QATDRLMERL
LXVDODSALH
FVRVUSFVLE
MOLSATLVEG
ENGWYTPEKE

5/9

FIG.

QUARPGACGS
IASACLDELS
PURTHCNTTE
GNTLLLOHLE
TQEDVESEDE
GIGKENTATL
BRIYRSQSFK
NELQLLKEKE
GGYVLEGGAL
KARVQFQANE
jale]

3

PGOGPGEGRC
CEFLLAGAGS
SYPAVPRIWS
RIISDLCKLY
DEEMPEDTED
EKTKENQROD
GGNYAVELUNM
GARFILLNFS
CMELETKQGW
SQYSLTRAQQ

40

80
iz¢
160
200
240
280
320
380
400
422
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FiG. A

RATL1d4E BLAST results/alignment w/ Drosophila protein

SGCHPROT: 046068 EG:2588.2 PROTEIN.
Length = 354

Soore

= 369 bhits (936}, Bapect = e-101

PCT/USOL/46559

Identikies = 134/403 {48%), Positives = 265/403 (65%), Gaps = 51/403 {12%)

Duerys
shjee:
Query:
Spjct:
Query:
Bhjets
Query:
Bhjat:
Query:
Shjet:
Query:

shjcte

41

~

226

315

286

378

348

LERBEKLUES I FHRUKERFRIASACTDELSCRF! APGPHLEPRGSVEGD
Le+BE+ LE IF + HERF¢I #+ +DEL O B+ =4
LKQEIKTLEKIEPKNHERFQT LNSSVDELLORFL- - - v v mmmmmm s m oo = -~ DRWGK

PYRIKCNITESY PAVPPIWSVESDDPNLAAVLERLVRIKKGNTLLLQHLKR T ISDLAKLY
IH NITB+YP+ PE#W  ES44 #+. ++ Lo+ + 4+ ¢ a4y #LO#La

RYDTHANLTETY PSS PPVHFABRSEETSVTNAVQT LANTNGRDNHY INQUGI LLRELORLE |

WLEQHPOVEMLDOPLEARQCTORDVESERE - -~ v = m e o ! DEEMPEDTEDLDHYEN
N¢P PD++ L P * + B +BE O Ex+s
HYPLEEDTDNTALEROT SPLRCEQ DSDOEETIEDPIG

KEEEPAEGKK--~------- ~=~SERPGIGKENLAL LERIKFHORQDY LIFGAVEGSVOATD
+ B +EG + 8+ D + EaLA LEK++++0QRODYL G+VSGSVQATD
B8BQESEGREPLELENDDVRETSKKDDMEVEHLATLEKLRQIORQDELKGESVSGEVQATD

REMHELRDI¥YRS0S FRGENYAY ELVNDSLY DUN VK LLKVDQRSALKNDLO T LKEKEGADF
RIMEELRRIYRS +FX Yeh+ BLYVN+S+V+UM+4L VD DS LE+DLQ+LKEKEG D
RLMKELRDIVYRSDAFKKNMES I ELVNBESIYEWN IRLESVDPDSPLHSDLOMLKEKEGKDS

TLINFSEKONEPFORBEVRVVS FVLEGEYVLGGRRI CHELLTRQGWESAYS IRSVIMO IR
ILLM FK+ +PF+DPEEVRVV P++5GEYVL GGALCMELLTEQGUSSAY++R+VIMQL+
TELNILFKETYRFE PRIVRUVHP T I SGAYULIGEAI CMELLTRQEWSSAYTVEAVIMQTA

ATLVEGKRARVQFGRIKS - « = ~QY SLTRAQUSYKSLVQIREENG 413
ATLVEKGKAR+QFGER Ks QYSL RAQQS+ESLVQIHBENG
ATLUKGFARIQFGATKALTQGOYFLARAQUSFRELVQIHEKIG 288

108

208

165

374

345

JP

2004-512836 A 2004.4.30
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FIG. 5B

RAPL1dA6 BLAST results/alignment w/ O. elegenz proteia

=GUGERQT: 093571 F25H2.8 PROTEIN.
Length = 473
= 317 hits (80B), Expect = §2-86

Score

Identities - 178/387 (44%), Positives = 247/397 (51%), Gaps = 45/387 {12%)

Quexy:

sbict:

Quary:

sbjct:

41

K

342

LERELKLLESIFERGHERF RIASACLDBLSCEFLLAGROGAGAGHA PGRHLFPRESVPGD
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Glu Lys Aso Gly Trp
385

<210> G

<331> 207

<312> PRT

<313= Mus musculus

<400> 5
¥et Sex Sex Asp Arg
1 5
Ser Gly Ser Ber Asp
20

Glu ¢lu @ln Glu Glu
35

Asp

Leu

hys

Glu

230

ger

Lys

Lys

alu

Tle

310

Leu

Mzt

Gly

Gln

Pha
38D

Gln

Ala

Arg

RED
Ala
Gly
215
Ile
Sexr
Elu
Thr
295
Ser
Thr
Gln
Ala
Gln

275

Thr

Axg
Asp

Lys

Val Arg
185

The Leu
200

Ang Asp
Glu Leu
Val asp

265

Lys Glu
230

Tyr Pro
@y giy
Lys Gln

Ile Ala
345

Thr Lys
360

Ser Phe

Pro Fro

Jex Asp
Gln Axg
35

Pro Ser
40

822

Ser

Glu

Ser

Ile

val

250

Fxo

Fhe

Ty

aly

330

Ala

Ala

Lys

Lys

Asp
1¢

Asp

Ala

Thr

Lys

aly

Tyx

235

asp

Lys

alu

val

31s

Trp

Thr

Leu

Ser

@lu
398

ger

Ten

Ser

220

Arg

Glu

Sex

RAsp

Fro

300

Leu

Sar

Leu

Thr

Leu

380

Asp

Lys

Arg

208

Val

Ser

Ser

Pro

Ser

285

Pro

Ile

gex

Vval

Gln

265

val

Gly

Qlu Sex Pro

Pro Ala Ala

Thr Gln Gln

45

1ys

1520

Bln

Gln

ASp

Ile

Leu

270

ile

Fhe

sly

Ala

Lys

350

aly

Gln

(242)

PCT/USOL/46559

App

Ser

Ala

Ala

Tyr

255

His

Leu

val

Gly

YY

338

Gln

Ile

Thr
s

Lys

Lys

nap

Gln

Thr

Phe

2&0

Glu

Ser

Leu

Arg

Ala

320

Thr

Lys

Tyr

Hie

Ser

Pro

Bsn
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Rzy
€5

Cys

Phe
Cys
145

Lys

Glu

Lys

50

ser

Leu

Arg

130

Leu

val

Fro

His

<310> &
«211> 200
<212> PRT
<213> Home sapiens

<400> &

et
1

Leu

Asp

ys

Ala
Lys
Glu
Prcl

gQ
TYL

Pre

Bap

Leu

Gln

Ala

Gly

Thx

1ns

Asp

Leu

Leu

Bsp
185

hsn

Ser

Aan

35

Tyr

Pro

Bsn

Gln

Ser

Lys

cly

Bro

100

Phe

Ils
Dew
val

1840

Rrg

Ile

Gln

29

Phe

Glu

Fhe

Ile

™
100

Ser

Glu

Fro

B5

Pro

Ber

Lau.

Sex
165
Gly

Ile

Ala

5
clu
Thr
Gly
Asn
Ser

85

ala

Liys
Leu

70
LyB
Gly
Ser
TYr
Lys
150
Ile
ger

2la

val
Tha
Gl
&1y
Pro

70

ser

Ala

Thy
55
Ala

oly

Ser

Hig
135
Asp
Cys

Lle

Arg

Ser
Leu
Axg

EE
Pro

Val

ala

Thr

Qlu

Rsp

val

Tyr

120

Cye

BEn

Sex

Ala

eln
200

Lyg

Arg

40

Tvr

Lys

Thr

Met

Ala

a2n

Tyr

105

Pro

Aen

Trp

Leu

Thx

188

Tzp

Lle
Asn.
25

aly

Gln

Gly

Thr
105

922

Lys

Phe

Ile

Ser

Leu

170

Gln

Thr

Lys

1

Gln

glu

Lew

Arg

Ala
so

Leu

Leu

75

Tyr

Gly

Liye

AED

Pro
iss

Lys

Arg

Ile

Ile

Phe
5

TIle

Arg

Sex

14
Aep
Glu
oy
Pro
sexr

i40

Ala

@lu

Lys

Ela

Ile

:14)

Ile

Cys

Thr

Thi

Pra

Trp

Val

Pro

125

Gln

Leu

Cys

Thx

ryxe
205

zhe

val

Gly

45

Lys

Thr

Len

Val

Ber
Fro
Arg
Fhe
110
Lye
Bly
Thr
Asn
Asn
130

ala

Lys

Asp
30

Lys
Asp

Leu
216

(243)

Ala

der

85

Phe

Yal

val

Ile

Fro

175

arg

The

@u

is

Leu

Fro

Pro

Tle

Ile

85

Leu

PCT/USOL/46559

Lys

Asn

80

Thy

Len

Thx

Ile

Ser

1690

Ala

Ala

wal

val

Asp

@lu

T

80

Leu

Ser
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Val
Ala
145

Giu

Ala

@ln

val

13a

Arg

Tyr

Ala

Thr

<210x 7
<211> 138
<212> PRT
<2135 Drosophila melanogaster

<4G0> 7

Met
1

Melr

Liys

2la
145

»Ep

Ala

Arg

Asp

Bxo

50

Ty

Pre

Asp

Gln

Val
136

Ala
118

Ala

Le

=

Yal

Glu
185

Leu

Asn

™D

Lys

Tle

180

Leu

Leu Ala

¢ln Tyr

Ale His
150

Lys Tl=
185

Val Ala

Leu Leu

ala

Lys

135

val

Leu

Ser

Bla

120

TyY

Ban

ger

ABn
200

Asn Met 3la Val Sexr Brg

Ser

35

Tyr

Pro

2o

asn

Ala

115

Ala

Hig

&sp

alu

20
Trp
Glu
Phe
Ile
Trp
100
Leu
Tyr
Trp

Ser

5

ciuz Tle

Thr Glu

Gly Gly

Asn Pro
10

Sex Ser
85

Ala Bla
Ieu Ala
Gln Phe
Thr Asn

150

Lys Tle
165

Val

Leu

Lys

55

Pro

val

Bla
Lys
135

ala

Gln

cin

Arg

40

Fhe

Lys

Thx

Met

Ala

120

Asp

Tyx

Arg

Glu

A=n

als

Len

Ser
185

Cys

35

Gly

Val

val

aly

Thy

105

Glu

Lys

Ala

Leu

1022

Fro

Pro

aly

Cys

170

Lys

Lye

10
Sexr
Glu
Teu
Axg
Ala

2Q

Leu

Tyr

Gly

Arg
170

Asp

@lu

Ala

1558

ala

Ser

Arg

Ile

Ile

Flu

Fhe

75

Arg

2sp

Gly
155

asp

Rsp
Met
140
Pro

Met

Trp

Glu
Lys
Ala
Ile

&0

Ile

Cya

Asp
Leu
140

Pro

Het

Fro
138
The
val

Gly

Aep

Phe

Ile

@ly

45

Lys

Tha

Leu

Val

125

Phe

His

31y

Gln

Lys

gexr

Phe

Val
120

Lys

alu

30

Pro

Val

Axg

App

Leu

110

Gln

Lew

Thy

Ile

BEp

cln

sex

Asp

175

Glu

Glu

15

Pro

Fro

Ile

Tle

25

Leu

Asp

Leu

FPhe

Bsp
175

(244)

PCT/USOL/46559

Rla
Thr
Pro
160

Arg

Thr

Val
Val
Asp
@lu
Txp

80
Leu
Ser
Ala

Thr

Fro
160
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His Glu Ala Ary ala

180

Ala Thr @lu Gly Leu

<210> 8
<21l> 295
<212% PRT
<213> Saccharomyces

<400> 8

Met
1

Rrg

Leu

Val

A=
148

Lys

BAsp
225

Sex

QFlu

c1lu

AT

5o

Fhe

Ala

Ile

Thi

ger

130

Alm

Met

Bro

Glu

2ep

210

Asp

125

Sex Arg Lys
5

Leu

Azp

3L

Glu

PO

Tle

Leu

Tip

11is

Leu

Val

Glu

Thr

Ser

195

Asp

Gly

Thr

20

Rap

Asp

Elu

Tyr

His

100

Ser

Leu

Asp

Val

Sex

180

Aen

RAsp

Asn

Asp

Rap
His

35
Gln
Pxo
Glu
Tyr
Glu

165

Glu

Glu

Rsn

(245)

PCT/USOL/46559

1122
Val Leu Ber Lye Glu Asn Txp Asn Leu Gluw Lys
lgo
Phe Ssr
cersvieias

Ser Thr Ala Ser fer Leu Leu Len Arg
10

Pro Lys Lys Ala Ile Pro Ser Phe His
25 ao

asn Ils Phe Thr Trp Asn Ile Gly Vval
40 ) 45

Ile Tyy His Gly Gly Phe Fhe Lys ala

55 60

Phe Pro Phe Ser Pro Pre Glo Phe Arg
70 i

Pro Rsn Val Tyr Arg Asp CGly Awvg Leu
kY

Ber Gly Asp Pro Met Thr Asp dlu Pro
105 110

Val Gln Thr Val ¢lu ser Val Leu Tle
120 125

Asp Pro Asn Tle Asn Ser Pro Ala 3sn
13z 140

Arg Lys Asn Pro Glu Gln Tyr ILys Gln
150 155

AYgy Ser Lys @ln Asp Ile Pro Lye Gly
170

fer Rla Tyr Ile ser Gln Ssr Lys Lel
128 190

Asp Met Ala Asp Asn Fhe Trp Tyr Asp
200 208

Agn Gly Ser Val Yle Leu Gln Asp Asp
215 220

His Ile Pro Phe Glu Bep Asp Bsp Val
230 235

Gln
15

Tie

cln

Phe

Cys

a5

Asp

Sar

Val

Avg

Fhe

175

Asp

Ser

Rap

Tyx

TYYX

Gin

Val

Met

Thy

8a

ala

ile

Aep

Val

150

Glu

Asp

Tyr

Asn
240
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(246)

WO 02/36741 PCT/USOL/46559
12/22

Tyr Asn Rsp Asn Asp Asp Rsp Aep Glu Arg Tle Glu Phe Glu Asp Asp
245 250 255

Asp Asp Asp BSp Asp Aop Sex Ile Asp Asn Asp Ser Val Mst Asp Arg
260 265 270

Lys Gln Pro His Dys 4la Glu Asp Glu Ser Glu Asp Val Glu Bsp Val
275 280 285

@lu Arg Val Zer Lys Lys Ile
280 255

<210

<21l> 20

<212% DA

213> Arbtificial Seguence

«220>
=223> Description of Brtificizl Sequence: Primer

<400> &
tgeagtagbet gacteagtgs 20

2210> 10

<210> 27

<2Ll2> DN

<213% Artificilal sequence

=220>
<2223> Description of Artificiel Sequence: Frimer

<400> 10 .
ctgatcbgoa tgatcactga c 21

<21.0> 11
<21ll» 30
«212> DNA
%213 artificial Sequence

<220> .
«223> Description of Artificisl Seguence: Symthetic
aligonuclentide

«400> 11
tccactgeaa cateacggag teatacecig 30

<310> 12
<211» 30
<212Z> DNA
=213> Avtificial Seguence

<220>
<223> Description of Artificial Seguence: Synthetic
aligonuclectide

JP
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13/22

<400 12
atgcagteoga actcgtgaat gacagbctgh

<210> 13

<211l 38

<212> DNA

«213> Artificial Sequence

<220
<223> Description of Artifi

rial Sequence: Primer

<400z 13
gragcagogy cogegacgag ctgagotgoy agttoctge

<210> 14
<211> 37
<21Z> DIA
<213> Artificial Sequence

<Z220>
«223> Description of Artificlal Sequence: Primer

<400> 14
geageagtog acgoogbett cttttaggaa tgrgtac

<310> 15
<211l> 39
<212> DNR
<213> Artificial Seguence

<320>
4223> Description of Artificial Sequence: Primer

<400> 15
geagoagegy ccgoatgoag Cagcogcage cgoadggge

<210 16

<41lLl= 37

«212> DA

<213> Artificial Sequence

220>
<223> Dezcription of Artificial Sequencs: Primer

<400> 16
geagcagteog acgeoctgit tggtoagaag ttceaty

=210> 1%

<211s 245

<2125 BRT

<213> Homo sapiens

(247)

PCT/USOL/46559

30

38

37

39

37
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<2400 17
Pro His Len

1

His

val

aAsp

lie
65

@lu

val

Ile
145

Bep
225

Cys

Glu

Ile

5¢

Ser

Sexr

ASD

&1lu

130

Val

Ser

Ser

Ala

210

rha

Pra

Asn

Ser

35

Lys

nsp

Len

Ser

His

115

Bsp

Lys

Gln

Gin

1a5

Leu

Ile

The

<2105 18
211> 13
=212> PRT
<213~ Homo sapiens

<400> 18

¢ly Ser val Qln ARla
1

Ile

20

Asp

Lys

Leu

Asp

Glu

i00

Yy

Rap

ala

Ber
iB0

Leu

Val

Pro

Thr

Rep

cly

Cys

©lo

85

Asp

Gly

Gln

Thr
168

Asn

Leu

Brg
245

5

Arg

Glu

Pro

Asn

Lys

70

Glu

Met

Tle

Arg
150

Asn
230

Biy

Ber

Aen

Leu

Asp

Lys

aly

135

Gln

Aen

Lew
218

Fhe

ser

Tyr

Leu

40

Ty

Fxo

@lu

Glu

iz2o

Lys

Rep

Leu

Gly

Val

200

sex

Val

Pro

25

Ala

Leu

Asn

Rla

=lu

105

Glu

Glu

Tyr

Mek

asn

185

Lys

Ile

Phe

14422

Pro

I0

ala

Ala

Trau

Deu

Glu

20

Met

Glu

han

Leu

Lys

170

Tyx

Leu

Len

Lys

aly

Val

Gln
Pro
75

@ln

Pro

Leu

Asn

155

Glu

Ala

Leu

Tys

Asp
335

Rep

Pro

Leu

His

50

Gln

dys

alu

Ala

Ala

140

Gly

Leu

val

Lys

Glu

220

Asn

Pro

Pro

Glu

45

Leu

His

Thr

Glu

128

Ile

Al=

arg

Glu

val

205

Lys

Phe

Thr Asp Arg Leu Met Lys Glu Len

10

Val

Tle

39

Axg

Ly

Fro

dgln

Thx

110

cly

Leun

Val

BED

Leu

is0

ABp

alu

Pro

Ary
15
Trp

Leu

Asp

Glu

25

Glu

Lys

Glu

Ser

Ile

175

val

@ln

aly

Fhe

(248)

PCT/USOL/46559

Iie
Ser
Val
ile
val

80
Asp
Agp
Lys
Tiye
Gly
pi-t
Tyx
Asn
Azp

Ala

Bep
249
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15F22

<2105 13
<211> 13

«212» PRT

<213> Homo sapiens

<£00> 13
Ile Tyr Arg EBer Gln fer Phe Lys Gly 2ly Asn Tyx Ala
1 E 10

<210 20

<211 13

<312> PRT

<Z13> Homo sapiens

<400> 20 .
Ile Len Leu Asn Fhe Ser Phe Lys Asp Axn Phe Pro Fhe
1 5 1aQ

<210> 21

<211x 13

<212% PRT

<213> Homo sapiens

<400> 231
Thy Arg Ala Gln Gin Ser Tyr Lys Ser Leu Val Glm Ile
1 5 X0

<210> 22
<211l> 14
<212» PRT
<213> Homo sapiens

<400> 22
Pro Ala Glu Gln Cye Thr Gln Glu Asp Val Ser Ber CGlu Rap
1 5 10

<210> 23

<211> 14

<212> PRT

<213> Homo sapiens

<400% 23
Thy Gln Glu Rsp Val Ser Ser Glu Asp Glu Asp Glu @lu Met
1 5 e

<«210> 24

211> 14

«212> PRT

<213> Homo sapiens
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<400> 24
Gln Glu Bsp Val Ser fexr Glu Asp Glu ASp @lu Glu Met Pro
1 B 10

<210> 25

<211 14

«213> PRT

<213» Homo. sapiens

<400> 25
Ala Glun Gly Lye Lys Sex Glu Asp Asp @ly [le Gly Lys Clu
1 8 1.0

<210> 26

“21ix 14

<313>» PRT

213> Hpmo sapisns

<4305 26
Glu Leu val Asn hep Ser Leu Tyr Bep Trp Aso Val Lys Leu
1 5 10

<210> 27

<zll> 1z

<212» PRT

<212> Home sapiens

<400 27

Ile Leu Leu Asn Phe Ser Phe Lys Asp Asn Fhe Pro Bhe BEP
1 5 10

<210> 28

=211> 14

<212> PRT

<213> Homo sapiens

<400> 28

Val Axg Tle His Cys Bsn Ile Thr Glu Sexr Tyr Fro Ala Val
1 5 10

<2105 29

«211> 14

©212> PRT

213> Homo gaplens

<4D0= 22

Zla val @Glu Leu Val Rsn Asp Ser Leu Tyr Asp Trp Asn Wal
p) 5 10

<210% 30 -

<211y 14
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1722

<212» DPRT
<213> Homo eapiens

<4ad> 30
2sp Phe Ile Leu Leu Aen Fhe Ser Phe Lys Asp Bsn Phe Pro
1 5 10

<210» 31
<211l> 14
<212» PRT
<213> Homo sapiens

<400> 31

‘Val Gin Phe Gly Ala Asn Lys Ser Gln Tyr Ser Teu Thr Arg

1 5 10

<210- 32

<z1ll> 16

<2l2» FRT

«213> Home saplens

<%00> 32

‘Gln Gln Pro Gly Pra Gly Gln Gln Leu Gly Gly Gln Gly Ala Ala Pro
10

1 E 15

<210» 33
<211= 16

<Z1Z» EFRT

<zl3» Homo sapiens

<400 33 .
Pro ¢ly Gln Gln Leu @ly Gly Gln Gly Ala Alas Pro Gly Rla &ly Gly
1 L 10 15

<210» 34

«21l= 16

«212> PRT

«<213> Homo gapiens

<£DO> 24

@ln Deuw Gly @ly Gln @ly ala Ala Pro Gly Ala Gly Gly Gly Pro dly
1 5 10 i5

<2106> 35

<211> 1&

<212> FRT

. <213> Homo sapiens

<dDO> 3B

"ala Ala Fxe Gly Ala Gly Gly Gly Pro Gly Gly Gly Pro Gly Pro aly
1 5 10

15

A 2004.4.30



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(252) JP 2004-512836

WO 02/36741 PCT/USOL/46559

1822

<216> 36

<Zlls 16

<zl2: PFRT

=21li> Homo sapiens

<400> 36
Ala pre @ly Ala Gly @ly Gly Pro @ly @ly @ly Pro Gly Pro Gly Pro
1 & 10 15

<210> 37
<21l> 16
«212> PRT
<213> Homo sapiens

<400> 37
Glu Phe Leu Leu Ala Gly aAla Gly Gly Ala Gly Ala Gly Ala Ala Pre
L 5 10 15

<210> 38
<211> 18
<212> FRT
<213> Homo sapiena

400> 3B
‘Leun Leu Bla @y Ala Gly Gly Ala ¢ly Ala @ly Ala ala Pro Gly Pro
1 5 10 15

=210="39

<2115 16

=212> PRT

<213> Howe sapiens

<400> 338 .
Leu Ala €ly Ala Oly 0ly Ala @ly Ala @ly Ala Ala Pro Gly Pro His
1 5 10 15

<3210> 40

<231 18

<312» PRT

<213> Home sapisns

<400> 40
His Leu Pro Pro Brg Gly Ser ¥al Pro @ly Asp Pro Val Axg Ile His
1 5 10 i1s

«210> 41

<211> 16

212> PRT

<213> Home sapiens

<400 41
Gln Asp Tyr Leu Asn Gly Ala Val Ser Gly Ser Val Glm Ala Thr Asp
1 5 15

A 2004.4.30
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19722

<210 42

<211> 16

212> PRT

<213> Homo sapiens

<400= 42
Asn Gly Mla Val Ser Gly Ser Val Glo Ala Thxr Asp Arg Leu Meh Lye
1 5 10 15

“210> 43

«2]1» 16

<212s PRT

<2135 Homo sapiens

400> 43
Ser G@ln Sex Phe Lys Gly Sly Asn Tyr Ala Vel Glu Lew Val Asn Asp
1 1 10 1is

<210 44

<21l» 16

<212>» DRT

<213> Homo sapiens

<400> 44
Gly Tyr Val Leu Gly Gly Gly Alas Ile Cys Met Glu Lew Leu Thr Lye
1 5 5

<2L0» 45

<Zlls 16

<212> PRT

<212> Homo sapiens

<400 45
Ala Arg Val @ln Phe Gly Ala Asn Lys Ser Gln Tyr Ber Leu Thr Ary
1 5 10 15

<210> 46

<zll> 14

«212» PRT

<213> Momo gaplens

<400> 46
Glu Glu Glu Pro Ala Glu Gly Lys Lys Ser Glu Asp Asp Gly
1 . 5 i

<210s 47

<Z1l> 164

<212> PRT

<Z13> Homo zapiens
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«400> 47

qly
1
Ty
Asn
hep
ala
€5
Asp
Val

Txp

Thy

Gla
145

Ile

Ber Val

arg ser

Agp Ser

35

Bsp Fhe

Pro Pro

Leu Gly

Ser Eer

115

Leu Val
130

Tyr Ser

His clu

<Z10% 48
<211» 20
<212F DIA
<213» Artificial Seguence

<220

<223>

<dB0> 48
aggatcatob cogacctgtg

<210> 49
<211 20
x212: DNA

=213

<220>

<223>

<400> 48
caagggttga tecageatcet

Gln

Gln

20

Jeu

ey

Ile

Fhe

aly

R

Ala

Lys

Leun

Lys

Ala

Ser

Tyr

Hig

Leu

val

28

Gly

Tyr

Sy

Thr

Bhe

Asp

Asn

Leu

70

ala

ser

Lys

Arg
150

Asp

hys

Trp

asp

55

Bsn

Ile

Ile

&la
135

Ala

Artificial Sequence

Arg

aty

Aen

40

Leu

Fhe

Val

Cys

Gln

130

Arg

&ln

20122

Leu Met Lys Glu

i

Gly Apn Tyr Ala

25

TVal

Qln

Ser

ser

Met

108

val

Cln

Lys

Tla

Fha

Fro

30

val

Gln

Ser

Teu Leu

Leuw Lys
60

Lys Asp
75

val Leu

Leu Leu

Ile Het

Phe Gly

140

Tyr Lys
1558

Desceription of Artificial Sequence: Frimer

Description of Artificial Sequence: Primer

Leu
Val
Lys

45

Glu

Asn,

Sex

Thr

Gln
125

sex

ATg RSP
iB

@lu Len
ig

val Rap
Lyd Glu
Phe Prc
Gly Gly
95
Lys Gln
110
Ila Sex

Asn Lys

Leu val
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=210> 50

=211 20

<212 DNA

«213> Artificial Seguence

<220>
<223> Description of Artificial Seguence: Primer

400> EQO
atgaggcttyg gatcagettt

<210» 51

<211% 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Seguence: Primer

<400> 51
cotgaagect gacattocat

<210> B2

<213» 21

<212 LINA

<2135 Artificial Seguence

<220
<223> Description of Artificial Sequence: DPrimer

<400> 52
actgeagocyg attcattaat g

=210r 53

<213s> 48

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Frimer

<400> 53
gaattaatac gactcactat agggagatat catacacata cgatttag

<210> 54
<211> 48
<212> TMA :
<213> Artificial Sequenc

<220> .
<223> Descripticn of Artificial Sequence: bPrimer

<400> 54
gaattaatac gactoactat agggagacat gattacgcca agetcgaa

(255)
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<2105 55

<811 21

«212> DHA

«213> Artificial Sequence

<220%
«<223> Description of Artificial Sequence: Primer

<4 00> E5
tgtaaaavga vggccagtgz a 21
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A.  CLASSIFICATION OF SUBJECT MATTER
W) s CUTH 21702, 21404 CI2N /21, 1563
T8 CT. c o RA6231, % 2473 H
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U.S.: 536/23.1, 23.5, 24.31, 24 33; 435)252.3, 320.1
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Please See Continuation Sheet

Electronic data basce consultcd during the international search (name of data base and, where practicable, search terms wsed)

C,  DOCUMENTS CONSIDERED TO BE RELEVANT

Category * Citation of document, with indication, wherc appropriate, of the relevant passages Relevant to claim No. |

September 1999, see SEQ ID NO: 217 and page 58,

2294, expecially pages 2293-2204.

X WO 99/45375 A (METAGEN GESELLSCHAFT FUR GENOMFORSCHUNG MEH) 16 -5 and 18

X WO 00/3B473 A (CURAGEN CORPORATION) 05 Qutuber 2004, pages 190 wud 3293~ 1-3 and 18

l:l Turther are listed in the continuation of Box C. rj

See patent fantily anpex.
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caeumant of partieular reldvance: the clrimed imvention canaot be
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Washingtgn, D.C. 20231

Manne and mailing address of the ISA/US Authorized officer

Facsimile No. (703)305-3230 Telephone No.

& .
Bax PCT Carla Myers l_‘[ﬁ«n,v

Form PCT/ISA/210 (second sheet) (July 19238)
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International application No,

INTERNATIONAL SEARCH REPORT
PCT/USO1146559

Rox 1 Observations whore certain claims were found unsearchabbe (Contimuation of Item 1 of first sheef)

L O

This interational report has s been established in respect of certain elaims uniler Andcle T7(Z)(a) Tor dae following rensyng:

Claim Nos.:
because they relate to subject mater not required 1o be scarched by this Authority, namcly:

Claim Nos.:
because they relate to parts of the international application that do not comply with the prescribed requircaients (o such
an extent that 1o meaningfl internaticnal search can be carried oul, sproilically:

Claim Nos.:
because they are dependent claime and are ot drafica in accordance with the socond and third seatences of Rule 6.4

Bex T  Ohservations where mmity of invention is Iacking (Continuaiion of Item 2 of first sheet)

. X

Foim PCT/ISAZI0 (continuation of first sheet(1)) (July 1608)

This International Searching Autherity found muHiple inventions in this international application, as follows;
Piease See Continuation Sheet

As all required additional scarch fecs were timely paid by the applicant, this international scarch report covers all
scarchable claims.

As all searchable claims could be searched without efinr justifying an addilional fee, shis Awthnrity did net invite
paymens of any additional fec,

As anly some of the required additional seacch fees were timely paid by the applicant, this isternartonal search reporc
covers pnly those claims for which fees were paid, specifically clains Nos.:

Mo required additinnal search fees were timely puid by the applicant. Consequently, this inernational scarch report is
restricted to the invention first mentioned in the claims; it is covered by claims MNos.: 1-5 and 18

Remark on Protest D The additional search feeg were accompanied by the applieant’s protest,

No protest accompanied the payment of additional search foes.
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FCT/US01/A055%
INTERNATIONAL SEARCH REPORT

Torm PCTASATZID (second sheet) (uly 1998)

BOX 1. ORSERVATIONS WHERE UNITY OT INVENTION IS LACKING
This application contains ihe [Ullowing iventions or groups of inventions which are not 50 linked &5  form & single general inveutive
coneept pader PCT Ruke 13.1. 10 ocder Sor alk inventions 4o be examined, the appropriate additional examinntion fees smrst he paid.

Graup 1, slaims 1-5 and 1B, drawn to necleie acids.

Group I, chims §-8, drawn e protcins.

Group i, ¢laim 10, deawn t an antibody.

Group IV, claims 11 and 12, drawn t0 2 method of seroening for a modilazer

Group V. claims 13, 14, 16 and 17, drawn to methods of rreanment with un nzomist or anagonist.

Group VI, claim 13, drasm 1o methods of sreatment with w protcin. The nventions lisied as Groups 1-6 do rot relate to a single geacral
fnverntve cancepr under PCT Rufe 13.1 hecause, uader PCT Ruls 13.2, they lack the sams on comespending special techuieal festurey
far the following reasons:

The special technica! feaiure uf group 1 is cousidered to be isolated nuckeiz acids which consist of a specifly mucleotide seqriice. The
special wehmical fearure of proup 11 is considered 1o be profeins whick consist of 4 specific amino acid sequente and which have 8
specific 3-dimensional siructure, The special techinical featare of group M1 is considered io be andbodies which consist of a specific
amino avid sequence and which also have a specific 3-dimensional structure. Groups 1T represent malecules which coustd of wniyte
chemical structures, have different fonctions and arc ueilize® in different (ypes of methods, Therehy these groups do not share a special
technical feature, a5 s necessury 1o felfill the roquirements for waity of invention, The special technical feature of group 1V I8 considered
e b a method for ientifying modulators of binding activity or modulators of skiquitin conjugaling teyus activity, The special
techmnical featie of genup V is consfdered to he merhods of treatment with im agunist o awagoniat, The speeial technical fearure of
group Y is considered to hie « methud of treutment for a neuronal or immune disorder wherein the method compiises administering 2
prodein. 1t is noted that Applicunt s cntithod t an sxamination of the first product, method of saking said firgt product and method of
waing waid first produet. Mowerer, us (e claiios do not nclude methods of using or making the first product ¢laimed d.e., nualelc acids),
ihe methods of groups TV-VI constitute additional and distinct methods. Furthermore, the methods of growps IV-VI require the wse of
differenl reagents, invelve performing ditferent method steps and have distinet objoctives.  Accordingly, there #s no special iechnical
easure linking the recited groups,

Continuation of B, FIELDS SEARCHED Item 3:
GENBANK, EMBL, GENESEQ and EST Datahnses
search terms: SEQ 1D NO: L, nucleic acids cncoding SEQ ID N 2
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