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WO 2006/111866 PCT/IB2006/001519 1 HIV Vif Field of the Invention
The present invention relates to a lentiviral vector and its use in a method

WRMepE®ag 5 resistivity to infection by HIV, including superiffeé€tiBa0ey 001519

HIV. Background of the Invention AIDS is one of the leading causes of
death in the developing world, its spreaq reaching 10 pandemic
proportions. However, eradication of HIV-1 is far from being
accomplished. Currently, the highly active anti-retroviral therapy (HAART)
is the only efficacious treatment to rétl¥c¥ifrogression and spread of
AIDS, although its long-term use is associated with drawbacks and
limiiatigngsurRas,adherence to a complex dosing regimen, side effect
toxicity and elevated cost (Richman et at., 2001). The great intra 15 and
inter-subtype genetic and antigenic variability of HIV-I, stemming from the

high UGN B RS EE RO TRIRARINCEMININPHEAUAIE £ABAIRANGE iiSparting

responsible for resistance to HAART drugs, as well as for the repeated
fearvEviHeVaIssiing Hnitivpiaclidingssspedalpraoa i Yaccine (Ho et at,
2002). On this basis, development of alternative and/or additional
therapeutic strategies against AIDS are mandatory. 20 Many years of

PACS IR G IRHAN PIhve shown that the HIV-1 life cycle can be
interfered with at many levels, and proved at least the concept of anti-HIV
gene therapy gBuchschacher et at, 2001). Hematopoietic stem cells

QB medf thedeeding saegs Qhsisaticiidbecdsy plorjea atriadyith spified reaching
Witha fali ©XR5pBIR 0 HE NES v &N eRAIRG 2y MES. URCAYSANtRERs 8@ khplished.

small interfering RNA (siRNA) molecules directed against viral and

dewurtlye e hrshin sehixe ratioteiio viog thesse 44 AR T2 49 shay g achiicacious
e %: iserediRk. $88%s68RURICERba@ 2A IR e o0l Ring-term use is

proteins such as intrakines, toxins and single chain antibodies. However,

aspReiiat arith skawherks e Aaifakions Auph asdadhe Fatrolirt vemBlex dosing
e¥peRsingdsarademinan) ARuMaNsIod sk RIteIRE LERMDOTY “the great intra-

rybozimes have been disappointing (Woffendin et at., 1996; Ranga et at, )
POTINRFOHPIE RS S ateHE Angortigeify atiabib b Widehe: Wetr pipisid fsaehe high
RGIARA0RGQFLE Qe RN stREAficiRnRYinRHlisie RbaRMAIbNERt @BFbnsible for

short in vivo persistence of the genetically modified T_cells. Most of the

6?@1%%1}&?&1 AR edivgs, e wel asdiggihe dgpeated failure in developing a multiple

clades-based preventive vaccine (Ho et al., 2002). On this basis, development of

1\ Ald@ 1 DAY

g

alternative and/or additional therapeutic strategies against AIDS are mandatory.

Many years of pre-clinical investigation have shown that the HIV-1 life cycle can be
interfered with at many levels, and proved at least the concept of anti-HIV gene
therapy (Buchschacher et al., 2001). Hematopoietic stem cells (HSCs), T-cell
precursors or T lymphocytes can be genetically modified with, for example, genes
encoding ribozymes, decoys, antisense and small interfering RNA (siRNA) molecules
directed against viral and cellular genes (Buchschacher er al., 2001; Jacque ef al.,
2002; Novina et al., 2002; Lee et al., 2002; Coburn et al., 2002; Qin et al., 2003), or
proteins such as intrakines, toxins and single chain antibodies. However, early clinical
trials with T Iymphocytes transduced with retroviral vectors expressing transdominant
mutants of viral proteins or anti-HIV-1 rybozimes have been disappointing (Woffendin

et al., 1996; Ranga ef al., 1998; Wong-Staal er al., 1998) mainly due to low gene
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far have been based on the use of retroviral vectors derived from the
Moloney routine leukemia virus (MLV) to transduce HSCs or T-cells.

WOHIREVHBNRILV-derived vectors 5 have shown major limitatioRCIHIRNiEe1519

applications, such as poor efficiency in transducing non-dividing HSCs

and T-cells, insufficient expression of petentially therapeutic anti-HIV

products, and propensity to induce neoplasia by insertional activation of
oncogenes (Baum et al., 2003). 10 Among the possible targets of anti-HIV
dearsifiephByitadie nvdieicst thecvadmente etidityliadton (vivgemsrsiffiensaeof the
gemiéaﬁgqﬁééﬁwdg?@@ﬁspfvt&g\{df%ﬁéﬁﬁﬁﬁ%ﬁt@m@ﬁm{@%w@ out s0

replication in a Rev-dependent manner (Cullen et al., 1998; Frankel et al.,

Taobaveheeyibpiestaln therage b defor vitgh variuntained fiouh shedVedtesy murine
TRARREIRAY %\%ﬁ? Wi el pe e natal g (Eé‘fﬁzlégi vectors

and 15 macrophages) and some T-cell lines, for example, CEM, H9, and _
heye PbqrRHERiet Hmitedigns Houdrisicet AppliogdoBabishiaeraor 9fisiency in

FheshycelAhod dRIPasels alndl 998s YONimeiradier et 8relS8R) -?-fﬂy%tentially

requirement depends on the ability of Vif to counteract the action of the

récEmRy e ARtCALE EMAB AR OBE PR EtEitq Shdets neplasippdy) insertional
WhiSh SN IR SHanNRIRIIMRItAQ HPYob) Thus, disabling, or interfering 20

with, the function of Vif could represent an alternative anti-HIV-1
therapeutic approach. F12-vif is a natural mutant of vif, carrying 15

e AMIN RSB SURSIIMtigpSnQrigivally disaeyersdiin #he Fibluct of the viral
non-producei? variant of HIV-1 (Federico%?at., 198%?(1125 Carfiy_lni el%cal.?‘ ° v

19gstivitifarior Ay 1es) vitie eeohdhe praekrser Bensa QEET Y Hropkprgssed at a
thgrgRlisatian.gf supsriefrring Y andriRpdidaaymianea @aliedhg o7, 1998,

reduced infectivity of thisPFroducer. However, there is a need to provide

Rk MY il S itheaNaE o taicvitiye aterfofpF vl el dinECH Ve the so-

Qe darhesesmutariss, FARPESAMNIANE MR 308kt SVEIBAMET-cells and
these problems. 30 WO 2006/111866 PCT/IB20006/001519 3 Summa

<
SRR RERTH WS-t o d TP e h SRR PR, isher
effeqtogy ininkibiing B1Y1bosnbgatiominiro 109D cehdigsdntastedoritiSimon e

HIV-1. In particular, we have found 5 that a Vif protein which comprises

(@l A 0QR RS ARSIISE Rt 198 AT ARSI eSS o BShEHY of Vif to
1 hnibiabt kB0 adiddn b82nandckAdoidhaiwid-ERI SSMEOBE A3t fiifsth (Sheehy

for exerting antiviral effect against H1V, Moregyer, we show that a 45 | )
et al., 2009) which confers infate immunity to HIV-1. Thus, disabling, or interfering

with, the function of Vif could represent an alternative anti-HIV-1 therapeutic

approach.

F12-vif is a natural mutant of vif, carrying 15 unique amino acid substitutions,
originally discovered in the F12 non-producer variant of HIV-1 (Federico et al., 1989;
Carlini et al., 1992; Carlini et al., 1996). The F12 non-producer HIV induces a block
in the replication of superinfecting HIV and F12-Vif may play a role in the reduced
infectivity of this producer. However, there is a need to provide further vif mutants
with anti-HIV activity, and to provide effective delivery systems for these mutants.

The present invention seeks to overcome these problems.
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amino acid region of F12-Vif (Chim3), carrying only 6 unique amino acid
substitutions, embedded in a WT-Vif context, protects human

WOR2RfepHEegtes from 10 HIV-1 infection. Furthermore, we shoRGRAB06/001519

contrast to F12-Vif, Chim3 cannot rescue the replication of Vif deficient
virions (Avif HIV-1) in non-permissive cefls, making the use of this mutant
much safer in situations wherein it encounters Avif HIV- | quasispecies
silently harboured in a patient. 15 An advantage associated with one
efnhodanyertt the the qrésent invention is that the mutant Vif transgene is
under the transcriptional control of a Tat-dependent, wild-type HIV-1 LTR,
ich is activated only in HIV-1-infect %ﬂc Ils, thus,av ('xgj:éi unne ar
RGeS R R st e UG T T
explession iof Hiv- iniSuedkelntd/idfeothdcilbleh dditkdl. RO Brateentsohtve found
'Eﬁ’a‘%ht'oyiﬁc%ﬁ{gﬁ‘%%%ﬁé%%s 1s%(§t Pg tﬂge%{n(eaé C?itrrllﬂyoe na{[clzcl)é]s tg?rﬁ‘lles. ami\?? acids
provided a polynucleotide comprising-a nucleotide sequence encoding Vi
whorsroedicly of fsitionsnd 25id28 25360 2spbitimg thipaditionsvildtyp28equence
.30 1 nd 142 of the.s nce in Fi e replaced with
e e I AT R B I AR Yo that a 05
respactively) sagiowhefeih 1heé/nlid/€blitd)secpreying dogy n6t entpue teino acid
' cid S in Fi According to another aspect of the
e e e B B R res from
Ve btigdestique Fuslemoodin gieifshdwrdinteiachoottird &mii@aA68sChim3 cannot

carresponding.to positi 1,128, 130, 131, 1 42 ofthe . .

O e S Y e e ouR S n e RBemissve cels,

repldagdhwitieanbiiie nartinonagit] sdfer\ith eividtione wherwdicodibeuatatndvif HIV-
cids corresg)orﬁdria%\llggg)ositi ns 22, 29, 41, 48, 66, 80, 109, 185 and 186
dHBEPTERS RV INPR R Ehd R P@Eﬁ%tively. 5 Preferably all of the

amino acids corresponding to positions 22, 29, 41, 48, 66, 80, 109, 185

d 186 t1, 1, K,N,V, N, R, Rand N respectively. Inone . .
B AOPIFD ST B e R TRRRORES BRLisa SR on sghat the
Iatadk3Mif iz edelid2indéhenseauendptioalgiveidl afe Eptdependdtt, wild-type

r in id 10 and all of the amino acids_corresponding to . 1
T £33 i o8 BB Sanct B Ll REGLe (CE o, s gavoiding
ancddaapeetivelsi frefeddblyigh aftizernininansdidsCoisespontlihgiprogeny i.e.,

pec))(%ll%%sr,}%& %Z H}%gl %531%’1 e‘% ]kaﬁ% inducible control.

Statements of the Invention

According to a first aspect of the present invention there is provided a polynucleotide
comprising a nucleotide sequence encoding Vif wherein each of the amino acids
corresponding to positions 127, 128, 130, 131, 132 and 142 of the sequence in Figure
1A are replaced with another amino acid (i.e. the amino acids are not H, I, S, P, R and
V respectively) and wherein the nucleotide sequence does not encode the amino acid

sequence in Figure 2.

According to another aspect of the present invention there is provided a polynucleotide
comprising a nucleotide sequence encoding Vif wherein each of the amino acids

corresponding to positions 127, 128, 130, 131, 132 and 142 of the sequence in Figure
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and 142 are replaced with N, V, R, L, S and | respectively. 15 In one
embodiment the amino acid corresponding to position 48 is N. Preferably

WerRSMMmMIA%Sacids corresponding to positions 22, 29, 41, 48, 66 GD1BI996/001519

185 and 186 are those present in a naturally occurring Vif, such as, but

not limited to, 20 HXB2 ace. #K03455, BRU ace.# K02013, SF2 acc.#

K02007, PV22 acc.# K02083, MN acc.#M17449 and NL4-3 ace. #

M19921 (see Figures IA, IB and 1C). Suitable amino acids for these
ddsiticneErecbwitoatintitedatni RPa0id) 220 (ilredid ¢RI, #Sr{dtobrHhe B6rino acids

H). 109 (L),.185 (G), 186 (S), 25 Acgcordi no spect 0
%”E?Bé%ﬁﬁ%\?‘é r?tlg}i&ﬂ? & r(gél’s%p8 t’OZ{III% éé d %’o? hgggoi%% aﬁg]rﬁ%)ﬁg%gngt f[’ LK, N,
NGudRidke satilierespeetivelging Vif wherein each of the amino acids
corresponding to positions 127, 128, 130, 131, 132, 142 and 185 of the

sequence in Figure IA are replaced with another amino acid (i.e. the

dhifeoabtydd] aréthoaiin, 8id3 ciRrevpandify tegpettived)a e, Whedsineeneo, 109,
' ' ' 30 positigns 22, 29, 41, 48,
L R R R S BRI ety WO

2006/111866 PCT/1B211116111111519 5 Preferably all of the amino

45.C [ itions.22, 29, 41, 48 66,.80,.109 gnd 1 r

R s IR O SR i A L
adlind3Rcias ddi2 edpbadienytogositiipsre 272, 388rdaced Wah, ARPhdddnino acid
and 183 nee in Figure.lA are replaced,with.anot in
T 2 e 055 0, 185 and
366 noorwnd, 186 K&, IRIakd N rispRetimedN respectively. Preferably the
amino acids corresponding to positions 127, 128, 130, 131, 132, 142 10

and 185 are replaced with N, V, R, L, S, | and R respectively. In one

Brabuahyerit letherAngEcib soreesisspolidin® toamidivns 18N IRRERADIY3 1, 132
19 2RALIISRATARRRNAG 19 RORIIPRS. 2t 48, 66, 80, 109 and

15 186 are those present in & naturally occurring \ﬁ , such as, but not
limited to, HXB2 ace. #K03455, BRU ace.# K02013, SF2 ace.# K02007,

B3R a6 AdS0206R M PSR AMAAAR AANL 53 s, FIAQO21 (soe

Figures IA, 113 and 1C). Suitable amino aci these positions are, but
not limited to, 22 (K), 29 (M), 41 (R), 48 (N or H), 66 (1), 80 (H), 109 (L),

PRGLIN Pthe amino acids corresponding to positions 22, 29, 41, 48, 66, 80, 109, 185
and 186 are those present in a naturally occurring Vif, such as, but not limited to,
HXB2 acc. #K03455, BRU acc.# K02013, SF2 acc.# K02007, PV22 acc.# K02083,
MN acc.#M17449 and NL4-3 ace. # M19921 (see Figures 1A, 1B and 1C). Suitable
amino acids for these positions are, but not limited to, 22 (K), 29 (M), 41 (R), 48 (N or
H), 66 (1), 80 (H), 109 (L), 185 (G), 186 (S).

According to another aspect of the present invention there is provided a polynucleotide
comprising a nucleotide sequence encoding Vif wherein each of the amino acids
corresponding to positions 127, 128, 130, 131, 132, 142 and 185 of the sequence in
Figure 1A are replaced with another amino acid (i.e. the amino acids are not H, I, S, P,
R, V and G respectively) and wherein one or more of the amino acids corresponding to
positions 22, 29, 41, 48, 66, 80, 109 and 186 are not I, I, K, N, V, N, R and N

respectively.



According to another aspect of the present invention there is provided a
polynucleotide comprising a nucleotide sequence encoding Vif wherein

WQAHe/dF (e amino acids corresponding to positions 127, 128P4'BAB2®¢$/001519

10

15

20

25

30

132, 142, 185 and 186 of the sequence in Figure IA are replaced with
another amino acid (i.e. the amino acids are notH, 1, S, 25 P, R, V, G or
S respectively) and wherein one or more of the amino acids
corresponding to positions 22, 29, 41 48, 66, 80 and 109 are not |, I, K, N,

VP idfand]R alespietmaipoRrefarattegibofithe tarpisttiaadz2c 0o esposgling, 80, 109
to ions 22 , a 30 109.are notl, I, K, N, V,Nand R
aIIi)(P f%%) alie n]ot 12 % ﬁl T%%\Cfgr%éﬁanﬁ

respectively. Tn gnéem €5ch Of the Amino acids corresponding
to positions 127, 128, 130, WO 2006/111866 PCT/1B211116111111519 6

131, 132, 142, 185 and 186, of the sequence in Figure |IA are replaced wit
oo PR PR O L e MR R hatanos. 120,
21319321 ,168, 84 480 dfiBcasequendeliKEgpN dAdaR neppeetvetih another amino

Preferahly.the.aming acids.corresponding to positions 127,128,130, 131

e R R SR SRR BB O T2 80 8009
ré8pectively], Ih Kn¥ emRdimdénteheeativicly. acid corresponding to position

48 is N. 10 Preferably the amino acids corresponding to positions 22, 29,

41, 48, 66, 80, 109 are those present in a naturally occurring Vif, such as,

bEefierahiyithd wpidXBRidccorspladibg BR poatthisKIZ) 112,8SFA0ack3#, 132, 142
. PV22 acc.# KQ2 # 449 and NL4-3 acc. #

ﬁ%@%{% é%ée}}%%erfgv i%ﬂﬁ%(n%%@?’iﬁﬁa éeasﬁﬁcrrl%g%&ds for these

positions are, but not limited to, 22 (K), 29 (M), 41 (R), 48 (N or H), 15 66

(B0 G0 ArBding sorancibrasnast olie present joyenton

there Is provi ed a polynucleotide comiprising a Lcleotide Sequence

encoding Vif wherein each of the amino acids corresponding to positions

191%f&%8&:2@§é:§%%§}ﬁ§&%§n3% ?8(%5'5%?0&%% 28 SPAYRNSE IR0 109 and

Figure 1 another amino aci e amino atids are
nbid_ang thoSe premeny iGaonBurelyertirehiaNdintvstens.ong ootiorsted ttog HXB2
in ' i iti 9 : d 80
o e st oap( B e s, o
ceneedidiitnnd Plstidns R, W0 942 | A5:ecbigindssA at® ot | CX SNitable amino
i . i f ' i
o Mook e TR DAL A2 Q0P SRR, 48 <N or 1, 6
(@), 80 (H), 109 (L), 186 (S).

According to another aspect of the present invention there is provided a polynucleotide
comprising a nucleotide sequence encoding Vif wherein each of the amino acids
corresponding to positions 127, 128, 130, 131, 132, 142, 185 and 186 of the sequence
in Figure 1A are replaced with another amino acid (i.e. the amino acids are not H, I, S,
P, R, V, G or S respectively) and wherein one or more of the amino acids
corresponding to positions 22, 29, 41 48, 66, 80 and 109 arenot I, I, K, N, V, N and R

respectively.

Preferably all of the amino acids corresponding to positions 22, 29, 41 48, 66, 80 and
109 are not I, I, K, N, V, N and R respectively.

In one embodiment each of the amino acids corresponding to positions 127, 128, 130,



130, 131, 132, 142, 185 and 186 of the sequence in Figure 1A are
replaced with 30 another amino acid and all of the amino acids

WQappesgd¥ding to positions 22, 29, 41, 66 and 80 are not |, |, RCMBHHRMP01519
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respectively. WO 2006/111866 PCT/1B211116111111519 7 Preferably

the amino acids corresponding to positiogs 109, 127, 128, 130, 131, 132,

142, 185 and 186 are replaced with R, N, V, R, L, S, I, Rand N

respectively. In one embodiment the amino acid corresponding to position

4835 NI32% Ptafdiébnthé #mifi shacidgueone spdiiging te\positiepia?, @%th another

4 resent.in a naturally. occurring.Vif, sych.as,,b
ot T IRATITE BT SN 22 1V Eh. 50
KUZDo?,1evR 2, ¥ceVy NoR0d rdvpécdmiyM 17449 and NL4-3 ace. #

M19921 (see Figures IA, IB and 1C). Suitable amino acids for these 10

positions are, but not limited to, 22 (K), 29 (M), 41 (R), 48 (N or H), 66 (1),
8Brekerabie dbedingtto asidtheorzsespontivighie peeamsii2gntlas,thafs iS1, 132, 142,
piQY¥ided gip leotide - HsNg adycleotide sequence encoding Vif
wherein eﬁgc%épﬁﬁegaéngrﬁg&a%%?’?gﬁé’s%]gﬁéiglr%gtg\] prgsﬁ%rﬁllg 8 109, 127,

128, 130, 131, 132, 142, 185 and 186 of the 15 sequence in Figure IA are
replaced with: ' id (i ' [ rgo,not H, L, H, I,

L L G s B b e

acids corresponding to positions 22, 29, 41, 48 and 66 are not I, 1, K, N

OISR AL ARSI 10 o
ohesenpsergithdnteashnilheoegninaadids soetespohuingotolpoiitibris, SHXB2 acc.

10003255, 1RRUL3Ic 8% JRA3144r 38380 k%@@éﬁ%ﬁfﬁigﬁﬁ%%i%ozom, MN

Figure IAare replaced with 25 ‘another amino aci e amino

arted M T44P ending-foersitid N B9249(saa FigntesbAréMent! 1 R.dhdtable amino
r i r [ ogiti :
B R O TRt T or 1.
NOMDREY (J2).1189.and N respectively. 30 In one embodiment the amino

acid corresponding to position 48 is N. WO 2006/111866
PCT/1B211116111111519 8 Preferably the amino acids corresponding to
pﬁgq%qi,iglgg), gg?thq_r, FReH O Ghapsegsgsinvention there is provided a polynucleotide

comprising a nucleotide sequence encoding Vif wherein each of the amino acids
corresponding to positions 109, 127, 128, 130, 131, 132, 142, 185 and 186 of the
sequence in Figure 1A are replaced with another amino acid (i.e. the amino acids are
not L, H, L, S, P, R, V, G or S respectively) and wherein one or more of the amino
acids corresponding to positions 22, 29, 41, 48, 66 and 80 are not I, I, K, N, V and N

respectively.

Preferably all of the amino acids corresponding to positions 22, 29, 41, 48, 66 and 80
arenot I, I, K, N, V and N respectively.

In one embodiment each of the amino acids corresponding to positions 109, 127, 128,
130, 131, 132, 142, 185 and 186 of the sequence in Figure 1A are replaced with
another amino acid and all of the amino acids corresponding to positions 22, 29, 41, 66

and 80 are not I, I, K, V and N respectively.
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present in a naturally occurring Vif, such as, but not limited to, HXB2 ace.
#K03455, BRU acc.# K02013, SF2 acc.# K02007, PV22 acc.# K02083,

WORAWeEEIBEM17449 and NL4-3 ace. # M19921 (see Figures 1RCTB28#P01519

IC). Suitable amino acids for these 5 positions are, but not limited to, 22
(IC), 29 (M), 41 (R), 48 (N or H), 66 (1).According to another aspect of the
present invention there is provided a polynucleotide comprising a
nucleotide sequence encoding Vif wherein each of the amino acids

Ruefespirydirg dwiposigids B®6rBpodiog 10 DM A L 7132814301451, 132,
1 i0: Fri rer [ ino

R R B Y R LR e

respectively) and wherein one or more of the amino acids corresponding

t it] 4 : i .15

e 26, 41 and

48 are not |, I, K and N respectively. In one embodiment each of the

%&g@&a%%ﬂﬁq&%@ﬁ@%fﬁ@Q&H-&BEHEHHE @g@ﬁti&&gm}%@ 42848306 183 are those
, 1427185 and 186 of the sequence in Figure 1A are replaced 20 wit

h
okt iarsinataisidyaprriristVelammoachis etiapisddmgis Bestionél-03455,

BP0 #o AR NEEb Land 6o sespestivelyadie iRty IhRamiBoait#49 and
corresponding to positions 66, 80, 109, 127, 128, 130, 131, 132, 142, 185

AN 8GercttdPiRBd Waas Vi, MuviiRapd 40). Ryjiablq aygino acids for these
"Bonegiuehe Ylone emheden (6,301 A6/ REROMING, BRIRROTEY).

is N. Preferably the amino acids corresponding to positions 22, 29, 41
and 48 are those 30 present in a naturally occurring Vif, such as, but not

limited 40, HXB2 REE #KABAB e BRUAGHHKAAILR: SEDRAAIEKI BB hucleotide
PV22 acc# K02083, MN acc.#M17449 and WO 2006/111866

PromiEPe 21 BREieRtiTis1 seqnenes-gnseding \Wigovhctee waghirel g panino acids

%@&ﬁ%@?@ﬁ%ﬂ@@@%@j these R0gtioNsare Ut a0t REeddo86 of the
22(IC), 29 (M), 41 (R), 48 (N, H). According to angther aspect of the . X
presisicm e RiBHaHe s FBIAERLEDADALRIE SHHRC 540 R gnino acids are

nygleptidesgagencg anceding Yikuhersiapaati G7ibR a0 @GiElsre of the amino
corresponding to positions 48, 66, 80, 109, 127, 128, 130, 131, 132, f{42N v
1A rRPISEDIURE 8GPRYIEETH Pl e IAlarkS @b & WrrhShdther X N and
altggpgcgggj}(i.e. the amino acids are not 1-, I, H,L,H,1,S,P,R,V, G

nd S respectively) and wherein one or more of the amino acids
corresponding to positions 22, 29 and 41 are not I, | and IC

Preferably all of the amino acids corresponding to positions 22, 29, 41, 48 and 66 are
not I, I, K, N and V respectively.

In one embodiment each of the amino acids corresponding to positions 80, 109, 127,
128, 130, 131, 132, 142, 185 and 186 of the sequence in Figure 1A are replaced with
another amino acid and all of the amino acids corresponding to positions 22, 29, 41,

and 66 are not I, I, K and V respectively.

Preferably the amino acids corresponding to positions 80, 109, 127, 128, 130, 131,
132, 142, 185 and 186 are replaced with N, R, N, V, R, L, S,I, Rand N respectively.

In one embodiment the amino acid corresponding to position 48 is N.



10 respectively. Preferably all of the amino acids corresponding to
positions 22, 29 and 41 are not I, | and K respectively. 15 Preferably the

WQMMeoL Bdes corresponding to 48, 66, 80, 109, 127, 128, 130,PCI1IBREY6/001519
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142, 185 and 186 are replaced with N, V, N, R, N, V, R, L, S, I, Rand N
respectively. Preferably the amino acids,corresponding to positions 22,

29 and 41 are those present in a naturally occurring Vif, such as, but not

limited to, HXB2 ace. 4K03455, BRU 20 acc.# K02013, SF2 ace.#

K260db 1y V22 e et deRRA&3 deidatiagid bodibandI\NDd:31a4d8. #4d 66 are those

M19921 (see Figures IA, 1B and IC). Suitable amino acids far. e

RO DU NP TRHRERRY ST 36 (R 361 DAL g o #C03455,

aBRibietcaspEORO1 S Present KUR0UPNRVAER dsqi IS PO NIKI$MITEI49 and
prisi leotide sequence encoding Vif wherein each of th

I e O oA oS Bbing 51 78, Ko, S5 585, £37h63gi for hese

1265itlGds A3 2nitdt ligntaddo 1B5(ED)1120 genuehcRVEBigurer IA)a66 (1).

replaced with another amino acid (i.e, the amino acids are not R, H, 1, H,

L,H, 1, S, P, R,V, G and S respectively) and wherein at least one of the
afnioardiaigl socorsdspasptagddthe piiteen? thaatidd tharotd p8OWIEN a polynucleotide
2006/111866 PCT/1B211116111111519. 10.Preferably the amino_.acids . .
CEPMRRTER g PR 050 a0 Y TR SRR Bigno acies
arurt8adinpeplgosdivdathds, BO, V08, R7N138,R30, 8311, RArdY 185 and 186 of
respectively. 5 Preferably the amino acids corresponding ta pasitions 22. .
N S D BT e Py DR S e SO e rino acids
liandt@dtth, F{IB M abeS, AK B3 A5 5GBRI SicmpediO 23] 3nd FhactoKO O dore of the
PV22 ace.# K02083, MN acc.#M17449 and NL4-3 ace. # M19921 (see

R R R B D e 2 P B b e AR ana
netstiectiediyo, 22( K), 29 (M). 10 Preferably both of the amino acids
corresponding to position 22 and 29 are not I. According to another

aspect of the present invention there is provided a polynucleotide

cBrefersiigadl nfidie ctidie s ecde woeresponding Wibadigoam22a2h, afltheddsiace not I,

algigs 1% rrrese%%}gfng to positions 29, 41, 48, 66, 80, 109, 127, 128, 130,
131, i ) dnd 186 of the sequence in Figure IA are replaced
with another amino acid (i.e. the amino acids are not M, R, H, I, H, L, H, I,

Slh%nlg’e\réib%d%rr]lgn &P %‘ft{ﬁgl%"%ﬂg gc]?ds corresponding to positions 66, 80, 109,
127, 128, 130, 131, 132, 142, 185 and 186 of the sequence in Figure 1A are replaced
with another amino acid and all of the amino acids corresponding to positions 22, 29

and 41 are not I, I and K respectively.

Preferably the amino acids corresponding to positions 66, 80, 109, 127, 128, 130, 131,
132, 142, 185 and 186 are replaced with V, N, R, N, V, R, L, S, I, R and N

respectively.
In one embodiment the amino acid corresponding to position 48 is N.
Preferably the amino acids corresponding to positions 22, 29, 41 and 48 are those

present in a naturally occurring Vif, such as, but not limited to, HXB2 acc. #K03455,
BRU acc.# K02013, SF2 acc.# K02007, PV22 acc.# K02083, MN acc.#M17449 and
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amino acid corresponding to position 22 is not I. 20 Preferably the amino

acids corresponding to positions 29, 41, 48, 66, 80, 109, 127, 128, 130,
WQ 2006113286842, 185 and 186 are replaced with I, K, N, V, N, RPQIL/AB2E06{001519

S, I, R and N respectively. Preferably the amino acid corresponding to

position 22 is that present in a naturally g25 occurring Vif, such as, but not

limited to, HXB2 ace. #K03455, BRU acc.# K02013, SF2 acc.# K02007,

PV22 acc.# K02083, MN acc.#M17449 and NL4-3 ace. # M19921 (see

INGdrasat, H3 MAA9LE )(saeTiigaiste arnirdSarid fHr thRnpeklacaninpasidstior these
limi 0, K [ ing, t e t resent
B B F g theclootide
sequence encoding a chimeric Vif protein comprising amino acids 126 to

0 of & i o , . _
A B gt e otide
aopiprisiog |anitedeotida xemense, srosiss BRUMER reboes thyamino acids
908 H KO0 1 PN 52368 #KBE O, M o8 4L 1449 and NIA-P1aces# and 186
M199271 (se€ Figures IA, 113, I€ and 2). In fhls regard, the naturall .
sdctheingavinesetiuSinwesotara sepitcsdavibrantiher mﬁagbg&-o?he amino
the Gre Bg{nﬁ?ﬂtiﬁ? ﬁ,]qli,ei,s Proviged;a QolypusiRQlda: way)PLfINGIRrein one or
nucleotide sequence encoding a fragment of the Vif polypeptide as
dufirredl dhevenivhcreids tPrrrtespPRdncbhinsiiadidasd? ;iﬁ‘ﬁfr)w%laﬁaé“’t L Tand K
t}?g nggj.ng to 126 to 170 of the sequence in Figure 2. 10 Preferably
the fragment comprises at least amino acids 126 to 170 of the sequence
in Figure 2. In one embodiment the fragment consists of amino acids 126
18 123 NE SRAMEDGED bRiE R poAGRR Nt KBRS YIEr BERREUAT dhenot 1, T
present invention there is provided a polynucleotide comprising a
randldotiRiPeBiigbhce encoding a fragment of Vif polypeptide wherein said
fragment comprises replacement amino acids at the amino acids
corresponding to 20 positions 127, 128, 130, 131, 132 and 142 of t

vRiefeypl s dhfeminei Aty GRITREPRIGAE S0 afn8Rt 1 A2dnieft 180, 131, 132,
eneoded bythedalypugieatideifnthar, corronises, R EpRceRentaliapectively.

acid at the amino acid corresponding to position 185 of the wild-
Preferably the amino acids corresponding to positions 22, 29 and 41 are those present
in a naturally occurring Vif, such as, but not limited to, HXB2 acc. #K03455, BRU
acc.# K02013, SF2 acc.# K02007, PV22 acc.# K02083, MN acc.#M17449 and NL4-3
ace. # M19921 (see Figures 1A, 1B and 1C). Suitable amino acids for these positions
are, but not limited to, 22( K), 29 (M), 41 (R).

According to another aspect of the present invention there is provided a polynucleotide
comprising a nucleotide sequence encoding Vif wherein each of the amino acids
corresponding to positions 41, 48, 66, 80, 109, 127, 128, 130, 131, 132, 142, 185 and
186 of the sequence in Figure 1A are replaced with another amino acid (i.e. the amino
acids are not R, H, L, H, L, H, I, S, P, R, V, G and S respectively) and wherein at least

one of the amino acids corresponding to position 22 and 29 is not I



type sequence in Figure IA. 25 In another embodiment, the fragment
encoded by the polynucleotide further comprises a replacement amino

WQietii¥etamino acid corresponding to position 186 of the wRETHRBR06/001519
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sequence in Figure 1A. 30 In another embodiment, the fragment encoded
by the polynucleotide further comprises . a replacement amino acid at the
amino acid corresponding to position 109 of the wild- type sequence in
Figure 1A. WO 2006/111866 PCT/1B211116111111519 12 In another

emmeum?nhalamfﬁamtwmgeﬂdbygth@mlmy@@owemgthw 128, 130, 131,

O B T A e SR SRSOUe T S ana
eredpediment, the fragment encoded by the polynucleotide further

comprises a replacement amino acid at the amino acid corresponding to
position 66 of the wild- type sequence in Figure 1A. 10 In another

em&l@eﬁhijamlﬁzthlﬁiﬂagmémtmmﬁﬁdihg thepationichoatidetiriethose present in a

comprises a ent aming acid tthe min corr g

A AB S TBRATED S8 SoaTar e G PR A AN D o5 BRU ace.t

eRN020dBNSAL theAEGATEN @m@aﬂynbeqsewnmmmmm@nd NL4-3 acc. #
Ci the amino a respondin

e R e B LS RS 0 pos omS e, but

embhdiiteett, P K3gp9ediiencoded by the polynucleotide further

comprises a replacement amino acid at the amino acid corresponding to

position 29 of the wild- 20 type sequence in Figure IA. Preferably the

aPadfieradjdbatipoSitie mAhofattidswidd:¢ypensaeg eneesitidn @Arentie akeatedl.

to I. 25 Preferably the amino acid at position 29 of the wild-type sequence

in Figure 1A is altered to I. Preferably the amino acid at position 41 of the
Wilcbtypim s ¢ etberinspegtiod the ipraterenhvimtorBthérefepatiyddrbagppilyaucleotide

ac%(rjng%i 1%2“1@10%1?0 eoglt r S\/é/&lge%/c%eesl%%ﬁlerpgcg/u% v&ifggrrglril' %E!ghalt?r?he amino acids
corresponding to positions 29, 41, 48, 66, 80, 109, 127, 128, 130, 131, 132, 142, 185
and 186 of the sequence in Figure 1A are replaced with another amino acid (i.e. the
amino acids are not M, R, H, L H, L, H, I, S, P, R, V, G and S respectively) and the

amino acid corresponding to position 22 is not L.

Preferably the amino acids corresponding to positions 29, 41, 48, 66, 80, 109, 127,
128,130, 131, 132, 142, 185 and 186 are replaced with , K, N, V, N, R, N, V, R, L, S,
I, R and N respectively.

Preferably the amino acid corresponding to position 22 is that present in a naturally
occurring Vif, such as, but not limited to, HXB2 acc. #K03455, BRU acc.# K02013,
SF2 ace.# K02007, PV22 acc.# K02083, MN acc.#M17449 and NL4-3 acc. # M19921
(see Figures 1A, 1B and 1C). A Suitable amino acid for this position is, but not limited (
to, K (Lysine).

According to another aspect of the present invention there is provided a polynucleotide
comprising the nucleotide sequence encoding a chimeric Vif protein comprising amino

acids 126 to 170 of the F12-Vif sequence in Figure 2 embedded in a naturally



to N. WO 2006/111866 PCT/1B211116111111519 13 Preferably the
amino acid at position 66 of the wild-type sequence in Figure IA is altered

WA B1Pkferably the amino acid at position 80 of the wild-typB(SEHtXpe801519
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in Figure 1A is altered to N. Preferably the amino acid at position 109 of
the wild-type sequence in Figure 1A is alfered to R. 10 Preferably the
amino acid at position 127 of the wild-type sequence in Figure IA is
altered to N. Preferably the amino acid at position 128 of the wild-type

seecierad MiFRgarsnpeissush andratingt VinpiedempBi R aepind<asitpat BRU acc.#
PRYUOTE13005 408 WHdoypepseauance iobindra ad 4s. alier944e Rq3lr4-3 acc. #

Preferably the amino acid at position 131 of the wild-type sequence in ) _
AaPEIA (sealkesieptol A BRfdraipdnd) aknifyatsaass phsitsaad peperring Vif

wild-type:-sequepeenfigure JAis altered to S. 25 Preferably the amino
acid at position 142 of the wild-type sequence in Figure IA is altered to I.

Preferably the amino acid at position 185 of the wild-type sequence in

Fiolig difid %o 3oANE Rh IR WORQRBIMERG P RAI IR 3 bblphRieotide

14 Preferably the amino acid at position 186 of the wild-type sequence in
FRQmBing 2Imidecidr. Sxesenein g dins e feseat optHES ré e pelypeptide as
i%ﬁi&‘&%ﬁ@ﬁ/@e%&@ﬁi@l?éji?adgﬂl¥H1!JEJ%}SH&-s%@%%’i%lﬁ&@%@[c&%@ﬁ@%%ding to

a nucleotide sequence encoding the amino acid sequence shown in Fig
4R EchiBinlhs sauvece 48 5de¥stdne present invention there is provided
a polynucleotide consisting of or comprising a nucleotide sequence

encoding the amino acid sequence ) ) )
Preferably the fragment comprises at least amino acids 126 to 170 of the sequence in

Figure 2.

In one embodiment the fragment consists of amino acids 126 to 170 of the sequence in

Figure 2.

According to another aspect of the present invention there is provided a polynucleotide
comprising a nucleotide sequence encoding a fragment of Vif polypeptide wherein
said fragment comprises replacement amino acids at the amino acids corresponding to

positions 127, 128, 130, 131, 132 and 142 of the wild-type sequence in Figure 1A.

In one embodiment, the fragment encoded by the polynucleotide further comprises a
replacement amino acid at the amino acid corresponding to position 185 of the wild-

type sequence in Figure 1A.

In another embodiment, the fragment encoded by the polynucleotide further comprises
a replacement amino acid at the amino acid corresponding to position 186 of the wild-

type sequence in Figure 1A.

In another embodiment, the fragment encoded by the polynucleotide further comprises
a replacement amino acid at the amino acid corresponding to position 109 of the wild-

type sequence in Figure 1A,
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10 shown in Fig 5A. According to another aspect of the present invention
there is provided a polynucleotide consisting of or comprising a

W edtitkeisequence as shown in Fig 15 or 16. 15 According R6 EhBipsy/001519

aspect of the present invention there is provided Vif polypeptides and Vif
polypeptide fragments encoded by the pglynucleotides of the present
invention. According to another aspect of the present invention there is
provided a polypeptide 20 comprising or consisting of the amino acid
sequence shown in Fig 4A or 4B. According to another aspect of the
ventio [eds r n tide
O e e AL o
Iemqplaabmm(mmmezﬁer&blm}malmnmﬂcaﬂweatcﬂp@ndarg/ablwsﬁtinnwm/of the wild-
odes a polynucleotide of the present invention
@éuébé%%ne\:%% f/rﬁ% ed to a viral LTR. Preferably the expression of
the polynucleotlde is tat and rev dependent. WO 2006/111866
E&JA&E@ d&ﬁ%@%&ﬁﬁﬁ@ %rﬁ)éﬁ{ %@c%lé'ewg g&ﬁﬁe{%{ ﬁ_{rther comprises
invention does not comprise the tat and rev gene terably the vector
@fmel@mls@mammmrd|gtdhpmmm¢mmgmh@nﬁdm@woa 6f of the wild-
% \AQJEQW?EWP% HIV-1 inducible control. Preferably the vector of
pre ent inventfon lacks the gag, pol and env genes. In one
embodiment, the vector of the present invention further comprises a 10

I t
R XH&'&I& %){?thg%}gelz{e]g%l%e%ﬂm 3158&@8 tﬂ?:a}';Bﬁr&@ﬁ%uﬁéeﬁ%ﬁgfycompmses

the vector tion further c prises a polynucleotide

serppiarcaericoning atildatthrarnuhthecidveatfanynedrgd yrovifiomdtpof the wild-
ol u&l&%ﬁﬁ 13 another embodiment, the vector of the present

|nvent|on Is in the Torm of an integrated pro virus. According to another

aspect of the present invention there is provided a retroviral 20 particle

99%8%&9&‘}%&5%\{?‘%@@ééﬁ%ﬂ@ﬁ@éﬁé@%@%@ rbolf}rﬁg%f@&mélﬁrther comprises

retroviral particle is pseudotyped. Preferably the pol ynucleotide encoding

thecplacamevifaingereldiiHicoeming ofidl COBIEPRERR 19apPaitioRt ‘Qtlwf)the wild-

type sequence in Figure 1A.

In another embodiment, the fragment encoded by the polynucleotide further comprises
a replacement amino acid at the amino acid corresponding to position 29 of the wild-

type sequence in Figure 1A.

Preferably the amino acid at position 22 of the wild-type sequence in Figure 1A is altered

to L.

Preferably the amino acid at position 29 of the wild-type sequence in Figure 1A is altered

tol.

Preferably the amino acid at position 41 of the wild-type sequence in Figure 1A is altered
to K.

Preferably the amino acid at position 48 of the wild-type sequence in Figure 1A is altered
to N.



According to another aspect of the present invention there is provided a
retroviral production system for producing the retroviral particle of the
WQR8eehtlipention comprising the vector of the present inven®§1aB06/001519
retroviral gag-pol and retroviral or 30 non retroviral env. In particular, the
concept of pseudotyping is well known ip4he art and may be used in the
present invention. WO 2006/111866 PCT/1B211116111111519 16
Preferably the retroviral gag pol and em' are on different vectors.
Preferably the envelope protein is selected from the group consisting of
F‘f@e}'érﬂb]_ﬁhevaﬁ\{ﬁg ac%t\écgﬁ%ﬁ %g %ﬂ% %ﬁﬁﬂgﬁﬁ#@% é&@ﬁ]&t% ﬁ*’?éﬂg%tﬁ E altered
the present invention there'is provided cell comprising™ a polynucfeotide of
tf@ Yresent invention. According to another aspect of the present
invention there is provided a cell infected or 10 transduced with a vector
or the retroviral particle of the present invention. Preferably the cell is a

5 TReelprablyihapninnade mipesiviom e pethnatidinefedicnan phbigute 1¢5is altered

Reeferably the cell is a hematopoietic CD34+ precursor cell or a
hematopoietic cell. Preferably the cell of the present invention expresses
mutant Vif under HIV-1 inducible control. 20 According to another aspect
ob (e BReSeRL NG aRdNaredsiRbaVidedr MOANEISOAe  A-ROlRERIGG. 1A is
a vector, a retroviral particle or a cell of the present invention for use in
rtaiethie Bs According to another aspect of the present invention there is
10 provided a pharmaceutical composition comprising a polynucleotide, a
gl%lélpeptide, a vector, a retroviral particle or a cell of the present invention
Ageosdiponio another aspect of the present invention there is provided use
of a polynucleotide, a polypeptide, a vector, a retroviral particle, a cell or a
pharmaceutical composition of the present invention for the preparation of

?;?é?é}@cﬁi)nﬁ{ét ienHeatent Ye¥a0678 13846 REAMAB LLA18ILd 11 1t 14 is
15  alteredto V.

STpPra LAy s darief, Grueiidoyexsiiemegdn Figure 1A is

Preferably the amino acid at position 130 of the wild-type sequence in Figure 1A is

altered to R.

20  Preferably the amino acid at position 131 of the wild-type sequence in Figure 1A is

altered to L.

Preferably the amino acid at position 132 of the wild-type sequence in Figure 1A is

altered to S.
25

Preferably the amino acid at position 142 of the wild-type sequence in Figure 1A is

altered to L

Preferably the amino acid at position 185 of the wild-type sequence in Figure 1A is

30 alteredto R.
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or prevention of HIV infection or related conditions. The HIV infection may
represent superinfection. Thus, the present invention provides a method

Wepeddm¥por preventing HIV infection 5 or related conditionsPEFABRAEIHG01519

administering to a patient in need of the same an effective amount of a

polypeptide, a polynucleotide, a vector, gyretroviral particle, a cell or a

pharmaceutical composition of the present invention. According to a

further aspect of the present invention there is provided a method of 10

tiyafergbly phe\emtingakity/anhfesiiom ol & refafez) woddijtisnseanepeasiig Figure 1A is

i%{%?g&'%%, transducing a cell with a vector or a retroviral particle of the

present invention In one embodiment the infecting or transducing is

carried out ex vivo and the cell is introduced in a patient. _ 15

Descripti I Fignr 0, - | ' .

R B (s L Bffetotide

08458 B RUAcOHKORE 8 1SFlRuiicke. #eq02087e RV D amINK @2EBS; quence
C 49). The accession numbers refer to NCBI Genbank

( ttp%vﬁvﬂ\\/{.%gé'nlm nih.gov/entrez/query

fcpi?CMD=search&DB=nucleotide). Figure IB shows the alignment of the

U0 i &ﬁ&uspgfg%&faf'{héf]feggﬂﬁ%ﬂﬁoﬁ%eﬁ%%g)e;?@éat&gapﬂucleoude

the F12-Vif sequence. 25 Figure 1C shows the WT Vif amino acid

sesistiag of T 4nmiging 2 wiuersidec saNe o0 BIgihptaTaiBe qGithsequence

(NGBLagG8ssian number: Z11530) from HIV1 F12. The unique amino

acid substitutions are shown in bold. 30 WO 2006/111866

PCT/1B211116111111519 18 Figure 3A shows the Chiral polypeptide

SROLIGAGS, AMINeHACs KRGty E@éﬁf‘i&l@@_ﬂ!ﬁﬁ%@ﬁ?ﬁm&q%?Jolynucleotide

relative to'wild type Vif (NL4-3). Figure 3B highlights the portions of Chim

Icaststngefsssamrrna Annerete serts s s ats aveas Frggleuko.

shows the Chim2 polypeptide sequence. Amino acids in bold represent

replacement amino acids relative to wild type Vif (NL4-3). 10 Figure 4B )

nipeRgiisa e srothenaspect pinthe PreRcabircspEAY thera - ipYidt Sjihalypeptides

Vi g \ﬂolypeptide fragments encoded by the polynucleotides of the present

invention.

According to another aspect of the present invention there is provided a polypeptide

comprising or consisting of the amino acid sequence shown in Fig 4A or 4B.

According to another aspect of the present invention there is provided a vector

comprising a polynucleotide of the present invention.
Preferably, the vector is a recombinant lentiviral vector.
Preferably, the lentiviral vector is derivable from HIV.

Preferably, the vector encodes a polynucleotide of the present invention which is

operably linked to a viral LTR.

Preferably the expression of the polynucleotide is zat and rev dependent.
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Figure 5A shows the Chim3 polypeptide sequence. Amino acids in bold
represent replacement amino acids relative to wild type Vif (NL4-3). 15

W0 BBohighlights the portions of Chim 3 that correspond t@EI/2BYH6/001519

(italics) and to wild type Vif. Figure 6 shows a schematic representation of
the HIV-1-based PAN, WT-VifPAN, 20 F12-VifPAN, Chiml-PAN,
Chim2-PAN and Chim3-PAN lentiviral vectors in their proviral form.
Figure 7 shows analysis of the expression of Chiml, Chim2 and Chim3 in
comparison with the WT- and F12-Vif full-length proteins by western bIot

i T LT T T

Ch|m3PAN transduced ceIIs were infected with the X4 molecular clone

r\éf&lﬁ %%t\m&o'\r/l fg‘SeTp 1.?'36101%%5) ssay (?I)L(J ersesm%%l red 1§’ctant Vif

e peat of a' kinetic 0 |n ection day re sho
Mnetma@fc IMié StigmenipardsisEilé- Mmdkmfahsdmtﬁd and LV-transduced
CEMss cells infected with the X4 HIV-1 NL4-3 at the MOT of 0.1. C.
Permissive SupT-1 mock-transduced and LV-transduced cells infected
wWitkifeeblyathe IvectoNIfAbe wesepo 0e/antise has 18244146 #rdkry Behd.
19 at the MOI of 0.1. D. Non permissive mock-transduced and
Chim3PAN-transduced PMI cells were infected with the R5 HIV-1 AD8 at
the MBI chthadamanR T thetivieptoneab el atGadydnyestintfedtivhes comprises a

él 91@&%% eﬁ@é“éﬁ% %%e‘i’éc%ma'!f( gé‘ fe.] lymphocytes.

lood derl d CD4+ T phocytes moc nsduced and
LVs- transduced were mfected with either the X4 HIV-1 NL4-3 (A) or R5

klnetlcslﬁgf C!Hé‘%&%%%%ﬁ&%&{' Qlfoh (Rl R0 ShAE MR teotide

HIV-1 replication in CEM A3.01 cells transduced with the
ineliarse lenending velclopsianartheh thielasd eifiniky\neries oW ihefagior geceptor
IJ/N(ﬁgiBr_e 11 shows that Chim3 does not rescue the replication of X4
and R5 Avif HIV-1 in CD4+ T lymphocytes. CD4+ T lymphocytes
mock-transduced or LVs-transduced 15 were infected with the X4 Avif-HIV

(£ anshiRe ElhchRAvITR) paglscyprelones at MM PLLO & Y fbrm of an

growth was followed for 39 and 29 days, respectively. Figure 12 shows
thdegapiedipeoxEvantage of F12-Vif- and Chim3-transduced over

According to another aspect of the present invention there is provided a retroviral

particle obtainable from the vector of the present invention.
Preferably the retroviral particle is pseudotyped.

Preferably the polynucleotide encoding the mutant Vif is operably linked to a viral
long terminal repeat (LTR).

According to another aspect of the present invention there is provided a retroviral
production system for producing the retroviral particle of the present invention
comprising the vector of the present invention and retroviral gag-pol and retroviral or
non retroviral eny. In particular, the concept of pseudotyping is well known in the art

and may be used in the present invention.



mock-transduced cells after HIV-1 infection. CEM A3.01 cells
LVs-transduced and 20 mock-transduced were mixed and cultivated at

WReELH¥650:50 and then infected with the X4 HIV-1 NL4-3 8CHEBRACKY WA 519
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0.01. The percentage of increment of transduced cells (NGFR+ cells) was
calculated at day 20 p.i. between infectgg and non infected cells. 25
Figure 13 shows the lower expression of Chim2 and Chim3 compared to
WT-Vif and that Chim3 is degraded by proteasome more efficiently in non
perehrsahle thrreivo vialaisie eallsir ay estdiff Bt a8al9tis of the basal
level of Vif and hA3G proteins in mock and LV-transduced either non

permissive CEM A3.01 or permissive SupT-1 cells. B. Western blot
abeeipsrb bf theclavedapeiratai de mplasind i anhbe ginaersiting of RD114-TR,

DQWS@IVG APWriduerden permissive (CEM A3.01) cells treated for 18

hours with the proteasome inhibitor MG132. Filters were probed

sequentially with the anti-Vif, anti-hA3G (only in non permissive cells) and
aRHBeHm ?Qﬁar%ﬂ'x:é?lg L oremeptRt W R B 136 provided cell comprising
PCT/1B211116111111 19 20 Vif proteins were calculateé) by measuring
tRPMENSIEPEAeRL BrrRrssRRhiBYsatipBut MG132 treatment and

normalising for equal amount of protein with the actin bands.

Quantifications have been done on three independent experiments. 5

Fifee dingsiomethee %@@hﬁﬂﬁtﬁowwws%ﬁmeéﬁt@rmw@ﬁéﬁ kfilldnfected or
tReARAGRE ANy 10T PEINSRIVE: GellSvhall, éé@ﬁﬁ%@ﬁ;ﬁ.d from

non permissive CEM A3.01 cells and frac tlonated A was then
hybridized with the NGFR probe. B. Total RNA was extracted from non

PefoRissive GEMIA3 DT .calls either treated or not with cycloheximide (10
g/ml) for 8 hours and fractionated RNA was then hybridized with 10 the

NGFR probe. C. Fold of increment of Vif mMRNA was calculated by

PHeRRHORIRRISE HidaNisRUEOR %H&eo@ag%mﬁgﬁlmahzed on the
NGFR bands. Figure 15 shows the Chim3 polynucleotide sequence. 15

Figure 16 shows Chim2 polynucleotide sequences. Figure 17 shows the

WieNipghecapiiderraciepsrial (4bd43. prigirerd Seaausbrhdriibietic cell.

polynucleotide sequence. 20 Detailed description Various preferred
features and embodiments of the present invention will now be described

by wewplynereligatingrexampiesai® Thepraatiesntibes Presant iNVENtigder HIV-1

will employ, unless otherwise indicated,
inducible control.

According to another aspect of the present invention there is provided a
polynucleotide, a polypeptide, a vector, a retroviral particle or a cell of the present

invention for use in medicine.

According to another aspect of the present invention there is provided a
pharmaceutical composition comprising a polynucleotide, a polypeptide, a vector, a
retroviral particle or a cell of the present invention and a pharmaceutically acceptable

carrier, diluent or excipient.

According to another aspect of the present invention there is provided use of a
polynucleotide, a polypeptide, a vector, a retroviral particle, a cell or a pharmaceutical

composition of the present invention for the preparation of a medicament for treatment



conventional techniques of chemistry, molecular biology, microbiology,
recombinant DNA and immunology, which are within the capabilities of a

Woesahldtsrdinary skill in the art. Such techniques are expla®fEl B2{1e/001519
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literature. See, for example, J. Sambrook, E. F. Fritsch, and T. Maniatis,

1989, Molecular Cloning: A Laboratory 3 Manual, Second Edition, Books

1-3, Cold Spring Harbor Laboratory Press; Ausubel, F. M. et al. (1995

and periodjc supplements; Current Protocols in Molecular Biology, WO
G @gEHYE&E?ﬂlfm9&161&@%@02@89%,T_Llse, HAY rfegtipm Walesepresent
Sshmmmibigny ork, N.Y.); B. Roe, J. Crabtree, and A. Kahn, 1996, DNA
Isolation and Sequencing: Essential Techniques, John Wiley & Sons; J.

M. Polak and James O'D. McGee, 1990, In Situ Hybridization: Principles
a?ﬁﬁué?Imetjﬁeﬁeﬁit(iﬁ%ﬂﬂiﬂiY%Wd%’%sﬁieMod-(ﬁﬁi&a(g@%tgf)plje%%ﬂtin HIV infection
Oligonucl otidg.S Synthesis: A Practical Approach, IrT Press; and,%). M. J.
(e R £ BT PP TS0E, MEUTBHETHHE o nidiies: DNReStelutbfosame an

Reffedsiv8 ynnttorsis el foiysipald 4 nepustimet DAV g theds: N ERRENRIO Phrticle, a
Ac?lde.mlc Press. Eacglieof these general texts is herein incorporated by
rg?ergln%é).hfffnia%‘gf TPFROTERMEDRF HIN iigabMRes, vectors,

retroviral particles, cells or pharmaceutical compositions of the present

[ vcenti N may bfg%flivered tog rget cell. ,Prefe[abl%/, the cell is a cell of

the STMURe SPstBTCE P Tol e rreremingvantieRIFhers Eemorided a method of

hrentingirampreeyBig MIRVaFae @faiefaatydf&ﬁgﬂﬁ&acgﬁlhwg&s# iﬁftecting or
. Cells into

capa Iecof 15 %ﬁti)%éﬂfected by HIV, i.e, an %@ermissive ce ]
WIICH the et § # YERSGi éla\/@é’fBYlB?I[? 1els OF the BrssBHIFRSRbN
may be introduced include peripheral blood lymphocytes, monocytes,

1acro Qaggi Igestgot tes Vtiral Infectivity Factor (Vif) 20 It should be )
T BRI Ap MG AR oA BoLE dh Sarishantife iy tukéhe cell is
“norodsped dirghatieniparticular position in the consensus sequence of
Figure 1A. This is not to be interpreted as meaning the sequences of the
present invention must include sequences present in Figure IA. A skilled
Aeesoipticth retid\Fappesciate that Vif 25 sequences vary among different
HIV strains. Reference to this figure is used merely to enable
identification of a particular amino acid location within any particular Vif
prigiein | Ssbwsritrocanidisealivhisueanbeitbstinehcidenified U 5N amino acid
sequence alignment programs, the use of which are well known in the art.
sequences of Vif (HXB2 acc.# K03455, BRU acc.# K02013, SF2 acc.# K02007, PV22

acc.# K02083, MN acc.# M17449). The accession numbers refer to NCBI Genbank

(http://www.ncbinlm.nih. gov/entrez/query.fcgi?CMD=search&DB=nucleotide).

Figure 1B shows the alignment of the 5 amino acid sequences of Vif, the consensus

sequence generated and the F12-Vif sequence.
Figure 1C shows the WT Vif amino acid sequence of NL4-3.

Figure 2 shows the HIV F12-Vif polypeptide sequence (NCBI accession number:
Z11530) from HIV1 F12. The unique amino acid substitutions are shown in bold.
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30 Lentiviruses such as HIV-1 encode a number of accessory genes in
addition to the structural gag, pol, and env genes that are expressed by

W RNsMId&soNn-competent WO 2006/111866 PCT/1B21111611#€TAB2®6891519

retroviruses. One of these accessory genes, vif (viral infectivity factor), is
expressed by all known lentiviruses exggpt equine infectious anemia
virus. Vif protein is a highly basic, 23-kDa protein composed of 192 amino
acids. Sequence analysis of viral DNA from HIV-1-infected-individuals

Heiguesvédlethavet the Shém repalirmgtidasaiugife rélndins astdstin Swjd, wpresent
YRR Je Lo .at. 4; Wi L n relatively native
Coﬁ‘éﬁ%gﬁgﬂﬁ%@éf&@%}%ﬂJ}?ﬁgﬁﬁ,ﬁg(ﬁ% ?'ng dimers, trimers

or tetramers. It has also been demonstrated that Vif proteins may interact

Vﬁfgm%aﬁ@ l‘ﬁgllﬁ{gﬁpfﬁmﬂe gﬁibr@gf@ﬁﬁ{qdfﬁét RAvRd 8'15%?{@%1“2?\‘5’ fpﬁ%ﬁ}lscs) and to

domain affecting Vif seff-association is located at the C-terminus o
prdkéitipedfiécially the proline- 10 enriched 151-164 region (Yang et al.,
2001). Deletion of the vif gene dramatically decreases the replication of
simian immunodeficiency virus (SIV) in macaques and HIV-1 replication

iFIS@D4u Fhres (hadfohiandlipdy PRIz seruenge., Anyipgl apoly 3050ekh Tepresent
1 RRB  DESPSIRIS Beilfs rhivedb Wiy e AAFRALKAS7, 1998), indicating

that it is essential for the pathogenic reéplication of lentiviruses in vivo.
Previous findings have supported a role of Vif in proviral DNA integration

(FIOnAS alortRa® ¥ bt der fiab haPeorn@ydiid & 71290% (HLBS) and to

also been shown that Vif interacts with either the genomic RNA (Zhang at
avilddare Bidttenhofer et al., 2000) or viral and cellular proteins such as
the HP-68 20 Gag complex, which is involved in the late phase of capsid
assembly (Zimmerman at al., 2002). Vif-enhanced infectivity is conferred

ifighasidds Thensidiin eBirb POy PRMrESHIRSEIf MpOtarydt deIbAd represent
yilsses.cam e eiaedscemplime g Ni@nsin yirus- 25 producing

cells but not in target cells. Furthermore, the requirement for Vif is cell
type-specific. The vif viruses exhibit a negative phenotype when produced

]‘:F?é‘ﬂr@ HEAIYnIHRRRO pYteenies MMty TiHer e BHRIGH AMACTPPIAGES:tO ) and to

ew T-lymphoid cell lines, such as H9. These cells are referred to as
"W&ﬁﬁé?ﬁ&éfrve" cells. In some T- cell lines such as SupTi, C8166, and
other non-T-cells such as HelaCD4 cells, 30 however, productive
replication of vi f- viruses can be achieved. These cell lines are referred to

JaLWErisBRES eetehematicAsarssanatinof b SdwkbrsedihNI g¥3-VIfPAN,
W 2000AN. 1866,H NRB 234D 1RA & him3-PAN lentiviral vectors in their

proviral form.

Figure 7 shows analysis of the expression of Chim1, Chim?2 and Chim3 in comparison

with the WT- and F12-Vif full-length proteins by western blot assay.

Figure 8 shows the antiviral activity of the chimeric proteins in T cell lines. A. NP
CEM A3.01 mock-transduced (Mock) and F12-Vif- and Chim3PAN-transduced cells
were infected with the X4 molecular clone HIV-1 NL4-3 at the MOI of 0.1. The mean
of triplicate values measured at the peak of a kinetic of infection (day 15) by RT assay
are shown. B. Kinetic of infection of permissive mock-transduced and LV-transduced
CEMss cells infected with the X4 HIV-1 NL4-3 at the MOI of 0.1. C. Permissive
SupT-1 mock-transduced and LV-transduced cells infected with the X4 HIV-1 NL4-3
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23 Gabuzda et at,, 1994). This requirement depends on the ability of Vif to
counteract the action of the recently identified CEM15/APOBEC-3G

WQRgteibli8tteehy et at., 2002) which is selectively expressed RCT/IB2006/001519

non-permissive cells, and which confers innate immunity to HIV-1.

APOBEC-3G is a cytidine deaminase cgly protein incorporated 5 into the

vif deficient virions (Avif HIV-1) during viral production, which induces

massive G-to-A hyper mutation in the nascent plus strand eDNA during
retéhseMeAnstiption.iMNofeptectiseils [eadingtosd wtedngnih Ghid PaNAnsduced

e o St o 9 ARl s st

megabeedhtitelgenporinnfpcdPOBEC, acts on 10 RNA and deaminates

only a single cytosine residue in its target apolipoprotein B mRNA to

regulate its expression (Tang et at., 1998), APOBEC-3G is instead active
origuiegiesbtramndbe BiA@mhddgvitpalf Kb ateGDASs A tgsylhofitss. Cord blood

ac?éfy{;é/d ?911-'5-1‘1’/0 59 21(){90 aII the CBQ;’%@E <§ n§é9§Q?aV§@| DNA Errg infected

converted to urac RRerthe deaminaton el
geﬁb@thsrahmQfﬂﬁh%taty&@mm%mﬁamk@dwgwmﬂﬁhmohm,dmyhe MOI of
t% % g a uracil-based excision pathway, prevents the accumulation of

NA into target cells. Alternatively, the increased number of uracils in
the minus strand could impair the initiation of plus- strand synthesis. The

PeienaT ATeR RN OISR ARGRFCIAG Il e wapoduced with

ely ear owever, it has been shownt at if signi icantly
rém@émwlmmal\m@mna@mmém@dmm&‘tbdim yinbtis: Ms)l of 0.1.
exclude APOBEC-3G from virions, Vif could mask the domain of
APOBEC-3G that interacts with the assembling virions; could direct
AT?gDREU 3G vt friohini3edsite potthes o | thderplitrivired Xésendlﬂ%ﬁsm# HIV-1
d APOBEC- at|o There is evidenge to,su t
s R e R RS PR e
d&gmdﬁhdnd)mﬁﬂﬁ%ﬁlgﬁ(ﬂﬁh@ﬁmntbﬁlﬁm\AD¥ﬁpﬁ ¢BYianolecular clones

va t Trono, 2004 t|o of A é) EC-36is .
R o 0 o R o T RS s Tpmastively:
between APOBEC-3G and an E3 ubiquitin Ilgase complex through the C-

rminal, SO Ad oet at.,.2003, an 0 Q&OTh
I P S S Rt v il K RdSieiggea over
isnnck-aiterdatéa thellyitifes HIGHUGadetridon. NCEPErABslveetiBl B Vauabikrced and
43545980 2008 LSO LETHRZMLIPRI YRS 250 and then infected
with the X4 HIV-1 NL4-3 at the MOI of 0.01. The percentage of increment of
transduced cells (NGFR+ cells) was calculated at day 20 p.i. between infected and non

infected cells,

Figure 13 shows the lower expression of Chim2 and Chim3 compared to WT-Vif and
that Chim3 is degraded by proteasome more efficiently in non permissive than in
permissive cells. A. Western blot analysis of the basal level of Vif and hA3G proteins
in mock and LV-transduced either non permissive CEM A3.01 or permissive SupT-1
cells. B. Western blot analysis of whole cell extracts derived from either uninfected
permissive (SupT-1) or non permissive (CEM A3.01) cells treated for 18 hours with
the proteasome inhibitor MG132. Filters were probed sequentially with the anti-Vif,

anti-hA3G (only in non permissive cells) and anti-actin Abs. C. Fold of increment of



Gabuzda et al., 1992; von Schwedler et al., 1993). Deletion of the vif
gene, however, results in alterations of virion morphology (Borman et al.,

WQ 205/ IBHeYac et at 1997; Hoglund et al., 1994). 5 A natural MGTARR2806/0p1519
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(F12-Vif), carrying 15 unique amino acid substitutions, originally identified
in the F12 HIV-1 variant (Federico et at.,»§989), a non-producer provirus
cloned from HUT 78 cells infected with a primary HIV-1 isolate shows anti-
HLV-1 activity (D'Aloja et al., 1998). 10 We have developed novel mutants
X mrateins Wiy alprdlairr by mpmsHitRg iRy inteashic afdhdrbeitds with celiwithout

linassirfecieshwith M -oMaIRsRoRf that: .
fu&len h sequence of F12-Vif1i%s@nog r?gggéga%&%\ég)rg%ggg ég]g?iyr@?}?ﬁacun bands.
in ‘t‘fﬂé

IG3RNsdhave brsielene W st indepsnsiers sxneveinls.of P12-Vif
(1712-Vif Chim3), carrying only 6 unique amino acid substitutions,

e bedd%i ii’%a W'Rg/if 15 context, é)rotpcts human T-Lymphocytes from
VER T et TRt aian b (himngraddNdrmistiors ohexintigeoteiatment in

Mah BRaeRiMeeal We-YiaARNA $86908 WAPEIGIR N ES8CR0d g\?gfgistﬁge CEM

protein preferably being a naturally occurring Vif protein. For exa ,

sécofl Wbﬁaf%#ﬁﬁﬁwﬁédrm wes thudsdssliaR with thedNOEB20te. B. Total
SRR ACHE 6 : 4 -3jace. . .
# M19921 vﬁ%ggéz%:%ﬁ%glsﬁ?ﬁ% ﬁrﬁ%ﬁyﬁg (qu\r?%eg ir%? é%gtljt\r{]%%s%%g’ﬁamt with
Vi Pedeimide 410 84RD e Shote amskiimstiowitedeRdbAsensatictShabridized with
agid snlpgtifuti (i.q=at itigRs:; 1 4868, 9,127,128

1%(?, 131, %%S} o 5%“%31886% lﬁrgé%%%%‘ ?n %ﬁtzﬁﬁ. ’%?%Ir\}e‘gabmaﬁneca%mﬂated by
pBhRtsRBsRse s arsatifigntnn of theoskiive bands R mpbzificosubstiEBRDbands.
are derived from the F12-Vif protein, the remainder being derived from

the second Vif protein. For example, if FIt-Vif specific substitutions are

rédgived aeposridieClim3mdymsdeatBle segRened. 142 (that is to say the

amino acids of these points are N, V, R, L, S and | respectively), but not

at positions 22, 29, 41, 48, 66, 80, 109, 185 and 186, then the portion of
tHaSRsm Ersbemphbine abagclestide SBrawiges22 to 186 may be derived

from F12-Vif, the remainder being derived form the second Vif protein.

WO 2006/111866 PCT/1B211116111111519 25 In various aspects of the
pr&RERtiAvBATGhenY UiV Hroedmetleatids seatrnem eAbat-May be

produced by making point mutations at the required amino acids positions.

For example, if F12-Vif specific substitutions are required at positions

15grio b8 shewy §12-Vibpahmueoqiidssruseesy the amino acids at these
pointsare N, V, R, L, Sand |

Detailed description

Various preferred features and embodiments of the present invention will now be

described by way of non-limiting example.

The practice of the present invention will employ, unless otherwise indicated,
conventional techniques of chemistry, molecular biology, microbiology, recombinant
DNA and immunology, which are within the capabilities of a person of ordinary skill
in the art. Such techniques are explained in the literature. See, for example, J.
Sambrook, E. F. Fritsch, and T. Maniatis, 1989, Molecular Cloning: A Laboratory
Manual, Second Edition, Books 1-3, Cold Spring Harbor Laboratory Press; Ausubel,
F. M. et al. (1995 and periodic supplements; Current Protocols in Molecular Biology,



5 respectively), then such site-specific mutations (e.g. using the PCR
overlapping technique (Taddeo et al., 1996)) may introduced to a

W aR0edly8securring Vif (e.g. NL4-3) at these positions. PreferBoll/ii904ip01519
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protein of the present invention is a mutated Vif protein or fragment 10
thereof, which when expressed in targetxells, reduces or inhibits
replication of HIV-1. The mutant Vif of the present invention may be
mutated uséi%standard mutagenesis techniques. By mutagenesis we

ad frchiaansbididn s WilstidiRansiMNeyarirsliaNyY prdieReg, J. Crabtree, and A.

embRdineos, SR BPESIHANWAHONS, ALRINEOIHGRAMTING MR AER Tohn Wiley &
overlap |1an technique (Taddeo et al., 1996). The ablllg of mutant Vif to

a7t &t 5 Redak ahbrrees AR cMetisapkt A diedine dgninizatirsstidtinciples and
MeyLBeceeteramngd i apalysipgadraliepficatign. @,&ﬁ{b SSRYEAI VNI leotide
to_those skilled in the art and are _described in D'Aloja 2001. Altdrnatively

a W51 ShpRiisylodrraariadiEh Rimes: (e &Prdl‘{quel rddliRingustdeldict&ahlberg,
trapefecigel ol HY-peimistible collst Jurivarpempd wouwld.enallehe physical

identification of further useful mutations thereby enabling the 20
[

fiskigh B MemerdidhiS treanal peth e sadsaniciRveridiaat of Akese general

ugadsheieirid M ersempeasasRll-designations assigned to those viruses
implicated 25 as causative agents of acquired immunodeficiency

syndrome (AIDS) and AIDS-related complex (ARC), such as HIV, e.g.
HVrdeppgHIV-2, and HTLV, e.g. HTLV-IIl. Of the two major HIV types,

-Tand HIV-2, HIV-1 is the predominant species around the world. To
date, two major groups of HIV-1 exist, "M" and "0". The viruses which
causeppepedbaisiinabiiiesd astionsIai %Mléhﬂoé@}sm%ﬂarmaceutical
group isglates 30 are genetically quite distant from the M group. HIV-1

SRRSO L RS RIERS M ERYBRI CRBIgR &8 Aelivoves Sopdgnzctal. Preferably, the

PG/ P2 (41l W81kl kihde 29siBalynyclaotides Poiyrmalppine sl 19& cell of the
pﬁesent invention may comprise DNA or RNA. They may be
S -

SRR 5Y Hotble=¥Hh MRS RTSHRABL hasrlocPrrrY Sl is capable of
Pesagnitifeétdl ymEruBdifierery pehidsieotislrs Cals sRePdRitLBaMR ombinant

polypeptide as a result of the degeneracy of the genetic code. In addition, .
R L Ereu St e GorBErien ) e PO dBhRES. nciude

npekelivicledbioe Isuistityiensibab daRohatirgiheespalieptide sequence

encoded by the polynucleotides used in the invention to reflect the codon
usage of any particular host organism in which the polypeptides are to be

Viral Infectivity Factor (Vif)

It should be noted that in this application amino acid positions are identified by those
‘corresponding’ to a particular position in the consensus sequence of Figure 1A. This
is not to be interpreted as meaning the sequences of the present invention must include
sequences present in Figure 1A. A skilled person will readily appreciate that Vif
sequences vary among different HIV strains. Reference to this figure is used merely to
enable identification of a particular amino acid location within any particular Vif
protein. Such amino acid locations can be routinely identified using sequence‘

alignment programs, the use of which are well known in the art.

Lentiviruses such as HIV-1 encode a number of accessory genes in addition to the

structural gag, pol, and env genes that are expressed by all replication-competent



10 expressed. The polynucleotides may be modified by any method
available in the art. Such modifications may be carried out in order to

WeaHeddStee in vivo activity or life span of polynucleotides of REd&/1B2006/001519
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invention. Polynucleotides such as DNA polynucleotid_es may be produced
recombinantly, 15 synthetically, or by ar2means avallable_ to those of
skill in the art. They may also be cloned by standard techniques. Longer

[ ' duced usi mbinant means, for
R T
willlihwolwe 26tivirkiey expept ef i eif(eichohabRMt $B19 $0r protein is a highty

leoti lanking a region qf the DNA targeting sequence which itis
ggéfﬁegd%?: o%aég,“?la%%‘g? "éegrﬁfg%ziﬁf&l%ﬁ%éﬁ- WRAUSANARBESESIOA Viral DNA
olﬁm@meﬂlﬁeftﬁiafe@tadﬁaﬂbﬁdumﬁaliaﬁalhvléaréafmﬁéﬁtﬁ@%&%ll}%?a’i%n%hﬁ‘g}ne of Vif
i iti i ' ificati esire

e A TR e 1557 1
mikadfechn wriag amstitiyed, 25 apehreisviing ihetamplitad BNAITing dimers,

' e designed tg contain suitable restriction enzyme _ .
o S U S B DR Eah R heamatons sneract wits
cﬁmingthettw'rt}ﬁnatejeil.?ﬂjﬁthanmaiit&rﬁweﬂﬂ@dieﬁtled'?h@’ﬁetliﬁé' Haﬁiétgﬁ%ffecting Vif

' -chain pol tide molecules as well as multiple-polypeptide )
Sgégli- s%la@igt nxgﬁe&%ﬁc e If&%’mlﬁgi;yBiéﬁﬁegrgfg%@fpemally the proline-

complexes whére indivi
2006/had 866- RE TEpRR 1 (VAR 214/ 1HIH )27 linked by covalent or
non-covalent means. As used herein, the terms "polypeptide” anq
"peptide” refer to a polymer in which the monomers are amino acids and

aRelelivad ebgdthentirogeie pdmidaioakﬂysutfka%eebmdsth'ﬂ}q&etpliféh‘t%)iﬁilvlblbﬁtl simian
' [ .polypeptides a pfides having biologica )
T R L S oo g i o
|6Addeiendio theVEp&cHiaskr dteinslaldrolidiedidssIsEnticoed Dléﬁ%fﬂieﬁl%?R. C., et
' j I 0 ses variants, derivatives, analogues, _
o 0L 0 HAieS heTSLFHEtha EbAlcit PG deipe pathogenic
iﬁ%@lm@éi@paofdﬁa@vim@ay@m@n.sﬁmmmﬁm@qmeu?spmmtme of Vif in
ifi idyes (wWhether,amino agid or nucleic acid ,
SR ol S e 1.
F80hldickardelsn bersstloewn that Vif interacts with either the genomic RNA (Zhang

et al., 2000; Dettenhofer ez al., 2000) or viral and cellular proteins such as the HP-68-

Gag complex, which is involved in the late phase of capsid assembly (Zimmerman ef
al., 2002).

Vif-enhanced infectivity is conferred in the virus-producing cell yet only manifests
itself in the target cell. vif proviruses can therefore be complimented in trans in virus-
producing cells but not in target cells. Furthermore, the requirement for Vif is cell
type-specific. The vif ~ viruses exhibit a negative phenotype when produced from
primary T-lymphocytes, terminally differentiated macrophages, or a few T-lymphoid
cell lines, such as H9. These cells are referred to as "nonpermissive" cells. In some T-
cell lines such as SupT1, C8166, and other non-T-cells such as HelaCD4 cells,
however, productive replication of vif~ HIV-1 viruses can be achieved. These cell lines

are referred to as "permissive" cells (Gabuzda et al., 1992; von Schwedler et al., 1993;



15 retains at least one of its endogenous functions. A vg_rian.t sequence
can be modified by addition, deletion, substitution modification

WOohecdasént and/or variation of at least one residue present RETEB2006/001519
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naturally-occurring protein. The term "derivative" as used he_reir], in

relation to proteins or polypeptides of the320 present invention mcludgs

any substitution of, variation of, modification of, rgplacement of, deletion

ofél%d/od' addition af one (or more) amino acid residues from or to the
abu %4&1

seqieked Brbidin SGAULERRReRsR{S PP dhpeilite ¢EMito sounteract the

leasioans mﬁ&s&eﬂ@gela@m_&mM-ﬁﬁpﬁspgaeﬂz@qﬁﬁ{edﬂggﬁsww al., 2002)
herein, in relation t tides or polynucleotides inclu . _
R St SN oA i o BB TS Sl aRshaY oAb opofers innte

emﬂgmgumfmﬁamnsxeﬂB@@cﬂ;gogoHdg&i@fne%éaﬂﬁ&gEQf%‘fl \%%?&ﬁlt incorporated
imics, Typjcally,.amino acid substitutions may be made, for example
R 175 S0 78 9056 SOBGAYS SHooRe Wb RS Tewhich induces
sempseivee GetaiAs liypeie auitetoactivitihe malibity . ﬁﬁ?‘@r@ﬁéﬁ V%%ﬁ%‘“dﬂ%% reverse
include the u f pon-naturally occurring analpgues. . _
ORISR B FrUbIEd Bhs o SN TS O e ash Y- 1 variant
ineptitiatiom dycatsei oseatl eIz HAnse BIONS mgs; ba@\lwmﬁrb? ﬂt,témanf)(}off et al.,
i residues which produce a silent change and result in a functiona
A bt b A, s on
tﬂﬁ\bﬁgiad)fdﬁasimﬂmﬁyoiﬂjpala;iktgl@@@ﬁnsowéiﬂglé, W%Q%@Q?Hﬂ@lipoprotein B
licit d/or the _amphipathic najure of the residues as long as™
e Y R it ERB b s active on
chiagjedtzmiled Bdids dndlisdewaspadie poigrands gl bﬁaaﬁﬂﬂ%ﬁﬁgjéﬁﬁé@tw;ﬁt%but 1% to-
r ino. acids include lysine and arginine; and amino _acids wi
¥ %?Saﬁﬁé&g 285 SeSRe TG X &T?Q‘d?&im‘ﬁﬁﬁml}@s%%deﬁﬁﬂ the
10theldiyed ROBECHE, datindnafyei I&ﬁh&iWaﬁﬁa@iWnﬁﬂﬂ@g‘gﬁéA incapable
i hreonine, phenylalanine, and tyrosine. Conservative substitutions
o el R o R SRR YRR P BERP AR Bbidwents the
thecsambtockficDNe\sato rdgedlcstin AdctprafesallyhinithiecssaaliR®E of uracils

. ird column may.be substituted for each other: ALIPHATIC
P A S R B B R K R Sl

The mechanism of action by which Vif blocks APOBEC-3G is not yet completely
clear. However, it has been shown that Vif significantly reduces the level of APOBEC-
3G protein encapsulated in virons. To exclude APOBEC-3G from virions, Vif could
mask the domain of APOBEC-3G that interacts with the assembling virions; could
direct APOBEC-3G away from the site in the cell where the virus assembles; or could
induce APOBEC-3G degradation. There is evidence to suggest that the major role of
Vif is to induce the proteasome-dependent degradation of APOBEC3G and thereby to
allow HIV-1 replication (Navarro et a@l, 2004; Trono, 2004). Degradation of
APOBEC-3G is secondary to its ubiquitination by Vif, which forms a functional
bridge between APOBEC-3G and an E3 ubiquitin ligase complex through the C-
terminal SOCS box (Addo et al., 2003, and Harris et al., 2003).

The expression of viral components, including viral proteins and nucleic acids, is not

altered in the virions produced from nonpermissive cells. (Fouchier et al., 1996;



Polar - charged D E KR AROMATIC H F W Y "Fragments" are also
variants and the term typically refers to a selected region of the

W aWpaptiée or polynucleotide that is of interest either functiofIH/B20Ry001519
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example, in 20 an assay. "Fragment" thus refers to an amino acid or
nucleic acid sequence that is a portion @ia full-length polypeptide or
polynucleotide. WO 2006/111866 PCT/1B211116111111519 29 Such

vatiants.may be ared ysjng standard recombinant DNA techniques
sg%%%édasl eflgi’régtse% ngdéﬁggff?r \ﬁfﬂgrel' HOREEE (f et dene, however,
syehisicrDiérstimodfoyithen insapidogetemeithhuandddflaskinge ¢ o 1997

r (i}o Eng%oerlrgng&%?eg to the naturally- occurring sequence either side of
the hsertion-&ite: flanking regions will contain 5 convenient restriction

sites corresponding to sites in the naturally-occurring sequence so that

the sequence may b ith the appropriate enzyme(s) and the . L
synthetic I{ﬁkﬁa{l‘ba?gd%{gyﬂéb%ﬁﬂ'ﬁgr RER i BRI SYprakdag prid substitutions,
aoriﬁid?ﬂmedwﬂnf' i .| Idfﬁ?i'mvmlﬂﬂQfIQI‘mhk%ﬁaﬁtéﬂﬁ%ddﬁgopg@tﬂl%@@%%knon—producer
methods are only illu ive of the.numerous_ standard t igues known )
TR PSR o0 TR AR BAPOED 18 Knpioite shovws ens-
tdthnit aetvitpylalAdde ansdd 1 PeBynucleotide variants will preferably

comprise codon optimised sequences. Codon optimisation is known in

the art as a method of enhancing RNA stability and therefor gene

eXrdssione THepatnoddnayahthefgeriein eadhipearstavsaraidibiting HIV-1
different 15 codons may encode the aming-acid. For example,

Lel éll%aé[fo rginine and éﬁ?lfe%%?% %gﬁ%?}%&rgbﬁﬁx@%f&éﬂ?%éa%. we have
Difteré thargenfsinksivsprefece nddsl Iy itfdlr nsenetssendifferpriteadgnsast HTV
Vi ugh,as HIV, for instance,.use rge number of rare ..B n
s N R T e B Sy - vie
tihéhizoBpe sporydivgg i montigus ednmnanacidlisubsdatiossineitaskidd in a WT-Vif
e [ 20 sequences in mammaljian target cells can be

aegﬁ{g\%’o% 98%8%3% Erggéle%%%rpe%%g?gt E?\a(f)rr\rl]%lﬁ?%é é&f%{;i%am malian cells,

as well as for a variety of other organisms. Preferably, at least part of the

Y SRR YRR oo v
Pat A s2end Mfrotkisibe 3econdcibfprotein preferably being a naturally occurring
Vif protein. For example, the second Vif protein may be HXB2 acc. #K03455, BRU
acc.# K02013, SF2 acc.# K02007, PV22 acc.# K02083, MN acc.#M17449 or NL4-3
acc. # M19921 Vif (see Figures 1A, 1B and 1C). In one embodiment the second Vif
protein used to make the chimer has none of the conserved 15 amino acid substitutions
(i.e. at positions 22, 29, 41, 48, 66, 80, 109, 127, 128, 130, 131, 132, 142, 185 and 186)
present in F12-Vif. Preferably the portions of the chimer which requires the F12-Vif
specific substitutions are derived from the F12-Vif protein, the remainder being
derived from the second Vif protein. For example, if F12-Vif specific substitutions are
required at positions 127, 128, 130, 131, 132 and 142 (that is to say the amino acids at
these points are N, V, R, L, S and I respectively), but not at positions 22, 29, 41, 48,
66, 80, 109, 185 and 186, then the portion of the chimer comprising at least amino
acids 22 to 186 may be derived from F12-Vif, the remainder being derived form the

second Vif protein.



As it is well known in the art, a vector is a tool that allows or facilitates the
transfer of an entity from one environment to another. In accordance with

WeHE46rEL8ME invention, S and by way of example, some vectoP§ TidBP{l4/001519
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recombinant DNA techniques allow entities, such as a segment of DNA

(such as a heterologous DNA segment, sych as a heterologous cDNA

segment), to be transferred into a host and/or a target cell for the purpose

of replicating the vectors comprising the nucleotide sequences used in the

inbR VARSI e aTBecK SHe tistrigy ehrip Fovsimtions dlkirV il pinteintishtE xareialesinvention
ofy: i ' igues inclyde but are.not . .

I R i P IS Bl Posicions. For

PEXHRIBdAdES Of fhwasiantihs dietipsferabtg litedrpopatidointd 27y ea8)r1 30, 131,
Praferably: 4thenpelyo welegfide is,anerabivdigked.to B s”é(;r'ssﬁq“\?”ﬁg Ly S and I

that is capable of providing 15 for the expression ofthe coding seque

b§eﬂ?€%3§¥)elth?ék tﬁ@@e@féﬁi&e@ﬁl@x@w@m viecgoruFing téren Pafferablylapping
linkerchiqueansdass the @W@@@Sﬁfﬁa‘}eﬁﬁwﬁféeé‘@o'%}5?&?&]?”%@'£’umng Vif (e.g.

permitting them to function in their intended manner. A regulatory
s%%ﬁéét'%ﬁﬁwtmd" to a coding sequence is ligated in such a way
that expression of the coding sequence is achieved under conditions
caompatiple with the 20 control sequences. The control sequences may be

mdaHfERPYohe Mk ineeiy eehscrirrsaidPTeRtien it ansotistdnAr motditonyfragment
etbenestisqaignakadhedsnalef iransedintion dirgcied &%ﬁﬂ%ﬁ{%ﬁ%keggpo?f HIV-1,

setq#ences more responsive to transcriptional modulators. S
of I BB nYShoE e RIRsapiHa Yertiommplebp raldbrsing sstractors mutagenesis

prestifRAWItB AR arigicheiteRlicationmantie %ﬂ&i@f&@%‘iﬁ{&ﬁ&ﬂ?m a particularly
%}%rj%sg n of a polynucleotide and optionally a regulator of the promoter.

r SRR EBRIN SBRERsCHfierarEriaaplcrnaittiodenes, asidpr the PCR
irAeeRRIFTRAREREHEN @RIAER oV BEIOrS98D TRy ARy es 'vgt%g Onpart at

t
transfect or transform a host cell. Control Sequences opera{ﬁy inke

ST NS dRNSHRRT PbtERETrM SRS éntID Dreeion18eE be determined by
RGAKEEA 4HABRANHRLO SBEHMEHYIORINEHAG PP ML SGRDARESES AR%nd are
other expression regulation signals. These control sequences may be .

SHSCRI DD AR DHe vAEBISS SmAsHhHEN, i oaprossyaried fo wild-
vgpwoiid desienad s prasas thnlferar MorraMOInissal '«J@i&‘."’%f{&ﬂ?e?method

art and encqgmpasses nucleic acid regions ranging in size and complexity
! ifffi é%r

1O JAriERe At R ofurbsh el Bpsaticnn dhembritsrailing the

ddaaiesson of further mutants useful in the present invention.

HIV

As used herein HIV encompasses all designations assigned to those viruses implicated
as causative agents of acquired immunodeficiency syndrome (AIDS) and AIDS-related
complex (ARC), such as HIV, e.g. HIV-1 and HIV-2, and HTLV, e.g. HTLV-I. Of
the two major HIV types, HIV-1 and HIV-2, HIV-1 is the predominant species around
the world. To date, two major groups of HIV-1 exist, "M" and "O". The viruses which
cause the great majority of HIV-1 infections are in the M group. The O group isolates
are genetically quite distant from the M group. HIV-1 subtypes of the M group include
subtypes A-J.



The promoter is typically selected from promoters which are functional in
mammalian cells, although prokaryotic promoters and promoters

WOReed hEoin other eukaryotic cells may be used. The promotee TEIBAIREAIRLS19
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derived from promoter sequences of viral 10 or eukaryotic genes. For
example, it may be a promoter derived fpgm the genome of a cell in which
expression is to occur. With respect to eukaryotic promoters, they may be
promoters that function in a ubiquitous manner (such as promoters of
alolinueogtides tubulin) or, alternatively, a tissue-specific manner (such
as promoters of the genes for pyruvate Icinase). Viral promoters may also
be used, for_exa%the Moloney marine 15 leukaemia virus long

terphiacteqyidas (Vb TRy prePRieR teyreomBHsedMA PRI ey may be
Lgi QERAHEE LR dUMRAR: S IRTeIAAYIrYS G%%Yatb%dawymgtgfdﬁ?@fplémon that

also be advantageous for the promoters to be inducible so’that the levels

oPUprRISTBHTaPIhe HutRdfoddes Gerreets Beeraynrapelyaopiigptaea result of the
litgstiner e erll g2 dueiblermenrnadhat thadavels gl sxsee ﬁ%@r?ldlled persons

obtained using the promoter can be regulated. In addition, any of these

pRfhofeyasERBReniERhniclsy hakadealsetida riheiniornatesy do not affect the
Zfseég@z%eza L RRIBIR RRNACEE SRUMRRES dCOINSS i R NRAGIEINRY reflect the

used comprising sequence elements from two or more

dRPEREh R8N Bfe P dXEHERA A98h 1 gamisTe doMdrthethreBelibpRidasonre to be
maybesairetiRvissrtestivestonwhichbasibeey ashsticalv %9%5%%6191 the art.

so that it can not replicate and produce progeny infectious virus 3

paMi& odHIAES A Rsscartefeartie eidateanhaneeiboar vagerstivity or life
PGT4 18 bikARILdAdIDIAN3 InRatgyiruses A large number of different

retroviruses have been identified. Examples include: murine leukemia
virus (MLV), human immunodeficiency virus (HIV), simian 5

imapReuefitiency¥iuss hRan hosalhigskemia Miys 0 ThMMREHINGcombinantly,
infectious anaemia virus (EIAV), mouse mammary tumour virus (MMTV),

RuBhelsaliyn 4 Ry SRS aYHARe dar st Yfitiel Fo $hp) affolgrymay also be

Mg isukendidyiseaiMeMLV), FBR niurine osteosarcoma virus (FBR
MSV), Moloney murine sarcoma virus (Mo- MSV), Abelson murine

leukemia virus (A-MLV), Avian myelocytomatosis virus729 10 (MC29),

anehiapotytiebliastosislvins dARY bd pRidied ligtabreb@MiysRstMa¥ans, for
be found in Coffin.et al., 1997, "ﬁPiietrovirus_es", ?ol_d Spring, Harbour. ..
LSRGt A B S S R e SRt oA pnA S 19 g AF PP 7 5Bipewill involve

making a pair of primers (e.g. of about 15 to 30 nucleotides) flanking a region of the
DNA targeting sequence which it is desired to clone, bringing the primers into contact
with mRNA or cDNA obtained from an animal or human cell, performing a polymerase
chain reaction under conditions which bring about amplification of the desired region,
isolating the amplified fragment (e.g. by purifying the reaction mixture on an agarose gel)
and recovering the amplified DNA. The primers may be designed to contain suitable
restriction enzyme recognition sites so that the amplified DNA can be cloned into a

suitable cloning vector.
Protein

As used herein, the term “protein” includes single-chain polypeptide molecules as well

as multiple-polypeptide complexes where individual constituent polypeptides are
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Details on the genomic structure of some retroviruses may be found in the
art. By way 15 of example, details on HIV and Mo-MLV may be found

Worgwothd3ECBI Genbank (Genome Accession Nos. AF03381BGB2006/001519

AF033811, respectively). Retroviruses may be broadly divided into two
categories: namely, "simple” and "comptex”. Retroviruses may even be
further divided into seven groups. Five of these 20 groups represent
retroviruses with oncogenic potential. The remaining two groups are the

| ecoxAlenher meaYRl RSt 1sane e sHhesadhe Witseprlypeptide” and

Presanied iere aftn S319inet 98 ki) ifeagl A6HeM M IERADEERIPRHEES e joined
genes called gag, pol and env which code for virion 25 proteins and

ergghesthrPtisd pravissotksdiflsnendse ankema bt E sl siprerjioraay also
it iopel yeEpiaas EpRaRsstidesReyindwidid Reamiespensible for proviral
integration, and transcription. LTRs also serve as enhancer-promoter
sequences and can control the expression of the viral genes.

BEncapgidaian afitbe IRHOvrae RS oRESIESRAY ViFemed psi sequence

located at the 5' end of the viral genome. 30 The LTRs themselves are

identical sequences that can be divided into three elements, which are
oalleddittorRanghd Spbédis geiivied am thelsaausneembase teetbi Sthe present
end WO 2006/111866 PCT/1B211116111111519 33 of the RNA. R is
dBHFRECRoALS0 s SHGRMRETES e SBH S Lo HIY B tHEP RRE S 1?%“1%‘0%“35 and
despaentometbersequence unique to the 5' end of the RNA. The sizes of

the three elements can vary considerably among different retroviruses. 5

The basic molecular organisation of an infectious retroviral RNA genome

i$r( Bk Bonté®t 'o@?ﬁa %félsdﬂnmv&ﬁdﬁb ,(g'\)aﬂhﬁt @@@fgﬂgﬁ/éﬁtﬂ@qﬁ;ﬁi&eﬁt@%equenee in
genome gag, and envm absent gr not functional. The R regijgns |,
Bt B e i PORGRSS &' SSIEARS ] AGUHER ABID &K P i gsiducs)
Uiis|becsaguaimesiating 2 anthsr érgsthel pthepBNigenpodmirseaidy @lyquestion
10 Host range and tissue tropism varies between different retroviruses. In,
SEIFIER AL 5601 HE SO RERY SR FLHRAHRS foa R AGAOGBREr D B Fiodiied by
red¢omdnin Rt spbigViiistvecion. modifiiatienseplattmsngend/tevagiytion of at least
ex erimén‘%s have usefg MLV. ﬁj}garticular MLYV.that has an envelope
PIOtET! ST AEFOR AR '%%‘gfﬁ%gf%%li% virus, 15 and this can
also infect human cells because its envelope protein "docks" with a
ﬁl‘ﬂgf)s;t)hateugans ort protein H@t is.conseryed between man and

g erm S use

erivative” a erein, in relation to pror%ems or pofgf]gelfa%edes of the
present invention includes any substitution of, variation of, modification of,
replacement of, deletion of and/or addition of one (or more) amino acid residues from
or to the sequence providing that the resultant protein or polypeptide retains at least

one of its endogenous functions.

The term “analogue” as used herein, in relation to polypeptides or polynucleotides
includes any mimetic, that is, a chemical compound that possesses at least one of the

endogenous functions of the polypeptides or polynucleotides which it mimics.

Typically, amino acid substitutions may be made, for example from 1, 2 or 3 to 10 or
20 substitutions provided that the modified sequence retains the required activity or
ability. Amino acid substitutions may include the use of non-naturally occurring

analogues.



transporter is ubiquitous and so these viruses are capable of infecting
many cell types. In some cases however, it may be beneficial, especially

WOorgwod H&féty point of view, to 20 target specifically restricted ReNgB2006/001519
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Replacement of the env gene with a heterologous env gene is an

example of a technique or strategy useggo target specifically certain cell’

types. This technique is called pseudotyping. The term "recombinant

retroviral vector" (RRV) refers to a vector with sufficient 25 retroviral

genetic information to allow packaging of an RNA genome, in the

Pﬁf&%ﬂ%eo%@ KGN, CAMBRRERISI D R/ HALRBHIC R L2REIN& Phubstitutions of
infecting a target cell. Infection of‘the target cell includes reverse .
teaminerigtish sl grhinih miestee agjlsntcohapasorisd TREIRAY M fmctionally

tlég'{ﬁ@ﬁ}’eﬁ?g}%fﬂ‘?”ﬂéiﬁie?%i REh RRAMGAGRD WMRIEOA Gnd9 BE HRINEEEARY basis of
the vector to the target cell. An RRV is mc}ggable of independent 30

reisntation to peéeiive wireEse e b dhyshrRbeRicitthirydsophii¢ipyernd/or the
Celln PR IS SAMAINANEE HRAIRL VECIORo O RESSSIIYERIiRAIRon function is
derived from a lentiviral WO 2006/111866 PCT/1B211116111111519 34
vistareut Befosrampley, BReaibedmBhiEgRd cifeWita poitdnelvte giadlint acid and
InYeRHAR A1, SESAvENNaReRliH Y G198 L AIL/RISRE 8RO MYARY; and amino
retroviral vector for use in gene therapy, at least part of one or 5 more of
theidayi Boraskreasd melasiheddmerisghenasiarim hyrrepiticith lges include
by raBoyeiiiom: (g kIS T bis-Makem dhadairaviigl veehine, serine, threonine,
replication-defective. The removed portions may then be replaced by the

AiaEsite SIAREPTESent invention to generate a virus capable of
integrating its genome into a host genome but wherein the modified viral
genome is unable to propagate itself due to a lack of structural 10

prorRsPRy ANt FhHEMHABH MrthBBa e inTs amRly cssidigete the Table below.
pRAYSICOHdS GREUESHs FRSUTNGHE sEbRX 80N e Al ereReutly aadkersame line in

diagnostic effect. Thus, the transfer of a potllﬁ%gcleotide into a site of

inkerthirdcapreamarchrebatisyehiayraeh e polynucleotide into the
recompiTTant Vit ; the moaitied viral O[ 0 a virion
%?ai]- |§| VECIoT, ﬁgﬁt%? Mied viral v é\fﬂ Viri

coat; Ei an:sdcl1 arget cell. 15 Repljcation-defective
retrovifal vectors are typically propagated, for example oIbBr%pare suitable
N, [
P

titres df the retroviral vector for subsequent transduction, by using a

nt vector

combipation of a packagi g%o nel grl?a%”e[a' € and the g
That ig to say, that the thie Og%ckag?ng Broteins can be provided in trans.
20 NQ
Polar — charged DE
KR
AROMATIC HFWY

"Fragments” are also variants and the term typically refers to a selected region of the
polypeptide or polynucleotide that is of interest either functionally or, for example, in
an assay. "Fragment" thus refers to an amino acid or nucleic acid sequence that is a

portion of a full-length polypeptide or polynucleotide.



A "packaging cell line" contains one or more of the retroviral gag, pol and
env genes. The packaging cell line produces the proteins required for

Weaekeditgtetroviral DNA but it cannot bring about encapsid®§IBAW¢H01519
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the lack of a psi region. However, when a recombinant vector carrying a
polynucleotide and a psi region is introduced into the 25 packaging cell
line, the helper proteins can package the psi-positive recombinant vector
to produce the recombinant virus stock. This virus stock can be used to

tfanbdvarinnislisry iherpdersscthapoty Matrisstdedprebinan dAd shigues such as
t?i‘ig?&i%%ggdgxg@ee{ge%?éﬂ?.'f\ﬁﬂéﬁé rsahgsegenome lagks a9 ARSDNA encoding

require iral proteins 30 can transduce only once and cannot

phepiagetéom hegsthairavith ctorsdvhicirakingrigsicns s spansingde dhadgaturally-
Ofc%ﬁlﬁﬁ%" g&'c%‘fbﬁéé%'i@% el BFenknaveNRR 'GR)i Cé}ﬁh‘%rﬂﬂﬁiﬁfgﬂi’@g@%ﬁt%ﬁl contain

ence, the polynucleotide is introduced into the host/target cell )
20061808 RT OB s ICPETISPPIE B Ias tga At e RaMsibiHRscuring sequence

95%’1@5?‘919@ %EQBQL{SQH?A&;Y Mm%ﬁiﬁg\ﬁggoﬁiéw%?ﬁmaé}%d%@i@ﬁlﬁeﬁc DNA

packaging lines is presented in Coffin et'al., 1997 (ibid). Retroviral

PimsitedingecBielmvs IRhwARIHE Gab, poressadein Arrardnsng ity iadmyention to
SEATI6M.00, RSRATAR SXResTIRRP AR thad AenHeRenEcBt¥f the numerous

transfected into a packaging cell line are preferably used. This strategy,

somndiirddedletiqred kaarnte theras fsmiairabrr fiihethsieRs Ryt other
%w&?&%ﬁiﬁ%@yﬁ?@%mgﬁgﬁl for production of a

replication-competent virus since three recombinant events are required

for wild type viral production. As recombination is greatly facilitated by 10

hesnalagie,teducing a5 slminatiemhgrasiagiReby@sn dpaiarearsegehise. Codon

vector and the helper can also be used to reduce the problem of .

replissisaiicadimisess MelperTints BrEadiirenkAngReRtve Tpatlifypnd therefor
}@%f%%ﬁgg@?&ka@ﬂw walidingsisdo gre geasaicnblianstaateehaSseolral different
ne

s. Transient transfections may advantageously be used to measure

|S0aRNAATEBPQstR iR SRMSHBIBEHr &' aF CHEIR ol d FEPE T hgiipie and Serine
regard fransisia transfedionaupidkuthe. lonarrdimereaiiies Mgeneeiiecnces in

stable vector-producing cell lines and mz@/l alsg l{ge %se,d if the vector.or

réaeivien phiradirgreBepaRRhY S THER &5 EOI: b MPBRERYSSBilkiRy Pumber
useehie &%@f@tﬁf%ﬁgﬂgﬂgﬁméﬂ@@@&ﬁa@@é%&aﬁﬁ neadivgdhe are replaced

gag/pol proteins, a plasmid encoding the eny protejn and a

lasmid .
cbntdin W%WWQQB\}@@%}W %lglﬂfgﬁssﬁén §i<pression of the
UARSIERIRN P S A AR Ae.ef tRBsRA0BANEAISINIO Gl Caniainligsthe known

othér required components. One approach to control expression of th

piﬂﬁb@ﬁﬁﬁ@bm?@lﬁ?g%méﬁtm lagdor a variety of other orgamsms.ePreferably,

at least part of the sequence is codon optimised. Even more preferably, the sequence is

&

codon optimised in its entirety.
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25 use the retroviral 5' LTR. The polynucleotide sequence may also be
operably linked to an internal heterologous promoter. This arrangement

WQaetaitd ¥égibility in promoter selection. The lentivirus group E&T/HB289{p01519

into "primate” and "non-primate”. Examples of 30 primate lentiviruses
include human immunodeficiency virus {iilV), the causative agent of
human auto-immunodeficiency syndrome (AIDS), and simian
immunodeficiency virus (SIV). The non-primate lentiviral group includes
tiegipnsotype "slow virus" WO 2006/111866 PCT/1B211116111111519 36
visna/maedi virus (VMV), as well as the related caprine
arthritis-encephalitis virus (CAEV), equine infectious anaemia virus

(Bpatisarel thaaworin ibeantha dsstniaa tstiibahaiors gefiesliejeyithe transfer of
(B\aL ARA MG d R RN EY oIS (ﬁ'é{aco%’dﬁismmtﬁ% @%Qéﬂ&%vemon

vector of the present invention is derivable from HIV. 5 A distinc

ki’él@véﬁnvfh% rfnevasfarpine vEGasE NEpdels gRrethirtie DN Ah frchniques allow
i{%ysﬁ&m\éea %%&%H@Qf* N Indegt QQQ‘EH%@PA&%@&@E‘% ci‘é’é%@ﬂt such as a

S In contrast, er retroviruses - such as MLV -"are unable t0 infect

ﬁmﬁemmmgs BN Assegmenth dederznstake d it deshind omaderaet cell for the
BiPolungraathiiveh Sﬁiéevé&ﬁé’%ﬁrﬁﬂﬂ?i&f%g%afeﬁﬁﬂedé\é@i@ﬂc%@lés&i in the

a pecullar feature of Tentivirus vectors, specific conditions m %‘
proiiientond/ Potrrpiesiaite cairine tsesdudheinTemien. ikatampigreof vectors

SXRIESHIOR Al Mizh BINRURRY lanRhidde 1R8aNOdIGkaiRtRl to plasmids,

1998), the presence of sequences from the HIV-1 pol polypurine tract
(Piﬂqmgsmzﬁlltﬁé@éphmo%ﬁQhén&@m?atlon state of

monocyte/macrophages cultures (Re and Luban, 1997). A significant
reduction in the constitutive expression of vectors may be achieved by

deelenurientisleneths inseriimnasamaisablyérspmariedppto a vector. Preferably,
dgled Mm&s&m%&%ﬁg&m@m%yﬁﬁ%@m (8 NieddBhindingoviding

sites) in the vector Hi R promoter. A more direct Mendence on

Hov-thegrassspin ey R e eling csmishsAeb i dorinfisdalvectBr Wieke is an

@1%?5%%?1 YRESIITHLGSRY *BlRMINY ARRdearRdalaRantHRC: RS ARCescribed
Rev/RRE interaction (Emerman et al., 1989; Malim et al., 1989)

PPt ARIAS OB Shil B5Hy Hig e o fatiam iR forends gramn<at é| regulatory

1%%%@&9 ‘!ﬁ%rﬂ;rl? nevs@ensratiepiaiJentiviimeyastarsaahleitp exHessway that
the transgene without
expressmgn of the coding sequence is achieved under conditions compatible with the

control sequences.

The control sequences may be modified, for example by the addition of further
transcriptional regulatory elements to make the level of transcription directed by the

control sequences more responsive to transcriptional modulators.

The vectors of the present invention may be for example, plasmid or virus vectors
provided with an origin of replication, optionally a promoter for the expression of a
polynucleotide and optionally a regulator of the promoter. The vectors may contain
one or more selectable marker genes, and/or a traceable marker such as GFP. Vectors

may be used, for example, to transfect or transform a host cell.

Control sequences operably linked to sequences encoding proteins of the present
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integrating the host genome could be of a valuable importance from a
biosafety point of view. 30 The Tat protein regulates the levels of lentiviral

WQae/élds6éssion. Due to the weak basal transcriptional activR¢ BIBR@0INAS19

terminal repeat (LTR), expression of the WO 2006/111866
PCT/1B211116111111519 37 provirusjnitially results in small amounts of
multiply spliced transcripts coding for the Tat, Rev, and Nef proteins. Tat
increases dramatically transcription by binding to a stem-loop structure
isprdinniVaRivAa SspoRtE rahiare T AR PcheXpaewsin resmatipr riggals. These
RERHINS AeYQiINKINAsEe SQBRiexdhRd stimpiaifne FaMSHIPLeRadell for which the

elongation by 5 the polymerase Il complex. Preferably, the polynucleotide
EREBARRPTEERT v esiansd dp frrotsshind Brererm\ROmprer wisirpikknown in the

Al e dmbatRE iR BRI R Y 8858 PHY MO SRIIBE eSS By &rom minimal

infected by HIV-1. This vector design therefore allows minimizing
BrpReders fogrmomaierbinsiding qpdirany Rlpgrpis and s arsRRinogenicity,
and induced at very high levels only when cells are infected by HIV- 10 1.
This confers a better {)rotection with respect to other vector systems. In

e BrABSaHsYPasallE selared Bomr P el preebirh e Arprhieral de pgrumalian
Lelactalip Rk ?@fﬁ! abmbieseleriaRin MAKehisBNACAEGIRY eukaryotic

affinity nerve growth factor receptor (ALNGFER). The common neutrophin

LTS, Rewsfinth NBRIBAES O Pier Y Ao Yed B PHRARRITL RrgaRpes of viral
G squaipstrdignas PIPAKER)DIS, NohRXI5E $Sd ABtHeicmaar iRl fhdMaibme of a

hematopoietic cells, thus allowing guantitative analysis of transduced
GEM &SP STEHATH M A8 ARG e YRGS PR HOSTHE YA P AN, they may be

luessenes astitaiadicellsriigoanalysirer{RxnraspRmold:NGRRBIBY b-actin,
e performed in transduced cells tg study gene expression. Thus{é.J GFR

ey Be atiRlerAiNE LR NS RARKE TOATRS (AR Ao HRHESS . R genes for

getalaeninasdySiwitisipebkdyfefsineiaysoeéoued, ifoMeniliep k2. Woloney murine
truncated LNGFR, ALNGFR, is described | vilio 1994. The selectable .
JHRerRayHE @ﬁ@r%wlﬁaﬁkém@e{m{fbﬁ@ AROLT K57 LR Jriggma Virus

IREVIETRLIBmbhe tentivikahvactytohtael praseCMAENTO protaytbe
delivered by cells such as monocytes, macrophages, lymphocytes or
hematopoietic stem cells. In particular a cell-dependent delivery system is

Bsathylndyshsysieanihglentiidraheesiontagd iotiaduehdibito enehar therkevels of

cells ex to and the cell(s) are then introqduced jnto,the . cn s
expresg(lon 0? gcjhe getero o)gous gene canobe regufated gumng the life-time of the cell.

Inducible means that the levels of expression obtained using the promoter can be

regulated.

In addition, any of these promoters may be modified by the addition of further
regulatory sequences, for example enhancer sequences. Chimeric promoters may also
be used comprising sequence elements from two or more different promoters described

above.

The vector of the present invention may be a retrovirus based vector which has been
genetically engineered so that it can not replicate and produce progeny infectious virus

particles once the virus has entered the target cell.
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patient. WO 2006/111866 PCT/1B211116111111519 38 The lentiviral
vectors of the present invention may be administered alone but will

WQaHerbll3&e administered as a pharmaceutical composition. F¢daHB36911/081519

The present invention relates to the treatment of HIV infection or related
conditions. It is to be appreciated that afhreferences herein to treatment
include curative, palliative and prophylactic treatment of HIV related

diseases. The treatment of mammals is particularly preferred. Both

HRefariargs eterinary treatments are within the scope of 10 the present
invention. Thus, the present invention can be used to effect intracellular
Immunisation so as to_prevent, or at least substantially inhibit, initial HIV

id¥dletiesn nahsnaifidifirantisrimarssschadn preetiganiificdh almpwigscinclude:
miRetharaRes tealmentiohan i1 ResitiMedRAIEMDY BIREKINEION Atsimian

i
least slowing the spread of the'infection, and .preyentélf?aor at least. | )
derayedeficismsst vrasDusearRcelh werinedumnbddineht supge infectious

PISRERLIRYRRIGI ANEI & ISR QUiIdR AyMathesk For-lMPAKITY YeRISIANGRISa virus
HIV infection or superinfection com§rlsmg removing an HIV- 20

B Vasiminanitraromaatien (Fad¥a MAlpasy suirRfrcHe i Mo-MLV),
vestonQliie BLESRRIMYENRNSEBR INBINENEIRIRY MR S AARE (Mo-

Vif and reintroducing the cell into a patient. Such ex vivo methods are

S eibrisorrravrBE ey ) Vit Y ey st SRl oAty Virus-29

he felyered (R ALLE YR de R PRI ha IastiviEal Nackertieviruses may
nuclear genomes of cells can be monitored usirégée.g. PCR in

desniareddn Gmfiia e gbn vy or REHOREHERVHRIS AREHE BREPAT Jetfirugfory Press

@&@pqwfieeﬁ%?mm%ﬂ@&@mwmw%@m@a composition that
comprises or consists of a therapeutically effective amount of a
pharmaceutically active agent. It preferably WO 2006/111866

RSeldit Bed el SlAdhid $19 3R ipelsdasrariaimacaiydslifoasadptatart. By way

carrier, diluent or excipients (including_combinations thereof). Ac |
AT AL 1OF ALV HB A Yo R R GO AR (B NCBE Genbank

Ritarbarenicalsash Fod arodsseubed, AFe3sMplespediiontington’s
Pharmaceutical Sciences, Mack Publishing Co. (A. R. Gennaro edit.

1985). The
Retroviruses may be broadly divided into two categories: namely, “simple” and

“complex”. Retroviruses may even be further divided into seven groups. Five of these
groups represent retroviruses with oncogenic potential. The remaining two groups are
the lentiviruses and the spumaviruses. A review of these retroviruses is presented in

Coffin ef al., 1997 (ibid).

Each retroviral genome comprises genes called gag, pol and env which code for virion
proteins and enzymes. In the provirus, these genes are flanked at both ends by regions
called long terminal repeats (LTRs). The LTRs are responsible for proviral
integration, and transcription. LTRs also serve as enhancer-promoter sequences and
can control the expression of the viral genes. Encapsidation of the retroviral RNAs

occurs by virtue of a psi sequence located at the 5° end of the viral genome.

The LTRs themselves are identical sequences that can be divided into three elements,

which are called U3, R and U5. U3 is derived from the sequence unique to the 3” end



5 choice of pharmaceutical carrier, excipient or diluent can be selected
with regard to the intended route of administration and standard

WQRrdE¥dtical practice. The pharmaceutical compositions rRQY/EBvHES19
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as - or in addition to - the carrier, excipient or diluent any suitable

binder(s), lubricant(s), suspending agent{g), coating agent(s), solubilising
agent(s). 10 Examples of pharmaceutically acceptable carriers include, for
example, water, salt solutions, alcohol, silicone, waxes, petroleum jelly,
veddheBiéNdils RosIgetivpeé fiony iy sewiepeopytents ¢ btdmithipodonfate Rigarand Us is
galati Si S C factants, silicic
R o e R g e o7 the threc
diRjRreerigeanjeun etnsadeab) vaambagtdiEerepd rospviethss: cellulose,
polyvinylpyrrolidone, and the like. Where appropriate, the pharmaceutical
compositions can be administered by any one or more of: inhalation, in

thErfoRFisr melapplesitsepuipsivssafamdpieatigun tfeofcral BIN20gebotionis (5°) R -
S@Qti-oféhé?,rﬁéﬂ‘ eAINIBNR QB dusting POWCRS, gﬁ%@%ﬁf \Z??{Srn ear‘{[grrr]l’eogr?% pol and

in the form of tablets containing excipients such as starch or Idctose,

RSy die Gburas etmet AlmsEaain abimiRuregions akbipilertsdooittiteRNA are
foppeafealiddmenriytions HSHIPRLT ‘iﬂf?&?@%{@l‘é‘éb‘%@%@ §:’oclt(r)1ﬁn§l’gends of
agents, or they can be injected parenterally, for example

ir%%l rBERNS TRPECEYRLisly, intramuscularly or 25 subcutaneously.

For parenteral administration, the compositions may be best used in the

form of a sterile agueous solution which may contain other substances, for

X PR HSSHR TOPIRBnBAARE hares @iffaket tresrewintios. isbtonime cases,

weiths biped ety QHesalQFisu g g&lﬁlsﬁq{}ﬂiaﬁs'ﬁ@{g?ﬁié'i‘%ﬁoﬁg‘@éﬁk%ﬂ?aﬁla%’etroviral

be administered in the form of tablets or lozenges which can
fOfHatE@L TS dBRARSm B! B6aANRTIaBY THeYEMSH(s bevditieed LY. A particular

cRpogiioniemuation segriemenisdenendent If ' -
systems. By way of exaré]p%ﬂ, the pharmaceuticél (%gﬁﬁ%%s%c%{ W({%%YC VIras;

256 s 888 pléor/misst rmern 1qellssheraneepiissentshnmnporisimy deks” with a
forpspnies WwhepdalivatReivsing aiéni&ﬂgmpdo%%ew%%agﬁguﬁbf&r& This

example, as a nasal spray or aerosol for inhalation or ingestable solution,
JreRshanteh LIV TIAER ARe O MeESTisNes T anrhiscobyndrr e cngble cell types.
form, for delivery, by, for example, an intravenous, intramuscular or

bcutaneous route. 5 Alternatively, the formulation may be designed to
Eflé a%rﬁ\;e%%go&ﬁﬁeromggqy be beneficial, especially from a safety point of view, to

target specifically restricted cells. Replacement of the env gene with a heterologous
env gene is an example of a technique or strategy used to target specifically certain cell

types. This technique is called pseudotyping.

The term “recombinant retroviral vector” (RRV) refers to a vector with sufficient
retroviral genetic information to allow packaging of an RNA genome, in the presence
of packaging components, into a viral particle capable of infecting a target cell.
Infection of the target cell includes reverse transcription and integration into the target
cell genome. The RRV in use typically carries non-viral coding sequences which are
to be delivered by the vector to the target cell. An RRV is incapable of independent
replication to produce infectious retroviral particles within the final target cell. The

“recombinant retroviral vector” of the present invention is derived from a lentiviral



Polynucleotides/vectors encoding polypeptide components for use in
affecting viral infections may be administered directly as a naked nucleic

WQeidebri8efuct, preferably further comprising flanking sequen®€¥/1B2006/001519
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homologous to the host cell genome. When the 10

polynucleotides/vectors are administered as a naked nucleic acid, the

amount of nucleic acid administered may typically be in the range of from

1 gto 10 mg, preferably from 100 g to 1 mg. Uptake of naked nucleic acid
cYRsiPndebinathen tvaiahe stecis binhatisiw Hyasevetar of SHenanesent invention is a
IraRsirconR e thpigyesfongxample those including the use of transfection
agents. Example of these agents include cationic agents (for example

calcium phosphate and DEAF-dextran) and lipofectants (for example

li ; I Y iIcacid constructs are

e S Brecs & b ARt e o
cBIfIsoRftie Bra@Phasdrmnrsntetn eadipalseisay sextitidofiunepidratioth may be
otbielovarliRio ek Ao ST ORICHAR NN RIME VS RIEN B3def b ive. The

and ddl. The routes of administration and dosages descri are inten

offipeed portiensimeyy Q@%@Hr@éﬁwéchm&wmmme&met@fdémmmt invention
rea gy dhROP ML s0ME O ﬁﬁaegfaﬁ}rgﬂ%i@ &Wﬁﬂg%f%&?@é&&%tﬂ{ﬁfwhemm

atient and condition. Further preferred features and embodiments of the

Sﬁ@mdm%tvmw%mé webdsitie PERPGERjeOTtRRIA dwsitingae etk siE structural

SxapigledViateiaisiandiathiedsnii 29064141866 i
g%T/lBlellegllltﬁlSlg 41 CellsgCEM Azég.%lé%s g%%righﬁﬁgl%?gﬁéeg?de oceurs

thdePuling Rouias ot PcbrmREUttog 5 s dismmsrtitoatinetl djrepalsidransfer

t )a T ; tal, .
S8 S 00 PRI AR, s o

PRI EBUGE S BB R RN DR IS O Urestsrereal the WIRiied airal vector
Cahination eiAemailinosispipmysiRHfgtarpinedf SG). The human

kidney 293T cells were propagated in Iscove's Modified Dulbecco's

Medium (IMDM) supplemented with 10% FCS and PSG. 10 Human

REJIAIR deLESRYIRR WRR PR o urebleA8rdRRRd NG, for example to

centrifugation_ . ) . .
prepare suitable titres of the retroviral vector for subsequent transduction, by using a

combination of a packaging or helper cell line and the recombinant vector. That is to

say, that the three packaging proteins can be provided in trans.

A “packaging cell line” contains one or more of the retroviral gag, pol and env genes.
The packaging cell line produces the proteins required for packaging retroviral DNA
but it cannot bring about encapsidation due to the lack of a psi region. However, when
a recombinant vector carrying a polynucleotide and a psi region is introduced into the
packaging cell line, the helper proteins can package the psi-positive recombinant
vector to produce the recombinant virus stock. This virus stock can be used to

transduce cells to introduce the polynucleotide into the genome of the target cells.

The recombinant virus whose genome lacks all genes required to make viral proteins
can transduce only once and cannot propagate. These viral vectors which are only
capable of a single round of transduction of target cells are known as replication

defective vectors. Hence, the polynucleotide is introduced into the host/target cell



on a Ficoll-Hypaque gradient (Lymphoprep, Nycoined Pharma AS,
Norway). CD4+ T cells were isolated by negative selection using CD4+ T

WQaNoigdlasen kit Il (Miltenyi Biotec, Sunnyvale, CA, USA). PuRfyT(3Bae1%§01519
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and the naive phenotype were 15 confirmed by flow cytometry using the
anti-CD4, anti-CD45RA and anti-CD45I?39 Abs, respectively (BD
PharmingentM). CD4+ T lymphocytes were cultured for 3 days in

X-VIVO-15 (Bio)Whittalcer, Cambrex Bio Science, Verviers, Belgium)
ceetainingithout thugneasetionm oB@ddéntidlly2HEhifodumaruyille\ Gihn2ary of the
U/mlof IL-7 (ImmunoTools, German in the presence of Dynabeads
RS s A e T R SL Lo L KDy ot the

ratio of 0.5 beads/cell. Plasmids The lentiviral vector PAN was generated
bﬁe‘;alr%gi?ﬁ th%l%CiK'Ac'éﬂ?’FR cas%et y 25 Bonizi et al., 19.9712 engoding.

a truncated formeor the o&vngl?fllﬁit‘y r%%rve]eg?o tHf, é%dr F@Be\ﬁf% ‘f REGERYPDS are
ucrieedhercoepraltd theppissrphpblynddelcinased PGdcppidendieriransteeted into a
Clal Sa%l sitéflﬁf tha% Ienrti iralbi/ector pHR?2 (DtuI]( et al., 1998). The Plz%'t th
VIBAR BRI VirP ARV oS Wel}é%sgtd iiné 1l%yS ﬁsee%{’ihaogl -Saﬁ%?ﬁri% ,O as the
6thieb plEstRdvit arsiedtidypadihon) (Sbaeokeaterke POy ebdindhel€labsieial for

of rth%PtAc‘)N v(%ctgr.r 3(]{'%9 WT 1H|\ét'éln U V.ré%ugacgzﬁclg !\%@921 . a0 .the ; ;
SPASIVAR (acc. # ik &nDCIQIRE Were "Used A8 vif PCR tremop a lensarbsi%‘éen S are
tmeqgfotieiviog priltheéppeforral production. As recombination is greatly facilitated by
A T AT G O AT AT G AMGACT Q. A0BIBES cctor and
5the TS BT CANATCE ATE BTRBTESTHE GRBIEQLAT T B dinicauprtacehiciper virus
IJ(()iauéiloPCR-amplified fragments and cloning junctions were fully

bo
s%quence . We generated, starting from the previously described PAN
lentiviral vector (Vallanti et al, 2005), three vectors Chim1PAN,

Chim2PAN. Chim3P rvin i i WT/1712 vif.genes
AR 0SB Tab R IO ol MALCL 16 M0 9RRRem ramsocted
reehlalniesy 10GwesisnotssisisaionsTdf, ahianzizadiigndotiesed thimeaiure levels of

e e . ' .
R RIS e pe e penaiseRe i SHPSER conen
tirarfstivacitaidgite 126gt7 Gine FRivhf Hasgorentinstattéd vactontodiiicing cell

. = i ) ‘
B L G T
vibicklithe GSEMReEY YRS bp peaddichgePyime EgoRialaceioy Srinpludate plasmid

fr . 1- ere el  thi tqr .
S e N, YR MY plasmid
chimaititngethesppbstaucleotide.  Vector production involves transient transfection of

one or more of these components into cells containing the other required components.

One approach to control expression of the polypeptide of the present invention is to
use the retroviral 5> LTR. The polynucleotide sequence may also be operably linked
to an internal heterologous promoter. This arrangement permits flexibility in promoter

selection.

The lentivirus group can be split into “primate” and “non-primate”. Examples of
primate lentiviruses include human immunodeficiency virus (HIV), the causative agent
of human auto-immunodeficiency syndrome (AIDS), and simian immunodeficiency

virus (SIV). The non-primate lentiviral group includes the prototype “slow virus”



cloned into the C/al site in the PAN empty vector. All PCR-amplified
fragments and 15 cloning junctions were checked by sequencing. The

WEIRAIREN and the WT-VIifPAN were previously described. RGETB2006/001519
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pCEMI5:HA (Sheehy et al., 2002) plasmid was a gift from M. Malim
(King's College, London, UK). Productiargof pseudo-typed lentiviral
vectors 20 Pseudo-typed lentiviral vector stocks were produced by
transient co-transfection of 293T cells with the transfer vector, a 2"d

geseabriastiniftisal PERAgMgEhar ke pirad Arming, alpidssperriagitis virus

Petatapand Bey i arddbesPMR:Giplas iy encodinda the esieulRkently described
stomatitis envelope glycoprotein, VSV-G (Zufferey et al., 1997). Cells 25

wiehias deaanadolisienas viuza (FBY) s BeTdie et et renrdess . (BIV).
PHasmids b Rolidatalie by STuae pRIME (Rehe RiagnRslits from HIV.
Corporation, Indianapolis, IN). Supernatants were harvested 48-72 hours

after transfection, cleared by low speed centrifugation (10 min at 1,500

rpmy; @pditiliered g adh vt %ﬁﬁ%ﬁltsﬂae}/ifﬁbég%ﬁ WefSviruses is that

calculated by transduction of cells with serial dilution ot the viral 30 stocks.

Vipnidéruese nsrvsathsatapehibieyathivlest oy dniding el e dividipg,fells. 1o

Peshifig FIRA RioseINES (Gautes SarnoLatienuyysstheopited Bbn-dividing cells
Transduction and ALNGFR immune selection of cells. WO 2006/111866

g e shase 1het maless fanceunBl arutrkn Suice dBG SpHOTEHSESRE-
Briefly, RT assay-normalised supernatants of each VSV-G pseudo-typed
vector were incubated with | X 106 cells in a final vglume of 2 m| (MOI

KD i6 teesinigrioseptrioRdividinme i adrer Hist Frtrs Selstivargs gectors,
PQl¥BIENEAIRAMImABE AR bR Ralls M keBlashrreitheRBiaARTIction. These

fresh complete medium was added. Transduction efficiency was

nibHigrethaTERSERE WK Xrbr VEpiRRRRAHOABI S Yytdmdtry Vodicka ef dl.,

angdysiginf ﬁbé\é%%?é‘&{]@éiﬂ@@%ﬁm%ﬁwfb@@@ﬂﬁ@l&abdqpmmr’(Follenzi
View, C%Jsing the anti-human p75-LNGFR mono;;lonal ﬁ%g)od 20.4 d
(Atrele, HORvied MES) Aty B phyEaerpth AP IR BES OB ARSI G oul HyS (Re an
aptivaguseperum (Southern Biotechnology Associates, Birmingham, AL).
Immune selection of ALNGFR+ cells was obtained by magnetic cell

sorting using MiniMACS microbeads (Miltenyi Biotec Inc., Sunnyvale, CA)

agCorEhinLtothedma astiHe Con bt erprodtibiIGHRve celispiety Meagchieved by
>92% by FACS stainin% Primary T cells were transduced by a modified

sprsertitiaion Hhemds! (oIYBYEHestoHLaNREY: Hfanca SYidyicting/mutating the
Z%%I@G&Faééfﬁdmcggqﬁéﬁléﬁeﬁ%mﬁm@ isdinyesnightinoybatignd: HIV-1 LTR
promoter.

A more direct dependence on HIV-1 expression may also be accomplished by
designing a vector whose transcripts undergo nuclear retention and degradation in the
absence of the Rev/RRE interaction (Emerman et al, 1989; Malim et al., 1989).
Furthermore, as already described for retrovirus vectors (Grignani ef al., 1998), the use
of a new generation of lentivirus vectors able to express the transgene without
integrating the host genome could be of a valuable importance from a biosafety point

of view,

The Tat protein regulates the levels of lentiviral gene expression. Due to the weak

basal transcriptional activity of the long terminal repeat (LTR), expression of the



T-lymphocytes were selected 3 days after spinoculation as described for
cell lines. Western blot analysis 20 Whole-cell protein extracts (40 g)

WQNs/pregsared as previously described (Bovolenta et al., 2005T/IB2006/001519
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size-fractionated by 12.5% SDS-PAGE, and transferred to Hybond ECL
nitrocellulose membranes (Amersham, lgtile Chalfont, UK) by
electroblotting. Membranes were blocked in 5% low-fat dry milk for 1 hour
at room temperature, and then incubated overnight at 4 C with the

aﬁﬁ?wﬁa%éiﬁaﬂ&aarg?tﬂﬁ.iﬂ prnall-R e ol srvalibipity saplised im{ @oiptsboelingt for the
alrel 36), WAl Rl petlinmiang GaRuzda ionsh e LRI ing 10 o

and Reference Reagent Program (Division of Al
pYaTRdeRD MD)ClHF (Kgast Y oD Tesnation elkmecraiFitRdly totiat Abscent RNA,

aﬂ@&%&%@ﬂ&%@@@ﬁﬂﬁ%&@@&%ﬁ’é&%ﬁ stsi?ﬁukﬁggstremgai \ﬁ%ﬁalfsff)jﬂ%t tion by

1:250 dilution. A serum obtained from an AIDS patient, reco nlsmgg g

niBfoPRiimerae Hirtemplery Juafarably 1 thogoinwdretids bindidiggvasitant Vif is

visniRlisag ohersesadi idapR-Com) ' and j :
anti-rabbit and anti-fjrﬁgnnz(tfs)facttaa?%i%ﬁ%ﬁ%&ﬁgg%%%aﬁé ﬁ?ttfgerefme

CRareTEd By RsE Hasele etceinfRateh &scEHYE byStimv @, design therefore
%@W%l%@@(@( 1868 P&%T/‘J#Z%itlﬁéﬁ%%é&é&%é‘lf‘s, T}@Q@%@ reducing

blot analysis CEM A3.01 cells were left untreated or treated wit

CHRIBHRESHR Y1 615 dduas doMrsE Rash( Ky ey entio tvkerTertls RieAnfiasted by HIV-
eXITRGEsh YA iZ6b Re st foliey e cbnglaqisstid %%w%ﬁgig%burg !

MD) according to manufacturer's instructions, run on 0.8%
agarose-formaldehyde gels, transferred onto Hybond-N membrane

(InlyheredNdiwBel SitRMEnEY SaPIR M EANREH AR I WL O dRRIM Lo ctable
a 32P-lahelled 1-kb ALNGFR fragment in PerfectHyb PLUS hybridization

RS iprRE e nResdeipblemyasker dutsunaeyyd dew affiete sy xatayvih factor

fhle@slﬂéﬂ@m&g{)l@hk'I%&MQCH&ME&?'%d@f(&,afd&ﬁbfﬂ?fﬁftﬁ%%%rowm
the following HIV-1 strains: the laboratory adapted X4 HIV-I IJIB/LAI (ABI,
FINCRACERIRE &5RBIIESF R (akspireinmsy, inesitietlliR) isisntsspaessed on the

HiRWAN-DANKLilAVilerivatiigi(Cikbs, 1994) ,aqm@leegééﬁf%&ﬁ%s Srlysis of
HIV-1 AI%? (ABI, Advanced Biotechnologjes, Columbia, MD) and the _
IERBIAHCR S RATIRFBESTSiRN BY K YersECcente, Bathegiaglaves)l resolution.

VifusesciEd anging tamsaRdd Ahipsik)ore ﬁ%@fb@fiﬂmﬁﬁ@ﬁlbﬁyfﬁé performed

hours at .37C, then washed out twice with PBS. Cells were eventua

s e iACCS ISR Safts e SRTassiscthue I AIPER geaynbeitilised in the
torlientarncatonelt Blatt Gl HharRuP rRTRP WAL RYASIEA RS AGFR may

a ang , iqe
925,309 11 Mavilio 1994, A truncated LNGFR, ALNGFR, is described in Mavilio
1994,

The selectable marker may be operably linked to an internal promoter or expressed
from the 5’LTR.

The lentiviral vector of the present invention may be delivered by cells such as
monocytes, macrophages, lymphocytes or hematopoietic stem cells. In particular a
cell-dependent delivery system is used. In this system the lentiviral vector is

introduced into one or more cells ex vivo and the cell(s) are then introduced into the

patient.



stored at -80C until tested for Mg"+-dependent RT-activity assay or p24
ELISA following standard procedures. 25 Example 2 - Tat dependent

W EEI8¢h of mutant Vif We have shown that the chimeric prBtdifdB29f/001519

10

15

20

25

30

expressed in a Tat-dependent manner in 293T cells co-transfected with
the lentiviral vectors encoding the Vif mufants and the 30 packaging
construct (as a source of Tat) (Fig. 7). Whole-cell extracts (WCE) were
prepared as previously described {Bovolenta, 2002 #205}. Proteins were
sizBefisatigitalevepips DS-ha @rRsemdientiorratso béybdmihiE@tedV@one but will
2 T M@IHH . [ lpse membranes
(Eﬁ%%%ﬁﬁﬁy Cér%alfont, K) bygtgl’e;ug%?ggﬁ)%t%ﬁrﬁgg. ' §r’nbranes were
blocked in 5% low-fat dry milk, and then incubated with the appropriate
privaaR. HIV-11-1x62 Vif rabbit antiserum{Gonsalves, 1994 #241} was
obtained from Dana Gabuzda through the AIDS Research and Reference
Reagent 5 Program (Division of AIDS, NIAID, NIH, Bethesda, MD), and
used at 1:1,000 dilution. The proteins have different intracellular stability,

iSO yeakapie tmgreaiment af HER il (g, GAsbiedermlitions. It
GRS HRreSHAbIMOSIRAS AV Teiifkifig: ﬂegéiﬁnc? AR R SRR RIE palliative

still accumulated at 72 hours (Fig. 7). Example 3 - Mutant Vif constructs
irffbirr eahylastisnteriment of TIEY telatedndisgppemniparéatmopbtehtipemmals is

apditdahasiitreidne Byse.chmesAYRaaLof habdry ED%RigCUng scope of

mock-transduced and LV-transduced CEMA3.01 cells with the X4
nibtaugrsPtiBHeNe®-3 at the MOT of 0,1. Fig. 8A shows that Chiral, which
comprises the N-terminal region of F12-Vif, has no antiviral activity,
whereas both Chim2 and Chim3 (expressing C-terminal domains of

FiBusyithen RIBRERf L e hHEpR GRiobeif e diansidectdntnel bikatdmmupisation so as to
Fif: Althgualsthameaenceiplib2i2RiMifigwharetih Ghina3itiandlar at risk

Chim2 (45 as vs 104 as comprising 6 vs 9 unique as substitutions,

rESFR SsBIAiEsHSralheavifise SghtrdHinbe tharresatiorteaiment of an HIV

Theielrediem heremswea ,eBPrStOmeﬁhﬁl@&fﬁ{%Qﬁg@Hf&&n(ﬁomgai'i.{?%ion, and
to that of F12-Vif, omitting for simplicity that of Chim2 always paralleling

tRERSPERIAS 2NRAS driga B e bs-ssh RbASRARLR of Chim3 in the

CEMss (Fig. 8B) and Sup-TI (Fig. 25 8C) permissive cells by infecting

them with X4 NL4-3 HIV-1 at the MOT of 0,1. In both cases Chim3
inhiBiR e remhedisrnt o fsianaseat ipTontmrihels itoreyided a method for

imparting resistance to HIV infection or superinfection comprising removing an HIV-
permissible cell from a patient, transducing the cell with the lentiviral vector of the
present invention so as to achieve integration the HIV mutant Vif and reintroducing
the cell into a patient. Such ex vivo methods are described in Ferrari et al., (1991).

Alternatively the retroviral vector may be delivered to a cell in vivo.

Integration of the lentiviral vector into nuclear genomes of cells can be monitored

using, e.g. PCR in conjunction with sequencing or Southern hybridisations.

Pharmaceutical compositions

A pharmaceutical composition is a composition that comprises or consists of a

therapeutically effective amount of a pharmaceutically active agent. It preferably
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the inhibitory activity of Chim3 against an R5 HIV-1 strain, we used the
PM1 cells as the only T cell line that can be infected with an R5 HIV-I

WQ A (118680 et al., 1995). Mock-transduced and Chim3PANPEAASNE1519

cells were challenged with the HIV-1 30 AD8 molecular clone at the MOT

of 0.1, and analyzed for viral productiorgg.t day 6 post infection. As shown

in Fig. 8D, cells expressing Chim3 show a four-fold less viral release over

mock-transduced cells. WO 2006/111866 PCT/1B211116111111519 46

dnuete 4 -gleimAcatiiisd yhesegpicblto vatisothddean ddr Sekdipitgtrafireluding

D.grd elood derived %%*t%h‘/gmc%h?%yte& 5%ﬁ£%ﬁ?s‘;tk"?tﬁ%r%%&? use are well

lymphocytés derived from cord Blood of healt y norma donore. were

tkansoiu cedhwithhithvendiffetient laxts aaddarfedtsctihith thoe XdamiMe] Ml RSnington's
ain_at the T.of0.1. t to mogk-transdyced cells, T_ ..

e e R S ol D i ops). The

tthoigg d phdreecguital @atrier veaskiasnk 0P dfit¢Figad Al Slavied reidultsgard to the

s B sloatr rE e

higreBpuEkalnptspositinim e smupriescae therréplisddidiomoftaifHike1carrier,

[ ~derived. + T : TQ igat .
AR el IR AR) T SUkREIEE Yent(9, conting
pesstheofutiiisivig, agenitfbcted the non-permissive CEM A3.01 mock-

and vector-transduced cells with Avif HIV-1 at the MOT of 0.1 (Fig. 10). As
expected, Avif HIV-1 does not replicate in mock- and PAN-transduced

Geinplbsieoft phatirieviisaonesentebls pamipteninindgif farsappmedpinwater, salt
: Y, AyifHIV- Lis rele f F12-Vifr.and.Chim3-
B e Tt e o i hyhviene
tlanctnimonilesselyericdinnmmnvisigarsy aglptbis jediess serilpse, magnesium
harhored,in apaliept 1910 2218 auIher epefmeN WedNesiEdriy acid

CD4+ T lymphocytes mock-transduced, FI2-Vif--and Chim3-transduced

catisogliiesifddefietsht digles eradessateeitortiarin fiey casiexiesterss byfgxymethyl-
tEQR@ﬁH%@#@?M?I} QidgRdioleyuae. the kinetic of infection for 39 days

(X4 Avit HIV; Fig. TTA) and 29 days (R5 Avif HIV, Fig. | 1 B), respectively.

In contrast to what we have previously described (22) and here confirmed
%}@é\ﬁilér@?féﬂ% AR dRempRLIrRGYE IR seRlinRtion YbothiniHsEeI89tany one
viruses although a weak level of .

or more of: inhalation, in the form of a suppository or pessary, topically in the form of

a lotion, solution, cream, ointment or dusting powder, by use of a skin patch, orally in
the form of tablets containing excipients such as starch or lactose, or in capsules or

ovules either alone or in admixture with excipients, or in the form of elixirs, solutions

-or suspensions containing flavouring or colouring agents, or they can be injected

parenterally, for example intracavernosally, intravenously, intramuscularly or
subcutaneously. For parenteral administration, the compositions may be best used in
the form of a sterile aqueous solution which may contain other substances, for example
enough salts or monosaccharides to make the solution isotonic with blood. For buccal
or sublingual administration the compositions may be administered in the form of

tablets or lozenges which can be formulated in a conventional manner.

There may be different composition/formulation requirements dependent on the

different delivery systems. By way of example, the pharmaceutical composition of the



viral replication is observed with the R5-tropic strain (Fig. 11B). Altogether
these WO 2006/111866 PCT/IB2006/001519 47 results suggest that
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F12-Vif, but more importantly, does not salvage the replication of vif-

deficient viruses. This therefore makes GRim3 a better candidate for an

anti-HIV gene therapy approach compared to F12-Vif. Chim3 shows in

fact a truly dominant negative 5 phenotype in regard to the effect of Vif as
cownaradtivenfactomey the iRivhilaestrictibe Gettosrbd|ASHG. £xaimiphetp or by a

[viv Ia vantage to ransduced com ck .
trans§ sﬁP%ﬁ%fé (cj}éeaifs Ba‘f‘o investigate W ﬁ%r “RafRB6S or ingestable

uce infecte gate whether
Chimgonansdesatevdlls mowldcﬁmw setgctivécadydntagdatedrhparethjecthiele form,

uged rts |xed CEMA3.01 LV trans
\?v}:?rgﬁg(%?g 8 du{i:%(fgs equa ﬁ?’éﬁ‘S‘hon“(‘é%‘%b% eII%rﬁgre?ﬁ fysous route.
sﬁilt@dahm tbo@mm&mmyéit deifigotstitabd deti etiedrbyriesthienied.

with X4 HIV-1 NL4-3 at the 15 MOI of 0,01. Percentage of increment of

NGFR+ infected over non infected cells was calculated at day 20 of

clrlreudsgiidesivnr ot NGERlngspoippiptidd byxﬁpxm&anﬁdysise Figaff&cting viral
sﬂ&@almgtﬁ&wlbs%mgé iRty 06"e WA OMMRIR USRI, preferaby

HIV-1 Infection. However, the en emen
Fipthar-ecanptisivedlesliéng searenzapi®higlogoestaphedibtd ¢hld gomtrot. When the

Cﬁﬁﬁrﬂ{}&&@ﬁﬁ&ﬁt&%&mﬂé‘%&Hﬁﬁé‘%@ﬁ”%sﬂaj& ﬁc%e%éf g% dbe amount of

selective advantage to the genetically mo xample

|§B¢lﬁ€féﬁ%@ll§d§§g¥ﬁd@d@ﬂ%%megﬁobﬁemnﬂbﬂmm périnissiviegelts 10 mg,
2151%1@ l%%eér r@g}y CQ)B es with that of cellular factor human
Hﬁ{ A3G) 25 on the fact that Chim3, in contrast to
F12 Vif, behaves I|ke a truly dominant negative factor, we wondered what
SVO%J %1 uc el%:rélllg C‘:[C")%n duCCeDd Ce”S V\% |n|t| Sylana Ceéhgy several
evel expressmno he chimera in &80 Fansdeedt
pbnmr&er@@maxs odhanphge finissieaSa ahbjseceﬂsltﬁtnglmhﬁyu% Ghiragsfection

aﬁ%e&p r‘@%gﬁg S%P Qh'gsm%ggnf) W‘?ncﬁﬁéé‘ t@at of; ﬂliﬁ?t:ﬁ rn&fs (?F;\(%xp:l)’e calcium

gestlnga erent Stability or expreSS|ono
2@0@@@1@6@@@&@-}1@1&&11&1@5@&&%& (for example lipofectam™ and

transfectam ™). Typically, nucleic acid constructs are mixed with the transfection

agent to produce a composition.

The composition of the present invention may also be used in conjunction with other

antiretroviral drugs, in particular anti-HIV treatments such as AZT and ddI.

The routes of administration and dosages described are intended only as a guide since
a skilled practitioner will be able to determine readily the optimum route of

administration and dosage for any particular patient and condition.

Further preferred features and embodiments of the present invention will now be

described by way of non-limiting examples.

Example 1 — Materials and Methods




As Vif is degraded in non permissive 1-leLa and 293T cells by the
proteasome (Fujita et al., 2004), we next interrogated the level of Vif

WQRgteibl#epermissive and non permissive cells in the prese®é&dB2006/001519
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absence of the proteasome inhibitor MG132. As shown in the upper panel

of Fig. 13B, the expression of both Chimyg and Chim3 is 5 lower than the

other Vifs also in Sup-TI cells and the treatment with MG132 induces only

weak accumulation of the proteins (Fig. 13C). In contrast, Chim3

atslnulates after MG132 treatment about 3 times more than the other

Vifs (Fig. 13B, lower panel and 13C). More importantly, hA3G is

detbtablb i e staterivistvenalyses ohithin TahimbeXpsasdingiidisandiits, highly

| | ith.th im3 in MG e |
GEbBmy v wal G L MR, crves
ptifeeentially §2%Fhddipid theSmridhestsaimd Wty anddVperelissiiesellstaaid 1995)
. | o of o8 - Chim3

e e E SR ARSI R DY ane o
cyetebiariin e insaiciBin Steplowpieinendisbutenihe (BSCIxPhessiomofkidney 293T

im3 n loyy tr iptio rf Qrth lot
SR R I PR e P VL
AxpriceaaptedingtHONEER andBS8Grhe LVs transcribe three 20 different

RNA species, the full length and the spliced RNAs, which are driven by

the 5'LTR of the vector, and the constitutive PGK-ALNGFR mRNA
(Hamastinaoantablokyciriasrivsts et ftediSromhightiidelrenrd idoré bytisentrifugation

%Tﬁhegﬁqq;%gggm&% LRSS acgHmat -aﬂﬂavx%?'iegllt\gg@gmm T

infected cells. e, the only'two bands detected correspon

spideHRABJsindipineeRatiapdelestivhystugivelrb Al xediApolation kit I (Miltenyi
Rgsin pregsi fCI%-,ag 191 is strapger

oﬁ?ﬁﬁ@f\/g {(}I{:%pgf%) %eﬁa ?nfggr%e'ly corre?att—:-g;IB Wi h‘gt—lki{ce{S &il‘%ﬁg&gg%ﬂ"% were

sserAsEd by o e melestigae the re<oRbf wnis-abdaRAt and anti-CD45RO

dj et Har i imide.t

e L G A B R g el For 3 days

higy RETVRER the GHRMEIiR ¢RI GamiBeanBiQ Stivese, r¥sutisrsudipbstBo) tharttaining
thganalyzed \ééfz%n?,ufs@Oiﬁm”l%-ﬁeggiﬂ}%&b%mﬁﬁf‘sér HORbY At of 117

negative feed-back mechanism. Chim3is no ranscribéd andits

reRNDe Booldly Gemnsaribeanikdly Hecauetsthe pbBimibeedsiiGRB4rRISI T cell
be)kﬂ%ﬁp Y m&%&%@é’ﬁ%@?@ﬁ%Mk%ﬁ&%%%‘%%%&%@u@

Example 9 -‘Immunogenic By itself, Vit'is one of the less immunogenic

among the HIV-1 proteins (Addo et al.,
Plasmids

The lentiviral vector PAN was generated by cloning the PGK-ALNGFR cassette,
(Bonini et al., 1997) encoding a truncated form of the low affinity nerve growth factor
receptor (ALNGFR) under the control of the phosphoglycerokinase (PGK) promoter,
in the Clal/Sacll sites of the lentiviral vector pHR2 (Dull et al., 1998). The F12-
VifPAN and VifPAN vectors were obtained by inserting a PCR-amplified, 611-bp
F12-vif or wild-type (WT) vif sequence respectively in the Clal site of the PAN vector.
The WT HIV-1nw43 (ace. # M19921), and the F12-HIV-1 (acc. # Z11530) DNAs were
used as vif PCR templates using the following primers:

Jor: 5’-GCAAAGAATCGATGGGATTATGGAAAACAG-3;



5 2003). The mutant Vif polypeptides of the present invention are not
expected to differ significantly from WT-Vif under this respect, at least on

Wer8Gadisef both BIMAS (http://bimas.eit.nih.gov/) and RAN KICE®B2006/001519
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(http://Iwww. mifoundation.org/Tools/rankpep.html) algorithms for
predicting HLA-I binding peptides (dataspot shown). Low immunogenicity
and Tat-dependent expression of 10 mutant Vif should avoid or at least
minimize an immune response against uninfected retroviral-transduced

detis ird viVE GO e Iy Gardd AT ECARLECATRG Riardmdestappuce in
highisxRieseiRmigyaisafihetarsarneiinbd MatibiRciesdcells @e@'g&i@&

requirement for the activity of a trans-dominant mutant protein. 15

JBlaenasse peTiaB fom s praviesdy deecibstb RNt dentiiiah yackpar(Yallanti et
2Q01; :995-1001. 5 £ I : : . o
Ant0ied, e R S I I RNy himeri
200VF12 1§ 1300 1ChiMAF SR dincetd el . 1Ry drsNatieAcan] 8¢iatigotacidoef F12-vif
93:2839-2894 Ranga et al. Proc. N c Ci. . 1998: . . .
514 31 19B3ERE @‘%?&ﬁ%&a?ﬁkﬁ?%@i‘%%@ﬁ%?gﬁﬁ9%%" proteln
JRCOUREBHRS N din 489 2ALSE8 aptawiehaleapebiab Wi POAR, and finally
8:681-686 Lee et al. Nat Biotechnol. 2002;20:500-505 Coburn or al. J.

\Vilgm3BON 7e100ds- 9 2himerioipretain iowhightthe ainscRy $o&1opago-170 of

L -1§§f 488 B MsEhal Blope20Q3: 1 LidRAR: 21 nifstiRD OhdhetiBlbenes were
1998;93:685-692 Frankel et al. Annu. Rev. Biochem. 1998:67:1-25 Fisher

evbitpiswlontiag 08 POBTewpleathe Fusterltup Nivird) Hided; molecular clone

7&%@%%%1&1@9&'@%@19& i58b L3P 2:RORGBI SR oRNGENY B Plragments
J. Virol. 1996;70:1505-1511 Desrosiers'et at J. Virol. 1998;72:1431-1437
Sioiorika Bl 23N @engoes wers peptasepgespectively. The third vector was generated

by DNA synthesis by Primm s.r. (Milano, Italy). The three chimeric genes were
cloned into the CIal site in the PAN empty vector. All PCR-amplified fragments and
cloning junctions were checked by sequencing. The F12-VifPAN and the WT-VifPAN
were previously described. The pCEM15:HA (Sheehy et al., 2002) plasmid was a gift
from M. Malim (King’s College, London, UK).

Production of pseudo-typed lentiviral vectors

Pseudo-typed lentiviral vector stocks were produced by transient co-transfection of
293T cells with the transfer vector, a 2*¢ generation minimal packaging construct
pCMVARS.74, expressing Gag, Pol, Tat and Rev, and the pMD.G plasmid encoding
the vesicular stomatitis envelope glycoprotein, VSV-G (Zufferey et al., 1997). Cells
were seeded at 0.4 x 10%ml 24 hours before transfection with the three plasmids at the
2:1:3 ratio by FugeneTM6 (Roche Diagnostics Corporation, Indianapolis, IN).
Supernatants were harvested 48-72 hours after transfection, cleared by low speed
centrifugation (10 min at 1,500 rpm), and filtered through a 0.45-um pore-size filter.
Viral titers were calculated by transduction of cells with serial dilution of the viral
stocks. Virus stock normalisation was achieved using standardised RT assay and p24

Ag ELISA procedures (Coulter Corporation, Westbrook, ME).

Transduction and ALNGFR immune selection of cells.
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1816-1819 30 Sova et al. J. Virol. 2001;75:5504-5517 Zimmerman et al.

Nature 2002;415:88-92 Zhang et al. J. &{'gol. 2000;74:8252-8261 WO
2006/111866 PCT/IB2006/001519 51 Dettenhofer et al. J. Virol. 2000;
74:8938-8945 Liu et al. J. Virol. 1995;69:7630-7638 Kao et al. J. Virol.
2003;77:1131-1140 Mariani et al. Cell 2003;114(1)21-31. 5 Fouchier et al.

J Celiowe 806 260B8R68- 82 68inGathatixta Briaflyl,. R[Fdsﬁb@%ﬁﬁaﬁé%ﬁ@@ﬁqatants of

1%%&9 zoqéerf%t'é ¥ uégvceéttgg% 6%/]114%?1 f% i haly al7I‘ &Biial votume
H@‘QIunU(M@[ MIOWQQ%IMM@S% eﬁédZﬂ&:x:pm fr AlDSrReshe presence of
|
AR e BRI PSR i PSS Rk complec
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e S S T

Rasgi~ M@&M(&)@t@nr&@@@n@o&hm&@@a_‘tﬁﬁ‘éﬁl@@ﬁgham, AL). Immune
selection of ALNGFR" cells was obtained by magnetic cell sorting using MiniMACS

microbeads (Miltenyi Biotec Inc., Sunnyvale, CA) according to the manufacturer’s
instructions. ALNGFR" cell purity was >92% by FACS staining. Primary T cells were
transduced by a modified spinoculation protocol (polybrene concentration: 4 pg/mi;
viral supernatant replaced with fresh medium after overnight incubation). ALNGFR"

T-lymphocytes were selected 3 days after spinoculation as described for cell lines.

Western blot analysis

Whole-cell protein extracts (40 pg) were prepared as previously described (Bovolenta
et al.,, 2002), size-fractionated by 12.5% SDS-PAGE, and transferred to Hybond ECL
nitrocellulose membranes (Amersham, Little Chalfont, UK) by electroblotting.
Membranes were blocked in 5% low-fat dry milk for 1 hour at room temperature, and
then incubated overnight at 4 °C with the appropriate primary Ab. HIV- 1gxg; Vif
rabbit antiserum (Goncalves et al., 1994) was obtained from Dana Gabuzda through
the AIDS Research and Reference Reagent Program (Division of AIDS, NIAID, NIH,
Bethesda, MD), and used at 1:1,000 dilution. The rabbit polyclonal Ab against human
actin (Sigma Chemical Corp., St. Louis, MO), was used at 1:250 dilution. A serum
obtained from an AIDS patient, recognising all the major HIV-1 proteins, was used at
1:2,000 dilution. Ab binding was visualised by horseradish peroxidase-conjugated
secondary Ab, anti-rabbit and anti-human Abs at a dilution of 1:10,000 (Amersham,
Little Chalfont, UK) by an enhanced chemiluminescence system (ECL, Amersham).
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respectively. 2. A polynucleotide comprlsmg a nucleotide sequence
encoding Vif according to

HIV-1 infection

Cells were acutely infected with the following HIV-1 strains: the laboratory adapted
X4 HIV-1 IIB/LAI (ABI, Advanced Biotechnologies, Columbia, MD), the molecular
clones X4 HIV-Ini43 and its Avif derivative (Gibbs, 1994), the molecular clones R5
HIV-1 AD8 (ABI, Advanced Biotechnologies, Columbia, MD) and the pAD1vifl HIV
kindly donated by K. Peden (FDA, NIH, Bethesda, MD). Viruses (MOI ranging frorﬁ
0.01 to 1) were adsorbed to the cells for 2-5 hours at 37°C, then washed out twice with
PBS. Cells were eventually resuspended in complete medium and seeded at 0.5-1 x 10°
/ml in triplicate in 96-well plate. Culture supernatants were harvested every 4 days and
stored at ~80°C until tested for Mg”—dependent RT-activity assay or p24 ELISA

following standard procedures.

Example 2 — Tat dependent expression of mutant Vif

We have shown that the chimeric proteins are expressed in a Tat-dependent manner in
293T cells co-transfected with the lentiviral vectors encoding the Vif mutants and the

packaging construct (as a source of Tat) (Fig. 7).

Whole-cell extracts (WCE) were prepared as previously described {Bovolenta, 2002
#205}. Proteins were size-fractionated by SDS-PAGE, and transferred to Hybond ECL



10 claim 1 wherein all of the amino acids corresponding to positions 22,
29, 41, 48, 66, 80, 109, 185 and 186 are not I, I, K, N, V, N, R, R and N
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encoding Vif according to claim 1 wherein the amino acid corresponding

to position 48 is N. 15 4. A polynucleotiql% comprising a nucleotide

sequence encoding Vif according to any “of claims 1 to 3 wherein the

amino acids corresponding to positions 22, 29, 41, 48, 66, 80, 109, 185

anigrd &Sl aleséhaneniiesest ameatmally DiederCigpMén0BKA by electroblotting.

polynucleotide comprising a nycleotide_sequence encoding Vif. according .

SR S, BB hd TG 8 S G oMihg T BB o the
ééi:iﬁdﬁ)lr&?aeiq?riﬂxaﬁld AORANB-isNes Y BGisd 180 it koS { Gl Can dIB6H-S1 1} was
. A polynucleotide camprising.the nucleoti uence encading.a

BT D0 B RE E eI R S S8 S OLgpgrpce Reagent
FRidpf s edietsien nofiguieS 2 Niliey dsdHn B etatschl]y MIpurand Wikd at 1:1,000
S lc)akl}qence, wherein the naturally occurring Vif sequence is not F12-Vif. 7.

A

Rﬁﬂlcleotide comprising a nucleotide sequence encoding the amino
acid 30 sequence shown in Figure 5A. 8. A polynucleotide comprising a

2@&%@; %%fgﬁ@é@%ﬁ%@ﬂ% o ﬁg%%g%nﬁfa?'ﬁﬂfﬁﬁf i%. 2). Chim? (Fig.

nce encodi ragment o

defiriey andaGhiionie (0igldimB 1 de Svhergn s@icbitagrherdas OWiprisdgBig. 1C) and
legst amino acjds.corresponding to, 126 70 of guence in Figure
B Ko o B 3 S TR R e S by e

polynucleotide of any preceding claim. 11. A Vif polypeptide comprising
tiExampho3acibisant &t eoslouatsimkibis echRcation of Bivedtor Caelimising
a polynucleotide as defined in any one of claims 1 to 9. 13. A vector '
ording to claim 12 wherein the vector is a retroviral or lentiviral vector.

e e A G kAR89 o o
dEt-ahie Hyoimfdetivig thodkatentatimedorningy Votclamiut 8doCEMARIbinedaidvith the
POYRISISANT® IS RTAOM: kAL RAYIR b TREFD 10 ANSHORAPCHHNY which
to any one of claims 13to 15 wherein expression Bt Said”

comprises the N-terminal region of F12-Vif, has no antiviral activity, whereas both

Chim2 and Chim3 (expressing C-terminal domains of F12-Vif) inhibit HIV-1

replication in a manner comparable to that of F12-Vif. Although the sequence of F12-
Vif is shorter in Chim3 than in Chim2 (45 aa vs 104 aa comprising 6 vs 9 unique aa
substitutions, respectively) its anti-viral activity is slightly higher than that of Chim?2.
Therefore, from hereon we report only the effect of Chim3 in comparison to that of
F12-Vif, omitting for simplicity that of Chim?2 always paralleling that of Chim3. We
verified the HIV inhibitory activity of Chim3 in the CEMss (Fig. 8B) and Sup-T1 (Fig.
8C) permissive cells by infecting them with X4 NL4-3 HIV-1 at the MOI of 0,1. In
both cases Chim3 inhibits HIV-1 replication as efficiently as F12-Vif. Finally, to test
the inhibitory activity of Chim3 against an R5 HIV-1 strain, we used the PMI cells as
the only T cell line that can be infected with an RS HIV-1 strain (Lusso et al., 1995).
Mock-transduced and Chim3PAN-transduced cells were challenged with the HIV-1
ADS molecular clone at the MOI of 0.1, and analyzed for viral production at day 6
post infection. As shown in Fig. 8D, cells expressing Chim3 show a four-fold less viral

release over mock-transduced cells.



polynucleotide is tat dependent. 17. A vector according to any one of
claims 13 to 16 lacking the tat gene. 25 18. A vector according to any one

WQRHUEIHERA® to 17 wherein expression of said polypeptide is BAdABHPGOD1519
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inducible control. 19. A vector according to any one of claims 13 to 18
lacking any one or more, or 30 all, of thgsgag, pol and env genes. 20. A
vector according to any one of claims 12 to 19 further comprising a
polynucleotide sequence encoding a selectable marker gene. 55 21. A
vector according to any one of claims 12 to 20 further comprising a
)}/F}H&g %tld%§?q}§j?%%1%n ﬁfédfglgl@ﬁﬂ%%f’%ttl?f)@eaﬂg %@\Pﬂa&ﬁ 'P'yrams in cord

nerve growm Tactor receptor (CNGFR). 5 2Z."/A'vecior according to any

' ey yesof an integrated provirus. 23. A
retrovwal or lentiviral partlcle obtainable from the vector of any one of
claims 12 to 22. 10 24. A retroviral or lentiviral particle accordlnato claim

2Provhetishicth € P4t didyimnbostisstypdrrdEom rard hitapd pldtiting normal donors
PW&E%Qﬂcﬁ}/c%t&%Eﬁftﬂé%%ﬁgyaﬂttﬁ%%&m/ﬁffke{edl&ﬂﬁmwrﬁm@ﬁ&dﬁmm strain

claim 23 or 24 comprising the vector of any of claims 12 to 22 and

retrévirof I@ﬁﬁ\ﬁfd@@é@}lﬁéﬁtaﬁ@dmémﬁaﬁ@FQ%tﬁﬁHéi dnlyewhegytes carrying the
refia Hﬁléc? ICIoRAenthirab aay APVA relroMital allRnihdiRRECYifRent as well as

sy st m according to claim 25 wherein the 20 retroviral or lentiviral

gEéZpBIféﬁtgeﬂﬁhr@lmlkﬁﬁé?élﬂfsvé@@r;é)bﬁa?n%@ reidVirRor fedvmpbocytes derived
PRSI AR RYSIE R ARG UG AQL AN #oiRE 26 WRKGILEDIR SRR DS at the
from RD114-TR, VSV-G, GALYV or 4070A. 25 28. A cell comprising a
pMM@dl@@f% one of claims 1 to 9. 29. A cell infected or

transduced with a vector of any one of claims 12 to 22 or the retroviral

partlcle of claim 23 or 24 30 30 A ceII accordlng to claim 28 or 29
] Y H doRi b AeECH sobication RiAWHOEINs1dg CB-derived CD4+

T lvmphocytes

To investigate whether the F12-Vif, Chim2 and Chim3 inhibitory activity was
dependent on the presence of WT-Vif, we infected the non-permissive CEM A3.01
mock- and vector-transduced cells with Avif HIV-1 at the MOI of 0.1 (Fig. 10). As
expected, Avif HIV-1 does not replicate in mock- and PAN-transduced cells, while it
efficiently grows in cells in which WT-Vif is supplied in #rans. Remarkably, Avif HIV-
1 is released also from F12-Vif- and Chim?2-, but not from Chim3-expressing cells,
indicating that the Chim3 Vif is safer than Chim?2 in case it encounters Avif HIV-1

quasispecies silently harboured in a patient (Fig. 10).

In a further experiment we infected CD4+ T lymphocytes mock-transduced, F12-Vif-
and Chim3-transduced cells with vif-deficient virus generated either in the context of
X4 or R5 tropism at the MOI of 0,1 and followed the kinetic of infection for 39 days
(X4 AvifHIV, Fig. 11A) and 29 days (R5 Avif HIV, Fig. 11B), respectively. In contrast
to what we have previously described (22) and here confirmed on F12-Vif, Chim3
does not rescue the replication of both vif-deficient viruses although a weak level of

viral replication is observed with the R5-tropic strain (Fig. 11B). Alfogether these



31. A cell according to claim 30 wherein the cell is a hematopoietic CD34+
precursor cell or a hematopoietic cell. 32. A cell according to any one of

WQRHINE A86 31 wherein mutant Vif is under 5 HIV-1 inducibl@ CHAB0GB 1519
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A pharmaceutical composition comprising a polynucleotide of any one of
claims 1 to 9, a polypeptide of any one gf claims 10 or 11, a vector of any
of claims 12 to 22, a retroviral particle of claim 23 or 24 or a cell of any
one of claims 28 to 32 10 and a pharmaceutically acceptable carrier,

diRsals sluegespidt Shinn3patyrardie dukibist BRY onplishbieinas levelOsimilar to that
PRIYRRRIIES 8ha0Y;PnERf RIS JAQhd, BoE8 ARt %A Othga% %1(1:25%n of vif-

22, a retroviral particle of clalm 23 0r24 ora ceI any

t&@@@%‘pﬁ&?ﬁa@é\ﬁtfb&ﬁf@?ﬁg@@lﬁ%r@h&@ér@l|b@t615>md3dﬁt¢l 23 forameFHV gene
MRS D §oéclﬁec&fnﬂ£9c!lyt%%fgoyﬁe ©hAY 0G0t LIRS ﬂ}?{ %bﬁ’nil%nt negative

polypepedge of any one of claims 10 or 11, a vector of any of claims
2phenebtpsvindicparddretbe effest oBViF M@ﬁ@%@ﬂtﬁf%ﬁyt@mfdﬁ@lﬁlmg I@striction
te3%PHB RH@rmaceutical composition 20 according to claim 33 for the
preparation of a medicament for treatment or prevention of HIV infection

or related conditions. 36. Use according to claim 35 wherein the HIV

iIndect r%pte@,?%S‘éBﬁfé?geﬁ%a?%ﬁ%nta e to transduced compared to mock

DOCSl- [-VI-P018353\70 Sequence-E sting SEQUENCEI .
] . HIQEOOSIN <120> HI V Vif <130> P018353VO

<140> PCT/1132006/001519 <141> 2006-03-07 <150> 0504770.9

<151> 2005-03-08 <150> 0510888.1 <151> 2005-05-26 <160> 37

Aooivssiigaie) whethspnChim3grpgsdyced cells could show selective advantage

compared to the mock transduced counterparts, we mixed CEMA3.01 LVs-transduced

with mock-transduced cells in equal proportion (50:50). Cells were then splitted in two
populations, one left unifected and the other one infected with X4 HIV-1 NL4-3 at the
MOI of 0,01. Percentage of increment of NGFR+ infected over non infected cells was
calculated at day 20 of culture. Expression of NGFR was monitored by FACS analysis.
Fig. 12 shows that in all cell types there is an increment of NGFR+ cells after HIV-1
infection. However, the enhancement of Chim3- and F12-Vif-transduced cells is from
2 to 5 higher compared to the control cells, indicating that both therapeutic genes

confers a stronger selective advantage to the genetically modified cells.

Example 7 - Chim3 is preferentially degraded in the proteasome only in non

permissive cells and its level inversely correlates with that of cellular factor human
APOBEC3G (hA3G)

Based on the fact that Chim3, in contrast to F12-Vif, behaves like a truly dominant
negative factor, we wondered what is the level of hA3G in Chim3 transduced cells.
We initially analyzed the basal level of expression of the chimera in uninfected
transduced non permissive CEM A3.01 and permissive Sup-T1 cells. Strikingly,
Chim2 and Chim3 expression is much lower than that of the other Vifs (Fig. 13A)

suggesting a different stability or expression of the two chimera.



<211> 192 <212> PRT <213> Firran i rrrrunodef i ci ency vi rus <400> 1
rvbt G u As n Arg Trp G n Val rvbt lie Val Trp O n Val Asp Arg Nbt 15 10

WQ 200841866 Arg Thr Trp Lys Ser Leu Val Lys His Hi s Nbt TyP¢a182409001519
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2530 GyLysAlaArgGy Trp Phe Tyr Arg His His TyrGu SerProH s

354045 Pro Arg | | e Ser Ser G u Val Hig lle Pro Leu G y Asp Al a Arg

Leu 505560 Vallle Thr Thr Tyr TrpGyLeuH s Thr Gy G u Arg Asp

TrpHs 65707580 LeuGyGnGyVal Serlle Gu Trp Arg Lys Lys Arg

T SEf Thigs0ed 5 ®n heaisspvPideGanhd 223 R %edly By rilceprdtieddisne (Fujita

L ISs R ( Al.a lle Arg Lys

e R e SO U MR B AR g non

AP GisEiMisRER inyshy gitesgnaepn 3bsens: lofOtheapr@ensTireLishibitot 8UG132. As
! | LP | S 414 . . .

DO G MR B A0\ S B8 S0 bl e, and Ghim s

\Vigiweithars theothir (Gifs Alsp mr§up-d Asellsyand abelrentimentPwai MG induces

T&ﬁlgﬁfégkya'éuﬁxﬁ‘ﬁga{%ﬂ e r}g{é’iﬂﬂ%ﬁ@%? l_linscga%% ,853%3-83 accumulates

<210> 2 <211> 192 <212> PRT <213> rran i rrrrun I'cl ency Vi rus
after MG132 treatment about 3 times more than the other Vifs (Fig. 13B, lower panel

and 13C). More importantly, hA3G is detectable in western blot analysis only in
Chim3 expressing cells and its level inversely correlates with that of Chim3 in MG132
treated cells (Fig. 13B, middle panel). These results indicate that Chim3 is
preferentially degraded in the proteasome only in non permissive cells and its low

level allows the normal expression of hA3G.

Example 8 - Chim3 is normally expressed by the vector and its mRNA accumulates

after cycloheximide treatment

To determine whether the low expression of Chim3 depends also by low transcription,
we performed Northern blot analysis of total RNA obtained from LV-transduced
uninfected CEM A3.01 cells using the NGFR probe. The LVs transcribe three
different RNA species, the full length and the spliced RNAs, which are driven by the
S’LTR of the vector, and the constitutive PGK-ALNGFR mRNA (Vallenti et al.,
2005). In uninfected cells, which lack Tat and Rev, the 5°’LTR indeed functions - the
Vif proteins accumulate - but weaker than in infected cells. Therefore, the only two
bands detected correspond to the spliced RNA containing Vif and the constitutive
ALNGFR one. Surprisingly, the expression of Chim?2 and Chim3 LVs is stronger than
the other LV's (Fig. 14A) and inversely correlates with the level of protein synthesized.
To further investigate the reason of this apparent discrepancy, we treated the cells for 8
h with cycloheximide that blocks the protein synthesis. Of note, the accumulation of
Chim3 mRNA is higher than the others Vifs (Fig. 14B and C). These results suggest
that the analyzed Vifs, but not Chim3, regulate their own transcription by a negative
feed-back mechanism. Chim3 is normally transcribed and its mRNA is poorly

transcribed likely because the protein is readily degraded by the proteasome.



<400> 2 N/bt (3 u As n Arg Trp (3 n Val N/bt lie Val Trp O n Val Asp Ar g
Nbt 151015 Arg 11 e Arg Thr Trp Lys Ser Leu Val Lys His Hi s Nbt Tyr

WO/210881 180625 30 (3 y Lys Al a Arg (3y Trp Phe Tyr Ar g His P4i$/1B3008/¢p1519
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SerProHs 354045 Pro Arg 11 e Ser Ser (3 u Val His lle Pro Leu (3 y
Asp AlaArg Leu 505560 Vallle Thg@'hr TyrTrp(3yLeuHs Thr (3y
(B3uArgAsp TrpHs 65707580 Leu(S3y(3n(3yValSerl11e(3uTrp
Arg Lys Lys Arg Tyr Ser Thr 85 90 95 (3 n Val Asp Pro (3 u Leu Al a Asp
(3nLeulleHisLeuTyr Tyr Phe 100 105 110 Asp Cys Phe Ser Asp

S _ eu Leu (3yHislle 115120 125 Val Ser Pro
ArEg;( é{)}s ‘::Lglu&I y AR, y His Asn Lys Val (3 y Ser 130 135 140 Leu
(3nTyrLeuAlaLeuAlaAlaLeulleThrProLyslLys11elys 145 150

1@%! R0 PRMLLLE ldipgﬁ% %e%g mro S&ﬁ%c%‘é%%é@z%ﬁfs %B%‘ddo et al.,

Lys 165 170175 Pro (3 nLys ThrLys
ASROR.y e mugent 351 1edypeptiosspE filprasent kReAtioRRT a2l 8zpected to differ

DAL sRo BTV Rt o Jinwt o e graBIMAS
n(tig Fhiaeseivaiingsvile Val Trp @il val Asp ARANEPER 10 15 (http:/www.
mifoundation.org/Tools/rankpep.html) algorithms for predicting HLA-I binding
peptides (data not shown). Low immunogenicity and Tat-dependent expression of
mutant Vif should avoid or at least minimize an immune response against uninfected
retroviral-transduced cells in vivo. On the other hand, the wild-type HIV-1 LTR
guarantees very high expression levels of the transgene in HIV-1 infected cells, a

crucial requirement for the activity of a trans-dominant mutant protein.



Arg | 1 e Arg Thr Trp Lys Ser Leu Val Lys His Hi s Nbt Tyr Val Ser 20 25
30 ByLysAlaArg(3y TrpPhe Tyr ArgHisHis Tyr(3u SerProH s

W06 145pG0 Arg | | e Ser Ser (3 u Val His | | e Pro Leu (3 y R§FABAORrQP1519
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Leu 505560 Vallle Thr Thr Tyr Trp (3y LeuH s Thr (3y (3 u Arg Asp
TrpHs 65707580 Leu(3y (3n(3y\glSerlle (3uTrpArgLysLys
Arg Tyr Ser Thr 859095 (3nValAspPro(3ulLeuAlaAsp(3nLeulle
His Leu Tyr Tyr Phe 100 105 110 Asp Cys Phe Ser Asp Ser Alall e Arg
Lys AlalLeu lLeu (3yHislle 115120 125 Val Ser Pro Arg Cys (3 u Tyr
(GReAladady His Asn Lys Val (3 y Ser 130 135 140 Leu (3n Tyr Leu Al a
LeuAraArTaleulle ThrProLysLysIleLys 145 150 155 160 Pro Pro
Leu Pro Ser Val Thr Lys Leu Thr (3 u Asp Arg Trp Asn Lys 165 170 175

Pm&%ﬁy@a{ﬂg EM%I(%YOW%ATQO(I'?{ y Ser His Thr Nbt Asn (3y Hs 180
185190 <210> 4 <2T1> 192 <212> PRT <213> 1-Urran i rrrrunodef i ci

efitsy sfigly & edAHR 4 N8 £3138s n Arg Trp (3 n Val N/bt lie Val Trp O n
VAl ARRA & MO che R VG DbbRAGLTNoRTP Lys Ser Leu Val Lys His

HisNbtTyr11e Ser202530 LysLysAialys(3y TrpPhe TyrArgH i
sPPrrBsthaaben et Fhimy §egs HoenzfRigd 31013-1019.
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(3n(3yValAlalle (3uTrpArgLys Lys Lys Tyr Ser Thr 859095 (3 n
Val Asp Pro (3y Leu Al a Asp (3 n Leu kshe His Leu His Tyr Phe 100 105
110 Asp Cys Phe Ser (B3u SerAlallelLysMnAlalleLeu (3yTyrArg
115 120 125 Val Ser Pro Arg Cys (3u Tyr (3 n Al a (3y His Asn Lys Val
(DpiBohalo ai38. 14V itob 200 7TAy8338188%4 Leu Ala Ala Leu | | e Thr Pro

%?ugsal'l' Gr%ﬁg@%}i’%@%&%@é)ro Pro Leu Pro Ser Val Lys Lys Leu

u Asp sn Lys 165170 175 Pro (3 nLys Thr Lys (3 y His
Ak dr Misor RONBIMAIEyLHE 180 185 190 <210> 5 <211> 192

<§/ﬂa?r1>mﬁFétTaf%ile?IF,’Z%d’gr/ﬁgﬁ(ilSFﬁrf‘—@?gef i ci ency virus <400>5 N/bt (3u
As n Arg Trp'(3 n Val N/bt lie'Val Trp O n Val Asp Ar g Nbt 15 10 15 Arg

1Fanghigreneldp Virols &9wuERE3y824% Hi s Nbt Tyr Val Ser 20 25 30
(UG R T{BBS Buk Gigdddis His Tyr (3u SerProH s 35

40 45 Pro Arg 11 e Ser Ser (3 u Val His 11 e Pro Leu (3 y Asp Al a Arg
Leon Solzedlor vial1 1. &irak TAP3OY #R493%1%u H s Thr (3y (3 u Arg Asp
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Asp Cys Phe Ser Asp Ser Alalle ArgLys AlalLeulLeu (3yHislle 115
120 125 Val Ser Pro Arg Cys (3 u Tyr (332Al a (3y His Asn Lys Val (3y
Ser130135140 Leu(3nTyrLeuAlaLeuAlaAlalLeulle Thr ProLys

LysllelL 0 155 160 Pro Pro Leu Pro Ser Val Thr Lys Leu Thr
(3 %llklb eﬁ% %?;[3 i?ﬁii BRSSP IF4: 0 3A3THILys (3 y His Arg
(3oBaretis. Torebitd MR ¥8k850-880 185 190 <210> 6 <211> 192

< PRT <213> 1-Urran i rrrrynodef i ci ency vi rus <400> 6 N/bt (3 u
A?ﬁ%gersg%}g%oﬁ- ﬁﬁ%ﬂ%?af-lsél\}ahsrﬁa @Wﬁ@&éé—%&é%m 1510 15
Arhetdssidret ThiSEignty2663: 80t MabLys His Hi s Nbt Tyr 1 1 e Ser 20 25
3Q,Lys Lys Y. Y, Ar g Phe Tyr Ar g His His Tyr (3u Ser ThrH's 35
4 fg’ﬁr%yi\l%@i‘i‘- gﬁéﬁs@%@u&% His lle Pro Leu (3y Asp Al a Arg Leu

- 50AsKIGex Alal Virel TYOOBET7T308TRASy Leu Hs Thr (3'y (3 u Arg Asp Trp

ot ef B J0U N R ASFSRINGLFA 2 Asp s Lou 110
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e G S 2 e
LeulleThrProLysLys11elys Page5
DOCS1-5483674-v1-P018353VO Sedisence-Li sting 145 150 155 160

Prg Pro Leu Pro Ser Val Lys Lys Leu Thr (3 u Asp Arg Trp Asn Lys 165

1 Pro (3 nLys Thr Lys (3y His Arg (3y Ser His Thr lie Asn (3y H

s 180 185190 <210>7 <211>192 <212> PRT <213> 1-Urran i
rrtrunodéfobirenteptideasmeA0gamdbbboiiBeseysancrndogingB \fif\Wielekdbteleh of

Leu val ToAtEE ARl cb e gheha b, S0 B0 Tl o2 3 ot e

Phe TystysndesiHiSgUa 18 arSBr VhR Asrb 3514 0edizectne inand VvieeiSior dHlenf the
I His Il . h

O LR A SO AT AT

(3 n (3 yarad) ISKr ¥, NeRRuamu N sagpecyivdlys Arg Tyr Ser Thr 8590 95 (3 n
Val Asp Pro (3y LeuAlaAsp (3nLeulleHisArg Tyr Tyr Phe 100 105
110 Asp Cys Phe Ser (Su SerAlalleArgAsnAlalleleu(3yAsn
Val 115A1pgynpdeotide comprising a nucleotide sequence encoding Vif according to

claim 1 wherein all of the amino acids corresponding to positions 22, 29, 41, 48,
66, 80, 109, 185and 186 are not I, I, K, N, V, N, R, R and N respectively.

3. A polynucleotide comprising a nucleotide sequence encoding Vif according to

claim 1 wherein the amino acid corresponding to position 48 is N.

4, A polynucleotide comprising a nucleotide sequence encoding Vif according to any
of claims 1 to 3 wherein the amino acids corresponding to positions 22, 29, 41,
48, 66, 80, 109, 185 and 186 are those present in a naturally occurring Vif.

5. A polynucleotide comprising a nucleotide sequence encoding Vif according to any
of claims 1 to 4 wherein the amino acids corresponding to position 22 is K, 29 is
M,41isR,48isNorH,66is1,80isH,109isL, 185is Gand 186 is S.

6. A polynucleotide comprising the nucleotide sequence encoding a chimeric Vif
polypeptide comprising amino acids 126 to 170 of the F12-Vif sequence in Figure
2 embedded in a naturally occurring Vif sequence, wherein the naturally occurring

Vif sequence is not F12-Vif.

7. A polynucleotide comprising a nucleotide sequence encoding the amino acid

sequence shown in Figure 5A.

8. A polynucleotide comprising a nucleotide sequence shown in Figure 15.
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Asp Arg Trp Asn Lys 165 170 175 Pro (3 n Lys Thr Lys (3 y His Arg Arg
Asn His Thr Nbt Asn (3y Hs 180 18%490 <210> 8 <211> 192 Page 6

DQCS1,5483674-v1-P018353VO0O Sequence-Li sting <212> PRT <213>
© Drran A e O 2 OAROLEE PR AR g Tt e
Val N/bMié agaletineddmavialoAspfAaigndbt th 8 dOet&in Aagl Elagmashcdimprisgs at

RSy e S R T R T
Ser Ser (3 u Val His lle Pro Leu (3y Asp Al aLys Leu 5055 60 Val lle
L A TR AR R AR AR R B PRl B

95 (3 npuakdisp tainAsp Leu Al a Asp (3 n Leu 1 1 e His Leu His Tyr Phe
100 105 110 Asp Cys Phe Ser (Bu SerAlalleArgAsnThrl11le Leu
(B3y Arglle 115120 125 Val Ser Pro Arg Cys (3u Tyr (3n Ala (3y His
Ah LysAN (BlyBetide3nmpdsingohd anif8 acithgequencabeoweundigur ALeu
llelLysProLys(3nllelys

12. A vector comprising a polynucleotide as defined in any one of claims 1 to 9.

13. A vector according to claim 12 wherein the vector is a retroviral or lentiviral

vector.

14. A vector according to claim 13 wherein the lentiviral vector is derivable from
HIV.

15. A vector according to claim 13 or 14 wherein said polynucleotide is operably
linked to a viral LTR.

16. A vector according to any one of claims 13 to 15 wherein expression of said
polynucleotide is tat dependent.

17. A vector according to any one of claims 13 to 16 lacking the tat gene.

18. A vector according to any one of claims 13 to 17 wherein expression of said

polypeptide is under HIV-1 inducible control.

19. A vector according to any one of claims 13 to 18 lacking any one or more, or

all, of the gag, pol and env genes.

20. A vector according to any one of claims 12 to 19 further comprising a

polynucleotide sequence encoding a selectable marker gene.
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<213> Artificial <220> <223> Chirreric or of ein <400> 9 N/bt O u As n
Arg Trp O n VaI N/bt lie Val Trp O n Vab Asp Arg Nbt 151015 Arglle

Thr Jr Ser Le ys His His Jie
DBCs 1A AP Eaels Ao W el 445 70 A0T6 seryisp @
alLys (a)glyrnmnlébtejé' yeqwesdellsndmslmg'ra@leaﬁmaﬁmfﬁtha i35 4®A45ffmrty Aegve
Il e SerSer Val H i.s lle.Predieu (3 y Asp Al a Arg Leu 50 55 60 Val
A

Val Thr p r(3y (3uArgAsp Trp Asn 6570 75
80 Leu(By(B3n(3yValSerlle (3uTrpArgLysLysArg Tyr Ser Thr 85

002", B L B U A SR LRI e

(3 y Argprdvirug15 120 125 Val Ser Pro Arg Cys (SuTyr(3nAla (3y H|s
Asn Lys Val (3y Ser 130 135 140 Leu (3n TyrLeu Ala Leu Ala AlaLeu
IleLysProLys (3nllelLys 145 150 155 160

23.  Aretroviral or lentiviral particle obtainable from the vector of any one of claims

12 to 22.

24. A retroviral or lentiviral particle according to claim 22 wherein the particle is

pseudotyped.

25. A retroviral or lentiviral production system for producing the retroviral or
lentiviral particle of claim 23 or 24 comprising the vector of any of claims 12 to
22 and retroviral or lentiviral gag-pol and retroviral or lentiviral env or non

retroviral or non-lentiviral env.

26. A retroviral or lentiviral production system according to claim 25 wherein the

retroviral or lentiviral gag-pol, and env are in different vectors.

27. A retroviral or lentiviral production system according to claim 25 or 26
wherein env is selected from RD114-TR, VSV-G, GALYV or 4070A.

28. A cell comprising a polynucleotide of any one of claims 1 to 9.

29. A cell infected or transduced with a vector of any one of claims 12 to 22 or

the retroviral particle of claim 23 or 24.

30.  Acell according to claim 28 or 29 wherein the cell is a monocyte, macrophage or

lymphocyte.



10

15

20

25

30

Pro Pro Leu Pro Ser Val Arg Lys Leu Thr (3 u Asp Arg Trp Asn Lys 165
170 175 Pro (3 n Lys Thr Lys (3 y His Arg (3 y Ser His Thr Nbt Mn (3y H
s 180185190 <210>10<211> 192 <212> PRT <213> Atrtificial <220>
<223> Chirreric profein <400> 10 N/bt (3 u As n Arg Trp (3 n Val N/bt
Iie Val Trp O n Val Asp Ar g Nbt 15 1515 Arglle Asn Thr Trp Lys Arg

e\{;‘;&g}{aﬁ's H' in l\{lgt '% @F?Eﬁgh%%@iﬁaﬁqﬁt% oid FI it é rérjursor

(3 u VaIcHIS)nIeH@nmﬂopule(tﬁcycelep Al alLys Leu 5055 60 Page 8
DOCS1-5483674-v1-P018353V0 Sequence-Li sting Val I I e Thr Thr Tyr
Trp(ByLeuHsThr(3y (BuArgAsp TrpHs 65707580 Leu(3y(3n
(B3. Val/Seell bec(®ling tp Arg byes ofyslaintg Pgr 8 el Thihad&irdto@nt(3/if Nsalinder
Asp Pr yﬁ@&@b@@ é\ n Leu || e His Arg Tyr Tyr Phe 100 105 110
Asp Cys l[alle ArgMnAlalleleuGyAsnVal 115
120 125 Val Arg Leu SerCys SuTyr(3nAla(3yHisAsnlLyslle(3y

5 R e B A SR BB D QLRI oy
(3 u AspoAxc Potypeptideysf any one of claims 10 or 11, a vector of any of claims 12 to
22, a retroviral particle of claim 23 or 24 or a cell of any one of claims 28 to 32

and a pharmaceutically acceptable carrier, diluent or excipient.

34. A polynucleotide of any one of claims 1 to 9, a polypeptide of any one of claims
10 or 11, a vector of any of claims 12 to 22, a retroviral particle of claim 23 or 24
or a cell of any one of claims 28 to 32 or a pharmaceutical composition according

to claim 33 for use in medicine.

35.  Use of a polynucleotide of any one of claims 1 to 9, a polypeptide of any one of
claims 10 or 11, a vector of any of claims 12 to 22, a retroviral particle of claim 23
or 24 or a cell of any one of claims 28 to 32 or a pharmaceutical composition
according to claim 33 for the preparation of a medicament for treatment or

prevention of HIV infection or related conditions.

36.  Use according to claim 35 wherein the HIV infection represents superinfection.



165170 175 Pro (3 n Lys Thr Lys (3 y His Arg Arg Mn His Thr Nbt Mn (3
yHs 180185190 <210> 11 <211> 192 <212> PRT <213> Artificial
<220> <223> Chirreric profein <400>11 N/bt SBuAsnArg Trp (3n
Val N/bt lie Val Trp On Val Asp ArgNbt 151015 Arglle Asn Thr Trp
Lys Arg Leu Vat$ys5kiS61ids \NbPTY83530 G Segd0epbe3D i Argrigys Al a Lys
Asp Trp Phe Tyr ArgFHENE Ms(fjﬁGSer Thr Asn 354045ProLys|le
<110> MoemssesfAdu ValHislle ProLeu (3y Asp AlaLysLeu 505560 Valll
e Thr. Thr Tyr Trp 83y LeuHs Thr 3y (3uArg Asp TrpH s 65 70 75 80
"L'é(uv(fsfy (3n(3yValSerlle (3uTrpArgLysLysArg Tyr Ser Thr 85 90
<130> PB38@33WWal Asp Pro Asp Leu Al a Asp (3 n Leu |l e His Leu His Tyr Phe
-5483674-v1-P018353V0O Sequence-Li sting 100 105 110
Ziﬁ‘ii iggf&%@dgéﬁ%?g@ uSerAlalleArgAsnThrilelLeu(3yAsnVal 115
120125 Val Arg Leu SerCys (SuTyr(3nAla(3yHisAsnLyslle (3y
S0 RBEA%bdses 140 Leu@nTyrLeuAlaleuAlaAlaleulle Thr Pro Lys
Lys Il eLys 145 150 155 160 Pro Pro Leu Pro Ser Val Thr Lys Leu Thr

S99 %5A%88pArg Trp Asn Lys 165 170 175

<160> 37

<120>

<170> Patentln version 3.3

<210> 1

<211> 192

<212> PRT

<213> Human immunodeficiency virus
<400> 1

Met Glu Asn Arg Trp GIn Val Met Ile Val Trp GIn Val Asp Arg Met
1 5 10 15

Arg lle Arg Thr Trp Lys Ser Leu Val Lys His His Met Tyr Val Ser
20 25 30

Gly Lys Ala Arg Gly Trp Phe Tyr Arg His His Tyr Glu Ser Pro His
35 40 45

Pro Arg lle Ser Ser Glu Val His Ile Pro Leu Gly Asp Ala Arg Leu
50 55 60

Val 1le Thr Thr Tyr Trp Gly Leu His Thr Gly Glu Arg Asp Trp His
65 70 75 80

Leu Gly GIn Gly Val Ser I1le Glu Trp Arg Lys Lys Arg Tyr Ser Thr
85 90 95

GIn Val Asp Pro Glu Leu Ala Asp GIn Leu lle His Leu His Tyr Phe
100 105 110

Asp Cys Phe Ser Glu Ser Ala Ile Arg Lys Ala Leu Leu Gly His lle
115 120 125

Val Ser Pro Arg Cys Glu Tyr GIn Ala Gly His Asn Lys Val Gly Ser
130 135 140

Leu GIn Tyr Leu Ala Leu Ala Ala Leu lle Thr Pro Lys Lys lle Lys
145 150 155 160

Page 1



Pro (3 nLys Thr Lys (3y His Arg (3 y Ser His Thr Nbt Mn (3y Hs 180

185 190 <210> 12 <211> 598 <212> DNA <213> Artificial <220> <223>

Nicl eot i de encodi ng chi rreric or of ein <400> 12 at cgat ggga tt at

ggaaaa cagatggcag gt gat gat t g t gt ggcaagt agacaggatg 60 aggat t

aaca cat ggae a54gRfi7daad-CaccabalQt opkehtedaigsyaaagct aag 120
Pro Pro ser Beet ggae?%m Covet Ry daRg Bl ARk A8 HRalgagtY T

agaagtacac 180 at cccact ag gggat get as at t agt aat a acaacat at t ggggt

Pro Gl ct %ca tacaz agaa 240 aga actggc attt tca a%t ct cc at agaat

ro GIn Y8 T TV AV HS ALTEIa06" cbtdadiel: SEct Yod Eaccancta

attcatctgcactattttgattgtttttca 360 gaatctgetataagaaat ac cat

10> Attaggaaatgtagttagacttagttgtgaatatcaa 420 gcaggacata

<211> 1@%aagatagg at ct ct acaat actt ggcac t agcagcat t aataacacca 480

<212> FRdaaagataa agccacct t t gcct agt gt t acgaaactga cagaggacag atggaacaag

<213> Hupgn LpRdidd Stagdtitagagggage cat acaat ga at ggacact a geat

<400> 2xgat 598 <210> 13 <211> 599 <212> DNA <213> Artificial <220>
<223> Nicl eot.{ de encod] ng chi rreri ¢ qr.of ei n <400> 13 t at cgat ggg

R i v R TR I
gaggat t aac acat ggaaaa gat t agt aaa acaccat at g tat at t t caa ggaaagct

arg 11e 334299976 A 14fAa0AGa4 © 3Lt A5 9aAR0 [ AFRA! 053 agpat aagtt
cagaagt aca 180 Page 10 ROCS1-5483674-v1-P@08353V0O Sequence-Li
sting cat cccact a ggggat get a aat t agt aat aacaacat at t ggggt ct gc at

Gly Lys a1308R9a740r aponaat) gnrgt i H945CBE980t St € prbagpat 99
&§gaaaaaga gat at agcée 300 acaagt agac cetbggcect ag cagaccaact aat t
catcggtattattttgattgtttttc 360

Pro Arg Ile Ser Ser Glu Val His lle Pro Leu Gly Asp Ala Arg Leu
50 55 60

Val 1le Thr Thr Tyr Trp Gly Leu His Thr Gly Glu Arg Asp Trp His
65 70 75 80

Leu Gly GIn Gly Vval Ser Ile Glu Trp Arg Lys Lys Arg Tyr Ser Thr
85 90 95

GIn Val Asp Pro Glu Leu Ala Asp GIn Leu Ile His Leu Tyr Tyr Phe
100 105 110

Asp Cys Phe Ser Asp Ser Ala lle Arg Lys Ala Leu Leu Gly His lle
115 120 125

Val Ser Pro Arg Cys Glu Tyr GIn Ala Gly His Asn Lys Val Gly Ser
130 135 140

Leu GIn Tyr Leu Ala Leu Ala Ala Leu lle Thr Pro Lys Lys lle Lys
145 150 155 160

Pro Pro Leu Pro Ser Val Thr Lys Leu Thr Glu Asp Arg Trp Asn Lys
165 170 175

Pro GIn Lys Thr Lys Gly His Arg Gly Ser His Thr Met Asn Gly His
180 185 190

<210> 3

<211> 192

<212> PRT

<213> Human immunodeficiency virus

Page 2



agaat ct get at aagaaat g ccat act agg aaat gt agt t agact t agt t gt gaat at
ca 420 agcaggacat aacaagat ag gat ct ct aca at act t ggca ct agcagcat t
aat aacacc 480 aaaaaagata aagccacct t t gcct agt gt t acgaaact g
acagaggat a gat ggaacaa 540 gccccagaag accaagggcc acagaaggaa ccat
acaat g aat goeeIictagascgat b-BIB35310>Sbucdte>1 588ir@ 12> DNA

<400>  3:213> Artificial <220> <223> N.icl eot i de encodi ng chi rrer i ¢ pr of ei n

Met

1

Arg

Gly

Pro

Val

65

Leu

GIn

Asp

Val

Glu A4A0Rr41abCcorh 0goR idetigganan cagat pocrRgy HPaheat ekt gt ggcaagt
agacaggédt g 60 aggat t aaca cat@gaaaag at t agt aaadTaccat at gt at at t
t caag gaaagct aag 120 gactggtttt at agacat ca ct at gaaagt act aat
Ile cogaHAATapgiy< agadgiavad 186 i sceast s ghpatvgdt asrat t agt aat
a acadkat at t ggggt ct gca t&caggagaa 240 agaga?t ggc at t t gggt ca
gggagt ct cc at agaat gga ggaaaaagag at at agcaca 300 caagt agacc ct
Lys ddectagcCdyatraddia ayr datcddsat tatfvit Gau Sgrtfra ¢HS60 gaat ct
t a t aagaaat gc cat adt agga aatgtagttagacttagttgtgaat at caa
420 gcaggacat a acaagat agg at ct ct acaa t act t ggcac t agcagcat t aat
ord ddeaceh 480 aHadddatds st de ﬂ-@ﬁcgg}égﬁﬁ dagABactYha cagaggat
ag at ggaacaag 540 ccccagaaga ccaagggcca cagaaggaac cat acaat ga at
acact a gat cgat a 598 <210> 15 <211> 598 <212> DNA <213>
e %?Urer Fﬁfru%ﬂe(f’héi ovR T Q%@ébef?i' A'&AacHotPt E8 ggaaaa
cagat ggcag gt gat gat t g t gt ggcaagt agacaggat g 60 aggat t aaca cat
aa t t agga cgccatatgtatattt caa agct aag, 120 gact ggt
cly t% ? f a?ggq?g;tac%rctqiegéitég ré)ctlg%gt %X%a[é(ﬁa&%@t%%%ag&{ acac 180
at cccact ag gggat get as at t agt aat a acaacat at t ggggt ct gca t
val 3p9PR934 240 PI3ERL PG AL L4 09GLCRA09RY! R £Orgl-agRat 90a
ggaag@@gag at at agcaca 3005 caagt agacc ct gacgfiagc agaccaact a at t
catctgcactattttgattgtttttca 360 gaatctgetataagaaat ac catatt

Cys @t akpdida Qi £ ROGLY 193kl Gaay 420 @9990psaf pracaaggt
dgg at ct ct acag t act tfrac t agcagcat t aatkxaacca 480

Ser Pro Arg Cys Glu Tyr GIn Ala Gly His Asn Lys Val Gly Ser
130 135 140

Leu GIn Tyr Leu Ala Leu Ala Ala Leu lle Thr Pro Lys Lys lle Lys

145 150 155 160

Pro Pro Leu Pro Ser Val Thr Lys Leu Thr Glu Asp Arg Trp Asn Lys

165 170 175

Pro GIn Lys Thr Lys Gly His Arg Gly Ser His Thr Met Asn Gly His
180 185 190

<210> 4

<211> 192

<212> PRT

<213> Human immunodeficiency virus

<400> 4

Met Glu Asn Arg Trp GIn Val Met lle Val Trp GIn Val Asp Arg Met

1 5 10 15

Arg lle Arg Thr Trp Lys Ser Leu Val Lys His His Met Tyr lle Ser
20 25 30

Lys

Lys Ala Lys Gly Trp Phe Tyr Arg His His Tyr Glu Ser Thr His
35 40 45

Page 3



Pro

Val

65

Leu

GIn

Asp

Val

Leu

145

Pro

Pro

aaacagat as agccacct t t gcct agt gt t aggaaact ga cagaggacag at
ggaacaag 540 Page 11 DOCS1-5483674-v1-P018353VO Sequence-Li
sting ccccagaaga ccaagggcca cagagggagce cat acaat ga at ggacact a
gcat cgat 598 <210> 16 <211> 591 <212> DNA <213> 1-Urran i
rrrrunodef | cDengY-EAGS6 %400 ABLaB5se)Hl_Fggadricat jisa® cagatggcag

arg L§2L0°14 61, 09370] 84EAA9R19 8D AGUALY a6Aa Gal 9agt aag it

50 agt aaaa caccat at=a at at t t caaa gaaagebaag 120 ggatggttttat
aaacat ca ct at gaaagc act aat ccaa gaat aagt t c agaagtacac 180 at

1le SHRGHRNYYIRII RO AL 9G5a0hA BPgach! all0engtfAPsAd acaggagaa
240 agagactgga at t't aggcca gggagrst cc at agaat gga gg@&aaaagag at at
agcaca 300 caagtagacc ct ggcct agc agaccaacta attcatcggtattatttt

cly @3 tait Vil G361 gzalcrgpt &b aagnagkoceatget sggarpat gt agtt a
gact t agtdq t gaat at caa 420 d¥xggacata acaagatag@at ct ct acaatactt
ggcac t agcagcat t aataacacca 480 aaaaagataa agccacct tt gcct agt gtt

val aspanactigaycagaggbiagsaigopmacaagi340HEésccagasiga Tgaagggcca
caga&f@aac catacaatga atgtfitacta g 591 <210> 1¥0<211> 30 <212>
DNA <213> Artificial <220> <223> a i gonucl eot i de prirrer <400> 17

Cys frbeadgadile gaegddat 1 ket gyaasscdd 30 126> E8<TYI>ABA <212>

KA <213> Artificial <229> <223> a i gonucllégt i de prirrer <400> 18

Ser Pro Arg Cys Glu Tyr GIn Ala Gly His Asn Lys Val Gly Ser
130 135 140

GIn Tyr Leu Ala Leu Ala Ala Leu lle Thr Pro Lys Lys Thr Lys
150 155 160

Pro Leu Pro Ser Val Lys Lys Leu Thr Glu Asp Arg Trp Asn Lys
165 170 175

GIn Lys Thr Lys Gly His Arg Gly Ser His Thr Met Asn Gly His
180 185 190

<210> 5

<211> 192

<212> PRT

<213> Human immunodeficiency virus

<400> 5

Met
1

Arg

Gly

Pro

Val

65

Leu

Glu Asn Arg Trp GIn Val Met Ile Val Trp GIn Val Asp Arg Met
5 10 15

Ile Arg Thr Trp Lys Ser Leu Val Lys His His Met Tyr Val Ser
20 25 30

Lys Ala Arg Gly Trp Phe Tyr Arg His His Tyr Glu Ser Pro His
35 40 45

Arg lle Ser Ser Glu Val His Ile Pro Leu Gly Asp Ala Arg Leu
50 55 60

Ile Thr Thr Tyr Trp Gly Leu His Thr Gly Glu Arg Asp Trp His
70 75 80

Gly GIn Gly val Ser lle Glu Trp Arg Lys Lys Arg Tyr Ser Thr
85 90 95

Page 4



ctcctctaat cgatgetagtgtccattcattg 32 <210> 19 <211> 192 <212>
PRT <213> Artificial <220> <223> NLt ant Vi f sequence <220> <221>
NUTAGEN <222> (48)..(48) <223> Nby be Asn Page 12
DOCS1-5483674-v1-P018353VO Sequence-Li sting <220> <221>
NUTAGEN <»23*® )67.4(61\217—)%28%?&03_486@% egitri soiagi d except Hi

Gin val $s82 Chotenbineensiadey (158)H1e158y fg%ﬁymb@hﬁe any arri
no aci d except | | e <220> <221> NUTAGEN <222> (130). . (130) <223>

Asp C Nb ks>e any arri no eici d exce t%er <220><221> NUTAGEN <222>

sp oys fngy Ser A 565 AR ATE A T AFabPH GSbeBt B S M6 <221

NUTAGEN <222> (132). . (132) <223> Nby be any arri no aci d except

< -
Val Ser '%F% Aggogys Glu Tyr GIn Ala Gly His Asn Lys Val Gly Ser
130 135 140

Leu GIn Tyr Leu Ala Leu Ala Ala Leu lle Thr Pro Lys Lys lle Lys
145 150 155 160

Pro Pro Leu Pro Ser Val Thr Lys Leu Thr Glu Asp Arg Trp Asn Lys
165 170 175

Pro GIn Lys Thr Lys Gly His Arg Gly Ser His Thr Met Asn Gly His
180 185 190

<210> 6

<211> 192

<212> PRT

<213> Human immunodeficiency virus

<400> 6
Met Glu Asn Arg Arg GIn Val Met lle Val Trp GIn Ala Asp Arg Met
1 5 10 15

Arg lle Arg Thr Trp Lys Ser Leu Val Lys His His Met Tyr lle Ser
20 25 30

Lys Lys Ala Lys Gly Arg Phe Tyr Arg His His Tyr Glu Ser Thr His
35 40 45

Pro Arg Ile Ser Ser Glu Val His lle Pro Leu Gly Asp Ala Arg Leu
50 55 60

Val 1le Thr Thr Tyr Trp Gly Leu His Thr Gly Glu Arg Asp Trp His
65 70 75 80

Leu Gly GIn Gly Vval Ser Ile Glu Trp Arg Lys Lys Arg Tyr Ser Thr
85 90 95

GIn Val Asp Pro Asp Leu Ala Asp His Leu lle His Leu His Tyr Phe
100 105 110

Asp Cys Phe Ser Asp Ser Ala lle Arg Lys Ala lle Leu Gly His Arg
115 120 125

Val Ser Pro lle Cys Glu Phe GIn Ala Gly His Asn Lys Val Gly Pro
130 135 140

Leu GIn Tyr Leu Ala Leu Thr Ala Leu lle Thr Pro Lys Lys lle Lys
Page 5



<221> NUTAGEN <222> (142). . (142) <223> Nby be any arri no aci d
except Val <400> 19 Nbt GuAsnArg TrpGnValNbtlleValTrpGn
Val Asp Arg Nbt 151015 Arglle Arg Thr Trp Lys Ser Leu Val Lys His
Hi s Nbt Tyr Val Ser 20 2530 Gy Lys AlaArg Gy Trp Phe Tyr Ar g His
His Tyr G u S¥CPt-G4#83635-40-£51BR>AQ BeguBecsSei X inyal His lle
145 Pro Leu G y A5pPAl a Arg Leu 50 5588 Val | 1 e Thr Thr Ty%rp G y Leu
HsThrGyGuArgAspTrpHs 65707580 LeuGy G nGyVal Serlle
Pro Pro Gey ﬂ@A@gﬂ.V@LVS’ArQYEyLQGrTT‘hr‘SBJ%ﬁQSAG Nl AR5 IB® G u Leu
Al a Asp &R Leu lle His Leu His'fr Phe 100 105 110'A2p Cys Phe Ser
GuSerAlalleArgLys AlalLeu Leu Gy Xaa Xaa 115 120 125 Val Xaa
Pro GIn jog %?@ &% 1Y TYP AT GHHIY AsH LybIRES0 §'8ef 130 135 140
Page 13 DOCS1-5483674-v1-P018353VO Sequence-Li sting Leu G n
<0105 7Tyr LeuAlalLeuAlaAlaleulie ThrProLys Lys|leLys 145 150 155
<211~ 1480 ProPro Leu Pro SerVal Thr Lys Leu Thr G u Asp Arg Trp Asn Lys
<212> PRG5 170 175 Pro G n Lys Thr Lys G y His Arg G y Ser His Thr Nbt Asn G
<213>  Huppy irgpyingts fhefeasyo%izgs211> 192 <212> PRT <213> Artificial

<400> 7

Met Glu Asn Arg Trp GIn Val Met Ile Val Trp GIn Val Asp Arg Met
1 5 10 15

Arg lle Arg Thr Trp lle Ser Leu Val Lys His His lle Tyr lle Ser
20 25 30

Lys Lys Ala Lys Gly Trp Phe Tyr Lys His His Tyr Glu Ser Thr Asn
35 40 45

Pro Arg lle Ser Ser Glu Val His Ile Pro Leu Gly Asp Ala Arg Leu
50 55 60

Val Val Thr Thr Tyr Trp Gly Leu His Thr Gly Glu Arg Asp Trp Asn
65 70 75 80

Leu Gly GIn Gly Val Ser I1le Glu Trp Arg Lys Lys Arg Tyr Ser Thr
85 90 95

GIn Val Asp Pro Gly Leu Ala Asp GIn Leu lle His Arg Tyr Tyr Phe
100 105 110

Asp Cys Phe Ser Glu Ser Ala lle Arg Asn Ala lle Leu Gly Asn Val
115 120 125

Val Arg Leu Ser Cys Glu Tyr GIn Ala Gly His Asn Lys lle Gly Ser
130 135 140

Leu GIn Tyr Leu Ala Leu Ala Ala Leu lle Thr Pro Lys Lys lle Lys
145 150 155 160

Pro Pro Leu Pro Ser Val Thr Lys Leu Thr Glu Asp Arg Trp Asn Lys
165 170 175

Pro GIn Lys Thr Lys Gly His Arg Arg Asn His Thr Met Asn Gly His
180 185 190

<210> 8
<211> 192
Page 6



<220> <223> NLt ant Vi f sequence <220> <221> MJTAGEN <222>
(48)..(48) <223> Nby be Asn <400> 20 Nbt G u As n Arg Trp G n Val Nbt
lie Val Trp O n Val Asp Arg Nbt 151015 Arglle Arg Thr Trp Lys Ser
Leu Val Lys His Hi s Nbt Tyr Val Ser 202530 Gy LysAlaArgGy Trp

1 F)Phe Tyr Ar g bOGSHiSA886%4\8ePPIe353W0_Hede4&eProsuing | e Ser Ser
< >

VaI le Pr Asp Ala Arg Leu 505560 Vallle Thr Thr
213 %c‘? FIigU.CN% ARP 9
Rt yr r+rE)m uy Leeu H Is TE¥G yr& UArgAsp TrpHs 65707580 LeuGyG

<400> & Gy Val Serlle Gu Trp Arg Lys Lys Arg Tyr Ser Thr 8590 95 G n Val

et Gl ASR Rig G b LehAIA ARR G ReLosille Hisskrudlis Ay Rpg A0 105 110
Asp Cys Bhe Ser G u Ser Al a ll@0Arg Lys Al a Leu Leul& y Asn Val 115
120 125 Val ArgLeu SerCysGuTyrGnAlaGyHisAsnLyslle Gy

Arg 11e $ieh 18R 185 14D Loy Gl TiLeyAhid e hiairarl evdledir Pro Lys
Lys IROLys 145 150 155 1685 Page 14 DOCS1-5483674-v1-P018353VO
Sequence-Li sting Pro Pro Leu Pro Ser Val Thr Lys Leu Thr G u Asp Arg

Arg Lys RaAsrs LAspl6bpl POl THr PxogGHRd ya 9 yieys Ko \selisTAIg A3ty Ser His
PArNbt Asn Gy Hs 188 185190 <210> 21 4°

Pro Lys Ile Ser Ser Glu Val His lle Pro Leu Gly Asp Ala Lys Leu
50 55 60

Val 1le Thr Thr Tyr Trp Gly Leu His Thr Gly Glu Arg Asp Trp His
65 70 75 80

Leu Gly GIn Gly Vval Ser Ile Glu Trp Arg Lys Lys Arg Tyr Ser Thr
85 90 95

GIn Val Asp Pro Asp Leu Ala Asp GIn Leu Ile His Leu His Tyr Phe
100 105 110

Asp Cys Phe Ser Glu Ser Ala lle Arg Asn Thr lle Leu Gly Arg lle
115 120 125

Val Ser Pro Arg Cys Glu Tyr GIn Ala Gly His Asn Lys Val Gly Ser
130 135 140

Leu GIn Tyr Leu Ala Leu Ala Ala Leu lle Lys Pro Lys GIn lle Lys
145 150 155 160

Pro Pro Leu Pro Ser Val Arg Lys Leu Thr Glu Asp Arg Trp Asn Lys
165 170 175

Pro GIn Lys Thr Lys Gly His Arg Gly Ser His Thr Met Asn Gly His
180 185 190

<210> 9

<211> 192

<212> PRT

<213> Artificial

<220>
<223> Chimeric protein

<400> 9
Met Glu Asn Arg Trp GIn Val Met lle Val Trp GIn Val Asp Arg Met
5 10

Arg lle Arg Thr Trp Ile Ser Leu Val Lys His His lle Tyr lle Ser
Page 7



<211> 192 <212> PRT <213> Atrtificial <220> <223> NLt ant Vi f
sequence <220><221> MJTAGEN <222> (48)..(48) <223> Nby be Asn
<220> <221> MJTAGEN <222> (127). . (127) <223> Nby be any arri no
aci d except Hi s <220> <221> MJTAGEN <222> (128). . (128) <223>
Nby be any arfiose -aeigbextept-Pes32RM> SRRERJ IJTEEN <222>
(130¥9 (130) <223> Nby be?any arri no aci d excepPSer <220> <221>
MJTAGEN <222> (131). . (131) <223> Nby be any arri no aci d except
Lys Lys Rlg@ k290 %2> MITRGENS<REDH{$3DYr. g132§€d22®$ KBy be any arri
S aci d except Arg <2¥0> <221> MITAGEN?R222> (142). . (142) <223>

Nby be any arri no aci d except Val <220>
Pro Arg Ile Ser Ser Glu Val His lle Pro Leu Gly Asp Ala Arg Leu
50 55 60

Val Val Thr Thr Tyr Trp Gly Leu His Thr Gly Glu Arg Asp Trp Asn
65 70 75 80

Leu Gly GIn Gly Vval Ser Ile Glu Trp Arg Lys Lys Arg Tyr Ser Thr
85 90 95

GIn Val Asp Pro Asp Leu Ala Asp GIn Leu Ile His Leu His Tyr Phe
100 105 110

Asp Cys Phe Ser Glu Ser Ala lle Arg Asn Thr lle Leu Gly Arg lle
115 120 125

Val Ser Pro Arg Cys Glu Tyr GIn Ala Gly His Asn Lys Val Gly Ser
130 135 140

Leu GIn Tyr Leu Ala Leu Ala Ala Leu lle Lys Pro Lys GIn lle Lys
145 150 155 160

Pro Pro Leu Pro Ser Val Arg Lys Leu Thr Glu Asp Arg Trp Asn Lys
165 170 175

Pro GIn Lys Thr Lys Gly His Arg Gly Ser His Thr Met Asn Gly His
180 185 190

<210> 10

<211> 192

<212> PRT

<213> Artificial

<220>
<223> Chimeric protein

<400> 10
Met Glu Asn Arg Trp GIn Val Met lle Val Trp GIn Val Asp Arg Met
1 5 10 15

Arg lle Asn Thr Trp Lys Arg Leu Val Lys His His Met Tyr lle Ser
20 25 30

Arg Lys Ala Lys Asp Trp Phe Tyr Arg His His Tyr Glu Ser Thr Asn
35 40 45

Pro Lys Ile Ser Ser Glu Val His lle Pro Leu Gly Asp Ala Lys Leu
50 55 60

Page 8



Val

65

Leu

GIn

Asp

Val

Leu

145

Pro

Pro

<221> MJTAGEN <222> (185). . (185) <223> Nby be any arri no aci d
except Gy <400> 21 Nbt GuAsnArg TrpGnValNbtlleVal TrpOn
Val Asp Arg Nbt 151015 Arg 11 e Arg Thr Trp Lys Ser Leu Val Lys His
Hi s Nbt Tyr Val Ser 20 25 30 Page 15 DOCS1-5483674-v1-P018353VO
Sequence-LiBtR)-GAp2a/3t Ald A 8353Tp FluechpeArgdtirgH i s Tyr G u
rR S 045 Pr ILe S I alHislleProlLeuGy
L3 gt R e P e A RS
UArgAsp TrpHs 65707580 LeuGyGnGyValSerlleGuTrpArg
oty AR OB ARITYERTNE D P985 1 YAl ASRAYO G Lubpurl 2 ASp G n
Leulle W& Leu His Tyr Phe 1G®10 116/Asp ys PhasSer G u Ser Al a
IleArgLys AlalLeuLeu Gy Xaa Xaa 115 120 125 Val Xaa Xaa Xaa
val G¥p Brd BINVG BARPaCaxHISIASIELYS PéaRiG W2emYB0ris5Pkd0 Leu G n
Tyr LEQPAlI a Leu Al a Al a LE®I | e Thr Pro Lys Ly&10 e Lys 145 150 155
160 Pro Pro Leu Pro Ser Val Thr Lys Leu Thr G u Asp Arg Trp Asn Lys
Cys Pbb K&v LAD Beo Gla L Thrd ysic AMHIS Rrd Xas Beradis Vdr Nbt Mn G
y1Ps 180 185 190 <2188 22 <211> 192 <2125 PRT <213> Artificial

Arg Leu Ser Cys Glu Tyr GIn Ala Gly His Asn Lys lle Gly Ser
130 135 140

GIn Tyr Leu Ala Leu Ala Ala Leu lle Thr Pro Lys Lys lle Lys
150 155 160

Pro Leu Pro Ser Val Thr Lys Leu Thr Glu Asp Arg Trp Asn Lys
165 170 175

GIn Lys Thr Lys Gly His Arg Arg Asn His Thr Met Asn Gly His
180 185 190

<210> 11

<211> 192

<212> PRT

<213> Artificial

<220>
<223> Chimeric protein

<400> 11

Met

1

Arg

Arg

Pro

Val

65

Leu

GIn

Glu Asn Arg Trp GIn Val Met lle Val Trp GIn Val Asp Arg Met
5 10 15

Ile Asn Thr Trp Lys Arg Leu Val Lys His His Met Tyr lle Ser
20 25 30

Lys Ala Lys Asp Trp Phe Tyr Arg His His Tyr Glu Ser Thr Asn
35 40 45

Lys lle Ser Ser Glu Val His Ile Pro Leu Gly Asp Ala Lys Leu
50 55 60

Ie Thr Thr Tyr Trp Gly Leu His Thr Gly Glu Arg Asp Trp His
70 75 80

Gly GIn Gly Val Ser l1le Glu Trp Arg Lys Lys Arg Tyr Ser Thr
85 90 95

Val Asp Pro Asp Leu Ala Asp GIn Leu lle His Leu His Tyr Phe
Page 9



Asp

Val

<220> <223> NLt ant Vi f sequence <220> <221> MJTAGEN <222>
(48)..(48) <223> Nby be Asn <400> 22 Nbt G u As n Arg Trp G n Val Nbt
lie Val Trp O n Val Asp Arg Nbt 151015 Arg 11 e Arg Thr Trp Lys Ser
Leu Val Lys His Hi s Nbt Tyr Val Ser 202530 Gy LysAlaArgGy Trp
Phe Tyr Ar g M(S1H183By O, 1-Bet F3%BHSS85ué0cé5 LHagento
DOCEX5483674-v1-P01835%/0 Sequence-Li stidg®Pro Arg | | e Ser Ser
GuValHislle ProLeu Gy AspAlaArgLeu 505560 VallleThrThr
Cys ‘P?éﬁﬁ[érGG}llLéiﬂ?H Alaht G A UAARg Thep M Y Bly76sT580 Leu Gy G
i yValSerlleGu +ﬁ9Arg Lys Lys Arg Ty}zaser Thr 859095 G n Val
Asp Pro G u Leu Al a Asp G n Leu | | e His Leu His Tyr Phe 100 105 110
A8H CF5 PHe Sk GYI Sdnattel PLAREL YSAILYt e MG JPRsn val 115
120 125 Val Arg Leu Ser Cys Gu Tyr Gn'/Aa Gy His Asn Lys | | e Gy Ser

Arg
130

Leu
145

61n Vg 154 P8 fey fa

G b8 BlS

130 135 140 Leu G.n Tfér LeuAlaleuAlaAlaleulle Thr Pro Lys Lys

LR PSR TS dye

uThrGu

Asp Arg Trp Asn Lys 165 170 175 Pro G n Lys Thr Lys G y His Arg Arg

Pro

Pro

<210>
<211>
<212>
<213>

12
598
DNA

<220>
<223>

<400> 12
atcgatggga

aggattaaca
gactggtttt
atcccactag
agagactggc
caagtagacc
gaatctgcta
gcaggacata
aaaaagataa
ccccagaaga
<210>
<211>

<212>
<213>

13
599
DNA

<220>
<223>

<400> 13

165

Artificial

ttatggaaaa
catggaaaag
atagacatca
gggatgctaa
atttgggtca
ctgacctagc
taagaaatac
acaagatagg
agccaccttt

ccaagggcca

Artificial

Pro gLrJ |_I!’ils'o-r (ralN EMDrr?'r yL|)7|sSL(]a'118 OTF\'ISSG]‘

GIn Lys Thr Lys Gly His Arg
180

cagatggcag
attagtaaaa
ctatgaaagt
attagtaata
gggagtctcc
agaccaacta
catattagga
atctctacaa
gcctagtgtt
cagagggagc

170

Nucleotide encoding chimeric protein

gtgatgattg
caccatatgt
actaatccaa
acaacatatt
atagaatgga
attcatctgc
aatgtagtta
tacttggcac
acgaaactga

catacaatga

Nucleotide encoding chimeric protein

tatcgatggg attatggaaa acagatggca ggtgatgatt

gaggattaac acatggaaaa gattagtaaa acaccatatg

ggactggttt tatagacatc actatgaaag tactaatcca

Page 10

20,57

190

tgtggcaagt
atatttcaag
aaataagttc
ggggtctgea
ggaaaaagag
actattttga
gacttagttg
tagcagcatt
cagaggacag

atggacacta

gtgtggcaag
tatatttcaa

aaaataagtt

]ACI)"E %%p Asn Lys
175

Gly Ser His Thr Met Asn Gly His
185

agacaggatg
gaaagctaag
agaagtacac
tacaggagaa
atatagcaca
ttgtttttca
tgaatatcaa
aataacacca
atggaacaag

gcatcgat

tagacaggat
ggaaagctaa

cagaagtaca

60
120
180
240
300
360
420
480
540
598

60
120
180



<211>192 <212> PRT <213> Artificial <220> <223> NLt ant Vi f

sequence <220><221> MJTAGEN <222> (48)..(48) <223> Nby be Asn
<220> <221> MJTAGEN <222> (127). .
aci d except Hi s <220> <221> MJTAGEN <222> (128). . (128) <223>

Nby be any areiose -aeigbextept-P0es32RM@> SRRERJ JTEEN <222>

(127) <223> Nby be any arri no

catcccaqtgPIqA eIt 23 RIRRE ARGRAGTHdtatPEISELRE SHhRCansg9ac 021240

aagagactiyy TAEyg2 3gddaiec td 1edddageyd 7aggaaaaaga gatatagcac
DOCS1-5483674-v1-P018353V0O Secbuence -Li stin

acaagtaogy Ho 8ra e EpPRTG55 RIS

<223> Nl%y

RUTRBERN ' S23559({32]C

300

be an

agaatcthZthahb]gabEQanymcna)ggcadaﬂsgnaptﬂrggsﬁﬂ%:gﬂ?@igdﬁtﬁlfé@ EN 420

agcaggaca% aacgaga ag ég%ktctaca atacttggca ctagcagcat taataacacc

aaaaaagata aagccacctt tgcctagtgt tacgaaactg acagaggata gatggaacaa

gccccagaag accaagggcc acagaaggaa ccatacaatg

<210>
<211>
<212>
<213>

14
598
DNA

<220>
<223>

<400> 14
atcgatggga

aggattaaca
gactggtttt
atcccactag
agagactggc
caagtagacc
gaatctgcta
gcaggacata
aaaaagataa
ccccagaaga
<210>
<211>

<212>
<213>

15
598
DNA

<400> 15

atcgatggga
aggattaaca
gactggtttt
atcccactag
agagactggc
caagtagacc
gaatctgcta
gcaggacata

aaacagataa

Artificial

ttatggaaaa
catggaaaag
atagacatca
gggatgctaa
atttgggtca
ctggcctagce
taagaaatgc
acaagatagg
agccaccttt

ccaagggcca

ttatggaaaa
catggaaaag
atagacatca
gggatgctaa
atttgggtca
ctgacctagc
taagaaatac
acaaggtagg

agccaccttt

cagatggcag
attagtaaaa
ctatgaaagt
attagtaata
gggagtctcc
agaccaacta
catactagga
atctctacaa
gcctagtgtt

cagaaggaac

cagatggcag
attagtaaaa
ctatgaaagt
attagtaata
gggagtctcc
agaccaacta
catattagga
atctctacag

gcctagtgtt

Nucleotide encoding chimeric protein

gtgatgattg
caccatatgt
actaatccaa
acaacatatt
atagaatgga
attcatcggt
aatgtagtta
tacttggcac
acgaaactga

catacaatga

Human immunodeficiency virus

gtgatgattg
caccatatgt
actaatccaa
acaacatatt
atagaatgga
attcatctgc
cgtatagtta
tacttggcac

aggaaactga
Page 11

aatggacact

tgtggcaagt
atatttcaag
aaataagttc
ggggtctgca
ggaaaaagag
attattttga
gacttagttg
tagcagcatt
cagaggatag

atggacacta

tgtggcaagt
atatttcaag
aaataagttc
ggggtctgca
ggaaaaagag
actattttga
gtcctaggtg
tagcagcatt

cagaggacag

agatcgata

agacaggatg
gaaagctaag
agaagtacac
tacaggagaa
atatagcaca
ttgtttttca
tgaatatcaa
aataacacca
atggaacaag

gatcgata

agacaggatg
gaaagctaag
agaagtacac
tacaggagaa
atatagcaca
ttgtttttca
tgaatatcaa
aataaaacca

atggaacaag

480
540
599

60
120
180
240
300
360
420
480
540
598

60
120
180
240
300
360
420
480
540



<223> Nby be any arri no aci d except Val <220> <221> NUTAGEN
<222> (185). . (185) <223> Nby be any arri no aci d except Gy <220>
<221> NUTAGEN <222> (186). . (186) <223> Nby be any arri no aci d
except Ser <400> 23 Nbt GuAsnArg Trp GnValNbtlleVal TrpGn
VaI Asp Arg Nm81—54&BQE4NQLP®EB%gWDhS§qpeIm JastiengVal Lys His
| Ser. yr Ar g
Ccccagaaﬁ is Tyr %§r (g;%o %—g%% 45 B Aragt b % aséegc Vgl His ||<Ele'1é g
Pro Leu Gy Asp Al a Arg Leu 505560 Vall I e Thr Thr Tyr Trp Gy Leu
é‘glsThrGyG UArg Asp TrpHs 65707580 LeuGy Gn Gy Val Serlle
DBAU Trp Arg Lys Lys Arg Tyr Ser Thr 8590 95 G n Val Asp Pro G u Leu
HAT”%”AQ'H@HOEGJMI'@F% MddYsis Tyr Phe 100 105 110 Asp Cys Phe Ser
<400> 1@ u SerAlalle ArgLysAlaleuleu Gy XaaXaa 115120 125 Val Xaa
atcgatgggaattatodserd Qappit@ er | Gty A ko tyacagtGagasegda83® 135 140
u u I I 14
P9t e e e Se VA T Lok o T AL G T%"
993t99“¢2§nﬂf9§i@3@7(¥§?‘39®8@% 81PAC AR SUTIFPINEC FOLE3ERRAO

atcccactagiygiaRiffind tggtagta

<210>
<211>
<212>
<213>

acaacatatt ggggtctgca tacaggagaa 240

agagactgga
caagtagacc
gaatctgcta
gcaggacata
aaaaagataa

ccccagaaga

atttaggcca
ctggcctagce
taagaaatgc
acaagatagg
agccaccttt

ccaagggcca

gggagtctcc
agaccaacta
catactagga
atctctacaa
gcctagtgtt

cagaaggaac

atagaatgga
attcatcggt
aatgtagtta
tacttggcac
acgaaactga

catacaatga

ggaaaaagag
attattttga
gacttagttg
tagcagcatt
cagaggatag

atggacacta

atatagcaca
ttgtttttca
tgaatatcaa
aataacacca

atggaacaag

g

300
360
420
480
540
591

<210>
<211>
<212>
<213>

17

30

DNA
Artificial

<220>
<223> Oligonucleotide primer
<400> 17

gcaaagaatc gatgggatta tggaaaacag 30

<210>
<211>
<212>
<213>

18

32

DNA
Artificial

<220>
<223> Oligonucleotide primer
<400> 18

ctcctctaat cgatgctagt gtccattcat 32

tg

<210>
<211>
<212>
<213>

19

192

PRT
Artificial

<220>

<223> Mutant ViFf sequence

<220>
<221>
<222>
<223>

MUTAGEN
(48)..(48)
May be Asn
Page 12



<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<400>

Met Glu
1

Arg lle
Gly Lys
Pro Arg

50
val lle
65
Leu Gly
GIn Vval

Asp Cys

Val Xaa
130

Pro G nLys ThrLys Gy Hi s Arg Xaa Xaa His Thr Nbt Asn Gy H s 180
185190 <210> 24 <211> 192 <212> PRT <213> Artificial <220> <223>
NLt ant Vi f sequence <220> <221> MJTAGEN <222> (48)..(48) <223>
Nby be Asn <400> 24 Nbt G u As n Arg Trp G n Val Nbt lie Val Trp O n
Val Asp Arg NOTsS1-548B8654-Ag-POBBABGWDhBdapeoys SdstengVal Lys His
Hi s Nbt Tyr Val Ser 20 2530 Gy Lys AlaArg Gy Trp Phe Tyr Ar g His
Mdisdst G u SerProH s 354045 Pro Arg | |1 e Ser Ser G u Val His lle
(ﬂ?&le{(QK/)A_sE Al a_Arg Leu 505560 Vallle Thr Thr Tyr Trp Gy Leu
MaYs B P8y B AR AL SR %5 70 7580 Leu Gy G n Gy Val Ser lle
G u Trp Arg Lys Lys Arg Tyr Ser Thr 8590 95 G n Val Asp Pro G u Leu
%agg&%e 29 Leu lle His Leu His Tyr Phe 100 105 110 Asp Cys Phe Ser

> }girl{%rgdms Mapeu ikeu Gy Asn Val 115120 125 Val Arg
LeuSerCysGuTyrGnAlaGyHisAsnLyslle Gy Ser 130 135 140
BU @\ Tyr Leu Ala Leu Ala AlaLeu lle Thr Pro Lys Lys lle Lys 145

@30)L5% %Y Pro Pro Leu Pro Ser Val Thr Lys Leu Thr G u Asp Arg Trp
Mggnqugny amino acid except Ser

MUTAGEN
(131)..(13D)
May be any amino acid except Pro

MUTAGEN
(132)..(132)
May be any amino acid except Arg

MUTAGEN

(142)..(142)

May be any amino acid except Val

19

Asn Arg Trp GIn Val Met Ile Val Trp GIn Val Asp Arg Met
5 10 15

Arg Thr Trp Lys Ser Leu Val Lys His His Met Tyr Val Ser
20 25 30

Ala Arg Gly Trp Phe Tyr Arg His His Tyr Glu Ser Pro His
35 40 45

Ile Ser Ser Glu Val His Ile Pro Leu Gly Asp Ala Arg Leu
55 60

Thr Thr Tyr Trp Gly Leu His Thr Gly Glu Arg Asp Trp His
70 75 80

GIn Gly Val Ser I1le Glu Trp Arg Lys Lys Arg Tyr Ser Thr
85 90 95

Asp Pro Glu Leu Ala Asp GIn Leu lle His Leu His Tyr Phe
100 105 110

Phe Ser Glu Ser Ala lle Arg Lys Ala Leu Leu Gly Xaa Xaa
115 120 125

Xaa Xaa Cys Glu Tyr GIn Ala Gly His Asn Lys Xaa Gly Ser
135 140

Page 13



165170 175 Pro G n Lys Thr Lys G y His Arg Arg Asn His Thr Nbt Asn G
y Hs 180 185 190 Page 19 DOCS1-5483674-v1-P018353V0O
Sequence-Li sting <210> 25 <211> 192 <212> PRT <213> Artificial
<220> <223> NLt ant Vi f sequence <220> <221> NUTAGEN <222>
(48)..(48) <22FsNivp s ASHY 1<PROS352RA >ShHUEAB BN st222> (109). .
<22 be, any,arri id Leu_<220> <221> NUTAGEN
Lew cin S A R A T R e o
<221> NUTAGEN <222> (128). . (128) <223> Nby be any arri no aci d

Pro Pro $XEEPHb | Sor 228> 1nedlysNUIAREN 1524<5 A:I‘EO}'I’RI(JQéQ) (3> Nby be

any arri noeaci d except Ser <220r9 <221> NUTAGEN ®2&22> (131). .
(131)
Pro GIn Lys Thr Lys Gly His Arg Gly Ser His Thr Met Asn Gly His
180 185 190
<210> 20
<211> 192
<212> PRT

<213> Artificial
<220>
<223> Mutant ViFf sequence

<220>

<221> MUTAGEN
<222> (48)..(48)
<223> May be Asn

<400> 20
Met Glu Asn Arg Trp GIn Val Met lle Val Trp GIn Val Asp Arg Met
1 5 10 15

Arg lle Arg Thr Trp Lys Ser Leu Val Lys His His Met Tyr Val Ser
20 25 30

Gly Lys Ala Arg Gly Trp Phe Tyr Arg His His Tyr Glu Ser Pro His
35 40 45

Pro Arg lIle Ser Ser Glu Val His lle Pro Leu Gly Asp Ala Arg Leu
50 55 60

Val 1le Thr Thr Tyr Trp Gly Leu His Thr Gly Glu Arg Asp Trp His
65 70 75 80

Leu Gly GIn Gly Vval Ser Ile Glu Trp Arg Lys Lys Arg Tyr Ser Thr
85 90 95

GIn Val Asp Pro Glu Leu Ala Asp GIn Leu Ile His Leu His Tyr Phe
100 105 110

Asp Cys Phe Ser Glu Ser Ala lle Arg Lys Ala Leu Leu Gly Asn Val
115 120 125

Val Arg Leu Ser Cys Glu Tyr GIn Ala Gly His Asn Lys lle Gly Ser
130 135 140

Leu GIn Tyr Leu Ala Leu Ala Ala Leu lle Thr Pro Lys Lys lle Lys
145 150 155 160
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<223> Nby be any arri no aci d except Pro <220> <221> NUTAGEN
<222> (132)..(132) <223> Nby be any arri no aci d except Arg <220>
<221> NUTAGEN <222> (142). . (142) <223> Nby be any arri no aci d
except Val <220><221> NUTAGEN <222> (185). . (185) <223> Nby be
any arri no atiod ExcRB367 ¢ -« P24 85B1S SeljukGieNL kA3Dy (186). .

Pro Pro @é@P?%?@rW ?nly I’rli_l(g@ '?ﬁ’i dG%C?QBSA‘?I <l4” Ois%5LNQt GuAsn
Arg Trp GasVal Nbt I 1'€ Val Tr pyo n Val Asp Afg Nbt 175 10 15 Arg 11
e Arg Thr Trp Lys Ser Leu Val Lys His Hi s Nbt Tyr Val Ser 20 25 30

pro cin P9gerAaP PRCSHIR3ATE-ChyP ALB3HRY Phraniench ldisfingsCG v Lys Ala
Arg G80Trp Phe Tyr Arg H 1831 i s Tyr G u Ser Prad9 s 35 40 45 Pro Arg

IleSerSerGuValHislleProLeuGyAspAlaArg Leu 505560 Val
<210> AleThrThrTyrTrpGyLeuHsThrGyGuArgAsp TrpHs 657075

<211> 188 LeuGyGnGyValSerlleGuTrpArgLys Lys Arg Tyr Ser Thr 85
:gﬁi i@i%&a@ Val Asp Pro G u Leu Al a Asp G n Leu | | e His Xaa His Tyr

Phe 100 105 110
<220>

<223> Mutant ViFf sequence

<220>

<221> MUTAGEN
<222> (48)..(48)
<223> May be Asn

<220>

<221> MUTAGEN

<222> (127)..(127)

<223> May be any amino acid except His

<220>

<221> MUTAGEN

<222> (128)..(128)

<223> May be any amino acid except lle

<220>

<221> MUTAGEN

<222> (130)..(130)

<223> May be any amino acid except Ser

<220>

<221> MUTAGEN

<222> (131)..(13D)

<223> May be any amino acid except Pro

<220>

<221> MUTAGEN

<222> (132)..(132)

<223> May be any amino acid except Arg

<220>

<221> MUTAGEN

<222> (142)..(142)

<223> May be any amino acid except Val

<220>

<221> MUTAGEN

<222> (185)..(185)

<223> May be any amino acid except Gly
<400> 21

Met Glu Asn Arg Trp GIn Val Met Ile Val Trp GIn Val Asp Arg Met
1 5 10 15

Arg lle Arg Thr Trp Lys Ser Leu Val Lys His His Met Tyr Val Ser
20 25 30
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Gly

Pro

Val

65

Leu

GIn

Asp

Val

Leu

145

Pro

Pro

Asp Cys Phe Ser Gu Ser Alalle ArgLys Al aLeu Leu Gy Xaa Xaa
115120 125 Val Xaa Xaa Xaa Cys G u Tyr G n Al a G y His Asn Lys Xaa
GySer130135140 LeuGnTyrLeuAlalLeuAlaAlaleulle ThrPro
Lys LysIleLys 145 150 155 160 Pro Pro Leu Pro Ser Val Thr Lys Leu
Thr G u Asp BOGSIH5#&36145v16B01BOSBIS _Fequencd_yd Ftimigys G y Hi s
v ANE XA HTE TRENMT S YR £136DTa5100°CA10- 5 <211> 192
<212> PRT <213> Artificial <220> <223> NLt ant Vi f sequence <220>
Ar <2I21> MJTAGGEN V<222_> (48 ..(48% <223> Nb§ b%Asn <400> 26 Nbt G
£0° d %s %eﬂrﬁeﬁp b‘nﬁélﬂﬁt LRV R gtexe! @yaﬁ 8p A?g/'}\'lrﬂt £ 10 15 Arg
11 e Arg Thr Trp Lys Ser Leu Val Lys His Hi s Nbt Tyr Val Ser 20 25 30 G

L la Ar m Phe Tyr tsHisTyrGu SerProHs 3540
e fi et SR B A o fSe B A I 0 o Avg
IleSerSerGuValHislle ProLeuGyAspAlaArg Leu 505560 Val |

cly @RIV G SR Hg I\gg, Q@YY T8 1S 70 75 80
LeuGy@mn GyValSerlle rp Arg Lys Lys Arg Bgr Ser Thr

Val Asp Pro Glu Leu Ala Asp GIn Leu lle His Leu His Tyr Phe
100 105 110

Cys Phe Ser Glu Ser Ala lle Arg Lys Ala Leu Leu Gly Xaa Xaa
115 120 125

Xaa Xaa Xaa Cys Glu Tyr GIn Ala Gly His Asn Lys Xaa Gly Ser
130 135 140

GIn Tyr Leu Ala Leu Ala Ala Leu lle Thr Pro Lys Lys lle Lys
150 155 160

Pro Leu Pro Ser Val Thr Lys Leu Thr Glu Asp Arg Trp Asn Lys
165 170 175

GIn Lys Thr Lys Gly His Arg Xaa Ser His Thr Met Asn Gly His
180 185 190

<210> 22

<211> 192

<212> PRT

<213> Artificial

<220>
<223> Mutant Vif sequence

<220>

<221> MUTAGEN
<222> (48)..(48)
<223> May be Asn

<400> 22

Met
1

Arg

Gly

Glu Asn Arg Trp GIn Val Met Ile val Trp GIn Val Asp Arg Met
5 10 15

Ile Arg Thr Trp Lys Ser Leu Val Lys His His Met Tyr Val Ser
20 25 30

Lys Ala Arg Gly Trp Phe Tyr Arg His His Tyr Glu Ser Pro His
35 40 45
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Pro Arg
50

vVal lle
65

859095 G nVal Asp Pro GuLeu AlaAsp G n Leu | | e His Arg His Tyr
Phe 100 105 110 Asp Cys Phe Ser Gu Ser Alalle Arg Lys Al aLeu
Leu Gy Asn Val 115120 125 Val Arg Leu Ser Cys Gu Tyr Gn A a Gy
His Asn Lys | | e Gy Ser 130 135 140 Leu G n Tyr Leu AlaLeu Al a Al a
Leu | | e Thr Pood1y548361 #evily801455380 $BGuELGOe RrosRiod eu Pro Ser
VA TRRLyS L& 'T)gé ('R Y&rd 2 p-RYAYs K65 170 A7 181b G n Lys
Thr Lys G y His Arg Arg Mn His Thr Nbt Mn Gy Hs 180 185 190 <210>
27 <211>192_<212> PRT <213> Artificial <220> <223> NLt ant Vi f
J0GuéRte 2388 £3%1 P MITRGEN S¥2534 48P 485 K24 by be Asn
<220> <221> MJTAGEN <222> (80)..(80) <223> Nby be any arri no aci d

Hi s <220> <2 TAGEN <222> (109). . (109) <223> Nby b
Leu Gly %’i%eBE?/'\Fm % r Ifezl%ﬁjl\q"?’gz rgyz\ésl Eﬁ\] 'rb\%;qéw(:lgélé)z'lgh y be

GIn Vval

Asp Cys

Val Arg
130

Leu GIn
145

Pro Pro

Pro GIn

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>

any arr > > I(’127). .

(127)

Asp Pro Glu Leu Ala Asp GIn Leu lle His Leu His Tyr Phe
100 105 110

ng=Acid except Leu <

Phe Ser Glu Ser Ala lle Arg Lys Ala Leu Leu Gly Asn Val
115 120 125

Leu Ser Cys Glu Tyr GIn Ala Gly His Asn Lys lle Gly Ser
135 140

Tyr Leu Ala Leu Ala Ala Leu Ile Thr Pro Lys Lys lle Lys
150 155 160

Leu Pro Ser Val Thr Lys Leu Thr Glu Asp Arg Trp Asn Lys
165 170 175

Lys Thr Lys Gly His Arg Arg Ser His Thr Met Asn Gly His
180 185 190

23

192

PRT
Artificial

Mutant Vif sequence

MUTAGEN

(48)..(48)
May be Asn

MUTAGEN
127)..27)
May be any amino acid except His

MUTAGEN
(128)..(128)
May be any amino acid except lle

MUTAGEN
(130)--(130)
May be any amino acid except Ser

MUTAGEN
(131)..(131)
Page 17



<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<400>
Met Glu
1

Arg lle

Gly Lys

Pro Arg
50

vVal lle
65

Leu Gly

GIn Vval

Asp Cys

Val Xaa
130

Leu GIn
145

Pro Pro

<223> Nby be any arri no aci d except Hi s <220> <221> MJTAGEN
Page 22 DOCS1-5483674-v1-P018353VO Sequence-Li sting <222>
(128). . (128) <223> Nby be any arri no aci d except | | e <220> <221>
NUTAGEN <222> (130). . (130) <223> Nby be any arri no aci d except
Ser <220> <RXIS1 NYTFBREN1<R2B3F38L)Selidiye<2A3kiNDy be any arri
M3Y S QX PrGCEI SO FENUTAGEN <222> (132). . (132) <223>
Nby be any arri no aci d except Arg <220> <221> NUTAGEN <222>

:ﬁgﬁ%’é&lﬂ <223> Nby be any arri no aci d except Val <220> <221>

gﬁaﬁg%g>a@i%5kxcgﬁ_5)ﬁ823> Nby be any arri no aci d except G
y <220><221> NUTAGEN <222> (186). . (186) <223> Nby be any arri

Q ,\p except Ser <400> 27 Nbt G u As n Arg Trp G n Val Nbt lle Val
A(J%ﬂfgr(y‘ﬁdﬁsp Arg Nbt 151015

May be any amino acid except Val

MUTAGEN
(185)..(185)
May be any amino acid except Gly

MUTAGEN

(186)..(186)

May be any amino acid except Ser

23

Asn Arg Trp GIn Val Met Ile Val Trp GIn Val Asp Arg Met
5 10 15

Arg Thr Trp Lys Ser Leu Val Lys His His Met Tyr Val Ser

Ala Arg Gly Trp Phe Tyr Arg His His Tyr Glu Ser Pro His
35 40 45

Ile Ser Ser Glu Val His lle Pro Leu Gly Asp Ala Arg Leu
55 60

Thr Thr Tyr Trp Gly Leu His Thr Gly Glu Arg Asp Trp His

GIn Gly val Ser lle Glu Trp Arg Lys Lys Arg Tyr Ser Thr
85 90 95

Asp Pro Glu Leu Ala Asp GIn Leu lle His Leu His Tyr Phe
100 105 110

Phe Ser Glu Ser Ala lle Arg Lys Ala Leu Leu Gly Xaa Xaa
115 120 125

Xaa Xaa Cys Glu Tyr GIn Ala Gly His Asn Lys Xaa Gly Ser
135 140

Tyr Leu Ala Leu Ala Ala Leu Ile Thr Pro Lys Lys lle Lys
150 155 160

Leu Pro Ser Val Thr Lys Leu Thr Glu Asp Arg Trp Asn Lys
165 170 175

Page 18



Pro GIn

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>

<400>
Met Glu
1

Arg lle

Gly Lys

Pro Arg
50

vVal lle
65

Leu Gly

GIn Vval

Asp Cys

Val Arg

130

Leu GIn
145

Pro Pro

Pro GIn

Arg | 1 e Arg Thr Trp Lys Ser Leu Val Lys His His Nbt Tyr Val Ser 20 25 30
GyLysAlaArg Gy Trp Phe Tyr Arg His His Tyr Gu Ser ProHs 35 40
45 Pro Arg | | e Ser Ser G u Val His lle Pro Leu G y Asp Al a Arg Leu 50
5560 Vallle Thr Thr Tyr Trp Gy LeuH s Thr Gy G u Arg Asp Trp Xaa
65 70 75 80 @15 G-5483a78-yv /#03e83G Sefireriug Lysting Arg Tyr Ser
TP EIg0L8 ©v Uht A9 PRECEAL BEATBrAYRIGY] &' His Xaa His
Tyr Phe 100 105 110 Asp &ys Phe Ser G u Ser Al'a lle Arg Lys Al a Leu
Leu Gy Xaa Xaa 115120 125 Val Xaa Xaa XaaCysGuTyrGnAlaG
igfﬁs Asn Lys Xaa G y Ser Page 23 DOCS1-5483674-v1-P018353V0O
PRequence-Li sting 130 135 140 Leu G n Tyr Leu AlaLeu AlaAlalLeul |
ASEHAPKBY ys Lys | | e Lys 145 150 155 160 Pro Pro Leu Pro Ser Val Thr
Lys Leu Thr Q u Asp Arg Trp Asn Lys 165 170 175 Pro G n Lys Thr Lys
VMGtpHi § W gpX@sEeXea Hi s Thr Nbt Asn Gy H's 180 185 190 <210> 28
<211>192 <212> PRT <213> Artificial <220> <223> NLt ant Vi f

sequence <220><221> MJTAGEN <222> (48)..(48) <223> Nby be Asn
MUTAGEN

(48)..(48)
May be Asn
24

Asn Arg Trp GIn Val Met Ile Val Trp GIn Val Asp Arg Met
5 10 15

Arg Thr Trp Lys Ser Leu Val Lys His His Met Tyr Val Ser
20 25 30

Ala Arg Gly Trp Phe Tyr Arg His His Tyr Glu Ser Pro His
35 40 45

Ile Ser Ser Glu Val His lle Pro Leu Gly Asp Ala Arg Leu
55 60

Thr Thr Tyr Trp Gly Leu His Thr Gly Glu Arg Asp Trp His
70 75 80

GIn Gly Vval Ser Ille Glu Trp Arg Lys Lys Arg Tyr Ser Thr
85 90 95

Asp Pro Glu Leu Ala Asp GIn Leu lle His Leu His Tyr Phe
100 105 110

Phe Ser Glu Ser Ala lle Arg Lys Ala Leu Leu Gly Asn Val
115 120 125

Leu Ser Cys Glu Tyr GIn Ala Gly His Asn Lys lle Gly Ser
135 140

Tyr Leu Ala Leu Ala Ala Leu Ile Thr Pro Lys Lys lle Lys
150 155 160

Leu Pro Ser Val Thr Lys Leu Thr Glu Asp Arg Trp Asn Lys
165 170 175

Lys Thr Lys Gly His Arg Arg Asn His Thr Met Asn Gly His
180 185 190
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<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

1

<400> 28 Nbt G u As n Arg Trp G n Val Nbt lie Val Trp O n Val Asp Arg
Nbt 151015 Arglle Arg Thr Trp Lys Ser Leu Val Lys His Hi s Nbt Tyr
Val Ser 202530 QyLysAlaArg Qy Trp Phe Tyr Arg His His Tyr G u
SerProHs 354045ProArglleSerSerGuValHislleProLeuQy
Asp Al a Argba@$15648&0!-Val POEIsBWDhedyuwehge Q isitéogH s Thr Q y
i@zu Arg Asp TrpAsn 65707580 LeuGyQnQyValSerlleQuTrp
pARIMg Lys Lys Arg Tyr Ser Thr 8590 95 Q n Val Asp Pro Q u Leu Al a Asp
AstiTiaial e His Arg His Tyr Phe 100 105 110 Asp Cys Phe Ser Q u Ser
AlalleArgLys AlalLeulLeuQyAsnVal 115120 125 Val Arg Leu Ser
MOysrEWTYr £nuara®y His Asn Lys lle Qy Ser 130 135140 Leu G n Tyr
LeuAlalLeuAlaAlaleulleThrProLysLysllelLys Page 24
DOCS1-5483674-v1-P018353V0O Sequence-Li sting 145 150 155 160
MOTAEE Leu Pro Ser Val Thr Lys Leu Thr G u Asp Arg Trp Asn Lys 165
ﬁé%ﬁﬁg%ro G nLys Thr Lys Gy His Arg Arg Asn His Thr Nbt Asn Gy H
$°180 185 190 <210> 29 <211> 192 <212> PRT <213> Atrtificial <220>
Mﬁ%%éI?NN Lt ant Vi f sequence <220>

(109)..(109)
May be any amino acid except Leu

MUTAGEN
127)..(127)
May be any amino acid except His

MUTAGEN
(128)..(128)
May be any amino acid except lle

MUTAGEN
(130)..(130)
May be any amino acid except Ser

MUTAGEN
(131)..(13D)
May be any amino acid except Pro

MUTAGEN
(132)..(132)
May be any amino acid except Arg

MUTAGEN
(142)..(142)
May be any amino acid except Val

MUTAGEN
(185)..(185)
May be any amino acid except Gly

MUTAGEN
(186)..(186)
May be any amino acid except Ser

25

Met Glu Asn Arg Trp GIn Val Met lle Val Trp GIn Val Asp Arg Met
5

10 15

Arg lle Arg Thr Trp Lys Ser Leu Val Lys His His Met Tyr Val Ser
20

25 30
Page 20



Gly

Pro

Val

65

Leu

GIn

Asp

Val

Leu

145

Pro

Pro

Lys

Arg

50

lle

Gly

Val

Cys

Xaa

130

GIn

Pro

GIn

<210>
<211>
<212>

<213>

<220>
<223>

<220>
<221>
<222>
<223>

<400>

<221> MJTAGEN <222> (48)..(48) <223> Nby be Asn <220> <221>
MJTAGEN <222> (66)..(66) <223> Nby be any arri no aci d except |l e
<220> <221> MJTAGEN <222> (80)..(80) <223> Nby be any arri no aci d
except Hi s <220> <221> MJTAGEN <222> (109). . (109) <223> Nby be
any arri no afidcs1e6psiEs 2200182230 METUCBEN L42RPPrg(127). .

RS e n Ld exc j <221>
%&éﬁ%ﬁ%ﬁ%&a érz%)%z >SNTg/Ptggn§g£?ﬁﬁgﬁsd except 11
e <220> <221> MJTAGEN <222> (130). . (130) <223> Nby be any arri
NG AL} LXGERISEUaT2A0S 127 MITAGRN asp 2% (ABP)Le(131) <223>
Nby be any arri nosaci d except Pro <2209<221> MJTAGEN <222>
(132). . (132)

Thr Thr Tyr Trp Gly Leu His Thr Gly Glu Arg Asp Trp His
70 75 80

GIn Gly Val Ser l1le Glu Trp Arg Lys Lys Arg Tyr Ser Thr
85 90 95

Asp Pro Glu Leu Ala Asp GIn Leu lle His Xaa His Tyr Phe
100 105 110

Phe Ser Glu Ser Ala lle Arg Lys Ala Leu Leu Gly Xaa Xaa
115 120 125

Xaa Xaa Cys Glu Tyr GIn Ala Gly His Asn Lys Xaa Gly Ser
135 140

Tyr Leu Ala Leu Ala Ala Leu lle Thr Pro Lys Lys lle Lys
150 155 160

Leu Pro Ser Val Thr Lys Leu Thr Glu Asp Arg Trp Asn Lys
165 170 175

Lys Thr Lys Gly His Arg Xaa Xaa His Thr Met Asn Gly His
180 185 190

26
192
PRT

Artificial

Mutant Vif sequence

MUTAGEN

(48)..(48)
May be Asn

26

Met Glu Asn Arg Trp GIn Val Met lle Val Trp GIn Val Asp Arg Met
1 5 1

10 5

Arg lle Arg Thr Trp Lys Ser Leu Val Lys His His Met Tyr Val Ser
20

25 30

Gly Lys Ala Arg Gly Trp Phe Tyr Arg His His Tyr Glu Ser Pro His
35 4

0 45
Page 21



Pro

Val

65

Leu

GIn

Asp

Val

Leu

145

Pro

Pro

<223> Nby be any arri no aci d except Arg <220> <221> MIJTAGEN
<222>(142). . (142) Page 25 DOCS1-5483674-v1-P018353VO
Sequence-Li sting <223> Nby be any arri no aci d except Val <220>
<221> NUTAGEN <222> (185). . (185) <223> Nby be any arri no aci d
except Gy <RXRF2-<523B657MLTAREBB53RR2SelEb)ke_(18R)ing23> Nby be
arg R ALNORC] PHEGPLIET | F40T2 ALNRLG Uhs ARG n val ND!
50 lle Val Tr p G n Vagasp Arg N%t 1510 1so0°Arg ?I e Arg Thr Trp Lys Ser
Leu Val Lys His Hi s Nbt Tyr Val Ser 202530 Gy LysAlaArgGy Trp
1e RRE THFARS HisHIS TG WiSerRr @ S0 AQ4RRroArg |4 e Ser Ser
G u Val His llerPro Leu G y Asp Al a7xg Leu 50 55 60 Valggaa Thr Thr
TyrTrpGyLeuHsThrGy G uArg Asp Trp Xaa 65707580 LeuGy G
Gly B fa Yo WahRar SerCirvel qaArgrbyaty/s feoLlyr Aey Thr 8:00rBk G n Val
Asp Pro G Leu Al a Asp G n L84 lle His Xaa His Tyr Phe 100 105 110
Asp Cys Phe Ser G u Ser Al alle Arg Lys Al a Leu Leu Gy Xaa Xaa 115
val 120 P2b ¥nl Xeaa Xaa Xaa CGUs Geu TYeGinsAhegGHyHiB/AsPhkys Xaa G y
Ser 1419135 140 105 110

Cys Phe Ser Glu Ser Ala lle Arg Lys Ala Leu Leu Gly Asn Val
115 120 125

Arg Leu Ser Cys Glu Tyr GIn Ala Gly His Asn Lys lle Gly Ser
130 135 140

GIn Tyr Leu Ala Leu Ala Ala Leu lle Thr Pro Lys Lys lle Lys
150 155 160

Pro Leu Pro Ser Val Thr Lys Leu Thr Glu Asp Arg Trp Asn Lys
165 170 175

GIn Lys Thr Lys Gly His Arg Arg Asn His Thr Met Asn Gly His
180 185 190

<210> 27

<211> 192

<212> PRT

<213> Artificial

<220>
<223> Mutant ViFf sequence

<220>

<221> MUTAGEN
<222> (48)..(48)
<223> May be Asn

<220>

<221> MUTAGEN

<222> (80)..(80)

<223> May be any amino acid except His

<220>

<221> MUTAGEN

<222> (109)..(109)

<223> May be any amino acid except Leu

<220>

<221> MUTAGEN

<222> (127)..(127)

<223> May be any amino acid except His

<220>
<221> MUTAGEN

Page 22



<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<400>

Met Glu
1

Arg lle
Gly Lys
Pro Arg

50
val lle
65
Leu Gly
GIn Vval

Asp Cys

Val Xaa

Leu G n Tyr Leu Al aLeu Al a Al a Leu lle Thr Pro Lys Lys lle Lys 145
150 155 160 Pro Pro Leu Pro Ser Val Thr Lys Leu Thr G u Asp Arg Trp
Asn Lys 165170 175 Pro G nLys Thr Lys Gy Hi s Arg Xaa Xaa Hi s Thr
Nbt Asn Gy Hs 180 185 190 <210> 30 <211> 192 <212> PRT <213>
(Artificial <22 Do age433 D31 18IHIMD-\Fe REHBB5BILD iBgquence-Li
-<%%339 t Vi.f nge <220> <221> NUTAGEN <222>
M%?Ej)%% <3@1' § I%;);%egg%rﬁjl 8> 30 Nbt G u As n Arg Trp G n Val Nbt
lie Val Trp O n Val Asp Arg Nbt 151015 Arglle Arg Thr Trp Lys Ser
166578 Ly His Hi s Nbt Tyr Val Ser 202530 Gy LysAlaArgGy Trp
hebeyadyr gnHisoHie ildyreécaBesdir o Hs 35 40 45 Pro Arg | | e Ser Ser
G u Val His lle Pro Leu Gy Asp Al a Arg Leu 5055 60 Val Val Thr Thr
MUYRdER Gy LeuHs ThrGy G u Arg Asp Trp Asn 65707580 LeuGyG
@B )-ValBar lle G u Trp Arg Lys Lys Arg Tyr Ser Thr 859095 G n Val
MR¥p98r 6 FTEIP A %seﬁ(%g %LElClle His Arg His Tyr Phe 100 105 110

Asp Cys Phe Ser G u Ser Al alle Arg Lys Al a Leu Leu G y Asn Val
MUTAGEN

(132)..(132)

May be any amino acid except Arg

MUTAGEN
(142)..(142)
May be any amino acid except Val

MUTAGEN
(185)..(185)
May be any amino acid except Gly

MUTAGEN
(186)..(186)
May be any amino acid except Ser

27
Asn Arg Trp GIn Val Met Ile Val Trp GIn Val Asp Arg Met
5 10 15

Arg Thr Trp Lys Ser Leu Val Lys His His Met Tyr Val Ser
20 25 30

Ala Arg Gly Trp Phe Tyr Arg His His Tyr Glu Ser Pro His
35 40 45

Ile Ser Ser Glu Val His Ile Pro Leu Gly Asp Ala Arg Leu
55 60

Thr Thr Tyr Trp Gly Leu His Thr Gly Glu Arg Asp Trp Xaa
70 75 80

GIn Gly Val Ser I1le Glu Trp Arg Lys Lys Arg Tyr Ser Thr
85 90 95

Asp Pro Glu Leu Ala Asp GIn Leu lle His Xaa His Tyr Phe
100 105 110

Phe Ser Glu Ser Ala lle Arg Lys Ala Leu Leu Gly Xaa Xaa
115 120 125

Xaa Xaa Cys Glu Tyr GIn Ala Gly His Asn Lys Xaa Gly Ser
Page 23



115120125 ValArgLeu SerCys GuTyrGnAlaGyHisAsnLyslleG
y Ser 130 135 140 Leu G n Tyr Leu Al a Leu Al a Al a Leu lle Thr Pro Lys
Lys lle Lys 145 150 155 160 Pro Pro Leu Pro Ser Val Thr Lys Leu Thr G
u Asp Arg Trp Asn Lys 165 170 175 Pro G n Lys Thr Lys G y His Arg Arg
Asn His Thr NDCRsi54836Fsv18001855880_ SRNEREL Kixiindl92 <212>
130 pRT <213> Artifickd%220> <223> U t arf'¥i f sequence <220> Page 27
DOCS1-5483674-v1-P018353V0O Sequence-Li sting <221> NUTAGEN
Leu GIn Igpobe@fq48)uw<p23AMby be dAg ditrnoraci-aexospt M 4-¥220> <221>
145 NUTAGEN <229> (66)..(66) <223> NbBY be any arri no aci d%%cept | 1
<220> <221> NUTAGEN <222> (80)..(80) <223> Nby be any arri no aci d
Pro Pro &gueff ﬂi§g<yzb>T222L1>§M@w£@grQ'&z’ﬁ> 1189)rP({89) 223> Nby be
>

any arri no acid except Leu <22

Pro GIn Lys Thr Lys Gly His Arg Xaa Xaa His Thr Met Asn Gly His
180 185 190

<210> 28

<211> 192

<212> PRT

<213> Artificial

<220>
<223> Mutant ViFf sequence

<220>

<221> MUTAGEN
<222> (48)..(48)
<223> May be Asn

<400> 28
Met Glu Asn Arg Trp GIn Val Met lle Val Trp GIn Val Asp Arg Met
1 5 10 15

Arg lle Arg Thr Trp Lys Ser Leu Val Lys His His Met Tyr Val Ser
20 25 30

Gly Lys Ala Arg Gly Trp Phe Tyr Arg His His Tyr Glu Ser Pro His
35 40 45

Pro Arg Ile Ser Ser Glu Val His lle Pro Leu Gly Asp Ala Arg Leu
50 55 60

Val 1le Thr Thr Tyr Trp Gly Leu His Thr Gly Glu Arg Asp Trp Asn
65 70 75 80

Leu Gly GIn Gly Vval Ser Ile Glu Trp Arg Lys Lys Arg Tyr Ser Thr
85 90 95

GIn Val Asp Pro Glu Leu Ala Asp GIn Leu Ile His Arg His Tyr Phe
100 105 110

Asp Cys Phe Ser Glu Ser Ala lle Arg Lys Ala Leu Leu Gly Asn Val
115 120 125

Val Arg Leu Ser Cys Glu Tyr GIn Ala Gly His Asn Lys lle Gly Ser
130 135 140

Leu GIn Tyr Leu Ala Leu Ala Ala Leu lle Thr Pro Lys Lys lle Lys
Page 24



145

<221> NUTAGEN <222> (127). . (127) <223> Nby be any arri no aci d
except Hi s <220> <221> NUTAGEN <222> (128). . (128) <223> Nby be
any arri no aci d except | | e <220> <221> NUTAGEN <222> (130). .
(130) <223> Nby be any arri no aci d except Ser <220> <221>
NUTAGEN <R23>-H38B674131)Pa22353Mh\sbquanyealri soiagi d except
Pro <220> <2%> NUTAGEN <22233332). . (132) <223> 8 be any arri
no aci d except Arg <220> <221> NUTAGEN <222> (142). . (142) <223>

Pro Pro Ney BeaipgarviedoTddi dyeskdest Val £2205sr2210> NOTARBENS<222>

(185). . (185) <223> Nby be anydfi no aci d except G ¥ 220> <221>
NUTAGEN <222> (186). . (186) <223> Nby be any arri no aci d except

Pro GIn sup Za00Y3 15Nt 48 riKgg R p/tisn Vil Mk ASE RTHERO n Val

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>

Asp ,&rg Nbt 1510 15

29

192

PRT
Artificial

Mutant Vif sequence

MUTAGEN

(48)..(48)
May be Asn

MUTAGEN
(66) .- . (66)

May be any amino acid except lle

MUTAGEN
(80).-(80)

May be any amino acid except His

MUTAGEN
(109)..(109)
May be any amino acid except Leu

MUTAGEN
127)..27)
May be any amino acid except His

MUTAGEN
(128)..(128)
May be any amino acid except lle

MUTAGEN
(130)--.(130)
May be any amino acid except Ser

MUTAGEN
(131)..(131D)
May be any amino acid except Pro

MUTAGEN
(132)..(132)
May be any amino acid except Arg

MUTAGEN
(142)..(142)
Page 25



<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

Arg 11 e Arg Thr Trp Lys Ser Leu Val Lys His Hi s Nbt Tyr Val Ser 20 25
30 Page 28 DOCS1-5483674-v1-P018353V0O Sequence-Li sting (3y Lys
Ala Arg (3 y Trp Phe Tyr Arg His His Tyr (3 u Ser Pro )(aa 35 40 45 Pro
Arglle SerSer(3uValHislleProLeu (3yAspAlaArgLeu 505560
Val )(aa Thr DACIWSRAB634 L EtPBILB3BRN(3 Se(BiendegLAspinp Xaa 65 70
Moy &5 PEY @M@ Ay S*&FBErMAle (3 u Trp Arg Lys Lys Arg Tyr Ser Thr
859095 (3nValAsp Pro (3uLeu AlaAsp (3n Leulle His)(aa His Tyr
'Vqlﬁégli?@o 105 110 Asp Cys Phe Ser (3u Ser Alalle Arg Lys Al a Leu
8ide§X84 %A 4451120.436 Mgl Xaa Xaa Xaa Cys (3u Tyr (3n Ala
(3y His Asn Lys Xaa (3y Ser 130 135 140 Leu (3n TyrLeu AlalLeu Al a
@lrgg%ﬁu IleThrProLysLys|lelLys 145 150 155 160 Pro Pro Leu Pro
gs)/al(ibsy-ys Leu Thr (3 u Asp Arg Trp Asn Lys 165 170 175 Pro (3 n
Mays BthrahysaBipHes WreXERKE@Hi s Thr Nbt Mn (3y H's 180 185 190
55210> 32 <211> 192 <212> PRT <213> Artificial <220> <223> NLt ant
Vi f sequence <400> 32 N/bt (3 u As n Arg Trp (3 n Val N/bt lie Val Trp O

'\1/'613 Glu AspapR8pTAP P NbtValsMed 15 eA}@l | %@'ThYalirpAEQSEQr“ﬂ% Val Lys

Arg

Gly

Pro

Val

65

Leu

GIn

Asp

Val

Leu

145

Pro

Pro

Ile

Lys

Arg

50

Xaa

Gly

Val

Cys

Xaa

130

GIn

Pro

GIn

<210>
<211>
<212>
<213>

<220>

His Hi s Nbt Tyr Val Ser

Arg Thr Trp Lys Ser Leu Val Lys His His Met Tyr Val Ser
20 25 30

Ala Arg Gly Trp Phe Tyr Arg His His Tyr Glu Ser Pro His
35 40 45

Ile Ser Ser Glu Val His lle Pro Leu Gly Asp Ala Arg Leu
55 60

Thr Thr Tyr Trp Gly Leu His Thr Gly Glu Arg Asp Trp Xaa
70 75 80

GIn Gly Vval Ser lle Glu Trp Arg Lys Lys Arg Tyr Ser Thr
85 90 95

Asp Pro Glu Leu Ala Asp GIn Leu lle His Xaa His Tyr Phe
100 105 110

Phe Ser Glu Ser Ala lle Arg Lys Ala Leu Leu Gly Xaa Xaa
115 120 125

Xaa Xaa Cys Glu Tyr GIn Ala Gly His Asn Lys Xaa Gly Ser
135 140

Tyr Leu Ala Leu Ala Ala Leu Ile Thr Pro Lys Lys lle Lys
150 155 160

Leu Pro Ser Val Thr Lys Leu Thr Glu Asp Arg Trp Asn Lys
165 170 175

Lys Thr Lys Gly His Arg Xaa Xaa His Thr Met Asn Gly His
180 185 190

30
192
PRT

Artificial

Page 26



<223>

<220>
<221>
<222>
<223>

<400>

202530 (3yLysAlaArg (3y Trp Phe Tyr Ar g His His Tyr (3 u Ser Pro
Asn 354045 ProArglle SerSer(3uValHislleProLeu (3yAspAla
Arg Leu 505560 Val Val Thr Thr Tyr Trp (3y LeuH s Thr (3y (3 u Arg
Asp Trp Asn Page 29 DOCS1-5483674-v1-P018353V0O Sequence-Li sting
65 70 75 80 b@isG-5483a738-y /#03esdiwe Genlenrdrgisysrgs Arg Tyr
MIERAT V8% 6BSEn Val Asp Pro G u Leu Al a Asp G n Leu | | e His Arg
His Tyr Phe 100 105 110 Asp Cys Phe Ser Gu SerAlalle ArgLys Ala
lLeu Leu Gy Asn Val 115 120 125 Val Arg Leu Ser Cys Gu Tyr Gn A a

)'F%M Lyslle Gy Ser 130 135 140 Leu G n Tyr Leu Al a Leu Al a
MAl abkeendnl e Thr Pro Lys Lys | 1 e Lys 145 150 155 160 Pro Pro Leu Pro
%er Val Thr Lys Leu Thr G u Asp Arg Trp Asn Lys 165 170 175 Pro G n
Lys Thr Lys G y His Arg Arg Mn His Thr Nbt Mn Gy H s 180 185 190

Met Glu 43m04r83T«R1GEN192I IV 3 IRV I<Z713>CAMtieibl AsP20rg <FA3> NLt ant

Vi f sequehce <220> <221> MIYAGEN <2225 (41)..(4D)
any arri no aci d except Arg <220>

<223> Nby be

Arg

Gly

Pro

Val

65

Leu

GIn

Asp

Val

Leu

145

Pro

Pro

Ile

Lys

Arg

50

Val

Gly

Val

Cys

Arg

130

GIn

Pro

GIn

<210>
<211>
<212>
<213>

<220>
<223>

<220>

Arg Thr Trp Lys Ser Leu
20

Ala

35

Ile

Thr

GIn

Asp

Phe

115

Leu

Tyr

Leu

Lys

31
192
PRT

Arg

Ser

Thr

Gly

Pro

100

Ser

Ser

Leu

Pro

Thr
180

Gly

Ser

Tyr

val

85

Glu

Glu

Cys

Ala

Ser

165

Lys

Artificial

Trp

Glu

Trp

70

Ser

Leu

Ser

Glu

Leu

150

val

Gly

Phe

val

55

Gly

Ie

Ala

Ala

Tyr

135

Ala

Thr

His

Mutant Vif sequence

Tyr

40

His

Leu

Glu

Asp

Ile

120

GIn

Ala

Lys

Arg

Val Lys His His Met Tyr Val Ser

25

Arg

Ile

His

Trp

GIn

105

Arg

Ala

Leu

Leu

Arg
185

His

Pro

Thr

Arg

90

Leu

Lys

Gly

Thr
170

Asn

His

Leu

Gly

75

Lys

Ala

His

Thr

155

Glu

His

Tyr

Gly

60

Glu

Lys

His

Leu

Asn

140

Pro

Asp

Thr

Page 27

Glu

45

Asp

Arg

Arg

Arg

Leu

125

Lys

Lys

Arg

Met

30

Ser

Ala

Asp

Tyr

His

110

Gly

Ile

Lys

Trp

Asn
190

Pro

Arg

Trp

Ser

95

Tyr

Asn

Gly

Asn
175

Gly

His

Leu

Asn

80

Thr

Phe

Val

Ser

Lys

160

Lys

His



<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

1

<221> MJTAGEN <222> (48)..(48) <223> Nby be any arri no aci d except
His <220> <221> MJTAGEN <222> (66)..(66) <223> Nby be any arri no
aci d except | | e <220> <221> MIJTAGEN <222> (80)..(80) <223> Nby
be any arri no aci d except Hi s <220> <221> MJTAGEN <222> (109). .

09 <223> NIns besadyead+ no-a0idBex@eptdeguer@? 05 s> MITAGEN
k . (127) Page 30 DOCS1-5483674-v1-P018353VO0

?le@ Lanﬁmg acid3xbiptbeiany arri no aci d except Hi s <220>
<221> NUTAGEN <222> (128). . (128) <223> Nby be any arri no aci d

VEGeRN ! | e <220> <221> NUTAGEN <222> (130). . (130) <223> Nby be
@6y ar(end aci d except Ser <220> <221> NUTAGEN <222> (131). .
Mays Pr<228 2RI\ LREARVEXAERD ALFd except Pro <220>

MUTAGEN
(80) .- -(80)

May be any amino acid except His

MUTAGEN
(109)..(109)
May be any amino acid except Leu

MUTAGEN
127)..(127)
May be any amino acid except His

MUTAGEN
(128)..(128)
May be any amino acid except lle

MUTAGEN
(130)..(130)
May be any amino acid except Ser

MUTAGEN
(131)..(13D)
May be any amino acid except Pro

MUTAGEN
(132)..(132)
May be any amino acid except Arg

MUTAGEN
(142)..(142)
May be any amino acid except Val

MUTAGEN
(185)..(185)
May be any amino acid except Gly

MUTAGEN
(186)..(186)
May be any amino acid except Ser

31

Met Glu Asn Arg Trp GIn Val Met lle Val Trp GIn Val Asp Arg Met
5

10

Arg lle Arg Thr Trp Lys Ser Leu Val Lys His His Met Tyr Val Ser
20

25 30
Page 28



Gly

Pro

Val

65

Leu

GIn

Asp

Val

Leu

145

Pro

Pro

<221> NUTAGEN <222> (132). . (132) <223> Nby be any arri no aci d
except Arg <220> <221> NUTAGEN <222> (142). . (142) <223> Nby be
any arri no aci d except Val <220> <221> NUTAGEN <222> (185). .
(185) <223> Nby be any arri no aci d except Gy <220><221>
NUTAGEN {@ZB}—(S%)B?L(&%)P@I&%N@SWanyeaHismiagi d except
Lvs 378 SEORTSMIRLAR SR G0 Yol ML IecyakTo gy Val Aep
Aty 51 5Arg4loIeAgTrTrpLsS$LeuVa LysHlsHlsth
Tyr VaI Ser202530 GyLysAlaArgGy Trp Phe Tyr Xaa His His Tyr
arg i SEHRIG KA 3514045 A0 Avg ILeE S8Y SRCaVablisdle Pro Leu G
50 y Asp Al a Arg Lews50 55 60 Val Xaa Thedrhr Tpr TrpGyLeuHs ThrG
yGuArgAsp Trp Xaa 65707580 LeuGyGnGyValSerlleGuTrp
Xaa A LirsrLysATG I \ISerethi$s 989315 BiviahAsEOTEpUARU Al a Asp
G n Leu lle HigXaa His Tyr Phe 100305 110 Asp Cys Phe38er G u Ser
Al alle Arg Lys Al a Leu Leu G y Xaa Xaa Page 31
Gly 0C§ﬂy5§g&38§4-u]é30183’5&/§65e1wm@e-léirgirrgrlggrlmrlﬁ

Val Asp Pro Glu Leu Ala Asp GIn Leu lle His Xaa His Tyr Phe
100 105 110

Cys Phe Ser Glu Ser Ala lle Arg Lys Ala Leu Leu Gly Xaa Xaa
115 120 125

Xaa Xaa Xaa Cys Glu Tyr GIn Ala Gly His Asn Lys Xaa Gly Ser
130 135 140

GIn Tyr Leu Ala Leu Ala Ala Leu lle Thr Pro Lys Lys lle Lys
150 155 160

Pro Leu Pro Ser Val Thr Lys Leu Thr Glu Asp Arg Trp Asn Lys
165 170 175

GIn Lys Thr Lys Gly His Arg Xaa Xaa His Thr Met Asn Gly His
180 185 190

<210> 32

<211> 192

<212> PRT

<213> Artificial

<220>
<223> Mutant ViFf sequence

<400> 32

Met
1

Arg
Gly
Pro

Val

Glu Asn Arg Trp GIn Val Met lle Val Trp GIn Val Asp Arg Met
5 10 15

Ile Arg Thr Trp Lys Ser Leu Val Lys His His Met Tyr Val Ser
20 25 30

Lys Ala Arg Gly Trp Phe Tyr Arg His His Tyr Glu Ser Pro Asn
35 40 45

Arg lle Ser Ser Glu Val His Ile Pro Leu Gly Asp Ala Arg Leu
50 55 60

val Thr Thr Tyr Trp Gly Leu His Thr Gly Glu Arg Asp Trp Asn
Page 29



65

Leu

GIn

Asp

Val

Leu

145

Pro

Val Xaa Xaa Xaa Cys (3u TyrOn Al a (3y His Asn Lys Xaa (3y Ser 130
135140 Leu(3nTyrLeuAlalLeuAlaAlalLeulleThrProLysLyslle
Lys 145 150 155 160 Pro Pro Leu Pro Ser Val Thr Lys Leu Thr (3 u Asp
Arg Trp Asn Lys 165 170 175 Pro (3 n Lys Thr Lys (3 y Hi s Arg )(aa Xaa
Hi s Thr Nbt ASDSE-$4835 7430 ILFD IEHB W 19084 1lbst By <212> PRT
<213> Artificial &220> <223> NLt anf¥i f sequence <400>884 N/bt (3 u
As n Arg Trp (3 n Val N/bt lie Val Trp O n Val Asp Arg Nbt 1510 15 Arg
Gly [Gle &y TH&ITEe L\ SetlluelinvabLgsibis Hiss Nitet Tyr \&drSéhe0o 25 30 (3
y Lys Al aSirg (3y Trp Phe Tyr I?)?S His His Tyr (3u SefPro Asn 35 40 45
ProArglle SerSer(3uValHislleProlLeu (3yAspAlaArgLeu 50
val %%g"%a@%IL?HrW 5P TR FLAIHE THIT@ YXS IArGMsp Trp Asn
657 07 80 Leu(By(3n(3yValSerlle (3uTrpArgLysLysArg Tyr
c |SDer Thr 85 90 95 % nVal Asp Pro(3ulLeuAlaAsp (3n Lsu I | e His Arg
ys HReT3RPREY 13 1051 eIy P S 3 BLSBIAIST 18 hrg Lys Al a
Leu Leu (3y Asn Val 115 120 125 Val Arg Leu Ser Cys (3u Tyr (3n Al a
Arg f’FM 8 gs”ﬁ';}’% L{%E G %ﬁ%leéf i&?slﬂ‘s)n LS G Ty e Ala Leu Ala

130 Ala Leu | rskys Lys 140

GIn Tyr Leu Ala Leu Ala Ala Leu lle Thr Pro Lys Lys lle Lys
150 155 160

Pro Leu Pro Ser Val Thr Lys Leu Thr Glu Asp Arg Trp Asn Lys
165 170 175

Pro GIn Lys Thr Lys Gly His Arg Arg Asn His Thr Met Asn Gly His
180 185 190

<210> 33

<211> 192

<212> PRT

<213> Artificial

<220>
<223> Mutant ViFf sequence

<220>

<221> MUTAGEN

<222> (41)..(41)

<223> May be any amino acid except Arg

<220>

<221> MUTAGEN

<222> (48)..(48)

<223> May be any amino acid except His

<220>

<221> MUTAGEN

<222> (66)..(66)

<223> May be any amino acid except lle

<220>

<221> MUTAGEN

<222> (80)..(80)

<223> May be any amino acid except His

<220>

<221> MUTAGEN

<222> (109)..(109)

<223> May be any amino acid except Leu

<220>
<221> MUTAGEN
<222>  (127)..(127)

Page 30



<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<400>

Met Glu
1

Arg lle
Gly Lys
Pro Arg

50

Val Xaa
65
Leu Gly

GIn Vval

Asp Cys

145 150 155 160 Page 32 DOCS1-5483674-v1-P018353V0O Sequence-Li
sting Pro Pro Leu Pro Ser Val Thr Lys Leu Thr G u Asp Arg Trp Asn Lys
165 170 175 Pro G n Lys Thr Lys G y His Arg Arg Asn His Thr Nbt Asn G
yHs 180 185190 <210> 35 <211> 192 <212> PRT <213> Artificial
<220> <22350UE1 B182678equaiis352R0>SeQRIeMITNGRIN <222>
M@0 Y0g 28 29BANBF He ST R 1118 aci d except Nbt <220> <221>
MJTAGEN <222> (41)..(41) <223> Nby be any arri no aci d except Arg
MHZB@EN<221> MJITAGEN <222> (48)..(48) <223> Nby be any arri no aci d

t 5159252207522 1 MITAGEN <222> (66)..(66) <223> Nby be any
arri no acid except |l e <220><221> MJTAGEN <222> (80)..(80) <223>
MNPXGEE any arri no aci d except Hi s <220>

(130)..(130)
May be any amino acid except Ser

MUTAGEN
(131)..(13D)
May be any amino acid except Pro

MUTAGEN
(132)..(132)
May be any amino acid except Arg

MUTAGEN
(142)..(142)
May be any amino acid except Val

MUTAGEN
(185)..(185)
May be any amino acid except Gly

MUTAGEN
(186)..(186)
May be any amino acid except Ser

33
Asn Arg Trp GIn Val Met Ile Val Trp GIn Val Asp Arg Met
5 10 15

Arg Thr Trp Lys Ser Leu Val Lys His His Met Tyr Val Ser
20 25 30

Ala Arg Gly Trp Phe Tyr Xaa His His Tyr Glu Ser Pro Xaa
35 40 45

Ile Ser Ser Glu Val His Ile Pro Leu Gly Asp Ala Arg Leu
55 60

Thr Thr Tyr Trp Gly Leu His Thr Gly Glu Arg Asp Trp Xaa
70 75 80

GIn Gly Val Ser l1le Glu Trp Arg Lys Lys Arg Tyr Ser Thr
85 90 95

Asp Pro Glu Leu Ala Asp GIn Leu lle His Xaa His Tyr Phe
100 105 110

Phe Ser Glu Ser Ala lle Arg Lys Ala Leu Leu Gly Xaa Xaa
Page 31



<221> MJTAGEN <222> (109). . (109) <223> Nby be any arri no acid
except Leu <220> <221> MIJTAGEN <222> (127). . (127) <223> Nby be
any arri no aci d except Hi s <220> <221> MJTAGEN <222> (128). .
(128) <223> Nby be any arri no aci d except | | e <220> <221>
MJTAGEN <232 {3888674130)R028353Mh\shaquangarrinviac d except
&P <220> <221> MITKEEN <222> (131). . {£81) <223> Nby be any arri
no aci d except Pro Page 33 DOCS1-5483674-v1-P018353VO

Val Xaa Zagukarcdyts sting Typ20tn<2be 6 NURIRGEN ke Xaq18Dy. S¢132) <223>

130 Nby be any arri noad d except Arg <2205'%221> NUTAGEN <222>

(142). . (142) <223> Nby be any arri no aci d except Val <220> <221>

Leu GIn NUThRBEN acto0Atraiya (425) ko 2B Nisip devanyYarr Mo hKPd except G
y <220>

Pro Pro Leu Pro Ser Val Thr Lys Leu Thr Glu Asp Arg Trp Asn Lys
165 170 175

Pro GIn Lys Thr Lys Gly His Arg Xaa Xaa His Thr Met Asn Gly His
180 185 190

<210> 34
<211> 192
<212> PRT
<213> Artificial

<220>
<223> Mutant ViFf sequence

<400> 34
Met Glu Asn Arg Trp GIn Val Met lle Val Trp GIn Val Asp Arg Met
1 5 10 15

Arg lle Arg Thr Trp Lys Ser Leu Val Lys His His Met Tyr Val Ser
20 25 30

Gly Lys Ala Arg Gly Trp Phe Tyr Lys His His Tyr Glu Ser Pro Asn
35 40 45

Pro Arg lIle Ser Ser Glu Val His lle Pro Leu Gly Asp Ala Arg Leu
50 55 60

Val Val Thr Thr Tyr Trp Gly Leu His Thr Gly Glu Arg Asp Trp Asn
65 70 75 80

Leu Gly GIn Gly Vval Ser Ile Glu Trp Arg Lys Lys Arg Tyr Ser Thr
85 90 95

GIn Val Asp Pro Glu Leu Ala Asp GIn Leu lIle His Arg His Tyr Phe
100 105 110

Asp Cys Phe Ser Glu Ser Ala lle Arg Lys Ala Leu Leu Gly Asn Val
115 120 125

Val Arg Leu Ser Cys Glu Tyr GIn Ala Gly His Asn Lys lle Gly Ser
130 135 140

Leu GIn Tyr Leu Ala Leu Ala Ala Leu lle Thr Pro Lys Lys lle Lys
145 150 155 160

Page 32



<221> NUTAGEN <222> (186). . (186) <223> Nby be any arri no aci d
except Ser <400> 35 Nbt GuAsnArg Trp GnValNbtlleVal TrpGn
Val Asp Arg Nbt 151015 Arglle Arg Thr Trp Lys Ser Leu Val Lys His
His Xaa Tyr Val Ser 20 2530 Gy Lys Ala Arg Gy Trp Phe Tyr Xaa His
His Tyr G u 3OCP1-52685 73540 RIB.8353A0g ddaqaSer Sers@®ing/al His lle

Pro Pro % '-r?r% QEAPRAHRAATY ‘Egu5ﬂq?5e(i% X8l g\‘?@ Y Tl(‘é TYLIrp Gy Leu

hr G1g%5 u Arg Asp Trp Xaa765 70 758 ésy Val Ser
IIe G uTrp Arg Lys Lys Arg Tyr Ser Thr 859095 G n VaI Asp ProGu

Pro Gln lt%! Ah AR @1y Lk lle-Hlig ﬂgaﬂéﬂ'ﬂyfﬂ}%ép%%l}%p Cys Phe
Ser G&oSer Al a lle Arg Ly Leu Leu Gy Xaaaa 115120125 Val

Xaa Xaa Xaa Cys Gu TyrGn Ala Gy His Asn Lys Xaa Gy Ser 130 135
<210> 3K40 Leu G n Tyr Leu Al a Leu Al a Al a Leu lle Thr Pro Lys Lys lle Lys

<211> 1§25 150 155 160 Pro Pro Leu Pro Ser Val Thr Lys Leu Thr G u Asp Arg

5152 MR AsLys 165 170 175 Pro G n Lys Thr Lys G y Hi s Arg Xaa Xaa Hi s

Thr Nbt Asn Gy Hs 180 185 190 Page 34

$25%2 wPf%? 1;,5483674-v1-P018353VO Sequence-Li sting <210> 36 <211>
> PRI7'<F13> Artificial

<220>

<221> MUTAGEN

<222> (29)..(29)

<223> May be any amino acid except Met

<220>

<221> MUTAGEN

<222> (41)..(41)

<223> May be any amino acid except Arg

<220>

<221> MUTAGEN

<222> (48)..(48)

<223> May be any amino acid except His

<220>

<221> MUTAGEN

<222> (66)..(66)

<223> May be any amino acid except lle

<220>

<221> MUTAGEN

<222> (80)..(80)

<223> May be any amino acid except His

<220>

<221> MUTAGEN

<222> (109)..(109)

<223> May be any amino acid except Leu

<220>

<221> MUTAGEN

<222> (127)..(127)

<223> May be any amino acid except His

<220>

<221> MUTAGEN

<222> (128)..(128)

<223> May be any amino acid except lle

<220>

<221> MUTAGEN

<222> (130)..(130)

<223> May be any amino acid except Ser

<220>

<221> MUTAGEN

<222> (131)..(131D)

<223> May be any amino acid except Pro
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<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<400>
Met Glu
1

Arg lle

Gly Lys

Pro Arg

Val Xaa

65

Leu Gly

GIn Vval

Asp Cys

Val Xaa

130

Leu GIn
145

Pro Pro

Pro GIn

<220> <223> NLt ant Vi f sequence <400> 36 N/bt (3uAsnArg Trp (3 n
Val N/bt lie Val Trp O n Val Asp ArgNbt 151015 Arglle Arg Thr Trp
Lys Ser Leu Val Lys His His | | e Tyr Val Ser 20 25 30 (3y Lys Al a Arg (3
y Trp Phe Tyr Lys His His Tyr (3 u Ser Pro Asn 35 40 45 Pro Arg | | e Ser
Ser (3 u Val Hix$1-&sP3aa7auy(B-PASEFRIVA_Arglences0 EX Gy Val Val Thr
(ggk Trp By LeuHs Thr (3y (3uArg Asp Trp Asn 6570 75 80 Leu
)&N 130y Val Ser | 1 e (3u Trp Arg Lys Lys Arg Tyr Ser Thr 85 90 95
M@/ nbgahms@Prao( Raide@X&EBLABPI(3 n Leu | | e His Arg His Tyr Phe 100
105 110 Asp Cys Phe Ser (3u SerAlalle ArgLys AlalLeu Leu (3y Asn
MWJaRGENS 120 125 Val Arg Leu Ser Cys (3u Tyr (3 n Al a (3 y His Asn Lys
lfe)s-{dep 130 135.1 o Leu@nTyrLeuAlaleuAlaAlaleulle
Kr WSTMH L+1 0%55 160 Pro Pro Leu Pro Ser Val Thr
S Leu Thr (3u Asp Arg Trp Asn Lys 165170 175 Pro (3 nLys Thr Lys
£ggyArg Mn His Thr Nbt Mn (3y H's 180 185 190 <210> 37
Ve lhe 4by <Rfize RRId <Xt3ptAdificial <220> <223> Pegi on of F12- Vi f
( Chirr8) Page 35

MUTAGEN
(186)..(186)
May be any amino acid except Ser

35

Asn Arg Trp GIn Val Met Ile Val Trp GIn Val Asp Arg Met
5 10 15

Arg Thr Trp Lys Ser Leu Val Lys His His Xaa Tyr Val Ser
20 25 30

Ala Arg Gly Trp Phe Tyr Xaa His His Tyr Glu Ser Pro Xaa
35 40 45

Ile Ser Ser Glu Val His lle Pro Leu Gly Asp Ala Arg Leu
55 60

Thr Thr Tyr Trp Gly Leu His Thr Gly Glu Arg Asp Trp Xaa
70 75 80

GIn Gly Vval Ser lle Glu Trp Arg Lys Lys Arg Tyr Ser Thr
85 90 95

Asp Pro Glu Leu Ala Asp GIn Leu lle His Xaa His Tyr Phe
100 105 110

Phe Ser Glu Ser Ala lle Arg Lys Ala Leu Leu Gly Xaa Xaa
115 120 125

Xaa Xaa Cys Glu Tyr GIn Ala Gly His Asn Lys Xaa Gly Ser
135 140

Tyr Leu Ala Leu Ala Ala Leu Ile Thr Pro Lys Lys lle Lys
150 155 160

Leu Pro Ser Val Thr Lys Leu Thr Glu Asp Arg Trp Asn Lys
165 170 175

Lys Thr Lys Gly His Arg Xaa Xaa His Thr Met Asn Gly His
180 185 190
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DOCS1-5483674-v1-P018353VO Sequence-Li sting <400> 37 Q y Asn
Val Val Arg Leu SerCysOuTyrQnAlaC3yHisAsnLys 151015 11
e C3ySerLeuQnTyrLeuAlalLeuAlaAlaLeulle ThrProLys 20 25
30 LyslleLys ProProLeu Pro SerVal Thr Lys Leu Thr 35 40 45 Page
36 DOCS1-5483674-v1-P018353W0_Sequence_Listing

<210> 36

<211> 192

<212> PRT

<213> Artificial

<220>
<223> Mutant Vif sequence

<400> 36
Met Glu Asn Arg Trp GIn Val Met Ile Val Trp GIn Val Asp Arg Met
1 5 10 15

Arg lle Arg Thr Trp Lys Ser Leu Val Lys His His lle Tyr Val Ser

Gly Lys Ala Arg Gly Trp Phe Tyr Lys His His Tyr Glu Ser Pro Asn
35 40 45

Pro Arg lle Ser Ser Glu Val His Ile Pro Leu Gly Asp Ala Arg Leu
50 55 60

Val Val Thr Thr Tyr Trp Gly Leu His Thr Gly Glu Arg Asp Trp Asn
65 70 75 80

Leu Gly GIn Gly Val Ser Ile Glu Trp Arg Lys Lys Arg Tyr Ser Thr
85 90 95

GIn Val Asp Pro Glu Leu Ala Asp GIn Leu lle His Arg His Tyr Phe
100 105 110

Asp Cys Phe Ser Glu Ser Ala Ile Arg Lys Ala Leu Leu Gly Asn Vval
115 120 125

Val Arg Leu Ser Cys Glu Tyr GIn Ala Gly His Asn Lys lle Gly Ser
130 135 140

Leu GIn Tyr Leu Ala Leu Ala Ala Leu lle Thr Pro Lys Lys lle Lys
145 150 155 160

Pro Pro Leu Pro Ser Val Thr Lys Leu Thr Glu Asp Arg Trp Asn Lys
165 170 175

Pro GIn Lys Thr Lys Gly His Arg Arg Asn His Thr Met Asn Gly His
180 185 190

<210> 37

<211> 45

<212> PRT

<213> Artificial

<220>
<223> Region of F12-Vif (Chim3)
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DOCS1-5483674-v1-P018353W0_Sequence_Listing
<400> 37

Gly Asn Val Val Arg Leu Ser Cys Glu Tyr GIn Ala Gly His Asn Lys
1 5 10 15

Ile Gly Ser Leu GIn Tyr Leu Ala Leu Ala Ala Leu lle Thr Pro Lys
20 25 30

Lys Ile Lys Pro Pro Leu Pro Ser Val Thr Lys Leu Thr
35 40 45
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