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Abstract
Infection with human immunodeficiency
virus (HIV) has become a nightmare for
contemporary people. The mechanism
underlying the progression from HIV carrier
state to frank AIDS lies on the auxiliary
genes of HIV. HIV-1 has six auxiliary genes;
2 of them are essential (tat and rev) and 4 are
accessory (vif, vpr, vpu and nef). This project
is aimed to understand the operating
mechanism of HIV-1 vpr gene by
identification of Vpr-interacting cellular
proteins. Yeast two-hybrid system has been
shown to be a powerful tool in disclosing
protein-protein interaction and will be
adopted in this study. We have successfully
cloned whole Vpr cDNA and cDNAs coding
for various Vpr domains into expression
plasmids and are screening for cellular
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interacting proteins using yeast system. A
few cellalar proteins have been identified to
be react ng with Vpr. In this year of study we
have reconfirmed the existence of interaction
betweer Vpr and HAX-1. Our results also
indicate that the first domain of Vpr is
critical tor this interaction. Moreover,
domain 1 and domain 2 together bring about
the strongest interaction. The effect of
HAX-1 on the cell cycle arresting function of
Vpr is being analyzed now.
Keywords: HIV-1, Vpr, yeast two-hybrid

system, HAX-1
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Human immunodeficiency virus (HIV)
is the causative agent of acquired
immuncdeficiency syndrome (AIDS), a
pandemic that has affected millions of people
worldw de (Greene 1991). The mechanism
underly:ng progression from healthy HIV
carrier t> symptomatic AIDS remains
unknown. Cumulative evidence has suggests
that HIV accessory genes may play major
roles for the in vivo destruction of human
immune system (Subbramanian and Cohen;
Huang and Jeang 1995). It is hoped that
understanding the functions of HIV genes
can help design proper anti-viral strategy to
stop or delay the progression of AIDS.

In lin: with the conventional retroviruses,
HIV possesses three major genes, pol, gag,
and env (Greene 1991). For HIV-1 there exist
6 additional genes. The six
auxiliary/non-structural proteins of HIV can
be categorized into 2 groups, essential (Tat
and Rev) and accessory (Vpr, Vpx, Vif, Vpu,
and Net). HIV replicates competently in vitro
in T-cell lines without the need for accessory
gene functions (Subbramanian and Cohen,
1994). However, in primary lymphocytes and
macrophages, accessory gene products such
as Vpr and Vpx contribute to the efficient
progression of the virus lifecycle (Balliet et




al., 1994; Balotta et al., 1993; Connor et al.,
1995; Kwamura et al., 1994; Park and
Sodroski, 1995). Furthermore, in vivo there
must be a selection pressure directed towards
preserving these accessory genes since many
primary HIV-1 isolates maintain these
reading frames open.

Vpr is a 96 amino acid protein that is
well-conserved between HIV-1,HIV-2 and
SIV. The expression of the mRNA for Vpr
is Rev-dependent (Schwartz et al., 1991;
Arrigo and Chen, 1991). Vpr is localized to
the nucleus of infected cells (Lu et al., 1993),
and during late stages of the virus lifecycle is
incorporated into the virions at an estimated
5-10 copies per viral particle (Cohen et al.,
1990). Incorporation of Vpr into virion
requires the p5S5Gag precursor and more
specifically its carboxy-p6domain (Lu et al.,
1993; Paxton et al., 1993; Zhao et al., 1994;
Kondo et al., 1995). This virion-association
of Vpr is unique amongst the HIV accessory
proteins and suggests that Vpr may play a
significant role soon after virus entry into
cells. Up to now, several functions have been
attributed to HIV-1 Vpr including moderating
viral replication, nuclear transport of
preintegration complexes, transactivation
function, and effects on the host cells (for
review see Huang and Jeang, 1995).
Although a number of functions have been
proposed for Vpr, there are only a limited
number of Vpr-associated cellular proteins
identified. Three cellular proteins have been
reported to form protein-protein complexes
with Vpr.  These include a 41 kDa cytosolic
protein that also complexes with
glucocorticoid receptor protein (Refaeli et al.,
1995), a 180 kDa protein (Zhao et al., 1994),
and the cellular uracil DNA glycosylase
DNA repair enzyme (BouHamdan et al.,
1996). In the last two cases, amino acids in
Vpr spanning positions 60 to 81 and 15 to 77,
respectively, were reported to be important
for binding to cellular proteins. A firm
understanding of the role for Vpr-cellular
protein association is yet missing. In order
to further understand the biologic role
undertaken by Vpr, identification of possible

cellular proteins that associate with Vpr
should te very valuable.

Yeast two-hybrid system is most suitable for
this purpose (Chien et al, 1991; Durfee et al,
1993; Gyuris et al, 1993). This system
exploits the finding that a DNA-binding
transactivator can be splitted into
DNA-binding module and activator module
(Ma and Ptashne,1988). With both modules
tethered to gene promoter region, the
transactivation function can proceed as the
original intact protein does. In practice, the
protein of interest (bait protein) is first fused
with the DNA-binding domain of LexA or
Gal4 (Chien et al, 1991; Durfee et al, 1993;
Gyuris et al, 1993) and then transformed to
yeast cells together with hybrid gene of Gal4
activator domain and ¢cDNA library. Further
selectior picks up only yeast cells that
contain bait protein and its associated protein,
which cen then be easily identified. This
system has been proven to be very powerful
in the study of protein-protein interaction and
can be extended to test deletional and
site-directed mutations of the bait protein to
determine critical residue that mediates the
protein-frotein interaction. Previous studies
picked u» Vpr-associated proteins based on
immunoprecipitation; however, the versality
of immunoprecipitation is much inferior to
yeast two-hybrid system. To date, limited
success tas been achieved by applying yeast
two-hybrid system to study Vpr (Bouhamdan
etal. 1956; Stark & Hay, 1998) and we
believe it is worth trying this system to study
HIV-1 accessory genes.

In the previous year, the whole coding
region of Vpr (291 b.p.) was cloned to
pBTMI116, a plasmid containing LexA DNA
binding comain. This hybrid pLexA-Vpr
plasmid was thrown into yeast two-hybrid
system tcgether with cDNA library of bone
marrow cells (Human bone marrow
5’-stretck plus cDNA library, Clontech,
USA). We have successfully identified
several cellular proteins that interact firmly
with Vpr using the yeast two-hybrid system.
These proteins included, among others,
HHR23A, HAX-1, MSJ-1, SMA (spinal




muscular atrophy), and Dnaj protein.
HHR23A is involved in DNA repair enzyme
system and is part of nucleotide excision
repair complex. Bouhamdan et al. in 1996
found that UNG (uracil DNA glycosylate
DNA repaid enzyme) interacts with Vpr
using yeast two-hybrid system (Bouhamdan
et al. 1996). Hence, one of the functions of
Vpr may be related to DNA repair, and
interaction between HHR23A and Vpr
deserves further scrutiny. HAX-1 has been
found to be associated with HS1, a substrate
of Src family tyrosine kinase (Suzuki Y, et al,
1997).  Interaction of Vpr with HAX-1
implicated that Vpr may affect signal
transduction and may thus contribute to
pathogenicity of HIV-1. Dnaj may be
involved in protein folding and assembly
together with Hsp70 (Cyr DM et al, 1994).
Our yeast system also identifies some cellular
proteins, whose functions are still elusive.
The preliminary results so far have
shown that our yeast two-hybrid system using
pLexA and bone marrow cDNA library has

yielded interesting and important information.

This three-year project is aimed to address
the subsequent issues. These include
verification of the interaction by independent
biochemical assay and genetic analysis of
Vpr as well as the interacting cellular
proteins. Finally, we need to figure out the
functions of Vpr in vivo and the impact of
this interaction at cellular level.

ZER
(1) Screening for cellular proteins
interacting with Vpr
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repair enzyme system)i% H B A5 1R 42 &
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( 2 ) Mapping domains of HAX-1 which

interacr with Vpr
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Gk Rkt Vpr B—53H%
g B 5 # F % » A&  virion
incorporation, immune Suppression,
nuclear localization, cell cycle
arrest ( at Ge/M phase),
transactivation function - H—kTx
% # virion incorporation ° nuclear
localization ARl 3 $# —k X $ %
nuclear import & Go/M arrest zhét 5 &
ZRAAEoHMEAABRES > HELA
% > 9 42 B nuclear localization
signal ; —# =%kt (1-82a.a. )% % 8
virion incorporation, transactivation
function - £E - ERT » KIAER
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Vpr——HAX-linteraction R E M » a4
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( 3 ) In vitro protein-protein
interaction studies (GST pull down
assay)
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(immobilized) # glutathione-agarose
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transcription and translation” & #
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% & + (®S-methionine label protein ) o
3# “S-Vpr st GST-HAX-1(3 "S- HAX-1 %
GST-Vpr)i# 47 binding assay * 3t Kt Ae GST
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( 4 ) Detection of Vpr-medicated cell
cycle arrest
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2] Hela ta ety 2 % &7k 100% > 4 & A
dual plasmid system #% 4 # Vpr &y DNA
plasmid B &% Lk GFP % &% & & #Z
3 4 5 cell sorting 45 4& Vpr+&d e ig
B ERITON > BT EBRENE
£ o B AT %ML Vpr and GFP in dual
plasmid » ¥ & co-transfect HAX-1DNA &
anti-sense HAX-1 - %3318 & R 9 %] HAX-1
Ea&B HEA Y G/Marrest A F
H ik R H R E o Hela #2 293 tafi i@ 4
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1. Mapping of Vpr domain that interacts with candidate proteins:

protein | clone Vpr Vpl Vp2 Vp3
1-2 +++
SMA 1-6 ot - - -
4-15 +
1-5 +
HHR23A 1-16 + - - -
3-11 ‘
HAX-1 1-30 + - - -
2-3 +
MRJ 3-13 + - - -
3-25 +
+, growth ; —, no growth in His minus plate
IL. '
protein clone| Vpr | Vpl | Vp2 | Vp3 |Vpl+2 Vp2+3
HHR23A | 3-11 + - - - ++ -
HAX-1 | 1-30 + - - - + -
2-3 + - - - ++ -
MRJ | 325 - + - i . .
3-13 ] : _ N _

* Vpl (1-42a.2.) Vpll (43-82a.a.) VplIl (77-96a.a.)
* Vpl+2 (1-82 a.a) Vp2+3 (43-96 a.a.)

II1.

In vivo interaction of Vpr mutants with HAX-1 i1 two-hybrid system

Vpr mutant

B -gal activity

WT (1-96 a.a.)

+
VpI(1-42 a.a.) _
Vp Il (43-82 a.a.) _
Vp1(77-96 a.a.) - —

Vp I+1I (1-82 a.a.) A+

Vp [I+1II (43-96 a.a.)
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a. Binding of HAX-1 to GST-Vpr

none

---HHR23A

+Histidine -Histidine

A. Specific interaction of Vpr with HAX-1

b. Binding of Vpr to GST-HAX-1

5

ind uy

1S9
1sB-adp

HHR2IA MRJ

HA X

B. In vitro protein-protein interaction




Counts

% — Detection of Vpr-medicated cell cycle arrest

g Helavpr0 3 Helavpr0.25
(2] ]
23 vector 23] Vpr
N N ]
3 .
; £
2] 83
8- 8
o ] o]
10° 100 102 10 10t B M P AR ™
FL2-H FL2-H
a. HelLa cells post-transfection 72 hr
o vpr.003
§ pcrg.002 b
] o] Vpr
§.1 \i'eCtOI' on ©
: o
2 & Ehe
£ ] 5
> ] 30
83: 08
S g
10° 10! 102 100 10t 10° 10 10 10 10
FL2-H FL2-H
b. 293T cells post-transfection 72 hr




fff2% —:Summary of Vpr mutants phenotypes

Virion HIV-1 LTR
mutants Stability Nuclear Incorporaticn G2-arrest transactivation

(% of w.t.) localization (% of w.t.) (% of w.t.)

Wild-type 100 N 100 ++ 100
(nuclear)
L23F 85 N 20 ++ 90
E25K 70 P 25 ++ 100
(prenuclear)
A30F 80 p 20 +/- 44
VS7L 100 P 75 ++ 100
R62P 80 P 70 ++ 92
163F 100 p 90 ++ 69
163K 45 P 65 ++ 78
LI68/70RK 80 p Not - 30
determined

R80A 100 N 100 - 34

4% —: Summary of Vpr deleted mutants phenotypes

mutant stability Nuclear Virion
localization Incorporation

INT3-96 -

/\78-96 + +-

N18-87 ++ +

A\84-96 + +/-

/\88-96 ++ -

/\85-88 ++ +/-

AN79-82 ++ +




