
these molecular weight studies, t he  poly- 
lnerization solutlons were diluted nit11 tet- 
rahydrofuran and injected directly into 
the  G P C  in order to avoid anv fraction- 
ation of the  polyiner samples during isola- 
t lon, which would artlficlallv narrow the  
lnolecular weight distributlohs. Th i s  sys- 
tem can  also be used for the  svnthes~s  of 
well-defined polyacrylates. For example, 
the  bulk polymerization of methyl acrylate 
(initial concentrations [methyl a-bro-  
mopropionate],, = 0.03 M, [CuBr], = 0.03 
bl, and [dHbipy], = 0.06 hlI) after 1.5 
hours a t  110°C yields a polymer with M,, 
= 17,000 and M,,./M,, = 1.05. 

Generally, homogeneous ATRP is useful 
for synt11esi;ing various polymers up to a 
molecular weight of 50,000 to 50,000. 
Above this molecular ~veieht  ranee some 
limiting side reactions can be noticed. W e  
have also used this system to nolvrnerize 

A ,  

other vinyl monomers; to prepare block, 
random, graft, and gradient copolymers; and 
to synthesize macromolecules nit11 various 
topolog~es (branched, hyperbranched, and 
star polymers) (1 6) .  

Computer  simulations of the  experi- 
mental kinetic and molecular weight data 
indicate that  <3% [of t he  chains are ter- 
minated a t  >99% monomer conversions. 
In  addition, because the  po1ymeri:at~ons 
are fast, t he  proportion of chains formed 
by thermal self-initiation of styrene does 
not  exceed 1%. Thus,  nearly all of the  
chains are e ~ t h e r  in  the  dorlnant or actlve 
state throughout the  polymeri;ation, fill- 
filling the requirements for a living polymer- 
ization. However, because termination un- 

Molecular weight 

Fig. 2. Evolut~on of the GPC chromatograms 
(curves A through D) as a function of conversion 
for an ATRP of bulk styrene at 110°C using 
[CuBr], = 8.4 x lo-' M ,  [ I  -PEBr], = 8.8 x lo-' 
M ([monomer],/[initiator], = loo), and [dHbipy], 
= 17.5 X lo-' M (I -PEBr = I -phenylethy bro- 
m~de). An 8096 conversion (GPC chromatogram 
D) was reached after 4 hours. Similar behav~or has 
been observed for ligands dNbpy and dTbipy. 
The small signals in the ow molecular weight 
range in each chromatogram are due to the resid- 
ua catalyst used in these polymerizations (a result 
of injecting the diluted poymerzation mixture di- 
rectly into the GPC apparatus). 

doubtedly occurs, we prefer to use the term 
"controlled" or livlng polymerization. 

These simulations also sholv that the 
polydlspersities are strongly affected by the 
ratio of the rates of deactivation to propa- 
gation. In these studies, the new ligands 
increase the solubility of both the Cu( I )  and 
the Cu(II)  species 111 the polymerization me- 
di~llll [commercial CuBr contalns -1 to 2% 
Cu(II)].  T h e  latter species acts as a deacti- 
vator, and therefore its presence initially in 
the polymerization maintains a suff~ciently 
l l i~11 rate of deactivation relative to nrona- 
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Homologous DNA Pairing Promoted by a 
20-Amino Acid Peptide Derived from ReeA 

Oleg N. Voloshin, Lijiang Wang, R. Daniel Camerini-Otero* 

The molecular structure of the Escherichia coli RecA protein in the absence of DNA 
revealed two disordered or mobile loops that were proposed to be DNA binding sites. A 
short peptide spanning one of these loops was shown to carry out the key reaction 
mediated by the whole RecA protein: pairing (targeting) of a single-stranded DNA to its 
homologous site on a duplex DNA. In the course of the reaction the peptide bound to both 
substrate DNAs, unstacked the single-stranded DNA, and assumed a P structure. These 
events probably recapitulate the underlying molecular pathway or mechanism used by 
homologous recombination proteins. 

Homologous  recolnbination is the central 
phenomenon underlying genetic processes 
and the  principal tool in genetic analysis, 
gene mapping, and gene targeting. T h e  key 
reaction in homologous recombination is 

u 

the pairing of any two arbitrary but homol- 
ogous D N A  molecules. Prokaryotic RecA 
protein plays a n  essential role in bacterial 
homologous recolnbination pathways and is 
the  prototype for homologous D N A  pairing 
proteins ( 1 ,  2) .  RecA is a 38-kD polypep- 
tide \\,it11 diverse biochemical activities, in- 
cluding the  pro~llotion of D N A  pairing in a 
reaction that involves three strands (3) .  
RecA binds to single-stranded D N A  
(ssDNA), and the resulting nucleoprotein 
(presynaptic) filament is the homology- 

searching moiety that mediates the pairing 
with a target duplex. T h e  DNAs t11at~l.e- 
c a n e  naired reside ~ v i t h i n  a hole 25 A in 
diameter as seen in  projection down the  
axis of a mote in  helix consistine of six 

u 

protomers per turn  (4) .  Lining this cavity 
and projecting toward the  helix axis are 
two disordered or  mobile loops, L1 and L2, 
that  have been proposed as D N A  binding 
sites 15).  ~, 

Several lines of evidence indicate that 
loop L2 is a D N A  binding domain. ( i )  
Proteolysis of ssDNA-RecA complexes 
yields a unique 4-kD peptide protected by 
the D N A  that spans this loop (6);  (ii) 
photocrosslinks betlveen a 5-iododeoxyuri- 
dine-containing ssDNA and RecA map to 
loops L1 and L2 (7); (lii) the  fluorescence 

Genetics and Biochemlstw Branch, National lnstltute of of a tryptophan s~lbstit~lted for the  celltral 
D~abetes and Digest~ve and K~dney Diseases, National p h e n y ~ a ~ a n i n e  in loop L2 is que~lched in 
lnstit~~tes of Health, Bethesda, MD 20892-1810. USA. RecA.DNA (a) ;  and (iv) the 
-To whom correspondence should be addressed. 20-amino acid FECO peptide (Fig. 1) binds 
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Fig. 1. Sequences of the synthetic peptides corresponding WI-- ic amino acid-bearing peptides not only bind 
to amino acid residues 193 to 212 in the E. coli RecA - mI-- to ssDNA but also unstack it. RecA 
protein. Underlined amino acids are highly conserved - both s s ~ ~ ~  and &DNA by 50% (13). ne 
among RKA-like proteins. FECO, WECO, YECO, HECO, - MI---- unstacking of the ssDNA has been proposed 
and AECO have phenyalanine (F), tryptophan (W), tyrosine 
(Y), histidine (H), and alanine (A), respectively, at the central ~ I X M K I G V M A G N P ~  to be essential for RecA to facilitate the three- 

203 position. WT-14 includes those amino acids in loop L2 m-14 RMKI-ETT stranded interactions between ss- and dsDNA 

proper. WT-Scr is a peptide with wild-type amino acid W-Scr I=-IT (3). In addition, other RecA-like   rote ins, 
composition but scrambled sequence. Abbreviations for the amino acid residues are as follows: A, Ala; including eukaryotic RecA homologs and the 
E, Glu; F, Phe; G, Gly; H, His; I ,  Ile; K, Lys; M, Met; N,  Asn; P, Pro; Q, Gln; R, Arg; T, Thr; V, Val; W, Trp; bacteriophage T4 UvsX protein, have been 
and Y, Tyr. shown to extend DNA (14). Thus, this dis- 

tortion of the substrates constitutes a structur- 
al signature for the mechanism of homologous 

to ssDNA, whereas three peptides that cor- can bind not only to ssDNA but also to pairing mediated by this class of proteins. 
respond to single-point mutations that ab- double-stranded DNA (dsDNA), the other Unstacked DNA bases were more accessible 
rogate the function of the whole RecA substrate of RecA, in the presence of MgZ+ to modification by potassium permanganate 
protein in vivo do not bind to ssDNA (6): ions (Fig. 2) (10, 1 1). Although only tyrosine (PP), an agent that attacks thymines in a 
Here we show that the FECO peptide not and phenylalanine have been observed at this direction perpendicular to the base plane; 
only binds to ssDNA but also has other position in RecA-like proteins, the trypto- modification was monitored by strand cleav- 
activities, including the pairing of homolo- phan-bearing WECO peptide binds most age at the modified base (15, 16). A ssDNA 
gous DNAs. In addition, we explore how tightly to DNA. As with the whole RecA oligonucleotide was much more reactive to PP 
changes in the peptide sequence might en- protein, the binding by these three peptides in a complex with RecA; DNA binding pep- 
hance these activities. appears to be cooperative and presumably re- tides changed the reactivity of the thymines 

A phenylalanine in the FECO peptide, flects peptide-peptide interactions on the in ssDNA in a similar manner (Fig. 3A). 
corresponding to position 203 in the whole DNAs. Binding could not be detected with Thus, whereas the shuffled non-DNA bind- 
RecA protein, is the most conserved residue ~ e ~ t i d e s  AECO (Fig. 2), HECO, WT-14, and ing WT-Scr peptide had no effect, binding by 
in the region corresponding to L2 (positions WT-Scr ( 12). WECO and FECO resulted in a pronounced 
195 to 209) among prokaryotic RecAs and Next, we demonstrated that these aromat- modification of the thymines. As a result, 
their eukaryotic homologs, such as the DMCl 
and RAD51 proteins (9). An aromatic amino 
acid in position 203 is important for binding, - 

A 40 0 - 
and peptides FECO, WECO, and YECO, ssDNA dsDNA 

B g % g i g $  - 
spanning loop L2 (amino acids 193 to 212), O P ~ ~ G R Y S ' ~ ! ~ ~ S  1 I 1 -  !@l~le] I 1 1 1*14@1 Nc 

1.10101 1 1 1 1e1e101.1 1 I DEAE 

V) 

L"-NC\jLo 
? 

A a - o m - N  ? 2 % [Peptide] 

[Peptide] (pM) 

Fig. 2. Aromatic amino acid containing peptides 
derived from the region of amino acid residues 
193 to 212 in the E. coli RecA protein bind both 
ss- and dsDNA. Binding of FECO (O), WECO (0), 
YECO (O), and AECO (A) to ssDNA (A) and 
dsDNA (6) is shown. 

1 2 3 4 5 6 7 8 9 1 0 1 1  121314151617 

1 2 3 4  5 6 7 8  9 1 0 1 1 1 2  

Fig. 3. DNA binding peptide unstacks ss- but not dsDNA. Reactivity of thymines toward potassium 
permanganate. Lanes G, R, and Y are standard Maxam-Gilbert sequencing ladders; lane 0, oligonucle- 
otide BS-S1 ; lane P, BS-S1 treated with pyrrolidine. (A) Reactivity of ss oligonucleotide toward PP in 
complex with RecA, FECO, WECO, YECO, and WT-Scr. The RecA and peptide concentrations were 2.7 
pM and 25 bM, respectively. (6) (Top) Autoradiographs of filters showing that with both ss- and dsDNA, 
FECO forms complexes that are retained by nitrocellulose. (Bottom) Increase in FECO concentration 
results in a hyperreactivity of thymines in ss- but not dsDNA. 

SCIENCE VOL. 272 10 MAY 1996 869 



little if any full-sized fragment remained, 
and most of the radioactivity was detected 
in very short oligonucleotides, suggesting 
multiple hits (Fig. 3A). YECO, which binds 
to ssDNA less tightly, induced less unstack-
ing. These results indicate that, as with the 
whole RecA protein, WECO, FECO, and 
YECO unstack ssDNA upon binding. 

With the wild-type FECO peptide, the 
extent of modification of the thymine resi­
dues in ssDNA increased with FECO con­
centration in a manner that paralleled the 
binding profile (Fig. 3B). However, whereas 
the binding of FECO to dsDN A was similar 
to that for ssDNA, no distinct modification 
of dsDN A was observed at the peptide con­
centrations tested (Fig. 3B) {17). That we 
were unable to detect changes in the struc­
ture of dsDNA suggests that the peptide 
uses different modes to bind ss- and dsDNA 
and that binding to dsDNA does not occur 
at single-stranded regions in the duplex. 

Just as the structure of the DNA is altered 
by peptide binding, the conformation of the 
peptide might change on binding to DNA. 
Indeed, binding of FECO to ssDN A induced a 
conformational transition (18) from a random 
coil to a predominantly p structure (Fig. 4A). 
Whereas the dominant negative circular di-
chroism (CD) peak at —198 nm at lower 
peptide concentration represents a random-
coil structure, the amplitude increase at both 
190 and 215 nm at higher peptide concentra­
tions indicates a concentration-dependent 
building of a structure with a high p-structure 
content (]9) on the DNA. In the absence of 
DNA, the peptide remained a random coil 
even at higher peptide concentrations (for 
example, 0.6 mM). The isodichroic point at 
about 207 nm is consistent with a transition 
between two states. WECO formed an even 
more complete p structure than FECO on 
binding to DNA (Fig. 4B). All the other 
peptides tested (with the exception of YECO, 
which showed less p structure than FECO) 
remained predominantly random-coil struc­
tures in the presence of ssDNA, as indicated, 
typically, by the HECO CD (Fig. 4D). In 
addition, the reduction in the 278-nm DNA 
band for the WECO-ssDNA complex (Fig. 
4B, inset) supports the chemical modification 
data showing that the ssDNA is unstacked 
upon complex formation (20). Binding to 
dsDNA also induced the formation of a p 
structure in WECO but, consistent with the 
chemical modification data, resulted in only 
minor changes in the 278-nm band (Fig. 4C). 
This result suggests that the conformational 
change of the peptide from random coil to p 
structure is important in binding to ss- and 
dsDNA and unstacking of the ssDNA. The 
cooperative behavior observed in the CD ex­
periments and in the binding profile (Fig. 2) is 
suggestive of a P structure resulting from in-
terpeptide as well as intrapeptide interac­
tions. In support of these interpeptide in­

teractions is the finding that the p structure 
can be induced at higher pH values in a 
concentration-dependent manner (21) and 
is thus an intrinsic property of the peptide 
that can be stimulated by, but is not depen­
dent on, DNA. 

Although FECO and WECO bind to both 
of the substrate DNAs (ss- and dsDNA) used 
by RecA to mediate homologous pairing, as­
sume a well-defined structure as a result of this 
binding, and unstack ssDNA, one would not 
expect 20-amino acid peptides to pair a 
ssDNA with a dsDNA in a homology-depen-
dent manner. When we incubated a ss 53-
nucleotide ssDNA with supercoiled plasmid 
DNA in the presence of the peptides and 
displayed the deproteinized products on an 
agarose gel (22), we observed the targeting of 
the ssDNA to its homologous site on the 
duplex DNA and the formation of joint mol­
ecules similar to those formed by RecA (Fig. 
5) (23). FECO and WECO promoted the 
formation of stable joints between a 32P-la-
beled ss oligonucleotide and a plasmid bearing 
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a homologous duplex target; the joint mole­
cules were detected as a comigration of radio­
activity with the plasmid. We recovered 10 to 
20% as many joint molecules from reactions 
with these two peptides as with the whole 
RecA protein. As with the whole RecA pro­
tein, no joints were observed when the ss 
oligonucleotide was replaced with a duplex of 
the same sequence or when a target plasmid 
without homology to the ss oligonucleotide 
was used. YECO and peptides that do not 
bind to DNA did not form joint molecules. 
The formation of stable joint molecules is not 
dependent on the sequence targeted; in a 
separate experiment, another plasmid was tar­
geted with a different ss oligonucleotide (12). 
Although the results shown are from peptide-
promoted reactions carried out at 45°C, reac­
tions at 37°C and room temperature also re­
sulted in the formation of joint molecules 
with yields of 50% and 5%, respectively, of 
those at 45°C. 

Joint molecule formation can be assayed 
with two types of duplex targets, linear 

30 
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260 
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Fig. 4. The ss- and dsDNA binding peptides assume a (3 structure upon complex formation. A 57-
nucleotidessDNA(CTGTCTACTCTCGAGGTTAACCCGTGCGAATTCTACGATTGGTGCGGCCGGTA-
TATC) was purified by SDS-PAGE, and the Hae III digestion products of pUC18 were used as dsDNA. All 
the solutions were buffered by 10 mM NaH2P04 . (A) FECO titration of 0.30 mM ssDNA at pH 7.5 ± 0.2. 
FECO concentrations were 0.10 mM (O), 0.20 mM (O), 0.25 mM (•), and 0.40 mM (V). (B and C) CD of 
WECO in the presence and absence of ssDNA or dsDNA, respectively, at pH 6.0 ± 0.2. (•) 0.2 mM ssDNA 
or dsDNA, (O) 0.10 mM WECO, and (O) a mixture of 0.20 mM ssDNA or dsDNA plus 0.10 mM WECO. (B 
and C insets) Enlargement of the spectral region from 260 to 310 nm to emphasize the intensity change 
at the DNA 278-nm band. (D) CD of HECO in the presence and absence of ssDNA at pH 7.5 ± 0.2. (•) 0.4 
mM ssDNA, (O) 0.40 mM HECO, and (O) a mixture of 0.40 mM ssDNA and 0.40 mM HECO. 
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dsDNA (with ds ends) or superhelical DNA 
(1). Although the use of superhelical DNA 
as the target DNA may facilitate the forma- 
tion of joint molecules, the absence of 
dsDNA ends, particularly overhanging ends, 
in this target greatly minimizes artifactual 
joint molecule formation. Thus, whereas as- 
says that use dsDNA ends show joint mole- 
cule formation in protein-free solutions (24) 
or with proteins lacking a known role in 
homologous recombination [such as fatty 
acid synthase (25)], no other proteins, ex- 
cept RecA or members of the RecA family of 
proteins [for example, the bacteriophage T4 
UvsX protein (26)], have been shown to 
form joint molecules with superhelical DNA 
as the duplex target. Even the Eschen'clua coli 
SSB protein-a DNA binding protein with a 
role in homologous recombination (1 )-fails 
to form joint molecules on its own with this 
assay (27). We have confirmed this negative 
result with our substrates and reaction con- 
ditions and have shown that histones do not 
form joint molecules with this assay (12). 
Thus, DNA binding per se is insufficient for 
joint molecule formation when superhelical 
DNAs are targeted. In addition, in classical 
experiments (28) describing the D-loop as- 
say with filter binding, substantially longer 
single strands gave rise to joint molecules at 
increased temperatures in the absence of pro- 
tein. However, using our substrates, we were 
unable to detect any joint molecules in the 
absence of peptides even at 65OC (1 2). 

Although nonprotein polymers such as 
poly (ethylene oxide) can promote joint mol- 
ecule formation in other assays (24), they do 
so predominantly by inducing an increase in 
the effective concentration of the DNAs (29), 

Fig. 5. The DNA binding peptides, 
like RecA protein, promote formation 
of ioint molecules between ss oliao- 

thereby resulting in the annealing of the 
ssDNA to the dsDNA through "breathing" of 
the ends or the presence of overhanging ends. 
Subsequent nonenzymatic branch migration 
can then result in the formation of joint mol- 
ecules (30). Unlike what we have observed for 
the FECO and WECO peptides, however, the 
nonprotein polymers have not been shown to 
bind to the substrates, distort (unstack) the 
=DNA, or form a geometrically well-defined 
~olvrner-nucleic acid structure. In addition. - ,  

the peptides promote joint molecule forma- 
tion at concentrations less than 1000 times 
that of nonprotein polymers. We propose that 
DNA binding, unstacking of the =DNA, and 
formation of a well-defined polymer-nucleic 
acid structure provide a benchmark for how 
the pairing domain of homologous recombi- 
nation proteins, including RecA, specifically 
Dromotes ioint molecule formation and distin- 
guishes this molecular pathway or mechanism 
from less-specific mechanisms. 

The finding that DNA binding peptides 
derived from RecA can form joints between 
homologous DNAs indicates that this do- 
main comprises at least part of the active 
site of the whole protein responsible for 
DNA pairing. That the reaction proceeds 
efficientlv in the absence of the rest of the 
protein and in the absence of nucleotide 
cofactors or their analogs suggests that the 
rest of the protein, in addition to its other 
biochemical activities, functions to modu- 
late access to this pairing domain in a nu- 
cleotide cofactor-dependent manner-an 
idea supported by the adenosine 5'-triphos- 
phate (ATP)-dependent induction of the 
"high-affinity binding state" of RecA ( I )  
for both ss-. and dsDNA. One means of 

" I1  I 

nucleotide and a homologous dsDNA w 
P - 

target. JM, joint molecules; D, dimeric E o O o o o g ~ 0 0  
plasmid; OC, open circular plasrnid; z a o g o u o  + " g S z  
CC, covalently closed plasmid. Auto- B P k ' z Y F 4 ' Z 3 k ' 3 k ' s  -- -. - 
radiograph (top) of ethidium bromide- 
stained agarose gel (bottom). Lanes 1 
to 9 (top) contain an additional band 
€3, which is a result of hybridization of 
the ss oligonucleotide with irreversibly JM d 
denatured supercoiled DNA, the 8- m -- 
"Birnboim band" (35). 

D- 
OC - 
CC- - 

regulating access is to use another protein 
domain as an intrasteric regulatory or auto- 
inhibitory domain (3 1 )-a role ideally suit- 
ed to  loo^ L1 (5). . . 

The mechanism of joint molecule for- 
mation by either RecA or these peptides 
has yet to be determined. Defining the part 
of the domain of RecA responsible for the 
homologous pairing of DNAs should facili- 
tate understanding of the structures and 
mechanisms res~onsible for this auintessen- 
tial step in homologous recombination. In 
addition. the abilitv to carrv out homolo- 
gous pairing with such well-defined small 
molecules suggests a variety of applications 
for these peptides or peptide mimet ice  
applications for which RecA or its ho- 
mologs have been used (32) or proposed, 
including the delivery of such proteins in- 
side mammalian cells. For example, the re- 
cent success in blocking transcription in 
vivo through use of specific peptides de- 
signed to bind to DNA at a single site (33) 
in a cell may be extended to the use of a 
single general peptide designed to target 
oligonucleotides to any arbitrary but specif- 
ic cognate genomic sequence (32). 
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HIV-I Entry Cofactor: Functional cDNA 
Cloning of a Seven-Transmembrane, 

G Protein-Coupled Receptor 
Yu Feng, Christopher C. Broder, Paul E. Kennedy, 

Edward A. Berger* 

A cofactor for HIV-I (human immunodeficiency virus-type I )  fusion and entry was iden- 
tified with the use of a novel functional complementary DNA (cDNA) cloning strategy. This 
protein, designated "fusin," is a putative G protein-coupled receptor with seven trans- 
membrane segments. Recombinant fusin enabled CD4-expressing nonhuman cell types 
to support HIV-I Env-mediated cell fusion and HIV-I infection. Antibodies to fusin blocked 
cell fusion and infection with normal CD4-positive human target cells. Fusin messenger 
RNA levels correlated with HIV-1 permissiveness in diverse human cell types. Fusin acted 
preferentially for T cell line-tropic isolates, in comparison to its activity with macrophage- 
tropic HIV-I isolates. 

T h e  primary receptor for HIV-1, C D ~ ,  
s~~ppor t sv i ra l  entry only x h e n  espresseLl o n  
a human cell type (1-3). Experi~llents with 
CD4-espressing hybrids of non11~1man and 
human cells haye revealed that the defect 
in n o n h ~ ~ m a n  cells is due to the absence of 
a 11~1man-specific cofactor requlrecl for 
membrane fusion (4-10). This cofactor is 
e s s e ~ ~ t ~ a l  both for entry of HI\'-1 virions 
into CD4'- cell lines and for f ~ ~ s i o n  betn.een 
cells expressing the HI\'-1 envelope glvco- 
protein (Enr-) and cells expressi~ly CD4.  
Functional studies have suegested that the 

-L 

cofactor is present in a \vide variety of 11~1- 

man cell lines (1-3), though some excep- 
tions hal-e been noteLl (3 ,  11 ) .  T h e  iclentitv 
of the fusion cofactor remains ~lnresolved. 

W e  previously reported a recoml~inant 
~ ~ a c c i n i a  virus-based trallsie~lt expression 
and assay system In 1\-11ich f ~ ~ s i o n  between , , 

Env-expressing and CD4-expressing cells 
leads to activation of a reporter gene (Esch- 
erichicz co11 lac?) ( 1  2) .  \X'e adapted this sys- 
tell1 for f ~ ~ ~ l c t i o n a l  expression c lo~l i~ng of a 
fusion cofactor complement.~r)- D N A  

Laboratoly of VI-a Dseases, Natona Ins t t~~ te  of Allergy 
arid lrifectio~~s D~seases I,NIAIDI NIH Bethesda MD 
20892, USA. 

'To v)hom correspondence should be addressed. 

( cDNA)  (1 3 .  14) .  T h e  approach made n o  
ass~~mptions  a l~ou t  the  lllode of actlon of 
the cofactor, except that it call allon, a 
CD4-expressing IIOII~ILIIII~II cell type to un- 
dergo f ~ ~ s i o n  (15) .  

K I H  3T3 cells expressing vaccinia-en- 
coded T7 R N A  polymerase and C D 4  were 
transfecteLl a-it11 a HeLa c D N A  plasmid 
library (~nse r t s  linked to  the  T i  promot- 
e r ) .  These cells a.ere lllixed x i t h  N I H  3 T 3  
cells expressing vaccinia-encoded Env and 
containing the  Eschi.~icliia coli lac2 gene 
linked to  the  T7 promoter. After inculx- 
t ion, the  cult~lres were stained for P-galac- 
tosidase (p -Ga l )  in situ. Consistent1)- 
Illore P-Gal-positive cells \yere observed 
wit11 the  CD4-expressing cells transfected 
with the  entire library colllpared to  con- 
trol CD4-express i~~g  cells tra~lsfected with 
a single rand0111 p l a s ~ l ~ i d  fro111 the  Ilbrary. 
For example, in  one experiment we de- 
tected a n  average of 76 cells per \yell nit11 
the  library compared to  16  cells per well 
with the  single plasmid. In  a n  add~t lona l  
n e g a t i ~ ~ e  control, n,e obserl-ed 0111~- back- 
ground n ~ ~ l n h e r s  of stailled cells with the  
library when the  partner cells expressecl a 
mutant ~ ~ n c l e a v a h l e  ( U n c )  Eny rendered 
~lonfilsoge~lic by deletlon of the  gp12L7/ 
gp41 cleavage cite. These  results suggested 


