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Fig. 3. Sequence comparison of SOS3 (GenBank accession number AF060553) with yeast CnB 
subunit (16) and frog NCS (19). Dots indicate gaps introduced to maximize the sequence alignment. 
Residues identical or similar in at least two of the three sequences are shaded dark or light, respectively. 
The three predicted EF hands (15) of SOS3 are underlined. Asterisks indicate the basic residues in the 
Ca2+-binding sites of SOS3 where conserved acidic residues are found in other EF hand proteins (15). 
The double line marks residues deleted in the sos3-1 allele (21). 

that SOS3 responds to the Ca2+ signal by 
activating a protein phosphatase or inhib- 
iting a protein kinase (or by doing both) 
that then regulates K+ and Nat  transport 
systems. Although there do not appear to be 
conspicuous differences between the cyto- 
solic Ca2+ signals elicited by drought and 
salinity (26), subtle differences in their ki- 
netics and subcellular s ~ a t i a l  arrangement - 
could result in drought- or salinity-specific 
responses. The specific role of SOS3 in the 
tolerance of the ionic but not the osmotic 
component of salt stress (9) strongly sup- 
ports the existence of ionic stress-specific 
calcium signaling. 

For plants, the amount and interactions 
of three abundant soil cations, Ca2+,  Kt, 
and Nat. are essential determinants of DO- 
tassium nutrition and salt tolerance and 
therefore greatly affect plant productivity. 
Our evidence suggests that SOS3 mediates 
the interaction of Kt ,  N a + ,  and Ca2+. 
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Stabilization of Interleukin-2 mRNA by the 
c-Jun NH,-Terminal Kinase Pathway 

Ching-Yi Chen, Fabienne Del Gatto-Konczak, Zhenguo Wu, 
Michael Karin* 

Signaling pathways that stabilize interleukin-2 (IL-2) messenger RNA (mRNA) in activated 
T cells were examined. IL-2 mRNA contains at least two cis elements that mediated its 
stabilization in response to different signals, including activation of c-Jun amino-terminal 
kinase (JNK). This response was mediated through a cis element encompassing the 5' 
untranslated region (UTR) and the beginning of the coding region. IL-2 transcripts lacking 
this 5' element no longer responded to JNK activation but were still responsive to other 
signals generated during T cell activation, which were probably sensed through the 3' 
UTR. Thus, multiple elements within IL-2 mRNA modulate its stability in a combinatorial 
manner, and the JNK pathway controls turnover as well as synthesis of IL-2 mRNA. 

G e n e  expression is controlled at the tran- tracellular stimuli through DNA-binding 
scriptional and posttranscriptional levels. proteins has been widely studied ( I  ), rela- 
Posttranscriptional regulation of gene ex- tively little is known about regulation of 
Dression in eukarvotic cells includes mRNA mRNA turnover (2). Stabilitv of mRNA is . . 
processing, tumdver, and translation. Al- determined by cis-acting elekents within 
though control of gene transcription by ex- the mRNA molecule, believed to be recog- 

nized by regulatory proteins (2). Such cis 
Department of Pharmacology, School of Medicine, Uni- elements positively or negatively modulate 
versltyof Cal~fornia, San D~ego, La Jolla, CA 92093, USA, stability and are present throughout 
'To whom correspondence should be addressed. the mRNA, including the coding region 
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and 3' UTR. The 3' UTRs of rapidly de- 
caying mRNAs usually contain an adeno- 
sine- or uridine-rich element (ARE), char- 
acterized by multiple copies of the pen- 
tanucleotide AUUUA (3). In chimeric 
constructs, the ARE can destabilize nor- 
mally stable transcripts (4). Many cytokine 
genes, such as those coding for granulocyte- 
macrophage colony-stimulating factor (GM- 
CSF), tumor necrosis factor, interferon-y, 
IL-1, IL-2, and IL-3, are regulated transcrip- 
tionally, but their mRNAs also contain mul- 
tiple AUUUA motifs (4, 5 ) ,  and their sta- 
bility is regulated in response to extracellular 
stimuli. When produced in nonstimulated 
cells, such transcripts are unstable, but their 
half-lives are prolonged after cell activa- 
tion (4, 6-10). Ca2+ ionophores, such as 
A23187, stabilize IL-3 mRNA (10) as well as 
GM-CSF mRNA, which is also stabilized in 
cells treated with 12-0-tetradecanoylphor- 
bol-13-acetate (TPA) (4, 6). 

The ARES of GM-CSF or IL-3 are suffi- 
cient to confer regulation of mRNA tum- 
over in response to Ca2+ signals (9, 10). 
However, ARE-containing transcripts are 
differentially regulated. In a monocytic tu- 

mor cell line, the 3' UTR of c-fos or c-myc 
destabilizes a reporter mRNA, whereas the 
3' UTR of GM-CSF does not (I I). Stimu- 
lation of quiescent T cells with antibodies 
to the T cell receptor (TCR)-CD3 complex 
and the CD28 auxiliary receptor increases 
the stability of several cytokine mRNAs, 
whereas c-fos and c-myc mRNAs remain 
labile (7). 

The relatively short half-life (tlD = 30 to 
60 min) of IL-2.mRNA in unstimulated T 
cells (12) is prolonged by incubating the 
cells with antibodies that ligate the TCR- 
CD3 complex and CD28 (7) or by treatment 
with TPA and A23187 (12). Like other 
short-lived cytokine mRNAs, IL-2 mRNA 
contains several AUUUA motifs in its 3' 
UTR (4). To study posttranscriptional regu- 
lation of IL-2 gene expression, we prepared 
a transgene composed of full-length IL-2 
cDNA under control of the chicken p-actin 
promoter (13) and transiently transfected it 
into Jurkat cells derived from a T cell leuke- 
mia. Total RNA was isolated at various 
times after the addition of actinomycin D 
(ActD), an inhibitor of transcription, and 
the tlD of transfected IL-2 rnRNA was de- 
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Fig. 1. Stabilization of IL-2 mRNA in activated Jurkat T cells. (A and B) Stabilization of IL-2 mRNA by T 
cell activators. Jurkat cells were transiently cotransfected with an IL-2 transgene and with a control 
plasmid expressing either p-galactosidase (GAL) or luciferase (LUC) mRNAs containing SV40 3' UTR, 
which sewed as an internal control. The cells were left unstimulated or stimulated as indicated with 
A23187 (1 pg/ml), TPA (15 ng/ml), anti-CD3 (10 ng/ml), or anti-CD28 (2 ng/ml), either alone or in 
combinations, together with ActD (5 pg/ml). Total RNA was isolated at various times, and the amount of 
11-2 mRNA was analyzed by a semiquantitative competitive RT-PCR (14). IL-2 mimic is a PCR product 
derived from a DNA template that was added to each reaction to control for amplification efficiency. IL-2 
target is derived from IL-2 mRNA. Both PCR mimic and target were amplified with the same primer set. 
GAL or LUC mRNAs were also amplified by semiquantitative PCR. (Cand D) 11-2 signals in A and B were 
quantitated with a Phosphorlmager, normalized to the GAL or LUC signals, and plotted on a semiloga- 
rithmic scale by a linear regression program against the time of ActD addition. Each point represents the 
average of two transfection experiments. 

termined by a semiquantitative competitive 
reverse transcriptase-polymerase chain reac- 
tion (RT-PCR) (14). The IL-2 transcripts 
were unstable, with a tlI2 of 40 min, in 
unstimulated Jurkat cells (Fig. 1, A and C) 
(12). Stimulation of cells with A23187 or 
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Fig. 2. Effect of anti-inflammatory drugs on stabi- 
lization of IL-2 mRNA. (A) Decay of IL-2 mRNA in 
transfected Jurkat cells stimulated with TPA and 
A231 87 and incubated in the presence of the in- 
dicated concentrations of SB202190 (SB) or CsA. 
Each point represents the average of two trans- 
fection experiments. (B) Decay of IL-2 mRNA in 
transfected Jurkat cells stimulated with anti-CD3 
and anti-CD28 in the presence of the indicated 
concentrations of SB202190. Each point is the 
average of two transfection experiments. (C) The 
relative amounts of IL-2 mRNA remaining 3 hours 
after addition of ActD in the presence of TPA and 
A23187 and the indicated concentrations of 
SB202190 or CsA and relative amounts of c-Jun 
phosphorylation at Sers3. The relative amounts of 
IL-2 mRNA were determined as described (Fig. 1). 
Phosphorylation of c-Jun at Sers3 was deter- 
mined by immunoblotting lysates of the same cells 
used for RNA determination to phospho-cJun 
antibodies (29). lmmunoreactiv~ty was quantitated 
with a Phosphorlmager after visualization by en- 
hanced chemiluminescence. The amounts of IL-2 
mRNA or phospho-cJun in cells stimulated with 
TPA and A23187 in the absence of SB202190 
were set at 100%. 
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TPA increased IL-2 mRNA stability, and 
stimulation with both A23187 and TPA fur- 
ther increased this stabilization (Fig. 1C). 
Antibodies to CD3 or to CD28 alone did not 
stabilize IL-2 mRNA, but stimulation of cells 
with both antibodies increased the tl12 from 
40 rnin to 90 rnin (Fig. 1, B and D). Simi- 
larly, stimulation of Jurkat cells with combi- 
nations of A23187 and TPA or anti-CD3 
and anti-CD28 synergistically activated the 
c-Jun NH2-terminal kinase (JNK) and p38 
or Mpk2 groups of mitogen-activated pro- 
tein kinases (MAPKs), whereas treatment of 
Jurkat or normal T cells with anti-CD3 or 
anti-CD28 alone had little effect on the 
activation of these kinases (15). We there- 
fore examined the effect of SB202190 [a p38 
inhibitor (1 6)] and cyclosporin A (CsA) [an 
immunosuppressive drug that specifically in- 
hibits the Caz+-sensitive phosphatase cal- 
cineurin (17) and thereby blocks the CaZ+- 
dependent increase in INK or p38 activities 
(131 on stabilization of IL-2 mRNA. The 
combination of TPA and A23187 induced 
IL-2 mRNA stabilization that was inhibited 
by SB202190 or CsA in a dose-dependent 
manner (Fig. 2A). The tl12 of IL-2 mRNA 
in cells treated with both TPA and A23187 
decreased to 70 rnin in the presence of 40 

pM SB202 190 or to 120 rnin after treatment 
with CsA (200 ng/ml). Stabilization of IL-2 
mRNA by anti-CD3 and anti-CD28 was 
also inhibited by SB202190 (Fig. 2B). The 
concentration of SB202190 required to de- 
stabilize IL-2 mRNA was considerably great- 
er than that required to efficiently inhibit 
p38 activity in other cell types (16, 18). We 
therefore examined the effect of SB202190 
on JNK activity, activation of which leads to 
phosphorylation of c-Jun at Ser63 and Ser73 
( 19). Similar concentrations of SB202 190 
and CsA were required to affect c-Jun phos- 
phorylation and turnover of IL-2 mRNA 
(Fig. 2C). 

We also cotransfected the IL-2 reporter 
with expression vectors encoding activat- 
ed MKK6 (MKK6D/D), a MAPK kinase 
(MAPKK) that activates p38 but not 
JNK or extracellular signal-regulated kinase 
(ERK) (20); truncated MEKK1, a MAPKK 
kinase (MAPKKK) that unless overex- 
pressed activates the JNK cascade and has 
little effect on either p38 or ERK (21); 
activated JNKK2 (JNKK2-act), an activator 
of INK but not of p38 or ERK (22); or 
activated Raf-1 (RafBXB), a MAPKKK for 
the ERK cascade (23) that has no effect on 
JNK or p38. Immune-complex kinase assays 
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Fig. 3. Stabilization of IL-2 mRNA by activation of the JNK pathway. (A) Stimulation of JNK, p38, or 
ERK activity by MEKK1, JNKK2, or MKKG. Jurkat cells were cotransfected with either hemagglutinin 
A (HA)-JNK2 (10 pg), HA-p38 (10 pg), or HA-ERK2 (10 pg) in combination with MEKK1 (1 pg), 
JNKK2-act (5 kg), or MKK6D/D (4 pg) expression vectors. The cells were lysed and the various 
MAPKs were isolated by immunoprecipitation with anti-HA, and their activity was determined by 
immune-complex kinase assays (21) with GST-cJun(1-79), GST-ATF(1-122), or His-Myc as sub- 
strates for JNK, p38, or ERK, respectively. The amounts of JNK, p38, or ERK in each sample were 
determined by immunoblotting with anti-HA. (B) Effect of kinase expression vectors on IL-2 mRNA 
decay. Results are averages of three transfection experiments. (C to E) Effect of JNKK2 or JNK2 
mutants on IL-2 mRNA stabilization by MEKKl expression (C), anti-CD3 and antiLCD28 (D), or TPA 
and A23187 (E). Neither mutant adversely affected MEKK1 expression (25). Averages of two trans- 
fection experiments are shown. 

confirmed the specificity of these enzymes 
(Fig. 3A). Although cotransfection of con- 
stitutively activated MKK6 or Raf-1 did not 
lead to stabilization of IL-2 mRNA, co- 
transfection with MEKKl or JNKK2-act in- 
creased the tl12 of IL-2 mRNA to -90 rnin 
(Fig. 3B). The effect of MEKKl was smaller 
than that of A23187 and TPA but still was 
similar to the effect of anti-CD3 and anti- 
CD28. These results indicate that the JNK 
pathway, but not the p38 or ERK MAPK 
cascades, leads to stabilization of IL-2 
mRNA. 

We also examined the effects of inactive 
mutants of JNKK2 or JNK2. Coexpression 
of either JNKK2(AA), which cannot be 
activated by upstream stimuli (22), or 
JNK2(GE), which is defective in binding 
adenosine triphosphate (ATP) (24), atten- 
uated the increase in IL-2 mRNA stability 
that was caused either by expression of 
MEKK1, stimulation of CD3 and CD28, or 
incubation with TPA and A23187 (Fig. 3, C 
to E). Neither mutant adversely affected 
MEKKl expression (25), and neither mutant 
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Fig. 4. Identification of a cis element mediating 
MEKK1 -induced IL-2 mRNA stabilization. (A) 
Schematic representation of the WT and mutant 
IL-2 reporter constructs. Open rectangles repre- 
sent the IL-2 coding region; the 5' and 3' UTRs 
are indicated by thin lines. Thick lines represent 
the 5' UTR of p-actin, which precedes that of 
IL-2. Filled circles indicate the AUUUA motifs. 
The average t,,, of each transcript in the ab- 
sence or presence of MEKKl isindicated on the 
right. (B) Decay of WT and Del 1 IL-2 mRNAs in 
mitogen-stimulated Jurkat cells. (C) Decay of 
WT and Del 1 IL-2 mRNAs in mitogen-stimulat- 
ed Jurkat cells treated with anti-inflammatory 
drugs. 
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gave more than 50% inhibition of JNK ac- 
tivation or c-Jun phosphorylation (22, 24, 
25), consistent with their partial destabiliz- 
illg effect. Coexpression of wild-type (WT) 
JNKK2 or JNK2 did not result in destabili- 
zation (Fig. 3, C and D). The weaker effect 
of the JNK2 and JNKK2 mutants on the 
response to TPA and A23187, in compari- 
son with their effects on the responses to 
MEKKl or anti-CD3 and anti-CD28, sug- 
gests that additional signaling pathways re- 
sponsive to TPA or Ca2' iollophore (or 
both) may participate in stabilization of IL-2 
mRN'4. I11 addition, this ~vould be consis- 
tent with the stronger effect of TPA and 
A23187 on IL-2 lnRNA stability. 

To determine which sequences nlediated 
the response to JNK activation, we con- 
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Fig. 5. Role of 5 '  a n d  3' UTRs of L - 2  in t he  
response t o  JNK activation. Jurkat cells were 
transiently cotransfected with (A) WT IL-2 con -  
struct or  (6) constructs in wh ich t he  native IL-2 3' 
UTR was  replaced with t he  3 '  UTRs o f  c-fos or  
GM-CSF (C), or  with a twofo ld  repeat of 
UUAUUUAUU nonamers  (D), o r  w i th  C A T  reporl-  
ers containing t he  IL-2 3 '  UTR (E), or  with bo th  t he  
5 '  c s  element (nt 1 t o  130) a n d  t he  3' UTR of IL-2 
(F) and  either an  emp ty  vector or  a M E K K l  ex- 
pression vector.  The  s t a b i t y  of each transcr ipt  in 
transfected cells was  d e t e r m n e d  in the  absence 
or  presence of M E K K l  (Flg. I ) .  S h o w n  are t he  
averages of t w o  transfectlon experiments. (Inset) 
The amount  o f  M E K K l  exp resson  In one  trans- 
fect ion expe r~men t ,  measured In the  same  lysates 
used  for R N A  s o l a t ~ o n .  

structed several IL-2 deletion mutants (26). 
WT and mutant reporters were transfected 
with MEKKl or einpty expression vectors, 
and the stability of the correspo~lding IL-2 
transcripts was measured (Fig. 4A). Del 5, 
in which four closely clustered ,4UUU14 
lllotifs in the 3 '  UTR were removed, was 
constitutively stable, indicating that this 
region contains the instability determinant 
(or determinants). Deletion of nucleotides 
(nt)  130 to 200 (Del 3) or nt 350 to 550 
(Del 4) or the last two of the AUUUA 
motifs (Del6) did not prevent rapid lnRNA 
decay, and all of these mutants were stabi- 
lized in cells transfected with MEKK1. By 
contrast, expression of MEKKl did not sta- 
bilize transcripts lllissillg the IL-2 5' UTR 
(Del 1) or nt 67 to 114 (Del 2) .  These 
results indicate that sequences between nt 1 
and 130 of IL-2 mRNA contain a cis ele- 
ment that mediates the response to 
MEKKl. This region is also required for 
mitogen-induced mRNA stabilization be- 
cause removal of the 5' UTR impaired the 
response to TPA, to ,423187, to TPA and 
,423187, or to anti-CD3 and anti-CD28 
(Fig. 4B). The residual response of Del 1 to 
TPA and A23187 was not inhibited by 
SB202190 or CsA (Fig. 4C) and is therefore 
not mediated through the JNK pathway or 
calcineurin. Thus multiple distinct response 
elelllellts within the IL-2 lnRNA deternline 
stabilizatiol~ in response to stinlulatioll of 
various signaling pathways during T cell 
activation. 

To examine whether the 3 '  UTR of IL-2 
mRNA was also required for MEKKl-in- 
duced stabilization, we replaced it with the 
3' UTRs of c-fos or GM-CSF (27), which 
also contain two or luore AUUUA motifs, 
or with a synthetic 3' UTR composed of 
UUAUUUAUU nonamers, which destabi- 
lizes stable transcripts (28). With the ex- 
ception of the chimeric transcripts contain- 
ing c-fos 3' UTR, which were Inore stable, 
the t,:? val~~es  of the transcripts were similar 
to that of IL-2 mRNA but were 11ot stabi- 
lized upon coexpression of MEKK1 (Fig. 5, 
'4 to D). Thus, sequences within the IL-2 3 '  
UTR are apparently required to fi~~lction 
together with the 5' cis element to confer 
JNK-mediated stabilizatio~l. To determine 
whether both 5' and 3 '  elernents are the 
only signals required to confer JNK-mediat- 
ed stabilization of IL-2 mRN'4, we co11- 
structed chloramphenicol acetyltransferase 
(CAT) reporter genes (27). Chimeric CAT 
mRNA containing the 3 '  UTR of IL-2 at its 
3' end was unstable and was not stabilized 
by coespression of MEKKl. By contrast, 
chiineric CAT lnRNA consisting of nt 1 to 
130 and the 3' UTR of IL-2 at its 5' and 3' 
ends, respectively, was stabilized by MEKKl 
coexpression (Fig, 5, E and F). 

Our results demc~nstrate that in addi- 

tion to its role in activation of IL-2 tran- 
scription ( l j ) ,  JNK promotes stabilization 
of IL-2 111RNA in activated T cells. The 5' 
UTR of IL-2 mRN'4, which does not con- 
tain destabilizine elements, lnav contain a 
cis element thatL'interacts with'a cytoplas- 
lnic protein targeted by the JNK pathway. 
As with cornbillatorial control of transcrip- 
tion initiation ( 1  ), turnover of mRNA is 
apparently regulated through distinct cis- 
acting elements that respond to distillct 
signaling pathways. 
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A Conserved HIV gp120 Glycoprotein Structure 
Involved in Chemokine Receptor Binding 

Carlo D. Rizzuto, Richard Wyatt, Nivia Hernandez-Ramos, 
Ying Sun, Peter D. Kwong, Wayne A. Hendrickson, 

Joseph Sodroski* 

The entry of primate immunodeficiency viruses into target cells depends on a sequential 
interaction of the gp120 envelope glycoprotein with the cellular receptors, CD4 and 
members of the chemokine receptor family. The gpl20 third variable (V3) loop has been 
implicated in chemokine receptor binding, but the use of the CCR5 chemokine receptor 
by diverse primate immunodeficiency viruses suggests the involvement of an additional, 
conserved gpl20 element. Through the use of gpl20 mutants, a highly conserved gpl20 
structure was shown to be critical for CCR5 binding. This structure is located adjacent 
to the V3 loop and contains neutralization epitopes induced by CD4 binding. This 
conserved element may be a useful target for pharmacologic or prophylactic intervention 
in human immunodeficiency virus (HIV) infections. 

M o s t  naturally clccurri~lgprill~ate immuno- V3 variable loop of gp120 (3 ) )  and the  
deficiencv viruses lHIV and simian immu- seciuence c ~ f  the  173 loot. influences the  
nodeficieilcy v i r u s L ( ~ l ' J ) ]  bind the  P-che- 
mc~kine receptor CCR5 as a n  obligate step 
in  virus entry illto target cells ( 1  . 2) .  T h e  
gpl22 glycoproteins of primary, macroph- 
age-tropic HIV-1 strains have been s h o \ ~ n  
t c ~  bind specifically to cells expressing 
CCR5 ( 3 ,  4) .  Inhibiting this liinding con- 
stitutes a n  attractive lneans of intervening 
ill HIV-1 infection, but the  gp120 glyco- 
prc~tein is a challenging target because of its 
cotlforinatiollal flexibility and varialiility. 
Incubation with solulile C D 4  (sCD4) re- 
sults in  a 100- to  1000-fold increase in  the 
affinity of HIV-1 gpl22 for CCR5 ( 3 ) ,  in- 
dicating that the  CCRi-bini l i~ly  site (111 

HI\:-1 gp120 is fully f(~rined clr exposed 
only after C D 4  binding. Efficient C C R 5  
binding is dependent o n  the  presence of the  

C. D. R~zzuto. R. Wyatt, N. Hernandez-Ramos, Y. Sun, 
Decartment of Cancer lmm~~~ io loqy  and A D S  Dana-Far- 
ber Cancer nsttute ~ e ~ a r t m e n i  of Pat l ioog~,  Haward 
Med cal School, Boston MA 021 15, USA, 
P. D. Kviona and W. A. Hendrickson. Decart~nent of 

specific cheinokine receptors used by differ- 
ent  primate immuno~ie f i c i e~ lq  viruses (2 ) .  
In  ccnltrast, the gp120 V1 and 172 1-ariable 
loops and NH,- and COOH-termini were 
shown to be dispensable for high-affinity 
liinding to C C R 5  (3) .  N o  sig~lificant CCR5 
liinding has been observed for gp120 glyco- 
proteins derived from laboratc~ry-adapted 
HIV-1 isolates, which do  not use CCR5 as 
a coreceptclr ( 3 ,  4 ) .  

Specific groups o t  HIV-1-neutralizing 
antibodies ciirectecl against the  gpl20 V3 
loop or CD4-inLiuced (CD4i)  epitopes are 
able to lilock the  binLli~ly c ~ f  gp120-sCD4 
complexes t c ~  CCR5-expressing cells ( 3 ,  4 ) .  
T h e  CD4i  epitopes are conserved, discon- 
tinuous gp120 structures that are better ex- 
posed after C D 4  billding (5 ) .  L'futagellic 
a~lalysis suggested that elenlents c ~ f  the  con- 
served stein of the  \7l/V2 stem-loop and of 
the  fourth conserved region of gpl22 make 
LILT the CD4i  epitopes (5 ) .  Here we tested 
the  hvt~othesis that conserl,eil ~ ~ 1 2 0  resi- . L L . L  

B~oci-emistqand lvloecuar B opi-!;SICS ~ovdard Hughes dLles near or ll-ltllin the CD4i  epitoL,es are 
lvled~ca nsttute, Colu'nbia Univers~ty, Nw'! York, NY 
10032, USA. critical -. . . for . C C R i  . . binding. 
J. Sodrosk, Department o i  Cancer Immunology and W e  developed an  assay to assess the  
AIDS, Dana-Farber Cancer n s t l t ~ t e  Depariment of Pa- CCRj.liinding aliility of a pallel HIV.1 
t i oogy  Hav~ard Medcal ScPoo and Decartment of ' r -  
munology and lnfectloLls Diseases, Ha;Jard Sclool of gp120 glvcorrotelll illutallts. T h e  lll~lta1lt.: 
P u b c  Health, Boston, lvlA 021 15, USA. 11-ere created by the  introduction of single 
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