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CD4 is a glycoprotein present on the surface of certain 
T-lymphocytes. It was originally identified in the late 
1970s as the target for a particular T-cell-specific 
monoclonal antibody.lI2 Subsequently, it has become 
clear that mature T-cells bear either CD4 or a different 
glycoprotein known as CD8 and that these two classes 
of lymphocytes interact with antigen presented by class 
I1 and class I MHC proteins, respectively.8 Thus, the 
presence of CD4 on a T-cell means that its antigen 
receptor (the “T-cell receptor” or “TCR”) recognizes a 
peptide in the groove of a class I1 MHC molecule.‘ It 
is believed that, on a mature T-cell, the TCR and CD4 
jointly contact an antigen-bearing class I1 protein, 
forming a complex at  the interface between the antigen- 
presenting cell and the T-cell516 (see Figure 1). Proper 
formation of this complex brings into proximity cyto- 
plasmic elements associated with CD4 and with the 
TCR, and intracellular signals are generated that 
ultimately lead to T-cell a~tivation.~ 

CD4 is also the HIV receptor.”1° Its presence on a 
cell is sufficient for viral attachment, but entry (by 
fusion of viral and cellular membranes) requires ad- 
ditional, as yet unidentified cellular components.lOJl 
The surface glycoprotein of HIV is responsible for CD4 
binding.12 It is an oligomer-probably a tetramerl3-of 
a species known as gp160, which is cleaved in mature 
virions into gp120 and gp41. The amino-terminalgp120 
fragment carries the attachment function; the carboxy- 
terminal gp41 fragment carries the fusion and mem- 
brane-spanning functions.l‘ 

Domain Organization of CD4 
The cloned cDNA for human,15 mouse,16 and rat17 

CD4 revealed an amino acid sequence for the encoded 
protein with the organization characteristic of many 
cell-surface proteins (Figure 2a). A stretch of hydro- 
phobic residues can be identified as a transmembrane 
segment, connecting a large extracellular portion with 
a short cytoplasmic tail. The extracellular part is 
composed of four regions with immunoglobulin (Ig) 
domain h0m0logy.l~ Molecules containing such regions 
are said to belong to the “Ig superfamily”.18 The amino- 
terminal domain of CD4 (Dl) has many characteristics 
of an Ig variable (V) domain. The other three domains 
are less readily classified. The crystallographically 
determined structures1g-21 show that D3 is also of the 
IgV design, despite ita lack of a disulfide, and that D2 
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Figure 1. Diagram showing some of the molecules involved in 
the interaction between a T-cell and an antigen-presenting cell. 
The antigen, a peptide, is bound in a groove on the outer surface 
of a clam II MHC glycoprotein. It is recognized by the T-cell 
receptor (TCR), together with its MHC surround. CD4 contacts 
one or more class I1 molecules, and it may also make lateral 
contacts with the TCR. 

and D4 belong to a class variously designated H22 or 
C2.l* In hwpan CD4, D3 and D4 each contain a 
glycosylation site. The cytoplasmic tail is probably too 
short to fold into a globular structure. Its function is 
to bind the Src-like tyrosine kinase known as ~ 5 6 ~  
(Lck).28 The interaction requires two cysteines in CD4 
and two cysteines in the amino-terminal segment of 
L C ~ . ~ ‘  It has therefore been suggested that a metal ion, 
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Figure 2. (a) Amino acid sequence organization of the human CD4 molecule.16 The four Ig-like domains are numbered; the disulfide 
bonds are shown; the glycosylation sites are marked. CHO: glycosylation site. T M  transmembrane domain. Cyt: cytoplasmic tail. 
(b) Ribbon diagram, showing organization of CD4 DlD2. D1 is more darkly hatched than D2. Residue numbers at the beginning 
and end of each secondary structure element are shown. 

such as Zn2+, could link the two proteins, but there is 
yet no direct evidence for such a ligand. 

X-ray crystallographic studies of CD4 fragments 
containing domains 1 and 2 (DlD2)19s20 and domains 3 
and 4 (D3D4)21 have revealed their structures. Crystals 
of Dl-D4 are poorly ordered,25 and the exact relation- 
ship between the two halves of the extracellular moiety 
is still not known. D1 contains the surface recognized 
by the HIV gp120, and mutational analysis based on 
the structure leads to a very precise definition of the 
amino acid residues involved. A similar sort of analysis 
shows that the class I1 MHC contact includes a large 
surface on D1 as well as a significant part of D2. Possible 
lateral contacts between D3 or D4 and the TCR have 
not yet been defined. 

Structure of D1D2 
The first two domains (Figure 2b) form a tightly 

linked, rod-like unit.l9s20 D1 closely resembles an Ig VK 
module. It has nine strands in two P-sheets, one with 
strands AGFCC'C" and the other with strands BED. 
The residues at  the core of the domain correspond 
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precisely to these found in Ig structures: a pair of 
disulfide-bridged cysteines, a tryptophan packed against 
them, and several other conserved hydrophobic resi- 
dues. There are in addition some specific hallmarks of 
light-chain variable domains:22 a glycine in the AB loop, 
an arginine-aspartic acid salt bridge linking the be- 
ginning of strand D with the EF loop, and a buried 
tyrosine in the F strand hydrogen bonded to the 
carbonyl of the same aspartic acid. D1 differs from an 
IgV domain in two key ways: it lacks the features 
responsible for dimerization of variable modules in an 
Ig mo1ecule,26 and it contains elaborations of the C'C" 
and DE loops. The absence of the typical IgV dimer- 
ization structures (an extended CC' loop and a bulge 
in the G strand) is consistent with the observation that 
soluble CD4 is m o n ~ m e r i c . ~ ~ ~ ~ ~  The elaborations of the 
C'C" and DE loops probably have a role in binding to 
class I1 MHC molecules-the specific function of CD4. 
The two loops are spatially adjacent. The DE loop 
contains about two turns of irregular helix in the 
segment from 58 to residue 64. The side chain of Trp 
62, in the middle of this segment, lies beneath the C'C'' 
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turn, making it project away from the body of the 
domain. The C’C’’ loop, which corresponds to the CDR2 
of light-chain IgV domains, is also longer than in most 
antibody molecules. Thus, the C’C”edge of the domain 
has a curious salience, with the side chain of Phe 43 
projecting directly outward. 

D2 resembles a truncated IgV module, in which 
strands C” and D have been replaced by an abrupt 
connection between C’ and E. Strands GFCC’ lie in 
one sheet; B E ,  in the other. The disulfide bond is in 
a “nonstandard” location. It connects strands C and 
F within a sheet, rather than B and F across the core 
of the domain. The C-strand cysteine occupies the 
sequence position usually held by the conserved tryp- 
tophan, and the two bridged cysteines are therefore in 
register on adjacent strands, with their main-chain 
hydrogen bonds directed away from each other. The 
resulting disulfide geometry is likely to be slightly 
strained.29 The packing of the two sheets upon each 
other also deviates from the conserved relationship seen 
in the Ig molecules.30 Nevertheless, the structures of 
the AB and EF loops closely resemble those of corre- 
sponding IgV segments. 

The two domains are linked by a continuous 8-strand. 
That is, the G-strand D1 proceeds without interruption 
into the A-strand D2. The amino acid sequence 
contains six consecutive nonpolar residues, and their 
side chains point alternately into the cores of the two 
domains. There is substantial buried surface (550 A2) 
at the domain interface, stabilizing the rod-like con- 
figuration of the fragment. Large-scale hinge motion 
at this “lap joint” is unlikely. 

Structure of D3D4 
The structure of a rat D3D4 fragment, expressed as 

a recombinant protein in CHO cells, has recently been 
determined.2l The two domains form a unit joined by 
a continuous @-strand, just like DlD2. Indeed, the 
relationship between D3 and D4 closely resembles the 
D1/D2 contact. D3 has an IgV-like fold, but the two 
sheets are significantly farther apart. There is no 
disulfide, and the residues that would correspond to 
the two cysteines are a phenylalanine and a leucine. 
The tryptophanyl side chain shifts in the C strand to 
fill the gap left by the presence of Gly, rather than Tyr 
or Trp, in the F strand. Thus, the fundamental IgV 
design is maintained, despite lack of conservation in 
the region sometimes called the “pin” of the 
D4 resembles D2, with the same seven-strand topology, 
but the AB loop is substantially truncated, giving the 
membrane proximal tip of the domain a more compact 
character. The disulfide is in the “normal” location. 

Structure of the Complete Extracellular 
Fragment (Dl-D4) 

Electron microscopy27 and hydrodynamic measure- 
m e n t ~ ~ ~  show that the Dl-D4 fragment-sometimes 
referred to a sCD4 (“soluble CD4”)-is monomeric and 
rod-like. An end-to-end packing of the D1D2 and D3D4 
structures can therefore be modeled. There is a 
sequence of six nonpolar residues at the D2/D3 bound- 
ary, very similar to the one joining D1 and D2 and D3 
(29) Richardson, J.; Richardson, D. C.  In Prediction of Protein 
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Figure 3. Carbon-cr trace of a model for CD4, Dl-D4, baeed on 
the assumptions outlined in the text. D3D4has been represented 
byDlD2, because coordinatee for the latter are not yet available. 
The correct orientation of D4 is slightly different, and the various 
loops of D3D4 are actually somewhat differently configured than 
the corresponding loops of DlD2.le-21 

and D4.91 Other characteristic features of the D1/D2 
interaction appear to be present at the D2/D3 contact 
as well. We have proposed that the interface between 
D2 and D3 resembles the one between D1 and D2.31~32 
The diagram in Figure 3 shows the Ca trace of a model 
based on this idea The modeled four-domain structure 
has a zigzag appearance. It is about 120 A long, in 
agreement with measurements from electron micros- 
copy.27 

CD4 as HIV Receptor 
The surface on CD4 for binding HIV gp120 has been 

mapped, by studying the effects of CD4 mutations on 
gp120 affinity.- The association is a tight one (Kd - 1-10 nM), and it is essentially irreversible at low 
temperature. Results from a number of laboratories 
are summarized in Figure 4. The C’C” ridge is at  the 
center of the site, with Phe 43 in the C’C” turn having 
a critical role. There are graded effects of different 
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Figure 4. Residues in D1 that influence gp120 binding.% Solid circles represent positions where changes in surface side chains 
significantly diminish affinity; solid squares represent positions where changes in inward-facing side chains decrease affiiity; open 
circles show surface positions where certain changes lead to small increases in affinity. The left- and right-hand diagrams are “front” 
and “back” views, respectively; the front view corresponds to Figure 2b. 

substitutions at position 43: Leu, Trp, and Tyr perturb 
the interaction to some degree, changing the dissociation 
constant from 1 to about 20 nM, while Ile and Ala render 
the binding undetectable.% It is therefore likely that 
gp120 contains a specificity pocket to receive the 
exposed phenylalanyl side chain. The importance of 
the projecting conformation of the C’C” turn is clear 
from the effects of changes in Trp 62, which underlies 
the C’C” turn. Phe 43 is surrounded on the molecular 
surface by several positively charged residues that also 
contribute to the contact: Lys 35, Lys 46, and Arg 59.% 
The total area of the surface defined by residues 
identified in this way is about 900 A2. There is 
presumably a groove in gp120 complementary to this 
region. 

The interaction between CD4 and HIV involves more 
than simple docking. Some flexibility in the CD4 C’C” 
ridge is implied by comparison of coordinates from two 
different crystal forms.lQt3’ There are shifts of up to 2 
A at the top (Phe 43) and bottom (Pro 48) of the C” 
strand. Even larger conformational changes are be- 
lieved to occur in the native HIV envelope glycopro- 
teinqW HIV from many primary patient isolates has a 
low affinity for CD4, but gp120 dissociated from such 
a virus binds tightly.3s41 Moreover, as expected from 
this result, CD4 induces shedding of gp120 from the 
virus particles.42 Thus, the gp120/gp41 oligomer be- 
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haves as if it undergoes a cooperative allosteric tran- 
sition, with CD4 as the triggering liga11d.3~ There could 
be a significant conformational change in the gp120 
fragment when CD4 binds: alternatively, the quater- 
nary organization of the gp12O/g41 oligomer might 
simply interfere with proper docking of CD4 in the 
putative gp120 groove. In the former case, the con- 
formational change in gp120 required for CD4 inter- 
action would be accompanied by a loosening of its 
contact to gp41. In influenza virus hemagglutinin-the 
one case where the structure of a viral attachment 
glycoprotein is known&-receptor binding as such does 
not trigger a conformational change, but proton binding, 
which accompanies transfer to the low-pH endosomal 
compartment of a cell, does. There is loosening of the 
contact between the receptor-binding domain and the 
base of the hemagglutinin, and a concomitant exposure 
of a fusion activity.4 The properties of the influenza 
hemagglutinin thus provide a paradigm for thinking 
about the HIV envelope protein, with CD4 playing the 
combined role of receptor and conformational trigger. 
Drug development strategies could be aimed either at 
inhibiting the CD4/gp120 interaction in order to prevent 
binding or at  inducing the conformational change in 
unbound HIV particles in order to disarm the virus. 
CD4 mimicry might well be a useful starting point for 
both strategies. Soluble CD4 itself has been unsuc- 
cessful as a drug, because of the high concentrations 
needed to bind most HIV isolates.u The structure of 
the gp120 site and the nature of its linkage to a 
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pattern of effects involves interaction with more than 
one class I1 molecule, so that D1 is “surrounded” on 
both sides by class I1 contacts. In a T-cell, it is likely 
that CD4 will associate laterally with a TCR complex. 
Domains 1 and 2 will then project beyond the TCR and 
interact with the MHC class I1 molecule bound to it. 
Oligomerization of this TCR/MHC/CD4 assembly-by 
any of a variety of mechanisms-could bring more than 
one MHC molecule in contact with D1 and D2 from a 
given CD4. Clustering of TCR assemblies is indeed 
believed to be required for signal transduction and T-cell 
activation. The crystallographically-determined struc- 
ture of a class I1 MHC protein should soon be available,@ 
and docking studies may suggest a more specific model 
for the MHC/CD4 interaction in such a complex. 

conformational change will determine whether smaller 
molecules that resemble the C’C” ridge can circumvent 
this problem. 

CD4 as MHC Ligand 
The interaction of CD4 with class I1 MHC molecules 

has been more difficult to study than its gp120 binding, 
because the weak association can be detected only in 
a cell adhesion assay, where many contacts occur in 
parallel.5~~5 The conclusions drawn by different lab- 
oratories are not entirely consistent, but the actual 
results are relatively similar.28g- Mutation of various 
residues in D1 and D2 alters the observed adhesion or 
other measures of interaction. Those in D1 lie on all 
lateral faces of the domain, but not at the tip; those in 
D2 lie primarily in the D1-proximal part of the domain.” 
There is one report of an effect from D3,& but most D3 
changes do not appear to influence MHC binding.“ 
The simplest picture that can be derived from this 
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