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Recent nonhuman primate studies and clinical trials suggest that antibody-mediated protection 
against HIV-1 will require anti-envelope (Env) humoral immunity beyond direct neutralization, to 
include Fc-receptor effector functions such as antibody-dependent cellular cytotoxicity (ADCC). 
In parallel, strong evidence points toward the transitional and non-neutralizing A32-like epitopes 
(Cluster A) of HIV-1 Env as major targets for potent ADCC responses. We were first to define 
these epitope targets at atomic level by describing structures of several A32-like antibodies in 
complexes with CD4-triggered gp120. Our studies mapped the A32-epitope into mobile layers 1 
and 2 of the inner domain (ID) of CD4-triggered gp120. Here, we describe a stable molecule 
expressing the C1-C2 region epitopes within a minimal structural unit of HIV-1 Env. Through two 
phases of structure-based design we developed a construct, referred to as ID2, which consists 
of the inner domain of gp120 expressed independently of the outer domain and stabilized in the 
CD4-bound conformation by an inter-layer disulfide bond. Each phase of the design process 
was visualized and validated at the molecular level by structural analysis of ID variants 
complexed with anti-Cluster A antibodies as well as by functional testing. Our data indicate that 
ID2 expresses the C1-C2 epitopes involved in potent ADCC within the context of a CD4-
triggered full-length gp120, but without the complication of other epitope regions. Thus, ID2 
represents a novel candidate probe for the analysis and/or selective induction of antibody 
responses to the A32 epitope sub-region. We also present the crystal structure of ID2 
complexed with mAb A32, the canonical antibody of the Cluster A region. This represents the 
first structural analysis of mAb A32 bound by its Env antigen defining its epitope. 
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