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We investigated structural mechanism of juvenile hormone (JH) delivery by 
JH-binding protein (JHBP) based upon the crystal and solution structures of 
unliganded and JH-bound JHBP. The structural information derived from our study 
opens the way to structure-based design of insect growth regulators (IGRs) which 
inhibit complex formation between JH and JHBP, and thus disrupt JH signaling in 
Lepidoptera. 
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　Juvenile hormone (JH) plays crucial roles in many aspects of the insect life. All the JH actions 
are initiated by transport of JH in the hemolymph as a complex with an insect-specific JH-binding 
protein (JHBP) to target tissues. Hence, JHBP is expected to be an excellent target for safe insect 
growth regulators (IGRs) and insecticides. However, the lack of structural knowledge of the 
JHBP-JH complex as well as the unliganded JHBP prevents our understanding of the JH-binding 
mode and the molecular mechanism of JH delivery by JHBP. To gain such structural information 
required for effective development of IGRs, we determined the crystal and solution structures of 
the JH-bound and unliganded forms of recombinant JHBP of silkworn, Bombyx mori.  

The crystal and solution structures of the JHBP-JH complexes were determined by X-ray 
and NMR, respectively. As shown in Fig. 1A, the JH-bound JHBP adopts a gate-closed 
conformation where the bound JH is completely buried inside the carrier protein and thus 
is protected from unfavorable nonspecific absorption and enzymatic degradation during its 
transport in the hemolymph. 
JHBP recognizes the characteristic shape and functional groups of JH with high speci-
ficity by means of hydrogen-bond networks and hydrophobic contacts (Fig. 2). The func-
tional relevance of the hormone-protein contacts was confirmed by JH-binding 
assays of 23 JHBP single-mutants. 
We also determined the crystal structure of the unliganded JHBP (Fig. 1B). In this struc-
ture, the gate-helix resides in an open conformation which permits access of JH to the 
hormone binding pocket (Fig. 1B). 
The JH-bound JHBP opens the gate-helix to release the bound hormone likely by sens-
ing reduction of the dielectric constant at the membrane surface of target cells. 
Our structural biology study enables us to outline the molecular mechanism of JH deliv-
ery by JHBP in hemolymph from the corpora allata (CA) cells where JH is synthesized 
to the target cells where JH functions as shown in Fig. 3. 

Structural mechanism of juvenile hormone delivery in 
hemolymph by juvenile hormone-binding protein of 
silkworm 
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Future prospects 
1. 

 

 

Fig. 1. The crystal structure of JHBP-JH complex (A) and unliganded JHBP (B) 
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Chemicals that disrupt JH signaling by inhibiting JHBP-JH complex formation could be 
used as effective IGRs and insecticides against household and agricultural pests. The 
detailed molecular mechanism of JH recognition by JHBP provides the first opportu-
nity to rationalize computer-assisted design of such chemicals. This is the first report that 
provides structural insight into JH signaling. 

(A) The crystal structure of JHBP-JH complex (left) where the bound JH molecule is shown as a 
space-filling model (pink) and the gate-helix on the JH-binding pocket is highlighted in blue. 
Close-up view of the JH-binding pocket of the complex (right). (B) The crystal structure of the 
unliganded JHBP. The gate-helix shown in blue resides in an open conformation which permits 
access of JH to the binding pocket. 

Fig. 3. Proposed mechanism for 
JHBP-mediated JH transport in 
hemolymph from the CA cells to 
target cells 

(a) The free JHBP assumes 
various forms of the gate-helix. 
(b) JH binds to the open form at 
the CA cell surface. (c) In the fully 
closed form of the complex, the 
bound JH is completely buried 
inside the protein and is 
protected. (d) When the complex 
reaches the target cells, JHBP 
opens the gate to release the 
bound JH. 

Fig. 2. Interactions of JHBP 
with (A) the epoxide moiety 
and (B) the ester moiety of JH 
shown in ball-and-stick model 

Hydrogen bonds and stacking 
interactions are indicated by 
light blue and orange dotted 
lines, respectively. 
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