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Structure of an N-terminal Ta Peptide Inserted into a Hydrophobic Pocket of
the Mammalian C. elegans Homolog, UNC119

Desensitization of Phototransduction

In animals subjected to dark-adaptation, the phototransduction cascade of rod
photoreceptors is extremely sensitive and capable of responding to a single photon.
Signalling in response to light is initiated by the receptor, rhodopsin, and mediated by the G
protein, transducin, consisting of three subunits--a, B and y. The transducin a-subunit
contains the guanine nucleotide exchange site and is membrane-associated via N-terminal
lipidation at Gly-2 carrying a side chain C12:0, C14:1, C14:2 or C14:0. Transducin B- and y-
subunits, forming a heterodimer, are membrane-bound via the C-terminal farnesylation of
Ty. A fascinating observation is that transducin translocates to the rod inner segment in-
bulk during intense light exposure. In the translocation process, transducin is displaced from
disc membranes which has the effect of desensitizing the signalling cascade, which
constitutes an important mechanism for light adaptation. Under intense light, Ta®™ and TRy
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(A,B) UNC119 co-crystallized with the acylated Ta peptide, shown in two orientations. The lauroyl
chain (green) and ten amino acids of the Ta peptide (dark gray) fit in the UNC119 hydrophobic
cavity formed by an immunoglobulin-like B-sandwich fold. In B, UNC119 is viewed after a 90°
rotation around the vertical axis and the individual B-strands are labeled ($1-9 in yellow).

translocate individually to the inner segment (IS) by diffusion with a t;; of ~3 minutes.
Both Ta and TPy return to the outer segments (OS) slowly in hours during prolonged dark-
adaptation. A key component for the return of Ta to the OS is the acyl-binding protein,
Uncoordinated 119 (UNC119). UNC119 interacts with transducin via the acyl side chain
attached to G2. To test for its physiological function, we exposed WT and Unc119~~ mice to




intense light for 60 min followed by prolonged dark-adaptation (0-24 hours). Return of Ta is
nearly complete in WT photoreceptors after three hours of dark-adaptation, yet a significant
amount of Ta remains associated with Unc119~~ inner segment membranes suggesting that
return to the OS is mediated by UNC1109.

Co-crystal structure of a lipidated Ta N-terminal peptide with UNC119

Isothermal titration calorimetry (ITC) was the method used to determine the binding
constant of acylated N-terminal G protein a-subunit peptides with UNC119. ITC measures
the binding enthalpy of two reactants, thus enabling the resolution of two or more binding
sites. ITC experiments showed that lauroyl- and myristoyl-GAGASAEEKH each exhibited
tight binding at a single site with Kps of ~0.54 uM £+ 0.28 pyM and 0.22 uyM %= 0.14 uM,
respectively. Crystal structure at 1.958 resolution reveals that UNC119 adopts an
immunoglobulin-like B-sandwich fold. Our structural and biochemical results suggest that
the lipid is inserted into the hydrophobic cavity centered within the B-sandwich. Co-crystal
structure of UNC119 with the lauroylated Ta peptide (2.0 A) shows that the pocket easily
accommodates a lauroyl (C12:0) moiety in a very specific fashion as each molecule in the
asymmetric unit of the crystal contains a similarly bound ligand. The cavity is lined by
hydrophobic residues (predominantly Phe and Tyr) that mediate the interaction with the
lauroylated Ta peptide primarily by Van der Waals forces.
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Stereoview of UNC119 residues and key water molecules interacting with the Ilauroyl-
GAGASAEEKH ligand. The hydrogen-bonding network (black dashed lines) limits the depth to
which the Ta peptide can penetrate UNC119. Hydrogen bonds were included if the average of the
bond length for all six molecules in the asymmetric unit was <3.2 A and satisfied appropriate
hydrogen bonding stereochemistry. UNC119 residues (yellow) contrast with the lauroyl side chain
(green) and attached Ta peptide residues (dark gray).




Remarkably, the entrances to the lipid-binding sites of PrBP/d and RhoGDI, two known lipid
binding proteins that exhibit similar immunoglobulin-like B-sandwich folds, do not exist in
UNC119 but instead are found on the opposite edge of the B-sandwich.

The lauroyl group and Ta peptide residues 1-6 are buried deeply in UNC119's hydrophobic
pocket, whereas peptide residues 7-10 make only peripheral contact with UNC119 and are
poorly ordered. In general, the pocket residues form a surface that is highly complementary
to the ligand shape which accounts for the high degree of conservation between the N-
terminal residues of Ta and contacting residues of UNC119. These interactions provide
specific recognition of N-terminal groups that define the location of the peptide-acyl junction
within the UNC119 cavity, thereby establishing the acyl chain length that can be
accommodated.
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