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The remarkable natural product rapamycit (vas first
identified as an antifungal compouhand later shown to be a
potent G1/S cell cycle arrest agent with potential therapeutic
applicationg Rapamycin’s unique mechanism of action is now Figure 1. A ribbon diagram of the asymmetric unit of FRB. Note the
understood in considerable detail. It forms a tight complex (Kd four helix bundle motif of FRB, the side chain of Leu206&nd the
= 0.2 nM) with the cytoplasmic FK506 binding protein binding pocket formed by the crossing of helices anda4.1°
(FKBP12), and the rapamycin-FKBP12 complex in turn binds
(Kd = 2 nM) to the FKBP-rapamcyin associated protein regionis unknown. FRB appears to bind an as yet unidentified
(FRAP)23 The inhibition of FRAP by FKBP12-rapamycin ligand that regulates FRAP's kinase activiyland rapamycin’s
blocks multiple downstream signaling pathways and leads to effector region may resembile this ligand. An atomic resolution
cell cycle arrest. FRAP, a member of a rapidly growing class ~ structural analysis of FRB has provided an interesting pepti-
of kinases involved in cell cycle progression and checkpdints, domimetic analysis of the most deeply buried atoms of
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Single crystals of FRB were grown by vapor diffusion in
space groupP2:2:2; with a = 29.94,b = 59.21,c = 123.54 A
and two moleculesZ = 8) in the asymmetric unit. A set of
2.33 A resolution intensities was collected at the F2 station of
CHESS using 1.01 A X-ray®¥ The structure was solved using
molecular replacement techniques and refined using a simulated
annealing procedure to a fin®factor of 22.4% with a free-
R-factor of 34%!* A ribbon diagram of the final model is given
in Figure 1.

FRB is an X-shaped four helical bundle with three underhand

has 2549 reSidueS, and Only a small 100-residue domain, the|oops and approximate dimensions of 845 x 30 A (Figure

FKBP-rapamcyin binding (FRB) domain, interacts with rapa-
mycin in the ternary FKBP12-rapamycin-FRAP comptex.
Atomic resolution three-dimensional structures of FKBP12-
rapamycifi and FKBP12-rapamycin-FRBhave revealed the
structural basis for rapamycin’s ability to bind both proteins.
An intriguing question for any natural product is the extent
to which it mimics a peptidic ligand or substrate, and earlier

work addressed the peptidomimicry of rapamycin and its closest

relative FK506%° Rapamycin {) has two distinct regions: one

1). Helicesal anda?2 are parallel as are helices8 ando4,

and the crossing angle betweeh-o2 ando3-a4 pairs is 40.

The overall geometry of FRB in this structure is remarkably

similar to that in the FRB-rapamycin-FKBP12 structuvéth

a mean deviation of only 0.61 A for main-chain atoms and 1.11
A for side-chain atoms. The greatest differences occur in the
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FRB. FKBP12 is a peptidyl-prolyl isomerase, and its kinetic

preference for leu-pro suggests that the FKBP-binding portion P-

of rapamcyin 1) is a leu-pro mimié More recently FKBP12
has been found to bind to a cytoplasmic domain of BGF
receptord? ! and binding requires a leu-pro sequefterhe
effector region of rapamycinlf binds FRB in a shallow
hydrophobic pocket, and the degree of peptidomimicry of this
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Figure 2. A stereoview of the binding pocket of FRB. Side chains contributing to the binding pocket are shown in light blue for the FKBP12-
rapamycin-FRB complex and in light red for the FRB-FRB complex. Rapamycin from the ternary complex has black atoms and light blue bonds,
and the selected atoms from FRB are shown in CPK colors with light red B&nds.

loop connectingn2 to a3 and the N-terminal portion of3 buried in an FRB-FRB interaction than in a rapamycin-FRB
(Figure 1) where mean differences between main-chain atomsinteraction (960 Avs 805 &). The Leu2065 side chain forms
for residues 2059 to 2065 are 1.39 A. In the ternary complex, van der Waals contact with Leu2031, Tyr2105, and Phe2108,
this region is exposed to solvent, while in the FRB structure, while the main chain NH forms a hydrogen bond (2.83 A) with
Leu2065 at the end of the loop interacts with a neighboring the hydroxyl of Ser2035all residues that interact with rapa-
FRB (Figure 1). mycin. In one of the two binding pockets, the side chain of
Rapamycin binds to FRB in a shallow hydrophobic pocket Glu2032 forms hydrogen bonds with the amide NH of Lys2066
at the crossing point of helicesl anda4. The residues that  and the side-chain hydroxyl of Thr2064.
most strongly interact (Tyr2105, Leu2031, Ser2035, Phe2039, The most striking feature of the structure is the congruence
Trp2101, and Phe2108) are hydrophobic, mostly aromatic, andbetween the deeply buried atoms of rapamycin and the side
conserved in the close homologs of FRAP such as RAFT, chain of Leu2065 (Figure 2). The atom pair§1=-C45, &2—
TOR1, and TOR2:” The atoms from rapamycin involved in €22, G/—C23, @3—C24, and @—C25 have a mean deviation
bonding are primarily those at the end of the triene arm (C19, of 0.8 A if the two binding pockets are superimposed (Figure
C20, C21, C22, C23, and C45, the ghttached to C23, see  2). In addition, C26 and C27 of rapamycin correspond to main-
1).” The C45 methyl is the most deeply buried and fits into @ chain atoms of Thr2064 and Leu2065, while the carbonyl
crease between Phe2108 and Leu2031 (Figure 2). oxygen attached to C26 corresponds to the carbonyl oxygen of
While the original motivation for the structural analysis of Thr2064 (Figure 2). This correspondence strongly suggests that
unliganded FRB was assessing whether FRB’s hydrophobic a portion of rapamycin’s effector domain mimics a leucine side
binding pocket partially collapses in the absence of ligand and chain. On this basis, we predict that the endogenous ligand(s)

rapamycin’s effect on the conformation of FRB, the occupation of FRB will use a leucine residue as an important binding
of the binding pocket by the Leu2065 side chain indicates a element.

strong preference for a filled binding pocket. The two crys-
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result in slightly more solvent accessible surface area being JA972098W



