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An Application of Second Derivative CD Spectroscopy

Yanqiu Chen, Peng Zhou, Nina Berova,!
Hongzhi Zhang, and Koji Nakanishi®

Department of Chemistry, Columbia University
New York, New York 10027

Amedeo Failli,! Robert J. Steffan,!
Katherine Molnar-Kimber,! and Thomas J. Caggianot
' Wyeth- Ayerst Research
Princeton, New Jersey 08543

Received December 27, 1993

Although rapamycin 1! and FK-5062 inhibit T and B cell
proliferation through different pathways,® their immunosup-
pressive actions are thought to involve binding to FKBP.* The
structure of the rapamycin-FKBP complex has been determined
by X-ray®* and NMR.5®> We report that CD studies show
rapamycins 1-6 (Chart 1)% to interact differently with FKBP
and that conformational changes of 1-4 upon binding to FKBP,
better illustrated in second-derivative CD, can be associated with
drug activity.

CD spectra were measured by a JASCO 720 instrument at
ambient temperature. The protein’ and drugs® were purified by
HPLC, the purity of FKBP being confirmed by SDS-PAGE.
The CD of FKBP (Figure 1) agrees with the published spectrum?-10
which is consistent with the protein structure determined by
X-ray!! and NMR.!12 All six drugs (1-6) display positive and
negative CEs at ca. 210 and ca. 300 nm, respectively (Figure 2),
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Figure 1. CD curve of FKBP (21.2 uM, 0.1-cm cell) in 20 mM Na
phosphate buffer, pH 7.2, containing 0.002% reduced Triton X-100. The
concentration of FKBP was calculated from the ¢ value of 9860 (278
nm).™®

4

+30

+10
0
-10

-30

-50 - .
200 240 280 320 360

Figure 2. CD spectra of rapamycin 1 and analogs 2—6 (1-cm cell) in
ethanol. The concentration of rapamycin 1 was calculated from the ¢
value of 50 200 (277 nm, measured in ethanol) and 48 500 (276 nm) for
demethoxyrapamycin 2;8° those for analogs 3—6 were assumed to be the
same as for rapamycin 1.

Chart 1
COMPD Rt R2 R3 LAF150  Ppplage’Sa
(ICs0,nM )} (Kj, nM)
1 -OMe -OH -OH 6.4 0.14
2 -H -OH -OH 58.0 4.4
3 -OMe -OC(OMH -OH 43 19
4 -OMe OAc OAc 198.0 26
5 .OMe -OTBS -OTBS >1000 >1000
6 .OMe  BOC- BOC- >1000 >1000
Lys(BOC) Lys(BOC)

suggesting similar conformations.!* The positive 210-nm band
isan overlap of the 23-lactone n—=* transition with the 8,y-enone
CT band, while the negative 300-nm band is due to n—=*
transitions of the 15-, 27-, and 33-ones. The CD of the triene at
ca. 270 nm is weak, with some vibrational fine structures, and
overlaps with the 300-nm carbonyl bands.

The CD show that the analogs interact with FKBP to varying
degrees.!* For 1-3 (Figures 3a-c), the CD of coincubated solutions
of drugs and protein differ from the summation spectra of the
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Figure 3. Solid curves: CD spectra of FKBP in 20 mM Na phosphate
buffer, pH 7.2, containing 0.002% reduced Triton X-100 in the presence
of drugs 1-6 (1-cm cell): (a) 5.1 uM FKBP + 5.4 uM 1 (1.1 equiv of
1), (b) 2.9 uM FKBP + 2.5 uM 2 (0.9 equiv of 2), (c) 3.8 uM FKBP
+ 3.8 uM 3 (1.0 equiv of 3), (d) 3.7 uM FKBP + 3.2 uM 4 (0.9 equiv
of 4), (¢) 1.5 uM FKBP + 1.6 uM 5 (1.1 equiv of §), and (f) 4.8 uM
FKBP + 3.3 uM 6 (0.7 equiv of 6). Dashed curves: summation CD
curves of FKBP (in Na phosphate buffer) and drugs (in ethanol); same
concentrations for FKBP and drugs as mentioned above. The insets are
enlarged CD curves in the 240-340-nmregion. The drug—protein mixtures
were prepared by adding the drug in ethanol to the FKBP buffer solution
(ethanol volume was less than 1% of the final volume), followed by 20-
min incubation at room temperature.
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Figure 4. Second-derivative CD (solid) and UV (dashed) curves of
demethoxyrapamycin 2. Peak positions of the CD (filled) and UV
(unfilled) curves are indicated in cm-1; (a) free and (b) bound.

free drugs and protein in two aspects: (i) the negative CE at ca.
210 nm is stronger and (ii) the CE of the triene at ca. 270 nm
shows enhanced vibrational fine structure and undergoes sign
inversion (Figures 3 and 4). Similar spectra changes areobserved
in the case of compound 4, although to a less extent (Figure 3d).
In contrast, for analogs 5 and 6, the CD of coincubated solutions
of drugs and protein are superimposable on the summation spectra
of the drugs and protein (Figure 3e,f). Trends (i) and (ii)
demonstrate a tight binding of 1-4 to FKBP. The difference
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among rapamycins 1-6 in the CD spectra is reflected in the
bioassays; 1-3 strongly inhibit peptidyl-prolyl cis—trans isomerase
activity of FKBP and suppress thymocyte proliferation (see K;
for PPlase assay!s® and ICsy for LAF assay,!s® Chart 1),
Compound 4 displays a similar inhibitory effect but is less potent
(Chart1). Compounds 5and 6, on the other hand, show a greatly
decreased activity in both assays.

In the CD of 1-4 adducts with FKBP, the more negative 210-
nm CE cannot be fully interpreted due to overlap in the CD of
the protein and drugs; however, the changes in the CD at ca. 270
nm are assignable to the drug moiety since FKBP lacks absorption
inthisregion. Ananalysisof 270-nm CD changes due to protein—
drug complexation becomes feasible by second derivatization, as
illustrated for 32-demethoxyrapamycin 2 (Figure 4; peak signs
invert). The second-derivative analysis was developed during
studies on the CD library of oligosaccharides.!-18 Since wave-
numbers of positive peaks in the second derivative of the ca. 270-
nm CD band of free 2 (Figure 4a) match those of the negative
UV peaks, they represent positions of the fine-structured peaks;
moreover, the 1600-1650-cm-! intervals between these peaks
correspond to the IR frequency of conjugated C—=C bonds. The
fine structure therefore arises from the triene moiety, the CE
sign of which is negative. Wavenumbers of the peaks at 270 nm
inthe second-derivative CD of 2-FKBP adduct (Figure 4b), again
match those of the UV, with intervals of 1600-1650 cm~! in both
spectra. Thesecond derivative CD peaks are negative, and hence
the CE sign is positive. The enhanced fine structure in the 14
and FKBP complexes (Figures 3a—d), relative to free compounds,
demonstrates that the triene moiety adopts a more planar and
rigid conformation; the enhancement of vibrational fine structure
in planar, rigid polyene systems is well documented (e.g.,
retinoids).!® The influence of FKBP on the triene is substantial,
as seen in the sign inversion at 270 nm from negative (free drug)
to positive (bound drug).

Crystallographic and NMR data indicate that the triene
protrudes from FKBP binding pocket with little change between
free and bound rapamycin;® on the other hand, CD suggests that
the protruding triene undergoes subtle conformational changes
upon binding to FKBP. It is possible that this conformational
change isimportant in the binding of the rapamycin~FKBP adduct
to its effector protein, as reflected in the LAF assay. Such
information gained from the CD of drug—protein complexes should
bevaluable in elucidating the interaction on 2 molecular structural
basis. CD spectroscopy, coupled with second derivative analysis
method, offers a unique tool for studying subtle conformational
changes arising from ligand—-receptor interactions.
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