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mediate, we note the well-precedented migrations of phenyl and
other carbon substituents from coordinated tertiary phosphorus
centers to transition metals.>! A recent example of a phenyl
migration from silicon to platinum has also been reported.!! These
results demonstrate for the first time that analogous migrations
from ligated carbon atoms may also be feasible.
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Anti-DNA autoantibodies (anti-DNA) are a hallmark of the
autoimmune disorder systemic lupus erythematosus (SLE). Most
subjects with active SLE spontaneously produce antibodies that
bind both double-stranded and single-stranded DNA (dsDNA and
ssDNA, respectively).!? Deposition of these anti-DNA-DNA
complexes in the kidneys is thought to mediate the tissue injury
associated with SLE. However, the elements of DNA that are
targeted by anti-DNA have not been identified.* One problem
in trying to correlate anti-DNA specificity with DNA structure
is that binding may be accompanied by conformational changes
in polynucleotide ligands, facilitating a better fit to the antibody
combining site (“induced fit”).* For example, studies of anti-
body—protein,® antibody-peptide,® protein—-DNA,’ and protein—
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small molecule complexes® show that structural reorganization
of ligands can help stabilize biomolecular complexes.” We have
examined the importance of induced fit in anti-DNA-DNA binding
and report that monoclonal anti-ssDNA BV04-01,'° which is
typical of anti-DNA in lupus-prone mice, forces structural changes
in DNA ligands upon binding.

X-ray analysis of an F(ab) fragment from BV04-01 bound to
d(pT); and d(pT)¢ has provided insight into the molecular basis
of anti-DNA-DNA recognition.!! In these complexes the DNA
conformation is very different from the extended stacked geometry
of oligo(dT),'? which suggests that the antibody might drive this
conformational change.'> To explore this hypothesis we studied
BV04-01 recognition of four DNA hairpin sequences'* (1-4) along
with disulfide cross-linked analogs of these molecules (5-8).!° If
conformational reorganization of the hairpins is required for
binding, then BV04-01 should possess a lower affinity for the
modified sequences, since the disulfide bond renders them resistant
to structural changes.'® However, if preorganization is important
for complexation, then the more rigid oligomers should bind with
equal or greater affinity than the unmodified ligands.!?

In preliminary experiments an enzyme-linked immunosorbant
assay demonstrated that the hairpin loops were recognized by the
antibody.'® The affinity of BV04-01 for 1-4 was then measured
by gel shift assay (Figure 1, top).'* Hairpin 1 binds more tightly
than the other three ligands, which is consistent with solid-phase
binding data that indicate a preference for thymidine (Figure 2).
When binding to cross-linked hairpins 5-8 was studied, a sub-
stantial increase in K relative to the unmodified hairpins was
observed (Figure 1, bottom). Moreover, the relative affinity of
the antibody for the unmodified ligands is different from the
specificity displayed toward the cross-linked molecules. This
suggests that the mode of binding to the wild-type and cross-linked
hairpins may be different.

If the weaker affinity of BV04-01 for 58 results from the
constraint imposed by the cross-link, then removing this constraint
by reduction of the disulfide bond should afford a set of ligands
that bind with roughly the same affinity as the unmodified
hairpins. Indeed, BV04-01 recognition of 9-12 is nearly indis-
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Figure 1. Representative gel shift data. (Left) Hairpin 1. (Right) Hairpin 5. ["P) end-labeled hairpin (0.1 nM, ~ 2300 cpm) was titrated with antibody
in TBE at pH 8.3. After equilibration for | h at 25 *C the mixtures were loaded onto a 6% polyacrylamide gel (9:1 acrylamide:bisacrylamide) at 300
V for 90 s and then clectrophoresed at 106 V for 30 min at 4 °C. The high cross-linking ratio affords a nonrestrictive gel that permits the complex
to enter the matrix.”™ The gels were then autoradiographed at -70 °C for 18 h. To determine K, values, DNA concentrations were quantified by
densitometry and the data were fit to the binding isotherm for the equilibrium Ab + DNA .+ Ab-DNA by nonlincar least-squares regression. The
protein concentration at which half the DNA is bound corresponds to the apparent K.
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Figure 2. Apparent dissociation constants for BV04-01-hairpin complexes
(K, per 1gG binding site, nM). Each K is the average of at least three

scparate measurements with the associated error representing error 1o the
fit.

tinguishable from binding to 1-4.>' To provide further support
that BV04-01 alters the structure of DNA upon binding, we
synthesized 13 and 14, which are less stable than 1.7 If induced
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fit is important for complexation, then less binding energy will
be needed for structural reorganization of these new hairpins,
resulting in tighter binding to the antibody. Gel shift measure-
ments showed that both 13 and 14 form tighter complexes than
1 with BV04-01 (K4(13) = 17 £ 3 nM and K(14) = 22 + 4 nM).
However, the differences in stability between 1 and 13 and 1 and
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14 are not fully expressed as added binding energy, which suggests
that the hairpins may not be completely unfolded when bound
to the antibody.

To illuminate the specificity of anti-DNA, future studies must
focus on examining both free- and bound-state DNA geometries.
Such data will hopefully guide the synthesis of molecules that
specifically block autoantibody recognition of DNA and form the
basis for new and effective therapies to combat SLE.
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The metal-catalyzed reactions of a-diazocarbonyl compounds
with alkenes' and alkynes’ are widely employed in the synthesis
of hetero- and carbocyclic organic molecules. A central mecha-
nistic consideration in these reactions is the nature of the inter-
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