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Chiral discrimination in the quenching of the luminescence
from dissymmetric lanthanide complexes such as Tb(lll) tris-
(pyridine-2,6-dicarboxylate dianios DPA) by chiral transition-
metal compounds provides a clear example of molecular recog-

nition between reacting species. Such studies have involved metal

tris chelates,Cr or Rh nucleotide complex@derri cytochrome

¢,2 blue copper proteins, and vitaminRlerivatives as quenchets.
The luminescence quenching by,Bnd B, has been ascribed
to energy transfer from the luminophore to the corrin chromophore
and it has been showthat it occurs at short distance in a specific,
hydrogen-bonded, complex formed by diffusional encounter of
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Anti-B 1, antibody and haptocorrin (HC), a protein also known
as non intrinsic factor or R-proteinpind B, and B, very
strongly®-8 therefore in our experiments the dissociation of the
protein—B;, complexes may be neglected.

Typical results for the complexation of the monoclonal antibody

with B;, and Byp,are shown in Figure 1. Addition of anti;Bto
a solution containing 0.2 mM Th(DP4) and 3uM B, results
in an initial increase of the two diastereomeric rate constants,
ki* andk®. When the ratio of théotal concentrations of antibody
and By, ([anti-B;,)/[B1J]) is near 0.5, a point of inflection occurs.
Upon further increase of immunoglobulin concentration, the rate
constants show an overall decrease. It is known that the antibody
can bind two B, molecules, and this explains the changes in
the titration curves near [anti;RB/[B 1] = 0.5. We have verified
that in the absence of vitamin;Bthe proteins do not quench
Tbh(DPA)®~ emission. At each antibody concentration studied,
he quenching rate constants have been determined by fitting a

iexponential function with equal amplitudes to the emission
decay tracé® Time-resolved CPL measurements at [anti}B
[cobalamin]= 0 and~0.5 yield results consistent with that from
the luminescence decay experiments.

While for the bare B, only a very small dependence of the
guenching rate on ionic strength (1) is obserd¢amnsistent with

an excited lanthanide species and the cobalamins. Here we reporB12z P€ing a neutral species, addition of NaCl to a sample with

that complexation of the corrinoids with,B.—binding proteins,
which affects the accessibility of the corrinoid in the.G—protein
complex toward the luminophore, is reflected in the enantiose-
lective-quenching behavior. The latter property therefore provides
information on the binding site(s) of the proteins fas;Bhe chiral
lanthanide complex acts as a probe for the complexation of the
two biomolecules.

In aqueous solution at room temperature, Th(DPA)ab-
breviated, Tb) occurs as a racemic mixture of theand A
enantiomers. Interconversion rate is fast on the laboratory time
scale, but slow as compared to the lifetime of the excited state
(Tb*, 2.1 ms). Addition of small quantities of the corrinoids
causes a shortening of the lifetime of teTb* and A-Tb*
species and, due to chiral discrimination in the dynamic quench-
ing, the A-luminophore is quenched faster than its enantiohmer.
This gives rise to a biexponential decay of the Th* luminescence
(with decay constantk; = k, + k*[Q] and k; = k, + Kk [Q],
wherek, is the reciprocal lifetime in the absence of quencher
and [Q] is the quencher concentration). It also leads to a
development of circular polarization in the luminescence (CPL)
after exciting the Th species with a pulse of unpolarized light.
Analysis of the luminescence intensity decay curve yields the pair
of bimolecular quenching rate constarkg, andk,*, from which
one finds the absolute value of the degree of enantioselectivity
in the quenching reactioft = (k* — kq™)/(ks® + k). Analysis
of the time-dependent CPL signal yields a value ff (— k%),
which can be compared to the same quantity obtained from the

[anti-By7]/[B 15 ~ 0.5 significantly reduces the quenching rates
of Tb*. This indicates that the increased quenching ability of
the antibody-B, complex is, at least partly, due to an attractive
electrostatic interaction between Th(DR#&)and the complex.

In turn, this shows that the antibody has a positive charge density
near each of the two (equivalénB;, binding sites, implying

the presence of lysine, aginine, or histidine residues in the binding
region of the antibody. We explain the slow decrease of the rate
constants in the region [anti:B/[B1;] > 0.5 by the increase of
ionic strength due to addition of antibody solution.

The enantioselectivityHy) in the quenching of Tb* by B
amounts to—0.22+ 0.01, see Figure 1. Upon addition of anti-
body, it decreases and appears to reach a plateau value of about
E;= —0.04+ 0.015, which we interpret as the chiral discrimina-
tion when the antibodyB;, complex acts as the quencher.

With Bi2a (lower part of Figure 1) the behavior &, with
increasing antibody concentration is very similar to that with B
but the quenching rates behave more complex. First, a sharp
decrease is observed, followed by an increase until, near [anti-
B17)/[B 124 = 0.45, an inflection point is reached; finally, the rates
slowly decrease. The initial decrease, which is the most striking
difference in comparison with B, deserves further stud{:*

(5) Monoclonal anti-vitamin B, (mouse ascites fluid) clone CD-29 (Lot
061H4824) was obtained from Sigma Chemicals. Haptocorrin was purchased
from Sigma Chemicals as well where it is available under the name non
intrinsic factor from porcine gastric mucosa (Lot 33H9522). Concentrations
of these By -binding proteins were calculated from data supplied by the

(less time consuming) luminescence decay technique and allowsmanufacturer. In all measurements, Th(DFPPA)Juminescence was monitored

for an important independent check on the internal consistency
of the two analyse¥.
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does not substitute the cyanide ligand i Bef 11).

© 1998 American Chemical Society

Published on Web 06/14/1998



6414 J. Am. Chem. Soc., Vol. 120, No. 25, 1998 Communications to the Editor

[antiB4)(B1 2] [HCV[B45]
0.0 05 1.0 15 2.0 25
00w by by by
— 4 ‘
C 1.2
L3 o F e
L ~ 08 <
L b= L s
}- xa- r o
E x L x
— Lo} x
- 2 ‘o 04 %
L - L e
C - 0.0
[ C
[ s F
C [ 4 o
E T =
C 4 'TE L 5
o F Lo &
- x o
L © r -
-3 '9
C 0
7 ° 000 025 050 075  1.00 125
0.00 025 0.50 075 [HCV[B124])
[antiB12)/[B123) Figure 2. Effect of haptocorrin on the quenching of Th(DRA)
Figure 1. Effect of anti-B, antibody on the quenching of Th(DPA) luminescence by B and Bi2a Symbols and sample conditions are as in

luminescence by B (upper half) and B (lower half). E, values Figure 1, except for [B] = 9 uM and [Bizd = 7 uM.

(triangles, vertical bars denote the standard error) and valugs @pen

circles) andkg® (filled circles) plotted against the ratio of the total  consistent with the complexes being inefficient quenchers. This,
cobalamin and antibody concentration. Sample conditions: [Tb(PA)  in turn, points to a structure in which the cobalamin is shielded

= 0.2 mM, 10 mM Hepes buffer, pH 7.2, [Ra] = 3 uM. from the Tb* species in the solution by the haptocorrin. The
] ) ] ) shielding might be due to electrostatic repulsion between nega-
The observation that quenching by the protetobalamin com-  tjyely charged groups in the vicinity of the binding site of the

plex is very efficient, combined with the notion that the energy protein, but the observed insensitivity of the quenching ability of
transfer rate strongly decreases with Figuencher distance, says  the protein complex toward salt concentration argues against this
that the B, and Bi. molecules are not shielded by the antibody explanation because counter ions are expected to attenuate this
from the solvent but rather are bound at the outside of the protein, repulsion. Encapsulation of the cobalamin by the protein could
still accessible to the luminophores in the solution. The change gi5q prohibit contact between lanthanide complex and quencher.
in Eq upon complexation with the immunoglobulin gives further - The scarce information available on the structure of theBG
information on the structure of the antibodgobalamin complex.  complex is that cobalamines bind to (chicken serum) haptocorrin
We elsewhere repdrthat the enantioselectivity in the quenching  ncleotide loop down with the uppeg)(axial ligand facing the

by free B and Boa (Eq ~ —0.22) reflects differences in the  so|ytion and accessible for substitutin There are indications
strength of binding ofA- and A-Tb to, most likely, the amide  hat the cobalamin is held rigidly by the protein and that its
group on the a and g amide side chains of the cobalamins (andpenzimidazole ligand may be replaced by a ligand donated by
concomitant differences in the energy transfer rate in the two the protein upon binding Of this structural information, the
diastereomeric complexes). The different valueEgffor the accessibility of thes axial ligand of Co(lll) for substitution

vitamin-antibody complexes~-0.04), shows that the energy  conrasts with the shielding of the cobalamin by HC from the
transfer no longer involves the same site on the cobalamin. ThisTp_chelate. which we propose.

then, in turn, indicates that the a and/or g chain are involved in
the binding of the cobalamin to the antibody.

Figure 2 shows the effect of haptocorrin on the quenching
process with B, and By, In contrast to the case of antizBan
almost linear decrease of the quenching rate constants upo
addition of HC is observed until an equivalence point is reached
near [HC]/[B,g] = 0.9 and [HC]/[B.] = 0.85, indicating the
binding of one corrinoid per protein molecule. The HC/cobalamin
complexes are very inept quenchers; from the data in Figure 2,
their quenching rates are estimated to8x 10f M~ s, which
is more than 1 (B) and 2 (B, orders of magnitude smaller
than that of the free vitamins.

For samples with [HC]/[B;] or [HC]/[B12d > 1, raising the
ionic strength to 0.3 M does not measurably increase the
guenching rate. Due to the smallness of the quenching rate
constantsk, values for the HEcobalamin complexes could not  JA9807688
be determined. ThE, data in the region G [HC]/[cobalamin]

< 0.6 indicate that the enantioselectivity is constant, which is  (12) Brown, K. L.; Brooks, H. B.; Behnke, D.; Jacobsen, D. WBiol.
Chem.1991, 266, 6737.

(11) Pratt, J. M.Inorganic Chemistry of Vitamin 8 Academic Press: (13) Nexg, E.; Olesen, H. 1By, Vol. II; Dolphin, D., Ed.; Wiley & Sons:
London, 1972. New York, 1982.

In conclusion, the enantioselective-quenching Th(DfA)
luminescence yields structural information about thg-rotein
complexes. The B and By, molecules bind to the outside of
the antibody near positively charged amino acid residues, and

nthey are well accessible to ions in the solution. This binding
probably blocks the amide groups of the a and/or g side chain in
the corrinoids. In contrast, 1B or Bisy Which binds 1:1 to
haptocorrin, is shielded from negative ions in solution, suggesting
that the cobalamin is “buried” in the protein or perhaps attached
at a site with negatively charged residues in the neighborhood.
The present results offer also an analytical prospect: quenching
of Th(DPA)3~ emission can be used as a probe to determine the
stoichiometric point of complexation reactions of corrinoids with
proteins.




