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AbstractÐTwo immunogens (5,6) and two probes (¯uorescent 7 and chemiluminescent 8) were prepared from benzyl ester (ÿ)-10.
These immunoreagents (5,6 and 7,8) are useful for detection of collagen cross-link (+)-deoxypyrrololine (Dpl, 4), and for devel-
opment of assays for osteoporosis. # 2000 Elsevier Science Ltd. All rights reserved.

Bone is composed of 90% of collagen, a family of pro-
teins, which governs its biochemical properties and
integrity.1 Lysine and hydroxylysine constitute two
important building blocks of bone collagen. During the
process of bone maturation, the lysine and hydroxy-
lysine residues undergo enzymatic transformations,
catalyzed by lysyl oxidase, to form the cross-links
between the neighboring collagen molecules. Two types
of cross-links, pyridinium cross-links (pyridinoline
(Pyd, 1), deoxypyridinoline (Dpd, 2)) (Fig. 1) and pyr-
role cross-links (pyrrololine (Pyl, 3), deoxypyrrololine
(Dpl, 4)) are formed in this enzymatic process.2,3 Bone
formation and resorption, the two important processes
of bone metabolism, can be assessed by studying the
bone matrix components, e.g. cross-links (1±4). Addi-
tionally, in recent years, the pyridinium cross-links (1,2)
have attracted much attention as clinical markers for
osteoporosis.4 However, the studies of pyrrole cross-
links (3,4) were hampered due to its nonavailabity and
unstableness to the isolation conditions which require
acidic hydrolysis.5±7 In this context, we have recently
synthesized the pyrrole cross-link, (+)-Dpl (4)8 to
facilitate the studies on pyrrole cross-links. In this
paper, we report the synthesis of immunoreagents
(immunogens (5,6) and probes (7,8)), which are needed
for detection of (+)-Dpl (4), and for studies of bone
metabolism by immunoassay techniques (for studies on
pyridinium cross-links, see refs 9±11).12,13

Since the low molecular weight compounds (e.g.
cross-links 1±4) do not as such induce the formation of

antibodies, they need to be conjugated to a carrier
protein, thus forming an immunogen.14,15 These immu-
nogens are then used for inoculation of an animal (e.g.
mice, hamster, rabbit, sheep) for production of anti-
bodies. There are a number of important issues which
need to be considered when preparing the immunogens,
such as: site of the analyte modi®cation, selection of
carrier protein, choice of linking arm, method of con-
jugation and the hapten density.16,17 More importantly,
the chirality of optically active analytes (e.g. Dpl, 4),
needs to be preserved in preparing the immunoreagents.
In order to allow the host animal's immune system to
recognize the chiral centers and overall structural
topology of Dpl (4), we envisioned site speci®c attach-
ment at the 2-position via amide functionality with
incorporation of 6-aminohexanoic acid as a spacer
between Dpl (4) and carrier protein. This is important,
since in the case of thyroxine (T4),

18,19 we observed that
the anti-thyroxine antibodies, which were raised from
an immunogen prepared by direct conjugation of the
carboxylic acid of T4 to carrier protein, were blind to
the chiral center. Additionally, since the pyrrole cross-
links are reported to be unstable, the amide function-
ality at 2-position of pyrrole ring in the immunoreagents
will increase their stability. Bovine serum albumin
(BSA, molecular weight: 66,430 Da) and keyhole lim-
phet hemocyanin (KLH, molecular weight: 450±13,000
kDa) are the two commonly used carrier proteins for
the preparation of immunogens. Although the immu-
nogens prepared using KLH as carrier protein are di�-
cult to characterize due to the poor solubility and
variable mass, they are frequently used for production
of antibodies. Since the antibodies produced for carrier
protein are also present in the host animal bleeds, an
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alternative hapten-carrier protein conjugate such as
KLH-immunogen, is required to select the anti-analyte
antibodies. Therefore, the key hapten, (ÿ)-13, a mod-
i®ed Dpl (4) with a linking arm 2-position of pyrrole
ring, was envisioned from (ÿ)-ester (10).

Accordingly, the (ÿ)-benzyl ester (10), which was pre-
pared from glutamic acid derivative (S)-9,9±11 upon
hydrogenolysis, and activation using (Scheme 1) HOSu
gave the corresponding succinimidyl ester, which was
reacted with benzyl-6-aminohexanoate (11) in the pres-
ence Et3N to a�ord (ÿ)-12 in 74% yield. The benzyl
group in (ÿ)-12 was removed by hydrogenation over
Pd/C in ethanol to give the key hapten (ÿ)-13 in 97%
yield. The acid (ÿ)-13 was activated with HOSu and
EDAC in CH2Cl2 and conjugated to BSA in THF and
bu�er (pH: 8.0) at room temperature. After 24 h, the
crude reaction mixture was puri®ed by dialysis to
remove the hydrolyzed hapten (ÿ)-13 and other low
molecular weight impurities. Lyophilization of the prod-
uct gave an immunogen precursor (14) in which the
amino groups were unmasked using tri¯uoroacetic acid

and water. The immunogen 5 was puri®ed by dialysis
and obtained as a white powder after lyophilization.
Analysis of immunogen 5 by gel electrophoresis20

showed a single narrow band indicating its homo-
geneity and the absence of free and polymeric BSA. The
resolution of gel electrophoresis is, however, inadequate
to determine the hapten density. Therefore, the immu-
nogen 5 was analyzed by MALDI21 and its molecular
weight was found to be 81,503, which represents an
average of 27 haptens incorporated per BSA. The
immunogen 6 was also prepared from (ÿ)-13 and KLH
by following the procedure developed for 5.

Fluorescence polarization immunoassay (FPIA)22 and
chemiluminescence immunoassay (CLIA)23,24 are two
commonly used immunoassay clinical systems for mea-
surement of analytes. These technologies require ¯uor-
escent and chemiluminescent signal generating probes,
respectively, which are commonly referred to as tracers.
In order to allow the tracer to mimic overall topology of
the hapten, which was used to prepare the immunogen,
the ¯uorescent and chemilumimescent labels were
directly attached to (ÿ)-hapten 13. Thus, (ÿ)-13 was
activated (Scheme 2) to give the corresponding succini-
midyl ester (ÿ)-16, which was treated with 6-amino-
methyl¯uorescein hydrobromide (17)25 in DMF and in
the presence of Et3N to a�ord 19 in 69% yield. Hydroly-
sis of the Boc and t-butyl esters groups in 19 using
tri¯uoroacetic acid followed by reversed phase (RP)
HPLC puri®cation a�orded the 6-¯uorescent probe (6-
Fln-probe, 7) in 84% yield and >99% purity.26 Simi-
larly, the active ester (ÿ)-16 was treated with acridinium
derivative (18)27 to a�ord 20 in 72% yield after
puri®cation by HPLC. Finally, hydrolysis of 20 using

Scheme 1. Reagents and conditions: (i) 10% Pd/C, EtOH, H2, rt, 1 h 95%; (ii) HOSu, EDAC, CH2Cl2, rt, 4 h, then BnO2C(CH2)6NH2 (11), Et3N,
CH2Cl2, rt, 21 h, 74%; (iii) 10% Pd/C, EtOH, H2, rt, 1 h, 97%; (iv) HOSu, EDAC, CH2Cl2, rt, 17 h; then (v) BSA, THF, bu�er (pH: 8.0), rt, 24 h;
(vi) TFA, H2O, (ratio: 9.5:0.5), rt, 2 h; (vii) KLH, THF, bu�er (pH: 8.0), rt, 24 h.

Figure 1.
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tri¯uoroacetic acid followed by HPLC puri®cation
a�orded the chemiluminescent probe (Acr-probe, 8) in
77% yield and >99% purity as a yellow powder.28

In summary, two site speci®cally derivatized immuno-
gens (5,6) and two probes (¯uorescent 7, chemilumi-
nescent 8) were prepared from (ÿ)-hapten 13 for
generation of anti-Dpl antibodies and development
assays for osteoporosis.
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