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Abstract—A trifunctional probe (binding element–photoreactive group–affinity tag) of natural product paeoniflorin was designed
and synthesized based on the previous primary structure-activity relationship. This new probe is a potential tool for labeling,
purification, and identification of the target proteins.
� 2006 Elsevier Ltd. All rights reserved.
Paeoniae alba radix (red peony root; Chi shao Yao),
the dried, peeled root of Paeonia lactiflora Pall or
Paeonia veitchii Lynch, is a traditional Chinese crude
drug. It has been used as a spasmolytic and pain-re-
lieving agent to treat certain types of dementia and re-
lieve abdominal spasmodic pain and muscle stiffness.
Paeoniflorin (PF; Fig. 1), the main monoterpene
glucoside isolated from the root of P. lactiflora in
1963,1 is one of the bioactive components of Paeoniae
radix. It has been reported to exert antihyperglyce-
mic,2 antithrombotic,3 and anticonvulsant effects,4

stimulate the release of noradrenaline,5 enhance cogni-
tive function,6–8 and to have antihypotensive effects
via activation of the adenosine A1 receptor.9 Recently,
Liu et al.10 reported that PF has a neuroprotective ef-
fect without cardiovascular side effects, which might
be mediated by the activation of the adenosine A1

receptor in a manner different to that of classical
adenosine A1 receptor agonists, and therefore suggest-
ed that the adenosine A1 receptor may be a potential
molecular target of PF. However, it is difficult to ex-
plain many of the pharmacological effects of PF ob-
served in various disease models based on only one
target protein. Efforts for the further optimization
based on PF and structure–activity relationship studies
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have been hindered by the lack of knowledge of its
target protein(s). We designed and synthesized a tri-
functional biotin-tagged photoaffinity probe for PF
based on the results of previous primary structure–
activity relationship studies. The probe could be used
as a chemical tool not only to label its target proteins,
but also to purify and identify the target after photo-
cross-linking.

Photoaffinity labeling technology is emerging as a very
useful tool for the identification and localization of
proteins and their active sites in drug-discovery stud-
ies.11–14 Not only do photoprobes enable the target
protein to be identified but they also furnish structural
information about the receptor-binding domain by
forming a covalent bond between the ligand and the
specific reactive protein. Various photophores, such
as phenyldiazirine, arylazide, and benzophenone, have
been used. The 3-aryl-3-trifluoromethyldiazirines ap-
pear to come closest to satisfying the chemical and
biological criteria required for useful photophores.15

A combination of this technology with the widely used
avidin–biotin method has emerged as a powerful tool
in many fields, especially in the design of molecular
probes16–20 and their utilization in proteomic studies.
In our study, a trifunctional biotin-tagged photo-
affinity probe of PF (Fig. 1) was designed and synthe-
sized. The probe comprises a binding element, a
photoreactive group, and an affinity tag. The binding
element group ferries the probe to the enzyme active
site. Upon UV irradiation, the photolabile group
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Figure 1. Structure of paeoniflorin and its photoaffinity probe.
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covalently modifies the enzyme to form a covalent en-
zyme–probe adduct, and the tag renders the modified
enzyme distinguishable from unlabeled proteins for
subsequent purification, digestion, and sequencing.

In designing our trifunctional probe, we took into con-
sideration previous reports that indicated that the ben-
zoyl group of PF has little effect on its activity.2

Consequently, we modified the photolabile unit and
the tag at the phenyl group by inserting a flexible hydro-
philic polyether spacer between the tag and the phenyl
group (Fig. 1) to reduce the effect of the modification
on the activity of PF. A competitive experiment was
conducted (Fig. 2) to verify that the action mode of
the photoaffinity probe was similar to that of its parent
compound, PF.

The synthesis of the probe followed that shown in
Scheme 1. First, two of the four hydroxyl groups of
PF (PF was obtained from P. alba radix by isolation,
purity >98%) were protected with TBSCl in the pres-
ence of imidazole in DMF to obtain compound 1.
The other two hydroxyl groups in the carbohydrates
could not be protected easily and have low reactivity.
Compound 2 was obtained by hydrolyzing compound
Figure 2. Photoaffinity labeling of rat cortex homogenate followed

SDS–PAGE electrophoresis and then transfer onto PVDF membrane

and detection with streptavidin–HRP. Samples were prepared by

incubating 2.5 mg/mL cortex homogenate with 0 lM probe and

exposed to UV light for 30 min (A), with 10 lM probe and exposed

to UV light for 0 min (B), with 10 lM probe and exposed to UV light

for 30 min (C), with 10 lM probe and 1 mM PF and then exposed to

UV light for 30 min (D).
1 with LiOH in methanol to remove the benzoyl
group. Condensation of compound 2 with compound
521 using DCC and DMAP in dichloromethane pro-
duced compound 3. Deprotection of compound 3
using aqueous tetrabutylammonium fluoride in THF
yielded the trifunctional photoaffinity probe, com-
pound 4.22

Photoaffinity labeling and streptavidin detection. The
trifunctional probe was then evaluated for its ability
to label target protein in homogenate preparation of
rat cortex23 in a preliminary labeling experiment.24

The results showed that an approximate 54 kDa pro-
tein was specifically labeled by the probe (Fig. 2, lane
C) and the cross-linked band could be decreased by
adding PF competed with probe (Fig. 2, lane D).
No specific labeling band could be detected if no
probe was used (Fig. 2, lane A) or UV irradiation
was omitted (Fig. 2, lane B). PF has been reported
to exert a variety of pharmacological effects, sugges-
tive of its binding to multiple protein targets, but
to our knowledge, the exact mechanisms responsible
for these effects and its molecular targets were un-
clear. This preliminary labeling experiment suggests
that the present trifunctional probe (binding ele-
ment–photoreactive group–affinity tag) for PF can
be used to label its target proteins. By the way, the
probe with an affinity group also provides the power
to purify and identify the targets after photo-cross-
linking.

A trifunctional probe (binding element–photoreactive
group–affinity tag) for natural product Paeoniflorin
was designed and synthesized. Preliminary labeling
experiment suggests that this probe can be used to label
its potential target protein specifically, and therefore
provides a potential tool for purification and identifica-
tion of the target protein, as well as for elucidation of
the structural information of the binding site of target
protein. Efforts to use this novel probe for further
photoaffinity labeling and identification of the target
protein are in progress.
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Scheme 1. The synthesis of the probe.
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