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A series of chemiluminescent compounds containing a hy-
drazide group as a nucleophilic functional group has been
synthesized. The syntheses were started from chemilumines-
cent luminol and isoluminol. The linker moiety was easily
introduced onto non-nucleophilic exocyclic amino groups of
luminol and isoluminol by gentle heating with cyclic acid
anhydrides such as glutaric anhydride. The resulting carboxy
group was converted to hydrazide by a simple condensation
reaction using carbodiimide. Although majority of the syn-
thesized compounds did not emit strong light, a sufficient
chemiluminescence intensity was obtained from luminol-
amido-C2-hydrazide (L2H) comprising of luminol scaffold
with a dimethylene linker. The ability of L2H to form a cova-
lent bond with a macromolecule was further investigated by
incubation with oxidized horseradish peroxidase. The analysis
on matrix assisted laser desorption/ionization-time of flight
(MALDI-TOF) MS revealed that the coupling efficiency of
L2H was similar to that of commercially available labelling
reagent having a hydrazide group. These results suggested
that L2H, the luminol hydrazide containing a dimethylene
linker, could be useful for the labelling of macromolecules in
the sensitive bioassay such as chemiluminescence immunoas-
say.
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Introduction

Introduction of luminous molecules into biomolecules is a
fundamental experimental technique for bioanalyses such as
immunoassay and DNA hybridization assay. Especially, che-
miluminescent (CL)-labelling has become a common method
due to the beneficial wide dynamic range and high sensitiv-
ity of the CL detection.” A typical CL detection system
utilizes CL-active enzymes i.e., peroxidase,? phosphatase”
and p-galactosidase.” These enzymes are covalently tethered
with detection probes such as antibodies and oligonucle-
otides for specific recognition of target molecules.”’ Biotin-
functionalized enzymes have also been used for the detection
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of biotinylated target-specific probes through biotin-avidin
interaction.” However, instability of the enzymes at ambi-
ent temperature might lead to reduced reproducibility,” and
elongation of reaction time significantly increases the back-
ground signal. Therefore, a non-enzymatic CL-labelling small
molecule could provide a powerful tool for the accurate and
sensitive bioanalysis.

In contrast to widely-used fluorescence-labelling reagents,
there are only limited number of CL-labelling small molecules
available. One of the possible reasons why CL-labelling agents
have not been developed is that the CL substance is very
sensitive to a chemical modification which might cause a de-
crease of its CL intensity. In case of luminol, a common CL
substance, an exocyclic amino group has low nucleophilicity
and pristine luminol has not been used for the direct labelling
of macromolecules. Therefore, a linker should be introduced
to the phthalazine moiety. The convenient way to attach a
linker is the introduction of an acyl group or an alkyl group
onto the 5-amino group. However, such modifications have
been known to diminish the CL intensity.”® Isoluminol is an
alternative CL substrate, and several isoluminol derivatives
having reactive functional groups have been developed.’™'?
Although these isoluminol derivatives represented sufficient
reactivity to electrophilic functional groups, the CL intensities
obtained from them are limited due to the less luminosity of
isoluminol than luminol.

Results

Acylation of the exocyclic amino groups of luminol/iso-
luminol has been commonly conducted using acid chlorides
which is highly reactive and requires a strict anhydrous
condition. We found that succinic anhydride reacts with lu-
minol with gentle heating to give the corresponding acylated
product with a terminal carboxy group (Fig. 1). Luminol is
hardly soluble in acidic to neutral water and dissolves well
in alkaline water. The product of this reaction showed simi-
lar solubility to luminol, and the pure product was obtained
in a good yield by acidification of the reaction mixture (see
NMR spectrum, Supplementary Materials). Hydrazide is a
well-known nucleophile derived from a carboxy group. The
resulting terminal carboxyl group was converted to a hydra-
zide group using hydrazine monohydrate and 1-ethyl-3-(3-
dimethylaminopropyl)-carbodiimide (EDC) in the presence of
1-hydroxy-1H-benzotriazole (HOBt) (Fig. 1). The hydrazide
form, namely luminol-amido-C2-hydrazide (L2H), was also
obtained in a good yield by the same purification procedure as
the carboxylic acid form. Therefore, we synthesized a series
of derivatives using luminol and isoluminol as CL backbones,
and succinic acid and glutalic acid as linker moieties (Fig. 1).
The same precipitation method was applied to the purification
of the first step products, of which yields were similar (Table
1). However, the products derived from glutalic anhydride
(L3H and I3H) gave less precipitation at the 2nd purification
stage. Although the pure products were isolated by changing
the purification method (see Methods, Supplementary Materi-
als), the yields for both L3H and I3H were only moderate.

The CL intensities of the synthesized luminol derivatives
were next evaluated using hydrogen peroxide under basic con-
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Fig. 1. Synthetic Route to (A) Luminol and (B) Isoluminol Derivatives Having a Hydrazide Group
Formation of multiple Introduction of multiple
aldehyde groups CL substances
Fig. 2. Schematic Illustration of the Incorporation of the Synthesized Hydrazide Compounds into HRP
Table 1. The Yields of Acylation and Hydrazidation Reactions mentioned above, chemical modification of the CL substance
: : . often results in quenching of its CL intensity. This might
Enfry Backbone n Yield 17 (%) Yield 27 (%) be due to the difference of the distance between the amino
1 Luminol 2 92.0 78.9 group of the hydrazide and the oxygen of the phthalazinedione
2 3 90.0 35.8 ring."® Both isoluminol derivatives, I2H and I3H, showed
3 Isoluminol 2 80.8 82.9 negligible strength of light. These results suggested that L2H
4 3 59.7 44.0 has a potential as the reagent for the direct CL labelling of

a) The isolated yield from the condensation reaction with acid anhydrides. ) The
isolated yield from the hydrazidation reaction.

Table 2. CL Properties of the Synthesized Molecules

Entry Compound RCI? (X10°count)
1 L2H 1.93 +0.60
2 L3H 0.29+0.04
3 I2H <0.01
4 I3H <0.01
5 Luminol 6.50+£0.24
6 Isoluminol 0.72%0.15

a) Relative CL intensity * standard deviation (S.D.) accumulated for 10min using
0.5mM of each compound (n = 3).

dition.” The relative CL intensity (RCI) of luminol was ap-
proximately 10 times higher than isoluminol (Table 2), which
is consistent of the reported data.'¥ The RCI of L2H was 3.4
times lower than that of luminol and 2.6 times higher than
that of isoluminol. It has been reported that the RCI obtained
by isoluminol derivatives did not exceed the RCI of isolumi-
nol,' indicating that L2H emitted relatively strong CL. L3H,
having just one carbon longer linker than L2H, exhibited very
weak light which was 2.5 times weaker than isoluminol. As

macromolecules.

Hydrazide has been utilized for introducing small molecules
into bioactive materials for biological/biochemical assays. For
example, biotin—avidin interaction is a widespread use in bio-
assay and biotinylation of the target of interest can sometimes
be achieved by using a modified biotin having a hydrazide
group.'® In this case, sugar moiety in the target molecule
should be oxidized by periodate to build multiple aldehyde
groups for the formation of Schiff base. Thus the labelling
efficiency of L2H was investigated using horseradish peroxi-
dase (HRP) as a model target molecule. HRP is a glycoprotein
with the molecular weight of 44kDa.'” The sugar moiety of
HRP can be oxidized with peroxidase to produce aldehyde
groups which react with hydrazide compounds to form Schiff
bases' (Fig. 2). An aqueous solution of HRP was treated with
sodium periodate, followed by incubation with 10eq of the
labeling reagents dissolved in dimethyl sulfoxide. The result-
ing mixtures were directly applied to matrix assisted laser
desorption/ionization-time of flight (MALDI-TOF) MS to
calculate the amount of labeling reagents tethered with HRP
(Table 3). The average number of L2H incorporated was 4.1
molecules per one molecule of HRP. This result indicated that
L2H has the ability to react to aldehyde groups and multiple
number of L2H can be introduced into a target molecule. The
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Table 3. Labeling Efficiency to Oxidized HRP
Reagents Ist 2nd 3rd Average number
L2H (MW =277.2) Found 445453 44183.3 44183.4 4.1
AY 1290.3 928.3 928.4
Number” 5.0 3.6 3.6
Biotin ACS hydrazide Found 46365.2 44680.5 44930.4 5.8
(MW =371.5) A 3110.2 14255 1675.4
Number 8.8 4.0 4.7
Luminol (MW = 177.2) Found 43238.2 43219 — Approx. 0
A —16.8 —35.9 —
Number (—0.1) (—0.2) —

@) Increased molecular mass from molecular weight of HRP (43255).!7 b) Calculated by the following equation: number = A/((MW-18).

reason why the coupling efficiency was not constant in three
repeated syntheses would be because the oxidation and conju-
gation reactions were carried out without stirring in order to
retaining the tertiary structure of the target macromolecule.
The labelling efficiency was compared with a commercially
available biotinylation reagent (biotin-AC5-hydrazide) which
contains a long linker chain and the terminal hydrazide group.
The average number of biotin incorporated was 5.8, which is a
little more than L2H. It should be noted that pristine luminol
exhibited no conjugation to HRP. A rigid structure of luminol
as well as the intermolecular hydrogen bonding might pre-
vent the 5-amino group from reaching close proximity to the
aldehyde groups in a bulky protein, and the hydrazide group
attached to the flexible linker is beneficial for the labeling of
macromolecules.

Conclusion

In conclusion, we synthesized a series of luminol derivatives
having a hydrazide group by an easy derivatization method.
Each reaction was simple and each purification was not labori-
ous, and the reaction yields were satisfactory. Especially, L2H
showed higher CL than isoluminol, suggesting that the quan-
tum yield of L2H would be relatively higher in comparison
with the other chemiluminescence-labelling small molecules
developed so far. Multiple number of L2H was successfully
introduced into the target macromolecule, and the labeling
efficiency was comparable to the widely-used biotinylation
reagent having a hydrazide group. It has been known that the
CL intensity of the luminol-labeled protein increases as the
number of luminol moiety in the protein increases' Since the
introduction of multiple CL substances into a macromolecule
allows the enrichment of CL signals, this technique has been
applied to the sensitive detection of biomolecules such as pro-
teins and nucleic acids.'**® We expect that L2H could be use-
ful as a direct CL-labelling reagent in bioassays.
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