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Abstract

Folic acid plays a key role in a number of human metabolic pathways including a nucleic acid synthesis and has
been used to develop a number of cancer therapeutic agent. In the meantime, oligonucleotides which exhibit
properties other than genomic functions such as specific recognition ability, and bioactivity alteration have
been focused in a number of drug delivery systems. It is promising to develop a drug delivery system that
integrates the key functions from both folic acid and oligonucleotide. The integration of both molecules is still in
challenges and has a way for improvement. In this study, an alternative and feasible conjugation method relying
on carbodiimide reaction was investigated. Two coupling reagents were used :1-(3-Dimethylaminopropyl)-3-
ethylcarbodiimide hydrochloride (EDC), and dicyclohexylcarbodiimide (DCC). The reaction intermediate was
facilitated by the use of N-hydroxysuccinimide (NHS). The conjugation between folic acid and amine modified
oligonucleotide was verified by high-performance liquid chromatography (HPLC). The reaction yielded more
than one products because folic acid had two reactive sites, and the oligonucleotides could adopt more than one
conformation. The key bonding was amide bond. This study is a good model for linking two bioactive molecules
via amide coupling reaction based on carbodiimide chemistry.
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I. INTRODUCTION

Folic acid (FA) which is known as vitamin B9 can be soluble in water in a form of folate ion. Its
structure composed of the pteridine ring, para-amino benzoic acid, and glutamic acid with an overall molecular
weight of 441 Da as depicted in Fig 1. FA plays a key role in a number of human metabolic pathways including
a nucleic acid synthesis [1], because it is an essential carrier for the biosynthesis of purine and thymidine. These
two molecules are building block for nucleic acid synthesis, mainly undergone by methylation. The nucleic acid
further facilitates amino acid metabolism which is mandatory for healthy fetus development [2]. FA is
internalized into cells via receptor-mediated endocytosis when it binds to folate receptor (FR) at y-carboxyl
group with an approximate binding affinity of 1 nM [3]. FR, a glycosyl-phosphatidylinositol-anchored protein,
is overexpressed on membranes of many human cancer cells such as breast, brain, kidney, lung, and ovarian
cancers)[4-7], while it has less expression in normal tissues [8]. Therefore, both FA and FR have drawn much
attention in the development of cancer-specific markers and cancer targeted drugs [9, 10]. In the literature, FA
was conjugated to boron nitride nanospheres for developing drug delivery system for doxorubicin (Dox). This
delivery system facilitated cellular uptake of Dox which mediated by the FA receptor. The delivery system
provided more efficient uptake than the uptake of free Dox [11]. This showed promising strategy for
development alternative treatment for cancers and other diseases. Currently, four types of FA-drug conjugates
have been undergone clinical trials for the treatment of cancer: Vintafolide (EC145) [12, 13], EC0225[14],
BMS-753493[15], and EC0489[16].

Oligonucleotides are short, single- or double-stranded DNA or RNA molecules with the length about 8-
50 nucleotides [17]. They have been categorized into different types based on their biological activity such as
antisense oligonucleotides (ASO) [18], aptamers [19], spice-switching oligonucleotides [20], siRNA[21], and
miRNA [22]. For example, AZD9150 which was an ASO was able to decrease the expression of transcription 3
(STAT3) in lung cancer. It shows a promise on antitumor activity for several cancers in phase | clinical
trials[23]. Pegaptanib, a vascular endothelial growth factor (VEGF)-specific aptamer, was approved by the Food
and Drug Administration (FDA) for applying in the treatment of neovascular (wet) age-related macular
degeneration (AMD) [24]. MiR-506, a miRNA, which induced cell cycle arrest at the G1/S transition and
promoted apoptosis of cervical cancer cells [25]. Basically, the oligonucleotide structure possesses
hydrophilicity, anionic charge and enzymatic degradability [26] which make them exhibit poor pharmacokinetic
for nucleic acid-based drugs [27], cellular uptake difficultly [28], deficient stability and possibly off-target
effects [29]. To overcome those issues, the oligonucleotides have been incorporated into a number of materials
and/or binding ligand such as nanoparticle, polymer, liposome, carbohydrate, protein, cholesterol, and
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tocopherol [18, 30]. Conjugation of oligonucleotides with FA via simple reaction have been investigated for
improving specificity of cancer applications such as, folate-conjugated microRNA [31]and folate-conjugated
Luc siRNA [32]. However, conjugation efficiency and cost effectiveness remain challenges.

In this study, carbodiimide reaction between FA and an oligonucleotide named as folic linker (FL)
were studied as an alternative and feasible conjugation method for synthesizing folic acid conjugated
oligonucleotide (FA-FL conjugate). Two coupling reagents were investigated: 1-(3-Dimethylaminopropyl)-3-
ethylcarbodiimide hydrochloride (EDC), and dicyclohexylcarbodiimide (DCC). The conceptual reaction is
presented in Fig.1. The reaction products were followed by high-performance liquid chromatography (HPLC).
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Figure 1: Synthesis of FA-FL conjugate.

Il. MATERIALS AND METHODS
2.1 Reagents
Folic acid (FA), 1-(3-Dimethylaminopropyl)-3-ethylcarbodiimide  hydrochloride  (EDC)
dicyclohexylcarbodiimide (DCC) N-hydroxysuccinimide (NHS), anhydrous dimethyl sulfoxide (DMSO),
Triethylaluminium acetate and Acetonitrile were purchased from Sigma-Aldrich (USA). Oligonucleotide (FL)
was purchased from Integrated DNA Technologies (USA).

2.2 Verification of folic linker (FL) by HPLC

HPLC condition for characterizing FL was optimized, by injecting the FL at different concentrations to
the instrument.FL with concentrations of 1, 5, 10, 20 uM was used to test the condition developed by Tang et
al., 2017[33]. The key instruments composed of a 5 um inertsil ODS-3 column (4.6 x 250mm) and diode array
detector setting a detection wavelength at 260 nm. Before injection, all solutions including mobile phase were
filtered through 0.22 um nylon membrane. Then all solutions were injected at a flow rate of 1.0 mL/min and the
injection volume was set at 20 pl. The elution was carried out by a mixture of 10 mM triethylaluminium acetate
(A) and 100% acetonitrile (B) with gradient conditions: 2.0% of B for 0.5 min, 2.0 to 17.4% of B over 11 min,
17.4 to 60.0% of B over 0.1 min, 60.0% of B for 2 min, 60.0 to 2.0% of B over 0.1 min, and 2.0% B over 3.3
min.

2.3 Synthesis of FA-FL conjugate using EDC/NHS as coupling reagent

FA was chemically linked to FL via carbodiimide reaction using EDC/NHS as coupling agent. FA was
dissolved in DMSO with a concentration of 0.05 M. Separately, NHS and EDC were dissolved in DMSO with a
concentration of 0.8 and 4 M, respectively. Carboxylic activation was performed by mixing FA, EDC, and NHS.
The mixture was incubated at room temperature for 30 minutes. After that, primary amine modified FL with a
concentration of 1 mM was added into the activated mixture. The carbodiimide reaction was further carried out
for overnight. The reaction was characterized by HPLC (Shimazu, Japan).

2.4 Synthesis of FA-FL conjugate using DDC/NHS as coupling reagent

FA was dissolved in DMSO at a concentration of 0.0706 M. Then an equal molar of NHS and DCC
was dissolved in DMSO at a concentration of 0.04 M. The coupling agent was mixed with FA solution for the
formation of an amine reactive intermediate. The reaction was incubated for 4 hours at room temperature and
dark condition. Next, FL bearing primary amine at 3” end with a concentration of 10 uM was added to the
mixture for amide bond formation. The reaction was continuous incubated overnight. The reaction was then
filtered to remove by-product using 0.25um cellulose membrane. FA-FL conjugate was confirmed by HPLC.
2.5 Characterizations of FA-FL conjugate
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HPLC was used for determining the products of conjugation between FA and FL using the same
instrument setup and conditionas in the previous section.All solutions were filtered through 0.22 um nylon

membrane. The injection volume was 20 pl. The gradient elution was set at a flow rate of 1.0 mL/min.The
mobile phase composed of 10 mM of triethylaluminium acetate and acetonitrile.

I1l. RESULT AND DISCUSSION
3.1 Optimization of HPLC condition for FL detection
HPLC condition was required to be optimized for the detection of FL. The FL at different
concentrations was injected into HPLC, and the chromatogram was presented in Fig 2 A&B. The peak that
corresponded to FL was at 23.92533, 22.90133, 22.848 and 22.848 minutes for 1, 5, 10 and 20uM FL,
respectively. The detected intensity was dose dependent as depicted in Fig 2C.This result suggested that FL
which is an oligonucleotide sequences was able to be detected by HPLC using the studied condition, and HPLC
was a capable technique for characterizing the reaction between FA and FL.
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Figure 2: (A) overall and (B) zoomed in chromatogram of FL. The dash box indicates the area of the

chromatogram that is magnified. 1 uM (yellow line), 5 uM (gray line), 10 uM (orangeline), and 20 uM
(blue line). (C) Peak intensity of FL at differentconcentrations.

3.2 Synthesis of FA-FL conjugate using EDC/NHS coupling reagent

FA had y-carboxylic acid that was selectively activated by EDC/NHS resulting amine-reactive NHS
ester. This ester was a reactive intermediate which reacted with primary amine available on FL to form amide
bonding [34].

The FA-FL conjugate prepared by EDC/NHS was examined by HPLC as shown in Fig 3. The
chromatogram of the reaction mixture showed that there were four peaks at retention times of 14.635, 15.093,
15.861, and 20.469 minutes (red arrow) with intensity as 9504, 9072, 13751 and 7308 mAU that did not appear
in the chromatogram of those initial reactants: FA, FL, and EDC/NHS. This result suggested that these four
peaks were different FA-FL conjugates. The possible explanations were as follows. FA contained two reactive
carboxylic groups as indicated in Fig 1., which could yield different conjugation products. Beside FL was an

oligonucleotide which could have different conformation leading to different partition ability in the
chromatography [35].
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Figure 3: (A) overall and (B) zoomed in chromatogram of FA-FL conjugate using EDC/NHS as coupling
agent. The dash box indicates the area of the chromatogram that is magnified. Reaction mixture (yellow
line), FA (gray line), FL (orangeline), and EDC/NHS mixture (blue line). Red arrows indicate reaction
products.

3.3 Synthesis of FA-FL conjugate using DCC/NHS as coupling reagent

DCC/NHS, an alternative coupling system, was used to activate the y-carboxylic acid of FA. The
activated product was further forming the amide bond with primary amine modified FL. HPLC results showed
that three peaks at retention times of 14.421, 15.605, and 20.576 minutes (purple arrow) with intensity as 3734,
4519 and 6277 mAU were assigned as the reaction products since they do not appear in the chromatogram of the
initial reactants (Fig 4.). This result also informed that FA-FL conjugates were a combination of molecules
yielded by DCC. DCC is a cyclic and water insoluble compound [36] which possibly provides a more reactive

selectivity therefore the coupling products was less complex than the reaction that uses EDC as a coupling
agent.
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Figure 4: (A) overall and (B) zoomed in chromatogram of FA-FL conjugate using DCC/NHS as coupling
agent. The dash box indicates the area of the chromatogram that is magnified. Reaction mixture (yellow
line), FA (gray line), FL (orangeline), and DCC/NHS mixture (blue line). Purple arrows indicate reaction

products.

IV. CONCLUSION
In conclusion, FA-FL conjugate was synthesized using two coupling systems: EDC/NHS, and

DCC/NHS. HPLC chromatograms indicated that there were more than one reaction products formed due to the
availability of carboxylic group in FA and the different conformation of FL. The amide bond was the linkage

between and FA and FL. The amide coupling reaction based on carbodiimide chemistry is an alternative strategy
to link a nucleic acid moiety to a bioactive molecule.
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