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Tuberculosis (TB) caused by Mycobacterium tuberculosis (Mtb) has become the world's leading killer
disease due to a single infectious agent which survives in the host macrophage for the indeﬁnite period.
Hence, it is necessary to enhance the efﬁcacy of the clinically existing antitubercular agents or to discover
new anti antitubercular agents. Here, we report the synthesis, characterization and antimycobacterial
evaluation of protein-drug conjugates. A carrier protein, Transferrin (Tf) was covalently conjugated to
isoniazid (INH) utilizing hydrazone and amide linkers. The purity of the reactions was conﬁrmed by SDSPAGE while conjugation was conﬁrmed by UVevisible spectrophotometry, MALDI-TOF analysis, and FTIR
spectrophotometry. The in vitro antitubercular assay result showed that the inhibitory activity of the
parent drug was conserved in both the conjugates. The conjugates were effective against intracellular
Mtb H37Rv and were devoid of cytotoxic effect at therapeutic concentration.
© 2019 Elsevier Masson SAS. All rights reserved.
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1. Introduction
Tuberculosis (TB), caused by slow-growing intracellular actinomycete Mycobacterium tuberculosis (Mtb), has become the tenth
leading cause of mortality in the world ranking above HIV/AIDs in
infectious disease. According to the WHO survey, in 2017 there
were 1.3 million TB deaths among HIV-negative people and as well
300 000 deaths among HIV-positive people. In the year 2017
worldwide, 558 000 people were found to be resistant to rifampicin
(RR-TB), and 82% had multidrug-resistant TB (MDR-TB) out of
which India, China, and the Russian Federation exhibited the most
signiﬁcant numbers of MDR/RR-TB incident cases [1]. The clinical
manifestation of tuberculosis may be attributed to the fact that Mtb
resides within the infected macrophages to either enter into a
quiescent state for an indeﬁnite period or disseminated to other
body organs (rare) depending on the host immune response [2e4].
Although the clinical pipeline is ﬂooded with new and repurposed
anti-TB agents, TB continues to be a formidable public health
challenge worldwide. The critical problem with the current tuberculosis chemotherapy is nontarget speciﬁcity resulting in adverse
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side effects [5]. Along with this, long duration of treatment,
continuous and frequent multiple drug dosing causes noncompliance of patients to current therapy is a major contributory factor in
the development of multidrug-resistant (MDR) tuberculosis and
extensively drug-resistant (XDR) tuberculosis [6]. To overcome
such challenges, the development of fast-acting chemotherapeutic
agent is prerequisite.
Receptor-mediated targeting of a drug involves the speciﬁc
transport of drug molecules to the infected macrophages utilizing
receptor-mediated endocytosis pathway through cell surface receptor expressed on it such as transferrin receptor, scavenger receptor, tuftsin receptor etc [7e9]. Majumdar et al. conjugated paminosalicylic acid (PAS) to maleylated bovine serum albumin and
enhanced the cellular uptake of drug 100 times by macrophages
through scavenger receptor. The conjugate was 100 times effective
as compared to free PAS in killing intracellular mycobacteria [10].
ti et al. used T-cell epitope of immunodominant 16 kDa proHorva
tein of M. tuberculosis and tuftsin-derived peptides as carrier molecules to conjugate isoniazid. They found that all INH conjugates
were effective against Mtb [11]. Rashmirekha et al. synthesized a
novel anti-TB drug complex consisting of zinc and rifampicin (ZnRIF) and encapsulated it into transferrin-conjugated silver
quantum-dots (QDs) to improve delivery in macrophages. They
showed transferrin (Tf) conjugated QDs constitute an effective drug
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delivery system for tuberculosis therapy [12]. The use of plasma
protein transferrin as a carrier moiety is widely known for anticancer drug delivery. One can also introduce it in the delivery of
antitubercular drug because of expression of transferrin receptor
(TfR) on infected macrophages along with simple, reproducible and
well characterized covalent conjugation of protein with the drug.
Human plasma transferrin is a nonheme iron-binding glycoprotein (molecular mass 80 kDa) [13]. The primary role of Tf is to
control the levels of free iron in body ﬂuids by binding, sequestering and transporting Fe3þ ions [14e16]. Mtb infects macrophages
and survives on host iron. Mtb acquire iron from the host cell by
synthesizing siderophores (carboxymycobactin & mycobactin) and
also from haem sources [17e19]. Besides, host iron carrier proteins
Tf and lactoferrin are actively recruited by this pathogen to the
phagosomal compartment for the acquisition of iron [20e23]. The
TfR and speciﬁc receptor appear to be expressed on macrophages
and mycobacteria for the binding of Tf on it [20]. A recent study
shows that Mtb acquires iron from Tf by three mechanisms. The
ﬁrst is siderophores dependent withdrawal and intracellular delivery of iron. The second mechanism involves the delivery of iron
using the high-afﬁnity transporter IrtAB by a mycobactinindependent pathway. The third mechanism of transferrin-iron
acquisition is independent of siderophores and consists of the
internalization of transferrin by GAPDH receptor [24]. Thus
expression of receptors, ability to internalize, and necessity of iron
for the survival of mycobacteria make this protein an extensively
accessible carrier for the receptor-mediated delivery of the drug
into the infected macrophages.
The present work reports the synthesis of isoniazid-transferrin
conjugates, its characterization and in vitro antimycobacterial activity. To the best of our knowledge, this is the ﬁrst report on the
conjugation of an antitubercular agent with human plasma protein
transferrin. Our primary aim was to utilize simple and readily
available linkers and to study its inﬂuence on Tf-INH conjugation.
2. Materials and methods
2.1. Materials
Transferrin (Holo) from human plasma (95%, SDS-PAGE) purchased from Sigma Aldrich St. Louis, MO, USA). Isoniazid was obtained as a gift sample from Loba Chemie Ltd., glyoxylic acid
monohydrate and glutaric anhydride, 2,4,6-trinitrobenzene 1sulfonic acid (TNBS), 1-Ethyl-3-[3-dimethylaminopropyl] carbodiimide hydrochloride (EDC), H-hydroxy succinimide (NHS), Sodium
chloride, potassium dihydrogen phosphate (KH2PO4), disodium
hydrogen phosphate (Na2HPO4), potassium bromide were purchased from Sigma Aldrich St. Louis, MO, USA. Acetonitrile,
dimethyl sulphoxide (DMSO) were obtained from Merck.

2.4. Conjugation of isonicotinoylhydrazonoacetic acid (4) and
isonicotinoylhydrazinyl-5-oxopentanoic acid (5) to transferrin
Conjugates of isonicotinoylhydrazonoacetic acid (IH) or isonicotinoylhydrazinyl-5-oxopentanoic acid (IG) with Tf at different
molar ratios (Tf: IH/IG; 1:20, 1:40, 1:60, 1:100) were prepared. IH/IG
was added in PBS (pH 7.4) followed by EDC and NHS (1.5:3 mol).
The solution was allowed to stir for 2 h for the activation of acid
groups. After complete consumption of IH/IG, Tf [dissolved in PBS
(pH 7.4)] was added dropwise in the reaction mixture with stirring.
The reaction was carried out for 12 h at 20  C. The mixture was then
dialyzed against deionized water at 4  C for 48 h using a dialysis
membrane (MWCO: 12e14 kDa) to remove salt, unreacted drug
intermediates, and urea by-products. Finally, the product was
lyophilized. The purity of synthesized forms of conjugates was
determined using SDS-PAGE on 10% polyacrylamide gel at 120 V.
The samples were prepared under non-reducing condition. The
staining of gel and visualization of bands was done with 0.25%
Coomassie blue stain using Bio-Rad.
The available amino groups present on Tf before and after
conjugation was determined by the 2,4,6-trinitrobenzene-1sulfonic acid (TNBS) reagent [25e27]. Brieﬂy, an amount of 4 ml
of Tf or Tf conjugate (0.25 mg/ml) in the aqueous buffer of 0.1 N
NaHCO3 (pH 8.3) was mixed with 2 ml of 0.01% TNBS. The mixture
was incubated at 37  C for 4 h. Further, 1 ml of 1N HCl and 2 ml of
10% sodium dodecyl sulfate (SDS) were added to each sample and
mixed. The absorbance of the sample was measured at 340 nm
using a UV/Vis spectrophotometer (Shimadzu UV-2600). The calibration curve was plotted by using L-lysine as a standard (Fig. S4).
The concentration of free primary amino groups on Tf and Tf conjugate was estimated from the calibration curve.
2.5. UVevisible spectroscopy
UVevisible spectrophotometric analysis of samples was performed for the conﬁrmation of Tf-INH conjugation on UVevisible
spectrophotometer (Shimadzu UV-2600) in a 1 cm cell. The
absorbance spectra of INH, Tf, Tf-IG, and Tf-IH were measured in
phosphate buffer solution (pH 7.4), and absorbance maximum was
measured.
2.6. MALDI-TOF measurement

The aqueous solution of glyoxylic acid monohydrate (0.92 g) was
prepared and INH (1.37 g) dissolved in acetonitrile/water (1:4 v/v)
was added to it. After completion of the reaction, the precipitate
was ﬁltered and washed with water and dried. The spectroscopic
data is summarized in supporting information.

Mass spectrometry (MS) was used to determine the molecular
weight of prepared IG/IH-transferrin conjugate. The mass spectra of
Tf and its conjugates were evaluated, and the difference between
masses of both the compounds was used to determine the molar
ratio of drug conjugated to a protein. Matrix-assisted laser
desorption/ionization time of ﬂight (MALDI-TOF) mass spectrometry (UltraﬂeXtreme™, Bruker Daltonics, Bremen, Germany) was
used in a linear mode to determine the molecular weight of the
compounds. The solutions of transferrin and transferrin conjugates
were prepared at 10 mg/ml of concentration. A saturated solution of
matrix-sinapic acid (SA) in 50% acetonitrile and 0.05% triﬂuoroacetic acid was prepared, and protein or conjugate was mixed into
it in a volume ratio of 1:1. Further, 0.5 ml of the sample was applied
to a steel plate.

2.3. Synthesis of isonicotinoylhydrazinyl-5-oxopentanoic acid (IG) (3)

2.7. In vitro antitubercular activity

INH (1.37 g) was dissolved in acetonitrile/water (1:4 v/v) and
added to the aqueous solution of glutaric anhydride (1.14 g). After
completion of the reaction, the precipitate was ﬁltered and washed
with water and dried. The spectroscopic data is summarized in
supporting information.

The antitubercular activity of INH, INHeH, INH-G, Tf-IH, and TfIG was determined using the Microplate Alamar Blue assay (MABA)
[28]. MABA assay was performed in 96-well ﬂat bottom plates. Mtb
strains were cultured in 7H9-ADS medium and grown till the
exponential phase (OD600 of 0.6). Approximately 1  105 bacteria

2.2. Synthesis of isonicotinoylhydrazonoacetic acid (IH) (2)

Y.B. Sutar et al. / European Journal of Medicinal Chemistry 183 (2019) 111713

were taken per well in a total volume of 200 ml of the 7H9-ADS
medium. Wells containing no Mtb were used for autoﬂuorescence
control. Additional controls consisted of wells containing cells and
medium only. Plates were incubated for 5 days at 37  C, 30 ml (0.02%
wt/vol stock solution) Alamar Blue was added. Plates were reincubated for color transformation (blue to pink). Fluorescence
intensity was measured in a SpectraMax M3 plate reader (Molecular Device) in a top-reading mode with excitation at 530 nm and
emission at 590 nm. Percentage inhibition was calculated based on
the relative ﬂuorescence units, and the minimum concentration
that resulted in at least 90% inhibition was identiﬁed as MIC.
2.8. In vitro cytotoxicity study
The cytotoxicity of INH, Tf-IH, and Tf-IG was tested in THP-1
differentiated macrophages using MTT assay. Cells were allowed
to adhere for 24 h in a 96-well plate at a density of 3000 cells/well
prior to the assay. Further, cells were exposed to various concentrations of 0.9% saline (the control), INH, Tf-IH, and Tf-IG at various
concentrations for 48 h at 37  C and 5% CO2 atmosphere, respectively. Culture medium was used as the blank group. After that, the
MTT solution was added to each well and cells were incubated for
4 h. To dissolve the MTT formazan crystals, 200 ml of DMSO was
added to each well. A microplate reader (Model 680, BIO-RAD,
Hercules, CA) was used to measure the optical density of the formazan product at 570 nm. The drug concentration causing 50%
inhibition (IC50) was calculated.
2.9. Intracellular killing of Mtb
20000 THP-1 cells in 100 ml media (RPMIþ 10% FBS) with 20 ng/
ml phorbol 12-myristate 13-acetate (PMA) per well were seeded in
ﬂat with adhesive 96 well plate. After that, the plate was incubated
for 24 h in 5% CO2 incubator. After 24 h of incubation cells were
washed with PBS and added fresh media and further incubated for
24e48 h, and after incubation cell were infected with H37Rv at
multiplicity of infection (MOI) (20000 THP-1: 40000 bacilli) and
left for 4 h, washed with PBS and were added fresh media with
Amikacin e 0.2 mg/ml and incubated for 1 h, after that 3 times
washing were done and cells were incubated with appropriate
concentration of drugs, and ﬁnally cells were plated at two time
points for determining the colony forming unit (CFU), ﬁrst at 0 days
before treatment and second after 48 h [29].
2.10. Stability study
The stability of hydrazone and amide bond containing INH
conjugates was analyzed by HPLC sampling over 24 h. INH, Tf-IH/IG
(T3) were dissolved in PBS 4.0 and PBS 7.4 separately at 0.5 mg/ml
concentration. 20 ml of sample was injected after 2, 6, 8, 12, 18, 24 h
to 250  4.6 mm I.D., 5 mm particle, Phenomenex Luna C18 column.
Gradient elution mode was applied using acetonitrile (A) and
15 mmol/L potassium dihydrogen phosphate buffer of pH adjusted
to 4.0 ± 0.1 with orthophosphoric acid (B) as a mobile phase (A:B
ratio 50:50 v/v).
2.11. Statistical analysis
Cytotoxicity study and intracellular killing assay were performed in triplicate, and the results are expressed as
mean ± standard deviation (SD). Statistical analysis was done by
performing Student's t-test. A value of p < 0.05 was considered
signiﬁcant (n ¼ 3).
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3. Result and discussion
Transferrin was conjugated to isonicotinoylhydrazono acetic
acid (IH) forming hydrazone linkage and to 5-(2sionicotinoylhydrazinyl)-5-oxopentanoic acid (IG) forming amide
linkage using EDC-NHS coupling reaction. The eCOOH groups of IH
and IG were activated by EDC and NHS to react with primary amino
groups of lysine of Tf (Scheme 1).
The SDS-PAGE shows the single dark prominent band at ~79 kDa
for all Tf, Tf-IH and Tf-IG samples (Fig. 1.) The absence of any higher
bands in SDS-PAGE conﬁrms that there was no protein-protein
coupling induced during the EDC-NHS coupling procedure. The
absence of any smaller bands in the Tf conjugates in SDS-PAGE
suggests there was no degradation of the Tf during the conjugation process.
The absorbance spectrum of free Tf, Tf-IH, Tf-IG, and INH dissolved in PBS pH 7.4 is given in Fig. 2. The free Tf showed an excitation wavelength at 279 nm while conjugated Tf shifts its
wavelength at 274 nm indicating a blue shift and conﬁrms the
conjugation on Tf.
The concentration of surface lysine present in Tf before and after
conjugation was determined by TNBS assay. The gradual decrease
in the free amino group with the increase in the molar ratio of TfIH/IG conﬁrms the covalent attachment of IH/IG (carboxyl group) to
transferrin (amino group). The number of amino groups consumed
on carrier Tf after conjugation is given in Table 1.
The further conﬁrmation of conjugation was done by determining the mass to-charge ratio of Tf, and it's conjugate (S5-7). The
molecular weight of Tf was found to be 78993.45 Da (S5). The
number of molecules of IH/IG per Tf molecule increases with the
increase in the molar ratio of protein to the drug (Table 1). The
changes in molecular weight were determined by observing the
peak shift of the mass spectrum (S5-7). The molecular weight of free
IH and free IG was 176.16 and 234.24 respectively. Based on the
above ﬁndings, the approximate number of molecules of IH/IG per Tf
molecule was calculated (Table 1). Moreover, the highest isoniazid
density was seen at a molar ratio of 1:60 (T3) in both the conjugation systems. It was also observed that IH is more reactive than IG, as
the number of molecules of IH conjugated to Tf was higher (Table 1).
The conjugates were also characterized by FTIR. An FTIR spectrum of IH, IG, Tf-IH, and Tf-IG is given in Fig. S1. The spectra of IH
and IG showed broad C]O stretch (carboxylic acid band) at
~1720 cm1 and OeH stretch at ~3334 cm1. The peak at 1651 cm1
indicates C]O stretch of the amide. Spectra also showed NeH bend
of pyridine at 1440 cm1. IG spectra showed CeH (alkane) bend at
1465 cm1 which is not present in IH spectra conﬁrms the formation of isonicotinoylhydrazinyl-5-oxopentanoic acid. The spectra of
Tf-IH and Tf-IG include the C]O stretching at 1635 cm1 in the
amide I and NeH deformation at 1537 cm1 in amide II region
which are characteristics of an intact a helix structure; indicate that
the protein structure in the conjugates was intact. The peak at
1220 cm1 corresponds to the NeN bond in isoniazid which is not
present in Tf spectrum. The NeH bend of pyridine in Tf-IH/Tf-IG and
CeH stretch of alkane in Tf-IG shifted at 1395 cm1 and 2840 cm1
respectively because of conjugation.
3.1. In vitro antitubercular activity
The in vitro antimycobacterial activity of the INH, IH, IG, Tf-IH/IG
(T3) was carried out by the determination of the MIC90 (the lowest
concentration of the antibiotic at which 90% of the isolates was
inhibited) using Mtb H37Rv strain. The MIC value of INH (0.25 mg/
ml) was found to be close to the literature value (0.2e0.25 mg/ml)
[30e32] (Table 2). The derivatization of INH showed signiﬁcant
antimycobacterial activity (6 mg/ml). The MIC value of Tf-IH and Tf-
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Scheme 1. Synthetic scheme for Tf-IH (3) and Tf-IG (4).

IG conjugate was found to be 2.0 mg/ml and 4.0 mg/ml respectively
(Table 2).
3.2. In vitro cytotoxicity study
From the therapeutic view, it is crucial that drugs should solely
kill intracellular pathogen without displaying a cytotoxic effect on
the host cell. In the present study, the cytotoxic study of prepared
conjugates along with free drug was determined on THP-1 differentiated macrophages using MTT assay. It was found that the free
drug and the synthesized conjugates had no cytotoxic effects on the
THP-1 macrophages. (Table 2, Fig. 3).
3.3. Intracellular killing of Mtb

Fig. 1. SDS-PAGE of 1) Marker; 2) Tf; 3, 4, 5 & 6) Tf-IH 1:20, 1:40, 1:60, 1:100
respectively; 7 & 8) Tf-IG 1:40 & 1:60 respectively. All samples are in 10 ml
concentration.

INH and its synthesized conjugates were cytotoxic above 25 mg/
ml (Table 2). Hence to avoid false intracellular inhibition, the lowest
concentration (MIC) 0.39 mg/ml was selected for further intracellular assay as at this concentration both INH, and its conjugates
showed cell viability (Fig. 4).
Cells were treated with free INH and conjugates (T3); free INH
signiﬁcantly reduced the colony forming unit (CFU) as compared to
the untreated control cells (Fig. 4). While in the case of conjugates,
further reduction in CFU was observed as compared to that of free
INH. Tf-IG showed slightly higher CFU than Tf-IH, this result may be
attributed to the number of bound INH molecules to the transferrin
(Tf-IH > Tf-IG) present in both the conjugates.
Hence, it is proved that both Tf conjugates, Tf-IH, and Tf-IG
meticulously inhibited the intracellular M. tuberculosis bacterial
burden.
3.4. Stability study

Fig. 2. UVevisible spectra of Tf, Tf-IG, Tf-IH, and INH.

The pH-dependent stability of INH conjugates (T3) in phosphate
buffer solution (pH 4.0 and 7.4) were analyzed by RP-HPLC sampling over 24 h. The results are summarized in Fig. 5. The Tf-IH
conjugate was found to be stable up to 12 h at pH 4.0. However, a
further increase in incubation time increased the percent release of
INH. While at pH 7.4, the release pattern was slow as compared to
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Table 1
The number of amino groups consumed on Tf and number of INH molecules per Tf molecule on conjugates determined by TNBS assay and MALDI-TOF spectrometric method at
various Tf:IH/IG molar ratio.
MALDI-TOF; Mass (Da)

No. of INH molecules per Tf
molecule

Conjugate

Tf:IH/IG molar ratio

Approximate no. of
amino groups
consumed on Tf
Tf-IH

Tf-IG

Tf-IH

Tf-IG

Tf-IH

Tf-IG

Control
T1
T2
T3
T4

1:0
1:20
1:40
1:60
1:100

0
4
6
8
8

0
1
2
2

78993.45
79502.55
79914.77
80195.60
80194.80

78993.45
79234.72
79323.80
79323.72

0
2.89
5.23
6.82
6.81

0
1.03 (1)
1.41 (1)
1.40 (1)

(3)
(5)
(7)
(7)

(-) no signiﬁcant change.

Table 2
In vitro antitubercular activity and cytotoxicity of INH, INH-H, INH-G and INHprotein conjugates.
Compound

MIC90 (mg/ml)

IC50a(mg/ml)b (4days)

INH
INH-H
INH-G
Tf-IH
Tf-IG

0.25
6.0
6.0
2.0
4.0

>25
>25
>25

a
b

The half maximal inhibitory concentration (IC50).
MTT assay performed on THP-1 differentiated macrophages.

Fig. 4. Percent survival of intracellular Mtb (CFU) by INH, Tf-IH, and Tf-IG when THP-1
macrophages were infected with Mtb H37Rv and treated with compounds at 0.39 mg/
ml ﬁnal concentration. UT: untreated. Values represent mean ± SD, n ¼ 3.

Fig. 3. Viability of THP-1 cells differentiated to macrophages after 48 h of treatment
with INH, Tf-IH, and Tf-IG at different concentration. Each point represents the
mean ± SD of triplicate measurements.

pH 4.0. It may be due to the hydrolysis of hydrazone conjugate
which occurs fast in acidic pH. In comparison with Tf-IH, less
percent release of INH from Tf-IG was observed at both the pH even
after 18 h. Thus stability data reﬂects the pH-dependent stability of
both the linkers for a longer time.
Based on the above ﬁndings, it can be considered that Tf-INH
conjugates take longer time to release the free drug. We can postulate the plausible mechanism for the cleavage of INH from the synthesized conjugates. Both the conjugates seem to be stable at blood
pH (pH 7.4) for a longer time, which is suggestive of the enhanced
residence of conjugates in circulation. Tf-IH releases drug faster due
to hydrolysis of hydrazone conjugate at acidic pH 4.0 [33,34]. Thus
after internalization of Tf conjugate in Mtb infected macrophage
through Tf receptors, hydrazone linker may be cleaved in acidic
endosome and lysosome via endocytosis, to trigger the release of
INH. Tf-IG comparatively releases the drug slowly at pH 4.0, may be
due to more stable amide linkage. While it may be assumed that,
amide linkage in Tf-IG conjugate may be cleaved by lysosomal protease enzyme to release the free INH moiety in the cytosol [35].

Fig. 5. Stability of INH conjugates as a function of time in PBS pH 4.0 and pH 7.4.

4. Conclusion
In summary, we have synthesized novel isoniazid-transferrin
conjugates and examined the inﬂuence of chemical linkages
(hydrazone and amide linkers) on its antitubercular potential. The
study revealed that higher numbers of hydrazone intermediates
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were conjugated to the Tf suggesting that the hydrazone intermediate was more reactive towards amine functionality of Tf than that
of amide intermediate. Both the conjugates showed signiﬁcant
antimycobacterial activity in comparison with free INH and have
pH dependent stability. While in the case of ex vivo study on
infected THP-1 cells, Tf-IH showed a substantial decrease in CFU at
0.39 mg/ml concentration in comparison with Tf-IG and free INH.
Hence, we can conclude that the conjugation of antitubercular
agents to human plasma protein based carrier (Transferrin) is a
promising approach to improve the efﬁcacy and potency of a drug.
Further, in-depth ex vivo and in vivo studies to identify the Mtb
targeting efﬁciency of this novel conjugates and establishment of
its delivery system are underway which will be communicated in
the future.
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Mtb
TB
Tf
MDR
XDR
HIV
PAS
QD
TfR
kDa
SDS-PAGE

Mycobacterium tuberculosis
tuberculosis
transferrin
multidrug resistant
extensively drug-resistant
human immunodeﬁciency virus
p-aminosalicylic acid
quantum dots
transferrin receptor
kiloDalton
sodium dodecyl sulfate-polyacrylamide gel
electrophoresis
EDC.HCl 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
hydrochloride
NHS
N-hydroxy succinimide
ACN
acetonitrile
MALDI-TOF Matrix-assisted laser desorption/ionization time of
ﬂight
PBS
phosphate buffer solution
MIC90
lowest concentration of drug that inhibits growth of
more than 90% of the bacterial population
IC50
lowest concentration of drug that inhibits growth of
more than 50% of the cell population
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