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Recombinant Receptor-Binding Domain of Diphtheria Toxin
Increases the Potency of Curcumin by Enhancing Cellular Uptake

Ashok Kumar,? Gopal Das,* and Biplab Bose*"

'Department of Biotechnology and *Department of Chemistry, Indian Institute of Technology Guwahati, Guwahati, 781039 India

© Supporting Information

ABSTRACT: Diphtheria toxin (DT) binds to a specific cell
surface receptor, gets internalized, and causes cytotoxicity
through its catalytic domain. The toxicity of DT is used in
several therapeutic molecules. Here, we have exploited the
receptor-binding ability of DT to increase cellular uptake of
curcumin, a hydrophobic molecule with low bioavailability and
cellular uptake. We have expressed only the receptor-binding
domain of DT (RDT) in Escherichia coli. Purified RDT binds
to the receptor with an affinity equivalent to that of full-length
DT. It also binds to curcumin forming a curcumin—RDT
complex, and this increases the fluorescence intensity and
fluorescence lifetime of curcumin. The curcumin—RDT

Receptor binding
domain (RDT)

BNy wl 3 }/!\’
L XL Fle)
Diphtheria b b R S—
Toxin (DT) Cell death

complex binds to the receptor and associates with human glioblastoma cells (U-87 MG) expressing the receptor. The cellular
uptake of curcumin is higher for the curcumin—RDT complex than curcumin alone. This increase in uptake enhances the
antiproliferative effect of curcumin and induces apoptosis of these cells even at a lower dose.

KEYWORDS: diphtheria toxin, curcumin, cellular uptake

1. INTRODUCTION

The potency of a drug can be enhanced by the synergistic effect
of another drug or by making a formulation that can increase
stability/solubility/delivery of the drug to target cells. Various
approaches from encapsulation in liposomes’ to protein-based
nanocarriers® have been used to enhance delivery of therapeutic
agents. Biomolecules and biomimetic molecules are also used to
enhance cellular uptake of drugs. For example, cell-penetrating
peptides, derived from natural sequences or designed one,
increase the cellular uptake of therapeutic molecules by
endocytosis or by passive translocation through plasma

One can exploit ligand—receptor interaction to achieve
enhanced cellular delivery of curcumin. Ligands to cell surface
receptors overexpressed in disease related cells are usually used
for such purpose. Heparin-binding EGF-like growth factor
(HB-EGF) is one such cell surface molecule. HB-EGF is
overexpressed in several types of cancers and is involved in
tumor growth, metastasis, and angiogu:m:sis.ll HB-EGF is
expressed as a membrane anchored molecule, which sub-
sequently gets released through ectodomain shedding.'* As a
membrane anchored molecule, HB-EGF participates in
juxtacrine signaling.'* Interestingly, HB-EGF is also a cell
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AdntisdanAsifiaiuvin
(save) (ilulWa
A&NnMslLA3adiuwW 1ia
forunWunaU




Af'(' ). .L\II,-‘\-LIA:A,-

Chemical Reviews

Full Text : PDF w/Links

(65) Lockeet, M. F.; Davis, M. M. . Pharm. Pharmacol. 1958,

10, 80,

(66) Robiquet, P. J. Ann. Chim. Phys. 1832, 51, 225.

(67) Mignat, C.; Wille, U,; Ziegler, A. Life Sci. 1995, 56, 793.

(68) Modi, S.; Paine, M. ].; Sutcliffe, M. J.; Lian, L; Primrose, W. U,;
Wolf, C. R.; Roberts, G. C. K. Bigghcznishy 1996, 35, 4540.

(69) Gasche, Y.; Daali, Y.; Fathi, M.; Chiappe, A.; Cottini, $.; Dayer
P; Desmeules, . N. Eugl LMed 2004, 351, 2827.

(70) Eddy, N. B.; Friebel, H.; Hahn, K. J; Halbach, H. Bull. WHO

1969, 40, 425.

(71) Bddy, N. B. [ Pharmacol Fap Ther 1935, 55, 127,

(72) Gierse, J. K; McDonald, J. J.; Hauser, S. D; Rangwala, $. H,;
Koboldt, C. M, Seibert, K. L Biol Chiams 1996, 271, 15810.

(73) Wong, E; Bayly, C.; Waterman, H. L.; Riendeau, D.; Mancini,

LALBiol Chemy, 1997, 272, 9280,

(74) Needleman, P.; Turk, J; Jakschik, B. A. Annu. Rev. Biochem.

1986, 55, 69.
(75) FitzGerald, G. A. Natug Rep Drig Discorery 2003, 2, 879,
(76) Kurumbail, R. G.; Stevens, A. M;; Gierse, ]. K; McDonald, J.].;
Stegeman, R A,; Pak, ].Y.; Gildehaus, D,; Iyashiro, ]. M.; Penning, T. D ;
Seibert, K,; Isakson, P. C,; Stallings, W. C. Nature 1996, 384, 644,
(77) Pettersen, E. F; Goddard, T. D.; Huang, C. C; Couch, G. S,

Greenblatt, D. M; Meng, E. C; Ferrin, T. E. ]. Comput. Chem. 2004,

(103) Stroud, R. M,; Finer-Moore, J. S. EASEB] 1993, 7, 671.

(104) Carreras,C.W.; Santi, D. V. A Rev Biochem 1995, 64,721,

(105) Kompis, I M; Islam, K; Then, R. L. Chem. Rev. 2005,
105, 59
06) Chuy,E.; Callender, M. A,; Farrell, M. P.; Schmif

Dhasmacal 2002 52, 580.

(10'?) I PubMed
2,621, | CrossRef

[1{]8) R ChemPort
Wilke, H;; ’iee er, 5.

[110) Verr), oyFoche Duneenhe j Basnak, 1; Walker,
R. T.; Coe, P. L; De Llercq,E Andrel G.; Snoeck, R.; Balzarini, | ;
Spadan S. MM 2000, 351, 319.

(111) Endo, A; Kuroda, M.; Tanzawa, K. EEBS Left, 1976, 72, 323.

(112) Brown, A G;; ",male T. C; King, T. ].; Hasenkamp, R,
Thompson, R H. . Chern Soc, Perkn Trans | 1976, 1165,

(113) Endo, A; Tsujita, Y.; Kuroda, M.; Tanzawa, K. Eur. . Biochem.
1977, 77, 31.

(114) Nawrocki, . W; Weiss, S. R; Davidson, M. H,; Sprecher,
D. L; Schwartz, . L; Lupien, P. -] ; Jones, P. H.; Haber, H. E; Black,
D. M. Agrigsdler. Thromb, Vasc Biol. 1995, 15, 678.

(115) Bocan, T. M.; Ferguson, E; McNally, W.; Uhlendorf P. D;

iiarinaavlanans 12iu Reference azanunsatdaniaslugvaiayanalu

s1u2iaya ACS 1i3a CrossRef, PubMed, 1i15a ChemPort 16




ACS Publications

Most Trusted. Most Cited. Most Read.

PERENNIAL REVIEWS

Figure 1 of 37

Environmental Implications of Hydroxyl Radicals (*OH)

asho Gligorovski, Rafal Strekowski, Stephane Barbati, and Davide Vione
p 13051-13092

ublication Date (Web): December 2, 2015 (Review)

)OIz 10.1021/cr500310b

Update 1 of: Destruction and Detection of Chemical Warfare Agents

oon Jeong Jang, Kibong Kim, Olga G. Tsay, David A. Atwood, and David G. Churchill
p PR1-PR76

ublication Date (Web): December 23, 2015 (Review)
$01: 10.1021/acs.chemrev.5b00402

Q
P
\ OH
HO %0
NON-TOXCICITY

Figure 1 of 8

Download Citation

First Page
Articles Selected

T ACS ActiveView PDF 30f9

H-Res Frint Annaiaie Referance Quick\iew I:l select All
B PDF[14526K]
B8 PDF wi Links[3441K] B view Ahstrmse
E Al @ Download Citations

& % sddto Acs Chemworx

> ®% Add to ACS ChemWorx s

Abstract

T ACS ActiveView PDF

HI-Res Frint. Annoiaie, Reforance Quickilzwr
5 PDF[4920K]
5 PDF w/ Links[1703K]
B Full Text HTML

l'f Add to ACS ChemWorx

1. tAans1an1sNEavNIS

2. mani Download Citations




ACS Publications -
Most Trusted. Most Cited. Most Read.

Download Citations

Download a citation file in RIS format that can be imported by all major citation management softwd
Manager.

o fote, ProCite, RefiWorks, and Reference
Format:

® RIS — For EndNote, ProCite, RefWWorks, and most other reference management software
BibTeX — For JabRef, BibDesk, and other BibTeX-specific software

Include:
* Citation for the content below
Citation and references for the content below

Citation and abstract for the content below
\ Download Citation(s) ;

Content

1. Recombinant Receptor-Binding Domain of Diphtheria Toxin Increases the Potency of Curcumin by Enhancing Cellular Uptake
Ashok Kumar, Gopal Das, and Biplab Bose
Molecular Pharmaceutics 2014 11 (1), 208-217
DOI: 10.1021/mp400375x

1. idansduuudayaisasnisaiaiany 2. adnil Download Citation




ACS Publications
v Most Trusted. Most Cited. Most Read.




