
Bioconjugation of biotinylated PAMAM dendrons to avidin{

Lei Tao,a Jin Geng,a Gaojian Chen,a Yingjian Xu,b Vincent Ladmiral,c Giuseppe Mantovania and
David. M. Haddleton*a

Received (in Cambridge, UK) 15th June 2007, Accepted 9th July 2007

First published as an Advance Article on the web 24th July 2007

DOI: 10.1039/b709080c

The biotin-terminated PAMAM dendron has been synthesized

and the asymmetric dendron used to modify the protein avidin

via non-covalent bioconjugation.

Application of proteins and peptides as human therapeutics is

developing rapidly with the discovery of novel peptides and

proteins.1,2 Many peptide derived molecules can be destroyed in

the digestive system and in the circulatory system, removed by

proteolytic digestion and rapid renal excretion.3 Covalent attach-

ment of synthetic macromolecules is an effective way to improve

protein stability with reduced immunogenicity and extended

plasma half-lives.4–11 Secondary properties can be introduced,

for example in temperature-sensitive,9–15 photosensitive16–21 and

pH-sensitive22 conjugates.

Poly(amidoamine) PAMAM dendrimers have attracted interest

in various fields since their discovery by Tomalia et al. in 1985.23,24

Their globular and well-defined structure has led PAMAM

dendrimers and dendrons to be used in a range of constructs,

including protein/enzyme mimics, and as gene delivery

reagents.25–32 Herein we report the work to modify a protein with

PAMAM dendrimer. Previously Davis et al. have attached tetra

terminal dendrons to the enzyme SBL33 and Smith et al. have

conjugated polyamine dendrons with spermine surface groups to

Class II hydrophobin.34

Avidin was chosen as the model protein for two reasons: (1)

avidin is formed from four subunits, each subunit is able to bind

one biotin molecule with an extraordinarily high affinity (affinity

constant y 10215 M). (2). The avidin–biotin system has been

studied as a model of protein–ligand interaction34,35 and has led to

a large number of applications such as tumor pre-targeting,36

improved clinical diagnostics37 or protein labelling and proteomics

and is also used as a research tool in surface engineering, self

assembly studies, and drug delivery38 and in a similar approach by

Maynard et al. to attach polymers to avidin10,11

Michael addition of the non-symmetrical initiator, biotin (2-

aminoethyl)amine (2) to methyl acrylate (MA) followed by

amidation with a large excess of ethylenediamine doubled the

number of surface amino groups. Dendron growth continued by

alternate Michael addition and amidation to form the final target

dendron G#3.5, Scheme 1.

The 1H NMR spectrum of the biotin terminated PAMAM

dendron G#3.5 shows peaks at 4.46 and 4.31 ppm corresponding

to the protons on the biotin ring, whilst the peak at 3.65 ppm is

from the peripheral methyl groups, Fig. 1. The integration ratio of

the three peaks = 1 : 1 : 48, agrees with the theoretical values. The

dendron has narrow polydispersity (1.04 by SEC), and the

molecular weight by MALDI-TOF = 3260 amu, again the same

as predicted, indicating successful synthesis of the biotinylated

dendron.

In order to test the bioavailability of the biotinylated dendron to

the protein receptor, a competitive binding evaluation was

undertaken. 2-(4-Hydroxyphenylazo)benzoic acid (HABA) binds

to avidin in the same position as biotin. Compared with the native

HABA (maximum UV absorbance = 350 nm), the maximum UV

absorbance of the avidin–HABA complex shifts to l = 500 nm.

However, avidin’s affinity to HABA is much weaker (Kd = 1026

M) than biotin (Kd = 10215 M), thus HABA should be replaced by

a biotinyl reagent when it is added to a solution of avidin–HABA

complex, Fig. 2.

When the biotinylated dendron G#3.5 was added into the

avidin–HABA complex solution, the pale red color (avidin–

HABA complex) immediately disappeared, with the emergence of

a new peak and the disappearance of the peak at l = 500 nm and
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Scheme 1 Synthesis of biotinylated PAMAM dendron G#3.5. (a) H+

resin/methanol, 48 h at ambient temperature; (b) ethylene diamine–

methanol, 48 h at 60 uC; (c) methyl acrylate–methanol, 48 h at ambient

temperature.
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reappearance of the peak at 350 nm from free HABA, showing the

interaction of the avidin–biotin dendron.

The reverse phase HPLC data, Fig. 3, shows the peak

corresponding to the avidin–dendrimer conjugate shifted when

compared with the peak of native avidin. Also demonstrating that

the avidin–biotin dendrimer conjugate has been formed, this shift

is due to the conjugate becoming less polar than the free protein.

This proved more successful than SEC HPLC as, even with the

addition of four dendrons, the change in molecular size was not

sufficient for satisfactory resolution.

In summary, a biotinylated PAMAM dendron has been

successfully prepared. The biotin end group was employed to link

onto the avidin surface, and the UV results of the HABA test

indicate the occurrence of an avidin–biotin interaction. Reverse

phase HPLC curves give a further indication of the conjugation

between avidin and terminally biotinylated PAMAM.
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Notes and references

1 J. M. Harris and R. B. Chess, Nat. Rev. Drug Discovery, 2003, 2, 214.
2 M. J. Roberts, M. D. Bentley and J. M. Harris, Adv. Drug Delivery

Rev., 2002, 54, 459.
3 F. M. Veronese and J. M. Harris, Adv. Drug Delivery Rev., 2002, 54,

453.
4 P. Caliceti and F. M. Veronese, Adv. Drug Delivery Rev., 2003, 55,

1261.
5 G. Mantovani, F. Lecolley, L. Tao, D. M. Haddleton, J. Clerx,

J. J. L. M. Cornelissen and K. Velonia, J. Am. Chem. Soc., 2005, 127,
2966.

6 L. Tao, G. Mantovani, F. Lecolley and D. M. Haddleton, J. Am. Chem.
Soc., 2004, 126, 13220.

7 F. Lecolley, L. Tao, G. Mantovani, I. Durkin, S. Lautru and
D. M. Haddleton, Chem. Commun., 2004, 2026.

8 D. Bontempo, K. L. Heredia, B. A. Fish and H. D. Maynard, J. Am.
Chem. Soc., 2004, 126, 15372.

9 D. Bontempo, R. C. Li, T. Ly, C. E. Brubaker and H. D. Maynard,
Chem. Commun., 2005, 4702.

10 D. Bontempo and H. D. Maynard, J. Am. Chem. Soc., 2005, 127, 6508.
11 V. Vazquez-Dorbatt and H. D. Maynard, Biomacromolecules, 2006, 7,

2297.
12 Z. Ding, R. B. Fong, C. J. Long, P. S. Stayton and A. S. Hoffman,

Nature, 2001, 411, 59.
13 S. Anastase-Ravion, Z. Ding, A. Pelle, A. S. Hoffman and

D. Letourneur, J. Chromatogr., B: Biomed. Sci. Appl., 2001, 761, 247.
14 Z. Ding, C. J. Long, Y. Hayashi, E. V. Bulmus, A. S. Hoffman and

P. S. Stayton, Bioconjugate Chem., 1999, 10, 395.
15 P. S. Stayton, T. Shimoboji, C. Long, A. Chilkoti, G. Chen, J. M. Harris

and A. S. Hoffman, Nature, 1995, 378, 472.
16 T. Shimoboji, Z. L. Ding, P. S. Stayton and A. S. Hoffman,

Bioconjugate Chem., 2002, 13, 915.
17 I. Willner and S. Rubin, Angew. Chem., Int. Ed. Engl., 1996, 35, 367.
18 I. Willner, S. Rubin, R. Shatzmiller and T. Zor, J. Am. Chem. Soc.,

1993, 115, 8690.
19 I. Willner, S. Rubin, J. Wonner, F. Effenberger and P. Baeuerle, J. Am.

Chem. Soc., 1992, 114, 3150.
20 I. Willner, S. Rubin and T. Zor, J. Am. Chem. Soc., 1991, 113, 4013.
21 I. Willner, S. Rubin and A. Riklin, J. Am. Chem. Soc., 1991, 113,

3321.
22 V. Bulmus, Z. Ding, C. J. Long, P. S. Stayton and A. S. Hoffman,

Bioconjugate Chem., 2000, 11, 78.
23 D. A. Tomalia, H. Baker, J. Dewald, M. Hall, G. Kallos, S. Martin,

J. Roeck, J. Ryder and P. Smith, Polym. J. (Tokyo), 1985, 17, 117.
24 D. A. Tomalia, H. Baker, J. Dewald, M. Hall, G. Kallos, S. Martin,

J. Roeck, J. Ryder and P. Smith, Macromolecules, 1986, 19, 2466.
25 L. Liu and R. Breslow, J. Am. Chem. Soc., 2003, 125, 12110.
26 J. W. Lee, J. H. Kim, B. K. Kim, J. H. Kim, W. S. Shin and S. H. Jin,

Tetrahedron, 2006, 62, 9193.
27 D. A. Tomalia, Prog. Polym. Sci., 2005, 30, 294.
28 S. Ghosh, A. K. Banthia and Z. Chen, Tetrahedron, 2005, 61, 2889.
29 C. S. Braun, J. A. Vetro, D. A. Tomalia, G. S. Koe, J. G. Koe and

C. R. Middaugh, J. Pharm. Sci., 2005, 94, 423.
30 T.-I. Kim, H. J. Seo, J. S. Choi, H.-S. Jang, J. Baek, K. Kim and

J.-S. Park, Biomacromolecules, 2004, 5, 2487.
31 N. Malik, R. Wiwattanapatapee, R. Klopsch, K. Lorenz, H. Frey,

J. W. Weener, E. W. Meijer, W. Paulus and R. Duncan, J. Controlled
Release, 2000, 65, 133.

32 X.-Q. Zhang, X.-L. Wang, S.-W. Huang, R.-X. Zhuo, Z.-L. Liu,
H.-Q. Mao and K. W. Leong, Biomacromolecules, 2005, 6, 341.

Fig. 2 Schematic of HABA binding test, UV/Vis spectra of the HABA–

avidin complex before and after the addition of the biotinylated dendron

G#3.5.
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Fig. 1 1H NMR spectrum of biotin PAMAM dendron G#3.5.
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