


reactivity with the termini of 10 and 11 should be very similar to

that of RGDC; therefore, the molar surface loading of DANSYL-

Cys accurately approximates that of RGDC. Briefly, samples of

12b and 13b were immersed in water (adjusted to pH 7.5 with

NaOH) for 6 d at 37 uC. Fluorescence intensities of the

supernatants from 12b and 13b were monitored and compared

to control samples 4 or 5, which allowed calculation of any release

of DANSYL groups from the surface. Excess DANSYL reagent

desorbed rapidly from the polyurethane surfaces, in less than one

day. In contrast, no release of surface-bound DANSYL material

occurred from either 12b or 13b over 6 d (see ESI{), showing the

stability to hydrolysis of carboxylate derivatized, surface-bound

Zr-carbamate complexes under physiological conditions. To

determine surface coverages for 12b and 13b (which correlate with

12a and 13a), they were immersed in water (at pH 12.5) for 3 h at

room temperature; this cleaves the Zr-carbamate complexes from

the surface and releases DANSYL-cys into solution. The amount

of DANSYL surface-bound to 12b was measured to be 110 ¡

15 pmol cm22, which corresponds to a surface coverage of 25%

(see ESI{). Based on their different polymer stoichiometries,

tecoflex1 polyurethane (5), with a much smaller surface ratio of

carbamate linkages to aliphatic (and ethyleneoxy) groups than 4,

would be expected to have only about one-fourth the number of

carbamate linkages per unit area at its surface than 5. In fact

DANSYL surface-bound to 13b was measured to be 40 ¡

10 pmol cm22, or 10% spatial surface coverage.

Tecoflex1 activated by our procedure and terminated with

RGDC peptides is highly active for supporting cell adhesion; an

in vitro study was conducted as previously described.21 Briefly,

fibroblasts (3.3 6 105 NIH 3T3 cells in serum-free DMEM) were

added to 35 mm tissue culture wells containing untreated or

derivatized polyurethane surfaces. At 3 h cells were fixed, per-

meabilized, and stained with FITC-phalloidin (for actin filaments),

anti-vinculin antibody (Sigma) followed by rhodamine-IgG

secondary antibody (for focal adhesions), and DAPI (for DNA).

Significant numbers of cells (average from nine 106 fields)

attached to the RGDC-modified surface (13a) (Fig. 1A, D)

compared to control untreated tecoflex1 (5) (Fig. 1B, D).

Furthermore, PEG-derivatized tecoflex1 (9) showed significant

cell resistant properties (Fig. 1C, D). A one way analysis of

variance (ANOVA) test showed a statistically significant increase

in cell adhesion for 13a (p = 2.6 6 1029) and a significant decrease

in cell adhesion for 9 (p = 8.7 6 1025) when compared to 5.

Cells were well-spread on the RGD-modified surface showing

organized actin filaments and focal adhesions when stained with

fluorescent phalloidin and anti-vinculin antibodies (Fig. 1A), while

the cells on untreated 5 (Fig. 1B) and PEG-treated 9 (Fig. 1C)

remained round.

In conclusion, we have found that the surface cell adhesive

properties of polyurethanes can be controlled through the

intermediacy of surface-bound Zr-carbamate complexes, which

are synthesized in high yield. Cell adhesive peptide RGD can be

bound to poly(hexamethylenehexylene)urethane and tecoflex1 at

levels of about 110 and 40 pmol cm22, or ca. 25% and 10% surface

coverage, respectively. These are the highest yields yet reported on

any polyurethane surface6,10,24,25 and are comparable to loadings

we previously attained on nylon.21 Significantly, treated poly-

urethane surfaces have increased hydrophilicity compared to

untreated controls, and can bond significant amounts of the cell

adhesive peptide RGD, or cell non-adhesive PEG to enable

effective control of cell seeding or to reduce biofouling of

biomedically important polymers.
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