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Abstract: Protein polymers are repetitive polypeptides produced by ribosomal biosynthetic pathways;

furthermore, they offer emerging opportunities in drug and biopharmaceutical delivery. As for any

polymer, biodegradation is one of the most important determinants affecting how a protein polymer can

be utilized in the body. This study was designed to characterize the proteolytic biodegradation for a

library of protein polymers derived from the human tropoelastin, the Elastin-like polypeptides (ELPs).

ELPs are of particular interest for controlled drug delivery because they reversibly transition from

soluble to insoluble above an inverse phase transition temperature (Tt). More recently, ELP block

copolymers have been developed that can assemble into micelles; however, it remains unclear if

proteases can act on these ELP nanoparticles. For the first time, we demonstrate that ELP

nanoparticles can be degraded by two model proteases and that comparable proteolysis occurs after

cell uptake into a transformed culture of murine hepatocytes. Both elastase and collagenase

endopeptidases can proteolytically degrade soluble ELPs. To our surprise, the ELP phase transition was

protective against collagenase but not to elastase activity. These findings enhance our ability to predict

how ELPs will biodegrade in different physiological microenvironments and are essential to develop

protein polymers into biopharmaceuticals.
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Introduction

Proteolysis has been adapted for various purposes in

the fields of drug delivery and biomaterials.1 Many

proteases maintain biological homeostasis; however,

protease misregulation also causes upregulation of

cathepsins and matrix metalloproteinases observed

in solid tumors.2 As such, the proteolytic environ-

ment can be used to design peptide-based prodrugs

that facilitate targeted drug activity.3 The purpose of

this study is to identify the effects of some of these

proteases on an emerging class of protein-based

polymers called Elastin-like polypeptides (ELPs).4,5

ELPs are unique biopolymers inspired from human

tropoelastin that consist of pentameric repeats of (Val-

Pro-Gly-Xaa-Gly)n where Xaa is a ‘‘guest’’ residue. ELPs

undergo reversible inverse phase transition wherein

they are soluble below their transition temperature (Tt)

and cluster into aggregates above their Tt.
6 Changing

the ELP length, n, and the guest residue, Xaa, enables

accurate and reproducible control of Tt. ELPs with dif-

ferent Tt can be fused into block copolymers that assem-

ble micelle nanoparticles.4 Block copolymers are emerg-

ing as effective drug delivery vehicles because of their

ability to self-assemble into nanostructures ranging in

scale from tens to thousands of nanometers.7 Similarly,

amphiphilic ELP diblock copolymers can form stable

spherical micelles.8 ELP micelles may be promising

drug carriers, as they have been used successfully to

deliver chemotherapeutic cargo to a murine colon carci-

noma model.4 ELPs have also been explored as tissue

engineering substrates.9 For applications in drug deliv-

ery or tissue engineering, the mechanism, and efficiency

of proteolytic biodegradation is expected to be a key

determinant of their success.

The rate of biodegradation controls accumula-

tion/retention at the target site as well as clearance

from the body. The liver plays a central role in clear-

ing endogenous and exogenous peptide-based frag-

ments from the body as well as nanoparticles10;

therefore, we decided to determine if ELP nanopar-

ticles can be biodegraded inside a monolayer of

transformed murine hepatocytes. We further investi-

gate the possibility that the ELP phase separation

provides a general blockade against proteases, as

has been suggested previously.11 To explore this

question, we compared the biodegradation of di and

monoblock ELPs with low and high Tt, under incu-

bation with two model proteases. The ELPs

employed had different lengths and hydrophobic-

ities; furthermore, we also modulated their phase

separation using salt, sodium sulfate. We observed

that ELP assembly provides no protection against

elastase; however, ELP assembly does protect

against collagenase. These findings support the con-

tention that ELP therapeutics can be substrates for

hepatic biodegradation and clearance.

Results

Characterization of ELPs

A small library of ELPs was prepared, purified and

characterized (Table I) for the purpose of observing

the degradation trends for both soluble, insoluble,

and nanoparticle ELPs. ELPs remain soluble below

their transition temperatures (Tt).
12 ELP nanopar-

ticles assemble water-soluble micelles above their

critical micelle temperature (CMT). The phase dia-

gram for the S48I48 diblock copolymer is presented

[Fig. 1(A)] and the formation of micelles was con-

firmed using Dynamic Light Scattering (DLS) [Fig.

1(B)]. S48I48 displays two transition temperatures,

one at �27�C and the other at �75�C. The lower Tt

represents a CMT indicative of the assembly of the

isoleucine block, and the second Tt,bulk is a bulk

phase separation caused by association of the serine

block. As the temperature was increased from 10 to

37�C, the diblock monomers clearly assemble mono-

disperse nanoparticles (Rh ¼ 23.7 6 0.7SD nm)

[Fig. 1(C)].8,13

Cellular uptake and degradation of

the ELP nanoparticles

When incubated with cultured mouse hepatocytes,

the 40 kDa band of Rh-S48I48 disappears over time,

which suggests biodegradation [Fig. 1(D)]. To further

explore this possibility, this incubation was observed

Table I. ELP Protein Polymers Subjected to Proteolysis

Label

Amino acid

sequence

aPurity

(%)

CMT

(�C)

bTt,bulk

(�C)

cExpected

mass

(g mol�1)

dObserved

mass

(g mol�1)

I96 G(VPGIG)96Y 97.7 n.a. 11.5 40,895 40,638 6 25

V96 G(VPGVG)96Y 97.3 n.a. 31.9 39,548 39,514 6 37

S96 G(VPGSG)96Y 92.4 n.a. 62.6 38,391 38,220 6 3

I48S48 G(VPGIG)48(VPGSG)48Y 99.4 26 87.4 39,643 39,575 6 28

S48I48 G(VPGSG)48(VPGIG)48Y 99.2 27 75.7 39,643 39,541 6 20

V48 G(VPGVG)48Y 98.7 n.a. 42.4 20,024 20,009 6 11

a Polypeptide purity was assessed using SDS-PAGE and subsequent densitometry of copper chloride stained gel.
b Inverse transition temperatures, Tt, were analyzed using optical density (350 nm) measurements at a polypeptide concen-

tration of 25 lM.
c Expected mass of polypeptide (Mean 6 SD in Da).
d Data collected using matrix assisted laser desorption ion time of flight mass spectrometry.
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directly using live cell microscopy (Fig. 2). There

was a significant amount of uptake of Rh-S48I48 af-

ter 2 h (presence of red punctate spots within the

cell); however, some S48I48 remains bound on the

surface. Lysotracker green was used to stain the low

pH compartments inside the cells. The ELP colocal-

ized with lysotracker green, which suggests that it

may be in contact with the proteolytically active

lysosomal environment. As the incubation time

increased, the amount of material bound at the sur-

face continued to decrease, which suggests continued

cellular uptake. At 24 h, the signal from the Rh-

S48I48 colocalized with low pH compartments also

decreased, which suggests intracellular proteolysis

and clearance of the dye.

Proteolytic degradation of ELP nanoparticles

Soluble ELPs are susceptible to degradation by elas-

tase and collagenase;14 therefore, we selected these

two model proteases to determine if nanoparticle as-

sembly influences proteolysis. As seen in Figure 3(A),

I48S48 was readily degraded by elastase at both 20

and 37�C, which are below and above the CMT (Table

I). Micelle assembly had no effect on elastase degra-

dation, with the starting 40 kDa bands disappearing

after 2 h. Instead of a single band, the degradation

products showed up on the electrophoretic gel as a

smear of several different fragments ranging from 10

to 25 kDa. Co-incident with the disappearance of the

40 kDa band, the appearance of a �25 kDa raised the

possibility that one of the two ELP blocks remained

untouched by elastase. Two pieces of data rule out

this possibility: i) elastase completely digests both the

S96 and I96 monoblock ELP (Fig. 4) at 37�C; and ii)

digestion of the V96 band also produces a �25 kDa

band [Fig. 4(A)].

While elastase efficiently acts upon these nano-

particles, collagenase is less active under the studied

conditions. Densitometric analysis indicated a clear

difference in the percentage of starting material

remaining compared to an untreated control for all

samples [Fig. 3(C)]. On treatment with collagenase,

Figure 1. Assembly and biodegradation of elastin-like polypeptide nanoparticles in a hepatocyte monolayer culture. A:

Optical density measurements (350 nm) were used to define the temperature-concentration phase diagram for the

polypeptide block copolymer S48I48 in phosphate buffered saline. Both the critical micelle temperature (CMT) and bulk

transition temperature (Tt,bulk) followed a log-linear correlation with concentration. R2
¼ 0.903, 0.999 respectively. B: Dynamic

light scattering confirmed that these block copolymers assemble monodisperse polypeptide nanoparticles (Rh ¼ 23.7 6 0.7

nm, mean 6 SD) above 27�C. C: Particle distribution histogram depicting monodispersity of S48I48 polymer (10, 25�C) and

nanoparticles (37�C). D: These micelles are biodegradable in cell culture. A rhodamine-conjugated ELP, Rh-S48I48, was

incubated with a monolayer of transformed murine hepatocytes for intervals from 0 to 48 h. Fluorescently labeled ELPs

associated with the cell monolayer were extracted and resolved using SDS-PAGE; furthermore, the disappearance of the

�40 kDa band over time with respect to a nonincubated control suggests biodegradation of the nanoparticles. The dye front

for free rhodamine is also indicated.
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SDS-PAGE showed partial degradation for the ELP

nanoparticles [Fig. 3(B)]; furthermore, there was a

statistically significant difference above and below the

CMT, which suggests that micelle assembly has a

marginally protective effect against collagenase (p ¼ 4

� 10�4). These findings demonstrate that collagenase

activity tends to be slightly moderated by micelle

formation; however, elastase activity remains equiva-

lent regardless of incubation temperature. As observed

in the hepatocyte cultures, these findings confirm that

ELP nanoparticles are proteolytically biodegradable,

and also suggest that ELP-mediated assembly may

provide protection against select proteases.

Proteolytic digestion of ELP monoblocks

After confirming that ELP nanoparticles can be

degraded in low-pH intracellular compartments

within a hepatic cell line (Figs. 1 and 2) and also by

model proteases (Fig. 3), we investigated the compo-

nent ELP monoblocks to determine how ELP

sequence and phase separation control proteolysis.

Unlike the diblock copolymer I48S48, which forms

stable nanoparticles, the ELP monoblocks V48, I96,

V96, and S96 phase separate into micron-sized

aggregates that settle in water. As observed for the

diblock copolymer, elastase degrades V96 almost

completely at 20 and 37�C (p ¼ 2 � 10�11, p ¼ 3 �

10�11); however, for V96 there is a significant differ-

ence (p ¼ 4 � 10�8) between collagenase digestion

above and below the Tt (31.9
�C) [Fig. 4(C)]. Similar

results were obtained when the V96 phase separa-

tion was induced by the addition of salt [Fig. 4(F)].

Likewise, the same trend was observed for degrada-

tion of V48 and V96 at 37�C, which was between

Figure 2. Uptake and degradation of elastin-like polypeptide nanoparticles in transformed hepatocytes. Rhodamine-

conjugated S48I48 (red) was incubated with transformed murine hepatocytes for 0, 2, 4, 24 h at 37�C and imaged using live-

cell confocal microscopy. Cells were counterstained with lysotracker green to indicate the presence of low pH compartments;

where, lysosomal proteases are active. Differential interference contrast (DIC) imaging was used to illustrate cellular

morphology. ELP nanoparticles were visible both inside and on the cell surface after 2 h. At later time-points, there was a

noticeable decrease in surface staining; furthermore, the intracellular staining also significantly decreased after 24-h

incubation. The arrow indicates internalized nanoparticles with the lysosomes. Scale bar: 10 lm.

746 PROTEINSCIENCE.ORG Elastin-Like Polypeptide Nanoparticles



their respective Tt of 42.4 and 31.9�C [Fig. 4(G)].
Due to the surprisingly efficient elastase digestion of

phase V96 under phase separation, we further quan-

tified the kinetics of proteolysis using Michaelis-

Menten analysis, which yielded a Vmax of 0.24 �

10�3 s�1 and KM of 1.14 lM (Supplemental Figure

3). In contrast, both incubation temperatures for S96

were below Tt (55.7�C). Elastase almost completely

degrades S96 at 20 and 37�C (p ¼ 9 � 10�13 and 9 �

10�13) when compared to the �50% degradation

caused by collagenase at 37�C. Unlike V96, there

was no enhancement of collagenase proteolysis for

S96 at 20 vs. 37�C [Fig. 4(D)]. In contrast, I96 has a

very low Tt, (11.5�C); therefore, degradation was

explored below and above its Tt at 4 and 37�C

respectively. Elastase digests I96 more extensively

at 37�C than at 4�C (p ¼ 0.04), which is opposite to

the observation in V96 and S96 [Fig. 4(E)]. This may

result from reduced proteolytic activity at 4�C; how-

ever, even at a suboptimal temperature, I96 was still

readily degraded by elastase. In total, these data sug-

gest that all of these ELP monoblocks are readily

degraded by elastase at 37�C, whereas for ELPs with

a Tt near physiological temperature (V96) the phase

separation partially protects against collagenase.

Discussion

Previous studies have shown that ELPs that contain

lysine are substrates for trypsin, collagenase, and

elastase;14,15 furthermore, non-ionic soluble ELPs

can be degraded in fresh mouse serum over a period

of several days.16 Despite these reports, there have

been no comprehensive studies to determine if ELP

phase separation is a complete, partial, or ineffective

inhibitor of proteolysis. Biodegradation of ELP nano-

particles is complicated because they contain both

soluble and insoluble ELP blocks, both of which

must biodegrade in therapeutic applications. To

answer this question, this report describes the bio-

degradation of a small library of ELPs with approxi-

mately the same molecular weight with different

physical properties (Table I).

Our main finding is that above and below their

assembly temperatures, ELPs are excellent sub-

strates for elastase; however, another enzyme, colla-

genase, appeared to be partially inhibited by the

ELP phase separation. Under in vitro conditions,

elastase degraded greater than 90% of the starting

protein polymer, a pattern confirmed across all

the ELPs treated at physiological temperatures. A

similar pattern of biodegradation was observed in

cellulo, where there are reports of lysosomal homo-

logues of elastases.17 Under similar conditions, colla-

genase was less active towards both I48S48 (CMT ¼

26�C) and V96 (Tt, bulk ¼ 31.9�C). Both of these

ELPs are significantly (p < 0.05) protected at 37�C

compared to incubation below their assembly tem-

perature. This trend was also observed when com-

parison was made between different lengths of ELPs

(V48 and V96) and when Tt was manipulated with

different strengths of sodium sulfate. A possible

explanation is that the ELP phase separation is

coupled with a change in secondary structure18 and

reduced proteolytic accessibility.11 Differences in pro-

teolysis may also correlate to differences in amino

acid sequence; however, the repetitive motif Val-Pro-

Figure 3. Degradation of elastin-like polypeptide nanoparticles depends on protease identity. Proteolytic degradation of the

ELP block copolymer CFSE-I48S48 was assessed using SDS-PAGE and fluorescent imaging. Digestion was performed above

(37�C) and below (20�C) the CMT to determine if self-assembly protects against proteolysis. Images were then quantified for

the integrated intensity of the starting band in triplicate for all conditions. A: Proteolysis in presence of elastase after 2 h. Lane

1: 0.35 units at 20�C; 2: 0.7 units at 20�C; 3: 0.35 units at 37�C; 4: 0.7 units at 37�C; 5: control polypeptide. B: Proteolysis in

presence of collagenase after 2 h. Lane 1: 3.6 units at 20�C; 2: 6.0 units at 20�C; 3: 3.6 units at 37�C; 4: 6.0 units at 37�C; 5:

control polypeptide. C: Image analysis was used to normalize the integrated intensity of the 40 �kDa ELP band between the

control and proteolytic samples. A one-way ANOVA revealed significant differences in the percent of remaining 40 kDa ELP

as a function of temperature and protease identity. Micelle assembly had a statistically significant, albeit small, protective

effect against collagenase *P ¼ 4.11 � 10�4. Under these conditions, micelle assembly had no effect on elastase proteolysis;

however, elastase was significantly more active than collagenase **P ¼ 9.35 � 10�13, ***P ¼ 9.35 � 10�13.
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Figure 4. ELP phase separation is protective against degradation by collagenase but not elastase. SDS PAGE was used to

resolve the proteolysis of four CFSE conjugated ELP monoblocks (V48, V96, S96, I96) above and below their phase transition

temperatures. Digestion and electrophoresis were performed in triplicate and quantified using image analysis. A:

Representative gel for V96 incubated with elastase for 2 h: Lane 1: control; 2: 0.35 units at 20�C; 3: 0.7 units at 20�C; 4: 0.35

units at 37�C; 5: 0.7 units at 37�C. B: Representative gel for V96 incubated with collagenase for 2 h: Lane 1: control; 2: 3.6

units at 37�C; 3: 6.0 units at 37�C; 4: 3.6 units at 20�C; 5: 6.0 units at 20�C. C: Quantification of V96 degradation above and

below Tt, bulk (31.9�C) shows that elastase is more active than collagenase (*P ¼ 2 � 10�11, **P ¼ 3 � 10�11) and that phase

separation protects only against collagenase (***P ¼ 4 � 10�8). D: Quantification of soluble S96 degradation below Tt, bulk

(55.7�C) shows that elastase is more active than collagenase (*P ¼ 1.72 � 10�8, **P ¼ 2.11 � 10�9); however, there are no

significant differences in enzyme activity between 20 and 37�C. E: Quantification of I96 degradation above and below Tt, bulk

(11.5�C). Despite the phase separation, elastase at 37�C degrades more ELP compared to 4�C (*P ¼ 0.04); furthermore,

elastase is more active than collagenase both below (**P ¼ 0.004) and above (***P ¼ 0.006) the phase transition temperature.

Under these assay conditions, phase separation is not protective against collagenase activity due to the reduced enzyme

activity at 4�C. F: Quantification of V96 degradation above and below Tt,bulk (31.9�C) following addition of sodium sulfate. It

follows the same trend where elastase is more active than collagenase (*P ¼ 6.9 � 10�6, **P ¼ 1 � 10�5) and that phase

separation protects only against collagenase (***P ¼ 0.04). G: Quantification of V48 and V96 degradation at 37�C, which is

above the Tt of V96 and below that of V48, shows that elastase degrades both V48 and V96 almost equally (*P ¼ 3.9 � 10�8,

**P ¼ 8.3 � 10�9) and that phase separation only protects V96 against collagenase (***P ¼ 1.3 � 10�6).



Gly-Xaa-Gly provides ample cleavage sites for both

elastase and collagenase. Elastase cleavage occurs

on the carboxy end of small and neutral hydrophobic

amino acids, including Gly and Val.19 Similarly, col-

lagenase cleavage occurs between Yaa-Gly bond

where Yaa can be any amino acid.20 Our current

study is unable to distinguish between these possi-

bilities; however, it is clear that the ELP phase sepa-

ration does not provide protection against all

proteases.

Another novel finding of this report, ELP nano-

particles are clearly biodegradable in a monolayer of

murine hepatocyte-derived cells following cellular

uptake. These nanoparticles are internalized, co-local-

ized with low pH compartments (Fig. 2), and are elim-

inated over a period of 2 to 24 hours [Figs. 1(D) and

2]. The fact that ELP incubation with a purified elas-

tase produces a digested product and there are elasta-

ses present in lysosomes (Ela2, Human polymorpho-

nuclear leukocyte elastase), suggests that lysosomal

elastases may play a role in the hepatic clearance of

therapeutic ELPs. Additional in vivo studies will be

required to confirm this hypothesis; however, these

results support the assertion that ELPs with a wide

range of physico-chemico properties are biodegradable

under physiological conditions.

Materials and methods

Synthesis of ELPs

Elastin like-polypeptides are composed from penta-

peptide repeats of (VPGXG)n where X can be any

amino acid and n is the number of repeats. For this

study, we selected different ELP libraries where X

was valine with 48 and 96 repeats whereas serine,

and isoleucine consisted of 96 repeats each and a

diblock copolymer consisting of 48 repeats of isoleu-

cine and serine respectively (Table I). These polypep-

tides were synthesized from E.coli and purified

using a procedure called inverse transition cycling.6

ELP genes were synthesized using a procedure

called plasmid reconstruction directional ligation in

pET25bþ vector in TOP 10 cells (Invitrogen, Carls-

bad, CA) followed by protein expression in BLR cells

(Novagen, Madison, WI).21 The purified batches

were then characterized (Table I) by confirming

their molecular weight using MALDI-TOF (Kratos

AXIMA CFR, Shimadzu Corporation, Kyoto, Japan)

and purity determination by CuCl2 SDS-PAGE anal-

ysis. ELP phase diagrams were characterized in

phosphate buffered saline by raising the tempera-

ture at 1�C/min on a DU800 UV-vis spectrophotome-

ter (Beckman Coulter, Brea, CA). The transition

temperature was defined at the maximum first de-

rivative of the optical density at 350 nm. Finally, the

particle size of the S48I48 diblock copolymer was

measured using dynamic light scattering (DLS)

[DynaPro, Wyatt Technology, Santa Barbara, Califor-

nia, USA].

Enzyme degradation assay

ELPs were labeled with fluorophores (Carboxyfluor-

escein succinimidyl ester (CFSE) & Rhodamine (Rh))

using N-hydroxysuccinimide chemistry (Thermo Sci-

entific, Rockford, IL). Briefly, 3 ll of labeled ELPs

(50 lM) was mixed with different enzyme concentra-

tions, 0.35 and 0.70 units of elastase from porcine

pancreas and 3.6 and 6.0 units of type III collage-

nase from Clostridium histolyticum (EMD Chemi-

cals, Cincinnati, OH) at 20 and 37�C for all ELPs

except I96, which was incubated at 4 and 37�C. The

lower incubation temperature was selected because

I96 has a lower transition temperature than V96

(Table I). To study the effect of salt-induced phase

separation at constant temperature, sodium sulfate

was added to V96 at 28�C in small increments until

the Tt was reached, after which it was incubated

with elastase (0.7 U) or collagenase (6 U). To explore

ELP proteolysis at constant temperature and ionic

strength, we further compared two molecular weight

ELPs, one that is soluble (V48) and one that phase

separates (V96) at 37�C. All digestions and electro-

phoretic gels were prepared in triplicate. There were

no differences as a function of enzyme concentra-

tions; therefore, data were averaged for statistical

comparison. To quantify the Michaelis-Menten

kinetics of ELP under phase separation, rhodamine

labeled V96 at various concentrations was incubated

with 0.50U of elastase for periods from 5 to 40

minutes at 40�C. The samples were resolved on a 4-

20% SDS-PAGE (Lonza, Rockland, ME) and the fluo-

rescent bands were detected using a Typhoon 8600

variable mode imager (Amersham Biosciences Corp.,

Sunnyvale, CA USA. The integrated intensity of the

�40 kDa bands was analyzed using ImageJ (NIH,

Bethesda, MD). In addition to the sample inten-

sities, Isample, the undegraded positive control, Icontrol
and a background negative intensity, Ibackground was

obtained on each gel. For each digestion, the inte-

grated intensity was then normalized as follows:

F%remaining ¼ 100%�
Isample � Ibackground

Icontrol � Ibackground

� �

(1)

Where F%remaining, represents the amount of un-

degraded ELP.

The constants of kinetic equations were deter-

mined by curve fitting using GraphPad Prism

(GraphPad Software, San Diego, CA).

Cellular uptake and degradation in a live-cell

hepatocyte monolayer

Transformed mouse hepatocytes (PTENloxp/loxp; Alb-

Cre-)22 were seeded onto 35 mm glass coverslip-bot-

tomed dishes at 1x105 cells per dish in Dulbecco’s

Modified Eagle Medium (DMEM) (with 4.5 g/L glu-

cose) (Thermo Scientific, Rockford, IL) containing

10% fetal bovine serum, 5 lg/ml insulin, and 0.02
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lg/ml epidermal growth factor (EGF). When the cells

reached 75% confluence, they were washed with

warm fresh DMEM followed by incubation with 10

lM Rh-S48I48 at 37oC for 30 min. After this incuba-

tion pulse, the cells were rinsed with warm DMEM

twice, incubated with 75 nM LysoTracker
VR

green

[Invitrogen, Carlsbad, CA, USA], and imaged using

confocal microscopy with a Zeiss LSM 510 Meta

NLO system equipped with Argon, green HeNe and

red HeNe lasers. For the degradation experiment,

transformed mouse hepatocytes were incubated with

30 lM Rh-S48I48 at 37oC. After washing, the cell

lysates were resolved by SDS PAGE and imaged

using a Bio-Rad model 3000 VersaDoc Gel Imaging

System (Bio-Rad Laboratories, Hercules, CA).

Statistical analysis

The percent of starting material remaining, F%

remaining, on each gel was averaged and expressed as

the Mean 6 SD. Comparisons across the different

treatment groups were made using one-way ANOVA

followed by Tukey’s post hoc test.

Conclusions

Protein polymers inspired by human tropoelastin

(ELPs) are emerging as a new class of environmen-

tally-responsive drug carriers; however, their mecha-

nism of biodegradation has not been studied compre-

hensively. In response, this communication describes

the proteolytic biodegradation for a small library of

ELPs with distinct self-assembly behavior. Surpris-

ingly, ELP-mediated assembly is mildly protective

against some (collagenase), but not all enzymes

(elastase). In addition, ELP nanoparticles are inter-

nalized and biodegraded within low pH-compart-

ments in a monolayer culture of transformed cells

originating from the liver. As hepatic lysosomes are

a likely destination for nanoparticle therapeutics of

this radius, this study supports the contention that

ELP nanoparticles are a viable platform for develop-

ing biodegradable therapeutics.
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