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Novel biodegradable copoly(amino acid)s based on 6-ami-
nocaproic acid and L-proline were prepared by melt polyconden-
sation and characterized by IR and 1HNMR. They showed high
mechanical properties with high viscosity ranging from 0.72 to
1.70 dL/g. Enzymatic degradation showed that with increasing
proline content the enzymatic degradation rate of the copoly-
mers increased. The cellular interaction of copolymer films
and HEK 293 cells was observed using SEM; cells adhered
and spread well on the material surfaces.

�-L-Amino acids and glycine are basic units composing pro-
teins. Poly(amino acid)s and random copolymers based on non-
biodegradable polymers and an appropriate amount of �-L-ami-
no acid(s) are biodegradable through enzymolysis,1–4 which can
be degraded to amino acids. The amino acids are biocompatible,
less toxic and can be absorbed and metabolized as nutriments.
The polymers are favorably to be used as tissue engineer mate-
rials, drug releasing materials, or environment-friendly package
materials and have attracted much attention.

However, poly(amino acid)s and other copolymers based on
�-L-amino acids generally display poor thermal stability and low
mechanical properties. These drawbacks limit their further appli-
cation in many fields.

!-Amino acids possess similar structures to �-L-amino
acids. Some !-amino acids are beneficial to organism.5–7 It is
known that widely used poly(!-amino acid)s, called nylon in
commerce, have excellent mechanical properties. It is expected
that poly(amino acid)s based on �-L-amino acids and !-amino
acids should have prosperous fields. Some results showed that
the enzymatic degradation of this kind of copolymer could be
controlled according to the content of �-L-amino acids in co-
polymer.8

L-Proline, a kind of natural amino acid found abundantly in
collagen, has a long methylene linkage with ring structure. It is
well known that polymers with such structure generally have
good stiffness and toughness. Based on the above considerations,
a novel kind of poly(�-L-amino acid) derived from 6-aminocap-
roic acid and L-proline was synthesized and characterized by IR
and 1HNMR. 6-Aminocaproic acid and L-proline were added in-
to a flask under nitrogen flow. The reaction was carried out at
230 �C for 2 h, and 250 �C, 399 Pa for another 2 h, and target
polymers were acquired (Scheme 1). N6 indicates pure poly-
amide 6, and N6Px indicates copolymers made from x mol%
of L-proline in comonomer. IR showed typical polyamide peaks
at 3307 cm�1 (N–H stretching), 1640 cm�1 (C=O stretching,
amide I) and 1541 cm�1 (N–H bending, amide II), proving the
successful target products. Intrinsic viscosity was determined
in solutions of the copolymers (c ¼ 0:4 g/100mL in 96%
H2SO4) with an Ubbelohde viscometer at 25 �C. The properties
of poly(amino acid)s are listed in Table 1.

For copolymers are elastic, mechanical properties were
measured on a series IX automated materials testing system
(Instron Corporation, UK) at ISO527:3-1995 standard, speci-
mens were pressed in a press machine close to melting point
of polymers and then cut by a standard knife. Thickness of speci-
men was 2mm. Speed of testing was 50mm/min. Average value
of five measurements was recorded for each sample. Tensile
strength and break elongation are shown in Figure 1. With in-
creasing proline content in comonomers, the tensile strength
and break elongation of copolymers decrease. When increasing
L-proline content in comonomers, molecular weight of copoly-
mers decreases, which decreases mechanic properties of copoly-
mer. The tensile strength and break elongation of copolymers are
still high compared with other biodegradable polymers in gener-
al. High tensile strength was attributed to the ring structure of
L-proline and hydrogen bonds between linkages, and large break
elongation was attributed to the methylene linkage of L-proline
and 6-aminocaproic acid.

Papain was used to perform the enzymatic degradation tests
according to a method in the literature.9 The polymer films,
which were obtained by casting of formic acid solution of poly-
mers on glass, were 10mm in width, 10mm in length, and
0.1mm in thickness. Solution with papain was renewed per
week. The results are shown in Figure 2. With increasing L-pro-
line content in copolymer, degradataion rates increase. Copoly-
mers with specified degradation rate can be acquired by adjust-
ing the ratio of proline in comonomers. Andreoni et al.10 report-

Scheme 1. Synthesis of copoly(amino acid)s.

Table 1. Properties of poly(L-amino acid)s

Code
Molar
ratioa

Molar
content
/%b

Intrinsic viscosity
[�]

/dL g�1

N6 100:0 0 1.70
N6P10 90:10 10.1 1.48
N6P20 80:20 20.6 1.10
N6P30 70:30 30.7 0.87
N6P40 60:40 40.5 0.72
aMolar ratio in feed, 6-aminocaproic acid to L-proline.
bDerived from 1HNMR results.
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ed that aerobic bacteria were able to grow on polyamides of low
molecular weight (1400, 2100, and 6800) made of 6-amino-
caproic acid as the only carbon and energy source, and the
growth was accompanied by the utilization of oligomers of up
to eight monomeric units present in the polymeric matrix. The
extent of the growth was higher on polyamides of lower molecu-
lar weight and depended on the amount of oligomers utilized. It
could be speculated that when the molar ratio of L-proline:6-
aminocaproic acid is above 1:8, copolymers could be biodegrad-
able if copolymer is highly random.

Cell behavior on the material surface is very complicated,
involving in cells adhesion, growth, differentiation, and propa-
gation, and relating to the surface characteristics of the material,
such as roughness, surface charges, surface energy, hydrophilic-
ity, and so on. Human embryonic kidney cells, also known as
HEK 293, are widely used in cell biology research, such as eval-
uating cytotoxicy of materials.11 Interactions of HEK 293 cells
and copolymers were observed by a scanning electron micro-
scope (SEM). The polymer films were located in a 24-bore cul-
ture plate. 2ML HEK 293 cell suspension in RPMI 1640 contain-
ing 5% calf serum with cell concentration of 5� 104/mL was
added to the each hole of the culture plate. The cultures were

maintained at 37 �C and humidified atmosphere containing 5%
CO2 for 48 h. The samples were fixed in 1% glutaraldehyde in
0.1M phosphate buffer for 2 h at 4 �C, and dehydrated with a
graded ethanol series and air dried at room temperature. After
gold coating by ion sputtering, the samples were examined by
SEM. Cells on every sample adhered and spread well. Figure 3
is a SEM micrograph of HEK 293 cell adhering to the surface of
N6P40 film after 2 days of culture. The results showed that the
obtained copolymers were suitable for cell adhesion and prolif-
eration.

In summary, novel copoly(amino acid)s based on 6-amino-
caproic acid and L-proline possess high mechanical properties.
Moreover, these copolymers are enzymatically degradable.
HEK 293 cells adhered and spread well on the material surfaces.
The copolymers are hoped to be new biomedical materials.
Detailed study is in progress.
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Figure 2. Retained mass of polymers with different proline
content after enzymatic degradation.

Figure 3. SEMmicrograph showing HEK 293 cells adhering to
the surface of N6P40 at 2 days of culture.

Figure 1. Tensile strength and break elongation of polymers
with different proline content.
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