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The Effect of Temperature on Enzymatic Degradation of Environment-adaptable Copolyesters

Chikara TSUTSUMI*, Momoko MIYOSHI*, Satoshi KAWASAKI*,
Hisami TSUJI**, Masaki SHIOMI**, Nobuki HAYASE* and Katsuhiko NAKAGAWA*

We have been investigating about the influence affect degradability on enzymatic degradation of polyester. The factors which influence degradation has
temperature, pH, enzymatic concentration, substrate specificity, metal ion, composition, crystallinity, and film thickness etc. and has been investigated about the
influence. In effect of temperature, enzymatic degradation of biodegradable polyester has examined at 37°C and 60°C until now. In this work, enzymatic
degradation was evaluated in the temperature range of 30°C to 70°C, the temperature dependency of enzyme was also examined. The environment-adaptable
degradable polyesters were used poly(ethylene succinate) (PES), poly(butylene succinate) (PBS), poly(butylene succinate adipate) (PBSA), poly(butylene
succinate lactate) (PBSL) and poly(butylene adipate terephthalate) (PBAT). Lipase AK, CA and PS were used for enzymatic degradation of degradable
polyesters. Lipase was dissolved in 50 mM phosphate buffer (pH 7) at 5 U/mg polymer of concentration, and the solution was exchanged every 40 hours to
maintain enzyme activity. PBS, PBSL and PBAT were difficult to be degraded with lipase PS, on the contrary, PES and PBSA were easily degraded such as
lipase AK and CA. Furthermore, PBSA disappears completely over 40°C (except for 50°C) at 80 hours. Although the remaining weight of PBSA became half at
40°C for only 20 hours, the initial degradation was very slow at 50°C or 60°C until 20 hours. It is considered that the temperature dependency of lipase is about
40°C, and degradable polyester as PBSA were easily plasticized and hydrolyzed over 40°C.
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Table 1. Properties of biodegradable polyesters
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Fig. 1 Enzymatic degradation of biodegradable polyesters with
lipase PS in phosphate buffer (pH 7.0) at 40°C.

Polymer ¥ M, MyM,? T ®  AH,? T,
x10* °C Jg °C

PES (50/50) 9.36 3.40 95.3 60.0 -7.3

PBS (50/50) 13.22 1.68 1132 753 -33.1

PBSA (50/40/10) 6.42 1.72 93.6 53.2 -42.6

PBSL (48/50/2) 7.83 2.45 1102 819 -31.8

PBAT (50/26/24) 4.44 2.33 1196 119 -30.7

a) Composition of polyester was determined by H NMR. b)
Molecular weight was determined by GPC. c) Thermal property
was determined by DSC.
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Fig. 2 Enzymatic degradation of biodegradable polyesters with
lipase PS in phosphate buffer (pH 7.0) at 60°C.
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Fig. 3 Effect of temperature on degradation of polyesters with
lipase PS at 40°C for 120 h.
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Fig 4. Effect of temperature on degradation of polyesters with
lipase PS at 60°C for 120 h.
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Fig. 5 Effect of temperature on enzymatic degradation of
biodegradable polyesters with lipase AK for 120 h.
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(a) PES (R.W. 71.3%) (b) PBS (R W. 93. 7%)

(d) PBSL (R W. 93. 3%)

(c) PBSA (R.W. 15.3%)

(e) PBAT (R W. 91. 4%)
Fig. 6 SEM profile of surface of biodegradable polyesters
degraded with lipase AK at 50°C for 120 h. R.W.:
Remaining Weight. x1000.

(b) PBS (R W. 95. 2%)

(3) PES (R.W. 95.4%)

(c) PBSA (R W, 95. 7%) (d) PBSL (R W. 96. 4%)

BES 10V WOI0mm 5860 40P %1000 10jim w—
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(e) PBAT (R.W. 94.8%)

Fig. 7 SEM profile of surface of biodegradable polyesters
degraded in phosphate buffer at pH 7.0 without lipase at
50°C for 120 h. R.W.: Remaining Weight. x1000.
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Fig. 8 Effect of temperature on enzymatic degradation of

biodegradable polyesters with lipase CA for 120 h.
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(a) 50°C, 89.0% of R.W. (b) 70°C, 66.0% of R.W.
Fig. 9 SEM profile of surface of PBSL degraded with lipase CA at
(a) 50°C and (b) 70°C for 120 h. x500.
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Fig. 10 Effect of temperature on enzymatic degradation of

biodegradable polyesters with lipase PS for 120 h.

o

(a) 50°C, 19.9% of R.W. (b) 70°C, 50.3% of R.W.
Fig. 11 SEM profile of surface of PES degraded with lipase PS at
() 50°C and (b) 70°C for 120 h. x1000.
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