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Abstract: Since the enzymatic degradation of microbial poly(hydroxylalkanoate)s (PHAs), such as poly[(R)-3-
hydroxybutyrate] and poly[(£)-3-hydroxybutyrate-co-3-hydroxyvalerate] initially occurs by a surface erosion
process, their degradation behaviors can be controlled by the change of surface property. In order to control the
rate of enzymatic degradation, plasma modification technique was applied to change the surface property of
microbial PHAs. The surface hydrophobic and hydrophilic properties of PHA films were introduced by CF:H
and O; plasma exposures, respectively. The enzymatic degradation was carried out at 37°C in 0.1 M potassium
phosphate buffer (pH 7.4) in the presence of an extracellular PHB depolymerase purified from Alcaligenes facalis
T1. The results showed that the significant retardation of initial enzymatic erosion of CF;H plasma-treated PHAs
was observed due to the hydrophobicity and the enzyme inactivity of the fluorinated surface layers while the
erosion rate of . plasma-treated PHAs was not accelerated.
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Figure 1, ESCA survey spectra of P(3HB) films: untreated
(A), Oy (B), and CF:H (C) plasma treatments for 60 s.
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Figure 2. High-resolution Cls spectra of P(HB-co-12HV)
films: untreated (A), CF:H (B), and O, (C) plasma treatments
for 60 s.
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Table 1. Atomic concentrations of plasma-treated PHA films

(error = 5%)
— 'I‘{'eatment CF:H plasma (O, plasma
time (s) C 0 F C 0
] 703 297 - 703 29.7
10 51.6 50 434 680 316
P(3HB) 20 47.5 3.0 495 o660 334
40 476 25 499 670 328
60 48.1 21 498 662 331
0 727 273 - 727 2713
10 489 48 464 683 311
P(HB-co-5HV) 20 47.5 26 499 681 315
40 47.7 30 493 679 319
60 477 20 503 664 332
0 75.1 249 - 751 249
10 509 64 427 703 295
P(HB-co-12HV) 20 500 44 456 T04 295
40 49.5 32 473 701 294
60 49.0 25 484 698 292

Table 2. Water contact angle data of plasma-treated PHA

films (experimental error: + 4%
Films E?(posure CF:H O
time (s) plasma plasma

] 89" 89"

10 119" 65"

P(3HB) 20 122° 66"

40 119" 39°

60 118" 36°

0 55" 55"

10 122" 54"

P(HB-co-5HV) 20 125° 54"

40 130° 52°

60 135" 40°

0 74° 74

10 128" 38

P(HB-co-12HV) 20 135° 32

40 136 30"

60 143" 30°
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Flgure 3. SEM images of P{3HB) hlms before ﬂcﬁ) and

after (right) enzymatic degradation for 3 h: untreated (A, D),
CF:H (B, E), and O, (C, F) plasma treated films for 10 s.

Flgure 4 SEM images of the CFsH plasma trcatcd P(3HB}
films for 10 sec after different degradation times with PHB
depolymerase from A faecalis. (A) 3 h (B) 5 h, and (C)
22 h.
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Figure 5. High-resolution Cls spectra of untreated (A),
CF:H (B), and O, (C) plasma-treated P(HB-co-12HV) films
after enzymatic degradation with PHB depolymerase from
A faecalis for 5 h.
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Figure 7. Erosion rates of PHA films during the enzymatic

degradation with PHB depolymerase from A. faecalis. CF;H

(A) and O; (B) plasma treatments.
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