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Fig. 1. Medium-chain-length polyhydroxyalkanoate biosynthesis in

context of microbial metabolism.
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Fig. 2. Time courses of cell growth and MCL-PHA accumulation during the batch fermentation of P chlororaphis HS21 in E* medium containing
5 g/L (A)and 10 g/L. (B) of palm oil as the sole carbon substrate. Symbols: O , cell growth; @ , residual oil; Bl , residual N-source; L1, PHA content.
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Table 1. Effect of palm oil concentration on cell growth and MCL-PHA accumulation in batch cultures of P chlororaphis HS21

Palm oil C‘ﬂ ture lzvrg/i ;E? Rei)lgual Cgrllit?n t PHA composition® (mol%) Y, Y, Pr&\;ecr:ili,lity
(g/L) time (hr) @) @) L) 3HHx 3HO  3HD 3HDD 3HTD  (g/g) (g/e) (g/hr)
5 27 2.4 0 0.965 7.0 45.3 39.0 6.8 1.9 048  0.1929 0.0357
10 29 2.8 43 1.156 6.2 43.2 425 6.4 1.7 049  0.2028 0.0398
20 33 2.6 12.4 1.118 6.9 43.0 412 7.1 1.8 034  0.1471 0.0338
30 36 2.6 219 1.092 6.5 44.8 40.4 6.6 1.7 032 0.1348 0.0303

*PHAs content-and composition were determined by GC-MS. 3HHx, 3-hydroxyhexanoate; 3HO, 3-hydroxyoctanoate; 3HD, 3-hydroxydecanoate;

3HDD, 3-hydroxydodecanoate; 3HTD, 3-hydroxytetradecanoate.
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Table 2. Fermentation results for P chlororaphis HS21 grown with various carbon substrate mixtures and compositions of synthesized MCL-

PHAs
Carbon source (g/L) Culture time Dry cell weight PHA Yo PHA composition® (mol %)
Palm oil Glucose (hr) (g’L) content (g/L) (g/2) 3HHx 3HO 3HD 3HDD 3HTD
5.0 - 27 2.40 0.969 0.2052 7.0 453 39.0 6.8 1.9
3.7 5 27 2.36 0.745 0.2094 6.7 439 41.4 5.6 2.4
2.5 10 27 2.38 0.718 0.2957 6.1 43.5 423 5.3 2.8
- 20 27 1.50 0.050 - - - 100 - -

%PHAs content and composition were determined by GC-MS analysis. 3HHx, 3-hydroxyhexanoate; 3HO, 3-hydroxyoctanoate; 3HD, 3-hydroxy-
decanoate; 3HDD, 3-hydroxydodecanoate; 3HTD, 3-hydroxytetradecanoate.
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Table 3. Effect of acrylic acid addition on cell growth, PHA accumulation and compositions of synthesized copolyesters

Acrylic acid Culture time  Dry cell weight PHA content Y, - (efe) PHA composition® (mol %)
(mM) (hr) (gL) (g/L) Pis 3HHx 3HO 3HD 3HDD  3HTD
None 48 2.78 0.847 0.3391 6.9 47.1 36.8 7.4 1.8
i 48 237 0.711 02844 43 40.6 345 14.0 6.6
5 48 1.66 0.496 0.1985 - 313 423 17.6 8.8

Cells were grown with a mixture of palm oil (2.5 g/l) and glucose (5 g/l).
3pH As content and composition were determined by GC-MS. 3HHX, 3-hydroxyhexanoate; 3HO, 3-hydroxyoctanoate; 3HD, 3-hydroxydecanoate;
3HDD, 3-hydroxydodecanoate; 3HTD, 3-hydroxytetradecanoate.
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Table 4. Effect of acrylic acid addition on cell growth, PHA accumulation and compositions of copolyesters synthesized by P. chloraphis HS21
from a mixture of glucose (5 g/L) and either sunflower oil (2.5 g/L) or corn oil (2.5 g/L)

Carbon source

Acrylicacid Culturetime  Dry cell PHA

PHA composition® (mol%)

(mM) (hf)  weight (/L) content(g/L) 3HHx  3HO  3HD 3HDD 3HDD(S) 3HTD 3HTD(5)
None 48 2.00 0.588 78 402 279 49 24 32 36
Sunflower oil 1 48 191 0.551 54 284 234 8.1 144 7.1 132
5 48 1.04 0.292 36 204 212 8.6 154 133 175
None 48 2.10 0.630 80 356 254 75 137 54 54
Corn oil 1 48 1.96 0.562 50 276 228 9.9 141 132 132
5 48 1.12 0.325 32 32 26 111 148 152 152

“PHAs content and composition were determined by GC-MS analysis. 3HHx, 3-hydroxyhexanoate; 3HO, 3-hydroxyoctanoate; 3HD, 3-hydroxy-
decanoate; 3HDD, 3-hydroxydodecanoate; 3HDD(=), 3-hydroxydodecenoate; 3HTD, 3-hydroxytetradecanoate; 3HTD(=), 3-hydroxytetrade-

cenoate.
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ABSTRACT: Effects of Glucose and Acrylic acid Addition on the Biosynthesis of Medium-Chain-
Length Polyhydroxyalkanoates by Pseudomonas chlororaphis HS21 from Plant Oils
Moon-Gyu Chung, Hye Sun Yun, Hyung Woo Kim', Jin Sik Nam?, Chung Wook Chung,
and Young Ha Rhee (Department of Microbiology, Chungnam National University, Dagjeon
305-764, 'Institute of Biotechnology, Chungnam National University, Daejeon 305-764,
*Department of Food and Nutrition, Suwon Women’s College, Hwasung 445-890, Korea)

The characteristics of cell growth and medium-chain-length polyhydroxyalkanoate (MCL-PHA) biosynthesis of
Pseudomonas chlovoraphis HS21 were investigated using plant oils as the carbon substrate. The organism was
efficiently capable of utilizing plant oils, such as palm oil, corn oil, and sunflower oil, as the sole carbon source
for growth and MCL-PHA production. When palm oil (5 g/L) was used as the carbon source, the cell growth
and MCL-PHA accumulation of this organism occurred simultaneously, and a high dry cell weight (2.4 g/L) and
MCL-PHA (40.2 mol% of dry cell weight) was achieved after 30 hr of batch-fermentation. The repeating unit in
the MCL-PHA produced from palm oil composed of 3-hydroxyhexanoate (7.0 mol%), 3-hydroxyoctanoate
(45.3 mol%), 3-hydroxydecanoate (39.0 mol%), 3-hydroxydodecanoate (6.8 mol%), and 3-hydroxytetrade-
canoate (1.9 mol%), as determined by GC/MS. Even though glucose was a carbon substrate that support cell
growth but not PHA production, the conversion rate of palm oil to PHA was significantly increased when glu-
cose was fed as a cosubstrate, suggesting that bioconversion of some functionalized carbon substrates to related
polymers in P, chlororaphis HS21 could be enhanced by the co-feed of good carbon substrates for cell growth.
In addition, the change of compositions of repeating units in MCL-PHAs synthesized from the plant oils was
markedly affected by the supplementation of acrylic acid, an inthibitor of fatty acid p-oxidation. The addition of
acrylic acid resulted in the increase of longer chain-length repeating units, such as 3-hydroxydodecanoate and 3-
hydroxytetradecanoate, in the MCL-PHAs produced. Particularly, MCI-PHAs containing high amounts of
unsaturated repeating units could be produced when sunflower oil and comn oil were used as the carbon sub-
strate. These results suggested that the alteration of PHA synthesis pathway by acrylic acid addition can offer the
opportunity to design new functional MCL-PHAs and other unusual polyesters that have unique physico-chem-
ical properties.



