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Cultivation of Alcaligenes eutrophus Transforming Cloned phbC Gene from
Alcaligenes latus for Production of P(3-hydroxybutyrate-4-hydroxybutyrate)
Containing High Molar Fraction of 4-Hydroxybutyrate
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A transformant Alcaligenes eutrophus GA5 harboring cloned phbC gene from A. Jatus was cultivated for production of
Poly(3-hydroxybutyrate-4-hydroxybutyrate)P(3HB-4HB)] containing high molar fraction of 4-hydroxybutyrate(4HB). Transformation did
not influenced significantly on total cell growth, concentration, and content of P(3HB-4HB), however, significantly influenced on 4HB
molar fraction in P(3HB-4HB) increasing from 123 to 235 mol% after 48 h cultivation in two-stage using 1.0%W/N) of »-
butyrolactone as a precursor compare to parent strain. Above increment may be due to the accelerated polymerization between
3HB and 4HB converted from precursor compound by amplified phbC gene. Citrate increased remarkably total cell mass and
P(3HB-4HB) concentration, but did not influenced on the molar fraction of 4HB, meanwhile, magnesium ion influenced on
P(3HB-4HB) concentration and 4HB molar fraction significantly. The two-stage cultivation method was modified, in such a way
minimizing P(3HB) accumulated inside of cell grown at first-stage, consequently, 26.3% of P(3HB-4HB) containing 61.0 mol% of
4HB fraction was obtained after 72 hr. Furthermore, semi-homopolymeric P(4HB) containing 92.0 mol% of 4HB was obtained, and

its structure was confirmed by 'H-NMR.

Key Words : transformant A. eutrophus, cloned phoC gene of A Jatus, P(3HB-4HB), molar fraction of 4HB, »-butyrolactone,
citrate, magnesium ion, modified two-stage cultivation, homopolymeric P(4HB)
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Figure 1. Schematic diagram for reconstruction of the re-
combinant plasmid pKTC 32.
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Figure 2. Comparison of total cell mass(A) and residual cell
mass(B) between parent and transformant A. eutrophus
GAD5 harboring cloned phbC gene of A. latus. Cultivated in
minimal medium containing 10.0 g/L of glucose and 2.0 g/L
of (NH4:S0, for 60 h. (@); parent A. eutrophus NCIMB
11599, (O); transformant A. eutrophus GAS.
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Figure 3. Comparison of total cell mass(A), P(3HB-4HB)
concentration(B), content(C), and molar fraction of 4HB in
P(3HB-4HB)(D) of parent and transformant A. eutrophus
GAS5. Cultivation: Two-stage cultivation, minimal medium,
pH 7.0, and for 48 h. Cultivated in nutrient-rich medium at
first stage, and then recultivated in nitrogen-free medium
containing 100 g/L of 7 -butyrolactone at second stage.
(@); parent A. eutrophus NCIMB 11599, (O); transformant
A. eutrophus GA5.
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P(3HB-4HB) %, %##&, 281 P(3HB-4HB)Y +&2
7 -butyrolactone?] =7} 100 pg/L¥wW Zz 108 g/L,
243%, 212|2 016424 Hughg BAeH, I ojidAe &
3y Z4sidd ¥ 4HB 882 y-butyrolactone F 59
Blgste] 718l 250 g/LY o 300 mol%2AM Adge ¥
Hoo, 4dHB E¥E&S ArEHe FEe 2HE AnzAdl
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o] phbC FAAE =Y FAARTFFTY 2FAE PGEHB-
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Table 32 citrate 2% A7} a2 AEd7 Ydto 294
WAl 100 g/L9 7 -butyrolactoneo] H7tE  HAuiA o
citrate?] FEE 00~0.1 g/L7tR HEAI7IHA 48A12F wlj kst
Ailo|t}, P(3HB-4HB)Y ¥%% ZHEL citrated %7t
004 g/LY of HUiFEQ 151 g/L9} 308%F BHo HrlsiA] &
T A$RT 131, 122 W2 FUhsidnh a8y 2 ol F

Table 1. Effect of y -butyrolactone concentration on total cell mass, P(3HB-4HB) concentration, content, P(3HB-4HB) yield,

and 4HB molar fraction of transformant A eutrophus GAS.

7 -butyrolactone (g/L)  TCM' (g/L) P(3HB-4HB) (g/L) content® (%) yield® 4HB fraction (mol%)
5.0 3.75+0.03 0.42+0.02 11.3 0.121 12.0£0.3
10.0 4.43*+0.02 1.08+0.02 243 0.164 235%0.2
15.0 4.21%£0.02 0,93+0.02 22.1 0.152 264203
20.0 4.84%0.03 0.74%0.02 15.3 0.149 37.1+0.3
25.0 4.04£0.02 0.56+0.03 139 0.137 32.2%0.1

Cultivation: two-stage cultivation, cultivated in minimal medium, 100 pg/mL of kanamycin, for 48 h at nutrient-rich medium
at first-stage, and then recultivated in minimal medium containing 5.0~25.0 g/L of 7 ~butyrolacton at second stage. 1: Total
cell mass(TCM), 2: [P(3HB-4HB)/TCM] X 100(content), 3: g of P(3HB-4HB)/ g of consumed 7 -butyrolactone.

Table 2.>Effect of MgSO;y on total cell mass, P(SHB-4HB) concentration, and content, and 4HB molar fraction of transformant

A. eutrophus GAS.

MgSO0; (g/L) TCM (g/L) P(3HB-4HB) (g/L) content (%) 4HB fraction (mol%)
0.05 3.92£0.01 0.94%£0.02 240 33.3%0.1
0.10 4.13£0.03 1.08%+0.02 247 30202
0.20 4.45+0.02 1.13+0.01 254 262+0.2
0.30 4.69£0.02 0.90£0.02 224 255%0.1
0.40 4.74%0.02 0.73+0.02 20.3 226%0.3

Cultivation: two-stage cultivation, cultivated in minimal medium, 100 zg/mL of kanamycin, for 48 h at nutrient-rich medium
at first-stage, and then recultivated in minimal medium containing 0.05~0.40 g/L of MgSQy at second stage.
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Table 3. Effect of citrate on total cell mass, P(3HB-4HB) concentration, content, and 4HB molar fraction of transformant A.

eutrophus GAS.

Citrate (g/L) TCM (g/L) P(3HB-4HB) (g/L) content (%) 4HB fraction (mol%)
0.00 4.55%0.02 1.15£0.02 25.3 265%0.1
0.02 4.78%0.03 1.32+0.02 276 276%0.2
0.04 4.92+0.03 151+0.02 30.8 273+0.2
0.06 5.07£0.02 1.39+0.02 215 282102
0.10 5.20£0.02 1.20£0.03 232 2717£0.2

Cultivation: two-stage cultivation, cultivated in minimal medium, 100 gg/mL of kanamycin, for 48 h at nutrient-rich medium
at first-stage, and then recultivated in minimal medium containing 0.00~0.10 g/L of citrate at second stage.
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Figure 4. Changes of total cell mass(A), P(3HB-4HB) cor-
centration(B), P(3HB-4HB) content(C), and molar fraction
of 4HB in P(3HB-4HB)(D) during modified two-stage culti-

- vation of transformant A. eutrophus GA5. Cultivation:

Two-stage cultivation, minimal medium, pH 7.0, and for 48
h. Cultivated in nutrient-rich medium at first stage, and then
recultivated in 7 -butyrolactone-free medium containing 2.0 g/
L of (NH4)»SOy for 24 h, thereafter, supplied 10.0 g/L of
butyrolactone and 0.04 g/L of citrate, and then cultivated to
72 h at second stage.
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Figure 5. Comparison of 1H-NMR spectrum of P(3HB-4HB)
produced by parent(A) and transformant A. eutrophus
GAS5(B).
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