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Received_March 27, 2018 Abstract In the bio-synthesis of poly(3-hydroxybutyrate)(PHB), which is a kind of
Revised_May 01, 2018 poly(3-hydroxyalkanoate)(PHA), aimed to control the low molecular weight of PHB and
Accepted_June 07, 2018 obtain a telechelic PHB. As a result of incubation of R. eutropha at 30°C with ethylene
glycol added as a chain transfer agent, PHB content on the dry cell weight increased up
to 24h, however, it decreased after that, and the molecular weight of PHB increased from
9h to 12h, and then, decreased up to 72h. The decrease of the content and the molecular
weight of PHB indicates that PHB was decomposed as an energy source in bacterial cells
and was incorporated into metabolic pathways. 'H-NMR of the obtained PHB after incu-
bation for 72h was measured to determine the terminal groups of the PHB during incu-
bation. As the results of "H-NMR measurement, the peaks derived from ethylene glycol
in both terminals of PHB were observed. Which indicate that the terminal reaction was
caused by the addition of ethylene glycol, and that telechelic PHB having hydroxyl group
at the both terminals where molecular weight was controlled was successfully synthe-
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Table 1. Representative bio—polymers and PHA—producing strains

PHA Strain Structure
CH, 0
PHB Many strains
(0]
n
. CH, O
Ralstonia eutropha
PHBV Bacillus megaterium
Pseudomonas cepacia o
m
" Aeromonas caviae. CH; O
Aeromonas hydrophila
0 m
I
Pseudomonas putida €y 0
PHA Pseudomonas aeruginosa
Pseudomonas oleovorans ”
* PHB : poly(3—hydroxybutyrate)
* PHBV : poly(3—-hydroxybutyrate—co—3-hydroxyvalerate)
* PHBH : poly(3—hydroxybutyrate—co—3-hydroxyhexanoate)
« PHA : poly(3—hydroxyalkanoate)
acidg 2l W9 E e LFFAY S A AAgstet ddas 7| Aol A, A= 7Hs
poly(3—hydroxyalkanoate)(PHA)2} &2]o] Zlt}, A sto] 2 FH o2 NEAFFIIAA PHAS &H-& A
UL A4 W9l Bl u]FF40] BE S0z ol Ashus GrHY, £ 245 24S Xd PHAS ¢
o] F40] $HYT LAFNHE OAS] HAHO % 2 oHRE SEA] SO PHANEY
2HE PHAE @5, A Sol A dHshe & of et Ao A 9] 7122 241} EEo] AlZy
49lo] TZEA Ao PHAS Rafstol ol A4 ol Me] ShatjAlE ol a5l Al £/t & A& PHA
9 ofu] kAt 3HS S15ko] ARG, S AT 5 Y= GAE Aol DR} ek,
PHA= @7H42 54 0= <5 1}0&741011 EAst= 2 Aol M= Aok AR E Aol (HEEHM
ZF50) Aol ol ol B AFASHE AL B Kol A #) A = Al ethylene glycol(EG)< & 7Fste] A&A=
Hsd A0l § L ARG EEE o] /bsEly W 8hE mmatglon] A4 § PHBE Ri /b4
ol A& 73 o SHAYARZA FEE 0] XL Fallste] AJAdE PHBE | i1H €} succinic anhy—
Qo Axlste] Hez]7] 4 - o2 Qlslo] -8 drideE ¥F-gAA & Tt 712EA7E A
#o)7l s =lo] glt, telechelic PHB 22]31w S 3HJsto] PHBY| 7|53
TepA 2 AtoA = oot 22 AHE Rkl & £ TRt FAlof EAbE Aol E el ANl
QAT PHASY SESES ERa17] 9ate] 353 oJ8t= primer®] F2A S AAISHILA} BT
of o3t E2A/|A 9 PHBAZHIE S} 23t PHAZ)
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SN2 500u04] 1.5mle] o HlEFEof Frfste] -30T
oA Y5 H IS

A1 HjoFo! = Nutrient Broth medium(NBH|
Anj

=
[e) [e]
oFal) o] 24 9 Micro mineral solution® A&

Nutrient Broth medium 24 :
NHCI ; 0.009mol/1.(0.50g/1), NasHPOx ; 0.03mol/L
(3.32g/L), KHzPOx ; 0.02mol/L(2.80g/L), MgSOs ;
0.001mol/1(0.12g/L).

Micro mineral solution 24
FeCls/6H20 ; 0.07mol/L(20.0g/L), MnCl2/4H20 ;
0.002mol/1.(0.05g/L), CuS04/5H20 : 0.001mol/L
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CaCle/H20 ; 0.007mol/L(10.0g/L).
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Figure 1. Time—dependent changes in yield and
content of PHB.

R. eutropha(3g/L) was incubated with glucose(3wt%)
and ethylene glycol(5wt%) at 30°C.

Figure 1o vebdl 23 Zo] 24533} PHB
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Figure 2. GPC curves of time—dependent changes in
the molecular weight of PHB accumulated in cells.
R. eutropha(3g/L) was incubated at 30C.

A% STV oy, AW PHBYH- - 244
WAL ZhstA 0 T ol ERi ghaske Adko] 31,2 HQAR} Exf
TztE o o]e} T2 Aut= 4 PHB7F AAL oY Figure 29} Table 2¢] PHBO| vjFA 7ol 23t &
Ao 2 A Fafjefo] Aol 22 Q1 hAE 27 = B = Apeo] Hisks whabsto] 2 ujorAIzke) Z ate] o) o
Aoz gz, © PHBY| Z7He Urehsich, A wjokat & vjofo]
Table 2. Results of the bio—synthesis of PHB
. Mn
o Tt dews NAD ollae  0Da Pol
9 (g/L) (%) A9 B® A B

1 0 0.34 0.03 9 34 - 3.4 -

2 1 0.36 0.04 10 65 2.9 3.1 1.1

3 3 0.55 0.04 8 57 2.5 3.1 1.1

4 5 0.59 0.06 10 50 2.5 3.2 1.2

5 7 0.87 0.12 14 46 2.2 2.9 1.2

6 9 1.13 0.18 16 38 - 4.0 +

7 12 1.66 0.39 23 54 - 3.2 -

8 24 1.83 0.90 49 52 - 2.4 -

9 48 2.38 0.98 41 43 - 2.3 -

10 72 2.64 1.24 47 32 - 2.6 -
a) : Incubation time at second stage b) : Dry cell weight c) - Relative to dry cell weight

d) : High molecular weight component e):

Low molecular weight component
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Figure 3. 500 MHz 'H NMR spectra of R. eutropha was incubated with ethylene glycol in N-limited medium for

7h at 30°C.
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Figure 4. 500 MHz 'H NMR spectra of R. eutropha was incubated with ethylene glycol in N-limited medium for
72h at 30°C.
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Scheme 1. End group modification of PHB.
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Figure 5. GPC curves of the PHB synthesized by bacteria and PHB oligomer after hydrolysis.
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Figure 6. 'H NMR spectrum of PHB synthesized by bacteria.
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Figure 7. '"H NMR spectra of PHB oligomer(supernatant).
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