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Table 5. Taxonomical and biochemical characteristics of photosynthetic bacterial wild
type and mutant strain.
Results
Characteristics
Strain ES16 Strain N20 Strain U7
1. Growth form Photoheterotroph Photoheterotroph Photoheterotroph
Chemoheterotroph Chemoheterotroph Chemoheterotroph
2. Growth on sulfide and
thiosulfate _ _ ]
3. Bacteriochlorophyll a a a
4. Gram staining negative negative negative
5. Cell shape ovoid ovoid ovoid
6. Cell size (Llm) 0.5x1.0 0.5x1.0 0.5-0.8x1.0
7. Motility + + +
8. Gelatin degradation - - -
9. Slime formation + + +

10. Visible colour of cell

suspension

11.Vitamin requirement

An-L : brownish red,
Ae-D : red

biotin, thiamine

12. Carbon source for electron donor

Acetate
Propionate
Lactate

Malate

++

++

++

++

An-L : brownish-red,

Ae-D : red

biotin, thiamine

++
++
++

++

An-L : brownish red,
Ae-D : red

biotin, thiamine

++
++
++

++
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A3 5 (70)
Table 5. (continued)
Results
Characteristics
Strain ES16 Strain N20 Strain U7

Tartrate ++ ++ ++
Citrate + + +
Valerate ++ ++ ++
Glutamate ++ ++ ++
Benzoate - - -
Glucose ++ ++ ++
Fructose ++ ++ ++
Mannitol ++ ++ ++
Sorbitol ++ ++ ++
Glycerol ++ ++ ++

+fo Wa positive, - Ao WA negative

An-L A9 Anaerobic-Light, Ae-D D Aerobic-Dark

"1+ fip 3YANIN (0D, >0.8), + A nIaanties (0.2<0D,,<0.8) - Ao lin3ay
+ represented as positive result, - represented as negative result

An-L represented as anaerobic-light, Ae-D represented as aerobic-dark

++ represented as well growth (ODGGOEO.S), , t+ represented as little growth

(0.2<0D,,<0.8) , - represented as no growth
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13197 6 NamMIINeUIRsUANE o FUATIZHIEId8WUT ES16 N20 tiag U7
Table 6. Identification of photosynthetic bacterial strain ES16 (wild type), N20 and U7

(mutant) with database in gene bank.

Identity Score E
Strain Sequences producing significant alignments
(%) (bits) Value
ES 16  R. sphaeroides ribosomal RNA operon rrnB 100 1050 0.0
R. sphaeroides ribosomal RNA operon rrnC 99 1026 0.0
R. sphaeroides ribosomal RNA operon rrnA 99 1026 0.0
R. sphaeroides gene for 16S ribosomal RNA 99 915 0.0
R. sphaeroides gene for 16S ribosomal RNA 99 907 0.0
N20 R. sphaeroides ribosomal RNA operon rrnC 99 1249 0.0
R. sphaeroides ribosomal RNA operon rrnB 99 1249 0.0
R. sphaeroides ribosomal RNA operon rrnA 99 1249 0.0
R. sphaeroides gene for 16S ribosomal RNA 99 1249 0.0
R. sphaeroides 16S rRNA gene 99 1249 0.0
U7 R. sphaeroides ribosomal RNA operon rrnC 99 1156 0.0
R. sphaeroides ribosomal RNA operon rrnB 99 1156 0.0
R. sphaeroides ribosomal RNA operon rrnA 99 1156 0.0
R.sphaeroides gene for 16S ribosomal RNA 99 1156 0.0
R. sphaeroides 16S TRNA gene 99 1156 0.0

I 1 Y A I~ =} o [
Score (Huantagain1ulnaineaves sequence Neaulat/souMouny sequence 11 database A1

Y a = =

A 1A Y A I 1 a o 1 A a dg,
EJ\‘]QNLLET@Q’JﬁJﬂ’N?JiﬂﬂLﬂEN, E value WummwisilmesyelseFurenem score  NINAVUY
Wod 1A 521219 sequence NerU1Y MU sequence 11 database A1B9TiDBAZTITBEIAYNINNILAL
= Y

sanulnameann

Score is value derived from the raw sequence with database and high score that exists for matches
between sequences. E value is parameter that describes the number of score can expect when

searching a database of particular sequence. It decreases exponentially with the score that is

assigned to a match between two sequences.
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Figure 11. Phylogenetic analysis of the mutant strain ES16 (a), N20 (b) and U7 (c) and
selected photosynthetic bacteria in alpha subdivision of the division
Proteobacteria generated from an alignment of 16S rDNA obtained from

GenBank database.
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Figure 11. (continued)
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inclusion body.
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Time course of growth and PHA production from Rhodobacter sphaeroides

ES16, N20 and U7 cultivated in glutamate-acetate medium under aerobic-dark

(200 rpm) at 37°C.
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Figure 15. Effect of co-substrate valeric acid concentration on growth (DCW), substrate

consumption and production of PHA from Rhodobacter sphaeroides N20

cultivated in glutamate-acetate medium under aerobic-dark condition at 37°C.
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Figure 16. Effect of co-substrate valeric acid concentration on growth (DCW), substrate

consumption and production of PHA from Rhodobacter sphaeroides U7

cultivated in glutamate-acetate medium under aerobic-dark condition at 37°C.
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Table 7. Concentration and yield of polymer from using acetate with valeric acids as co-

substrate after 60 h cultivation of R. sphaeroides N20 and U7.

Volatile fatty acid

concentration PHA Yp/s Yp/s
Mutant Culture medium (g concentration  Yp/x  Acetic  Valeric
Acetic  Valeric (g/) acid acid
acid acid
N20 40 mM acetate 2.68 - 2.0 0.64 0.75 -
40 mM acetate +
2.68 1.53 1.546 0.53 0.58 1.0
20 mM valeric acid
40 mM acetate +
2.68 3.06 1.326 0.56 0.49 0.43
40 mM valeric acid
40 mM acetate +
2.68 5.11 0.263 0.15 0.098 0.05
80 mM valeric acid
u7 40 mM acetate 2.68 - 1.94 0.67 0.94 -
40 mM acetate +
2.92 1.53 1.513 0.54 0.52 0.98
20 mM valeric acid
40 mM acetate +
2.8 3.06 1.93 0.77 0.68 0.63
40 mM valeric acid
40 mM acetate +
2.68 5.11 0.71 0.53 0.26 0.14

80 mM valeric acid
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Figure 17. Effect of co-substrate propionic acid concentration on growth (DCW), substrate

consumption and production of PHA from Rhodobacter sphaeroides N20

cultivated in glutamate-acetate medium under aerobic-dark condition at 37°C.
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Figure 18. Effect of co-substrate propionic acid concentration on growth (DCW), substrate
consumption and production of PHA from Rhodobacter sphaeroides U7

cultivated in glutamate-acetate medium under aerobic-dark condition at 37°C.
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MINN 8 Manutututaznandnvesnedwesiie1¥or HiansudunsaTnsiiloiln
AUEMAIMTUBUIIUNEINTIABUYD R. sphaeroides N20 t1az U7 #1 60 521314
Table 8. Concentration and yield of polymer from using acetate with propionic acids as
co-substrate after 60 h cultivation of R. sphaeroides N20 and U7.
Volatile fatty acid
concentration PHA Yp/s Yp/s
Mutant Culture medium concentration  Yp/x  Acetic  Propionic
Acetic  Propionic (g acid acid
acid acid
N20 40 mM acetate 2.8 - 1.93 0.68 0.69 -
40 mM acetate +
2.86 1.11 1.42 0.55 0.5 1.28
20 mM propionic acid
40 mM acetate +
2.68 1.48 1.23 0.51 0.46 0.83
40 mM propionic acid
40 mM acetate +
2.68 2.97 1.29 0.54 0.48 0.43
80mM propionic acid
u7 40 mM acetate 2.68 - 2.37 0.82 0.88
40 mM acetate +
2.98 1.11 1.81 0.7 0.61 1.63
20 mM propionic acid
40 mM acetate +
2.86 1.48 1.88 0.77 0.66 1.27
40 mM propionic acid
40 mM acetate +
2.68 3.7 1.63 0.68 0.61 0.73

80 mM propionic acid
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{ a 1 4 1 1 a a 4 4
A15190 9 Nam’owummxmmm’fu%’umaummmmaui’mmmiwa@waammmm%a Rhodobacter sphaeroides N20 1iag U7

Table 9.  Effect of type and concentration of co-substrate for PHBV production from Rhodobacter sphaeroides N20 and U7.

Strain of Dry cell PHA PHA HB HV
Auxiliary
Rhodobacter Culture medium weight concentration content  fraction fraction
carbon sources
sphaeroides (g/) (€%)) (%) (mol %) (mol %)
40 mM acetic acid 2.82 1.93 68.56 100 -
40 mM acetic acid +20 mM propionic acid 2.61 1.42 54.34 86.16 13.84
Propionic acid
40 mM acetic acid +40 mM propionic acid 2.42 1.23 50.75 82.77 17.23
40 mM acetic acid + 80mM propionic acid 2.36 1.29 54.60 78.88 21.12
N20
40 mM acetic acid 3.12 2.0 72.37 100 -
40 mM acetic acid +20 mM valeric acid 2.89 1.55 53.80 20.69 79.31
Valeric acid
40 mM acetic acid +40 mM valeric acid 2.37 1.33 64.23 17.16 82.84

40 mM acetic acid +80 mM valeric acid 1.76 0.26 28.05 30.06 69.94
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Table 9.  (continued)
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Strain of Auxiliary Dry cell PHA PHA HB HV
Rhodobacter carbon Culture medium weight  concentration  content fraction fraction
sphaeroides sources (g (g/) (%) (mol %)  (mol %)

40 mM acetic acid 2.88 2.37 82.29 100 -
40 mM acetic acid +20 mM propionic acid 2.56 1.81 70.57 80.38 19.62

Propionic acid
40 mM acetic acid +40 mM propionic acid 2.42 1.88 77.68 80.88 19.12
40 mM acetic acid + 80mM propionic acid 2.40 1.63 67.78 79.25 20.75
u7

40 mM acetic acid 2.88 1.94 67.36 100 -

40 mM acetic acid +20 mM valeric acid 2.8 1.51 54.04 20.51 79.49
Valeric acid

40 mM acetic acid +40 mM valeric acid 2.49 1.93 77.42 15.23 84.77
40 mM acetic acid +80 mM valeric acid 1.33 0.71 53.38 22.83 77.17




72

4

9 A 9 1 4 1 [ a A Aaa a a ]
PHA laieldunasmsvousiuiu 2 wiia Ao niavzdan taznialnsiloln Tagaienug
N20 §f1 PHA content (N1 68.56, 54.34, 50.76 L1a% 54.59 % 91nUNISIANNTA TWTN JoHn 0,
20, 40 uaz 80 mM MUAIAY HazlSuwed hydroxybutyrate (HB) 1131 mol % 1111100,
86.16, 82.77 uaz 78.88% MWAIAY uazdl hydroxyvalerate (HV) 110U 13.84, 17.23 uag
21.12% MUSAY §115D R. sphaeroides UT 19A1 PHA content 1M1 82.29, 70.57, 77.68 Lag
o w o 1 < 1 LY 1
67.78% eud1ay Mndoyaninazmaumslganududu 20 vaz 40 mM Tiedadan
mol % 1ndReaduun Ao HB (MY 80.38 1az 80.88% tay HV (M1AU 19.62 uag 19.12%
AWAINLY
dy 3 1 dy A A o 4 c?/‘ .
INHANMTNAABIHIAUIUFOUUANITOFUATIEHUAINT R, sphaeroides N20 1agU7
a a I 1 4 o [ a a a o 1
annsaldnsalnsileuaduunasmsveudmsunsnsayuazniswannedwesngy PHA
d' =1 < ] 9 1 = ] Y 1 d’d oA
ilosvin Tuanavesnsalvuamn msdwdgiraavriu ldiendiarsndi Tuanalvnauie
{ o 4 1 [ IR a e

AINTIUIUMTVOUNINAI Tagp1dena INAITUNIAIUVBIA1TAI8ITN1S  facilitated

. . &£ ] 9 o = @ A
diffusion ¥uilunszuIUMINIVANMIHIMA 100N VO Taeedears TsaudInalsneg
a A v J 1o & 9 o o ak v A o
vinageuyaauaz lusuiludeserdondsnuninnizuiumswaiueddy o1defioana
o @ Yy ¥ A ' £ ' v Y ¥ A& o o
ANovoIANMANTUNUANAINUDIETT FIa15IZUNTHIUATeANMTNTuMTud1ay
. . A Y A dd" dy dy Y 1 =<
(concentration gradient) 1nAIAdON N30 TUNsditiNeITReuFoIdg lo Tanaraduvos
J A 1 91 & A A v oA . . . ) o
wad wiee19na1 IaiuiunmsindeuiuesesHUUASUNRANIN (opposite direction) d1H5UAS
(DR o @ 1% J o w A A < A =
unIHIUvouEad lngeidena Indenandinamnizarsnii luanavuaannie lufilsey
= A (= z A A A @ 2K o a [93
s s hifivanazashlauauialunsazatelulviuerssiudsmaseongiau ae
s s { < A
asveulaeenled uenulutle ton1uea nazarsiianuiulalasIvda (hydrophobic
[ 3 ) a a I 1 1
molecules) AdtiuAuamITa lumsthnsa Inswletalu1dvedianuinly dgendinsani
a J o @ a a { I a a
Usmamsvousiwaumn luvazi@ernunsa lnsilotda dsadaswduInsnlotalate
aa I :;’ A ~ '
(propionyl-CoA) 300 FAa 1Ale (acetyl-CoA) Futluansasduluiamsnan PHA 18 1iiely
1 4 a 2 1 a A A I 09/’ Y o @ Jd 1 [
UMANMSUOU 2 Fila Fuaazsialinnuansaldsuniduaisasaud s uueuaeIA1nuy
a { I Aaa { a a
Tagozsanarusordasumduezgdalae (acetyl-CoA) Tuvmziinsalusi loHaa 11150
] o A A ) a M
nlagwiluInsiTetialae (propionyl-CoA) iiielimsaatedienszuiumsiudoendiasu (-
Sy { a a o <
Oxidation) Tomafazina Iaweamwesninnuilulyldgs (Duer az, 2001)
4 a a 4 1 09/’
140991 R. sphaeroides N20 uaz U7 dnnsonaansamosngy PHAlANelue1mis
dy dy d’d a a a =) a 9 a 1 a a
@eFNIMIANNTA TN loUANTONTAIUADTN LAazM I IFNTAINADINAUATUMTHAN HV

YA 1 9 a\ =Y 1 [ c?/‘ =< A a ) [ o
Ulﬂﬂﬂ31ﬂ1iﬁl‘]5ﬂiﬂj°w3w1@uﬂ (ﬂi%iﬂﬂ! 5.6 t1N1) AUUIUADNNTAIUADINAINITUNINAG



73

naasdne 1) luvazi@eddunudn R sphaeroides U7 1 dad 1184 hydroxyvalerate (HV) A
I [ [ { [ o [
Wudadaulugll mol % Ngani1 R sphacroides N20 39800 R. sphaeroides UT §1%5UMN3
naaniae 11
3.3 aanzimingannensHan PHB
3.3.1 HavaIM AN g T avn
d' = a =~ @ 3 1 dy dy é
iwedAnunavesmanuey TudeusamauuvadluTaswuluomsiaeuse (a9

a a Y 1A 1 a a a 4 1
Unaimsan 0.2 NINADANT) ADNITIITUUASNITNAANDAINDINQN PHA U9 Rhodobacter

q

v

A v di‘ a FIY dy di‘ A a = a
sphaeroides U7 (0107 19) wuanenia lad luetmisdeuioniinisaunas lulinisauy
= @ Y a a 3 1% = @ S
wou Tutlsydama uud Tnvesmansyuazninan PHB 1uludnyuzi@oniu 1954 log
phase 11479 12-48 2103 azid1g520 stationary phase oI audngs Tuah 60 195w
A gagaiIiy 2.77 uag 2.72 nfuAsansIazNan PHB 11U 1.14 naz 1.4 nSudoans
Y Y v
AMUAIAUNEINITIABUTD 60 1A 84 ¥ TUIMNEIAY Lazlin18A51A15HAR (productivity)
1 [ Y] a Jd a v q'./ 4 a U U 1
17D 0.0185 1A 0.016 NTUNOANBIARAATADYT I TN tilaNv1TaA lF918uazal
.. o v v Ao A =2 A 1A ~ @
productivity A5 uilluawiizialumaidenyganisnaass Juaenms ludunen Tudiondara
dy dy o Y v I 4 1 A dg’ I & [ I
Tuems@ease M lsandruasvoune luTasnumniwiu 17.5 suilusasidiulums
1 a a =2 Y ' =~ [ I 1 A a
daasumsnan PHA auuiisieauiuey Tudleudamaoziduuvas luTasnunduasuns
Aa Aa o 1 Y 1 ~ d A =1 = ~
paanoames lungy PHA laaniwen Tuiisunas l5d n3e vowTuieyluasn saudegse
° [ 3| 1 Y 4 ° [
dgmsuiuuvasluTaswuluemsideused 11y Alcaligenes eutrophus (Groth et al., 1999)
$ o a a d A
FIAOANADINUNITHAN IANBAND T VTR poly(3-hydroxybutyrate-co-3-hydroxyoctanoate) 910
Y H A @ I~ 1 . .
1¥0 Sinorhizobium fredii M TuHeuFaaduuvaalulasou (Lianggi ef al.,
2006)
Y
Kim 1anng (2003) WUINSRSQUazn1sHan PHB Y0150 Methylobacterium sp. lii
[ 09/’ d' = Q' 9 9 ~ [ = 1 1 o [ =
gRivdudelmsiuaNuINIUYo ey Tutsngaaninda 10 M1 uad MUl vod
1o [ a o y 4 c?/‘ Y
Rhodobacter  sphaeroides U7 laidufludeuauuenTuiisudamlalueivisiaeuie neil
A =\ dy dy 3 1 9 A Aa =\ 1
iesaniingauunlueonnsdeudoriluuvasved lulasnuaie uazlidsuanissneasnis

a a a s 2K & 3’ 1 4 J a S Jd
LTYLATNITAAANDALNDT ﬂgmm1/1iNL'lJmnumaqmsuauuammaﬂﬂmmuaumSEJ



PHA (g/1)

o o o o _ A a4
O N A OO OO = N DM O
I I I I I I I I |
T

74

DCW (g/l)

NN 19

Figure 19.

12 24 36 48 60 72
time (h)

84 96

PHA (+N) oo PHA (-N) —a— DCW (+N) —<— DCW (-N)

12 24 36 48 60 72
time (h)

\—e—pH (+N) —a—pH (N)

84 96

2
waﬁummimmmuTmﬁﬂucﬁasﬂmamsm‘iyuazmiwam PHA 910M51Q84

Rhodobacter sphaeroides U7 °1ummiﬂgmmw—az

FAN IAANNTAINADTN

Yy 9 a A 4 A ] 1 A A a le)
AMUANTU 40 Tad Tuars AT o9 (200 59UNDUIN) ngUnYy 37°C

= = a = Y
+N fio umsauten Tulengama

A = a = U
-N A9 ”luumammmaﬂmuau%mﬂ@

Effect of (NH,),SO, addition on growth and PHA production from

R.sphaeroides U7 cultivated in glutamate-acetate medium supplemented 40 mM

valeric acid under shaking flask-dark (200 rpm) at 37°C.

+N represented as medium with (NH,),SO,.

-N represented as medium without (NH,),SO,.
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Figure 20. Effect of yeast extract to growth and PHA production from R. sphaeroides U7
cultured in glutamate-acetate medium supplemented 40 mM valeric acid without

(NH,),SO, and various yeast extract under shaking flask-dark (200rpm) at 37°C.
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R. sphaeroides U7 cultivated in glutamate-acetate medium without (NH,),SO,
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incubated at 30°C.
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U7 cultivated in glutamate-acetate medium.
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Figure 30.
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The intrared spectrum of extracted purified polymer and standard PHBV
compound from R. sphaeroides U7 by FT-IR (a) extracted purifying polymer
(b) standard PHBV.
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Table 11. The dominant spectrum and wave number (analyzed by FT-IR) of extracted

purified polymer from R. sphaeroides U7.

Frequency (cm ) Functional group

3443.19 OH (H,0, ROH, PhOH)

2978.33 -CH,- , -CH, (C-H streching)

2935.86 -CH,- , -CH, (C-H streching)

2882.16 C-H (C-H streching)

1724.96 C=0 (ester)

1460 -CH,-, -CH,- (C-H deformations)
1383 -CH, (-CH, symmetrical deformation)

725 -CH, (CH, rocking)
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Figure 31. X-ray diffraction patterns from polymer extracted from R. sphaeroides U7 in a

chloroform solution analyzed by X-ray diffractometer.
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Scanning electron micrograph of PHBV extracted and precipitated with different
concentration of n-hexane.

(a) PHBY obtained by using high concentration of chloroform (x7500).

(b) PHBYV obtained by using optimal concentration of chloroform (x15,000).
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The typical 500 MHz “C-NMR spectrum of extracted purified polymer from R. sphaeroides U7.
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Figure 34. The typical 500 MHz “C-NMR spectrum of extracted purified polymer from

R. sphaeroides U7.

(a) CO(1),CO(5) (b) CH, (2) (c) CH, (6) (d) CH, (8)
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A1519% 12 11 chemical shift uag peak number (‘imswﬁﬁ"m 500 MHz 13C-NMR)
YOINDANDTUTANTIN R sphaeroides U7 €115 UNIIT10LADUUDA
o 1 (d' 1 [ 9 a 4
ﬂ1'51Ji’)u11!“@]ﬂ$11f’]Ll?JL?J'E)51/]ﬁﬂﬂuGLUTﬂiQﬁiTQﬂlﬂQWﬂﬂlﬂJ@i
Table 12. Chemical shift and peak number (analyzed by 500 MHz 13C-NMR) of extracted

purified polymer from R. sphaeroides U7 to determine carbon atom in each

monomer of polymer structure.

O O
B3 B2

| | _‘ |7 V3 V2 | |
O-CH-CH,-C O-CH-CH,-C
| B1 J L Vi
n | m

CH

; CH, V4
B4 |
CH, V5
Chemical shift (ppm) Peak number Carbon position
169 1,5 Bl
40 2 B2
68 3 B3
20 4 B4
169 1,5 Vi
38 6 V2
72 7 V3
27 8 \Zi
9 9 V5
uﬁlﬂflelﬂf B Tdumu hydroxybutyrate (HB) W‘EUU anval v 14umu hydroxyvalerate (HV)

"
B; hydroxybutyrate (HB)
Vi

hydroxyvalerate (HV)



