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02 Wezsld o 28 PIAE F& ¥ I Fote ”o“‘é% ZpolAALMMIEFS AFRS AE &3 TH 3
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3 Al A
9
AT 1
a) WEA}E S vjoksle] Zedlo]lmEA ATl do]E (PHA) S AtAlslE whAl;

b) a) ©@A7} &5H wEAsH S Zold ALY EE (Sodium Hypochlorite)S A 2]sle] AEXE

i

o
:%
>
X
fr
i

d) o) GAZE gEE FEAS AW 2 st ZEFlo|EEA LI olE (PHAE ®Elshe @Al & X283}
£ vgAsg o2 RE Zgslo]=EA LIl moolE (PHAS 55 9 3435 U
AT 2

27 EEstel=sA vl o] E (PHA)E EE]-3-3to] =5 A F-El#°]E (poly(3-hydroxybutyrate)), 3-3to]=
EAREYolE A 3-Ffo|=E2AAYYo)E FFEA| (poly(3-hydroxybutyrate-co-3-hydroxyvalerate)), 3-3}
01557\]—‘?‘ H o] E-4-3lo]| EZA| RE| P o|E FFTA (poly(3-hydroxybutyrate-co-4-hydroxybutyrate)), =%
-4-3lo] EEA| R E]H o] E (poly(4-hydroxybutyrate)) B 3-8l EFA|FE]H O] E-3-3lo] EEA|F AL o] E &

=3 (poly(S hydroxybutyrate—co-3-hydroxyhexanoate)) 0.2 o]Fo{7 FolX AMEEE= 728 EFHo7 g,
g2 st 0 2 HE EE|3lo| EEA| YT o]E (PHA)E F& ¥ FF3te= ¥H.

7% 3

A 18l oA,
A7) a) @A SdRE veRskite AZXAA (dry cell) S E FadA (wet cel)Ql AS EHo2 3=, |

| d
SAshTom e BestolmRAdrbrdlolE (PINE F5 % 255 .

AT 4
A1gel do) A,

271 b) ©@AE AZRTAE 8] 13 WA 179 F3e] Aol &ALk
W ez} 5}t 0 2 HE EZ2|3lo|EEA|LIIdolE (PHAE F& ¥ 353l
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rlr
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A 18rel] lo] A,
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471 b) ©HAlE WEAs e AlxHwS Hsta o] ESA G| E (PHA)E A€ sk vlo] v~ (non-
PHA cell mass)E -&3|AI71E A<, vietxlgt o2 RE] Zglo]|=2A L7 eoo]E (PHAE F& 2 343l
a8

A3 7

A&l lojA,

) ©) WAL AEAZ AU 40 A 60 ) A9 13 ESES $AN SPAE AZ 5o e, o
B Fo R e EYselmgAdsbuololE (PHAE #F % F5ehs Wy

A7) o) @AY FEL 75 YA 95TolA 30 WA 3008 B¢k FIEHE AL EROR =, HEAIgoRYE
B Zgslo|=ZA ATt oo]E (PHA)S 5 2 356t U9,

A3 9

A1l AojA,

71 d) @AY AL SHE]EMIE (antisolvent)® HWEHE (methanol) S AME3steE S 5O R 3=, WEA
Bl o 2 HE ZE|3lo|=EA| AT o]E (PHA)E F& 9 3|45t WY

AT 10

[ Wgbzbshatel AS 540w o=, veaisid o2y Eejsto| =5 gm0 o E

AT 11

A7) w8 11 ez st WEZA| A8 & (Methylocystis) o+ B wl€2ZAYXA & (Methylosinus) T+
2 o]Foxl ToA HdEEE A, HEAsH o R ZEslo]lE AU olE (PHAE F&F 2 53t
H,

Sodium Hypochlorite) ™ 1,3-t]$<%% (1,3-Dioxolane)S ¥3Fel=, Webxlstd U =3}
E (PHA) F58 =45

]

ox
N
oX,
i
rlo
B

e-& (Methanol)S o X338l A

i
o,
(o
fru
ol

b=, elEREE Ul E 2 she] B8 A bl o]
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Sodium Hypochlorite) % 1,3-t]$<%% (1,3-Dioxolane)S ¥3Fel=, Webxlstd U =73}
E (PHA) F&8& 7]|E.

sl

A 147l 9lo1A,

7] 71E= vg2 (Methanol)S © X313}

rlr
PO
o
Jm
o,
(o

= ohi, WEAsE 0 Eostel EHA drhedolE

7l & & oF
w2 AEA st o B R ZE|slo| ERALIN A ES FF R 3]sk Wl w3 Aoy

Zslo]|=E A LTl -oo]E (Polyhydroxyalkanoates, PHA)E U9 AEAo & Aaty = AEHAH
2" Zoltk, PHAE A= tAELS Edof 7AE Ui o2 = 170 7HA7F doH, FH Ao =
Methylocystis hirsuta T3 cyanobacteria® o]&3le] wel T CO,EHE ZT 3l EFA| LT o]E A

> E 2

o] ®u¥i 9lvk. 7 A<l PHAE Eu]-3-3to] =FAEHC]E (poly(3-hydroxybutyrate), PHB), 3-3f
S| EEAIFEHOE Y 3-glo]EFZARtHHOlE  FFEA  (poly(3-hydroxybutyrate-co-3-hydroxyvalerate,
PHBV), 3-slo] =S A FE gl o] E-4-3lo] =5 A B gl o] E TS 3HA (poly(3-hydroxybutyrate-co-4-
hydroxybutyrate), poly(3HB-co—-4HB), P3HB4HB), &u]-4-3lo]=FAIR-E|Zo]E (poly(3-hydroxybutyrate),

P4HB) ¥ AF PHAmcl (53 AMEY EFEsto|=sA] Ll olE)olm | 7] vpxe HFol HFHd i F
Z g 3to| == A Ao o] E (poly(hydroxyhaxanoate), PHHx)©]t}.

flo

|

A, £2]-3-3to| = A LE g °]E (poly(3-hydroxybutyrate), PHB)= HlA&o] o3 FA= = oA A4 2
AzdrA 7180 FehsayY 487t e sl aEArst =uF Addol vk, g, ARs|ge] m
Fate] AR odto] F2A1E Wel &3 ojitEitha R dRaE s BRI Sutay duwA @
TH] mAEAdA 7HE wel ATE npe] e Faof 2E ot}

Ze 3-sfe]=HAIRE POl E (poly(3-hydroxybutyrate) ,PHB) B! 3-3o] =5 A| H-E] 7| o] E-3-3} o] == A k] 7] ¢]
E Al (poly(3-hydroxybutyrate-co-3-hydroxyvalerate, PHBV): 3-8lo]=FA)H-d o]

o|ES} 3-dtol=F Al Y o|ES FRARA T EYS BT e 4, AbaTt
AEs 7bssta, B4 - 7IAIA o] Y xR Zuagd v =

¢

fo o it

48 11 WerdFABE (type 11 mathanotroph) 25HE Zg]dlo] =2 4]
3 FHo = APilslo] /‘1]4. Ul 52| PHA &%
2AYEFS At AXEE &82]2 7|Ee FEE fUIEE
g =

G AHgete] SriFES Soll PHAS Ei]-ré}t Rl

=)

ob

ofy ©
oot
-

jan)

s}

el

> (i
Fol'

w
o
do
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(B3 E3 0001) thskul=r F7HES] #)10-2006-0134005%

gige] g
S dst = HA

¥ oy BHe WusidozRe Zelstol AR ool E (PHNE 3% % Slshs e Aehs
g 2

, o] e EAHL Aold AU EH (Sodium Hypochlorite) ® 1,3- E]%’E\%’f (1,3-Dioxolane)<
ot Wekxtslt U EEslo]EEA|YTL=ddo]E (PHA) 58§ 24ES ATt

&

A8 2o}l AAMYESR (Sodium Hypochlorit ,3-t]%<42 (1,3-Dioxolane)S *E

= te)
Y Z2|3lo|=EA| ¢TI dlo]E (PHA) F&§ 7|EE *#

W a) HWeRtsht S wjgslte] EEstel=EA LI ol E (PHA)E
H g2} 3l S 2Fot A AAMYE S (Sodium Hypochlorite)S *g]sle] A&

AgAdsts Al b) a) dAV g5 dg

& &3x71= A5 o) b) B@AVE gEE Wextst ) 1,3-t%&e (1,3-Dioxolane) & &8t &v F&3)
e 2D o) SAV S5E FE2AE8 A D sty EEstol=EEAYIRYolE (PHA)E #EEe ©
AL E LEete vEAs o2 Y ZYslo|EEAEIlwdo]E (PHA)E & 4 I3t WS AT,
olojA, X WO ol AAMGEE (Sodium Hypochlorite) & 1,3-ty2<4e (1,3-Dioxolane)d X oHal:= o
ezlsit Ul ZEsto|=EAI Gl eddo]E (PHA) F&8& A ES AlF3r).

oz, B gl zpold AU ESH (Sodium Hypochlorite) ¥ 1,3-t]%<4 % (1,3-Dioxolane)S *3sl= v
exlslot U] 3o EEA LTI 0l E (PHA) &8 7|EE Alsgid.

12 2 o] o Aajdel QoA , vt 718 rell A PHB<E PHBVS] &8s webal Z1ef Lot}

T2y 2 U d A4 oA, F o3 & o3} Fo] 99 FEH PHB (a)9F X $Fo] PHB IE

v g A Aol oA, AR AR/ L vlE (a), =% (b), A (o)l

rlm

= 2 e A Aajdel glolA, & 11 WEAskell Y TRFEHEE o8 PIA FF AHe 7

T 5% 2 e A AAjde dojA, WM. trichosporium 0B3bolA /¥ PHBS thYst =W (a), F&
= g AZE (b)), MEAZA /A LA AU ERS] HE (c)o] wWE PHB %“% FES YERA T Eo]

T 62 E dEdgel A AAde] QlojA, vt FEF el wWE N trichosporium OK1 (a)d N
trichosporium (b)ol|A 3]4=% PHB @ PHBVS <% 2 3|48 ekl 1gxzolt}.

T 72 B ool A HAAde QlelA, M. trichosporium 0B3boll A A4t PHBY & EA4& YERH 1z o|t).
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ofsh, YE EWE Fxste] B wye) TG X Uy s ARSI Btk o, &7 7@ o
B ool et dAE AAEE Aem, YAl F4 AWE /% wE P4 g FAH Age] ¥
wyel 048 BEas 53 4 dikn BREE A O PR 489S 4SS £ da, ol o ¥
o] AWHAL Rk, B owye Fadt 58 4TUAY A 2 1ERE A4HE 75 9F Rl
R WY % S8l Ahsdtt

EE, 2 gl A8EE S0l (Terminology) 5 2 wyel wigtas 44 dE 443 ZAs] A9 A
88 goERA, ol A8A, £849 o EE X wno] &ali Popel vl Fol weh gebd & g,
Wb 2 golmel Wa Aot B @Al Auel A e moulw ueAer & Aelth. ALK AAA,
oW Frol oW PAHAZ “EF AThm & u, ol Hwsl wlHE A} 9t @ e THeLE A
Slshe Aol ohie tE P4 £4F O EHE & Ut A2 g,

AN AAe 24, 54 B4 sEE Uehly] 9ste] AgHE W'E MR del gl 4%, wA/
al

A= (w/w) %, LA/ AA= (w/v) %, L HA/AA= (v/v) %olvt.

ol3l, L o] tisle] wu} AAEH AWEES ).

U SR, B odge Madstonie EslsSAdsbrlolE PINE F5 2 AFsE BUe A

TAARSR 7] HHE a) HERSTS wjdste] sl ESAE Tl E (PHAE A3

29 WexsddSaotd I EE (Sodium Hypochlorite)S A Elsle] AXE 8347
c) b) @AV ¢ud wekAstd 1,3-v]%E&7 (1,3-Dioxolane) & EFste] &) &8t 9l %
st} ZEsto]lEFA Lo olE (PHA)E wd3te A& E@ﬂ% A

N
N
e,
il
)
o
i
12
o
)
rN
HE
£

2 ool o AAde] SQlojA, A7) ZEEolEFAEIIClE  (PHA)E EE-3-3lo] EEAFE Yol E
(poly(3-hydroxybutyrate)), 3-3le]=ESAIFEHOE = 3-3lo|=EFATEHolE %%?Xﬂ (poly(3-
hydroxybutyrate-co-3-hydroxyvalerate)), 3-&lo]=ZA|HE|g o] E-4-3lo] =2 A RE]| Y o|E FF5¢A (poly(3-
hydroxybutyrate-co-4-hydroxybutyrate)), E#]-4-3fo]EEAIRE# o]E (poly(3-hydroxybutyrate)) 2 3-3}¢]
EEAREY ) E-3-slo]EFA A o] E  FFFA  (poly(3-hydroxybutyrate-co-3-hydroxyhexanoate)) 2.2
o]Fofx oA AMElE= Zi% T denm, n"EASAE E8-3-sto|EFAIRHYCIE  (poly(3-
hydroxybutyrate)), 3-3}°] -tolEZALHH ol E FFFA (poly(3-hydroxybutyrate-
co-3-hydroxyvalerate)) ¥ Qur, olof A|gtE= AL ofr}.

2 0ol A AAdel dolA, A7) a) SGAZE @RE WExsiatS dxwA (dry cell) BE F&A (vet
[e]

Boulbgol A Aol QlojA | V] AXFA (dry cell)E 543%2H MXE (Lyophilized cell)Y 4 Q2oL},

wowe] o AAldel QlolAl, 471 b) WAE AxEAZ vnl 13 dA 170 5] Aol AAntEF §ol)
=

ool o Arjdel] lojA, 7] b) @AIS] Wi 30 WA 45T, wigASHAE 35 WA 39TelA 30 WA
90+, v sHAl= 50 WA 70 St FHH = AL ¢ e, ol AlE= AL ol

e A AAleel oA, 7] b) DAl= wlEAskTe] AlE

e st FE | EFA LI o] E
(PHA)E A9 3t vlo] 9. uf~ (non-PHA cell mass)E &3|A|7]&= AL = v}
2l

2 oage] o AAee] glold, 7] o) wAlE AxFAZ o 40 WX 60 d FIe] 13-t &S S} £
gt AL F o, ol AgEE AL ofyrt
A =AY 5

e d Aol dojM, A7) o) @AY FEL 75 WA 95Tl 30 WA 300 St T
A
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2 e d AAlde oA, A7) d) @Al HHAL AE]EWE (antisolvent)ZE WEE (methanol)S AHE-
sl AY £ 9o}, o]d AdtEE AL ofYr)

2 o] g AAlde oA, A7 WEEe FE8u F3 oy 2 WX 10 ¥ F3, viFAsHAlE 2 WA 4
v B2 H7bEE AY § doy, old Aty E AL ofyrt.

Eoubge] o AAde] oA, A dexlstde 8 11 Wexsadd 5 Jdouy, Zgslo|=EA LIl o]
EE Aste Aoz d#zl vexstolgtH Alstglo]l AFES = Q).

2 oabhgo] A AAlde] oA, 7] 58 11 WeRst> HEZAREl 2 & (Methylocystis) w5 2 WE=Z
AMUZ & (Methylosinus) 7= o] 503 TellA des= Ad 4 glon, ofd AFdH = 3 ot}

2ol A AAdd glojA, WYEREAI~E A~ & (Methylocystis) Wav HHZEA|ZE] A~ 3 o]dE
(Methylocystis heyeri), WMYEZRA|AE]A o] QoYX (Methylocystis iwaonis), WEZRAIAE A HElede
(Methylocystis bryophila), WERZA2El2x 22X~ (Methylocystis parvus), WERAIZE|X~ 3| 25E
(Methylocystis hirsuta), WEZA €]~ Av\Ee} (Methylocystis silviterrae), WMEZRAZE]A o 7] 0] H)
2~ (Methylocystis echinoides), Methylocystis sp. MJC1 =¥ Methylocystis sp. OK1 w54 4= glor}, o]
Ay = 3L ofrt.

2 odgol oA AAde] oA, 7] WEZAIUL & (Methylosinus) T+ WERAIYZ2Z EIAZH
(Methylosinus trichosporium), VFEA &A= Methylosinus trichosporium OB3bY <= o}, o]d AdtE =
AL olYt}t,

o =woA, B e Aold A} ESR (Sodium Hypochlorite) @ 1,3-t]2<4% (1,3-Dioxolane)S ¥3&st
= versld U FEsto|=EA LTIl E (PHA) FE58& 24 ES AT ).

ool o AAjeo] lojA, 7] 2AEES WS (Methanol)S U XFste 2Y 4 Ao, olo] Aghs
L R

tolrt, B W zjold AU ESR (Sodium Hypochlorite) ¥ 1,3-t]2<4% (1,3-Dioxolane)S E&sls= v
slo] =2 ATl o] E (PHA) &8 7|ES A-F3it).

ool o AAjeo] lojA, 47 JIEx diehE (Methanol)& © X3ates AY & oy, old Alge =
7

fg "
&
Lo
:?é

<AAld 1> g o] &3 73 11 HgAstel Ao PHA A4

Wt 2 1 E PHB Wi PHBV FETAS AArelr] 9al 118 weR s+l Methylosinus trichosporium OB3b
(KCTC 12568), Methylocystis sp. MIC1 (KCTC 14362BP) 2 Methylocystis sp. OK1 (KCCM 13166P)<= ®i<3}3d
t}. Methylocystis sp. MIC1& th3bil=to] Q thaboll A B Qo Methylocystis sp. OK1S Methylocystis
sp. MIC19] Wghg A5 HFFoltk. 7] 3F9 5= NMS ujR|ollA] Y= o™, M. trichosporium OB3bS}
Methylocystis sp.9 #HZF T8 s+ 22 5 uMd 10 wMold, =2 w2 2%, wdt £& §& a2
pHE AHzo 2 Aojsts 7t AEWS7|7F F2E 5 L HaV|E AHgste Fdsglt. FasEe 7tae degd
F719] Bl&o] 3:70)a, 4 0.2-0.25 vvm, WY 30T, pHE 2N HCI 2 5N NaOH &8 Ab&3te] 6.5
2 fA 8.

<AAld 2> PHA ¥F 54 9

Aol 1o wiYFE 3% wWgAstS 247t 59 T g $ AEE FEste] A X8 PHA FE&
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NEE GG, 7 AE] PHA G MEARE vhol Q22N E PIAS
25 AEE ol gale] WSR-S Fastn 2 AEe] PHA B AT,

Az
FAHeR, BANE AEE WS Faslo] Tirldl 3-ololER AR eo]E Ei 3-ojol =R
dlzske AekaaL sl A8 ol gelel 7 ALl PIA S Aeslc)
PHA con'tem‘(‘%))—M X100
"DCW

"PHA_GC: 7haAmelEae ] (60) ¥4 B A4E PHAY A

DON: kR gtg ukgo] AlgE A AE FA

H

l

TAAZE ME (Lyophilized cel)ES F714< PHA #2815 &ol3i/ 37198 ol xHAS 2tes &
Al (MIX-35G, SK Magic, )& ARgste] 2EEE s 4=, GC 4= methyl- (R) (-)-3
hydroxybutyrate (TCI, ¥¥)2} poly(3-hydroxybutyric acid-co-3-hydroxyvaleric acid) (A|Zzw} d=g]x], 3l
)5 FEFEEE AFESFS Y. Authentic PHB granule (BU396311)<2 Goodfellow (3F=f)ollA +913}e] GPC 4
of Fx= Argsnt. BE 3EEAS = AA glo] ve adE AREENT.

MV V)

TY =AM A7 3FY w3 11 weAstollA AikE PHA % A A3, M. trichosporium OB3b,
Methylocystis sp. MIC1 2 Methylocystis sp. OK1olA Z+Zy Az ME S 25%, 38%, 27.6% 3|Fs=
PUBE Eiteli wlol ol Ag FEelgin.

ojojA], PHBVE XxFste wekzlslyt nlolomjzol] %7 PHB FEWHS A8 F deA AR 98,
Methylocystis sp. MIC1Z 3g/L KNOs7} i3 NMS uix|olA] 547F Fot wjkstdon, AEZEE7F 0Dg=20¢]
AAEE 0.1g/L FU2AS 33X tF o7 F7F ¥F48 024 (Lee et al. (2023), Bioresource Technol.,
389, 129853), Thekak u]g-¢] 3HVE o] 40-50% PHBV 3Heke] thekat PHBVE $-5813itt.

<AAd) 3> PHA 3% E& 24 9
o3}t o % A% A B A, A% F A5 PiBY) F3e /1FoE §)

=
ol et F%

Exmractionyield(%0)= EXWG;ZZPHIZ; cintent X100
coniten

PHA <29} 3|5&L e Rauts 3 & 747k FFEA S AR 0 248 8] S4s9Y. B4 o]
3l AZ=7) (FID)7} A== Agilent 8890 GC A|2=¥1S o] 83511, PHA e 717t R EAS Ag3le] A

= At

TFAASR, WERE-god A= 5 =3
(5% 34F 15% &)@ i3 Uy 252528 3 EFsd. vk $71e dasHa, oY —’F

CollA 4A1ZE Bt 7HE st vhes FHS Foll+= 2 nlY FAFE F7hsta, Ass & £3 o}oﬂﬂr 9
5 T ] HEL Fo] EEGESH Y EREE =

B3ttt oJAe Hp-5 A7 (5% phenyl-methylpolysiloxane capillary, 30 m Z°] x 320 um

pm BE) 2D FID7F 2% Agilent 8890 gas chromatography (GC) A|AE1S A}88le] BEAEQAT). H3F F9)

H
& 5w 11002 FPHPeH, it Ao AR AALEND, F9 SEE 2507 (2 AT, o8
LEE 807 Col 5%zF FAH, 307 C/ming] 7FE FER 3007 (744 ARA R AEELeH, holding
time 102202 AAsrt. FID 255 2507 C= FAH%1em, PHA B2 7479 2iade 359l

PHA 5} PHA 31588 47 8] A% Joz A4H .

_9_
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[0072]

[0073]

[0074]

[0076]

[0078]

[0079]
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m
PHA purin(%)=———2C %100
" PHA_methanolysis
M rorovere X PHA purity
PHA recovery(%e)= ap % 100

M peg X PHA content

<AAd 4> £33 11 dERslF 257 E PIB ¥ PHBVY F& 2 34

4-1, o}kl £joA PHB ¥ PHBVE £3%= glAE

Sule] Mdele 2F PHA 5 &&7 PHAS FAWT olygt g kel ki3 $44 SHole Jgs +
7] W&ol M. trichosporium OB3be] wlolemwjxeo] FZRZXE (Chl), 1,3-ty=%Ew (Dio), dEolAHolE
(EA), ZAF (AC), "yWE7HYo]lE (DMC) ¥ oFAlE (Ace)d} 2 thkdk grufo] o3l PHBS} PHBVS &3l==
gy, &3lE Alg-2 Aol PHB/PHBV #HHS Zh7te] v 1 mLel 8314171 & v =% (30, 60, 90
T)AA 107 & wwtste Fdsigltt. 83 &, 898 AFste] g2 B84 FFS 92 F 50T 294

Azxsta 10 go AWER FFS SH3YT).

I A% 3 1% X 1o YERd ule} o] FUS A3 x3loA PHBVY &3k &S A PHB vlE] v
o2 Ve, o]= 3-hydroxybutyrate®} 3-hydroxyvalate 5 719 A2 t& Fx 992 FAH 354
o)1l PHB: ©EA @& 3-hydroxybutyrateWro = A E O] QlojA FZFo] WA oA Ao 7|23 Ao=w &
T Ao,

R, PHBSH PIBVS] 879t el mE galw Wakel F§ SnL FREIE <1

AR E < obAE * dFobAEolE AU ghstE S ngd. oldd AAE Ba A¥el Asd
R G0 F 13-0SEEe e SIEs DRFH 542 AT Qol, PHA FEE AT A8 =

A 1L3-UsEds AdAsslt.

1
s - . PHB purity PHB recovery
Sample Extraction condition Antisolvent (%) (%)
OB3b.PHB.1* Cell lysis with SDS-EDTA- 9871 5616
Naocl

Integrated method, 2 g DCW, 5
OB3b-PHB-2 100 L of dioxolans Methanol 99.45 99,17

Integrated method, 2 g DCW, 55
OB3b-PHB-3 o0/ L GE d ol atie Methanol 99.22 85.51

Integrated method, 2 g DCW,
OB3b-PHB-4 o0/ L GE d ol atie Water 78.3 77.78
ompEBs  -eEmtedmethod, 10 g wet Methanol 99.29 89.76

cells, 50 mL of dioxolane

OB3b-PHB-1*: PHB extracted from OB3b via simple cell digestion with sodium dodecyl sulfate (SDS),

ethylenediaminetetraacetic acid (EDTA), and purified using NaOCl solution.

4-2. 187 §iE o] &% &7 FE& T PHB & # I

PHBe] F&& AXAMXE (2 9% 1,3-ySE&adS thdst Hl& (1/200, 1/100, 1/50, 1/25 ratio (w/v))Z2 &3+
Tt =

3-H=5 =
@ F B2 e Fehadel Y 4R $371% A7) WulE FAE e & BelolE wukrE Abgle] 4

T



[0080]

[0081]

[0082]

[0083]

[0084]

[0085]

[0087]

[0088]

[0089]

[0091]

[0092]

[0093]
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;7 L% (80, 90 BEt 100C)& X3k, 200 rpme® wHkslgith. Az =3 =
< FHZ £7]3 10,000 rpmell Al 108 FoF U4 EEich. 1A EEE AlAS
T8k, &m) <ke] 84 PHBE A7he WlwRE (300ml)®E A7, HAe
BLE o3, =efe] QB 50 TollA A=33T.

AzE PIB BES FAE S4oe % 8% 449U, Az P BEL walolm, zzte] of o] 4]
al [©)

f AYE g0 ¥E gelstel TAE 2T F A0 (2 2 F2). 3% £9 1 9T
=49 PIBe] X 2 55 ZAASY] e Al 20 7AE HHO R PHBY wWEHEEINHES e,
A7 GC B 71zste] Axsteint

T st % 3o vbehd mish o] A=FAF/ &) WiEe] F7gel Wl PIB FF ffol FA ghd: Ao
2 et o] At 2 AEE Rasa AE W PIB AHS AL O AgHE St PEe] o
Folth, e} PUB #5E3 F% 4 TFR §ul g2 welstel ARDAF/ G0 W& 1/50 (/v

ratio)S HA9 v&zE AAsAL.

FF 259 A 2571 80CA 90CRE F7hghel| wet &8-S 52,2594 53.37%% 2% F7bsklth. 1
Ay 5F 1000 C7hA] 9 =o]H F& &0] 45.5%0=2 A FAasglt.

PHB & &8, oy ¥ 2 ARHES agste] 5 2k mE Ax=dA/& v 1/50 (w/v ratio)el
A1 907 CollA 4AIZE F&ske A 1,3-USE7S o] 83 PHB 59 H4 oz A3,

ol HAsE xdeld GHE FF BE O A A8 AARAIEFS ol §F AL 8l B4
B} 1,3-09588 087 8u 3% 4L Fa PBE 23 2 H5aun a3

4-3. AolHAMUESR 9 1,3-H&ET S o83 Y PB & 2 I+
2ol Age 5 F%

F % 7 EAH AAR T4

YEFS AHSR AlE &8 o 9 EviE ol & v F

WA AzdAZE (2 93 AJotA LI EFES 1/10, 1/15, 1/20 Ei= 1/259] AZAA%/NaOCl B] (w/v rati
0)2 XF3h= HA (250 mL)ddl A3 AT F, EFES FEHE §7]3 37 ToAlA 1 AIZE 52k adkA[Z]
< 10,000 rpmell A 10 ¥ 5o+ gAEE st vl FES s dAH F99 1,3-to] & AS Lse T
et Zekago] 27tk o]F PHB 8w F&& AxgAFE/&v] v 1/50 (w/v ratio), & 2% 30 F&
0T, FZF AT 1, 2 B 4N 202 AAd 3-2¢] 7]A1E &v] & W 5L *’A]é}‘iiv}. &
v FFo] 5% &v] ¢te] £8A4 PHBE z2/FE WEE (30m)E2 HAA7IL, HAHE PHBE ¥ AH4E &
3 A& v}, =ilo] QEA 50 TollA] AZXEATE. o]oIA M. trichosporium OB3bell A 51’/‘45 PHBY] t}&
F= Wl w2 8, FF 2R A e 5 8§ 9 AxgAG/AolA RN ERS] v g e S
= 55 SHEU
a A | ERA vle} o] ApolARAIUEE &9 20 mLet 40 nLE 7 AMESIE W & FEo
64.6%F 85.1%% AEZE &8t i SvFE APy vuste FEF FFo] A TUksHE AoE YE

Wk (= 5a).

AL g8 F 7 0 BA (1,3-olSEe F2)4 5 2ES e FE Fgel 2 9P MAA Qo
W (E 5b), PHAZ AISIE el AEel 4% et 2o AE &3 HPL AR F O E PIB 35 o
HHQ) e ke AL mIFAT. 1 A%, TN 17 B AE Falsh 1 3-dolS&d BF F3
WS o) gl 874348 FE FES HTHOR BHINGON, PIB Fel A J1ES] BF Az H
WIZNA 202 (AE g3 147, HolS&et 3% 1N oE A BEAR.

oloiN, AzFAR/ANALMIES W& /1502 A4AAUE W Mt 5 FEES BT (% 50). o
A AzdFA/ A AAAES Hge] 1/10 o8] A% AxFAG Ul PHAZ AT AE FYA o)

)}

oF 7548 A3 917] Go] AohPRAEF o) ol Holx] AE Sl BERT & glom, Aol



SAEF AREEE 30 nl7HA S7MA7IM S 8ol oF 87.68%% Al FFE U o] AlHE ol Aobdd
SPGEF] A% Absh g o PIB WS waEld ¢ Q7] wiiel FF &0l A AAdt. weA dx
TAF 2 go AnkHQl AE &djo] tist HA o] HER AZFA G/ AIARIIEF vl Fe] 1/162 A 8353
=

[0094] olg1gt AE &3\ M. trichosporium OB3b A|Eo] W& PHB ko2 B ala, AE &3¢9 &) 55 5%
Ao WastH A &3 W AR Bl FF Aes THA 7 dve AS st

[0096] thoFet & 2ol A& ). trichosporium OB3bZE-E 9] PHBY] ¢k 2 342 % 20 JEUIdT

M
N

) - i PHB purity PHB recovery
Sample Extraction condition Antisolvent (%) (%)
Cell lysis with SDS-EDTA-AtOF
OB3b-PHB-1* - 98.71 56.16
YapES

Integrated method, 2 g ZAZETH|
OB3b-PHB-2 Methanol 99.45 92.17
2f. 100 mL of 1,3-CHO| & 2h

Integrated method, 2 g ZAET
OB3b-PHB-3 Methanol 99.22 85.51
&, 50 mL of 1.3-C10| S &2

Integrated method, 2 g A=A
OB3b-PHB-4 Water 78.3 77.78
¥, 50 mL of 1,3-CHO| S &2t
Integrated method, 10 g wet cells,
50 mL of 1,3-CHO| =& 2t
OB3b-PHB-1*: PHB was extracted from OB3b by a simple cell digestion with sodium dodecyl sulfate (SDS) and

"é

OB3b-PHB-5 Methanol 99.29 89.76

[0098] ethylenediaminetetraacetic acid (EDTA), and purified using an NaOCI solution.

[0100] 20 UEMA n}9} 7+o] 3]4¥ 0B3b-PHB-2%= 71% =& PHB £%$} 348 747k 99.45%9F 92.17%2 YEUS

L] 2392 o 74244171 0B3b-PHB-39] A% PHB 3|4&< 85.51%% 7Astgloy, PHB 5 A9 Sds}

4AF AT}, B2 AntisolventE AFE3F OB3b-PHB-49] Z-$- PHB 4+%9 348 78.3%9F 77.78%= W e
7z

< Antisolvent® ARE&-gh Aol Hl3) PHB £t 3|g&o] Aste A2 YERT.

é.ﬂ =51

[0101] olefgt Adite &uj FF dAl AR 1,3-Thol & F
antisolvent¥ PHBY & 4FE VIS HoE. dgs
et Al U t& &5 78 2450 i AAHY EeE
Ela=

[0102] T3, F2 Al
e =L

A o

o

—
y
tob
g
o

o fo
=
a9}
|
o
rr
=
o
o

[0104] How A& PR 3¢ ¢S FREIXE FES
2 5 RS gl AMSL QIzte] WA A
Aol A o] A8 AgtHolry, AnHo=R 1,3-vho| &) 2 A

o] oL
H © = 1=
32 WS A% s PIB Be 2 85E 9% F9% Py

4 2 2 op
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[0106]

[0107]

[0108]

[0109]

[0111]

[0113]
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4-4, AotI2AIEF 2 1,3-HS5EHES o8 T PHBY & 2 I

Methylocystis sp. MJIC1 2 Methylocystis sp. OK12 AF&3le] HA3}3 SdF=HE 53 PHA F=53 AXE
&3E A Aot EF, NaOH, SDS 59 thFdh 4bst AlokS Abgsto]l AX &3] R F2& I F
&S vt
A7, £ 6 9 ¥ 39 e nke} o] PHB ko] 27.6%%) Methylocystis sp. OK1 39 t}efst PHB 3

6
AGEFI 1,3-tolSEdS o83 T FEol /P mAE&HQ] W 7b7h 93.45%9)
5% @A H& PHB wket I5&S BT

2
b

=
=
A
= 0l 3 Ao
91

o ot 2 ASR vebdth. MICI-PHBV-1, MJCL-PHBV-241&9] -8 5 5&& 243 &9 Ax &3 A
ofo] Abgo] B FEWHIY FAGE FF £8% U 7 S BAFT. 60ml AotdRMNUEF 0.4g9
SDSE AHE-SF HAxatAFe] A &= 47 93.7% & PHA k29 8

3 g PHAS] AR 8L 2e]e] Ad]lskel thkstel wiE ARl A WY

#* 3
i e PHA purity PHA recovery
Sample PHA content Extraction conditions (%) (%)
Cell digestion 40 mL NaOH-
OK1-PHB-1 27.6 % PHB 40 mL NaOCl 68.72 92.49
Cell digestion 80 mL NaOCl-
OK1-PHB-2 27.6 % PHB 40 mL DW 87.01 82.13
Cell digestion 80 mL NaOCl-
-] - 0 .
OK1-PHB-3 27.6 % PHB A0/ Dioxolafie 84.49 81.43
Cell digestion 60 mL NaOCl- z
OK1-PHB-4 27.6 % PHB 40 mL DW 86.05 81.77
Cell digestion 40 mL NaOH-
. =, o,
OK1-PHB-5 27.6 % PHB 40 mL N2aOCl-40 mL DW 90.02 81.22
Cell digestion 40 mL NaOCl-
OK1-PHB-6 27.6 % PHB 0.4g SDS-40 mL DW 87.88 73.22
Cell digestion 60 mL NaOCl- :
= s o, £
OK1-PHB-7 27.6 % PHB 0.4g SDS-40 mL DW 90.05 69.01
OKIPHBS  276%PHp |nicgrated extraction NaOCI- 93.45 915
Dioxolane
MJIC1- 50%PHA-9%mol Cell digestion 40ml NaOCl- 91.99 88.72
PHBV-1 3HV 0.4g SDS i i
MJC1- 50%PHA-9%mol Cell digestion 60ml NaOCl- 937 88.46
PHBV-2 3HV 0.4g SDS . .
MJC1- 40.91%PHA- Integrated extraction NaOCl- 92.77 70.53
PHBV-3 27.12%mol 3HV Dioxolane : =2
MJIC1- 43.03%PHA- Integrated extraction NaOCIl- 38.18 60.1
PHBV-4 29.71%mol 3HV Dioxolane . :
MJC1- 54%PHA- Integrated extraction NaOCl- 8336 4525
PHBV-5 11.3%mol 3HV Dioxolane : :
MJIC1-PHB 4623%PHB Totoprated extraction NaOCl- 9435 9138

Dioxolane

<AAld 5> §3 11 WexgFo o] AAE PEB 2 PHBVS] E4J3}
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[0114]
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[0116]

[0117]

[0118]

[0120]

[0121]

[0122]

[0123]

[0124]

[0125]
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Oll

g

GAl Al 40] T FE WS E3 saE PHB 9 PHBVS] AR E2]F 545 545

=% PHBO] #A=e RID A=717F &% K-G 4A A9 (Guard H¥), K-8047%, K-805 HHo=2 FA4%
Shodex Gel Permeation Chromatography (GPC) #4& E3] AAHUT. AMZ HgE s, =% PHBE 100°
ColAl 2A1%F Bek 1 mLe] FR2Fel §8l=a 0.22 um PVDF FE 2 s, AR 97] fsie 4° C
] HPLC water= 1 ml AHE3ESITH. %J ABe 1 ale] FREZFA A SsE L GPC HAS 98 0.22 un
PVDF ZHE ARE3sto] ofsfagivt. 24 xloms= 13 FYel 20 pLo HEo] AMgHon, ojFdons
FEEXES MR, 521 mL/mm 2] AIFHE 400 CollA] 0o = AAsglch. ®E, PC BA& ¢
3 9] Goodfel lowZH-E] Fwldk 7]% PHB AR Huxaz AFEE ).

A3, 4ol vebd wpel o] ko] A SDS, EDTASH Aopi AU EFS ARgEte] AE &3 dAT
S AZ 0B3b-PHB-1 =L PHB &4 2 b2 2Hos F59 PIB AZd vlg)] A3 H& BAS Je

YRR T v PHB 38 (56.16%) H.$ .
W) B3 = WS =3 343 PHB (0B3b-PHB-2, 0B3b-PHB-3, OB3b-PHB-4 % 0B3b-PHB-5)9] 7% Hx|
o] PHB EEEARTF e Ao & LEdth, sk w Eabeke] 5 x 10 Kb 2 PHBY} UlREe] AglelA o] &

HE Ao 4EA a, IgE BE PHB AE (E NHe 5 x 10K 2o Base Jehnz Aoty £3
FEOPHE Be FF S8 D OYT A A0 FE3 0189 = At PBE A5 & drh,
52. 9 B4

F=% PHB ZE9 4 FHEA (TGA)L tl= 7w71&9 TA Instruments AF2] TGA Q5000 IRS- ©]-&3le] P
9o Efoll A 20° CollA] 900° €Y €% H9loA 20° C/mine 71¥ £5=2 AP UT).

Ad, = 7 %2 7 4o YeRA H}g} 2ol & EAY 79 34H PHBY TGA A4 200° C7hA] A3t 3
S HoFEr, Eg, BE PHB AES] DIG 42 oF 280° CollA 3shvte] w4 ¢ 9aE
Zol| EA8E wskgeae] A ‘%}9} s YR E‘r. 22 Al *“44 u%ﬂ %
121th. OB3b-PHB-29} OB3b-PHB-3% f-AMSEH 932 HQl
ol "¥rSS antisolvent® AME3HE A9 WU} B& /\}%3}‘5 A°. PR ¥ u]— 01,1/13} g2 a2 AT 74
175 7] wj&o] PHB <X=7} Wolx]7] wji-o|t}. 0B3b-PHB-4= &% antisolvent® AM&ate] 78.3%2] St
TEE Ho|i 3itt. && PHB I WAAR AL FF F&o| Wolx|a g3 FEAo] it <A 7]
= ek 22 {F7]8uiRoh A dHsta kst
AI7171 913A 571 A 2 AlE 9AZE E st

%3 ii’a

=)
Mo
=2
Ho
o
=
i)
i
i
o
v
o,
o
o
-
jam}
los]
My
k
it
o
oz

EE PHB AEE WIR DSC ABE HojErh, A WA o 170ClM yehs 594 v+ PIBY] =4 1

wola, FWA 305CoAM e FEA FA &= PHBY d3E JeRyIT).

PHBS] & <A Fadte], Ty, Taw 2 T EAE B¢ PHB 435 Yehls F23 X ®o|tl. 0B3b-PHB-2

4 54S e om, 0B3b-PHB-43= A =8k whe} o] vhe PHB % wliel 4

S B (= 7). 28y EE 343 PHBY 4 54 v Wy 4dE 55 PB

EA43 B3t AY ARl o U #e 2t
=

ol% F3 B duold ANE AT B 22 WS 5O 23 583 A8 SHI n e $4L 7}
A 11 vEAsronyE ARAE PBE Bs] 9% asdeln 4ud FTUde SAsgt
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[0128]

[0129]

[0130]
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[0132]

[0133]

[0134]
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[0138]

[0139]

[0140]

[0141]
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F 4
Sample
Property
Authentic  OB3b-PHB- OB3b-PHB- OB3b-PHB-  OB3b- OB3b-
PHB 1 2 3 PHB-4 PHB-5
M, (x 10¢ Da) 2.97 7.09 0.77 0.96 2.03 2.01
M, (x 10° Da) 442 9.31 2.70 247 3.98 3.71
M, (x 10° Da) 4.19 8.97 233 2.19 3.65 3.43
PD 1.49 131 3.51 2.58 1.96 1.85
Tgs (°C) . i 281.7 280.3 264.4
Ta °C) . . 290.1 288.3 2774
Tos (°C) 5 = 303.4 302.4 299.5
T, (°C) : : 175 173 170
Char ylelg 0.85 2.42 3.16

(wt.%)

M,: Number average molecular weight
My: Weight average molecular weight
M,: Viscosity average molecular weight

PD: Polydispersity

Tgs: temperature at 5% weight loss

Tqio: temperature at 10% weight loss

Thax. temperature of the maximum mass loss rate
T, melting point

Char yield: remaining mass after complete degradation

5-3. 7144 &4

A FFe #3911 dRAshEonRE $eld PIB % PHBY WES 2ust] /AH S4S A8 BRUdA
Qe Fu Amst g FgAow Baser,

A 7 A+ universal testing machine (UTM) (SHIMADZU EZ-SX, SHIMADZU, nE, d¥)2 ZHEt}.
28 TRAPEZIUM Lite X (SHIMADZU, https://www.shimadzu.com/an/products/materials-testing/uni-ttm-
software/trapezium-lite-x/index.html) #41 AZEgoj2 Ao} & BAHQCt, A AMZL =S 10mmX
60mn (7= xAlZ)e] AAAY mefow ddstel FHlSA. T ZAlel Bk & 1111-100 A ¥4
e ZBe]¥ A (Insize, Loganville, GA, USA)E =A3tt. A8H MZL 10mm/mine WY £L2 HAEY
Qo TRAPEZIM X AXEYol= T4 % A3 AdE ¥k AMZ ARE ALt A &= (tensile

strength), 9% (Young’ s modulus) % A21& (elongation at break)2 AXHSFSATE.

H
¥
)

o Az, % 50 UrEM upol o] MYPH oz wgkxslto 2R 2|3 PR ¥ PHBVE EFE2¥ FAME o
FAEe} sd AEE YERlen | o 1?‘& 5L oA 24wt geksiAl YRtk 3IVE £% PHBY
452 PHB &l Hl?‘iﬂ A7 AEet & (Young' s modulus)ol EF FASIA Aol T8k AdS B
b PHB ZE&L& ¢ weksta FA1x]7] ?]% HFH | PHBY ZE-2 o F=ga g do|lon, o] 3Hve] 7]<ls)
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[0143]

[0145]
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o] o W& mechanical loadollA] A|¢l o]%Fo] WE Ao=E oAHT},

x5

Tensile strength (MPa) Elongation at break (%) Young's modulus (MPa)

PHB
Goodfellow PHB 13 8to 10 450
Sigma PHB 9.99 35.12 156.25
MJCI1 PHB 20.24 5.29 1182.48
OKl1 PHB 8 15.65 13.08 330.95
PHBV
Sigma PHBV nn
(3HB_8%3HYV) 13.06 522 395.63
MJC1 PHBV 2
(PHB-9%HYV) 13.05 291.73 278.97
MJCI1 PHBV 5
(3HB-11%3HY) 15.60 26.90 379.97
MG LY 5.83 30.53 296.16

(3HB-22%3HV)

ool Al wpsh o], whge] FAM MAE G Aysot, B Wy AgS ofsshs
YR FAT AL W9 WA THE THRAE F7h, 84, A4 52 Setel, HrmA gE Wy
ol Aol We ol E3tE e tE AAldE &olatAl AlRbE F QS Flojtk. aejng oA 7ed
AAAELS BE HolA oAAAH Ao A A o] ofd RO Z ofgsjofwt ghr). 2 o] WMel= e A
AT ARRchs Faehs 54T W96l Qstel tehlel, E537e Wejel on % Wl zeln o
s MALe2HE =& EE W4 EE WiEd Fgrt 2 g W 23dEE ZAo=R FArofof
=
Eq
EH]
™ 3000'; = 300C
e 600C
PHB s gggg! PHBV A 900C
so{ 4 ————— 80+
L ]
~ 60 4 A —~ 60 A
E . 5
£ E | e
2,40~ 3.40- A .
2 A =
-g [ ] A A 8 .
S A ©
0 20 4 0 20 4 A
L4 °
u L] - & A
L4 o
04 L] - L 0 L] " [ - -
C'hl Dllo EIA A'C D'&C At':e C’hl Dllo ElA A'C Dl:iC A::e
Solvent Solvent
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60
(a) (b) (©
60 |
40 | _ 40 |
g g g
] 3 3
2 L3 2
20 s s
8 2 2
g 4 g
z & g
&
20 2 |
20
O et ——— o — — U —: 3 — e o B
1/200 1/100 1/50 80 90 100 a4 8 12 24
DCW/Solvent ratio Extraction temperature (°C) Extraction time (h)
—
Ry
n "
Dioxolane I Methanol "
Dioxolane/ "
methanol "

Dried cells

1
|
1
|
: 1 Residual
- R-1 1 R-2 biomass || V-1
|
|
|

Cell lysis :: Solvent extraction n PHA precipitation
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k1
N2
%]

100
50 |
g T g
1 =0 =
] 32 2
H < c
S =3 S
k< 2 £
Enu E
5 g g
&
20 |
—1 ol

1/15 1/20
Extraction time DCW/NaOCl ratio

100 100
80 80
R 60 S 3; 60 g
g E 1] 2
(3 = B £
> 5 8 3
g 22 c
[ < g <
b =
£ 40 & a0 =
a
20 20
0 0
¢°°‘\
o
EH7
OB3b-PHB-2 Ob3b-PHB-3 Ob3b-PHB-4
10 5w 10 PR 100 PR3
— Weight — weight
—— Deriv. Weight = Deriv. Weight
o —— Heatflow

8
8

6 | e |o ls lo
g™s e s _® g 2
Z Zg 2 £E = £
By £ w3y 2 25wy
H < g 2 2 2 2 H
HE R HIE I
8
L2 |0 2 |20 v |amw
20 20 20
. J
o ; o Lo o - - - o Lo o " o Lam
20 w00 o w00 20 w00 o 0o 20 0 600 00
Temperature (0 Temperature (*C) Temperature (°C)

DTG o DSC

— 083-PHB2

— oB3bPHE2 — OB PHB2
— oB3bpHE3 — os3beHE3 — ombpHe3
— oB3bPHE4 — OB3bPHEA — ouabeHsa
80 | o
s |
) 3
E
? k
o 3
2]
2, -60 |

L 5

100 500 200 100 200 300 400
Temperature (°C) Temperature (°C)

TGA

Deriv. Weight (%/°C)
a
h
Heat flow (mW)
&

400
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