J. Kor. Soc. Environ. Eng., 35(2), 109~114, 2013

Original Pape

ISSN 1225- 5025

Cupriavidus necatorZ 0|28l Poly(3-hydroxybutyrate) A A
O|AtSlEIA S| =T} O|XK|= e

Production of Poly(3-hydroxybutyrate) by Cupriavidus necator
at Various Concentrations of Carbon Dioxide

goIM - x4 - HEE

B i S

Inseon Park - Eun Hea Jho - Kyoungphile Nam'

A st A8 FER

Department of Civil and Environmental Engineering, Seoul National University

(201249 11 12 A2, 201349 29 8 =)

Abstract : Polyhydroxyalkanoates (PHAs) are synthesized by numerous bacteria as carbon and energy storage compounds and are raw
materials for biocompatible plastics. In this paper, the effect of CO, concentrations on the growth of C. necator and the accumulation
of Poly(3-hydroxybutyrate) (P(3HB)) are investigated by increasing the CO, concentration in the substrate gas mixture. During 6 d
cultivation in a nitrogen-present mineral medium, the CO; concentration did not affect the growth of the cells, while the Poly(3-
hydroxybutyrate) (P(3HB)) content decreased with increasing CO, concentrations from 1% to 20%. During 4 d cultivation in the
nitrogen-limited medium, the P(3HB) accumulation was the greatest at 3% CO,; however, the total amount of accumulated P(3HB)
was the greatest at 1% CO,, which decreased with increasing CO, concentrations. The results indicate that the gas mixture with 1%
CO; is the most effective in both growing the cells and accumulating P(3HB) under our experimental conditions.
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2 : Polyhydroxyalkanoates (PHAS)= Thofh u o] AIE o] A4ste olux] 43BAE BAHGH Sepagl U
Edoltk. & AFolA = Cupriavidus necators X85t = H FFu g2 22 poly(3-hydroxybutyrate) (P(3HB))E "“*}ﬂoﬂ o
o] A CO, =7} nAEQ A3} PGHB)S| &% o njx|= 93 3 ]o]-c,{ill} 2 HA AAYE Z3sE x| oA 6 7
o ek SANA C. necator®] FAFE CO; w&=ot BAGOl S7HRAT, #A Wl Z4= P(3HB)4 ¥ CO, &7t
120%z Z7kgto] uhe} aset A A4l AAT HAlolHe] 481 7re] HeF A H PGHB)S] ZH L 3% CO;
of| A 7FA wokth FFA|NE AA| 10 7he] ujokr) 7t Tt HdE & P(3HB)Q| L 1, 3, 10, 20% <02 Uehgth nheka B
A-tolA= COE AHESte] PGHBYE 4 wf 1-20% CO» voﬂﬂ 1% CO7} 7H4 5823 UL 3olslgct.

FHIO] : o)As}etA AZE Poly(3-hydroxybutyrate), Cupriavidus necator, *§ X A3HA Ze}A¥E

.ME o} theFet g8l 7 st olAlsletag o] -3k P(3HB)

o BARE Y| RAES LRIPERY 483 Ed=

Polyhydroxyalkanoates (PHAs)+= TFFgH njAi&Eo] A2 W A ZItk= oAl 24 A, AAA &ju|7t At

of A7tz olUA AFEHAR v Eo] EA4FTT = n =S 0|83t PHAs AJ4tol] B3t At F459 4l
A, £ N, P, S, 0, Mg 50| Ag% vhd gedo] FETF FroA #3E Ao R SISl o
24 o) 2 Ech'? 259 PHAsE Q&4 Zekag g A= g Aotk C onecatori= =¥ G S
o] daEd=, AfA 289 A7t 7Hed & oY TEHPGu Gl B 7T AR, ofF o8%t V& =
o AR AT o] 45k o7 g FAE UEHE, oF=E HAdu G AtolA olitatetao] HjEo] 10Y uf
A 59 AF7IHA o5 g ESAEoRRE AR 7Hs a9t Abax9] H]E-o] 75:15 (v/v)ollAl P(3HB)2| %2 0]
SHh Y sl e YA LR Qs ARg-Elo] ool 7P A& or o|RojFtk ERF Elko] dofubA] o= 7]
o], T a4 S YS o83t PHAs AJ4to] =55 b Al 2G4 6.9% (viv) olsh) WA Al EEE =017
I 9t Cuprlawdus necator= aASHHA O B2 A A A3l AtagA L7 2 WIS E o] 8351y VA SE=E
Abekel of A& YA 2 o]ikstetAE 1 A7) AL poly(3- =01 91 glLY] Al =Lt 68% (w/w)e] P(3HB) 3t &
hydroxybutyrate) (PGHB))E %31t} P(3HB):= PHAs % At AHE WS- oAE S5 Gl F S FoFu o)
7P Al Aow 2wy, Ay, opA|EAL olitabeka 20HA S o]-85te] 26~43 /Lo XA ZFHF
Sol Bagoz Agd uf FHEv],) YR ool YA 56~82% (w/w)2] P3HB) S ek npiriA 2 2
A, AR, s, 7IAAFY 59 54 7R 9l = 5 0|85t oy, Ak, o|4MelERA0] H[E0] 6:2: 1
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VIVIV)Ql B3I AE 7| AR AZRAEZETF 90% (w/w)7t
2] PGHB)E AARATE™Y o)z F&gguleF 27ollA 2l
PHAs A4ttt Blusie F23] a&2oln, o tejetar}
PHAs A4bol 83t 7|d= o]8d 4 U2 AlARRITH
et o] ZYFFuiF=olA PGHB) T2 &=
“5017] sl 2] IA=ol PGHB)Q| el vA= FF
= AR O3S FHgehe A9 F2 E0IT O
Yu I 5 F8 7]2Ql ojakslEAao] Hx7} P(3HB) §H4
of mjA= FFFol et A= vEe Aot FHT Ay
It 5o Al CCS (Carbon Dioxide Capture and Sequestra-
tion) AFJO] Ao = s o]4haletax o] g A A 2
oF A 7Hsd IRTIEA AL 19] AFho] Wt 0547} W
o] o}£olA| T k. olAkEEkAS o % PHAS AIARE
HE tFe] oietedaE vio|ores B85t fé=d
2 Agste Aatha dgtol§ 7]e9] stuz o]8E 4 3l
of i F8 7|H2 AME ol FEE ok
2 fAEoF A= $a% Aotk 7 dAFolM= =
oFHfjoF 2 A 0 2 PHAsS AJAFZro|| QlojA] o]AlslekA
=7F oAs 99 gdst] fsl, 71dE AR
&, olAtetEkae] E7hAoA OVPQEV\-J s
A 71 C necator F2Z wjekstglch & 2ukA| ] 3
H4] S B3l olAstErA 5=Vt C. onecator®] 4%t
PGHB) %0] w3 A% salstsch

N H,]

_{

of |o
l'

27

rE b 1o fN i:l
of

=3 3 HiX]
AROIAE POHB)E ATHols 2F2H 2tis
o] C. necator (ATCC 17697)5 AFg-3}ch wAFe] =41
H3EE S 1A sjYFol= ALY O E NHCLS AR &
FHMAE ARSIl e, T 24 tha} ok KHPO,
2.3 gL, Na;HPO, x 2H,0 2.9 g/L, NHiCl, g/L, MgSOs x TH,0
0.5 g/L, NaHCO; 0.5 g/L, CaCl, x 2H,O 0.01 g/L, Fe(NHy)
citrate 0.05 g/L, U|HU8NH 1 mL/L. v Ahgolo] 24
2 o231 Zrh ZnSOs x 7TH,O 0.1 g/L, MnCl, x 4H,O 0.03
g/L, H3BOs 0.3 g/L, CoCl, x 6H,0 0.2 g/L, CuCl, x 2H,0O 0.01
g/L, NiCl, x 6H,0 0.02 g/L, Na;MoO4 x 2H,0 0.03 g/L. FE3t
PGHB) %45 918 29| wfjfoll= A4 o2 ARGHE NHC
2 AAT HAGPHAS MG SAYO B Thop
g 5529 COE EFoHs SVEAE ARSI E37kA
O] AL 7% Hy (vIv), 1% Oa (v/v), 1, 3, 10, 20% CO: (v/v),
U A= o2 A8kt

2.2. O|AMZ Hy Qs

C. necator®] HAYSE 3 1A 3 &4 vjF eha
HoZ COE EFS= E37F2A 50 mL/ming 520
2 Fgote dado] x3hE Hagguiroa =Pl

t}t. C necatorE HE3F vz 600 mLE 1 L AFzF Z&
o] Y1 30T Fp20)A 140 ipm o2 6
akch pHE 6.9£0.182 §A|5HaL 2Ye] gk A4
EFE H2GPA[100% (viv)]2 ZolEgitt AE
24 A1 7kujet o] 2 o] H 31, FL=(Optical density, OD)2} 74|
5 AU 194 i & dAZFe] HAE F=st
oq OD (600 nm)ZtE <F 1.62] %% (ca. 0.8 g/L)= 2%HA sk
& AL 28 wjoRe P(HB)Q] 3HAL OEO} o}
AR Aado] AAHE HaujzolA] 1A e} 2 207
49 Fot A= Gk 2 & Hao] AAE A [25%
(VWV)]E Zrola=laL, 0, 6, 12, 24, 48, 72, 96A|7tol| A=
3lo] AZRANEZ%E(Dry Cell Weight, DCW)2} P(3HB)2] =

0.

AL BFP = A(2120UV, Optizen, Korea)Z 600
nmol 4 ODE 24ste] A sheleh. DW= HloFol § mL
£ QARG B 0T 2447 AxTH] Ak 245}
Atk C. necator®] 7NA|5E E218}7] 913l PBS (Phosphate-
Buffered Saline)2 vkl 107, 10*, 108 344|731, uj
FeloNt 8415wkl AW 22k 2442
ujoFst & Ji4edkgich e AE2 duplicate 2 AP & Q1AL
=4gre] Bk Agstark

2.3.2. P(3HB) & L £

P3HB): FID7} #A2E 7}~ 3 2ubE 18 9(GC, 6100,
Young Lin Instrument Co.)2 A3} 3L HP-1 (30 m x 0.32
mm, 1.00 pm) ZS ARSI GC S3& 913 A=
A= A& 11+3 mgo] butyl alcohol 1.5 mL2} HCI
(37%) 0.5 mLE ZtZF 71t 5] 100TC oA 8AI7F REG-A|
Atk 1 3 AReof A hexane 2.5 mL2} ?%—-’F 4 mLE Zt
7 @okstel MAAZIT Z8E B 95E 1 um F3lsto]
AHSFAT) GCo 27 2AL Table11} 2t} P(3HB)2|
S AEZ Yol PGHBY7} 3 H =g Ued= 2o
2, Ao gt o

B A

§o] PGHB)®| %%H(mg)

P(3HB) &2K(%) = 20 Y EZH(mg)

x 100

\‘ mlm

Table 1, Operation conditions of FID gas chromatograph for de-
termining P(BHB) concentrations

Parts Conditions
Initial column temperature 70°C for 5 min
Temperature rising rate 20°C/min

240°C for 1 min
Helium, 30 mL/min
250C

250C

Final column temperature
Carrier gas & flow rate
Temperature of injection port
Temperature of detection port
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3.1. 1EHA| H{ 7|2+ & C. necator?| FH| A4
317k Y9 CO, =57} C necator?] #-A|/d4 o) v]A]

= 932 Fig. 13} Table 20 UrEMO‘DP CO; =9} A
glo] wjeF %7] ODZFL 0.012 6 = ODZo] 1, 3, 10,
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Fig. 1. Changes in the optical density of Cupriaviaus necator
grown in the nitrogen-amended mineral media (2 g NH.
Cl/L) with varying concentrations of CO» in gas mixtures
(7% Ho, 1% O, varying CO» concentration, and Ny ba-
lanced) during the 1st stage growth,

20| @1% co;

Residual

Concentration (g/L)

0.5

P(3HB)

0 20 40 60 80 100
Time (h)

204 (©10%CO,

DCW

Residual

Concentration (g/L)

0.5 1 P(3HB)

0.0 T T T T
0 20 40 60 80 100
Time (h)

Table 2, Optical density (OD), cell number and P(3BHB) content
in the nitrogen-amended mineral media (2 g NH4CI/L)
with varying concentrations of CO. in gas mixtures
(7% Ha, 1% Oy, varying CO, concentration, and N»
balanced) at the end of the 1st stage

CO, concentration (%)

1 3 10 20
OD (at 600 nm) 23 21 21 19
Cell number (CFU/mL) 3.0x10° 28x10° 31x10° 29x10°
P(3HB) content (%) 32 21 18 14

20% CO0ll A 72k 2.3, 2.1, 2.1, 1.92 Z7}a}9lchFig. 1 and
Table 2). 1HHA] WS FFEN)S AlFslA] o2 2 4n)
2| A FE T2 vk 7t SOF C. necator?] AAo] A
ojtfal, o]i= ODge] F7h2 yehdth E37ts el Co,
FETF 1914 2002 S7HEE 6 Wi ¥ XF oD
2 2304 198 7V\§H1(Table2) DCW= s CO,
7F 13 20%% o 22k 1.63}F 1.2 g/LE ©F 0.4 g/Lo] X}o]
7b ek ol O] COoNA A ] B 2 Do
Y AL o] ]f@q FA 4= 270 F 5.0 % 10° CFU/
mLo A 1544 viof & B4 3.0 x 10° CFU/MLE 6004] 4=
S7hstslom, 02 kol w2 Aoli= A AgltH(Table
2). 194 ®ieF 3 PGHB)Q] FeRS CO, w=7t 275t
uhet Zagial, A= 525 PGHB)O| ofgt A9 Fu|

11O
T

20l ®3%C0,
=)
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Fig. 2, Changes in the concentrations of dry cell weight (DCW), P(BHB), and residual (DCW - P(3HB)) of Cupriavidus necator grown

in the nitrogen-limited mineral media with varying concentrations of CO, in gas mixtures (7% Ho,
centration, and N balanced) during the 2nd stage growth,

1% Oy, varying CO, con-
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3}7} ODZLe] Kol & UeftA & AoR & 4= ok 1
A 4 dACNA dAeE COx skoll FaFs WAl ¢t
ATk st A Aol 52% PGHB) ¥ CO; w27k &

3.2, 2tH| H{L7|ZH B CO, s 0l UHE P(3HB) X
Hat

Fig. 2= 24 HijoFollA] 1, 3, 10, 20% CO, S A3 uj
AlZbe] wE DCW, P(3HB), ZHFE(Residual)] HI}eFs&
HojFa Qo of7]A ZHFEolgk DCWolA] P(3HB)2] <F
= W groe = Ao 4 PGHB)E AlQF UrA] i 9
ujghch 20HA| wfeko] alE= dado] AgH X
= YAk A o] o] AsE R FotE = gAY

B8 PHAsE AFEch” waba 49 7ke] wjef 7|3t F
oF A9l dA G FABh=E AHFES DCWe| W37t of
H& PGHB)E] F7to] QafjA] dolgde oJu|gic).

Fig.32> CO; 5= "= wljof 27|} ujeF Fof| 2= P
(3HB)9] &= HolEth 27] PGHB) =7t 4745k o2
AL 1A vieF & A2 Well 2% P(3HB) o] CO,
= 2 tt27] gFoti(Table 2). PGHB)+= tiH& 2t
AollA A== 29A wjF71%E 52t F7Fet P(3HB)
9] ¢F2 3% CO0A 71 Wekan(0.94 g/L), L th&2 1,
10, 20% CO,9] &o 2 veydth 13 3% COE AR
S A5 25 wigellA 2% PGHB)C o] ztol= =
A FAGE COy =7} 10, 20% = OoFAHA] 1 oFo] 3t
23T 20% CO0llA 294 viYF 5 P(GHB) 472
3% COx9| 70% 4202 yehth, o] &2 =] CO,
(10, 20%)7} 71 &2 359 A% 1, 3% CO7t 352 e
T} P3HB)2] ol Al A4S dod 4 9SS ougt
t}. u}R7bA & & PGHB) &S 1, 3, 10, 20% CO, &=
o2 Yehgth o] gk 9A] 13} 3% COy0 A= 2fo]7} 79

=

14 100
I [nitial P(3HB) concentration
[ Final P(3HB) concentration

—
)
L

—@— Fianl P(3HB) content L 80
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3 1.0 1 -
: g
E 0.8 60 %
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Fig. 3. Changes in the initial and final P(8HB) concentrations,
and the final P(BHB) content in Cuypriavidus necator gr-
own in the nitrogen-limited mineral media with varying
concentrations of CO» in gas mixtures (7% Ho, 1% O,
varying CO. concentration, and N. balanced) during the
2nd stage growth,

RATE 10, 20%E CO, L7t F7FstHA sk 78|
Tk 194 A% dAe 284 52 dAE Zol
& ], CO, 5= & P(3HB) 32 A-s =4 (1, 3%)
FLA0|Qa, Lo AE(10, 20%) L FE7} ZAashs
AL 21T 4= itk 224 vjF 21t PGHB)Q] EaF2
oF 47~57% AEE 1, 3, 10, 20% CO, &0 & UehtoLt
2 ztol= 3R FYThFig. 3). wheka FEolzl HjkzZ
A 2%l PGHB)| 4ol 71 WIHE 1% COy7L 7}
T ZEHe Aer Hir

4. 1 F

B AT 1% COE 78R AGRE W7t g B

il
i
Mo
HL
=

, WA H9F 0, 28 th2 7|8 Eo] AE Y]
NSt Hp2f 025 E CO, o I g
ok 0] AbelRRE ATP FE|o] of
COyZ o] gatt], AFo| A3t Ho2 0,9
T AQI(7% Ha, 1% O), 7FAE9] 83l %= (H,
3= 0.0040 g/= 100 g, O, €3 %= 0.00016 g/= 100 g,
20C, 1 71D %= o} o] &8 4= 3= o] B ARt olE
Aoz wotEth A% AT 1% COolA 7H 2o ag
o] eht A Mook 0, 2| Aldte] oJat Aogw 2 4
917] W, o]Ht} =& H9F 0, FolAL v Be COo,

ne. f>

fr

o
2
°
N T
2 N

i)
=
)
ro
02

M BRAIE H:0,:CO, = 7:1:19 vH]E&S
sto] 9| e e WollAd EF7AE AlZE

2 sl A2 4= = Holl Haot 0,9] g2 2
ZF AR F3) 9] 7%eE 1%t o] FA ol4tabeka 314
At o A7} A=A CO, FFFo| EoUE AR
o 4= gle @70] Hof PGHB)E HetH= CO, %2 1%
COE 55 o olio] HA X3t Ae=w & 4= St} 7|&
AL A Hy, Oy, CO7F ZH2E 75, 15, 10% (viv)E S35
o] Q& 7AE HAYOR o]gato] oF 50 g/Le] DCWet
53% (wiw)2] PGHB) g Al o] B dAFoA A}
L35t Hy, 0, =9 108 522 Hy, 0,8} &2 tE 7]
AE9 728 ¥Yo=24 ¥ 2 529 COE °|&3t
o B W 49 DCWS} PGHB)E A& &= 9l&& HolE
th 3 Hy, 05, CO.0 HSS 6:2: 1222 oF 67, 22,
11% (vv)3le E37tAE o]3le] 174 g/Le] DCWS}
90% (w/w)?] PGHB) ge 4o dA7date k'’ o)
= o 71& dAFtelA 2A 7k HlEE Ha, 0o, CO7F 22}
7:1:1~6:2:10]3, B Ao A= CO 7} 194 20%E
SojuH Al o] H]Eo] 74 DCWe P(3HB) 2| Aol &
o]E Hog ®olr}
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ESF B ool Az AA 1% CO7} Aol 74% CO;
L7t STl P F2 S7F6HA] AL vjekd ol %k
Fot= CO, F%= AAA =7] "oltt. Fsdh= CO,
L A2 AYALA S (yield coefficients) -5-Z] & J-&(mainte-

nance requirement)S AA|Z|HA OiA] AafZE-S o
oha 5 9, Bao] GFE Fol /18 AL AHg] A}
2 Z 5 97 w2l €O, = F7tol whel ggo] W
ol X = S UBUA & 4 it SH5FSdEd oA
CO7} FA44 43 PGHB) =49 Dlﬂh Al FFol &
g 7|EATollA, A Y] A ©AI2F PGHB) 52 @A 9
A 22% (viv) COE pulse2 F:¢]81o], 23 A|7|(XA)7],
=71, AAI7DLF 7173 h and 6 h CO; pulse)o] wzha]
CO; pulseE FUsHA] hots wf Hoh A9 AA 7171 24
AN AAY HF HAlF=L PGHB)Y] =71 HolAl= &
o Asj AAS gelstnh” ol9f o] AMgEA] ¢kar
Fohs L= CO= A9 4oLt P(3HB)S| %49

GFE U1 S QOBE, Wy, 0,9 FEo] et /)UE F
oA CO, $ES WS AFSH Ao FAT Aolth
5242

COE ©]&3sto] PGHB)E AJ4ikste] qlolA], 71H= o
2] 2371 Y9 CO, & W7 C onecator?] 4443} P
(3HB) Aol nAl= FFS AT HadS AT
SHA] k= 19HA| vl (6Q)ollA] C. necator?] 7WA|5Fe] s
= CO; =8t Aol dAHAT Aol %2E P(3HB)
o] &2 CO; F=7F F7ietel weh sk A4
AlRret 2¢kA vjek (4¢) B2t E P(3HB)O| e
CO0lA 71 E9kaL, 1, 2e-A oA /4% PGHB)9] & &
= 1% COE ARG A9 7H8 Btk &2 A= Al
H2F O.7F (7% Ha, 1% 0:) 352 W, 1% CO7} oA
¥ PGHB)(g/L) @40l 7Hd &2 oS &elstol, A
ot 0,9] ot AAH AA COr F& AT B
B39l CO,2 0] 83t PHAs TiZFAIALS HOML
Wkt €O, AL Fol7] Sl F714el A7y
& Aoltt.
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