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ABSTRACT

The production of polyhydroxyalkanoate(PHA) from glucose by batch and fed-batch culture of
Pseudomonas sp. HJ was studied. In batch culture using fermentor, 400 rpm of agitation speed, 2 vvm
of aeration rate, 18 hours of inoculum age, and 5%(v/v) of inoculum size were optimal. PHA produc-
tion was not increased by deficiency of oxygen. In a batch culture, the final cell mass was 6.251g/¢,
and PHA content was 20% of dry cell weight. In a constant feeding fed-batch culture, cell mass in-
creased to 33.24 g/¢, and PHA content reached 48.9% of dry cell weight. In an intermittent feeding fe
d-batch culture, cell mass increased to 37.89g/¢, and PHA content reached 53.5% of dry cell weight.
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2 ZtdA 25 PHA AT et ofy
2 g st4doB2RE PHAE Aiste 459
oo gzt Rue 3] &golth. &, Dawes 5
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Table 1. Composition of feeding media for fed-
batch culture

Medium Glucose 10%
Medium [T Glucose 10%
(NH S0, 0.2%
Medium [0 Glucose 30%
(NH SO 6%
Medium IV Glucose 30%
(NH SO, 0.6%
Medium V Glucose 70%
KHPO, 1.5%
KH.PQO, 0.9%
MgSOi- THO  006%
CaCl, * 2HO 0.006%
FeSO, - 7THLO 0.003%
Medium VI (NH SO 20%
Medium VI Glucose 70%

400rpm, 2vvme]gle ™, 3N NaOH¢} 3N KOHE
1:2(v/v)9 vlg2 Ega oze] 43 2 N
HCIE AHashed pH 7.00] AEH0E A2
s, 2FZAZE 10% silicone oilg ARE-3H4
t}. Intermittent feeding fed-batch cultureq] #
3, A7lsh BUG 2702 sjopsheirt sjokaliye)
N2 Tde) 57} 5/l okt 3 oke me
dium V& 783 o= dA]d] FFahedom (sl
o] glucose ¥=71 10~16g/4 7} HEZ &9
t}), PHA A4z o 2 A#A|7]7] ¢85t medi
um VI& wickahie] 2 X2 528 39 AR
2 3o 7EHor oo FFakodct. olu sk
Z7He 37°C, 400~800rpm, 2~5vvmeolglo™,
pHe 7002 ApgHo 2 2AFL & o).
Residual biomass+ o} Aol 2Jste] AbE3}oict.

Xn*sxduaI: total XPIH

o374 XS total dry cell weight(g/¢)E,
Xenas total dry cell mass o] 53 PHA
weight(g/¢ )& Jepich.
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660nmo)| 49 FZxE &A-sld A}, membrane
filtration methode]] 23t Az FA|eko 2 24 cell
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H(15)e 2, ofrg o] A=z  indophenol
blue method(16)2 AAlsleich #4)¢9) PHA #
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& A% AA2 e Braunegg(17) 9] W& o]
&3todct. GC 2H5x71 3 PHAQ &A= A
B(14)9} Edslgdet. oldf PHA2 HV mol% =
PHB/HV% HV fraction®| E&ak2 v}eluic),

A3k g 1%

HEE oY =A
HI&-T = oxygen transfer rate(QOTR)e) <33k
& T)AE ohvzl vl o] o]&d 4 ol AE
o3ok22] mass transfer rateo]= & o33k o]zl
th(18, 19). weld wekEo]| W2 FA A4S
24 A3E Fig L4 2= shoh o w4
Sob 2obgd web 249 A%E Frkeon,
300rpm ol&}tell A= 400rpm o]AbET} Al o
TA 5ol Hzaksdnh. o] ofu} 300rpm ©]3}
of wukEE 2 Ago) T8 Ax o OTRE e}
WAl E3be, wat Al Zol oJal] o] &8 = & m4|
AL E 3 DEF Sl AoiHel A4
Zg Ao AdkEd. 7P 3 FA A%
& Jeldd 400rpme A wekEEE A g

3], 15T AlZujekg e W ZuleAE Alae
FFo| A4 FAVE 2 FE UdH(20). webA FH
A F71e ZARE A Fig. 264 2= wle}
ok 2 9 3 vwmell M HHY F4] A5 vehy
siem, dvvm o]Atell = foameo| djako 2 whayal
of Abedere] f7l wEz W] Haksle H@aka)
A FA Ago] HaFHU olHe & 27
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Fig. 1. Effect of agitation speed on the growth of
Pseudomonas sp. HJ.
Culture was carried out at 1vvm.
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Fig. 2. Effect of aeration rate on the growth of
Pseudomonas sp. HJ.
Culture was carried out at 400rpm.
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Fig. 3. Effect of inoculum size on the growth of
Pseudomonas sp. HJ.
-B- 1%; -3, 5%; -A-, 10%; -@-, 15%.

Growth(O.D. at 660nm)
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Fig. 4. Effect of inoculum age on the growth of
Pseudomonas sp. HJ.
Inoculum size was 5%.
-B-, 11 hours; -A-, 18 hours;
-[J-, 24 hours; -@-, 30 hours.
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wolth, o]73 e EFefo]| n ol o @ A] ujjekz 7)o
Zerds v R AF dokde] HAE Ao} 7]a)
gl Ze® . ety HA 27 AEFe
5% (v/v)E AAsl9r).

obge] A T widAZte 24 ZA3E Fig.
4ol 4 B uke} ok A5 27, $7), 97 2
7|74 wiok 11, 18, 24, 30417kl F7¢ 22t
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Fig. 5. Effect of dissolved oxygen on the PHA
production with optimal growth medium.
The cell concentration of 1.5g/¢ grown in
optimal condition at the first stage was in-
oculated to optimal growth medium.
-l dry cell weight; -A-, PHA content;
-], PHA weight, -@-, HV.
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o] 2ty &eix Qri(21). gebA EE4kaT)
A A&7 PHA Aabel] vj2l= 4%& 248 4
= Fig. Sol4 B wpe} 2t} 48449 S5
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224400 ETE T3t5 9 20%9} 40% 2 243}
A A%l 21% 2 23% 5 dehidor} 5% 9
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ebtet. 22)2 HV monomery: £&4149) Lo &
E3Ee) 5%2 2usAe AT PAHA 2o
o, 20~60%2] 7% 3.2~5.6mol% 2 HV ek
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chel 5(22)) 72 wsa 2ag BeiFg)
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Fig. 6. Time course of batch culture of Pseudomo-

nassp. HI.

Culture was carried out in 7{ jar

fermemtor at pH 70, 37C, 2vvm, and

400rpm; glucose 1%; (NH,).S0, 0.2%.

-l-, dry cell weight; -A-, residual bio-

mass; -[ -, PHA content; -@-, HV; -l

glucose; -A-, (NH)SO.

20717 el A zgAEEe] oF 20%0l siEste PHA
7b AAEE T vk 204]7be]3HE PHA ghaol
2rasty] Ak, oln TRge] A
" 7o g Hol AZuo 45 PHA7L o4
Yo 2 olgd 7o & A5 " o|7i2 PHA 3
o] 7+7-3}A|%9t residual biomass: 27t Z£7}1eh=
Aoz o 4 Qlsich. HV #akd PHA ek
Al Z7bsl7] AlEksbe] wlek 26 417EREell oF 4.
3mol% 7k SA =gk, wiek 24X 7kkel| A2 A
e 6.87g/¢ 5 Ak wiokz7]|o) PHA Fako

@ (R
off b m

e 6.
$& e 27 AZde] 2489 PHAS 7)she
Ao Z %%},

Constant feeding fed-batch culture

Pseudomonas sp. HJeol| 2jgt PHA AAkg- Ak
A7171 3ty frhaeks AAEd). Constant
feeding fed-batch culturex= feeding medium &}
TR 2 FA el ek 3 typeo & i3t A
Algh Az g 2

Zrd 1%, (NH)S0, 02%7F 352 44 3
Al 2| ol A wHoFsl T A wfokof o] AbE Zw e
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Fig. 7. Time course of constant feeding fed-batch
culture type I of Pseudomonassp. HJ.
Culture was carried out in 77 jar
fermentor with optimal growth medium
and then constant feeding(2ml/min) of me-
dium [ after 16 hour. Arrow indicates
starting point of feeding.

-l-, dry cell weight; -A-, residual bio-
mass; - 1-, PHA content; -@-, HV.

F57) 4g/l oldtel 16A1FH4-E medium [ &
2ml/min® €52 dAstA TFste] PHA AAHS
=g A} (type 1)+ Fig. 714 B& wpe} 2
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FEehddedl, ol9} FAldl PHA Atk Fvlsl
7] Al&babe] wfjok 28 A|7kakel] 9.92g/4 o Az
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o] ME FAHEAY §Ao o8== %3, PHA
FAolnt o] 88 Zlo g FAHAC. & AhYo| ¢
3] 229 F, ARo] s THEIA @l
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Ao AE¥ch HV T8k wioF 32x|7kake] 5.
8mol% 7+ FA o] 3| ufoko] w]ste] ot 22
kS veluisit.

7} C/N molar ratios]|4]¢] PHA £x44& 7
g 23, PHA 482 da93 At
b= C/N molar ratio 9522 243 79
(1) HEE & 7 Asith gdeba 79 54
2702 wiekstHA wickdfe] AE TTFe]
57} 4g/f o)3kel 16417 i 2-E C/N molar ratio
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Fig. 8. Time course of constant feeding fed-batch
culture type II of Pseudomonassp. HJ.
Culture was carried out in 7¢ jar
fermentor with optimal growth medium
and then constant feeding(2ml/min) of me-
dium II after 16 hour. Arrow indicates
starting point of feeding.

-B-, dry cell weight; -A-, residual bio-
mass; -[_-, PHA content; -@-, HV.
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Fig. 9. Time course of constant feeding fed-batch
culture type Il of Pseudomonassp. HJ.
Culture was carried out in 7¢ jar
fermentor with optimal growth medium
and then constant feeding(2ml/min) of me-
dium I after 15 hour, and constant
feeding(2ml/min) of medium N after 30
hour. Arrows indicates starting points of
feeding.

-l dry cell weight; -A-, residual bio-
mass; -[1-, PHA content; -@-, HV; -I—,
glucose; ——; working volume.

243 medium V& 2ml/mingd £52 339
ot 2 A (type M= Fig. 9oll4 RE vle}
ok wjek 30 Alziwbel 19.83g/¢ o HzFAT
16.72g/¢ 2] residual biomassE & 4 gladom,
ojuf o] PHA 48§ 5~9%o|ich. ulek 304)7F
o|ZHE medium NE& ZZHL9 residual bio-
mass®] & Frtglel AxFAEe Z718l7] Alztal
A, wiek 45A17kukel| 33.24g/0 § A& F AU
2 ojuf PHA =482 48.9% |t} wlok 24 X7k
o| Mg wicklujo] AE Trte] Er = 5~8g//f
2 vz odAEA FAEA o wiek 394718
F7kst7] Akl vlE AxFAER residual
biomass7} oFe] AR} A FAE o} 27



208

Korean J. Biotechnol. Bioeng.

Table 2. Comparison of batch and fed-batch cultures by Pseudomonas sp. HI

Culture Cell mass PHA wt. P/X N . Productivity" Culture
type @) (6/0) (®) P s @0/m)  imeh)
Batch 6.251 1.25 20 062 0.125 0.0625 20
Fed-batch
Constant  feeding
type | 9916 4.769 48.1 023 0.109 0.3814 26
I 12.401 6597 53.2 021 0.11 03445 36
I 32.241 16.254 489 032 0.168 07165 45
Intermittent 37.893 20.273 535 038 0.207 0.8421 45
feeding
* PHA content(% of dry cell weight).
* Yield coefficient for cell mass formation with respect to carbon consumption(g cell/g glucose).
“ Yield coefficient for PHA formation with respect to carbon consumption(g PHA/g glucose).
* Gram produced PHA/ ¢ /h.
“ Time to reach maximal amount of PHA. s
o IR B
AR 200 oF 309 Aze WAt TFEY 2 o] N .
3, =% pHE #4502 zdsr] sis A3 E5 T TmL ek - e

NaOH7} oF 600ml A5 Z3o] w2 g4 34
37 dsick @A olefd FA HAEHE A
Aahe B2 se @aleko] Aabseje} Abz Het,

Intermittent feeding fed-batch culture

FA HAEHE G277 slabe] TyEe) 2
£xol #49 4Ag s Taehe P 4
7Y 5 glou, EERE TEEE 54 4940
ARZ A dAT FILEE 442 4 9l
7, Ea 2¥E fAg EEHE TIA) 9
#4e AR rpmel s Aolok s,
d5Hzel 1A BAZ Bshed Aol pme &
A 4 gladct. 28]l constant feeding fed-
batch cultureZ= wljekai o] Txcta} (NH,).SO,
o x5 34 487} PHA 20| HHq =2
7 A% 4 Yok

deba] djekavle] ZEekol el 1aEisled
vt n¥Ee ZEe] gou WAE BUHes
a3t intermittent feeding fed-batch culture
£ AAlstant. Trgdo] ksl nzE L, 1%
T Trrdo] s ML A 93-S WA
A9 A=) MslEe g dA 9lgh(18).
upeta sjokduie] E ZTrre] FTU} 05% o]
s7F Zosdnict, 70% TEd L3 Arde
A 7 77149 w2t A5 HAFERo 3
W 5%" medium VE HFFT 1~15%7} 5

PHA content{%) & HV(mol%)

D. C.W. & Residual biomass(g/? )

03 6 9 12 15 1‘3,2'1_54 27 30 33 36 39 42 45
Incubation time(hours)

Fig. 10. Time course of intermittent feeding fed-
batch culture of Pseudomonassp. HJ.
Culture was carried out in 7¢ jar
fermentor with optimal growth medium
and then intermittent feeding of medium
V, VI, VI for cell mass and PHA produc-
tion.

-M-, dry cell weight; -A-, residual bio-
mass; -[ 1, PHA content; -@-, HV; -l-,
glucose.

5 ARl FgEstolen, wiokduye] 2 (NH,),
S0.8 Fx7t 05% olsh Hdsduld, 20%
(NH,),S0,2 745 medium VIE 2% 0.1~
04%7} |25 dAle FFstdct. 28z Axd
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H ko] 24.83g/0 ol =3 wheF 294715
B PHA RAz7oz H#sl7] 9i3hed, vjokAuy
o] A& ZxY 27t 05% o3t Hd& g0}
th, 70% TEFog FAHE medium VIS HEX
T 1~15%7 H22 dAol ZFstgion, vjoke
o] 2HE (NH,),S0,8 =7} 0.01% °]3i7} =9
Sofvicl, medium V& 3HEFE 0.02~0.04%7}
HEE X FFekdch. 2 A= Fig. 10004

= Hpe} Zoh. wieF 454]7Fakel| 37.89g/4 ©f Az
Az 53.5% 2] PHA &2H&& o2 4 99k
PHA AalzAo 2 #3817} residual biomass?]
F7ksle]l PHA £x&2 Z7lsl7] Al&sigens,
v Exdo| ¢4 A&Echs PHA 4o o
45 oz g ojgf HV #3F& <k 7.5mol
%7t Fhetich webd TeEe wiAlE HEA
o2 THFo 2, constant feeding fed-batch
culture®c} 43 3 PHA S MAtAo] T L &kAty
Aes & T Asdh

7t vfjoFubael & FA9F PHA S Aabef 9 4
&2 Table 244 B nle} 2o}, o|wf WgxU=
A71= acid 2 alkali solution™ A Ao ¢jgh 3
Aade sk @uoh. frhuieke] FEufoke
vlsto] FA|3F, PHA A4ked 2 S2g0] 2gton,
g Eufoko] 4nlE sha o O FA Aareg
(Yys)& 71 &btk 2832 constant feeding
fed-batch  culture type M3} intermittent
feeding fed-batch culture?] A%, PHA AAls&
(Yis)& 3| Eufokrc} F9kou}, constant feeding
fed-batch culture type I, I 9 7= v o
gttt PHA Adkolgls &do|4 B9, intermit-
tent feeding fed-batch culturez} 713 714 o]&
4o) g3tch. mekd bkl slabel PHAZ 4
A8 glolE constant feeding fed-batch culture
X} intermittent feeding fed-batch culturez} T
5 539 % 4 Ao

CRES

B AT o vl T o 2R PHAS
Avsl= ZA|F Pseudomonas sp. HJ9) f-7}ulef
ZEFo 24, PHA dizkgits 93 71xzlg

< Fleon 2 A%e oS3 2
70 WEITE o]4ste] iR mukE:
400rpm, &71%F 2vvm, 7 vloFA7} 18 A7 2
4 AEY 5% (v/v)dd FHz A& el

t}. FA|F Pseudomonas sp. Hl= &&A149] 2
of o#i4 PHA Z3zgo] 3itsx oo
PHA AdAl¢] 2238 +F2 &
AA Folok && & Uk FATE Pseudomo-
nas sp. HJE 3 &Eujokal & o 244]7kakd) 6.251g
/89 Az 20% 9 PHA $48& vehy
gle ™, constant feeding fed-batch culture® s}
oF 45A17kute)| 23 32.24g/0 o) AZFA|ET 48,
9% < PHA Z#4%& Jehjgch =& intermit-
tent feeding fed-batch culture® IA|F Pseu-
domonas sp. HJE vwiokg|&o, uijek 45417 ube)
37.89g/0 o) Az} 53.5% 9] PHA £48&
vhepd gl

fu
fo
B
>
Fr &
fu x
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N
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