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AN F AR BT R KR % Rhodobacter sphaeroides 4 Co-Qqq
Z_FEEEAT T o d 3t molasses i3 F Y AR TG - LWEEUR F]M A
ZAERFHRY O AFHA R FRDEFL > 02 1% NaCl~ KCl i 4o
RBERABERT R B CEA G AT AR R E AN
Rsphaeroides # & Co-Qo2- # 8M s fIte 5 L& 9§ B
W R PR GUEAE R f4p i hKia 1F 2 T 040 R sphaeroides # A Co-Q
2R ARG F B2 AL L AR AR P

LSRRGS LS E TR S LR

PP &S S ET o 2543 A R 5 B ;‘]‘ 4t Tween-80 (6 ml/L)
20 Co-Quo & B H 4vrck 5 P &> Co-Qyo ik & JE ¥ PR 22 23.52 mg/L }
232975 mg/ L EAEHERS 26% 0 &- H$F 3T Tween-80 & = & % 4o
¥ Co-QuF - FRSERT > HFWERFERS 3 gL Co-Qu
AR 2 23.52 mg/L % 1 4033 mg/L ~ A fafkif kR 5 1 gL

0-Qi & & S5 2 2336 mg/L #% = I 38.42 mg/L> T b & fhbr frig s

it 3 B4t R sphaeroides # & Co-Qy °
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Abstract

The main of the thesis is using purple non-sulfer bacteria Rhodobacter
Sphaeroides to develop a submerged fermentation process for Co-Qiq
production.

Firstly, the effects of different nitrogen sources and screening strategies in
flask tests were discussed. After make sure the ferment medium, we discuss
the effects of addition non-ion surfactants of Tween series and PEG series, and
addition NaCl or KCIl to increase medium osmotic. In the fermenter
experiment, we use the air-lift fermenter and stirred fermenter in the similar
Kia value condition to compare. Make sure the bioreactor then and studying
the effect of control strategies by fed-batch were discussed.

The results of Tween series adding experiments show Tween-80 (6 ml/L)

can increase the Co-Qo concentraction of control group from 23.52 mg/L
reach 29.75 mg/L amounts to 26%, and then we discuss the effects of addition
Tween-80 components to medium. The results show addition palmitic acid (3
g/L) can increase the Co-Q;o production of control group from 23.52 mg/L

reach 40.33 mg/L, and stearic acid (1 g/L)can increase the Co-Q,o production
of control group from 23.36 mg/L reach 38.42 mg/L, these results shows two
of saturated fatty acids, palmitic acid and stearic acid can increase
R. sphaeroides production Co-Qy.

The results of experiment, air-lift fermenter and stirred fermenter in the
similar Kira value condition, air-lift has the better Co-Q;, concentration, shows

air-lift is the better bioreactor then stirred fermenter when use R. sphaeroides



in ferment process to production Co-Qjo. In fed-batch experiment, the result
shows this control strategy can increase R. sphaeroides to growth, but specific
Co-Qjo content were decrease. A Co-Q;o production of 45.65mg/L and
production rate 0.42 mg/L hr were obtained after 108 hr of two steps of

control dissolve oxygen concentration in fed-batch culture

Key word : air-lift bioreactor, photosynthetic, surfactant, Co-Q;, fed-batch
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i f¥ Co-Qyo (Coenzyme Qyo, Ubiquinone ) i f>t 2 1~ 48 chim®z p >
A BRI P R MR EE TR T eng CERER T & R (oxidative
phosphorylation)z. # %% > @ A 4 w2 #rF & chit £ ATP> Bw it £ &

o f BAi B E e B R e WA LD A AR S TG 2

B!

B0 1972 8 5 2 A SRR AT EHET W AER Co-Quoik A ak £ PTRA T
%323 o FIH 5B < 30a il iR R Co-Qio TRk 7% ¢ & LT s
(cardiomyopathy) > @ ** Co-Qo &~ X Ry H > * L EHF7 T ? H A M
TG PAREDR EY o 20 P A A B 2000 £ B 2k Co-Qio & 8 i e R
LR - AP R R 4e Co-Quo AR B A &0 1R T e R L eh
P ARRES SN D WA E EF IR & o 5B 2005 £ K #- Co-Q
d FESAG CHY R o FrlaiEd Bl E AT oL TR R
CoQus & ZAMEH A Sl e BT A" - 2000 & Co-Qu i
B Ard 35e . AME TA0FHF @ 2004 R4 9o 1650

FHF 3 HAAENZARFUEFA GRS L LG Apg 4 a0 B8



¥-F = Fe ¥ AR
2.1 CO-Q]_O ﬁ? 1
2.1.1 CO-QI() ':"h)@’ T

# s Co-Qyo 7 £+ 1957 # 4 Frederuck Crane # 2 j& 2 & B8 Fe et
AP s #d (Crane etal., 1957) > & 3 3¢ CsoHogOy » 4 + £ 863.36
F stk B Hind £ = (biosynthesis of benzoquinone) % f >t % F f&—Tyrosine &
Phenylalanine » & #3 & d #i B R ~ = J:T%Ei ~ (isoprene units) &= ek i
48> BAZWHE AP EF R A 2 o0 A lmie i iEE G 10 B

A AZHE ~efiz S EEE Qo (coenzyme Qy) ©

O
H,CO CH,

H,CO (CHy-CH=C-CHy-),-H
0
CHj

® 2-1 Co-Qio % # (Ernster & Dallner, 1995)
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Co-Qi& 3 phrrimiei(73 F B4 d 4 s £ s L e < 4
72 7 it (Ernster and Dallner, 1995) > Co-Qyo 2 & @ kM AE 2 Z #1i8 {7 e%
i pps iv F J&(oxidative phosphorylation)z_ #f %% > &4 24 it £ hT + @
¥i44 (electron transportchain) » § F &z BLT + > Kpl kit & 4 8
A2y B SR 2 #4fi% (adenosine  triphosphate , ATP) - 1 fa3*
foe ¥ AE (T2 4 & 2 enie 7 (Crane 0 2001) 0 ¥ - 2 & Co-Qo & F (%%
SRF L TEY o AR AMEP Rl o v ad FEI A R ER
Ao K RE AW BRA R F NG T o) CoQuH B A I & 42
B SRR 2 S B Pl e ) By K TREE S et 0 AT A TS
2 FE T (Allevaetal > 1995) - ffk ;8B 2% kg > & X 4 L Co-QofzF
Vg o RSB B A S LR P 50 R Co-Qy

HAMEF A BN ER TR o FP L T UL RES LIRS A o

7 -~
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fore (N PR T2 R-F F %48 (electrondonor) ¥ it > I R-E (H")

"L

P

ek @ 7 S R BSER e+ X 88 (electron acceptor ) 0 FE MR ¢

IS

2
-~

FIFF R B3 pHF R o @ %o B kA H3ES 50 @2 Wp g4 o
B+ #> 4 (proton motive force) i ATP s (¥ % F 2 ATP o d * ‘¥ 5

SR Tl Dl AR S TR R L LR S R

=H
4y

Lo N FAIES LR RLE ST S 44 (electron

carrier) €% @ 252 7 F @ yE4d o

4ol 2-2 97 B ER F &M NADH #2412 18 > A WGy 2 8
¥2 4 p& (flavin mononucleotide » FMN )~ # s Q(Co-Q )~ 48 %= v (FE-S)>
12 B fhme & % (cytochrome) T * a A IR F X0 o@ 11

P ez

LABFARY Co-Q Eri- ¥ AR fd 8 dod T Ft Co-Q

>

EE M s ERPSwe AEE 4 ATP i 4 o

™

4€;F:z IL?#?&% %%;i\‘wmm?”’%“é B »p—;ltjﬁ.;u, 1=
e d g T 7 mi\ £+ > 4o 4 % R (rotenone) ~ % 5 & (amytal)

HMAs U % A (piericidin A)12 2 myxothiazol € #r#]5 % H 1%+ & (FMN)
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| Co-Q PR + e Flm JEETE L gifk (b HFE B4R F 1+ (azide-
N;) ~F*#(CN ) ~2 -5 LRCO) gL med 27U+ B4
Lomp b HE L BRIE® > A2 % A (antimycin A) ~ B IE* & fwee
Rk a3l Oy it > ehHyng FY L g3 aundm @ ATP 72 £ &

( Brock & Madigan, 1988 )

2.1.4 Fri it # 5

BAMEHOEREY A2 BRI ST R L BT A 255
TOREr e ARG ELCORFZ— T A €G0S 3

ESfg tHThEEAMILEGE nad FEFRY 50 §3)45]

FE I A AEORE > A Co-Q 7 Ferd F ERGET E T4

% Lg% (Allevaetal., 1995) > ™M % Frdl Mg d v > RE4 i

B Ao iR E R Y 5 g D Co-Qu ik Ak @ FIFHF T 2w ik
oS B iy (Singhetal, 1998) 0 A & 5% 2t o g o HR R e 21T

EFLL T ORI R

—\\

s A 30 ba g A < g (Baeclay, 2002) 0 " i<



% & & (Burkeetal, 2001) % ¥+ (Portakal et al., 2000) - 5 ¢+ » 7

£

R ¥ A PE AR e Statin Lk S| E 4 pF € prd] - & HMG-COA reductase

( 3-hydroxy-3methylglutaryl coenzyme A ) =f% % (B 2-3)> F|pt A '% <%

FEg el prs E LT A B8 e Co-Qpo 0k & (Leo Marcoff., 2007 ) 0 #74 ¥

FFF €153k LR ¥ Statin % 7| 8§ chie pFAT 2L Co-Qyq

W Co-Q i~ B RPan b X2 AEHFT P 12 4

—_—

hihg 4 o Ftp #2000 & #- Co-Qqp ¢ f)%‘%gr‘%v 7 5Ly T

FRORA N SR B 5T 2005 AL R ETE > ¥ Co-Qu it s @
St R g 15 Co-Quo AR 1~ TR R A S B ik B AR L

ol EERREE R EY

2.1.6 Co-Qpo 2 A =
Pav Co-Qu N2 A3\ F a5 1A EB0: ~ IVE &2 005 s

i’”ﬁr‘ﬁfu P H P A RPETFN RNEF 0 RE q./k‘f*l% B0 AT p o 1 FE

MW ERF R PRI AN LS DRI R

Mend A b ko R G4 R A RAREA R K BEEY K &S B

;\t
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NADH

FMN

Inhibition by rotenone and

_r . . amytal
Inhibition by antimycin A
m v
CoQ
Cytochrome b o .
w Inhibition by myxothiazol
Fe—S

% Inhibition by UHDBT

Cytochrome c;
Cytochrome ¢

Cytochromes a;

Inhibition by cyanide (CN™
azide(N3"), and carbon
monoxide(CO)

v

0O,

B 2-2 73 @ifeafrd|m hic* 8 (Mary & Shawn, 2006)



HMG-CoA

HMG-CoA |

Reductase ! HMG-CoA
Inhibitors Reductase
(Stains) i

Mewvalonate

Isopentenyl
Pyrophosphate
Farnesyl
Pyrophosphate
Squalene Geranvylgeranyl
Pyrophosphate
ra I
Prenylation Prenylation
-
’
4 x il
Cholesterol Isoprenylated Ubiquinone
Proteins

i8] 2-3 stains #r+] HMG-COA reductase # /5 B] (Leo & Paul D, 2007)
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Co-Qio B i&73 e f fBMCE 47 @ Vi L~ o F3F T L ARMcE &
4 A Co-Qqo e7% iv 1+ » & Sasikala f= Rammana (1995) cff@ ¢ &
NRE REFELTFRE D Co-QuAT (£ 2-1) ¥ REFHE

1 Agrobacterium tumefacien ( Yoshida et al., 1995 ) Rhizobium

AR)

radiobacter (Wuetal.,2003) » ¥ A& * 087 4 Fth o &4

1

G d A22F AN R B EMRRGER AR E A

ppuul

AR s F AT AR TR F R F P Co-QpAE o

221 % & Eh &

% £ #(Phototrophic Bacteria) ¥ — #f 3 fms £ % % fr % s+ &

FEELEI B o REFRE TR hRASIME T PR LA YL
4 fé,f;é_y}\igslﬁi—;:ﬂ ’ ‘F‘F‘ 3 i,,*'\_'gi B o kiR Imﬁ:]g o
R HF F i r PR SRR B SRR T SR

7 ¥ k& % hE % ) (cyanobacteria ) M % & F k£ (8% chkd 2t

7

# 1A (green non-sulfur bacteria ) ~ % ¢ 3 #r f (green sulfur bacteria ) ~
% ¢ 2540 (purple non-sulfur bacteria) ~ % ¢ 7 #= & (purple sulfur

bacteria) % o

10



222%¢ 2 FERAN B

Kd2emAa-Hidlom 73 B5F 0685 5

i
&3

R XME 3 AHEY S ALURREL el § CHSE R

4
w

LR F PR B RS G AR TE S £ 46 F* (Anoxygenic
photosynthsis ) » ##> 4pF 5 < o 4o£ 2-3%75F » FRhodobacter
sphaeroides™ 1 2% oA § R BRIEEE T N4 £ > A JRE BRI Z
FERFAREGARASFEE KT NI AT EEY ,x;rtﬁ 4 A&

0-Qo2- *t > » € A4 % Jo ipl4acnfR % (Quinone) A 4+ > Sasikala

B di- ik £ FepR i (Quinone) A 47 4r# 2-4 5 d 3T A R ol s

FrCo-Que?jst e F AR i A AT 24 A FfAPER
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#2-1 * P fasghcd $ ¢0Co-QpA & (Sasikala & Ramana, 1995)

PRODUCTHRN OF UBTQUINCGNE BY DIFFERENT GROUPS OF MICROORGANISMS

Ulsiquimome prodused
Chrgamisrms Girowth condition (umal'g dry wi)
Anoxypenic phototrophic bacieria
Rb. capsulatos derobic dark 2.68
Anaerobie light b
Rb. sphaerordes Aerobic dark .51
Anaerobic light 5.1
Rb. sulfidophiius Anacrobic light 4.2
Rps. palustris herobic dark 0,20
Anaerobic light 4.5
Rpz. viridis Anacrobic light 1.0
R. rubrum Aerobic dark 1.31
Anacrobic light 6.3
R. fulvug Anzerobic light 1.8
K. molishianom Anaerobic light 2.7
Ro. vaamiclli Acrobic dark 0.0
Anacrobic light 3.0
Re. gelatimosns Acrobic dark 1.7l
Amaerobic light I
Chrowatiun sp Amaerobic light 2.7
Relrohacierrmn chloris Anzerobic light 0,33
Nonphotosynthet ic bacleria
(ram-ppsitive bacteria
Bacillus sabrifis Acrobic <fi (]
B, megateriom &erohic S ]
Lactabacillvs casei Aherobic <), {xh]
Clastridron sparogencs Anaerobie <{), (3]
Coryachacterimm diphtheria Aepobic <{1 (]
Gram-negative bacteria
Axatohacter chroococcum Aerobic .48
Escherichia coll herobic 1.4]
Frovteus valgaris Aerobic 0,67
Peeudosoras aeruginosa Aerobic |, 5%
P. deaitrificans Aerobic
Acrobhacter acrogencs Acrobic 0.72
FPasteurella pseudotubercuiosis Aerobic .12
Chromobacter prodigiosem Aerobic 1,33
Mersserrd carfarchalis Aerohic 203
Achromohacrer harilehis Aerobic .45
Frotozoa
Euglena gracilis Acrobic .21

12




% 2-2 B2 FRRfex 1 Atk 2 A Co-Q .5 % vt #2(Choi et al.,2005)

Culture Coenzyme Coenzyme Reference
Microorganism collection Q1o conc. Qo content
number (mg/L) (mg/g)
. Agrobacterium Ha et
Wild type . ATCC 4452 458 8.5
tumefaciens al.(2007)
Paracocus Yoshida et
- ATCC 19367 27.6 0.8
denitrificans al.(1998)
Rhodobacter Yoshida et
. Ferm-P4675 350 8.7
sphaeroides al.(1998)
Chemical A. tumefaciens 185.0 s Yoshida et
mutants AU-55 ‘ al.(1998)
R. sphaeroides Yoshida et
346.8 8.7
Co-22-11 al.(1998)
Rhodopseudomas
i Sakato et al.
spheroides 770.0 14.5
(1992)
KY8598
Recombinant Escherichia cali 555 03 Park et al.
strain BL21/pAcddsA ' ‘ (2004)

13



# 2-3R. sphaeoides &7 BRI 2 3 % BB 0

4 & #;% (Koku et al., 2002)

Notes and relation to

Mode of growth Carbon source  Energy Source .
hydrogen production
Preferred growth mode
. . by PNS bacteria.Only
Photoheterotrophy  Organic carbon Light L
mode resulting in
hydrogen production
In the absence of organic
Inorganic . carbon. Result in
Photoautotrophy Light .
carbon(CO;) consumption of

hydrogen.

Aerobic respiration
Organic carbon

Organic carbon

In the presence of

oxygen. Stops hydrogen

(chemoheterotrophy) production.
Under anaerobic, low
light availability
Anaerobic conditions. (Requires
irati terminal electron
respiration Organic carbon  Organic carbon
acceptor other than O2.
(chemoheterotrophy) such as nitrate).No
hydrogen production.
Marginal growth
Under anaerobic-dark
) ) ] conditions. No hydrogen
Fermentation Organic carbon  Organic carbon

production. Allows

marginal growth

14



# 2-4 7 F % & F¥7 % 7 Quinone = i» (Sasikala & Rammana,1995)

SUMMARY OF (UUINONE SYSTEM AMONG ANOXYGEN]C
PFHOTOTROPHIC BACTERLA

Presence of
Major
Ciwnapy speriis Q R} Mk harsolgue(s)
Purple nonsulfin Dacteria
Rhadospr e fue
E. rabrom + + . 110
) ;'II:"" fomed ri com ¥ & = =
& fulview + . + 0
£, molischianun + - % i
K. salexigens + . * 1M
K. salinaruw ! . " 10
Rhodohacter
Eb. capsulatus + B, - 11l
Eb. veldkampii + . . 10
&k, sphaercides + - = 11l
Rhodovul vim
Ev. sulfidephiles + - - 1M
Kv. sdrraricus + - - 11
Rhondops e pdomaon a5
Eps. parusrees + - - 1M
Eps. rpriia + - . 10
&ps. hlasrhice + - - 1M
fps. acidophila + + + 1
Eps, viridis v . i q
Eps. marina + . + 11
Eps, swifoviridwes ' a # 2410

Ehadovms ¢ roba lioe
Em. vannielli + + - 11
Rhadopi {a

&, globifarwis + + " 94100
Rhodocycins

K. prepricus + - 2 8

&, Fenmis + - 4 :_,:

Ko, gelalinosus + . + 3
Rhodoferax

Rfe. fermentons + + - 8

Purple sulfur bacteria

Chromalron sp. ¥ -
. viRosinm ¥ . i #
C. owarmingii ¥ . + 8

Thiscapsa roseaperaicisn + - + L]

Thiacpsrrs gelairmoza + . + =

Ecrothiorkodospira
E. mobifis p . 4 7

15



Photosynthetic bacteria

Oxygenic Anoxygenic
I /\
Cyanobacteria
y H,5 as an
electron donor electron donors
Purple - Green Purple Green
Purple sulfur Green sulfur Purple nonsulfur Green nonsulfur
bacteria bacteria bacteria bacteria

Bl 24 kLmpAikg§Hedzsi (Rollins & Joseph, 2002)
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2.3 FF Co-Qp A £ ¥+

wrificd 2 4 A Co-Q shmps Az o il Fed i~ TR

1+ pH -~ B R A £ e 584 (Sasaki and Nagai, 1979) > % 2-5 7|

—

fi- 2 g Co-Q AENTFF > TP EFT > v ihe 3 1 FH
BAp 3 et @yisae 5 4 & Co-Qp hE B 0 bldeiR i i
tyrosine ~ antimycin - (2 % riboflavin -~ nicotinic acid -~ biotin ~ 1/
% thiamine hydrochloride - iz 4 5 ¢ %2 Co-Q & = BT
(Folkers et al., 1995)> F]¢t sc #% = Co-Qqo 714 = = }]?%_P (Choi et al.,
2005) > 7 SeFrdl FR R T+ o % @ i e LR § 1 (azide) o
7 8 +2#| (proton gradientreleaser) » 4 2 § it A&|(Hi2 002) 3 4524 ¢+
Co-Qyo 2 A& 72 42 (Choi et al., 2005) » FEFEH %> 5 &% § Furd
112 A L4 = (fed-batch) el 17 & 14 (Suk et al., 2006) » — & & 7 1L

A b B R R T R E RS

(i
13
3
K
=
)
s
(S
b
=
NN
uy
|
A
=N
1]

"1} et i b EREE ALY FAR s K BER o
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% 2-5 35 R sphaeroidesCo-Qy & & 7%+

P ik -0 hEAE ST YR
(mg/L)

pH - E PEAML £ 972.2 Yoshida et
al.(1998)

E] R A 30.51 £ > (2007)

ER Heof 4 Biishig 5 3161 £l - (2007)

(MEH . M"2+ . Fez+

ERURE) FIRE A B P T 18.22 Yen and Chiu
(2007)

Bk FPEAMA L 31.24 £l > (2007)

¥ R PERAMPN A 27.41 In this study

A
BLF PEAML £ 28.97 £ > (2007)
Rk A R & & Co-Qio e Z%d»  60.02 % > (2007)
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24 %% R

R A T B R A ER R R R

¥
b
<+
e
R
N
=
[ty

&4

BL 0 IR R R - S kA S 6B L ST R R R

v

Y- B FA ReERAPE G - A RREPT G20 0 T U Ak
RAR ch— > iEprs A B A o QlEiif2 R A F B E R R g TR L
pLpEAT R PR 4 pI (E "R 5 R (osmotic pressure)” 0 4k 5 e 4

AR ERFE R REOBEEF e a (T4 fjh—@u’s kB - B

T MOE B - o LE,%@_;;L?\;I;QE»I TEN RS o
241 B E R e B

ERAGROBEET 0§ ERAM KA Liwre B E 0 # A

T
EAN
=
o
34
i
=g
A
s
=
.
“;;-F
~
-
|
bl
=
-~ ;
Sk
13
)

Fi

KA i~ e @ G0t A 3 IR G o 2 kg ¥ 4 01 (Tjakko > 1989)
FRCE S 07‘]\ 4v NaCl 12 2 KCl1» #+** R sphaeroides # ”ﬁ Frif) ez
%0 ¥ 472k NaClERT™ » RO HERITY €7 F o fg‘g‘égk
¢ ARG AR Co-Quo A R NP P Flut kAT ¥ 4 NaCl 1

2 KCl > #3#*t R sphaeroides # 2 Co-Qgo 52 5% o
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25 R & BIERA L

LEER Y B A R G B s gl s o B F 585 RCOOM
(R:&4@=zh > M:deR) » T3] b o B 2R B A~

77 Rahle Al (Ao B E ) M A E B g IR ok Y 24T

bo

R BRI B RA e Frog ANy T a2 vh s Rk
EenE N A 1830 F 0 FPR LT L LS BAmTE A A K2 AL B
d e & R MR AT (0 £ kg e P2 B H g H
[T B EAT o BEH(I P 1975) e b hm BIERGFEF T
FIRART D(1) Fd i o (2) &G o AR P o

(3) #wmskA4 Mo (4) pkPe (micell) A= o
251 Ko Bz L

Bom BEA G BtA 4p (twophases) 2 w0 @ H & o R 4
ERm kA FM S As 3P BTG 244 (nonpolar) 2 W A B
&% (polar) z_ M-k » o = K 4 7T §= (hydrophilic lipophilic
balance HLB) @ # It & H4d > % 2-6 B+ % F /o % +% 7 HLB
Boh T2 Ba BB G ESER RS B3 RY T U RS PR 2

2w kA o NHKFZ e kA o
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252 B i A A 2 fhAE

o BER L FF A

¥
L

gx‘i

E’E (hpophlhc group) ~ @ :\’}’:Z# "'B e

0¥
A
)
e
[N
el
AN
&
¢
=t
\4
KR
&
=3
4y
&
9
&

F B A RS (T
FEE N S RV P Sl

B AR o R e A AR
Lis a3 0 o 55 42|

8w L8 RCOOM 472 > & fi 8 aa 3

,dﬂ
=
=
Sir )

(CH;COOM) - #®% Na~K~Ca

o
&

ST M sk A Ff R

DRI S A G

B R R B A LS AR 6 SR

LA - s SRR T S SR R

RGBS - AR LRFR S FEMEHE

2.1 B+ A R o A



E P NS R U eI IS A S S N Y A

S

SR AR e ak AR 2 A AR A A AR 6 A s o BRI
Bk o AW R oG S A A L2 HLB it (ki — M 2

S G OEL BT & SRR TR S I T

A A AR o B - BB 2 g 0 LR G BEF > Bk
BAMRHFE S BB d e ol etR ERIPTERAE

Bl B 3B S DA PSR T R A A

b

BRER R R O R R RZEGTR BT TR R 2 R E A 2

LN U ST TR

3208 AR 6 F A

>z
S

Wt BAEEIREE S Aty AR TS g

¥
T

LA o A A 225 5 LA kR R

e

Z R F e ARG A 2R A A o A2 S ARG
AR F ¢ G w A p (RO-(CH,CH0),-H ) 2 ki3 iR & pett (pH=
56) » - S PUARIY PEL S o B § ARty e

LA R FIL S Y S B —OH & » £ B &L i
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ool "k Birii g~ 0 7 58 2 R
o v FEAIAEELER AL 2 5 AR AR 2 HLB

BEREIFEMRE L AT AR D kR

mRFLmEREC TF I p }fF o R I
FIRERZ AR KRRBLR2EP B[R - WERT § 2%
R PG o W) g 2 (clouding point) o gt 7 F]E MEH A S
e F AR Gt R ATR > b - WEARPM A4k

(dehydration) I % @ &3 f3f) %

R AERAL - R R FRAFREY AT Y
Bl kA E AL SR A R 1 A FE S B A

T AE
4.5 3 A K AL

¥ Rend g AR G R A e s R A R (RR'C(NH,)
COOH) » a3 ¢ 4 el fepe sk » fltizind » A3 ¢ goefie
Foies maf2; hdkldiair? » RAZHKY fra j kBl Fpsp
FEFETB A d g MR AP RBAA ORARAE -
B HE AR G R A L £ % e G e BOM AR SO AR A el (=~

Foga) - pgME S EERELET g Ry BB
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2.53 B & E AR ML e iR R

;7:\\
St
TCE
=
34
w1
|
o
=
T
c
13) N
P\
A=
N
Sk
-FU(\
iy
7‘*
ot
Y
~—=$
s

%=
(S
\‘3
\T-
F_&
hpaa)
=)
bt
B
3
o
P
B
o
EFQ
TT.
\g
=1
3
TE
%?
a_
_\..
&
)

WHEZEERAL ] 2 dmFlt B 3 B3+ n a2 E3g3 AR g
BRI R G EE 0 @ 2 AR 6 BRI PIARGL R AR E

33 1% A< )I;Jeiﬁ';' ¢odp o b AR 6 F R Tween-80 & 33 &
B HIT L PR S B R e A @ % 0 Tween 80 77K R g ik
Moo B3 R EARY M FI R 0 T UG s A b fadrdin
B 4E(Chen » 2001) » # 5 7 5 A7 B3 & AP i 4o 25805 2R 6 R
A Tween & 51 » 3 B4 30 ficd P8 f2pta 1 6 302 L5 5 4P

% 4 enEs F (G 0 2003) 0 Agom 2R AR G R R A S A o

AR RS ALR G LA P bt o B e gk b

(Kitatsuji et al.,1996) » & 17 Pz p chggp+ % & & 1 mre vk > ¥ U
LR AP DR REPMEEAERSRET T AT Y
P iE % _tween 11 2 PEG i 7|a fA2b g AN o 5 /,’J‘ et g A

'z

## 31 ¥ R sphaeroides 32 58 o

3]
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CHs CH,

N7

N...CI~

: e
BT R a A ‘
CH,
/ 0
| I—D:S—/D—Na+
Q‘:‘o
RBET R EEHE
-l |—O(CH,CH,0);—CH,CH,0H
SPES St i
H,0
CH;
| —N—CH;—CO00O—
®
a1k BE T 5 @ S M E|
CH

B 2-5 B & s A 2 Hhid 2 A (2 B ¥ 1976)
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26455 BES L

A

>

N Bt & S Al s B R ET AR A R g

(ﬂd\
-

e ® 3 1913 & » & | Strange f= Graham % * @1 2 &2 7 f%
RESHB AR EAMA PP ERY o f EAME F DL P
FREREATIRARCEASOM 17 REFI FREEFE LT
G BHRB RER AL AR > REP P BREALINALT NG R
Fo? 3 AMART R BRI d N RE BT F
it B T B E BB F BET - LR B AFA
2

hd PR 4RI RN AE - T AES BF L

\4-

BEEA G
261 I F B

PR 2 LU BRI SR R L Tk
oo WA ERERY G R gl - PR LA AL D
T o BRI, A - B WMEE B2 R B TR S i
S TR F R d WAL § WAACE (Sparger) &~ ¢ g
WHEF e B oo b § 2 2 RWE g A FOTEREE Y &l

—,El\—} T‘—g,: /IQF’IQBEJ & /n'g P r/;‘::%ﬁj}'%'rio
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F_k
&
e
9%
[
5
A
=
L
W
o
IR
=
u3
-
2
i
&
o
Nlud
beics
&
)
<l
D4
1’!—,—
W

202 F BN A FF RS

FENF REE L 1955 & Lefrancois #7311 > #c i £ % i

BARSF BFE R A AN AR EA TR L
BEBRBEAZF AL FE I NF L BRBATEREAL

FTAkm AL DR L

g
[
9
=
Pird
¥
F_*
o)
@
IR
-=
N
~
3
o
%T‘
i
-
o

o R R

1.7 #.% chie £ »c 5 (energy efficiency)

FRISFREFGHPETGOEREY T RE N F REPN N
hF MEH o Fn il - REANRERISEFR T EN S R

fhe R & RdF o
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D4R B i F B
FENF R G BREEE VRS TG P s
2o AMAT T T OUE IR B B e 2wk
BAREr L o
BEHHE T A AR
FRAF RS 2 SRR 4 RS RS

WA L S0 2 Bk et bR S BT G R A B d e

43k (e foi il >

FESF BEREILRG SR A B B R E > MR
Y1E A A phitd) BT AN A BB S R BREERA
Ao BAH ARDERFE o R BT AR ERY 0 § 5
FAEENA TR DREE AL KR

AL AR TE A R F BB RN F R
E o FLRRIAAE T EEFHML LA HTAS R
sphaeroides ¥« E_ 1173 § 7 il § im > tord B SR B

PR AR 0 BB S R R P he (58519955 £ > 2000)
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I N A

31F &K
3.1.1 Bk

AR SATHRY DR KR AP TRRTEAT Y 0 FiL

. BCRC 13100 = Rhodobacter sphaeroides -

312 F %% 5
v e w2 L R
P s Ammonium Sulfate SHOWA ( 2% )
§im Sodium Chloride SHOWA ( 2% )
s e Dipotassium -
Bifi E = 4 SHOWA (i## %
AL Hydrogenphosphate (3 )
Potassium .
FAfh = & 4 , SHOWA (i## %
G Dihydrogenphosphate (3% )
o py Magnesium sulfate -
it SHOWA (i## %
Frepied heptahydrate (3% )
P s Sodium Hydroxide OSAKA
N Hydrochloric Acid OSAKA
B
- Methanol ECHO
p%
Py Chloroform TEDIA
% 7
o Glycerol KANTO

29



Alcohol

o Az 95% o B
o Bk 99% Alcohol L
By o p LA Tween-80 SIGMA
FrHE b e fig
I R Tween-60 SHOW
HEs H A P Ly
EETR N ) Tween-20 SHOW
H 7 4 ph g
£ g KCI KANTO
F e = F%(4000) PEG 4000 SHOW
F.e = B%(6000) PEG 6000 SHOW
b oleic acid SHOW
N almitic acid ALFA
48 P
T }TT b linoleic acid SIGMA
X B R Soytone DIFCO
A 5 B g Yeast Extract DIFCO
5 v Agar DIFCO
) Glucose ROQUETTE
5 9
. Molasses ko
3o o Peptone DIFCO
A At stearic acid Acos
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32 5%k E

REXKA R sk
BREFAHS TRIDENT EA635
FF Sl A X 3BH-24
ERRTHE R B LUS-150
L P AR e i HSIANGTAI MCD2000
B 4R Hettich EBA3S/10ml
TFa T PRECISA BJ100M
BR AR CHROMTECH MS-3250B
KA hI=TE BRANSON 5210
5ok st e
8 2 F BNEREH H 4
B A R AP R TR HITACHI
R YSI 2300STAT
) 2 B LO-150
Ak kR 2 THERMO GENESYS UV10
pH 2+ LUTRON PH-206
kBt LUTRON LUX-101
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ATAGO

N-10E
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334373 i

1. #- ImlfEper® A kLB A4 E S 660nm BT £5 %A
( Optical density, O.D.) » & O.D.{E * 3+ 0.8 FFR]4c » %k i
0.8 117 o

2. #-10mlpEpsie ™ 228§ Jif @pimpn o DA T g
FenE R s 70°C e 72 ) BF > B3 A E (Dry Cell
Weight ) °

3. kPR EBREEEGFAMIZE L Z ODE *F @5 Az €& OD

el o0 6 E S4cH 3-1 #77 1 OD (660nm) = 0.484(g

DCW/L) -

332 Co-Qo ik & & #7
B~ 10 ml e 0 3 g8 iR 7000 rppm B 5 A 4R 0 A AR

‘i‘?"

il ?ﬁ%ﬁlﬁi’_} R

4

Bl FRED O NI BEEFG I 2RAARE
A 10 ml 387 5B 12 [ PFERS > B iR B A R A K AT R ok A
17 Co-Quo kA& » A iE i 5 7 iRt e iRt 12 k& 5 B 4p o il
* % 1ml/min > ¢ 4% Veropak Inertsil 5 ODS 4.6x250mm C18 & 47

FAeo MR E 5 275nm (F] 0 2001) - 4 £ Shc®] 3-2 46 -
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OD(GEO )

16

14

12

10

Co-Q10 (mg/l)

y=2.092x +0.174
R2=0.994

B 3-1 biomass #% & %R

biomass (g/L)

120

i y=0.0001x - 1.6924
R? =0.9979

100

]
S

[oN
(==}

N
S

N
(e

L

L

(=]

HPLC Area

100000 200000 300000 400000 500000 600000 700000

Bl 3-2 Co-Qo & & 5
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333 4B R A 47

1. P~ Iml EpsR T 4pc g > @ % 3o afdig 9000 rpm > 5 min 4

FEFRIF BRI REZEIR -
3. R RERBOBRT AR TT G @ kR T A

o

343%™

3.4.1 FfEs %

R 4o )0 0%

#¥pbp A R sphaeroides (4 i g B o B0 RS R
BTrAIEABAAFC I RXCEERERHY M30CHER 24 F B

0.7ml Figfr 03 ml & FH #H2FRELS > 22 »-20 Crkda iz o

EE 5 %

Pl 20 Crkfap AR FEFORR S PEIZET O MA
A7 REPRREE T ERAA T A B AR BERS B A

o mEWEREBABUIOCHRAFFIEE V) X EFW4T
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PP (T LB Y 0 A R AT kY T A A L
B L #- =% o (B 3-4)

Fe LA % A0 250ml = 4357 2 1% ¥ £HHFH TS
%A FE AT 0 £0230°C 0 150 pm 32 & 36 ] T A

Fg o
3428 & e

AR YA RRLE R 2 AAR AL G AT

FIH RSP AR Fe Ak TR e 4o

231 TERAA (AAFGY wf>)

Compound Concentration(g/L)
Tryptone 15
Soytone 5
NaCl 5
Agar 15

Bt e B A (S 0 2 INNaOH 4w INHCI A # pH 1 7>
T ASMBERFALE O ARETS? R R AR, ED

'

s MEERE I FEG o ACKREGIERY -



2325 AR (AAFT? o)

Compound Concentration(g/L)
Tryptone 15
Soytone 5
NaCl 5

et GFe B 4R % A 75 > 2 INNaOH 4= INHCI# & pH T 7

SRS L S

% 33k () 2001)

Compound Concentration (g/L)
molasses 20
Yeast Extract 10
(NH4)>SO4 7
KH,PO, 0.5
K,;HPO, 0.5
MgSO,7H20 0.25

et ot GFe B 4R % A7 > 2 INNaOH 4= INHCI# & pH T 7

IS
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351 2 F & AT 2 BE

1. w32 & 30ml fA¥T3% &g = 45 o

2. LPEFERA AN Y 7t JE R % 10 g/L “ yeast extract
soytone ~ tryptone ~ peptone

3. BfA25mlfArgr &R S0ml @R E A 0 &307C -
150 rpm 32 % 60 /| p* o

4. R1TFMIcE 12 Co-Qui E -
3.52 itk 4 F L PP
Pon 3B 2 AR ERE Co-QpiA &

1. %35 % 30 ml fB50 % 7 5 5 o

2. AFEFEREAPN LR BiER S NaCl(1g/L 3 gL ~5gL -
10g/L)» KCI(1g/L~3gL~5gL~10gL) -

3. B8 2.5ml BETE A Pl i SOml A AR 0 £30°C
150 rpm 3 % 60 -] FF o

4. AHTEMICE L E Co-QA R -
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3]

353 Tﬁ g3 AR o SR R
oo 4F "JI'J Sezba 3 AR 5 B EAE Co-Q A & R

1. #03 & 30ml fA¥g32 &% = ¥g o

2. &ﬁﬁ%%gpgwﬁﬁzkkaﬁ BT S o I e |
Tween-80 (2 ml/L ~ 6 ml/L ~ 10 ml/L ~ 20 ml/L) > Tween-60(2 ml/L ~
6 ml/L ~ 10 ml/L ~ 20 ml/L) > Tween-20(2 ml/L ~ 6 ml/L ~ 10 ml/L ~
20 ml/L) » PEG-4000(0.5 g/L ~1 g/L ~5g/L) ° PEG-6000(0.5 g/L ~
lg/L~5g/L)-

3. BfA25ml A AR ESOml @R EAY 0 &£30TC -
150 rpm 3% % 60 -] pF ©

4. & ’H’ ﬁ%ﬁi'ﬂ'g‘_ A CO-Qlo é;‘%_ °
42T NG AL S A

P edF st Tween-80 /o G542 ¢ & = & ¥ Co-Quo A £ 78

1. =3 % 30ml ¥R %S 5y o

2. MR L RRMERGEEA B TK 0 T AR A AN LR 4
B ik & 5 Tween-80(6 ml/L) » 2 {6 i 4 7 ik & choid ik (2
ml/L~6ml/L~10ml/L~20 mI/L) > 12 % T i f#(2 ml/L ~ 6 ml/L ~
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10 ml/L ~ 20 ml/L) » R34 35 ¢H iR 4 2.F 5 843 Co-Qio A £ °

3. nfEpER %B_J\P\ RAe A kR W gk (0.1 g/L~0.5g/L~1g/L~
3gL~5¢g/L)> 1% 0.1 gL~05g/L~1g/L~3g/L~5g/L)
FAFE R A AT G B Co-Q A E

4, BA25ml A 2RI 50ml @£ AR 0 2307C -
150 rpm # % 60 /] pF o

5. /ﬂ\’]"ﬁ'[ﬂ AR COQlo}—?)rE °

3.5.5 AL P 5%

d R F R Co-QuA R F s i B T AR %
TR F AN U F E(lvvm ~ 2vvm) et = F B 0 3313 e D

A F B ML E LA Co-Qud FPBEHE P i g Ddoif

L %35 % 75ml fE3LHE % i = 5T -
2. 48300 ml fE5gs %R P 4500 ml EEAE R A AT S A EE L
pH=7 ~ 30°C > # /&3 5 0kg/em” -

3. A u lvvm B 2vvm %3l F i B TS F MF g o
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4. FPEHRE AT FMITE ~ Co-Qu & #hE PRI o
RN E 7 T otk Kari
R D PR A7 PR EEE TN T § 9 8K

L LA AFEE AT ~F 4 R DOESES 0o

2. Bpcg B i 2 5 &~ EIEH P o RIEGRE LB L F By
£ (lvvm ~2vvm)> 53308 § £ lvvm($#E ~100 rpm -~
200 rpm ~ 300 rpm ) > ¥ F & 2vvm (i 50 rpm ~ 100 rpm >
200 rpm) - Rl R PER 5 B AARE D F e RN Bl 0 S
10 fidbedr— 53§ & -

3. PR vs A4 B(DO)ITE > BoAl K AR crpd B Eh(4c B 3-3 41T
TEF G g ki Ka e

4. Kia3-B:d FRTGrens B 0 3

ey
F_k
=
P
==
=
;2:
Ak
-
ot
A
‘2\\
N
pXTY
B

7 #7537 (Van’t Riet, 1979)

KLa(

B A 1
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T3

In ==Kjat

}H' In VS (tz- tl)i%@ v I ,TE*, f'] %‘j‘ :-?‘ KLa

s Best B adedo B (V80 0 6 5 T - B P B( i)

Cact: PFRF 5 4 SPPRAETE F 503 § (¥ #)
Carz: PR L oA T S5 F E(HEK)
Kia:¥ § 7@ ik

30 CT A frin B
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air-lift 2vvm

100

80

60

40 ~

DO(%)

20 H

0 100 200 300 400 500 600 700

Time(sec)

B33 vsia§ @

WA S A 4 5

1. 8 % 75 ml fE58 %% = ¥5 ©
2. 45 300 ml &5 £ % 1) 4500 ml FEAEH B K A o A AR S
@& 1vvm- #:E 200 rpm~pH=7+ 30°C » #, /&% 5 Okg/em”

3. RFEPRE ST E ~ Co-Quo X MR R -

F ORI AR %
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d P Fs%REEEFT FREIAEENEFE 2 vvm 5 & R
sphaeroides 4 2 Co-Qoh2d ¥ F BB > iz ER A ITHBT %%
B F RSB F R 2 vvm AT 48 ) P2 (5 0 FEEEH
RERERRR ST AL Ft e TR AT & it
#(feeding) ¥4+ A 2 £ 11 2 Co-Qo 2 = e 54 o
1. # % 75ml fE5538 &% = ¥g o
2. 448 300 ml FEFLEE A T 4500 ml FEAER R A A 2 FiE S

pH=7 ~ 30C > # /&% 5 Okg/em’

3. B 48 ] PFiE B it (AR T A (feeding) » AR B LR GER B
Vs & AA Ao TR R (20 g/L) 0 B AR AR A 12 )
PR e ~ $lcd £ PR B A R AR > A A& 48 )
P24 R EEFOE R NERER MR K
% 0.55g/L hro

4. Fe¥ 500ml 47 (5 288 mI/L)s hFEpERE i ~ 48 ) FFE2 1S
B e AR L3~ i i

5. TPFRHRI AT HARICE » Co-Qu X R NFT -

FOENBRENA RS AR FHQ vvmto 1 vvm)

1. #1475 ml g % = 71 o
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A 300 ml B &R P 4500 ml FEAER B R A B R IEE L
pH=7 ~ 30C » #/BK & 0 kg/cm?® o

8 | PR 4ot (74 B A (feeding) » 4B iE & 5 2.5 g/hr o
EEARERFREFEd REX 2vvm E 5 lvvm

BRI E ~ Co-Quo X fE B e i o

FOENBRENA PR AR %Q vvmto 0.5 vvm)

W& 75 ml AR & R 2 HY o
$48 300 ml fEH032 % i 5] 4500 ml FEEE R 3 & &Y oz E AR S
pH=7+ 30C * # /&% 5 0kg/cm’ -
i 48 o] P B AR (7R B A (feeding) 0 AR 5 5 2.5 g/hr e
EEAEEEFSE g £ 0d AL 2vvm =2 5 05vvm o

TP~ T A 4T AR ~Co-Qo 2 BEF chg it o

5{“ ? 7 fjﬂﬁf’}% el ;L T /r' r/} g‘f' Tween-80

W3 & 75 ml fEELE AR 2 HL
B8 300ml fEFgs &% 1) 4500 ml s A AT o R EE
pH=7 ~ 30°C - # &% % 0kg/cm’

J FE? 19 ’ F#-ﬁr,,’-j‘ 4v d j‘g:l_ﬁi T J ﬁx Tween-80 /%)i
45



(6 mI/L)4k 4L (feeding) » ¥ ¥ e 744 b P o S MEFE A 4
B

T od A 2vvm & 5 0.5vvm -

4. wﬁkj}’ijﬁfé\‘%ﬁ‘ ﬁ%ﬁgzg‘ ~ Co_Qloﬁ 7}%5‘: d’j% Lo
BRI PR %

1332 & 75 ml 85338 £ 7% = 9% o

2448 300 mlfE¥g &R Tl 7 kAR 5 3 g/L P iF AL 4500 ml fEf%
KExA? BR2EELEIELFE£2vwm- pH=7~ 30C HB&K:
0 kg/cm? o

3. PEB R E A5 FRICE ~ Co-Qpp 2 MR P L o

B34 545 R B35 Fae T s £ R
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Bl 3-6 F 5 5 RS 3% PR ¥

$r § BRak

41 %% B4

4oBl 4-1 977 0 AT AR L G Z AT RTEEET %S < 4
Bho R A LD AARRY ORI FRITE C SIR L ARRGE
T (580 2007) 0 FERUAE R & B 35 & AR 0 B B2 RFLING

AEFPFBERAFT R P NEEFF A2 FHfI*r NaCl -~ KCI
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s o PCRB R BB G RDEILR % 5 4 PEG k712 Tween
G 2 fE2REE S AR g B R Ft A2 Co-Q 2 A F
o B 3] Tween-80 5 fix iF 284 3 A A & 5 M%) Fb 454 Tween-80
Vil IR e U R A g Wiy 4o IRER T - SEECE - Bl g
E RO G A kR o oA R F OB N N TR
FEEEH TN > g AR F B SRR o S R AP iT g
FRBRHEKaEET > B EAME L E Co-Qd Aed F

FReFE2Z G AR oke® EEFT - AP =07 B (fed-batch)

i - R I S At I E IS RN 2 R AT D S - P CE
ZK?‘%EG
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41 Bt § R ]

.
L e ABERY % ]

.

Ve N\

T ki bk R

Tween i 7l [——| #ith i ekt —[ = "’F"“]*%ﬁ

{;?gs;m@ﬁgfg ] Bt § EHH ]

{ ML B ]
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A28 H F § R B

IR D DR EFENI B & A F Rt R sphaeroides
4EME A F Co-Qui Bl > AR S4B 42> 87 kb hf
e Co-Qp A & MEER X P-4~ (yeast extract)127.40 mg/L frik it
F-v Jf(tryptone) 123.72mg/L 2 e iFE & £ F hn U ER B

¥ R sphaeroides 2 2 Co-Qq & $ix i > Fpt R B4 2 AAAH

BAEAF R TLBATRE BRI ROAAS A

ABIFH R E B F PLBF

% ik} (Tjakko and Ronald, 1989)4p Mt > %33 & Zh 7 #eNaCl >
KCl: ¢ RBRAADZER > @ FAMPIVRL R e > F 4 %K
TR % o Prddmre N FEE B i@ $R sphaeroidessnd £ i3 =
Flerre sk 5 AR 0 AR Ay RS RIER 0 F 0 g BRI
Hwwmre p S AR R > Bl AR A A F e ? Bk A $NaCl

K C 1 ’ 7 +1 A &
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R % % % 4o W] 4-3 Bm o NaClig 4o ek 2 14 5 g/L o5 i A o
FAMIcEd R 2 6.08 g/L v "% 13 5.66 g/l Co-Qp A Ed ¥&
2454 mg/Lvs A 3 2843 mg/L-KCl i 4e k2 14 3 g/L % %
B FHMicE Y HRE 560 g/L it K 544 g/L > Co-Qp A
e 29.14 mg/L ¢+ 2 % 33.73 mg/L > ?%ﬁ%%’fri’)ﬁ%j
(Tjakko > 1989) e % e & » HF & B F IR B B B BEF > 30
At £ g drdlehm g o om ARG 0 BRI AR B A REREE

e g i

3N

WS % 0 A 13 Co-Qo e = o
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35

30

25 -

20 -

15 -

10

J. |

NI [ (N .

yeast extract soytone tryptone peptone
different nitrogen source (10 g/L)

Co-Q10 (mg/L) & biomass (g/L)

Il Co-Q10 (mg/L)
1 biomass(g/L)

Bl 42 2 F § REFHMME Co-Qpz B

BAEEE: AARE &L i pH=7> B R &£ BT
i 150 rpm 2R 30C

BAHFRF 60 pF

Lo PR L Sow E AR %
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Co-Q10 (mg/L)

32
- 14
30
- 12
28
26 - 10
24 - I
22 1 M _% -6
20 ~
- 4
18 ~
-2
16
T T T T T T 0
0 2 4 6 8 10 12

—&— (Co0-Q10 (mg/L)
—O— biomass (g/L)

NaCl concentration (g/L)

%] 4-3 /;7-]‘ 4 NaCI }""J' ﬁ’?g oz CO-QI() Z_ ‘,?2_2%@

BEEE T AdREA

L

f& i 150 rpm
BAFRF 60 pF

M EREE e EAF RS
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FodepH=17> 12 % BA27 AL

£ & 30C

biomass (g/L)



Co-Q10 (mg/L)

.
8 %

L

40 12
35 1 - 10
30 g

20

15

biomass(g/L)

10 T T T

KCI concentration (g/L)

—8— Co-Q10 (mg/L)
—O— biomass(g/L)

Bl 4-4 4 KCL$ M2 Co-Qip2 B

EEec o AW R A
f& i 150 rpm
B AR 60 pF

M EREE e EAF RS
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4.4 3F3 d’/f}‘ﬁ?t-&p‘.—a- AR F B JL%Z@

é}}%j #]E, dr 9]‘4‘: bgp 3 AR 6 F A Tween-80 € 1 4 fw b S
4 e i (Kitatsuji et al.,1996) & {8 fmie Wp g+ § b B H 3 e
Ot F L FMN SR R R e R R AR R
Flpt AFT 7 ¢ i € Tween & 7|11 2 PEG i 7@ fAzb3g+ A1 % 6 1%
WAt & A 0 I EE 3 242 R sphaeroides 2 £ 12 2 Co-Q

A

\f“b

B R ded 4-1 #7570 fTween L& 7| 2R3 3 A f o S & 1
Tween-80(6 ml/L) #t** Co-Qjo A E B4tk oo PP & > FMlic L d
$HRE 45T g/L vk F 2 3 497 g/L > # 4 8.7% > Co-Qu A £ 4 $8

22352 mg/L + 2 % 2975mg/L 0 A £ H 4 K 26 % o

st BEEAEE R 36 0] B2 8 e Tween-80 (6 mI/L)iE » 35 %
A~ 5 B 4v P 2L¥4Y Rogphaeroides # & 1 2 4 & Co-Qpo 2 58
Mo FEREERE T AFEMEE O~ 36 ) FF2 {44 » Tween-80 > 4p fix >t
#» %zé?,"lt 4v Tween-80 *t 32 & &> F#ic £ 11 2 Co-QA E ¥ 7 #&7 >
BME R Y 497 g/L #2157 - 9+ 146% > Co-QuiE

d 2975 mg/L %+ 3 32.1 mg/Le g & FE it L8 7 ke £ &
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PEG ,% 7|72 PEG-4000 - ;& & 0.5 g/L /?]‘ etk G PR AT
e d HRE4TgL v P23 507gL Co-QoAEd HEe

2841 mg/L + 2 1 30.68mg/L > A EH+* 5 79% -

i

%

koA fAZbdgS AR oo SR Tween-80 m/fj‘ ‘vt & ¥

3 Co-Qio A B H 4 s BT > @ PEG & 7§13 Co-Qu &

R ER
AP AT U Co-QAE L L PP g FIRLFHRS w4

4+ Tween-80 %13+ R. sphaeroides # & Co-Qyo 8. B iT4F 3¢ o

56



F A1 e apS AR G F A Co-Q A £ 2 B

Non-ion surfactant Co-Q1o Biomass Co-Q1o Content
(ml/L) (mg/L) (g/L) (mg Q10/g biomass)
control 0 23.52+0.75 4.57+0.42 5.15
Tween-80 2 22.68+1.66 4.33+0.12 5.24
6 29.75+4.31 4.97+0.22 5.24
10 25.22+1.25 4.95+0.07 5.09
20 26.02+0.76 4.84+0.13 5.38
Tween-80 6 32.10+0.17 5.70+0.17 5.63
adding
at 36 hr 10 29.14+1.29 5.60+0.19 5.21
20 28.56+1.45 5.52+0.47 5.17
Tween-60 2 20.17+£2.24 4.03+0.47 5.00
6 22.15+1.17 4.17+0.54 5.31
10 20.67+3.69 4.51+0.44 4.58
20 23.82+2.05 4.44+0.19 5.41
Tween-20 2 21.31+0.17 4.43+0.14 4.81
6 21.11+0.51 4.61+£0.47 4.57
10 20.15+0.61 4.02+0.17 5.01
20 17.09+1.32 4.22+0.14 4.04
B % 15 A4 A e pH=7 3 % E27 B4
##i# 150 rpm B RE 30C S A JURN:ES

LM IARRE Lo AT R
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Non-ion Co-Qqo Biomass Co-QqContent
surfactant(g/L) (mg/L) (g/L) (mg Q10/g Biomass)
PEG-4000 0 28.41+3.41 4.73+0.19 6.83
0.5 30.68+6.05 5.07£0.25 5.68
1 30.10+4.78 5.09+0.37 5.02
5 29.99+3 .45 5.10+0.51 5.88
PEG-6000 0 28.90+4.14 4.18+0.09 6.91
0.5 25.32+6.02 4.83+0.13 5.24
1 24.17+4.17 4.54+0.14 5.32
5 25.07+3.72 4.37+0.50 5.74
BixiEE: A#EBREA A4 pH=7 3 %iERAT DI
## 150 ipm B AR 30C B A& )

N ERL S EAF S
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45 $F31 Tween-80 Ft & 78 B & & A 4r 2 1 5

BTSSP 36 ) 2SN AAR R zlsP\ & 4r Tween-80
3 AMicE 12 Co-Q ERH A L PR E o dr Tween-80
¥ it » R sphaeroides i & hz - - Tween-80 & ¥ % R4z 3 7 4
o v ek 48] B 2RI T a0 A0 ¥ Tween-80 ¥ £y ve ik 43¢
R. sphaeroides # & 2 Co-Qo A& 7 & o P53t g » F| L 44
Tween-80 % & /& & ¢ & = & m/"]‘ to 1% 4F 3t o
Tween-80 1 & & d & f& 7% £&¢{c?q¥5pk: /b fa(oleic acid > C18:1 >
8 1k 70%) ~ 17 Jri e (linoleic acid » C18:2) 14 2 & fé&r frfy WL
H fig f (steric acid » C18:0) ~ z 17 f& (palmitic acid » C16:0)# 132 = » &+
£ SIS A mﬁ]‘ e 1FIE ) PR B K AL 420
FEHEEEFR A% EkP\ el g/L A fin fa (steric acid) 2 2 3
g/L 2 17 s (palmitic acid)® 4% fv?q "7k - fodt R e dp v 0 FfEac
A W A 5 33.4 %11 % 29.8 % 0 Co-Q A & 4 |3 4r 5] 65.8 %14
2 741 % > e‘i«;'—r/] Sv ke fofy AL 3T R sphaeroides 2 & 12 %

Co-QA T 7 P Agarty o
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% 4-2 B @ & F Tween-80 % = & 7 e ¥ Co-QAE 2 X

adding Co-Qqo Biomass Co-QyContent

(mg/L) (g/L) (mg Q10/g biomass)
control 0 23.16+3.49 4.93+0.23 5.66
oleic acid 2 27.99+5.76 4.63+0.41 6.04
(ml/L) 6 25.22+1.39 5.36+0.82 4.71
10 28.66+2.68 5.46+1.21 5.24
20 0 0 0
linoleic acid 2 25.08+1.53 6.08+0.24 4.16
(ml/L) 6 23.53+2.63 6.03+0.84 3.90
10 20.67+2.02 5.99+0.65 3.45
20 0 0 0
Steric acid 0.1 27.15+1.62 4.86+0.33 5.59
(g/L) 0.5 28.86+2.01 4.57+0.12 6.31
1 38.42+0.69 6.58+0.12 5.84
3 32.59+2.18 4.79+0.30 6.80
Palmitic acid 0.1 29.21+1.11 5.01+0.37 5.83
(g/L) 0.5 39.59+4.55 6.46+0.17 6.12
1 35.85+1.79 6.16+0.29 5.81
3 40.33+4.87 6.40+£0.54 6.30
5 22.90+4.60 4.82+0.12 5.44
BixiEE: A#EBZA A4 pH=7 ¥ %EAT DI

f#&i# 150 rpm

2 A& 30C
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46 F FAmpEH L § LR

O N RIS T1 N SRRy
HEEREF £ lvvm 2 2 2vvm (54833 > P PL H I & {2
£ 1% Co-Q2 Al § £ ©

FoRGEAR 45 BRAP P REFR ARERE F £ 2vvm
EETT o R AE AR 48 iRV I T FlicE 541
g/L > 1% Co-Qp A & 27.81 mg/L > Co-Qo 2 A% I 3] 0.57 mg/L

hro ApFCt § 8 1vvm 2T 0 242 AFME £ & Co-Q A

F_&

BodFE2vwm G PEDRES > FE i § R 2 vvm AR
FE erid f 15 o

AT AR R %

% ¥ ¥ R sphaeroides 4 & Co-Qio 7 &=+ P B > 7
BB G ded RIEF FSRAEN LR ERTEEET O § B LK
Kia > o453  mpeth & b Bk (i 27 hf § 7 ® 5 #cKpa fE0
B 35 AT R TR R 2 SR S SR A
o FWAALTof FAEBEFAAFOTRESSE

DHEEP R R O WENEREE ORI EI UG R

1 vvm # & 200 rppm 7 0.059 (1/sec > Bl 4-6)fr# BNt 7 €
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2 vvm £10.048 (1/sec » B 4-T)5 5 i » FIP P RE RS
% T

T E Ao 4-60 LpEpEE ~ T2 PR T E I B AR
561 g/L % % Co-Qo & & 23.20 mg/L > Co-Qio 2 A i & 5 0.32
mg/Lhr» fof BNEAEN T Rlcdpipr o §F R REENE L F 2
2 vvm iE T AL E 48 | ETT F &L Co-Qo AF 2781
mg/L > Co-Qp2 A& F 5 057 mg/L hr> Flptd % BE5HF 5 F
PR IR RN ATy F PO ik Ka FEET o §F
it i e h

% i & R sphaeroides # & Co-Qoend # +F B E o

48 § B NBENK B %P 5%

FEILF BB B0 F BREL  RETHRLEEH

o B FE2vvmIR ITIEE T O EASE AL R A &

F_&

PAARYS » APV R R F AR S AN SR %’ % BB R ;‘)i’;i =
B TR AT e PR BRAORERE b ik (S R 0 BEPE 48
QP2 s o BRIV R AT AR B B N R A

A48 | Profse Sl n g o

R AR Lot Er- IE T PR
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A2 E 2k Co-QA E o ARER 2 3 Fanty 25t L ER

BPERE 12 ) PR LS AR O i R RS R AR

}:TL

B Psp & AN ER ¢ YR 2PHEZE O MEF I 4L ]

5 0.55g/r L TR RE P ALY 2.5 g M B L FRAS P -

FEHEEICB 460 FEHRESHET 0 LR A8 SRR

@ RN 0 F B A GBS W2 £ FAIICE Y 48 )

PFen5 71 g/L &4 5 90 | PFen9.95 /L0 4 ¥ W - = F S Fiic
A48 AN TEI T REAMRAT M ER A AW

£ tgik A e o H A8 Co-Qo A £ 4 48 ) PFen5.14 mg/g
0/ T %3 354mg/g FEP)F fe R FI B oo KU E Sf:j%_
FBAHEBET > AWMAL T2 TR E A LR Co-Qp K% H P

T+ Biiss > FIY ERE FFMCo-Q AR E M
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A9 F BN A BB § 443 %(2vwmtolvvm)

IS AR S B s s B U ER ST E il
WEHM RS > B FM N Co-QoARF A T kS 7]
PRI R A e iR E od RAE F £ 2vvm
G Lvvm o FEd SR F R RN E E o R T AN
@K A e Bk R PR A R F 0 N A £
FI5F 5 2 KA @2 niE T ABEE o 50 R RS Bk

Fo g g g 3 4 gﬁﬁl’)‘ Co-Qoz 2 &Ik~ HE fiﬁ%ﬁ Co-Quo

FEHREF B AT FF B PR A mY o Rh2E =
F18 Co-Qi ik & »Co-Qo A & ¢ 48 | 2781 mg/L < 1 % 108
| PE R 3] 45.65 mg/L > Co-Qio A £ 3= %) 64 % > H = 74 ¢ Co-Qyo
5 450mg/g B F LR REE A F 5 Bt EH A Co-Qu ik

fg A o
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410 §F BAEBREN S PR3 4R % (2vwmto0.5vvm)

AN RS ET AP RPRIRELy L T A

\
s?ﬂ

#4 H =1 Co- QuikRE » Flpt » X F B Ficgid i >
d RAE F £ 2vvmee %5 0.5 vwmo R A F s L 8- Hendp 2L H
= 7% Co-Qoik & -

AR IR 480 w2 E 120 ) FFiEEIE L Co-QukR
3538 mg/L > #F e HAEFIAF PR R Ao ARt R B A
Gl EFMI 05vwm P AL L@ P ERENR
SEdFHRBFVRET AREFRFEEFESFHIT 05vvm iE = F
WA EER o Fl R HACo-Qok & & 2 H i 8 Co-Qo ik

B PR TR g .
411 § B BEEH 5 4 Tween-80 B & 75 1A

LI FEHRD A EELEAY R FEHOERFERNE BFR
Bho B I F BN 0 SRR e Thoo AR o i AR
RE o @ Rrdi- RehP e a i ho EEA e 4L

¢ F B ALE o B B e b 6 R A Tween-80 BFE U L F R 0

o i

Ik

=

2vvm "% 4% 0.5 vvm > Eﬁuﬂéﬁjt%c}‘}& S E A 5
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Azefde e g & 24 o

B ES B 411 TR ST 0 BFEEE » 36 /| B2 {54
» Tween-80 i & /& 24> & 48 /| FFB~ A 478 T AMIc £ 5 4.12
g/L > Ap gt % ”;J‘ 4v Tween-80 7 P &g chify i€ > 3 ¥ Co-Qpo A € + J¥_
RS 36 ) P2 15 R P BEH 4o B TR G e Tween-80 &
PN S R PR AN R ER Co-QuA TR T
PR T At M P R M § B R EE 2 T
RENE f o ERAME LARE 0 - R oA BEZF AT %

(2vvmto 0.5vvm)F i enF G % o Ft b o BEA A FE

FEHG e 4 BARY § Azie AR L 0 Fla 2 1 et .

412 § FABRN G BT %

PR B MR AT S T Tl B R SRR 0 RS B
BAREER o i ao g o R A EIodi- R %R
o RS EACR 4-120 BfEAE 102 ) L T F B DEH
§0¢ 781 g/L 112 Co-Qoik & 62.64 mg/L » % B AFMAE ™ 11

srehit 2 Bz E 12 Co-QAE -
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30

25 ~

20 ~

—_—
(9]
1

Co-Q10 (mg/L)
=

—8— Co0-Q10 (1vvm)
—0O— Co0-Q10 (2vvm)
- @ biomass(lvvm)
---O--- biomass(2vvm)

SR L

40

60

80 100

Time (hr)

B 455 FAMBHN2FILFEF %

LR
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3 % Az g pH=7

2 A& 30C
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12

1.0 7 y = 0.048x
R2 = 0,984

In(CAL*'CALll CAL*'CALQ )

0 50 100 150 200 250

(tz - tl)

B 4-6 § BmpEhd F @k

Feivigit: g £ 2vvm > 30°C

5B B adeho g (K ) > 4 5 T - B IR )
Cart: PR S 4PN T2 E E(F &)

Carz: B S LR T 23§ B(%EK)

Kia:¥ § @i

130 CT R F B
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1.4

1.2 +
y =0.059x
—_ 1.0 +
~ R2=10.999
|
U<(
N 0.8 -
-
<
Q
~ 0.6
<
@)
-)<I_'
2 041
Q,
£
0.2
0.0 ~
T T T T
0 50 100 150 200

(tz'tl)

Bl 4-7 RN E 5 @G

Fivixgid: W g £ 1vvm & 200rpm > 30 °C

o B 4et B andede g (K 80 0 6 5 T - B (R IR
Canv: PR st R 23§ 6(F &%)

Carz: B S LR T 23§ B(%EK)

Kia:¥ § @i

30 CT A fein s B
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25
20 I
151
=
\%/D L
i 10
o L
o)
@)
5 -
0 1 L
0 20 40 60 80 100 120 140
Time (hr)
—&— (Co0-Q10 (mg/L)
—O— biomass (g/L)
Bl 4-8 #IF PR 3 F &
BAGEE AR B & @A 4 pH="7
Wi £:1vvm 2R 30C
##% 3% : 200 rpm
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40 12
- 10
30 -
- 8
2 a
=
> L4 5
8 10 A e
-2
0 -
- 0
0 20 40 60 80 100 120 140
Time (hr)
—8— (Co0-Q10 (mg/L)
—O— biomass (g/L)
B 4-9 § B @R AR T &
BREE AAE R ¥ & @Ay d| pH=7

FEfis 48 /| R 4ot B AR 30T
ALk 52,5 g/hr

o £:2vvm
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50

40

30

20

Co-Q10 (mg/L)

10 ~

0 20 40 60 80 100 120
Time (hr)

—0— (Co0-Q10 (mg/L)
—O— biomass (g/L)

Bl 4-10 F B\ EpEH S 05§ 4R F % (2 vvmtol vvm)

=~

AAER A 8% BARE 4 pH="7

B & E

[

FEfis 48 -] FF B oA B R 30T

A ofdiE 5 2.5 g/hr

Ik

W #: 48 )z 2vvm

48 /] pF2_ 15 1 vvm
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140

12

10

biomass (g/L)



40
30 - I
= 20 -
g
2 —
4
8 10
O T —
0 20 40 60 80 100 120 140
Time (hr)
—0— (Co0-Q10 (mg/L)
—O— biomass (g/L)
Bl 4-11 F B FEpsty = FF 3 3 AR F % (2 vvmto 0.5 vvm)
BAERED  RAHARZA B & @A 4 pH=7

e fis 48 /| PR bl oft B R 30C

AL ik 50 2.5 g/hr

Ik

W #: 48 )z 2vvm

48 - FF2_ {4 0.5 vvin
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biomass (g/L)



12
10 ~
8 -
—_
B 6
N’
2
fla]
2 -
0 -
T T T T T T T
0 20 40 60 80 100 120 140
Time (hr)
—@&— aeration 2vvm
—O— feeding and retain aeration 2vvm
—&— feeding and change aeration 2vvm to 1vvm
—&— feeding and change aeration 2vvm to 0.5vvm
Bl 4-12 FEAEHE 7 P 424) W vd Bicdy +t #(biomass)
Beixe AR A B A& @24 pH=7

2 E 30C
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50
40
% 30
E
S 20 7
4
Q
@)
10 +
0 —
T T T T T T T
0 20 40 60 80 100 120 140
Time (hr)
—@— aeration 2vvm
—O— Feeding retain aeration 2vvm
—&A— Feeding and change aeration 2vvm to 1vvm
—/A— Feeding and change aeration 2vvm to 0.5vvm
Bl 4-13 EEpsth 7 e 40 Wovg ey vt #2(Co-Qgp)
BEEE D A#BEA ¥ % B Aetr ) pH =7
AR 30C
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25

20
15 1
-
o0
g
S 10 -
<
o
O
5 -
O -
0 20 40 60 80 100
Time (hr)
—8— Co0-Q10 (mg/L)
—O— biomass (g/L)
Bl 4-14 § 2 SRR G 4 B 5 28] Tween-80 7 2
BEIEE ARAEZAL B & EHEEF pH=7

Wi E: 36 )FF2Z:2vvm B R 30C

36 /) FF2_15:0.5vvm 36 /] Bi‘/?]‘ 4 Tween-80

JE B 6 ml/L
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biomass (g/L)



70 10
60 -
:
50
PR - 6
— 40 —~
=) =
g S0
R W
= %7 -4 g
s :
o ‘A
O 20 - <
L 2
10
-0
0_
T T T T T T T

0 20 40 60 80 100 120 140
Time (hr)

—0— (Co0-Q10 (mg/L)
—O— biomass(g/L)

Bl 4-15 § B 3 s o 4o bR 1P AL F

BEIEER AAEZAL B A& pH=7
WF £:2vvm 2R 30C

AR e kR G gl)
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F A3 PEREH A P AR FIEET Co-QA &1k

Max Co-Q;o Concentration Co-Q;o Production Content® Co-Q;o Production rate®

(mg/L) (mg Co-Q;(/g biomass) (mg Co-Q(/L hr)
Air-lift (1 vvm) 24.92 3.70 0.26
Air-lift (2 vvm) 27.81 5.01 0.57
Air-lift feeding(2 vvm) 33.91 3.54 0.40
Air-lift feeding(2 vvm to 1 vvm) 45.65 4.50 0.42
Air-lift feeding(2 vvm to 0.5 vvm) 34.71 3.92 0.32
Add palmitic acid(3 g/L) 62.64 8.03 0.61
Stirred fermenter(1 vvm , 200 rpm) 23.20 4.14 0.32

a:Based on Max Co-Q,;, Concentration time
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>
>

4
il
4%
-%1}1;
%
b
A

5-1 B

1. = &5 F % ¥ /UEE* X P4r(yeastextract) 7 32 & A F R FMIc £
% 4.55¢g/L > Co-Qik & 5 2997 mg/L » 7 if & R sphaeroides #
EMZE A F Co-Quezd A% ko

2. 41* NaCl~KCl i 4edt % 35 £ AR S B F %7 > NaCl i 4
& i E"E 1 7.4% Co-Quik At = 158 % @ KCI i 4 it

ARG E 2% Co-QuAE T2 15.7% HriHkBRA

i be 4o o PEG-4000 ¥ % % FMacE 7.8 %11 2 Co-QA £ 7.9
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