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Abstract The effect of inorganic, organic nitrogen sources and amino acids on the coenzyme Q1o production and

coenzyme Qio component ratio was investigated. Among the nine organic nitrogen sources, CSP showed a
remarkable enhancing effect on the production of coenzyme Qio. But this enhancement was not observed in
medium containing Bacto peptone, tryptone, casamino acid and soybean meal. These differences on the
production of coenzyme Qi, may be due to differences in kinds and amounts of component amino acids and
peptides in the various organic nitrogen sources tested. In the addition of inorganic nitrogens, only (NH4),SO4
increase the coenzyme Qi production by 2.0 times compare to the control group. The addition of L-tyrosine
to the medium containing Bacto tryptone, was also determined to be crucial for the coenzyme Qio production.
But phenylalanin and tryptophan, other aromatic amino acids, had no stimulatory effect on the coenzyme Q1o
production. These results show that the production and components ratio of coenzyme Qo was greatly affected
by the kinds and the concentration of inorganic, organic nitrogen sources as well as amino acids.
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of s Aefdd 2kAaFe] AAAZA 2831 DNA,
A4, gd Fo] gk 28 &3S T AR A
&} 93g ks o] HEFTKE, 7, 8).

Coenzyme Qo2 benzoquinone 2]} o] 1129 A 6
SAjo)) Agtslar U= 10719 isoprenyl THAZ o]Fo)
polyprenylZ T-3=]o] ITH9, 10). Quinone-> W3 olr]
=2 A A 22 shikimate pathwayE Falo] A3 =
(11, 12), isoprenoidst= MZ F<l w2} MEP (2-C-methyl-
D-erythritol-4-phophate) ¥4HZ LF Mevalonate 3
AR2E o]&3)A isopentenyl pyrophosphateE A 43
Ho(13, 14). w2hA] wREA] coenzyme Qo BEA Al
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ol #7849 EFHE coenzyme Qi A} 7S
Aol Aok Al Hch

wEbA B A= coenzyme Qo L7} Ho)FQ
Agrobacterium tumefaciens KPU-11-03-2 ARE3l §7),
1R, obvAt el W coenzyme Qo G7h}
coenzmye Qi TIHIE H3IE FARIFLE 53], coenzyme
Qo G7P} & tryptone 37} viR|o)| Theksh ojm)i ke
7Yl coenzyme Qi 97} 3Bl Fojshs ArEA
5 FEEAS I

R
AgEE U 2

2 A7) ABE FFE A tumefaciens ATCC4452E
EdFE gte] 21e]Hd 2 NTG (N-methyl-N’-nitro-N-
ntrosoguanidine) *]#]E 3} ozl E¢io]= KPU-11-03
o7 FEsHtt FFEHE LB plateolA] vidE TS
LB broth BIA] (40% glycerol (v/v) g1 AE3 F -707T o)
A BE B Sk 58 @) HES 98] LB Heh|o)

- TAE EE5H 30T 2 w1l ok 48A)7F wlokst
F 4T Y] BasiEa 23dvig A wjeksigck.
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Coenzyme Qqo, coenzyme Q,, coenzyme Qu, coenzyme
Qs, coenzyme Qo EFEFS Sigma (St, Louis, USA) AJZ
< ARB3IE o B RAJE-© 24 LB, yeast extract, Bacto
tryptone, Bacto peptone, casamino acid, soybean meal %
< Difco (ZH2)AF, com steep solid (CSS)E Sigma
("15) AIF, com steep powder (CSP)E Roquette ()
AL ARG, 4F ofrl=A} 1 o)9) BE Al
5o 57 ¥ UF AFe Al

ALSHHIX] 3 it =2

Coenzyme Qo AW4HS 918+ FwrllF ¥iX)1= LB Broth (1.0%
tryptone, 1.0% sodium chloride, 0.5% yeast extract)E 3}2.
], & vk viXl= 4.0% sucrose, 2.0% CSP, 1.0% yeast extract,
1.0% ammonium sulfate, 0.05% calcium carbonate, 0.003%
sodium molibdateE 718} & pH7} 7.00] H52 ZABII)
S 500 ml Azt ZEkA=d) vi#] 100 mIE Y 27
4.5 mE HES vjokes 307C, 220 rpm°ﬂ/\1 Fegu) 7]
(IS 971R, Ajo|HE], F=nE A3 120417 viksich

oY 54

vlg] ggsle] HAIE 2798 931x] (Whatman GF/C)o|

5.0 ml9] wjgdS Fo| 7RISl S/ 23] AF
3 3 105C AXRQECIA 4A7F B9t AXA|A FAH
(DCW)-& =A3149tk

Coenzyme Qo =&

HjFY 20 mlE FE #H3l 4,000 rpm (1,650 x g)
oM 1083 dAEEsla F5dAE BeAA TAE Sl
3tk 34t dAle SFFE 23] MA3IAL coenzyme
Qi £& 819 JdES (99.9%) 20 mlE 7}3le] AAS
a4 4 EAAY. 1 F 229 7§ 55
(97 Watt, 257+ 15% Z5F, 102 AA)) AlEHE 234)7]
I, 250 rpme] WHKEEE [A|ZF Bt Aalsle] @A) W)
coenzyme Qoo FE3IYGc) FE2N | mlE 1.5 ml §2
o €31 10,000 rpm, 383 L4 HEEl 4E5Y 1 mE
AU FE (A4 17 mm, 3= 045 um, PTFE)e)] o7}
sl o] FAQo= STk

Coenzyme Qo 24

Coenzyme Qo AHE43E HPLC (LCQ Advantage MAX,
Thermo Electron, USA)E =313lgon BAzxAL T)e-
3 Z2oh(15) : 7% 7] PDA ALY, FE3F 275 nom, 4
A3 Novapak® C-18 (15cm x 5 mm, 4.5 um, Waters),
AE F9% 20 ul, 5% 1.5 ml/min, 27189 MeOH :
EtOH = 80 : 20.

Coenzyme Q1o TJHIE (%) coenzyme Q,, coenzyme
Qu, coenzyme Qs, coenzyme Qo, Coenzyme Qi 5= AR
sl AgF oz vlw B43E T Coenzyme Qio HPLC
24 IZ2vlET9L Fig. 13 2o
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Fig. 1. Chromatogram of HPLC analysis of A. tumefaciens
KPU-11-03 metabolite.
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dat ¥ 1
R7] waglel 2y

CSPE HIE3 971x)9] f7] AAYS AWkl A7}
3t & coenzyme Qo G719} coenzyme Q102 RIS 5
< vl a9, 8444 HUEE (corn steep liquor)S AX
3t CSP}F CSS 7} Alof ThE f71dadd g =2
coenzyme Qo G/} ¥ A HES YERNSITKTable 1).
E3], CSP 37} A coenzyme Qo 7h= 212.7 mg/l, 744
HI &2 94%= CSS #7IA coenzyme Qio H7} 160.2 mg/l,
TAH]E 94% HT coenzyme Qi G717} <F 25% A
el S5 JAEE XA (spray-dried com steep)<)
AzA] whil coenzyme Qo 71l Aol7t he-S BRI
3ITE CSPoF €SS ©]99] e /71dAUE FlA
yeast extract®] coenzyme Qi S7H= 126.2 mg/l, T/dHl&
89%, soytone®| coenzyme Qo Fh= 114.7 mg/l, T-3vl&
88% SOF wlwA 9451A VERTE “12jut Bacto tryptone,
Bacto peptone, soybean meal, casamino acid 52| 7]
A4 37} Aol 23] B coenzyme Qi 7S UE}
ol TAUS coenzyme Qi X2 f7] AU EF
F opr=Ate] FF B g vk DRI Aol d8S
FATL F AU 7] AAYPeEA HHEH CSPE F=
H H7IE A, 2% CSP A7) Al 7P %2 coenzyme Qo
7E BT 3% CSP A7} A= coenzyme Qo T/3HIE-
< 963%= 7P A YEREOY coenzyme Qi AAHE
& F43] Ak Table 2). o)ite] ZAslz CSPE
71U OZ coenzyme Qip G710l B FIS- T
1} coenzyme Qo 7RIS E Y] kS F= EF
2 ERIFAL Bacto tryptone, Bacto peptone, soybean meal,
casamino acid 55 H7}8 A] coenzyme Q0 H7He
CSS F7FA19] oF 0.5-10%9] @2 AaaFg Jehfof
CSP We] 54 olu|i=dbe] coenzyme Qi FTEE TF
FEEZZ 283} coenzyme Qi AARS F7MAIFIL
o) F% o] A+ feedback inhibitionS F BB

Bofeln Ao ARERT

Table 1. Effect of organic nitrogen sources on the coenzyme

Qio activity
Organic nitrogen H DCW  Coenzyme Qi Coenzyme Qi Relative
sources (2%) p {g/)  activity (mg/l) components ratio (%)} activity (%)
No addion 701 48 37 45 1.7
CsP 576 121 212.7 % 100
CsS 565 113 160.2 9% 75
Yeast extract 768 7.4 126.2 89 59.3
Bacto tryptone 643 55 16.1 87 76
Bacto peptone  7.30 44 15 83 0.7
Soytone 713 63 114.7 88 53.9
Soybean meal 527 157 217 100 102
Casamino acid 717 56 0.8 99 04
Medium : 4% sucrose, 1% (NH4)2S04, 0.05% Na.COs, 0.003%
N32M004.

Table 2. Effect of corn steep solids concentration on the
coenzyme Qqo activity

CSP (%) pH DCW Cogngyme Q1o Coenzyme Qm Re!ative
(g  activity (mg/l)  components ratio (%) activity (%)
0 593 07 39 - 18
1 530 78 74.2 95.6 34.6
2 582 115 214.3 95.2 100
3 728 197 168.5 96.3 78.6
4 762 198 1255 94.0 58.6
6 847 232 22.9 92.5 10.7
8 8.56 28.9 0.09 - 0
Medium : 4% sucrose, 1% (NH4):SOs4, 0.05% NayCOs, 0.003%
Na;MoOs.

87179 77) AArgE AA 1% F715 3 4
%3} coenzyme Qo I7E TAHIE TS BT A
A} (NH4),S0: %7} Al9] coenzyme Qo G71E 258.7 mg/l
2 uiEzirel vls) oF 28) F718KAIL coenzyme Qo T3
HIEE 90%E the F7124980 S50 ettt
(Table 3). 121} (NH.),S0s H5H A7 E50E AEs
A3k 0.5% HA7W1E vz oF 194, 1% H7F Ale
BA71Re) 2.181] coenzyme Qi H7HE WERAITE T
W 1.5% A7} A 1% H7PEC} coenzyme Qi &7}
Pashe Ao Ueliti(Table 4).

Table 3. Effect of inorganic nitrogen sources on the coenzyme

Quo activity
Inorganic nitrogen H DCW  Coenzyme Qo Coenzyme Q1 Relative
sources (1%) p (g} activity (mg)  components ratio (%) activity (%)
No addiion  7.40 27.9 120.8 87 53
(NH.1:S0, 641 179 2269 90 100
(NH,C00); 670 15.3 83.3 88 37
NH.CI 6.58 18.0 7.2 81 31
(NHs:COs 915 92 0 0 0
KNO; 847 146 69.3 92 A
NaNO; 8.37 19.7 237 86 10
NH4NO3 826 16.1 60.6 86 27
NaNO; 843 21.7 712 94 31
Medium : 4% sucrose, 2% CSP, 0.05% Na;COs;, 0.003%
NazMOO4.

Table 4. Effect of ammonium sulfate concentration on the
coenzyme Qqo activity

Ammonium Coenzyme Qio Relative activity

sulfate (%) pH activity (mg/l) (%)
0 7.40 120.8 47
0.25 6.92 189.7 73
05 6.67 235.6 91
10 6.65 258.7 100
15 6.79 2271 88
20 6.86 216.0 83

Medium : 4% sucrose, 2% CSP, 0.05% Na,COs, 0.003% Na:MoO.,
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oloixatel At

F7] dad At A8 A vlid vk 5279 coenzyme
Qo &7} (16.1 mg/H)E X443} Bacto tryptoneS F7) 24
Hog A T 97pAY] op|i=ike 37181 coenzyme
Qio AAHZO] CSP 08 IEHE=A oiE s}
Qi(Table 5). A¥ 23, tyrosine H7F2] coenzyme Qo
Q7= 99.5 mg/lE BIE7FFED oF 8.28) coenzyme Qo
717t S7¥8IAT 28y phenylalanine} tryptophans
o] T WEEE oluiite]l b Al coenzyme Qo
7t 2318 A RAeE JEhdth E3) alanine
A7V 2.5, lysine 7%= 2.5919] coenzyme Quo
A7t F7Fekdnh mebA coenzyme Qo AEA Al B
L ol =2k tyrosine¥} alanine “LE|IL lysine©] F8
g opulxgiglo] wHEFTh A CSP7} HbE wjAo)
ohiihs A7t Arlsle APE 2, tyrosine Y7
oA ek 1.13¥] coenzyme Q1o H7P} F7HEI¥ o o
& oAt H7HE B coenzyme Qo G7W7F A
3= AoZ JERGTHTable 6).

Table 5. Effect of amino acid sources on the coenzyme
Qio activity in medium containing Bacto-tryptone

Amino acid Coenzyme Quo Relative
sources (0.25%) pH  DCW (gf) activit;’ (mgh) activi?y (%)

No addition 715 76 122 12
Arginine 7.33 40 272 27
Alanine 7.55 77 285 30
Glutamic acid 7.55 6.2 16.5 17
Cysteine 711 6.8 137 14
Threonine 742 58 95 10
Lysine 7.24 88 285 29
Tyrosine 8.00 16.7 995 100
Phenylalanine 7.36 53 8.8 9
Tryptophan 740 50 82 8

Medium : 4% sucrose, 2% tryptone, 1% (NH4):S04, 0.05%
Na;COs, 0.003% NaMoOs,

Tabl 6. Effect of amino acid sources on the coenzyme Qi
activity in medium containing C.S.P.

amino acid Coenzyme Qqo Relative
sources (0.25%) pH DCW (gf) activiti (mg#) actisli?y (%)
No addition 727 13 120 88
Arginine 7.84 14.3 23 17
Alanine 7.75 6.6 87 64
Glutamic acid 4.96 14.4 0 -
Cysteine 7.30 14.6 74 54
Threonine 743 9.0 109 80
Lysine 8.04 179 0 -
Tyrosine 712 122 136 100
Phenylalanine 7.54 13.2 83 61
Tryptophan 7.56 15.7 61 45

Medium : 4% sucrose, 2% CSP, 1% {NH4):SO4, 0.05% NaxCOs,
0.003% NazM004,

2 o

Coenzyme Qo 1197} MO Agrobacterium tumefaciens
KPU-11-03¢) T}t /7] A9 g coenzyme Qo
Ay areFat coenzyme Qo9 TAVIE 5& Blug A,
CSP A7} A) coenzyme Qo BAFEES 212.7 mg/l, FdH1&
L 94%2 & 7128294 Hisf) w$ =4 Vet
£3] Bacto tryptone, Bacto peptone, soybean meal, casamino
acid 59 7] 249 F7}F Aol 3] ¥ coenzyme
Qi 97FE YehHo] #AWS coenzyme Qo] F3H-&
F71 B2 F7 S ohlAte] R 2w 494
o] I8¢ AT F AUt =3 FrjdA Y tistd
A3 Al (NH),S04 37 Aol coenzyme Qe G717}
oF 2uf) Z71I T The F7)AL] AME Alole 2.3
& ZA3IYtE Coenzyme Qp 7k} #HH opve4t
< I3 Yl §7128AYCE Bacto tryptoned H7}
8l wjx]o]] 97}X]9 ofrAkg Hristed A A7,
= olulikQ) tyrosine H7F A9 coenzyme Qi A4}
22 995 mg/lE BIH7FFRT oF 8.21) F71E oy
phenylalanine®} tryptophans2] TFE W3S ofn|i=ilke)
A7} AlelE coenzyme Qo ARFEO] 23818 Zihd=
Ao g YeRY tyrosine2] 717} coenzyme Qi F71ol
e F2FS RISHATH

# Al

£ dve detdidta 249 AEEdrie 74
Adez F=on, ofd =YLt

A 2008 99 179, A 2008 129 159
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