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HEWE | 2K 3 T8 (CSP) | B REFF R X 35 5L 26 1 R (PHB) 5 % BE T B 3 5 . Box-Behnken 31 K i 17 1 43 47 ¢ B, 4R 98
AT B DK-24 & BEAE P2 Quo (0 2 3% % 2k b L A L CSP  BE £ A PHB 1 J 40 B 1 98 5 43 0 Ky 46. 56,22, 30,
13.46 g/L #152. 38 mg/L, (&Y FEMALER FR 5500 T 58 Qi 7= i P 3K 24. 97 mg/L &R AbAT#E i T 76. 18 %,
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Optimization of nutrient composition for enhanced production
of coenzyme Q,, using Agrobacterium tumefaciens DK-24

TIAN Yu-ting, YUE Tian-li.YUAN Ya-hong

(College of Food Science and Engineering  Northwest A& F University ,Yangling » Shaanxi 712100, China)

Abstract: [Objective) This research optimized the culture components for coenzyme Q,, production by
Agrobacterium tume faciens DK-24,in order to provide technical support for industrial-scale production of
coenzyme Q;,. [Method]) In the first step, Plackett-Burman Design was used to evaluate the influence of
twenty related factors. The path of steepest ascent was used to approach the optimal region of the fermen-
tation conditions subsequently. In the third step,the concentrations of those main factors were further opti-
mized by using Box-Behnken Design and Response Surface Analysis. [Result) Sucrose, corn-steep powder
(CSP) ,yeast extract and PHB with great influence on coenzyme Q;, fermentation were chosen. By solving
the quadratic regression model equation,the optimal concentrations of the variables were determined. The
optimal medium for coenzyme Q,, production consisted sucrose,46. 56 g/L;CSP,22. 30 g/L;yeast extract,
13.46 g/L;PHB,52. 38 mg/L. [Conclusion) Under the optimal culture conditions, the coenzyme Q,, yield
reached 24. 97 mg/L,which was 76. 18% higher than that achieved in the original medium.

Key words: Agrobacterium tume faciens ; coenzyme Q), ; nutrient composition;optimization of fermerta-

tion condition
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W Qi (Coenzyme Q. CoQyo) | 44 25 I R .
1Z i (Ubiquinone) , & — R i A= W) T, S BE W 1k
MR G Y. CoQu ) IZAETE T3 Y Mg AL
20 ML S5 LR AR N S ORI P BB AR 2 R T I
r R AU . AR R A A N A A R Y
T DA S A R N W B Quo HL AT B ik
Jed NPT A A 5 VR S 4 B A0S ) L AT 4 s A
BB T IR IT N GPE RGeS AE O I A8
WITH A EEAE R . A, B 5T I Kk A
Qo B AP ZAE R AT R F 4 e 30 Aotk i R
i i 4003

WG Quo 1 & 7 R A Sh A ) 1 LR O Ak
SRR W . Hh A ) R R S U Quo 1Y
BCAAR  TCG2E R A A W 2 3 P v I R I FH 2
AT N R R A AT W A 7 O I UARE L 4
BRAGEE Qo JF R AR,

H A N R T T A 7 A Quo 1 Al I
AL JLERTE T 6 2 w7 H R Quo 19 TR T AL
RMWERTLL, BEMELRE@SEFTRS T 1
PR 7= 5 Quo 1Y AR AT B (Agrobacterium
tume faciens) 1. 255 4 B2 75 ¥k DK-24 , A W 58 481 LA
W5 A2 MR O 77 T A Plackett-Burman 32 X 5%
M) 4 il Quo VR R K T 1 1 22 IR 3R HE AT 75 4% L X T ik
42 i 8 H R R Box-Behnken 25 9 17 15U , 17
FH W 37 T 53 #7155 (Response surface methodology,
RSMD 15 31| 2% K 2= 1] 1Y 58 B 5% 0 AL B o S Pt ik
95 05, DU AR 9 #F 8 DK-24 A= 7= # il Qi 19 2E
7 LA G B B

I RS RS

1.1 Reg#r el
1.1.1 #XE4 M8 T IEE DK-24, AR &

T AT (A, tume faciens) 1. 2554 ARGk R4S,

1.2 45Kk (DRIEEMREFREE. RN H S8
GRS FRAE . (O M T IR IE. HH A E 10 g/L,
EHEMS ¢/L. B 5 g/L,NaCl 0.5 g/L,pH {&
7.2, (DRBERFEET . G4 20 ¢/L B AN
10 g/L. BebEE 10 g/L. B — A # 0.5 g/L. B
A4 1.5 g/L,MgSO, « 7TH,0 0.5 g/L,pH &
7.2, (O P-B il 5 K BB g8 A % IO 30 50 I
il (5)RSM {86 K B 5 AR Bk . i 5 40 G
UM (EERE R | T oK I T RN R R R TR 1)
it R BTG ) ] B & VRN 55, 0 pH (&
7.2, (6)RSM {56 Bl K BE R . & MR — A 8P 0.5
g/L WA —4h 1.5 g/L,MgSO, + 7H,0 0.5 g/L,

1.1.3 #8 Q, WHXH Sigmall}ﬁjo
1.2 KmA*
12,1 @A FERNHE AR AR T R 5,

PL 50 mL B HEA 250 mL 4B #HH .30 C 200
r/min fEE IR EE IR 24 b AR5 DL 5 00 S b i e A\ %6
A 100 mL & W B 250 mL g . T 30 C.
200 r/min £ & B R K 3% 56 h,

1.2.2 B Q#9425 SR AR P DR 0L SR,
1.2.3 #ids Q& F el R m & SO AR
@ik M E . A% A Hypersil ODS(5 m, 4. 6
mm X 250 mm,Germany) , Jfii 35 #H & JC /K Z - H i
GEFRLE S 9+ DL A 1.0 mL/min, i 30 °C,
Rl e 4 275 nm, FEFEE N 10 pLl,

1.3 WREWigitAHE

1.3.1 Plackett-Burman % %" 56 ¥ By
KUEEHIE 20 4.3 N=24 iy P-B ik % it 3% .
Horbe e HE 3 A2 AT IR Z 50T, % S B
Z:25 SCHR [ 12-15 1A 28 3% i 0 1 40 45 21, OF i 45 A
o B AED 3B Quo o BRI IR BT R 1,

#& 1 Plackett-Burman i3 iZ i+ EEKE R HE4H

Table 1 Level and code of variables for Plackett-Burman design
e 4t Code 4% 7K - Coded level
Variable A 4% Uncoded 4if% Coded 1 Low # High

HWEBE/ (g« L) Glucose X, x, 10 20
R/ (g« L71) Maltose X, x, 10 20
WERE/ (g« L71) Sucrose X3 z, 10 20
W/ (g+ L) Fructose X, x, 10 20
235{ 1 Dummy 1 X; T

EHEMWE/ (g« L1 Peptone Xs z 2.5 5
FKI TR/ (g L) CSP X, x, 5 10
KEHEHAM/(g+ L") Soya peptone X e 4 8
W RETY /(g L™1) Yeast extract Xy x, 5 10

25{f 2 Dummy 2 X1

N
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4% 1 Continued table 1
T it Code 4 7K SF- Coded level

Variable JE 4% Uncoded i Coded ik Low = High
MgSO, /(mg » L 1) X1, ., 200 500
FeSO,/(mg« L 1) X1 T, 20 50
MnCly/(mg+ L™ 1) Xi3 z. 5 10
ZnCly/(mg + L) X z, 100 200
K, HPO, /(g » L~1) X5 . 0.5 1.5
KH,PO, /(g - L) Xis ; 0.5 1.5
FeCl3/(mg+ L 1) X7 T, 20 50
CuSO, + 5H,0/(ug + L) Xus z, 200 500
CaCOy/(g+ L1 X0 z, 0.5 1
Z5{H 3 Dummy 3 X0 T,
PHB/(mg+ L 1) X1 Ty 20 40
Vitamin By /(mg + L~1) Xo, z,, 10 50
Met/(g+« L™1) X3 Loy 1 5

E T ot AR R g E R AR o= (X — X /AX 758 i O B R R S X, O B2 il 5 Kk SF /9 SEBR B . Xo

ARG, AX AR

Note:; For statistical calculations,the independent variables were coded according to the transformation Eq:x; = (X; — X,) /AX,,where z; is

dimensionless coded value of the variable; X;, X is the real value of the X; at the center point;and AX; is the step change of variable.

1.3.2 % M e ¥k X 3 (Steepest ascent design)t'™
MR Plackett-Burman i 56 45 5 481 & #) — o 455 70
Il 2 B AF 5 RN 3T 25 B 0 debE b T
FEAR DA, e 0GR o DA TTIT 26 30T e A i) 07 DX 48
1.3.3 i @ & 5 # % (Response surface methodol-
ogy) T S8 T B K B X 38 5 % F] Box-Behnken
AT B Xl B s AT LA A A 15 3
— A2 02 A] AR L AR A AT AR
Y=8+2Bx;+2B:xi+2Bjx:x;, QD)
Y Sy T 0 AR5 B 3~ Ba 4 i) Ry O A% 0L
T ¥ F1 — B w4 5 5, N2 EAEH R B o0, WA
1Y G B AE L ] B 2 e K P SR X i R A
AN
X,—X,
AX,
Kb X, HEZBREPOMHE.AX, AP K,
R AN Yy HEAT 3 U, XA me N (R 3

(2

T, =

PRI 25 R 0 M8 . 54 B B2 Design-Ex-
pert® 7. 0 (Stat-Ease Inc., Minneapolis, MN,
USA),

2 AR5

2.1 HE Q. fFEXFEXMEFHAE

FI ] Design-Expert x4 %} PB {46 45 % (& 2)
BEAT 7 2250 M G5 R R WY XA Tl Quo ™ B 52 ) W
WY PR A R BB BRI TR A PHB, i
B A 53 BT, BRAT % T A 7 S Quo 1Y B AR
ZIUER TR

Y=11.24+1.42 z +1.01 x +
0.33 2, +0.84 =, . (3)

K.Y HHE Qu H@Tﬁ(ﬁmﬁsﬁ NN il x, 539
B LR 4 ASEE A . BRI e R
# R, =0. 963 8 M M BT,

& 2 Plackett-Burman iR I8 & R
Table 2 Results for Plackett-Burman design

PN Tass CoQio/ 5 CoQuo/ 55 CoQuo/ PN Tass CoQuo/
Run No. (mg+ L1 Run No. (mg-+ L1 Run No. (mg+ L1 Run No. (mg+ L1
1 12.57 7 10. 45 13 11.94 19 9.73
2 10. 44 8 13.03 14 12.40 20 13.03
3 15.25 9 9.71 15 9.43 21 11. 69
4 9.73 10 10. 37 16 8. 81 22 13.32
5 12. 04 11 7.61 17 14.15 23 11.42
6 10. 44 12 10. 94 18 14. 11 24 7.26

2.2 EBEMRHIAIEER
MR PE Plackett-Burman i 36 43 ¥ 2% S # 2 5% BE
S R e Y B 7 R Y @ I NCA N B2 o 1 N5 e

AR TS ) B P A A R LS 3. iR 3 AT A
AP ZR A o o B AR R A TR 3 B AT . ot
K 3 g Je Sl i v i HEAT R L TR 23T
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® 3 mBEREKEZER

Table 3 Experimental design and the results of steepest ascent

5=

Run No. X;/(g+ L7 X:/(g+ LD Xo/(g+ L7 X5 /(mg e« L7 CoQio/(mg =+ L™ 1)
1 20 10 10 40 13.52
2 30 15 12 45 16. 43
3 40 20 14 50 24.26
4 50 25 16 55 22.14
5 60 30 18 60 21.83
2.5 TERMEATRGFEREATOMLES  Hi0 05 % AT RIOKFMS L% 1, BoxBe
5 iF % hnken PR 45 R % 5 s,

2.3.1 =R REEARBA R E 5N W5
*& 4 BoxBehnken i EZHEKEREEKED

Table 4 Level and code of variables for Box-Behnken design

A 44 Code 4% 7K 3 Coded level
Variable JE4i % Uncoded %% Coded -1 0 1
HEME/ (g« L1 Sucrose X A 30 40 50
R /(g « L) Yeast extract X, B 12 14 16
Tk TH /(g L) CSP X3 C 15 20 25
MR FFEFER/(mg « L) PHB X, D 45 50 55

A= (X;—40)/10,B=(X,—20)/5,C=(X;—14)/2,D=(X,—50) /5,
Note;: A= (X; —40)/10,B=(X;—20)/5,C=(X5—14)/2,D=(X, —50) /5.
& 5 Box-Behnken X3 i it R&EHE Q. ~TENLNES HNE

Table 5 Box-Behnken matrix of the four variables and the actual and predicted values of CoQ,

1A 56 241 ) A/(g+ LD B/(g+L 1) C/g+L )  D/(mg+L 1 : (%OQ‘(>’//<nlg : I“ ) :
Run No. S2{E Experimental A Predicted
1 —1 —1 0 0 19. 95 19. 95
2 1 —1 0 0 23.79 23.62
3 —1 1 0 0 21.97 21.99
4 1 1 0 0 22.71 22.56
5 0 0 —1 —1 20.92 20. 36
6 0 0 1 —1 20. 87 20. 74
7 0 0 —1 1 18. 89 18. 87
8 0 0 1 1 22. 89 23.29
9 —1 0 0 —1 20. 54 20,97
10 1 0 0 —1 22.78 23.20
11 —1 0 0 1 21.61 21.61
12 1 0 0 1 23.62 23.61
13 0 —1 —1 0 18. 23 18. 39
14 0 1 —1 0 19. 65 20.19
15 0 —1 1 0 22.23 22.11
16 0 1 1 0 21.02 21.28
17 —1 0 —1 0 19. 29 19. 14
18 1 0 —1 0 18.73 18. 75
19 —1 0 1 0 19. 32 19.03
20 1 0 1 0 23.78 23.66
21 0 —1 0 —1 22.09 22.21
22 0 1 0 —1 22.93 22.65
23 0 —1 0 1 22.67 22.69
24 0 1 0 1 23.61 23.23
25 0 0 0 0 24.52 24,45
26 0 0 0 0 24.52 24,45
27 0 0 0 0 24.51 24,45
28 0 0 0 0 24.68 24,45

29 0 0 0 0 24.31 24.45
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5 38 &

VA8 Quo =5 Y W R {6 A Design-Ex-
pert BAFXHK 5 45 5L (3% 5) PEAT Z T A L4 15
PUHIAG Qo™ oY X REME B R TORI TR A
PHB #9 — 0 2 5 2 ol AR Dy
Y=24.45+1.06A+0. 24B+1. 20C+0. 26 D—

0.77AB+1.25AC—0. 058AD—0. 66 BC+

0.025BD+1.01CD—1. 29A* —0. 95B* —

2.82C*—0.62D", D
A Y o Hi A Quo = i I B A B.C. D 53l
DR R L BERE R LR OK T R R X R R ORI

HEAT W E PRI . PR Y 7 2 A T 45 R (3R 6)
AT, s Faoaa =59. 90, P<20. 000 1, 3% B 74 3 5% 7 1%
FHB) Z R Z it A A HL A 5 0 s R
P=0.064 0>>0. 05, R ;A R*=0. 983 6,
B 1 I DR E R B Ry = 0. 967 2., R BUA A2
AV Quo 19 B A2 TR BE HH I ASE LR ff B . H
T RO 4 AR R Quo 17 i T 50N 34
KO s BEREE I PHB X5 B Qo 1Y 28 1 2% 0 AR
B bR T RS PHB B 5 PHB 938 HAE A
X S Quo 1 52 ) AN S 25 A HC Al 79 9 58 B30 3

(PHB) i 2 i 1A . ik K.
Xf b3 [l AL R R AT 5 22 43 B o OF R R R 2R AR
Fx 6 EARNAFEDN
Table 6 Analysis of variance (ANOVA) for regression equation
7% S R I R B i B ¥r F i P1{A
Source Sum of squares df Mean square F value P value
FE I Model 107. 64 14 7.69 59. 90 <C0.000 1
7% 2% Residual 2.76 14 0. 20
LI Lack of fit 1.77 10 0.17 5.15 0.064 0
iR 7% Pure error 0.13 4 0.032
B Cor Total 109. 43 28

R=0.991 8,R?=0. 983 6,RAq;=0. 967 2

x7 HAFERENBEEERR
Table 7 Test of significance for regression coefficient
o S FibE R sl F i P fi
Model term Loef.fmem df Std. error A —— F value P value
estimate it Low = High

B Constant 24,45 1 0.16 24.11 24.79 - -

A EERE Sucrose 1. 06 1 0.10 0. 84 1.28 105. 21 <20. 000 1
B [ HEFF Yeast extract 0. 24 1 0.10 0.02 0.47 5.57 0.033 3
C EXIT ¥ CSP 1.20 1 0.10 0.98 1.42 134.63 <0.000 1
D xb AR R PHB 0. 26 1 0.10 0. 04 0.49 6.48 0.023 3
AB —0.78 1 0.18 —1.16 —0.39 18.72 0.000 7
AC 1. 26 1 0.18 0. 87 1. 64 49. 08 <20.000 1
AD —0.06 1 0.18 —0. 44 0.33 0. 10 0.753 0
BC —0. 66 1 0.18 —1.04 —0.27 13.47 0.002 5
BD 0.023 1 0.18 —0. 36 0.41 0.023 0.891 0
CD 1.01 1 0.18 0.63 1.40 31.95 <20.000 1
A? —1.38 1 0. 14 —1.69 —1.08 96. 82 <20.000 1
B? —1.04 1 0.14 —1.34 —0.74 54.57 <0.000 1
C? —2.92 1 0. 14 —3.22 —2.62 430. 27 <C0.000 1
D? —0.72 1 0. 14 —1.02 —0.42 26.05 0.000 2

2.3.2 mAEEAKARSWHE XEIHFREMG S
il 53 AT L s 25 5% T 4806 1) o 7y TR ) R S i A5 i) i
T (1) 37 A4 53 B T FIAH B 46 g 4k R 81 1.2 s,
R BN T E TR (CSP) F X #2358 25 B iR
(PHB) i T 548, B} CSP F1 PHB 43 % 21. 89
g/L Fl 49. 40 mg/L B, JEBE RO B8 XA Qi 1Y
RHWR N . HE 1-a A7 LLE L & B b R
T A X G Quo 1 A R R ) T T

oA e AR I (30. 00~ 33. 93 g/L), il Qi 7
g R R TP A B A BT BG I0 5 24 REOR o
JE R T 36. 17 o/ L I o B Jo ke B2 0 Bl Tl Qo 0™
RS R B /DN 5 2 E B O R W O 37, 84 ~ 50. 00
g/ L. BERRH BRI 0 12, 00~15. 43 g/L I . fii Al
Quo I =AM RAE . 25 8 R TR ] S e th 22
RIS ) 55 553 R /0N o O B 3 7S P TR 1 58 B AR I 3
5 R 0 5 22 A0 B f D 1-b AT W A R
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WS R PE RN BA B E WAL EAE

Bl 2 5o T REWE R RE BT 07 1 S AR (R, B RE A
FEEEFF 4> W)k 47. 57 F1 13, 96 g/L Hf, CSP #
PHB X} i Quo 38 BRI . & 2-a 0T LIE
L R B CSP ) 5T o vk B 4l B Quo ™ it A
RS FL T v IS =0 v R R TR Qo
)45 1 s CSP 5T 2t vk B A IR (12, 00~15. 63 g/L)
TG Quo 1Y iR PHB H Sk (19 38 i ifi 38/ 24 CSP
R e A I (21,12 ~25. 00 g/L) L ki Qo 72
S BE PHB HI & (0% 3 i 3% i 24 CSP i & vk & &

(@)

T 36,18 /L I}, PHB 57 & ¥ 3 X 4l B Qi )7 1 19
SeMmE /N 24 CSP R E o 18. 85~25. 00 g/L,
PHB JRim ik )& &y 45. 49~55. 00 mg/L B}, 3 Qi
AW KE. RE 2-b A WA, PHB 5
CSP W8 75 N 747 1 3 1928 BAE A0V .

T X AR TR 2 TR R AT RS R i 3
M A5 1 4 A sgm B 0 A A k- HERE 46, 56
g/L,CSP 22. 30 g/L, ¢ & & 13. 46 g/L., PHB
52. 38 mg/ L, I HH A Y T ) f R e Bz A 25. 10
mg/L,

CoQ,/(mg * L™

16

~ 15
] -
-
B 3
ﬁ’o

2 14
23
e

13

30 35 40 45 50
HER/(g-1L7)
Sucrose

(b)

1 RS IR A A Quo 32 LAY WA A T AT Ca) B S5 v 2k AT (b)

Fig. 1

Response surface plot (a) and its contour plot (b) of CoQ;, production showing the

interaction between sucrose and yeast extract

CoQ,/(mg*L™)

55.0
o s25
a0
&
& 2 500
=S =%
#
)
Mo o475
®

45.0-

- T T T
15.0 17.5 20.0 22.5 25.0

ERET /(gL
CSP
(b)

B2 R FEFE RS ORI T M XAl Quo 2 B 5 M B4 il THT P Ca) B 5 1 42 181 ()

Fig. 2 Response surface plot (a) and its contour plot (b) of CoQ, production

showing the interaction between PHB and CSP

2.3.3 RBIGE Ry TR0 R T A4 o A L DL
2.3. 2 W E W 4 A EE R K Y B A B vk

il % W B % kL A Uk (3 WO &8 L 15 B A Qo 10
FEE (24,9740, 16) mg/L, 5 WU {E 4 A %3
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5 38 &

LT [T U 777 e R A5 1 A5 52 Ml S IR % 7 30 PR 28 ke
T A 7 B T Quo IR T

3 45 i

AT GE R FH W N7 T 43 BT 9k X A R AT I DK-
24 A TG Quo M R BERE SR ERHEAT T 0L, B ks
A Plackett-Burman i %€ H R0 B2 EEH | KK
¥y A PHB Sk 32 2252 e PN 5 SR I i 2o A BE e 3 ik
032 A0 R G o i R T A e TR X 5 e fR
% H Box-Behnken % i} #11 Design-Expert # {443t
WiE 1 4 A F 2w P 1 de Pt o vk B G o ok
TR Z I AR R SRR TR 24 A R L K
HT R JBELEE M PHB 9 0 it 4k B 43 03 4 46. 56,
22.30,13.46 g/L i1 52. 38 mg/L B}, GE3R1G F K A0
W Quo i, (R RS R BT & R
RN, B Qi 7 it n ik 224, 97 me/ L, A4k
Wi #%5 T7 76.18%.,
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