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Abstract Coenzyme Qi (CoQyo ) is an important electron transfer molecule in the respiratory chain and the indispensable coenzyme in
the production of ATP, and it is widely used in therapeutic applications for several diseases such as heart diseases, hepatitis, Parkinson
and so on. In order to improve the production of CoQ,, this paper studies the screening of the mutant Rhodobacter sphaeroides aiming for
a higher CoQ,y production by genome shuffling. According to the biosynthetic pathway and its mechanism, various resistance markers are
selected, including the roxithromycin, the kanamycin, the p—hydroxy benzcic acid, the vitamin K3 and sodium sulfide (NasS). Their
concentrations are determined according to the tolerance experiments on Rhodobacter sphaeroides. The improved starting population
including nine mutant strains is generated by different resistance markers and different mutagenesis ways, such as the ultraviolet
irradiation, the ultraviolet/lithium chloride, the diethyl sulfate, the microwave radiation and the y Co60. Several high CoQ—producing
colonies, including PN13, are selected from the first shuffled library. The CoQ,, content of the PN13 reaches 2.39mg/g, 2.52 times of that
of the wild—type strain.
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FFE DAL AL, DA B CoQyo 100 7 B

1 #MEPEE
1.1 ##
111 &

FERLLANE (Rhodobacter sphaeroides ) , HEVE R, 14 B
e ] 5 3 A AR A B0
112 KFA5HEK

PR AR W — AWk 2l A R B A (b
AR AR R R (AL 2555 M), 2 R Y IR
(EAERAF T A R, A4 K3 i s —E Wi
AT, WEEE (Amreco), B Z T 6000 (PEG 6000)
(FLUKA ).

SMM £ i . HEHE 0.5mol/L,MgCl, 0.02mol/L, i pH K
7.0, 121°C,20min (55K E , T 4°CHRAE .

113 BEHE

LRl B TR (IS B 3R 38 ) R Y 1L.Sg/L, Hi 49 B 1.0g/LL,
it $E B 1.5¢/L, 26 (M IR 5.0g/L, NaCl 3.5¢/L, K,HPO,-3H,0
6.08¢/L.,KH,PO, 1.32¢/L,pH 7.0, DL [} 3% 3 121°C,20min 5
K, B 2P INA 1.5%—2.0%H9 B G # .

PEAE B SRk (W 8 B SR 2k ) 7R SRR B IR R RO BE R L S
109 1) BEBE

PO B IR 5L 40 0 BRI v B 1) 0 20 R R 3R OR
R, FIHER e Mgl R QB TREFARKTLK S
B b S IR BRTA . KA RIPTE A P 43S T 3] 5 Bl R o Ak B
P A B R Bk T ) B AN IR Wk B2 (e vk i 3R
12 Hik
121 HERIC R ZiE

PRHL TR K B2 R T SmL WA EE 7R3 b 7R 5 55 9% 20h
Joi L 10% 3 R B2 T 10mL SR 15 35 6 15 9% 1006 1
B A TS AARNRWENS AHE RKIER W RER
HR . G Ab g A dE 2k 2 K3 (Bt 5% 35 3 7 B b Fn a1 7%
FOT AR R T 30°CHEFRA T, B R T2h I HEAT R YA AL,
B 2 AN TRV BC M .2 40 B e ) e
1.2.2 B ZEFEI R.sphaeroides B I T K i1k if %

PRHL TR K B2 R T SmL WA EE 7R b 3R 5 B % 20h
Jei LA 1094 Fl-B 5% 32 T 10mL S AR 8s 77 3 55 3% 10h,30001/m
B L Smin, 772 B, A FRER K VR 3 K, A T A PR UK
op R RE A MR BE = 10 mL.

ELAME AR B SmL B AR T 6em TG - ML 7R R
I5W, B % 30cm Ay % 4 28 4T F 4 B B # B4
30,60,90,120,150,180s, 2147 PR BV ML . T HR W5 5 0F T 1
7% T2h, WIS THE, 2 Bt R M 4

LHMLICHIFA B8 T IJLA R HME S LiCL A R 41501
A4, A 1:LiC1 200mg; 41 51 2 . LiCl 200mg+UV 30s; 21 5
3:LiCl 200mg+UV 60s; 414 4:LiCl 200mg+UV 90s; 4151 5.
LiCl 200mg+UV 120s; 41 %] 6:LiCl 200mg+UV 150s,,
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% 1 R.sphaeroides & T = 1% £ 16
Table 1 Tolerance of Rhodobacter sphaeroides

EEARES 353 R B X R R i R 2 Na,S # VK, %
Ptk e &9 /(mg-L™) /(mg-1) 1% /(mg-mL™) /(mg-L7"))
1 3 5 7 3 5 7 9 005 01 02 04 1 5 10 15 05 1 5 10
R.sphaeroides
1.0 0.06 0.003 0 029 005 0003 0 02 0 O O 3 04 0 O 0.04 0007 0.001 O

174 1%

R H Y AL 22 T7 34 R.sphaeroides W AT 75748 4 B )
RSB T — R AR (K 2), Hd B e Ry
PR U 1 A5 E 1 LH13 CoQy & & 7T 15 % 2.01mg/g , 5 7 1R 2
T LI Ry AR R OR B R Bk T BR O 3 15 2 9 PHB3T,
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Fig. 2 Fatality rate of Rhodobacter sphaeroides
under ultraviolet
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Fig. 3 Fatality rate of Rhodobacter
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Fig. 4 Fatality rate of Rhodobacter sphaeroides

under microwave radiation
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Fig. 5 Fatality rate of Rhodobacter sphaeroides

under ultraviolet/lithium chloride
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Table 2 Mutant strains screened by
resistance markers

it & T 1 B Pk g CoQ,o Fr it/ (mg-g)  FEREAEEL
LH11 1.67 0.76
LH13 2.01 1.11
VAR LH15 1.56 0.64
LH30 1.74 0.84
FRE =R KM5 1.62 0.70
XoF F2 2K H i PHB31 1.81 0.91
Na,S Na,S16 — —
fi k2 K3 VK7 1.56 0.64
VK12 1.45 0.52
— R.sphaeroides 0.95 —

23 ERAHA
K T A 75 o ) A AT A R bR B0 0 O L T bR

ﬂfi
s S

WO R) AT AR R LA e, Sl —deml A WIS 9
MR S AR KR (3R 3), I R HH B bR PHB31 fE S H &k 1A #E
B Fl 4 TR RR 7 R v, i PHB3 1 F1 Na2S16 Filt4 1 5K 9 PN13
BEAR A7 CoQuo 1Y H AT IR H 2.39mg/e , J& JE R 11 2.52 5, 55
JRH AT BEALFE T I . (1) R BB PHB3L (7 B 505 5 (2)
Xof 3 B R FR R A Sk B M 97 5 4 T ARSI TR R X T CoQ B K
AR A 2, G AR S A I A3 DR BB % 15 L At L b ok 7
P G P A DR B R AR T CoQy PP it TR B LT R 2R |
RABEE R AE R R IEAT RS 0 RS T AR R AR
ST LA S T 00 A 5 R R aE — 2D AR R CoQ 1 4 1E 5 il
G RATERE
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Table 3 Mutant strains screened by
genome shuffling

PO =N
COQ[[) =] E/

B RS 5 A ) Eir R
(mg-g™)
R.sphaeroides — 0.95 —

KP2 KM5,PHB31 1.17 0.23
PVK3 PHB31, VK7 1.78 0.85
PVK4 PHB31, VK7 1.32 0.39
PVK9 PHB31,VKI12 1.57 0.66
PKM3 PHB31,KM5 1.65 0.73
PKM5 PHB31,KM5 1.53 0.61
PN13 PHB31,NaS16 2.39 1.52
PN2 PHB31,NaS16 1.19 0.26
PN16 PHB31,NaS16 1.50 0.58
PN17 PHB31,NaS16 142 0.49
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Pl BT P 97 26 bk 10 A0 2 DT A S i 5 280 Y TR I
M AR CoQuo 11 FHHLEE K & 1l g 42 L ML T JL AR AN [+
9 DUV Gl e A i - 2 £08 R RO R R IR R LB
AN FIAE A= 2% K3, I AR B 205 O RN R R P AE %,
T R I A R T 4G R e A A AR A O AU
T T CoQuo HA BT AL HT T Lk 2 20 %5 2 A O i ik
PRIC D ; X L R 2 CoQ o A2 & B T 1Ay 5, 4k 7E 3R
K3, 725 CoQo &5 12N IR IS AL 5 4y, JIr LA 28 2 T g A
HEr 3R K3 AR IR . 7 ) sl HL 5 4 2R (DU g 0 2 Ay 7 B A
1CW 5 CoQ o A2 WP B Fh A3 SEUAAC, T £ 1A DU Sy — R I
QB NS T Syl i T T 7/ B v e i e
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FHER AT CoQi B RN KEH R RIEE RN CoQu )5
SNE A0 A 0 A B R S R BT R AR . R LR R i)
FE AT L5 Bl 1L G237 A8 b R CoQo 1 72 T8 Bk (14 1 280 0 1, S
A LARIL CoQuo B BT R BB . A2 A BoR 1 & Ak
AR (R 98 AR T ORT IR 1) 1 5 AR E Y A AR A R UL TE
AT B RO AR R Rl A T e RRse

DA AR A A K3 E AT M O R O 5 3 9 98 AR R
CoQyo =85 54 57 3mg/L 1 59.9me/L, B & wEIRE T
35.7%HN 41.6%., Yoshida SEC 34 B AL B AR TP HEIE T CoQyo
P R v MR R A AT B KY-3085 i 2 @I 3Kk 1 KY-3940 FIBk
TELLFF B KY 4113, DLk 055 A8 70 A5 A% 48 75 3 b AT 5 A8 ik
IR L- AR LA R R A F K3 AT Pk i
Ve, Zad 5 fUEAE 4 P ETR L, BE T 1 MRS AR R,
CoQyo 77 B ] 35 346.8mg/L fl 8.7mg/g T 40, /3 5 J& B A=
VMR 2.8 £5 1 3.6 fif o A SCRFHU I 0 26 15 JE DR 241 0 4 45
ER BB OL SN i — 50 FE D 2 A, o Pl 2848 Bk PN I3
7 B 2 U 2,52 A% RO 4 AT O e ] g B
TH B AEME, AU T N 4] s R i
CoQuo 1777 FE AL Bk (¥ PR A 28, (HJ2: , H HTA B 58 0T 44 2 1 1E
e 28 78 2 2 TS R A BRI 1) 2 A8 32 [N A il 28 38 AN 0 =
B, PR TR A e A R g BRI R — 2P R
MIGEAL i, ARHIFSE T — A6 4k S PR IE [ 01k 248 I b A7 5
DA 2 5 28 i 0 30 ) 3 e A P o R AR Y e R
ARtk 5 R AR AL G DA R4S B ) 1 S8 AR bk

4 ZHR

HRYE CoQuo I G iR 2 LAE ML i E TR AR R
A2 A FRIR R A 2 K3 FOG Ak 1 o B0k 0 1 A
109 53 ) 2R AN SO LA R B IR = O TR I A Bl 60
S T 2% R.sphaeroides PEATZEAS A PR R Be b i 9 i i
th 9 Bk S AR RAE A Hh R TR MRS A IE SR PR 5l ok — AR R R 2
A ARG T R, P PN13 7 CoQy (19 Tl 3K 2.39mg/sg,
IR 252 1%,
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