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Abstract: [Objective] The objective of this study was to improve the production of coenzyme
Q10 of Rhodobacter sphaeroides by replacing crtB (encoding phytoene synthase) with ubiC
and ubiA (encoding chorismate pyruvate-lyase and 4-hydroxybenzoate: polyprenyldiphosphate
3-polyprenyltransferase, respectively) from Escherochia coli DH5a. [Methods] The plasmid
for gene replacement was constructed with a suicide pSUP202 as vector, and its insertions, in-
cluding the up and down streams of crtB in R. sphaerodies 2.4.1, spectinomycin resistance
gene, ubiC and ubiA from E. coli DH5a were obtained by PCR. RT-PCR was used to detect the
transcription of genes. HPLC was used to quantify the production of coenzyme Q10. [Results]
The gene replacement mutant of R. sphaerodies was constructed, in which the crtB was re-
placed by ubiC and ubiA. The transcription of heterologous genes was confirmed by RT-PCR.
The productivity of gene engineered strain was 1.6 fold of wide type. [Conclusion] The strain
of R. sphaerodies with improved production of coenzyme Q10 was obtained successfully, and
the ubiC and ubiA from E. coli could transcript with its native promoter in R. sphaerodies.
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Fig. 1 Chemical structure of coenzyme Q
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AP, AR RN . REESIHAL RIS N
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REN INAHEE Q10 MYy~ i, T AL BB A HR]
PEHIEO,

R. sphaeroides 2.4.1 BRI 1) — 15
RERR, HIEHANF TAEC e, ke
MG QL0 MAY A M FEEEBF WA 2,
R. sphaeroides 2.4.1 MY EENE ™ A= Hfi i Q10, 1 H.
REAS S UK IS MR, BN R LL
. crtB FEH gL —F /A F MR AT, 68
P XU A= B £ W5 R (Geranylgeranyl diphosphate,
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Fig. 2 Biosynthetic pathway of coenzyme Q10 and carotenoid in R. sphaeroides

BT 5918 ortB JEH 1 1 Rl 2.5 kb K/
BH519) crtBup 1 crtBdw, 48 F= 5O WS e
IR . E. coli DH5a J&2k H E. coli K12 fIfi
Y, ARIEAARY E. coli K12 W3110 H ubiC Fil
ubiA EER P, ity 45 ubiC Al ubiA %
PR e HL 5 2 X3R5 1) ubiCA., B 15 14 L3k
1. PCR JZ i KOD plus fi(TOYOBO A +]), &
N AAAR B UERA 57T, R KREE R 56 °C. BT
1% %% ABI 2720 PCR {¥(Applied Biosystems).,

PCR =421 e 56 1E 1 51 (%) TR A v (O P L 36
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@k pCIM17, pCIML7 JH Stu T FYI 5 5 RkE
FH Stu T BV crtBdw PCR P43 4:, FEE Rk
pCIM18, pCIM18 [ Stu I f§¥IIF 5 Stu 1 BEHIRY
ubiCA PCR =#i# % A pCIM20, pCIM20 F-ik
M ostul BEU) R AT Fim &t B, S H
Sma [ YR Y pHPASQ Foki H () H: W as =Pt
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#z1 ZAWHREFA PCR 5|49

Table 1 Primers used in this study

Primers Forward (F) Reverse (R)
crtBup GCCGAATTCTTCCGCCGCTTCCACGA (EcoR 1) ATAGGCCTTGGCCTGGACCTCGCTCTATT (Stu I)
crtBdw GAAGGCCTACCTCCTCGGAAATGTTGTGC (Stul) GTAAGCTTATGGCCTGCTTCATCTGCTC (Hind I11)
ubiCA ATAGGCCTCGATACCCAACAGATGAT (Stu I) GGCAACCCAGAAGAAAGC
RSDan GAGCCACATCACCATCACCACG GCATCTGAAACAGGCGCAACC

RSDan3-ubia GCTGTTTGTCGTGCTGGTACTGAT

CCGAACAGGATTGCCGTGGATTTA

T R RIS I RRIIOLATR7Y, 45 BRI A DTG 44 7.

Note: The underlined characters are the additional restriction enzyme sites, and in the brackets are the names of the restriction en-

zymes.

1.3 EEBERERTHRAIHEFLGIE

XTHSERLT AN st A5 1 E 2 252% Donohue
S 7 B IR S, K R. sphaeroides 2.4.1
&7 pCIM22 kil E. coli S17 23 BI7E LB &4
FRHE(10 g BREE U5, 5 g BEREHS, 10 g NaCl, Z&4H
K 1 mL, pH 7.0)H 8-SR (Grmk 32 °C F
37 °C), SRIGHANRIHTEERY LB Kradkrh, A%
ODgoo=0.6, &5.LIEERKR, —# L) 1:10 (VIV)I L
BlRAE—, AFER LB ¥k 2 Ik, EEE
500 uL 9 LB H, SRFIRMEIFEAE LB Pk I,
32 °C R E G FE 6 ho KR AR MM TEI 2%
4 1 mL Sistrom’s 3557/ 2504 (Sistrom’s 1%
FEHEZ M CHR[24]) . 4 °C . 12 000 r/min &5.0> 1 min,
75 FIHW, A 500 pL pkTA Y Sistrom’s 3555
5, MGG, IRSI40% . 20 0.1 mL ¥
Sistrom’s H 24N G IR fE & A LR WE N
200 mg/L Na,TeO, F1 100 mg/L W% £ 1
Sistrom’s -4z I, 32 °C #5% 2-3 d. B i
G oo Rl 2R B 58 20N B R AUIE A
MY LB PR, Gk aeg e R A K
MANREBAE RN 2 R AR A 58 bR

X T 5 AERRR SR UER ] PCR Jrik, 4 crtB
B L FUFES, #5149 RSDan (R 1), LU
RAFRRAIN & ARG DNA AR HR T 1,
M TR Y ortB JER B AR Pk

K RIGAFHRY ubiC 1 ubiA FED T &4, P Hri
KNSR, DA BIE 5L PR B4 i & A
1.4 EIKLIME R A BEIEFT

B R BN R W 55 2 BESCHR[L3], 11 o £ e
THFRR( BT R A 15 9, REHEAM 159
H1 NaCl 5 g) 32 °C.220 r/min %4 FHEARREFE 36 h
JE IR 5% (VIV)EERM R 2 AW SR A (R T
BEd 20 g, MEREERECY 15 g, (NH).S0479,
K,HPO, 0.5 g, KH,P040.5 g, MgSO,7H,0 0.25 g,
Vitamin By 0.008 g)H3%5% 48 h, ShERHINE itk
KK, ARG 3 41T,
1.5 ubiC #A ubiA ERF ¥ RH RT-PCR IiE

RNA B BCR HI—20 k8 RNA 2 B
Redzol (AL FE A EEAH]): B 1 mL KB 4 °C.
12 000 r/min B.L> 1 min J5% F3&, A 1 mL 1Y
Redzol &k, FEXi#sH (Precellys 24, Bertin 24
w])LA 6 500 Hz M3k 5h 20 s, [AlHEK 20 s, FELIAH
[ AR 20 so AR S RIVECAE VK 840
%0 °C, P#EMmA 200 uL 545, JR%)5 4 °C.
12 000 r/min &5.0> 15 min, 7F 3% W% $om A
200 pL [ ZEEHRATEHCE 600 pL IR AN ARE
JE R D alifb At N, FEVK EFEE 1 min J5, 4 °C,
12 000 r/min &5.0> 1 min, A4k A 600 pL
RNA VB, 4 °C. 12 000 r/min B.0> 1 min, ¥
LA HT BN, 4 °CL 12 000 r/min &
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O 1 min, DIBIERZEBR RNA PRI R atifbFi
NFTHIEDAE T, AN I 50 pl /Y
DEPC 4b3UK, 7K _I-### 1 min.4 °C .12 000 r/min
B0 1 min, VR

RNA 11933 5% 5 [z i >R H IR 7] & (RevertAid
First Strand cDNA Synthesis Kit, Thermo
Scientific), 27 3 pL Z: DNase | (Fermentas /3 )
FigRb PSS ) RNA FESLFD 1 pl BEALS [90iEF1, H
DEPC AbFHA /KA E = 12 pb, FARKINA 4 pL

5xReaction buffer, 1 pL Ribolock Ribonuclease
Inhibitor (20 U/uL)#1 2 uL 10 mmol/L dNTP Mikx,

1 pL RevertAid M-MuLV Reverse Transcriptase
(200 U/uL), 25 °C 5 min J5 42 °C JzJii 60 min,

70 °C 7KV 5 min 28 1E v, A R cDNA ] B2
FHF PCR K2 .

PCR KHiE ubiA JEH AFESE, 4R ubiA 13k
HF5, AR X519 ((E 1), 20 uL
PCR W RZR & 1 b FaRpysife k=9, 5l
¥4 50 pmol/L, dNTPs 10 mmol/L, Taq i} 1 U
(Fermentas A ), 2w 55444 94 °C 4 min; 94 °C
305s,55°C30s, 72 °C 1 min, 3t 30 MEEF; 72 °C
5 min,

1.6 HEE QL0 HYIRENANF=EME

FEERAT A AT QL0 M4REL B 5 mL K%
WESDFE T, A 7 mL F SR A, 55 °C
T 5 min A 14 mL ST 7R, SR
OB EERES —BLE S, AR SRR
1/5 ) 0.58% NaCl ¥R~ n#E, R T2
BHM, ZETIEMA 2 mL ZEEA ke s BEIE

FEA B SEE Q10 it H HPLC M, Waters
alliance 2690 /=i 0B AH A 1543, Waters 996 PDA —.
W ARG 2%, Waters Millenium 32 TAE , {7
TEFE A Agilent TC-C18 (4.6 mmx250 mm, 5 um),
I E: 2.l (Merck, HPLC £%)=30:70 (V/V)Z5JE 3k
JiE, ek 1 mL/min, AR 275 nm, @it 5
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WG Q10 FRifEh (Sigma 2 F)) IR T AR 8 e B
K5 K TR R RIS DR s B RR G 1

2 HZRHRM

21 ERFEEBRIBIARIIE

Wi 2 Y TR S, Ee AT ARAR
el JSORL, ok g uESE S UL 3, FH Hind 111 i)
ki, 185125 2.0.2.7.45 M1 7.8kb 19 4 5445, 5
TR B S5 0 —20, FH EcoR | Bi#Y), 251153
T4 32, 48, F19.0 kb K/hH 3 5728, S5
WA 25 K/ h—3 IEFE R Bk R pCIM22
ST .
22 FEIKAME crtB EEEBHRETIHRIIKE
F0LEIE

FERATANE ortB L B s B EILE 4, $k
TEREFEH MR R g3k AR KA gEfE &R
BRIEE AR SHRE 7, BliERER
HUH 5 DNA I RSDan A5 ¥ 17 PCR Y1, J
L R. sphaeroides 2.4.1 f§CA%F /., PCR P #1%
VKK (E 5) @7, LA R. sphaeroides 2.4.1 JyHitk

bp Ml 1 2 M2 bp

9416
6 557

4361

2320

El 3 pCIM22 &Y Hind I11#0 EcoR | Bt 4 #f

Fig. 3 Digestion of pCIM22 with Hind I1l and EcoR |
7E: M1: 1 kb ladder plus; 1: pCIM22 F Hind 11 AR5 5
2: pCIM22 H EcoR | BDIRIZ5EE; M2: AMHind 111.

Note: M1: 1 kb ladder plus; 1: pCIM22 digested with Hind IlII;
2: pCIM22 digested with EcoR I; M2: A/Hind 111.
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R. sphaeroides 2.4.1

18kb

1[I0 x:crm o > mB 0oo

R. sphaeroides Dan3

l

oo -m-} mm.m oo

4.9kb

4 EHAPEMERERTEE
Fig. 4 Strategy of replacement of crtB in R. sphaerorides 2.4.1
FEERLT AN 2.4.1 SN E A crtB BB ZEHTMEILDN | ubiC JE[RIAN ubiA JE DK BT Rty il S8 AR RS ER T 4114 Dan3. &
Efjm T 514 RSDan 7E2KERZLANT 2.4.1 Fl Dan3 L3 BI4 5 i 1.8 kb 1 4.9 kb K/ A B

Note: CrtB in the chromosome of R. sphaerorides 2.4.1 was replaced by aadA, ubiC and ubiA. The mutant was named as R.
sphaerorides Dan3. The sizes of PCR products from R. sphaerorides 2.4.1 and R. sphaerorides Dan3 with primers of RSDan were

indicated.

bp M 1 2

5000
4000

2 000
1 650

B 5 PCR I&iE R. sphaeroides 2.4.1 138 Tk

Fig. 5 Confirmation of R. sphaeroides 2.4.1 and R.
sphaeroides Dan3 by PCR

1E: M: DNA #5171 kb ladder plus; 1: X R. sphaeroides 2.4.1
34 DNA MR PCR 74, 2: L)L R. sphaeroides Dan3 .
DNA S#5i4 (1) PCR =4

Note: M: 1 kb ladder plus; 1: PCR product with total DNA of

R. sphaeroides 2.4.1 DNA as template; 2: PCR product with
total DNA of R. sphaeroides Dan3 as template.

FE RN R 1.8 Kb Z245, SRR FIr=Y)
K/NZR 4.9 Kb, STITAHAT, EBH XSS b vk
B, IR L R B s AR Bk 44O R. sphaer-

oides Dan3,

TERE SRR v, FRATABIE LB F
M b, LR EHZ7EFE R, sphaeroides Dan3 f 2
B2 B AU R, sphaeroides 2.4.1 4L (475 i,
RS, PRIt T2 Ky 2
NERETGIER, crtB FERMRER FE T MR
GRS, ML A s8iE H R, [F, &
BB P S SRR i, W RE
PSRRI G G, R, R R B AR
TR 100 %) A0 A8 IR S 1 356 PR 40 5 A A A
2
2.3 R. sphaeroides Dan3 # ubiC-ubiA &£t
& B %% %

FE LI RE 1 SR R s S AR RSt b, B
GEF GBI T KM AT T %) 43 SR 24 it Tl
FEPRIHT 4-35048 H RS R i BE DN BE A 5 SR AN R 15,
W T EAZ A Y i R R R S T R
K, IR RT-PCR 14 5 i KHE /NI A 1)
5%, ubiA i T ubiC YR, JFHALH—ANE 3

http://journals.im.ac.cn/wswxtbcn



600 A=) 24 384 Microbiol. China

2013, Vol.40, No.4

FIXIR, ik, A ubiA BFE S5 75T LIS IR
XA R, IR T Y
RSDan3-ubiA (5% 1), DAk 24, 48, 72 h BY1H
Pk RNA S EAZ U cDNA Jfit, HLIk4S
(B 6) sy 4 h 5t v B/ IMERF G 074,
UESE T AR ubiA JEHFTERAERR R. sphaer-
oides Dan3 1, 7E& % 24, 48, 72 h By, #B
A maEe sk, JF L n mRNA e/ .
P LR 41 DNAAE A PCR RGBT IR, LA 24
48.72 hixX 3 PEFIAI BT RNA SR, RP 3
7, UEH 3 MU I DNA ByT5 4,
RT-PCR ZRAEH IIrg | AR H R 8 1 3
WEE B B R 3RS IE

2.4 R. sphaeroides Dan3 i i#f§ Q10 HI= &

e

ait

I FHAA LIS S B FIAE B i, M R TR
P R. sphaeroides 2.4.1 FkE [ ok B bk

Au
020 F

0.15 F
0.10
0.05
0.00
0.20
0.15
0.10
0.05

0.00
020 F

0.15 F
0.10 F
0.05 F

R. sphaeroides 2.4.1

R. sphaeroides Dan3

Coenzyme Q10

R. sphaeroides Dan3 H {2 N Q10, Jf-£ad
HPLC a6 Q10 iy & i, THARRIY A= = 5
M HPLC EH (B 7)0T LA & 5 A8 #E R. sphaer-

bp M1 2 3 4 5 6 7

6 PCR I&iE ubiA K% 3%

Fig. 6 Confirmation of the transcription of ubiA in R.
sphaeroides Dan3 by PCR

1 M: DNA 2 F-E8454E 1 kb ladder plus; 1: LIZKERET A0
Dan3 i DNA SR W BHEE X IE; 2. 3 Fl 4: KT8 24, 48 Fil
72 h [ RT-PCR j=#; 5. 6 F1 7 40l Lh K 8% 24 48 1 72 h

Note: M: 1 kb ladder plus; 1: Positive control with total DNA
of R. sphaeroides Dan3 as template; 2, 3 and 4: The products of
RT-PCR of R. sphaeroides Dan3 cultured for 24 h, 48 h and
72 h, respectively; 5, 6 and 7: The negative controls with RNA
extracted from R. sphaeroides Dan3 cultured for 24 h, 48 h and
72 h, respectively as PCR templates.

0.00 N . T I

2.00 4.00 6.00 8.00

10.00 12.00 14.00 16.00 18.00
¢ (min)

B 7 BEBERKIMAEMAE QL0 By HPLC &4
Fig. 7 Analysis of coenzyme Q10 from the R. sphaeroides by HPLC

e WHEE QL0 fr) H RS [A]FE 10.7 min 2245,

Note: The retention time of coenzyme Q10 was ca. 10.7 min.
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oides Dan3 (14 Q10 A& ALK T H A bk

23 FHETE QL0 FRifEdh g i AUE s, 24
BR K TR 5 Q10 P~ B H T 75.29%, M
15.053 1 mg/L %] 26.387 0 mg/L ., JiF B3 4 5t
N T By, TEVIWT G U & N R e
crtB KL A BRI, %30 ubiC A1 ubiA KEPH, 1458 T

fE Q10 HYAED) 5 K- o
3 it

BEE NFEXT H B il FE BRI AW &, Xr 4
fits Q10 FZEMEA AR ARG I, PRt viT 370 i il
Q10 MyFF=K H 233G hn . H Ak A: ) & e i g
Q10 M FEEA: ==X, X B 0 i il A e v
SRIREARA P A 2 T AR . MR
HAA - AP E 2RI, 2R, ASEnisEE
Fh SR ET 2% 07, DRI 3o 35 R st T Bk 1 e il Tl
Q10 My & MW 9E T AR BB K I — SR
H AT 0 322 TARESE e KT # A TRy
T, TR AR ™ A YT Q iy Q8,
I, — LSRR PR R I T R RR A L
fif (Octaprenyl diphosphate synthase, IspB)J& A,
SIA G B 58 0 R & B (Decaprenyl
diphosphate synthase, Dds)J:[A, Takahashi %M
Paracoccus denitrificans 5@ T dps A, K5
i AR FF R Pk, MTiA: R Q10
R TR R R A i Q10 YRE ST, SIAJF
15 2SR AR RER IR R 18 12 (MEP) B H B2 LR (MVA)
IEAR G U 22 1 S 3G s i R Bk 2 R A T
—ANEERR, Zahiri FERHITE DH5a 5]
AT Agrobacterium tumefaciens f+ 5% — 45 —
IR A W FE ] (ddsA) Ji, SUAE R AT ik
TRBEHHRRRIEEGZA N, #1575
PR T 1.9 500 R KA B — 2 A
R RIA MR =4S QL0 7 iy —Fh RN,
Zhang %5 5% & B, H pET28 #ifk 3% ik
A. tumefaciens f) dps LR LR |, 23K ubiC

H1 ubiA KL, i 77 b B9 Q10 P RS
T 55,

JAERT R T B4 6 R TR e R s i e
Wi Q10 By~ &, SR H AT A A KPR IR Y
T Q1O FAFNAH LU IR ALAK, [R)A A oA 7 Hhide ]
RETRA T Q9. Q8 FEnisr, i T4ty
A, FHIEAE ST Tk A=A X A
FRAIE QL0 Y LR AR 40 TR IR A5
BASEEE L, HAET, X TAEFEEEPTE
BAE RN AR T 2wt AL B
T-BOGE ISR 20 R A= P i T Q10 1 A LA -
ARG A—RR =4 QL0 AYZSERZT AN X B
Fih &, fE4%E T HimE Q10 AUl TREATSE A4S
I — 20 25k PR B 8 9 70 SE B AR AS 17 o3 (k2L
T EE N RS R AR AR R, It
IR Tk A KBTI 4 SR A FE ) ubiC
Il A-F 2R H RRIL RS IGIEIA ubiA, %l Q10 f= &
P& T 7529%, M 15.053 1 mg/L 2 & #)
26.387 0 mg/L. HHiFH#EIE A 48 h friiiny =
FILARIEF Tk A= 72K, SR TTABIESE Ry KR
fitf Q10 2B TR HE N e P it TR, JFHE
P 7K V-] BE E A 15 77 HE A A AR ) A 19 5 T B
A TR R B 425 ]
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