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Table 1  PCR primers in this study

primer sequence (5'—3") target restriction site
ubiA-4 ( sense) CTTTTCTGCGATACAATGCC ubiC

ubiA-5 (sense) AAACCATGGAGTGGAGTCTG Neo [

ubiA-6 (anti - sense) CATCAAGCTTTTTTACATCATC

ubiA-S1 (anti — sense) AGACGCCGGCGACAAACACT ubiA NgoM IV
ubiA-S2E52 ( sense) GGCGAACCGGCCGCTTCCCAG Eco52 1
pMAK-1 ( sense) AGCCCAGTAGTAGGTTGAGG pMAK705

1.1.6 %t DI ABEHLT 51 19 #1455 BT 90 a0 T
(I % % & 90bp 4 Oligo DNA: 5'-CCGGCGTC-
TGGCTGN - NGCGAACC-3";5'-GGCCGGTTCGCN ---
NCAGCCAGACG-3" I i 43 5 4 NgoM IV F1 Eco52
I BOKG P AR 3, N--- N 2y 69bp HYBEHLIF 51, DL STE
Buffer Jf§ Oligo DNA /4y 5l % fifr, 28 ¥k By 1.25
0D,,/100 WL(5 pmol/wL) . U4 KR I i 1 i
J B W 9F 2= — > Eppendorf 4 1, 94%C 72
10 min/GF M EZER,BEWELN 0.2 pg/ul
XUEE DNA VR
1.2 KBAHE MC4100 ¥k ubiA EEHBANRE
HA TR pCA ARSI WA H B8 8T
(1 ubiC Fl ubid KPR He A pSPT2 AR BRL T7 J5 3 1
U R AT ) 1 — A wbiC + ubiA FHE PR 3R IA BURL,
pCA £ Ssp I ANSELEEY], Il 4.7 kb BB H S
1.3 kb PR o Y K $77 M 5 R 3% 45, 45 3 1 40 BT okE
pKm-Aubid, ¥ pKm-AubiA f Xba 1 /Sma 1 FY] 15

# [ 2.8 kb 9 F Bt, 5 2 Xba [ /Hinc 1 i Y1 Y
pMAK705 F Bt i% 4 , 159 5 41 i b pMAK-Aubid, ¥4
HG A MC4100, 28 53 — v A] U6 32 41 0 i 15 5
ubiA 3 H 3 A 278 b pMAK-ubid/MDA12, LB
ubiA-4/ubiA-6 i i 18 % PCR #1745 5E .
1.3 =4 H pTrc-ubiA/MDA12 Bty

LG ubiA-5/ubiA-6 3415 51| B A= 7 ubid Kt
¥ Z s 2 T g4k 1, 15 28 5ikr pT-ubid (Tre) o
HHH Neo 1 /Hind 1 il V) J5 15 51 900bp F B, 54
Neo I /Hind I BELI #4 pTre-99a K B ik £, 15 2 kL
pTrc-ubiA

¥ pTrc-ubid ¥ 4k pMAK-ubiA/MDAI12, 15 F| XU
Sk R4 pTre-ubid + pMAK-ubid/MDA12 | ¥4 H 43 Fp
T Ap Ml Km (MRS 23 h 44C 5 ERH £
B 0 B BT T IR UL Ap Km & Cm B0,
4RI Ap' Km'Cm™ PEAR (G LR BN, 4y 45 4 pTre-ubid/
MDAI12,
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BUE R 45 B BURL pTre-ubid (S1) , 28 Pst | /Hind
M 4,5 pMD-ubiA (S2E52) % AH 7 g ) )5 15 5 1
650bp F B i #2158 kL pTre-ubiAADI
1.5 uwbiA EE D1 FHBRNEHMHARRTHKREY
I 1%
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ubiA/MDA12 ,44°C 555 . PRAS 0 B0 T8 3% 9 5 I 53 5]
P& BCH J5s - 5% A pMAK-ubid/MDA12 J3% 57 75 4 Jfd
(JERTED 2.3) 0 B9 MR KRS S W5 37°C
76 Cm WARKEFR 5 T % Ap Fl Km (1% ] 44 55 57 4 1
53 B TR P TR L Ap (Km FlI Cm B H0E , K 3R 1
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SR T & Ap BY WK BE FR b, 37°C i K B R
Fie 1% (42 Fh i 15 R WA R T 100mL % Ap (9K
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WA TR T DL JC T 78 K BRI 1 IR Bl e b vk 4
BCoQ 2% Lk [13], i3 CoQ HL 42 ¥y it 17
HPLC £l ,

2 #XR
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2 1Y ubid FEFR N C 2846 A Km Hrik LA
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N ]
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Fig. 1  General strategy for the ubiA gene deletion and identification of the deletion. A: General strategy for the ubiAd gene deletion.

B: Identification of ubiA gene deletion by colony PCR. The fragments were amplified with primers ubiA-4 and ubiA-6 from MC4100

colony (1) and ubiA gene mutant pMAK-ubiA/MDA12 (2); M. DNA molecular weight marker. C: Identification of the inexistence

of pMAK-ubiA The fragments were amplified with primers pMAK-1 and ubiA-6 from Cm® colony (1) and pMAK-ubiA/MDA12 Cm"

colony (2). M. DNA Ladder- Il
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2.2 fHt5% D1 43X H wbiA Rik i #L pTre-
ubiAAD1 52
pTrc-ubiAAD1 %& Neo 1 /Hind I i 4] 15 %)

4. 1kb 1 900bp (4 2577 , 1M 53 97 & NgoM IV 5 Eco52
1 P ) f5 00 fE 45 3 5. 0kb 9 A Bt , iiF B pTre-
ubiAADT 6 2 2 ( 2-A) o

()

kb

S

1.1—
0.5—

TE A # pTre-ubiAADL ¥ 53 2 b, ) JH 51 9
ubiA-S1 Fl ubiA-S2ES52 1 AR Bl 48 2 5 B2 15 51 i) i 2
T F D1 Gt e 50 B 43 3 51 AT NgoMIV Al Eco52
T BEDIOL o % TR 28 it NgoM IV Il Eco52 1
VIIE 4 ABEALIT 5 7 B AT il — A~ 52 2 19 . D1 G
1 77 51 e 4% ol BE ALY 51048 B ubid B[R (18] 2-B)

(B)

~ .. .
ubiA-S1

ubiA-S2E52
[ccaoat] | DI | Jccacca] ]
ubiA-S1
NgomlIV ﬁ __ubiA-S2E52
[cceod] | DI (Shuffled) [ Jeoceeq] |
Eco521

B 2 pTrc-ubiAAD1 Eg V] ¥ E B ik & ubiA E[F D1 ¥4 FE
Fig.2 Identification of pTrc-ubiAADI and general strategy for the ubiA gene D1 shuffling. A: Identification of pTrc-ubiAAD1. M.
DNA Marker; 1. pTre-ubiAAD1 Eco52 1 ; 2. pTre-ubiAAD1 NgoMIV ; 3. pTre-ubiAAD1 Nco I /HindIll. B: General strategy for the

ubiA gene D1 shuffling. Grey region: new restriction sites created by primer ubiA-S1 and ubiA-S2E52.
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T pMAK-ubid/MDA12 WAZ5 A ubiA JPH &b 2
WA R ARG, 0 H #5200 G B A A wbid KR
pMAK-ubiA #£ 44°C '~ X vk &2 il , It & NgoM IV
N Eco52 1 BV pTre-ubiAAD1 B 5 FEHLIFF F
B 5 A pMAK-ubiA/MDA12 % 3 44°C
FE SR J5 A A Y B D VR R A 2 D BB AT A AR TR K
A K T B/ NBR FE DR Y wbid JER

Tt M E B AR U Y wbid 587 LAY
TG PR AL, FRATH: B 15 T Ak 2 5 J 32 BUBTR. DNA JF:
FRYORE H e AL A pMAK-ubid/MDAL2 w28 5 W 5
37°C . JC Cm 537 J5 43 25 5018 3% 91 X H 47T Ap \Km |
Cm PHTPERIN, 45 52 107 197 30" 347 517 54" 56
TP Ap'Km'Cm® HAR  $275 Horpr pMAK-ubiA W] fig
LK. LABIY) pMAK-1/ubiA-6 X iX 46 [ B 1 B 4
BRI HEAT PCR B8 (Cm” PR B9 T8 bR S X B |, &5
RN 7 1L 3kb Z&AF, ] Cm® [ R
V& ) pMAK-ubiA 52 Z 28 7, BIIX 26 3 bk b
ubiA PR B SC RE AR AT T T BE .
2.4 ubiA EE D1 HiEF I B LAEARETH CoQ
ERENHLETER DI HBXFEFSH

LI pTre-ubiA/MDA12 Jy3f &4, 5 2.3 i3m0
PR R R AT ] 20 55 3% O D) B 2 b v 3 B CoQ, HPLC
SIAT SR AERR Y CoQ 7™ 1 AH 5 X RE 20 7™ i Y AH X A8

b, CoQ =i A XT A2 4k = | 28748 Bk CoQ ™ i -Xf H]
4 CoQ =it | /X B CoQ =1t x 100% , 45 5 L &l
3, ARSI B R AL IR R L CoQ HBHE HBLE Y
HKIRZEN 6.3% 1 10" 517 54" 56" (25 fL i T
HE T2 FEIBORA A CoQ 1y 7 1 AT W i A8 Ak .
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lﬂj@

o T
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Numbers of mutants
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B3 IEHk CoQ FEMIWRBAMEML(N=3)
Fig.3 Relative change of CoQ produce of mutants (N =3).
Grey column; Strains which CoQ produce showed obvious

change.
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() IR, 4 A% 5 728 ok BonS B A 8 JBokE I 0 e, G

DI WM IF I TR2 .

®2 DNAWAMBAERETKR DI SEBFINSHFERNILER
Table 2 Alignments of D1 obtained by shuffling with wild type

D1 amino acid sequence and their number of position in the whole UbiA amino acid sequence

No- 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 718 79 80 81
UbiA M R A A G C A4 \Y N D Y A D R K F D G H v K R T
10 M R S A G S G W N D C A E P W F D E S v S L T
51 M R A A G C v A N D Y A D R K F D G H A K R T
54 L Q D A G C v v N D Y A D R K F D G H v K R T
56 M R A A G C v \ N D Y A D R K F D G H \Y K R T
19 M R A A L v W A H A E A C P R R E G H A L F G
30 M L A G G S A L \ D Y G P F G v D G P v K R T
34 M Y A S E W v P C D D A H P w L D G D v N N S

Underlined bold number; Strains which CoQ produce increased; Underlined number; Strain which CoQ produce decreased; Gray region: Mutant site.
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HE SCHR AR T Rl 5 B 8 0 B L 7 CoQ
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S, LA S (8 1 EOEBR AT CoQ J it AT — i
S
3 it

il F N T A R DNA /N A BEatE A7 361 % 28 0
R 41 L A8 T 7 T4 e £ 28
¥ WL AT 75 i . RO Haris H 45408 750
ik~ AT 2% 90 WAL (1) ik DNA F B 19
o4 MU DNA 540X K FF 6 DXP g2 o g
24 A HEDR 2L 03 3013 40, S ) g 92 9 T % %
AR B

s 5 40 3 D Bl 45 B i 0 B A v
1 SR B L/ P B, 3R 22 22 U I B £ i
BE/N R Bk 2 i 2 1 BT JROR B AR RN | Y
WGP 191 0 5, DT 5 809 26 HE AR SR, )
£ MBI 51 F X HE D800 o 31X B30 A o 1)
RAHIN T P90 2 REE, ST K BUBE 04T X 58 2
e T A%, 6 Je 95 6 0 20 4T 2 T3 1
¥ 6 6 T R 4 A L R i
T XA AT O SABR 1 f

(75 T A 00 2, ARV 2 SC AR SR Aspes.
ASpTL Asp75 5 HE RSP R A S 00 10 45 6 Asp
(RS I AT AU 5 P A G 40 . T CoQ 4

I TR BRI AspT1 HR AR T L A AL, B =
] DA A sl B 9 A8 Xt M AR 3 1 B 4 w8 m] B AT 4R
(¥ 5110 CoQ £ B Ik /b 1 AL bR X = AL i #B K A2 T
FEAE I\ — >0 T I Pk 86437 5 AR P BB A 52 55 wbiA 2
MR H AL TR TEA G AR, B T AN R AL
PRBCR /D, D BE G 1 W] HL B R A0 A R A A5 5 A
PP ] 5 28 (R 4 L A0k 28 S R R A7 it 5 i A T
(56 FR I AT o it — 20 Y SRR AT

5 Xk
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Application of a model for gene local shuffling in ubiA mutation

Chao Gu, Nan Fu, Jiang Ye, Huizhan Zhang"

State Key Laboratory of Bioreactor Engineering, East China University of Science and Technology, School of
Biotechnology, Shanghai 200237, China

Abstract: As a transhydrogen in the mitochondrial respiratory chain, Coenzyme Q ( CoQ) has a critical role in the
metabolism. 4-hydroxybenzoate polyprenyliransferase (UbiA), which coded by ubiA gene, is the rate-limiting enzyme in
the CoQ biosynthesis progress. However, the relationship between structure and function remains unclear. [ Objective ]
To set up a synthetic oligonucleotide-based shuffling model and apply in the random mutation of DNA sequence of ubiA
gene which codes putative active site. [ Methods ] By using ubid knockout mutant of E. coli. MC4100 as receptor, we set
up a local Shuffling model by replacing target sequence with a random sequence fragment. Sequences of mutants and their
function were analyzed. | Results] After local Shuffling and two cycle of screening, we gained seven mutants. Compared
to the wild type, most of the mutant amino sequences showed obvious change, and had different change trend of CoQ
production. Sequencing result showed that three aspartic acid sites may be highly related to UbiA catalyze activity.
[ Conclusion ] The local Shuffling model we set up is feasible. By applying this model, we preliminary verified several
location of key amino acid sites of UbiA.

Keywords: ubiAd gene, Coenzyme Q, local DNA shuffling, temperature sensitive plasmid
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