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building blocks, dimethylallyl diphosphate (DMAPP) and isopenteny! diphosphate (IPP). In Rhodobacter sphaeroides these
building blocks are generated by MEP pathway, however, many of the biosynthetic reactions and biotransformations in the
MEP pathway are limited by low availability of NADPH. Improvement of the amount of intracellular NADPH may enhance
the synthesis of FOH. In this study, we utilized the strategies of increasing the production of NADPH and decreasing the
consumption of NADPH. The expression of glucose 6-phosphate isomerase (pgi) and glutamate dehydrogenase (gdhA) were
inhibited by RNA interference, respectively, and overexpression of 6-glucose phosphate dehydrogenase (zwf) and 6-glucose
phosphate dehydrogenase (gnd) in the pentose phosphate pathway were carried out. The results showed that the content of
NADPH in the recombinant strains increased significantly, the highest FOH production of RSpgii in the RNA interfered strain
was 3.91 mg/g, and the FOH production increased to 3.43 mg/g after zwf gene and gnd gene has been overexpressed. In order
to obtain strains with higher FOH production, we used RSpgii as the starting strain, and zwf, gnd and co-overexpressed zwf +
gnd gene were overexpressed in RSpgii, respectively. The highest FOH production of the strain RSzgpi reached to 4.48 mg/g

which was 2.24 times that of the starting strain RS-GY 2.

Keywords. farnesol, Rhodobacter sphaeroides, RNA interfering, NADPH
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Fig. 1 Biosynthetic pathway of FOH and pentose phosphate pathway in R. sphaeroides.
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[P 17w /5 B e i U R B T2 O W/ < RS54
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1.1.3 FFEMIEFEM

KIGFFHTE LB K577 (NaCl 10 g/L, ik
10 glL, BERHREROE 5g /L) HIETR, HifRAIHE
37 °C . 220 r/min; R. sphaeroides fl 715 ##%E (3.5 g/L
(NH4) 2S04, 2 g/L BERHZIW . 0.75 g/ FAKIEH
10 g/L %8 . 2 g/l NaCl . 0.75 g/L K,HPO,. 0.75 g/L
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KH,PO,. 0.1 g/L FeSO, A1 0.3 g/L MgSO,. 1 g/L 4
R 1o/l AEE, 2 10 mol/L NaOH i pH &
6.1-6.3, 7 32 ‘CH %57 4E )" FOH MG FR5EH 4 glL
(NH,),SO,. 32.5g/L #ij%jtk. 3.25g/L NaCl, 1.2g/L
KH,PO,;, 1.4 g/L FeSO4#1 9.8 g/L MgSO,4. 3.99g/L
FRIEBA N, £ 10 mol/L NaOH 4 pH &1
£ 6.2-6.3, Fr Al BUR RS RAREE R Ptk
BRI RAR AR R 2Rl 50 pg/ml .
12 7&E
121 Bkl

pBBRIMCS2-pgii #1 pBBRIMCS2-gdhAi #
IRAREE . DAIZSERZUAN R (L ALV i, &
AR A BR T B 2 5 19 (pgiiL-F/pgiiL-R,
pgiiS-F/pgiiS-R, gdhAL-F/gdhAL-R, gdhAS-F/
gdhAS-R) 43543 5 pgi F1 gdhA J PR X
B % B 1) L 41 poil #1 pgiS. gdhAL Fil
gdhAS, # K B poil il gdhAL {u7 548 bp,
A B9 A BE pgiS Al gdhAS £ 7 498 bp, KM A
Berh Z iy 50 bp I i & Je 24y . SR 5 A BamH 1
F1 EcoR T {HALEC K1 BE pgiL Fil gdhAL, EcoR [
A1 Sal T HAb% /Y A B pgiS Al gdhAS. SR+
RS il 14 P VI T A i P B PCR 7= 475 F BamH
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Tablel Strainsand plasmidsused in the study

Description Reference
Strain
E. coli S17-1 RP4-2. Tc::Mu-Km::Tn7 [23]
E_ coli DH50 F-A-endA1 gInV44 thi-1 recAl relAl gyrA96 deoR nupG ®80dlacZAM 15 Invitrogen
: A(lacZY A-argF)U169, hsdR17(rK-mK+)
E_ coli TOP10 F- mcrA A(mrr-hsdRM S-mcrBC) ¢80lacZAM 15 AlacX 74 recAl araD139 Invitrogen
’ A(ara-leu)7697 galU galK A— rpsL (StrR) endA1 nupG Invitrogen
R. sphaeroides-GY 2 CoQ10 high-yield mutant strain obtained from R. sphaeroides 2.4.1 this study
RSpgii R. sphaeroides-GY2 RNAI-pgi this study
RSgdhAi R. sphaeroides-GY2 RNAi-gdhA this study
RSz R. sphaeroides-GY 2 with overexpressed zwf this study
RSg R. sphaeroides-GY 2 with overexpressed gnd this study
RSzg R. sphaeroides-GY 2 with overexpressed zwf and gnd this study
Rszpi R. sphaeroides-GY 2 RNAi-pgi and with overexpressed zwf this study
Rsgpi R. sphaeroides-GY 2 RNAi-pgi and with overexpressed gnd this study
Rszgpi R. sphaeroides-GY 2 RNAi-pgi and with overexpressed zwf and gnd this study
Plasmids Description Reference
pY Cé6a Ptac promoter, AmpR this study
pBBR1MCS2 low-copy cloning vector, KanR [24]
pBBR1MCS2-tac pBBR1MCS2 containing tac promoter this study
pBBR1MCS2-pgii pBBR1M CS2-tac containing pgii this study
pBBR1MCS2-gdhAi pBBR1M CS2-tac containing gdhAi this study
pBBR1MCS2-NouCDi pBBR1M CS2-tac containing NouCDi this study
pBBR1M CS2-zwf pBBR1M CS2-tac containing zwf from R. sphaeroides 2.4.1 this study
pBBR1MCS2-gnd pBBR1M CS2-tac containing gnd from R. sphaeroides 2.4.1 this study
pBBR1M CS2-zwf-gnd pBBR1M CS2-tac containing zwf and gnd from R. sphaeroides 2.4.1 this study
pBBR1M CS2-pgii-zwf pBBR1MCS2-pgii containing zwf from R. sphaeroides 2.4.1 this study
pBBR1MCS2-pgii-gnd pBBR1MCS2-pgii containing gnd from R. sphaeroides 2.4.1 this study
pBBR1M CS2-pgii-zwf-gnd pBBR1MCS2-pgii containing zwf and gnd from R. sphaeroides 2.4.1 this study

Al Sal [ i44bJR A PBBRIMCS2 4%, B
—/NFr A pBBRIMCS2-pgii #il pPBBRIM CS2-gdhAi
PR, RNA T4 & A s 3 K an i 2 B .
1263k zawf, gnd. zwf-gnd ZR ARG . LA
BRECANTE B R R TR, P A AR L [R5 )
319 zwf-Flzwf-R 1 gnd-F/gnd-R, 2543 G
AR RV 2w JERIAT gnd JERF8, SR)5H
Gibson assembly R4 38 H K1 2w FiT gnd 4351
58242 PBBRIMCS2z (5|%1°5 pBBRIMCS2z-F/
pBBRIMCS2z-R) F1H %2 PBBRIMCS2g (541K
pBBRIMCS2g-F/pBBRIMCS2g-R) &3k, TE K
ki pBBRIMCS2-zwf Fil pBBRIMCS2-gnd; HLit
ik awf JEEF gnd JEE B EOR A, 2l
overlapzwi-F/overlapzwf-R F1 overlapgnd-F/overl apgnd-
R &3 th 47 G A I R R % zwf 5 [KFD gnd 2
K %1, Fl pBBR1MCS2zg-F/pBBR1IM CS2zg-R
H51Yr, Bkl pBBRIMCS2 S tin 4 4 i B 28

&: 010-64807509

PBBRIMCS2zg, #AJ5H Gibson assembly 27144 ix
3 MR Bk, MR pBBRIMCS2-
zwf-gnd, Z5HIEIANE] 2 iR

THehssfb skt E, 290k pBBRIMCS2-
zwf, pBBR1IMCS2-gnd #l1 pBBR1MCS2-zwf-gnd
W, tac-FtrrnB-R M8, ARI3 HarA
tac Jii sl F1 trrnB 28 1F 719 zwf. gnd il zwf+gnd
PR F 9, SRS RS N DIl Age T TH ALY
38 R Y R BRI TORE pBBRIMCS2-paii, fieJi il T4
DNA %4054, 43 0E stk pBBRIMCS2-
pgii-zwf, pBBR1MCS2-pgii-gnd #il pBBR1IMCS2-
pgii-zwf-gnd. Z5HENE 2 FrR, Frfs ok W
1, 510 2,
1.2.2 TR A B A IHIE

W S A AR ORI T S17-1 A AE S A
RIREEE PR LB Hh 37 Cad i g, DL 10%
A S A2 3 S A AR BT R B i LB vh, 37 °C
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Fig. 2 Schematic diagram of RNA interference and brief architecture of vectors.

*2 sI19F%
Table2 Primersused in the study
Primers Sequence (5'-3')
pgiiL-F CCGGAATTCGCCTCGAAGACCTTCACCAC
pgiiL-R CGCGGATCCGCTGGTAGAAGGCGTGCTG
pgiiS-F CCGGAATTCGAAGCGCTGGATGGCCG
pgiiS-R TTCCGCGGCCGCTATGGCCGACGTCGACGCTGGTAGAAGGCGTGCTG
gdhAiL-F CCGGAATTCGAGGAGCTGCGCCACTGGAT
gdhAiL-R CGCGGATCCCACCTTCCGCCCCGTGCCAG
gdhAiS-F CCGGAATTCGCAGGCCGACTTTGTCGAGG
gdhAiS-R TTCCGCGGCCGCTATGGCCGACGTCGACCACCTTCCGCCCCGTGCCAG
NouCDiL-F CCGGAATTCCATCCGGCCTTCTTCCGCAT
NouCDiL-R CGCGGATCCGCGGTGGCCCTCGATCTG
NouCDiS-F CCGGAATTCATGGGACGCGATGGTGCG
NouCDiS-R TTCCGCGGCCGCTATGGCCGACGTCGACGCGGTGGCCCTCGATCTG

pBBR1MCS2z-F
pBBR1IMCS2z-R
zwf-F

zwf-R
pBBR1IMCS2g-F
pBBR1IMCS2g-R
gnd-F

gnd-R
pBBR1MCS2zg-F
pBBR1IMCS2zg-R
overlapzwf-F
overlapzwf-R
overlapgnd-F
overlapgnd-R
tac-F

trrnB-R

V-F

V-R

GCTGGCGCGAGATCCGCTGACTCGAGGGTAGATCTGGTAC
GGAATGACTCTCGAAACCATGGTTAATTCCTCCTGTTACG
CGTAACAGGAGGAATTAACCATGGTTTCGAGAGTCATTCCGG
GTACCAGATCTACCCTCGAGTCAGCGGATCTCGCGCC
TCAAGCGCCTCACGCGCTAACTCGAGGGTAGATCTGGTAC
AGAAATGCCAGCTTGGCCATTAGGTTAATTCCTCCTGTTACG
CGTAACAGGAGGAATTAACCTAATGGCCAAGCTGGCATTTCT
GTACCAGATCTACCCTCGAGTTAGCGCGTGAGGCGCTTG
TCAAGCGCCTCACGCGCTAACTCGAGGGTAGATCTGGTAC
GGAATGACTCTCGAAACCATGGTTAATTCCTCCTGTTACG
CGTAACAGGAGGAATTAACCATGGTTTCGAGAGTCATTCCGG
AGAAATGCCAGCTTGGCCATCTCCTTCAGCGGATCTCGCG
CGCGAGATCCGCTGAAGGAGATGGCCAAGCTGGCATTTCT
GTACCAGATCTACCCTCGAGTTAGCGCGTGAGGCGCTTG
TGCTTCCGGTAGTCAATAAACCGGTCACAGCTAACACCACGTCGT
TATGTCTATTGCTGGTTTACCGGTAAGGCCCAGTCTTTCGACTG
GGCCTCAGGCATTTGAGAAG

CAACTTAATCGCCTTGCAGC

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



8 SAENARIMERET NADPH BELRS RREN~ 2

PERRE R B XA K, 2Z{KE R sphaeroides
R AE TP AR LB Hh T 30 CHE 37 24 h 5§k %
FB B LB R serh, Akeiii g X8 K,
B Z R AR R AL R 5 1.5 mL (1 &0
7000 r/min .0 3 min, FBAEEAY LB 2k 2 %k, 4R
J5 43 51 1 300 L 1 200 pL (957 fif LB H B 2 A
FHLATE , $32 R R A HMA T #2 6 ¢ 1 A IRFR IR
S1Ja MAETCHLR LB PR b, F 30 ClHEEKE 46
SRR 2] 20 h, )5 1 mL i 1Y 1xSistrom’s
B R B vE R WA 1.5 mL L& T, 4°C
5000 r/min &.0> 2min J5£ FiE, 25 1 mL By
) 1xSistrom’s P 2 WA A 100 pub iy
1xSistrom’s $iFR LA, HGRMESH R
FHIME R J 150 mg/L K,TeOs 1 F-4i |,
30 CHHiEH: 7% 35d HERK B BAmES T HE
UES |9 F0 B ) 30 UE 2E [ 2 5, AR Y% PCR Al
I 435 R 36000 o0k 2 5 5 AR o

1.2.3 EEFAKFERDH

PBIA T E R EA RNA, F DNA i
THAL T2 00 RNA Hr SR A, At i S ) s
EBREEFAEH RNA [ cDNA, )i H
Power SYBR Green PCR i1 qPCR. A4~ i
IRA YIS RT ROV 2 uL (AR 4y 50 ng/pL),
51491439 1 uL, SYBR Premix Ex Taqll 12.5 pL,
FAARANER] 25 pL. BAS MM 3 H P17, RH
2724 U—AAC=] Crargety~Crety) sample Crctargety~Crety]wr)
RS 3 o) 35 PR A 7 5 AT
1.2.4 NADP/NADPH [l &

WAE BT 48 h S 1 mL (29 1x10° A 2 i)
A PBS Ve 2 #8225, 2 000 r/min #5.0
5min, %% Fif. A 300 uL NANP/NADPH 2% i
W, T-80 CAMFT AR 2 K, HIXYR 20 min,
SRITIRIEYR % 10s, 13 000xg B5.0> 10min J5, ¥ I
TR BT B0 T B 50 pL 831 96 fLik
o SRIG TR 100 pL SRR, RS R EE
TR S min, fRJEA 10 pL BEH], 7EER
KT ROV 4h 5, MIIAE 450 nm 2L FIOG(E,

&: 010-64807509

192040 NADP (15 B 200 pL By s+
BT, 7E 60 CRIZKIBE Hn# 30 min,
ST ZIPKEAE S BCEE VK A, s B, SRIGH 50 pL
FIFE ST 96 fLARH, fImA 100 pL iAW,
IRA)GTEEIR T N 5min, f/E A 10 pL £
), AE SR R RN 4h 5, HAE 450 nm
bR SEAE, RRAS 20N NADPH B .
1.2.5 FOH Hr=&llE

M T FOH HAG#E kM, 8 Ti/> FOH M5k
TE R B FR WA T RBUL h 15%0 58452
KW A8 hm A2 e A , LA 8 000xg 5.0 10 min,
LBRANMERE R, B 1 mL By FIE, RLUERE, R
Be 25 K M B A kil 4% (FID) Ay & HE (2 R
7890A S AHAIEA X FOH (177 4T 1 5 &t . #F
fm L 1 10 B, #E 19091 HP-5 41 (30 m
£ 0.32mm NE); PR E N 1.0 mL/min B9 A A
RS, ATTESI N 39 psic B0 4R IR EE N
250 C, A MR % E A 80 'C. SRJF LA 10 'C/min
H G INE] 250 C, FR%E 1 min, FOH 5
HERE S B Sigma-Aldrich A7 (FE F i),

2 HERSAM

21 FBYIIE

23t PCR. MUIEHE S 200, &AM
HARAS T THUF0RL, I BamH T BRG] J546 50k
PRI SR, 4315 81— %2 6.5 kb 1 6.6 kb
B 25T , A8 A I 1) JBk: 5 4R JBokr 22 24 100 bp,
S Y S 45 R — 3 48 PCR . Gibson assembly
R 4 B A5 25 Ak i kL, B FH M s B I 51
tac-F/trrnB-R ¥EAT 74 PCR B E, 43 W45 3] &1
K/NA 1972 bp (RSz). 1386 bp (RSg). 2 670 bp
(RSzg), SHUAZER—2, FoRill P40 5 FFA R
HIHX—3; T HRBCR A BRI SIE, K ibis
R A PR ve b IR UES 14 V-FIV-R #E1T PCR 5
IE, SR EEN 2 402 bp (RSzpi). 1 816 bp
(RSgpi). 3037 bp (RSzgpi) 4% 520 45 K —
H, MRS P —8, THH bRk

<. cjb@im.ac.cn
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JoA AL )
2.2 EIKLOME TIZEKRAYIEIE
PR G T, BRI HA RIBE RN
PERTBAR LBt $EEUSTRL, SRS 430 S 1)
tac-F/trrnB-R #l V-F/V-R XM X} 542 PCR K
TE, f% 5 A5 R D) B AL TORE 22 S5 B 25 EL AR
JFkL K 2 100 bp, tac-F/trrnB-R §7 44 3k A F B
4352 1972 bp (RSz). 1386 bp (RSg). 2670 bp
(RSzq), BSIFE | V-FIV-R #3184 5k 1 4548 K /Ny
51k 2 402 bp (RSzpi). 1816 bp (RSgpi). 3037 bp
(RSzgpi), LA b5 3834 5 Fi T SE e 45 RAHAT, TR
TR AR BT o

23 FHE poi EEF gdhA EE L FRLHEK
Foth

1T PR poi FE KA gdhA JE T3S A FE s
K, SR SER 96 E i PCR X Bk T LAk kA7
43T

A PRE 3 AN KE IE# S TR E S B
RHRE Z PR LB H, 30 °C. 220 r/min #%
3% 24 h J5 43 R BOHL B RNA , 56 S5 — R 5 #
ez e, RHT o-PCR B ¥, 23310 E T
Pk RSpgii fil RSgnhAi H pgi 3 K fil gdhA 3[R fy
AT, AR LU R Rtk RS-GY 2 HAEXT
PSR R R 1, SR h3 s DL S SE DR 4R X 4
SIS

K 3 & TG e S ACE M ss R, hE 3
AL, 5% WARAE EE , RSpgii Al RSgdhAi # pgi
FEPRD ganA 3[R A AH X S K OF- 294 R ) R
B R, mE 3A A1, RSpgii-2 fil RSpgii-3 T
Ptk poi BE B oK NIE, 205100 1 &
FARAY 0.19 1 0.18; gdhA FE A Ay 5 s5E /K - R B
WS, K 3B A%, RSgdhAi-2 Al
RSgdhAi-3 1 %% K-Sy & vk ) 0.10 #1 0.15;
LEEERFY, THEKRC 2R,

2.4 NADPH RO ERLER D
Oy S BUR B 48 h e 1 R B, 4 2 A R
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Fig. 3 Quantitative RT-PCR analysis of the
transcriptional profiles strains. The relative transcript
levels pgi gene (A) and gdhA gene (B).

W H A= K N NADP/INADPH., 434 5 L 3% 3,
& 3 Alkl, MR TPCE PR, RSgdhAi g
NADPH Ryt 5 A WAL, AR,
T4tk RSpgii A NADPH [ & bk &
12.16%; —#HitEiKw kY, RSy g NADPH
$&im T 23.65%, RSzg iy NADPH it b J5i b6
BFE S T 0.42 pmol, & 5.62 pmol, i RSz A
W NADPH 1Y% 5 )5 G AR L JC ] 281k 7
TH s FE Rk, RSzgpi iz NADPH &
BB TR, 2 IR PR N NADPH 1) 1.35 4%,
RSz Jitl A i) NADPH ) 5 /b %) 1 4.84 pmol
RSg Jitl N #Y NADPH iy BEACARAE , poi J PR G
R 6-WEIR A A ST AT, 24 poi BEDR A% s K
2 B, 6-BERR M AL Ay 6-BEMR R Y
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Table3 The concentrations of NADPH and ratios of NADPH/NADP*

RS-GY2  RSgpii  RSgdhAi RSz

RSg RSzg RSzpi RSgpi RSzgpi

21.12+0.21 19.77+0.15 22.65+0.23 17.4+0.10
5.2+0.02 5.83+£0.13 5.14+0.15 4.92+0.08
0.33+0.01 0.42+0.02 0.29+0.01 0.39+0.01

NADP(Tam)(pmol)
NADPH (pmol)
NADPH/NADP

17.34+0.16
7.02+0.11
0.68+0.02

26.29+0.24 25.01+0.09 17.13+0.11 17.12+0.1
6.43£0.09 5.62+0.2  4.84+0.14 5.1+0.02
0.32+0.00 0.29+0.01 0.39+0.01  0.42+0.00

J0 32 BN BRI, T SO ) R IR AR AR
(] F 2wf F1 g 2 il 2 I W A2 A DG B 1A
PR TR poi JEPR AR 20K zwf Fl gnd 2
Ji, BN NADPH R SRk 81 T ik

25 Ti2E FOH FE=E/y1n

T FOH HAg# kM, AP eER 73 b
S22 e, K48 h )5, TS b A kI
Ja, R ESCAHSEA TR, P AR PR AR v Hh 2t
BHAANERN =, BRI BIELEE 0, 12,
24, 36 fl1 48 h % o mL M%%%s, fikl% 48h )5,
IS LA, B L mL R S5 R nE 4 PR,
Kl AA FoR B T E R FOH 975, i R a] Al
AN [ (] BE T 4 B 55 5% Jot 1) B3040 2 B 2 T I iy
B W S eI AR i e dee e, A RA B BE 1 7 AR R A
Bl R A s FEAHIRI 20T, TS A s AR AL
R PE RS-GY 2 43 5ll$2m 1 57.51%F1 51.31%,
HF¥itk RSpgii FOH A7~ &t THikk RSgdhAi
7 T 4.09%; & 4B R A TR A Ak
PR PR TE AN [R] B 1] B 7 35 28 ot Ji FOH iy =ik, g
[RlEf oAl 2wf A gnd X PN FEE, FOH 7= 50 4H
B M AWK ZEERS, B REKREST
50.09%, k3|1 44.18 mg/L, Huphsiik 2wf Fi gnd 114
BRI A $2 5, 43991 A 35.93 mg/L 140.20 mg/L,
Hrp RSy By 4 RSz 77 i i 11.88%.

N T B4R FOH (=&, AL Ttz
JE R EE Y RSpail BARYE N R F AR, 2305
zwf Fl gnd 4G, WS A 5 X FOH 7™
WIS . AR R BERT AT B e A G R A rh
omL fy28%e, K 48 h ZJ5 I FOH 7™ 4,
GERULIE 5, mEATH, HAEEE, FOH K™
WA R AR RSpgii 17 AR it R, RSzpi
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Fig. 4 The production of farnesol from the recombinant
strains covered with decane in different time. Farnesol
production of RNA interference pgi and gdhA (A) and
overexpression zwf, gnd, zwf+gnd (B) covered with
decane in different times.

By~ ol 49.88 mg/L, DCW & 11.77 g/L, RSgpi
7= 5k 54.59 mg/L, DCW i 13.53 g/L, RSzgpi
By 77k 52.29 mg/L, DCW Jy 11.67 g/L, Hrh
RSgpi (17" fef e , AR IR TR RS-GY 2 1) 1.97 1,
{H)2 RSgpi WA RESGS A 1353 gL, %R
4.04mglg, b RSzgpi Fl RSzpi i~ %%, RSzgpi
1 RSzpi (197724354 4.48 mg/g F1 4.29 mg/g.

SR EE R, WS A) NADPH [ AT LAY
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Fig. 5 The production of the FOH in different
recombinant strains and biomass accumulation (DCW)
upon incubation for 48 h.

Jin FOH By =&, 4 poi #LH A REZE T, 6-
TR TR 280 W Gk A ML ) 6-BR R B A s, R
G- R F AT, 1A awf FEIFT gnd 3[R 4
TS G- 1R ) 2 A 1) G- TR A 7 I 1N T ) 1)
g, PR KR NADPH, Mg 5E MEP R4 1)
FIRIKF, 18 FPP BRI IARME N , {2 i2F FPP 7] FOH
oAb, MIAFISERZIANTA FOH (1= &g .
3 Wit

Bt NG FOH H 2Lk i A HI 2 388 n , T
Yixt FOH M5 SR WO Bk A . H R A= & 12
FOH 1) E2 A = =0, FIHAY TRTFBE i
T RO AR R T A | BRI AE T A R vk
FIHATH L, BF5EE Bl 2 Tk S FOH
fy7r~He . Ohto ZFiE i 1E E. coli Hid ik idi Al ispA
PSP 5 A5 Bk 3 T 389 ug/L P $ 4
T, TEAS A FE AR 20T, BRI EEEE SQ
A Bl e e R AR R AE R SR AR P R 28 mg/L 1)
FOH. BHIBr SQ A iaHemanigpy FPP K-, &
L FOH T il o AR S 06 LA BRET 4 B A o & 1
PR, MBI NADPH [, M i MEP & 12
SRPE, (75 FPP IS, fZek B4R M 2 ERar 40
FE R JERERE I B M. SEIREE IR, ATk
pgi JE K (W R I ETEE T, [ ik zwf L
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M ognd FEEJE, EREFEM T REE T KN
52.29 mg/L, FEEAE| T 4.48 mg/g, FeEAHELE
R HtE RS-GY 2 #2151 % 88.3%. Hh T pgi 113
RZ BG5S 6-BER A A 6-BE IR ALY
AR SZ RSO, PR B AR 6-Bi R A AR
LRIk ik awf ZERA gnd 25, 6-BE R
W E 1 R S IR AR RS, A PRI 1) B R 1
WE 7 T AR, BRI SN A A2 1 4 R AR I
NADPH iR Rk ik ; [R5 MEP i1
(R R JEURE 3-BAE R HIM S (g f 38, DT 2k 3 3
58 MEP JRACHYSREE, ff FPP Mg AN, &
RIEREM R &

FLEWEFA E. coli M kFk, @itk
ik ispA [R5 AN MVA & 42, &B% 48h i,
FOH =ik ®| T 135 mg/L!*2, ERIATHRIE &
M 48 h J5 A5 FOH =K, (HIRA S T
P Rl R AR TR s S E 3 R FOH ™= it
BAE T ER . T FOH 25 &Y,
Rl w2 )n, A E NS B FOH, i
TS 2 A E A T AR, SR b
KT 2. RS . BRI EMR Wik, F
FHRERLLAME 77 FOH M- iR 2 A AR K
T
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