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#§ 2. [+ %) Escherichiacoli BL21(DE3)2 A B TA249% A 75 £, vA C5iR24A & 5-R I LHLA A
(5-Aminolevulinic acid, ALA), ALA ZA& MM F G ETZAIRNR, 12 ALA Skt i srZ & m a9 %
s A, [ 6] WAL ALA shiE e RitA s F o Ri& 2y o946 R . [5%]1 41/ Red F
R ELL, &% Escherichiacoli BL21(DE3)49 rhtA, FlEfHE EL4 41 pEA i Rk 41 % & Rig2 P
o XA hemA, KM SAT i Z R LA ARY AL E, A MO FESRIERET 10 AN K4 E 69
RIERKF, [4ER] 3% rtA S AKREREA ZEFR, FHRB MK BL2UDEI)ArhtA 5 &4 H#k
BL21(DE3)rb3k, ALA #9545 T 4 23%, it & 4548 & 12%, keI 111 (Uroporphyrin [11, UIII).
Zehok 111 (Coproporphyrin 11, ClIA=/& =}k 1X (Protoporphyrin IX, PPIX)#4-& 4 3148 % 25%. 15%
Fo 18%; &LFR rhtA F)BfiE & 3A hemA 9 #k BL2L(DE3)ArhtA/pEA 5 4Xit & ik hemA #) & &
BL21(DE3)/pEA Fbix, fsh ALA RV T 16%, i £ 48R 5T 24%, Ul F= ClI 4& 9 548 & 55%
Fr 64%, PPIX &2 R34, 9% 4745, Fit T & PCR4R AN, rhtA4:% /5, hemC A H 4R K
P, A OANRREFORF A RRAZEL LA, [48] rhtA SRRy T ALA #99ME, 124518
ik = E4ERG.
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The effect of rhtA deletion on heme synthesisin Escherichia coli
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Abstract: [Background] Escherichia coli BL21(DE3) is a commonly used host for genetic engineering. It
synthesizes 5-aminolevulinic (ALA) through C5 pathway. ALA is an important precursor, while its secretion
on the heme synthesis is unclear. [Objective] To elucidate the role of RhtA in the export of ALA in the heme
synthesis pathway. [M ethods] rhtA was knocked out by Red homologous recombination, and plasmid pEA
was constructed to overexpress hemA, a key enzyme gene in the heme biosynthesis pathway. The contents of
heme and its precursors as well as the transcription levels of 10 key genes in the heme synthesis pathway
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were anayzed. [Results] The deletion of rhtA had no significant effect on cell growth. Compared with
parental strain BL21(DE3), the extracellular content of ALA decreased by 23% while the content of heme
increased by 12% in the knockout strain BL21(DE3)ArhtA. The contents of uroporphyrin Il (UllI),
coproporphyrin 111 (ClI1) and protoporphyrin IX (PPIX) increased by 25%, 15% and 18%, respectively in
BL21(DE3)ArhtA. Compared with the strain BL21(DE3)/pEA in which hemA was overexpressed, the content
of extracellular ALA reduced by 16% and the content of heme increased by 24% in the strain
BL21(DE3)ArhtA/pEA. And the contents of Ulll and CllI increased by 55% and 64%, respectively. The
content of PPIX increased significantly, about 4.7 times in BL21(DE3)ArhtA/pEA compared with that in
BL21(DE3)/pEA. The results of rea-time quantitative PCR showed that after the deletion of rhtA, the
transcription level of hemC was down-regulated, while those of the other 9 genes were up-regulated to
various degrees. [Conclusion] The rhtA knockout reduces the export of ALA and leads to an increase in

intracellular heme production.

Keywords: Escherichia coli, rhtA, 5-Aminolevulinic acid, Heme, Red homol ogous recombination

H bk (Porphyrin) f& [H 48 5 v 8 3k £ 78 1) — 2
BREHET, AT 4 DA U )zt ,
TAMAY R, BLAGE A FE AR o T (VLA
FFMEZLEE ) . AR AR fh i e 1% 326 (4t B €2
2 b il o)k AL (A 538 PAS0 FIAH i (R
EALH) W, i 21 2 (Heme) s m e np k(2 H 43
Tt th—A~ PPIX Fl—A4 Fe*' 8% Fe* #y i,
St AL WA 2 A AT, AR I
AL R R S TR S R AR
e,

nhek )z, FTRIPEZS Y. Diddh s TRl
S 24 L Pk (Haematoporphyrin,  HP) K HoATi A=
) (Hematoporphyrin derivatives, HPD). J5IMHREN
(Protoporphrin disodium) i 5o . PRIHAR 244 fE
TE— SR FL7 RS, AR Y& s X
TR (AT B B B i PR 1
VRN G R B AR, BRI AL S
PUNUNSPS 7 v e Nl o 7/0 N NN R
HLL, T H AT R AR KT
WAE R AR 3 16 £, DL CB iR G s fl
IR (P 1), T I 2T 2 A s T R I
LLRGGEM . WK E G TR e i, —
HAFEAR KA

RhtA (rhtA Zifd) & —8 @ ILMR — R iLiz &
1, 25K s s B A s 22 IR i AR,
Z U E RitA WERKMITEY 525 LN R

(5-Aminolevulinic, ALA)f4MEE M, ALA 22—
FORIRAFAE R AR B A R IR, kS
HEATAY T hemA s ALA 4 UK ICER (73
A1 -RNA B, 14 %1k hemA £ FF ALA
Fnbuk SR $E S AT BT R T #3k rhtA i
T ALA HSMIEIF FLAS ALA 7 RHE E T 45,9961,
{HAHE ALA 23%% RhtA 5528 3] st

AR Red [RIFEE AL, #iBR E. coli BL21(DES3)
) rhtA, B LR AR T ETAY T ALA
Bohz , [FRFFRIE hemA, Kl C5 i&ieH a4
WA R R ZRGEKF- , BRETRER rhtA X nhotk g
BT
1 MRS HB®
11 w8
111 Bk BRR5514

SEI6 R I B TRAR SRR (5 B LR 1,
A TG Yt i SE A RS REARAA BR A
AL, I E R LR 2,
112 FERAFIFLRE

FEGlPE P VI EcoR |, Hind 111, Xbal, Xho |
1 T4 DNA ZE4E, Brkb 2 4l Al iUR) &, TaKaRa
/N7 ; ClonExpress®ll One Step Cloning Kit,
ClonExpress® MultiS One Step Cloning Kit, F&tif
MEREAE VIR A TR A F] 5 5-2 5 O BE N IR ER FREh br
Wikt , S ERIN LT R (Hemin) K ¥R, Sigma/snl;
PRAMIRE 1T ERERER (Uroporphyrin 111 dihydrochloride,
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Figurel Theheme metabolism pathway in E. coli

TE: GItX: A2 tRNA GUlifF; HemA: A% t-RNA IBJFAT; Heml: ALA GJiA; HemB: ALA JJi/KHE; HemC: PBG &
fiff; HemD: JRUNHRIE 11l A 7; HemE: JRUNHKIERIREE; HemF: ZEnpuk/FEILBIREE; HemG: JRIMHKEALES; HemH: #k%
A o-KG: ol HR; GSA: F&lk-1-FE; ALA: 5-%ILZEBENIR; PBG: MHEFEE; HMB: RS ALE

Note: GItX: Glutamyl t-RNA synthetase; HemA: Glutamyl t-RNA reductase; HemL: ALA synthase; HemB: ALA dehydratase; HemC: PBG
deaminase; HemD: Uroporphyrinogen 111 synthase; HemE: Uroporphyrinogen decarboxylase; HemF: Coproporphyrinogen oxidative
decarboxylase; HemG: Protoporphyrinogen oxidase; HemH: Iron chelatase; a-KG: Alpha-ketoglutaric acid; GSA: Glutamine-1-semialdehyde; ALA:
5-aminolevulinic acid; PBG: Choline pigment; HMB: Hydroxymethyl cholestane.

x1 AHRBPERBRAFE
Tablel Srainsand plasmidsused in thisstudy

JRL DRI AR SR VRIS 3R
Plasmids/Strains Characteristics Sources/References
Plasmids
pET-28a Expression plasmid, T7 promoter, Kan® [15]
pET-22b Expression plasmid, T7 promoter, Amp® TaKaRa
pKD4, pKD46, pCP20 Red homol ogous recombination knockout plasmids [18]
pEUTD PET-22b inserted with UrhtA, Kan2 and DrhtA This study
pER pET-28ainserted with rhtA This study
pEA pET-28ainserted with hemA [15]
Strains
E. coli BL21(DE3) FompT gal dem lon hsdSg (rg'mg™; E. coli B strain), with [15]
DE3, a prophage carrying the T7 RNA pol gene
E. coli BL21(DE3)ArhtA E. coli BL21(DE3) deleted rhtA This study
E. coli BL21(DE3)ArhtA/pER E. coli BL21(DE3)ArhtA transformed with plasmid pER This study
E. coli BL21(DE3)/pEA E. coli BL21(DE3) transformed with plasmid pEA [15]
E. coli BL21(DE3)ArhtA/pEA E. coli BL21(DE3)ArhtA transformed with plasmid pEA This study
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*2 AWMIRFASIY
Table2 Primersused in thisstudy
519 ek PN

Primers Primers sequence (5'—3') Sizes (bp)

UrhtAF  ggataacaattccccTCTAGACATCCAGCAT 43
TTCATGTACGGC

UrhtAR cagctccagectacacaat ATTTACATTTCTG 44
CATGGTTATGCA

DrhtAF  ttcccatgtcaCCTTTCTCCCACAAATATCT 39
AGACTTAA

DrhtAR  gtggtggtggtggtgCTCGAGTCAGGTTGA 39
AACCGCCCA

rkenF  tATTGTGTAGGCTGGAGCTGCTT 23

rkanR  ggagasaggT GACATGGGAATTAGCCA 30
TGG

KrhtAF CATCCAGCATTTCATGTACGGCAAT 25

KrhtAR TCAGGTTGAAACCGCCCATTTTGT 24

QrhtAF  ATCCAGATGATCGATCAGTGCG 22

QrhtAR GCTGTTGTCTTCTTCATAGCGG 22

rhtAlF  atgggtcgcggatccGAATTCTTAATTAATG 52

TCTAATTCTTTTATTTTGCTC

rhtAIR  gtgotggtggtggtgCTCGAGATGCCTGGT 45
TCATTACGTAAAATG

T R T RILAR I HREIAL TS, /NG R R IR R

JFH1.

Note: The sequences of restriction sites are underlined and the
sequences of homologous arms are indicated with lowercase
|etters.

113 HEFE

LB WA SR (AR TR A A 1.5%558) ,
MRS SR AL NTE LB 3R I K I EERE 22 60 °C ),
TAFHR He ] Kan (244 50 mg/L) . Amp (283
J& 4 50 mg/L)E, Cm 7 (24 25 mglL ).
12 FHiE
121 JRPAEE

L NCBI EAiH) E. coli BL21 JEH4 751
(https://ww.nchi.nlm.nih.gov/nuccore/AM 946981.2)
R, BB rhtALF #l ritALR, i PCR 3™
#7153 rhtA H B H B (888 bp), [ EcoR | FI Hind 111
W] pET-28a, 4fifk H LR Br etk ook,
fdiFH} ClonExpress®ll One Step Cloning Kit, #%i&i
B3 R P BRI T, RS IR B E.
coli IM109 H, 7 Kan Hoth P-4 _E ik BHYER Ak,
AT UL 30 TE ARE DR P (R Bk AR I RHEOTC B A
FRANED), K75 IE 0 TR E 444 pER.

122 KEAHFE rhtA BIEFR

L NCBI F2Miift E. coli BL21 JERIZH 751 (https/
www.ncbi.nlm.nih.gov/nuccore/AM946981.2) A Al ,
BTEERR rhtA B FREIETFI5 Y. 514 UrhtAF
F1 UrhtAR §7 34 1 rhtA 124 500 bp 1[I 51 3
UrhtA, 514 DrhtAF il DrhtAR 3738 rhtA T 744
500 bp 1[I EFFIIEA DrhtA, DL pKD4 JFoki st
Weieit5 19 rkanF F rkanR, §744 Kan Hiotk R H W
vty FRT JE[H kan2, Jiokr pET-22b 8 Xba | il Xho |
XY, 4] ClonExpress® MultiS One Step Cloning
Kit, # UL B E B ELBRUEL T, i 15 201
3 ML R B SR ML R T, T
B4 A E. coli IM109 Hr, 7E Kan Fil Amp Ui AR
e PR AL T ESIE, £33k pEURD.
PL pEURD itz , FI 54 KrhtAF Fl KrhtAR i
1T PCRY#4 ., PCR MW AKRZR(50 ub): A 1ul,
PrimerSTAR Max DNA Polymerase 25 uL, . Fijf
51#7(10 pmol/L)% 1 pL, ddH,0 22 uL., PCR S
4. 95°C5min; 94°C30s, X °C15s, 72°CY's,
30 MIEFR; 72 °C 10 min (HoH iR JGRE X 4 AN ]
FER R Bery g 1) Tm (L EA T, SEfEsta] Y JUjAR
It B B e BB A3 B0 45 1 000 MBS 1) 8 B
IRl &), A58 M 4 500 bp rhtA &K
ETUERE RS SRS FRT AL Kan Hit
PEFL[R Kan2 (1) DNA T8 R B, FHF bk rhtA,

KIGFFE rhtA fRSE ot B 4| Afkad
FEN: K 2 503 bp A4 ML MESTHE Bk A
BL21(DE3)/pKD46 J75 , i fil A 1 mL LB JikR; 77
%5, 37°C. 200 r/min 4% & 75 12 h 7[R IR,
ZIEWASTRATES A Kan Pitkny LB 5 |,
37 °C ik P 2 1R o BRECPH PRI, L) E. coli
BL21L(DE3) Mxf i, FIH5 4 QrhtAF Fil QrhtAR ik
TIHYE PCR ¥, BAEAH K/ANEMG, A
pCP20 ffiki, 28 °CHR¥%HEF: 4 him, B4 % Amp
PrrkPk b, 28 °C gk, PRBRHRELT,
PLE. coli BL2L(DE3) A XTHE, FIH 549 QrhtAF Al
QrhtAR #F1THVE PCR 41, Bk 45 K/NER S
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B RIRERH TG A FRA FINFE, 2800 7 5
WEIERASG, FEa 42 °C KiF%, WHBRIEN )RR, 15
A ETHiPER E. coli BL21(DE3)ArhtA,
123 EFFHZE

S BMRAE 50 mL LB i fAREFRIEL 37 °C., 200 r/min
Wk 12 h 5, 2% % 300 mL LB ks 753k
RS 12 h, XIRERFINA Kan BTAER, TEam
WA, 7E359% 2 h AL 0.2 mmol/L
%) IPTG 5 10 h,
124 ALA REEN

SEFHRZMSALA #0005, Ll 5SE@i2
PPN R AR R B PRI A DR ERE S, LUK 12

{, 7E 554 nm A0 E WOGRE Assa, ARAEZTHIAFRIE
FFH%% SN R S Y ALA WREE .
1.25 METERERN

FIFH AN I 2T 250 i
KA B PN 2T ARG  Jr o
126 BRENERE

RIAR S35 SR PR LR S () 3l £, 3840 ODgoo 2K
TR, FHHREN R T E (Dry cell We|ght, DCW).
BURTR]HE FE Y E. coli BL21 1K , 8 000%g #5.L> 10 min
i, HEE KRG 3R, FEIAT 105°C
WA E R REE, B TS R T EH(DCw) 5 X}
N7 P 401 2 R 2 i i 2R, 49 31 B (KT (DCW) Al
ODgoo 1% : 1 ODgpe=0.297 8 g/L DCW.,,
1.2.7  RNWKGR 46

1 1 AR PG AG I b2 | A S
Frd R B3 mg TEARBIFE, IMA 1mL Tris
EDTA (pH 7.2)Z iR S), #/(200W, M
5s, A% 6 9)WiHE 5 minj5, fIA 3 mL Z A iRie
5 min, ZJ& 8 000xg 50> 5 min, #f iR £
AR/ IR —3 =05y 5T HPLC ARk (Chy
T IS TERE A PR R AR 4 # T IRFEEL, HPLC
RGN, 4 B YR I A5 2] () S REIE AR )

HPLC #:lf . {54 Bischoff Prontoosil-120-
5-C18-ace-EPS (5 um, 125 mmx4 mm), iz A
(05 mol/L . pH 51 RIS ZERIARFIE N
90:10), ¥iaitH B (HEES ZIERIATRLE A 90:10),

22 W el 2

W 1 mL/min, FEJE 25 °C, ZCK I 2RI & K
400 nm, &% K 630 nm,

1.2.8 EREFEFIKFHN
A HBETF 37 °C. 200 r/min ¥ 35350705 DL 19%(k

TS B BER B TS LB B3R5, 1538 12 h
J ,4 °C .12 000xg &5.0>» 5 min e 4, ] 50 mg/mL
PIVA TG 37 °C WERE 10 min, ZJ51% M TaKaRa izt

FIE VI TR RNA 2L, $2EU% RNA 1R K&
afi IR e O E, ZJEH RNA B
S cONA T 90 58w . DL EiR cDNA S
M, 9t PCREIYILE 3, deegnis 3-BEma 1
T U L gapA fESRM NS LA, RA
SYBR® Green | {52k, VKRS TaKaRa

Al e 45 .

x3 AMRFAARAEE PCR 5
Table 3 Primers for fluorescent quantitative PCR used in
this study

519 319751 FN
Primers Primers sequence (5'—3') Sizes (bp)
gapAF GCTACTACCGCTACTCAG 18
gapAR TCAGGTCAACTACAGATACG 20
gItxXF CGAAGACCATATCAACAACAC 21
gItXR GACGCACCAGATAGTTCA 18
hemAF CTCTACGGTCACAGTGTT 18
hemAR CGGTTGGCGATAATCATC 18
hemLF AGGATTATTACGGTGTGGAA 20
hemLR GCGACTTCATTCAGACAG 18
hemBF TATTCGTTCCGTGATGACT 19
hemBR TGACCGTGAGATGTGTATT 19
hemCF ACTGGATAACGGCGAATA 18
hemCR GAGTGCGAGAATCATCAAG 19
hemDF TGAGCACTGGTTACTACAC 19
hemDR CATCGTTGTCAGCGTTATC 19
hemEF CGACTGGACAACGGATAT 18
hemER CGCTACTTCTTCTTCAATGC 20
hemFF CTACACCGACGCTTATTTAC 20
hemFR GCATTGACATCAGGATAGAC 20
hemGF GGTGCTTCTATTCGCTATG 19
hemGR CTGTTGGTCTGTGGAGTA 18
hemHF GAGACGCTGGAAGAGATT 18
hemHR GCAACAAGATTAGCCATCAT 20
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2 ZR 50
21 E. coli BL21(DE3)ArhtA #1 E. coli
BL 21(DE3)ArhtA/pER HE#k8940iE

PIBTRL pEURD Ak, FIHSH KrhtAF il
KrhtAR ¥ #1554 2 503 bp MUFTHE - BL (A
2A), KFTHE A B %k BL21(DE3)/pK D46 i, #l]
FHE1% QrhtAF F1 QrhtAR X 445 (1) B T 41
HATHRIVE PCR %2, [AlE A1) 5 e b T4k
5 2561 bp Fr B, i BL21(DE3)y 1 946 bp F B,
IR WIPRI R RV A AT P38 2 561 bp B (&
2B), [AlEE NI, F A pCP20 Jikijs, FIHE 4
QrhtAF 1 QrhtAR X BHME R A T 74 pCR 472 , rhtA
BRI TS PR | PCREE 4 1 067 bp (158 —
™ FRT i 5), 1 BL21(DE3) PCR %54y 1 946 bp,
EILSRIIPRI R RV 2 RT3 1 1 067 bp B (&
2C), XU IERA BRI, S50 0E, R rhtA
PR, IR R A4 4 BL21(DE3)ArhtA,

i 12 EcoR | 1 Xho | AU % pER JBURL, rhtA

B
bp 1 2 3 bp
10 000 10 000
7000 7 000
4 000
2503 4000
2 000 2000
1 000 1 000
500
250
C
bp 1234567 89101112131415161718
1
4

2000
1 000

500
250

B 2 rhtA B S MR pER B9 HE K IE

K3k 888 bp, pET-28a Jin ki A1) f5 4 5 335 bp,
XU 417 A/ N G B — (18] 2D), X Aa e i) Bk
M, S59IEH, % pER $4k A E. coli BL21(DE3)
ArhtAH  F5 5] [B1 4N A #E E. coli BL21(DE3)ArhtA/pER.
2.2 rhtA BRRXF KB EE K0

DATE LB 35375 45 sl 20 B0 114 T A 2% 8 X
KL R R S 2 R A R M 2 (K 3), 45 2R 3R
RS WA EEILT —%, 27 h N
BL21(DE3)ArhtA 1)1 {4 %% FZ 7 & T BL21(DE3),
7 hJi7 BL21(DE3) {44 FEFi = T BL21(DE3)ArhtA,
#|3% 12 h BL21(DE3)ArhtA 5 BL21(DE3) i {4 %
JEILF—%., [FAM# Bk BL21(DE3)ArhtA/pER
5 BL21(DE3)ArhtA/pET-28a 7 LB Wk {4 4% 37 it
AR 12 h AERKIMEILF22ES, Wik
BL21(DE3)/pET-28a 7t 12 h If i i 1425 i 5 [al b &
¥k BL21(DE3)ArhtA/pER . BL21(DE3)ArhtA/pET-28a
FHZEARK, RUIE LB ARG SR I, MR KT e
rhtA X RRAE KSR, 5 SR 22)0E — 2.

23 456 78 91011

1

- —— " b

D bp 1 2
10 000
7 000 5335
4 000
1 946
1067 2000

1 000
500

888

250

Figure2 Electrophoretic verification of rhtA knockout and replenishing plasmid pER
H: 1 Marker. A: FTHEFBLY PCR Y3 2-3: fTHI5 B B: TR BE S AR BET PCRYGIE; 2-10: 148 A Bram 41 B (9 BT AR 5
11: E. coli BL2U(DE3)* . C: Kan HiMIEEABRG I PCR Y1 ; 2-17: rhtARRERTEME; 18: E. coli BL2L(DE3)XIHH. D: pER Fih:

PN EFY]; 2: pER.

Note: 1. Marker. A: PCR amplification of target fragment; 2-3: Target fragment. B: Colony PCR verification after introduction of target
fragments; 2—10: Strains with recombinant target fragments; 11: E. coli BL21(DE3) control. C: PCR amplification after elimination of Kan
resistant gene; 2-17: Strains with rhtA knockout; 18: E. coli BL21(DE3) control. D: Double enzyme digestion of pER plasmid; 2: pER.
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—=—BIL21(DE3)
—e— BL21(DE3)/pET-28a
—+—BL21(DE3)Arhtd
4 BL21(DE3)ArhtA/pER

| —+— BL21(DE3)Arhd/pET-28a

(8]

O‘D 600
[S*]

0 n 1 s 1 N 1 n 1 s 1 n 1
0 2 A 6 8 10 12

t(h)

3 BEMEKHLE

Figure3 Growth curve of each strain

3 : BL21(DE3)ArhtA/pER 555 2 h JF Iy B 0.2 mmol/L 1)
IPTG 555

Note: IPTG was added with afinal concentration of 0.2 mmol/L at
2 h cultivation of BL21(DE3)ArhtA/pER.

2.3 rhtA EEFEFRT TSN ALA FARA ML &=
R

XIS 12 h S AR B ™ 4
Br, 4590 BL21(DE3)ArhtA Jfish ALA M N
8.937 mg/L. MIiNMZIRWKE N 11.700 umol/L,
BL21(DE3)ME#h ALA ¥ & & 11.627 mg/L . AP I
£1 A E >y 10.433 umol/L (8] 4A), BL21(DE3)ArhtA
5 BL2L(DE3)#H L, MEsh ALA WJE/D T 23%.
JO PN ML2T R EE RGN T 12%, [al%MEi#& BL21(DE3)
ArhtA/pER JIAM#) ALA HefE - 12.249 mg/L . AP ML
ZIRWSE N 6.065 umol/L . FRIF AN ALA kb,
IR EEARAEA S ALA FEASE S35 R R BL21(DE3)/K
-, 0] RhA 25N ALA Shiz, Sk 4RiE—
. W ALA Sz, MIPIMZEER & RS 2R & .

KIGFFEH hemA Zifi 73 2Bt t-RNA i J5
RS T A CRNA IER, FTEARM
ALA 194>, BL21(DE3)ArhtA/pEA Jfish ALA
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Figure 4 Comparison of extracdlular ALA and intracdlular
heme contentsin each strain

: A: Hikk BL21(DE3). BL21(DE3)ArhtA 5 BL21(DE3)ArhtA/
PEA; B: Witk BL21(DE3)/pEA 5 BL21(DE3)ArhtA/pEA.
Note: A: Strain BL21(DE3), BL21(DE3)ArhtA and BL21(DE3)
ArhtA/pEA; B: Strain BL21(DE3)/pEA and BL21(DE3)ArhtA/pEA.
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T A R ORI 1 2T A A A% v At
Vs Ak, , 45 B9 BL21(DE3)ArhtA 5 BL21(DE3)
AHECEE, FEPIAS UNIL, CHI T PPIX S35 S 25%.
15%7#11 18%; BL 21(DE3)ArhtA/pEA 5 BL21(DE3)/pEA
RS, BT HENAY UNIL AT CHI 23R 55%F1
64%51, PPIX i, 29°% BL21(DE3)/pEA
() A7 53 4) (R ML R NS EIRRA B,
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Table4 Intracellular porphyrin contents of different strains

bk SRUNDH 111 7 BN (71953 JERARIHR 1X ¥
Srai Uroporphyrin |11 concentration ~ Coproporphyrin |11 concentration Protoporphyrin IX concentration
rans (nmol/g DCW) (nmol/g DCW) (nmol/g DCW)
BL21(DE3) 4.945+0.027 0.837+0.323 18.719+2.051
BL21(DE3)ArhtA 6.175+0.460 0.963+0.003 22.181+5.915
BL21(DE3)/pEA 3.368+0.120 0.700+0.027 23.606+0.002
BL 21(DE3)ArhtA/pEA 5.234+0.232 1.148+0.021 134.213+£1.537
JEL DS T RESR A 51T . — 2 G i I AR 5 Rl ) A s[ -
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Fg T PRIE K R e 3 0] i 4126 e MRk =2 j ’
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PPIX 7E BL21(DE3)ArhtA/pEA 1) 2R A RE & 1 T
BB BT E.
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Figure5 Relative transcriptional level of each genein the
heme synthesis pathway of BL 21(DE3)ArhtA
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