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Regulation on Expression of Recombinant Rhodobacter sphaeroides hemA

WANGJun-Qing, ZHANG Zhao-Ming
( College d Life Sdence and Technology , Shanxi University , Taiyuan 030006 , China)

Absgtract  Rhodobacter sphaeroides hemA gene encoding for S-amimolevulinic acid synthase (ALAS) ,which
catalyzes pyridoxa phogphate- dependent condensation of succinyl coenzyme A and dycine forming ALA. R.
sphaeroi des hemA gene in pALA vector sysem was trandormed into E. cdi. ALA synthase activity levd was
maxima when hemA had the same transcription direction as the |ac pronoter. The digance between the lac
prormoter and hemA dfected the expresson of ALA synthase on different growth subgrates. And E. coli hog
grain had an sgnificant efect on recombinant ALA synthase activity level and ALA production , with E. cdli
DH1 being begt suited anong Sx hogt drains sudied( P <0.05) . ALA synthase activity was a 9 dependent on
the carbon urces. SQuccinate gave the highes levd of ALA synthase activity ( P < 0.05) , while lactose
resulted in a represson of ALA synthase. ALA synthase activity level was a0 degpendent on medium pH , with
maximal activity occurring a pH 6. 5( P<0.05) .
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, , ALAS R. sphaeroides hemA
“ E. coli , ALAS ,
ALA : , 3 (1) ALAS
. ALA (2 ALAS 1(3)
17 200M nol L , (5] ALA
’ 1
) 9.3 mmol /L.
ALA 1.1
Chen™ Li" s Tabel Fg.1.
ALA , (0] 3 E. cdi LB 16 h, 5
tRNAY, 4 gL 0.25 gL (pH6.5) .
.ALAS Phoriobacter :Anmp 100p g/m Kn 25pg/m, 37
shpaerdides  ALAS 2 (150 r/min) 16 h ,
’ Q)AKTT]S (A660nm) O 4
Table 1 Bacterid drains and plasmids used
Srains and plagrids Characteridics Reference
E. odi.
DH1 SupE44 , hadR17 , recAl , gyrA96 Ghrayeb!™!
BL21 E. cdi.B,F" dem, ompT, lon hds, gal Ghrayeb(™!!
1236 dutl,ungl ,thil,rd Al Ghrayeb! !
Ta supE, hsd , thi , Ghrayeb!!
HB101 SupE44 , hed20, recAl, arald Ferreiral?!
JA221 lpp, hdsM * ,trpE5 , leuB6 , lacY , recA Ferreiral 2!
plagmids
puUC18/19 Cloned vector Ferreiral?!
pUC19kn pUC19 oontaining a 1. 282 kb kanamycin resistance Genblock. Ferreiral?!
puI1014 pUCI8 harboring a 1,976 kb BamHI- Nael fragment Kiotsky!®*!
puI1015 pUC19 harboring a 1,976 kb BamHI Nael fragment Kiotsky!®*!
PALA2 puUI1015 containing a 1,282 kb kanamycin res gance Genblock in ste. This sudy
PALA3 pUI1014 ontaining a 1,282 kb kanamycin resgance Genblock in dte. This gudy
pALA7 pUC18 harboring the gart condon of hemA directly next to ERI Ste. This udy
P S B BE > -
PALA2 i I | > GGAATTCTCAGGGAGACGAAGATGEAC3 5-CAGG
Plac | — —L TCGGC GAGCTCGACCTCGS . ( EcoR  Sac
ALA3 i S P
p dEB < | B | | o ).
Plac hemA 13
pPALA7 LE [S | B B.P
| >—h SDS/FAGE )
Plac hemA (1 % 0.02 % ) 1 1 000
Fig.1 Qngructuresof recombinant plasrmids ( [8]) )
Chromosormdl insert of plasmid is shown by thin line, and vectors are (NC) 0.1 mi/enf ,
down as Dlid areas. Open arrow representsthe hemA open reading frame A4 2h ,BS 3 , 150
and its transcription direction. The dte and direction of the lac proroter |/L Nadl |50 |/L Tris HO pH 7. 5) ,
(Pac) isindicated by arrow. .
L 10 mn
Redriction ste: E: EcoR ;) S: Sac ;B: BamH ; P: P&t
IgG 1 1000( 1% ,150
1.2 DNA mol /L Nad ,50 mnol /L TrisHA pH7.5) , ,
PCR DSPAGE 1h 5
® Kn DNA
Takara . . 5- 1.4
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200 m 10 000 r/min 10 min, 50 Table 2 ALA-rdaed ermzymes activitie and ALA production by
mmol /L (pH 7.0) 4 E. cdi DH1 containing deferent plasmid
m .20 . AasTids Erzymes activity ALA
. . /ol - min~ Y omg?t /mol-L "t
(15 000 r/min,20 min) , Qntrol 0.01+0.005 0.19+0.014
ALAS Burham ™ , :50 pUC19Kn 0.01+0.001 1.58+0.021
mmol /L Tris HA (pH 7.5) 20 mnol /L Mgd, 0.1 nol /L PALA3 0.01+0.005 1.11£0.010
pALA2 3.4240.079 9.22+0.052
0.1 nol/L 0.1 mmolLATP 0.2
mmol LA, 10 20 30 min 300 | Table 3 ALAS activity and ALA production by E. cdi DHL
1500 | 10 % , (15 000 g,5 containig hemA a different digances from the lac promoter in the
min) , 300d1 40001 1 ol /L absence and presence of IPTG
ALAS activi ALA
(pH 4.6) , 3PL ,100 Fasmids Medum  IPTG .aCtMty
) o /ool -min"tmgtt /mvoll 7t
15min, , 2004 | Ehrlish s pALA2 LB 3.4240.49 9.2+1.28
( Ehrlish s 42 m +8m 70% + 3.15+0.27 8.93+1.07
, 1 gp- ) 5mn  HAC Lactose 0. 006 +0. 001 0.19+0.036
+ 0. 006 + 0. 001 0.15+0.001
ALA Quccinae 53.54+0.95 27.8+1.12
+ 52.23+1.37 27.1+0.58
2 PALA7 LB 12.47+1.20 18.4%1.51
+ 13.12£0.99 18.7+0.68
2.1 ALAS Lactose 0.004 +0.001 0.15+0.005
puI1015 E. cdi , + 0.005 0. 001 0.16 +0.019
pU|1015 E. coi DH1 succinate 16.33+0.64 21.9+0.84
(13] + 18.46+1.19 23.8+1.23
. ALAS ,
0 3nml-mnmg ' . pUI1015 , 320b PCR hemA 3
: PALAZ2 1.4kb Sac BamH puC18
puUl1015 EcoR Kn , Pst Kn PALA7
LB Kn LB , ,
E. cdi DH1 ALAS PALA2 ALAS ,
Table 2. R. shpaeroides hemA PALA2 E. cdi DH1  ALAS
ALAS ;PALA3 E. pPALA7
coli , hemA lac ALAS PTG ALAS
ALAS JPALA2 , hemA PALA2 ALAS (P<
lac ALAS 0.05) ,
R. sphagroides hemA E. cdi 2.2 AL AS
, R. sphaeroides hemA E. cdi lac PALA2 E. cdi ALAS
,hemA E. cdi IPTG( (Table 4) ALAS
B-D- ) E. cdi lac PALA2 ;
ALAS (Table 3) . HB101 JA221 , , DH1
ALAS , TG , , E. cdi
ALAS LB (P< DH1, ALAS (P<0.05) ,
0.05) , ALAS , 2.3 AL AS
IPTG ALAS 9 PALA2 E.
(P>0.05). R. sphaeroides hemA codi DH1L ALAS , L-
ALAS , L- L-
pPALA7, hemA , 4C ALAS ALA
, hemA 5 puUI1015 EcoR (P<0.05) ,D-
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Table 4 ALAS activity and ALA production by dfferent hog

drains containing plasmid pALA2

E cdi /mﬁAnf:mlwrt:g . ALA/mol-L 1t Pyrrole (Aagm)
BL21 5.91+0.74 11.2+0.79 1.23+0.08
1236 1.26+0.03 3.24+0.08 1.15+0.04
DH1 53.54+1.15 27.8+1.12 0.07£0.01
HB101 0.04+0.01 1.62+0.04 5.56+0.32
JA221 0.31+0.07 1.35+0.04 5.43+0.08
TAa 1.89+0.11 3.33£0.13 0.08+0.01
ALAS ,
ALAS (Table 5) .

Table 5 Hfect of subgrateson ALAS activity and ALA production

by E. cdi DH1 containing pALA2

(A) (B)
1 2 1 2
—62

—47
—47

Fig.3 Qoss reactivity andyssaf anti-hemA by Wegern blotting

(A) 1. Puified hemA ; 2. Whole cells of an induced culture of E. cdi
DH1 containing pALA2; primary artibody , anti- GST-hemA artisera;
soondary antibody , goat anti- (rabbit 19G) oonjugated with dkdine
phogphate ;

(B) 1. Pimary antisera, anti- GST-hemA antisera, secondary antibody ,
goa anti- (rabbit Ig@ oonjugated with akaine phogphate againg 0.5 g
purified nouse ALAS; 2. Marker

2.4 pH ALAS
, pH :
pH ALAS (Table 6) :
pH6.5 ALAS (P<0.05),
6.5 ALAS :

Table6 Hfect o medium pH on ALAS activity in E. cdi DH1
ocontaining pALA2

Qowth subgrate /mil;Ajsdllw:?; 1 /nn?)ll_/T_ 1
Succinate 53.54+1.15 27.8+1.12
Fumerate 47.19+1.14 21.3+0.85
L-Maate 45.13+1.26 19.5+1.11
0~ Ketog utarate 24.10+0.9 8.94+0.89
D-Mdate 2.99+0.22 5.71+0.54
L- Gutaete 1.89+0.27 2.12+0.31
L-Saine 1.29+0.19 1.04£0.17
L-Threonine 1.66+0.09 1.79+0.22
Guoe 0.08+0.01 0.31+0.01
Lactose 0.01+0.01 0.19+0.01
, R. sphaeroides hemA ALAS
44.6 k'™ pALA2 E.
coli DH1L (Fig.
2) .pALA2 Wegern
(Fg.3).
1 2 3 4
kb

hemA ———

Fig. 2

succinate or lactose medium.
1. E. cdi DH1 containing pALA2 on lactose medium; 2. E. cdi DH1
oontaining pALA2 on succinate medium; 3. Wild-type E. cdi DH1 on
succingte medium; 4. E. cdi DH1 containing pUCI9Kn on succinate
medium; 5. E. cdi DH1 containing pALA3 on succinate medium

— 94
— 67

— 43

— 30

DSPAGE o E. cdi DH1 ocontaining dfferent plagrid on

Medium pH ALAS activity
Beginning End /ol mint-mg*
5.0 5.20 11.33+0.69
5.5 5.71 17.24+1.02
6.0 6. 49 33.91+1.30
6.5 7.12 53.54+1.15
7.0 7.51 32.58+0.37
7.5 7.80 17.056+1.42
8.0 7.81 11.35+0.85
3
R. sphercides hemA E. coli ,
hemA ALAS
ALA )
ALA , )
ALA R. sphaeroides hemA E. cdi
DH1I ALA (03) , ALAS
, hemA E. cdi DH1 lac
lac IPTG
ALAS
PALA2 ,R. sphaeroides hemA
, E. cdi DH1
JALAS (P<0.05) ,
. PALA7, LB
ALAS ,
E. cdi DHL ALAS
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ALAS ,
,ALAS

, ALAS
ALA , BL21
E. cdi K12 ,

pH ALAS

. Klotsky e
4C C ALAS :

D- ALAS , R
sphaeroi des hemA E.
coi DHL  ALAS . Chen" . hemA

For Fxk
,pALA2 E.
coi DH1  ALAS ,
PALA2 E. cdi DH1
, ALA 27.8
ALA ,

, ALA 300 ,
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