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Purification and characterization of
S-adenosyl-; -methionine:uroporphyrinogen III
methyltransferase from Rhodobacter capsulatus SB1003

Jie Kangl’z, Huan Fangz, Huina Dongz, Wenjun Songl, and Dawei Zhang2

1 College of Biotechnology and Food Science, Tianjin University of Commerce, Tianjin 300134, China
2 Tianjin Institute of Industrial Biotechnology, Chinese Academy of Sciences, Tianjin 300308, China

Abstract: Biosynthesis of vitamin B, (VB);) requires the methylation at positions C-2 and C-7 of the precursor
uroporphyrinogen III (urogen III) to precorrin-2 by S-adenosyl-;-methionine uroporphyrinogen III methyltransferase
(SUMT), which is a potential bottleneck step. Most of SUMTs are inhibited by urogen III and by-product
S-adenosyl-; -homocysteine (SAH). In order to mine an SUMT that lacks such an inhibitory property to drive greater flux
through the VB, biosynthetic pathway, we cloned two SUMT genes (RCcobA1, RCcobA2) from Rhodobacter capsulatus
SB1003 and expressed them in Escherichia coli BL21 (DE3). Thereafter, the two enzymes were purified and their specific
activity of 27.3 U/mg, 68.9 U/mg were determined respectively. The latter was 2.4 times higher than PDcobA (27.9 U/mg)
from Pseudomonas denitrifican. Additionally, RCcobA2 could tolerate over 70 pmol/L urogen III, which has never been
reported before. Hence, RCcobA2 can be used as an efficient enzyme to regulate the VB, metabolic pathway and enhance

VB, production in industrial strains.

Keywords: vitamin B,, uroporphyrinogen IIl methyltransferase, uroporphyrinogen III, tandem-enzyme reaction, Rhodobacter

capsulatus
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Fig. 1 Synthesis pathway of tetrapyrroles.
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Table 1 Classification and features of SUMTs
Category Characteristic Protein Metabolic pathway Source
The first ~ Only SUMT activity; dimeric CobA Vitamin B, Methanobacterium ivanovii"’
protein of 30 kDa subunits Pseudomonas denitrificans[4]
SirA Siroheme Bacillus megatherium™
MetlP Saccharomyces cerevisiae'®
UPM1 Arabidopsis thaliana"
NirE Hemd, Pseudomonas aeruginosa'!
The SUMT and HemD activity; CobA/HemD  Tetrapyrrols Lactobacillus reuteri®®
second dimeric protein of 50 kDa Desulfovibrio vulgarisi®
subunits
Selenomonas rum inantium""
The third  SUMT, dehydrogenase and CysG Tetrapyrrols Escherichia colit"™
ferrochelatase activity; dimeic Salmonella enterica™
protein of 50 kDa subunits
P. denitrificans  cobA R. capsulatus ~ SUMT
VB> [17] VB> Deery 122
urogen III RPR R. capsulatus
P denitrificans SUMT VB2
Methanobacterium ivanovii ~ SUMT (18] R. capsulatus
Piao 191 Propionibacterium SUMT urogen Il VB,
freudenreichii cobA VB, R. capsulatus
1.7 SUMT VB,
urogen [II  SAH R. capsulatus SB1003 ~ SUMT
SUMT
Rhodobacter capsulatus 1 ﬁﬂsl'—"i 7\5 )\%_
1.1 E#k. BRA5RITEISIY
[20] 2
VB, 3
DNA 1.2 EFE. BREZERFT
R. capsulatus LB (IL) 10g

10 g Sg
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Table 2 Strains and plasmids

Strains or plasmids Function Properties Source

E. coli DH5q. Clone ~ and  plasmid Eeo(lzgorelcaz:IZAel\r/t[;i? éﬁtgzék*a;g;; ;Jhlfz This lab
propagation supE44." thi' gyrA96 relAl

E. coli BL21 (DE3) Protern expression F ompT hsdSg (rg mp )gal dcm rnel31 (DE3) This lab
R. capsulatus SB1003 PCR template Wild-type This lab
P. denitrificans PCR template Wild-type This lab
Bacillus megatherium PCR template Wild-type This lab
PTG Gl O K e g s gy
pET28a-PDcobA Expression of PDcobA As above This work
pET28a-RCcobAl Expression of RCcobAl  As above This work
pET28a-RCcobA2 Expression of RCcobA2  As above This work
pET28a-hemB Expression of HemB As above This work
pET28a-hemC Expression of HemC As above This work
pET28a-hemD Expression of HemD As above This work
pET28a-SirC Expression of SirC As above This work

*3 XHHAY

Table 3 Primers used in this study

Primer name

Primer sequence (5'-3")

Restriction enzyme site

RCcobA1l-F CTAGCTAGCATGACCCAGATCCTTCGC Nhe 1

RCcobA1-R CCCAAGCTTTCATATCACGGCCTCGAG Hind 111

RCcobA2-F GGAATTCCATATGAGCGGTTTCGTTTCT Nde 1

RCcobA2-R CCGCTCGAGTCAGGCCTCCGGCGCG Xho 1

T7 TAATACGACTCACTATAGGG

T7-Term GCTAGTTATTGCTCAGCGG
The underlined letters indicate recognition site of specific restriction enzyme.

Thermo Fisher (D6492-02) OMEGA
Scientific DNA PrimerSTAR Mix Millipore
TaKaRa 2xTaq PCR MasterMix Ni-NTA GE Healthcare
Sigma 20 mmol/L
DNA 0.5 mol/L 30 mmol/L
(DP302-02) (D6943-02) pH 7.4 20 mmol/L
PCR 0.5 mol/L 100 mmol/L pH 7.4
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20 mmol/L 0.5 mol/L
500 mmol/L pH 7.4
50 mmol/L Tris-HCIl 150 mmol/L

20% (VIV) pH 7.5

1.3 EFE:EH

PTC-1148 PCR BIO-RAD

(SpectraMax M5)

MD (JN-3000 Plus)
(PTSB2012-059)

(Sci-tive N)

14  FH*
1.4.1
P denitrifican ~ SB1003
DNA Primer premier
5.0 PCR 3 SUMT
pET-28a(+)
E. coli
DH5a 50 pg/mL
LB T7
PCR
pET28a-PDcobA pET28a-RCcobAl pET28a-
RCcobA2 BL21(DE3)
hemB hemC hemD  sirC
[21]
1.4.2
LB
ODgopp  0.6—0.8 0.4 mmol/L
IPTG 16 'C
4 C
(5000 r/min 20 min)
11 000 r/min 1h 0.22 um

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

3
10 3-5
20 C
SDS-
BCA
1.4.3

[23] 5 mmol/L

ALA 200 pmol/L SAM 1 mmol/L 1-
(NAD") 5x () 0.32 pmol/L HemB

2.27 pmol/L HemC
10.69 umol/L SUMT

2.12 pmol/L HemD
1 pmol/L SirC

100 pL SUMT
PDcobA RCcobAl RCcobA2
96 37°C
20 min (200—700 nm)
1.4.4
1.4.3
10 min ALA
3—20 min
[16] Sirohydrochlorin (SHC)
(376 nm)  2.4x10° mol/(L-cm)
)
lh 1 nmol ALA
-2 (mg)
1.4.5 wurogen III
urogen III [24]
( ) urogen III
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5x «C )
5 mmol/L ALA 0.32 ymol/L HemB 2.27 pmol/L
HemC 2.12 pmol/L HemD

K

2 HERE5pH

Kcat

20mL 37 C 2h 80 C
15 min 0.22 pm 2.1 ZEEEFIILLX S5
Clustal Omega
10 pL 90 uL 1 mol/L HCI PDcobA RCcobAl  RCcobA?2
1h 405 nm SUMT
urogen III (¢ 405 nm=5.4x10" mol/(L-cm)) 4
1.4.6 wurogen Il SAH 40%—65%
5x ( ) 200 mmol/L

SAM 100 umol/L NAD" 1 mmol/L SirC 2 pmol/L 80% SUMT
SUMT 1.4.4 urogen 90% SUMT
I (0-70 umol/L) SAH (0-60 umol/L)
R4 SUMT BIREBRFSI LB
Table 4 Nucleotide sequence alignment of SUMTs

1 2 3 4 5 6 7 8 9 10 11 12 13
cysG_EC [
cysG_SE 2 80.9 k¥*
cobA_PD 3 528 54.6 kx*
cysG_PF 4 537 526 564 x*x
cob4A2 RC 5 50.8 504 538 59.6 ***
sumt_TT 6 49.7 50.8 53.0 54.0 51.0 *k**
cobA-hemO LR 7 472 49.0 46.5 454 433 464 *k**
sumt _GS 8 548 558 56.1 534 525 51.6 524 @ kx*
nirE PAO1 9 579 592 592 61.1 546 600 484 57.7 ***
nirE PAM18 10 57.8 59.3 592 609 544 60.0 485 57.7 99.9 x**
cobA PAO1 11 56.8 56.2 59.1 583 552 558 474 581 628 62.7 ***
cysG_PAO1 12 56.7 55.8 59.0 582 550 556 475 577 629 628 99.6 ***
cobAl RC 13 51.6 521 555 53.6 546 521 444 513 577 57.8 612 61.1 ***

EC: E. coli; SE: S. enterica; PD: P. denitrificans; PF: P. freudenreichii; RC: R. capsulatus; TT
Lactobacillus reuteri; GS: Geobacillus stearothermophilus; PA: P. aeruginosa.
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22 SREMLEX S

3  SUMT
ESPript 3.0 (http://espript.ibep.fi/ESPript/ESPript/
index.php) PDcobA
RCcobAl RCcobA2  NirE
( 2A) 50%
10 B-
9 - C Bs  Bo
p- 2 3y
m) 0.08% ( loop) RCcobAl
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Fig. 2 Structure-based amino acid sequence alignment (A) and superposition of tertiary structure models (B) from
RCcobA1 and RCcobA2 with NirE and PDcobA. Helices and B-structures as found in PDcobA are indicated. Red
boxes highlight identical amino acids among these four SUMTs. The tertiary structural models are shown in ribbon
representation: PDcobA (red) and NirE (yellow) and RCcobA[l (green) as well as RCcobA2 (purple). The urogen Il
molecule is shown as ball and stick model. The beginnings and ends of flexible loops are indicated by gridlines.
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Fig. 3 Expression of the SUMTs in E. coli cultured in

plates illuminated with UV light.

E m 2.5 wurogen IIF0 SAH *}#&&:E AN HI 15 R
Bl 6 RCcobAL

ol RCcobA2 2 urogen I SAH
gt ¥

e e & 70 umol/L 5 pmol/L
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El4 SDS-PAGE S #fi4i{L/m /) SUMT &H 1
Fig. 4 SDS-PAGE analysis of purified proteins from SUMT  urogen
PDcobA, RCcobAl and RCcobA2.

#*5 A[FE SUMT iz hZEHIT L

Table 5 Kinetic parameters of SUMTSs from various sources

Urogen III
SUMT ; T
Ko (s7) K., (umol/L) Koo/ Kin (s~ /(umol/L)) Source
NirE (P. aeruginosa) 1.6x10°° 9.8 1.6x107" Reference [8]
CysG (E. coli) 1.9x10°° 39.7 4.8x107° Reference [12]
RCcobA[l (R. capsulatus) 1.2x10°° 4.0 3.0x107™ This work
RCcobA2 (R. capsulatus) 2.8x107° 10.8 2.7x107 This work
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Fig. 6 Inhibition of RCcobAl and RCcobA2 activity by urogen III and SAH.
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VB, [27-28] R. capsulatus SB1003 111
SUMT urogen III RCcobAl  RCcobA2
VB, urogen III
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urogen 11 SUMT
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RCcobA2  PDcobAl 2.4
urogen III 70 pmol/L
VB,

RCcobA2 SUMT

RCcobA2 urogen III SAH

VB,
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