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Effect of the expression of Escherchia coli
glutamate-1-semiadhyde aminotransferase on the red
fluorescent protein uroporphyrinogen III methyltransferase
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Abstract:  Glutamate-1-semiadhyde aminotransferase (GSAT) is an enzyme in the upstream biosynthetic pathway of
uroporphyrinogen III that is the substrate of uroporphyrinogen III methyltransferase (UPMT), a novel red fluorescent protein. In
order to detect the effect of overexpression of GSAT with UPMT on the fluorescent intensity in Escherichia coli, we amplified maize
upmt gene by PCR and inserted into the first cistron of pET Duet-1 plasmid to create the vector pETU. The expressed UPMT was
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fused histidine tag at N terminus. We also amplified E. coli hemL gene encoding GSAT by PCR reaction, eliminated Nco I site within
the hemL gene by site-directed mutagenesis and subcloned into pET-51b plasmid. The resultant semL gene was inserted the second
cistron of pETU plasmid to produce the vector pETeGU. The expressed GSAT has the extra Strep-Tagll at N terminus. Compared to
overexpression upmt gene alone, coexpression both genes did not resulted in the remarkable change in either the amount of the
UPMT, as estimated by western blot analysis, or the constitution of red fluorescent materials, as shown by UV/visible light scanning
analysis, but increased cellular level of the fluorescent material trimethylpyrrocorphin with the specific absorption at 354 nm. The red
fluorescence emitted by the colonies cooverexpressing both enzymes completely disappeared after treated by 2 mmol/L gabaculine,
the GSAT inhibitor, suggested that the recombinant GSAT may increase the cellular level of uroporphyrinogen III, and thus enhanced

the red fluorescence of the E. coli cells conferred by the recombinant UPMT.
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XL-Blue fil BL21 (DE3) &2 [ b5 4L
SAEWHR ST, TEREE Y R0 R
Oxoid A HI =i, FNIEGIC-B-D-2FEWETT (IPTG)
14 3% E Promega /A ], 3-4%3-2,3 ZRILIAKH R
(Gabaculine) . DEAE-Sepharose CL-6B #1 Ni-NTA &
% [# Sigma-Aldrich 7Y & J= &, Strep-tag P& Fl
His-tag Hi{A 235 [ Novagen /A &l = fh, HAthsr 14
PR R R A A FE
1.1.2

AR WA G AL U-2001 17 5 ¥4 6 B L
HlL SCR20BC J& H A Hitachi 23 &) 7= i, BEME % £
Bi 1 H A Kodark 24 @) 4277, 45 15T HL UK 16 7% 206
I [ 5% [# Bio-Rad A,
1.2 A&
1.2.1  HA 7k
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N Neo T1EHIFF, PCR P78, FLykAGI 34 =
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IRJGHEAL K FT B XL-Blue, $EE5ERE, M., PCR
P FOK upme FER 7 BERR M L DA /S A4k
FHARR i BRI M N DI REVE T, Fatifl .
122 LA E

PRI AR Je i 44 W% 20 HF 9 3 00 oK wupme
FE G A pET Duet-1 JFiRi s 2 AN 7, #4 # pETU
A B KT hemL FEHAH A pET-51b JFiki, 14
## p51eG #K; Neo 1 il Hind IEEY) p51eG FkiAY
hemL 3N, i A pETU FUREH 1 MR T, fg:
pETeGU # /A,
123 FHHHHKE-FHA

AR R R BB KA BL21(DE3), 7
LB 532 finA 100 pg/mL MR EHEZ, 37CH;
Fr12h, IR 11200 FikE, FFREAEEEAERK E ODg
2970 0.5 B, A IPTG, ZHkEEH 0.4 mmol/L, 37°C
%5 5h, 6 000xg B0 10 min WEEH A, A B %,
JIA 24 2% bk (100 mmol/L ) Tris-HCI, pH 8.0),
HEFERE, 15 000xg B0 30 min, FEU0E, LI .

Table 1 PCR primers used in this study
Gene name Primer sequence (5'-3") Template Size (bp)
. Forward: GGTACCGAGTAAGTCGAAAATCTTTAC .
E. coli heml Reverse: AAGCTTACAACTTCGCAAACACCCGACGTG Genomic DNA 1291
£ coli heml. mutation  Forward: GAACTGGTCCCGACGATGGATATGGTGCGCATG 186G 1 olasmid 3083
- cott iemt mu Reverse: CATGCGGCACCATATCCATCGTCGGGACCAGTTC p P
Maize upm Forward: ATGCTGCATATGAGAGGATCGCATCATC p31S plasmid 280

Reverse: ATGCTCGAGTTAAGATGAATCAACCCAG

The full length of the plasmid with the mutated hemL gene inserted into pUC18-T vector.

2 AWRETAHMK
Table 2 Plasmids used in this study

Plasmid Relevant properties Reference or source

pl18eGl E. coli hemL gene was cloned into pUC18-T vector This study

pl8eG2 Elimination of Nco I site within the semL gene This study

pET-51b ColE replicon, bla, Strep-Tag Il fusion tag (N terminus) Novagen

pET Duet-1 ColE replicon, bla, two expression units Novagen

p31S1 Maize upmt gene was inserted into pQE 31 plasmid [22]

pETU Maize upmt gene was inserted into the second expression unit of This study

pET Duet-1 plasmid. The UPMT was fused with His6-tag at N terminus
p51eG E. coli hemL gene was inserted into pET-51b plasmid This study
pETeGU E. coli hemL gene from p51eG plasmid was inserted into the first expression This study

unit of pETU plasmid. The HemL was fused Strep-Tag Il tag at N terminus

Journals.im.ac.cn
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BN 10 uL 4% 1 2 2 000 Hi BE (1) Strep-Tag 1T 5574 41 %
bR 2 1 e BRI, SR E % . Western 15
WERYE 3 U, 10 mL E AW A% 12 2 000 Rk
HRP FRics ik 10 ul, W 5H 1 h J5 s 3 %, N
I mL {2 B 7, BAREE R XL A gt, AR5
B, .
1.2.5  EHWHFH C F 57

AR R IR EAR AL KA FF# BL21 (DE3), 7
LB [ FREE T 37CA: K 15 h, KEIMDET ML
W96, pETeGU ks b KIaFT#, 7 1 L LB
BAREPHRRBE, WERER, srd, B
¥ H DEAE-Sepharose CL-6B (3 cmx3 cm) W fff, %
fif 28 PP PR S A AEAREL, A 20 mL Y PERE 22 b
W (20 mmol/L Tris-HCI, pH 8.0, 3 mol/L NaCl) ¥
B, ST EDHEFT 300~700 nm G

2 HR

21 EETHEERT

F| F NEBcutter V2.0 %447 0 5 BT 119 BR il 44 P9
DIEERT S, WIEAFESIY G& D, 5l A
[A] 3 A . #34E Expasy ' Translate tool 2443471 K
FEUA hemL &R 4ty () 2 3L MR 751, >R FH ) L9887
R EE hemL LRI Neo 1T, 515 P A AL
A5 KT TR 4 R 1) i 2 1 o

FIH PCR AR, MWKIGHTFHFE N ZH DNA g
W hemL K2, 29 1.3 kb (B 1), W FE45 RN A
HIFES)—3, i TAE pET-51b FUki Rk E M N %
T F Strep Tag I #5%:, FTLAZRIAN GSAT MIBREE 1
> Met 5% 3

DAASE = OB & A EoK upme F2H p31S1
AR N (3% 2) #E4T PCR P71, 7= H1%) )y 880 bp
(K 2), 4t N s 2H 2 FR bR 25 Fl K UPMT A9 Leu91-
Ser363, oK UPMT Rifk& A 4tk T Ak, MER N
A C di— BEE IR P A, X H IR AR R,

Journals.im.ac.cn

5000
3000

2000

1000
750

500

200
100

1 KBE#TE hemL & PCR ¥ 1%
Fig. 1 Escherchia coli hemL gene obtained by PCR. 1:
DL5000 DNA marker; 2: E. coli hemL gene.
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2 EK upmt EEH PCR ¥ 18
Fig. 2
Leu91-Ser363 amino acid sequence with His6-tag at N
terminus. 1: DL2000 DNA marker; 2: maize upmt gene.

22 FikHE

AW A AR (& 2) T AR sE A
Fiko I RIGFFE hemL R FIE K upme FH
i A pET Duet -1 BRI 1 FIEE 2 i+, #ik
BAEADINEA Strep-Tag [ FIHZ IR . N i
HABRPRZENT KT GSAT Fl Kk UPMT #9165 H
BA M,
2.3 GSAT #1 UPMT EHE KT E R FTIEKFE

430k 4L pETU BORLAT pETeGU ik, 4]
UPMT MRIXAKF-HA A (& 3), [FIER
RIMKIHFFHE GSAT HhE R a5, & W pETDuet-1
JRLIY 2 ASFRIR TR BT T il R Y 2R
RERERAE .

PCR analysis of maize wupmt gene encoding
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1 2 3
E 3 UPMT #1 GSAT BRI iR ERENE 547
Fig. 3 Western blotting analysis of the soluble UPMT and GSAT.
Lane 1 and 2 represented the expression of UPMT extracted from
the induced E. coli BL21 (DE3) cells carrying pETU plasmid or

pETeGU plasmid. Lane 3 represented the expression of GSAT from
the induced cells carrying pETeGU plasmid.

2.4 FiX GSAT #1 UPMT X 3% % SE B &

1 pETU Brhi e AL KImAF i, A 1IPTG 5%,
WA TR @500, (ARESIR WK DR @5
& (3 3). LiEHEA pUCIS JFikih Lac BT FhY
YNTH cobd R, IS H A pQE31 ki TS fashF
T EK upme FEB, HA K LR TR 5 BoRa @
U v =i < N D5 1 YA N i = e e s o
UPMT [WRIEFFIEESR

A pETeGU kLI K WA FF B UPMT A4
JERIK, WERRAEIIE, FHRE, MO
JE i THAL pETU FURi4ninyss i (& 3), hTm
P ZH 20 UPMT BRI (B 3), HEM
Fik GSAT f23E ALA HY5 B, 4 e 4 A IRkt
MK,

®3 BUTRABAMELAXGTERELRT
Table 3 Fluorescent display from the recombinant E. coli
carrying the different plasmid respectively

Colonies fluorescence ; :
Plasmid Pigment production

IPTG +IPTG (4ss4/g cells)
pETU - + 6.318+1.224
pETeGU + + 10.224+1.683

2.5 GSAT BYHIEIFIXNFESHELAREZ R
1

AN 2 mmol/L f GSAT il ] 3-2Jk-2,3 — 52
SORHIRR , F35 GSAT Al UPMT (1 5 21 1 7% 5 6 1M
&K (B 4y Al G 2 R AT A, ik
ALA 8, Rt 220 SR M GSAT A (oo i 18
T Chloroflexus aurantiacus %5 BRI H
M2, AR ALA A BB, DR IR ok JEIIIRY £ 5
AR, SECEOCIN, A 50 p) w v s sk 2l
L0, RVIRRMA ALA 15 B TEARSN S N

ALA X UPMT W ZOCRORE . RIGHTIE hemB 9875
TRAREA BURINRIRIIL, 35 UPMT J5, W& AR
IRLLAATIERY, KW UPMT BYZGAR A P9 R4 TR
NN GEES
2.6 EHMAEIR YIRS

#Ak pETeGU Bk AR L, JeikH
oty FEW, BARTE 354 nm Fl 378 nm A 2 4>
W (B Sy, Adile = H R O ORT 7 B S
SRRAVFR SO, R E4 UPMT LA i) 32 2
PR, X FFIE TR UPMT M4 R —8,
PRANAIN ALA RESE i 21 25 A B A 1] 47 1 b i )
i, BN S AL A BRI S NN kAL 5 )

—Gabaculine

+Gabaculine

El4 REH2 mmolL 8 3-8#-2,3 —EEXHENF
528 pETeGU B I KA AT B &E & R LRI

Fig. 4 The effect of gabaculine at the concentration of 2 mmol/L
on the red fluorescence from the induced colonies harboring
pETeGU plasmid on LB agar plate upon UV light illumination.

025 p — pETeGU
: --- pSleG
0.20 f
\ ,\A”“
8 0.5 [
g .
5 .
= 0.10 |~
0.05 |
0.00 L 1 L 1 L 1 L )
300 350 400 450 500 550 600 650 700

Wavelength (nm)

5 BURRRMBMAXBITESSHBBELERD
SEFHE, B LEAREALBRR AR

Fig. 5
E. coli cells carrying the different plasmids (denoted on the
figure). The specific absorption at 354 nm and 378 nm represent
trimethylpyrrocophin and sirohydrochlorin respectively.

UV-visible spectra of the extracts from the induced
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FE 405 nm A MR ARBFFE IR A ], ] BB
H 4l GSAT X ALA & UMAE AR, DK EL
Fi5 UPMT S 3OR W AT B PR P obf J5 LA AR 1)
MR,
3 9tk

AT, FRATEEE T AT BN 1 A
AN T8 A O kST B 357 g AR 45 A r
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A% PR AN EL LA UPMT (44 A0 7= ik A IX 43241,
AT ATELL GSAT B ELTE AL P9 R sk ST
1

UPMT fER#E/RE A, MHELE B, Hook
SR 3 AT RE S AR R IR KR L NI EE L S
Yrikase Ll kil R g k), Fik UPMT 33
TR s, AT REREIR KA IR LT R 2 &, i
B T B A EEBE (RNA IR SRR s, AmT
e, FAKRMFTE GSAT, nlhE4RE ALA & iifE
T3, ALA Bl KT T 56 IR 20 20 5 45 L 21 2% —
At Al PR P IRETITEY 2 B 4 46k B UPMIT i
T, DT 8 7o e L 200 L A 2 DI B

LT3 A A — EEnp bk (a1 4, 1 n R b mk
JRII, n] DA R v e i 25 KA s s
A RURNNKIRIL, FFEEARE 4 M, RFEEA
10 2 1K 7K S 22 57 S SSOAT M 4 PR I o D T 3 AN T
o B 2 AN A )RS 3R A HPLC H AR S04 A R
LY, BRI, AN ALA YR BE RT3 5k
UPMT 7= (568 BE IEAHOE!Y, UPMT REA A
D240 BE P PR ISR BRI &5 i, A i — 20 5%

H BRAR A, B SE R -3 - i 1R 5 7% il
() aadA P TN 4% 50 H Y AL T — 4> BUI
KF, AE AT REbR G T B DS AR 7 28 A
I 2O S R I PR AS (S O S Ak % A i i
FRic, 4R AR b SR v T R AE 2
RARAE A DU IS 43 F, T A R N R
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SE PRV B0 v S V6 B i 21 R A A A 4
i 3 i g RV A P i B R R R . = S A W AR
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