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Construction and characterization of Escherichia coli
D-3-phosphoglycerate dehydrogenase mutants with
feedback-inhibition relief

Hui Deng"?, Cunwu Chen?, Chuanbo Sun?, and Chuanbao Wei*?

1 College of Biology and Pharmaceutical Engineering, West Anhui University, Liu’an 237012, Anhui, China
2 Research Center of Protein Separation and Purification, Liu'an 237012, Anhui, China

Abstract:  3-Phosphoglycerate dehydrogenase (PGDH, EC 1.1.1.95) is the key enzyme in L-serine biosynthesis and its
coding gene is serA. PGDH is feedback inhibited by L-serine. In order to relieve the feedback-inhibition of PGDH by
L-serine, H344 or D346 or D364 were chosen for site directed mutagenesis. The mutants were generated by the standard
QuikChange mutagenesis, further subcloned into expression vector pT7-7 and transformed into Escherichia coli BL21 (DE3)
cells. The recombinant cells were collected after cultured in LB media post induced by isopropyl beta-D-
thiogalactopyranoside. The enzymes were purified by anion exchange chromatography, and SDS-PAGE showed that the
purified enzymes were homogenous. Enzyme characterization indicated that the mutant enzyme showed similar activity,
optimal temperature, and optimal pH as that of the wild-type enzyme. Moreover, feedback inhibition study showed that the
activity of the double mutant (N346A/H344A) could remain 96% in the presence of serine up to 160 mmol/L, whereas the
activity of the wild-type enzyme remains only 50% in the presents of serine of 7 pmol/L, thus successfully relieving the
feedback inhibition of PGDH with its activity remained.

Keywords: Escherichia coli phosphoglycerate dehydrogenase, construction of mutants, relief of feedback inhibition
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ASN’-346

SubunitA/{::.f)
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> i/t LY
o . ASN-346 HIS-344
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1 #4852 FEPGDHEBEAENS

Fig. 1 Serine bonding sites of PGDH. Subunit interface of PGDH consisting of two regulatory domains is shown in
cartoon form. Banding subunit A is depicted in green, banding subunit D in purple. The two allosteric serine ligands
are drawn in light blue, and side chains of residues which form important contacts (yellow dotted line) to the ligands
are especially shown in molecular structural form. Using PyMOL 1.4 software to simulate the above picture.

1 MHE5xR%E 113 PCR

GenBank E. coli str.K-12
11w Substr. MG1655 serA (Accession
111

No. 945258) PGDH N346A/
BW25113 JM109 BL21 (DE3)
™8 T Simo] S H344A 4
MD -T Simple i .
P tmp lema (Nde I Hind III) (
pT7-7 pMD™18-T-serA

1)
pMD™18-T-serA™ pT7-7-serA  pT7-7-serA™

Fbr feedback-inhibition
F1 KHARFAMSIYNEIFREFRT

resistance Table 1 Primers used in this study
1.1.2 Primer names Primer sequences (5'-3")
[4] Ndel Hind II Primers series 1
Dpnl CIAP T4 DNA TaKaRa SerA-Ndel-F gﬁﬁ?ﬁ;ﬁfﬁgfgﬁg
pMD™18-T Simple DNA AAGCTTTTAGTACAGCA

SerA-HindII-R GACGGGCGCGAATGGT
Promega . .
Primers series 2

Sigma GATGCACATCGCCGAAG
oxoid SerA(H344A, N346A)F CCCGTCCGGGC
X01 GCCCGGACGGGCTTCG

SerA(H344A, N346A)R GCGATGTGCATC

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

E. coli K-12
BW25113 DNA 1 PCR
SerA
pMD™18-T Simple IM109

pMD™18-T-serA

2 SserA H344A N346A
pMD™18-serA™
serA serA™ pT7-7
Nde I Hind III
T4 DNA

pT7-7-serA  pT7-7-serA™

1.3 HHERANRTARRERNREMZYH
4k

pT7-7-serA pT7-7-
serA™ BL21 (DE3)
100 pL 50 mL TB 37 C
ODgo0 1.3 25 C
0.5h IPTG 50 mmol/L"!
10—-16 h
100 mL 12 000 r/min 4 C
10 mL PBS
(20 mmol/L 1 mmol/L DTT pH
7.5) ON 10s OFF 1 min
4°C 13 000 r/min 30 min
-20°C
AKTA Sepharose
Fast Flow DEAE
A (20 mmol/L
1 mmol/L DTT) B (20 mmol/L

1 mmol/L DTT 1 mol/L NaCl)

30 kDa

® 010-64807509

SDS-PAGE

1.4 BEEIEMNE
PGDH [6] 2mL
40 mmol/L (pH 7.5)
1.0 mmol/L DTT 0.25 mmol/L NADH 5 mmol/L
a-KG 10-20 pL

0T 37 C
340 nm NADH
1U

1 nmol/L NADH
Bradford !

15 HHEBRRTE PGDHIBESHAOFMK
AR E TR E R ES
a-KG (a- )
1/[s] 1/[v]

app app app appp¢  app
Kln kcat VmaX kcat /Kln

40 mmol/L (pH 7.5)
1.0 mmol/L DTT 0.25 mmol/L NADH
a-KG  10-20 pL 1.4
ICs
50% PGDH
(pmol/L) 0 4 8 9 15 20 30 40

50 60 80 20000 40000 60000 80000
160 000
10 pg 100%

1.6 FAEBERETE PGDH B MR ELE
(30-70 C)
1.4
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1 min
2 min
340 nm NADH
(0-60 C) 3 min
1.4
pH (pH 6-9)
pH 40 mmol/L -
(pH 6-9) ( Na,HPO, KH,PO,
) 1.0 mmol/L DTT 0.25 mmol/L NADH
5 mmol/L a-KG 10—-20 pL
pH pH
1.4
- pH  (pH 6-9)
4 °C 24 h

1.4

2 ER5AM
21 BHAERAMETATHREFRAAHLE

L- PDGH
L- PDGH
344H 346N
364’N 3
PDGH
H344A
N346A  N364A L-
PDGH (N346A/H344A)
1 serserA
pMD™18-T-serserA 2

SerA H344A N346A

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

pMD™18-T-serA™" pMD™18-T-serA

pMD™18-T-serA™  pT7-71®
pT7-7-serA  pT7-7-serA™
2 pT7-7-serA
pT7-7-serA™
pMD18-T-serA SerA
GenBank E.coliK-12  serA

pMD18-T-ser A"
H344A N346A

2.2 PGDH By EFahk

a- (a-ketoglutarate,
o0a-KG) 3-
(3-phosphoglycerate 3PG)
L-
1 a-KG

bp bp
% 888 — 2443
— 1233

1 000

2 FLAFRHKL pT7-7-serA & pT7-7-serA™" HyEg1]
£FE

Fig. 2 Identification by restriction digestion on
recombinant plasmids of pT7-7-serA and pT7-7-serA™.
M;: DS 15 000 marker; M,: DL 2 000 DNA marker; 1:
recombinant plasmids of pT7-7-serA after enzyme
digestion; 2: recombinant plasmids of pT7-7-serA™
after enzyme digestion.
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3PG
[10-15] o
(a-ketoglutarate o-KGQG)
3PG (3-phosphoglycerate 3PG)
PDGH
( ) -20°C
DEAE 30 kDa
SDS-PAGE
PGDH
2

%2 REAEHEI PGDH Sk BB

2 PGDH
1.0x10* U/mg 3.2
SDS-PAGE
3
PDGH

45 kDa

23 HHEARETA PGDHBESHIFMR
R E TN A B

NADH o-KG
1/[s]

o-KG

1/[v]
PDGH
3

Table 2 The influence of different processing steps on PGDH purification

Fraction

Total protein Total activity

specific activity  Yield Purification

(mg) V) (U/mg) (%) (fold)
Soluble cellular fraction of BL21(DE3) (serA) 744.00 2.70x10° 3.63x10° 100.00 1.00
DEAE anion exchange chromatography 8.34 8.506x10* 1.02x10* 3.59 3.21
Soluble cellular fraction of BL21(DE3) (serA"™) 756.00 2.75%10° 3.64x10° 100.00 1.00
DEAE anion exchange chromatography 8.37 8.45%10* 1.01x10* 3.45 3.23

B3 H4Bg5RTHE SDS-PAGE EH Bk

Fig. 3 SDS-PAGE protein electrophoresis of wild
type enzyme and its mutation. 1, 2: wild type enzyme
and its mutation after purification; 3, 4: soluble cellular
fraction of BL21(DE3) (serA) and its mutation; M:
protein marker (14.4 kDa—94.0 kDa).

® 010-64807509

*3 HHE PDGHEBMRERTHRMHNNFESH
Table 3 Kinetic parameters of Wild type PDGH
and Mutant

Kinetic parameters Wild type Mut;r;‘ji\lj.é?A/
KPP (umol/L)? 86+3 85+3
Koot (s7)? 3343 3343
Keat PP /K PP (L/mol's)  3.837x10° 3.882x10°

a: K., apparent K. K.,**", apparent K.

PDGH
K 2P Ko, PP
L- PDGH
PGDH
L-

o-KG
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PGDH 2 min
(N346A/H344A) 4 PDGH 50 C
L- 55°C PDGH ( 5A)
IOOI@H‘{»—H\H_H 110 000,
1.01x10* U/m £
& < 80 18000 2
ICso 7 umol/L =1 —o—Mutant 3
g 60 ——Wild type {6 000 2
7 pmol/L S | =
£ 40 {4000 3
50% (N346A/H344A) g | 2
< | b=
160 mmol/L 96% 201 200078
w2
0.1.1.|.|.|.|.1. P R N R |
OO 0. a® . ol a0
ADBVAISI GV A0 QQ%Q QQ\’LQ Q\Q@ N
L- PGDH Serine concentration (umol/L)
4 Er4 7 PGDH R HRTR (N346A/H344A)
RO FL B b 30 1 i
Fi 7= 78 F) 1| 7
24 FHHEBRREE PCDH B LE Fig. 4 Feedback inhibition of wild-type PGDH and its
1 min mutant (N346A/H344A).
110 150 000 B o i 11 000
t . ™ [ —— Wild type] %
100 —— Wild type = ~100 F zo—Mutant {10 000 g
£ 90F —= Mutant 1400007 & 90F[ 19000 &
= 80F e 2 80} 18000 5
= 70 30000 = z 70t 17000 —
5 60F £ ge0f 16000 &
o 50F = 9 50f 15000 =
£ a0f 200002 £ 4ot {4000 &
s 30 2 5 30f 13000 2
2 5ok 100003 & pof 12000 3
10F & 10 f 11000 &
0 L : | | : 0 oL vy
30 40 50 60 70 0 10 20 30 40 50 60
Temperature ('C) Temperature ('C)
110 = 110
1ok 112000 @ 100f oNaweel 000 5
S 90f £ s £
< 4110000 = < 80F 18000 &
.80} g £ f E
g 10t —-Mutant 48000 5 gof 16000 =
g 60+ ——Wild type = S Sob 2
2 30r 100005 =2 of 14000 B
E 40¢ {4000 2 = 30p b=
& 30¢ S 20F 12000 5
20 12000 & 10F a
105765 70 75 80 85 90 06065 70 75 80 85 90 °
pH pH

5 E4E PGDH REREMR (N346A/H344A) ELMFRELE
Fig. 5 Compare of physicochemical property of wld type PGDH and its mutant (N346A/H344A). (A) Optimum
temperature. (B) Thermostability. (C) Optimal pH. (D) pH-stability.
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3 min
37°C
( 5B) PDGH
0-30 C 3 min
PDGH 60 °C 3 min
7% 60 C 3 min
38%
PDGH
pH
pH pH
( 50
PDGH pH pH 8.5
- pH (pH 7.5)
1 000U
(N346A/H344A)
PDGH ( 5D)
3
H344A N346A
N364’A

H344A  N364’A N346A N364’A

H344A-N364’A N346A-N364’A

IC50 52 umol/L

H344A-N364’A N346A-N364’A

H344A-
N346A

SerA

® 010-64807509

R4 ZLEEEXTFEE PGDH K HRITRAIHIFIHR
Table 4 Inhibition of L-Serine on wild-type PGDH
and its mutants

Ko, PP/K PP
(L/(mol-s))

1Csq Retaining
(mmol/L) rate * (%)

Wild-type 0.007 NA 3.84x10°
H344A 8 NA 3.85x10°
N346A 10 NA 3.81x10°
N364’A 52 NA 3.82x10°
N346A/H344A ND 96 3.89x10°
N346A/N364°’A  ND 93 3.92x10°
H344A/N364°’A  ND 95 3.95x10°

a: the ratio of enzyme activity of PGDH in serine
concentration is 160 mmol/L and in serine concentration is
0 mmol/L; ND: not determined; NA: not applicable.

Wendisch
3- C 197
2.1 U/mg 1.3 U/mg
[16] SerA
PCR C
M1 M2
L- M3
83%
(171 serA
C ACT
MB200/pCM80serAA77
PGDH L-

K cjb@im.ac.cn



476

ISSN 1000-3061 CN 11-1998/Q Chin J Biotech  April 25,2016 Vol.32 No.4

L-
40 pmol/L 1/3 ACT
PGDH
L- (18]
Al-Rabiee Escherichia
coli PGDH
[6,19-21] pTre
99A JM105
ICs
| (OFF 250 mmol/L
250 mmol/L
(N346A/H344A)
160 mmol/L
SerA
PDGH
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