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ABSTRACT Objective: To construct a prokaryotic expression vector for Escherichia coli (L)
-2-hydroxyglutarate dehydrogenase (L2HGDH) incorporating a 6% His tag. Subsequently, the recombinant protein
will be expressed and purified in E. coli, followed by the determination of the enzyme activity. Methods: The
L2HGDH gene of the Escherichia coli K12 strain in GenBank was cloned into the pET-28a (+) vector plasmid and
induced expression in BL21(DE3). The LZHGDH protein was purified by using the Ni-NTA system. SDS-PAGE and
Western blot were employed to assess the efficiency of the protein purification. Purified LZHGDH catalyses the
conversion of (L)-2-hydroxyglutaric acid (L-2HG) to a-ketoglutaric acid (a-KG) and reduces nicotinamide adenine

dinucleotide (NAD+) to NADH. The enzymatic activity of the LZHGDH obtained from E. coli was analyzed by
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using the maximum absorbance value at 340 nm, and the effects of temperature and pH value on its enzymatic

activity were determined. Results: The prokaryotic expression plasmid pET-28a (+)-L2HGDH was successfully
constructed, and the soluble recombinant protein was obtained in BL21 (DE3). The purity of the LZHGDH protein

was greater than 90%, and the L2ZHGDH protein exhibited a high biological activity of (L)-2-hydroxyglutarate

dehydrogenase. Conclusions: The recombinant L2ZHGDH protein was successfully expressed and purified in

Escherichia coli, and the recombinant protein exhibited biological activity. This provided a foundation for further

studies on the function of L2ZHGDH.
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75 50 A7 X b o B AR WA 82 B T
M) L&l 2 1 R Mt &2 48 ( Expert Protein Analysis
System, ExPASy ) il ll| /3 A1 25 11 JiT (9 A= 1) Ak 27 Pk
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G EA dfkR G EASmBEE LT InA
H il T -80°C f& 77 Jf #F 17 SDS-PAGE Hi jik Fil %
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g3 MW e bR RN AR R FE R E 25°C (30T
37°C ,40°C (45°C i} 340 nm &b % ' B {H 19 AE 1k
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30 min, 43 5 E bab R AR R 7E pH {H 7.0,
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V R ARFL (mL),a iy NADH #r #E i £ &
B (L/wmol ) , T by Jz i B} [6] (min ) , M K fif§ & H
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N JF ¥k BE 19 L2HGDH M W (3.6 .9 pg/mL ),
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RS TP AT Y RiE e N R M pH (E AT,
B N A S o7 N AR =i N i 7 ) S o 7
L-2-HG (50,100,200 400,500,800 , 1000 wmol/L )
59 pg/mL ) L2HGDH i i #4950 R, A4
A 3., 0 3AE 30 min N 340 nm Ab W O
025 k7K SE, AR 3 NADH £ 41 W 5% {8 45 o ith
2 it 5 NADH #3 4; #h A4 WU 2 vV, )
Lineweaver-Burk XU{F| £ 1F &7 oK R 7 B E

o Ka S B
By vy WA b Bl

Ry A bR ARCE R B1IE 7 R, Rl T4 L2HGDH i
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2.1 EYEEESW

2 Blast T JF &5 Roartrisith, KR esE
K12 ¥k LhgD (Gene ID:948069) 5 & A
L2HGDH ( Gene ID: 79944 ) %t J¥ %1 [5] ¥ 4 4%
B, — 3Pk 134/337(40% ) . LhgD £ %1 4 £ 1278
bp, Zwtd 422 44 5 , ExPASy ProtParam i
L2HGDH (¥ B i¢ 4> F i & 46081.91 Da, Hip %
HL s pI8.66 . A I A ¥ W Hh 1Y A FEE 15 BN
3835, MRREREHK ., @ERPMNETAH I NE
PR, B a0 T Re RN, IR TR 4k
90.19, E KM M8 -0.085, I Al MR . [f
JH % % ¥ {4 T. & (OPTIMIZER (urv.es)) I fk
XA 115 W 45§k CAI( Codon Adaption Index ) I
LT 0.70, Lk 5 0.93
2.2 E4E RHL pET-28a(+)-L2HGDH Bt & #n B¢
T EE

41 Jii k. pET-28a(+)-L2HGDH % BamHI FiI
Hind 1 XLl U] 2% % 45 S s, 6647bp 5 4 Jit ki
Tk Hh 4 5369 bp pET-28a J% 1278 bp i A B

1
o+
) S

B A RAEWME 1), WFELEES S HK
R A —F, UWERH T E 4 kL pET-28a(+)
-L2HGDH #4 # 5% ) .
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Fig.1 The pET28a(+)-L2HGDH recombinant plasmid was
identified by double enzyme digestion
Note: 1: recombinant plasmid pET28a (+) - L2ZHGDH
digested by Bam 1 and Hind I1II; M: 15000bp DNA marker

2.3 6x His -L2HGDH i 58 ZE AN F S RIER
arg 0

2 o e i YL (5 5 ), pET28a (+ ) -L2HGDH
LA % 6% DT 3E v AT WL L2HGDH f@il 5 8 H 4547
8 e BB IPTG 5 S A [B) i 38 n, 24 20 /NEY
J& ik ) fr K . pET28a(+)- L2HGDH P {4 i ¢ I
W W Pt A WL L2HGDH Fik & (4, R
L2HGDH il & 8 H 2 A 0l i o e ) 4 6 1K
J5 4C &M 10000% g B0 3 min, WAL I
W, >R F Ni+-NAT JERIZENT RE B aifb & A,
17 SDS-PAGE WLk 5% S w i e o, 251 W
/N alifb 5 L2HGDH 8 45 B — , T
SR 4 1 R 47KD — 2, A (KR 2) .,
2.4 L2HGDH 4 4 i& 4 )
2.4.1 iBE 5 pH &3t L2HGDH & i& 1 89 & M
gzx il ¥ B %) L2HGDH i 1 4 52 w19 it £k 1&1, AT
U, 37°C >4 L2HGDH Jif§ I 4 f 3 i 5, I8 & i %
ok AR o B S MR AR (K 3A) . iR R
pH {E X il 16 M A W35 52, v] UL 7F HEPES %%
Ml pH {H 8.0 414 T , L2HGDH [iff i 7 & & ,
pH B i 0% 5% 2k w5 #0825 4 B I Mk B S, pH (B 5
F 8.0 5 L2HGDH [iff i 4 i FE AL (& 3B ),
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Fig.2 Expression analysis of the purified L2ZHGDH fusion
protein by SDS-PAGE
Note: M: protein maker; Lane 1-3: precipitate of the
whole cell lysates of BL21(DE3) harboring plasmid
pET28a-L2HGDH induced by IPTG for 15 h, 20 h and 25 h;
Lane 4~6: supernatant of the whole cell lysates of BL21
(DE3) harboring plasmid pET28a-L2HGDH induced by
IPTG for 15 h, 20 h and 25 h; Lane 7: unpurified
precipitate of the whole cell lysates; Lane 8: unpurified
supernatant of the whole cell lysates; Lane 9: purified

recombinant protein L2HGDH-6 x His by Ni*-NTA resin.
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Fig.3A The effect of temperature on L2HGDH activity
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2.4.2 NADH ZE4MUR 5t FE (B 47 i B 2k 00 il &

NADH 7£ 340 nm &b A7 5 K W6 B (H, B & AS [\
e 1Y NADH T 1B, L ODsy WY 2 {E 4 9\ 2
%, NADH ¥ ¥ (qumol/L ) Jy i A 4% , 2 i NADH
AN AE bR HE R 2 (B 4), B4 A y=0.
0013x+0.1401 ( R>=0.9995 ) .

y=10.0013x + 0.1401
R?=0.9995
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Fig.4 The standard curve of NADH
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THE A B NADH i B R G A by, 1) [) A7 A
AL Fr, 4 il L2ZHGDH fiff sz b % P 26 B’ (B 5 )
Al Ul NADH ¥ B fifi Bof [] 328 ¥ 7+ o, JC g 0 R 20
5 D-2HG Ji& ¥ 2 NADH ¥ J& K & /£ 25 fk H 3
M EasE , D-2HG A5 L2HGDH % 4= J it , 7E A [A]
KRN, Ak B B i L2HGDH fiff % = 3 Jin
e . A Ui W] L2HGDH i 7l 4% L-2-HG %A 1k
H oa-KG , [F] B8 4 i NAD® %% {k. iy NADH , B 7
fiti 1% ¥ . L2HGDH [ vk i 6 pg/mL i, 5 min |4
ODs, {725 1k 0.084, R #E 2.4. INADH Fr # it £&
JH4 75, NADH Y B 4 h 69.49 pmol/L, f& A
1.4.4 19 i b 35 o1 8 2 =X nl 45 L2HGDH [iff L i
71/ 464.96 1U/mg .,
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Fig.5 The reaction activity curve of L2HGDH



- 24 - MREYESSHE  biomed.cnjournalscom Progress in Modern Biomedicine Vol25 NO.1 JAN.2025

2.4.4 I12HGDH B2 sh hZ2SHHNE Wk
NADH 58 &1 W 't {8 A 1 il 2k 31 53 A8 [6] i ) vk 2
L-2-HG %+ T NADH 4 4 #p A= s # %V, 1/V
AR FR, LI 1/S R R AR AR fd A Lineweaver-Burk
XA Bk 22 il AU E i 26 (T 6) o A AN
y=23.701x+0.0448 (R>=0.9876 ), i} L2HGDH
i K & W B Vie=22.32 pmol/ (L -min),
K,=528.04 pmol/L,

0.6

y =23.701x +0.0448
R>=0.9876

0.4
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1/V [(L-min)/ pmol]

-0.005 0.000 0.005 0.010 0.015 0.020 0.025
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Fig.6 Lineweaver-Burk double reciprocal curve
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(L)-2- ¥& 3 1% — 1k i & fiff (L2HGDH ) J& £k
RN R Al Sl O R E 5 B SO S R
ol i, il R B L-2-HG A g E b K o-KG, I fiff
75 BRI 3% R A W D L-2-HG KT, B3
P2 R G REWAT o B B 5E B 7, L2ZHGDH iR
25 Z F MR kAR, A MY
L-2-HG Ifil i i & & J' b 22 i 25 7801 Mg ik Jd , 2
Ji5 B B 40 B 9 R0 RS BT B A0 MR, 7R L2HGDH
50005 ik ggg 1 & AR Rk TR A D) R U, Shim 4§
& B, L2HGDH & ik BE AR T 41 & (1 09 B 2 Ak Of
0 g & A 01, Tabata & B, T M
L2HGDH Y 3 35 34 I & 7 9 th () L-2-HG 7K °F
W% mTOR-ATF4 {5515 5, )NTTAZ #F 1 4K P9 Jib
Jo K R B R 4G ™ . Huamei He 45 & BHL, 7F
O WL o P ¥ W E , L2HGDH it % i 5
L-2-HG B2, I 4% 5 0l 152 A 1 5 19 308 3 128 119
Rt R, Rirolez#ifh. L-2-HG ik Bk
O UL 2 v i 336 P S0 40 /N O ILRE B8 T R AR 4
DI REHEHE T —FoBr HLH . £ &, L-2-HG
KETHm ol SR A R0, HC OIS A
A SRR M pH AR BUER, LE MR & AR

AL R N Bl R bR s B OCE EAEN .

A58 L Py A4 pET-28a (+)-L2HGDH 1 41
FIRFRL, A ] DNA W 7 5 XA 2 U0 % o)
Br, 45 3R 5 9000 B R ) 4 — B, H A BORL R N K
J% #F 1 BL21 (DE3 )47 L2HGDH 3 241 &5 11 1Y 5 %
ik, 4ifk)5 17 SDS-PAGE Hi Uk %5 % 1 il 1% 4
M 5E o Ry kA BHoA B IsPE A AT R R L, B R
Wkt o R IR AMEE R, EIT S E NS
W2 IR, KM TR, K5 S0 W, m e e
JEE S A R Mg AT IR R P  BR R A
a7/ IR e ok - S N (E R SRV RN N -l e SO
T R/N Ny 47KD 5 U A AT, " 8 B & sifl
Jo SRR . ik iy L2HGDH 4 EHAEA R
U V9 Tl 1, T P R R B2l 37°C L pH B 8.0
S Bl TE PR A, B LLIE 1R 464.96 TU/mg
fx K W BE Vie=22.32 pmol/ (L -min),
K,=528.04 pmol/L,
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