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Table 1. Primers used in this study

Primers Sequences (5" —3")

Flanking mel-F GATTAATAATGGTGAATGCCC

Flanking mel-R  AACAGCCTGCTAGCAGAAG

mel-F CTAGCTAGCATGGCTCCATCATCCTACATT
mel-R CCCAAGCTTCTAAATGGATGATGGCA
T7 TAATACGACTCACTATAGGG

T7 terminator TGCTAGTTATTGCTCAGCGG
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Figure 1. SDS-PAGE analysis of the protein from
BL21-pET28a-mel. M: protein marker; lane 1: crude
extract of BL21; lane 2: crude extract of BL21-28a; lane
3: crude extract of BL21-pET28a-mel; lane 4:
supernatant of BL21-pET28a-mel; lane 5: precipitate of
BL21-pET28a-mel. An apparent band of which the size
is approximately 65 kDa was shown in lane 4 and 5
with respect to lane 1, 2, suggesting the existence of
recombinant ME protein. The band represented the
recombinant ME protein in lane 4 and 5 displayed
remarkable discrepancy. It indicates that most of the
recombinant ME protein exists as soluble protein.
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Figure 2. The purification of the recombinant protein
BLMEI1. M: marker; lane 1: crude extracts of BL21-
pET28a; lane 2: crude extracts of BL21-pET28a-mel;
lane 3: purified recombinant protein BLME1. Hardly
any bands were shown in lane 3 except the band
corresponding to BLMEI1. It exhibited considerably
high purity after purification with affinity
chromatography using Ni-NTA column.
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Figure 3. Effects of different temperatures (A) or pH (B) on BLME1 activity. The temperature and pH impacted the
activity of recombinant BLME1 significantly. It shown the highest activity at 33 °C and was completely inactivated
above 50 °C. The optimal pH for the activity was 8 at which the BLMEI activity reached up to 92.8 U/mg, and the
enzyme maintained the high activity at the pH range of 7 to 9.
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Table 2. Kinetics of the purified recombinant protein

BLMEI1
Substrates K, /(mmol/L)' Vmax/(U/mg)’
L-malate 0.74960+0.06129 72.820+1.077
NADP' 0.22070+0.01810 86.110£1.665

a: The values are means+standard errors of three independent
experiments.
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FI, GO 2R R, MR, Mg’ WIEk
F3 mmol/LEF G A i ka Fhaw . Kl4-CHIE4-
DR RCo” HINI® XFBLME 1 A4 s/, {H 24
%55, BLME1RG I 5 & HAEIA 260 U/mgHil
40 U/mg. SR, Cu” FICa™ XIBLME1XIA #MikI1E

M, ME4A-EME4-FFR, FiZEcu,
4 mmol/LAYCu® JLF- 1] ASE &M BLME 1 (7%
J1o XA RESE N Cu SBLMESS & R AL T 1
AR NE AR, SO Y Tk ARG
i et Hte e A

2.4.5  SPEAREFEYIEEE BN b T TR
SES TR LE A R PR A, SCIe s T
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Figure 4. Effects of various metal ions on BLMEI1 activity. The metal ions had different effects on the BLME1
activity. Mn’" and Mg’" activated the activity dramatically, whereas Mn’" was capable to enhance the activity to 120
U/mg at a low concentration (0.8 mmol/L). Co’” and Ni’* were also able to stimulate the activity of BLME], but had a
weaker stimulation effect compared to Mn’" and Mg”". In the contrast, Cu’" and Ca’" were inhibitors of BLMEI, they

reduced the activity at different extent.

actamicro@im.ac.cn



TRBUESE | RIS, 2016, 56(2)

z

Relative activity/%

C

U

1

Relative activity/%

800 1

20 -
00 -

60 -
40 -
201

04

5. TEIFIEMK E =% BLME & 4% R 5200
Figure 5. Effects of various intermediates on BLME] activity. Different intermediates had different effects on the
BLMEI] activity. It shown that oxaloacetic acid and a-ketoglutaric acid inhibited the activity of BLME]I, especially
oxaloacetic acid, the BLMEI activity dropped to less than 20% of the original activity in the presence of oxaloacetic
acid. CoA, acetyl-CoA and malonyl-CoA were also inhibitors of BLMEI activity even though the effect was weak. In
addition, 2 mmol/L isocitric acid, fructose-6-phosphate, glucose-6-phosphate, pyruvic acid and 10 pmol/L ADP,
AMP, ATP had no effect on the activity of BLME1. Succinic acid was the unique activator among all the

intermediates that we investigated.
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Characterization of a malic enzyme isoform V from Mucor
circinelloides

Yingtong Zhang, Haigin Chen’, Yuanda Song, Hao Zhang, Yongquan Chen, Wei Chen

State Key Laboratory of Food Science and Technology, School of Food Science and Technology, Jiangnan University, Wuxi
214122, Jiangsu Province, China

Abstract: [Objective] We aimed at characterizing a malic enzyme isoform V from Mucor circinelloides. [Methods]
mel gene encoding malic enzyme isoform V was amplified and cloned into expression vector pET28a. High-purity
recombinant protein BLME1 was obtained by affinity chromatography using Ni-NTA column and characterized
subsequently. [Results] The optimum conditions were pH at 8.0 and temperature at 33 °C. Under optimum conditions,
BLMEI activity achieved 92.8 U/mg. The K,, for L-malate and NADP" were 0.74960+0.06120 mmol/L and
0.22070+0.01810 mmol/L, the V,,,, for L-malate and NADP" were 72.820+1.077 U/mg and 86.110+1.665 U/mg,
respectively. In addition, ions played important roles in BLMEL1 activity; several ions such as Mn”", Mg”, Co™", Ni*’
could activate BLME1, whereas Ca2+, Cu’' could be used as inhibitors. Additionally, the metabolic intermediates such
as oxaloacetic acid and a-ketoglutaric acid inhibited the activity of BLME1, whereas succinic acid activated it.
[Conclusion] A malic enzyme isoform V from Mucor circinelloides was characterized, providing the references for
further studies on this enzyme.
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