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Effect of aceE gene knockout on pyruvate metabolism of
Streptococcus suis
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Luoyang Key Laboratory of Animal Molecular Pathogens and Immunology, College of Animal Science and
Technology, Henan University of Science and Technology, Luoyang 471003, Henan, China

Abstract: [Objective] To explore the effect of the knockout of aceE gene which encodes pyruvate
dehydrogenase on the growth characteristics, tricarboxylic acid cycle, and pyruvate metabolism of
Streptococcus suis. [Methods] The growth curves of the wild-type strain and strain AaceE were
established with the ODggo values of the bacterial liquids. The content of acetyl CoA, succinate CoA,
fumarate, oxaloacetate, pyruvate, lactate, and ATP in the tricarboxylic acid cycle and the pyruvate
metabolism bypass was measured. Quantitative RT-PCR was employed to determine the gene
expression levels of citrate synthase, malate dehydrogenase, succinate dehydrogenase, isocitrate
dehydrogenase, pyruvate decarboxylase, lactate dehydrogenase, alcohol dehydrogenase, and
acetaldehyde dehydrogenase. [Results] Compared with the wild-type strain, strain AaceE showed
decreasing ODgp value during the platform phase. The ODg(y value of strain AaceE in the plateau phase
significantly increased after the addition of 1 g/L acetate. Compared with the wild-type strain, strain
AaceE showed increased content of pyruvate while decreased content of ATP, acetyl CoA, succinate
CoA, and fumarate. Moreover, it showed up-regulated expression levels of citrate synthase and malate
dehydrogenase, while down-regulated expression levels of succinate dehydrogenase and isocitrate
dehydrogenase. For the proteins involved in pyruvate metabolism bypass, pyruvate decarboxylase,
lactate dehydrogenase, alcohol dehydrogenase, and acetaldehyde dehydrogenase presented up-regulated
gene expression levels in strain AaceE. [Conclusion] Strain AaceFE has reduced activity of tricarboxylic
acid cycle. Although part of pyruvate can be decomposed into acetate through the pyruvate
dehydrogenease bypass and further converted into acetyl CoA to enter the tricarboxylic acid cycle, the
ATP content has not been restored to the wild-type strain level. This study provides a theoretical basis

for further research on the relationship between metabolic changes and bacterial phenotypes.
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£ 1 HET qRT-PCR #8454

Table 1  Primers used for the qRT-PCR analysis
Genes Primer sequences (5'—3")

sdh-1 TTGAGTTGACCGGTCGTAGC
sdh-2 GTGGCACAGACTAAGCCCAT
mdh-1 GCTGCAGGAGACCGTAAAGT
mdh-2 AATGCGCTCATGTCGATTGC
cs-1 GAGATGGCGCGTGATTTGAC
cs-2 CCTAAGTAGGAAGAGCGCGG
icdh-1 GCTCTTTCAGCGGACTTGG
icdh-2 GGAGATGGTATTGGCAGGGAT
ldh-1 CAACA GGGTT AGCAG CAACA
ldh-2 ATGCT CATGA CGCAG ACTTG
pdc-1 TTGCGTCGTTATGTAGAG

pdc-2 ACAAATGGGTTCCCGTCA
adh-1 CGACTTTCAAGCTGGTCACA
adh-2 GAACTTCGTCCACTCGAAGC
aldh-1 GGTCCATACCTGTATCCG

aldh-2 CAAGATTCCTTACGCTCA

FIF qRT-PCR M9 MES MR 1, R &1
7 95 °C 10 min; 95 °C 15 s, 60 °C 1 min,
40 MEIR . FEfRINZ ST 95 °C 15 s, 60 °C
1 min, 95°C15s, 60°C 15s,
1.7 Hitaoth

fii FH GraphPad 3K {F #1785 e ge it 43t , H
BATA) 75 22 43 BT (ANOVA) 43 B A% 38 7= ) & 12 %
i, qRT-PCR 453 HHs AR 2744kl
A Kot 208 4 E£SD, P<0.05 HA 41
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TE 20 B A A RIS [0 A 7 PRI 3 25 0
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(P<0.05), CAaceE 5HPAMEICIE 3% 25 7:(P>0.05);
TERIN 1 g/L SPRERTE DL T | B AR AR5 AR

PET, “FH W ODeoo 1HTC 1 2 1k (P>0.05);
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BER N
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12, 15 h R, 258 7 i I X B AR 2 T
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CoA F it FIBEHIMR CoA F it TR, ZRMEE
(P<0.01); IESH R R & & T %, 225 1.2 (P<0.05);
O S B, ZEREEP<0.01); HAb
PR B A BRI i 2 25 5-(P>0.05) (K 2),
2.3 aceE EFE KT = HERTEINMK 51 4H <
EEFTIEH M

MR aceE FEH T, H4 B BR R AT 15 R 45 T
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SRR I U L (K (mdh) e 35K ETE, 225
135 (P<0.01) ; BRIARR I S Bl 3L ] (sdh) R 1B K-
TR, 225835 (P<0.05); SRR I 0 Ik
(icdh)FiL KT, 2R 5 ¥ (P<0.01), H
iR 5 B AR R G B 3 25 = (P>0.05) (K 3).
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Figure 1 Effects of 1 g/L acetate on the growth of
Streptococcus suis HA9801, AaceE and CAaceE.
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Figure 4 The results of determination of the content
of pyruvate (A), lactic acid (B) and ATP (C) in strain
HA9801, AaceE and CAaceE. **: P<0.05; ***: P<(.01.
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Figure 5 The expression of pdc (A), ldh (B), adh (C) and aldh (D) genes of strain HA9801, AaceE and

CAaceE. **: P<0.05; ***: P<0.01.
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Figure 6 Effects of the aceE gene on pyruvate metabolism and tricarboxylic acid cycle of Streptococcus
suis. Red arrow: pathway for up-regulation of gene expression. Blue arrow: pathway for down-regulation of
gene expression. CS: citrate synthase; ACO: aconitase; ICDH: isocitrate dehydrogenase; MDH: malate
dehydrogenase; OGDH: a-ketoglutarate dehydrogenase; PDH: pyruvate dehydrogenase; SCS: succinyl-CoA
synthase; SDH: succinate dehydrogenase; FUM: fumarase; PDH: pyruvate dehydrogenase; PDC: pyruvate
decarboxylase; LDH: lactate dehydrogenase enzymes; ALDH: alcohol dehydrogenase; ADH: acetaldehyde

dehydrogenase; ACS: acetyl-CoA synthase.
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