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Table 1. Primers used in this study

Primer names  Sequences (5'—3')

16S rRNAS’ ATCTTCCGCAATGGACGAAAGTC
16S rRNA3’ GGTCTTGCAGCTCTTTGTACCGT
pspAS’ CCGCCAGCAGTACGAAATAA
pspA3’ GCCGCATTTAACCTTGAAACA
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Figure 1. Expression of psp4 was confirmed by RT-
PCR and qRT-PCR. A: Semi-quantitative RT-PCR
analysis of the transcription of pspA. The sample treated
with NaOH was labeled “+”, and sample untreated was
labeled “—”. B: qRT-PCR analysis of the transcription
of pspA. The sample treated with NaOH was labeled
“T”, and sample untreated was labeled “C”. The bars
represent the mean+S.D (n=3).
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Figure 2. GO enrichments of up-regulated genes under alkaline stress.
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Figure 3. Glycolytic pathway and involved differential expressed genes of B. thuringiensis under alkaline stress. A:
The main steps in glycolytic pathway were shown. Numbers 1-9 represent different enzymes. 1: Glucokinase; 2:
Glucose phosphate isomerase; 3: Phosphofructokinase; 4: Aldolase, Triose phosphofructokinase, Glyceraldehyde
phosphate dehydrogenase, Phosphoglycerate kinase; 5: Phosphoglyceromutase; 6: Pyruvate kinase; 7: Serine
dehydratase, Alanine dehydrogenase, Glyoxalase; 8: Lactate dehydrogenase; 9: Phosphofructokinase. B: The fold
changes of involved genes of B. thuringiensis under alkaline stress.
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Figure 4. TCA cycle and involved differential expressed genes of B. thuringiensis under alkaline stress. A: The main
steps in TCA cycle were shown. Numbers 10—14 represent different enzymes. 10: a-Ketoglutarate dehydrogenase,
Oxoglutarate dehydrogenase; 11: Succinyl-CoA synthetase, Succinate-CoA transferase; 12: Succinate dehydrogenase;
13: Fumarase; 14: Glutamine dehydrogenase. B: The fold changes of involved genes of B. thuringiensis under alkaline

stress.
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Figure 5. Initial steps of fatty acid synthesis pathway and involved differential expressed genes of B. thuringiensis
under alkaline stress. A: The initial steps of fatty acid synthesis pathway were shown. Numbers 15-19 represent
different enzymes. 15: Trp, PheS, LysS; 16: Acetyl-CoA carboxylase; 17: Lipoamide acyltransferase, Acyl-carrier-
protein synthase; 18: Enoyl-reductase, Acyl-CoA thioester hydrolase; 19: Oxoacyl-ACP synthase. B: The fold
changes of involved genes of B. thuringiensis under alkaline stress.
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Table 2. Expression of genes involved in the amino acid synthetic pathways under the alkaline stress

Related pathway Gene ID Fold change P-value Gene product
Ketoglutaric acid biosynthesis HD73_4433 3.37 0.049 Arginine bifunctional protein
HD73 0012 2.58 0.014 Glutamine amidotransferase
HD73 0984 2.50 0.044 Glutamate racemase
HD73 5377 5.01 0.007 L-proline dehydrogenase
Succinyl-CoA biosynthesis HD73 0036 3.10 0.010 Methionyl-tRNA synthetase
HD73 5073 241 0.004 Adenosylmethionine synthetase
HD73 2042 3.62 0.008 Methylthioadenosine deaminase
HD73 1436 3.49 0.030 Methyltransferase
HD73 4765 2.64 0.001 Valyl-tRNA synthetase
Furmarate biosynthesis HD73 4854 2.79 0.001 Phenylalanyl-tRNA synthetase
HD73 1605 2.49 0.002 Aminoacylase
Oxaloacetate biosynthesis HD73 4172 10.5 0.006 Dihydroorotase
HD73 0685 4.33 0.029 Aspartate ammonia-lyase
HD73 4173 8.56 0.008 Aspartate carbamoyltransferase
Fatty acid biosynthesis HD73 4486 2.10 0.001 Seryl-tRNA synthetase
HD73 5048 2.33 0.001 Leucyl-tRNA synthetase
HD73 3511 7.75 0.046 Serine transporter
HD73 3513 12.8 0.030 L-serine dehydratase
HD73 4486 2.27 0.002 Acetyl-CoA carboxylase biotin carboxylase
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* 3. 5REAS RERRIERXN BRERFAEEIEE

Table 3. The functions of up-regulated genes involved in membrane component and transcription regulation

Function Gene ID Fold change P-value Gene product

Membrane component HD73_3311 2.68 0.035 Outer membrane protein romA
HD73 5566 13.17 0.021 UPF0324 membrane protein
HD73 3039 4.59 0.036 Integral membrane protein TerC
HD73 2328 3.79 0.009 Putative Membrane Associated Protein
HD73 2180 2.68 0.011 Putative membrane protein
HD73 0451 3.38 0.044 Mandelate racemase/Muconate
HD73 2850 2.07 0.018 Cell wall anchor domain-containing protein
HD73 2987 8.28 0.012 Fatty acid desaturase (Membrane bound)
HD73 4342 2.24 0.017 Beta-lactamase
HD73 0342 2.07 0.018 Phosphoribosylamine--glycine ligase
HD73 4083 3.00 0.006 Dihydrodipicolinate synthase
HD73 4680 4.09 0.030 Cystathionine gamma-synthase
HD73 2476 5.11 0.029 Hypothetical protein
HD73 2479 2.54 0.001 Hypothetical protein
HD73 2897 4.09 0.005 Hypothetical protein

Transcription factor HD73 0493 21.70 0.027 Crp family transcriptional regulator
HD73 1240 11.31 0.003 Transcriptional regulator, Lacl
HD73 5474 4.94 0.009 RNA polymerase sigma-54 factor
HD73 5530 2.11 0.031 Rha family phage regulatory protein
HD73 4979 2.64 0.039 Response regulator receiver domain protein
HD73 2097 2.70 0.012 Transcriptional regulator, LysR
HD73 2836 2.70 0.044 Transcriptional regulator, TetR
HD73 2314 2.59 0.004 Transcriptional regulator, GntR
HD73 5854 80.70 0.001 Murein hydrolase exporter
HD73 2788 2.25 0.002 Hypothetical protein
HD73 1239 10.40 0.002 Hypothetical protein
HD73 5853 94.80 0.001 Hypothetical protein

RO, BRIZIMEAIRZ 53R G A R R

FEFRIER S 223k, 0 Uh BH BRI M 26 412 fof 200 i
ZRARRIR AR R 22 A8k, DLEME R 29 o 1)
A g5, RAETEB. thuringiensish W] REILAFAE
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Table 4. The functions of down-regulated genes involved in membrane component and two-component system

Function Gene ID  Fold change P-value

Gene product

Membrane component  HD73 1419 0.15 0.001
HD73 2214 0.19 0.016
HD73 4460 0.21 0.020
HD73 5464 0.26 0.006
HD73_2313 0.27 0.031
HD73_4874 0.30 0.047
HD73 2141 0.35 0.001
HD73_0351 0.48 0.022
HD73_2108 0.15 0.149
HD73_2209 0.40 0.041
HD73_4686 0.38 0.002
HD73_1886 0.35 0.001
HD73 3447 0.21 0.015
HD73_5605 0.33 0.002
HD73 5841 0.22 0.008
HD73_3575 0.28 0.021
HD73_0603 0.24 0.040
HD73_5779 0.48 0.012
Two-component system HD73 5882 0.50 0.023
HD73 0642 0.12 0.045
HD73_5397 0.31 0.001
HD73_5163 0.33 0.003
HD73_1669 0.41 0.009
HD73 2137 0.41 0.012
HD73_1668 0.28 0.002
HD73_0460 0.38 0.036
HD73_4343 0.16 0.045
HD73_5707 0.17 0.028

Putative membrane protein

Putative membrane protein

Putative membrane protein

Membrane protein, putative

Putative Membrane Spanning Protein
Membrane attachment protein

MgtC/SapB family membrane protein

Putative membrane spanning protein
DegT/Dnrl/EryC1/StrS

Hypothetical protein

Hypothetical protein

Hypothetical protein

Sortase

Teichoic acid linkage unit synthesis
Glycosyltransferase involved in cell wall biogenesis
LPXTG-domain-containing protein cell wall anchor domain
Daunorubicin resistance transmembrane protein
Membrane protein PfoR

Two-component sensor kinase yycG
Two-component response regulator
Two-component response regulator yanRB
Two component regulator, winged helix
Two-component response regulator yvqC

Two component transcriptional regulator
Sensor histidine kinase

Methylthioribose kinase

Sensory box/GGDEF family protein

Sensory box/GGDEF

2 % XM
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The analysis of major metabolic pathways in Bacillus
thuringiensis under alkaline stress
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' State Key Laboratory for Biology of Plant Diseases and Insect Pests, Institute of Plant Protection, Chinese Academy of

Agricultural Sciences, Beijing 100193, China
? College of Life Sciences, Northeast Agricultural University, Harbin 150030, Heilongjiang Province, China

Abstract: [Objective] The study aimed to determine the appropriate stage for exploring the response of Bacillus
thuringiensis to the alkaline stress, to profile the metabolic pathways under this stress. [Methods] Using semi-
quantitative RT-PCR and qRT-PCR, the proper stage was defined by monitoring the transcriptional changes of marker
gene pspA, which was known as a responsive gene under the alkaline stress. The total RNA was then extracted to
perform the microarray hybridizations for samples under stress and control, respectively. Gene Ontology and pathway
enrichments were conducted to analyze the global changes of carbon metabolism, metabolism of fatty acid synthesis
and amino acid. [Results] For B. thuringiensis in the mid-log growth phase, treatment of 28 mmol/L NaOH for 10
mins is the feasible approach to analyze the response of B. thuringiensis to this stress. More than twenty genes
encoding important enzymes in glycolytic pathway were up-regulated and majority of genes involved in catalyzing
alpha-ketoglutarate into malic acid were also found to up-regulated more than two folds. [Conclusion] By analyzing
the gene expression profile, the major metabolisms of B. thuringiensis were found to be clearly enhanced under
alkaline stress. Large quantities of acid including malic acid and lactic acid may contribute a lot to the adaptation of

alkaline condition.

Keywords: Bacillus thuringiensis, alkaline resistance, major metabolic pathways, malic acid
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