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Fig.1 Bacteria growth test under four conditions
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Table 1 Quality assessment of the sequencing data

Sample name Raw reads Clean reads Clean reads/ Error rate/% Q30/% GC content/%
Raw reads
N 11 398 640 11171 416 98.01% 0.03 93.48 43.31
N_T 16971 312 16 679 774 98.28% 0.03 93.19 41.64
U 12 988 828 12 850 322 98.93% 0.03 92.9 42.39
B 11 660 170 11 374 996 97.55% 0.03 92.9 42.26

Raw reads: statistics of raw sequence data; Clean reads: filtered sequencing data; Clean bases: number of Clean reads multiplied by length and

converted into units of G; Error rate: error rate of base discrimination; Q30: percentage of bases correctly identified >99.9% of the total bases.

BRI 7 BT A 5 NCBI H T FG 2R AT B Y 3
M % W& (Sporosarcina  pasteurii: NZ_
CP038012.1) FEATHXS (F2), 44IFER HOXHHI%E

DR 2 25040 T2 1) L o 38 7 93.23% ~ 99.18% Z ], 34
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Table 2 The analysis of reads mapped to reference genome
Sample name N N.T 6] B
Total reads 11171 416 16 679 774 12 850 322 11 374 996
Total mapped 11079 974 16 368 425 12 450 579 10 605 154
(99.18%) (98.13%) (96.89%) (93.23%)
Multiple mapped 66 133 119 879 118 758 178 008
(0.59%) (0.72%) (0.92%) (1.56%)
Uniquely mapped 11013 841 16 248 546 12 331 821 10 427 146
(98.59%) (97.41%) (95.97%) (91.67%)

Total reads: clean reads; Total mapped: the number of sequenced sequences that can be localized to the reference genome; Multiple mapped: the

number of sequences that match to multiple positions in the reference genome; Uniquely mapped: the number of sequences that match to a unique

position in the reference genome.
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Fig. 3 The most enrich GO terms of N v.s. B down regulated
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Fig. 4 The most enrich GO terms of U v.s. B down regulated
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Fig.7 The most enrich GO terms of N v.s. N_T down regulated
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Fig. 8 The most enrich KEGG terms of N v.s. B down regulated
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Table 3 Urease genes information

Gene ID Gene name Gene length Product Gene location Distance from the
previous gene

E2C16_RS03190 ured 303 bp subunit gamma 636 643-636 945 null

E2C16_RS03195 ureB 363 bp subunit beta 637 015-637 377 69 bp

E2C16_RS03200 ureC 1713 bp subunit alpha 637 381-639 093 3 bp

E2C16_RS03205 ureE 444 bp accessory protein ureEl 639 169-639 612 75 bp

E2C16_RS03210 ureF 663 bp accessory protein ureF 639 632-640 294 19 bp

E2C16_RS03215 ureG 636 bp accessory protein ureG 640 505-641 140 210 bp

E2C16_RS03220 ureD 828 bp accessory protein ureD 641 115-641 942 -26 bp

Table 4 The prediction of urease operon
Start Stop Strand Number of genes Genes

636 643 640 204 . E2C16_RS03190, E2C16_RS03195, E2C16_RS03200,
E2C16_RS03205, E2C16_RS03210

640 505 641 942 + 2 E2C16_RS03215, E2C16_RS03220
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Fig. 11 The differentially expressed urease genes between the group B v.s. N, group B v.s. U
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Fig. 12 The differentially expressed urease genes between the group N v.s. U, group N_T v.s. N
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Transcriptome Analyses Reveal The Urease Function of Sporosarcina pasteurii
Based on Different Nitrogen Source Culture Conditions

PEI Di", LIU Zhi-Ming"?", HU Bi-Ru", WU Wen-Jian"
(VCollege of Science, National University of Defense Technology, Changsha 410073, China;
Dlnstitute of Chemical Defense, Academy of Military Science, Beijing 102205, China)

Abstract  Sporosarcina pasteurii (S. pasteurii) is a kind of Gram-positive bacteria from soil. Various
applications have been developed based on the efficient urease activity that can induce the precipitation of
calcium carbonate. However, the metabolic mechanism related to biomineralization of S. pasteurii has not been
clearly elucidated. Especially, there are few studies on the gene structure of urease, regulation mechanism of
expression and associated metabolism, which play key roles in biomineralization. Nowadays, the uncontrollability
and instability of biomineralization reactions in the applications of S. pasteurii root in the lack of research on
urease metabolisms. Therefore, it is urgent to further reveal the gene information, expression regulation and
related metabolism of urease in S. pasteurii.In this paper, we compared the growth and gene expression of S.
pasteurii BNCC 337394 under four different culture conditions through high-throughput transcriptome analyses.
The four medium conditions were: (1) control group with yeast extract of 20 g/L; (2) ammonium group with yeast
extract of 20 g/L and ammonium chloride of 10 g/L; (3) urea group with yeast extract of 20 g/L and urea of 5.62 g/L;
(4) ammonium Tris group with yeast extract of 20 g/L, ammonium chloride of 10 g/L and Tris of 15.75 g/L.
Transcriptome data were analyzed by bioinformatics methods of differential gene expression analysis, GO
enrichment analysis, KEGG enrichment analysis and operon prediction. The results showed that there were
significant differences in the growth of S. pasteurii among the four conditions. The bacteria could not grow and
reproduce normally in the control group. There was a growth delay in the ammonium Tris group. The growth rate
and trend of the ammonium group and the urea group with the same nitrogen content were similar. A total of 3 090
genes were generated and expressed in S. pasteurii in the experiment. There were 1 152 differentially expressed
genes (DEGs) between the ammonium group and the control group, of which 411 were up-regulated and 741 were
down-regulated. There were 1 362 DEGs between the urea group and the control group, of which 736 were up-
regulated and 626 were down-regulated. There were 803 DEGs between the ammonium group and the urea group,
of which 279 were up-regulated and 524 were down-regulated. There were 794 DEGs between the ammonium
group and the ammonium Tris group, of which 281 were up-regulated and 513 were down-regulated. Furthermore,
it was found that the expression of urease was significantly enhanced in the control group which was short of a
nitrogen source comparing with the ammonium group and the urea group.GO and KEGG analyses revealed that
the control group needed to enhance its basal metabolism and express more flagellum in order to survive. The
pathways of electron transfer activity and oxidative phosphorylation were different in the ammonium group and
the urea group. It indicated that the synthesis of ATP was associated with the hydrolysis of urea in S. pasteurii.
Meanwhile, ammonium stimulated the expression of urease and ATP synthase in the ammonium group which was
more significant than that of the urea group. The results of the ammonium Tris group indicated that a stable and
moderate alkaline pH environment favored a high level expression of urease. Finally, the double operon gene
structure of urease was predicted based on the two key characteristics of gene expression similarity and gene
spacing.
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