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Abstract: [Objective] Leptospira spp., including the pathogenic Leptospira interrogans and
the saprophytic L. biflexa, can synthetise abundant bacterial storage in cell bodies, which may
be one of the primary reasons why Leptospira spp. can survive in barren environments for a
long time. In this study, the leptospiral polyhydroxybutyrate (PHB) storage was examined
qualitatively and quantitatively. The major functional genes for PHB synthesis were comple-
mentarily annotated by the genome analysis. The integrity of the PHB synthesis pathway was
verified by the molecular biology methods. This study laid foundation for further research on
the relationship between the leptospiral storage synthesis and the stress tolerance. [Methods]
The leptospiral PHB storage was determined qualitatively and quantitatively by the
lipid-specific Nile Red dyeing and the concentrated sulfuric acid oxidation-ultraviolet spec-
trophotometer method. The storage synthesis genes were identified by the bioinformatics
methods (BLAST and InterProscan/InterPro2Go) through the homolog analysis and the func-
tional domain search. The expression of the predicted PHB synthesis genes were verified by
gene cloning, sequencing and quantitative RT-PCR. [Results] By the Nile Red dyeing and the
oxidation-colorimetric assay method, Leptospira spp. was proved to synthetise PHB, a com-
mon bacterial storage. The synthetic amounts of L. interrogans and L. biflexa were 42%—45%
and 64%—68% of their dry weights, respectively. Though no integrated PHB synthesis path-
ways were defined in the leptospiral genomes, the homologs of the major functional genes for
PHB synthesis (phbC) were identified in the genomes of L. interrogans and L. biflexa by the
comprehensively bioinformatics analysis in this study. By cloning, sequencing and qRT-PCR,
most of the PHB synthesis genes (phbA/B/C) were proved to be transcribed in Leptospira spp.,
which suggested that the leptospiral PHB synthesis pathways were primarily integrated, and
some highly-expressed genes may be the main functional genes involved in the leptospiral
PHB synthesis. [Conclusion] L. interrogans and L. biflexa all can synthetise PHB storage and
have primarily integrated PHB synthesis pathways.
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Fig. 1 The Nile Red dyeing of L. interrogans (A) and
L. biflexa (B) cells (400x)
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Note: The white bars in the figures were 25 pm.
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Table 1 The PHB synthesis genes of L. interrogans and L. biflexa

W44 Patoc %! Patoc I #£(Paris)
Genes L. interrogans serovar Lai strain Lai (56601) L. biflexa serovar Patoc strain Patoc I (Paris) Main functional domains

EEIIRELS I

N [F]5- E A U (5660 1) Bk
phbA paal (LA_0457)
paaJ (LA_3135)
(LA_4139)
(LA _2689)
phbB
(LB_082)

fabG (LA_3484)
fabG (LA_2324)
fabG (LA_1427)
fabG (LA_0020)

phbC* (LA_3672)

thiL1 (LEPBI_I0355)
fadAl (LEPBI_I3403)
fadA2 (LEPBI_I0598)
(LEPBI_11790)

fabG (LEPBI_12590)
fabG1 (LEPBI_10209)
fabG2 (LEPBI_10126)
fabG (LEPBI_I11980)
fabG3b (LEPBI_I0050)
fabG4 (LEPBI_I0016)
fabG5 (LEPBI_12647)

(LEPBI_I3301)

Thiolase N
Thiolase C
Ketoacyl-synt

KR
Epimerase
Eno-Rase NADH_b

PhaC
PHA_synth_I
PHA _synth III_ C

E: RMAELR 2 4 ] S S RS S R SE R 2L ST E R (R R, 55 O BEIR 45 5. *BRic i PHB 3 BEEE (R phbC i ARBITTE % 5E /Y
R W e PHB A i PR i 5L .
Note: The italics were the original annotation in the published genomes of L. interrogans and L. biflexa, and the locus tags were listed

in the brackets. The PHB synthase gene, phbC, labeled by asterisk in the table, was the possible rate-limiting enzyme gene for the
PHB synthesis identified in this study.
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parts of the leptospiral phbC genes
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Fig. 3 The amino acid alignment of the PHA_synth_I11_C functional domains in the back
ends of the leptospiral phbC genes
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Fig. 4 The relative expression levels of the PHB synthesis genes in L. interrogans
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Note: The expression level of the house-keeping gene rimM of L. interrogans was set as 1; The ratios (PHB synthesis gene/rimM)
shown in the vertical coordinate indicated the relative expression levels of the PHB synthesis genes in L. interrogans.
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Fig. 5 The relative expression levels of the PHB synthesis genes in L. biflexa
TE: XU AR EE D rimM SPIEBOE R 1, BARER AU S PHB G AR SRR R 35 1 5 %M Y LU (.
Note: The expression level of the house-keeping gene rimM of L. biflexa was set as 1; The ratios (PHB synthesis gene/rimM) shown
in the vertical coordinate indicated the relative expression levels of the PHB synthesis genes in L. biflexa.
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Fig. 6 The common synthesis pathway of bacterial PHB (Redrawn according to the original
KEGG pathway database)
T 2 50 F I A QOYG I 1 43 F LI S IEEE A (4C), FREERESV A 1 531 (R)-3-FH T A A (4C), HARA
BT BER [(R)-3-F20E T RRIR 431 PHB A MBS LE Y, 31X 3 4> PHB 43 Bt 5 55 K (phbA/BIC)TEFE T MU 1.
Note: Two moleculars of acetyl-CoA (2C) synthetise 1 molecular of acetyl-acetyl-CoA (4C), the latter is then reduced to be 1 mo-
lecular of (R)-3-hydroxyl-butyryl CoA; Lots of (R) -3-hydroxyl-butyryl CoA moleculars can be polymerized into a long-chain Poly-
hydroxybutyrate (PHB) molecular; These 3 essential genes (phbA/B/C) for the PHB synthesis always form 1 operon in the type re-
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