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Research progress in the mechanisms of carbon and nitrogen
sequestration by Anabaena azotica in soil at the single-cell
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Abstract: Anabaena azotica, as a photoautotrophic microorganism, has good carbon and nitrogen
sequestration abilities. The application of A. azotica could improve soil fertility and reduce the
application of chemical fertilizers. However, the mechanism of carbon and nitrogen sequestration
in soil by A. azotica and the sequestration efficiency of different strains remain to be studied.
Therefore, it is important to screen A. azotica strains and probe into the processes of C and N
sequestration in soil by the strains at the single-cell level. In view of the complex and dynamic
process of element changes in A. azotica at the single-cell level, this study introduced the carbon
and nitrogen sequestration process in soil by A. azotica. In addition, we expounded the principle,
progress, and difficulties of using nano-secondary ion mass spectrometry combined with stable
isotopic probing (NanoSIMS-SIP) and Raman spectroscopy imaging combined with stable isotopic
probing (Raman-SIP) to analyze the spatiotemporal distribution of carbon and nitrogen at the
single-cell level. This review focuses on the latest technological development and application of
single-cell stable isotope technology for quantitative visualization of carbon and nitrogen
sequestration in A. azotica. At the same time, future research on the visualization technology is
prospected. This review is of great scientific significance for understanding the mechanism of
carbon and nitrogen sequestration and the difference in nitrogen fixation efficiency of different A.
azotica strains in soil. It provides a theoretical basis for reducing the use of chemical fertilizers and
improving soil fertility in agricultural production.

Keywords: single cell; Anabaena azotica; nano-secondary ion mass spectrometry; Raman
spectrum; stable isotope probing
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12211 " A: Stable isotope labeled cultures. B:

NanoSIMS computer practice. C: Analysis of imaging. D: Anabaena azotica sample. E: NanoSIMS sample sheet.
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Differences in single-cell stable isotope visualization techniques and application scenarios

Table 1

&AL BN A AFRGE 1), PFRE TR
PertoE B 0 B A8 R, T L 243508 NanoSIMS
FLELAH L2 AR O AR R IGER AR (B 2), X
Sk, ALK AAE I By TR B
fh2E R AE BB R FE—E , AT HES) NanoSIMS
Shi 2w BN R E B S —EXT BRI
PRIEA T AR I P RLABIE 5 0 T I A o 1Xf AT B T3
B b A B RO 0 ) AR A5 B 48 H ) fig
HA

3 BARRRAMRAATE
THAE R & E R AEF TR

W R 47 S 1 7 46 1 9 £
SERR TR IFALIE 5 A A (R T e PR B
IR T R 0 A
S RIS ) 5 R R P 4300 R PG
S A SR O ERE AR ARG 4, Lk

Technological disparity NanoSIMS

Raman spectroscopy

Spatial resolution 50 nm

Application scenarios

characteristics, cell composition and systematic

Microbial physiological and ecological

0.5-1.0 um
Bacterial identification, cell type identification,

biochemical imaging, biopolymer analysis,

classification information, intercellular metabolic metabolic and functional characterization

processes, microbial activity and spatial distribution

Sample requirements
size, good flatness

Sample on machine Yes
impaired

Downstream studies Affected
Sample test cost High

United technologies

Technology limitation

volume limitation, single-cell studies cannot be
performed in situ, sisolation is required

Technology upgrade No upgrade

No deflation characteristics, appropriate sample

High sample preparation requirements, sample

Solid, liquid, gas, powder, colloid, without sample
preparation
No

Unaffected

Common

SIP, FISH, CARD-FISH, HISH, SEM, TEM, XRF SIP, Raman imaging, LTRS, RACE, RMCS

Non-target signal interference,

single-cell studies cannot be performed

in situ, isolation is required

Resonance Raman, surface-enhanced Raman,
coherent anti-stokes Raman, stimulated Raman,
resonance raman
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Low abundance and/or common morphology
Raman SEM
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2 NanoSIMS 58RI SHARAREE ~EE

Figure 2  Schematic diagram of related techniques between NanoSIMS and single-cell Raman
Environmental samples can be taken and incubated in the presence of an isotope-containing substrate to label
active community members or study substrate assimilation. Next, the biomass is chemically fixed and placed on
a stainless steel coupon. SEM is used to study cell morphology. Raman is used to determine the biochemical
makeup as well as substrate assimilation of individual cells. rRNA-targeted FISH reveals the taxonomic identity
of cells. As a final step, NanoSIMS can be used to study the elemental and isotopic composition of the sample

[65]

at higher spatial resolution and sensitivity than possible by Raman.
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