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Introduction

® Microorganisms form the widest distribution, the most abundant
and the largest biomass on earth

Cultivation-independent shotgun genomics ' = ' Innovative methods for the isolation
Targeted approaches for fnding new branches and cultivation of novel microorganisms
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Introduction

»Mining "microbial dark matter*, acquiring pure cultures of uncultured microorganisms is
both an opportunity and a challenge under the new situation
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(Hug et al., Nature Microbiology, 2016) (Jiao et al., 2021, Natio



Introduction

Hot spring

Phototrophic mat community
(56-66 *C)

Transitlon community
(67 *C)

« Chloraflexi
* Cyanobacteria

* Planctomycetes
= Protechacteria | -

« Dominsted by rTCA cycle and rACF but
with increazsing CBB and 3-HP cycle

= Nitrogen fixation

* Sulfate reduction

* Deinococcus—Thermus

* Less rTCA oycle and rACP
* Lexs nitrate and nitrite reduction
* Sulfide oxidation [Deinococcuz=—Thermus)

Biofilms along the outflow of the alkeline spring Bison Pool in Yellowstone National Park

Chemotrophic streamer
community (T8-02 *C)

-
- Aquificee
| *Crenarchasata

= rTCA cycle and rACP
* Nitrate and nitrite reduction
* Sulfide oxidation (Aquificae)

Thermokarst bog

* Actincbacteria |
= Acidobacteria
= Proteobacteria |

= Euryarchasota
* Firmicutes
* Protechacteria |

Proteinz relsted to cold

Seasonally thawed active layer

Soils representing different states of thaw from the Alaske Peatland Experiment near Fairbanks, Alasks

Intact permafrost

= Protechacteria
= Acidobacteria
= Firmicutes

* Cald-shack proteinz §

tolerance and other strezzes « Tranzporters ¥
Multiple pands in the Santa Pola saltemn, Spain
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= Oceanicola
= Salinibacter

= Oceanicola
S | = Roseovarius

‘Salt-sut strategy efe—

= Natronomaonas

alorubrum = Salinibacter

= Nanosaling
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Bacteriarhodopzin, sensory rhodopsin and halorhodopsin
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Groundwaters from the Crystal Geyser in Utah
Shallow groundwater Intermediate groundwater Deep groundwater

Sulfurimonas spp. |

= rTCA cycle (Sulfurimonas sp)
= Sulfide oxidation
= Nitrogen fixation

Diverse populations (mestly CPR,

with & Gallionellaceae member
being most abundant)

* CBB cycle
« Nitrogen compound reduction
= Thigsulfate dispropertionation
* Metal reduction and oxidation

and other desp-branching

‘Candidatus Altisrchaeum sp.’
archaea, including DPANN
—_

* WL pathway (‘Candidatus Altiarchaeum’
and Deltaprotecbacteria)

* Sulfite reduction

» Carbon fixation

= Oxygen rezpiration

Agidophilic biofilms grown in leboratory at different pH
High pH (1.45)

Leptospirillum group I, and low-abundance
Leptospirillum group I

= Amino acid and nuclectide metabolizm

= Cell membrane/envelope biogenesis (Leptospinllum
group I}

* Care metabolism processes (Leptospirillum group I}

Low pH (0.85)

Leptospirillum group I, and certain low-sbundance
archaea ifor example, G-plasme, Fermoplasma type 1}

= Carbohydrate transport and metabolizm
Leptospirillum group 1}
= Ribozome biosynthesiz, energy conservation and
bohydrate tranzpart (G-pl
= TCA cycle and purine biosynthesis (Fermoplasma type 1)

(Huang et al., 2022, Nature Review Microbiology)

»Extreme environments are significant geological forms on Earth,
which harbor unexpectedly diverse extremophiles from all three
domains of life;

»Microorganisms from extreme environments are more difficult to

Isolate, due to their specific adaptions and metabolisms;

» Extremophiles can not only provide unigue products but are also ideal
targets for the study of microbial ecology, evolution, and environmental
adaptation;

»Extremophiles are also regarded as optimal

origin and evolution of life and even the potential




Common processes for extremophile isolation
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The common processes for the isolation of extremophiles

can be divided into four parts and nine steps




Specific strategles for different extremophiles isolation

_________________
@ Gelrite replace agar 1
@ Keep Petri dish moist when incubation ]
@ Isolation from fresh sample 1

1 @ Sodium thiosulfate addition 1

\ @ Both aerobic and anaerobic strains isolation ]

Hot spring Hydrothermalvent @ ~—-—-=—=—=—=-=-========~°

Extreme environments have distinctive limiting factors, so diverse

isolation strategies and matters need attention when exploring different
environments:

{ @ Short-time ultrasonication pretreatment

»Isolating microorganisms from thermal environments mainly

: @ Appropriate UV-light irradiation pretreatment

| @ Right amount salt addition

! @ Suitable antibiotic addition req u i res tO mai ntai n the mEd ia- State ;

»The sample pretreatment strategies for xeric environment samples

———————————————— 7 "

i i [ @ Drying treatment before isolation \I n eed to be m O re d raStI C y
l : @ Salts addition based on physicochemical properties !
- | 1 @ Chloramphenicol for archaea isolation :

| @ Salt addition when isolation and preservation ] >Diﬁerent kinds Of Salts need to be added to the iSOIation media
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according to the physicochemical properties of the samples when
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Multi-omics-guided microbial cultivation

Hollow-fibre
membrane chambers

Diffusion bioreactor
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® Networks

Nanoporous microscale

SlipChip Droplet cultivation rictebial Beubatre

Co-occurrence network Functional network
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® Metabolic analyses ® Cell sorting-based cultivation
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e Target cultivation strategies

Information from omics can be combined with that from other and innovative cultivation methods

to provide the framework necessary for rationally designing targeted cultivation strategies



Multi-omics-guided microbial cultivation

A. Function guiding microorganisms cultivation

A

| 5
RS

Sample collection Metagenomic sequencing Metagenomic binning Functional analysis

Through analyzing
metagenomic data, the
Ca. Geothermincolia
were found to be
putative homoacetogens

N,, H,, and CO, were
added to the
Inorganic medium to
enrich this group

T { Metabolic funciton \ )
[} |

Medium designing Target strain cultivation

After 120-days enrichment,
the proportion of the target
Actinomycetota had
Increased drastical’*




Multi-omics-guided microbial cultivation

B. Network guiding microorganisms cultivation

"l

Metagenomic sequencing

Sample collection [ - - /.’ N
o O/5 |

Preliminary isolation

the genus Tepidimonas
had a high-degree

centricity, the genus
Chloroflexus formed
the peripheral notes

Network analyses

Keystone strain cultivation

R2A containing 10%
spent-culture supernatant
from Tepidimonas sp. to

target isolation of the
dominant Chloroflexota

Medium preparation

spent-culture supernatant

Target strain cultivation

36 potential novel
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Summary

» A straightforward protocol for efficiently isolating microorganisms from different extreme

habitats are provided;
» Specific strategies and notes for different extremophiles isolation are provided;

»Propose the use of multi-omics-guided microbial cultivation approaches for culturing these

as-yet-uncultivated microorganisms and provided two cases to introduce how it works
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