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Research progress on culture methods of uncultured
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Abstract: Many kinds of microorganisms with several robust functions are widely distributed and
abundant in the natural environment, playing critical roles in human health and safety, ecological stability
and species evolution. Although microbial cultivation technologies have been developed for more than one
hundred years, by far, succeeded isolated microorganisms only account for 0.1%—1.0% of the total
microorganisms in the planet due to plenty of limitation factors. Abundant microbial resources in the
natural environments remain to be explored and applied. Therefore, it is particularly necessary to
understand the restricting elements for cultivation of microbes and elucidate mechanisms, develop novel
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and effective methods of microbial isolation and culture. This paper analyzes the constraint factors for the
growth of typical environmental microorganisms, then shows findings on the improvements of culture
media and conditions. Subsequently, applications of novel techniques in microbial isolation such as in situ
cultivation, co-culture, microfluidics cultivation and cell-sorting are reviewed, finally, the present
bottleneck problems constraining uncultured microbes are discussed. The integration of multiple
technologies, microbial interactions, metabolic pathway and mediation mechanisms, resuscitation
mechanisms should be considered in the near future. Hopefully, it can provide a basic reference for the

development and utilization of microbial resources.

Keywords: uncultured microorganisms, resuscitation, in situ cultivation, co-culture, microfluidic cultivation
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Table 1 Applications of in situ cultivation
Types Year Method description Findings References
Diffusion 2002 Using a diffusion chamber to cultivate sediment The MSC2 can be in situ cultured in a diffusion [51]
Chamber microorganisms in marine intertidal zone chamber with 97% similar to Arcobacter nitrofigilis
2007 Isolating uncultured microorganisms in sediment and A variety of uncultured bacteria belonging to [54]
water based on diffusion chamber cultivation method  Deltaproteobacteria, Verrucomicrobia, Spirochaetes,
and Acidobacteria have been isolated
2009 Cultivating soil samples by the combination of Some novel types of microorganisms difficult to [55]
diffusion chamber, immunofluorescent viability cultivate have been isolated, such as a plant
staining and micromanipulation pathogen Leifsonia xyli
2009 Developing a in situ cultivation device—hollow-fiber The number of microorganisms isolated by [56]
membrane chamber based on diffusion chamber, and  hollow-fiber membrane chamber is much higher
applied it into an artificial environment simulating the than that of the traditional culture method
natural environment where microorganisms inhabit
2010 Applying diffusion chamber to cultivate Many pure culture strains taxonomically classified  [57]
microorganisms in the polluted sediments as Alpha-, Beta-, and Gamma-proteobacteria,
Actinobacteria, Firmicutes, etc. have been isolated
2014 Isolating bacteria in the sponge (Rhabdastrella After 4 weeks of in situ culture, 255 strains were [58]
globostellata) with diffusion chamber obtained, of which 15 were identified as new species
of Bacteroides and Proteobacteria
2015 Applying a modified in situ cultivation device in the A total of 113 strains of actinomycetes were isolated, [59]
rhizosphere soil to screen actinomycetes of which one strain showed the highest 90%
similarity with Nocardia spp., and probably belongs
to a new genus of actinomycetes
2015 Isolating, identifying bacteria that is difficult to A total of 260 strains of bacteria classified into [60]
cultivate and previously uncultured from toxic heavy 108 species, in 6 phyla and 1 unclassified type were
metal-contaminated soil based on the diffusion isolated using both diffusion chamber and traditional
chamber method culture technology. Most isolates (66.2%) were
obtained only by the diffusion chamber method,
including previously uncultured strains
2019 Developing a new diffusion bioreactor to investigate 35 previously uncultivated strains were successfully [61]
the microorganisms in forest soil obtained using the new diffusion bioreactor.
Additionally, the strain recovery rate can be
improved through the soil collected in summer, a
longer cultivation period and the use of a
low-nutrition modified medium
ichip 2010 Designing and applying an ichip device in seawater =~ Many seawater and soil microorganisms were [62]
and soil isolated, among which the new species with the
highest similarity less than 95% accounted for
28.3% and 28.7%, respectively
2015 Applying in situ cultivation to isolate soil An uncultured Eleftheriaterrae sp. in [63]
microorganisms Beta-proteobacteria was isolated
2018 Separating soil microorganisms collected in two The ichip method facilitated the cultivation of at [64]
locations by an ihip device least 28 species previously described as
“uncultivated”
Trap 2008 Isolating filamentous actinomycetes in soil with a Rare actinomycetes such as Dactilosporangium, [65]
Trap device Catellatospora, Catenulispora, Lentzea,
Streptacidiphilus were isolated
2012 Designing and using a in situ cultivation device- The soil microbial diversity obtained by the FPMT  [66]
FPMT to separate microorganisms in two soil samples method is much higher than that of the traditional
plate streak method, also new species have been
isolated
2018 Screening bacteria in hot springs by a FPMT device 184 bacterial strains were isolated from 5 hot springs  [67]
by both FPMT method and standard agar plate
method. Among them, 7 new strains were obtained by
FPMT method while only 1 strain by the latter method
I-tip 2014 Separating the symbiotic microorganisms in sponge 34 species in 5 phyla were isolated by I-tip, but [68]
by an I-tip device 16 species in 3 phyla were obtained by plate streak
method
GMDs 2002 Designing and applying the capsule embedding More than half of 150 isolated bacterial strains were [69]
technology in water and soil samples previously uncultured and their genome are firstly
identified
2009 Adopting a double encapsulation technique which coat Plenty of novel microorganisms have been [70]
diluted microorganisms with agar and polysulfonic successfully isolated, showing the maximum
polymeric membrane, and then cultivating samples of ~ 85%—96% similarity with the known strains
microorganisms from three different environments
2010 Diluting the soil extractions with 0.185% NaCl solution, A novel myxobacteria strain was isolated [71]
and adding different myxobacteria strains to the microdrop
culture medium for enhancing cultivation in soil
2017 Isolating bacteria in pit mud by the combination of Totally, 95 strains were isolated, among which [72]

microencapsulation culture method and cell sorting
technology

1 strain with multiple functions is classified as the
Uncultured bacterium clone N8-7
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Figure 1 Diffusion chamber for in sifu microbial cultivation'>"

A

2 HEEHE
Figure 2 Isolation chip (ichip)'®

A SRR, XA A B AR B A
B ) TS Bk, T H A A RE
B EHAT HIRERATAER ichip R4S
SNAABE IR SRR, [F RS i, St
YA s SR ichip 75 AT HEAT /38 & 10 2 B K
75 AR/ MU AERWHEY, b
YT TR TS LSS 21 il 2 g T R

2017 4, Berdy %43 WAL T ichip AIEAR
o BRI R M I R E Y, BB
WREEL . WEESUSHMEH, ichip %1y
IR TAE G AR TEEWASS T ichip IEAIA
A (1) BRSSP A AU 76 B AR A
R AR R A/ S AR A A, T LR
T2 LR RUEYI Bl Q) ZOTIEABRHT
Bie TR RRAEY s (3) K ichip HUEAEKAETT
Bydkm, AAYRmIEEHISAZ, &%
FHichip FIEALBAIIE, i ichip FL P A4 2 4% fih
(Al E AR EREETCT DA b s e BRI R A R i AR
A I A B R AR

2.3.3 Trap A

YT E AN B ik e TR E A T Ak B Y
2, Gavrish S84R1E T —FH T 0 B 22w 1
Trap E (Kl 3), BB S P HUE ML,
SUR TR B LN 0.2-0.6 um, FLAEIIRIE
F T REIE T 22 AR SR B I A K &, R
4 Trap %¢ B (BB N )0 T AR RS 77 50 & T %
AN AR BRI, e B S e
fil 4T, 22RTIE Wik Bk i3 A% B IFTE AR
. RBEAME FRR 14-21 d)

2012 4F, Jung EFFE T —F Trap g
i #E 4% (Filter Plate Micro Trap, FPMT); FPMT J&
— PN B SRIAEE P B AN ) R RS RS, DL
AHEMALCH EA(E 4A), K124 cm. FE8.1 cm,

3 Trap £EERFEER

Figure 3 Image and diagram of the trap
e 1 JREEALAE 0.2-0.6 pm); 2: THAE(FLAR 0.03 pm); 3: JC
BIBNR AR IHE IR At 4. HIRLai g )m e

Note: 1: Bottom membrane filter (0.2—0.6 um pore size); 2: Top

membrane filter (0.03 pm pore size); 3: Agar or gellan gum; 4:
Plastic or metal washer

165]

4 UNIFILTER iZJERFLIRER 5 (A)FA FPMT —FL7R
EE(®B)

Figure 4 Photograph of the UNIFILTER filtration microplate
(A) and schematic diagram of one well of FPMT (B)L¢!

FE: 12w 2: $E3R3E; 3. PVDF IEBE(HLAZ 0.45 pm); 4:
TR IR 5 A

Note: 1: Cover; 2: Medium; 3: 0.45 um pore size PVDF filter; 4:
Soil or silt sample; 5: Microorganisms
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3 em, 96 N Y BRI T 25 AR 35 3R A
YIe E = (E 4B) s K557 B R 8 B C7E A
b, DASEMAEY AR S, A AERK R
BB SR ST T R R R AL e
2.3.4 Isolation-Tip ¥ A

2014 4F, Jung EH & T —Fh 44 1 “Isolation-Tip
(I-tip) (e B (& 5), AT HF o il a2 A s
Yo R, ke B im AMGAR R R L U (RN
0.5 e)iF 17855, 4 JHJRese B b s R 4R A P
BOE ATy B 1 55108 I-tip W AE e —E R
PR, Ebdnf oK 2 B N FAE I 3l i Vg 7K b s 5
AT
235 REEERA

JRE B A SRR SOPR Sy LA A BB R L
Jist i 1% 3% 5 (Gel MicroDroplets, GMDs).
Zengler R T — Nk, B RS IR EERE b
S5eRRE, IR BV ROE AR, R

0.5 mm diameter

Sponge f——
pong ﬁ bottom entrance

Microorganisms

B 5 I-tip XEREE™

Figure 5 Schematic diagram of the I-tip
TE: 1. B Tip (20-200 pL); 2: BUEYITE I-tip HEFR; 3:
50-100, 150212 pm BEIER; 4: BRI 5: 0.7%508H;
F5 6: BUEMHIIEA 1-tip

Note: 1: Yellow tip (20—-200 pL); 2: Microbes are cultivated in

[68]

I-tips; 3: 50—100, 150—212 um glass beads; 4: Waterproof adhesive;

5: Medium with 0.7% agar; 6: Microbes can penetrate between
beads
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WA R IR 3 R (Microfluidics Cultivation) /2 7E
TOUL R ST % 52 2 AR HEA TR L 45/ RS D Y
oA, FLRE K0 A [a) [] B A I 22 A A 355 R A M0 1
fPAE, WREDAS Hbnid A Wy sl =™ B
PE R I8 A3 A i 2 2 7E 20 B KCF BRI A )
MEAEMMENTH, SEEERTEML, Z
FARSlE TEMBARBE SRS Bl

2014 4, Najah 2% F—Ft & 8 5 00
ORE A, TEAR] 20 min AYHHA] Py 57 %8 2
100 000 ™4HHE; KBRS TE 20 pL W (S
PENCET 2 — MK TS ) ) 55 35 0 i B & 00
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