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Abstract: Microbes have the characteristic of high diversity in natural environment, but 99% of
microorganisms remain “unculturable” by using traditional methods. Besides, the culturable fraction
can't represent the diversity of micro-ecology. Therefore, the present tasks are to identify species and
functions of new microorganisms. This article reviews some success in the isolation and cultivation
of unculturable bacteria from complex bacterial communities and their functions researches,
including modifying medium, microbial interactions, capture, isolation and cultivation and
high-throughput cultivation.
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SV 22 3 DR A7 A6 LA R A D) BB Bl 1 T R i 2K
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Tablel New culture and isolation methods of microbial

ViES R TR E =BT
Classification Culture methods Method description References
Rl pE SR R HE AR TSR Gy, BN — SRR Y A R S [13]
Adjustment medium
R ESEES o IR B BRI IR T UM AR R R R 1 R Al [14]
Mass culture SRR R W) A A7 B ARFRE A T IR g . R HE R &, o) [15]
B RSEH TR R A
I OEHEIN AN MR 53 15 R T 2 T A A B A X AR A LA T 4 2 [16]
Cells capture WBAE M BB R HE YR T R R R, AR PO B SO =g [17]
AN AT 53 5
B B R IR HIRd FIRZ EEEFRAAMT . IR R BV T 4088 5 i [18]
High-throughput TR RS IR 15 He A L IRAE BRSO AR b, TEARE R AR Sh R IRl h e TR 5 [19]
isolation cultivation PV ALK B A 2 sl
AW R AR — BB A 3 TR A ) S IV (— AT BIK 5l 11 4 e % [20]

AR AR R G), A S/ NIELR N 87 (SImCell TM)F- 5 1 i
IgESE, GRS pH . TR A

12 ZMTIMEPHEMZ BNEEER

H AR IR H B RS 0 A R AR AR 1, I
HAMBEZ RS TRARNKTR ELRERERAMT
T, BaEH R SR A Y S HA AR DG A B
FERSTTE, Pyl Z R 015 B A I BT, ScE 4 B
iz AR EFIE S FiikAs R, R
RANAIRESR . FEIRAZAE Y, Folha) B AR AR T
HASZEUG S FRRRS, Bl B ikiES0 7 2
(A1-2)Fi1 N-Te - 5 22 B R R
1.3 1EFERTIE)E

TEFELEAENLT , IGFRRCR A R 5 I (A A S
ARG P2 RUEY, Rl R AETEAEE AT
SEIREE R I RUE D A KBRS ARE Y . RE, B
RE SR R R = X A W SR R ) et 55
Davis %155 HIEUE Y 2 /0 12 JRIETE], 2558 5
7 B & TR S o HL A s LRR 2 J R 8 5%
R
14 N R S Z R

X TR A K g | P IR SO,
QSRR 47 AR R R, IR FTREAS A IR A 4
B, BT & Z R R R gy gt F AR AR B
FAEYAARKIER . X250 0 V& Bk

WP HA BAR AR SR Y, e SR AP ARG 5
AN DR P

2 RILFMAEWEFRSBEAR
21 AEEFE

KRS, FEMEYERRNERY
JR AR R P S B A W A 1Y
F AR R AT TR ZI O BRAR , LIRS R 3R A K
HEAMXHNEFEE, A A BT E iz
iR 3 6 R 28 3 0k — 2 T & 15 95 R B 5 U E W i
B Al — BT R TE T AN Lo IR B 1 B 57
X B R AR B SR E WA R . Li 60 RSN
FI, ERERESR P UIN T /\BMa R (TVA) 2
ARIZHEE (0. 30, 40, 50, 60 pug/mL), HEFEHE
WA A TIE ML G TR, A UE R SR,
FHl DGGE Wi p s fb, ZIMEELE 44X, TVA
SALTR TR BRI B, X 28 5 401 B 4
SR W e 2 R £ R TR B 3R i B A
Davis %2Vl Sait %% % R 5 & HMCHA, E
TG R A 5 R I B M 43 M 2 R B SR A
DG/ Gy EoZ Slibur e i= LIRS
AL EACIVE T2, SEBL T i i i
I, BIAVSTERET T, BAFEET ] BRFFERT T R T
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— BRI RILBE B R E (NT-26), 16S rRNA JLH 5]
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— AR S, FTRE R — RN, — ey i
FRGEDR S ST T B R R SRS R £ 18 A/ E o 3xX
SOk AR R R R, Hh s E L A YR
TORIEFIREIREL , SRBRIRERE Ml 732 A
Xk A AL REAR B T R, R TR
JRPUE R FRRCR A B R R . S AR AR
ZAb B B R 57 3 T 8 R AR B T 2
P H A — P IR A 1 35 o e O AR
V2 A FR A U AR REAE A — ] 52 B VR A 05 9%
SerpA KB HAT, AR e G s
WM, XA R MAE Y R SR © L UG — S

BP0 R ] RRFFEET . SR RO
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MR MR RIR AN E K, R,
B BELTR (R AR I35 T )4 o T — 26 3 3 ol A
W BT, Bl 5 AR T R S PR R S,
S5 I A2 5 o A 1 B 2 W LA S
PRVE . SORN T I 2 e M B R R 3K A
DHTMES AT . MRS . ST . TS
IR G ANERIN S s (% 2). e SRR
IR . (55T SR IR s i
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2 S T REHA T S SR ) 5 ol e
T 22 OMH A 5 A B T RO BN 8 5 S
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BT, TERBERIZAE R, Bi5 B i i
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xR 2 EFRRERNEVHBEBIEFEENEHS

Table2 Composition of different diluted media used for culturing unculturable soil bacterial®!

o y ;%3%%%&&
Ingredient um type (g'.)

0.01xNB WSss? VL55 VL70
2(N-NEhek k) 2, R 2-[N-morpholino] ethanesulfonic acid = = 1.95 2.09
N Beef extract 0.03 - - -
H A Peptone 0.05 = = =
TIKGEAES CaClz-2H,0 = = 4411x10°  44.11x10°
BHR A 4 KHPO, - 0.40 - —
LK MgSO,-7H0 = 0.13 49.29x10°  49.29x10°°
— KRR MnSO4-H0 = 1.52x107° - =
fiFif24% NHsNOs = 0.50 = =
IR E 8% (NH4):HPO, = = 26.41x10°  26.41x10°
TR %% (NH4)2SO4 - 0.13 = =
AR £ -4 R £ AR ° Selenite-tungstate solution® - - 1mL 1mL
fEIEE SL-10° Trace element SL-10° = 1mL 1mL

T % AR (WSS);

AEMkEN 059, TUKWMERE 3 mg, —/KEERH 4mg, ©: & 10 mL, /K k4 190 mg,

TUKEALH 2 mg, PUKEAIEER 1.5 g, i3 MIEREY 6 mg, VUK G kAR 100 mg, “UKEHEREN 36 mg, SN KGR 24 mg, FEALEE 70 mg,

ZEIRK 990 mL. —: IZREFRILHBA LS.

Note: % Winogradsky's salt solution; > NaOH 0.5 g, Na;SeOs-5H,0 3 mg, NasWO,-2H,0 4 mg, Distilled water 1 000 mL; % HCl 10 mL,
CoCl,-6H,0 190 mg, CuCl,-2H,0 2 mg, FeCl,-4H,0 1.5 g, NaBO3 6 mg, MnCl,-4H,0 100 mg, Na&;MoO,-2H,0 36 mg, NiCl,-6H,0 24 mg,

ZnCl, 70 mg, Distilled water 990 mL. — No ingredient in the medium.
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HAR Ay B FREE R A P (45 T3 B I e 9

: =
Oil —-fiF—— -
l Cultivation Water —i” 11 1 i_.-‘l;_n—»Vacuum
I i—_ i.?'\ ‘f\ ; [ =
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300 pm

B1 AFHEsmrggs™
Figurel Microfluidic devicefor microbial co-cultivation!¥
TE: A USRS A R W LA 56 R B: B EFIE; C. URMEEE SR D: B & RIHIE U
N
Note: A: Compartmentalized co-cultures enable detection of symbiotic relations among community members; B: Schematic design of the
microfluidic device; C: A picture of the microfluidic device; D: Droplets filling alarge chamber in the microfluidic device.
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TEMCIERI b, BHFARTFR T — R i s &
TR R SRS B PR T A R B FR M, XD
S-S PR N 435t H (1ol ation chip, Ichip). Ichip i
BOE A MO S U, 155 AT BRI (PR
G, SRR, (B SRR AR AT,
BRI TR, RO A BIMEE T, W
DAL [ 4R K PR T e G A BB T A
MTTTA B TR IR AN AR K . 25K, @i
ORI B4 B B A B AR R T A B A
0 . Nichols S5-Il —Fh 438585 - (Ichip)
(%] 3), St b e A I E H AR IR T TR %,
PEMTE RS SR, SRR HUR IHE TR,
SEAR I b RS LB TR 4T (18] 3). st
ORI 4 B R F12 40963 /K S I Rh Al 50% 1
EMCE RN, HAE AR AT 62 4~(28.3%) .
THERE A 86 1N(28.7%) 25 A i 16S rRNA
SEBAR U NF 950610 53 AN AT LU oA L
ZREPER IMCE IO Sy B3R5 . dung 59T R T —Fib
HHAR, SRH 1-tip Jr i Y B R AL
SR AR RRIE T REAE L1 A W 7E 11 RIS rhof 5
S, R IS 9 T B R o R
OB IRER /N T TR SRR B 35 S o i
gl

B2 y#EKERMEFTEMEYTEE™
Figure2 Diffusion growth chamber for in situ cultivation of environmental microor ganisms'*%
e A PEEZH P 0.03 pm (Y RIRIRIERIE & S 7E — 38 Z AR AR ; B: ARy BE S iR iy L.
Note: A: The chamber is formed by a washer sandwiched between two 0.03 um pore-size polycarbonate membranes, B: Growth chambers

incubated on the surface of marine sediment.
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Bl 3 SHEERRMEFMEmNTEE™
Figure3 Theschematic diagram isolation chip for high-throughput microbial cultivation in situ
W A BA 2L T AR B B AR IR A R AN N ;. 29l h SR RIRECR IR s i BRI A £

(18]

FLE SPGB R R R B4R B SRZZ AR E ZALNBIAN; C: B ARRC: LT PIAE 2 LAY b A i

WL P R FA, SR2Z s B2 LN 2

Note: A: Dipping a plate with multiple through-holes into a suspension of mixed environmental cells leads to capturing (on average) asingle
cell; B: Detail with enlarged scale of multihole plate; C: 1-chip assembly: upper and bottom plates with matching holes press the membranes
against the central (loaded) plate. Screws provide sufficient pressure to seal the content of individual through-holes.
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Environmental
samples (n=9)

©

DOU

Isolation of single
cells (n=9 600)

@@U

Whole genome
amplfication (n=3 300)

assembly and QC (n=201) [ \\.
1

o=y

., \

i Draft genomes
(n=201)

- .
1;;; o \

= —ég @"'Ezﬂﬂ]l'l r>~ 2

Genome sequencmg N

E 4 BmEEN IR

Figure4 Theschematic diagram of the single cell sequencing

[16]

T Ar BRI IS AT IE N 37 A 3 300 ASINHYY G FP S, BRI R THT I AR B SR G S R L T R 4L e A

B GE, BAARF) 201 SRR R

Note: A: Each cell was lysed and the genome amplified yielding 3 300 successful amplifications. SAGs (single amplified genomes)
belonging to major novel lineages were selected for genome sequencing and assembly resulting in 201 draft genomes.
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FEHE RO RN, SRR R AR
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