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plasma mutation breeding and microbial microdroplet culture
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Abstract: Safe and efficient microbial mutagenesis and high-throughput screening techniques are
important for discovering microbial functions, endowing microbes with new functions, and developing
new technology for biological industry. Thus, effective breeding and high-throughput screening
techniques have attracted the interest of researchers. Atmospheric and room temperature plasma
(ARTP), characterized by rich reactive species, ease of operation, severe DNA damage, high efficiency,
moderate operation conditions, and high safety, has been used for the mutation breeding of over
100 microorganisms, animals, and plants, particularly the efficient breeding of microorganisms.
Microbial microdroplet culture (MMC) generates a large number of microdroplets in a short time, with
independent control of individual droplets and each droplet as an independent micro-cultivator.
Attributing to the small volume, high throughput, good controllability, and real-time monitoring, the
modularized system allows high-throughput -cultivation and adaptive evolution of microbes,
demonstrating unique advantages in high-throughput culture of microbes. This review summarized the
application of ARTP to the breeding of edible and medicinal mushrooms and MMC system to
high-throughput sorting of microbes, which is expected to serve as a reference for the breeding of edible

and medicinal fungi.

Keywords: atmospheric and room temperature plasma; microbial microdroplet culture; screening; edible
and medicinal fungi; progress

1R A AR AR U E I S Ty ]
W R % I % ¥ T 1K (atmospheric and room
temperature plasma, ARTP)$; AR Flis A= ¥ ik
i%?‘%(microbial microdroplet culture, MMC)l/fﬁ?ii’E
FORIESF 2 TiX 2 MRS, HEXN TR
FEFEX KRB AR, MR TR0 EE
(AN . X Ok Y SPEREE) K Ab 5748 (1R 1ot
2L WIE L MEAKESE), ARTP HARPIH L
P AEVERE . XT I8 A% W BT %) 22 RE PR 45 Sl A

LS, HiEZ) 2 AERZ .
R SFEEA AR, BE R R
RERS )" SR PR . 5 i veg TR R AR
JE S RA Y LA R s A | TR R A
S, AR T SRR S S R OR . AR
T WA 0 R 55 7 B AR AT A B W0, R
PRAEPI G FRAE WO, IF ELRC A S
A RO TR TR AR LSS, DG o R
FEAL) S o 28 1) B - 5 5 3] DR B 1 I A TR A
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9 H o BRLES I AR R AE AR Wy 5 A i i b )
FIX PR AR R S0, U Oh £ 24 F L S
PSR TLIEWNIE/ A =

1 ARTP SRR R EWH My
R # &

1.1 ARTP #ARN 4B

ARTP J&—FpREGS1EIE B KSR R 4w
TE PRk B HLIR BEAE 2540 °C /) 55 55 AR 4t
o HF AR JEUH R ) FE I A R R X B
R s s %, AT & AR A 3 SOS
BL, ARG AR Rk . ARTP
AR LT s 2 )5 As e | i TS
St Y R G HLE o 2R . el s
TR AN AR S C Rl N T RUE A A
1.2 ARTP ERZGAERE PN ARG

T A v R A R sy A R U 3 2 H R R
WS B — NI ), SRR AT SR
AR L AR Ty 5 S A Wy A e Sy T A AR
REMEHIER . Zadig 2058 KB ARTP 548
HEBE A AEER . HHEEgME
BRTE TR . LR AM R IGA 5T
PRI RCR mERZ A, HET A ¢
2K ARTP X 62 2 F B 55 KA B
AR, ST A AR PR Y .

AR, ARTP 528 B FH AR TE B 25 B
BAPARR T R, JE B R AR,
(1) 7EUFHR S MRIAZE LT i, 4id ARTP
PR RE R T 51%; (2) ARTP 48
FEEWE, 58 7 HANER R ER S
VEAS PR, R SR TR A 1 T R B v E R R
PAL T @I AT ks (3) ARTP IBZE R
R AR Z W 5 Y TR R T AR
fLEETT; (4) ARTP ARSI, RIGTHRNZE

W25 ¥ B TG 1 B 25 AR AL AR A, T e 2 A0 355
AR TARE R A IS O T R AR, A Sk TR AH
K7 b T R B TR BE IR s (5) ARTP #5748
EARHAR TR BN, HAYE LN
Mo Z 0 & AR T B IE S (6) ARTP i
A (1 s FLHT AT P 360 BB ) R A K T A
FHER ;s (7) ARTP AR PERASWHE 1 0 ¥ 4%
Ja, HAKHEE | FRAIBE LR E LR .
ARTP 7E & 25 E & _E R B2 1 iR .

(1) M He B PRI AR

XA g ] ARTP 5 R 15753 58
Pk SWCor-01 =y il B & 1, HEWSS & BAE
o 3 T2 P A A YT s 5 R R g 8 T R
AT BRI A A5HR v TR AR Y B
O SR B 2 B A A R
SRR, MR e B R R BRI T . il
0 16 755 % R TR ) AT e T Al A B R AL b
TR 75 A K B T 25 R DL T B R =22 1) A A e ok
PRIV T, I AR 45 i T2 B 04 2 3 1o R ok
FIWT . DL, 7807 5k B bk o AR b B R i B
FERA R UET-AR b AR AR SO b, AT
T, LREEREN, mTFXFEMA
P D AR 1 7 1 H A B s B AL, BRAREOE ST
AN —E RBE L tH HARTARE, AT DAL 5 9 i 1
D5 AR KB PO,

BHOF A DO R T — o s AR i ——H
FEE S TR SRR, RS EZ
AH ROV A 4 B DL R R AR T T
A%, ARTP AR J7 L REMS A AU B A
WP, DA AR R 1 Rl A o Y 5
FE AR SCUR N T O B 2 Bk AR AR bR
Cor27012 Ml Corl5003, 43 Fb¥fRER & T
76.62%F1 40.30%, FH] ARTP A 41548 1
A, O T RS R RO BT, I AR A
B WAL FRaf s a A,
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*1 ARTP ZRAMERELREAREDG
Table 1  Application cases of ARTP on edible and medicinal fungi

R FR VRS PAEHK g 275 3CHk

Species name Mutation method Purpose of Result References
mutagenesis

U HL R JEUABTR 10 uL, H 120 W, Sl R A 0 T ER) 2 tha S LRk Cor27012 5 [9-10]

(SWCor-01)  AbFHREFE] 2 mm, K& FrE Cor15003, 4371 L XTI REHE R 76.62%F1 40.30%

Cordyceps 10 SLM Increasing the yield Two high protein mutants, Cor27012 and

militaris Protoplast 10 pL, power 120 W, of Cordyceps Cor15003, were successfully screened, which

(SWCor-01)  treatment distance 2 mm, gas  militaris protein were 76.62% and 40.30% higher than the

flow 10 SLM control, respectively
FW(SHI)  JFUEFR 20 uL, 203 120 W, RIREARS =~ 50N ik 1) 3 MRECID R IS TR A67. A130 F1 [11-13]
Phellinus AbFREE RS 2 mm, SR PIRIRETERR  A1S7, SRR LA, M e sl fe

igniarius 10 SLM To obtain Phellinus | 86.7%. 20.0%7F1 60.0%

(SH1) Protoplast 20 pL, power 120 W, strains with high Three excellent mutant strains A67, A130 and
treatment distance 2 mm, gas  flavonoid yield A157 were screened, and compared with the
flow 10 SLM original strain, the intracellular flavonoids

increased by 86.7%, 20.0% and 60.0%,
respectively

RZ(GO157) G 20 uL, I 120 W, BRiFR)"ZWFY) SRR A14 F1 A19 3% 2 #RoTEALRET) [14-15]

Ganoderma ~ ¥EE 2 mm, St 10 SLM T HbUAEALRE 138 5 0 09525 Atk, DPPH H HERERRZE .

Iucidum Protoplast 20 pL, power 120 W, 1) B itk FRAP fH . TEAC fH 5 i & AR L B2

(G0157) treatment distance 2 mm, gas  The high yield of & T 139.67%711134.59% .203.80%7/1 196.48% .
flow 10 SLM polyphenols and 147.30%7#1 140.15%

high antioxidant The scavenging rate of DPPH free radical, FRAP
ability were value and TEAC value of A14 and A19 mutated
obtained strains with the most significant antioxidant

capacity were increased by 139.67% and 134.59%,
203.80% and 196.48%, 147.30% and 140.15%,

respectively, compared with the original strain

Mk 2l JEAR A 20 pL, ThAR 120 W, BRASRERS Rk GHTRE i 5 MROE RIS RIbR, fefU MY 321 & [16]

(0605) ACPRER S 2 mm, R ZHE PEXT LG R B RE, AR 30.37%, M

Hericium 10 SLM To obtain the strain  ZHHHE = 47.45%

erinaceus Protoplast 20 pL, power 120 W, with high yield of  Five excellent mutant strains were screened.

(0605) treatment distance 2 mm, gas  Hericium Compared with the primary strain, the biomass
flow 10 SLM polysaccharide of strain 321 increased by 30.37% and the

intracellular polysaccharide increased by 47.45%

BAH JEABTAR 10 uL, T 100 W, $Rm 2 i 5 7 4 RICRBnAELrk, b Aace itk [17-18]

(CBEERD  ACFEIEE 2 mm, SHiE Increase the yield ~ AE#J4 Al ik 32.98 g/100 mL, HEWFEHA A
Auricularia 10 SLM of polysaccharide ~ 28.67 g/L, S AL BERS
auricula (Hei Protoplast 10 pL, power 100 W, The biomass of Aa66 strain was 32.98 g/100 mL,
Wei Ban Jing) treatment distance 2mm, gas and the total polysaccharide content was

flow 10 SLM 28.67 g/L, which was significantly higher than

that of the original strain
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L4 (V23)

Volvariella  AL¥REFES 2 mm, Uit SR W

volvacea 10 SLM Improve the ability

(V23) Protoplast 20 puL, power 125 W, of Volvariella
treatment distance 2 mm, gas  volvacea to resist
flow 10 SLM low temperature

stress

BT JEAETRAR 10 pL, 215 120 W, RS EHGR 1L

(FFE112)  AIEPEE 2 mm, “URE [Fa)

Pholiota 8 SLM Solve the problem

nameko Protoplast 10 pL, power 120 W, of strain

(Zaofengl12) treatment distance 2 mm, gas  degradation

flow 8 SLM

(E= N0

JEAEBTA 20 pL, DA 125 W, @R RPTIRIE Skt 3 MRt o] BAR R AR F R, 7E [19]

20 °C RIAFFEE T AERKH LR 5 T 17%—57%,
H i TR BB R T 0.8-2.4 £, A
Ai1-2d

Three mutant strains with significantly improved
freezing resistance were screened out, the growth
rate of which was increased by 17%—57%, the
rate of mushroom climbing was increased by
0.8-2.4 times, and the mushroom emergence
time was advanced by 1-2 d at 20 °C

e 3 MRIR L R B RR, GBI TSR [20]
N R W] S 471 R TR

Three of the most excellent mutant strains were
selected, and the mushroom type and the number
of clusters of fruiting bodies were significantly

better than the original strains

H: B4 SLM E/RFRIL T (0 °C, 1 atm)FH4 434

Note: The unit SLM is the standard condition (0 °C, 1 atm) liter per minute.

(2) FREFBE

ERILSEEE g e N ¥ o i 1N N
BRERREARRNKREK, TR LYaA ™
ook, PRI 30 2o 5 AR 2 A B
A d K H PR i 2 0 R iR . A G
SERM, WA R LY B R R Y L,
IF H R BORAS K W TR 224K 5 - 52 (R 35
Py BOARARL, BT DA D ) A e T 4 BT 22 14
BRI T KRS SE AT ARTP HAREAR
W SHI1, Sellle HBOLR 58 & ks T
3 BRECIE R TR bR A67. A130 il A157, Hilik
PR AT EE R, PN S O B R T 86.7%
20.0%F1 60.0%!" . BEIX 3 A B AR IE 1 5 BT IR
FBEMLY 5 Z &Pk DNA (random amplified
polymorphic DNA, RAPD)/3#7 & F 3 M54 bk
HistfE2E5, 1 HBPUAALRE JI (trolox equivalent
antioxidant capacity, TEAC)HIEkE TP EILEE
Ji(ferric reducing ability of plasma, FRAP)3L4;
ZERFIAEARE A6T PR RR T, 2=

IE MG 532 A SCH AR B ST i Fpedpi 58 2
23] 5B B ARTP RES AR I 3G T &
2y A MAAE D HRURT 75 48 3R 5% LA Rt
TR st A ) ot 22 FEARL O PR B /I P s, DT
e H A B ok B = & 2 B
ARTP HiAR, —ERE LY KT RENFA,
W T REYITIT R TR

(3) REFEA

kB ST ARTP £ R B R 2 GO157,
ARG 1 20 AN B AR & B bs 77 3000 5 43 B 3
TEPEY ™ 5, Al SR B R A14 FiT A9
X 2 MRPUAALRE S i B A AR TR A, 1,1- 0K
FE-2- =R L TR (1,1-diphenyl-2-picrylhydrazyl,
DPPH)H H1 5 7EBR %X . FRAP, TEAC 5k
PEARA LE 2 B 5 T 139.67% M1 134.59% .
203.80%71 196.48%. 147.30%F1 140.15%"*
R HIPU A A A P ER 0Y Z J5 H
DI , BN R 2 B A AL RE T i [l R T
ZWY R, AT T AR = 2 W R A
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KRR, teah, ZEMRS08 Fx RS T 6
g R2 2R AR . TR S5 S0 56 3%
B ARTP AR BEWSA S0 i F R 2 X — KAl
BB, JFE AT HEN @S ARTP GEIAAE &
77 At T A S5 1 AR T

(4) Mk a5

HAT, k203 20k I F A B 19 7otk
TR T (A TR 2244, (B BB B RN BB ALy
Wb R AR E, ST R TE
iR . AT AR L 2 TR, I
LU YRR I T ARTP 578 J5 B 6 3k 4 0605
HEATIEAS Ky I S5 S8 0155728 Jy AR i AR
NG IR A H e ek

THHEE 5 MR E IR Rk, L
i RS S R 321 BRES HR B
AR 30.37% . M AR 47.45%1°),
SEIL R ARTP B AR RE A3 %00 T 4% Sk 45 155
A5 AR RS 20 A T I R AR
B4 e T 2 WAk ee R T
1 AR T REMCEE T 2R AR g AR e
ZELE A ARTP 5748 i ) L 200 1 T
¥R, — 7] ARTP BO3E AME, % — 7 mse
1537 B w2 M E S s T bk, AT
2 BB A R R

(5) BAHFEAE

BARE W) EFRMEEEAAE T NN L
B, (RSB AR RS EIEA . N
BEBRAHEREFRMENES 2/, £
G oA R FE R, ] ARTP HiAR
SFHMEATIHRA, MHEkERST 4 MERMIFAR
PR, o Aa6e 7" ZHiRe 1A, B R AT
32.98 g/100 mL, S ZMiS ik 28.67 gL, 5
R TRRAR LA B 4R S . AAIMTUER] ARTP 4
AR HE % N F T SR B 2 R R & 25 LR 1)
VAR, PREEIRLRT, fE TR AR RO BT,

REAS A a4 o K B 2 i B R, T
AT AT H R K, A3 T ARTP ARG
A, IR A AR H A KA LR AR T
(ORFRET TN

(6) HLGf

e g B R T AT AR BRI H
Fhag, BORITIETRI B G EAE, (ERARME N
PRI R bR, JFH TAERMRK, HELUE
R R NG =AY W =N 7 S (= o b T |
ARTP AR EEEIATIEA, LUIRE S HUIRE
0 RE ) B R A R R AR, Sk Wi . 20
Rk aE, P8 T 3 HRPidae i B m K
VAR, 76 20 °C fIRIRIREE S50 T 5 4T B
FoAE KR T 17%—57%, Hi 2 Rk i 4
BT 0.8-2.4 fF, HizERFRIEERT 1-2 d, DGR
B RE IR T 24 hy SEERZE LRI ARTP £
ARAALRE I 28 MR R, AR RO fL X
ANFIREE ARPLRE S) . IR AR N IR 55
ZHX R EE B FRIRME T 2%

(7) W Fk

Vi 2 2 T R A DX L A
GG MR 112 F1 C3 ANWHB AL, Bk
ReJAr 25 AEREEWSE . ah R 2 BTk
NAEBCR AW D, T B A B R
A R R . VLT PO ] ARTP AR B
B 112 T4, it . &0 &4
PO IR RAT T 16 PR R WA #k 5 XHiAR
PRIFAT IG5 )5, M4 R 215 0L R BRAT 11 RS
AR LT A, F R R 40 15 A bk A R
R H 2 AW 4k 80 F g SE IR FR 45
B, TEEH 3 MR R BB AR, 4R KT
SEAR A B W BT R AR, A RO
T EARGR AR R L E Sy ARTP H0R
I F Al £ 24 B AR Ak (e R A T
— NS,
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DL EZEBREY], ARTP HiRTERZSHEHR
S L 8 FR A R, AR R AR TR
PR LR AT 5 7 SR TG e A e, R
fEILHUR T . A B S AR AR AP AR . 4R
1732 FF 2 3 AR 5 B30 2 TR PR 1) e SR BE R, D
i 90%—95% M BUAE R, HJE(H 15 I pk pE g R
A BEHIE 75748, JCHE R A AR ), H
AN E AT SRAFTE, BT B — 0T

2 MMC SR ZE B4 9 2% v B A
i3

2.1 MMC HAKNE

2.1.1 MMC ¥ ARBFEIR

s 4 A 3 R Re R AR R R
RIEIM IR T A ML REF AR K
&, iR o e NREE RIYIK LY
1T 2 TR AR Bt i R /DN B iR A L
MO, 20 4D 60 R R B
— B AR AL R e AR B, O R R
R NG D79 B K BT B A A
2.1.2 MMC #ARAYRE

PO 45 T A D R S R B R R T R D
— LR RUBE 89 oK RUBE A I 48 38 3 45 4 v
AT IRTR NN AN S E A T e I g
AR . O AEEEE 3 N7

(1) FEIOK G 28 90 K % 1) 30 3 245 4 1)
BErE Rl 38 T 2 TR S R s ) R
Y FUABLAEE R, 300 114 45 ) RIS DR X A i 8 R A
A — 2 B5E I,

(2) Tl ROBE I 1A 9 3K 3l A il 5 9 stk
SHERFEAERRARE, M2, WM
INERTR N TS N BT b s AL
W AR WIEA . ROE A& 322
HNEZ—,

(3) AV R SR AT S EE R G

A B RS ) 3 A R A L R R e 1 EE Ay
S, AR RO B SR A A A Ok ) |
MR Z AL, AR AR O L s
HA S iE 25,
2.2 MMC ¥ AREME Y SIHEE S 895 H

1 G T AR W 00 1 32 B L AR AR
FRE AT e, A7 e L B Ag | R
e ) H PR R D . RCRART SR, T
I B T AR Y T IR TR R T AR . TR E
T 15 77 R DRUHS R 3 S R, RE S DR X
At i, DR 2 A0 W T A5 R s AR P )
i, BT A SR v A 2 B R A B
BN RE A b, DA R P A s
P R AR = 90 R HR bR 1 BR R AR,
L H 1 AR A R 2 LR ) R 2
WSk gk 45, EEE R T ORI ELTR A B TR PRI R A
K. AR REANBE . YNGR P8
R AR L SRR T B 2 LR B R A
A H Z) TS ARG AL, A AR
T FEHORRE % 0L T T R B £ 24 FH L 1Y) 0
(AT B — 2 i DA AR A R ST
23 MMC #AEMEYSBEEHMEL
BY bz F 3 R

Bl E B HOR R R e, 1 R
S DA K AATVAE TR AR P TG B, X A O A
TEEESRBR B, B S MI E  A  E e
g, GIANGE v N . AR AR Wik, M
KA )2 W B2y . B b i R 20
IR P R s 7 R 23X 8 A 4 % O
o HAT, B 32N AR A B SR o LA
th, TEEMEEUHER 2 kg 55 KA
LR R R AR DB
2.3.1 ZHEAIIFIE

LA W T 5 7 e AR A 20 TR e 1) 0
ZHWME 2 P
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%2 MMC 4= i LA R &= 5

Table 2 Application cases of MMC in bacterial screening

[Laps BN e s e H i SRR 275 3k
Species name Screening methods Purposes of Experimental results References
screening
Hili o 2 LA LEEVOLRMBA, TEEARMENh kel U™ AR ikl 12 ARERE - AR ARITBEAYTE  [34-38)
(Ck A K ) AP FH] B ML R B3R AR B R B, BOREEORN T HARHUE YRR
Bacillus subtilis Fi e A A 2R AT Screening of lipase % =&t i
(from the water of ~ Combined with fluorescence producing strains  Twelve lipase producing strains were
pond) detection, lipase producing Bacillus screened out, and microfluidic
subtilis was inoculated on microchips technology could effectively screen
containing olive oil and rhodamine B the target microbes
A ZF AT IR A BUE Tl FRAR. TREnT U™ o3 MERR ORI 1 Rl R T [39-45]
CEE R W, PPN X o-JEMmEE BRGRHAAL ¥5, TRIEN 5 Bk a-JERmmE" RS
Bacillus licheniformis V&R TH I FF# AR, R IR i KA R 66%

(laboratory preserved Single cell droplet was prepared by

strains) droplet generation chip, and licheniformis can
a-amylase solution was detected by
fluorescence detection method

SWOMERE RS A RSR RO LAMP HI/E— Rk

CPEEEMAEYE TIARR, Ham s eRkEm

Screening Bacillus Five mutants with high yield of

a-amylase were screened by a

produce a-amylase high-throughput screening method of

droplet microfluidic, and the

fermentation enzyme activity

increased by 66%

N TR ERGS IEAT  BET [46-48]

PEAGTH e 5T, N 76 BT 1) ol A 0 A D A 2%

FOORSE L) DNAVERBINL, £ 63 °C [ AP 4:  Established a highly specific
Staphylococcus 50 min J5HUH, 7E 365 nm 55 T O A BRI microfluidic droplet detection system
aureus AT IR 4 A highly specific  for Staphylococcus aureus

(China General LAMP amplification system screening system

Microbiological containing calcein chromogenic agent was developed to

Culture Collection  was used, Staphylococcus aureus screen

Center, CGMCC) DNA was used as template, and the  Staphylococcus

reaction was carried out at 63 °C for

aureus from

50 minutes. The results were observed microorganisms

under 365 nm UV light

(1) A& ZFAEAT R

TERZHHA S, sk B T T I
PR S5 PR R LA 5 T T g A S AE R
AR o IS A A SRR R AL,
R — B0 3 DAt 31 7K 4R B B TR R 1o AR LS
EARLE A B B RALAER A 2 1 A
Yy, Wil LA BT RERESR , I HLIBUZEY)
TR IR O G, W RS A AT
T B ™ ol R S A 28 LA
AT SR ER TR A 2 S B AT L AR U

TE.6 R BRSO G IR AT DUVE Al i) R AE, WF5%
FEHH S R T DU FH 2 6 R A 0 I L0 278 Aty
ZEFOAT TR, AN TATHENN B AN [R] A% 58S B mT DA AN
[Fi) T A o
B~ H 3 A b (polydimethylsiloxane ,

PDMS) & fil VS 42585 i i —Fhvis TR RL, 72
Al B BT — R0 2 AL RS B
W, AT DIAR A0 [ e A O Z LM RLR
AIRZ WAL, B0 B E AR ) FnAL 35 e 45
S POV RO A W VR ) LK
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FEALF, AT HAZ LM PDMS MR,
A B R T TR H RS = 3 S U -

8 FH B0 T W O P i 9 o0 1 R B A %
RSB BAS , I L 7E 46 B 8] P 4% 3% Hh sl 4 B
SERETR TR o IR S ARG B A AR T, HRE
AL AR A, R T SEER R E]
TS G PO g — b (AT R & LAk 0
P, BERE MR B b R A L 2 LA, KRR
TABAEEE, A A5 E A

SR PR A 1 POGTR L 12 BREERE
HEWi B bR, (R2ANRFEE — SN2, Haf
FEIEF DA P B 0 i AN, H AT
it FH LAt D BE 0 38 A o8 R AT 5 B8 1 — 20 S 00
HERA

(2) MU ZEHFT P

b A 2F R TR R L AR 1 A A T D
o-TERI T, TE B T Tl 5 A £ 45 £ 10
Tz . B TR ERK, HEHZEH
T T AR 22 B R R 8 1T A7 o3 A9 T 1A
ZETRFF IR HL A R . R RSB
W SO AR, A H e A L s s A
PR 85 35 07 1k T i e i L, MAHB AR 2F R T
BLH WA AR PE R ik il T 5 Ak BAREARS ),
H2 R LI R — TR & & o-TE B
(R DL, 5 B DA TR A 3 DRI A Hp s A X I £ 28
AR LR o [R) Ao AR S50 v e B A 4R R
FT R BERT , H S X 7 326 TR ke 1) BTG 2 A AR K52
U 55 AN B 2l Ol o K €
AR AE AR TR A 1 50 T o BE S B2 & A Ak 1 77
R TSRS, T
A=) B TR AR SR 0 02 2% TR M o

(3) &AM AR

G B0 A BR A — A A A T AN A
IR A FAMRE, STARERA RN G
Fo TR (A% G2 5 1% e ifs 2 sk ] ik

1, ANBEI T 20 TRAS I e 5k 5K L A
S VSV R ol 42 AR Sk i 4 4 9 €0 A B A, 7E
MY AT %) 4 B 6.5 4 3K TR (Staphylococcus
aureus) 2 " 1 5 38 T P TR A OR RS B G
(CGMCO)MFRIERRE . nuc FERAE AT 11 H
PRI, AR AR S Pk A A 5 | A T — A
SRR A R I R A, ZRE A
Rk ARG I <5 o €0 R 2 BR TR O, AR AR B
B e 285 R e e — AN i b, ROR Ak
TR A BRSSO S X RS AE, fE
% [R] ISP AN 4 AR, H TR R ) A
ST, X FERY B RE A A b SE 5 b Rl RE
PP S ST Y (R, L RE R R A4 R st ]
IR B RN A H

GRE DGR S T T X AT T A I 7
gk, 5z A, il AR BRI
AR PEAT 8 TR I IS BT AS 2 A 45 SR — 2 B,
WORFERR ML, BN S . SRkl
RVESREN 59 NN ) (| o Y L Rl S S W
AR o AR I AT LA T HoAth 15 Ye Rl A=
YRR, ALFE Z R A AR EE 5 R I RE S
W HAMEE P AR . KRGS R Y)
R AR F o SR i R G AFAE — 38 B
FCHBRR I 3 A REA th A Y, RS
R GAGE S LUS A BRI % e v 1) 4 v
OHAIRE . H X R RGN 2T sh 44k,
KikF 2 A RE, BFEH—PH LA
homt R,
232 HERIFIE

MMC H AR TE BT i b 1 28491 4n 3 3
Jl7

(1) AR

SRR R —F LS BUR N, %
e n RN 7B =R U S R BT S VA = R Vs
RN 245 ) R i 2 PEAS BT IS 5, Il DRIA YT X R

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1186 (BGX7/Esiikid Microbiol. China
*3 MMC EHE ik ERIN ARG
Table 3 Application of MMC in fungal screening
FLH R SHTT Ik ik H 4 SEERE R 275 3k
Fungal strains Experimental method Purpose of Experimental result References
screening
FESERE  HW . 299 SR OSSR TR, TGS RERE R S R IR R SR IR [55-59)
SC5314 SRAETIARS, oA Ay U R Es ST SRR, 0
Candida B2 15, 30 uL/h, 1§ 2 h JFBE LS TR FLAMT B bR
albicans The bacteria solution, drug and chromogenic Candida albicans, The droplet microfluidic screening
SC5314 agent were stored in aqueous solution, and the ~ which are more  platform can be established for
chip was stored in oil phase. The flow rates of  sensitive to the anti-candida albicans drug
water phase and oil phase were 15 and 30 uL/h, drug, were screening, and the analysis speed is
respectively, and were observed after 2 h screened out fast
CUbfEERIs T ROWR TR 10-15 uL/h, AR FRZEHRERE R UV R SR IR A RES R [60-61]
MEkE GS115 il 200-250 pl/h, A58 250 D ARRMEROMERE  /NREORTZE 10 TTNGwk, 10 FLGf ik
Pichia The flow rate of droplet is 10-15 uL/h, the Yeast with high  HH—®EFHAL R A SG-m5 FHk
pastoris flow rate of oil phase is 200-250 pL/h, and xylan yield was ~ The droplet microfluidic screening
GS115 the speed is 250 droplets/min screened method can screen 100 000 strains
per hour. A strain of SG-m5 was
selected as the best strain
fift N HR FC He T B TRRCR B T AL 2 500-3 000 MR Fik il ™ S IR ORISR BETE AR KF | [62-64]
[iz2a83 T, BHEE A ECE AR AT, BT EERIRERE e RN 2 Y g 7 S DA O T B, B
Yeast 28 °C BEFEHIHE IR 16 h Rt T2 A The yeast with ~ /INEFBESIE 150 Bk H ARk
Yarrowia The yeast solution was diluted to from high yield of Microfluidic technology can
lipolytica 2 500 to 3 000 microdroplets, and the number  heterologous efficiently screen the high-yield
of yeast cells per drop followed Poisson enzyme was yeast of heterologous enzyme at the
distribution. After incubation at 28 °C for screened out single cell level, and can be used to
16 h, fluorescence detection was conducted compare different strains in the gene
pool, and 150 target strains can be
screened every hour
KMz pyrG MR ENA E T, ST RIIAR T SRR SRS TR A AR [65-66]
Aspergillus — ATH5 G, JFHEA Abil EMOO FERAE R H. R fi bk e, 294 30%
oryzae 7 ) SR AN [ LT V830 P 5 The strains with  In this experiment, a high
pyrG The diluted bacterial solution was placed in the nutritional proportion of single cell droplets
water phase, combined with the oil phase deficiency were  was obtained, about 30%

wrapped in the chip, and connected with Abil
EMO0 as a stabilizer. The influence of different
flow rates on the droplets was observed

screened out

AWrSE R, DRI BT A A R 25 ) itk A
97 F AT R AR o O A R i
SFRAE 96 FLARTEES, 7 AR L, (2
i ORI B R B — o R BRI A
N AR WHIRIER NS

BEE WORE BRI K g, H A E ]

TR W B SR BOR T 0k 1 (S TR 2, A
B2 M AL T 7 790 Bl 2K 24 i R 68 1 175 4
M R POBE S R, IS4, A6
TR — A TGN P, AT TR 25 M Y
PUECEEIG PERS . oA MO B 3R AR R O
PR M —A03 30, MR A AR B A AR
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