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Abstract: [Background] High-throughput screening technologies represented by flow cytometry
can efficiently screen the microbial strains with target characteristics. In fluorescence-activated
cell sorting (FACS), the adhesion of microorganisms will lead to inaccuracy results and low
purity. Therefore, a rapid and simple method for preparing single cell suspension is crucial for
FACS to obtain reliable results. Desired mutants are usually screened out in fluorescence-based
manners from the libraries generated by random mutagenesis with low positive mutation rates.
However, the impurities and dead cells with strong spontaneous fluorescence tend to be included
into the sorting gate, which will lead to false-positive results and reduce the survival rates of
samples. It is urgent to improve the survival rate of microorganisms in FACS. [Objective] To
establish a simple method for preparing single cell suspensions for FACS and improve the
survival rate of sorted microorganisms. [Methods] Escherichia coli, Bacillus subtilis,
Corynebacterium glutamicum, and Saccharomycetes were used as the samples. The
morphological characteristics and cell adhesion degrees of the live microorganisms were observed
by microscopy. Four treatments, including ultrasound, digestive enzyme, surfactant, and
ultrasound-surfactant, were then employed to alleviate cell adhesion. To improve the survival rate
of microorganisms in FACS, we treated Saccharomyces cerevisiae HZ848 expressing green
fluorescent protein by atmospheric and room temperature plasma (ARTP) to generate a mutant
library. The top 0.5% of the whole cells and the negative cells after propidium iodide (PI) staining
were separately sorted based on their GFP intensities, and the single-cell survival rates under both
conditions were calculated. [Results] Yeast cells were effectively monodispersed by the treatment
0f 0.01% Tween-80 combined with ultrasound for 1 min, where the single cell rate was over 88%,
and the breakage rate of Pl-stained cells was lower than 1.4%. The single cell dispersion of C.
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glutamicum was achieved by the treatment with 0.01% Tween-80 combined with ultrasound for
5 min, where the single cell rate was over 97% and the breakage rate of PI-stained cells was lower
than 1%. The survival rate of S cerevisiae without PI staining was 4.3%, while this rate was
raised to 18.3% for the Pl-stained sample after removal of dead cells. [Conclusion] This study
established a simple and rapid method to prepare single cell suspensions and provided a Pl-staining
strategy to significantly improve the survival rates of sorted samples in microbial FACS.

Keywords: microorganism; fluorescence-activated cell sorting; survival rate; single cell

suspension

AR S Tz T Tlk Rl BR
25 2, AL AE [ R T h B 28 2
BEMHA . BRI Y B T AR
XA = A5 B2 AN 2 AR B T L
WA= AR, N TRRE . ERcE N 4l g
FRFNG AV FHARZE T Z A, Tk i
PR ) RIS A TR JE T RSN B
R I BEAIL B3 ) 75 28 1) 5 vk R 4 e Tk A= 4
HHPRT IR, TR a5 A8 R AR
%, I A R B8 P v et s e H A G 2B P 20
LAY AR A e R E

33 7R gt A AR AN S E T R e Y O 3
WA, a4 R (flow cytometry, FCM)J&
20 e 70 AR K A SR 1 — JX) 24 i s At
TN Py R PR UE B AT EOR . e RE (R I
X i 1Y) 22 Fh ) BR RN A W2 S0 T kel
F AT DASE B R A MR A A R kB
AN A =T FH R A A e 2= i o 24
L =X A AR 7E G A P W 9 s Yy Tz e
BLE IR E 2 DA, (1) B MER . eE Yk
BUN . DNA I F BRE R 1% il 3 L s
AARAL 3 NECEHD, X EAEHI RS
B R AL TR G AN M SO R AR i T
ECWE SRR S WIE L ER AR, R

R DR SN T E R A, SR e
— R HE A S BE X BE, 1 R e R PH A R

o (2) FEIE MR, H S THCE Y s 2
HTFHEHETIHE . D5 PCR S E ik, IERAE
RARML, — Ml I PERRAE 0.5% LA T, B
RACHIG I T 4= . FEANAIR AR L, 1 A
FEG AR, I, PR a5 RAR B E, $2
O3 T AF 1 2206 T AR e O R R O
2

ASCHE R L IHAEERE AL . RS R A
PN 75 R TS PE RS AR, IRE N —
FRRTAE | X2 LA 4 /0 | P A 23 1 1) B 4 A
FE b il 2 7 s, UL TS BE (propidium iodide,
PI) Y £ 7536 B Ak Gk 72 b i) 20 BB 4, 9
PI Yy ok L BRAEAN ML RN 22 5T, $2 1 403k 5 A b
FEIG

1 HE5xZ

1.1 B

W5 B i 41 B89 2K % #F 14 (Escherichia coli)
BL21. DH5a, MG1655 Fl W3110, Hi%iZEffT
i (Bacillus subtilis) SCK6, 4 % 2 # IR AT 1
(Corynebacterium glutamicum) ATCC 13032, LA
K TR B £F B (Saccharomyces cerevisiae)
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Table 1  Strains used in this study

Strain Genotype Source

E. coli BL21(DE3) F ompT hsdSB (:B~, mB") gal dcm (DE3) Lab stock
E. coli DH5a F, ¢ 80dlacZ AM15, A(lacZYA-argF)U169, deoR, recAl, endAl, Lab stock

hsdR17(rK~, mK™), phoA, supE44, 1, thi-1, gyrA96, relAl

E. coli K-12 MG1655 F, 17, ilvG-rfb-50 rph-1 Lab stock
E. coli W3110 F, 27, mcrAmerB IN(rrnD-rrnE)1 Lab stock
B. subtilis SCK6 Erm®, 1A751 derivate, lacA::Pxyl A-comK Lab stock
C. glutamicum ATCC 13032  Wild type Lab stock
S cerevisiae HZ848 MATa, ade2-1, Aura3, his3-11, 15, trpl-1, leu2-3, 112, can1-100 Lab stock

S. cerevisiae HZ848-GFP

of GPM1 on the plasmid.
P. pastoris GS115 his4

P. pastoris SMD1168H pep4

S cerevisiae HZ848 hosted with pRS414 plasmid, gfp is under the control Lab stock

Chemical Biology
Research Center
Chemical Biology
Research Center
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1.3 EFE

LB Hiifdt(g/L): WM 10.00, B
H(#) 5.00, NaCl 10.00,

P B 32 3 R 0 8% 77 5 (yeast extract
peptone dextrose medium, YPD) (g/L): FFHEE
10.00, ZE [ 20.00, % b 20.00.

O A RELFHE A SC % 7 5k (yeast synthetic

drop-out medium without tryptophan, SC-Trp)
(g/L): SC-Trp #h7E5 1.90, BEEEZAJAILRE 6.70,

HIZIHE 20.00, RIS 0.05,

fixi > 32 W& N % (brain heart infusion-
supplemented with LB, LBHIS)} #:3&(g/L): ££H
i 5.00, FEEHREU 2.50, SALAN 5.00, 6.0
W 18.50, 11AYEE 91.00.

A RE FE A 18.00 g/L BEHS .
14 A&
141 HHEE

PiE TP 8% 155 771 (S. cerevisiae) HZ848 | BRIk
(P. pastoris) SMD1168H ., GS115 4357 YPD
TRPAR E RN 3R, 30 °CHE5% 48 h, FREBCEAR
BRIV R 5 mL YPD WA 3R, 30 °C,
200 r/min FEIRIEFRIBIGERNF, R
% ODgoo M 0.2, 4k£5 855 6 h' K #F 5 (E. coli)
BL21, DHS5a, MG1655 Fl W3110 FlAk & 25 4T
B (B. subtilis) SCK6 7& LB [E{AF-Hy | %) 24250,
37 °CH55% 16 ho PRECP Al B R TE 2 5 mL LB
WK FREET, 37 °C, 200 r/min FERE R4
BHABEIRATHE(C. glutamicum) ATCC 13032 7£
LBHIS [EAFH A28, 30 °CHEF% 16 ho #k
BOPAR FIBARISZE 5 mL LBHIS WiAks 3 5L
Hr, 30°C, 200 r/min &R IR0
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Figure 1 Effects of microbial adhesion on FCM analysis. A: The microscopic image of the sample after
unicellular treatment. B: The FCM analysis of the samples after unicellular treatment. C: Microscopic image
of the sample without unicellular treatment. D: The FCM analysis of the samples without unicellular

treatment. The horizontal axis of the FCM analysis represents the fluorescence intensity of GFP, while the
vertical axis represents the relative size of cells. Scale bar: 10 pm.
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Figure 2 Microscopic observation of microorganism samples. Scale bar: 5 um.
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X HE. DL E. F 40910 GS115. SMD1168H ., HZ848 #7 1ij PI Y . G H. 1 43l GS115,
SMDI1168H, HZ848 i/ 10 min J5 FSC-SSC it = #r&l. J. K. L 7350 GS115, SMD1168H, HZ848
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Figure 3 FCM analysis of yeast cells before and after ultrasound. A, B and C are the FSC-SSC analysis of
GS115, SMD1168H and HZ848 before ultrasound. D, E and F are the PI analysis of GS115, SMD1168H and
HZ848 before ultrasound. G, H and I are the FSC-SSC analysis of GS115, SMD1168H and HZ848 after
ultrasound for 10 min. J, K and L are the PI analysis of GS115, SMD1168H and HZ848 after ultrasound for

10 min. FSC-Area represents relative size of cells, SSC-Log_Height represents the internal complexity of cells,
FL3 Log_Height represents PI intensity. Scale bar: 10 pm.
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Figure 4 The statistics of the yeast cells’ FCM analysis after ultrasound treatment. A: The statistics of the
single cell rate after ultrasound for 0, 1, 3, 5, and 10 min. B: The statistics of the PI positive rate after
ultrasound for 0, 1, 3, 5, and 10 min.
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Figure 5 Fluorescence microscope observation of yeast cells after ultrasound. Scale bar: 5 pm.
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Figure 6 Effects of digestive enzyme treatment on yeast cell dispersion and activity.

ov —

|
w
(=]

0.01% Triton X-100 PI positive rate
4 0.05% Triton X-100 single cell rate
4 0.05% Triton X-100 PI positive rate
+ 0.1% Triton X-100 single cell rate
+ 0.1% Triton X-100 PI positive rate
* 0.01% Tween-80 single cell rate
* 0.01% Tween-80 PI positiverate
v (0.05% Tween-80 single cell rate
v 0.05% Tween-80 PI positiverate
® (0.1% Tween-80 single cell rate

|
(3]
S
PI positiverate (%)

|
)

= A

S *

*“:c; 60 —

T * 9

PPT S

& . ®

1) LY
20 - e
0L —teume vy ¥y

GS115 SMDI1168H HZ848

7 FRTEE AL IR X B B AR A 4 B R IR B2

e 0.1% Tween-80 PI positive rate

Figure 7 Effects of surfactant treatment on yeast cell dispersion and activity.

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



5078 A 2 AR Microbiol. China

A 70 AL A X 40 L ) 3 BBV R SR N B 8 A 70%, PIBHYEZRA 0.68%, [KIIHLHE Tt 7= i
Triton X-100 XF 4l 45 K, 0.05% ) Triton  [A]24 3 min A1 5 min, HZ0E A R BREEIRAT
X-100 %} HZ848 4bFH (1) PI BHEZE>9% , Tween-80  ATCC 13032 FAZH 43 55444 0.01% Tween-80
XA/, 0.1%[%) Tween-80 X 3 FhEEEA  EXGHA 5 min, FLAHMIA 97.9%, PIHATERN

JfLE) PT BH P #6<0.5% 0.8%. ZERANE 9. 10 FiR,
234 BBES Tween-80 AAERMEE R HEMM 2.4 BT PILEEREABM M EFETE
VN AL AL

FH T 5 B[R] 25 2 1 A e 24, i DAk BT . By AE PCR BB YLt e )y

WO 1 min XAFAFIATIRG UL AR ki R SR AN , — ARG B s 4 A
MFE 32 °C JilE 1 h, AFTHREHEE, PR, R BT 7 i P AR R TR B 3R i O
Tween-80 Xf 40 ML 451 {3 /I, BT LAAIBE AR IR 45wk BEERROTARK SRR — T2 36-48 h,

Tween-80 XFANMIBEAT /0 UL . S50 NIET 8 Br SXF IS EAL BRI 2%, T EL AT R T AUk %
71, A 1 min 5 0.01% Tween-80 BRGAEIXS 3 Rl K223 BAE ALY FLA9) T K o AR SCHERF I P8 I L
P LA A A3 HIPE FIARAA 3 88%LA 1=, PI PAME  SRMUMIRGHSR, H PL R @EILLERICANN, A

FHh<1.4%, B BTE 1, AR AT BE AR 457 28 748 E 1 B itk
235 #BES Tween-80 BESIEAMARRE®K A BSH GFP BYERIR:E: HZ848 % 117
& ATCC 13032 B9 E4ER ARNE, kAN GFP {5 S5 B RT 0.5%F1 PI

L 2 Y RABER A, bR TR I GFP AT 0.5%. S5SNI 11 R, EHES
W, ARARERITE ATCC 13032 WAFTEEN L4400 GFP BT 0.5%M1ET R IE: 4.3%, 4 ik
K%, RAFIRER T T b B, i 9 PIEAME: GFP Hij 0.5%M977 15 K & 18.3%, PI e
PR . BHARPEIRIFE ATCC 13032 f 0.01%  JEAAFTERIERYL AR 4.3 F5, PT YL ERENS %
Tween-80 BX A 1 min BT, SRANER SRS MUEY AR,

’\3 0 g 30 B 1 min
= 2 I 0.01% Tween-80
= 60+ =
& 220 | I 0.01% Tween-80+1 min
o =
o 40 2
El =
R= ~ 10 -
2 20
0 | o oo e o o b DM

GS115 SMD1168H HZ848 GS115 SMD1168H HZ848

8 BAEAMEBERMEIBRIZNE A R4, #HE 1 min, 0.01% Tween-80 FIEA 1 FH A4
MG B B: ARAFE, 75 1 min. 0.01% Tween-80 FIHEA1E FH 240 Ml 13 22 40 18

Figure 8 Effects of the combination on yeast single-cell dispersion. A: The single cell rate of the untreated,
ultrasound for 1 minute, 0.01% Tween-80 and combination treatment. B: The damage rate of untreated,
ultrasound for 1 minute, 0.01% Tween-80 and combination treatment.
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Figure 9 The statistics of FCM analysis of Corynebacterium glutamicum after single-cell treatment. A: Single
cell rate in different treatment groups. B: Cell damage rate in different treatment groups.
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Figure 10 Effects of the treatment by ultrasound combined with Tween-80 on Corynebacterium glutamicum
single-cell dispersion. A: The FSC-SSC image of untreated group. B: The FSC-SSC image of the treated group
(0.01% Tween-80 combined with ultrasound for 5 min). C: The microscopic image of the untreated group. D:
The microscopic image of the treated group (0.01% Tween-80 combined with ultrasound for 5 min). Scale bar:

5 pum.
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Figure 11 Survival rates of the samples with and
without PI staining in FACS.
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