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Single-cell analysis method for twitching motility of
Pseudomonas aeruginosa
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1 Hefei National Laboratory for Physical Sciences at the Microscale, University of Science and Technology of China, Hefei 230026,
Anhui, China
2 CAS Key Laboratory of Soft Matter Chemistry, University of Science and Technology of China, Hefei 230026, Anhui, China

Abstract: Twitching motility is very important for Pseudomonas aeruginosa in the adaptation of surface environment
and in the 3-D structure formation of mature biofilm. To quantitatively characterize twitching motility in situ, we developed
a method by combining high-throughput data acquisition, automatic image processing and database establishment. This
method is based on single cell analysis and big data visualization. A periodic relaxation of 0.9 second was resolved during
slingshot motility analysis. Twitching motilities of bacteria under addition of two quorum sensing signaling molecules were
studied, cells moved faster after signal addition. This method may help understand the molecular mechanism and regulatory
circuits of twitching motility.

Keywords: twitching motility, biofilm, Pseudomonas aeruginosa, new method and new technology
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Fig. 1 Cauchy distribution fitting of the velocity distribution of bacterial twitching motility. Cauchy distribution
fitting of the distribution of tangential velocity (A) and normal velocity (B) of a example bacterial cell. Campararion
of the tangential velocity distribution (C) and fitting parameters (D) of three bacteria with different twitching motility
type. The illustration of velocity vector decomposion was shown upright to caption (A). The X axis of (A) and (C) is
the value of tangential velocity, Y axis is the probability density. The X axis of (B) is the value of normal velocity, Y

axis is the probability density. The X axis of (D) is the cell serial number and Y axis is the medium value or pick
width at half height of the distribution of tangential velocity.

http://journals.im.ac.cn/cjbcn



RE FRFEBRPEEILITIESRMII T EREL KA 1617

(V|| lead,a) (A1,A2) 2B
(Vi tead.b)
1A 1B
1C 1D 3
23 ZHEIBITIEINSEITHA
1D 1 3
1 2 3
2 3A
22 BITEshiEanEE XK= BHEXER Kwmsp
corrV(z)
=<y(t) v(t+7)> (corrV(z) = 16 h
Ar-exp(-t/t)+ Az-exp(-t/zy)+As)
2A 3B
0.48s «( ) ¢ )
4.07s
A X 10-4 B
1.2 o Original data
1ok — Fitted result

corrV(t)—A, exp(—t/t,) )+ A, exp(—t/t,)+A,
0.8} 7,=0.48 s
° 7,=4.07 s
A,=7.63x10(um/s)?
A,=6.36x1073(um/s)?

corrV (um/s)?
=)
o
corrV (um/s)?

o
[\
T

7(s) 7(8)

2 WEBITENEERENHNEBHEXBEHUARIELLE. (A) E—HERTENERERENEHEXE
HURMEHLE: (B) LR INMNFRAREMNBERERE, & L/NEHR 3 NMEES BB IRFTRE D2 FHE =
8 (r1). (A). (B) Et&&LtrARTEEIFE, PNALHRJHE L B () 8] B T~ BY 32 48 oK of 0 1E

Fig. 2 Temporal autocorrelation function of the velocity vector of bacteria twitching motility. (A) Temporal
autocorrelation function and doulbe-exponential fitting of velocity vector of one single bacterial cell. (B)
Comparation of temporal autocorrelation function of three differert bacteria, top right graph is the comparation of the

characteristic time of fast decay process (tl). The X axis of (A) and (B) is the time interval, Y axis is the
corresponding value of autocorrelation function.

& 010-64807509 L cjb@im.ac.cn



1618 ISSN 1000-3061 CN 11-1998/Q Chin J Biotech September 25,2017 Vol.33 No.9

32-48h

0.0 0.0 )
104 107 102 107 0.005 0.010 0% 107 102 107 0% 10° 107 10
VY| lead,a (um/s) Fraction Vilead,a (um/s) Videad.a (um/s)
B o <1073 <1072 <10
6 1.35
_ 2.0 _ 4
g 1.5 g 2 0.90
= 2z 0
- 1.0 <
2 -2 0.45
= 0.5 =y
0.0 -6 0.00
420 2 4 6 6-4-20 2 4 6
Vi (UM/S) % 10! Vi e (M/S) ¥ 10-2

B3 ZHEEITEHSEMAIT/. (A) 31 000 2 E £+ M R E 5 A B 18] B B RS 1735 23R [ Fn i
BRIt o4 MBRANENRER I FEHITOAS BRESFRBYIEREE S S HE, NLIRHDITIEHRNITES
75 K i 26 P et 18] 25 10 7E S S0 A0 AR T e ML S RS RIZRE. (B) X 1 000 NMAEBITIEZHEEREE SRS
(£E) FREFRS (AE) MFRiTHRE. ELREAAREHERZRZRSEE, LRI ARERERNTE
NEE ZAEBREERFEARS—IHZMNcHEREREEETH L, ARERNMMM_HSHENEER
m, FESARKXEIAMELS. PEAEKERA (00) LE

Fig. 3 Statistical analysis of paramers of multicellular twitching motility. (A) Statistical analysis of twitching
velocity and motional tracks of 1 000 bacterial cells at different stage after adhesion to surface. The X axis is the
medium value of Cauchy distribution fitting of tangential velocity, Y axis is the linear fitting slope of MSD at
bi-logarithmic coordinate. (B) Statistical heat map of twitching velocity of 1 000 bacterial cells at high speed scale
(left map) and low speed scale (right map). The X axis is the normal velocity value and Y axis is the tangential
velocity value. The heat map were created by first plot velocity vector at all time points of all bacteria on the map,

then do Gaussian convolution for all points and accumulation, bigger value on the map represent a bigger probability
of occurrence. The white spot in the center represent coordinate position (0,0).
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Fig. 4 Analysis of bacterial walking of a example cell. (A) photo presentation of the walking process of an example
bacteria. (B) Time series of the cell-to-surface tilt angle during walking process. (C) Cauchy distribution fitting of the
tangential velocity (left map) and normal velocity (right map) of a walking cell. The X axis is the value of tangential
velocity or normal velocity, Y axis is the probability density. (D) Time series of cell projection lengh during walking.
(E) The 2-D projection trajectory of bacterial leading point during walking motility.
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Fig. 5 Characterization of slingshot motility. (A) bi-
logarithmic coordinate plot of slingshot frequency to
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Fig. 6 Periodic relaxation of slingshot motility. (A) Comparation of the temporal autocorrelation function of
twitching velocity before and after slingshot processes removing. The X axis is the time interval, Y axis is the
corresponding value of autocorrelation function. (B) Time series of velocity modulus twitching motility of one single
bacterial cell, the velocity modulus bigger than 0.1 um/s were decided as slingshot motility. (C) and (D), detail
presentation of changes of the velocity module and orientation of the slingshot event a in (B).
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Fig. 7 Comparation of bacterial twitching motility under addition of quorum sensing signaling molecules. (A) Statistical
analysis of twitching velocity at high speed scale after addition of 10 umol/L 3-0x0-C;, HSL or C,-HSL. The X axis is
the normal velocity value and Y axis is the tangential velocity value. The heat map were created by first plot velocity
vector at all time points of all bacteria on the map, then do Gaussian convolution for all points and accumulation,
bigger value on the map represent a bigger probability of occurrence. (B) Statistical analysis of bacterial slingshot

frequency after addition of quorum sensing signaling molecules. (C) Statistical analysis of twitching velocity
modulus distribution at high speed scale after addition of quorum sensing signaling molecules.
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