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Abstract:  Objective This study was designed to investigate the growth and migration of bacteria and phages under different
water and nutrient conditions, as well as the process and mechanism of the interactions between bacteria and phages. Method

Using the agar plate, the interaction of Pseudomonas aeruginosa PAO1 and Pseudomonas aeruginosa phage PA-27-1 were
performed. Result The coexistence of bacteria and phages is mainly affected by phase-induced lysis of bacteria, motility of
bacteria and the diffusion of phages. Moisture regulated the relative water film thickness and connectivity on the porous surface
of plates. It also affected the movement and proliferation of bacteria, the formation process of biofilms, and morphological
characteristics of colonies on the porous interface. Additionally, it regulated the interaction mechanism between bacteria and
phages by affecting the spread of phages. Different motility patterns and individual sizes between bacteria and phages also led to
differences in their proliferation (diffusion) characteristics in micro-pores. Lower water film thickness and patchy distribution
promoted the spatial isolation between bacteria and phages and reduced the probability of phage-reduced lysis, which was

important for the proliferation of bacteria. Conclusion This study reveals the migration of phages and bacteria in micro-habitats

like biofilm and provides a theoretical basis and data support for the temporal and spatial distribution of soil phages, as well as the

interaction pattern between soil phages and soil bacteria.

Key words: Relative water film thickness; Pseudomonas aeruginosa; Phage; Spatial organization
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Fig. 1 The electron microscope observation of phage PA-27-1
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Fig. 2 The theory and calculation of relative water film thickness on the agar surface
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Fig. 4 The growth of PAO1 under different agar and nutrient
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Fig. 5 Changes of colony radius (a ) and IOD (b ) of Pseudomonas aeruginosa PAO1 with time under different agar and nutrient concentrations
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Fig. 6 The growth of PAO1 and PA-27-1 under different agar and
nutrient concentrations after 32 hours of incubation
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of plaque area is the area that should be occupied by the colony ( the product of the square of the colony radius and ) minus the actual area of
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Fig. 7 Changes in the diameter of PA-27-1 plaque area (a ) and lysis angle of plaque when the incubation time is 32 h (b ) under different agar

and nutrient concentrations
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Fig. 8 Relative water film thickness of agar medium with different
concentration under different humidity condition
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Table 1 Relative water film thickness of agar medium measured by
microscopy

ARRS KB
By 23713

s

Relative water film thickness ( Mean£SD )

Agar concentration

70%RH 95%RH
0.1% 8.01+0.43a 9.25+0.59a
0.2% 6.27x1.11b 7.93+0.83ab
0.3% 5.60+0.25b 6.87+0.54b

3 1 ®©
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Table 2 Dual-factor analysis results of PAO1 colony radius
ZESARIR SEJ7 F B2 Yo7 FAi P{E
Source of variations Il Sum of squares Degree of freedom Mean square F P
A Calibration model 694.10 6 115.68 67.81  0.001
HFE Intercept 26.36 1 28.36 16.62 0.001
HiJ [i1] Time 330.07 1 330.07 193.48 0.001
7K 43 Water condition 332.97 2 16.49 97.59 0.001
7%/ Nutrient 1.59 1 1.59 0.93 0.335
AZH. Water conditionxNutrient 3.10 2 1.55 0.91 0.405
B2 Error 305.37 179 1.71
83T Total 1790.52 186
Hf1E BT Corrected total 999.46 185
&3 PAOI R RRAZEENEARAENTREER
Table 3 Dual-factor analysis results of PAO1 colony accumulated optical density
ZEFAIR SFI7 A F B2 ¥y FAH P{H
Source of variations I Sum of squares Degree of freedom Mean square F P
#&# Calibration model 19 968 756.50 6 3328 126.09 40.12 0.001
R HE Intercept 1378 457.37 1 1378 457.37 16.62 0.001
i (8] Time 8677077.34 1 8 677 077.34 104.61 0.001
7K 43 Water condition 9 652 825.40 2 4826 412.70 58.19 0.001
%47 Nutrient 558 921.57 1 558 921.57 6.74 0.012
A& H. Water conditionxNutrient 80 680.80 2 40 340.40 0.49 0.617
%22 Error 5142 602.20 62 82 945.20
ST Total 42337 200.46 69
%7 1E &1 Corrected total 25 111 358.71 68
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T4 PA2T-1 EEHMEANEZAZEDITRELER

Table 4 Dual-factor analysis results of PA-27-1 plaque area

225K - J5 F H ¥J5 F{H P&
Source of variations Il Sum of squares Degree of freedom Mean square F P
R Calibration model 11 872.25 5 2374.45 48.92  0.001

#RIE Intercept 662.51 1 662.51 13.65  0.001
Fif ] Time 1 980.50 1 1 980.50 40.80  0.001
7K/} Water condition 7 208.98 2 3 604.49 7426  0.001
3%/} Nutrient 95.66 1 95.66 1.97  0.166
22 H. Water conditionxNutrient 24.86 1 24.86 0.51 0.477
&2 Error 2 766.86 57 48.54
ST Total 22 169.38 63
¥ 1IE 81T Corrected total 14 639.11 62

TS5 PA2T-1 EEHMAEBEANEZAESTRIEER

Table 5 Bifactor analysis results of PA-27-1 plaque angle

ZEFAIR S5 B2 ¥y FAi P1A
Source of variations Il Sum of squares  Degree of freedom Mean square F P
#74 Calibration model 3813.79 5 762.76 5.02 0.001
M Intercept 39019.68 1 39019.68 257.01 0.001
Ff[E] Time 854.10 1 854.10 5.63 0.021
7K 43 Water condition 620.65 2 310.33 2.04 0.139
%43 Nutrient 2286.88 1 2286.88 15.06 0.001
A2 H. Water conditionxNutrient 610.93 1 610.93 4.02 0.050
%24 Error 8 653.82 57 151.82
3T Total 1271 593.65 63
B 1E 2231 Corrected total 12 467.61 62
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