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1. Infographic on oil-droplet attachment process: The aging step (Step 5) is of particular 

importance as it provides enough time for the free oil-droplets to coalesce, resulting in fewer 

obstructions in the tracks of oil-droplet loaded bacteria.
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2. Raw Scanning Electron Microscopy image of bacteria

Fig. S1 Raw SEM image showing 2 flagella protruding from two different bacteria. As we have 
observed several meandering tracks, it may be that this strain is a mixture of bi-flagellated and 
mono-flagellated species.

3. Modified Purcell’s model for cargo loaded bacteria

Fig. S2: (a) A schematic of the torque speed response curve of the bacterial motor. (b) Speed of oil-
droplet loaded bacteria vs. cargo diameter. We have included the swimming speed of several 
smaller trajectories in addition to the longer trajectories presented in the manuscript.

For detailed derivation, please refer to the Reference 7. ,  are the translation and 𝐴𝑜 𝐷𝑜

rotational drag coefficients and  are the translation and angular speed of bacterial body. 𝑉, Ω

Similarly,  are the translational and rotational drag coefficients and  is the translation 𝐴, 𝐷 𝑉, 𝜔

and angular speed of flagella. When a bacterium is loaded with cargo on its cell body, the 

drag coefficients  and  can be written as:𝐴0 𝐷0



𝐴0 = 𝛼𝐴𝑐𝑒𝑙𝑙 ‒ 𝑏𝑜𝑑𝑦
0 + 𝐴𝑐𝑎𝑟𝑔𝑜

0  𝑎𝑛𝑑 𝐷0 = 𝛼𝐷𝑐𝑒𝑙𝑙 ‒ 𝑏𝑜𝑑𝑦
0 + 𝐷𝑐𝑎𝑟𝑔𝑜

0

where,  and  for a spherical cargo of radius  is given by  and  𝐴𝑐𝑎𝑟𝑔𝑜
0 𝐷𝑐𝑎𝑟𝑔𝑜
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respectively, and  is the viscosity of the fluid medium. The factor  is to account for the 𝜂 𝛼

partial occlusion of the cell body by the cargo. We take  to be 0.5, although the results are 𝛼

not very sensitive to the precise value of . In our experiments, bacteria swim close to the top 𝛼

wall of the reservoir resulting in increased drag which is not accounted in the above 

equations. We incorporated this wall effect by correcting the drag coefficients as 1:

𝐴𝑜 = 𝐴∞(1 + 9 16(𝐴∞)
6𝜋𝜂𝑑𝑤𝑎𝑙𝑙 ) 𝑎𝑛𝑑 𝐷𝑜 = 𝐷∞(1 + 1 8(𝐷∞)

8𝜋𝜂𝑑 3
𝑤𝑎𝑙𝑙

)
where  are translation and rotational drag coefficients far from the wall, i.e. and 𝐴∞ 𝑎𝑛𝑑 𝐷∞

 is the ‘best fit’ average distance of the cargo loaded bacteria from the wall of 𝑑𝑤𝑎𝑙𝑙 = 1.5 𝜇𝑚

the fluidic chamber. 

If the slope  is less than a critical value  then the load line will never 𝐷 𝐷𝑐 = 𝜏𝑚𝑎𝑥/Ω(𝑐)
𝑚

intersect the flat region of the TS, i.e. the maximum available torque will not be accessible to 

the bacterium (Fig. S2 (a)).
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)Ω(𝑚𝑎𝑥)
𝑚  𝑤ℎ𝑒𝑛 𝐷𝐷0/(𝐷 + 𝐷0) < 𝐷𝑐

where , , , , 𝑘 = (Ω(𝑚𝑎𝑥)
𝑚 ‒ Ω(𝑐)

𝑚 ) Ω(𝑐)
𝑚 𝐴 = 1.48 × 10 ‒ 8 𝑁 ∙ 𝑠/𝑚 𝐵 = 7.9 × 10 ‒ 16 𝑁 ∙ 𝑠 𝐷 = 7 × 10 ‒ 22 𝑁 ∙ 𝑠 ∙ 𝑚

, , . These 𝐴𝑐𝑒𝑙𝑙 ‒ 𝑏𝑜𝑑𝑦
𝑜 = 1.4 × 10 ‒ 8 𝑁 ∙ 𝑠/𝑚 𝐷𝑐𝑒𝑙𝑙 ‒ 𝑏𝑜𝑑𝑦

𝑜 = 4.2 × 10 ‒ 21 𝑁 ∙ 𝑠 ∙ 𝑚 Ω(𝑚𝑎𝑥)
𝑚 = 900 𝑟𝑎𝑑/𝑠

parameters were taken from experimental measurements of the propulsion matrix for, E. coli 
2. The TS characteristics of E. coli have also been measured, from which we take 

 3,4 and  5,6. In order to check the viability of the cargo loaded 𝜏𝑚𝑎𝑥 = 1260 𝑝𝑁.𝑛𝑚 𝑘 = 0.5

bacteria, we compared the experimentally obtained speed from the one obtained from the 

modified Purcell’s model. The swimming speed can be predicted with good accuracy by 

using the modified form, as shown in Fig. S2(b)7. 



4. Free and oil-droplet loaded bacteria tracks

Fig. S3 (a) Bacteria tracks: 35 tracks are up to 25 sec long and 5 tracks are up to 40 sec long (b) Oil-
droplet loaded bacteria track: 8 tracks are up to 50 sec long and another 8 tracks are up to 80 sec. (c) 
Average speed of bacteria tracks. (d) Average speed of oil-droplet loaded bacteria tracks.

5.  for bacteria and oil-droplet loaded bacteria tracks𝛼 =< 𝐶𝑜𝑠(𝜃𝑑) >

Fig. S4: (a)  for bacteria tracks after 10 sec. (b)  for oil-droplet loaded bacteria tracks.𝛼 = 0.35 𝛼



6. Description of the Supplementary Videos

Video 1 shows following four types of motile species:

a) Several motile bacteria throughout the movie; corresponds to Track No. 4-17 in Video 2. 

b) Oil-droplet loaded bacteria ( ); corresponds to Track No. 1 in Video 2.0 ‒ 4 𝑠𝑒𝑐

c) Oil-droplet attached sideways to bacteria ( ); corresponds to Track No. 2 in 5 ‒ 30 𝑠𝑒𝑐
Video 2.

d) Oil-droplet attached to a large oil-droplet which is unable to move (30 sec onwards); 
corresponds to Track No. 3 in Video 2.
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