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1. SIMULATION DETAILS 
 
1.1 MOLECULAR DYNAMICS SIMULATION TECHNIQUE 

A molecular dynamics (MD) simulation of milk fats in water interacting 

with a soap surfactant was used to explain the main mechanisms of the 

experiment at the molecular level.  

MD is a computer simulation technique which employs Newtonian 

mechanics to compute the evolution of molecular systems over time, based 

on the interactions between individual atoms1. These interactions are 

described by a forcefield, a mathematical function of the positions of all 

particles which defines the potential energy of a given spatial arrangement.  

The first step in a computer simulation is often to simplify the system 

under investigation in order to capture its most important features. In our 

simulations, the milk was represented as a mixture of water and triglycerides 

(the most abundant lipids in milk2). We used different degrees of saturation 

and tail lengths, namely tripalmitin (TPG), triolein (TOG) and trilaurin (TLG). 

Milk proteins and phospholipids were ignored in these simulations to simplify 

the general message for non-specialists. The soap was represented by a 

common surfactant:  dodecylphosphocholine (DPC).  

In our simulations, instead of defining the interactions of every single 

atom, we decided to work with a coarse-grained (CG) forcefield, namely the 

MARTINI forcefield3. In a coarse-grained representation, groups of atoms are 

combined into a smaller number of CG beads. The advantage of this approach 

is a speed-up in simulation time and the ability to simulate larger systems. 

The MARTINI forcefield, one of the most widely used biomolecular CG models, 
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is based on a 4:1 mapping of heavy (non-hydrogen) atoms to CG beads and it 

is parameterized to reproduce experimental thermodynamic data. It works 

especially well for lipids4, reproducing most experimental behavior, and many 

properties at semi-quantitative level.   

According to this forcefield, all particles interact through pairwise short-

range Lennard–Jones (LJ) potentials, which are defined as:  
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where i and j label two interacting particles, 𝜎#$ is the distance at which the 

potential switches from attractive to repulsive and 𝜀#$ is the interaction 

strength. As discussed in the main text, the lipid molecules are subjected to 

“love-hate relationships”, with a structure consisting of a water-loving 

(hydrophilic) head group and water-hating (hydrophobic) tails. To reproduce 

this characteristic in the simulations, the beads composing the lipids differ in 

their degree of hydrophilicity, which is reflected by different interaction 

strengths (𝜀#$). A hydrophilic particle will be attracted more strongly to other 

hydrophilic particles (larger  𝜀#$) than to hydrophobic particles and vice versa.  

1.2 SIMULATIONS SET-UP 

In our system: 

• The triglycerides molecules are composed of a site of intermediate 

hydrophilicity (pink beads in Figure S1), used to represent the glycerol 

ester moiety, three ester groups which are the C-O-C=O groups between 

the glycerol group and the tails (red beads in Figure S1), and three 

hydrophobic tails (cyan and purple beads in Figure S1), where the 

number of beads in the tails reflects the different chemical structures 
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of TPG, TOG and TLG. The difference between the cyan and purple 

beads is that the cyan beads are mapped onto 4 carbon atoms, all joined 

by single carbon-carbon bonds, while the purple ones include one or 

more double bonds. 

• The DPC molecule is composed of two strongly hydrophilic beads (blue 

and brown beads in Figure S1) and a short hydrophobic tail (cyan beads 

in Figure S1).  

• The water is modelled by the individual hydrophilic particle each 

representing four “real” water molecules (green bead in Figure S1). 

The molecule representations are shown in Figure S1. The color of the 

beads corresponds to the color of the circles in Figure 4 of the main body of 

the paper.  

 
Figure S1. Representation of the system components: DPC (soap), W (water), TPG, TOG and TLG (milk triglycerides). The 
color of the different beads corresponds to the color of the circles in Figure 4 of the main body of the paper. The colored box 
behind each molecule corresponds to the color of each molecule in Figure 5 in the main body of the paper and Figure S2 in 
this Supporting Information. 

Bonded interactions (within a lipid molecule) are modelled by a weak 

harmonic potential. Harmonic angle potentials provide the appropriate 

stiffness for the molecules. 

The topology of the lipids used in this work and the forcefield parameters 

can be downloaded at http://md.chem.rug.nl/∼marrink/coarsegrain.html. 
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The simulations were performed using the GROMACS/4.5.5 package5 and 

the High Performance Computing Service at Imperial College London.  

The milk triglycerides (50 TPG, 30 TOG and 20 TLG) were firstly randomly 

distributed in a box with 10,306 water beads and then equilibrated in the NPT 

ensemble for 3	𝜇𝑠. The temperature was equilibrated to a constant value of 

300	𝐾 using the velocity rescaling algorithm6, with a time coupling constant, 

𝜏 = 1	𝑝𝑠. The pressure was set to 1	𝑏𝑎𝑟, with the Berendsen barostat7 applied 

isotropically, with 𝜏 = 5	𝑝𝑠 and compressibility 4 × 10()	𝑏𝑎𝑟(%. The equations 

of motion were integrated using a time step of 40	𝑓𝑠. At the end of this 

equilibration we observed that the milk triglycerides clustered together, 

forming a spherical structure, which resembles the structure of a milk 

globule8.  

The simulation box was then elongated along the z direction to create two 

water/vapor interfaces. An equilibrated structure of the DPC surfactants, 

assembled in a micellar shape, was taken from the open source MARTINI 

repository9. It was added above one of the two interfaces, to create the initial 

configuration shown in Figure S2, made of a total of ~15,000 particles. 

To approximate the properties of this small system to the macroscopic one, 

we employed periodic boundary conditions (pbc), where the simulation box is 

surrounded by periodic replicas, so that particles crossing the edge of the box, 

re-enter the box from the opposite side. The pbc eliminate edge effects and 

render results consistent with those expected for a system in the 

thermodynamic limit. We illustrate the concept of pbc in Figure S2, 

highlighting the simulation box and half of its replicas in the x and z 

directions. Due to pbc the simulated systems consist of two air-water 
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interfaces (highlighted in the Figure S2). It is important to explain to the 

general public that the phenomena happening at both of the air-water 

interfaces have to be combined to understand the macroscopic observation 

that they see on the surface of the milk during the experiment.  

The system was run in the NVT ensemble for 3	𝜇𝑠. The temperature was 

kept constant at 300	𝐾 with the same thermostat and time as before. 

 
Figure S2. Initial configuration tilted by 90 degrees on the y axis. The simulation box is highlighted in blue, and the air-water 
interfaces are indicated by magenta arrows. Half of the simulation box replica in the x and z directions shows the concept of 
periodic boundary condition. 

2. OUTREACH ACTIVITY 

2.1 PREPARATION BEFORE THE ACTIVITY 

Watercolor paper was cut into small pieces with different shapes (e.g. 

heart, T-shirt, lipid molecule, and water droplet) to engage participants. For 

open day/science festivals, the stand for this activity was decorated with 

visual materials (see some examples in Figures S4-6), the computer 

simulation video was played in repeat mode, and a washing line was hung up 

to display the artworks and allow them to dry, as shown in Section 5.  
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3. SUMMARY OF PREVIOUS DEMONSTRATIONS 

The activity was presented in a series of events listed in Table S1. It was 

first shown at the Imperial Festival with over 12,000 visitors in 2015. The 

Festival gave us the chance to engage with many people of different 

backgrounds and different ages, from primary school students to senior 

participants. With hundreds of visitors in such a big event, our stand was 

continuously full of participants. We separated volunteers into three groups, 

each responsible for one step of the activity. The first person introduced the 

background and talked to audience about the lipids in daily life by asking 

questions listed in the main body of the paper. About the sources of fats, most 

of the audience named a few fats from food including cooking oils, meats and 

dairy products. A few students mentioned the body or even cells, but hardly 

anyone could link fats with surfactants in household (e.g. washing-up liquids) 

or cosmetic products (e.g. hand creams). We then revealed other fat-

containing products. Regarding the functionality of fats’, most answers from 

the audience were related to nutrition and energy storage for the body. Thus, 

we discussed the structural and protective roles of lipids as a key component 

of cell membranes, and the cleaning function of surfactants in washing-up 

liquids. The audience was interested in the different roles of fats and began 

to think and speculate about the controlling mechanism, which is related to 

the amphiphilic molecular structure, the so-called “fats’ love-hate 

relationships”. When the audience learnt the amphiphilic structure of lipids 

and wondered how it affected the biological functions, they were guided to the 

second person and continued with the hands-on activity. After engaging in 
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the milk and soap experiment, the audience were passed to the third person 

who explained the molecular simulation. The three-group rotation strategy 

worked well for large events, especially when participants were crowded 

around the stand. 

The activity has also been adapted to target students of local primary and 

secondary schools (see Table S1). Working with students of different ages 

required us to adjust the contents to match their knowledge and vocabulary. 

In general, we found that students of different ages did not have much 

previous knowledge on the importance of lipids. Therefore, it was very useful 

to introduce the amphiphilicity property of lipids as “love-hate relationships”. 

The hydrophilic head was interpreted as “loving water”, while the hydrophobic 

tail as “hating water”. This interpretation made it easy for audiences of all 

ages to understand the scientific concept of amphiphilicity. In the classroom 

activity, we prepared the materials for each student and they synchronized 

their work, following the demonstrator instructions covering background 

knowledge introduction, hands-on activity and MD simulation video.  

We also adapted the activity for the Spanish public and presented it, with 

the aid of a Spanish-speaking volunteer, in Altafulla (Spain) during the 6th 

Workshop on Biomaterials and Their Interactions with Biological and Model 

Membranes in 2017, Whilst presenting the activity within approximately three 

years, in different environments and for a wide range of participants, we have 

improved it by developing more informative materials and enhancing the 

efficacy of communication.  
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Table S1. The Examples of Events Where the Activity was Presented 
 

Event name Event Type Target 
Audience 

Number of 
participants 

Event and Venue Description 

Imperial Festival  Science festival Public 12000-20000a 
2-day activity during an annual large 
public science festival held at Imperial 
College London, UK in 2015-2017 

School day - Imperial 
Festival 2016 Science festival Public 200a 

3-hour special event during Imperial 
Festival in 2016 targeting at school 
students 

Fun Family Day: The 
chemistry of life Science festival Public, mainly 

families 450a 
5-hour activity, part of a workshop 
organised by Royal Institution of 
Great Britain in 2017 

Imperial Fringe 2017: The 
Invention Rooms Open Day Open day Public 700a 

5-hour activity, part of a community 
open day held by Imperial College in 
2017 to celebrate the inauguration of 
the Invention Rooms at White City 

Fat Is Fun – 6th Workshop 
on Biomaterials and Their 

Interactions with Biological 
and Model Membranes 

Open air 
demonstration Public 80b 3-hour activity performed along the 

beach in Altafulla, Spain in 2017 

Creativity Quarter Science festival/ 
Open Day 

Students, 15-
17 years old 100b 5-hour activity, during a university 

open-day, Imperial College in 2017 

The Avenue Primary 
Academy 

Class 
demonstration 

Students, 7 
years old 25b 1-hour workshop held in the 

classroom, London, UK in 2018 

Platanos College Class 
demonstration 

Students, 12 
years old 22b 2-hour workshop held in the 

classroom, London, UK in 2017 

City of London Academy 
Southwark 

Class 
demonstration 

Students, 16 
years old 12b 1-hour workshop held in the 

classroom, London, UK in 2017 
 
a The number refers to the total participants to the event, but the real number of people participating this activity 
was less (30-50% estimated). 
b The real number of participants of the activity. 
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4. POSTERS AND FLYERS 
 
4.1 EXPERIMENTAL INSTRUCTION  

The flyers containing the experimental recipe to repeat the activity at home 

is shown in Figure S3. The flyer was printed in A5 format and distributed to 

the general public and to students.  

   
Figure S3. Flyer with experimental instructions – 2 sides. This flyer was originally produced by the authors. 

  
4.2 INFORMATIVE POSTERS 

The posters to help communicating the main contents of the outreach 

activity are shown below (Figures S4, S5 and S6). They illustrate the concept 

of “fats’ love-hate relationships” and some possible applications. 
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Figure S4. A schematic (cartoon-style) representation of the “Fats’ love-
hate relationships”. It describes the fat molecule as a person with two 
different parts, a “head” which loves water and the “legs” which hate it. 
This can be directly related to the head and tail groups of lipid molecules 
and this metaphor makes the amphiphilic properties of lipid molecules 
easy to imagine. This leaflet was originally produced by the authors. 

 
 
 
 
 
 
 
 

 
 
 
 
 
 

 
Figure S5. Left: zoom into our body and where we can find fats. Centre: The role of the “fats’ love-hate relationships” in 
forming cell membrane bilayers. Right: Fat surfactants in soap. The images were originally produced by the authors. 
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Figure S6. Three flyers explaining the structure and location of fats (phospholipid corona and milk triglycerides) and 
protein in cow milk. The image of the protein corona (label A) was reprinted from Gallier et al.10 (with permission from 
Elsevier). The milk globule picture (label B) was reprinted from Robenek et al.11 (with permission from National Academy of 
Sciences). All the other images were originally produced by the authors. 
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5. STAND PHOTOS 
 

Below are attached the pictures of the stands showing the activity set-up 

in several festivals.  

 

 
Figure S7. “Fats’ love-hate relationships” at Imperial Festival 2016 – SNAL posters, artworks, information materials and 
the fats box are shown in the picture. 

 
 
 

 
Figure S8. “Fats’ love-hate relationships” at Imperial Festival 2016 – A. S. Tascini behind the stand, TV screen on the left, 
and on the table everything is ready for the experiment. A camera is also placed on the table to take pictures of the 
experiment. 
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Figure S9. “Fats’ love-hate relationships” at Imperial Festival 2017 – S. Wang and O. Robotham nearby the stand at the 
end of the set-up. 

 
 
 

 
Figure S10. “Fats’ love-hate relationships” at Imperial Festival 2017 – O. Robotham and Z. Ahmed behind the stand 
wearing the “I am made of fat” T-shirts. 
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Figure S11. “Fats’ love-hate relationships” at Imperial Festival 2017 – G. B. Svaland, S. Wang, A. S. Tascini, Z. Ahmed 
behind the stand at the end of the activity. 

 
 
 
 

     
Figure S12. “Fats’ love-hate relationships” at the Fun Family Day: The chemistry of life (May 2017) – E. Mazzon and A. S. 
Tascini behind the stand. 
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Figure S13. “Fats’ love-hate relationships” at Imperial Fringe 2017 “The Invention Rooms Open Day” – Z. Ahmed and S. 
Osman behind the stand. Everything is ready for the public. 

 
 
 
 
 
 
 

      
Figure S14. “Fats’ love-hate relationships” in Altafulla, Spain (September 2017) – A. S. Tascini and B. M. Manzi behind the 
stand, at the preparation (left) and execution (right) stages. 
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6. ACTIVITY FEEDBACK  

6.1 FREQUENCY OF KEYWORDS 

Figure S15 shows the frequency of occurrence of three classes of keywords. 

Most of the feedback (82%) included an adjective expressing appreciation for 

the activity (e.g. cool/interesting/awesome). Almost 75% of those included a 

verb showing what they like, love or learn from the activity. Half of the 

participants mentioned the word fats or lipids. The feedback highlighted three 

main outcomes of the activity: 1) effectively communicating the basic 

principles of how lipids work and their fundamental roles in biology; 2) 

engaging for people of all ages and backgrounds; 3) inspiring the interests of 

the public towards science.  

 
Figure S15. Frequency analysis of the most recurrent keywords in the feedback received from the public.  

However, a significant limitation of this method is that measuring the 

occurrence of particular keywords expressing feelings or emotions about 

learning might not imply that the participants learned from the activity. For 

example, it is possible that a person felt like they learned, but they might not 
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have. Also, even though we believed that formulating a sentence with the 

words “fats” or “lipids” implied learning something about them, it is true that 

the public might have just repeated the concept that they heard more often 

during the activity. As we discuss in the main paper, a stronger assessment 

of the audience’s understanding and learning is needed. Therefore, we have 

now designed a simple feedback questionnaire that can be completed on a 

portable device.    

6.2 FEEDBACK QUESTIONNAIRE 

The questionnaire is accessible at this link: 

https://forms.gle/DNeMCkm36Wnjzarf7. 

It is composed of 7 questions: 

• How much did you like this activity? Rate choosing between 0 and 10 

• Fats are... - Reply with True or False: 

o always bad for our bodies (True or False) 

o a vital component of cell membranes (True or False) 

o ingredients of detergents and cosmetics (True or False) 

• Did the computer simulation help you to visualize and understand how 

the soap interacts with the milk? [Choose between Yes, No, Partially] 

• Were you able to connect the steps of the practical activity with the 

computer simulation video? [Yes, No, Partially] 

• What does amphiphilicity mean? Choose between: 

o The whole lipid molecule does not like water and weakly interacts with it 

o The whole lipid molecule loves water and strongly interacts with it 

o Part of the lipid molecule strongly interacts with water and the other part does 

not 
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• How do lipids self-assemble in water to form our cell membranes? 

[Choose between the two options in Figure S16] 

• How do lipids self-assemble in water to form a soap micelle? [Choose 

between the two options in Figure S17] 

     
Figure S16: Left) Right answer to the questionnaire question. Right) Wrong answer to the questionnaire question. 

 
 
 

       
Figure S17: Left) Right answer to the questionnaire question. Right) Wrong answer to the questionnaire question. 
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7. IMAGE CONTEST 
 

Pictures of the artworks and comments were shared on Twitter, with the 

hashtag #FatsFun, highlighting the engagement of the audience and further 

increasing the visibility of the events on social media. For Imperial Festival in 

2017, we ran an image contest of the artworks and designed T-shirts (see 

Figure S18) for winners to encourage participants to also share their 

experiences on social media. We think the contest is a good idea to promote 

science on social media.  

 

 
Figure S18. The T-Shirt originally designed by the authors. 
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