
The V&V process for AMMPER is ongoing, split into separate V&V

processes for each of the models.

Model 1: Cell Replication
Currently, the Brownian Motion algorithm is found to be inconsistently

effective in increasing the growth rate closer to the ideal exponential

growth rate. This ability of the algorithm is highly dependent on both

chance as well as the placement of the cells (cells that are in a cluster

grow faster when the Brownian Motion algorithm is not activated).

Model 2: Core/Penumbra Radiation
The energy deposition of the direct proton energy has been validated

using microdosimetry, and the energy deposition of the penumbra has

also been validated by a plot of electron-based radiation dose as a

function of distance from the particle track core.

Model 3: ROS Exposure
Through a use of alternative simulations, the radiolytic yield constants

that are used to determine the generation of ROS species will be

determined. A comparison of empirical data on irradiation of hydrated S.

cerevisiae repair mutant cultures to the simulation will be used to

quantify the accuracy of the modeled effect of ROS exposure.

Model 4: DNA Repair
Through a comparison to empirical data on the growth rates and

metabolic activity of irradiated populations of S. cerevisiae, the

radiobiological effect on and the ability of the simulated cells to repair will

be evaluated.
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Model 1: Cell Replication
IF cell is “Healthy” (no damage detected), cell replicates into random

empty space bordering it. Exponential growth model is maintained

through allowing the cells to move through a Brownian Motion random-

walk algorithm.

Model 2: Core/Penumbra Radiation
Energy deposition data from RITRACKS is used with GCRSims’ report of

the fluence of particle tracks to create the radiation environment from

protons and delta rays

Model 3: ROS Exposure
The energy deposition in water is used to calculate the radiolytic yield of

H2O2 and OH-. The probability of cell apoptotic death due to H2O2

exposure was applied, as was the probability of damage due to OH-.

ROS species were set to disappear after 1 generation, due to the short

lifespan and high reactivity.

Model 4: DNA Repair
Cell damage is grouped into two categories: non-DSBs and DSBs. Non-

DSB damage is repaired using a fast-repair model, which allows the cell

to repair the non-DSB quickly and accurately (30 minutes, 100%

success). DSBs use a complex repair model which implements a longer

repair time and a lower probability of success (90 minutes, 50%

success). When all damage in the cell has been healed, the cell is

recorded as being “Healthy.”
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Exposure of microbial populations to galactic cosmic radiation (GCR) in

the deep-space radiation environment may lead to intracellular damage

that compromises the ability of cells to repair and replicate. While

simulation programs of deep-space radiation do exist, they focus

primarily on single-cell damage, rather than population-wide effects. In

this work, a new application and graphical user interface, Agent-Based

Model for Microbial Populations Exposed to Radiation (AMMPER) is

presented, which simulates the effects of proton-based GCR on

Saccharomyces cerevisiae population growth. AMMPER consists of a

50x50x50 µm simulation space, analogous to an aqueous culture

medium with non-limiting nutrient and pH buffering, in a microwell plate

or microfluidic culture card. This model utilizes Relativistic Ion Tracks

(RITRACKS) to create detailed track structures of the radiation

traversals. AMMPER then calculates the radiation dose present at each

cell, and subsequently determines the damage (chromosomal

aberrations, oxidative stress, etc.) and resulting loss of cell viability from

both primary and secondary radiation-induced effects. Through

implementing cell replication, repair, damage, and death, the effect of

radiation exposure on the population growth can be determined.

AMMPER can be used to predict effects of long-duration exposure to the

deep-space environment on entire populations, making it a powerful tool

to assess the feasibility of sustaining life in space.

CELL DEFINITION

AMMPER has an associated GUI in order to increase usability and

maximize simulation flexibility. The user may choose the number of

generations to run the simulation, the generation at which a radiation

event occurs, the radiation type (deep-space GCR or ground-testing

GCR), and toggle on and off the calculations for secondary radiation-

induced effects and cell movement.
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