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Abstract 
Probiotic treatments, a form of microbiota manipulation, are often used in the short term to 
address and treat illness and disease as a form of reactive medicine. Instead, these probiotics can 
be administered over the long term to enable preventative prophylaxis. This approach intuitively 
involves less risk and is more conducive to the host's physiology. In this study, isolated bacterial 
species Escherichia coli K-12, Bifidobacterium infantis, and Akkermansia muciniphila were 
administered and tested for their long-term health span effects on model species Drosophila 
melanogaster starting from the first instar larval phase. The effect of these bacteria relative to a 
control group under similar conditions was compared. To evaluate the bacteria's suitability for 
long-term microbiota manipulation, statistical analysis was performed on physiological traits, 
including average lifespan, fecundity rates, temperature stress, and movement/activity. Utilizing 
a model organism such as D. melanogaster in this study served as a crucial step toward 
translating these findings into practical applications for preventative prophylactic human health. 
While the direct experimentation of microbiota manipulation in humans poses unknown risks, 
leveraging model organisms offers researchers a controlled environment that minimizes risk and 
is an important step toward manipulating microbiota as a practical preventative medicine in 
humans. 
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Introduction
Introducing specific microorganisms into a host 
species, thereby altering the composition and 
functions of resident microbes, is known as 
microbiota manipulation. This field has 
garnered significant attention due to 
advancements in isolating bacterial strains, the 
demonstrated effect of dysbiosis on the etiology 
and progression of a variety of diseases; 
including neurodegenerative disorders, 
metabolic disease and cancer. Microbiome 
engineering therefore holds potential for 
improving the health of hosts that undergo this 
process.  
 
Currently, the most practical applications of 
microbiota manipulation are short-term 
treatments for adverse health consequences 
such as irritable bowel syndrome. However, the 
long-term application of microbiota 
manipulation over the lifespan of an organism 
remains limited to the lab with little clinical 
application. Still, there is the potential to extend 
this practice to humans as a practical means of 
preventing disease and maintaining positive 
physiological change. Although this prospect is 
years away from coming into practice, getting 
accurate knowledge and results from 
experiments will only accelerate its coming. 
 
Performing experiments that interfere with 
human physiology carries significant risk. Even 
when attempting to improve human health 
through experiments favored to be 
physiologically beneficial, there is always the 
probability for adverse consequences. In 
response, researchers have preferred using 
model organisms such as Drosophila 
melanogaster (also known as the fruit fly) 
before testing applications in humans. 
Experimentation on invertebrates is not as 
ethically challenging. Furthermore, the 
significantly shorter lifespan of D. 

melanogaster allow researchers to observe the 
onset of physiological changes in a shorter time. 
Additionally, procuring D. melanogaster is 
cost-efficient and accessible, and its relatively 
simple microbiota composition allows for the 
effects of microbiota manipulation to be more 
easily observed (1). Specifically, wild-type 
(WT) D. melanogaster, the natural variant of the 
species with no artificial genetic changes (2), is 
dominated by solely three microbiota families; 
Acetobacteraceae, Lactobacillaceae, and 
Enterobacteriaceae (3). Thus, introducing just a 
singular other species can potentially cause a 
lasting and compounding effect on the longevity 
of the D. melanogaster.  
 
In addition, D. melanogaster contains organs 
that anatomically resemble and function 
similarly to those of humans. For instance, the 
alimentary canal of D. melanogaster can serve 
as a surrogate for the gastrointestinal tract of 
humans. The alimentary canal, specifically in 
one of its parts known as the midgut, hosts one 
of the highest concentrations of microorganisms 
compared to other organs (4) and thus serves as 
a suitable candidate organ for experimental 
microbiota manipulation. 
 
To investigate the long-term health span effects 
of microbiota manipulation, this study focused 
on introducing three specific bacterial species 
into D. melanogaster: Escherichia coli K-12, 
Bifidobacterium infantis, and Akkermansia 
muciniphila. These three bacterial species are 
not naturally present in WT D. melanogaster 
and were selected due to their significant 
physiological roles observed in other host 
species for maintaining cellular structural 
integrity. This study's results are not intended to 
suggest whether these probiotics can be directly  
translated to humans. Instead, it serves as a 
preliminary study to guide more relevant  
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research performed with similar probiotics in 
vertebrates, and eventually, in humans. 
 
The first candidate, E. coli K-12, is a lab-grown 
strain of E. coli that has demonstrated past 
success in increasing overall health quality, 
improving widespread resistance to heat stress, 
locomotive activity, and increasing lifespan in 
alternative model organisms such as 
Caenorhabditis elegans. The source of these 
changes is linked to indole (5), which is released 
as a byproduct of tryptophanase catalysis. 
Indole regulates immune responses to infection 
and prevents gut inflammation by modulating 
aryl hydrocarbon (AhR) and progesterone X 
receptors. This stabilization occurs due to 
preserving the structural integrity of epithelial 
midgut cells and diminishing the activity of 
genes associated with virulence in pathogenic 
bacterial strains (6). 
 
Bifidobacterium infantis is a bacterial strain 
commonly found in mammals and, like E. coli 
K-12, maintains cellular integrity by activating 
AhR pathways. However, unlike E. coli K-12, 
B. infantis does not rely on indole production for 
AhR activation. Instead, B. infantis promotes 
AhR pathways by synthesizing short-chain fatty 
acids, such as acetate and propionate. AhR 
activation triggers Nrf2, a transcription factor 
responsible for promoting antioxidant responses 
by activating cytoprotective genes such as the 
GSH pathway. These antioxidant species help 
combat reactive oxygen species (ROS) and 
maintain tissue structural integrity within the 
host’s digestive system (7). 
 
A. muciniphila is a recently discovered bacterial 
species primarily found as a constituent in 
mammalian gut microbiomes. It assists in 
structural maintenance primarily by influencing 
the release of cytokines and altering metabolism 
by interacting with the immune and digestive  
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systems. For example, A. muciniphila promotes 
the secretion of anti-inflammatory cytokine 
interleukin-10 (IL-10) while inhibiting TNF- α 
production (8). TNF- α is responsible for 
inducing apoptosis and for signaling responses 
that intensify pro-inflammatory cytokines and 
ROS (9). In contrast, IL-10 plays a fundamental 
role in promoting tissue restoration and 
suppressing alternative pro-inflammatory 
cytokines such as interleukin-6 and interleukin-
8. Moreover, A. muciniphila has been associated 
with increased production of short-chain fatty 
acids for maintaining metabolic homeostasis, 
much like the action of B. infantis. Additionally, 
there have been associations, albeit limited, 
with B. infantis’ potential to reduce aging (8). 
The link between B. infantis and lifespan 
extension may be due to this bacterial species 
potential for mitigating tissue and digestive 
damage. 
 
Previous experiments involving the expression 
of B. infantis and A. muciniphila in alternative 
model species have successfully utilized 
microbiota manipulation. Although few 
publications explicitly mention using E. coli K-
12 for microbiota manipulation, due to its lack 
of presence in nature, there is compelling 
evidence that this bacterial strain can play a 
significant role in microbiota manipulation (10). 
 
Materials and Methods 
In this study, the change in physiological 
parameters was assessed by measuring lifespan, 
fecundity (reproductive) rates, responses to 
temperature stress to test metabolic homeostasis 
and movement assays. The effectiveness of all 
three bacteria was tested individually, in a 
control group and an experimental group that 
contained all three bacteria simultaneously. It 
was hypothesized that microbiota manipulation 
with each bacterial species and the combination 
of all three would lead to increased lifespans,  
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higher fecundity rates, improved survival rates 
after exposure to heat and cold stress, and 
enhanced climbing ability. 
 
D. melanogaster preparation and feed 
The probiotics were administered by mixing 
aqueous solutions containing the probiotics with 
the agar medium consumed by the D. 
melanogaster as sustenance. The following 
calculations were performed to determine the  
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quantity of probiotics to administer to the 
experimental groups. First, all calculations were 
based on the ratio between the mass of an 
average human and that of a D. melanogaster. 
B. infantis and A. muciniphila were sourced in 
capsule form (from Desert Harvest, Ellsworth, 
ME, USA and Lifeatlas, Amazon, USA 
respectively), and their human daily dosages 
were used to determine the daily dosage 
required for D. melanogaster.

ொ௨௔௡௧௜௧௬ ௢௙ ஼௔௣௦௨௟௘௦ ௙௢௥ ு௨௠௔௡௦

ெ௔௦௦ ௢௙ ஺௩௘௥௔௚௘ ு௨௠௔௡ ሺ଼଴௞௚ሻ
ൌ ொ௨௔௡௧௜௧௬ ௢௙ ஼௔௣௦௨௟௘௦ ௙௢௥ ஽.௠௘௟௔௡௢௚௔௦௧௘௥

ெ௔௦௦ ௢௙ ஺௩௘௥௔௚௘ ஽.௠௘௟௔௡௢௚௔௦௧௘௥ ሺଶ௠௚ሻ
  (1) 

 
Table 1. Calculated dosages for B. infantis and A. muciniphila from equation 1.

 Human Daily Dosage D. melanogaster Dosage 
B. infantis 1 capsule 2.5×10-8 capsules 

A. muciniphila 2 capsules 5.0×10-8 capsules 
 
All D. melanogaster groups were tested in vials 
of height 10 cm and a diameter of 3 cm. Each 
vial received approximately 13 mL of Formula 
4-24® Instant Drosophila Medium (Carolina 
Biological, Burlington, NC, USA). To 
determine the quantity of probiotics required for 
the food medium, it was necessary to calculate 
the total number of daily servings in 13 ml of 

food medium. Given that the Drosophila 
medium has a density of about 0.98 g/mL, and 
a D. melanogaster consumes approximately 
three times its body weight each day (11), it was 
concluded that there were approximately 21,233 
daily probiotic servings in 13 mL of food 
medium. 

 

13𝑚𝐿 𝑜𝑓 𝑓𝑜𝑜𝑑 𝑚𝑒𝑑𝑖𝑢𝑚 ൈ
଴.ଽ଼௚

ଵ௠௅
 ൈ ቀ

ଵ

ଷሺଶൈଵ଴షర௚ ௢௙ ௗ௔௜௟௬ ௖௢௡௦௨௠௣௧௜௢௡
ቁ ൌ 21233 𝑑𝑎𝑖𝑙𝑦 𝑠𝑒𝑟𝑣𝑖𝑛𝑔𝑠     (2) 

 
Multiplying the number of probiotic servings by 
each respective D. melanogaster, daily dosage 
yields 5.31×10-4 capsules of B. infantis per vial 
and 1.07 ×10-3 capsules of A. muciniphila per 
vial. Each B. infantis supplement weighs 0.28 g, 
excluding the capsule casing, so each vial 
containing B. infantis received approximately 
1.49×10-4 g of capsule content. For A. 
muciniphila, with 0.62 g of probiotic content per 
capsule, each vial containing A. muciniphila 
received approximately 6.63×10-4 g of capsule 
content. 

To administer such small quantities to the vials, 
approximately 0.02 g of capsule powder were 
measured out from each capsule using a balance 
with a precision of 0.01 g ( Navigator™ NV222 
AM, OHAUS, Parsippany, NJ, USA) and 
dissolved in 50 mL of distilled water. The 
resulting solution had a concentration of 
approximately 4.00×10-4 g/mL. To find out how 
many mL of probiotic solution needed to be 
administered and account for all the daily 
required dosages, a proportion was calculated: 
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ோ௘௤௨௜௥௘ௗ # ௢௙ ௠௅ ௢௙ ௣௥௢௕௜௢௧௜௖ ௦௢௟௨௧௜௢௡

ீ௥௔௠௦ ௢௙ ௣௥௢௕௜௢௧௜௖ ௥௘௖௘௜௩௘ௗ ௣௘௥ ௖௢௡௧௔௜௡௘௥
ൌ ଵ ௠௅ ௢௙ ௣௥௢௕௜௢௧௜௖ ௦௢௟௨௧௜௢௡

ସ.଴଴ൈଵ଴షర௚
  (3) 

Table 2. Calculated mL of probiotic solution from equation 3. 
B. infantis required mL of solution 1.49 mL 

A. muciniphila required mL of solution 6.63 mL 
 
The E. coli K-12  (Carolina biological) was 
obtained in colony form and stored within a vial. 
The E. coli K-12 was incubated in a Luria 
Bertani (LB) broth solution. In preparing the LB 
broth solution, 250 grams of distilled water was 
mixed with 6.25 grams of LB broth powder 
(Grainger, Lake Forest, IL, USA). The resulting 
solution was then transferred into an 
Erlenmeyer flask and tightly sealed with 
aluminum foil. Next, the solution was 
autoclaved (EZ10 Autoclave Steam Sterilizer, 
Tuttnauer, Hauppauge, NY, USA) at 121°C for 
60 minutes. Once the autoclaving process 
ended, the autoclave was turned off and left 
open to allow the solution to cool for 30 
minutes. The seal was removed after the 
solution was sufficiently cooled, and the E. coli 
sample was carefully inoculated into the 
solution with a swab. The top of the Erlenmeyer 
flask was then sealed again, and the flask was 
placed in an incubator set at approximately 
37°C, where it was left overnight for incubation. 

Next, to determine the concentration of the 
incubated E. coli K-12 solution, a sample was 
placed inside a spectrophotometer (Thermo 
Scientific Spectronic 20D+, Waltham, MA, 
USA) to perform an optical density (OD) 
reading. For E. coli K-12 cells, an OD value of 
1 equals approximately 5×108 cells/mL  ( 
Technical Note 8 – OD600. Implen GmbH, 
2020. https://www.implen.de/wp-
content/uploads/docs/technical-note-8-OD600-
implen-nanophotometer.pdf). The OD was 
measured to be approximately 0.626, or 
approximately 3.13×108 cells/mL. 
  
Like B. infantis and A. muciniphila, the quantity 
of E. coli K-12 solution was established based 
on a mass ratio comparison between a human-
designed E. coli supplement (Mutaflor 
probiotic, Prospect, SA, Australia) with 
approximately 25×109 CFU per daily serving) 
and the corresponding amount needed for D. 
melanogaster. 

 
ଶହൈଵ଴వ

଼଴ ௞௚
ൌ ஽.௠௘௟௔௡௢௚௔௦௧௘௥ ௗ௔௜௟௬ ஼ி௎ ௔௠௢௨௡௧

ଶ ௠௚
   (4) 

 

Given that there are 21,233 servings of 
Drosophila medium per vial, approximately 
1,330,000 CFU worth of solution is needed. To 
calculate this, a proportion was established to 

determine the amount of E. coli K-12 solution 
required, which was calculated to be 
approximately 0.0424 mL. 

 
ଵ,ଷଷଷ,଴଴଴ ஼ி௎ ௥௘௤௨௜௥௘ௗ

ோ௘௤௨௜௥௘ௗ ௠௅ ௢௙ ௦௢௟௨௧௜௢௡
ൌ ଵ ௠௅ ௦௢௟௨௧௜௢௡

ଷ.ଵଷൈଵ଴ఴ ஼ி௎
    (5) 

 

To distribute this small volume of fluid 
uniformly, it was diluted in approximately 22.6 

mL of distilled water, allowing it to be 
dispensed in a 1 mL sample. 
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Survival and fecundity assays 
In preparation for the experiment's survival and 
fecundity analysis phase, 300 WT first instar D. 
melanogaster larvae (Carolina Biological) were 
randomly and evenly assigned into ten groups 
of thirty. These groups comprised two sets, each 
consisting of five different experimental 
conditions: control, B. infantis, A. muciniphila, 
E. coli K-12, and the group receiving all three  
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probiotics simultaneously. Ten vials were 
prepared for each group and filled with 13 mL 
of Drosophila medium with their respective 
probiotic solutions. Then, the larvae were 
delicately placed into the vials and sealed with 
foam lids. The date and experimental treatment 
label were all recorded on the vials. Steps for 
maintaining the D. melanogaster were 
referenced from guides (12). 
 

 
 

 

 
 
 
 
 
Every week, an additional set of ten vials was 
prepared using the Drosophila medium and 
probiotic solution to replenish the food medium. 
FlyNap® (Carolina Biological) was employed 
as an anesthetic to facilitate the transfer of the 
D. melanogaster, including the control group, to 
their new respective vials. FlyNap® was not 
used during the first two weeks when the 
original experimental units were still in the 
larval stage. 
 
To use FlyNap®, a swab was dipped into the 
solution. The dipped end was gently inserted 
into the vial with the foam lid still in place. 
Then, the vial was tipped on its side and left for 
at least five minutes. After transferring the D. 
melanogaster, the number of units that were still 
alive was counted. The living D. melanogaster 
were unconscious against the vial's walls, while 
the deceased units were embedded in the 
medium. While they were still unconscious, the 
units were D. melanogaster transferred to their 
new vials and sealed. Subsequently (if 

applicable), the newly produced offspring were 
recorded, most of which were within the 
Drosophila medium. By the end of a given 
week, these offspring were in the larval or pupal 
stage, distinguishing them from the original 
experimental units. This process continued for 
the rest of the experiment, which concluded at 
week twelve. 
 
Temperature stress/Homeostasis assays 
For the temperature stress analysis, 200 first 
instar D. melanogaster larvae were randomly 
assigned into ten groups of twenty. Five groups 
were designated for heat stress analysis, while 
the remaining half were assigned for cold stress 
analysis. Similar to the survival and fecundity 
analysis, the cold and heat stress analysis groups 
consisted of two sets, each exposed to the five 
experimental conditions. In addition, these 
groups were assigned vials with 13 mL of 
Drosophila medium and given ample time to 
feed on the probiotic solutions. 
 
 

Figure 1. Experimental setup. 
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Subsequently, the groups assigned to the heat 
stress analysis experiment were placed into an 
incubator at 37°C for approximately one hour. 
The number of live experimental units was 
counted. These groups were subsequently 
transferred to new vials containing Drosophila 
medium treated with their respective probiotic 
solutions. The number of live experimental 
units was recorded daily for the first three days, 
followed by counts every two days until day 
seven. Survival rates were measured in half-
week intervals from week one to week two. 
After the second week, the counting and transfer 
of live experimental units followed the same 
procedure as the survival analysis. The cold 
stress assay was identical to the heat stress 
assay, except for the experimental units, which 
were exposed to a temperature of 4°C to 8°C in 
a refrigerator for one hour. 
 
Climbing/Mobility assay 
One hundred first-instar D. melanogaster larvae 
were randomly assigned into five groups of 
twenty for the climbing assay with their 
respective probiotic groups. When the larvae 
matured to adults by week two, the following 
procedure was adopted for each week: The D. 
melanogaster from each group were 
anesthetized and individually placed into 
separate, sealed vials. After regaining 
consciousness, the lights were turned off for 
thirty minutes to enable the flies to become 
dark-adapted. This allowed the D. melanogaster 
to settle towards the bottom of the vial. Next, a 
timer was initialized at the end of the thirty-
minute period, and the lights were turned on. 
The vials were lightly tapped to prompt the D. 
melanogaster to start climbing, and the timer 
was started simultaneously. The timer was 
stopped once the flies reached the top of the vial. 
The trials continued until week ten when the D.  
melanogaster began exhibiting a lack of 
mobility that would hinder statistical analysis.  
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Portions of this procedure were adapted from 
Manjila et al. experiment on performing 
climbing assays (13). This experiment adhered 
to the same transfer procedures as the previous 
assays. 
 
Additional qualitative research (Dissections) 
The alimentary canal of the D. melanogaster 
was photographed (separate groups from the 
rest of the experiment) at eight weeks under a 
microscope (AmScope B400 Series Compound 
Microscope, Irvine, CA, USA) with a 100x 
objective. To do so, a petri dish was prepared 
with an anesthetized D. melanogaster along 
with tweezers and phosphate-buffered saline as 
a buffering agent to preserve the D. 
melanogaster tissue structure while examined. 
To access the alimentary canal, the center of the 
thorax was pierced and gently separated from 
the body. The elongated, transparent tube 
grasped by the tweezers was recognized as the 
alimentary canal and subsequently placed in the 
PBS to view under the 100x objective. To 
confirm its identity as the alimentary canal, its 
position and structure relative to the 
surrounding anatomy of the D. melanogaster 
were observed and noted. 
 
Results and Discussion 
Dissection observations 
The D. melanogaster dissected alimentary 
canals are shown in Figures 2-5. Without 
advanced staining techniques, discerning the 
precise physiological effects on the morphology 
of the D. melanogaster digestive system was 
challenging. However, especially in the B. 
infantis group, the common motif of distinct 
patterns of digestive folding was rather 
prominent compared to the other experimental 
groups. In addition, the extracted midgut was 
reminiscent of dissections pictured in published 
literature. 
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To assess the morphology of the midgut more 
accurately, one approach would be to stain the 
D. melanogaster tissue using methods such as 
hematoxylin and eosin staining. This technique 
would enable researchers to analyze the tissue 
morphology more precisely and better observe 
characteristics of epithelial tissue, such as 
tightly packed single layers of cells attached to 
a basal membrane (14). 
 
Survival analysis 
The results of the survival assay and its standard 
errors are shown in the Kaplan-Meier chart 
illustrated in Figure 6. The Kaplan-Meier (KM) 
chart is a survival analysis estimator that uses 
computed data to predict the probability of 

survival for a given experimental group. For 
more information about analyzing Kaplan-
Meier charts, refer to Rich’s published guide 
(15).  
 
The KM chart predicted a 40% chance of 
survivability between days 49 and 56 for the 
control group. The observation period spanned 
12 weeks, during which two sets of five 
experimental groups were combined to form a 
more extensive set, resulting in a sample size of 
60 per group. This consolidation helped 
minimize the potential for statistical inference 
errors. Each trial was conducted independently, 
and a significance level of 0.05 was set to 
determine statistical significance. The survival  
 

Figures 2-5. Dissected alimentary canals of the D. melanogaster: control (top left), B. infantis (top right), E. coli K-12 
(bottom left), A. muciniphila (bottom right). 
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statistical significance values relative to the 
control group were calculated using a chi-
squared log-rank test, with results presented in 
Table 3. 
 
The log-rank tests were computed in Python to 
assess the significance of differences in survival 
distributions between the experimental groups 
in the D. melanogaster study. With the 
respective p-values for each probiotic group 
falling below the significance level, it was 
concluded that there was a statistically  
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significant difference in survival among the 
various probiotic groups. 
 
A notable observation from Figure 6 was the 
control group's exit from the shaded region, 
known as the Kaplan-Meier Estimate. This 
estimate illustrates the overall survival trend 
range for the experimental groups, offering a 
visual interval that outlines the expected 
survival probabilities for D. melanogaster. The 
divergence of the control group from the 
Kaplan-Meier Estimate suggests a significant  
deviation in survival probability compared to 
the other groups that were fed the probiotics. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3. Calculated log-rank results relative to the control group. 
Probiotic Species P-Value (Relative to Control Group) 

E. coli K-12 0.04 
B. infantis 0.02 

A. muciniphila 0.01 
All <0.005 

It was also noted that a small percentage of the 
probiotic-treated D. melanogaster outlasted the 
twelve-week testing duration. In contrast, the 
control groups only survived up to week 11, 
demonstrating the potential that probiotic 
manipulation may have for increasing lifespan. 
Past studies have supported the notion that these 
microbes are present since birth in other host 
species. For example, the presence of B. infantis 

in infant humans has been associated with 
mitigating consequences originating from 
potential congenital disabilities (16). 
Furthermore, A. muciniphila has been observed 
to stabilize blood sugar levels in mammals and 
prevent inflammation over the long term (17). 
While probiotics may exhibit varying functions 
in different host species, these probiotics 
demonstrate long-standing potential in  

Figure 6. Kaplan-Meier chart of the results of the survival assay and standard errors. 

Journal of High School Science, 8(3), 2024         139 



 

 
improving the overall health span of diverse 
populations. 
 
Moreover, previous studies have demonstrated 
the potential for genetically modified E. coli 
strains to induce positive physiological changes. 
Mice treated with the genetically modified E. 
coli strain exhibited greater glucose tolerance 
over the long term compared to the control 
group (10). While E. coli K-12 is not often 
assessed for its application in probiotic  
 

Original article 

 
manipulation, its status as a well-engineered lab 
strain suggests potential applications in clinical 
probiotic manipulation (18), particularly in 
addressing the effect of ROS. 
 
Fecundity analysis  
The results from the fecundity analysis can be 
visualized using the time graph and its standard 
errors, as shown in Figure 7. This time graph 
displays the per-capita averages of the offspring 
that the D. melanogaster produced in the study. 
 

 

 

 

 

 

 

 

 

 

 

 
 

Statistical analysis was conducted in Python 
using a repeated measures analysis of variance 
test (ANOVA). A repeated measures ANOVA 
test is a largely resilient statistical analysis tool 
that reduces the probability of Type I errors. 
ANOVA assumes equal measures of variance 
across all experimental groups, which was 
confirmed by results from Levene’s test. Tests 
for the equal distribution of variance, confirmed 
this condition was valid with a p-value of 0.986. 
Thus, it was safe to assume that an ANOVA test 
was appropriate for this dataset. The ANOVA 
test itself yielded an f-value of 0.8451 and a p-
value of 0.5042, suggesting that there was no 
significant difference in the fecundity rates of 
the D. melanogaster which were administered 
the probiotics compared to the control group. 

With respect to these results, it appears that the 
probiotics did not affect the fecundity rates of 
the D. melanogaster. This outcome can be 
attributed to the probiotics primarily affecting 
the digestive system rather than the 
reproductive system. While the probiotics may 
enhance the metabolism of the host species, 
potentially leading to increased fertility, this 
effect was not seen in this study, especially 
considering the nuances involved in altering 
microbiota compositions and its impact on 
physiological function. 
 
Across a variety of species, an imbalanced 
microbiota often leads to various complications, 
including reproductive hormone imbalance 
(19). Yet, considering the increase in survival 
rates for D. melanogaster treated with  

Figure 7. Fecundity analysis results visualized with time graph and standard errors. 
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probiotics, it is unlikely that dysbiosis occurred 
in their digestive systems. Additionally, no 
adverse effects on reproduction were observed 
from treating the D. melanogaster with 
probiotics; instead, there was minimal change.  
If this assay were replicated, it would be 
interesting to investigate and compare the 
survival and other physiological traits of the 
offspring of initially treated D. melanogaster, as 
was done in previous experiments (20). This 
additional analysis could potentially find 
hereditary effects or long-term benefits from the 
initial probiotic treatment typically associated 
with survival analysis, the temperature stress, 
and how the probiotics mitigated such effects. 
 
Temperature stress analysis 
Figures 8 and 9 show the two time graphs for 
both cold and heat stress respectively, along 
with their standard errors. A fixed-effects model 
was used to analyze the statistical effects of 
probiotic manipulation when subject to 
temperature stress that significantly altered  
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metabolic activity. The fixed-effects model was 
especially pertinent because of the irregularity 
in the reported time intervals. These datasets 
encompassed various time intervals, ranging 
from daily intervals initially to expanding into 
weeks. Opting for methods like log-rank tests 
would seem plausible given that the test is 
catered to survival analysis. However, those 
results would not be as resistant to inconsistent 
time intervals as they would in a fixed-effects  
model. In both the heat and cold assays, the 
control group presented with the highest 
mortality rates immediately after exposure to 
the harsher climates, at 10%. The long-term 
damage that the D. melanogaster control groups 
sustained presented in a decrease in their 
populations that was significantly greater than 
the decrease experienced by the flies that were 
treated with probiotics. Similar to the survival 
assay measured using a log-rank test, the no 
flies in the control groups survived past week 
11. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8. Time graph for cold stress and standard errors. 
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The results presented in Table 4 and Table 5 
from the independent fixed-effects models 
indicate an overall positive physiological effect 
from the probiotic solutions, with the exception 
from A. muciniphila, during the heat assays. The 
purpose of analyzing the survival rates of the D. 
melanogaster was to observe potential damages 

incurred from exposure to harsh environmental 
conditions. These findings further support the 
notion that probiotic manipulation holds 
significant potential in long-term applications, 
particularly in limiting the effects of damage 
and in the maintenance of physiological 
function. 

 

Table 4. Fixed-effects model results for the heat assays were reported compared to those of the 

control group. 
Probiotic Type Significance Level Z-Value 

E. coli K-12 0.01 2.582 
A.  muciniphila 0.942 0.781 

B. infantis 0.026 2.225 
All 0.048 1.349 

 

Table 5. Fixed-effects model results for the cold assays were reported compared to those of the 

control group.  
Probiotic Type Significance level Z-Value 

E. coli K-12 <0.005 4.767 
A. muciniphila <0.005 4.302 

B. infantis 0.026 2.085 
All <0.005 4.169 

 

A potential explanation for the observed longer 
lifespans of D. melanogaster treated with 
probiotics under heat stress could be 
(speculatively) attributed to the heat shock 
proteins released by these probiotic species, 
such as σ32 found in E. coli K-12. It was 
previously reported that the activation of σ32 

triggered a genetic response that alleviated the 
effects of denatured proteins on cellular 
stability, either by refolding them or by 
inhibiting their activity (22). Similarly, proteins 
like GroEL and GroES in B. infantis are known 
for their significant role in responding to cold 
stress. These molecular chaperones are  
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understood to function as binding regions that 
aid in refolding denatured proteins (23), 
potentially preventing structural damage 
induced by cold stress. 
 
Although the probiotics generally found success 
when mitigating long-term damage sustained by 
sudden temperature stress, the probiotics had a 
more significant impact when it came to 
resisting cold stress when compared to heat 
stress. This was evident from the significantly 
greater z-scores observed in the cold assays. 
This could potentially be attributed to the colder 
temperatures, which, despite being relatively 
harsh for larval D. melanogaster, might benefit 
the host species by slowing their metabolism 
and decreasing energy consumption. In contrast, 
heat stress could potentially increase metabolic 
demands, placing additional strain on the host. 
To further this study, examining the 
physiological effects of temperature stress 
exposure for different periods of time could 
ensure a more thorough analysis of the effects 
of environmental stress on D. melanogaster 
larvae. 
 
Climbing assay analysis 
Similar to the fecundity analysis, a repeated 
measures ANOVA test was used to perform  
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statistical analysis. Using Levene’s test on the 
dataset that logs the average climb times per 
probiotic group, it was found that the Levene’s 
test statistic was 0.8475 with a p-value of 
0.5076. These results allowed for the 
assumption of homogeneity in variances and 
thus made using a repeated measures analysis 
ANOVA test an acceptable choice. 
 
The repeated measures ANOVA test yielded an 
f-statistic of 34.791 and a p-value of < 0.005, 
indicating that the time it took to climb the 10 
cm tall vial significantly differed between the 
control group and the flies fed with the 
probiotics, when evaluated at a significance 
level of 0.05. 
 
The time graph for climb times and its standard 
errors are shown in Figure 10. Figure 10 shows 
that the probiotic groups climbed significantly 
faster when it came to this time-based analysis. 
The reported points on the plot refer to the 
cumulative average times the individual D. 
melanogaster took to climb the vials, even after 
accounting for sampling variability. There were 
no reported values up to day 14 due to the D. 
melanogaster in the experimental groups still 
being in the larval phase. 
 

 
 

 

 

 

 

 

 

 

 

 Figure 10. Time graph for climb times and its standard errors. 
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Once again, the effects of microbiota 
manipulation were most observable during the 
later stages of this experiment, from weeks six 
and onward. Between weeks two and six, 
climbing speeds between all experimental 
groups appeared to be relatively similar. After 
week six, the control group exhibited a 
significant decline in climbing speeds, falling 
notably behind the performance levels observed 
in the groups receiving the probiotic treatments. 
This visual analysis aligned with the results of 
the repeated measures ANOVA test, in which 
the distribution of climbing times of the control 
group significantly differed from that of the 
treated groups. 
 
The results of this assay can likely be 
(speculatively) attributed to GLP-1. GLP-1 is a 
hormone primarily associated with appetite 
regulation and glucose metabolism and may 
have indirect implications for motor control and 
locomotion. Its activation, often triggered by the 
production of short-chain fatty acids, could 
influence energy levels by regulating glucose 
metabolism, contributing to more rapid and 
well-controlled movement. Although this 
pathway is more significant in vertebrate 
species with more complex nervous systems, it 
is plausible that the activation of GLP-1 
potentially contributed to the observed 
enhancements in the probiotic-treated species 
that produce short-chain fatty acids (24). 
 
Consequently, the physiological consequences 
caused by long-term microbiota manipulation 
allowed the groups treated with probiotics to 
climb more rapidly than the control group. To 
better gauge the influence of microbiota 
manipulation on the mobility of D. 
melanogaster, alternative movement assays, 
such as crawling or flight assays, should also be 
considered when conducting this experiment 
again (25). 

Limitations 
There is concern that the microbiome of D. 
melanogaster may not be representative of the 
human microbiome. To mitigate this concern, 
past studies have attempted to transfer 
microbiota normally present in humans into D. 
melanogaster so that the model organism’s 
microbiome is more representative of the 
human microbiome. Such a manipulation was 
performed using antibiotics to first purge the D. 
melanogaster microbiota and subsequently 
exposing the D. melanogaster to a human fecal 
sample (26). However, this study reported a 
significant disparity between the microbial 
proportions between male and female D. 
melanogaster, potentially introducing biases 
and affecting the reliability of the experimental 
results.  
 
Additionally, the uptake of microorganisms 
from human fecal matter does not guarantee that 
the composition of the host microbiota in D. 
melanogaster will adequately represent a 
human microbial population. For example, in 
the study treating D. melanogaster with feces, 
Lactobacillus emerged as one of the most 
prevalent genera, comprising approximately 
30% and 75% in males and females, 
respectively. However, a genomic sequencing 
study evaluating the human microbiota complex 
did not identify Lactobacillus as one of the more 
prevalent species, with Ruminococcus and 
Bacteroides being more prominent instead (27). 
This disparity in microbiota composition 
implies that attempting to mimic the human 
microbiota complex inside of D. melanogaster 
may not accurately reflect the true microbiota 
configuration observed in humans. 
 
Although direct evidence is limited, it is 
generally understood that the microbiota 
complex for most organisms, including humans 
(28), develops during the early stages of life.  
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Since the early development phase of 
Drosophila melanogaster spans just under two 
weeks, allowing enough time for the fecal-
induced microbiota to establish in the fruit fly's 
digestive tract would limit the window available 
for effective microbiota manipulation using the 
three probiotic treatments.  
 
Rather than introducing the human microbiota 
and treatment probiotics separately, an 
alternative approach would be doing so 
simultaneously. However, regardless of the 
timing, transferring microbiota through 
methods such as fecal matter does not allow for 
the dosage to be controlled. A method to control 
the dosages would be to meticulously measure 
every probiotic within the human microbiota 
complex to address this variability, which 
presents significant technical challenges. 
Although attempting to mimic the microbiota 
structure of humans can provide valuable 
insight for expediting the process of 
demonstrating the validity of these three 
probiotics in a real-world clinical setting, doing 
so would require further investigation to 
determine a feasible amount of human 
microbiota to introduce to D. melanogaster 
without disrupting the host’s microbiota 
functionality as a whole. 
 
Additionally, there is a significant difference in 
the magnitude of the number of microbiota taxa 
harbored in humans versus those present in D. 
melanogaster. This discrepancy is a concern, 
because the number of bacterial cells in the 
probiotic intake in D. melanogaster (expressed 
as a ratio to the number of cells present in the 
gut of D. melanogaster) may be significantly 
more amenable to colonization than a clinically 
appropriate ratio in humans; which may not 
colonize as effectively (because the ratio may be 
significantly lesser). Hence, there is no 
definitive means to quantify this effect on the  
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calculated probiotic intake. However, this 
potential confounding variable may be less 
significant during the early stages of life for 
most organisms, as the microbiota complex is 
still developing and more adaptable to changes. 
 
Another concern involves the weekly transfer of 
D. melanogaster into new vials. Several studies 
have documented that transferring D. 
melanogaster can affect the success of probiotic 
colonization (29). However, this effect was 
observed in these additional studies only when 
the flies were transferred to sterile vials that did 
not contain probiotics in the food medium. In 
this experiment, the vials used for transferring 
the flies always contained a food medium 
supplemented with the probiotic treatments, 
thereby mitigating this concern. 
 
The precision of the balance used for 
measurements is an additional source of error. 
Given the 0.01 g precision of the balance used 
to measure out 0.02 g of the B. infantis and A. 
muciniphila powder, there is a chance of a 
standard error of ± 0.01 g or a percent change of  
approximately ± 50%. Assuming a range of 
0.015 g to 0.024 g (± 0.009), the standard error 
is nearly equivalent to the entire range of 
measured weights, which indicates that the 
cases that vary the most from the mean may be 
prone to significant measurement error that may 
confound with the study’s results. 
 
However, it should be noted that the amount of 
probiotic supplement introduced to the D. 
melanogaster alone may not entirely determine 
the success of colonization. Although the 
quantity of microbiota introduced is likely one 
of the larger determinants for the probability of 
colonization, other factors such as environment, 
metabolism, and host physiology also play 
important roles (30). However, when mitigating 
potential confounding factors in the future, such  
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as the mass of the probiotic used, selecting a 
more precise balance could significantly 
enhance the accuracy of the dosage 
measurements and ensure greater 
reproducibility. 
 
Conclusion 
The host species, D. melanogaster exhibited 
positive physiological effects on the health span 
in all tested applications (lifespan, responses to 
temperature stress and movement assays) 
except for fecundity rates. Although the 
implementation of microbiota manipulation 
over the long term currently has limited 
practical implementation, it may be a viable 
solution for preventative medicine, especially 
for humans.   
 
While species B. infantis and A. muciniphila are 
naturally present in humans, their absence in D. 
melanogaster used in this study highlights the 
potential scope of microbiota manipulation.  
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This study aimed to broadly validate the concept 
of microbiota manipulation before its 
application in humans can be commercialized.  
 

 
Additionally, considering that these strains may 
be scarce in specific individuals, the opportunity 
to introduce them into human systems remains, 
providing further routes for their beneficial 
application. 
 
While E. coli K-12, a strain typically cultivated 
in laboratory settings, is not native to the human 
microbiota, it has shown promise in improving  
health span within its host organism. To further 
this study and continue the progression of 
probiotic manipulation in humans, these 
probiotics need to be tested on vertebrate 
species that more closely resemble human 
physiology. Given the successful and safe 
outcomes observed in D. melanogaster, 
expanding the application of these probiotics 
presents promising avenues for future success. 
 

Abbreviations 
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receptor, GSH: Glutathione, GroEL and GroES: Phage growth mutation in phage head gene E, 

Large or Small subunit, Eukaryote equivalent is HSP60 or Heat Shock Protein 60, GLP-1: 
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