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SUPERVISING PROFESSOR: ROBERT J. C. MCLEAN 

Caenorhabditis elegans is a small round worm that can usually be found in the 

soil of temperate climates worldwide. It feeds on E. coli OP50; for the purpose of this 

study, we monitored these nematodes after they ingested probiotics, specifically B. 

longum, in a contamination free liquid media. The results show that when these worms 

consume B. longum, they stop growing at the L2 growth stage of the second generation, 

and they resume growing normally after adding E. coli OP50 into the media; perhaps, 

they required a specific metabolite chemicals provided in OP50. It has been further 

shown that they die when fed with L. casei as alternate food source to E. coli. The 

amounts of B. longum inside the worm’s gut shows that contained B. longum at numbers 

similar to human small intestine, with no OP50 detected.  



 1 

CHAPTER I 
 
 

INTRODUCTION 
 
 

Research objective 

In recent years, obesity has become a recognized problem that threatens global 

health. With easier access to cheap, high calorie foods that are high in salts, sugars, and 

fats, and modern sedentary lifestyles; obesity and its related disorders have rapidly 

increased around the world. Several new factors have been discovered to influence 

obesity. Included in these studies are experiments that discovered the effects of 

microbiota and probiotics on this current health risk.  

There is evidence that gut microbiota can be modulated through dietary 

components (66). In this context, it is important to study the influence of specific dietary 

components (fatty acids, carbohydrates, micronutrients) as well as; prebiotics, and 

probiotics on gut microbiota composition. Gut microflora studies can be linked to the 

management of obesity.  

The poor health behaviors and associated threats of obesity emphasize the 

significance of developing an awareness of lipid metabolism and the mechanisms that 

regulate it (36). There are several experimental strategies to study lipid metabolism. Tests 

using whole organisms; include human clinical trials testing other vertebrates such as 

mice, rats, or rabbits; and invertebrate testing. Although clinical testing does provide 

direct relevance to humans, there are ethical and practical limitations to the 

experimentation. Many of the clinical experiments that have been conducted lack strict 

control on diet and lifestyle, genotype variations, and inability to target issues like the gut 

and liver. Animal testing provides additional options (explored below). An example is the
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use of a genetic knockout model such as ob/ob mice which develop obesity (5). In vitro 

testing (typically involving tissue culture) is another strategy that allows experimental 

manipulation. Both animal testing and in vitro testing are discussed below. 

Due to the aforementioned limitations in human clinical trials, the majority of studies 

performed to understand obesity are conducted using murine adipocyte cells in culture or 

mouse models. However, these experiments are restrictive in regard to available means 

including funding and facilities. For example, using genetically altered animals can be 

expensive and time consuming and many laboratories do not possess an experimental 

animal facility. 

Therefore, laboratories are in urgent need for a substitute in vivo model to analyze 

diet-induced obesity. Recently, a model utilizing the nematode C. elegans has emerged, 

providing an alternate model to study metabolic diseases such as obesity and its 

associated illnesses. 

Obesity 

Obesity has become a worldwide pandemic most often associated the United 

States. Millions of Americans are affected by obesity, a medical condition predicted to 

escalate in the future. In a statistical analysis conducted to examine obesity and 

overweight tendencies between 1999 and 2008, results indicated that 68% of the 

American population is overweight while 34% of Americans face obesity (1). Individuals 

are diagnosed as obese if his or her overall body weight that is greater than what is 

considered healthy in relation to height. Obesity is a medical condition in which excess 

body fat has accumulated to the extent that it may have an adverse effect on health and 

can result from a number of causes. These causes include, but are not limited to, a lack of 

physical activity, genetic susceptibility, and poor dietary regimens (61).  

With previous studies performed to understand the causes and effects of obesity, 

evidence suggests that with an increasing obesity rate there is an amplified risk of 
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developing certain diseases. In fact, research indicates that obesity- related medical 

problems such as type II diabetes, hypertension, cardiovascular disease, and certain types 

of cancers have become more prevalent in recent years (2, 60).  

To maintain a healthy weight, it is important to understand the fundamentals of a 

proper diet and to make clear the nutritional targets that can affect energy-harvest and 

energy-storage from the diet. For instance, an imbalance in energy is among the basic 

causes of obesity; in order to maintain energy balance, the energy intake must equal the 

energy output. In other words, the amount of calories and food digested, energy 

consumption, must be equivalent to the sum of actions such as breathing, eating, and 

other forms of physical activity, energy expenditure. Of course, by being balanced, it 

does not mean that they have to be identical, but an approximate, continuous balance is 

imperative to health. Therefore, weight gain will occur if there is more energy 

consumption and there will be a weight loss if there is more energy production (36). 

With the major impact obesity has on overall public health, preventative practices 

are essential in order to progress towards a solution to reduce its accompanying risks. 

With evidence ascertaining obesity as a rising health condition, it is vital to understand  

the metabolic impacts associated with diet-induced obesity and to identify innovative 

objectives to influence an energy balance.  

Microbiota 

Gut microbial relationships between organisms and the environment may be an 

imperative factor affecting energy homeostasis (52). These intestinal microorganisms 

consisting of bacteria and other microorganisms, affect the host organism both 

psychologically and metabolically (51). They are located at the interface of the diet and 

gut in order to be able to affect the interactions of the nutrient host (8, 16-19). The core 

purpose of these microbes is to ferment nutrients and preserve and send out bioactive 

compounds that are directly related to obesity threats and metabolic disorders (52). In 

addition, obesity is associated with changes in the structure and metabolic actions of the 
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gut microbiota that directs energy expenditure and storage (52).  

In the past decade, research has examined the role of the microbiota through 

human disease and its extensive impact on host physiology (64). Thus, the view of the 

gut microbiota has shifted and studying its influence on health has proven beneficial. 

Through microbiota and human studies, it has been found that gastrointestinal microbes 

are not solely confined to the intestines, but serve as functions in other tissues as well. 

For example, they help modulate the levels of lipids and glucose and aid in the process of 

systematic inflammation in the liver and adipose tissue of the host. Obesity results from 

the build-up of excess adipose tissue, thus proposing microbiota as an environmental 

factor responsible for weight gain (65).  

Several studies have been conducted to compare the amount and type of gut 

microbiota present in multicellular organisms considered to be obese and those that are 

not. An assessment of the results specified that certain gut microbiota is more beneficial 

for energy balance and obesity-associated diseases (4, 65). With further research to 

determine the effects of microbiota and obesity, it may be possible to conclude that 

microbiota can put an end to obesity-related health disorders.  

Therefore, a potential solution that can be explored is the structure and 

composition of the gut microbiota (6, 7, 11). Research illustrates that the interaction 

between gut microbiota and dietary components might influence the fat storage and 

adiposity in humans (9-12). Targeted alterations in gut microbiota may therefore offer 

potential benefits with respect to obesity. 

Probiotics 

Through this observation, it can be assumed that microbes exhibit health benefits 

through food ingestion and digestion, and the establishment of microorganisms as 

probiotics has become plausible (15). Probiotics, live organisms, support and benefit the 

host if provided in adequate quantities. Although they are still being studied, probiotics 

are believed to help fight many illnesses and to assist in maintaining a healthy digestive 
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system.  

Likely mechanisms of action include growth inhibition of pathogens through 

nutritional bases and adhesiveness, discharge of antimicrobial agents, and the destruction 

of toxins (53). Consequently, the focus and attention of probiotic functions has been to 

discover means of managing and impending infections associated with gastrointestinal 

disorders.  

The immunologic adjustments and regulations of specific probiotic strains, aside 

from the influence of the microbiota structure, have been utilized as apparatuses to 

improve intestinal functions, lower the danger of certain allergic reactions through the 

strengthening of the immune system, and regulating gut mucosal malfunctions. (53) 

Additionally, advances in scientific and dietary studies have revealed information that 

certain strains of metabolic energy can be extremely functional in improving health (15). 

As these processes are extremely precise, it is vital to distinguish the properties of 

specific probiotic strains in order to establish the best strain or strain combinations for the 

objective at hand (15).  

Research on the role of probiotics in metabolic health is still quite limited, though 

much is known about its role in gut health. Previous studies have indicated that the 

secreted bioactive components from the probiotic bacteria have proven effective in 

reducing triglyceride deposition in vitro, associated with increased levels of intestinal 

fasting-induced adipocyte factor (FIAF) and decreased activity of Lipoprotein lipase 

(LPL). This study will establish a model to confirm the previous results in vivo using C. 

elegans. The data acquired from this research will improve the knowledge on the role 

probiotics play in metabolic health in, specifically the issue of obesity. 

ob/ob mice and humans 

Recent studies originating from Dr. Jeffrey I. Gordon’s laboratory at Washington 

University have shown that mice with gut microbiota, i.e. conventionally-raised mice, 
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had about 42% more body fat compared to those raised under germ-free condition. Both 

groups of mice were provided the same diet (20). Surprisingly, the study exhibited that 

the mice with normal gut microbiota required 30% less caloric intake in order to achieve 

the same body weight. When the experimenters transplanted gut microbes from the 

conventionally-raised mice to the germ-free mice, they increased their body fat by 60% 

(7, 9). By performing experiments on mice that are germ free and comparing them to 

mice with colonized intestines, it has been discovered that these microbes also have the 

ability to control the gut’s barrier and the functions related to endocrines. These trials 

analyze the effects of nutrients that alter the composition of the gut microbiota.  

Research indicates that gut microbiota influences obesity through caloric 

extraction from the diet. For example, conventionalization of germ-free mice resulted in 

changes of various intestinal mediators that affect nutrient absorption, mucosal barrier 

and metabolic functions (22-23). These gut microbiota are important for normal 

physiology of the host, though the composition of the microbes have differing effects on 

the hosts’ metabolism. Since contact of gut microbiota with endocrines can alter 

intestinal access, the entrance of endotoxins to the passage affect inflammation and 

insulin resistance in mice (66). However, the impact of the mechanisms on humans is still 

in need of further research.  

The microbiome of the human gut contains a substantial amount of genes that are 

important for the degradation and metabolism of sugars, starch and glycans (25). In a 

human study, it was shown that the phenotype of obesity is closely related to the ratio of 

Firmicutes to Bateroidetes, the 2 dominant divisions of bacteria inside the gut. This study 

showed that obese individuals had a 50% reduction in the amount of Bateroidetes and an 

increase in the amount of Firmicutes (10). Researchers have also found that the existence 

of Firmicutes is related to the obese phenotype, which might result in increased energy 

harvest or a caloric extraction from the diet (10, 24). 
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Caenorhabditis elegans 

A newly promising model, Caenorhabditis elegans, has recently emerged in 

studying metabolic ailments. C. elegans is a small round worm usually found in the soil 

of temperate climates worldwide. It feeds on microorganisms such as bacteria, and can be 

most easily isolated from rotten fruit (13, 26). These nematodes have a short, yet 

reproducible life span (26), which is extremely useful in method studies. In addition, C. 

elegans has entire genomapped, there are a number of transgenic as well as knockout 

models available which allow us to study what is known as gain or loss of function type 

of mutations, this allows for flexible genetic manipulations through experimenting with 

C. elegans, while remaining a simple method to work with. These worms are also 

inexpensive and its genomes are similar to those of the human genome.  

Life cycle of C. elegans  

C. elegans are hermaphrodites, organisms that produce both sperm and eggs. In 

the duration of three to four days, they will lay over 300 eggs, after 14 hours, the embryos 

of C. elegans begin to hatch and they begin to develop rapidly. After 12 hours, the first 

stage of their life cycle is completed and the species actively undergoes molt cycles 

before finally reaching its adult stage (figure 1). 

 If there was overpopulation or there was no food in the environment that the 

worms are growing in, the larvae has the option to choose a different pathway to reach 

the dauer larva stage. Dauer larva has the ability to survive for many months without 

eating. When the larvae are back to normal conditions, the species will exit out of the 

dauer larva stage and would go back to the normal four stages of becoming an adult.  

C. elegans life span is approximately 2-3 weeks. The short life span of the C. 

elegans is very helpful to researchers because it saves time and makes it easier for these 

researchers to perform experiments on the species. 
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C. elegans compensation 

C. elegans is one of the most useful models to study and understand energy 

homeostasis, and this might include lipid metabolism because of the fact that the 

conserve their metabolic pathways, the way the encode genes that are homologous to 

human lipolytic and lipogenic enzymes, and last but not least, their transparent bodies 

that directly visualize triglyceride deposition using the method of staining (36). Fatty 

acids and other dietary components that are metabolized by C. elegans are synthesized de 

novo by acetyl coenzyme A (acetyl CoA) and then they are incorporated into 

triacylglycerides (TAGs) or phospholipids. They can also be modified to create 

polyunsaturated fatty acids (PUFAs). TAGs are stored in the form of lipid droplets in two 

sites, the intestine and the hypodermis, these sites are useful to study for analysis or 

quantification (37). Studies and development of the 13C isotope assay has allowed 

scientists to quantify fat synthesis in order to determine the contribution of absorption in 

relation stored fat (38). A study reported that the process of lipid droplets expansion is 

usually followed by an increase in triglycerides that are resistant to fasting- or TG lipase-

triggered lipolysis- which proposes a model to compare to the human LPL function (39). 

What makes C. elegans experiments effective is its similarity to the human 

metabolism. For example, mammalian PPARα is comparable to the role of C. elegans 

NHR-9 (Nuclear hormone receptor) in regulating β-oxidation, lipid synthesis and 

expression of other genes involved in dietary responses (40). Another study supports that 

lipid homeostasis involves regulator proteins and downstream effectors genes (41). C. 

elegans encodes proteins homologous to mammalian fatty acid transport proteins 

associated with obesity and insulin resistance: fatty acid transport protein (FATP), fatty 

acid binding proteins (FAB-Ps), acyl-CoA binding proteins (ACBPs), carnitine -

palmitoyltransferses (CPTs) and ATP-binding caste (ABC) transporter proteins (42). 

Additionally some studies have indicated that C. elegans has 8 digestive enzymes that 
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belong to the α/β hydrolase lipase family. Other cellular and homeostatic mechanisms 

include AMPK kinase energy sensors, SREBPs, sugar transporters, and regulatory 

processes such as insulin and adiposity-regulation (40). This model echoes fat deposition 

in response to bioactive components and has revealed reduced fat deposition, most 

notably by amylose starch, thus suggesting an increase in energy expenditure or 

decreased caloric intake. 

C. elegans versus ob/ob mice 

In using C. elegans, several benefits have been found in the examination of 

feeding regulations that correlate with mouse studies. Since energy balance is retained 

through regulatory pathways and repetitive apparatuses, it is necessary to understand the 

purposes of each gene and the relation it has to other function components; these 

mechanisms can be examined through single gene activity. For example, although 

neuropeptide Y, or NPY, in the hypothalamus is dependent on protein hormones that 

regulate energy intake and expenditure, it can cause overeating and obesity. Mice lacking 

the amino acid NPY do not show obesity related behaviors (32). Ob/ob mice display a 

lower body weight with lower food consumption when they are NPY deficient (32). 

Genomic realizations such as those of NPY in mice are identified with fat 

regulators that are already known. On the other hand, since C. elegans has a short life 

span and the ability to alter its genetic composition to accommodate to its environment, it 

is an idea model for impartial experimentation. For example, studies conducted on C. 

elegans fat storage have already discovered necessary genes required for energy balance 

in mice (27, 35). Studies such as these provide insight on how effective and beneficial 

worm genetics can be in studying obesity in humans. Previous studies conducted on C. 

elegans’s dauer formation confirm that the worms’ ability to change its genetic 

composition directly relates to the human storage of fat (31). 

C. elegans is an appropriate method of experimentation to understand human 
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behaviors since they have the ability to show how nutrient accessibility is assessed. By 

measuring the frequency of the muscular contractions of the pharynx, C. elegans 

illustrates the capability of altering feeding rates and egg lying, components similar to 

those required to regulate human feeding behaviors (28, 30, 47). C. elegans also provide 

evidence that feeding behaviors can be managed though sites of marginal lipid 

metabolism such as that of humans (34). Likewise, worms have the ability to engage in 

refined food behaviors like humans, such as deciding to socially dine or to eat alone (50.) 

Their feeding behaviors are also reliant on the quality of food and previous dining 

practices (49). 

C. elegans have a simple nervous system. They are acceptable organisms to study 

in relation to humans in understand energy balance, fat storage, and feeding behaviors 

(14). 
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CHAPTER II 
 
 

MATERIALS AND METHODS 
 
 

Overall strategy 

This research developed a protocol for the growth of C. elegans on two strains of 

probiotics; Bifidobacterium longum and Lactobacillus casei as an alternate food source to 

Escherichia coli OP50. We are using this model organism because of their benefits 

including provides large amounts of data in a short time also inexpensive in vivo model. 

The feeding protocol been tested with plated and liquid mediums were run to determine 

the growth stage and the generation of nematode C. elegans at varying concentrations of 

probiotics. Microscopy imaging was utilized to observe the growth stage of the worms. 

The tests were performed with Nematode growth medium (NGM) and with Modified 

Nematode growth medium (mNGM). The bacterial strains applied to this study were 

Escherichia coli OP50; Bifidobacterium longum (B. longum, ATCC 15707) and 

Lactobacillus casei (L. casei, ATCC 334). 

 C. elegans culture conditions 

C. elegans strain Bristol-N2 was propagated on 35mm or 60mm diameter culture 

plates with Nematode growth medium (NGM) (1.7% (w/v) agar, 0.3% (w/v) NaCl, 

0.25% (w/v) Peptone, 1M CaCl2, 1M MgSO4, 5mg/mL Cholesterol in ethanol, 1M 

KPO4[K2HPO4 and KH2PO4] pH 6) at 18-20oC. The NGM media was poured aseptically 

into culture plates using a peristaltic pump and allowed to solidify for 36 hours. We are 

using Escherichia coli OP50 (E.coli OP50) as bacterial culture which is grown in 



12 

	  

Luria-Bertani (LB) medium (2.5% (w/v) LB powder) at 37o C to an optical density of 0.8, 

optical density was measured using a BioMate3S Thermo Spectronic at 600nm. Then 

25µl of E.coli overnight culture was inoculated onto NGM plates, which were then 

incubated for 9 hours at 37oC. C. elegans was maintained by picking 2 adult worms onto 

fresh inoculated NGM plates with E.coli every 4-7 days.  

Bacterial strain  

The probiotic strain used in this investigation was Bifidobacterium longum (B. 

longum, ATCC 15707), Lactobacillus casei (L. casei, ATCC 334) and obtained from 

American Type Culture Collection (ATCC, Manassas, VA). 

Bacterial preparation 

 To study the effects of probiotic bacteria (Bifidobacterium longum and 

Lactobacillus casei) on obesity, B. longum were grown anaerobically in pre-reduced de 

Man, Rogosa, Sharpe (MRS) medium (5.2% MRS powder), while L. casei were grown 

aerobically in MRS medium at 37o C to the log-phase with optical density 600 nm of 0.8. 

To adjust the required concentration of probiotics, the wet weight of each probiotic 

bacteria was suspended in the resuspension medium; S. complete—S. basal, 1M 

potassium citrate pH 6, trace metals solution, 1M CaCl2, 1M MgSO4, 5mg/mL 

cholesterol in ethanol—or M9 buffer. According to the required concentrations of the 

probiotics, the resuspended bacteria were transferred onto NGM or peptone-free modified 

NGM (mNGM).  

C. elegans surface decontamination 

 When we started working on this experiment, we tried several ways for 

decontamination of worm’s surface like the washing process, and the washing time. For 

the washing process, we washed the worms using S. complete, M9 buffer, M9 buffer with 

70% ethanol, and later M9/Gentamicin buffer (0.6% (w/v) Na2 HPO4, 0.3% (w/v) 
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KH2PO4, 0.5% (w/v) NaCl, 0.025% (w/v) MgSO4.7H2O, 0.1% (v/v) of 0.1 g/ml 

Gentamicin). In each of the trials of the washing process, we varied the washing 

duration—5, 30, and 60 minutes. 

Bacterial concentration  

We used different probiotic concentrations, 6mg/ml, 10mg/ml, 15mg/ml, 

10mg/0.025ml, and 20mg/0.025ml, and varied diluents that included S. complete, and 

M9 buffer.  

Growth media 

  C. elegans was picked at either the L4 or L1 growth stage. Worms were picked 

from OP50 media, then subjected to washing, and transferred to either NGM or mNGM 

media that contained the probiotic. The plates were incubated at two different incubation 

temperature 20o C or 25o C. 

Probiotics feeding protocol 

I. Feeding on Solid Media 

I.1: Feeding with different concentration of B. longum  

C. elegans grown on E.coli-containing NGM plate at 20 o C until they reach L4 
stage. Following four washes with M9 medium, these worms placed on 6mg/ml, 
10mg/ml or 15mg/ml probiotic -containing NGM plates. They allowed growing 
until they lay eggs, and hatch to L1 stage. When these worms reach L4 stage of 
the second generation they will be ready for analysis. The worms grown on NGM 
with E. coli OP50 served as a control. Microscopy imaging was taken for 51 
hours of incubation at 20o C to observe the growth stage of the worms. 

 

I.2: B. longum feeding 

i:     C. elegans at L4 stage have been washed four times with M9 medium and placed 

on 10mg/25µl of B. longum-containing mNGM plates (44) and compared with 
worms at L4 stage which been washed five times with M9-containnig 
Gentamicin, these worms placed on 10mg/25µl of B. longum-containing NGM 

plate and also on B. longum-containing NGM plate treated with Gentamicin (44). 
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I.2: B. longum feeding continued 
Microscopy imaging was taken for 51 hours of incubation at 20o C to observe the 
growth stage of the worms. 
 

ii:    L1 stage of C. elegans ,have been sterilize four times using M9-containing 

Gentamicin , 25 worms placed on 10mg/25µl of B. longum-containing mNGM 

plate and compared with another 25 worms were placed on10mg/25µl of B. 

longum-containing mNGM plate treated with Gentamicin. 
 

The worms grown on mNGM treated with Gentamicin and fed with E. coli OP50 
served as a control. Microscopy imaging was taken for 51 hours of incubation at 25 o C 
to observe the growth stage of the worms. 

 

I.3: L. casei feeding 

i:     C. elegans at L4 stage have been washed four times with Gentamicin-containing 

M9 medium and placed on 10mg/25µl of L. casei-containing mNGM plates 
which were treated with Gentamicin. The incubation temperature was 20o C. 

 

ii:     C. elegans at L1 stage have been washed four times with Gentamicin-containing 

M9 medium and placed on 10mg/25µl of L. casei-containing mNGM plates 
which were treated with Gentamicin. The incubation temperature was 25o C. 

 

I.4: Increase B. longum concentration 
To determine whether increasing the probiotic concentration affects the growth of the 
worms, we collected L1 stage of C. elegans and they been washed four times with M9-
containing Gentamicin, 25 worms transferred into mNGN-containing Gentamicin 
plates. 25µl of 20mg/25µl B. longum transferred into each of the first set of three 
plates and 25µl were spread into the second set of three plates. Microscopy imaging 
was taken for 5 days of incubation at 25o C to observe the growth stage of the worms.  

 

I.5: Inactive B. longum, L. casei, and OP50 

To determine if the worms will eat dead cells, we deactivated each cell (B. longum, L. 

casei, and OP50) by heat killing for 30 min at 85o C. 25µl of 10mg/0.025ml of each 

deactivated cell were separated on the Gentamicin-containing mNGM plates. C. 

elegans at L1 growth stage were sterilized by washing four times with Gentamicin-
containing M9 medium and transferred into the plates and incubated at 25o C.  

 



15 

	  

 

I.6: Mixing bacteria 

i:     In order to set up mixing media of B. longum and E.coli OP50, concentration of 
20mg/25µl were prepared for both types of cells. According to the ratio which 
have been used (50:50, 60:40, 70:30, 80:20, 90:10, 95:5) the amount of each cell 
was mixed and vortex, 25µl of the mixture were transferred into mNGM-
containing Gentamicin plates, and 25µl from the same mixture were separated 
into mNGM-containing Gentamicin plates. L1 stage of C. elegans were generated 
from the eggs which were released after adult worms were washed four times 
with M9-containing Gentamicin medium and centrifuge at 20o C, 4000 rpm, 2 
min.25 worms were transferred into each plate. Microscopy imaging was taken 
for 5 days of incubation at 25o C to observe the growth stage of the worms. 

 

ii:    Ratio of 95:5 of 20mg/25µl of B. longum and dead E. coli OP50 (heat killing 85o 
C for 30 min) were mixed, 25µl of the mixture were transferred into mNGM-
containing Gentamicin plates, and 25µl from the same mixture were separated 
into mNGM-containing Gentamicin plates. L1 stage of C. elegans were generated 
from the eggs which were released after adult worms were washed four times 
with M9-containing Gentamicin medium and centrifuge at 20o C, 4000 rpm, 2 
min.25 worms were transferred into each plate. 

 
II. Feeding in Liquid Media 

 
II.1: Bafidobacterium longum and Lactobacillus casei 

 L1 stage of C. elegans were generated from the eggs which were released after adult 
worms were washed four times with M9-containing Gentamicin and centrifuge at 20o 

C, 4000 rpm, 2 min. 

25 worms were transferred into each well of 96 microplate containing 100µl of 
mNGM-containing Gentamicin, 5µl of each type of probiotics (14.5 × 109 CFU/ml) 
was added into the medium and incubated at 25o C for 5days. Microscopy imaging was 
taken to observe the growth stage of the worms. pH was checked for the medium 
before and until the worms reached the second generation. 

The worms grown on mNGM treated with Gentamicin and fed with E. coli OP50 
served as a control. Microscopy imaging was taken for 5 days of incubation at 25o C to 
observe the growth stage of the worms. 
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II.2: Dead L .casei feeding in liquid media 

L1 stage of C. elegans worms were generated from the eggs which were released after 
adult worms were washed four times with M9-containing Gentamicin and centrifuge at 
20o C, 4000 rpm, 2 min. 

25 worms were transferred into each well of 96 microplate containing 100µl of 
mNGM-containing Gentamicin, 5µl of 14.5 × 109 CFU/ml deactivated L. casei was 
added into the medium and incubated at 25o C for 5days. 

 
Bacterial enumeration 

To detect and enumerate B. longum in the C. elegans intestine following the 

feeding as described above, 20 adult worms were picked and following with four washed 

with M9-containing Gentamicin. For paralysis and inhibition of pharyngeal pumping and 

explosion the worms were washed using 5µl drops of 25mM levamisole in M9 buffer 

(LM buffer), after washing with LM buffer containing Gentamicin and LM buffer alone 

the worms were placed in an eppendorf tube with 50µl of PBS buffer with 1% triton X-

100 then the worms will disrupt using pestle motor mixer. To count the colonies, the 

suspension of worms fed with B. longum were plate on pre-reduced MRS media (5.2% 

MRS powder and 1.5% agar powder) and incubated anaerobically at 37o C, also they 

have been plated on LB to check for contamination with E. coli OP50 and incubated 

aerobically at 37o C. A suspension of worms fed with E.coli OP50 were plated on LB 

media to grow aerobically at 37o C and served as a control for that strain. 
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CHAPTER III 
 
 

RESULTS 
 
 

Feeding on NGM 

Initial experiments involved collecting the nematodes (worms) at the L4 growth 

stage. After the worms were sterilized, they were treated with the probiotics, and 

monitored to determine whether they could reproduce (lay eggs), and if the progeny 

could survive until they reach L4 stage of the second generation. 

As shown in Table 1 and Figs 2-7, the worms and their progeny survived for 51 hours in 

the presence of different B. longum concentrations due to contamination with E. coli 

OP50. 

Treatment with Gentamicin sulfate 

Since we had contamination in all plates on the previous experiment; we decided 

to add antibiotic to the plates and also to the sterilizing buffer, and treat the worms with 

higher concentration of the probiotic (10mg/0.025ml) (71).  

 As described in Table 2, we collected L4 growth stage worms and washed them 

for 30 minutes with M9 buffer with or without Gentamicin sulfate—a broad spectrum 

antibiotic that inhibits growth of Gram-negative microorganisms (notably E. coli OP50), 

but not the Gram-positive probiotics. The L4 growth stage worms treated with 

(10mg/25µl) of B. longum on modified NGM and regular NGM with and without 

Gentamicin. Observation for 51 hours showed that worms sterilized without Gentamicin 
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and treated on modified NGM plates, also without Gentamicin, were contaminated with 

OP50; in same manner, sterilizing the worms with Gentamicin-containing M9 buffer but 

on treated on plates of NGM without Gentamicin ended with the worms reaching the L4 

growth stage, but the plate was contaminated with OP50. On the other hand, the worms 

sterilized with Gentamicin-containing M9 buffer and treated on NGM plates with 

Gentamicin were not contaminated, thus they did not reach L4 stage.   

Effect of sterilization periods  

We attempted to see if sterilization duration affects incidences of OP50 

contamination; so, we washed L4 growth stage worms with M9 without Gentamicin, M9 

containing Gentamicin, M9 containing 70% Ethanol or S. complete for three different 

periods of time (5, 30, and 60 minutes), then the worms placed on NGM plates. 

Observation for the worms that washed with Ethanol shows that all worms dead, while 

observation for 28 hours for the worms that washed with other media shows that all 

plates obtained contamination with OP50.  

Effect of sterilization medium 

Since the sterilization period did not effect OP50 contamination, we checked if 

the type of sterilizing buffer would have effects. We washed the worms with MRS 

without Gentamicin for 30 minutes and these worms treated with 10mg/25µl of B. 

longum on plates of modified NGM without Gentamicin. Observation for 28 hours 

confirms that these plates obtained contamination with OP50. 

Changing the collecting growth stage and the incubation temperature 

In all experiments mentioned above the worms treated with B. longum at L4 

growth stage and incubated at 20o C. 

In Table 3, the growth stage of the collected worms have been changed and the 

incubation temperature as well. So we collected L1 growth stage worms and sterilized 

them using Gentamicin-containing M9 buffer for 30 minutes, these worms treated with 
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10mg/0.025ml B. longum on plates of modified NGM with and without Gentamicin and 

incubated at 25o C. Observation for 51 hours showed that the worms treated on plates 

with Gentamicin did not grow (see figures 8, 9). While the worms treated on plates 

without Gentamicin reached adult stage and they lay eggs and with constant observation, 

the eggs hutched and reached the L4 stage of the second generation, but these plates were 

contaminated with OP50 (figures 10, 11). Worms fed with OP50 used as control (see 

figures 12, 13). Microscopy images were taken for 51 hours of incubation to observe the 

growth stage of the worms. 

Feeding the worms with L. casei 

To conclude, the results that we included from the experiments we accomplished 

with B. longum we fed the worms with L. casei at two different stages of the worm’s 

growth stage. So worms at L4 growth stage have been sterilized by using Gentamicin-

containing M9 medium and placed on 10mg/25µl of L. casei-containing mNGM plates 

which were treated with Gentamicin. The incubation temperature was 20o C. Observation 

shows that all worms dead after one day of feeding. We obtain same results when we 

changed the growth stage of the worms that had been fed into L1 growth stage and the 

incubation temperature into 25o C. 

Mixing probiotics with OP50 on modified NGM plates with Gentamicin by using 

minimum ratio of OP50 

To determine if the worms can live with a little amount of OP50, we mixed 

20mg/0.025ml of each cell: B. longum and OP50 in different ratios (50:50, 60:40, 70:30, 

80:20, 90:10, 95:5). L1 stage of C. elegans were sterilized four times with Gentamicin-

containing M9 buffer then transferred into mNGM-containing Gentamicin plates and fed 

with 25µl of the mixture as a palette which is placed in the center of each plate, or spread 

into mNGM-containing Gentamicin plates. In both cases the observation within 5 days 

shows that the worms eat the food and they grown and laid eggs and hutch, besides the 
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new generation grown as healthy (figures 14-18). 

Feeding C. elegans with high concentration of B. longum 

By increasing the concentration of B. longum into 20mg/0.025ml (14.5 × 109 

CFU/ml) we wanted to determine if L1 stage worms will be eating the probiotics. We 

perform this experiment by displayed 3 sets and each set composed of 6 mNGM-

containing Gentamicin plates, 3 plates B.logum transferred as palette in the center and 

another 3 B. longum spread over the plates. Within 5 days, the worms eat the probiotics 

by checking the pharyngeal pumps.  In regards to the contamination with OP50 on the 

feeding plates, we checked the growth of OP50 by transferring one full loop of the food 

into LB broth, incubated at 37o C in the shaking incubator; upon checking the optical 

density at 600 nm, there were no grow of OP50.  All observations indicated that the 

worms ate the B. longum; in all plates, the worms reached L4 to adult stages with some 

eggs, but there were no hutches observed. 

Feeding in Liquid media: with B. longum 

In the solid media and by increasing the concentration of the probiotics, we found 

out that the worms lay eggs but the eggs never hutch. To investigate whether the eggs 

will hutch and the second generation grow as it should be we fed them in a liquid media. 

Observation of the worms that been fed with 14.5 × 109 CFU/ml B. longum for 5 days 

shows that the worms grow to an adult growth stage. The results of the daily B. longum 

amount checks were: 11.6 × 104, 10.9 × 104, 22.7× 102, 5.9 × 101, and 4.8 × 101 CFU/ml. 

Checking of the pH at the first day was 6 and 5.5 for the following days.  

Constant observation within next 4 days shows that the adult worms Laid eggs 

and hutch, and the second generation stopped growing over L2 growth stage. After this 

stage, we compared the effects of adding 5µl of 14.5 × 109 CFU/ml of each cell (live B. 

longum, live OP50 and dead OP50) to the media, live B. longum and dead OP50, shows 

that the worms will not grow anymore, while live OP50 demonstrates that the worms 
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grow into adult stage and the constant observation shows that the adult worms kept their 

life style as it should be.  

Feeding in Liquid media: with L. casei 

To determine if the worms will eat L. casei we fed them with 14.5 × 109 CFU/ml 

of live or dead L. casei, observation after one day of feeding shows that all worms fed 

with live L. casei dead, constant checking of pH at first day was 6 and start increasing 

until its reach 8 at day five. The worms fed with dead L. casei grows properly and they 

reach adult growth stage and laid eggs and hutch, the second generation grows until they 

reach L2, then they fed with live OP50 and grows as healthy as it should be. 

Amount of B. longum inside the gut 

In terms of checking the amounts of B. longum inside the gut of the worms after 

they had eaten B. longum. By checking the number of the colonies it shows that worm gut 

contained18. 6 × 106 CFU/ml of B. longum and that number is similar to human small 

intestine, in addition there were no OP50 detected. 
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CHAPTER IV 
 
 

DISCUSSION 
 
 

Previous studies have shown that gut microbiota influences obesity through the 

consumption of calories and utilization of energy. For instance, conventionalized mice 

were shown to have a higher body weight in comparison to germ-free mice on the same 

diet, with changes in nutrient absorption and some metabolic functions (22-23).  

Probiotic strains from both genera Lactobacillus and Bifidobacterium, specifically 

L. casei and B. longum, were chosen due to their existence as probiotics in nutrients and 

supplements, because of their affect on the gut microbiota found in previous research 

conducted in our laboratory, and because B. longum is a resident in the adult gut (54). 

The Lactobacillus sp. belongs to phylum Firmicutes, which has been shown in both mice 

and humans to be associated with obesity. On the other hand, Bifidobacterium sp. 

belongs to the phylum Actinobacter, which has not yet been proven to be connected to 

obesity. Escherichia coli, a food source for C. elegans, belongs to the phylum 

Proteobacteria.  

C.elegans is a suitable model for understanding and studying the effects of 

obesity since they have conserved genes and their genomes are similar to those of the 

human genome. In addition, they have other features such as a short and reproducible life 

span; this allows the researcher to retrieve data in a short period of time which proves 

extremely useful in such methodical studies. Also, C. elegans entirely genomaps; which 

is helpful to study mechanism by knockout or knockin genes. These nematodes are also 

variety of people and universities We aimed to confirm our previous result using 
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C. elegans as a model to study the effect of probiotics on obesity, since many of the 

regulators of lipid homostasis in mammals serve similar functions in C. elegans as 

nuclear receptor, lipid transporter genes inexpensive and the experiment techniques are 

simple, making them suitable models for aand peptide related pathway, and last but not 

least, their transparent bodies that directly visualize triglyceride deposition using the 

method of staining. C. elegans is thus a promising model for determining the effects of 

probiotics in vivo. 

In conclusion, the results from our study suggest that C. elegans in no way 

capable of existing on live L. casei, neither on the liquid nor on the solid media, possibly 

of adverse effects of metabolic end products. Many lactobacilli are unusual in that they 

operate by homofermentative metabolism; (they produce only lactic acid from sugars) in 

contrast to heterofermentative; (which can produce either alcohol or lactic acid from 

sugars). Moreover the worms eat live B. longum on contamination free liquid media to 

investigate the effect of B. longum; additionally we successfully counted the amount of B. 

longum inside their gut; which shows that the worm’s gut contained B. longum at 

numbers similar to human small intestine, with no OP50 detected.  

Worms grew successfully and appeared normal with high concentration of B. 

longum due to several causes that include nutrition or quorum sensing; because for 

quorum sensing the worms need enough number of bacteria, and the second generation 

stopped at L2 growth stage perhaps because they required a specific metabolite chemicals 

provided in OP50. 

The data we collected from this research will be helpful if the method can be 

further developed for more microorganisms (monocolonization or multicolonization), and 

established as general protocol that can be adapted to more bacteria for any investigator, 

and also we having a suitable model to study fat storage and related mechanisms. 
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Figure 1: C. elegans life cycle at 22˚C, by Altun and Hall. 
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NGM OP50 20 L4 S.C - 30 B. longum 6 S.C NGM - L42 20 
NGM OP50 20 L4 S.C - 30 B. longum 10 S.C NGM - L42 20 
NGM OP50 20 L4 S.C - 30 B. longum 15 S.C NGM - L42 20 

Note: L42 denotes second generation. 
 
Table 2: Treatment with Gentamicin sulfate 
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NGM OP50 20 L4 M9 - 30 B. longum 10 M9 mNGM - L42 20 
NGM OP50 20 L4 M9 Gn 30 B. longum 10 M9 NGM Gn L42 20 
NGM OP50 20 L4 M9 Gn 30 B. longum 10 M9 NGM - L42 20 

Note: L42 denotes second generation. 
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Table 3: Changing the collecting growth stage and the incubation temperature 
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NGM OP50 20 L1 M9 Gn 30 B. longum 10 M9 mNGM Gn L4 25 
NGM OP50 20 L1 M9 Gn 30 B. longum 10 M9 mNGM - L4 25 
NGM OP50 20 L1 M9 Gn 30 OP50 10 M9 mNGM Gn L4 25 

 
Table 4: Feeding C. elegans with high concentration of B. longum 

Growth and 
Maintenance Sterilization Food Source Probotic Treatment 
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NGM OP50 20 L1 M9 Gn 20 B. longum 20 M9 mNGM Gn L4 25 
NGM OP50 20 L1 M9 Gn 20 L.cacei 20 M9 mNGM Gn L4 25 
NGM OP50 20 L1 M9 Gn 20 OP50 20 M9 mNGM Gn L4 25 

Note: * to L4 in hours. 
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Figure 2: C. elegans in eggs, L1 and adult stages. 6 mg/ml B. longum placed on the 
center of NGM plate, the worms were transferred as L4 stage of the first generation. 
There are OP50 growing. The image was taken after 51 hours of the worms transferring. 

	  

	  
Figure 3: C. elegans in eggs, L1 and adult stages. 6 mg/ml B. longum spread on NGM 
plate, the worms were transferred as L4 stage of the first generation. There are OP50 
growing. The image was taken after 51 hours of the worms transferring. 
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Figure 4: C. elegans in eggs, L1 and adult stages. 10 mg/ml B. longum placed on the 
center of NGM plate, the worms were transferred as L4 stage of the first generation. 
There are OP50 growing. The image was taken after 51 hours of the worms transferring. 
	  

	  
Figure 5: C. elegans in eggs, L1 and adult stages. 10 mg/ml B. longum spread on NGM 
plate, the worms were transferred as L4 stage of the first generation. There are OP50 
growing. The image was taken after 51 hours of the worms transferring. 
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Figure 6: C. elegans in eggs, L1 and adult stages. 15 mg/ml B. longum placed on the 
center of NGM plate, the worms were transferred as L4 stage of the first generation. 
There are OP50 growing. The image was taken after 51 hours of the worms transferring. 
	  

	  
Figure 7: C. elegans in eggs, L1 and adult stages. 15 mg/ml B. longum spread on NGM 
plate, the worms were transferred as L4 stage of the first generation. There are OP50 
growing. The image was taken after 51 hours of the worms transferring. 
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Figure 8: C. elegans as L1 growth stage. 10 mg/0.025µl B. longum placed on the center 
of mNGM/Gn plate, the worms were transferred as L1 stage of the first generation. There 
are no OP50 growing. The image was taken after 51 hours of the worms transferring 
(1X). 
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Figure 9: C. elegans as L1 growth stages. 10 mg/0.025ml B. longum placed on the 
center of mNGM/Gn plate, the worms were transferred as L1 stage of the first generation. 
There are no OP50 growing. The image was taken after 51 hours of the worms 
transferring (4X). 
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Figure 10: C. elegans in eggs and adult stages. 10 mg/0.025ml B. longum placed on the 
center of mNGM plate, the worms were transferred as L1 stage of the first generation. 
There are OP50 growing. The image was taken after 51 hours of the worms transferring 
(1X). 
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Figure 11: C. elegans in eggs and adult stages. 10 mg/0.025ml B. longum placed on the 
center of mNGM plate, the worms were transferred as L1 stage of the first generation. 
There are OP50 growing. The image was taken after 51 hours of the worms transferring 
(4X). 
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Figure 12: C. elegans in eggs and adult stages. 10 mg/0.025ml OP50 placed on the 
center of mNGM/Gn plate, the worms were transferred as L1 stage of the first generation. 
There are OP50 growing. The image was taken after 51 hours of the worms transferring 
(1X). 
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Figure 13: C. elegans in eggs and adult stages. 10 mg/0.025ml OP50 placed on the 
center of mNGM/Gn plate, the worms were transferred as L1 stage of the first generation. 
There are OP50 growing. The image was taken after 51 hours of the worms transferring 
(4X). 
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Figure 14 A: 50:50 B. longum: OP50 on mNGM/Gn plate, C. elegans in eggs and 
adult stages of second generation. 20 mg/0.025ml of the cells mixture placed on the 
center of the plate, the worms were transferred as L1 stage of the first generation. There 
are OP50 growing. The image was taken after 5 days of the worms transferring (1X). 
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Figure 14 B: 50:50 B. longum: OP50 on mNGM/Gn plate, C. elegans in eggs and 
adult stages of second generation. 20 mg/0.025ml of the cells mixture placed on the 
center of the plate, the worms were transferred as L1 stage of the first generation. There 
are OP50 growing. The image was taken after 5 days of the worms transferring (2X). 
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Figure 14 C: 50:50 B. longum: OP50 on mNGM/Gn plate, C. elegans in eggs and 
adult stages of second generation. 20 mg/0.025ml of the cells mixture placed on the 
center of the plate, the worms were transferred as L1 stage of the first generation. There 
are OP50 growing. The image was taken after 5 days of the worms transferring (4X). 
	  



38 

	  

	  
Figure 14 D: 50:50 B. longum: OP50 on mNGM/Gn plate, C. elegans in eggs and 
adult stages of second generation. 20 mg/0.025ml of the cells mixture spread on the 
plate, the worms were transferred as L1 stage of the first generation. There are OP50 
growing. The image was taken after 5 days of the worms transferring (1X). 
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Figure 14 E: 50:50 B. longum: OP50 on mNGM/Gn plate, C. elegans in eggs and 
adult stages of second generation. 20 mg/0.025ml of the cells mixture spread on the 
plate, the worms were transferred as L1 stage of the first generation. There are OP50 
growing. The image was taken after 5 days of the worms transferring (2X). 
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Figure 14 F: 50:50 B. longum: OP50 on mNGM/Gn plate, C. elegans in eggs and 
adult stages of second generation. 20 mg/0.025ml of the cells mixture spread on the 
plate, the worms were transferred as L1 stage of the first generation. There are OP50 
growing. The image was taken after 5 days of the worms transferring (4X). 
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Figure 15 A: 60:40 B. longum: OP50 on mNGM/Gn plate, C. elegans in eggs and 
adult stages of second generation. 20 mg/0.025ml of the cells mixture placed on the 
center of the plate, the worms were transferred as L1 stage of the first generation. There 
are OP50 growing. The image was taken after 5 days of the worms transferring (1X). 
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Figure 15 B: 60:40 B. longum: OP50 on mNGM/Gn plate, C. elegans in eggs and 
adult stages of second generation. 20 mg/0.025ml of the cells mixture placed on the 
center of the plate, the worms were transferred as L1 stage of the first generation. There 
are OP50 growing. The image was taken after 5 days of the worms transferring (2X). 
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Figure 15 C: 60:40 B. longum: OP50 on mNGM/Gn plate, C. elegans in eggs and 
adult stages of second generation. 20 mg/0.025ml of the cells mixture placed on the 
center of the plate, the worms were transferred as L1 stage of the first generation. There 
are OP50 growing. The image was taken after 5 days of the worms transferring (4X). 
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Figure 15 D: 60:40 B. longum: OP50 on mNGM/Gn plate, C. elegans in eggs and 
adult stages of second generation. 20 mg/0.025ml of the cells mixture spread on the 
plate, the worms were transferred as L1 stage of the first generation. There are OP50 
growing. The image was taken after 5 days of the worms transferring (1X). 
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Figure 15 E: 60:40 B. longum: OP50 on mNGM/Gn plate, C. elegans in eggs and 
adult stages of second generation. 20 mg/0.025ml of the cells mixture spread on the 
plate, the worms were transferred as L1 stage of the first generation. There are OP50 
growing. The image was taken after 5 days of the worms transferring (2X). 
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Figure 15 F: 60:40 B. longum: OP50 on mNGM/Gn plate, C. elegans in eggs and 
adult stages of second generation. 20 mg/0.025ml ml of the cells mixture spread on the 
plate, the worms were transferred as L1 stage of the first generation. There are OP50 
growing. The image was taken after 5 days of the worms transferring (4X). 
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Figure 16 A: 80:20 B. longum: OP50 on mNGM/Gn plate, C. elegans in eggs and 
adult stages of second generation. 20 mg/0.025ml of the cells mixture placed on the 
center of the plate, the worms were transferred as L1 stage of the first generation. There 
are OP50 growing. The image was taken after 3 days of the worms transferring (1X). 
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Figure 16 B: 80:20 B. longum: OP50 on mNGM/Gn plate, C. elegans in eggs and 
adult stages of second generation. 20 mg/0.025ml of the cells mixture placed on the 
center of the plate, the worms were transferred as L1 stage of the first generation. There 
are OP50 growing. The image was taken after 3 days of the worms transferring (2X). 
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Figure 16 C: 80:20 B. longum: OP50 on mNGM/Gn plate, C. elegans in eggs and 
adult stages of second generation. 20 mg/0.025ml of the cells mixture placed on the 
center of the plate, the worms were transferred as L1 stage of the first generation. There 
are OP50 growing. The image was taken after 3 days of the worms transferring (4X). 
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Figure 16 D: 80:20 B. longum: OP50 on mNGM/Gn plate, C. elegans in eggs and 
adult stages of second generation. 20 mg0.025ml of the cells mixture spread on the 
plate, the worms were transferred as L1 stage of the first generation. There are OP50 
growing. The image was taken after 3 days of the worms transferring (1X). 
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Figure 16 E: 80:20 B. longum: OP50 on mNGM/Gn plate, C. elegans in eggs and 
adult stages of second generation. 20 mg/0.025ml of the cells mixture spread on the 
plate, the worms were transferred as L1 stage of the first generation. There are OP50 
growing. The image was taken after 3 days of the worms transferring (2X). 
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Figure 16 F: 80:20 B. longum: OP50 on mNGM/Gn plate, C. elegans in eggs and 
adult stages of second generation. 20 mg/0.025ml of the cells mixture spread on the 
plate, the worms were transferred as L1 stage of the first generation. There are OP50 
growing. The image was taken after 3 days of the worms transferring (4X). 
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Figure 17 A: 90:10 B. longum: OP50 on mNGM/Gn plate, C. elegans in eggs and 
adult stages of second generation. 20 mg/0.025ml of the cells mixture placed on the 
center of the plate, the worms were transferred as L1 stage of the first generation. There 
are OP50 growing. The image was taken after 5 days of the worms transferring (1X). 
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Figure 17 B: 90:10 B. longum: OP50 on mNGM/Gn plate, C. elegans in eggs and 
adult stages of second generation. 20 mg/0.025ml of the cells mixture placed on the 
center of the plate, the worms were transferred as L1 stage of the first generation. There 
are OP50 growing. The image was taken after 5 days of the worms transferring (2X). 
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Figure 17 C: 90:10 B. longum: OP50 on mNGM/Gn plate, C. elegans in eggs and 
adult stages of second generation. 20 mg/0.025ml of the cells mixture placed on the 
center of the plate, the worms were transferred as L1 stage of the first generation. There 
are OP50 growing. The image was taken after 5 days of the worms transferring (4X). 
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Figure 17 D: 90:10 B. longum: OP50 on mNGM/Gn plate, C. elegans in eggs and 
adult stages of second generation. 20 mg/0.025ml of the cells mixture spread on the 
plate, the worms were transferred as L1 stage of the first generation. There are OP50 
growing. The image was taken after 5 days of the worms transferring (1X). 
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Figure 17 E: 90:10 B. longum: OP50 on mNGM/Gn plate, C. elegans in eggs and 
adult stages of second generation. 20 mg/0.025ml of the cells mixture spread on the 
plate, the worms were transferred as L1 stage of the first generation. There are OP50 
growing. The image was taken after 5 days of the worms transferring (2X). 
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Figure 17 F: 90:10 B. longum: OP50 on mNGM/Gn plate, C. elegans in eggs and 
adult stages of second generation. 20 mg/0.025ml of the cells mixture spread on the 
plate, the worms were transferred as L1 stage of the first generation. There are OP50 
growing. The image was taken after 5 days of the worms transferring (4X). 
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Figure 18 A: 95:05 B. longum: OP50 on mNGM/Gn plate, C. elegans in eggs and 
adult stages of second generation. 20 mg/0.025ml of the cells mixture placed on the 
center of the plate, the worms were transferred as L1 stage of the first generation. There 
are OP50 growing. The image was taken after 5 days of the worms transferring (1X). 
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Figure 18 B: 95:05 B. longum: OP50 on mNGM/Gn plate, C. elegans in eggs and 
adult stages of second generation. 20 mg/0.025ml of the cells mixture placed on the 
center of the plate, the worms were transferred as L1 stage of the first generation. There 
are OP50 growing. The image was taken after 5 days of the worms transferring (2X). 
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Figure 18 C: 95:05 B. longum: OP50 on mNGM/Gn plate, C. elegans in eggs and 
adult stages of second generation. 20 mg/0.025ml of the cells mixture placed on the 
center of the plate, the worms were transferred as L1 stage of the first generation. There 
are OP50 growing. The image was taken after 5 days of the worms transferring (4X). 
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Figure 18 D: 95:05 B. longum: OP50 on mNGM/Gn plate, C. elegans in eggs and 
adult stages of second generation. 20 mg/0.025ml of the cells mixture spread on the 
plate, the worms were transferred as L1 stage of the first generation. There are OP50 
growing. The image was taken after 5 days of the worms transferring (1X). 
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Figure 18 E: 95:05 B. longum: OP50 on mNGM/Gn plate, C. elegans in eggs and 
adult stages of second generation. 20 mg/0.025ml of the cells mixture spread on the 
plate, the worms were transferred as L1 stage of the first generation. There are OP50 
growing. The image was taken after 5 days of the worms transferring (2X). 
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Figure 18 F: 95:05 B. longum: OP50 on mNGM/Gn plate, C. elegans in eggs and 
adult stages of second generation. 20 mg/0.025ml of the cells mixture spread on the 
plate, the worms were transferred as L1 stage of the first generation. There are OP50 
growing. The image was taken after 5 days of the worms transferring (4X). 
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