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Bacteria have been found in the most extreme environments on our planet, both in the m——— - e m— TP Through these tests, | have found not only heat resistant bacteria, but also bacteria that

. r . mper n r rmation . . . . . . . .
deepest depths of our oceans to the heights of our upper atmosphere. In my research, aeiena e wrestor | (only tostod for samples in| |t S|S|S|S|S| RIS |S thrive in the cold, and bacteria that are radiation resistant. By looking at the resulting
the focus was on the bacteria that have adapted to thrive in urban environments. Since Growth: | Glasgow) bMO RIR|S|S]S| RS |S information acquired from bacteria collection, numerous methods of testing, and
the discovery of thermophilic bacteria by Thomas D. Brock at Yellowstone National Park Leptothrix 37-45 |/ DMR S|S|[S|S|SsS| S |S|sS researching articles, there are important takeaways.
in the 1970s, a high interest in bacteria that can thrive in extremely high or varying Stenotrophomonas ~ |37-60 | At60°C BFVY S| RIRIRIS|I RIS |S _ _ _ ,
temperatures.Hot springs and geothermally heated waters are considered the ideal maltophilia BFY R|s|R|R|Ss| R | s |s The bacteria found on the outside of a saucepan, a UV light on a restaurant’s UV.hand |
environments for thermophilic bacteria. Cupriavidus 37-60  |At55°C and 60°C K R|ls|sl|s|R| s | s |s drygr, as well ads ona phqng battiry pack,fls k?owr;I as Stka?phylcc)lcoccdqs llva(ajemolytlgus. It is
_ Staphylococcus 37-60 At 60°C an invasive and opportunistic pathogen, often found on skin and medical devices in a

Technology today tends to have varying and P KR R|S|S|S|S|R|S|S - . Pb e pathogen, « . S

, , y S R IRl s RIS = s | s clinical setting. This bacteria, when infecting humans, causes sepsis, staph infection,
adjustable temperatures. Things such as water n 3765 | AL65°C coop : L : : :

! ermacoccus bacteraemia, and peritonitis. This bacteria grows at a wide range of temperatures, and
boilers, stovetops, and hand dryers are able to nishinomiyaensis BLB RIR|S|S]|S R S | S . . " : . .
drastically ch { { thi q _ _ — T s s s s 7 s s develops spores to protect itself from non-optimal conditions, displaying heat resistance.
AraE 'C? y e anghe emperatures wi N n S?COE ft Burkholderia mallel  |37-65 | At607C and 65°C o e e T T s e s An interesting thing to note is that this bacteria was found in areas of both Glasgow and

S acterle;: tc;an tahvebmatn y genera |(?tqs ![?] Sho ggggngmgas 3745 |/ the United States. Though it could become a serious threat when humans are infected,
am(_)un S OTtime, the bac e”? present in these . MY S I I O R S | S this bacteria is common and widespread, and can survive in a wide range of environments.
environments have evolved in order to adapt to Micrococcus luteus | 37-55 / uvsS R|R|s|s|s| R | s |s
natural environmental extremes as well as new Kocuria 3765 |/ VUV R|R|R|R|S|R | s |s Acinetobacter radioresistens is a particular bacteria of interest found through this research.
modern extremes in the environment and - Brevibacillus Brevis | 37-65 At 55°C, 60°C, and 65°C UVL s|s|s|R|s| R | s |s The bacteria is radiation resistant, and shows resistance to ionization radiation. lonizing
bacteria’s newer indoor environments. | = . _ Bacilvs oheriorm™ 13745 | At 37°C ang 45°C Total S 6 | 8 | 12|10 14| 3 | 15 | 15 radiation is the forms of radiation that have higher frequencies, such as X-rays, or
Factors that influence the way in which bacteria function are temperature, pH, osmolarity Boilis maberes 13758 / Total R o |l 7 1 3 | 5 | 1 2 1 o0 | o microwaves. This sample was found in a 1100W microwave at Ramapo College. Since
and even radiation. Bacteria have evolved by changing these types of factors to be more ,,, N . this radiation resistant bacteria is found in a microwave that uses ionization radiation, this

. . . Pantoea 25-45 / Table 4: M13 Antibiotic Assay for Gram Positive Bacterial Samples ) ] : ) .
suitable to their climates. agglomerans V14 (gram negative) Antibiotic Assay further supports the idea that bacteria are evolving along with urban advancing technology.

: . . . _ Not only are the heat resistant bacteria becoming more suitable for high temperature
Not all bacteria are harmful, but it is good to be aware of what we are up against. With Dlapfyiococaus 245 Sample: | AP | KF | CO | GM | S | ST | T (TS ony . . 9 . 9 P
e . R ominis environments, or the cold resistant bacteria adapting to stay in cold areas such as water
common methods of sterilization being centered around heat or radiation, it is important o . BRB'1 s|s|SsS|R|R|R| s |s . L . . .
. . .. . ryseobacterium | 25-37 / spouts, but bacteria are even able to survive in something with as much high frequency
in the future to think of new methods. It is important to get a better understanding of what takakiae BP R| s | s | s |s]| s | s |s " . : . .
o radiation as a microwave, to the point where it can live comfortably.
bacteria is found where, as well as what they can do and how they affect us. Chryseobacterium  |25-37 / uvyY R|R|R| S |SsS| R | s |s
taih . . . . . . T .
afense DMY R|R|R | s |s| s |s/|s With current sterilization methods primarily making use of heat or radiation, it would be
f;‘;’gg%‘?gfs"c“s 2545 |/ SM R|R|R|s|s|RrR|s]|R best to start exploring other options. Bacteria are constantly evolving in spite of new urban
_ Kebsiolla Y BRB4 R|R|S|R|R|R|R|R conditions arising, so it is important to create new sterilization methods to combat the
Meth OdS and Mate r|a|S: pneumoniae Vhd2 R| s | RrR|s|s| RrR ]| s |s rising strength of bacteria that can cause harm. Future testing will include a wider range of
*Testing performed at Microbiology labs at University of Glasgow and Ramapo College of New Azﬁetobatctef 25-95 / BRB6 R| R | R S | S| R | S |S temperatures, t.o see the full temperature.ranges at which each pacterla grow, as well as
Jersey radioresistens TomR | 71 5 1 51 21216 | 112 looking further into bacteria that have resistance to cold or radiation.
*Procedures were followed according to instruction by Dr. Sonya Taylor, Dr. Owen, and Dr. Olsen “For both Tables 4 and 5, the "R’ signifies that the bacteria was TotalS | 1 | 3 | 3 6 |6l 2 | 7 | &6
resistant to the antibiotic, and the “S” signifies that the bacteria was Ak
Types of Testing Performed: susceptible to the antibiotic. Table 5: M14 Antibiotic Assay for Gram Negative Bacterial Samples
- Collecting samples with use of cotton swab and distilled water

- Steaking samples onto plates

- Isolating the samples (samples were isolated twice at Ramapo College to be sure colonies
were isolated) " " .
- Endospore staining
- Differential media (Mannitol Salt, MacConkey, Sodium Azide Blood, Eosin Methylene Blue) Sample Name: | Bacteria Identified:
- Growth on media at the following temperatures (Glasgow): 37°C, 45°C, 55°C, 60°C 65°C, BRB1 Leptothrix
70°C BRB4 Stenotrophomonas maltophilia
- Growth on media at the following temperatures (Ramapo College): 25°C, 37°C, 45°C, 55°C BRB6 Cupriavidus
- Antibiotic Assay (different antibiotics depending on the sample (gram + or gram -)) P Staphylococcus haemolyticus
- PCR . . . _ BLB Dermacoccus nishinomiyaensis
- DNA Sequencing (samples sent to outside sources for nucleotide sequencing of 16s rRNA) BFW Burkholderia maller Figure 13: Sodium Azide Blood agar plates
- Use of BLAST for identification BFY Sphingomonas paucimobilis . _ o .
_ DiIUtiOn platlng Figure 17: Agarose Gel displaying samples (lane 7 is the ladder)
_ o . _ DMW Micrococcus luteus A k I d
- Database research on each identified sample and research through academic articles " P CKNowie gementS
DMO Dermacoccus nishinomiyaensis Sample: | Bacteria ldentified: Many thanks to Dr. Olsen for being my sponsor, working with me, and for providing
UVL Brevibacillus brevis F2SY Acinetobacter radioresistans strain K2NRBAOO003 resources and advice, so that this was all possible.
> uvy Kocuria ' ' ' :
/7 A wnsTaNG %‘ I P —m_— il Chryseobacterium taihuense strain AMY_6.1.1 | am also extremely thankful and grateful to have worked with Dr. Sonya Taylor and Dr.
i — F2w Klebsiella pneumoniae strain J41 Holt at University of Glasgow. Thank you for the resources and guidance through the
MW Staphylococcus haemolyticus HDRG Staphylococcus epidermidis strain JST6 many weeks working together.
Q M1Y Dermacoccus nishinomiyaensis . ; ] _ _ o
& y y LV1 Chryseobacterium takakiae strain ab5 Thank you to Dr. Xu for being my reader and helping me throughout this time.
LV?2 Staphylococcus hominis strain PRF50 Sy : . : :
‘ . - SM Dermacoccus nishinomiyaensis é A . _ . I'd like to thank Dr. Owen, and Professor Butryn for taking time out of their days to assist
" ot SY / Ma10 Bacillus niabensis strain £5.9 me with things such as DNA sequencing, and properly utilizing lab equipment.
. PHC Staphylococcus haemolyticus : : : : : :
| ¥ Vhd2 / ikt i Many thanks also to Caroline Benavides, Tanvi Deshmukh, Pooja Tewari, Hope Sabin,
—— NV Staphylococcus haemolyticus NYPF | Pantoea agglomerans strain Ns13 and Grace Massamillo. Even though we had different projects, I’'m honored and grateful
riqure 2: Streaiding Patier for lsolating Bactena riqure 14: Anfiiofi Assagai'?;“iv;?ia?ﬁiff Py and resistance fo PHC: Gram positive (%) Table 8: List of names of the bacterial samples sequenced in UK Table 9: List of names of the bacteria samples sequenced in U.S. to have worked alon93|de you allin Glasgow.




