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Objectives Results

Introduction

. . : _ _ _ o _ _ | _ After isolating the DNA and performing bisulfite conversion,
1. Grow and subject different cell lines to Carbon  Carbon Black (CB) is an ultrafine nanoparticulate, 20-50 nm in size, that is a pollutant produced by the combustion of fossil fuels. CB is small enough to be suspended DNA was treated with various primer pairs in order to

Black nanoparticle stress. in th_e air_of poIIuteq environments.” In 2017, over 1600 nano-part_iculate containing Consume_r_pro_jects were registerec;l in the global market.* Nanoparticula’ses plague amplify different promoter regions. Of the ten genes
2. Use bisulfite conversion to detect methylation our lives in many different ways. The production of coal, quartz, diesel production, and the utilization of asbestos provides constant exposure to these ultrafine analyzed, NRP1 and NHIP showed amplification of
' nanoparticulates.® When inhaled, CB’s minute size allows it to enter the body and enter into the cellular cytosolic space via transmembrane transport.? Cellular

: _ _ 2 _ _ _ _ _ _ promoter DNA regions after bisulfite treatment. Below is a
accumulation of CB nanoparticulates have been shown to induce decreased cell division, stress signaling, pro-inflammatory signaling and apoptosis.

representative gel of PCR amplification of the NHIP and
In some cases, nanoparticles have been shown to | Transcription can be regulated in many ways, one of ~ NRP1 promoter. There were three replicates (lanes 2-11;

of cytosines in purified genomic DNA
3. PCR amplify promoter regions of ERSEs and

confirm amplification through polymerase induce the unfolded protein response (UPR), an those being DNA methylation on cytosine, which can ~ 12-19 and 22-23; and 24-33) consisting of amplified DNA
chain reaction (PCR) for use in sequencing adaptive and potentially apoptotic signal emerging alter promoter activity.* Promoter regions are found from 5 different treatments. These five treatments were
applications_ from the endoplasmic reticulum (ER). In this process, withtin all gefrlﬁs ?_ndt are ussu(e:llli/ chated :r?o|_1t'000' bp g/l6oc2:l;)+ g-é45zg £253A21:-(1637 214(;215; C2:8852%)(4E355113(_)1(58 .
: cellular stress can result in the accumulation of upstream of the first exon.® Cytosine methylation is ~2l), - -5 10-115 Zo-29), -9,
4. Analyze methylation changes (?f ERSE . misfolded proteins in the endoplasmic reticulum (ER). associated with decreased expression of a gene. 18-19; 30-31), and CB100 + 5-Aza (10-11; 22-23; 32-33).
promoters by Sanger Sequencing, looking at Consequently, the cell initiates a response through Studies have previously focused on the interplay After running the gels at 74 volts and 65 mAmps for 97
the differences of methylation on CpG sites. various pathways (IRE1, ATF6, PERK) to aid in proper between the UPR and chromatin changes as it minutes, results indicated that the primer pair of NRP1 [1]
protein folding. Germane to this process is the related to cancerous cells and numerous other was successful and amplified correctly as indicated by a
F h D . . activation of various pro-survival genes found within diseases as well as how nanoparticles induce ER 244 bp band as predicted by the amplicon (Figure 7).
t t the nucleus of the cell. However, if the cell is stress.>° However, studies have not aimed at s
u r e r I reC IO n S subjected to chronic UPR stress, pro-apoptotic understanding the role of DNA methylation as it A e o
signaling cascades will begin transcription of relates to CB-induced stress. Our hypothesis is
|. Use the same process to amplify the remaining 25 pro-apoptotic genes leading to cell death. Clearly that CB induces epigenetic modification of - E
primer pairs, using higher concentrations of isolated gene transcription in the nucleus is a central mediator promoter elements for stress response genes g ot
DNA. of the URP signaling response pathway, yet the role of _ | o | | through the process of DNA Methylation. — —
Il. Produce more replicates for each treatment with each  epigenetic regulation on this process has not been Figure 1. Na{;‘;ﬁi;t;?('ﬁfo‘;a;r('f:'uafv‘?vt:.ea‘rﬁ Eri?;’pt;ﬁ?)ﬁgt;‘eenee?ress"’” ane - s ;
primer pair in order to discover methylation changes ~ studied in detail. =3 .
rather than methylation variation at different C-G g“’ i - - - - -
sites. s -

lll. Introduce lllumina Sequencing to enhance
understanding of CB-induced stress related

Figure 7. (A) Part one of the gel, replicate 1 (2-11) show successfully amplified NRP1 gene (244
bp product) in wells 5 and 7. Replicate 2 (12-19; 22-23) shows amplified bands in well 13, 15, and
19. (B) Part two of the gel. Replicate 3 (24-33) shows a successfully amplified band at well 31.

methylation patterns at the singular strand level. y m WM OB % W W @ § W m w
IV. Treat LUHMES neurons and other cell types to see if 1. Growth and Treatment of Cells: Two cell types were selected for the study of this topic: LUHMES o B. =Semeang - s e - i
gene expression changes in various other cell types neurons and THP1 macrophages. Cell types were selected due to previous literature suggesting the
and illuminate whether each response is cell specific effect of CB nanoparticles on cellular stress of mouse offspring.” As a result, human cell lines were : i
or general across most cell types. used for the subsequent experiments to further illuminate the effect of CB on these cells in humans. -4 w
V. Use fluorescence microscopy to study organelle Treatments were prepared using different dosages of CB100 as well as a DNA Methyl-Transferase s -
morphology changes when exposed to CB stressors. Inhibitor (DNMT,). Figure 2 B
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e e e e 2. Design of Primers to Interrogate CpG Sites:
‘ A 44— llllllllllllllllll UCSC Gones (RefSoq. GonBark, GEDS, Fam, ARG & Compasave Goromics) ‘ T )
‘N m — — - 0 understand gene expression, a set of 10 genes o _
Ckn OWI ed g e e n tS S;qgggg%gccﬁé\F;;CCCGA(;G;GAQOGZACA&ACA&?GAGA?;2(C;?CCEGT;%?;CCTTGGGCG M;:P”mefs'ze M::-P“mefs'ze were Selected based on the presence Of ERSE mOtlfS AN Sanger SequenC|ng IS a methOd Used to ascertain
ey e e (High G-C content) within their promoter regions. the nucleotide sequence of a sample of DNA. It
T GAGATOGCACOMETTTOXCTECBATECTCTERE Further, these genes were sorted into five categories: Eg:r?eﬁt (('?)hﬁ)gféir%ngéegémuzct; ff?jgg118?)”35/i?nh|_t)a?§)rTHP1 fﬁnnOt tell yOl]Jc S;[lrand b?’ Strgnd but can give you
NSF Grant: DBI-1 950350 giﬁégg(CJ2gEGG%GA@gg%io@iii%iga?ggfgL%CCGC%iiziiiﬁg - . - ER Stresss general Slgna“ng’ OXIdatlve StreSS, cells 24 hours afte;' treatment 1-|V|(’)Ck 2-CB 50 u /mi_ 3-CB e average ora Samp ©S. anger SequenCIng
GCGTGCTCGCTCTGCACCCCTAGAGGGAGAGCTGGGCAGCTCCTGCAGGC Mode O Tiling @ Regular ( ’ 9 ’
e s i proteasome-related, and nanoparticle induced. 100 ug/m ) utilizes chain-terminating ddNTPs that illuminate
Dr. Frank Merritt and Family —— ” Promoter regions selected for amplification were E)“E'eb\r?”ﬂ% Véhe” trelated with Ia;erteﬁc![tatlon.l Our
(G N 1 O A 0 10 O A D SyntheSIzed by SeIeCted 800 bp ahead Of the fl rSt exon g I rea e S?]m p eS We_rf.fef Su JeC e 'O a CO lJImr']
Dr. Albert & Tove Boyajian DNA was processed by a bisulfite-specific primer clean-up and then sent o or sequencing analysis.
design tool by Zymo Research. The primers were bisulfite The chromatograph readout is shown _b?IOW
B, selected based on the amount of C-G’s found within o—O—& o— (F'gﬁrle 6). Byhstudylng each C-G site inferences on
the amplicon. Primers needed to be at least 26 bp’s in en methylation changes and variation can be
N size in order to account for loss of a base after —>— > —C—G assessed. Data was compiled into a table and
S ——— S —— bisulfite conversion. Primers were ordered as show that C-G SgeBS 2-6, 8-10, arE)dNR/?_?S'br:y 17-19
Forward TTTGATAGCAGATTGGGAGGAATAATTTT 253 29 59.3 - - - W 1t I I 1t
o TSRS R R 5 [roweee oligonucleotides. (Figure 3) are sensitive to CB dosage ancfl1 1 Inhibition.
A x Figure 4. Process of Coptr_astmgly, C-G sites 7 and 11-16 show no
' ) ; Bisulfite conversion. variation in response to CB amount and DNMT
inhibition. The table is shown below (Table 1).
[TTGTAATTGTTTGATAGGAGATTGGGAGIGAATAATTTTTTTTTICGAGTGTTTTTTTCGTTCATTTGTTTGTTTTTTTTAGAGATTTTG
a Ny T oot memecsacseen 3. Bisulfite Conversion Steps: Bisulfite Conversion is the process by which methylated cytosines can TTTC AGGGATTTTCGCGGGA] GGAAGGE [GAGTTT
be distinguished from unmethylated cytosines.® A combination of chemicals converts unmethylated T s —
. . . CpG
SURB Labmates (Madison and Jasmine) cytosines into uracils, while Iegving th)é methylated cytosines unchanged.® In this way, after P)E)R A I N . : - 7 I A
Figure 3. (A) Selection of 800 bps containing the NRP1 o _ ’ _ _ _ ' " | /T - /T _ ; Tth :
Daphne Green and Michael Kruel promoter. (B) Input and readouts of primer pairs of the bisulfite ampll_flcatlon,. unmet_hylated cytosm_es are cop\(erted into thymine an_d methylated cytosme bases | I iy ity | (| |
Sﬁrﬂirie;’nﬁ"?@ fg;k/jr:"tg“ggnafne;;;gce showing both the remain cytosines (Figure 4). By taking the original DNA and comparing, one can determine methylation il v T | e | me | o . A
- d | changes. i T
(hard to (demethyl
WO r kS C I te TTG 6CG CNTTC AsecaTTTTT P . . . . : . . i Sample 6 | N/A tell) C (mix) T(mix) |T (demethyl)| ) T T T
4. Analyzing Broad Methylation Variation: Sanger Sequencing was used on purified bisulfite e e T ) ) ) ) A
. . . . ampie
. converted DNA to understand broad methylation changes within a certain treatment of DNA. Treatments o ) } } T
Ma JYC, Ma JKH. The dual effect of the particulate and organic components of diesel exhaust particles on the alteration of pulmonary immune/inflammatory responses an . . . . ampie
me.t.aboclif: enzymes. jlou(:nai ojf”fEnvi;ffo:mSntal Siience gndgHealth PaI:ft C, Envifr(oinmelntatharcIi)nogeizesis &hEcoltoxicolog)f%elviews.r;OOZ;ZO(Z/):1f117—147. VP ‘ InCIUded MOCk, CB50, CB1 OO, and 5—Aza (a DN MT)_ By Compa rlng the Orlglnal Strands from the Samples
(2101.https.//d01.org/10.1081/GNC-120016202 ] ] | . ] . ] ] GTGTTAGT | TAGTTTATTTCGCG | GTTCGTTTT
Aam BB, Fonnum F. Carbon black particles increase reactive oxygen species formation in rat alveolar macrophages in vitro. Archives of Toxicology. 2006;81(6):441-446. Of dlffere nt treatments, One Can deCIDher broad methylat|0n Changes at dlffere nt CytOSIne-guanlne S|teS. GTGCGGGCGTCGGAGG AAGGGGCGCGGAGG |CGTAGGGT TGT GTATT
doi:https://doi.org/10.1007/s00204-006-0164-3 . . CpG
]33.ie.3rkandt FS,' Leibrock L, Wagener S, Laux P, Luch A. The impact of nanomaterial characteristics on inhalation toxicity. Toxicology Research. 2018;7(3):321-346. (Flgure 5) (Flgure 6) Island 11 12 13 14 15 16 17 18 19
doi:https://doi.org/10.1039/c7tx00242d
A];e.ichmann U Epigeneticsz'The F)rigins and evolution of a fashionable topic. Developmental Biology. 2016;416(1):249-254. 1 l_f 1 T-G-TGGGAAGGAAGGTGT TGGGAGTTTGTGTTTTGGTTGT GTGGGT GTG Sample 5 T T T T T T T T (busy) | T (could be C)
it ot 101016102016 0.0 e M L (11 h | 1 Bisulf C-G-CGGGAAGGAAGEGCETTEGGAGTTTGCGTTTCGGTCGCGTGGGTGCG S . ; . . . rgig‘;‘l’; rSigl;(l);) ¢ (ot releble
Dif:.ks N,.Guti'errez K, Michalak M, Bordignon V, Agellon LB. Endoplasmic Reticulum Stress, Genome Damage, and Cancer. Frontiers in Oncology. 2015;5. 1 f 1 T—G—TGGGAAGGAAGGTGTTGGGAGTTTGTGTTTTGGTTGT GTGGGT GTG
doi:https://doi.org/10.3389/fonc.2015.00011 i
?{.amos—Lopez O, Riezu-Boj JI, Milagro FI, Moreno-Aliaga MJ, Martinez JA. Endoplasmic reticulum stress epigenetics is related to adiposity, dyslipidemia, and insulin N m ﬁ I 2_f 1 T-G—CGGGAAGGAAGGT GTTGGGAGTTTGTGTTTTGGTTGT GTGGGT GTG Sample 6 1 1 T 1 1 1 N (weird) | € (weird) ¢
;e.sistance. Adipocyte. Published online March 23, 2018:1-6. doi:https://doi.org/10.1080/21623945.2018.1447731 % | S_f 1 TCGTCGGGAAGGAAGGTGTTGGGAGTTTGTGTTTTGGTTGCGTGGGTGTG Sample 2 T T . . . . T T T (ceally buss)
glrilsoii)a 1:, K:t(\);\t/:isljlskiinTE "l;sul;i/}éagla:;(, "l;zlfi(la Ij, Erﬁﬁzawgiﬁ.ti(iirll;;r)lorllﬂa;lopartif:les 1indugie? etrtldso.plazri)if reticulumsstresss a_roun_d b;OO(_i V:I/essels with accumulation of 6 f 1 C_G_T G G G AAG G AAG GT GTT GGG AGTTT GT GTTTT G GTT GT GT G G GT GT G T (less
m folded p he developing brain of offsp g..S. ifi .2020,10(').d .h'p.//d . g/lO..1038/41 98020664% | N A MBB&C L \QLMAAJ@Q@@MUM@ s N o T T T very | busy, some
Le NQK, Yapp EKY, Nagasundaram N, Yéh HY Clgsmf}{mg Prompters by Interpreting the Hldden Informatlon of DNA Sequences via Deep Learning and Combination of Ren— 70 40 £0 20 80 Sample 11 T T T T T T busy) Q) C
Continuous FastText N-Grams. Frontiers in Bioengineering and Biotechnology. 2019;7. doi:https://doi.org/10.3389/fbioe.2019.00305 . _ . _ .
%iagenode Bisulfite sequencing(Bis-Seq) - Bisulfite conversion - DNA Methylation | Diagenode. www.diagenode.com Figure 6. (A) BISUH-:Ite converted Sample 2 atsite 4 showmg demethylatlon . . . . . . . Table 1. Methylated and Unmethylated CpG Sites (19 sites). Sites with variation are hlghllghted in
hitps://www.diagenode.com/en/applications/dna-bisulfite-conversion Y T R (T-.G). (B) M_ethylatlon shqwn at site 5 (C-G) of sample 2. (C) Too much Fllgu_re 5. T-Coffee Allgnmclant.readc.)ut shOW|_ng ea.ch amplicon matcheq ywth the gxpected amplicon sequence ( * = matching sequences; yellow and orange. Sites 17-19 were hard to determine so conclusions are drawn with less confidence.
10. noise to decipher a base in sample 5. (D) Overall view of a chromatograph highlighted region = C-G site in which there is a difference from the original amplicon). Sample 5 was Mock + 5-Aza: Sample 1 and 6 was CB50 treated; Sample 2 was CB50 + 5-Aza treated;

Millipore Sigma. Sanger Sequencing Steps & Method. sigmaaldrich.com. Published 2023. Accessed July 17, 2023. with low noise
https://www.sigmaaldrich.com/US/en/technical-documents/protocol/genomics/sequencing/sanger-sequencing ' and Sample 11 was CB100 treated.
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