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A group of genes from the microorganism Clostridium . CBO0001 _ CBO3572 v
botuli tated : th lab £ DNA Coordinates 1.1347 DNA Coordinates complement(3815884..3817110)
otuinum were_annolated. Using the collaborative-genome ¢ | Basic Information DNA Length 1347 bp ® Basic Information DNA Length 1227 bp o
annotation website GENI-ACT. The Genbank proposed gene | Amino Acid Sequence Length 448 aa _ | Amino Acid Sequence Length 408 aa | CBO1774
product name_for each gene was assessed in terms of the | CORSKS Bt oo okt | e i e e o
general genomic information, amino acid sequence-based | [Replication, recombination and repair] | Sequence-based Well conserved at the middle but not the beginning or | | | Basic Information DNA Length 1581 bp
Y : : : : Sequence-based T-Coff Wl 4 throuahout : L T-Coffee ) : Amino Acid Sequence Length 526 aa
similarity data, structure-based evidence from the amino acid | Similarity -Coffee _— e Conszrrﬁ trr?ug ou ! Similarity T td? e?hd ——— | U “ATPase components o ABC
. . I ery well conserve rougn amino acl I alrty well conservea in the miaaie put not the I B . .
sequence, and cellular |OC8|I.28’[IOI’1 (_jata' The Genbank i Web-Logo through amino acid 433. Not as well conserved in | | Web-Logo beginning or the end : COGS transporters with duplicated ATPase
proposed gene product name did not differ significantly from : the beginning and the end. : TIGREAMS 2_A_01_02: multidrug resistance protein, : Seq;?"_ﬁe'!:ased —ron - d_dc;r:nam_sEj > anf
: : ' TIGRFAMs DnaA: chromosomal replication initiator protein | ! 2A0115: MFS transporter, aromatic acid:H+ s ' imiiarity -Lofree €1 gonseveq | HiE middie/and tiex<nc.
the proposed gene annotation for each of the genes in the i TR Bac. DnaA: chromosomal replication nifiator | | Strtéc:;lr::z:sed S MFS,_1: transporter, maior faciltator family | Web-Logo Well conserved in the middle, but not at
group and as such, the genes appear to be correctly : SRS S HMM Logo Key Residues F7, F10, G13, P36, G44, G46, H49, Y69, F75, | | HMM Logo Key Residues G53,G60,R62,G96,G133W,150,F150,W210,Y233 | | the beginning or end.
annotated by the computer database. : Evidence D99, D104, D105, D138, P141, G158, R203 | | PDB no results l TIGRFAMs e
-------------------------------------------------------- ! Crystal structure of domain Ill from the | Cellular Transmembrane Helices 12 | protein _
I n t ro d u Cti on | PDB Thermotoga maritima replication initiation protein | | LocZIi:aat‘ion Signal Peptide none : PEAMS ABC_tran: ABC transporter, ATP-binding
| e | PSORTD Final Predicfion =Yloplasmic memorane | S""ecvtilgf;?fed HMM Logo Key Residues G18, G21, G23 iérzoziegﬂo G112, D133
g . . . I : I R i | ) y y ) y )
Clostiarum; botulingn'is a rOd-Shaped bacterium, mOStIy | Cellular Localization Transsri‘gelziolr:’aienpetig:"ces mg:: | Clostridium botulinum CBO3972: i — EttA binds to ribosome exit site and
fognd as spores, that pro_duces toxins .that causes f‘_)Od | PSORTD Final Prediction Cytoplasmic ' COG, TIGRFAM, and PFAM data support CBO3572 to be a carbohydrate | PDB regulates translation by restricting
poisoning. They tend to thrive and grow in places with litle | Clostridium boulinum CBO001 . transporter, possibly of the sugar arabinose. Membrane transport proteins | — foosome and (RTIA dynamice
. . I . | \ . . ' '
oxygen, and can lay dormant for a very long time due to their ' COG. TIGRFAM. PFAM and PDB data all e il “SEPTAL ' such as this usually contain many transmembrane helices. Cellular localization ! | cellular Localization Signal Peptide None
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hard, protective coating and their protective membrane | support CBOO001 to be a replication initiation s, .« aoe | ' data supports this prediction with the presence of 12 transmembrane helices. | PSORTb Final Prediction Cytoplasmic
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IayerS. These Dbacteria cause a condition known as | otein that begins the orocess of DNA FR”SDTLLPNEFHLESBYLi ELHJ’MLRK@ EL" PNEVMWA' i Due to the presence of many Ortho|ogs it can be inferred that this is a common | Clostridium botulinum CBO1774: <
botulinum, or more commonly, food poisoning. The i i)e ioation during hinar pfission Collular a6 LA kel protem in many different spemes of bacteria. - COG, TIGRFAM, PFAM, alnd PDB data support CBO1774 to be an ATP-binding
neurotoxins this bacterium produces are among one of the : I P P g . ty o tii . ool Wb 1 . Aol skt et ' cassette transporter protein (ABC transporter) belonging to a transport system
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most toxic in the world, and even a microscopic dosage can ' : ; | e ——_——_——_————_ superfamily. It most likely hydrolyzes ATP into ADP and utilizes the released
- -oP ' " resides in the cytoplasm where replication “TREMMEPUIRE] “bmMLEDE *z b plcvaoYFbiij*‘TEr bt Sl o o | P T y Aoy .
cause death or severe sickness. Neurotoxins are poisonous | . R I L ' energy to function and do its job. It can be found In the cytoplasm and data
- . would occur in the bacteria. Due to the G{iHMHuse s Flildieobe o modabfemtam 0 | B B - -
chemicals that deStrOy, paralyze, and has harmful effects on : hol . b e 1 that gL B o bl b Fa ol Misi"fug”'isg;!’rﬂp"ée f,;,--;3*&:;?;?&@;3“2?&2& : | Suggests that the protem IS g type of |mport protem that he|ps to transport
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the nerve tissues. It can be most commonly found in home- 1 Numerous ortho ?gg’ Itt ean et nierred 'Ia Gk AR et i Wi%lmwﬂslwwﬁ s bt ¢ b polaLL e | | | Hlik Wl «  various materials into cells.
canned foods, unrefrigerated salsa, baked potatoes in | i)rig?ginSvsi?ﬁlgssir(riiIaraft(inecrtl%ncon A R e bl o S i - zfll T T UL 57 ST T 14 11 Y W
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alumlm.Jm foll honey’. gaI'iIC. n oll, and poorly prepared fish. L . , | o \  Figure 3 — WebLogo data and TMHMM data for Clostridium botulinum CBO000 : BN PSS T Lﬁ” Y
They like more basic environments, so they will not be | Figure 1 - WebLogo data for Clostridium botulinum CBO0001 showing that the protein is very well conserved ' The Weblogo image on the left shows that the protein was fairly well conserved throughout the middle. The - ‘MUP‘LLLIP bt Figure 5 — Weblogo data_for
commonly found on acidic foods, such as tomatoes and most | from amino acid 121 through 433, | ﬁellllular localization data on the right from the TMHMM database shows the presence of 12 transmembrane | teeemmssseesszeeses il "T: &L[}r”:l?L ------ pval-iaaf ”%:;Dlweimfﬁi*‘ff SCrizislr;]ogu% atb(iiiiﬁnsgtei?gifei
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fruits. The effects of this poisoning can be disruption of the i T i CBO1389 . Lv“,,,m,i, ‘o Yote . . conserved in the middle, but then
nerve functions, nausea, blurred vision, trouble breathing, | DNA Coordinates 702029..702421 : DNA Coordinates 1512912..1513805 | et ek o notwgll conserved at the beginning
paralysis or death. The main cause of food poisoning i | | Basic Information - A'J_Z'g'-ength — ?gg bp | | Basic Information - AD_:/;'-ength - gg‘; bp L e b, mil R ALK
. . . I mIiNno ACI equence Leng dad ! mino ACI equence Leng dad I G y - k: T—_—T S
Improper hOme-Cannlng Of .fOOdS' If the prOceSS. IS done i COGS XRE- DNA-binding transcriptional regulator, XRE- i COGS No significant COG hit i """ 'z{':‘,.i. a'(s#' Wil .} M T BT Esersasesssens sseszszstracusssans
incorrectly, Clostridium botulinum and other bacteria present | | Sequence-based family HTH domain [Transcription]; : Sequence-based T.Coffee Well conserved at beginning and not well conserved | | “SafmsbSannitub, ©u by ngy il *‘QT“K
. . . - | imi i - | i |
during the canning process will be destroyed by the boiling | Similarity T-Coffee Well conserved throughout | Similarity at the middle or end B T D
_ _ ! Web-Logo Well Conserved throughout ! Web-Lodo Well conserved through 33-191 and not well | o
water and food, but the spores it produced will not be i TIGRFAMs couple_hipB: transcriptional regulator, y4m i d conserved from 192 on i CO“CIUSIO“
destroyed : ‘ = ' | Structure-based PFAMs HTH_3: DNA-binding helix-turn-helix protein | TIGRFAMs No TIGRFAMs given | _ :
| Evidence HMM Logo Key Residues 1, 11, R5, A16, G20, E30, G32, P36, 144,148 | ' | Structure-based PFAMs TPR_2: tetratricopeptide repeat . The GENI-ACT proposed gene product did not differ
| PDB . 30P9: Entity 1 containing Chain A | Evidence HMM Logo Key Residues (:58,620 . | S|gn|flcant|y from the proposed gene annotation for each of the
Colorized Scanning Electron Micrograph of Clostridium : Transmembrane Helices 1 : S e S IIEE] : in th d h th b
botuli ' | Cellular Localization Signal Peptide None : Transmembrane Helices 1 | genes In the group and as such, the genes appear to be
otulinum. l PSORTDb Final Prediction Cytoplasmic 1 | Cellular Localization Signal Peptide none t correctlv annotated bv the computer database.
. . | | | Yy Yy P
microbewiki.kenyon.edu : : PSORTbD Final Prediction Cytoplasmic :
! o , . ! iy . . I Gene Locus Geni-Act Gene Products Proposed Annotation
. Clostridium botulinum CBO0604: :. F LRK KN S@ELG L VSROT | Clostridium botulinum CBO1389: . . | CBOO000q1 | DnaA: chromosomal replication initiator | DnaA: chromosomal replication initiator
-------------------------------------------------------- i COG, TIGRFAM, PFAM. and PDB data NLiKLQLNR i BLAST results and PFAM data supports CBO1389 to be a tetratricopeptide i protein protein
MethOd S " support CBO0604 to be a transcriptional - - repeat motif protein. A structural motif is a protein that is a supersecondary i CBO0604 DNA-binding transcriptional regulator | DNA-binding transcriptional regulator
| ' regulator during gene expression. Although i SKWEiGE?TPEMEKi.\i AiSEEF-»\',SLDEi.VL | structure to a variety of proteins or nucleic acids. Although some of the cellular ' ggggz - ffab'm: efflux pomease | f\fab'”oi_: efflux pemesse
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Modules of the GENI-ACT (http.//WWW.genI-act.org/) were : some of the cellular localization data is AR EE O SRR L s E ' localization data is Conf“Ctmg, the PSORTD final predm’uon IS that this protem | o177 A:St”COpeprt' ezf:i. rZ?' protein A;?tr'COpepr: e;—?::ei' :?' protein
'~ 4 I 4 | . . . - | ransporter, -DINAING protein ransporter, -DINAINg protein
used to complete Clostridium botulinum genome ' conflicting, the PSORTD final prediction is that i ’ ' resides in the cytoplasm. Due to a significant amount of orthologs present, the | = e e e e e
annotation . The modules are described below: i this protein resides in the cytoplasm which L"Ega-%pvmekséﬁﬂ‘(%w i inference can be made that this protein is common in different bacteria species i Ref
Modules Activities Questions Investigated | coincides with the protein’s proposed function ? i in need of tetra’[ricopep’[ide repeat motif proteins. , | e erences
Module 1- Basic Information DNA Coordinates and What is the sequence of my ! ‘A F %f LID, | ! . ’ y ! :
Modie Sequence, Protein Sequence gene and protein? Where i @ @ transoriplional reguitor Due 10 the T el tulbfhusnlfs B b, s tn s Wb, _— e " .
it located in the genome? ' presence of many orthologs, it can be inferred | | . - PR RARRARRBARAARRARRRARLAATIAARRLNAC | https://www.fsis.usda.gov/wps/portal/fsis/topics/food-safety-education/get-
Module 2- Sequence-Based  Blast, CDD, T-Coffee, Is my sequence similar to ' that CBO0604 is a common protein in many %:i- FP | 'zgﬁgﬁ_“ig'&:ﬁ &gnﬁm :: I f:,&;m Qx L i sntsv:/_ers/f(/)c?(d_-sgfety-fact—sheets/foodborne-|IIness-and—d|sease/clostr|d|um-
Similarity Data WebLogo other sequences in T : : RV = S~ P 1 potulinum/ct_Index
Genbank? : different SPeLies of bacteria. B | *“LYVNL%"KK PSS - TN e iii Y seilaaes ot i S~ VU AP S R
lé/lo_gule 3- Structure-Based TIGRfam, Pfam, PDB Are theretfgngtional domains i | - | | . i Y . KY A FKV DK | ’ ....... . i A k I
vidence in my protein: \ - Figure 2 — WebLogo data for Clostridium botulinum CBO0604 showing that the protein is very well conserved | 'i,,.,,;;;'f L7, DALY { e st s DR ! c now e gmen S
| o I throughout. ! : : :
Module 4- Cellular Gram Stain, TMHMM, Is my protein in the : | MlﬁckihAKawY o TR e T o ' Supported by an NIH Science Education Partnership (SEPA)
Localization Data SlgnaIP, PSORT. Phobius cytoplasm, secreted or : : . e NAXERRARERZRZARAARBRBRZZZZZIZZNZSNce  NIPSICISTLIISVIIEIEISC : A d R25ODO1 0536
embedded in the | «  Figure 4 — WebLogo data for Clostridium botulinum CBO1389 showing that the protein is very well conserved ward -
membrane? i i from amino acid 33-191, and not well conserved from 192 on. i www.buffalo.edu



