Annotation of the Clostridium botulinum Genome at Locus Tag CBF_3493

Nidhish Gokhale and Sangeeta Gokhale
Williamsville East High School, participating in the BEAM - Buffalo Engineering Awareness for Minorities

Program and The Western New York Genetics in Research Partnership E A N\
University
atBuffalo | ... __

Buffalo-Area Engineering
Awareness for Minorities

AbStraCt MethOdS TMHMM result \\ 7

HELP with output formats . S N P 7’ <
. . . . . y - " ._ gs S
The process of annotating or finding information on a gene’s Modules of the GENI-ACT (http://www.geni-act.org/) were  siesceris tengem sz %ﬂg_j ol [DFLKASPTPFHA A Loce S
location, its product, evolutionary connections, pathways and used to complete Clostridium botulinum gene annotation. e e ] y
enzymatic functions is necessary to study all species. GENI-ACT, is ¢ € modules are described below: o cucveeTEs TRz o cusias 1 es2 o = (v Rl aCRIWTRDNS T
. . . . | - . . | . - EaNLRLERD. || e OB VRIS Figure IX — The WebLogo (left)
an annotation collaboration tool that provides resources to facilitate !  Modules Activities Questions Investigated | . TMMMM posterior probabiliies for 646906729 AR " . . .
genomics research (WWW_qeniscience_Orq/)_ Clostridium is known to : MOgu:e 1- Basic Information gNA COOrdiiglattes agd What is :jhe S?C{Uin(\ﬁhof my : 1 : E.jAF GR ] GIBMVGAHTDSPC BVKPQP C?hmpares t.e ar,nl:)no a(.3|d re.S|dlue|S ttto
; - N : odule equence, Protein Sequence gene and protein” ere is ble_sPL cULnmyUA wEnY\P'e -
produce a neurotoxin which deforms acetylcholinesterase to cause : t located in the genome? | | TR R IR AL, other Org?d”'sl;gs .y?smg Sing ETI etier
. . = . amino acid abbreviations as well as
severe infections. The Genbank proppsed gene prOdU(_:t for the i Module 2- Sequence-Based  Blast, CDD, T-Coffee, Is my sequence similar to i g os} i EEE 0 LQLQ\TIEVYGGA APWEmQLSLA different sizes and colors to represent
annotated gene (CBF_3493) was reviewed. The following steps :  Similarity Data WebLogo other sequences in | 5 o4l _ B 1 e o Lari 4 diff
. . . . . I ? : '
were taken: the assessment of amino acid sequence similarity data : P IGG”ba”k‘ : | 0z | | jGRV |. M RsLmlFa”rleebsl rig | | erednczes
: : : : odule 3- Cellular ram Stain, : s my protein in the : - R GV ol |DF Vv ecName: Full=Probable M18 family aminopeptidase
by looking the redundancy in the genetic code, the structure-based | Localization Data SignalP, PSORT, Phobius ~ cytoplasm, secreted or | 0 - — — —— — S : IEBGgﬁgLEiiN._K,KAM (TN |  scauence 0 AOPYET 1 Leng:433 umber ot atches:
evidence from the amino acid sequence to find similarity in the embedded in the i transmembrane inside outside o Seors  Expect Rethod
. : . . brane? 2. 577 bits(1488) 0.0  Compositional matrix adjust. 276/431(64%) 350/431(81%) 0/431(0%)
structures of functional domains, the cellular localization data to ! mem i . . . i iL A\l \alhELPF |LAQVAGDER.D
determi N : 1 th . ded. th fontial | Module 4- Alternative Open  IMG Sequence Viewer For  Has the amino acid . Figure V — The TMHMM shows the probability of the location of the : H“MMN'H*GD e Ly o e i e
Clermine where™ 1N\ ce the protein Is encoded, the po entia | Reading Frame Alternate ORF Search sequence of my proteinbeen ! protein. From this it is possible to conclude that the enzyme is located S, e eerereeTEESO eI e 10
alternative open readlng frames! and the pOSSIbIIIty Of horizontal : gg:‘?gu(t:g:;ecuy by the : outside of the CytoplasmiC region : g lgé'eélzL%%QEéQEE%QQQQgYIZDégL%EY&gé Sbict 63  TVAFVVGNGEVHEDGFKIIGAHTDSBTFRIKPNPEMTSEQSYIKINTEVYGGPIINTRID 122
gene transfer. The data obtained manually matched the computer’s | | | : o AOPYH?,1_RecName_FulleProbable MIS_fasily asminopepeidise 2 L uery 122 ARV LKGEN T b KLANI DL+ 1oNIAIMANRNANCGIETNSD b Loy -
data for th di duct | Module 5- Structure-Based  TIGRfam, Pfam, PDB Are there functional domains | : GHGSTI_ADGOIOM zine_metabopmtease_sminopeptidise | fanil | s Sbjet 123 RPLAVAGRVILKGENILFPETKLVNINKPIMITENLAIMMURNINQGIELNRQVDTLPIL 182
ata for the corresponding gene product names. ' Evidence n my protein? : T g oy gl AR sl L = e
! I QO2QTS.|_RecName_Full=Protable MIS_fumily_ansinopeptidee 2 | NHSNNSSRNOSANNANSXSNISSRSGRLEERREc 0 _ _ _ :
________________________________________________________ ' Module 6- Enzymatic KEGG, MetaCyc, E.C. In what process does my | | CIDQMA1_RecName,Fllfrobabe MIS fssly, anisopepeese, Ly NI i e e g
. . ~ (‘“\0” Ny | ”:h( I M $ fil UI aning th 2 2, | jct 243 AVHAALEGLTQSNVSKATNVLVCFDNEEVGSSTKQGADSNMLANVLERIVISLNGDREDF 302
I t d t. i Function Number, protein take part” i r()uu:)«]\ u ::J ,:c M::Z; N:‘m: Jm.;r:u::z»‘q:&w’ i lﬁi,,%EL%LLMCEDLEEYGS%%%QQADQQMLEQ Query 302 gfgggg?ggcggiﬁiﬁgiﬁgégsggﬁﬁ‘”’ﬁ?‘gg"}%222825%23?2255&? 361
amas - " ’ N NIXIISRSIRERIISINIRNNIININIIIIRINZIRVNC Shject 303 FRALSKSFIISSDSAHAVHPNKGEKCDPTNRPKLNKGPAIKIAASQSYTSDSNSSSVFKR 362
n ro uc Ion : Module 7- Gene Duplication/ Paralog, Pseudogene Are there other forms of my : Qﬁ:llrl“klctt:ﬁl:ir'tmh;l;'lfq;nn?l:m':n:::;tmh\: ) : Query 362 ICHRAKVEVQKFVNRSDERGGSTIGPISGTHINIPSVDIGTALLAMHSIRELGGVEDQVY 421
o . _ . I Gene Degradation gene in the bacterium? Is | o = e : | g Sbjct 363 LCSKADVEVOEFVNRSDERGGSTIGPISSTHLNIRSVDIGIPLLAMSIRELCGVODHYY 422
Clostridium botulinum is a Gram-positive, rod-shaped, | my gene functional? | i s | JL%R'—L22922¥‘F’RI¢2%SLhYSAD§AH N—————
. . . . . - | | ] T OSSSSfAaAafeenoneoaoeeoeeanaaanaaas . K F EF+N+
anaerobic, spore-forming, motile bacterium with the ability to ' Module 8- Evidence for Phylogenetic Tree, Has my gene co-evolved i - Shict 423 GAVRGERAL 433
produce the neurotoxin botulinum. The botulinum toxin can cause @  Horizontal Gene Transfer ;";‘:O‘r’:;‘?; genes in the : 03 2oV BBN A PN GPY (s Figure X=TheXuer doauer e (abdve)
a severe flaccid paralytic disease in humans and other animals by + /..o rua REAM Noes my' qene encode 3 | Figure VI - Phylogenic tree shows possible convergent or TP sh%l:/vs o al n?nuen’zllenq}tjh K o
. A . . | . . . . . . . 3 -
inhibiting the enzyme, acetylcholinesterase and is the most potent functional RNA? : divergent evolution (relationship among similar organisms : %T?ATNSETAGFFRHLCMAADVPVQSFVVRSDMGC score (in bits)gan 3 muchgmc;re S forn;ation
toxin known to mankind. The toxin is a zinc metalloprotease that | =~~~ "~~~ """ TTTTTTTTTTTTTTTTTTTT o T oo m T m T m e L oL LU L L L oqarding the gene. The information Wwas
Cleaves One Or more Of the fUSion prOteinS by WhiCh neuronal : ReSUIts : 53;: 1112.:313.121541414'1:2.13.1311'3.1313.T3.1313?31313?31313.I131313%312.12.’1{31313.‘113.1313.I13.12.13.I12.12.13\1{31313:313.13?31312131343%21212221211:1 : %: R g . g g - ]
. AR o | ' e - TASHLGuA T | WLPTF received from the swissprot database
vesicles release acetylcholine into the neuromuscular junction. | | WEssssEsdasdiEdassIssniRIIiiiiii during a BLAST search
(Montecucco C, Curr Top Microbiol Immunol. 1995;195:1-278). C. |  Llostridium botulinum (CBE_3493): | T AT CAKARATATAKTTTIATAAAATATCSTATATTATATALCTATATOAAAETATA | el 1.8 oo S
. ] ) ] ] I . mgw . | Fg YL LT KK R' YI L Fl IN K* YL CM IY IY Yl Qs YI Vs KQ IY | ~GUISHULATLY . ad.ELP
botulinum is commonly associated with bulging canned food and : The initial proposed product of this gene by GENI-ACT was = A A AN S S A Qe SR S
misshapen cans due to an internal increase in pressure caused by ! @ predicted zinc metalloprotease. This gene product e WKL 1L Ky e K s V. F_ v v o k1 k1 s | C | .
gaS prOduced by the baCteria. The Contamination iS primarily from i prOposaI WaS Supported by the top BLAST hItS Suggest the i E?E: 1111119931113.?,3.1313531313'131313%31313131315’531111\1/11313(133151?\1/?1919%91917(1:71719?92121212121T91919|1<91919?92121|21191719 : Onc USIon
. . - - 1 L — I . .
SOII (TUCker J' B’ Cambrldge’ MaSS: MlT PreSS; 2000)' Genome : gene prOdUCt to be amlnopeptldase. The COG hlt : 3656861 AATAAGCTTATAAAATATTATG-;TM’::TG:GTTTTATGTGGATAAAATAAAGATATCT : The GENI-ACT proposed gene prOdUCt dld nOt dlffer
sequencing is often known as “decoding”. In Genbank, there are | suggested it to be aspartylaminopeptidase. Bt - e e e e e e e e e o . significantly from the proposed gene annotation; thus, the
. . - . . . | I ;i M lY LA Kt YL FI IN IH FF LT LP HT KK IH HP IY FF YL LS YI R I
over 61,582 readings involving the Clostridium botulinum gene, | ' genes appear to have been correctly annotated by the
CBP_3493. It is suggested to code for a zinc metalloprotease | . Y Bate T P FL Ty Y P Sy T S P Y M Ve Ve Mot b . computer database. Overall the results were more accurate
which binds acetylcholinesterase and deforms it so that - pmeeeeeeeeeeee——— 1 from the nr database.
acet IChOline Wi” nOt be able to Send nerve Si nals. The tOXin does I I 3656921 AATGCGAAT TAATAGAT T T TATATATGATAGT CCAT CTCCATAT CATGTGGTGCATAATTTA I . .
y 2 g . 1 - : : 3%56921 ;:1-;1{3,:1 '(351isfeésésfsisésfsésfeéséeésési'251;:1‘3’:‘3‘;’ E-SA. f-g?;:fé =gs-gsg°?°.§3§1 éasa;sé 3.?I2.§1 .?r.sésfsésésf?é?ésl.—;?é?éséoéﬁé’»i 51 7.1 ?.°.§°.§°.§o.fo. : Gene Gen I-ACt Gene PrOd UCtS Proposed An nOtatlon
not allow neurotransmitters to be released; thus, avoiding | 5 S i i i s S S S S i S | Locus
. | | Fa I F * Y I K Y I | T w R w | M H H M I |
formation of the snare complex. i i |
2 Exposure to Botulinum Toxin i i Figure VIl — The image above shows possible alternate open ended E 3493 Zinc metalloprotease Zinc metalloprotease
——— i '+ reading frames for the gene CBF_3493. From the data observed, it can i
S 2 é‘i""‘“s"“““"’”“"“ | | be concluded that there are no alternative reading frames, since there . ouu S A ety AN N S GUU W
\ > 22 | ' are not a significant amount of Shine-Delgarno sequences |
. - Types A, C,E * SNARE Complex
Lthh P i i g61302§§ridium gg%ilnum F Sgg;.zsg?()GlS: %22?525(111 3652551 3657551 3662551 3667551 3672551 3677551 i Refe re n ces
: : adia 4« @aa <ad KO- @EEE 4 EeTOoeaa@ aa :
I I I . .
| L lostriiun botulinm Uslls 8 : Ga0LL352 415 ' Montecucco C, Curr Top Microbiol Immunol. 1995;195:1-
I I E){) 210;6&> 205362 200362 195362 190362 155362 150362 175362 170362 165 I 2 7 8
: : @iad @ a4« Fanalk = Fanleslleal e’ Famlen’ fal- Rak:| |
| | + Tucker J. B, Cambridge, Mass: MIT Press; 2000
: : Clostr‘idiummlgggg Hnum waié%?isac : Gaoiléz?gi? S-S 122343 117343 112343 107343 102343 97343 921 : g
I I C> P> ‘ I
Figure | — Botulinum toxin (zinc metalloprotease) action | | SRGESE = .S SN CEEEE ST (EE e S T————— - A D U N N A0 =y Vet N
| . . . . | |
| HO-C- . Figure Il — Ribbon model for the protein/enzyme, acetylcholinesterase . ostridium botulinum : Ga ] .
CHCH3 Acetylcholine |0| Acetic Acid : : Ecglaz;t ; g&% Tgsezzg?lsf S o L e 10%D 105628 110628 115628 120628 : AC kn OWI ed g m e nts
3\|/CH3 ' 2 wAl 2 sl ' el & e | « ST AeE e« . Supported by an NSF Innovative Technology Experiences for Students and
+N-CH,CH;0-C-CH, & <+ ' eeeekedkekknkhkkalleliaeelovevedivdlelilvdagkakivoiekeflfapriDnkvacfanleallesaed 1 oupp y gy EXp
Tl : et E— r - e _ e | . Clostridium botulinum ATCC 7949 : Ga0112380_123 . leachers (lTEST) Award — 1311902
EIecfros{aﬁcEaffrecﬁon Q CHCHscH I dk + §§+ l + *#¢el \ *++.l.d+el.l+. .k+ +.G .+ef+. +lD#.++.+a+l.all+s+.+ | gsz 8[;% D 56252 b 91252 6252 10%D 106252 111252 116252 121252 I
: 3 3 ' " ' T4 @ a4« <X & B OO a0 ea@aE@ ad !
3 @C;@ HO \N/Choline | ceneed200, 24570000 AR R AR RRRRRRRRRRRRRRRRRRRERRARRRRRR AR R Rt an(QE00 | i Special Thanks to:
2 > I I . . . I
K A Serline— l I | ;361205§tr*1d1um lgclitz:%lmum mcgszjéga43 ) Ga?aiészg re-107 96252 101252 106252 111252 116252 121252 I DI’, Rama De -RaO and DI’ Ste hen KOUI’
. e CH CH OH I I b > B P - P I y p y
Esteric Site 2 ©H, : ! @icda @& ad< el B  Felefa e f[esfe fe- R Mrs. Sangeeta Gokhale
Acetylcholinesterase : : :
| N | -«_Figure IV - Plam pairwisg.alignfrent of the CBF 3493,gerie; product . Figure VIIl — The image shows the ortholog neighborhood region forthe 1 WwW.buffalo.edu
Figure Il - Image of the “Esteric Site” where acetylcholinesterase acts . ¢ ¢

organism Clostridium botulinum. Similarities throughout the family of
organisms can be seen



