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The challenge:

Can we make use of the knowledge that is being generated?

Isaac Asimov predicted the internet of today 20 years ago
https://www.youtube.com/watch?v=8ZmFEFO72gA




Gene regulation in OCCG
Escherichia coli K-12

Table 4. Distribution of E. coli proteins among 22 functional groups (simplified schemna).

Functional class Number Percent of
total
Regulatory function 45 1.05
Putative regulatory proteins 133 3.10
Cell structure 182 4.24
Putative membrane proteins 13 0.30
Putative structural proteins 42 0.98
Phage, transposons, plasmids 87 2.03
Transport and binding proteins 281 6.55
Putative transport proteins 146 3.40
Energy metabolism 243 5.67
DMNA replication, recombination, modification, and repair 115 2.68
Transcription, RNA synthesis, metabolism, and modification 55 1.28
Translation, posttranslational protein modification 182 4.24
Cell processes (including adaptation, protection) 188 4.38
Biosynthesis of cofactors, prosthetic groups, and carriers 103 2.40
Putative chaperones 9 0.21
Nucleotide biosynthesis and metabolism 58 1.35
Amino acid biosynthesis and metabolism 131 3.06
Fatty acid and phospholipid metabolism 48 112
Carbon compound catabolism 130 3.00 ADTIC =
Central intermediary metabolism 188 &3 SERIURETek
Putative enzymes 251 5.8
Other known genes (gene product or phenotype known) 26 0.6 The Com plete Genome Sequence Of
Hypothetical, unclassified, unknown 1632 38.0 E s c h e r ' c h '- a c o h' K'1 2
Total 4288 100.0
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oters, operators, transcription factors

operons and transcription units
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Curation through the years in
RegulonDB
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Papers and new objects
through the years

W 2016 (HT and coexpression)

112013 (Omics and evolutionary)

M 2011 (Gus)

1 2008 (Riboswitches, attenuators, small RNAs and their targets)
M 2006. (Object evidence, transcriptional regulatory network)

B 2004 (Growth Conditions. Predictions: Tus, promoters, TFBSs)
M 2001 (Active & Inactive conformations of TFs)

712000 (RBS, terminators)

1999 (Tus)

M 1998 (Operons, promoters, TFBSs, object references
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The main goal of biocuration:

To make data, information and knowledge easily
accessible to humans
(and computers)

| will illustrate 2 examples

Knowledge




2.- Operons, regulons and

GENSOR Units

3.- Ontology and NLP strateqgies
Knowledge

m 2.- Operons, requlons and GUs
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Understanding Is a construction
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Name: gInALG

Promoter

Name: glnAp2

+1: 4058107

Sigma Factor: Sigma54 Sigmulon

Distance from start of the gene: 73

sEquence: gcatgataacgccttttaggggcaat :taaaaggatt::at:tt tttTacggocgacacggocaaaata

—24 -12 +1
Evidence: [TiM]
Reference(s): [5] Ninfa AJ., et al., 1987

[6] Reitzer LJ., et al., 1989
[7] Tian ZX., et al., 2001

F binding sites (TFBSs

[CRP,-] Phrase

Type Transcription o, tion Promoter Central L SrowIEy (g:lll‘:'::'::d Reference(s)
factor LeftPos RightPos Rel-Pos Sequence Conditions Strong, weal:;)
proximal CRP-cAMP repressor ginAp2 4058152 4058173 -55.5  tittgcacgaTGGTGCGCATGATAACGCCTTTtaggggcaat nd {gtgf]csl, [BFF]. 7]
proximal CRP-cAMP  repressor ginAp2 4058154 4058175 -57.5  CCltttgcacGATGGTGCGCATGATAACGCCTtttaggggea nd oeay o B 17
[Fis,+] Phrase
Binding Sites Evidence
Type Tral;:z::rrﬂol'l SR R LeftPos RightPos Rc:: tpr:; Sequence Cfr::l‘:::ls sif:::m::b e,

proximal Fis activator glnAp2 4058155 4058169 -55.0 gcacgatggtGCGCATGATAACGCC Cttttaggggce nd [AIBSCS], [BPP], [GEA] [12]
[NtrC,+] Phrase

Binding Sites Evidence
Transcription Growth
Type Function Promoter Central (Confirmed, Reference(s)
factor LeftPos RightPos Rel-Pos Sequence Conditions strong, Weak)
proximal ;‘;:)(;Jhorylated activator ginAp2 4058144 4058160 -45.0 tgegeatgatAACGCCTTTTAGGGG CAatttaaaagt nd [GEA], [HIBSCS] [9], [11]
proximal & activator ginAp2 4058167 4058183 -68.0 ggtgragoccTTTTGCACGATGGTGCGeatgataacg nd [GEA], [HIBSCS], [91, [11]
Phosphorylated . [sM] G
. NtrC- . _ [BPP], [GEA], [5], [6]. [8],
proximal Phosphorylated activator glnAp2 4058188 4058204 -89.0 ttggtgcaacATTCACATCGTGGTGCAgcccttttge  nd [HIBSCS], [SM] [9], [11]
NtrC- - - [BPF], [GEA]r [5]: [BJa [9],
remote Phosphorylated activator glnAp2 4058207 4058223 -108.0 tttccattgaAGCACTATATTGGTGCAacattcacat nd [HIBSCS], [SM] [10]
NtrcC- - [BPP], [GEA], [5]. [6], [8],
remote Phosphorylated activator ginAp2 4058239 4058255 -140.0 caaaggtcatTGCACCAACATGGTGCTtaatgtttee nd [HIBSCS], [SM] [s1, [10)

Groups of properties constitute objects, and some objects contain multiple objects



The tryptophan (TrpR) regulon OCCG

. Operoén arolL-yaiA-aroM
Bases nts aroL yaiA aroM

404 988 407 685

Operdén aroH
aroH
1785 469 1787 828
Opero6n trpR
4628 756 4631 768

Operdén trpLEDCBA

trpA trpB trpC trpD trpE trpL

1314 440 1321 160

Operén mtr

mtr
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What is TrpR controlling ?



A new concept: @ CCG

GENSOR Units
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The TrpR GENSOR Unit
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In the presence of L-tryptophan, TrpR represses transcription of
genes that code for proteins necessary for synthesis and transport
of tryptophan.

There is no known function for proteins AroM and YanjA.



Semi automatic O CCG
construction of 189 GUs
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Connectivity of GUs response

No Known Effector
B Known Effector Without Feedback
B Known Effector With Feedback

n=149
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Where:
E EC: connected enzymes
C= = Et: Total number of enzymes
Et+ (Mft—1) Mft: total number of metabolic fluxes
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GENSOR Unit
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Extended GUs
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Data sets
RegulonDB Galagan ChIP-ChIP ChIP-exo SELEX fo::gz:ﬂzgdgd

0.64 0.64 0.64 (ChlP-exo) 0.34
1.00 0.08
0.52 0.36 (ChlIP-exo) 0.51
0.40 0.24
0.00 0.00
0.45 0.42
0.43 0.06

(ChlP-exo) 0.46
0.11 0.07

(SELEX) 0.00
0.81 0.56
0.00 0.20
0.50 0.09
0.00 0.31

Work in progress: many questions !




Natural language processing

3.- NLP strateqies
Knowledge

m 2.- Operons, requlons and GUs
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The challenge: encoding

“knowledge”

20 to 25%

75 to 80 %




The challenge: encoding

“knowledqge”

20 to 25%

75 to 80 %
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we curate the shadows of mechanisms and
transcription on the genome



" How to enhance access to knowledge ?

We are using natural language processing tools

8 » |. To enhance /improve curation

Curators

ll. To enhance navigation through knowledge
and its connection to data and information «

Users



" How to enhance access to knowledge ?

We are using natural language processing tools

g » |. To enhance /improve curation

o L -Regulon-DB

ll. To enhance navigation through knowledge
and its connection to data and information «

Users



From PDF format to
computer-accessible text files

pted in Great Beitain

Microblology (1999), 145, 41-55

Transcriptional regulation of molybdoenzyme
synthesis in Escherichia coli in response to
molybdenum: ModE-molybdate, a repressor of
the modABCD (molybdate transport) operon is
a secondary transcriptional activator for the
hyc and nar operons

William T. Self, Amy M. Grunden,i Adnan Hasona and K. T. Shanmugam

Author for correspondence: K, T. Shanmugam. Tel: +1 362 392 2480, Fax: +1 352 392 5922
e-mail: shan (@ micro.sfas.ufl edu

Department of Microbiology Escherichia coli growing under anaerobic conditions produces several
o i meolybdoenzymes, such as formate hydfogenlyase (formate to H, and CO,; hyc
22611, USA ’ and fdhF genes) and nitrate reductase (parGHJI genes). Synthuisofum
even in th the cognate
mivnots and effectors. requires molylydate in the medium. Besicles the need
is also required for

of the gs ding these In E. coli, ModE
was previously i ied as a represso; of the operon
encoding molybdate transport cnmpoﬂmh {modABCD). In mu wort. ﬂu ModE

protein was also found to be a req| in
hyc—lacZ ta an optimum level, but only in the presence of malybdate. mm
ModE proteins which are for of modA-lacZ
also restored hyc-lacZ expression wmﬁvﬂd typ- tevel even in the absence of
Ni of narX-lacZ was
nt. Nitrm-um by narG-lacZ and

completely abolished in a modE
nark-lacZ was reduced by
experiments revealed that

sequences (S’ TAYAT 3’ and 5' GTTA 3') found in ModE-molybdate-protected

A-7 bp-TACAT 3'), Based on these results, a working model is
in which ModE. asa

Rtor of both fhue e sl isac Xl ojpirons siich irs activetad jatisselly by
e transcriptional activators, FhlA and Narl, respectively.

Keywords: molybdate, regulation, ModE, formate bydrogenlyase, nar operon

setve as terminal enzymes in anaerobic respiratory
pathways (Gennis & Stewart, 1996). Among the various
nditions, Escherichia coli molybdoenzymes, formafg hydrogenlyase (FHL) is
ymes, almos ompopent of anacrobic respiration.
The FHL complex which &xdalyses cleavage of formare
ta H, and CO,, contains a formate dehydrogenase

i o gere, e an soas Y a7 Molecviar Bologt. jggenzyme (FDH-H; fdhF), a hydrogenase isoenzyme
{HYD3; hye) and intermediate electron carrers also

Abbraviation: FHL. formate hydroganiyass

Under anaerobic gra
produces several molybdos

Regulation of bye and narX L cxpression by ModE

Tabie 6. Effect of modE mutation on nitr; increase in expi of various
nar-lacZ fusions

Cells were grown in LBG + Mo and the sodium nitrate concentrarion {where present} was 30 mM.
Vialues in parcntheses represent the percentage of activity in the various steains in comparison to the
values ohtained with the corresponding wild-rype parent strain grown in the same medium.

— CEE
| Strain Relevant genotype lactosidase activity”
|
NO, + NO,
I
narG-lacZ derivatives
K217 Wild-type 2900 19500
SE2163 AmodE 2500 (86) 000 (46)
SE213(pAGE) AmodE prod i 2400 (8Y) 21000 (108}
SE2213 narl. 2800 (97) 1300 (7)
marki-faeZ derivatives
AHI21 Wild-rype 1300 5500
AHTY amod 1100 (R5) 2200 (401
AHPpAGY) Amiodt prodt* 1100 (85} 5570 {101)
AHI107 narl. 920 (70} 970 (1)
1 Z derivatives
Wild-rype 930 2000
Amode WD) (95) 1000 (50)
| AHTE[pAGI) amodE prodE’ ) (HO} 1800 (90
[ Ao narl, 470 (49)
* Expressed as nmol min~! {mg cell prorein)™.
ModE protein is required for expression of narXL i 5

12 3 4 5 67 12 3 45 8§ 7
needed for activation of ghe narG and mark operans -
(Darwin & Stewart, 1996; Egan & Stewart, 1990;

Kalman & Gunsalus, 1990; Schroder et al,, 1994; '
Walker & DeMaoss, 1993) Since the expression of narG; csrcnelie ~mew L]

pression was investigated.

The n'i'd-g:lp: ‘Irr-iuin with .-e:w:(_f.xcfa esrémn

AHI122) produced about i} units of fgalactosidasc ectroph fty=shi . " e
activity when grown withy m m:.‘mn :rro:cwmi g A, (3 m
increased by about rwofol : th) with mnm.m- {01 i} au-d o bindi
(Table 6). This nitrare-de reactions and electrophoresis buffer. Lane 1, no protein

gy absent in :v;g- 85 M ModE; lane 3, 130 nM u-ae \ane 4, 170 nh

lane 5, 212 nM ModE; lane 6, 255 nM ModE; lane 7,
340 nM medE. The arrow indicates the DNkmm

the miodE mutant (schin AH78) restored the nitrate
responsc to that of thy wild-type. These resules suggest
that the requirement/of ModE for optimum transcrip-
tion of marG{lacZ pand marK—{acZ is indirect and is
mediated through she control of the narXL operon.

only in the presence of molybdate [Fig. 2h). The minimal
concentration of ModE-molybdate required for the
maobility shife was about 250 nM and this was abour a
10-fold higher concentration of ModE than was required
for binding to the modAloferaror (Andcrson et al.,
promoter DNA 1997 McNicholas et al,, 1 . These results show that
the ModE-maoly

ModE binds to

iological experiments suggested

Since genetic and pl
He rdpularion of both P,

that ModE is involved i x
and narX-lacZ, direct bihgang o 5 consisting promoter DNA requires molybdate,
of ModE protein and promoter DNA were carried out. DNase I-footprinting experiments involving ModE and
Bl pbiaratic mablity Of w2198 b bie promchEs Ayt ooty DA reverlad tine ModRemolybaite
fragment was retarded in the presence of ModE, but protects a 27 bp region in this DNA from DNase |

a3
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Block identification
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Reading order discovering




L-RegulonDB: Q CCG
a corpus for navigation
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L-Regulon-DB OCCG

(Oscar Lithgow, Carlos Méendez, Fabio Rinaldi, ' Enretkdione Serlinne
Hilda Solano)

Article metadata (title,
.~ | author, journal, year)

Posttranscriptional activation of the transcriptional activator Rob by dipyridyl in

o
i #)
—

r
| |
I Escherichia coli. : Related phrasesin |
: : the same h
i [\

"0 S e e e publication I\

o \

\
éste articu " Mutants lacking from 30 to 166 of the C-terminal amino acids of Rob 1 ad basal levels of
AbStraCt activity similar to that of wild-type cells, but dipyridyl treatment did not e hance this
(NTD)(CTD)The transcription: - ts of an N-terminal domain of 4 i activity.*
el reknctls aidvabiorcart s (el il Btbasth e Selected |
Althmugh seve-ral thousand molemles o_are normally present per Escheuchadl [D S ST S \

promoters of the rob regulon poorly.(the latter is not a metal chelator) We repdit I ph rFase . Orden article by \

either 2,2"- or 44"-dipyridyl , Rob-mediated transcription of various rob reggon promoters was increased : Az
substantially. A small, growth-phase-dependent effect of dipyridyl on the job promoter was observed.(lac) : -
However, dipyridyl enhanced Rob's activity even when rob was regulate by a heterologous promoter showing ! Rob binds more tightly to many of its cognate sites in vitro than |
that the action of dipyridyl is wmmly pOSIIraHSCFIDIIOT‘Id| . does Mar& or SoxS, and yet basal levels of Rob activate the
-t 2 similar to that of wild-type ipyrich o C\ mar/sox/rob regulon promoters to a rather low extent in vivo...
¥ P Thus, the CTD is not an inhibitor offffbut is required for activation offfljby dipyridyl. In contrast i
to its relatively low activity in vivo, -bmdmg to cognate DNA and activation of tuanscupnon in vitro is similar to
) that of MarA, which has a homologous NTD but no CTD. 3 L 3

%

‘ . yridy 1 e LIl INCe - . IrA, sUgt el . 2 The transcriptional activator Rob consists of an N-terminal
frect of dipyrid - Thug it appears that Rob can be conuer‘ted from a low activity state to a hlgh d

domain of 120 amino acids responsible for DNA binding and
‘actwlb,r state by a CTD-mediated mechanism in vivo or by purification in vitro. S g and

promoter activation and a C-terminal domain of 169 amino acids

bn(“'Rob is an abundant 289-amino-acid protein originally discovered by virtue ' . . .
11 e Pright side? of the origin of replication in Escherichia coli.(NTD) Subseque'ﬂ‘ila BIOlOgICB I ObjECtS
hi

an N-terminal domain of 120 amino acids that is highly homologous tgethé [IB

-and SoxS, is also a transcriptional activator when ouerexpre;;ed‘ﬁ'nd has D' I n REgU'On D B i B
i Iy S Orden article by Relevancia (score) }
prognoter specificities in vitro that are similar to those cf-and SoxS. For convenience, tne aozen or more ;
L i i i ¥ ; thauoh ! Pl
L J 7

, 1/
Map of sections | - =~ Related phrases in other r

& related phrases publications
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: Publication content
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Similarity corpus on microbial QO CCG
transcriptional regulation

Evolution of IRR in consensus sessions
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Inter-rating reliability (IRR) through agreement sessions

Lithgow-Serrano O.L., et al (2017) bioRxiv doi: 10.1101/219014



Three young friends
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d an old friend with great vision !
Congratulations Edgar !!
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