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RiboTALe Characterization Human Practices

BASELINE EXPERIMENT

Abstract

The ability to control the expression of specific genes with molecular effectors is a critical function

Given the complexity of our characterization data we thought it would be appropriate to share

120000

for the construction of genetic devices. While the Registry of Standard Biological Parts contains a P A ——— our raw data. We realized that openly sharing raw characterization data for all parts in the
large catalog of inducible promoters, very few of these are actually used in new synthetic devices B o RiboTALeS, Tight Riboswitch Registry would be generally good for the synthetic biology community. A successful method
and many go unused because of poor characterization or effector incompatibility. To increase the S 20000 for sharing data would fundamentally change the way we interact. We took on that challenge
versatility of existing and novel expression control systems, we propose a new part type that e @ E as our main human practices component to our project.
couples transcription activator-like effectors (TALes) with inducible riboswitches. TALes are pTE‘:- §6°°°°‘
proteins secreted by the bacterial pathogen Xanthomonas that contain engineerable, sequence- S g We sought input from J B E IHéckr Garcia-Martin, who gave insight on the design and use-
specific DNA binding domains and can act as transcriptional repressors or activators. We = cases of a biological data system, and UC D a v Bestam Ludaescher, who gave advice on the
regulate TALe activity during translation by pairing TALEs with riboswitches to create RiboTALes. © ARABINOSE S physical storage of a data system. Taking their advice, the clear solution was to build an online
Show that Lning parameters of RIboTAL 66 increases thert functonal tlty. -+ " e OSSN ) We Iike to call this database The Depot. 1 Dernereharacieriaston Cata
. % arabinose 1% arabinose 1% arabinose .
0 mM theophylline 0 mM theophylline 10 mM theophylline
arabinose (@) Two theophylline-responsive riboswitches were tested that
p_BArD’_ exhibited tightly controlled and leaky induction [6], [7]. The
@ consistent difference in system behavior indicates that
Pro I ect MOtivati on INPUTS  OUTPUTS riboswitcfh Iealb<_i|r_1ess can function as an engineerable
VR e ] source of tunability.
We want to increase the spectrum of PR
possible effectors that can bg used to O BASELINE EXPERIMENT To kick things off, we collaborated with Stanford-Brown, UCSF, ZJU-China, and Bielefeld-
regulate the expression of specific genes. e @ 80000 = RiboTALe8, Kd = 1.3 nM Germany to populate the database with characterizations of the Anderson Family of
p{: __mm_|_GFP 70000 - e S Promoters. We also provided raw data on the parts that we created this summer.
IT MUST BE EASY TO ENGINEER NEW . - | g 60000 - N
TRANSCRIPTIONAL REGULATORS THAT An ideal transcription factor would allow us to: gsoooo 7 Inthe spirit  of
SIMULTANEOUSLY TARGET SPECIFIC A&  Varytheinput. THEOPHYLLINE L sharing, we hope
DNA SEQUENCES AND BIND SPECIFIC ﬁ g;%g‘t”;’ni/hgﬁfsequeme TaL repressr s ransated 5 20000 fﬂ:e Dépé’lf/l f‘"ows
= uture | eams
SEEORS = to upload and
wibhse @ SLlUS retrieve raw data.
.  [tae] 0 NO REPRESSION  REPRESSION AN example
PBAD i 9 i % arabinose |
Solution 1 s e Demmamnyine ety rerieval of J2510t
Riboswitches are RNA regulatory structures that Design Criteria for Inducible | | | here.
regulate the initiation of translation changing Requlators of Expression r'ibos‘\/\u/ifch" Two different TALEs were tested to investigate the effect of
conformation in the presence of a specific ligand * ﬂ binding aiffinity on repression of GFP expression [3]. —_— =
[1]. Transcription activator-like effectors (TALes) ypieal Transcrption _ @ * e RiboTALe 8, with a lower binding affinity, was more ]
are proteins that contain sequence specific DNA Factor RiboTALes ~ ] effective at repressing output. The consistency in behavior CO N CI usion
binding domains and can act as transcriptional Sequence specicy PTET  TaLomomcsrT of the two systems shows that binding affinity is a variable

that we can control in order to alter RiboTALe activity.

repressors or activators [2]. The DNA binding i st sl
domains are sequence specific and can be
engineered to bind to any DNA sequence of
Interest, following now well-understood rules for

RiboTALes provide a new precedent for transcription factors in synthetic biology. By having a
flexible architecture, a modular input, and the abllity to be used in any chassis, we believe that

En g ineerin g N Ovel RiboTALes can be valuable Biobricks for future IGEM teams.
I’eQ eSS b I e Q rOm O’[erS We believe the Depot provides a better foundation for Biobrick characterization. In the spirit of

IGEM and academia, we believe the database can promote collaboration, innovation, and

Tunable output levels

TALe binds and represses
Controllable DNA Binding

Usable in any chassis or

TALe-DNA binding [3,4]. The combination of strin
th ese tWO com ponents a”OWS for a ﬂeXI ble Ability to multiplex

architecture in transcription factors that can be K 80000 sharing of raw characterization data.
used in any chassis. N |
e ﬂ 60000 [\\ L N—
Tosmiich %50000 %\ AC k n OWI ed em en tS Epe_ual Thanks to: . _
. | Q \ e —9— Linh Nguyen for helping in modeling.
Modelin 0 r 9 P . " 2 40 N\ \ = 123101 A Nick Csicsery for helping in brainstorming and
0BAD Y Riboswitch = ~_§ T Saoooo \ \ 123105 Our Advisers: e giving fgedback on our presentatio_n. |
This model provides a mathematical basis [ i PTET  TALBINDINGSITE 0000 —-123109 A Dr. Marc Facciottl A Dr. Jus_tln B. G_alllvar_l and Dr. Yohei Yokobayashi
that supports the functionality of our - ﬁ::) _ o000 | \g.\ \ ﬁDr. IIlas_Tagkopoqus A for advice on riboswitches.
RiboTALe devices and displays the range of ~ ° =* pTET  TBS — \ Dr. Justin B. Sleg§I Dr. Bertram Ludaescher, Sven Koghler,
responses achievable by our system. By g 0 & 2 ;1 - ) ; N Technical Guidance: Anandarup Sarkar, and Hector Garcia Martin for
fitting experimental data to the model, we T st oot R A Andrew Yao | helping in Depot construction.
were able to predict the effect of theophylline | s et e A Dr. Navneet Rai A Keegan Owsley for constructing KO3D.
on system output at a certain arabinose To test RIbOTAL utility, TALe binding sites were e
concentration (0.01% in the image below). msert_ed_ downstream of four Anderson Family | A
constitutive prOmOterS (J231OX) and UpStream Of R f [4] M. J. Moscou and A. J. Bogdanove, "A Simple Cipher Governs DNA
GFP R|bOTA|_e production was Concomitanﬂy e e r e n C eS Recognition by TAL Effectors_," Sci"ence, vol. 326, pp. 1501-1501, Dec 11 200_9.
induced. The data show theophylline-dependent (1. P Caron, L. Baste, A Lussier M. Simoneau Roy & Masse, and DA 1 i (M0 A mesearch, v 57, pp. 166 150, Jan 2009,
This model could be improved by taklng Into repression for all hybnd promoter constructs decay,” Proceedings of the National Academy of Sciences of the United States of g\%rsalt,-rgfgl’.,C".S'\;ﬁt}:]éﬁce)lgg(s)g/v\i]t.cﬁéss?I'ﬂ;gtjel}rr]’dllljfe. gglr?eluéip?égi(ljjne?nall’Dil\D/.erse
account the effects of context dependence on indicating that RiboTALe transcription factor may 21, Dong, Y. Chivangye, P, Xiaoing, M. Mahfouz, W, Jiawei, 2. Jian-Kang, et bacterial Species (vol 76, po 788", 2010),” Applied and Envirenmental
promoter activity, riboswitch leakiness, and the be used to reliably modulate the expression of Etiectors.” Seience, vol, 335, pp. 720,723, 10 2012, [hgﬁcg?k%fonffcykﬁ_'NT.ZsPEhgitga?fAl.gsfm,szlé'vaqia, C. H. Habrian, A. Zykovich,
possibility of altered TALe behavior at high genes of interest even for previously constitutive eroaiiing the Godle of DA g ooty ot TAL oo It Efeciores” Ncleic Acds Re, vol 41, pp. A118.28, Apr 2013, T e
concentrations promoters. Science, vol. 326, pp. 1509-1512, Dec 2009. |
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