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Abstract Please correspond to igem@wzw.tum.def § The underlying idea of a light-switchable system is

' o | to create a gene expression system which can be
The TU Munich iIGEM Team engineei@adccharomyces toggled by light of di erent wavelengths.
cerevisiae, also known as baker's yeast, in order to lay Such promoters are extremely attractive, as induc
the foundations for a new generation of functional tion does not require the addition of a speci ¢ sub
foods with nutritionally valuable ingredients. stance. This makes induction cheap, fast, precise
As an example, for IGEM's rst SynBio Beer the com- and also compatible with the German Purity Law.
pounds xanthohumol (anticancerogenic),limonene \ Ethanol-Inducible Promoter ==

(lime avor), ca eine (CNS-stimulant) as well ahau-
matin (protein sweetener) were chosen to demon-
strate the spectrum oBIOSYNTHETIC possibilities to
complement traditional foods or beverages.
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The KIADH4-promoter from the yea#t. lactis is
known to be ethanol-inducible. All involved tran-
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Fig. é:(A) and(B) show the two states off V D . | TU Munich

the presented light-switchable promoter g unich’s yeast vectors:
system [2]. The system consists of a DNA- eCtOr eSI n

binding domain fused to a phytochrome{ BBa_K801000 - BBa_K801004

domain (PhyB) and PIF3 basic helix-loopy The partS reg|Stry did not yet comprise an

helix protein fused to a transcription actij

vating domain. The PhyB domain’s confo}- RFC-COmpatible expression vector
mation changes upon absorption of a re

photon from inactive P to active P and | SYSt€M for yeast, hence designing one o

ciated transcriptional activation domain

into position to activate transcription from| the commercially available pYES2 vector

a downstream reporter(C) Characteriza

tion of the GAL4 based system via Lug- frOm Invitrogen the RFC compatible shut-
ferase Assay. jrradiation was carried opty e yyactor pTUM100 was created. Further- constitutive

using LEDs with emission peak at 660 n

with pulse duration of 10 seconds and more inducible and constitutive promot-

frequency of 1 pulse every 5 minutes. T

di erence between high and low intensity | €IS have been integratEd IN pTUMlOO

was 10 fold(D) Emission spectra of eGF

obtained during cutivation ofs. cereviiad G E@NOME Integration
pTUM100_KLADH4_eGFP usir

di erent carbon sources. Blue: ¥ Neither antibiotics nor auxotrophies areFig. 3: Figure(A) shows the new multiple cloning site (MCS) containing the RFC 10/25 restriction sitejand
Galactose was used as carbo the DNA sequence coding for th&trep-tag Il. FiguréB) gives an overview of all important function

source. The peak at 509 ml: suitable selection markers durlng th €lements located on the vector backbone. Upstream to the new MCS lies a T7 promoter primer binding site
allowing easy forward sequencing of integrated gene constructs using the standard T7 primer. The URA 3

indicates  that eGFP iy hrewing process, thus genome integra:

expressed. Red: Glycerol was gene is a prototrophy marker used for the selection of transfected yeast cells. Fi@)réo (E) present the

used as carbon source. No eGHPtION IS the On|y pOSSIbI'Ity tO ensure on-successfully designed RFC backbones: pTUM100 simply contains the new MCS, the transcription ternjinator
uorescence could be detected. and further elements required for cloning and transfection. pTUM101 to pTUM103 additionally contain|the

The metabOliC pathways fOr these Substances were COnverted to genetic BioBricks_ Using our ﬁpl’iption faC’[OI‘S aISO OCCUr IN S. CereViSiae [1] o BF;(r:kBm:LErz:ym:HEﬂE:y gOin gene eXpI‘ESSiOﬂ. constitutive promoters pTefl, pTef2 and ADH. pTUM104 keeps the galactose inducible promoter pGALHL.
shuttle vector system pTUM10X, which was adapted to the BBF RFC standards, transient transfe@tit - - = = — — -
and expression in yeast were achieved. The gene products were subsequently characterized and §Hjel =g
biosynthetic activities were investigated. O SY N I H E S I < 3
Constitutive, ethanol-inducible and light-switchable promoter systems were developed to individu-§ | = . = éﬁ'
ally REGULATE the expression of these gene cassettes. By combining these BioBricks our teaghad | g
been able to brew IGEM’s rst and nest SynBio Beer. E = | % s
OQ X
. I csl | f origin: . fth .
Overview Z é F— § s e enny P8 g "
— Fig. 4: R i lyzed by li hase. . . .
%é’ o o rencion ceshredy Tmonene synase | The protein Thaumatin is over 2,000
o .
| L times sweeter than sucrose on molar
REGULATION — fUI Plant of origin: Molecular structure negative control b . 5 d h b d
- Citrus limor(L.) ot limonene amansomed | 0ASIS [B] and has been approved as a
| | negaiveconvol § food gdditive In the European Union
The avoring substance limonene W.aS BBa_KBL060 (E957) We Successfu”y expressed
successtully produced by expressing =0 | thaumatin in S. cerevisiae. Thaumatin
limonene synthase IrS. cerevisiae, which e e | WAS puried using an ion exchange
N rall nthesiz h ranvl- WO consensis Fig. 8: (A+C)on exchange chromatograms gburchased thaumatin and cell lysate of transformed
atura y sy thesizes the educt ge a y g%g—*,ffé%% I Chromatography and was SUCCESfU”y yeast.(B)Bands in SDS-PAGE of reference protein at proper height (22kDa) with a maximum in elu
pyrophosphate (GPP) [3] For purl cation o detected via SDS-PAGE (F|g 8) tion fraction 14.(D) SDS-PAGE belonging to (C). The elution fraction 14 of the cell lysate shows a
. - 1; . band di h f . This eluti h h f d
of limonene Synthase Stf@ptﬂVldln a nity Fiﬁ. 5: Defecjtion oﬁllimﬁnen(tahintheadfpac? abO\ée C‘?r:I c_m;tl:\;igzp;]erréat@b.(‘é(é/Miggfgg(l;m ofhlimon(tene obr:ainedk dgnmoggtrrr:tsezot?\elZ%rfetis%g?ei:ﬁgi)eoi:t_ is elution pattern matches to the reference pattern an
: : when analyzing cell culture that was transformed with p arboring BBa_ as chromatography peaks |- — e — —
Chromatography Wlth fO”OWEd eanCh_ measured for BBa K801060, BBa_K801061, each with and without addition of GPP and negative controls. LIJ -
ment and gel ltration was performed. As load wash elution S
limonene is a volatile organic compound Z &
. . . . |
It was measuredin vivo via headspace LIJ%‘
(SPME needle) GC-MS. This resulted in a LL o
comparison of limonene synthase with E(L S
. % o | |
BIOSYNTHESIS (BBa_K801060) and without consensus O ncas| Plant of origin: Molecular siructure Fig. 9: Reactions of the ca eine pathway.
sequence (BBa K801061) of a two to @ Co ea arabica (L. of caeine
" _ I - Fig. 10: LC/MS chromato-
thrpe fold enhanced expression depend All three enzymes required for caf grams of the  rst enzyme
ONn consensus sequence in yeast (see feine biosynthesis (7-methylxanto- assay. léi;edRsfubstrate: Xar
i . idi i i - i i i . . osine. ererence cnro-
. 5B) E:gégénset;?rﬁ%\gg:anlty (SA) chromatography of Elng.sz.p?rr&zzlilté%ag.gel ltration of limonene synthase sine Synthase, theObromlne Synthase matogram of theabromine.
: ; (B) Chromatogram of a solu-
55— S— _ _ _ and ca eine synthase, Fig. 9 [6]) were fon _obtained _from  the
Xanthohumol is known as a putative cancer chemopreventive agehsuccessfully expressed . cerevisiae enzyme assay with the crude
I 9 ) o o ] ] : : extract having been isolated
O: due to its antioxidant activities [4]. The whole biosynthetic pathway fgrThe functionality of the pathway was rom yeast el ransformed
. . . . . . - . WI € Caelne syntnesis
2 the production of xanthohumol was converted into BioBricks. This ifpshown up to the intermediate theo- Sathway composite part(Q)
I:I_:ﬁ plicates ve enzymes: phenylalanine ammonia lyase, 4-coumarat¢bromine (Fig. 10). The second reaction o e e
— & coenzym A ligase, naringenin-chalcone synthase, aromatic prenyltranéf the pathway Is also catalyzed by assay with crude extract
<§ ferase and chalcone O-methyltransferase. Every part was sequencé® endogeneously expressed purine with ~the empty vector
o | o Plant of origin: Molecular structure and added to the registry of standard biological parts. nucleoside phosphorylase. pTUM100.
Fig. 1: Overview of our project. B e - - _ >< % Humulus lupugL.) of xanthohumol )

framework that we Beer our team tried

come to the conclusion that thi

- A Bayesian inference| r A Using the example' g LGEM's core idea is standardiz} ) 0 assess the suitability of ou — A ‘ Link to
MODELING v natemaical |OUTREACHoticews sesimee [ BBF REF(on vetoverime ourean e IBREWINGe svan - awvsen, f [REFERENCES o
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growth was tested Iin three

Introduced to IGEM for the rst time, conveys the idea of Bip- to bridge the gap between the scien- Idea Is not yet fully conveyed in most BioBrick part descriptiogs. § di erent media. Compared to a conventional brewing yea 1] Mazzoniet al, 2000. Molecular analysis of uas(e), a cis element containing stress response elenjents
i i : : : : i ) ) ) responsible for ethanol induction of the kladh4 gene Kfuyveromyces lactiRes Microbipll51(1):19-28.
Bricks: For every parameter tic community and the general Accessing the Registry frequently to plan a project using-Bjo { strain, no signi cant adverse e ect was observable. Furthe (2] Shimizu-Satet al, 2002. A light-switchable gene promoter systeNat Biotechnol20(10): 10414,
In the model a prior den- public by hosting a variety of “Human Bricks, one very quickly realizes that the part descriptions gref more we brewed our rst limonene SynBio Beer using trang [ [3]Landmanretal, 2007. Cloning and functional characterization of three terpene synthases from lavender
. b d d d t th P t ” ts. W . d ‘. ft t t d W d 147 b f 55 d ~ . ; . th B B k f I th ~ (Lavandula angustifolipArch Biochem Biophy465(2):417-29.
sity can be added to the ractice” events. We organized a pang often unstructured. We surveye members from Fe genic yeast carrying the BioBrick for limonene synthase under § .4 virandaet a, 2000, Antioxidant and prooxidant actions of prenylated and nonprenylated chalcones afd

simulation in a modular discussion to debate on genetic engi ent teams asking several key guestions that allowed us te ¢le } the control of a constitutive promoter in a 3 liter scale (Fig. 1$B)} avanonesinvitro.J Agric Food Cher(9):3876-84.

fashion. The prior density Fig. 12: Panel discussion about Neering in food with politicians and ' velop a new annotation template.

genetic engineering in food.

will improve the inference scientists. Besides, we arranged a np- J How would you describe the average quality of the

. . . . . . . ) part descriptions that you dealt with? n=116
of the a-posterior distribu- tionwide information day in coopera- 100% 1 T bt docertons wore e satsfcton
tion from experimental Fig. 11: Two a-posterior densities obtained in the tion with other German iGEM teams. = The patdeserpions e ofen satsacton.

. simulation of our pTUM104 vector. ks the induced . . = T B oaintions were movar oty S pacton:
data. The a-posterior deN=nd the uninduced transcription rate(A) and (D) Furthermore we designed a comig _
; ; how non-normalized marginal densities with 95% : : . %1 41%
sity itself can then serve ag . ies as norzontal lnedB) and(C) are. scatter that illustrates our project in a playful -
prior density for other plots of samples drawn from the joint density of the Fig. 13: Our booth in the city  \yay made a movie and visited a clads 222
two parameters with the color indicating the prob- center of Munich at the ’ 3% . 4%
teams. ability of the sample. national iIGEM-Germay action of 10th and 11th graders. 0% e
day. Fig. 14: Evaluatiop of answers to que‘stion 4.
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Do you think a standardization of the part
descriptions could increase the usability

100%

50%

0%

Fig. 15: Evaluation of answers to question 4

of BioBricks ? n=116

73%

1%
Yes. No. Perhaps.
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Fig. 16: (A) Evaluation of measured QpDof INVScl and brewing yeast under di er-
ent conditions. (B) Experimental setup for limonene SynBio Beer.
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