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The Problem

Sweet genes?

= Many fimes the 'sweefness’ of sugar

= Delayed onsef of sweefness and lingering
afferfaste.

= Small peptides optimised for stability and
expression in bacterial systems.

Thaumatin

07 Nov 2010 Team:IT_Madras '



The ImpIementatioThe Experiments

The Problem

An Engineer's Biology

= Regulafion vs Expression?

= One Input gives ON / OFF
control, Mulfiple inputs?

= Creafing the window; the AND-
gate.
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The Problem

An Engineer's Biology

= Reqgulation vs Expression?

= One Input gives ON / OFF
control, Mulfiple inputs?

= Creafing the window; the AND-
gate.
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The Problem

The 'Undo’ button

» The bane of GM
» Death tfo the bacteria
= The undo?
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And the profein is ...

= Choice is not always a good
fhing.

= Short and sweet

= Monellin
= Q8 amino acids
= Optimised single chain peptide
= [emperafure and pH stability

Protein Relative Sweetness | pH stable | Temp stable
Brazzein 800x Yes Yes
Mabinlin 2 10x Mo Yes
Thaumatin 2000x Yes Yes
Maonellin (MNEI) 2000x Yes Yes
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Controlling the system

= And the Inputs are ...
= Smart systems cue themselves;
human-proofing

(1 = in i out P{I}

In1 Cut1
aubsystem

&

07 Nov 2010 Team:IT_Madras



The Problem

The Experiments

== Narme Description Prumoter Sequence F!?ﬂ]ﬁﬁ;;m Hmﬁil;&rs

LS B2a 11051 Lux vasse e gl promole: - o Yty aalaceiciyyoyylyala
T4 BZa_ 14015 P{Las) Tt ... Htgotecactccclalcactcatagaga
iy BZa 114018 P{Las) CID - clibgglacaclsocicyguyylgal
1t BEa 114017 PRI . .18C0CARY3A3AN ME TALAGTCN 38
B2a 733105 Dwvabile Promoien (LusRHSL, pusitwe [l repadive] Lo vglygoy iyl a asvacog oy iy llga

1117 B2a_[F45104 P2 prormoler inagr aperon iom S auieas - - Ay ally e asa oglalaaiyacaglya
B WS BZa 751501 Poux-cl hytnic promatsr oo bl s lye e icacugoeaglay @
W Dla 751502 plux-lac ybrd promoter .. ajtoioipgsatripagegoaascast

BEa_ IMELU11 CInH, GInL and gluscse exnTollzd promotor .. acatsiasaac it geatategt
B2a_JOE403 RhIR oromuober iepress bie by Sl - - lryrasgsasaigyliy Lalag ogsa

RRa_N 02001 Rewerse | ux Promnder ictgegasacrtgtacgainctacaggr
BEa_J64000 il pramose” .. atcoceiagiciccecotsatgigig

BZa JGEA0L0 l25| promatar . 1333 Tatjaasmgsatzasrteica

B B2a_JB4057 LuxR=30CEHSL nceoender L RODES - - ylgliyactilaccicygoyylgala
Bla_JB4712 LzslilLasl Inducitle & RILGAR! LI reprassib e Promoer . gaate:ggcagititgiecacganage

15 Bla_KCA1107 plux'c! Hybric Promcter . acgcogtycgpbpatatagicgaaasa
i BZa KU9111/ pLAZ pramoe” ... fadattat asattygatasatctcag
Ly Boa_ KU91143 pLasiel Hybno 1 'rometor . . gotettio gmacctsiyg cIgig ataa
Lyy Bla_ KU91146 pLASLLX HyD7id Promoter .. AAjpatcgiEcan §atARATCCAN
B W Boa KL9115E pLux .. oagoasegytiotatagicgaaaaa
B BZa KCOOL157 pLUALES Hybid Promoier . olacar clagialagicg aaasa
15y B2a K143150 Hybrid promoien: HSL-LasR gciiveled, P22 C2 repressel L laglla.aslzag e laailc
5 W BZa_ KZ63000 PAFLasR -= Luxl (Al - rascbosgglgyyueilciyogllialia
5 W RRa_KZ65005 PA asR -> 1 asl& Akl iR —| | asl Aaaaritigataghiyriaghgtagator
-] W Boa REGSU06 Pi-LasH > LaskGH? 8 Al-Lux= | LashHEH! ... cacctelgatygocciteigegttiala
5 W BZa E265007 Comalax S5 - Luxl & Lasl el ... CACCTel g Jggecioig cgmala
1117 BEa_RO0DEL Pronwer (HSL-n=d aed luxR earessorn) Lgacaccly By gaoglacagy lalaal
1t BZa RODEZ2 Promose” (IR & HSL requ aed — 1ax pR) . . CAAGEAAAY IO AL G 32 A8
15 BZa_RO0ES rromose” (1R & HSL requiaed 11y pL) . . CACOCDAIACTIICHACIAICANIP IR
Ly Bea_ RU0 1 I'romoer (HRIH & 4 450 requiatcd) .. QHagoricg aatygotasasagtyte
15 BCa_ROOTFO Promoer icirR and |50 regulated) . .. ceateipeitccacyaactgaasacoe
kg NNa_RONO74S Promoces (| asl & PAL requlaied) qorenegogictittyJRcarganane
l}'_‘( RRa_RI10E7 Promoes, Stancad (hx? and H3I -equiacer — L pR) azganargityrgatacicgaataaa

07 Nov 2010

Team:lIT_Madras

= And fthe Inputs are ...
= Smart systems cue themselves;
human-proofing



The Problem Implementatio

N The Experiments

Controlling the system

= And the Inputs are ...
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Controlling the system

= Curdling
= Heat shock
= pH
= Externally inducible (Nisin)
= Non-leaky, good response, system based.

6.8
6.4
8.0
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beating the bacterial blues

Harme About Us Praoject Detalls Notebook

StressKit

A HIGEAck NOFary of LA regressod 607, 728 g°F ang ¢S promorors rar Lechenchin ool
ReqJlated gena expression ls an assental part of tha synthatle blologlsts oo kit Bacera hsve
evaled Deend i shess rzsponss syslems which generals peoinz-wds changes in gene
BRSSO in Cespinse to globa ly-intzorated infanmation. Soecfic syoes of soess oprequlate
spzeif e ‘alierative sioma factors’, which aztvate tarsetiptian by ginding o nueleot dz
elonatures ar tha -10 anc -5 boxes of Thelr cognste promotars. We ST out 10 deslgn, construct,
Al vaivaw 4 libnay of sigima-Ueosndenl promosers fur Eschariciia voli, wille the Tol wawing
resign srpﬂ'rf[:iaﬁrr!.' tae promotess must conform “othe RioRrcs standzid; faey most be
madular so thay can oe used mulziply in devces: and they must be Lacl ~epressad bt sigma-
dependent, Jff by cotadl but 2ehzyving h<c nabve Sgma dependernt promators inthe prescnc
of IPT. 2l oJr aromoters are based on the LecO promoter of LUtz and Su ard, containing mwo
1 acl ninding sites. bt with <10 ard -3% oowas modified 2o hind atternatve sigmz faotors Wa
gereatzd four hybrid promaters for eacn of the following:

» % urfoldec-prote n response

= gt flagellar biosynthesiz

= o2 neat-sioc respose
« g stationay-phasz exprassion

We then coned These pramoiers Apsiream of 5 YFP axpresslan construc (B2a EM3T). We ae
cue ity coiaclerizing Je Theary of sromoers against 2 standzd control, the ammodilied Lule-
R jjard | acO) promct=r, using spectiophotonetry znd Fuarescence micnscomy

Take a ook ivto our d=tziles design docomeants to know minee aoout tha project, bawe Stresskin

Reowse through tha sxpaimants notebook to read our expecimetzl data

07 Nov 2010 Team:IT_Madras

= Fusion of promoters /
sfress factors?
= Statistical chance for the

right combination



The Problem he Implementatio

n

The Experiments

Recombinase to the rescue

» The CRE floxes DNA between
loxP sites.

= Oreientation-dependent splicing
= Knockout, the biological AND.

_RE G ene-ofinterest

loxP

Imput 1
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Recombinase to the rescue

» The CRE floxes DNA between
loxP sites.

= Oreientation-dependent splicing
= Knockout, the biological AND.

CRE Gene-of-irterast
Input 1 Input 2 loxP loxP
Gene-of-interest
Input 1 QR
CRE Gene-of-interest CRE
.-'—'i _i F—'-t — _i ' - ~os B = —-a
Input 1 Input 2 loxP [P It 1 Input 2 loxP loxP
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Recombinase to the rescue

» The CRE floxes DNA between
loxP sites.

= Oreientation-dependent splicing
= Knockout, the biological AND.

CRE Gene-of-irterast
Input 1 Input 2 loxP loxP
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Recombinase to the rescue

» The CRE floxes DNA between
loxP sites.

= Oreientation-dependent splicing
= Knockout, the biological AND.

CRE Gene-of-interest
e P
Input 1 Input 2 loxP loxP
Gene-of-interast
CRE Gene-of-interest . CRE
Input 1 Input 2 loxP loxP elipra 3 Input 2 loxP  loxP

Input 2 : »
CRE - Gene-af-irterast
Input 1 oyt = loxP loxP
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Recombinase to the rescue

» The CRE floxes DNA between
loxP sites.

= Oreientation-dependent splicing
= Knockout, the biological AND.

CRE Gene-of-irterast
Input 1 Input 2 laxP loxP
Gene-of-interest
CRE Gene-of-interest - CRE
- — o O—a— P o P
Input 1 Input 2 losP - weliapar 2 Input 2 loxP loxP
CRE Gene-of-interest ZRE Gene-of-irterast
.--—'i i .ﬁ I-Fﬁ i i-i ﬁ a ‘--I Fi i _i -"_'F ii i-i E-i i o i -
Input 1 Ly loxP lax=P Input 1 Input 2 loxP loxP
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Recombinase to the rescue

» The CRE floxes DNA between
loxP sites.

= Oreientation-dependent splicing
= Knockout, the biological AND.

CRE Gene-of-interest
Input 1 Input 2 loxP laxP
Gene-of-interest
ZRE Gene-ofinterest . CRE
- a—ao—a—O—o— P o i P
Input 1 Input 2 laxP loxP lipu 2 Input 2 loxP loxP
Gene-ofinterest
Input 1 & 2 il
CRE Gene-of-interast CRE
o wf e oo el o oo
Input 1 Ly e loxP loxP Imput 1 Input 2 loxP loxP
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= [he model organism
= £.colivs L.lactis
= Final application in LAB.
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Promoters

= pH and external induction.

= Window of expression to be
characterised

= Obtained by PCR exfraction

Belll (348)
SP310mut2 | Spel (360)
Pl (370

pLl3A Sall (372)
/ So~Terminator

ermB
pAMJ399 \
6949 bp ;

repE
repD
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Promoters
= Upregulation at mildly acidic pH.

= Serendipity

K372001 activity

from Luciferase assay

200
180
180
140
120

100

RLUWODEOD

80
60
40

20

pH
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Promoters
= Upregulation at mildly acidic pH.

= Serendipity

J23119+B0034 activity

from Luciferase assay

450
400
350
300
250

200

RLU/ODG0D

150
100

50

pH
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Export

= Expelling the protein from the cell
= Luck of the draw

= Opfimisation
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The pseudo-AND Gate

= Appropriate placement of loxP
= Excision of inserted DNA.

CRE Reporter 1 Reporter 2
123113 ]23113 loxP loxP
CRE Reparter 1 Reporter 2
] 23118 122118 laxP laxP
CRE Feporter 2
J23119 J23119 loxP loxP
Reporter 1

6
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Final Construct

NICE SP310mui2

The Nisin-inducible expression syste o
The Misin-inducible expression system The export tag is that which is

. obtained from the same vector as PI170
food-grade nisin in the system. It is and is an optimised version of the
also to be noted that the system should

15 upregulated under the prescence of

e X ; ) i naturally found SP310. The system is
Daly;-ne ScvEied, wier. Ihe. cuinme iested under J23119 with a reporier

saches an € 1] i 1. The
reaches an QD600 of around 0.7. The with the same reporter without the

system is tested with a reporter with

L‘\'|||JI'I I_|_|_" a5 A reference,
123119 as a reference

[ [== Feporta J3TLle Faportar
SPA10Ft

jza11s  Reperter

P g it JIELF  paponte
S o B

P170
CRE-loxP This is a pH-sensitive growth phase

The CRE enzyime is a recombinase that dependent promoter that  upregulates
modifies { excises the DNA fragment expression from a baseline between a
that lies between its  specific pH of 6.0 and 6.5. The system is to be

recognition sites, named lox, We have tested with a reporier with J23119 as a

chosen to test the system with two reference

reporiers, and the promoter 123119

F1T0  Raporter

J23119  Feporber
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In Conclusion,

= We designed an implementation of a single-use, AND logic in
DNA.

= Applied the mechanism fo concieve a sweetening protein
using inputs from the chemistry of the process.

= |denfified two promoters, and an export fag for the system,
submitted one promoter and the exporf tag and characterised
the acid folerance promoter, P17/0.

= Presented a novel approach to GM, where the system is
excised after complete expression.

&
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