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Steady state Dynamics Intercellular
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Dynamic behavior of ring oscillator with mismatched inverters
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psi(A) = input signal

Inverter: Modify Repressor Affinity

     baseline inverter
repressor   10x weaker

repressor  100x weaker
repressor 1000x weaker

x=y

t +.]7J,:3/ { ^ � � � VR/�8,J,1�+56,]\2Q),/";M+56,8,+.6,]\NPx�6,+_2br�4TSX2Q),/":0/�c,:0/�-3-047: 2Q4m2Q),/p47c</�:3NP2Q4T:�-3),+_S 2Q-*2Q)M/
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iPNTL.J,/"4TS � & � �����  �" a?NT-R-31�NTL5/�898M4 a 6 ;ersS NT1�2347:3- 4TSX2bad4,`,n,i7/P`<NT6,8�2Q/�6vl

96:4;=<?>A@�BC>�DCE FIHCJ O FPK8JNDCE FIH ;R@ FIHCJ K8>AYU; OQ; � W�� Y >AD?<Z>AD?E OP> FXJ ���
	�� �I_ � 4j8,+_^

�T{



0

5

10

15

20

25

30

0 0.5 1 1.5 2 2.5 3 3.5 4

ps
i(Z

) 
=

 o
ut

pu
t s

ig
na

l

psi(A) = input signal

Modify promoter affinity for inverter (inset: two inverters)

  baseline inverter
promoter  2x weaker
promoter  5x weaker
promoter 10x weaker

x=y
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t +.]7J,:3/ { ^�� � � V /�8MJ,1�+.6,]
23),/ ;,+.6,8,+56M]qNPx�6,+_2br�4TSy2Q)M/"V :$; c<47L_rCI�/�:3NT-3/&-3),+_S 2Q-�2Q),/&2Q:QNP6,-0Sh/�:
ShJ,6,1'2Q+.476,-s4TS"23),/ ��� �PB > V @ +56ei7/�:023/�:s+.6Aa?NT:08yl Db6,-3/'2�-3),4ka -�2Q),/#/�� /�1�23-�476H2Q)M/[2Q:QNP6,-0Sh/�:
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nu1�NP2Q+.476,-K234 23),/9V&=�@ NPL.2Q/�:K2Q),/�NYx�6M+.2br 4TS&:QV$: ; 234�2Q),/�I�V :$;qlUt +5]7J,:0/ { ^ � > 1 @
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psi(A) = input signal

Different Cistron Counts for Modified Inverter

  cistrons = 1
  cistrons = 2
  cistrons = 3
  cistrons = 4
  cistrons = 5

x=y

t +.]7J,:3/ { ^�� � � (*),/q/��v/�1�23->4TS +56,1�:3/%NP-3+56M]�2Q)M/
1�+5-023:3476 1�47JM6A2&c</�:R]7/�6,/ > + l /Pl?2Q),/f6AJ,IK;</�:R4TS
-023:3J,1'2QJ,:3NTL�]7/�6,/�-pc</�:p47c</�:QNY2Q47: :0/�]7+.476 @ lqDb6 2Q),+.-"1%NT-0/T` 2Q),/\47:0+5]7+.6uNTLX+56ei7/�:023/�:pI�/�1Z)uNT6,+.-3I
)uNT-&; /�/�6 I�4j8,+.n,/�8�2Q4 � � � �9L5/�-3-&;,+56,8M+56,]�NPx�6,+_2br 4PS 2Q)M/q:3/�c,:3/�-3-047: NT6M8 z � �9L./�-3-R;,+.6,8,+56M]
NPx�6,+_2br�4TSX2Q),/pc,:047I�4P2Q/�:�l

iPNTL.J,/�-*NP:3/"-31�NTL5/�8�;ArsNmL5+56M/%NT:gS NT1�2347:�+56s23),/"+56M+.2Q+5NTLu:QNP6,]7/"4TS 2Q)M/ 2Q:QNP6,-3L5NP2Q+.476s;</�Sh47:0/
:0/%NT1Z),+.6,]"I�/�2ZNP; 47L.+51g1�476M-02Q:3NT+56e23-�4TS 2Q),/�1�/�L.L � - 2Q:3NT6,-3L5NP2Q+.476uNTLAI�NT1Z),+.6uNT:0rTlU=?+.4A@MB�DFE�G�-
-0+5IKJ,L5NP2Q+.476,-�> t +.]7J,:3/ { ^ � � @ 8M/�I�476,-023:QNP23/"2Q),/p4ki7/�:QNTL.L 47JM2ba?NT:38 -3),+_S 2 4TS 23),/p2Q:QNP6,-0Sh/�:
1�J,:0iT/
4TSX2Q)M/ �����TB$> V @ +56ei7/�:023/�:RNT-*2Q),/p1�+5-023:3476�1�47J,6e2>+.6,1�:0/%NT-0/�-*Sh:34TI 476,/"234\nMi7/Tl
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23/�+56M-?1%NP6s; /&6,47:0IoNTL.L.r\NP1Z),+5/'i7/�8�;er�1Z)uNT6,]T+56,]mNfSh/�a NTI�+56,4qNT1�+.8o:0/�-3+.8,J,/�-�476o23),/pE
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Orig:  ATTAAAGAGGAGAAATTAAGCATG strong
RBS-1:  TCACACAGGAAACCGGTTCGATG
RBS-2:   TCACACAGGAAAGGCCTCGATG
RBS-3: TCACACAGGACGGCCGGATG weak
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Fragment of pRCV-3
2038 bp (molecule 4149 bp)
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Receiver Cells

Fragment of pSND-1
1937 bp (molecule 3052 bp)
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Sender Cells

Fragment of pRCV-3
2038 bp (molecule 4149 bp)

GFP(LVA)

LuxR lux P(L)

lux P(R)

rrnB T1 rrnB T1

VAI VAI

Fragment of pLuxI-Tet-8
1052 bp (molecule 2801 bp)

LuxIP(LtetO-1) T1

* E. coli strain expresses TetR (not shown)

*

Receiver Cells

pLuxI-Tet-8 pRCV-3

aTc

luxI � VAI

VAI

LuxR
GFPtetR

aTc

0
0

Sender Cells Receiver Cells
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pINV-112-R3
4863 bp

Kan(r) lacI

ECFP

cI

CAP bs

P(lacIq)

P(LAC)

lacO

RBSII

RBS H

p15A ori

T0 Term

T1 Term

-10 region

-10 region

-35 region

-35 region

pINV-112-R2
4865 bp

Kan(r) lacI

ECFP

cI

CAP bs

P(lacIq)

P(LAC)

lacO

RBSII

RBS G

p15A ori

T0 Term

T1 Term

-10 region

-10 region

-35 region

-35 region

pINV-112-R1
4866 bp

Kan(r) lacI

ECFP

cI

CAP bs

P(lacIq)

P(LAC)

lacO

RBSII

RBS D

p15A ori

T0 Term

T1 Term

-10 region

-10 region

-35 region

-35 region

pINV-110
4887 bp

Kan(r) lacI

cI

ECFP

CAP bs

P(LAC)

P(lacIq)

RBSII

RBSII

p15A ori

T0 Term

T1 Term

-10 region

-10 region

-35 region

-35 region

pINV-101
4944 bp

Kan(r)

GFP(LVA)

lacI

cI

CAP bs

P(LAC)

P(lacIq)

RBSII

RBSII

p15A ori

T0 Term

T1 Term

-10 region

-10 region

-35 region

-35 region

pINV-5
4216 bp

Kan(r)

GFP(LVA)

lacI

CAP bs

lacZ-dGFP fusion start

P(LAC)

P(lacIq)

lacO

RBS
RBSII

p15A ori

T0 Term

T1 Term

-10 region

-10 region

-35 region

-35 region

pINV-4
3408 bp

Kan(r)

GFP(LVA)

CAP bs

P(LAC)

RBS

RBSII

p15A ori

T0 Term

T1 Term

-10 region

-35 region

pPROLar.A122 pGFP(LVA)

pTrcHisA

pPW121

pECFP

�N��?"�	�����TG 'd  � �"�'���	����
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pINV-102
4125 bp

Kan(r) lacI

EYFP

CAP bs

P(LAC)

P(lacIq)

lacO

RBSII

p15A ori

T0 Term

T1 Term

-10 region

-10 region

-35 region

-35 region

pINV-106
3825 bp

ROP

AP r

EYFP

CAP bs

H Y EFFL Y EFF

P3 P

P(LAC)

lacO

SD SEQ

SD SEQ

RBSII

ColE1 ORI

-10 region

-35 region

pINV-107
3759 bp

ROP

AP r

EYFP

H Y EFF

L Y EFF

P3 P

Lambda P(R-O12)

cI OR2

cI OR1

SD SEQ

SD SEQ

RBSII

ColE1 ORI

-10 P(R)-35 P(R)

-35 P(RM)

pINV-107-mut4
3759 bp

ROP

AP r

EYFP

H Y EFF

L Y EFF

P3 P

Lambda P(R-O12-mut4)

cI OR2

cI OR1 mut4

SD SEQ

SD SEQ

RBSII

ColE1 ORI

-10 P(R)

-35 P(RM)

-35 P(R)

mut4

pINV-107-mut5
3759 bp

ROP

AP r
EYFP

H Y EFF

L Y EFF

P3 P

Lambda P(R-O12-mut5)
cI OR2

cI OR1 mut5

SD SEQ

SD SEQ

RBSII

ColE1 ORI

-10 P(R)

-35 P(RM)

-35 P(R)

mut5

pINV-107-mut6
3759 bp

ROP

APr

EYFP

H Y EFF

L Y EFF

P3 P

Lambda P(R-O12-mut6)

cI OR2

cI OR1 mut6

SD SEQ

SD SEQ

RBSII

ColE1 ORI

-10 P(R)

-35 P(RM)
-35 P(R)

mut6

pEYFP pINV-5

pBR322

pPW121
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pINV-202
4192 bp

Kan(r)

EYFP

lacI

CAP bs

tetO2

tetO2

P(LAC)

P(LtetO-1)

lacORBSII

RBSII

p15A ori

T0 Term

T1 Term -10 region

-10

-35 region

-33

pINV-203
3644 bp

ROP

AP r
tetR

H Y EFF

L Y EFF

P3 P

Lambda P(R-O12)

cI OR2

cI OR1

SD SEQ

SD SEQ

RBSII

ColE1 ORI

-10 P(R)

-35 P(R)-35 P(RM)

pINV-206
4982 bp

Kan(r)

EYFP

lacI

ECFP

CAP bs

tetO2

tetO2

P(LAC)

P(LtetO-1)

lacO

RBSII

RBSII

p15A ori

T0 Term

T1 Term

-10 region

-10

-35 region

-33

pPROTet.E132

pcDNA6/TRpINV-107

pINV-102

pECFP
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-10 region

-10 region

-10 P(R)

-35 region
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3222 bp

APr GFP(LVA)
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1                                           60

p(LAC)    (1) GCGCAACGCAATTAATGTGAGTTAGCTCACTCATTAGGCACCCCAGGCTTTACACTTTAT

p(LAC-const)    (1) -----------------CCGGTTAGCGCTCTCATTAGGCACCCCAGGCTTGACACTTTAT

61                                          112

p(LAC)   (61) GCTTCCGGCTCGTATGTTGTGTGGAATTGTGAGCGGATAACAATTTCACACA

p(LAC-const)   (44) GCTTCCGGCTCGTATAATGACTGCATTTATTGGTAC----------------

lacO-10

-35CAP bs
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pTK1
11334 bp
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LuxD
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LuxR
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lux P(L) transcription start

lux P(R) transcription start
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LuxE RBS

LuxG RBS

LuxC RBS

ColE1 ORI

Vibrio
fischeri

pUC19
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2801 bp
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p(LAC-const)
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