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Electronic Circuit Model Construction of A Synthetic Gene Network
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Abstract: Engineered gene networks have shown its potential in the study of the properties of natural occurring gene net-
works. In the present article, an electronic circuit model was constructed based on a synthetic gene network model, which
accounts for cell oscillation and amplification. Nonlinear electronic circuits were used to maintain the nonlinearity of the
gene networks model. The electronic circuit models was constructed by the operational amplifiers and MOSFET transistors,

respectively, and simple comparison was made between them. The results provide a possibility for using electronic models to

study the properties of more complex gene networks.

Keywords: gene networks; electronic circuit; engineered; nonlinear; coherent oscillations

TERGUEY AT, il TR LR F s 1)
FHHEERERT7 AR = 2%, (AT AR OT TSR N % )
450 3h F1 AT AR IAEN, BRI, AR A A
Yy BT TR A . EARE T A RFE 45 1Y
— BRI, RN R TR A, A Sk AR
i, FEAFE) Tz MR P AR A T
DRI 25 B, 72 T ORI 4 ) F R I, R
BTES F O At T R OC iR s
TR R4 U I 5 A, s AR ) e
e EWARE) T I SO A RUE S O R, IR
T S PR SRR T L2 f ok

W BH: 2011-01-05; 1EEIHHE: 2011-03-14

RIEHINE Z2 0 hae, H 20T LIS B AR SE W 245 4H
AR AR 2 B =R B 2 R,

AP H, (6 AR 0 P B P — S R T B LT R 285 1)
BT AR A, T B AR AT A A
(1), Z AT — 2 i BB A A iR RS b Y
B AR FH ARG L A B — A AL R )
LB J12EA T, AT DA s KRR b O B L R X 4%
LRPERRE. D25 B AR L ME B BN S A IR )
H AR IEHE 3 N G BN | A SE B i A, Lt
REEBEZ Y. BB T — A 5 (R I 465 400 7] 1 55 5
(repressilator) , ‘& Bk T 7E R B =LA B

EETR.: EKARPEISEIIA (20903071) ; KEFHE K-S 50 2= L4 9B H (1014A109)
EBRIfr: 26 (1981—) , B, IR, TRIN; @EEES: TE6, ARG, Mt M4 S00, wangzw@tust.edu.cn.



2011 “F 8 H

AOCRE, S — BRI 4 A L R AR £ <23 -

TG P2 sh 1284 TR, X R Bl 2R R i i &
TR 4R v AR 35 1ok M0 43 3 s B ik ok
#r Al MOSFET @ (A5 A8 Al il AR | FH 7 ST
M1 7 2R RIS N 5 2 s =z A A BAE R X
HL B AR TES TR A, FEA T TR A RN T B AR
(RIS ). a7 B ) L SR A TR X B A A e IR W) 4% 114
12T AR B B

1 HPH R

Elowitz 2" H 1 KW FF 57 o 40 il 1455 784
(repressilator) . TEIZALRIH | A5 — AN HAHEH:0 A IR
Da eV E PRI PR, 5 BT 1Y) 28 1 o 7 2441 )
HIF LR FRIE. K’ 1 B T WL N EA B4R
IR, FACREER MRS S L. B R
AR ERT, 5N EEE 4SS, N
il 732 PR A I o A . X RS 3 T
AR R AE RS RS, S — 203 A
(DATSIES

TSR BT, PR JR A (3 S 25 1 5
mRNA 3T FEAR 22 ) HOA BOZ N 28 1 KT T
Gy LA RS F AR AR BT ik
B BB e 22 5, B T — - BA V2 IR 3

1

V=12V

il 12

PN B, EREEIZ R RIRG R WE? Garcia-
Ojalvo S5 HH 1 UBSCIELASC A Ay L (o B A 1 4
Je IRl A , PR I AN R
AN TR A 7 AR, 2R a5
TR AN SR A T3 i A B L .
i 72

Ael
32
(Py)
i1
—‘7 (cllite) (lacllite)
TetR

B 1 Ml REEE E (=D E R E h 5 R RERE)

Fig.1 Network architecture of a repressilator (three repress-

Lacl

a1

(P,tetO1) 53

(tetRlite)

Ja g3
(P tetO1) ‘

sor genes are connected by negative feedbacks)
2 FMRERSIT

2.1 FRIEEMAERITE BRI

IBROR A B BT B AR E. B
JICH LB AT S8 AN s B, Nk AL A . AEIX
— B3, S SO AR B FIAAAY FE A 4 ] 5~ 19
Ao, Bt BRI R BOHCRAS I IE 2 By
AN BT T A A L Y TR S R R
1 AR A D

B2 fERIZEMARMEIE TR RIER

Fig.2 Electronic circuits of the “repressilator” based on operational amplifiers

ZHLEEH RC AR HL B AT IS SO AR i = A
FARRIT. B> RC ALK HH R (A 2 12s% R
V) SR T LR 0 B IR AR . R (E A
3132 B A A AT AR DL 3 PR ) B IR R
JE V5 ROR A SR T AR A S b, R G2
BRCR ATV LR IR, E— T A VS
B v, it RCOHLESMGE. fREEA B RS T
NS I AT AR N

dv,
qud—;=—V] +H,(-V;)+ D)

dv,
chzd_tz:_Vz +H (V)

R3C3%=_V3 +H, (V)
dr

Hrb H, (o) HIsEORAR 6 B BT i —A bk o
LIETIN

H(x)=V,, (x<0)

H,(x)=V, (x=>0)
1M D& (6) e 30r AW, Dy 7R MR 5

H LR B FS BB S AEXTRR Y, AR, B H Y



e 24 -

Vo WEA—TART 0V AE. 7EXFERHL B 73X
HEAEW G EE R IR M 2%, A Eos i . X472
PRAET —FRG TR (SR 3 BIRBHUSE R | MRS XT
BRI (FERRT Ry Ry Ry Cr . Gy Cs) AR EE
(F T I 7 B I A B (ED 2. R 3 7]
DIE H, MR B LT A X IR th e = A= 5 il
TR SECT IR R I B A T35 R,
R MNP s).

0
0 0.1 0.2 0.3 0.4 0.5

t/ms

B3 BEMRSFER LIRS
Fig.3 Oscillations generated by the operational amplifier
model

2.2 #|f MOSFET SR & )% fE B Y

HL I — R R e RS XA
Bk, AR R RS AR — R . X
HRRFER I, d A UGS O ke b
PEAEAY (U 4 Fif7R) . N-J4iE MOSFEF #h A% (7).
T T) VERFETIIT G, RS A i s i e S R
) 35 B ) B P TR A .

Ve Ve V.
Ijﬁﬂﬂ%‘ﬁ‘l i 2 I;l] i3
TII—I —LC‘ T, TIIJ T

J L
r

I3

=

4 {Ef MOSFET R&E RN T FHE IR

Fig4 Electronic circuits of the “repressilator” based on
MOSFET transistors

INTEMR A o H R ) S — B R, A A
ey T, (i R BRI R, TEXFELALT,
B A Ay 1 P T A, R — R
BT Flan: v VER T MR, v ARt . Y
WHEE v, BEZEE CCMfl ) , Vs X3 E Rl
(Veo) » MU OIS RTVE N — AR Y BE ST (BRI . 55
b, B H— A A A R TR AR TR 5

AEHEAREEE F20k F4l

i R R BRI A RS A I R 0 Y
Jr G EANTHTX I 0 B e A A e R — 2. A
GERBIL, X AT vEAS 2 09 A i R R T R
5 (WLIE 5) , XA IR PMEAR G , Hod I e

dv;
Rlcld_tl:_Vl +V SV3)

dv,
chzd_t2 ==V, +V, . f(")

dv,
R,C; d_; ==V;+V f(V3)
Horbr fGo) Bl T ARG S 80 A 070 RS i 10 it
PRI , fC0) PLZA — T EIEAR. &) AT T
EwEE P
o
1+ Bx"
X a, B n & MOSFET A 1S5

f(x)=

VIV

B 5 MOSFET R & B BIRE ™ £ riRS
Fig.5 Oscillations generated by the MOSFET transistors
model

HilE 5 AT LI o R BE ) A e L. 2
AFHAR A HL B IR B v, 225 L B9 W TR AR 5 A TR
2n/3 AR FEIR , A A0 2 Ul 25 I — A AR AR (A
T) W RLAER , B — A () W TR 22 AR, Tt
IFER = (T) B2 T R Rl st vl L™
ARG RS, AL A L TR DR A ] 145

ARTCo3 B FH PR ST B LB, AR T AT
AL AR = e DR A X 295 ) L RS A ) AT A BE
SIS M B H B AT 28K A AT LU P X 2t
] B L A R A2 2R T SRSk, A PR pr s
RT3 EHOESC B FE I M 28 B G R 5
PO 2% 5 1 A 3 L S5 DRI A BRAR ST 25 R )
JHF AR B 52 4 R 5 PR I 45 S fat— Tl REE.



2011 “F 8 H

o — B IR TR 4 ) L B A T £

« 25 .

SE k-

(1]

(2]

[3]

(4]

[5]

[6]

Hasty J,McMillen D, Collins J J. Engineered gene cir-
cuits [J]. Nature, 2002, 420 (6912) : 224-230.

Isaacs F J,Hasty J,Cantor C R, et al. Prediction and
measurement of an autoregulatory genetic module[J].
Proc Natl Acad Sci USA,2003,100(13) : 7714-7719.
Tomas R, Thieffry D. Feedback loops, the wheels of
biological regulatory networks[J]. Med Sci, 1995, 11
(2) :189-197.

Becskei A, Serrano L. Engineering stability in gene net-
works by autoregulation[J]. Nature, 2000, 405 (6786) :
590-593.

Wang Zhiwei, Hou Zhonghuai, Xin Houwen. Internal
noise stochastic resonance in a synthetic gene network
[J]. Chem Phys Lett, 2005, 401 (1/2/3) : 307-311.

Barkai N, Leibler S. Biological rhythms[J]. Nature,

(7]

[8]

(9]

[10]

1999, 403:267-268.

Toettcher J E, Mock C, Batchelor E. et al. A synthetic-
natural hybrid oscillator in human cells[J]. Proc Natl
Acad Sci USA, 2010, 107 (39) : 17047-17052.

Hinggi P. Stochastic resonance in biology[J]. Chem
Phys Chem, 2002, 3 (3) : 285-290.

Elowitz M B, Levine A J, Siggia E D, et al. Stochastic
gene expression in a single cell[J]. Science, 2002,
297(5584) : 1183-1186.

Elowitz M B, Leibler S. A synthetic oscillatory network
of transcriptional regulators[J]. Nature, 2000, 403:335—
338.

[ 11 ] Garcia-Ojalvo I, Elowitz M B, Strogatz S H. Modeling a

synthetic multicellular clock: Repressilators coupled by
quorum sensing[J]. Proc Natl Acad Sci USA, 2004,
101 (30) : 10955-10960.

(LBF 137)

(7]

[8]

[9]

[10]

[11]

Buzon V,Natrajan G, Schibli D, et al. Crystal structure
of HIV-1 gp41 including both fusion peptide and mem-
brane proximal external regions[J]. Plos Pathog,2010,
6(5) : 880.

Luftig M A, Mattu M, Di Giovine P,et al. Structural
basis for HIV-1 neutralization by a gp41 fusion interme-
diate-directed antibody[J]. Nat Struct Mol Biol,2006,
13(8) : 740-747.

Kwong P D, Wyatt R, Robinson J, et al. Structure of an
HIV gp120 envelope glycoprotein in complex with the
CD4 receptor and a neutralizing human antibody [J]. Na-
ture, 1998, 393 (6686) : 648—659.

Huang C C,Tang M, Zhang M Y. Structure of a V3-
containing HIV-1 gpl20 core[J]. Science, 2005, 310
(5750) : 1025-1028.

ZHOU Tonggqing, XU Ling, Dey B, et al. Structural defi-

[12]

[13]

[14]

[15]

[16]

nition of a conserved neutralization epitope on HIV-1
gp120[J]. Nature, 2007, 445 (7129) : 732-737.

Chen L,Kwon Y D, Zhou T,et al. Structural basis of
immune evasion at the site of CD4 attachment on HIV-1
gp120[J]. Science, 2009, 326 (5956) : 1123-1127.

Zhou T, Georgiev I, Wu X, et al. Structural basis for
broad and potent neutralization of HIV-1 by antibody
VRCO1[J]. Science,2010,329(5993) : 811-817.
ke, ZRLTME, B4R, 45, BIAV JEE 1A SRR
PR S e N2 (). A5 1 e i Ak, 2006,
22(1),115-118.

QAR TR, SRR, SF. Th ALY BT Il HE SR R A
PAATHLE (s ], AN 4y T e A AR
2005,21(z1) : 130-132.

WS RIS AT A, 45 TR e 2T 1003 S 1)
W], pEREAE, 1979 (4) 1 1-15.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


