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CHECKE OUT THOSE
BACTERIA.

MNOT TOO

IMASINE WHAT MIGHT

BECOME POSSIBLE IF

THEY WERE WORKING
FOR US!

HMM.., ARE ¥YOU SURE ¥OU
UNDERSTAND ENCUGH ABOUT
WHAT %Ol WANT TO DOF

YOU DON'T WANT
TO MAKE THINGS

WE'LL ONLY FIND
OUT BY TRYING!

Hl THERE,
BUDDY.




HOW O THESE
THINGS WORK
AMYWAYR

THERE IT IS = THE
GENOME - THE
MASTER FROGRAM
THAT'S EUNNING
THE CELL.

TO REFROSGREAM
THIS CRITTER?

LOOKS
EASY!

CHAMGE OR AD
TOIT, BUT IT'S
NOT 30 EASY -

¥ —BECALUSE
NOBOEY COM-
PLETELY UNDER-
STANDS HOW
THE PROGRAM
WORES EXACTLY
IN THE FIRST
PLA

¥4

ALL LIVIMG THINGS
EUM OMN PROGRAMS
MEDE OF DNA.

EACH O \

THESE CELLS W
HAS THEIR QWM
DNA FROGRAM,

CALLED THE

BENCGME.

AH, A WORTHY
CHALLENGE. T
ACCEPT!

WHAT EXACTLY
G ¥oLU HAVE [N
MIND?




LATER, BACK
IN THE LAB. BACTERIA

ALl I MEED
TO DO IS MAKE
THEM FORM A
CLOSED FILM, - 8

-THEM START
PRODUCING
HYDROGEN

GAS, THEN..

oK, BOT IT. SO, LUH,
HOW DO I PROSRAM

o
B Bl GET THEM FROM JELE
. @ THE CATALOG, N
| R i Liad
‘r@ ! . n
- R ~

3

BAS-O-MATIC )
MODLLE. ——

COOL, HERE
THEY ARE!

THIS LITTLE GUY?

LOAD THE BMNA

INTO OUR LITTLE

FRIEMD HERE.

—

FIRST ¥OU NEED
TO ASSEMELE
THE DMA PARTS
THAT ENCODE

| YOLR PROGRAM. J

F WHAT DO You

THINE, BURDYT







¥ CHECK IT OUT!
IT'S WORKING!H!

il

HMM. THAT
DOESN'T LOOK b |

RIGHT ‘i . é?*

YOU FORGOT
TO TELL YOUR
FROGRAM TO

=l = P
7 .:'l\} W !" HMM. I BETTER i i
; ! ¥} 4 LEARM MORE ABOUT WHAT oo SRS SS
A4 /) " '
v

I'M DOING BEFORE I TRY J '

i, 53
o~

BUDDY KEPT i "% -

SOING UNTIL IT Y 'ﬁ}""
il




LET ME INTEO-

DUCE YOU TO A
FRIEMD OF MIME.

IT'S CALLED AN
INVERTER DEVICE.

ENGINEERED)
GEHETICDEFICES

[ EMOW BACTERIA
BALLOONS COULD
WORK-
=IF ONLY THERE WAS SOME WAY
TO STOP THEM FROM GROWING
UMNTIL THEY EXPLODE! 4

DK, PAY ATTENTION!
&M IMVERTER IS A
COMBINATION OF BASIC
DNA PARTS THAT-

Parts of an Inverter

1. Ribosome Binding Site [RBS) - Basic
elements that siari the process of proiein
synthesis
2. Repressor - & gene thal encodes a particu-
e lar type of protein that will bind DMA sites in a
specific Operator part and cause changes in
the rate of gene expression.
3. Terminator - Special elements that

decrease the fips of RNA polymerase along
DA, sometimes fo zerc!

“p=4. Operator - Siretches of DNA that coniain
Repressor protein binding sites and RNA
Iymerase binding and initiation sites. With a
epre-s.s.anprnlem the Qperator part will ba
turned OFF. Without 8 Riepressor protein, the
Operator part will be tumed O, al RNA

SOMETHING UPSIDE ON BECOMES OFF.\ paolymerase fo bind and initiate 2 HIGH cutput

LOW BECOMES HISH, } signal.

e ———

AND S0 ON.

IT'S ENOUGH
YOLU'RE & KNOW=IT=
ALl ¥OU DON'T
HAVE TO RUE IT IN. g

DEVICEF

INVERTER A DEVICE
IM CRDER TO HIDE
All THE DETAILS OF
HOW IT WORKS.

-

YOU'D
FREFER THIMGE-
AMAJLEEYF

e

I HAVE MO
IDEA, OKF

DON'T FEEL
BAD. MY POINT IS, YOL%@
SHOLLDN'T HAVE TO MEM-
ORIZE EVERY LAST PIECE

IT COULD BE THE
AMSWER YOU'RE
LOOKING FOR.

HECK IS AN
INVERTER?!

You CouLl
HAVE LISED &N
INVERTER
DEVICE TO HELF
PREVENT
BUDDY'S
UNFORTUNATE
ACCIDENT.

FOR EXAMPLE,
HERE'S SOME
DNA CODE=

TELL ME WHAT
m [T DOES:




THIS IS HOW YOUu
MAEE AN INVERTER £
CEVICE,

SELVES & GEMETIC J
INVERTER!

2K, BUT, UH,
HOW DOES THE, UH,
INVERTER(F) WORK?

~FOLLOWED
BY A BEEAK. ;

B THEN A J
REPRESSOR FINALLY GRAB ANCTHER
PIECE OF DMNA AND PUT AN
OPERATOR THERE.

BUT, THE
EMTIRE POINT
OF ALL THIS-

=S THAT WE ARE
FONNA HIDE ALL THESE
DETALS INSIDE A
BLACK BOX,=

oy

NP o THAT \
YOU DON'T HAVE TO —

REMEMEBER ALL THIS
STURR,

SWEET. .
SENETIC DEVICES. X
I'M GOMMNA MAKE
& WHOLE BLINCH

OF "EM!

CONTINUED...

[ |

CHULK WADEY. com




(COMMON [SIGNAL{CARRIE&

WHAT DOES
IT LoCk LIKE?

MAKING GEMETICALLY
ENCODED INVERTERS,
OF COURSE!

™ pA——. _

-';" ! PLE-_:.]::'\-'_ ryg'frgﬁurhg N NO PROBLEM! YOU
S HANG OF IT CAN HAVE THE PICK

£ Leake L ) OF THE CROP!

ALL I MEED
mmm.':;-. T ARE THREE
MEEE & RING INVERTERS,

A\ OSCILLATOR.®

THEY SEMD AMD RECEIVE
SIGMALS USING DIFFEREMT 4

DE\-’[-"‘E_ o T H.H.T"‘f-
WHAT, I CAN'T
HOOK THEM UP
T EACH OTHER.

YOUR GENETIC
DEVICES ARE
o MO GOOD,

CLUCDE! WHAT WERE
YOU DOINGT




C'MOM! MAKE SOME : ] W THE PROBLEM WITH

BETTER DEVICES THAT 1 =l YOUR OLD DEVICES IS THAT THE INPLUT
CAM BE RE-USED IN J " e

COMEBINATION!

AND WE KNOW HOW
T MEASLEE FROTEIM
CONCENTRATIONS!

e i BLUT... THE STATE
5;'9 D."l:ifEfpﬁEiT - . , OF A CELL IS BEST
! ) - DEFINED BY THE
PROTEINS., NLMBER OF MOL-
=CULES THAT MAKE
LF THE CELL?
WELL, I'LL GET A
PRIZE FOR DISCOV-
§  DON'T YOU TRY
A SOMETHING DIF-
FERENT?

A
S0 WHAT! THAT'S
NOT GOIMG TO HELF
ME TO COMNECT
YOUR DEVICES TO
EACH OTHER!

NOW MY INVERTERS
SEMLE ANL RECEIVE
SISNALS VIA THE
sy RATES OF GENE
EXPRESSION INTO
ANL OUT OF THE




WHEN THE INFLT BATE IS HIGH, THE REPRESSOR
PROTEIMN GETS MADE, IT SHOOTS UP AND LANDS ON THE
OPERATOR SITE, AND THUS THE QUTPUT RATE IS LOW-

RATE OF GENE
EXPRESSION.

STAMDING OM THE DNA
WHERE THE IMPUT ZIENAL
ARRIVES.

POPS IS THE "FLOW™ OF EMA
FOLYMERASE ALONG MY DNA WIRE.

=WHEN THE INFUT RATE IS LOW,
NQ REFRESSOR GETS MADE, S0
THE QUTPUT IS HIGH!

VERY G000 BUT WHAT
EXACTLY IS THE RATE?

RATE OF SEME
EXPRESSION IS THE
MUMEER OF RN& POLY -
MERASE MOLECULES THAT
TEUMNDLE PAST YOU
EACH SECOND.

LET'S CALL
THIS POLYMERASE
PER SECOND OR

EINDA LIKE ELECTRICAL
CURRENT!




AND HOW DO WE
MEASLRE POPS?

LY
s

&
A X

3

DON'T KNOW. BUT IF I N
FIGLURE IT QUT, YOU CAN
RENAME IT AFTER ME!

CONNECTING OLIR GENETIC

SOMETHING VERY
TS BIG, DUDE!

I\ TERMINATE IF THEY DIVIDE
: TOO MANY TIMES,-

PRODUCING CELLS...

IF NATLRAL
BIOLOGICAL
SYSTEMS

THIS COMMON SIGNAL CARRIER,
POPS, SOLVES THE PROBLEM OF

-ENGINEERED INSLILIN

NO MORE
BUDDY BALLOONS,
I HOPE?

AND ALL T HAD TO DO WAS
CHANGE HOW I ORGANIZED
MY DEVICE'S DNA. THINK  J
OF THE POSSIBILITIES- /£

UH, NO, OF -
COLIRSE
NOT.
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BUT LOOK
AT US, WE'RE
BUILDING
STUFF!

Contact
Drew Endy via endy@mit.edu
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