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CHECKE OQUT THOSE
BACTERIA.

NOT TOO
CLOSE.

IMAGINE WHAT MIGHT

BECOME POSSIBLE IF

THEY WERE WORKING
FOR US!

HMM... ARE ¥OU SURE YOLU
UMNDERSTAND ENOUBH ABOUT
WHAT %OU WANT TO DOF
YOU DON'T WANT
TO MAKE THINGS
WORSE.

WE'LL ONLY FIND
QOUT BY TRYING!

Hl THERE,




HOW DO THESE , SRL I S EACH -!_‘JF-
THINGS WORK ; N o o= i Tuese ceLLs W
ANYWAY? WP 2 e HAS THEIR OWN
\ DNA PROGRAM,

CALLED THE
BENOME.

GENCOME - THE
MASTER FROGRAM
THAT'S EUNNING
THE CELL.

AH, A WORTHY
CHALLENGE. I

SO THIS 5 Ao ACCEPT!
WHAT WE CHANGE CR -
TC REPROGRAM b WHAT EXACTLY
THIS CRITTER? = DID YCOU HAVE IN
< MIND?

CHANGE OR ADD
TO IT, BUT IT'S
NOT SO EASY,-

Y -BECAUSE
NOBOEY COM-
PLETELY UNDER-
STANDS HOW
THE PROGRAM
WORES EXACTLY
IN THE FIRST
PLACE




T BALLOONS!
=

" T'M NOT _
SURE THAT WILL

; LATER, BACK e
{|| N THE LAB B:-.CTEE'M

ALL I MEED
TG DO 1S MAKE
THEM FORM &

=THEM STAET
PRODUCING
HYDROSEM
GAS, THEN... J

OK, GOT IT. SO, UH,
HOW DO I PROGRAM

THIS LITTLE GUY? 8

GET THEM FROM )
B\ THE CATALOG.

ONE BALLOON-
D-GENESIS-

BAS-0-MATIC |
MODULE, A5

FIRST ¥OU NEED
TO ASSEMBLE
THE DMA PARTS
THAT ENCODE
, YOUR PROGRAM. A

LOAD THE DNA
INTO OUR LITTLE
FRIEMD HERE

WHAT DO YoUu
THINE, BURDYT







¥ CHECK [T OUuT!
IT'S WORKING!H! i

HMM. THAT 1
DOESN'T LOOK I8

YOU FORGOT
TC TELL YOUR
FROGRAM TO B

HMM. T BETTER o &
if LEARN MORE ABOUT WHAT oSS
L I'M DOING BEEORE I TRY J s

£ - iy
‘ e g - ANYTHING ELSE, e
e i i) -'l‘ {
'y By . o = -
BLDDY KEFT N L Vel :

: ‘__J

GOING UNTILIT T /
B WAS TOO LATE. 4
L S v

= | CONTIMUED...

E‘ “I- utk\. L‘J’q DE T Coaah,
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GENETICIDEVICES '’

I EMOW BACTERIA

BALLCONS COULD
WORK=

=IF ONLY THERE WAS SOME WAY
TQ STOP THEM FROM GROWING
UNTIL THEY EXPLODE!

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

=WOEKING
¥ TOGETHER, TUREM
b SOMETHING UPSIDE ON BECOMES OFF,

LOW BECOMES HIGH,

AND SO ON.

IT'S ENOUGH
YOLU'RE A KNOW=IT=

ALL
HAVE

LET ME INTEO-
DUCE YOU TO A
FRIEND OF MIME.
IT'5 CALLED AN
INVERTER DEVICE.

FOR TELLING

ME AHEAD OF
TIME!

=1

Partz of an Inverter

1. Ribosome Binding Site [(RBS) - Basic
elements that siar the process of profein
synihesis

2. Repressor - & gene that encodes a particu-
+lar type of protein that will bind DMA sites in a
specific Operator parl and cause changes in
the rate of gene expression.

3. Terminator - Special elements that
decrease the fimw of RNA polymerase along
DMA, sometimes to zero!

"% F=4. Operator - Siretches of DNA that conlain

Repressor

rotein  binding sites and RNA
polymerass

inding and initiation sites. With a
Repressor prodein, the Operator part will ba
turned OFF. Without 8 Repressor protein, the
Operator part will be lumed ON, al RMA

polymerase to bind and initiale a HIGH cutput |

signal

YOouU DON'T /
TO RUB IT IN.

Cvoun T
PREFER THING- ¥
AMAJIBEY?

BAD. MY POINT IS, YOU'N
SHOULDN'T HAVE TO MEM-
ORIZE EVERY LAST PIECE

WE CALL AN \
INVERTER A DEVICE
I ORDER TO HIDE
ALl THE DETAILS QF
M, HOW IT WORKS.

I HAYE NO
IDEA, OKF

IT COULD BE THE
AMSWER YOU'RE
LOOKING FOR.

HECK IS AN
INVERTERF!

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

FOR EXAMPLE,
HERE'S SOME
DNA CODE- 4




" THIS IS HOW YOU _
MAEE AN INVERTER 1
DEVICE. .

BY A BREAK.

=N THEN A N
SR EFRESSOR Y FINALLY GRAB ANOTHER
PIECE CF DPMA AND PUT AN

CPERATOR THERE.

BUT, THE %
EMTIRE POINT
OF ALL THIS-

seLves & ceneTic I
INVERTER!
HIGH INFUT,
LOW SUTPUT AND
VICE VERSA!

" =S THAT WE ARE
GONNA HIDE ALL THESE
DETAILS INSIDE A
BLACK BOX,-

2K, BUT, UH,
HOW DOES THE, LH,
INVERTER(F) WORKF

-S0 THAT
YOU DON'T HAVE TO
- : 4 REMEMBER ALL THIS
{ REPRESSOR i, ] STUFF,
EROTEIN IS . .

- T
by '

SWEET, QU
BENETIC DEVICES. T
I'M GONNA MAKE
A WHOLE BUNCH

TO BE
CONTIMNUED...
W a

II:—:I-L u'!:..-ltc:n L“'J"q‘ DF- .‘T- Coaf




WHAT DOES
IT LOOK LIKEF

WHAT ARE YOU
POINGT

.
MAKING GEMETICALLY S

ENCODEDR INVERTERS,
OF COURSE!

LOSKES LIKE ¥OU'VE
EEALLY GOTTEN THE
HAMNG CF IT.

I'VE BEEN
WANTING TO
MEKE & EING

b OSCILLATOR.®,

YOUR SEMETIC
DEVICES, THAT'S
WHAT, T CAN'T
HOOK THEM UP
TQ EACH OTHEER,

CUCE! WHAT WERE
YOU DOINGT

NO PROBLEM! YOU
CAN HAVE THE PICK
OF THE CROP!

YOUR GENETICY

DEVICES ARE

THE PULRE 15
STILL LEARN-
ING,




C'MOM! MAKE SOME

BETTEE CEVICES THAT NN SN YOUR OLD DEVICES IS THAT THE INPUT

CAN BE RE-USED IN =4 =2\ AND OUTPUT SIGNALS ARE CARRIED BY
COMBINATION! == g= T,

AMD WE KNOW HOW
T MEASUEE PEOTEIN
CONCENTRATIONS!

. . : BUT... THE STATE
DS e s
| ) DEFINED BY THE
_PROTEINS. : NUMBER OF MOL-
=CULES THAT MAKE
b LP THE CELL?
WELL, I'LL GET A ;i
PRIZE FOR DISCOV-
' DoN'T You TRY
N SOMETHING DIF-
D FERENT? _

"
S0 WHAT! THAT'S
NOT GOIME TO HELF
ME TO COMNNECT
YOUR DEVICES TO
EACH OTHER!

NOW MY INVEETERS
SEMD AND RECEIVE
SIENALS VIA THE
RATES OF GENE
EXPRESSION INTO
AND OUT OF THE




WHEM THE INPLIT RATE IS HISH, THE REFPRESSOR
PROTEIN GETS MADE, IT SHOOTS UP AND LANDS ON THE

OFPERATOR SITE, AND THUS THE OUTFPUT RATE IS LOW-

RATE OF GENE
EXPRESSION.

STANDING ON THE DMNA
WHERE THE INPUT ZIENAL
ARRIVES.,

POPS 15 THE "FLOW™ OF EMA
FOLYMERASE ALONG MY DNA WIRE,

~WHEN THE [NPUT RATE IS LOW,
MO REFRESSOR GETS MADE, 30
THE SUTPUT IS HIGH!

VERY GOOL! BUT WHAT
EXACTLY IS THE RATEF

RATE OF GEME
EXPRESSION IS THE
NUMEER OF RMA POLY -
MERASE MOLECULES THAT
TEUNDLE FPAST YOU
EACH SECOND.

LET'S CALL
THIS POLYMERASE
PER SECOND OR
FOPSI**

EIMDA LIKE ELECTRICAL
CLURRENT!




AND HOW DO WE
MEASLRE POPS?

DON'T KNOW. BUT IF I
FIGURE IT OUT, YOU CAN
RENAME IT AFTER ME!

THIS COMMON SIGNAL CARRIER,Y

POPS, SOLVES THE PROBLEM COF A NO MORE

BUDDY BALLOONS,

-
" YOU'VE LEARNED & HOFES

SOMETHING VERY
BlG, DUDE' -

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

l TERMINATE IF THEY DIVIDE |NN7 e -
TOO MANY TIMES,- | ¥ UH, NO, OF
-ENGINEERED INSLLIN =g COLIRSE
PRODLICING CELLS...
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