hmph.

You'RE€E
USUALLY_So
IUMPY "

YOU'RE SO NEGATIVE,
an ATP story
by Jay Hosler (¢)

S
WHAT GINES,
HARVEY?

You'RE
HiLAR|OULS.

V‘”’“AT?VWHAT'S REALLY,
1 sovvosen-| [ )| et
SPPOSED' FEEE LING

oK?

HIGH- STRUNG BUG IN

NEED SomMe

SERIOUSLY, T Fl6URED

THAT WOULD MAKE You

LcAP A METER EASY.
YOoU'Re THE MOST

THE UNDERGROWTH.

SOUNDS
LIKE You

ATP.




IT’S THE ENERGY
SOURCE THAT MAKES YOUR

BoDYGO! GO! GOI

WHAT
Does THAT
EVEN MEAN?

DON'T CARS USE FUEL TO
IGNITE SMALL ExPLOSIONS
THAT GENERATE HOT GAS
WHICH EXPANDS To DRINE
A MOTOR'S DISTONS.?

So, THIS
ATP IS GOING
T0...WHAT?

HMMM.
MAYBE

ATP 1S MORE

LIKE A

BATTERY...

You HAVE NO 1DeA
HOw ATP WORKS,
Do You?

JUST LAST NIGHT I PuT
THE FINISHING TOUCHES
ON AN EPI(C POEM aBOUT
ATP, S0 T'M FAMULLAR

WwITH THE ToPlc.

wHaT'S /"

You CAN'T PIQUE
MY CURIOS\TY AND

THE BIlG
IDEA, THEN LEAVE ME
WILBUR? HANGING ! How AM

T GONNA GET
ANSWERS?

71's TRYE.
PLus,T WRoTE
T IN ANCIENT
SUMERIAN SO
1T WAS EVEN
MORE FUN
THAN (T
SOUNDS,

MOLEP‘g)iElS MARDE BY

ALL LIVING ORGANISMVS.

IT'S FULL NAME 1S
ADENOSINE

TRIPHOSPHATE !




THE "TRI" IN THIS CASE REFERS TO THE
THREE ENERGETIC PHOSPHATE GROUPS STUCK
Shhh! ON THE ADENOSINE MOLECULE.

/4

"TRI" To
REMEMBER
THAT, HARVEY.

So, THERE'S...
-~ ENERGY IN

ATP 1s MADE BY
ADDING A SINGLE PHOSPHATE
GRoUP To A MOLECULE OF
ADENOSINE DIPHOSPHATE*
(Aso KNowN As ADP)

* THE 'D1"
MEANS THERE
ARE ONLY 2, ADENOS INE

PHOSPHATE ULE
GROUDS MoLEC

How ™MANY

You HolLD
Ngcquve CHARGES
N

THE PHOSPHATE,

GREAT.

WILBUR. THE ADP NOW , TRY
How PHOSPHATES, TO PUSH THEM
MANY NEGATINE HARNEY? TOGETHER.
CHARGES DOES

T HANE?




i

AUTY..

ACTUALLY, T'S THE
"PERSONALIMES" OF THE:
PHOSPHATE GROUPS.WHEN WE
CONSIDER THE ELECTRICAL
FORCES BETWEEN MOLECULES,
OPPOSITE CHARGES
ATTRACT, BUT SIMILAR
CHARGES REPEL EACH
OTHER. IN THIS CASE, THE NEGATIVE CHARGES ON
THE PHOSPHATES Do NOT WANT T0 GO TOGETHER.

PUSH.TOGETHeER..
N -- INVISIBLE FORCE...
..REPELLING...

NICE WORK!

THE ENERGY You USED TO PUSH THEM TOGETHER 1S NOW

WHEN WE RELEASE |IT LATER.

¢ 7 ()
TRAPPED N THE CHEMICAL BOND YOU'VE MADE. WE CALL THAT ENERGY
POTENTIAL ENERGY BECAUSE IT HAS THE POTENTIAL TO DO STUFE

WAIT A MINUTE..

NONE OF TH|S
ADDS UP!

aT
oy-~-?

WH
Doy

\\\\
S

,

LA

THE NEGATIVE
ChARGEeS!
T WAD. 2

ON THE PHOSPHATE
AND HARNEY HAD
3 ON THE ADP

EVERYBODY KNOWS THAT
2+3=0

BUT THERe

ARE ONLY Y4
NEGATIVE

A CHARGES ON
| 5 € ATP!




GQOOD POINT. THE
FIFTH NEGATIVE CHARGE
WAS USED To MAKE THE
BOND HOLDING THEM
TOGeTHER.

WHERE
DOES THE ENERGY
TO ASSEMBLE ATP
CoME FROM WHEN

LBUR AND T
W]AREN‘p(\ll-\ERE

~AND THAT
ENERGY COMES
FROM GLUCOSE
R
MADe DURING
PHOTO SYNTHESIS,

IN ANIMALS
LIKE US,ATP
1S PUT ToGETHER
USING ENERGY
STORED IN THE
FoOD WE EAT
AND THAT
ENERGY--

THE THING ABOUT
ATP IS THAT IT'S HARD

7 You DonT o
! HAPPEN TO

- - > o

- ~

-

’ \
© See? O\ :’ Yeau? )
’

/ ! kow wieN | | Csure, T TO KEEP ALL OF THOSE
[ T ToTALL ..

v B \, o BE QUET -- NEGATIVE CHARGES
o SwEr ) N N oL IN SUCH CLOSE

PROXIMITY.

""""""

. _THOSE CHARGES
ARE STILL REPELLING

EACH OTHER AND THAT IN FACT,
MAKES ATP HIGHLY so, &g_r\}%feﬁ
REACTINE. AR THE FEATURE OF How
PHOSPHATE ON ATP WORKS.

THE €ND POPS
OFF PRETTY
EASILY ?




ATP 1S VERY IMPORTANT FOR
RUNNING CHEMICAL REACTIONS
IN THE BODY. THIS HAPPEN S
WHEN THE THIRD PHOSPHATE
POPS OFF AND 1S TRANSFERRED
To ANOGTHER
MOLECULE.

LET'S CONSIDER WHAT RAPPENS
WHEN THE PHOSPRATE 1S
MOVED ONTD THIS CoMPLETELY
FICTIONAL PROTEIN THAT
IS SHAPED LIKE A PAIR
OF SCISSORS.

AS YoUu CAN SEE, THE
PROTEIN IS MADE OF
SEVERAL SMALLER SUBUNILTS
_cALLED AMINDO ACIDS.
soMeE OF THOSE AMING
ACIDS HANE NEGATIVE
CHARGES, SOME HA\E
POSITIVE CHARGES AND
SOME ARE

WE'RE GONNA
PUT OUR PHOSPHATE
MNEAR THE "HINGE " ON ONE OF
THE "HANDLES."”

WILBUR?

You
MIGHT
WANT TO
CoME VP
HERE FOR
THIS.

oH,
NO.
TVE
LEARNED 1D
KEEP MY
DISTANCE
DURING ONE
OF YoUR
DEMONSTRATIONS.




PUTTING A& PHOSPHATE ON A
MOLECULE 1S A PROCESS
CALLED PHOSPHORYLATION.

THEY'RE MOVING
TOGETHER AND CLOSING
THE BLADES..

THAT'S MY STUNT DOUBLE.
T HAD 1T MADE JUST FOR
EDNA'S DEMONSTRATIONS.

T WAS
AFRAID
I'D WANE TO
END MY
EXPLANATION.

WHAT A
RELIEF!

SO, HARNEY,
DID YoU SEE
WHAT HAPPENED

WHEN WE
PHOSPHORY LATED
THE PRoTeN?

THE NEARBY
POSITINE CHARGES
ON THE PROTEIN
WERE ATTRACTED
TO THE Nele\.‘ n—;alge

CHARGES ©
PHOSPHATE. THAT 0
CAUSED THE PROTE
To CHANGE
SHAPE AND DO
SOMETHING.




WHEN THE PROTEIN MOVED,

THAT'S How ATP PROVIDES ENERGY For

THE ATP'S POTENTIAL ENERG\{\"\>// PROTEINS TO RUN CHEMICAL REACTIONS,
WAS CONVERTED [NTD KINETI

c
ENERGY AND THE PROTEIN

CouLDd Do TS JoB. ¢
KPR

EXCHANGE MATERIALS AcRoSS THE MEMBRANE,

TRANSPORT STUFF N The CELL AND
MONE CILIA OR FLAGELLA.

T CANNOT BELIEVE
YOU WERE MORE
CONCERNED ABOUT
BEING INTERRUPTED
THAN BY THE FACT
THAT MY HeAD
WAS LOPPED
OFF.

FOR ONE THING,
THAT DUMMY
WAS ALOT

wHY DO Yovu
ALWAYS HAVE T MAKE
Me LooK BAD IN
FRONT OF M™MY
FRIENDS?



