THE GREAT RESPIRATION CAPER by Jay Hosler (¢)

You SAID PHOTOSYNTHESIS
TRAPS THE ENERGY OF A
PHoToN AND USES [T TO
BUILD AN ENERGY-STORING
GLUCDSE MOLECULE,
RIGHT ?

You PUT THOSE
IDEAS ToGETHETRR
ALL BY

YOURSELF?

ACT SO
SURPRISED

™
-\ SURPRISED s JOB.
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AND A4TP 1S THE
ENERGET|C MOLECULE
THAT RUNS ALL OF THE
REACTIONS 1N OQUR
BODIES.

WILBUR?

WHAT
ARE You
DOING?

SO, T FIGURED T CoULD
CRACK OPEN THIS GLUCOSE
MOLECULE AND USE THE
ENERGY TRAPPED INSIDE
To MAKE SOME ATP

SURE .
ORGAN 15M S
BREAK DowN
GLUCOSE AND
USE THE ENERGY
RELEASED TO

SUPER. T'M HAVING A
DINNER PARTY AND T WAMNT
TOo HAVE SOME EXTRA ATP
ON HAND SO ™Y GUESTS
DON'T FALL ASLEEP
DURING MY SCINTILLATING
STPRIES.




DIDN'T You
GET TOUR
WVITATION ?

must have
been Lost in
the mail.

So,CAN
~ou HELP

ME OR
WHAT ¢

—

SURE. TS A

DEucATE  _MTLL
JoR. TAKE

THAT MAY BE, BUT \T woulD
BE DANGEROUS TO RELEASE THE
ENERGY ToO QuUCkLy.

P{LL. IT'S

SUGAR,
EDNA.

IT IS QUITE
LITERALLY THE
SWEETEST MOLECULE
M THE WORLD,

WHAT'S THE
WORST THAT \T
CouLD DO?

YOU'RE MNOT

DANGEROUS, |
ARE Yov,
SIMEETIE?




WHEN THE ENERGY TRaAPPED M
A GLUCOSE MOLECULE |5 RELEASED

IM A FAST, UNCONTROLLED FASHION..
; $ L?”EEEFEE OF COURSE.
it 3l Joes o You GO GET
up in Sn‘?t:ke.,. BETTER ANOTHER GIANT
HEAT, WAY? GLUCOSE MOLECULE,
TECHNICALLY. AND T'LL MAKE
IT IS NOT Same CALLS.
A PRODUCTNE
Use OF THE
EMERGY

PARDON MeE, T
Do HOT HEﬁN TD
DISTURE YOUR
QUIET TIME,
BUT WE HEARD
YouS€ MIGHT HAVE
A JOB FOR U5

IF EDNA WANTS
To PuT THE OLD GANG
BACK TOGETHER,
WHO ARE WE TO
P SAY 'Ho?

SA. GANG?




THAT'S RIGHT, PALLY.
BACK 14 Da DAY WE
CALLED OMRSELVES

EDNA'S ELEVEN.

AND EDNA MAKES ELEVEN.  WHOA, WHOR, WHO A
YEESH, WHOSE DA YUTZ NO NAMES. WHAT |F
DAT DON'T KN6w KMATH? 4 THIS GUY 1S A STooL

NOW , WHERE'S
DAT GLUCOSE,

WELL, LET'S GET STARTED
THEN. GIMME & MOLECULE
OF ATP

Do YOU WANT IT'S OKAYY THESE GUYS ARE
THE ENERGY OUT, 1\ _WILBUR. . GLYCOLYSIS
OR WHAT? LA EXPERTS.




Gu/coLysis JuST MEANS
THE BEEAKDOWMN OF SUGAR.
IT ComresS FRom
THE GRegk RooT
WORDS GLICO -, MEANING
SWEET" OR "SUGAR" AND
LNSIG, MEANING "DISSOLVE"

OR "To BREAKDOWN,

=K

DEBY, DRAY,
T DOMN'T MESD
TO KMNOW THE

DERIVATION,

REALLY?
T THOUGHT

YOUSE INSECTS LIKED

ETYroLoGY.

)

THAT'S
ENTOoMoLOGY,
WISEGVY.

TRUST ME, WILBUR, THESE GUYS ARE
ENZYMES. EACH OF THEM CAN CATALYZE
A HIGHLY SPECIFIC CHEMICAL REACTION.
WHEN DONE I A& SPECIFIC SEQUENCE,
THESE REACTIONS WiILL SLOWLY UNOCK,
THE ENERGY THAT 1S STORED IMN
THAT GLUCOSE MOLECULE.

File, BuT
WHAT |15 HE
GONMA Do

WITH MY




THIS CREW oF ENZYMES
Can SLOWLY UNLOCK THE

AND USE \T To MAKE
MORe ATE

ENERGY IN THE GLuCcOSE

YEAH? WELL, IF

THEY'RE SO
GREAT, WHY DO
THEY NeeD MY
LAST Twp ATP
MOLECULES?

THIS IS THE ENERGY INVESTMENT
PHASE OF GUWCowysis, WILBUR.
THE ATP 1S REQUIRED To GET

THE PRoCESS STARTED

YOUSE GOTTA
SPEND MONEY TO
MAKE MONEY,

PALLY.  \waTCH

I THE FIRST STEF,
Hﬁxom NASE REMOVES
A PHoSPHATE GRoOUP

FRomM YOUR FIRST ATP
AMD FLACES IT OW
THE GLUCOSE
MOLECULE.

DIs MAKES DA awaog
MORE REACTIVE, IF Y.
KNOW WHAT T MEAN.

THEN, PHOPHOGLUCO ISOMERASE
REARRANGES THE AToMS IN
THE GLUcose MOLECULE To

TURN 1T INTD FRUCTOSE.

Q':'Emr PHOSPHOFRUCTINASE
REMENEE A PHﬂ‘SPHFTfE -

FRoM YOUR SECOND ATP
AND ADPDS 1T TD THE
MOLECULE,

luease

SHE 15
DoNeg !

” ONE FoR,
EACH SIDE.

ZEE TRICK,

fructose

{-phosphite
Ml

L -oisphosphat e




THEN ALDOLASE CHoPS
IT INTO TWO SMALLER,
3-CARBON MOLECULES
CALLED G3P AND DHAP

DHAP 15 RAPIDLY CONVERTED INTD
G3P_BY THe ISOMERASE ENZYMe.
f

)

) &7

L

IS GOME, MY
GWCOSE MOLECULE
IS BROKEM AND ALL
TVE GOT ARE TWO
G3P MOLECULES.

EVERYTHING
1S GOING

ACCORDING
TO PLAN.

MNOW A SECOND
TEAM OF ENZYMES
COMES IN TO WOR K
ON YoUR Two G3F
MOLECULES.




THIS 1S WHERE
Tou'll EE A PAYoOFE
ONYOUR ATP INVESTMENT:

YOUR SINGLE GUICDSE
MOLECULE HAS BEEN
SPUT INTo_ Two G3P
MOLECULES, 50 WE (AN
RUM Tw0 ‘IDENTICAL

SERIES OF
REACTIONS,

Q@ 5

FIRST, G3P DEHYDRO-
GENASE PULLS AN
ELECTR.OMN OFF G3P
AND USES T Tp STitcH
ToGETHER NADT AND
A PRoTOR.

THIS MAKES A MOLECULE
OF NADH

WHO CARES?) (C
I WANT ATPI A

THEN THE ENZYME USES
THE ENERGN FROM THAT
Reaction To PLACE A
FREg PHOSPHATE onTD
THE MOLECULE.

NOow THERE'S A
PHOSPHATE GROUP
AT EACH END

RIGHT AFTER THF‘LTJ
PHOSPHOGWCERDKINASE
PuuLs OFF THE NEW
PHOSPHATE AND USES
IT T0 MAKE AN ATP
MoLECULE.

TiMe!

MEKXT,
PHOSPHOGWCERATE
MUTASE MOVES THE
REMAINING PHOSPHATE
To THE MIDDLE OF

THE ™oLECULE.

Ugl\. EET ON i
WITH IT'T |,




THE ENZYME ENOLASE
WRINGS SoME
WATER OUT OF
THE MOLECULE..,

.. AND THAT MAKES
IT POSSIELE FoR

PYRUVATE KINASE
To PyLL THE FINAL
PHOSPHRTE OFF AHD
MAKE ANOTHER ATP

AT THE END OF
GLycoLysls, Your
GLUCOSE MoOLECULE
HAS BEEM
TRAMSFORMED INTD
Two GORGEOUS
MOLECULES OF

PYRUVATE!

this 15 3
night mare...

@R |

T INVESTED V FOUR Y THAT'S AND THIS
TWe ATPAMD WHOLE ONLY TWO THEM 15 THE
WHAT IS MYy ATP. MORE THAN T~ THERE'S  STUPIDEST
BIG I STARTED SYSTEM
PavoFr?




Gricolysis 1s

ONE OF The MosT
| ANCIENT MeTaBOLIC ﬁg Rﬂéﬂﬁ%ﬁ;&,’%ﬁ o

MOLECULAR MECHRNIEM,

MY COLLEAGUES ANMD T

ARE SOMEWHAT DISMANED
BY YUl LACK

THeY HAVE OF RESPECT.

URGED Me T
REMIND You THAT INCLUDIMNE -
IT 13 ENZYMES LIKE US T HasTEN
THAT HAVE ORCHESTRATED TO ADD -
THIS REACTION 1K
VIR TUALLY EVERY CELL
oF ENERY JRGANBEM

IT wouth BE A PITY W OUR
BlocREMICAL BRETHREHN
IM YOUR CelLs DECIDED T
SHOW THEIR DISPLEASURE

BY wWaLKING OFF
.__m J0B.

THE RESULTS, T Fenr,
WouLD BE CATASTROPHIC
IF You GET My !
MEANING .

AND Youse
BETTER KEEP
YER YAPPER
SHUT, |F You
Know WHAT'S
Goop FOR
YA.

ABSOLuTELY,

------




Glycolysis oMLy
UMLoCKS AROUT A
QUARTER OF THE ENERGY
THAT WAS TRAPPED

IN THE &LUCOSE.
MosT oF THE JuiCE
IS STiLL IN THE PYRUVATE

MOLECULES.

this LJen't even
bhe enough ATP
to Keep mry guests
Wike throuok
the appetivérs

WouLD
You CHEER
upP?

WwiLL SOLVE
ALk OF MY

THESE NADH MOLECULES \"'_\_9

EACH CARRY AN ELECTRON
TAKEN FRomM THOSE

G3P MOLECULES. /

EACH OF THESE ELECTRONS
CONTAIN A LITTLE BIT OF
THE CHEMICAL EMNERGY THAT
WAS STORED IN THE

ORIGINAL GLULOSE
MO LECULE.

GREAT. MY PARTY V LET ME PACK

STARTS IN A FEW UP THIS STUFF
AND WE CAN

WE CAM USE THE
ENERGY FROM THOSE
ELECTRoNS TO

GEMNERATE EVEM
MORE ATP




7 s e o
a _+-‘1I“" \f (" | W
B T™ME CelL, BUT FOR THE NExT PHASE
: OF THIS OPERATION
WE NEED T3 BREAK INTD
THE MITDCHONDRIA AND
GET A MEETING WITH

THE INNER CIRCLE{ (@

" what the—7 Did you
@

hit me on the head
With 4 rock agam?

THE INMER CIRCLE
CONDUCTS TS BUSINESS
BEHIND TWO MEMBRANES
IN THE MITODCHONDRIA,
wWHICH, AS You ™MAY
Kmnw;gﬁe CONSIDERED

MITOCHONMDRIA THE
"PoWERHOUSE OF

Mo?;r c;%IER EEED T WHAT
v wASK'T GO
STATEMEMT I ALL N'T GONNA WCEREJEU
OF BlolwkY o]

HERE ARE SOME
MITOCHONMDRIA. THEIR
OUTER MEMBRANE 1S
G iRy
LTy L WE'RE WAY WE'Re PRAWN
MUCH SMALLER
PYRUVATE M THE MNEXT
PAMNEL .

INNER. MEMBRANE




THIS AReEA BETwWEEN
THE INMER AMD OUTER
MITOCHOMDRIAL
MEMBRANES I1s CALLED
THE |NTERMEMBEANE
SPALCE.

WE'LL NEED HELP
GETING THROVGH THE
INMER MEMBRANE.
FORTUMATELY, T KHow
SOMEONE WHO CAM
Fl¥ yYs UPR

ARE TONS
OF HYDROGEN

THEKE

why
Likes
kittens?

COMMECTIONS?

MoRe Like W HELLO,

A “Mom”
CONNECTION, & N RS. FIPC.

WHY Do WE f 11&51‘{%'5 A
MEED THESE? A CONCENTRATION
D THES GRADIENT ACROSS
THIS MEMBRANE.

THERE ARE
LOTS OF [OMS
ON THIS SIDE
OF THE
MEMBRANE,
NOT VERY MANY

On THE OTHER
SIDE

DO THAT 1IN

HO T
G TWO SHAKES

MOVE SOME

PYRUVATE OF A LAMBS
e
M
H;im ARBANGE “f&géb ‘EE{:H
EETIN
B HYDRoGEN Y

WiTH THE

IMNE 10N,

T PROVIDE A TRAMSMEMBRANE
TRANSPORT SERVICE FoR HYDROGEN
IONS AND, AS THEY FLow FROM HiGH
CONCENTRATION ON THIS SIDE To
LOowW CONCENTRATION ON THE OTHER

SIDe, T USE THER KINET ENERGY

TO SMUGGLE A PYRUVATE
MOLECULE ACROSS THE
MEMBRANE.

CIRCLE.




OKAY
GIVE ME OME
HYDROGER 10K
AND OWE
PYRUWATE
MoLECULE.

HAVE Fum,
KipDos,

HEY, HOwW C(OME
ALL oF THESE
PROTEINS AND
EN2ZYMES CAN
TaLy , BUT THE

PRoTEINS AND
EMZyMES M

PHOD SYNTHESIS
CAN'T?

DoW'T
FORGET TO
GRAR YouR
PYRUVATE.

EVER SEEM
A TALKING
PLAMT?

MW,
BE CooL.
THIS NEXT BIT
CouLD BE...

CotPLICATED.




Me

WHATEVER,

WweE NEED
To SEE THE
INNER
CIRCLE.

MNOT WiTH
~ouR PYRUVATE
LoOKIN LIKE
THAT.
HAMD

1T OVER.

STiLL
BREAKING
THINGS,

I sSEE.

EVERYTHING
BUT HEARTS.

THAT'S
YouR
SPECIALTY.

=

E RC{EJb':'lDS E{ ALL
1=
THAT ADDRESS ™

as MISTER
DEHNDROGENASE.




MISTER PYRUVATE
DEHYDROGENASE
15 A BlG ENZYME
ComMPLE¥® THAT
ALTERS PYRUVATE
IN SEVERAL
SEQUENTIAL
REACTIONS.

« THE FIRST STep
ALSO YIELDS
ELECTROMS

|

FIRST, HE PULS OFF
'giE CP;“REFH H;l?ﬁ

KIGEN AToOM T
THE END OF THE PYRUIVATE
MOLECULE. THIS BECOMES
CO, AMD |5 EXHALED.
THIS LEAVES A TWO-
CARBON ACETYL GROUP
LEFTOVEER..

w WHICH HE
ADDS TD NADY
TO MAKE A
MOLECULE
OF NADH.

THIRD, HE ATTACHES
AN ENZYME CALLED
CoENHME A To

THE ACeTYL GROUP

™E
FINAL PRoDucCT
IS A MOLECULE




o

&2 ow
DHA, You

YOUR IHNEHECLRCLE CAN ChLL

STUFF. . WILL SEE YoU ME PD, IF

Now. T CAN CALL

PYRUVATE
DEHYDROGENASE.

You . someTME.

T HATE To CoMPLAIN, ESPECIALLY
SINCE IT'S So MUCH FuN To CATCH
GQUMPSES OF YOUR SORDID PAST, BUT
Do You ReAuzZE THAT WE HAVEN'T
MADE ANY
APDITIONAL
ATP IN THE
LAST @
Pages!?

WE'RE PLAYING
THE LOMNG GAME
HERE.

WE HAVE
Two MORE
MNADH AND THAT'S
THE IMPOETANT
THING.

THIS WILL
BE INTENSE.




STAND BACK.
I't TUSS|NG
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Now PUT YOURS IN AND
THE KREBS CYCLE WL
RUN AGAIN.

THAT
WASN'T SO
INTENSE.,

T JusT GAVE You THE

SIMPLIFIED OVERVIEW. THE
INNER WORKINGS BEHIND
THIS HATEH would BLOW
YOUR MIND.

T PON'T THINK 50 THERE
ARE NIME SEQUENTIAL
REACTIONS RUNNIMNG, IM HERE.
THAT'S NINE ENZYMES AND
NINE INTER MEDIFTE S
WORKIMG IN A WHIRLY-
SWIRLY CYCEE TO EXTRAT
EIGHT ELECTRONS, MAKE
MADH AND FADH, AND
PRODICE A MOLECULE OF
_ATP. IT'S Too MUCH
i1 FoR ONE FLY!

BEHO LD T

THE KREBS i /
CYCLE! Ll

e

A BRIEF
GUMPSE Js




HOLY MOLEY,
DON'T SPAL

iy
THESE “WILBUR
HEAD"BALLOONS
T GOT FOR

WELL, WE

OPERATION.

NOW

HAvE EVERYTHING WE

MEED FOR THE FINAL
HASE OF THE

)/gml
BEFORE WE

MOVE FORWARD,
fhose 1o
U
o
EEFLE*SINE

How
GOT HERE.

WETRE IN
A HURRY!

T00 LATE.
T'VE ALREADY
STARTED.

WE STARTED WITH
A GLUCOSE MOLECULE

MADE OF SI¥ CARBONS.

GLICOLYSIS SPLIT_THE
GLUCOSE |NTD TWO,
THREE-CARBOM MOLECULES

OF PYRUNATE,

DURING PYRUVATE PROCESSING,
THE PYRUWATE WaS BROKEN
DOWN INTD A (OUPLE oF
Two-CARBOMN ACETYL GROUPS.
EACH PYRWATE RELEASED

A CARBON IMN THE FoRM

IN THE KREBS CYCLE, THE
ACETYL GROUPS ARE
PULLED APART ONE CARBOMN
AT A TIME. EACH CARBON
15 RELEASED AS (O,

OF C.O:_-[

AT EACH STEP,
ENERGETIC ELECTRONS
WERE HARVESTED
AND STORED IN
MOLECULES OF
NADH AND FADH, .

PYRUVATE
PROCESSING

LL OF THE NADH AND FADH, THEN Go
15 THE ELECTRON TRANSPORS CHAIN.

MowW (T’ TIME
TO CASH [N THESE
CHIPS FOR A

HUGE ATP
Pe~OFF.




NOK

You EXHALE WE NEE%

IT AMD 1T To GET BACK
FLOATS UP INTO | |1b THE IMMER
THE ATMOSPHERE. MEMBRANE.
MANBE SOME DAY
B PLANT Wil GRAB
IT AND USEIT T
MAKE ANDTHER
GLICOSE
MOLECULE.

BECAUSE
THAT'S WHERE
WE'RE GOMMA
HIT THE ATP

JACKPOT.

11's gasy 1o
GET INTIMIDATED
B4 THE COMPLEXITIES,
BUT IF YOU KEEP
YOUR CoOL WE
CaN GET
THRMWGH
THIS.

THE ELECTRON
TRANSPORT CHAIN;
THE KINGPIN
oF CELLULAR
RESPIRATION.

BREAK OFF THE HYDROGEM
AMD ELECTRON FROM ONE
OF THE MADH MOLECULES

You NEED
To INSERT
THOSE |MTO
CoMPLEX T




THE ELECTROM
T s OF
H
COMPLEXES THAT
PUMP HYDROGEN
loNS FROM THIS
SIDE OF THE
MEMBRANE INTD |
THE MITOCHONDRIA
INTERMEMERANE
SPACE-

BUT, 1N ORDER T
PUMP, €aCH COMPLEX
NEEDS AN ENERGETC
ELECTRON FRar

EITHER NpDH oR
FADH, .

THE ELECTRoN You

ENERGY TD PUMP
A HYDROGEN 10N

ACRosS THE
MEMBEANE.

JUST PUT INTo COMPLEX T
CONTRIBUTES A LITTLE

THEM A MOLECULE
TRANSPORTS THE

WHERE a UTTLE MOREE
OF THE ELECTROMN'S
EMERGY 15 U3ED To
PUMP ANOTHER
HYDROGEN 10N ACROSS
THE MEMBRAME.

ELECTRON TD COMPLEX TII
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FINALLY, A MOLECULE

TRANSPoRTS THE

WHERE THE LAST
BIT OF JUCE |S USED

HYDRoGeN 10K,

ELECTRON TO CoMPLex ¥

CALLED CYTOCHROME C

To PUMP YET ANOTHER “,(:‘;
i A

w e dy
L
|

i
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CorPLEX IL ISN'T
A& PumP, TT JUusT
BCCEPTs ELECTRONS

Yoy
SKIPPED

COMPLEX AND HYDROGEN
. YEaH IONS FRO™M FADE,,
] B B i b
THAT'S WHERE W AAAL AT
WE PUT |n THE W L e I
ELECTRoM RSk L
FRoM FADH;. -

UBIGUINONE CARRIES
THESE To COMPLEXTIL
WHIcH USES A BIT
OF THE ELECTRONS
ENERGY TD MOVE ~~,

ACLRoss THE T
MEMBRANE .-y =

A o

A HYDROGEN 1N 3T

THEHN, THE ELECTRON
IS TRanSPORTER
TO COMPLEY IN
WHICH ALSD USES
SoMeor THE
ELECTRON'S
ENERGY T L
PumP A
HYDROGEN 0.

ONCE WE
BulLD THE HYPROGEN
loN GRADIENT, CAN
WE YSE IT To
MaKE ATP LIKE
we Db 1N
PHOTDSYNTHESIS?

OKAY, THEN,
LET'S FEED
IN SOME MORE
OF oUR

ELECTRONS.

ABSOLUTELY.




THE FIRST ELECTRON
You ADDED HAS PASSED
THROUGH THE CHAIN AND
FUELED THE Pumps, BUT
NOW IT'S DEPLETED OF ITS
EXTRA ENERGY AND
STUeK N COMPLEX IX

IT NEEDS
To BE REIEOHED
FIRST QR JTLL
Jam UP E

WHOLE
SYSTEM.

I

WE'RE.
NoT STRONG
ENOUGH,

ME ? HeLLo? ARE  YOU
EVEN USTENING To YOURSELF?
You JUST Sal0 WE WERENT
STRONG EMOUGH, S0 HOow
Can I Do ANNYTHIMNG
ALONE?

DON'T GET ALL
Yoga OW ME!
T'LL PUNCH You
RIGHT IN YOUR
THIRD EYE.

THEN, WHAT
ARE WE SUPPOSE
To Do?

T JUST WANTED
SOME ATPII
WAS THAT SO

EXCELLENT!
WE JUST
NEEDED
SoMME

€ ACTALLY, IMSECTS BREATHE THROUGH HOLES ALOMG THE SIDE OF THEIR BOPIES, FORWIVE MY CAPITULATION TD Cort VCONDGRAPHY,



THE ELECTRONS THAT ARE FED THROUGH THE CHAIN EVENTUALLY COLLECT AT ComMPLEX T
WITH NO PLACE To GO. IF THEY STAY THERE THE ENTIRE SYSTEM GRINDS To A HALT

PULLING ELECTRONS OFF
OTHER MOLECULES AND IT
ACTS AS THE FINAL
ELECTRON RECEPTOR To
REMOVE ELECTRONS FROM

THE JoB IS DONE
WHEN AN OXYGEN ATOM
YANKS Two TIRED
ELECTRONS OFF

COMPLEX TSL .-

HEED To BREATHE
OXYGEN. |T TAKES OUT
THE LEFTOVER ELECTRONS.
ISNT THAT

NEAT?/

. AND USES THEM To
BonD WITH TWO HYDROGEN
loNS. THE RESULT?

LA

Mk
|l

fs‘rf:';ﬁ.;':l':lllll ”
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WE'RE
ALL OUT oF
MADH AMD

Do “ou
REMEMBER
WHAT HAPPEMNS

WeLL, THE PUMPS ADDED To
THE 10N GRADIENT ACROSS
THE MEMBRAME. NOW THE
HYDROGEN I0NS WILL
FLOW DOWN THEIR GRADIENT
THROUGH ATP SYNTHASE
WHICH wiLL USE THE
ENERGY OF THE FLOWING

AT
VERY
GooD

WE SHOULD
PROBABLY FEED
SOME MORE
ELECTROMNS
THROUGH.




ALL WE
s[‘-h@b.ﬁ:f To Do
IS WAIT FOR

THE HYDROGEW
[OM3 To FLOwW
THRoUGH THE

ATP SYNTHASE
ARD THEHN

NO OFFENSE, EDNA, BUT WE'VE
BEEN THROUGH GLYCOLYSIS,PYRUVATE
PROCESSING AND THE KREBS CYCLE
AND HOw ™MANY ATP HAVE WE

MADE FoR MY PARTY?

FoUR. so, £xcuse Me \F T
DoN'T GET MY HOPES UP FOR
THE ADPDITIaMAL FEW THAT
COME DRIBBLING OUT OF
THIS THIMNG.




UNMDER 1DeAL CoMDITIONS,
THE GRADIENT PRoDUCED
USING THE ELECTRONS FROM
ALL OF THE NADH AMD
FADH, WE MADE (S EMOUGH
TO GENERATE B2 ATP

AND WHEN THE GUESTS GET Here,T
HAVE EXTRA ATP ON HAND JUST IN CASE
__ You DECIDE To CELELBRHTE EJ&D

PP DAY - 7| | LAUNCHING INTo A LONG- Wi
>y BIRTH Qi{::r "% | |speech mpour THE FINER POINTS OF

Gl ,E‘QNA! SURFACE AREA AND GRADIENTS N
_ QH?smmem Wsw/

You LAUGH, BuT THAT 15
A FASCINATING SUBTECT,
HAVE T EvER REeAD

YOU THIS PAPER T
WROTE ARQ







