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"Zimme Some
Sugar 28

STARRING _
@ WILBUR & S
ANTEONA ¥FF o~

/' WAITING
[ FOR THE
| SUGAR
\ TO CoME
\ oUT.

il 7 1 reab AN
He X/ ARTICLE THAT SAID

/ SUGAR. T |

N THE / PLANTS COMBINE
| MooD FoR |/ Sf\rgib\l’gg LIGHT, WATER ngND
‘ _ l
UNDER @ CARBON DIOX
LEAF WiTH

A BUCKET? /

 SOMETHING /
\ SWEET. /

TO MAKE

BECAUSE \F _
You HAD YouD
KNow TRAT PLANTS |

DON'T GO O0ZING
BUCKETFULLS OF
 SUGAR ALL ONER
. THE PLACC. _

Y'KNOW WHAT'S
REALLY swest?
UNDERSTANDING
PHOTOSYNTHESIS

BReTieR.

TID ou
ReAD THE
WHOLE

ARTICLE?

T rea{[\!
wanted |
y Jomething
. Sweetl.




T MEAN, T'M NOT
INTERESTED IN HOIW
PHeTOS ARE
SYNTHESIZED
T boN'T
EVEN HAVE A
CAMERA.

I'M NOT TALRING ABOUT
DEVELOPING PICTURES! I'M
TALKING aBout THE PROCESS
THAT TRAPS A TINY PACKET
OF THE SUN'S ENEREN IN
THE LIFE-SUSTAINING
MOLECULE OF GLUCOSE
THAT MAKES OUR NERY

EXISTENCE
POSSIBLE.

BRILLIAN T \
FIRST, LET'S
CONSIDER

How
ELSE WOULD }
T EXPLAIN

1;
i . S

7 OUST LET
(ME EXPLAN IT/
To YOu. —

" You'RE PULLING
MY LEG,

¥O'i'
M ToTALL
SERious.Y

PRODUCTS

NOW, AS You CAN SEE, WATER ,LIGHT AND
CARBON DIOXIDE GO INTD THE PHOTDSYNTHETIC

PROCESS AND OXNGEN, WATER AND GLUCDSE CoME OUT:




PHOTOSYNTHESIS {5 COMPOSED OF TWO SEPARATE SETS OF CHEMICAL REACTIONS!
THE LIGHT- DEPENDENT REAC‘HONS AND THE LIGHT- fNDEPENDENT REACTIONS,

THE LIGHT-DEPENDENT REACTIONS USE
WATER AND ENERGY FROM A PHOToN OF
LIGHT To BUILD THE MOLECULES ATP
AND NADPH. OXYGEN 1S RELEASED AS
WASTE. ATP AND HNADPH ARE UsSeED

AS FUEL FOR THE ULIGHT-INDEPENDENT
REACTIONS.,

WATER LIGHT

N D

LIGHT-
DEPENDENT
REACTIONS

THE LiGHT- INDEPENDENT REACTIONS Do
NOT REQUIRE LIGHT DIRECTLY. IN
THESE REACTIONS, CARBON Dio¥iDE
IS PULLED FROM THE AIR AND
ATTACHED To AN EXISTING MOLECULE.
THEN THE ATP AND NADPH ARE USED T
TORN THAT MOLECULES INTO GLUCOSE.

{ IMPRESS|VE, Y

HUH?

> MOST ANTSY
DON'T HAVE
CHARTS




50, HOW DO -
PLANTS CATCH

THEY USE \
/1 {/;rCF\'GzC OR Dig A
A PHOTON OF /N -

VR DEED HOLE AND
COVER IT WM
LEPNES .

LET
™Me SHow
Nou.

g™

[ 1MAGINE  THAT
THIS PEBBLE IS A
PHOTON OF LIGHT AND

You ARE A LEAF.

/7 IT'S BETIER \
THIS WAY, NOW )
| WE CAN Focus ON



7 HEY! T\
You HIT M

T HAD To GET You DReAMING IF WE'RE GOING To
EXPLORE A PLANT CELL, DIDN'T I7 IT'S NOT LIKE
I HAVE A SHRINK RAY OR SOMETHING.

~~ AS You KNOW,
v / PLANTS ARE COMPOSED ™\
| OF SMalL FLuiD-Filed BAGS |

: caweED CeLLS.

77 \NSIDE THE CEUS ARE
“{ ENEN SMALLER, FLUID-FILLED
\_ BAGS CALLED ORGANELLES. /

S\
CHLOROPLAST )‘\

“ T
B \\ -~

/" PHOTOSYNTHESIS OCCURS
\ IN ORGANELLES CALLED
~_ CHLOROPLASTS.

TS DT You ) o (PRI L HOROPUSTS CoNTAIN STILL 3
KARATE CHOP THiS CHlowe-Ed | | " ( SMALLER FLUID - FILLED DISKS

T AL
LU RTR ORI I A

S THE THYLAKOIDS ARE-
v ARRANGED 1IN STACKS .
e CALLED GRANMNA. AN
{ (asingle shack of thilskouds’ }
. 15 CALLED 3 GRANUM) /



WE'RE GONNA Y
NEED To CuT THIS
S IN HALF To0. e

~ THE THYLAROID'S
/ MEMBRANE SEPARATES

THE [NTERIOR CHAMBER,
OR LUMEN, FRomM THE
\ STROMA, THE FLUID-FILLED /
SPACE SURROQUNDING L
THE THVLAKOID.

-~ Py

? A .,;" f
i~ i YR b N
oM LN €
- @7 s A

SEVERAL PROTEINS AND .
COID MEMBRANE. LIGHT

IS CAPTURED BY CLSTERS OF

CHLOROPHYLL MOLECULES IN THE |

MEMBRANE CALLED PHOTOSYSTEMS. /

25 g - MEEE /(N PLANTS THERE ARE TWo N/ ForR THIS EXPLHN%ON,
- TYPES ,CLEVERLY NAMED WE'LL START wITH
N PROTOSNSTEM T AND % S PHOTOSYSTEM L.

PHOTOSYSTEM T |

SHouLpN' T
WE START AT
7 PHOToSYSTEM T

SINCE, WELL, '\ T

HAS THE NUMBER
. ONE IN ITS
) NAME?

NOPE. TRUST M ON THIS.
\(ou HIT ME WITH
\ A ROCK!

AND YOU'RE LEARNING
ABOUT PHOTOSYNTHESIS.
175 WIN WIN/




THE PHoTosSYSTEM HAS T o MAToR REGIONS. IMAGINE T'M A CHLDROPH‘!LL. N
THE LARGE ANTENNA ComPLEX SURROUNDS MOLECULE AND YOU ARE A SPECIAL)

THE SMALLER REACTION CENTER.ENERGY " PAIR OF MOLECULES (N
FROM A PHOTON OF LIGHT IS ABSORBED THE REACTION CENTER

BY THE CHLOROPHYLL IN THE ANTENNA CALLED P&EO.
COMPLEX AND FUNNELED TO THE ———.
REACTION CENTER.

WHEN CHLOROPHYLL :
ABSORBS A PHOTON, THE
ENERGY ELEVATES ONE

OF THE CHLDROPHYLU'S
ELECTRONS To A HIGHER
ENERGY STATE.

7 NOW, IMAGINE
QUR HEADS
REPRESENT

— AN ELECTRON THE ELECTRON
e 15 for _ ON THE CAN'T HOLD THE
electron \MOLECULE, . ENERGY LONG,

THouGaH...

ICHLDROPH\’ LL } ICHLO Ro? \{LLI

[cdoreriiee ] [CaorePiyu] [ P60



HiGH
ENERGY __ __

S -AND T

" PASSES THE
ENERGY To A
| NEIGHBORING
| CHLOROPHYLL,
EXCITING TS
ELECTRON,

” WAlHA!
Nou Look |

THE PHoTow'S
ENERGY 1S
PASSED THIS

WhY THROUGH

THE ANTENNA
ConpLEX.-

-\ . REHCﬂoN

/AT s
EVENTUALLY
pAsSed To
"~ PGB0
IN THE

ceNTER. /

"S0, WHAT

| Maxes ME 50

sPecipl?

ICHLOROPH‘{LL; ELHLRoPH*qu EPG‘BO j

WELL, WHEN

PL8G's ELECTRON ' Y
GATHERS ENOUGH
PROTON ENER&\{‘ .
ITGETS SO BXCITED /A [
I'T POPS OFF
PHoToSYSTEMT \
AND RIDES AWAY |
ON A MolLecule ! §
CALLED i /)
PLASTO QUINONE. /
PQ)




P6g0's ELECTRON.

ONCE.

To REPLACE THE
ELECTRON LOST BY
P6g0o IN PHOTOSYSTEMII,
WE WiLL NEED To TAKE
ONE FROM ANOTHER
MoLecyLE, TN THIS
CASE, THAT OTHER
MOLECULE 1S
WATER.

AL

YouRE RIGHT. WE
DO NEED To REPLACE

OTHERWISE , WE CAN
A ONLY Do THIS TRICK

" o, RELAX.
i WE'LL Sce WHAT %)
YOUR HEAD 1S DoiNG

[ Y 0 i i ..._._..
THERE'S A REGION X

OF PHOTOSYSTEM T Q)
CALLED THE ORYGEN

THAT SPUTS WATER s
INTO THREE PARTS! i
HYDROGEN, OXYGEN §ONE f
OF THE ELECTRONS A
THAT KNITS THEM &
TOGETHER, &

i T

g«\gON & =

~~~~~

i 10
W GEN 1ONS
y k\-w?;‘;@ W THE
4 UMEN...
ur Y+ @@L@i?\ @\V |n
- HT Q"Q}'
= H*
A
£ N
e;):,""r*y .. THE
&q@,:%s_-ol OX\/GEN
c"if-qvef'3/1'5-“‘r 1S GINEN |
T ,,‘;FP OFF AS A
s WASTE

PRODUCT..

S
L
THE ElrcTRoN R

How
Do You
reeL”?




You SAID LIGHT-HEADED AND
WEIRE TALKING ABOUT

PHOTOSYNTHESIS AND THAT USES
LIGHT .- AND ... uh-- Your head
5w 3h electton which has.
~almost ne mMass..
.. So cts .

I Youre so k-
! BEN | NeGATVE. /

AS You RECALL, THE ELECTRON
FROM Peg0 WAS CARRIED AWAYN
BY PLASTOQUINONE, PQ TAKES

THE ENERGIZED ELECTRON TO
THE CYTOCHROME COMPLEX
WHICH OUSES THE ELECTRON'S
EXTRA ENERGY TO PUmP

MORE HYDROGEN INTD
THE LUMEN,

" THE LUMEN
ALREADY HAS A

BUNCH OF EXTRA
 HYDROGEN FROM
\THE WATER WE /

- _ SpULT:

‘ é\mm‘ﬁ\\}\mox *

( RuiGHT,

AND How oo B Hes
_ 0U.BUT FIRS
| EXACTLY (S ) WE MUST Go

THAT




T
e

THERE ARE LOTS of HYDROGEN I0NS
INSIDE THE LUMEN,BUT NOT VERY MANY
IN THE SURROUNDING STRoMA. THE
DIFFERENCE IN CONCENTRATION ACROSS

THE THYLAKOID MEMBRANE 1S CALLED

A CONCENTRATION emmew "

iT TAKES THE HARD WORK OF THE
CIToCHROME COMPLEX To MAINTAIN THE
CONCENTRATION GRADIENT, IN NATURE,TRINGS
LIKE To SPREAD THEMSELVES OUT EVENLY.
GINEN A CHANCE, THE HIDROGEN 1ONS
CRHMMED INTD THE LUMEN wWouLD
CROSS THE THYLAKROID
[ MEMBRANE AND .
SPREAD out INTO
~._THE. STROMA,

ALL ofF THE " ¢
PosiTively CHARGED
HYDROGEN IONS ARE
PACKED IN TIGHTLY
AND THEIR POSITIVE £
CHARGES REPEL
: EACH OTHER _

/ RAINBOWS
\ ARE

EVERY-

[ THING 5
BEF]UTIFUL)
\INITS OWN
\N‘A\’

they're
repelling
me too..

YeAH, WELL, BETWWEEN THE
CONCENTRATION GRADIENT
AND ALL OF THEIR POSITIVE
CHARGES, THE HYDROGEN ION3
REALN WANT TO LEaVE
,  THE LUMEN AND SPREAD
. OUT INTD THE STRO%
. However, THE OnLY
Y TYPE OF DOOR ACROSS
e THE THYLAKOID MEMBRANE
THEY CAN USE 5 A
PRoTelN CaLLED
ATP SYNTHASE.







IN FACT \T GETS S0
EXCITED 1T POPS OFF AND
RIDES AWAY ON A MOLECULE

%L%D FERREDOXIN.

THE CHLOROPHYLL. | | WHEN P700 ABSORBI )
MOLECULES IN THE THE ENERGY—. .~
ANTENNA COMPLEX OF A

PST ABSORB A PHOTON'S AAAAAAA
ENERGY AND PASS | |5 SHAK: A BOOM!

1T AROUND UNTIL

_ _T_THE‘{ PASS 1T TS N\
0 P700 INTHE | [ ElecTrRON |
REACTION 15 ELEVATED Y-

10 A HIGHER |
ENERGY
~ STATE. /

CENTER.

‘CHLDROPH\{LL / [P?oo ] CHLOROPHYLY

FERREDOYXIN TAKES THE

ELECTRON FRoM P00 TO A
MOLECULE CALLED NADP* REDUCTASE
NADP* REDUCTASE USES THE .
ELECTRON'S ENERGY TO
MAKE A MOLECULE
OF NADPH.

y T DIDN'T CATTH
THAT. DID You 5AY

"FROM SPLITTING

A WATER MOLECULE7 f

~—7 BECAUSE
[ THAT 15 )
\ NOT THE
\. ANSWER. /

{ NOW PHOTOSYSTEM I ¢
| NEEDS To REPLACE 1TS
| LOST ELECTRON. CaN |
NouU GUESS WHERE
\ THAT REPLACEMENT /
\_COMES FRoM?>

i



WHEN THE PooOR PooPED ELECTRON FROM
PHOToSYSTEM L. LEAVES THE CYTOCHROME
CoMpLEX, IT HITHES A RIDE ON A
MOLECULE CALLED PLASTOCYANIN (PC).
PC TAKES THE ELECTRgN ™ PsI.. .

.. WHERE IT

RIGAT. BUT THE LIGHT
REPLACES THE GREAT.

INDEPENDENT REACTION S

“WELL,

SO, NOoW —
ECeCTRoN THAT [ We HAVE | TAKE PLACE IN THE STROM, | /e FELL N /T cien
PHOToSYSTEMI | THE ATP o WE SHOULD GET el ) (ST

AND NADPH __OF HERE.
For et | o
LIGHT- | [/ - :
INDEPENDENT
REACTIONS,
RigHT?

LOST: \_BAD / \ woud

THEN WHY DID You
SAY “INTD THE LUMEN" |
IN THAT ScARY -FONT
oN THE BoToM OF
PAGE 117?

ALL OF THESE
' HYDRoGEN 1ONS
A/ MAKE THE LWMEN
{ OF THE THYLAKoID

PRETTY Acipic




¥,

/ NOW THE ATP AND N\
Catt-vm

E LIGHT-INDEPEN | S -
REACTIONS To MARE [ LI-"\~_—7 IT ALL)

A SUGAR MOLECULE.

FINALLY

WHERE Do L~
WE START? [

¥ MIGHTY

THAT 15
I PROBABLY T
Il THE MoST
- /1 BBUNDANT
| ENZYME |
\ ON EARTY. /

i RUBISCO CoMBINES

Co. WMy A Five
CARBON MolECULE

| caLLED RuBP N A
PROCESS KNOWN AS
. “CARBON FIX

ATION."

o

A [ THeY'VE 60T 7o GET THE
FROM SOMEWHERE-

BECAYSE )
SUGAR IS A RING
OF CARBON. 1F THE
LIGHT-INDEPEDENT REACTONS
ARE GONNA MAKE SVGAR, .

CARBON BUILDING BLOCKS

50, PLANTS T\
L THeY N£eD RIGHT §
\ FROM THE




/S0, WAIT 1F_ GREAT

[ /rosisco pucks \  / QuESTION.THE
| Co, FROM THE | | ANSWER LIES IN |
AR, WHERE | | THE SENSATIONAL, ]

\ Does IT GET SWIRLING

" WE'RE
BREAK NG

guBlSCO COMB[N
o UNSTAB(E £ 59

Wy e, (E)Pyern &

__ W AcOATELY Spy, 6, 2 = A
A P < WVee OF 3—P1-,!03PJ§ //yg ’%o%’,\y - ”k\\\\
Q‘L\‘)\, i 06(),( )\(FC‘ 2 /

OF EVERY S1%
G3P MOLECULES
MANUFACTURED
[ EANES THE CYCLE
AND GOES ON
TO MAKE
SUGAR.




. | 15H NaH .
\ WEWY SWEET. \

OF COURSE

[ 1TISN'T. THAT'S §
‘. NOT GLuse. )
( AReYou-?

/ ".LET ME GBET
L THIS STRAIGHTL,

.. THE

PHOTOSYSTEMS

RBSORB PHOTONS
OF LIGHT.. y

— =¥ .. THAT
EXCITE
REACTION
CENTER

ELECTRONS...A

1§

T

ATP
SYNTHASE

|

j"PS]I ' /

o/ /= WHICH ARE N\ y
CARRIED AWRY Y

To aNoTHER T
voLecuLe.. At

CYTOCHROME
COMPLEYX

NADP*
REDUC.TASE
( ’ 7/

FleG A ' _

11

\ ~WHERE
THE EXUTED \
ENERGY
15 USED
/ ToO boO
L WORK..

ARE REPLACED...

6 W*? ) PSI

& PLASTOCYANIN
I8 THE BRIVGE CONNECTING

@

m@ @@ O@

THE PHOTOSYSTEMS



.. AND THE ATP
AND NADPH 1N
THE STROMA

MOVE ON TO THE

CALVIN CYCLE.. _

CAN BE TURNED INTO
A NUMBER OF THINGS

WiTH RuBP UNMATELY
MARING G3P. . /

- AFTER T
POPS our oF THE
CALVIN CyCLE, G3P

INCLUDING GLUCOSE,

/. TelhNICAlY
G3P IS THE END
| OF PHOTOSYNTHESIS
\  AND THAT'S AL
T samn wWwen

NOT ReaLly
FAMILIAR
Wit THE

PATH WANS

\, G3P INTD
. GLUICDSE.

TRUK ABOUT

| BloCHEMICAL _

THAT COMNNERT;

BUT .-
T WANTED
SOMETHIN G
SWEET!

J T
77 THE SWEET, \
[ SWEET TASTE )
| oF NEW |
\ KNOWLEDGE!

RABS Co, FROM THE | ' TEWING ME AFTER
— AIR AND (GMBINES |T ., ALL OF THAT WE
: STILL DON'T HAVE

ANY GLUCOSE?




WILBUR. |F You
REALLY WANTED
SOMETHIN G
SWEET You
CouLD HAVE

- (ONJURED (T

ANYTIME /

( WILBUR? }

© T
THINK

You OwWe
ME A
THANK-
YO

T ST WENT
T0 A LOT OF TROUBLE
To EXPLAIN SOMETHING '

AMAZING.

{ waa-??

OH-OH..YES,

_ YouRe RIGHT /
/ T'M BEING )

L how can Y
{ etpress
\J iy thanks.?

KC\%




7 maciNe |
f THIS ROCK '

| REPRESENTS MY J
\. GRATITUDE.

/TS HUGE.
4 T DONT KNOW ¢
T WHAT TO SAY, J
\ WILBUR.  /
TIM-~-

Y od...
wjou Can

~wake -up
A - 30y Eime.. )
fow, '
wilbur f Don'T N
.y BE SILLY, §

- AFTER
ALL YOUVE
DoONE FOR




wﬁi

ULON'T
. DReAn oFT
_ \T






