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“Zimme Some
Su gar u

STARRING
WILBUR &
ANT EDNA

WAITING \

FOR THE
SUGAR
i\ TO CoMe

/T ReEAD AN
ARTICLE THAT SAlb
PLANTS COMBINE
ARE YOU LIGHT, WATER AND
STANDING CARBON DIOXIDE
TO MAKE
_ SUGAR.

UNDER A
LEAF WITH
A BUCKET?

BECAUSE \F
You HAD You'D
KNOW THAT PLANTS

DON'T GO OOZING
BUCKETFULLS OF
SUGAR ALL ONER
THE PLACE.

Y'KNOW WHAT'S

REALLY Sweer?
UNDERSTANDING
PHOTOSYNTHESIS

DID You
ReEAD THE
WHOLE
ARTICLE?

nuts.

T really
wanted
SOmethmg
Sweet...
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WHAT Do
You MeaN

" PASS ? "

T ™MEAN, T'Mm NOT
INTERESTED IN RHOw
PHoTOS ARE
SYNTHESIZED.
T PoN'T
ENEN HAVE 4
CAMERA.

I'M NOT TALRING AROUT
DENELOPING PICTORES! I'M
TALKING ABOUT THE PROCESS
THAT TRAPS A TINY PACKET
OF THE SUN'S ENERGY [N
THE LIFE-SUSTAININ G
MOLECULE OF GLUCOSE
THAT MAKES OUR NERY

EXISTENCE
POSSIBLE.

BRILLIANT!
FIRST, LET'S
CONSIDER

THIS CHART,

How
ELSE wWOULD
I EXPLAIN

Edﬂ/////////f//a

You'RE PULLING

MY LEG, JUST LET

NO.
I'm ToTaLLy
SERI0US,

PRODUCTS

NOW, AS YoUu CAN SEE, WATER ,LIGHT AND
CARBON DIOXIDE GO INTD THE PHOTOSYNTHETIC

PROCESS AND OXYGEN, WATER AND GLUCOSE COME OUT




PHOTOSYNTHESIS [S COMPOSED OF TWO SEPARATE SETS OF CHEMICAL REACTIONS!:
THE LIGHT- DEPENDENT REACTIONS AND THE LIGHT-INDEPENDENT REACTIONS,

THE UGHT-DEPENDENT REACTIONS USE
WATER AND ENERGY FROM A PHoToN OF
LIGHT To BUILD THE MOLECULES ATP
AND NADPH. OXYGEN 15 RELEASED AS
WASTE. ATP AND NADPH ARE USED

AS FUEL FOR THE LIGHT-INDEPENDENT
REACTIONS.
WATER LIGHT

LIGHT-
DEPENDENT
REACTIONS

; D

= H .............':»._‘

THE LIGHT- INDEPENDENT REACTIONS Do
NOT REQUIRE LIGHT DIRECTLY. IN
THESE REACTIONS, CARBON DIOXIDE
(S PULLED FROM THE AIR AND
ATTACHED To AN EXISTING MOLECULE.
THEN THE ATP AND NADPH ARE USED T
TORN THAT M™MOLECULES INTO GLUCOSE.

INDEPENDENT
REACTIONS

MOST ANTS
DON'T HAVE
CHARTS




S0, How Do
PLANTS cAtcH
A PHOToON OF

Do THEY USE
A CAGE OR Dig A
Deep HOLE AND

" IMAGINE THAT
THIS PEBBLE IS A
PHOTON OF LIGHT AND
You ARE A LEAF.

You DOING
HERE?

WHAT ARE

You caN
SAaY THAT AGAIN,

IT'S BETTER
THIS WAY, NOW
WE CAN Focus ON

PHOTOSYNTHESIS!




T HAD To GET You DREAMING IF WE'RE GOING TO
EXPLORE A PLANT CEL(, DIDN'T I7 TT'S NOT LIKE
T HAVE A SHRINK RAY OR SOMETHING.

/" S
7 f@ ' )

AS You KNow,
PLANTS ARE COMPOSED
OF SMALL FLuIiD-FiLLed BAGS
CALLED CeLLS.

INSIDE THE CEUS ARE
ENEN SMALLER_ FLUID-FILLED
BAGS CALLED ORGANELLES.

PHOTOSYNTHESIS OCCURS
IN ORGANELLES CALLED
CHLOROPLASTS.

g ' 22
CHLOROPWSTS CoNTAIN STILL
3 SMALLER FLUID- FILLED DISKS
& CALLED THYLAKOIDS,

, WHY DoN'T You
KRIY%:TE cHo P TS CHLOWo -
PLABT IN HALE.

THE THYLAKOIDS ARE
ARRANGED IN STACKS
CALLED GRANA.
(3 sigle stack of thylakeids
is caltep @ GRANUM)

1S ABSORBED FOR
PHOTOSYNTHESIS.



WE'RE GONNA
NEeD To cuT THIS
IN HALF ,100.

THE THYLAKOID'S
MEMBRANE SEPARATES
THE INTERIOR CHAMBER,

OR LUMEN, FROM THE
STROMA, THE FLUID-FILLED
SPACE. SURROUNDIN G
THE THYLAKOLD.

THYLAKOID

A

SEVERAL PROTEINS AND '
T}?gr%gﬂx;‘qulECULes ARE STCK IN
01D MEMBRANE. LIGHT
IS CAPTURED BY CLUSTERS OF
CHLOROPHYLL MOLECULES IN THE
MEMBRANE CALLED PHOTOSYSTEMS.

< ~/ IN PLANTS THERE ARE TWo L1/ FOR THIS EXPLANATION,
~{ TYPES,CLEVERLY NAMEpP WE'LL START wITH
PHOTOSNSTEM T AND PHOTOSYSTEM IL.
PHOTOSYSTEM T .

P
' ’j SHOUWDN'T

o TeMm T
Ed> f SINCE, WELL, '\ T
' HAS THE NUMBER

ONE IN ITS
NAME?

TRUST You?
\/ou HITME WITH
A ROCK!
AND YOU'RE LEARNING

ABOUT PHOTOSYNTHESIS.
TS WIN WIN/




THE PHoToSYSTEM HAS Tw O MATOR REGIONS.
THE LARGE ANTENNA COMPLEX SURROUNDS
THE SMALLER REACTION CENTER.ENERGY
FROM A PHOTON OF LIGHT IS ABSORBED
BY THE CHLOROPHYLL IN THE ANTENNA
COMPLEY AND FUNNELED To THE
REACTION CENTER.

IMAGINE T'M A CHLOROPHYLL
MOLECULE AND YOU ARE A SPECIAL
PAIR OF MOLECULES IN

THE REACTION CENTER
CALLED P68O.

CHLoRoPHYLL |

SPecial?

NOW, IMAGINE
OUR HEADS

REPRESENT
— AN ELECTRON
€' is for ON THeE
€lectron MOLECULE.

[catoRoPiLL]  [cHwoRoPNW] [ PeR0 |

HIGH
[ENERGY

WHEN CHLOROPHY LL \_\
ABSORBS A PHOTON, THE
- ={ ENERGY ELLVATES ONE
OF THE CHLOROPHYLU'S

ELECTRONS TOo A HIGHER
ENERGY STATE.

THE ELECTRON
CAN'T HOLD THE
ENERGY LONG,
THOUGH...

[ - T

[cHioroPHYLL]  [CHLoROPHYLL]

[ Peoo ]




HiGH
ENERGY _

L -

]

«AND T
PASSES THE

ENERGY _1S

ENERGY T0 A PasseD THIS
NEIGHBORING i

CRLOROPHYLL,
EXC(TlN(a ‘Ts

COMPLEY..

ELECTRON.

L

CHLOROPHYLL

CHLOROPHY LL

THE PHOTON'S

whAY THRouGH
TP?; ANTENNA

. UNTIL
[T 1S
EVENTUALLY
PASSED To
P630
IN THE
REACTION
CENTER.

SO, WHAT
MAKES ME So
SPecialL?

NN,
EH LOROPH\{LT]

e
[ Pe80 |

WELL, WHEN
P680's ELECTRON
GATHERS ENOUGH
PROTON ENERGY,
(T POPS OFF

PHOTOSYSTEME
AND RIDES AwWAY
ON A MOLECULE

CALLED

PLASTO QUINONE-
(aka. PQ)

ZiiiijipT
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BILNERERARARS -
QL YOU'RE RIGHT. W
DO NEED T0 REPLACE
P680's ELECTRON.
M\ OTHERWISE, WE CAN
A\ ONLY Do THIS TRICK
ONCE.

()

OH, RELAX.
WE'LL See WHAT
L T \{OUR HeAD 15 DoING
T T vy N H;!/” S UTZESW
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THERE'S A REGION
OF PHOTOSYSTEM T
CALLED THE OXYGEN
EVOWVING COMPLEX (0€c)
THAT SPUTS WATER
INTO THREE PARTS!

OF THE ELECTRONS
THAT KNITS THEM

TOGETHER,

To REPLACE THE
ELECTRON LOST BY
P60 IN PHOTOSYSTEM I,
WE wiLL NEED To TAKE
ONE FROM ANOTHER
MOLECULE. TN THIS
CASE, THAT OTHER
MOLECULE IS
WATER.
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& wOlG LUMEN. 2 A
©
R
S
%%
4’%"2‘@7& _THE LB
RIS OXYGEN HEADED.
Cneg S 15 GINEN
T OFE; AS A
&s WASTE
PRoDUCT...

0,



:vﬁzlég'%‘dfﬁ‘i;“i%%e&rﬁ; T WANT MY |
e e oo | | HEAD BACK!
2

(5. 30 electron which has..
~3lmost no massS..

YOU'RE So
NEGATIVE.

AS You RECALL, THE ELECTRON
FROM P680 WAS CARRIED AWAY
BY PLASTOQUINONE. PQ TAKES
THE ENERGIZED ELECTRON TO
THE CYTOCHROME CoMPLEX
WHICH USES THE ELECTRON'S
EXTRA ENERGY TO PUMP
MORE HYDROGEN INTOD

THE LUMeN
ALREADY HAS A
BUNG} OF EXTRA
HYDROGEN FROM
THE WATER WE

RUGHT. T'LL SHow
AND How oy.BY S
EXACTLY (S e s ReT

BUT, WE
NEED THEM
To MaKE DEPENDENT
ATP 7 REACTIONS //

§ -1/

THAT
GONNA
HAPPEN?




THERE ARE LOTS of HYDROGEN IONS
INSIDE THE LUMEN,BUT NOT YERY MANY
IN THE SURROUNDING STRoMA. THE
DIFFERENCE N CONCENTRATION ACR0SS
THE THNLAKOID MEMBRANE 1S CALLED
A CONCENTRRTION GRADIE

IT TAKES THE HARD WORK OF THE
CYTOCHROME COMPLEX To MAINTAIN THE
CONCENTRATION GRADIENT. [N NATURE,THINGS
LUKE To SPREAD THEMSELVES OUT EVENLY.
GINEN A CHANCE, THE HYDROGEN IONS
CRAMMED INTD THE LUMEN wWoOULD
CROSS THE THYLAKOID
MEMBRANE AND
SPREAD outr INTO
THE. STROMA,

ALL of THE
PosimiveLy CHARGED
HYDROGEN LONS ARE
PACKED IN TIGHTLY
AND THE(R POSITIVE
CHARGES REPEL
EACH OTHER.

YEAH, WELL, BETWEEN THE
CONCENTRATION GRADIENT
AND ALL OF THEIR POSITINE
CHARGES, THE HYDROGEN IONS
REALLY WANT TO LEAVE
THE LUMEN AND SPREAD
OUT INTD THE STROMA.

HoweveR, THE ONLY
TYPE OF DOOR ACROSS
THE THYLA KOID MEMBRANE
THEY CAN USE IS _A
PROTEIN CALLED

ATP SINTHASE.

THIS WAY
To THE
EGRESS

THING (S
BEAUTIFUL,
IN IT'S OWN
WAVY!

theyre
tepelling
me too..




ﬁy{ERYnME 14 s OH,YoUR HeAD
DROGEN ION AKA, THE ELECTRON FROM
PASS THRouGH 1T, THE Bl PHOTOSYS TURNED
ATP-SYNTHASE ASSEMBLES ) ITS ng@‘ g&@%&‘?ﬁrg °
3 ATP MOLECULES, Sﬁg\ﬁf' AFIER \T ENERGIZED
D
HeAaD? .

CYToCHROME
CoMPLEX

NOW WE NEED To TURN OUR | |LET'S DO A LITILE ROLE
ATTENTION To PHOToSYSTEM I.| | PLAYING. T'lLL BE A

LIKE PSTL PHsTOSYSTEM T CHLOROPHLL MOLECULE IN
ABSORBS A PHOToN AND THE ANTENNA ComPLex ofF PST

USES THE ENERGY To AND You CAN BE P700, A
DONATE AN ELECTRON SPECIAL PAIR OF MOLECULES
TO ANOTHER IN THE REACT\ON

MOLECULE. CENTER.

HoLD ON

A SEC. WE
STILL NEED
TO MAKE

waik
3
minute..

<
s_




IN FACT  \T GETS SO
EXCITED IT POPS OFF ANDP
RIDES AWAY ON A MOLECULE

" OTHE CHL%R?PF_!I;!{LL WHEN P700 ABSORBS
LECULES IN THE THE ENE —
ANTENNA COMPLEX OF ENEReY
PSIEANBSORB A PHgXoSN's S .

ERGY AND S . A

LEhG AND S | 13 OHAK A BoOM:!
THeY PASS 1T
To P700 IN THE
REACTION
CENTER.

T0 A HIGHER
ENERGY
STATE.

T DON'T
waNT 1T/ I

= iy P Y ®
= &= &

[Chuogorave | [7700)

> ®* T
(caioropevie 1 (P00}

FERREDOXIN TAKES THE

ELECTRON FROM P700 TO A
MOLECULE CALLED NADP* REDUCTASE.
NADP' REDUCTASE USEs THE __
ELECTRON'S ENERGY TO C N
MAKE A MOLECULE e
OF NADPH.

OF CoURSE,
NOW PHOTOSYSTEM I
NEEDS To REPLACE 1TS
LOST ELECTRON. CaN

NoU GUESS WHERE

THAT REPLACEMENT
COMES FROM?

T DIDN'T CATeH
THAT. DID You 5AY
"FROM SPUTTING
A WATER MoleCuLe ?




.. WHERE IT
REPLACES THE
ELECTRON THAT
PHOTOSYSTEM I

LosT:

INDEPENDENT
REACTIONS,
RigHT? X
ol > m
YSRAe
\ A \/

T™HE ATP
AND NADPH
FOR ThHE
LIGHT-

THEN WHY DIV You

SAY “INTD THE (UMEN"
IN THAT ScARY FONT
ON THe BoTOM OF

PaGE 117

ALL OF THESE
HYDROGEN [ONS

MAKE THE LUMEN
OF THE THYLAKoID

PRETTY AciDIC.

GREAT. RIGHT. BUT THE LIGHT
S0 Now‘ INDEPENDENT REACTION S
WE HAVE | TAKE PLACE IN THE STROM,
So WE SpouLD GET ouT
OF HERE.

WHEN THE PoOR PooPED ELECTRON FROM
PHOTOSYSTEMTE LEANES THE CYTOCHROME
COMPLEX, \T HITCHES A RIDE ON A
MOLECULE CALLED PLASTOCYANIN (PC).
PC TAKES THE ELECTRON T PsSI...

WELL,
SHOOT. THAT
WASN*T SO
BAD

T NEVER
SAID T
WOULD BE.




Now THE ATP AND
NADPH ARE UseD IN
THE UGHT-INDEPENDENT
REACTIONS To MAKE
A SUGAR MOLECULE.

MIGHTY
RUBISCO/

THAT IS
PRoBABLY
THE MOST
ABUNDANT
ENZYME
ON EARTH.

RuBISCO coMBINES
Co, WITH A FIVE
CARBON MoOLECULE

CALLED RuBP IN A
PROCESS KNOWN AS

1 Becayse

SUGAR 1S A RING
OF CARBON. |F THE
LIGHT-INDEPEDENT REACTONS
ARE GONNA MAKE SUGAR,
THEY'VE GOT To GET THE
CARBON BUILDING BLOCKS
FROM SOMEWHERE.-

50, PLANTS
“’ PULL WHAT N
THeY NeeD RIGHT
FROM THE




S0, WAIT. IF

GREAT
RuBiSco PULLS

QUESTION.THE

Co, FROM THE ANSWER LIES IN

AIR, WHERE THE SENSATIONAL,

DoES IT GET SWIRLING
CALVIN'

B1CO Comp &
. W UNSTABLe g{/gj‘? o3 o S
‘\?‘\JS’/ V’\‘J\QV\HTELY ‘SP(JSRBO R lV S & %
2 & N\ OF 3Bhospy> 1 0%, 1IN
“p ¢ < g, 2% %
233G, & \\ ¥ Bt
GGG X A 5 §
&
3 '.393
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Q u e
X o
SCCECIEE : S
£
Tw ]
)\)J\A, 9 zf

o
R ) J
/V\ 3R 3‘3‘:‘6\:‘6’)\\A ) 1
CERSY

”’ 2

OF EVERY SIX
G3P MOLECULES
MANUF ACTURED
LEANES THE CNCLE
AND GOES ON
TO MAKE
SUGAR.




OF COURSE
(T ISN'T. THAT'S
NOT GLUCOsE.

wWHA--?
ARE You-?

«LET ME GET
THIS STRAIGHT...

[

Y

.. THE
PHOTOSYSTEMS ; {E}
ABSORB PHOTONS \ <
N OF LIGHT... R\ '
=) ;
3 ™ (\ b Q://
o |PST
> \ /] i
S " = .+ THAT \ . .
REACTION
CENTER
ELECTRONS.-,
NADP*
REDUCTASE

27 /WHICH ARE

= < - C
I CARRIED AWAY (=
o pPST! ‘@ TO ANOTHER =
N AR [ MOLECULE... i
ATP AN ~_
SYNTHASE e
\ )).
@ 1@ ) ~WHERE
THE EXUTED
0 | — ‘ 1 ELECTRON'S
s ENERGY |
PSI[‘ e iy ‘STUS%% TN Pg
"l"m“lu}m : s y WORK_.. g2 HHHLMLLY
oo oiE) o5s s o
b . 0@ e ® @ ’ a O
wWHILE THE ELECTRONS
LOST BY THE PHOTDSYSTEMS
ARE REPLACED...

PLASTOCYANIN
IS THE BRIDGE CONNECTING
THE PHoTOSYSTEMS




@

<

.. WHERE RUBISCO
GRABS Co, FROM THE

AIR AND CoMBINES | T
WiTH RuBP ULNMATEL
MAKING G3P.

'« AND YOU'RE
TEWING ME AFTER
ALL OF THAT WE
STILL DON'T HAVE
ANN GLUCOSE?

.. AND THE ATP
AND NADPH IN
THE STROMA

MOVE ON TO THE

CALVIN CYCLE.

AFTER T
POPS OUT OF THE
CAWVIN CYCLE, G3P
CAN BE TURNED INTO
A NUMBER OF THINGS
INCLWUDING GLUCOSE.

BUT...
T WANTED
SOMETHIN G
SWEET!

TECHNICALLYY
G3P 1S THE END
OF PHOTOSYNTHESIS

AND THAT'S ALL
T SAID We'd
TALK ABOUT
I'm
NOT ReaLly
FAMILIAR
me-} meA
|OCHEMICAL
PATH WANS
THAT CONNERT
G3P INTD
GLUCOSE,

THE SWEET,
SWEET TASTE
OF NEW

KNOWLEDGE!




GEE-WHIZ,

WILBUR. |F You DREAMING

REALLY WANTED —\ AFTER
SOMETHIN G
SWeET You
CouLD HAVE
(ONJURED IT

ANNTIME:

T JUST WENT
TO A LOT OF TROVBLE
To EXPLAIN SOMETHING

AMAZING.

" WHA?
OH.-.OH..YES,
You'Re RIGHT:

T'M BEING
RUDE.

.how can
{ express
my thanks.?




IMAGINE
THIS ROCK

REPRESENTS MY
GRATITUDE . _

IT's HUGE.
T DON'T KNOW
WHAT TO SAY,
WILBUR.
T'M---

Yoy €an
.wWake-up
any...anVykime..

Now,
wilbur,

DON'T
RE SILLY.

AFTER
AlL YOU'WE
DONE F?OR




s
WOULDN'T
DREAM OF
IT.
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