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Free-Energy Changes of Glycolytic Reactions in Erythrocytes

Glycolytic reaction step AG' (kJ/mol) AG (kJ/mol)
@ Glucose + ATP — glucose 6-phosphate + ADP + H* — 16,7 —33:4
@ Glucose 6-phosphate — fructose 6-phosphate 1.7 —-2.5
@ Fructose 6-phosphate + ATP —— fructose 1,6-bisphosphate + ADP + H™ =4, 2 —22.2
@ Fructose 1,6-bisphosphate —= dihydroxyacetone phosphate + glyceraldehyde 3-phosphate 23.8 -1.25

@ Dihydroxyacetone phosphate —— glyceraldehyde 3-phosphate 7.5 2.5

@ Glyceraldehyde 3-phosphate + P; + NAD® —= 1,3-bisphosphoglycerate + NADH + H™ 6.3 -1.7
@ 1,3-Bisphosphoglycerate + ADP —— 3-phosphoglycerate + ATP —18.8 1.25
3-Phosphoglycerate —— 2-phosphoglycerate 4.4 0.8
@ 2-Phosphoglycerate —— phosphoenolpyruvate + H,0 7.5 —3.3
Phosphoenolpyruvate + ADP + H* —— pyruvate + ATP — 3.4 — L6

*AG'° is the standard free-energy change, as defined in Chapter 14 (see p. 494). At pH 7.0, AG is the free-energy change calculated
from the actual concentrations of glycolytic intermediates present under physiological conditions in erythrocytes. The glycolytic
reactions bypassed in gluconeogenesis are shown in red.
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Sequential Reactions in Gluconeogenesis Starting from Pyruvate

Pyruvate + HCO3; + ATP —— oxaloacetate + ADP + P, + H*

Oxaloacetate + GTP ——= phosphoenolpyruvate + CO, + GDP

Phosphoenolpyruvate + H,O —— 2-phosphoglycerate

2-Phosphoglycerate —— 3-phosphoglycerate

3-Phosphoglycerate + ATP — 1,3-bisphosphoglycerate + ADP + H™
1,3-Bisphosphoglycerate + NADH + H™ — glyceraldehyde 3-phosphate + NAD* + P,
Glyceraldehyde 3-phosphate —— dihydroxyacetone phosphate

Glyceraldehyde 3-phosphate + dihydroxyacetone phosphate —— fructose 1,6-bisphosphate
Fructose 1,6-bisphosphate + H,O —— fructose 6-phosphate + P,

Fructose 6-phosphate —— glucose 6-phosphate

Glucose 6-phosphate + H,0 — glucose + P,

Sum: 2 Pyruvate + 4ATP + 2GTP + 2NADH + 4H,0 — glucose + 4ADP + 2GDP + 6P; + 2NAD" + 2H*

*The bypass reactions are in red; all other reactions are NADH consumed in the glyceraldehyde 3-phosphate
reversible steps of glycolysis. The figures at the right indicate dehydrogenase reaction (the conversion of lactate to pyruvate
that the reaction is to be counted twice, because two three- in the cytosol or the transport of reducing equivalents from
carbon precursors are required to make a molecule of glucose. mitochondria to the cytosol in the form of malate) are not
Note that the reactions required to replace the cytosolic considered in this summary.
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FIGURE 27-35 Pathway taken by protems destined for lysosomes, [
the plasma membrane, or secretion. Proteins are moved from the ER '... ¥
to the cis side of the Golgi complex in rarsport vesicles, Sorting oc- § -..
curs primarily in the trawe. kdolancds thet Golgi complex.
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FIGURE 27-3T Targeting of nuclear proteins. (a) {1.) A protein with an appropriate nuclear
|lecalization sigral (MLS is bound by a complex of importin @ and g (23 The resulting complex
binds to a nuclear pore, and (3 translocation is mediated by the Ran GTPase. ‘1) Inside the
nucleus, importin @ dissociates from importin e, and =y importin a then releases the nuclear

protein. (&) Impartin e and g are Lranﬁp:-rteck-iaulgy-:éfnﬂaasru:lﬁlem and recycled. (b) Scanning

'
ope, ghmmng numerous nuclear pores,

electron micrograph of the surface of the I hE
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FIGURE 27-39 Model for protein export in
bacteria. 1) A newly translated polypeptide binds
to the cytosalic chaperone protein SecB, which 7
delivers it to SecA, a protein associated with the
trans locaticn complex (SecYEG) in the bacterial cell
membrane. (%) SecB is released, and SecA irserts
itself into the membrane, farcing about 20 aming

acid residues of the protein to be exported through
the translccation complex. (4) Hydrolysis of an ATP
by SecA provides the energy for a conformational
change that causes SecA to withdraw from the
membrane, releasing the polypeptide. (53 SecA
binds anather ATP, and the next stretch of 20 amino
acid residues is pushed across the membrane
through the translocation complex. Steps (4} and
{5 are repeated until {&) the entire protein has
passed through and is released to the periplasm.
The electrochemical potential across the membrane
(denoted by + and —) also provides some of the
driving force required for protein translocation.
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The Nobel Prize in Chemistry ehains of gheogen
1970 www . kaoyancas.net

“for his discovery of sugar nucleotides and their role in the
biosynthesis of carbohydrates”

Presentation Speech

Branching
enzyme

cuts here...
Luis F. Leloir

Argentina

Institute for Biochemical Research
Buenos Aires, Argentina

1906 - 1987

Biography
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group
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The Nobel Prize in Physiology or
‘Medicine 1992

“for their discoveries concerning reversible protein
phosphorylation as a biological regulatory mechanism”

Press release
I1lustrated presentation

Edmond H. Fischer
USA

University of Washington
Seattle, WA, USA

1920 -

Autobiography

Edwin G. Krebs
USA

University of Washington
Seattle, WA, USA

1918 -
Autobiography
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FIGURE 15-27 Effects of GSK3 on glycogen synthase activity.
Glycogen synthase a, the active form, has three Ser residues near its
carboxyl terminus, which are phosphordated by glycogen synthase
kinase 3 (GSK3). This converts glycogen synthase 1o the inactive (b)
form (GSb). GSK3 action requires prior phosphorylation (priming) by
casein kinase (CKII). Insulin triggers activation of glycogen synthase b
by blocking the activity of GSK3 (see the F-ahw-;ry' tor this action in
Fig. 12-8) and activating a phosphoprotein phosphatase (PP1 in
muscle, anather phosphatase in liver). In muscle, epinephrine acti-
vates PKA, which phosphorylates the glycogen-targeting protein Ga
(see Fig. 15-30) on a site that causes dissociation of PP1 from glycogen
Gluccse 6phosphate favors dephosphorylation of glycogen synthase
by binding to it and promating a conformation that is a good substrate
for PP1. Glucose also promotes dephosphorylation; the binding of
glucose to glycogen phasphorylase 2 forces a conformational change
that favors dephosphorylation to glycogen phosphorylase b, thus re-

lieving its inhibition of PP1 (see Fig 15-29).

www . kaoyancas . net

near carboeyl
berminus




% of total encrgy

~from phosphocreatine

hY

=

= from ATP

Aerobic
metabolism

Anaerohic
metabolism
Fd

e
S T St X e S S e o

s

R S R T AU S TSR PR L T e (T
{ 30 60 a0
Duraton of work (sec)

T

SR AR 55t L (¢)
P IUTE RE R4 =1
Brey#2 A

T
S ou
s
|
o =
-
U
8o o
o ob
=<
BL
=1
T
o -
= a0
P

\
2¥5ieTY e '

120

No food

% glycogen content

2 hours of exercise

Fat & protein diet

\

\

Light exercise

Moderate
exercise

b

Heavy
exercise -~

TR PRI I DT TS oL ey
30 60 90 120
Exercise time (min)

ANE iz z) 33 ¥EIREISH IR

Capillary

A ligh-carbohvdrate diet

o ver

www . kaoyaneas . net™ .

J 3

Spleen

.

@? ""\‘\/Splcni(' vein ;Zf

Portal vein - 7

|
I FF IR R SIS 7 AR A Fa
RFARZS 284 S NVE IR

Pancreas

My ocvie

i

*E’};ié@ ’I‘& ﬁ '-. LT PRI DSty SRSt DSslemaeq L St—"n :.—-.'f.f:'E_l

Ul 10

I |(IHI"§ of recovery —*

5l 5 days

g "“-.___’@II'W“JU“-"“.

Gluoose &-phosphate

Tl
i!
|
||

)

Glucoae 1-phosphate

—_

T
UliP-glucoss

1

1

|

|

|

1'.,1 glvoogen
"'___’@ arnthasa

Glycogen




QLD &P
JEAR B R 5 A
VHEIVENELETS
N2

e LR R

H;N — His — Ser — Glu — Gly —Thr—Phe ~
Thr
|
Ser
~ Tyr —Lys — Ser — Tyr— ;\sp/
I.eu

l
Asp

. Ser —Arg — Arg —Ala—GIn —
Asp

I
Phe
—~ Leu — Trp — GIn — Val—
Met

Asn

p Thr— COO™

f

Epinephrine ! Clue
] WWW . kqxoyangés -net
|

2k molecules

Active PEA
1 molaecules

Inactive Artive
phosphorylase § ————m—. phosphorylass i
kinaze ————- kina=e

f'.-
T 100 moleolas
Artive
Flycozen

phosphorylass
1,000= moleculas

Inactive
glyeomen

phosphorylase o

T R E R R R 5

I
f
+

Glreogen s Glucose 1-phosphate
10 000k molacules
b |

Glyealysis

| l

MMuscle contraction Elood glucoae
10000k molacules




Jige e R AR AR

B £ AR P AT

LS el

_~Insulin

Protein phosphorylation
and second messenger
modulation

—— — ) Gluconeogenesis

\-+— Protein synthesis

O

Active transport -

Glycolysis = %

Glycogen
synthesis

+
Lipid

synthesis

Lipid
breakdown

Plasma

Amino acid
metabolizing
enzvmes

Y

Gluconeogenesis

Glucose i————% \\_{_

Glycogen
synthesis

Amino acids

Nitrogen

www . kaoyancas .net

T

= :'I:'I.-::;r;.. S

W (hD GEA M §
 EXERE R

Z: Wiz AE L
(73) Kl ZAVAE

2 W.3226-1




-

ot-( 1 —= 6G)-glucosidase




f“"*x

f P
J Starch |
| ernthass |
l

r“.‘; '-ir- = ."'I I,
-

i | The hydroxyl at C-4 of ghicese 4 displaces
Each of the two reactive groups | i at the Lk : Sy :
active site of starch aynthaze maf:e.::bmc]enphi]ic X, frming a betrapaccharuds, with ita reducing
attack on ADP-gluccae, displacing ADFP and forming o end covalently attached to Xy,
a covalant attachment to C-1 of the gluscse unit. :

' ﬂ ﬂl ﬂ N-:-nreduﬂngend
~ f

- 1
l
Many repetitions of this sequence extend the
l oligoeaccharide, adding glucoss residues at its
Stgrep  Toducing end, with X, and X alternately
carrring the growing etareh chain. When the chain

reaches an appropriate length, it s separated
from starch synthasa.

The bond holding glucose residue 1 to X
undergoes nucleophilic attack by the —OH
at C-4 of ghicose reaidue 2 on X, forming an
o 1—d -dizaccharide of residues 2 and 1. This
remaing attached throngh glucose 2 to Xy X,
now free, displaces ADF from another ADP-
ghacose and becomes attached to glacose 3.

FANZSK
l. IR MEIRPEAR T £ & REYTTE
(EA)
N . SRIEERTCEEY AR R A TR R X,

attached to ;. X, n-:wr free, E.l.'.'q‘LLL'I.'E'EE
regidue 4 from ancther ﬁDP—glun:ae
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Hexose phosphates DNA

1 'r“'--b,;_ Metabolic 2
Pentoze phosphates » — intermediatez =¥ RNa B
, x‘“\? Protein &

Tricse phosphates Lipid

ADP,
NADP'

ATP, FIGURE 20-1 Assimilation of CO, into biomass in plants. The light-
SARER driven synthesis of ATP and MADPH, described in Chapter 19, pro-
Oy, HyO vides energy and reducing power for the fixation of CO; into trioses,

Light-dependent trom which all the carbon-containing compounds of the plant cell are

reactions of synthesized. The processes shown with red arrows are the focus of this
photozymthesiz chaptar,
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FIGURE 19-38 Chloroplast. (a) Schematic diagram. (b Elactron mi-
crograph at high magnification showing grara, stacks aof thedakoid

membranes,
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FIGURE 19-45 oOrganization of photosystems n the thylakoid mem-
brane. Photosysterns are tightly packed in the thylakoid membrane,
with several hundred amtenna chlorophylls and accessory pigments
surrcunding a photoreaction center. Absorption of a photon by any of
the antenna rhlnml:hl,fll-s leads to excitation of the reaction center kwy
exciton transfer (black armow). Also embedded in the thylakoid mem-

brane are the cytochrome bef ':‘:W%%&E}: ﬁérflthm& isee Fig.
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AGURE 19-43 A phycobilisomé’ In these highly stuctured assem- (S

blies fourd in 1."?'anﬂ|:ﬂ-:ten*a*an-:| red algae, phyccbilin® pigments

bound to specific proteins form complexes called phy u:-:nerj.-'thr in (PE), e
phycocyanin (PC), and allophycocyanin (AP). The energy of photons S
absorbed by PE or PC is comveyed through AP (a phycocyanobilin
binding protein) to -?hl-:-rnph%ww?ké:gyahgag?ﬁ&icn center by exciton

transfer, a process discussed in the text
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FIGURE 18-47 Functional modules of photosynthetic machinery in
purple bacteria and green sulfur bacteria. (a) In purple bacteria, light
energy drhrasfe!-:u_!.rum from the reaction center PB70 through pheo-
phytin (Pheo), a quinone (), and the optachrome be, rrmpln. then
through cytochrome ¢ back to the reaction center, Electran flow through

the aytochrome bey complex causes prﬂn%bﬁﬂy@l@%nﬁﬂ -

rochemical potential that powers ATP synthesis. (b) Green sulfur bac-
teria have two routes for electrons driven by excitation of PS40: a oyclic
route passes through a quinone o the optachwome bey complex and
back to the reaction center via r!,-'trrhmms- c, and a n-jnr':,rrlit route
from the reaction center through the iron-sulfur protein ferredonxin (Fd),
then to NAD™ in a reaction catalyzed by ferredoxinNAD reductass
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sURE 22.17 e K. winidis reaction center s coupled o the cvtochrome
FIGURE 22.17 * The § i | t leeed Lot tocl

b/ ¢y complex through the quinone pool (). Quinone molecules are photore-
duced at the reaction center Qg site (2 ¢ [2 by per Q reduced) and then dif-
fuse to the ovtochrome /r, complex, where they are reoxidized. Note that ¢
flow from cytochrome &/ back w the reaction center occurs via the periplasmic
protein cytochrome 6. Note also that 3 w4 H™ are ranslocated into the
periplasmic space for each €} molecule oxidized at cytochrome &/¢. The resul-

tant proton-motive [orce drives ATP synthesis by the bacterial FFy ATP synthase,
ATP {Adnpied from Deiwnbofer, . and Micket, H., T989, The photosynbhetic reacfion center from the purple b
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FIGURE 19-50 Photosystem 1l of the cyanobacterium Synechococcus
elongates. The monomeric form of the complex shown here has two
major transmembrane proteins, D1 and D2, each with its set of co-
factors. Although the two subunits are nearly symmetric, electron flow
occurs through only one of the two branches of cofactors, that on the
right (on D1). The arrows show the path of electron flow from the Mn
ion cluster (Mny, purple) of the watersplitting enzyme to the quinone
PQg (orange). The photochemical events cccur in the sequence indi-
cated by the step numbers. Notice the close similarity between the
pesitions of cofactors here and the positions in the bacterial photore-
action center shown in Figure 19-48. The role of the Tyr residues is
_ _ www . kaoyancas.net
discussed later in the text,
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FIGURE 19—5 Tr: i-'I.IFTE.m-I:I-[Ell.'“LIT ump]ex f Psl amf ils ah!d

antenna chlorophylls. (ai Schematic drawing of the essential proteins
ard cofactors in a single unit of PSL A large number of antenna chloro-
phylls surround the reaction center and corvey to it ired arrows) the
erergy of photons they have absorbed, The result is excitation of the
pair of chlorophyll molecules that constiwte PT00. Excitation of PTO0
greatly decreases its reduction potential, and it passes an electron
through bewo nearby chlorophylls to pl‘r:.dl-:-quinn:-reﬁiﬂ:lﬂ also called
Aq) Reduced phydloquinone is reoxidized as it passes twio electrons,
one at a time, to an Fe-5 protein iFx near the M side of the mem-

brane. From Fy, electrons move throughyviww _kaoyeneastinetiFa
ard Fgj, then to the Fe-5 protein ferredoxin in the stroma. Ferredoxin

Stroma
M glda)

*IH- SR BR

()

then donates electrons to MADP T (nat shown), reducing it to MADPH,

one of the forms in which the enengy of photons is trapped in chlore-
plasts. (hi The trimeric structure (derived from PDB 1D 1]BO), viewsd
from the thylakoid lumen perpendicular o the membrane, showing
all protein subunits (grayi and cofactors (described in (ci). () A
moromer of PS1 with all the proteins omitted, revealing the antenna
and reaction center chlarcphylls (green with dark green Mg®™ ions
in the center}, carstencids fyellow), and Fe-5 centers of the reaction
center {space-filling red and orange structures). The protzins in the
complex hold the components rigidly in orientations that maximize
efficient exciton ransfers between excited antenna molecules and the
reaction center.




FIGURE 19-49 Integration of photosys- - ’
tems | and Il in chloroplasts. This “Z 45*% 7%/@"“@530\/‘

scheme” shows the pathway of electron TS ZE =0
transter from HyO (lower left) to NADP®
ifar right) in noncyclic photosynthesis. The S OB, 1
position on the vertical scale of each
electron camrier reflects its standard reduc- [Pes0” |

Licn pulvnliﬂl To raise the energy of \:'l

electrons derived from HzO to the energy
level required to reduce NADP™

NADPH, each electron must be “lifted’
twice (heavy arrows) hy photors absorbed
in PSIl and PSI. One photon is required
per electron in each photosystem. After complex

excitation, the high-energy electrons flow ‘e
P]astn:n::.rm:.m

“downhill” through the carmrier chains
shown. Protons mowve across the thylakoid ; ‘. \m
membrane during the water-splitting . Proton

[ gradient
reaction and during electron transfer
through the cytochrome bgf complex, oz L Pi}, = plastoquinone
producing the proton gradient that is | | FQp = second quinone

central to ATP formation. The dashexd _ s a Ay = ileiin apesgriny ehiragh il
: A4 = phylloquinone

E=ivaltz)

arrow is the path of cyclic electron

transfer (discussed later in the text), which
imvolves only PSI; electrons return via the
cyclic pathway to PSI, instead of m".'ﬂgﬁ/anc
NADP™ to NADPH.
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FIGURE 19-52 Localization of PSI and
PSII in thylakoid membranes. Light-
harvesting complex LHCI and ATP
synthase are located in regions of the
thndakoid membrane that are appressed
(granal lamellae, in which several

membranes are in contact) and in
regions that are not appressed (stromal
lamellae) and have ready access to ADP
and NADP™ in the stroma. Photosystem
Il is present almaost exclusively in the
appressed regions, and photosystem |
almost exclusively in nonappressed
regions exposed to the stroma lH'i'II is
the “adhesive” that holds JI'MWHS
lamellae together (see Fig. 19-5 ﬁ)yancas

Light-harvesting
complex I1

ITnstacked

membranes
(atromal
lamellas)
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FIGURE 19-54 Electron and proton flow through the
cytochrome bef complex. (a) The crystal structure of the
complex (PDB [0 1UM3) reveals the positions of the cofac-
tors involved in electron transfers. In addition to the hemes
of oytochrome b theme by and by; also called heme br
and bp, respectively, because of their proximity to the w and
p sides of the bilayerj and that of cytochrome f (heme £,

_ there is a fourth theme x) near heme by, and there is a
& p-carotene of unknown function, Two sites bind plasto-

quincne: the POH, site near the  side of the bilayer, and
the P} site near the w side. The Fe-5 center of the Rieske
protein lies just cutside the bilayer on the p side, and the
heme £ site is on a pratein domain that extends well into

i the thylakoid lumen. i) The complex is a homodimer
{ armanged to create a cavern connecting the POH; and PO

sites, jcompare with the structure of mitochandrial Complex
Il in Fig. 19-12). This cavern allows plastequinone

B movement betwesn the sites of its axidation and reduction,

() Plastequinal (POIH4) formed in PSIL s cuidized by

B - eytochrome byl complex in a series of steps like those

af the ) cycle in the oytochrome by complex (Complex
I} of mitochondria (see Fig. 19-113 Cne electron friom
POH; passes to the Fe-5 center of the Rieske protein

| (purple), the other to heme by of cytochrome be igreen).
| The ret effect is passage of electrons from POHz to the
| soluble protein plastocyanin, which carries them to PSI.
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FIGURE 19-55 Dual roles of cytochrome bgf and cytochrome ¢ in

-:yann-hm‘ tera. Cyancbacteria use cytochrome bef cytochrome cg,
and plastoquinone for both oxidative phosphorylation and pho-
tophosphorylation. (a) In phatophosphorylation, electrons flow (lop 1o
bottom) from water to NADP™. (b) In axidative phosphorylation, elec-
trore flow from NADH to Oz, Both processes are accompanied by

proton movernent across the membrane, accomplished by a Q oycle.

www . kaoyancas . nellilé

()




AGURE 19-57 Proton and elggiiorgovanéadn &g lakoids. Electrons
iblue arrows) move from HzO through PSIL, through the intermediate
chain of carriers, through PS1, and finally to NADP™ . Protons (red ar-
rows) are pumped into the thylakoid lumen by the flow of electrons
through the carrers linking PSII and PSI, and reenter the stroma
through proton channels formed by the Fo (designated CFJ of ATP
synthase. The Fy subunit (CF,) catalyzes synthesis of ATP.
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FIGURE 19-58 Comparison of the topology of proton movement and ATP synthase arientation
in the membranes of mitechondria, chloroplasts, and the bacterium E. coli. In each case, orien-
tation of the proton gradiepy, iekatawcie AdP synthase activity is the same.
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MECHANISM AGURE Z0-T First stage of COy assimilation: rubisco’s
carboxylase activity. The COoHixation reaction is catalyzed by ribul ose
| 5-hisphosphate carboxylase/oxygenase frubisco). (1) Ribulose 1,5-
bisphcsphate forms an enediolate at the active site. (23 C05, polarized
by the proximity of the Mg~ ion, undergoes nucleaphilic attack by
the enediclate, producing a branched six-carbon sugar. (3} Hydrosey-
lation at C-3 of this sugar, followed by aldal cleavage (43 forms one
molecule of 3-phosphoghycerate, which leaves the enzyme active site.

(&% The carbanion of the remaining three-carbon fragment is proto-
nated by the nearby side chain of Lys'™, generating a second malecule
of 3-phosphoglycerate. The overall reaction therefore accomplishes
the combination of one €Oy and one ribulose 1.5-bisphosphate o

farm two molecules of 3phosphoghycerate, ane of which contains the
carbon atom from €Oz (red). g@ Rubisco Mechanism; Rubisco

Tutarial
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FIGURE 20-% Second stage of COy assimilation. 3- Hﬁnﬁphnglﬁrterate
is converted to glyceraldelyde 3-phosphate {red arrows). Also shown
are the altermative fates of the fixed carbon of ghyceraldetyde
3-phosphate (blue amows). Most of the glyceraldehyde 3-phosphate is
recycled to ribulose 1.5-bisphosphate as shown in Figure 20-10. A
small fracticn of the “extra® ghyceraldetyde 3-phosphate may be used

immediately as a source of energy, but meet is converted to sucrose

B for ransport or is stored in the chloroplast as starch. In the latter case,
glyceraldelyde 3-phosphate condenses with dibydrooacetone phos-
§ phate in the stroma to form fructose 1 6-bisphosphate, a precursor of

B ctarch. In cther situations the ghyceraldelyde 3phosphate is converted
B to dilydrosoacetone phosphate, which leaves the chloroplast via a

specific transporter {see Fig. 20-15) and, in the oytosal, can be

| degraded glycolytically to provide energy or used to form fructose

b-phosphate and hence sucrose.
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FIGURE 20-14 Stoichiometry of CO; assimilation in the Calvin cycle. For every three CO,
molecules fixed, one molecule of tricse phasphate (glyceraldehyde 3-phosphate) is produced

and nine ATfwwnkaoyahoag thet consumed
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FIGURE 20-19% Light activation of several enzymes of the Calvin
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AGURE 20-21 CGlycolate pathway. This pathway, which salvages 2-

phasphoglhycolate (shaded pink) by its conversion to serine and even-
wally 3-phosphoglycerate, involves three cellular compartments. Gly-
colate formed by dephosphorylation of 2-phasphoglycclate in
chloroplasts is oxidized o glyoxylate in peroxisomes and then
ransaminated to glycine. In mitochondria, twe glycine molecules con-
dense to form serine and the CO, released during photorespiration
ishaded green). This reaction is catalyzed by glycine decarboxylase,
an enzyme present at very high levels in the mitochondria of C; plants
(see text). The serine is converted to hy droscypyruvate and then to ghyc-
erate in peroxisomes; ghycerate reenters the chloroplasts to be phos-
pharylated, rejoining the Calvin cycle. Oxygen (shaded blue) is con-
sumed at two steps during photarespiration
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FIGURE 20-23 Carbon assimilation in Cy plants. The €, pathway, in-
volving mesophyll cells and bundlesheath cells, predominates in
plants of tropical ariging @) Electron micrograph showing chloroplasts
of adjacent mesophyll and bundle-sheath cells. The bundle-sheath cell
contains starch granules. Plasmodesmata connecting the bwo cells are

visible. (b) The Cy pathway of OO assimilation, which occurs through

a four-carbon intermediate. www . kaoyancas . net
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