—— Thylakoid
memkrang

Cytochrome

Thykkoid
Limen

Complexes are named for longest effective wavelength.
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Electron transport to
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Bacterial Photosynthesis

Light islow energy-P870 not strong enough to oxidize water.
Excited electron passed to Q. “hole” filled with electron from
Cytochrome C. 100% efficient!



Bacterial Rxn Center

Top--cytochrome
subunit (blue) (4 hemes)

Middle--membrane
Embedded protein
4 chlorophylls,

2 phytins

2 quinones

1Fe

Bottom--
subunit H (yellow)



Bacterial Rxn Center
(Rhodobacter viridis)

Structure by
Deisenhofer and Miche
Nobel Prize 1988

Net results

No O, evolution
But does produce charge
Separation and proton

pumping.



Photosynthesis vs Respiration

Electron transport Respiration reduced

From high to low high potential
potential electron

Via series of  Photon excites
membrane electron to high
protein/cofactors ener gy

Some moblilee  Proton gradientsare
carriers (PC) opposite direction
Proton gradients

Similar ATP

synthases



Practical Reasonsto Study Photosynthesis

Artificial Photosynthesis
Solar Energy



1,3-Bisphosphoglycerale |




Net yield 48 photons/ glucose 30-40% efficient

G+ 1BATE + 12MADPH + 12H0 —

CeHiz0g + 18ADF + 18P, + 12MADP* + GHY

1ZMADP* + 18ADFP + 18P + &H* -

G, + 12MADFH + 12ATF + E:-H_J:J



Amylose for storage
Glucosa-1-phosphate + ATP — ADP-glucose + PR,

ADF-glucose + [Qlucosa), — [dlucosa),, 1 + ADP

Sucrose for export
UTP + glucose-1-P — UDP-glucose + PR
LDP-glucose + fructose-8-F —= LIOP + sucrose-6-F

sucrose-g-F + Hl) — sucrose + P
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Rubisco fixes CO,
(and also O,)

aPG



M ost
abundant
enzymeon
Earth.

But it’s
lousy

(and
genetic
engineers
would like
to improve

it)
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But Km for O, is 10X larger

Photorespiration, production of CO,
& ATP & Glyoxylate C,O5H".



o, 0 ATP  ADP
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| —/ "
H—C—0OH Phosphoghycerate
| knase
CH.OPOQ,*
3-Phosphoglycerate
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!
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1,3-Bisphosphoglycerate
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- |
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2 Fructose-6-P
(12 carbons total)

2 Xylulose-5-F  —

{10 carbons tatal)

G carbons Transkatalase
tatal)
2 Erythrose-4-P
I (2 carbons total)
2DHAP
& carbons

ot ﬁ Tranzaldolass

2 Sadoheptulose-bisphasphats
(14 carbens total)

Frespaiage

2 Eedohepiulose-7-P
(14 carbons total)

2GaP
B i
..E ?:i%??m Transkatdasa o }(?|u|055_5_|3 —
L (10 carbons tatal)
¥
2 Ribosae-5-P >
{10 carbens total)

Kirasa

Kirasa






Electrons trom
light reaction

e

2e”
2H*

HS—

Reduced
ferredoxin

Reduced

HS — thioredoxin

T

Reduced —gsH
enzyme
{(active) — SH

Regulatory links
Between

Light and dark
Reactionsvia
Electrons/redox

Calvin cycle enzymes
activated/acceler ate
by reduction

to SH.

“Dark” reactionswork
better in thelight.



Happy Earth Day!!--Check out the Garbage L ecture

ThisWeek:

One page abstracts due Monday
Rubisco article

Chap. 27 beginning.

Wed/Thurs. your presentations

Friday--Chapter 27 Paragraphs
(no HW) I n class--evalutions.

Monday Exam #2 in class &
take home.




General Regulation
Light associated changesin pH, Mg 2* .

Rubisco Regulation
Activated by CO, covalent modification
of lysnear active site (car bamoylation)
But substrate (RuBP) inhibits this activation
Activase forces ATP-dependent release of RUBP

I nhibitor--some plants make a natural TS inhibitor
“nocturnal” inhibitor that isbroken down in thelight.

All active site and regulatory sitesare of interest to plant
genetic engineers.






bascphyll

cell

Chlanzplast

Bundle shaath ™

Tropical Plants
Small poresfor

CO, and O,

C4 cycleto “fix”

CO,

CELL FER
carboxylase
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Mesophyll

It
e Mesophyl cell

~hloroplast Chloroplast

Bundie Bundle shaath celi -
sheath cell o
Wein { - Wein —{
Mesophyll M
e iyl cell
cell SOy
Intercellular air space
Intercellular
Wr space Stoma
Stoma
(a) C, Leat (b) C. Leat

Wheat Corn
Sunflowers



“Rubisco’
Ribulose bis
Phosphate
car boxylase

Mg
Co-factors

8 catalytic
8 regulatory
Subunits

Poor CO,/0O,
discrimination




O

«___ carbamylated Nocturnal Inhibitor
" Lys-201 isatransition state
.MQE } .
inhibitor.

carboxy-
arablmml Hypoth&el S--

- Because N of Lys 334
? Stabilizes new COO:r,
! mutation of Leu335to Val
should alter N* placement,
reducing catalysis and

CO. /0O, selectivit
Ref--Whitney et al 2 Selectivity.

Plant Physiology
Oct. 1999
pp. 579-588.

¢ deleted 5



Mutated region Lar ge sgbumt
58586 Geneisin

I T Chloroplast

(plastid)

A “slent” EcoRV

fha .
pL335V masmidh‘ stewas
__ LSd— introduced into
atpB[—____| iceD to detect
. ﬁr'«.l STTTTTT mutants.
56481 E 59288 59306 60488

Target region of . :
lasti e T A 1kb

lnunuul_—_<a¥p"ﬂg rbely—'aeeD 00000
E probe E
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i R 1

3.0 . -

Lanes2 & 6
Control no EcoRV dite.

1 retains mutation.
3 haslost mutation.

4& Saregrown
From 1.

Only a small number of
transfor mant

stably bear mutant in
chloroplast gene.

DARN!



Just one
Amino acid
| schanged!!!

But the mutant
does manageto
matur e and flower.
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0

A '/ Y ]PhysiologicalMeasures
30 - 5 B |

o/ %

C intake barely sufficient
For growth.

E
[
§
e d But % Lys mod. is much
§ 10 e higher than WT.
= pﬁg f‘_
E
m-:u . 4 ] L Pt gy e
8 o0 400 800 1 e, o
Interceliular pCO,, (ubar) % B "1
= 400 - .
@ Mutants .
. o |
Bl Use CO, less effectively £ 300 ¢ 1
% 200 + }// .
Compensation point= s 100 %/ e
[CO,] at which photorespirationg g . L .
0 100

and CO, incorporation are equal.
Mutant need CO, enrichment.

200 300 400
pO, (mbar)



K(1+0/K) ( ubar )

100 200 300 400
PO, (mbar)

Km (apparent) for mutant
has steeper oxygen
dependence than does
wild type.

M utants--rubisco limits
photosynthesis.

Wild type--electron transport
and RuBP production
|slimiting.



Rubisco Enzymology

Wild Type L
Rubisco umol 30.3x1.6
%carbamoylat 48.1 £ 5.6
Vmax/sec 343
KmCO,(uM) 10.7% .6
KiO,(uM) 29571
SelectivityC/O 81.1+£ 1.6

Mutant Val
33.0£5.6
89.9 +5.4
.81

51+8
489+ 115
201+ 15



Conclusion--Rubisco Genetic Engineering

1)Alteration of the chloroplast genomeis possible
(but hard)

2)There-engineered Rubisco hasaltered properties.
Changesin theenzyme arevisiblein the plant.

The Challenge--
Find mutations to improve Rubisco.



