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Synthetic metabolons:

Application to improvement of
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“A metabolon is a temporary structural
functional complex held together by non-
alent interactions and structural element:

cell such as integral membrane proteins
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Flavonoid biosynthesis metabolon

rane-associated flavonoid enzyme complex
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Naturally occurring metabolons

\ultifunctional enzymes- one protein, several active sites

- Fatty acid synthase in eukaryotes

lectrostatic interactions with surfaces of organelles

- Glycolytic enzymes attach to surface of mitochondria in yeast @
~ Arabidopsis

ssembly on membranes, possibly in membrane microdomains
ipid rafts)

- NADPH oxidase complex requires cholesterol-enriched

~ microdomains for assembly

ttachment to cytoskeleton

- Microtubule associated enzymes from various metabolic pathwa
~ Arabodopsis




2in-protein interaction data from IDEAs data
(PRESTA)

inary survey of available Y2H, pulldown, etc. for Arab
edicts physical interaction of flavonoid biosynthesis enzymes
T in many pathways predicts enzymes are frequently linked via othe

Flavonoid biosynthesis Calvin-Benson cycle

Jay Moore PRESTA ideas databas



Metabolic engineering:

beyond over-expressing enzymes

" is evident that enzymes in many metabolic pathways
atially-organised intfo metabolons and that such proximit
2nefits

ss enzyme needed to maintain a given flux- increased subs
ncentration

ibstrate channeling

. Potentially toxic/reactive/volatile intermediates contained
- Pathway cross talk minimised

anch point control

nerefore metabolic engineering should consider the possi




thetic metabolons: scaffold comple

ffolds

2ndogenous mevalonate biosynthesis
affolded in £ coli using eukaryote
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RNA molecules assembled into
affolds with protein docking sites
d 2D spatial organization of H,
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tic metabolons: metabolite microt

size?

Substrate
Tagged-enzyme 1

Intermediate

Tagged-enzyme 2

Scaffold Protein

[Intermediate]




etic metabolons: metabolite microdc

carbonic
anhydrase

carboxysome

amborsaka (2012) Cell.

Figure 6. EutC' '?-EGFP is sequestered in the recombinant
EutSMNLK compartment. (A) Anti-GFP immunogold TEM of a thin
section of E. coli JM109 cells co-expressing EutSMNLK and EutC'~'®-
EGFP. Gold particles are localized to a protein shell. (Scale bar: 200 nm).




Increasing the carboxylase activity of Rubisce
via a synthetic protein scaffold

Ribulose-1,5

osphoglycerate



l'o increase carboxylation efficienc

crease the ratio of CO,:0, that reaches the active site

bisco will be tethered to Carbonic anhydrase (CA) us
nthetic "Scaffold” polypeptide

le system will be tested in vitro by over-expression and
rification of the three proteins in E. coli

e cyanobacterium Synechocystis sp. PCC 6830 GT-5 will E
ed as a model organism to test the system in vivo




Synechocystis sp. PCC 6830 6T-S

carbonic
¢ anhydrase
HC03<:>C02 RubisCO

_RuBP

carboxysome
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The Scaffold complex

\-v“( 3x Flag ta
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Unscaffolded system




The Scaffold complex




Scaffold in vitro

oned genes into E. coli expression vectors
er-expressed Rr Rubisco-PDZ, SH3-Pp CA and Scaffold

itial LC-MS analysis demonstrated that Rr Rubico-PDZ
alyses formation of 3-PGA and 2-PG from RuBP

ectrometric assay with SH3-Pp CA has confirmed enzyme is

ive

rified complex formation
Scaffold binds to Anti-Flag® M2 Magnetic |
eads (Sigma) using the Flag-tag at C-terminal
Rr Rubisco-PDZ and SH3-Pp CA bind to

Binding step |
Wash step '
Elution step ‘

Rubisco-ePDZ |

Complex mix Scaffold




In vivo techniques

ymologous recombination replaces target gene (rbcl or «
th kanR-sacBres selection cassette

] D |—

N
—1 U | kan® sacB:

place kanR-sacB- selection cassette with either Rr rbel
' SH3-Pp ccaA

—1 U | kan® sacB-

AN




Carbonic anhydrase in vivo

ynechocystis CA knockout strain (AccaA::kanR-sa
utant Synechocystis SH3-Pp CA strain (AccaA

significant difference in growth curve compared to W
not grow in air (data not shown)

—a— GT-S light
—e— kanR light
—4 PpCA light
—=&— GT-S dark

kanR dark
—#A— PpCA dark

Growth conditions: 28 °C, 120 rpm, 3.2 % CO,, : e o
5 mM glucose ~30 umol m2 s with either 18:6 h i \ 4
light:dark cycle or continuous dark
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Carbonic anhydrase in vivo

ynthetic light response curves
electrode

Itures show higher photosynthetic rates
\ccaA strains reach saturation at lower light inte

= GT-Slight
® kanR light

1 2~ PpcAlight

= GT-Sdark
kanR dark

A PpCA dark

T T T T T
200 300 400
light intensity (umol m™ s'1)

« Photosynthesis is imp




Carbonic anhydrase in vivo

efficiency of PSIT photochemistry

2s drop significantly during actinic light stage fo
A::SH3-Pp ccA

Dark adapted Steady-state in actinic light

GT-S kanR PpCA GT-S kanR PpCA
Strain grown in light:dark cycle strain grown in light:dark cycle




Rubisco &Scaffold in vivo

not completely knock-out native Rubisco

‘Even when RrRubisco-PDZ is simultaneously introduced wit
'sacB-

erefore using a non essential gene, As/rO168 , to introc
L-PDZ

rbc will be replaced later

iparental mating has introduced Scaffold
Scaffold is expressed and has no significant effect on growth
Scaffold only detectable in high light




Next steps

\ssess the effect of scaffolding the Rubisco and CA in vit
HCO; conc., O, conc., presence/absence complex

: ill addition of Rubisco or Rubisco/Scaffold into cytog
escue AccaA phenotype?

Growth in atmospheric CO,, improved PSII chemistry?

2lling
Ve need to address the potential problem of CO, leakage
xpression of SH3-Pp CA in the cytoplasm

- Is the proximity of CA to Rubisco close enough to preven
~ diffusion? (optimum distance between enzymes)
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