
Engineering Plant CEngineering Plant C11 MetabolismMetabolism
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Background on Plant CBackground on Plant C11 MetabolismMetabolism

ii Provides CProvides C11 units (methyl,units (methyl, methylenemethylene,, formylformyl))
for biosyntheses for biosyntheses -- all are essentialall are essential

ii Engineering highEngineering high--methyl products (e.g. lignin, methyl products (e.g. lignin, 
alkaloids,alkaloids, osmoprotectantsosmoprotectants) ) competescompetes with with 
other metabolism for Cother metabolism for C11 unitsunits



Plant CPlant C1 1 MetabolismMetabolism
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HighHigh--Methyl Engineered ProductsMethyl Engineered Products
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The scale of CThe scale of C11 demands in plantsdemands in plants
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Engineering QuestionsEngineering Questions

•• System response to CSystem response to C11 demand demand ↑↑↑↑ or or ↓↓↓↓ ??

•• Metabolic flux  Metabolic flux  •• Gene ExpressionGene Expression

•• Enzymes exerting major flux control ?Enzymes exerting major flux control ?

•• Relative importance of CRelative importance of C11 sources ? sources ? 

•• More pathways ?More pathways ? CompartmentationCompartmentation ??



Engineering ObjectivesEngineering Objectives
(Tobacco and maize)(Tobacco and maize)

•• Essential preliminary cloning, build DNA arraysEssential preliminary cloning, build DNA arrays

•• MTHFR deMTHFR de novonovo •• ≈≈≈≈ 20 genes by homology20 genes by homology

•• Raise or lower CRaise or lower C11 demand and supplydemand and supply

•• AntisenseAntisense/sense  /sense  •• MutantsMutants

•• Measure fluxesMeasure fluxes (MS, NMR, (MS, NMR, radiolabelingradiolabeling, MFA/ , MFA/ 

modeling)modeling) & gene& gene expression expression (DNA arrays)(DNA arrays)



Progress (Years 1 & 2)Progress (Years 1 & 2)

•• MethyleneMethylene--THF THF reductasereductase

•• GenomicsGenomics & pathway discovery& pathway discovery

•• Development ofDevelopment of transgenicstransgenics/mutants/mutants

•• Engineering Engineering glycine betaineglycine betaine synthesis;synthesis;

labeling & modeling (tobacco)labeling & modeling (tobacco)

•• Maize CMaize C11 DNA arrays & labeling in DNA arrays & labeling in wildtypewildtype

& & glycineglycine betainebetaine--deficient mutant linesdeficient mutant lines



MTHFRMTHFR

Nucleic
acids

NucleicNucleic
acidsacids
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Genomics & pathway 
discovery;

compartmentation

from TIPS Review
(Hanson, Gage, 

Shachar-Hill)



TransgenicsTransgenics/Mutants/Mutants
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Mean enzyme activities of Mean enzyme activities of 
different tobacco clonesdifferent tobacco clones

expressing expressing antisense antisense FDH, FDH, 
MTHFR or SMTHFR or S--FGHFGH

(Sanja Roje & A.D. Hanson, U. FL)(Sanja Roje & A.D. Hanson, U. FL)
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TransgenicsTransgenics/Mutants/Mutants
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Glycine betaineGlycine betaine synthesissynthesis
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EngineeringEngineering glycine betaineglycine betaine synthesissynthesis
WildWild--type tobaccotype tobacco
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(Hanson, Nuccio, McNeil, U. FL;
Rhodes, Purdue; Shachar-Hill, NMSU)
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EngineeringEngineering glycine betaineglycine betaine synthesissynthesis
TransgenicTransgenic tobaccotobacco

≈≈ 1% of 
flux  

desired

≈≈≈≈ 1% of 1% of 
flux  flux  

desireddesired

Chloroplastic expression of CMOChloroplastic expression of CMO

14C-choline14C-choline(Hanson, Nuccio & McNeil, U. FL;
Rhodes, Purdue; Shachar-Hill, NMSU)
(Hanson, Nuccio & McNeil, U. FL;
Rhodes, Purdue; Shachar-Hill, NMSU)
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EngineeringEngineering glycine betaineglycine betaine synthesissynthesis
TransgenicTransgenic tobaccotobacco

≈≈ 10 % of 
flux  desired
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flux  desiredflux  desired
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CytosolCytosolCytosol
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EngineeringEngineering glycine betaineglycine betaine synthesissynthesis
TransgenicTransgenic tobacco tobacco -- overexpression overexpression of Pof P--EAMTEAMT

≈≈ 5% of flux  
desired

≈≈≈≈ 5% of flux  5% of flux  
desireddesired+CH+CH33 +CH+CH33 +CH+CH33

(Hanson, Nuccio& McNeil, U. FL)(Hanson, Nuccio& McNeil, U. FL)
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CytosolCytosolCytosol
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EngineeringEngineering glycine betaineglycine betaine synthesissynthesis
TransgenicTransgenic tobacco tobacco -- future targetsfuture targets
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Bet1/Bet1Bet1/Bet1

bet1/bet1bet1/bet1

Glycine
betaine
Glycine
betaine CholineCholine P-CholineP-Choline

Control 3047 754 100
Salinized * 9518 988  48
Control 9 271 61
Salinized * 7 298 25

ControlControl 30473047 754754 100100
SalinizedSalinized ** 95189518 988  988  4848
ControlControl 99 271271 6161
SalinizedSalinized ** 77 298298 2525

Control 6 1245 596
Salinized * 6 1335 402
Control 4 421 39
Salinized * 2 315   53

ControlControl 66 12451245 596596
SalinizedSalinized ** 66 13351335 402402
ControlControl 44 421421 3939
SalinizedSalinized ** 22 315   315   5353

LL

LL

RR

RR

nmol/gFwnmol/gFw

Maize metabolite
pool sizes

Maize metabolite
pool sizes

nmol/gFwnmol/gFwnmol/gFwnmol/gFw

* 3 days at 150 mM NaCl* 3 days at 150 mM NaCl(Peel & Rhodes, Purdue)(Peel & Rhodes, Purdue)(Peel & Rhodes, Purdue)



MaizeMaize glycine betaineglycine betaine--deficient mutant deficient mutant 
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(Greg Peel, Purdue)(Greg Peel, Purdue)(Greg Peel, Purdue)
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Bet1/Bet1 (GB) and bet1/bet1 (gb) leaf comparison GB/gb GB/gb GB/gb
Transcript 0hr 6hr 72hr
Methionine adenosyltransferase (cytosol) 1.07 1.01 1.13
S-Adenosyl-L-homocysteine hydrolase (cytosol) 1.07 0.71 0.94
Methionine synthase (cytosol) 1.10 0.94 1.01
Methylene-THF reductase (NADH) (cytosol) 1.07 0.89 1.35
Methylene-THF dehydrogenase/cyclohydrogenase 1 (cytosol) 1.05 1.07 0.87
Methylene-THF dehydrogenase/cyclohydrogenase 2 (cytosol) 0.97 1.22 0.96
Methylene-THF dehydrogenase/cyclohydrogenase 3 (mitochondrion) 0.93 1.10 1.03
Formate-tetrahydrofolate ligase (cytosol) 1.21 0.90 0.94
Serine hydroxymethyltransferase (mitochondrion) 1.15 1.00 0.88
Glycine cleavage system P-protein (mitochondrion) 1.25 1.17 1.32
Glycine cleavage system H-protein (mitochondrion) 1.00 1.06 1.00
Glycine cleavage system T-protein (mitochondrion) 1.01 1.21 1.08
Formate dehydrogenase (cytosol) 1.03 1.01 1.42
Methionine S-methyltransferase (cytosol) 1.27 1.19 0.86
S-Adenosylmethionine decarboxylase (cytosol) 1.11 1.51 1.63
ACC synthase (cytosol) 0.95 1.21 0.86
Cystathionine gamma-synthase (cytosol) 1.10 0.89 0.95
Adenosine kinase (cytosol) 0.89 1.31 1.08
Betaine aldehyde dehydrogenase (BADH) (plastid) 1.13 0.98 1.13
Glutathione-dependent formaldehyde dehydrogenase (cytosol) 0.99 0.86 0.90
S-Formyl glutathione hydrolase (cytosol) 1.01 0.93 0.93
5,10-Methenyl-THF synthetase (cytosol) 1.14 0.86 0.88

Maize DNA Maize DNA arrays arrays (Hong Wang, U. AZ)(Hong Wang, U. AZ)
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Publications
• J Biol Chem - MTHFR cloning & characterization

• TIPS - Invited C1 metab & engineering review (genomics) 

• J Biol Chem - MS approach to SMM cycle * *

• Plant Physiol - Modeling of choline metabolism * *

• Plant Physiol - Engineering/modeling GlyBet synth. (CMO) * *

• Metab Engin - Engineering/modeling GlyBet synth. (CMO, COX + BADH) * *

• Annu Rev Plant Physiol Plant Mol Biol - Invited C1 review

• Plant J - Fluxes via  transmethylation & SMM cycles in Arabidopsis * *

• Annu Rev Plant Physiol Plant Mol Biol - Invited NMR review

• Metab Engin - Invited review on modeling of plant pathways

• Metab Engin - Invited review on ME of plant osmolytes

• Plant Physiol - Microarray & labeling data for maize; Bet1/Bet1 cf. bet1/bet1

*  MS or modeling supported by C1 grant;  * NSF; * USDA

PublicationsPublications
•• JJ Biol ChemBiol Chem -- MTHFR cloning & characterizationMTHFR cloning & characterization

•• TIPS TIPS -- Invited CInvited C11 metabmetab & engineering review (& engineering review (genomicsgenomics) ) 

•• JJ Biol ChemBiol Chem -- MS approach to SMM cycle * MS approach to SMM cycle * **

•• PlantPlant PhysiolPhysiol -- Modeling ofModeling of cholinecholine metabolism * metabolism * **

•• PlantPlant PhysiolPhysiol -- Engineering/modelingEngineering/modeling GlyBetGlyBet synthsynth. (CMO) * . (CMO) * **

•• Metab EnginMetab Engin -- Engineering/modelingEngineering/modeling GlyBetGlyBet synthsynth. (CMO, COX + BADH) * . (CMO, COX + BADH) * **

•• AnnuAnnu Rev PlantRev Plant PhysiolPhysiol PlantPlant Mol BiolMol Biol -- Invited CInvited C11 reviewreview

•• Plant JPlant J -- Fluxes via  Fluxes via  transmethylationtransmethylation & SMM cycles in & SMM cycles in ArabidopsisArabidopsis ** **

•• AnnuAnnu Rev Plant Rev Plant Physiol Physiol Plant Plant Mol BiolMol Biol -- Invited NMR reviewInvited NMR review

•• Metab EnginMetab Engin -- Invited review on modeling of plant pathwaysInvited review on modeling of plant pathways

•• Metab EnginMetab Engin -- Invited review on ME of plant Invited review on ME of plant osmolytesosmolytes

•• Plant Plant PhysiolPhysiol -- Microarray Microarray & labeling data for maize; & labeling data for maize; Bet1/Bet1 Bet1/Bet1 cfcf.. bet1/bet1bet1/bet1

*  *  MS or modeling supported by CMS or modeling supported by C11 grant;  grant;  ** NSF; NSF; ** USDAUSDA



Outreach - Workshops, Websites 

• Zia Symposium III - January 2000, NMSU

Hands-on computer sessions, 60 participants

• ASPP Annual Meeting - July 2000, San Diego

Minisymposium on models in metabolic research & eng

Hands-on computer sessions, 60 participants

• Plant Biochemistry Summer Course - July 2001, Pullman

• Metabolic modeling website

http://www.hort.purdue.edu/cfpesp/models/models.htm

• C1 Project website (data, materials, protocols)

http://www.hos.ufl.edu/meteng/1Cpage1.html

Outreach Outreach -- Workshops, Workshops, Websites Websites 

•• ZiaZia Symposium III Symposium III -- January 2000, NMSUJanuary 2000, NMSU

HandsHands--on computer sessions, 60 participantson computer sessions, 60 participants

•• ASPP Annual Meeting ASPP Annual Meeting -- July 2000, San DiegoJuly 2000, San Diego

MinisymposiumMinisymposium on models in metabolic research &on models in metabolic research & engeng

HandsHands--on computer sessions, 60 participantson computer sessions, 60 participants

•• Plant Biochemistry Summer Course Plant Biochemistry Summer Course -- July 2001, PullmanJuly 2001, Pullman

•• Metabolic modeling Metabolic modeling websitewebsite

httphttp://://wwwwww..horthort..purduepurdue..eduedu//cfpespcfpesp/models/models./models/models.htmhtm

•• CC11 ProjectProject websitewebsite (data, materials, protocols)(data, materials, protocols)

httphttp://://wwwwww..hoshos..uflufl..eduedu//metengmeteng/1Cpage1./1Cpage1.htmlhtml


