Engineering the Bacteriochlorophyll
Biosynthesis Pathway for the Development
of New Energy Sources
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Motivation

A Purpose: Enginedf.Colio producebiofuel
A Utilize the vastly untappesdolar energy

Solar Energy Available 3850 x 16" Joules per year |
World Consumptiomf Energy 0.471 x 18! Joules per yeat ’

A Complimentary approach to photovoltaic cells

Photovoltaic cells Biofuel Reactor
(photosyntheticE.Col)

Process Light Energ® Electrical Light Energyy Chemical
Energy Energy

Materials Amorphous SICdTe E. Coli
Use Electricity Generation Fuelproduction



Photosynthesis

A Process in plants and bacteria by which light energy is
converted to chemical energy

A Incredibly efficient process (95% of solar energy incident on
molecular reaction center is transferred to chemical energy)

A Minimal energy input costs
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Phase 1 Approach
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Figure 1.0Overview of the metabolic
pathway for the synthesis of chlorophyll

in plants
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Figure 2 The conversion of protoporphyrin 1X to Mg
protoporphyrin IX via the enzyme Mihelatase as the
first unique step in the bacteriochlorophyll pathway.




Two Main Photosynthetic Organisms

A Subclonghe genes for Mghelatase for two
photosynthetic bacteria:

I Rhodobacteisphaeroideqpurple bacteria)
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I Synechocyg.mt&ifp.(cyanobacterial

A Enzyme Activity
I Protein Expression
I Spectroscopy
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1 ExpectedCyanobacterido
exhibit the most enhanced
activity

1 ExpectedRhodobacteto
exhibit the least activity

1 Difficulties in amplifying
Rhodobactegenes due to high
GC content



Phase 2 Approach

Heliobacillus mobilis
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GeneM, -N, -B,-L,-I, and¢E subcloned into pET29bEBBX




Biological Parts Construction
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Seqguential System Building Method
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Biological Parts Construction
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Investigation of Protein Expressior
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Spectroscopy

A Because thermodynamics of reactions are equal for all Mg
chelatasesthe difference in activities lies in kinetics

A Assume: relative concentration of products correlated to
relative reaction rates




Spectroscopy Results

A Absorbance inconclusive (possibly due to interference)

A Fluorescence Emission Spectrum
I Rhodobactehas more efficient Mghelatase

Fluorescence Emission SpectrumRiiodobacterSphaeroidesr.
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Bacteriochlorophyll Phase II:
Chlorophyllidevice for Expression
Optimization

In studies done b¥tion et al 1998, complete sequence
analysis ocosmidpHM6, which completed mutations
In theprotochlorophyllidereductasgenedochl, bchL
andbchB, indicated that it contained an 8355bp region

that codes for several genes involved in
bacteriochlorophyll biosynthesis
(bchM, bchE bchL, bchN,bchB,bchiandbchD).
Included In this region is the reaction center (RC)
structural polypeptide coded lpghAgene.



Pathway- Phasdl
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Goal

Mesign a set akconstitutivedevices for chlorophyll synthesis
Ao demonstrate that the 3 proteins BCHM, BCHE and BCHLN®Be&g®pressed

In a heterotrophic prokaryotic system and aee sufficient forcyclasereductase
andtransferaseactivity.

ANeed to determine, that the clustering of genes would lead to sequestering of
protoporphyrin IX.

Mode of Action

Arimer pairs were designed to amplify 6 fragments of the pHM6 bch gene
cluster and construction of ehlorophyllicdevice that would be used for
overexpressiorand redirection.

MRestriction Mapping usin@iobrick2.0 on the MCS of the pET29bEBBX
ASubclonningand partial sequencing

A\ genomic library was constructed by partial digestion \EitoRIBamHland
Bgll Xholfollowed by ligation of the DNA fragments irficoR/IXholand

Bgll Xholsite of thecosmidvector pET29bEBBX.



Methods
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Primer Design
" PCR
" Dephosphorylation BL21

Gel Electrophoresis 7
) S DSDAG E Quantitation
" IPTG Induction Electrochemistry

Overexpression




To o o I

Conditions

Cells cultures @ 3T in LB ¥an

Ligation cultures 37C in LB agar

Transformants@ 3® Cdegressn LB +kan+ shaking
DH10B and BL21 cells

Constructs

bchB bchE bchL bchM bchN

Experimental Setup

_ controls
bch inserts + Bca9209+GFP

Bca9209(L)
PET29bEBBX no RFP PET29bEBBX +RFP




lacinduced T+#promoter system

" High expression levels of

" Lac operator to reduce leaky expression

" Cytoplasmiexpression

" Kanamycirgene for greater selection if.coli

T7 promoter primer #69348-3
" §69214-
PET upstream primer #69214-3 T7 promoter B oot el -2
AGATCGATCTCEATCCCGCGAAATTAATACGACTCACTATAGGGGAATTGTGAGCGEATAACAATTCCCCTCTAGAAATAATTTTGTTTAACT TTAAGAAGGAGA
Nde! STag NspV. "Bglll | Kpnl

TATACATATGARAGARACCECTGCTCL TARATTCGAACGCCAGCACATGGACAGLCCGATETGOGTACCCTGETGCCACGCERTTCL
HetLysGluThrAloAloAlolysPheGluArgG | nHi sMetAspSerProAspLeutlyThrLeuVal Prolrﬁlzsor
A | thrombin

A Eag
Neol EcRVBambl | EcR)/Sacl Sal Hindlll Notl \Xool / HisiTag

ATGGCTGATATCBATCC CGAGCTCCGTCBACAAGCTTGCGGCCGCACTEGAGCACCACCACCACCACCACTGAGATCCGBCTECTANCAMGCCE  pET-280(+)
MetAloAspl 166l ySerGluPheGluLeuArghrgGinAl olysGlyArgThrArghlaProProProProProLeuArgSerGlyCysEnd
.. GLGATATCGGATCCGAATTCGAGC TCCGTCOACAAGCTTGCGOCCGCACTCGAGCACCACCACCACCACCACTGAGATCCEOCTECTAACARAGCCE  pET-29b(+)

AlolleSerAspProAsnSerSerSerVolAsplysLeuA|oAloAloLeuG ! uHisHi sHi sHisHisHi sEnd

.. GGATATCTGTGGATCCOARTTCGAGC TCCGTCGACAAGCTTGCEGCCGCACTCBAGCACCACCACCACCACCACTGAGATCCGOCTGCTAACAMAGCCC  pET-28¢(+)
...GlyTyrLeuTrpl leArgl |eArghloProSerThrSerLeuArgProtisSerSer ThrThr ThrThr ThrThrGlul leArgLeuLeuThrLysPro. ..

Bput1021 T7 terminator
GAAAGGAAGCTGAGTTGGCTECTGCCACCGCTGAGCAATAACTAGCATAACCCCTTGGGGCCTCTARACGGETCTTGAGGRETTTTTTG

T7 terminator primer #9337-3

PET-29a-c(+) cloning/expression region

PET-29(+) sequence landmarks
T7 promoter

T7 transcription start

S+ Tag coding sequence
Multiple cloning sites
(Neol - XhoT)

Hise Tag coding sequence
17 terminator

lacl coding sequence
pBR322 origin

Kan coding sequence

1 origin

The maps for pET-29b(+) and pET-29¢(+)
are the same as pET-29a(+) (shown) with
the following exceptions: pET-29b(+) is a
5370bp plasmid; subtract 1bp from each site

368-384
367
249293

158217
140-157
2672
775-1854
3288
3997-4809
1905-5360

beyond BamH 1 at 198, pET-29¢(+) isa
5372bp plasmid; add 1bp to each site

beyond BamH 1 at 198,
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kanR 4606...3518

vy -

T7 Terminator 5845...5891
His Tag 5760...5777

Xhol 5759...5754
5754 Xhol (1)
BamHI 5750...5745.
5745 BamHI (1)

RFP 5064...5738
Bglll 5063...5058
5058 Bglll (1)
EcoRI 5054...5049.
s 5049 EcoRl (1)
T7 promoter 4988...5004

Plasmid Maps

2869 Bglll (1)
2860 EcoRl (1) eGFP 86...802

BCa9209.txt
2948 bp

am-Pr

803 BamHI (1)
812 Xhol (1)

PET29bEBBX

Bca9209 Positive Controls



The Device

—

T7 promoter RBS bch T7
gene terminator
Table 1. Function of ORF's of Heliobacillus mobilis
gene function size (basepairs)
ochbL 864
bchN subunit of light-independent protochlorophyllide reductase 1323
oechB | 1587
bchM [Mg protoporphyrin Methyl Transferase 684
behl subunit of the Mg-chelaste 1092

A Enhance transcriptioil 7
A Increase gene product
A Transformation efficiency



Gene Isolation and digests

A-bch inserts

B-plasmid
digest

G-subcloning
products




