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A NOVEL METHOD FOR LARGE SCALE SYNTHESIS OF PORPHYR INS
USING GENETICALLY ENGINEERED E. COLI

KATSIARYNA TARASAVA
University of Colorado, Boulder, USA

The biosynthetic method described below presesigraficant improvement over the current methods of
porphyrin production. It represents a sustainaldayironmentally friendly, and economically viablegess of
making large quantities of protoporphyrin for pretdtaic and other commercial applications.

The effort in moving toward clean and renewablerses! of energy has incited interest in solar energy
With the power of 120,000 terawatts, the amourgadér energy hitting the Earth’s surface is moantth0,000
times the world’s total energy use [1]. The sunvjtes more than enough energy to satisfy our eneegyls, it
is just a matter of harnessing it. Currently, s@aergy accounts for only 1% of the total energg. ushe
challenges associated with increasing this fracéicn 1) increasing the efficiency of photovoltdievices; 2)
making the production and installation costs oas@anels more economically viabférganic photovoltaics
may offer the answer to the second problem. Orgphatovoltaic materials offer the advantage of Ioeest,
easier processing, and desirable physical charstatsr such as light weight and flexibility, whichake them
an attractive alternative to traditional inorgaphotovoltaic materials [2].

Some of the organic compounds that have gainedesttéor their potential application in photovottai
devices are conducting polymers. Conducting polgnieeve overlapping pi-orbitals that allow greatecton
mobility through an extended conjugates systemHE&amples of such polymers are polyacetylene, piipe,
polythiophenes, and polypyrroles. Another emerdietyl of research ismall-molecule organic solar cells
Like polymers, small-molecule organic material teneasily processed; in addition, small molecuieseasier
to synthesize and purify than polymers, they araadésperse, and have higher carrier mobilitiesyiPet-
fullerene materials, based on polythiophene, pbthanine, or oligo(p-phenylenevinylene), offer higbwer
conversion efficiencies in the range of 5 — 10% [{hough their performance is lower than in sqmoéymeric
semiconductor systems, small-molecule organic pludiaics hold a great promise for overcoming thehtgcal
and economic challenges of the field. Among the emale classes that have a high potential for use in
photovoltaic materials are porphyrins and phthamayes [4]. Here | will focus on porphyrins as aample of
small-molecule photovoltaic material.

Chlorophyll is a molecule present in the cells &nps and algae that is involved in multiple stefs
photosynthesis, including light harvesting, eneagy electron transfer [4]. It is nature’s solal aelthe sense
that it allows conversion of solar energy into otfgms. An important molecular component of chiugll is
porphyrin, which is a cyclic tetrapyrrole derivagithat gives chlorophyll its green color and ispressible for
conductive its properties. Polypyrroles are a kna¥ass of conducting polymers, attractive for ighhthermal
stability and conductivity. Porphyrins, having exded conjugation and the ability to coordinate daion,
surpass polyporroles in their range of absorptijn [Recent applications of porphyrin dyes for dgastized
solar cells have shown solar conversion efficiemeigproaching silicon based photovoltaic devicgq (5.

Porphyrins have many other applications. They canubed as redox catalysts, dyes, sensors, and
photodynamic therapy agents [7], [8], [9]. Of peutar interest iprotoporphyrin [Fig. 1], a cyclic tetrapyrolle
and an immediate metal-free precursor to hemedioporphyrin can bind different metals ions, indhgdiron,
magnesium, zinc, nickel, and copper, each compbxbging a different UV-vis absorption, as well as
fluorescence excitation-emission, profile [Fig. [2]0]. This property presents a possibility to mgdthe
absorption range by simple change of ligand, widollld be of great utility in photovoltaic applicatis.
Protoporphyrin has also been used for moleculangrinted polymer (MIP) applications as a functiooat
monomer, along with methacrylic acid, to producen@mory” material, which can help detect the bimgof
the template molecule used during polymerizatioeeddaon spectroscopic changes upon complexation [11]
Based on the molecule’s functional versatility,avb chosen to focus my research proposal on prgibpon.
This molecule can be further functionalized, whesfpands the range of its potential applications.

The traditional synthesis of porphyrins involves complex chemistry carriegt @ solvents and under
strict reaction conditions. These are exemplifigadh® Ruthemund sealed-tube anaerobic reactiogridipe at
200 °C (ca. 5% yield), the Adler—Longo reactiorphopionic or acetic acid under aerobic conditiot® € 30%
yield), and the MacDonald coupling of dipyrrole® (2 20% yield) [7]. Recent proposals for green lsgais
methods include a one-step synthesis of meso-Tglpaaphyrins from pyrrole and aryl aldehydes witho
solvents or catalysts using air as oxidant by tledsgroup [7]. However, the proposed method invelkigh
temperature (> 200 °C) in gas phase. Another gobemistry approach for synthesis of tetraphenylpgrip
was developed by the Momenteaub group. It involveating in microwave oven pyrrole and benzaldehyde

115



MATERIALS OF VII JUNIOR RESEARCHERS’ CONFERENCE 2015
Technology, Machine-building, Geodesy

adsorbed on a solid acidic support [12]. This meétisovery quick (10 minutes), involves dry mediadidions,
and simple purification; however, this method iscatarried out at high temperature and involvesuse of
chloroform, benzoaldehyde, and hexane, which azardaus to human health.
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Fig. 1. Structures od — protoporphyrinh — heme bg — protoporphyrincomplexed with copper ion
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Fig. 2:a— UV-vis andb —fluorescence spectra of free; Zn- and Fe-boundparphyrin

Biosynthesis of porphyrins is an attractiyeen alternative to synthetic methods. Enzymatic reactions
have extremely high efficiency, excellent substsgtecificity, and regioselectivity, allowing pregisontrol over
spatial orientation of functional groups. In aduliti most enzymes can function in mild conditions§gnt
temperature, physiological pH), limiting the needise of expensive metal-based catalysts, hazaatheusicals
and solvents. Pathways for synthesis of porphyeirivdtives are present in major classes of orgamismnon-
photosynthetic eukaryotes such as animals, inskgtgi, and protozoa, the pathway begins with #ection of
the amino acid glycine with succinyl-CoA from thigric acid cycle. In plants, algae, bacteria (extdep thea-
proteobacteria group) and archaea, it is produa®d flutamic acid [13]. Normally, however, the puction of
porphyrins is limited by the cell’s physiologicaéeds. In order to overcome this limitation and bée do
produce porphyrins in industrial quantities, theltgical pathway needs to be modified using syntH&blogy
tools.

| propose anovel method for large scale synthesis of porphyrgsusing genetically engineered
E.coli. This method offers the advantage of using rendsvededstocks, environmentally benign chemicals,
and low-energy production requirements. These im@ments are in accordance with the principles of
green chemistry defined by the ACS [15]. In additim being sustainable and clean, the described
biotechnology approach offers a promise of bringdmyvn the cost of these materials, especially i th
light of the long-term prospect of petroleum shgea | hypothesize that large-scale production of
protoporphyrin for commercial applications can lzeried out using recombinaf.coli. The strategy for
this project is to utilize molecular biology andnggic engineering tools fdg.coli genome manipulation in
order to increase the amounts of compound produced.

116



MATERIALS OF VII JUNIOR RESEARCHERS’ CONFERENCE 2015
Technology, Machine-building, Geodesy

REFERENCES

1. Morton, Oliver. Solar energy: a new day dawning&licon valley sunrise. / Oliver, Morton // Nature.443.7107
(2006). — P. 19 — 22.

2. Lloyd, Matthew T. Photovoltaics from soluble smatholecules / Matthew T. Lloyd, E. Anthony John,
G. Malliaras George // Materials Today. — 10.110@20— P. 34 — 41.

3. Heeger, Alan J. Semiconducting polymers: the tgederation / Alan J. Heeger // Chemical Society Resie- 39.7
(2010). — P. 2354 — 2371.

4. Walter, Michael G. Porphyrins and phthalocyaninessolar photovoltaic cells / Michael G. Walter, B. de
Alexander, Carl C. Wamser // Journal of Porphyring Bhthalocyanines. — 14.09 (2010). — P. 759 — 792.

5. Efimov, Oleg N. Polypyrrole: a conducting polymés synthesis, properties and applications / Olegefimov //
Russian chemical reviews. — 66.5 (1997). — P. 443.

6.  Porphyrin-sensitized solar cells with cobalt (I)Hbased redox electrolyte exceed 12 percent efiicy / Yella, Aswani
[et al] // Science. — 334.6056 (2011). — P. 629 — 634.

7. Drain, Charlesa M. Synthesis of meso substitute@pons in air without solvents or catalysts / Chaél M. Drain //
Chemical Communications. — 21 (1997). — P. 2117 8211

8. Porphyrins as molecular electronic components afctional devices / Matthew Jurofet al] // Coordination
chemistry reviews. — 254.19 (2010). — P. 2297 -0231

9. Photodynamic therapy for neovascular age-relatedutae degeneration / Richard Wormdlet al] // Cochrane
Database Syst. — Rev. 3 (2007).

10. RossaAnderson, J.L. Constructing a man-made c-tytpetoypme maquette in vivo: electron transfer, oxygansport
and conversion to a photoactive light harvestingjuedte / J.L. RossaAnderson, PaCrump Matthew, Pield&alitton
/I Chemical Science. — 5.2 (2014). — P. 507 — 514.

11. Via protoporphyrin to the synthesis of levofloxaaimprinted polymer / Shding Zhang[et al] // Polymers for
Advanced Technologies. — 22.2 (2011). — P. 2862- 29

12. Microwave irradiation in dry media: A new and easgthod for synthesis of tetrapyrrolic compounds PAtit[et al]
/I Synthetic communications. — 22.8 (1992). — B714 1142.

13. Frankenberg, N. Bacterial heme biosynthesis anbigtechnological application / N. Frankenberg Maser , D. Jahn
/I ApplMicrobiolBiotechnol. — 63(2). — P. 115 — 127.

14. Bilayer-and bulk-heterojunction solar cells usinguid crystalline porphyrins as donors by solutiawgessing /
Qingjiang Sun // Applied Physics Letters. — 91.268Q07). — P. 253 — 505.

15. Anastas, Paul. Green chemistry: principles andtipeat Paul Anastas, Nicolas Eghbali // Chemicali&@gdeviews. —
39.1 (2010). — P. 301 — 312.

UDC 614.841.45

LABOUR PROTECTION. GENERAL INFORMATION ABOUT FIRES.
FIRE SAFETY AT ENTERPRISES

EGOR TIHONENKO, ALEXANDR TANKOVID
Polotsk State University, Belarus

Labour protection is a system of preservation fef nd health during labour activity. Labour proi@t
must not be identified with safety engineering usigial hygiene, occupational health, because #tineyelements
of labour protection, its constituent parts.

The tasks of labour protection are:

1) Establishing of a system of laws and normatagal acts in the field of labour protection;

2) Control over law compliance and normative leak;

3) Evaluation and analysis of conditions and sadétgbour;

4) Analysis of injuries and illnesses, investigatand registration of accidents at work;

5) Training and instructing employees in rules aafity requirements;

6) Creation of measures for improving working cdiotis and performing of norms and rules of labour
safety.

An important question in the field of labour prdten is to provide safe work at enterprises, and in
particular to ensure fire safety.

Fire is the uncontrolled process of burning, whiglaccompanied by the destruction of material \&lue
and it poses a danger to people's lives. The cafdess at industrial facilities can be dividettd two groups.
The first is a violation of fire safety conditions careless handling of fire, the second one imkaton of fire
safety in the design and in the construction ofdigs.

Fire is a chemical reaction between combustiblestautzes and oxygen (or other kind of oxidizing
environment). There are three components nece$satiie occurringof fire. They are combustible material,
oxygen, and the initial heat source with sufficienergy to start the combustion reaction.

Fire may cause several different hazards. Thedimstis increased temperature in the combustior.Zbn
can cause thermal burns of humans’ skin and intenmgans as well as loss of bearing capacity ofdings and
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