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1. Personal data
1.1. Name and surname
Jacek Jemielity
1.2. Obtained diplomas and scientific degrees

Doctor of chemical sciences, Faculty of Chemistry of University of Warsaw, year 2002,

specialty: organic chemistry
Promoter of the work: prof. dr hab. Marianna Kariska

Title of the dissertation: “Enzymatic synthesis of labeled aromatic compounds and their
application in examination of mechanism of reaction catalyzed by phenylalanine ammonia

lyase.”
1.3. Information concerning previous employment in scientific units

February 2002 - September 2002: Division of Biophysics, Institute of Experimental
Physics, Faculty of Physics, University of Warsaw; position: scientific-technical specialist

October 2002 - still: Division of Biophysics, Institute of Experimental Physics, Faculty of
Physics, University of Warsaw; position: assistant professor

1.4. Summary of the scientific output

Number of papers from the ISI Master Journal List 51, (including 46 after doctorate),
summary Impact Factor (2010) = 173.719 (including 166.761 after doctorate), number
of citations: 427 (including 417 after doctorate), H-index = 13 and 5 patent
applications including 3 international ones in PCT mode.

2. Discussion of the most important scientific achievements
2.1. List of the most important publications and patents obtained after doctorate

The main part of the dissertation is constituted of a set of 13 among 46 papers published
in journals from the I1SI Master Journal List and three international patent applications in
PCT mode. The value of impact factor for the year 2010 (IF2010) is given by each
publication. The correspondence authorship of the author of the presented dissertation is



marked with an asterisk. The underlining means the persons performing the research
work as a master's students (Miss Kowalska first as a master's student, and then as a

PhD student) under a direct supervision of the author of the paper presented.

1. Jemielity J., Fowler T., Zuberek J., Stepinski J., Lewdorowicz M., Niedzwiecka A., Stolarski R.,
Darzynkiewicz E., Rhoads R.E.; Novel "anti-reverse" cap analogs with superior translational properties.
RNA 9, 1108-1122 (2003). IF2010 = 6.051

2. Zuberek J., Jemielity J., Jablonowska A., Stepinski J., Dadlez M., Stolarski R., Darzynkiewicz E.;
Influence of electric charge variation at residues 209 and 159 on the interaction of elFAE with the mRNA
5 ' terminus. Biochemistry 43, 5370-5379, (2004). IF2010 = 3.226

3. Kalek M., Jemielity J., Stepinski J., Stolarski R., Darzynkiewicz E.; A Direct Method for the Synthesis
of Nucleoside 5'-Methylenebis(phosphonate)s from Nucleosides. Tetrahedron Lett. 46, 2417-2421
(2005). IF2010 = 2.618

4. Kowalska J., Lewdorowicz M., Darzynkiewicz E., Jemielity J*.; A simple and rapid synthesis of
nucleotide analogues containing a phosphorothioate moiety at the terminal position of the phosphate
chain. Tetrahedron Lett. 48, 5475-5479 (2007). IF2010 = 2.618

5. Kalek M, Jemielity J, Darzynkiewicz ZM, Bojarska E, Stepinski J, Stolarski R, Davis RE,
Darzynkiewicz E; Enzymatically Stable 5 mRNA Cap Analogs: Synthesis and Binding Studies with
Human DcpS Decapping Enzyme. Bioorganic and Medicinal Chemistry 14, 3223-3230 (2006). IF2010 =
2978

6. Rydzik AM., Lukaszewicz M., Zuberek J., Kowalska J., Darzynkiewicz ZM., Darzynkiewicz E.,
Jemielity J*.; Synthetic dinucleotide mRNA cap analogs with tetraphosphate 5,5 bridge containing
methylenebis(phosphonate) modification. Org. Biomol. Chem. 7, 4763-4776 (2009). IF2010 = 3.451

7. Kowalska J., Lukaszewicz M., Zuberek J., Ziemniak M., Darzynkiewicz E., Jemielity J*.,

Phosphorothioate analogs of m7GTP are enzymatically stable inhibitors of cap-dependent translation.
Bioorg. Med. Chem. Lett. 19, 1921-1925 (2009). IF2010 = 2.661

8. Kowalska J., Lewdorowicz M., Zuberek J., Grudzien-Nogalska E., Bojarska E., Stepinski J., Rhoads

R.E., Darzynkiewicz E., Davis R.E., Jemielity J. *; Synthesis and Characterization of mRNA Cap
Analogs Containing Phosphorothioate Substitutions that Bind Tightly to elF4E and are Resistant to the
Decapping Pyrophosphatase DcpS. RNA 14, 1119-1131 (2008). IF2010 = 6.051



9. Grudzien-Nogalska E, Jemielity J, Kowalska J, Darzynkiewicz E, Rhoads R.E.; Phosphorothioate cap

analogs stabilize mRNA and increase translational efficiency in mammalian cells. RNA 13, 1745-1755
(2007). IF2010 = 6.051

10. Strenkowska M., Kowalska J., Lukaszewicz M., Zuberek J., Su W., Rhoads R.E, Darzynkiewicz E.,

Jemielity J*., Towards mRNA with superior translational activity: synthesis and properties of ARCA
tetraphosphates with single phosphorothioate modifications. New J. Chem. 34, 993-1007 (2010). IF2010
= 2.631

11. Kowalska J., Lukaszewicz M., Zuberek J., Darzynkiewicz E., Jemielity J*.,; Phosphoroselenoate

e

Dinucleotides for Modification of mMRNA 5' End. ChemBioChem 10, 2469-2473 (2009). IF2010 = 3.945

12. Rydzik A.M. Kulis M. Lukaszewicz M., Kowalska J. , Zuberek J. Darzynkiewicz ZM. ,
Darzynkiewicz E. , Jemielity J.*, Synthesis and properties of mRNA cap analogs containing

imidodiphosphate moiety — fairly mimicking natural cap structure, yet resistant to enzymatic hydrolysis.
Bioorganic and Medicinal Chemistry 20, 1699-1710 (2012), IF2010 = 2.978

13. Jemielity J*. Kowalska J.. Rydzik A. M., Darzynkiewicz E., Synthetic mRNA cap analogs with
modified triphosphate bridge — synthesis, applications and prospects. New J. Chem. 34, 829-844 (2010).
IF2010 = 2.631

Additional publications: These are papers presenting the application potential of cap

analogs with modified triphosphate bridge, in which these analogs were of a key
significance for the results obtained.

1U. Kuhn A., Diken M., Kreiter S., Abderraouf S., Kowalska J., Jemielity J., Darzynkiewicz E., Huber C.,

Tureci O., and Sahin U., Phosphorothioate cap analogs increase stability and translational efficiency of

RNA vaccines and induce superior immune responses. Gene Therapy 17, 961-971 (2010). [F2010 = 4.538

2U. Zdanowicz A., Thermann R., Kowalska J., Jemielity J., Duncan K., Preiss T., Darzynkiewicz E.,
Hentze M.W.; Drosophila miR2 Primarily Targets the m7GpppN Cap Structure for Translational
Repression. Molec. Cell 35, 881-888 (2009). IF2010 = 14.194

3U. Deshmukh MV, Jones BN, Quang-Dang D-U, Flinders J, Floor SN, Kim C, Jemielity J, Kalek M
Darzynkiewicz E, Gross JD.; mRNA Decapping Is Promoted by an RNA-Binding Channel in Dcp2. Molec.
Cell 29, 324-336 (2008). IF2010 = 14.194

4U. Grudzien E., Kalek M., Jemielity J., Darzynkiewicz E., Rhoads R.E.; Differential inhibition of mRNA
degradation pathways by novel cap analogs. Joumal of Biological Chemistry 281, 1857-186 (2006).
IF2010 = 5.328



5U. Su W., Slepenkov S., Grudzien-Nogalska E., Kowalska J., Kulis M., Zuberek J., Lukaszewicz M.,
Darzynkiewicz E., Jemielity J., Rhoads R.E.; Translation, stability, and resistance to decapping of
mRNAs containing caps substituted in the triphosphate chain with BH(3), Se, and NH. RNA 17, 978-
988 (2011). IF2010 = 6.051

International patent applications in PCT mode

1P. Jemielity J., Grudzien-Nogaliska E., Kowalska J., Darzynkiewicz E., Rhoads R.E.; Synthesis and

use of anti-reverse phosphorothioate analogs of the messenger RNA cap., PCT/US2008/67494
(19.06.2008).

2P. Kowalska J. Jemielity, J., Darzynkiewicz E., Rhoads R.E., Lukaszewicz M., Zuberek J. mRNA Cap
Analogs. PCT/US2009/046249. (4.06.2009)

3P. Sahin, U., Kuhn AN., Darzynkiewicz E., Jemielity, J., Kowalska, J., "Vaccine composition
comprising 5'-cap modified RNA." PCT/EP2010/004760 (03.08.2010)

2.2. Brief discussion of research subject area

2.2.1. Introduction

| was born on 22 July 1973 in Wysokie Mazowieckie, where in 1992 | passed the
maturity exam. In the same year | started the studies on the Faculty of Chemistry of
University of Warsaw, completed 5 years later with master dissertation defence. The
continuation of the research started resulted in a defence of doctoral dissertation entitied
“Enzymatic synthesis of labeled aromatic compounds and their application in examination
of mechanism of reaction catalyzed by phenylalanine ammonia lyase” conducted at the
Faculty of Chemistry UW under a supervision of prof. dr hab. Marianna Kanska, and
defended in the year 2002.

In February 2002 | was employed on a position of scientific-technical specialist in
the Division of Biophysics IEP, Faculty of Physics UW, where since October 2002 | have
worked on a position of assistant professor. The complete change in the research subject
area was also connected with the change of Faculty. | joined the team of Prof. dr hab.
Edward Darzynkiewicz, which for the many years deals with the studies on the structure
and role of MRNA 5’ end (so called cap). This exceptional for nucleic acids structure was
created by a nature for fulfilling of many significant functions during the expression of
genetic information. Attached enzymatically at the early stage of transcription, just in a cell
nucleus, it participates in a process of MRNA maturation (splicing) and then in a transport

of mature mRNA from the nucleus to cytoplasm. In cytoplasm cap is recognized by a
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factor initiating elF4E translation, and that process is considered as limiting one for the
rate of protein biosynthesis. Cap prevents premature mRNA degradation protecting it
against 5’ exonucleases. Thus, it participates in regulation of gene expression. The whole
range of enzymes which recognize and transform the structure of the cap exist in the cell.
These are mainly enzymes of cap degradation (Dcp2/Dep1, DepS, Nudt16), differing with
substrate specificity and participating in various pathways and stages of mRNA
degradation, but also other ones, e.g. methylases transforming some special RNA

particles (e.g. snRNA) what is a signal directing them to the cell nucleus.

Fascinated with multiple functions of cap structure | decided to focus on synthesis
of its chemical analogs, but in an aspect different than that so far. As the target of
modification | put the triphosphate bridge connecting characteristic for cap 7-
methylguanosine with remaining part of mRNA particle. In a context of cap structure, this

was a completely new subject area for that time.

The range of important cellular functions played by cap cause that its synthetic
analogs are especially valuable tools for examination of all processes the particle is
engaged in. Especially those which may be used for obtaining of functional RNA
transcripts using an in vitro method seem to be useful. The differences in genes
expression between various organisms, and also diversity of processes the cap is
engaged in, are a significant motivation for obtaining of new synthetic cap analogs which
may influence more specifically with cap-dependent protein factors, analogs resistant on
enzymatic degradation or able for selective inhibition or activation of particular processes

of genes expression.
2.2.2. Introduction concerning research subject area

Starting in the year 2002 the studies on cap analogs modified in the triphosphate
bridge | was not fully aware of the potential of this subject area, both from the point of view
of development of methods of chemical synthesis of these compounds, and also their
properties which make them very valuable tools in biotechnology, molecular biology and
potentially in medicine. Before | will present particular papers significant from my scientific
output point of view, | will highlight a few significant facts concerning synthesis of

nucleotides with special attention paid to cap analogs.

Due to ionic nature, nucleotides are quite large challenge during chemical
synthesis and also during their separation from post-reaction mixtures and purification.
Very low solubility of nucleotides in organic solvents, especially those containing
oligophosphate chain imposes a necessity of their labor-consuming transformation in
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The cap analogs are characterized with a few significant physicochemical

properties that determine an approach to their synthesis. A few of them deserve an































































