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The bacterial translation initiation factor IF2 - a target candidate for
species specific drug design

Professor Hans Uffe Sperling-Petersen

Aarhus University, Denmark

Summary
For more than 50 years we have known antibiotics which target macromolecules in the
elongation step of the translation machinery, in particular aminoglycosides. The
initiation step however seems much more reluctant in providing us with efficient and
specific inhibition targets for bacterial infections of humans.

It was recently discovered that two of the bacterial translation initiation factors,
IF1 and IF2, are universal proteins found in homologous forms in all living organisms.

The presentation will concentrate on the bacterial IF2 (eIF5B in eukaryotes) and
demonstrate characteristic "constant" and variable" regions in this protein. We have
studied this factor in several bacteria and alignments of these in combination with
databank sequence data of bIF2 from archae and eukaryotes reveals the C-terminal part
to be conserved between different species while the N-terminal part is characteristic by
its variability in both length and composition.

It is suggested that the species-specific N-terminal of IF2 may be useful as a
target for species-specific selective drugs acting on the protein or the nucleic acid level.

In addition aspects of raising antibodies against the translation initiation factor

IF2 will be discussed and results from immunochemical studies will be presented.
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Kobe University, November 11, 2008

The bacterial translation initiation factor IF2
- a target candidate for species specific drug design

Hans Uffe Sperling-Petersen

Institute of Molecular Biology, Aarhus University, Denmark

The Biological Translation Initiation Factor IF2 is

a universal, essential, multi-functional & multi-domain protein

| the following | will present IF2 and our reserch on this challenging protein
including:

* Function - Macromolecular interactions

« Structure - only partly known

« Epitope studies

« Developped of a method using IF2 as a universal phylogenetic marker

Translation Initiation

RN bisding b standby ponition
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U5 initiskow compien Laursen et al. 2005 Microbiol. Mol. Biol. Rev 69 101123
Three forms of E. coli Initiation Factor 2 Tandem Translation of infB
I 1 I AV VI TIR-AUG TIR-GUG
1 158165 0 0 2 890 IF2—1 initiation site IF2-2 initiation site

——4—fr—f —
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' GTP-binding
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3-D structural data on IF2

Domain Il Domain 11l Domain IV V.V
157 289 380 890

1

[ o | [ |
AT
(‘c./

Domain |

Domain IV
G-domain

Laursen et al. J.Biol.Chem. 2002, 326, 543-

Domain VI-2

Roll-Mecak et al. Cell 2000, 103,781- Met-tRNAME! binding

Using the mouse hybridoma technique,
we raised a number of Monoclonal

Antibodies against E. Coli IF2

IF2 & mAb

= Using the mouse hybridoma method 96 mAb against
IF2 were isolated by 4 fusions

= Using competition-ELISA 12 different mAb-groups
were identified

= Cell supernatant from the 12 groups was used in
Western immunoblotting for epitope characterisation

= One representative from each group produced in
larger scale, purified and used as inhibitor in
functional studies

Competitive ELISA

Test tube

pAb against IF2

A

=\

IF2-1

C )
W mAb 5
N,

Non-identical
epitopes

Identical, spatially
close or overlapping
epitopes

Microtiter plate well

mAb 6

¢ 25 mAbs directed towards 10 different epitopes on IF2 (A-J)

Grouping of identical monoclonale antibodies

Secomd MAY IFT somphes
J4 5 B 9 1112131521 6 IRMEI 65 TT 1929 99 61 64 68 71 74 5T 48

=T

O

5 % % X X KK

B X oxox LI )

I C mAb used in the immunoblots

12 x x 3 % x =

3 I XXX XN

15 XK

1] I =

6 x

18 x x x

= oK XX

@ rxxx

L T xR

m xx

" L3 B B B
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s antibodies in 10 groupes = x x x »
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s

a8 o 2
Epitope: & B c D E F G H 11

56 C-terminal
nested deletion
mutants of IF2

113




Identification of 12 surface epitopes on
IF2

1. SDS-PAGE and electroblotting of cell lysat from cells
expressing rekombinant C-terminal deletion mutants of IF2

2. Incubation of blot with selected hybridoma cell supernatant

Advantage of this method:

= No purification of rekombinant protein

- easy to test large number of mutants
= Very small amount of mAb required
= No purification of mAb required

- easy to test large number of clones

Epitope | identified with cell supernatant from mAb 57

JM105 817 800 794 777 530 495 361 349 294

286 224 . 5
a b ¢ d e f g h i j. k 1
o e— -—..--——._—.--—-'
ol e
_— ---_._.._u——--‘il
- - .o '
p=ys+3

12 surface epitopes on |

= ; i361
= E

Results/Conclusion
IF2

Monoclonal Antibodies against

+ 12 epitopes identified

* N-terminal highly solvent exposed and
antigenic

* No epitopes in the G-domain = highly
conserved

* mAbs were purified and used for functional
studies of IF2 in vitro

A F24-V37
B AI08-All6 9
C RII7-E137 20
D DIS8-E179 22
E AI80-EI88 9
F EI89-R201 13
F> L202-E212 11
G N213-E223 11
H K286-5294 9

I | 1349-E360 12

v K E777-Q793 17
J V817-R872 56

Variation/conservation of IF2

* intra-species

* enterobacteria

+ eubacteria

» archaebacteria

« eukaryotic organels

* eukaryotic
cytoplasma
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Intra-species conservation of
IF2

We have earlier shown extreme intra-species conservation
of IF2 in isolates of E. coli

- analyzing more than 50 isolates including Danish clinical
isolates (from blood, urine and faeces) and faeces isolates
from wild animals (Spanish bulls and Thai elephants)
variation was found at only one aminoacid-position (out of
890)!

- the variation found was at position 490 in the G-domain:
approximately 50% glutamine and 50% glycine

- the N-terminal 100% conserved

VARIABLE REGION

CONSTANT REGION

Sequence Variability of 1F2

E. coli 7-86

11-97
11-97
11-97
11-97
8-87

11-90
11-90
11-95
2-96

99
94
94
89
71
75
73
82
64
59

S. thyphi.

K. oxytoca
E. cloacae
P. vulgaris
B. stearot,

B. subtilis

E. faecium
H. influen.
M. genitali
T. aquaticus 2-96

Enterobacterial
distant

IF2 is a phylogenetic marker

o 0 40-50
% identical positions passsu=s ue
in alignment .

Range suitable for generation
of phylogenetic tree

SSU rRNA marker
(nucleotide level)

IF2 marker
(amino-acid level) . .

IF2 G-domain marker
(nucleotide level)

IF2/elF5B is a Universal Phylogenetic Marker

Methanobacterium thermoautotrophicum

Methanococcus jannaschii
Archaeoglobus fulgidus
Saccharomyces cerevisiae .
Aeropyrum pernix
\ Archaea
Bacteria

Thermus thermophilu

Arabidopsis thaliana Eucarya

’ Thermotoga maritima
Drosophila melanogaster

Homo sapiens : .
P Bacillus stearothermophilus

—
10% difference

Escherichia coli

P1ag?

oo i)

HITSS

400 nucleotides in the G-domain were used
to compare 11 strains of Haemophilus
parainfluenzae

At B 530 EHA marks
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infB/IF2 was used to determine population structure Conclusions Translation Initiation Factor IF2 is:

- a universal protein present in all living organisms
- essential for survival

- multi-functional &

- multi-domain protein

resulting in:

» Regrouping Streptococcus agalactiae strains which may be used as

* A universal phylogenetic marker
» Clonal origin of aminoglycoside-resistant Citrobacter

freundii infections » Especially useful for analyzing closely related
organisms such as population studies

And due to the species specific N-terminal and the fact that no
antibiotic is known to target IF2:

* A possible new and species-specific drug target

Althougt we have obtained considerable and detailed knowledge
about this essential protein, there are important challenges for
the future research including the development of a high-through-
put array screening method of IF2 functional inhibitors and the
elucidation of the function of the bacterial IF2 N-terminal domain.

The preseted work is the joint result with my coworkers: Kim
Kusk Mortensen, Janni Egebjerg Kristensen, Brian Segaard Laursen,
Hans Peter Serensen, Juan Manuel Palacios Moreno, Jens Kildsgaard
and Jakob Hedegaard
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Study in abroad
« KR E 1 3R1E - BARZMIRE SRR 87

7% 8 Research fellow for young scientist

http://www.jsps.go.jp/j-pd/pd_gaiyo.htm
« BEHNDORFETHDIELIRTE phD course in

abroad (5% f#) $25000-40000/year

« FIRAKY (Post Doc)
- ZBHWEA (visiting researcher)

TOEIC, TOEFL, GRE

[ELTS TOEFL TOEIC #i® | GRE
9
85 670+/293+ 990+
8
15 890 1
600/250
7 810

IELTS=International English Language Testing System

GRE=Graduate Record Examination

My careers

» Wargeningen Univ. 1996, 2007
Collaboration

* Yale Univ. 1999
— Internationalization
— Standardization
— Motivation
— Independent

s "‘ﬁu ﬁ ey __». >
E‘J i mﬂ. ‘T/

The mission of Wagenlngen UR:
"To explore the potential of nature to improve the quality of life".

:a'lrhhn-;:um; 5 novernbar

Hans de jong Lab. (1996)

. 9
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v

DNA fibers

Hans de jong Lab. (2007)

Copenhagen in 1996

Rolling Circle Amplification (RCA)

minutes

David C. Ward Lab in
Yale Univ.
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Purdue University
Discrimination of a point mutation by RCA Interdisciplinary Life Science Ph.D.
Mutant type Program (PULSG)

DAPI [FITC * Receive paid tuition and an assistantship for the
duration of study, given solid academic
standing and lab performance.

* Rotate in four labs for periods of seven weeks in
the first year, two rotations in the fall semester
and two in the spring semester.

+ Participate in a curriculum designed to provide
students with the professional skills necessary
for research in the life sciences. These include:
scientific communication, grant writing, and

G542X in CFTR gene

ethics.
Skills Recommendation factors
+ Curriculum vitae (CV) * Motivation
* Intellectual ability
* High English ability * General knowleges
» Understanding of major field
» Publication list, Technical skills + Ability to analyze ideas
+ Ethical standards and integrity
* Essay  Oral English expression skills
» Potential success as a TA
« Recommendation letters * Promise research , scholarship, creative endeavor

Training

.. Academic meetings

» High English ability
r Laboratory works
« Experimental skills

> Lectures
« Discussion L Papers
» Logicalness | Personal

communications

* Personality & Study English
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Kobe University
November 13, 2008

Science studies at Aarhus University

Aarhus, Denmark

by
Hans Uffe Sperling-Petersen

W AARMUS UNMIVERSITET

Do you know any Danes?

Vitus Bering (1681:1741)
Born in Horsens, Denmark
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Where in the world is Denmark?

*Population: 5.2 million
eArea: 42,930 km?
*Peninsula + 406 islands
*Language: Danish
*Political system: Democratic Monarchy
= *Monarchy since 800 AD (1.200 years)
*Democratic since 1849 (160 years)

*Member of the European Union

Ole Rgmer (1644 -1710) - born in Aarhus

The speed of light -

Fountains at Versailles

Hans Christian @rsted (1777 - 1851)

Discovered in 1820 electromagnetism




8 HANS CHRISTIAN ANDERSEN
(1805-1875)

Andersen’s
Fairy Tales
o

Jgrn Utzon (born 1918) ':i’ 4

The Sydney Opera House

!{6@ just imagine...
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The Nobel Prize in Chemistry 19?7

H__

The K+/Na+ pump

Jens Christian Skov
(born 1919)

e
%@\} UNIVERSITY OF AARHUS

=

Do you know any Danish products?




Aarhus

Today app. 300.000 inh.

(2nd in Denmark) R.,m,

Frilsiun
s. !
=

e
N~

g A0
I. . \
prfﬁelltation of AARHUS UNIVERSITY
0 ’I_‘_ M& "

) !
he educational str‘_uctu&
TR

[ ]
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Carlsberg Research Center

Carlsberg Laboratory
Carlsberg Research Laboratory
Carlsberg Biosector

Aarhus and the university campus




AARHUS UNIVERSITY

2nd oldest and 2" largest university in Denmark

Among the top 100 of the approximately 17,000 universities in the world

» Founded in 1928
» Students: 34.000
« Staff: 9.000
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6 faculties + 2 schools

. Arts (19 Departments)

Medicine & Dentistry (14 Departments)

. Social Sciences (4 departments)

(Law, Economics, Political Science, Psychology)

. Theology (4 Departments)

. Natural Sciences (8 departments)

(Biology, Chemistry, Computer Science, Geology,
Mathematics, & Molecular Biology, Physics, Science
History)

. Agriculture & food
. Aarhus School of Business
. School of Education (former The Pedagogic University)




Structure of Educations (Science)

The 3 + 2 structure has been implemented

3-years Bachelor Program +
2-years Masters Program

In addition we have a 3- or 4-years PhD-program

NEW: Honours program in Science
Especially offered for outstanding foreign students with a Science Bachelor Degree
4th year special program incl. fellowship + 4 years PhD-fellowship
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Educations are offered in:

« Computer science

* Mathematics

¢ Chemistry

 Physics & Astronomy

* Biology

* Geology All courses described at:

* Molecular Biology

* Engineering
*Biotechnology
*Computer technology
*Chemical engineering

www.nat.au.dk

Courses are offered by the 8 departments

A Special one-semester course in Envionmental Science




Teaching language

* Undergraduate: Danish  year 1+2+3
* Graduate: English year 4+5+6+7+8
* Projects: English year 3->8

Exceptionally some bachelor (3rd-year) courses are offered in English
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Forms of teaching

e Lectures (45 min) - based on textbooks (99% in English)
e Theoretical exercises

- classes of 18-24 students, solving examn questions
* Laboratory exercises

* Individual projects - theoretical or experimental

— Especially for exchange students: 5-60 ECTS credits

Histochemistry

Individual




SERVICES

for International Exchange Students
Written examination - normally 4 hours, with or without textbooks at the University of Aarhus

Forms of examination/evaluation

Oral examination - normally 30 min on a known or unknown

question e Free language and culture
Written reports - 10-50 pages B A course “Denmark Today”
3 weeks in
- 10 B
Grading systems A
7 C January
The Danish 7-step-scale - an absolute scale 4 D
(NEW from September 1st 2007!) 2 E e Personal Mentor
B ¢ Free healthcare
e Accomodation reservation
Passed/not passed -3 KX

e,
é' \‘_ UNIVERSITY OF AARHUS
International Secretariat

Addresses

Practical information Aarhus University: www.au.dk
Faculty of Natural Sciences: www.nat.au.dk

. . . . Department of Molecular Biology: www.mb.au.dk
Housing - will be arranged by our International Secretariate

Aarhus University BioDesign Laboratories: www.biodesign.dk
Cost of living (approximately):

Room: 2.250 dkr =300 € = app. 38.500 JPY
Contact person at Aarhus University: Seience Studies:
Food: 1.125 dkr =150 € = app. 19.250 JPY ’ Professor Hans Uffe Sperling-Petersen
Others: 1.125 dkr =150 € = app. 19.250 JPY Department of Molecular Biology
Aarhus University
Gustav Wiedsvej 10
Total: 4.500 dkr = 600 €/month = app. 77.000 JPY DK-8000 Aarhus C Denmark
e-mail: husp@biobase.dk
Danish currency: KRONER, DKr (crowns) 1€ =7,5 kroner fax.: + 45 86 18 28 12
100 JPY = 5,8429 DKr Tel.: +45 89 42 50 50

International Student Exchange

Based on ECTS rules

{; UNIVERSITY OF AARHUS
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The 3 important components of ECTS

- a transparent exchange facilitating system
based on mutual trust and confidence

1. Well-defined responsible staff
Institutional & Departmental coordinators

2. Information package
Course description - the qualitative parameter
A modular structure of all educational activities
(including theoretical and experimental projects)
60 ECTS credits/year - the quantitative parameter

3. The Contract (application & learning agreement)
Student - home coordinator - host coordinator
- ensures credit transfer & recognition
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