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GIM2013 (12th International Symposium on the Genetics of Industrial Microorganisms) © Z7}sle],
‘LABEL-FREE, HOMOGENOUS DETECTION OF HCV HELICASE AND REPLICASE USING MOULAR
ALOSTERIC ATAMER SENSOR (MAAS)“& 2¥3}3ith

> AFAAR (BFF)9 = Wolfgang Schumann IS5 HE 2 Avy

12 B (2013, 2. 15 - 2013, 3. 2., 1693h): 13]9] Avjy, et ddA%E, A9 7AS, ARy aF
ol &g &5o] o] Fojxith.

22k W (2013.7.30 — 2013.8.12., 14U7H): ¥% Review =i 24, M2 35 34 =F 59 &5 3.

> AFAYR (AFF)Y =9 Fridrich Alexander University W& 2 A9y

AFA YA HHEZIZEESE (20130 6. 24 - 2013, 6. 30., 7¥U%H) 5 Erlangen 44 Fridrich Alexander
UniversityS %% WE3le], PNU-FAU Symposium< F33}al, Karl-Dieter Gruske, Andreas Paul Froba,
Antonio  Delgardo, Stefan Will, Martin Hartmann, Rainer Buchholz, Cornelia Rauh, Christoph
Lindenberger 59 w453 AT A =9, FH9dA49 54 Funding system ol #3)] =93ta, 53
§4b 24 FAU BranchE 33 3578 =933

» =49 Wolfgang Schumann T W& 2 Ay

B o7 gAe U BEYQ, Wolfgang Schumann 57} ¥1& WHEate] (2013, 7. 4 - 2013, 7. 12, 947
%A, B, BEER A, AR Gy FE AR 59 HES Yk

» Anne Richter 23 4 Wi IF5 =% A=

Wolfgang Schumann w59 A4 A% &A1l Anne Richter 7} #<lo] A& A4 “Studies on disulfide
bond formation of proteins anchored on the outside of endospores of Bacillus subtilis” & FAZ FF AT
AeE FaFolrh (2013, 6. 18 - 2013, 12. 31., 7 74€zh)

> Aptamer ¥ =& 4

“Rational design of modular allosteric aptamer sensors for viral protein detection” =#< ZHA Fo|t}.
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SUMMARY

I. Title: EU-FP Consortium involvement for the “Development of method for the

monitoring, detection and mitigation of seafood parasites and their risk analysis”

II. Purpose

Demographic changes and globalisation of the food supply chain have led to an expansion
of the population at risk of seafood—borne parasitic disease and consequently increased
the recognition of its public health significance. Therefore, the objective of this topic is to
further develop the understanding of food safety and quality aspects related to parasites

of public health importance in seafood.

II. Contents of Research
To further develop the understanding of food safety and quality aspects related to
parasites of public health importance in seafood, ELISA or aptameric method will be

developed for the development of low—cost, highly efficient detection of Anisakis Simplex.

IV. Results

Through this project, PI (Prof. Junehyung Kim) visited Prof. Wolfgang Schumann 2 times,
and Prof. Wolfgang Schumann visited PI also to discuss joint—research, seminar
presentation, student exchange. Anne Richter, under the supervion of Prof. Wolfgang
Schumann, is doing her master degree experiments in PI's laboratory, Busan, Korea.

PI also visited Fridrich Alexander University, Erlangen, Germany, and expanded new
international research network including Prof. Rainer Buchholz, and are trying new joint
research through Fridrich Alexander University Branch in Busan. PI also attended
GIM2013, and presented “‘LABEL—FREE, HOMOGENOUS DETECTION OF HCV HELICASE AND
REPLICASE USING MOULAR ALOSTERIC ATAMER SENSOR (MAAS)®, and are preparing
aptamer related research paper, ‘Rational design of modular allosteric aptamer sensors

for viral protein detection’.

V. Future research plan
The future plan for this project would be maintenance and expansion of research network

for the successful Korea—EU international joint research.
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KBBE.2012.2.4-02: Food safety and quality issues related to parasites in seafood
Call: FP7-KBBE-2012-6 - single stage

Demographic changes and globalisation of the food supply chain have led to an expansion of

the population at risk of seafood-borne parasitic disease and consequently increased the
recognition of its public health significance. Therefore, the objective of this topic is to further
develop the understanding of food safety and quality aspects related to parasites of public
health importance in seafood. Further understanding of the public health impacts of these
biological hazards should be developed, together with tools for risk analysis and methods of
monitoring, detection and mitigation. To reduce the risks of human seafood-borne diseases, clear
and practical information should be disseminated to policy makers, food producers and the

general public.

Expected impact: The European added value lies in offering safe, high-quality seafood to
consumers, as well as in strengthening the competitiveness of European food producers. The
expected project results should clearly be of interest and potential benefit to food-producing
SMEs, and involving those SMEs in the project itself should help contribute to achieving this.
Scientific evidence will be provided to serve as a basis for further development of common food
safety and public health policies. The project will contribute to food safety policy by addressing

the research needs identified in the EFSA scientific opinion on risk assessment of parasites in

fishery products. Given that a large percentage of the seafood consumed in the EU is



imported from Asia, the project should integrate relevant partners from Asian countries. The

participation of partners from those countries is important to achieve the expected impact of the

research to be undertaken.
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DNA, RNA 4E}™ (Nucleic Acid Aptamer)= SELEX (Systematic Evolution of Ligands by EXponential
enrichment) A4S FaA LA @ 7te o 3394 725 7HA= Fitelr), ot TN He
vk} o] 54 Target =4 (o: EFN) o tigh 3t affinity & 7FA3L Qlth.
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Features Aptamer Antibody

Production

< 8 weeks (automated, in vitro)

> 10 weeks (in vivo)

Specificity and affinity

High K; : pico-nanomolar

High K, : pico-nanomolar

Inhibitory potential

High

Low, 1 out of 200

Molecular weight

5-25 kDa

150 kDa

Immunogenicity and toxicity

None observed

Immune reaction observed

Target space

Extra, intracellular protein

Extracellular protein

Convenient chemical modification Yes No

Physicochemical stability Stable Labile

Shelf-life Unlimited Limited

Activity Uniform activity Vary from batch to batch
Screening Iterative rounds Time consuming and expensive

Temperature condition

Conformationally resilient

Undergo irreversible denaturation

Drugpius international, 2003
Annu. Rev. Med., 2005, 56,555-583
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24, A7 A3

olgle E2lo] A3 vl A= 1XIZF (Hyperlipidemia)@ 5% A3}l% (Arteriosclerosis) A 7ol &9 3lE
HDL-C (High Density Lipoprotein Cholesterol)®] F8 T4 w@#lZA<l Apo-Al 9 3t DNA dEdE A
Waty, o]e] FRE S FAEslE T2aYPo =z FHAg Aot

Al AACAGGTTAACGGAAGAGGGGTTCGGATTG
A7 GGATATTTTTGCAATTTAAACAGGTGGACG
A9 CGTAGAGGTCAAAACGTCCATGTTAGATTA
A10 CCGCGGCTTGGATACGTAGATGAAAGGACG
A3 AGTAACTACGCTGGTGCGGACGGAACAACC
=1
:....‘.'::.:{.::"._ -~ ‘h_f / )“...“.

RO . ) RX
A1 a1 AT e
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Aol JNEHE A9 aptamers ©]&3te], FFHF EAW  (Fluorescence Polarization assay)s ©]-&3}<,
ApoAl o tigt F28s AF3aA.

A9 FAM ATACCAGCTTATTCAATTCGTAGAGGTCAAAACGTCCATGTTAGATTAAGATAGTAAGTGCAATCT

046
= ~— — 044
' 042
040

FP

0.08
0.06
0.04
0.02

POLARstar OPTIMA (BMG laboratory) -~

0 20 40 60 80
ApoAl concentration (ulVl)

Ccl FAM ATACCAGCTTATTCAATTTGCTACGTGTGGTGGTGGAGATTACAAACAAGATAGTAAGTGCAATCT

c2 FAM ATACCAGCTTATTCAAT TGGACTGTGGTTTCCACATGTTCCGTGCTTGAGATAGTAAGTGCAATCT



3719 £ ATE HIeE, “2009 Korea-EU
Joint Workshop, March 18th, 2009” @jA}ellA]
B9 HAERoFE T8, ol HEgeR
AA] “Shrimp Consortium” ©] project leader
%l Paul Fitzpatrick SFAFZRE ofefje} 2
consortium TAlo] Frodo] o3 %A
d& vtk ($-3, 2011-10-19)
Jo A= EU-FP7 dA<] o] 7h5 call
st KX 9} consortium partner = A
Aol tig e Fol zeFetA gt
o] AaL, ol B AFA= o
Fe EESHA T (2011-10-20)

rﬂlﬂrkﬁéﬁérlo
o

2ol @4 ¥, Paul Fitzpatrick ¥ALE
Consortium A A F4<9  Pert
Diagram ¥ &7, consortium WjollA] £<l
o] 719& = e, ot B2 F&
&k AAg Aol #1 WEor 348t
gtk ($-Z, 2011-10-21)

- antibody production

- aptamer production

- detection system development
- student exahange program

- model system development

- A. simplex parasitized fish

- A. simplex &5 o F

(2011-10-23)

) HREUAY | TIHLN |01k 20 018 AM| DIRE | PCRE A AFEE | M¥EAH | BHOIXET) | OWAE]

SWARE  Paul FRzpalich ZAEMET} | S
WA unedMRedan st ke [EXT TR

M S FPTmsearch project [Scanned)

Doar June,

At C-Tech Innovation we are wiiling 3 new propasal to address the following call, and wa were wondering i you at tha Dongah Universily
welld ke 1o |oin our consorbumn regarding aptamar identilcalion aseay resaarch?

KBBE.2012.2.4-03: Food salely and qualily issues relalad 1o parasites in seafood
l:alt FP7-KBBE-2012-6 - single stage
changes and al the food supply evain have led to an of he at fisk of seafood-b

alam: dis#ase and of its public health significance. Therefors, the objectye of this topic is to
turthier develop thi understanding of food sately &nd quality aspedts related 1o parasites of public healtn Importance In Sealood. Furher
ungersianding of he public health Impacts of these iological hazards should be developed. together with tools for nsk anakysts and
metmods of monitaring, detéction and mitigation. To reduce the Nisks of human seafood-bome diseases, clear and practical informabion
should be dlsseminaled to palicy makeds, f00d producers and the general public

Funding scheme: CoBaboratve Project (small or medium-scale focused research project targeled o SMES).

Additicnal eligiiity critena:

The requested Europaan Uon eontribution shall not sxcesd EUR 4 000 000 per proposal

Projects will only ba selected for funding on condition that the estimated EU contribution going to SME(S) is 30 % or more of the total
estimated EU contribution for the project as @ whole. This will be assessed at e end of the negoliation, before signature of the grant
agraament Propoasals nol fullilng Iis critenon will not B¢ funded

Additional information: Ong project miay be funded.

Expected impact: The European adced value lles in offering safe, high-guality seafoad 1o a5 well a3 in he
cOMpeUtENess of EWopean food prooucers. The expected project resuls SNoulg cleany De of interest and potential beneft 1o food-
producing SMES, and invahing thase SMES in tha projedt ilsell should halp contribute 1o achieving this. Scientfic evdence will e provided
1o Serve &8 3 basis for further devalopment of commaon food sately and pubhic health policies. The project will contribute 1o food safety
palicy by adaressing the research needs identifiad in e EFSA scantiic opinion on risk 3ssessment of parasites in fishery products.
Given that a large percentage of the seafood consumed in the EU bs imported from Asia, the project should integrate refevant
partners from Asian countries, The paricipation of pariners from those countries |s important [0 achieve the erpected impact of the
T&58a1ch 10 be undenaken. £

Please contact me If you are interested

Dr. Paul Fitz patrick

Project Manager

C-Teeh hnovaten Lid
Capeahirat Technoiogy Park
Chester

CH1EEH

Unitsd Kingdom

©owds (D)5 247 2821

"')i' 41| HAELAA | AN 2| [0IF MM US| POHE| AA| MTEAE | HEEAH | BRONI owWAEL

EAME  [Paul Filzealick ZARHAT || LS
WeAE HEY | FEE0}
8 z | |

M B AE FPTresearch profect [Scannea)

Drear Junshyung,

Thank you for your mail

The project aims fa look &t the monitoring, defection and mitigation of seafood parasites and therr nsk analysis The
impact of the project is to offer high-quality seafood to the consumer in Europe and to reduce the nsk of seafood

fiiness by dissermination to policy makers and food producers. As Asia 15 @ major importer of fish, we are looking for
two partners to join us: The project structure diagram is given below:

PROJECT STRIMP PERT DUAGRAM

The consortium pariners would develop the production of monoclonal and polyclenal antbodies, as well as
aptamers, suitable for the detection of parasites or evidence of prior parasite infestation We suggest that you might
be interesled in being a partner with a role in the exploitation of these binding molecules, such as academic
development of commercial detection systems? It is envisaged that much of the practical work would involve PhD
students, some af whom would be avallable to work in different partner laboratories, such as yours. We are also




A F S Qe B 2 &% 7)o RS P A2 Information A8 WYl disl] (2011-11-09) olefe} 2
2 A2 Information 3|41 (2011-11-15)

— SHRIMP FP7 Cooperation Work Programme
B 7] - SHAIMP penpossi [Scannac] - Windows Internat Expiorer s 2
| = =
LA 5| STENA | MM | fE 00|06 UH| 0189 | PO | AA| MEURE | ETEAH | ERojx=d] | Owaigrl Maiy CoRtactond Motee
— First name; family name JUNEHYUNG
S WD} | 400 Tite [
‘.l-’EAIk'a‘-’ ac.uk u i Hunfer - AquaBioTech Group | ZARMAT} Sex MALE
SR Position in Organisation Professsor
D i Dept. Chem_Eng.
Dear Consortium - y name/_. Dong-A Univ_
ha aleel SHRIM 37 Nakdong-Daero 550beon-gil
1he KBEE project SHRIMP. Contact Address =ahagu, Busan, Korea 004714 E&ﬁm -
country
Phone 1 +8251-200-7718
Phone 2 +82-10-8414-1554
Fax +82.51-200-7728
Email address june0202@dau. ackr
. vw v . Organisational Information
Organisation legal name DONG-A University
_). C-Tech Participant Identification Code (PIC) Only if already
; L, INNOVATION e for FR7
. I Organisation Legal Address Dong-A University. 37 Nakdong- | |f gifferent from
Daero 550beon-gil saha-gu. Busan. | contact paint
¥ address
ews, vvents and more - slgn up to our Newslotiar
s e 18w Main Area of Activity / NACE Code | University If known
vy nct use, d But. cooy Website wwwdonga.ac kr
MNon-profit organisation? YES
Public Body? YES
= Research organisation? YES
042 Intgrma Higher or secondary education YES
ey 0 Financial ane tion, doc (E3B) L establishment?
Rz Fewer than 250 employess NO Ful-time equivalent
Is your annual tumover > €50M? YESING
Annual balance sheet fotal < €43M? | YESING
‘Are you an autonomous legal entity? | YES/ING
‘Are there dependencies between YES/INO
yourself and other organisations in
this proposal?
I YES, which?
Mature of dependence. e.g. subsidiary, .
Information for A2 form Page 1of 1 October 2008

Paul Fitzpatrick ¥A7} AIJFAME A&
<, AdAe] g EU ZHE 9] Comment
=AY (012-03-13). FA AGHE
5/5 ¢ AFZE funding = 7]d= =R

‘B‘H /\1‘% .PI—EH 7] /\g %-Oﬂ 9/] 6‘]’ %% E_7‘] 94 The EU has coma back t us regarding the shrimp proposal, We scored to low for funding (2.5 out of 5), howevar, same pasitive
- - Al comments, | feltthe praposal was underdeveloped when we ertered it s0this was an expected ouicome atthis staga, | think if we vork
further with the concept it could be & very ood project, Here are the comments:

. . . o S x
’ @ Al’llSﬁkIS Slmplex ] 94 ‘4 7] g The concept is focused on the production of monocional and polyclonal antibadies and aptamers for detection
- - of parasites, suitable for use through a handheld device The overall objective is the deveiopment of rapid,
A== u} @ ELISA © 9,] o] A= easy-fo-use tests for the detection of parasites in fish. Although the concept is original and the specific
T=E o o= - ;
objectives are clearly described, the propasal only addresses pait of the requiremenis of the call topic. This is
3 =7 = h=i = = considered a serious inherent weakness. Furither development of the understanding of food safety and quality
—g-/‘(_)] 7 @ 7 ]”?)_6H }1\_]_'? oﬂ EH _?—l' 7 ] A(E 5 aspects related to parasites in seafood (e.g. tools for risk analysis and mitigation methods) and their impact on
public healfh are not adequately incorporated into the overall concept The selection of the allergenic
= ‘g] A=) xﬂ S o] ]:H 6]— 7H }\-] iﬂ o) i nematode Anisakis simplex as model species is justified. However, if would have been valuable to broaden
[ e o T = 3 i 3
the scope to other parasites. The proposed development and validation of an ELISA fest for the quantification
= A and analysis of proteins from A simplex in seafood products is original. However, omission of other defection
E]’T: comment= %(j T techniques could be risky. As A. simplex can also migrate from the body cavity to the muscle tissue after fish
death; then enzymes will not be detected in muscles. In addition immunological tests have limited possibilities
to defect the intensily of the infection, the location of parasites in the fish body and fo distingtish befiveen
sibling species in the A simplex complex. Moreover, the proposal also does not fully address food safety
aspects related to the processing of fish raw matenials infected by nematodes
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53:-:[6_—, ﬂ]—*ﬂ —% 7H )\‘] “6}- 7] —?4 3‘]— Z] 'i:&] ?_]_ "g a _Tl]— The review of literature is adequate in the frame of the presented concept However, allergens of A. simplex
are described only up fo Ani s4, whereas already 12 allergens have been characterized. The progress beyond
O T ARE 5k the current state-of-art is explained and examples of how the proposal could contribute to parasite delection in
o= X 0}7] i =] fish are included. Some of the proposed objectives are really innovative, such as the development of

aptamers. This proposal can deliver an impartant contribution to diagnostics. However, the chosen approach
is not fully addressing the called for research outcomes from the call topic.

Best regards

Dr. Paul Fitzpatrick
Project Manager

C-Tech Innovation Ltd
Capenhurst Technology Park
Chester
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Urited Kingdom
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GIM2013 (12th International Symposium on the Genetics of Industrial Microorganisms) o %t
7Vste], “LABEL—-FREE, HOMOGENOUS DETECTION OF HCV HELICASE AND REPLICASE

USING MOULAR ALOSTERIC ATAMER SENSOR (MAAS)“& #3319t}

Introduction. We report 3 new label-free, homogenous
detection of HCW helicase and replicase using raticnalby-
designed Modular Allosteric Aptamer Sensor (MAAS),
which is composed of three paris. The first part. the
malachite greem (MG} binding aptamer as signaling
domain was fused to the second part. each HCW helicase
or replicase binding aptamer as recognition domain and
the third part. inducing arm was added to maks a

corresponding to each free aptamer sensor, target bound
semsor, and both target and dye boumd sensor were
starting point for our rational design, and the =nergy
difference between sach state was the main driving force
for sensor activation. Constructed MAAS could selectively
detect HCV helicase amd replicase, and activation of
sensor was proportional fo the amount of target protein
prasent [1. 2]

Methods.

Meodular allosteric aptamer sensor (MAAS)

Connecticn of two aptamers, HCW protein aptamer and
Mz aptamer. We added ‘inducing arm’ to the 5 end of MG
aptamer to complete our MAAS construction. Target
protein binding makss conformational change of MAAS o
release the inhibitory effect of inducing amn, which blocks
MZ binding to MAAS before target binding. Malachite
green dye emits enhanced fluorescence (2600 folds)
upon binding to its target aptamer due to the reduced
vibrational de-excitation, which makes ‘label free’ and
‘homogeneous’ detection of target protein.
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Fig.1 Design and allostenc reguiation of mocdular allosteric aptamer
SEMEOT [MAAS)

LABEL-FREE, HOMOGENOUS DETECTION OF HCV HELICASE AND REPLICASE
USING MOULAR ALOSTERIC ATAMER SENSOR (MAAS)

conformnational change of MAAS. Only three energy states,

Junehyng Kim
Department of Chemical Engineering, Dong-A University, Busan, South Korea
Contact gopopokskork
Hey words: Apatmer, Senczor, Label-free

Results.
Measurement of HCW helicase concentration.

| i = s

Fig.2 Messurement of HOV heficass concentration. (Left Variation In
modLie size, Rigt Varation In Inducing amn sizs)

1. We focused on the fluorescence intensity at zero
helicase concentration, Fl;.

2. HAMAD, which has inverted enengy state with AAG, of —
1.5 kealimol, showed the highest background emission, as
was expected due to the easy binding of MG to MAAS.

3. HAMIAZ, which has the most stable state of States
(AAGy = 5.8 kcalimol), showed the lowest background
fluorescence emission.

4. HAMA,; (AAG, = 4.9 keal/maol) and HAMAS [AAG; = 2.2
kcalimaol) showed gradual increase in  background
emission according to their relative instability of Stated.

Conclusions. ' Label-free’ and ‘homogensous’ protein
detection system can eliminate many time and labor
consuming experimental step such as immobilization,
washing., separation of any compoment. And it gawe
additional cost saving in nucdeic acid sensor preparation
without covalent attachment of any flucrophores or any
functional group. For this purpose, allosteric behawvicr of
nucleic acid sensor was considered. Target binding
induces allosteric conformational change of MAAS, o
which structure signaling fluorescent dye, malachite green
(MG}, can bind. These sensors were modulated by
recognition of tanget protein and showed good and
sufficient responses for sensor applicaton in simple,
sensitive and sslective modes.
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Letter of invitation

Dear Professor Kim,

On Thursday 27th 2013 the Faculty of Engineening of the Frizdrich-Alexander-Universitat
Ertangen-MNiomberg will hold the "PNU-FAU Joint-Symposium Future Technology in Chemical
and Biological Engineering”. We would like to give selected scientists of both the PNU and the
FAU the opportunity to exchange ideas and positions conceming current research in both
institutions. With this symposium we continue an scientific exchange started in Korea which
hopefully will prove as a solid basis for the establizshement of a fruitful coltaboration in science
and teaching. Mereover this invitation and activity will help Korea-Germany partnership in mutual
research in EU FRAMEWORK PROGRAM in future.

On behalf of Prof. Dr. Dieter Griske, President of the FALl, | would like to invite you to take part
in this symposium and to give a talk of your cumrent research activities. We intend to offer three
sessions dealing with Fluid Dynamics, Biochemicals and Materials, each seasion containing five
talks. The tentative agenda is attached to this mail. Our additional programme still has to be
organized. But as far as we can see, we will offer the following additional events.

On Wednesday 26th 2013 we would like to offer a Francenia tour. After breakfast in your hotel
we could leave via bus for Wirzburg. This more than 1300 years old town is famous for its
residence (UNESCO World Cultural Heritage ), its fortress, its university and its famous vineyard,
the Wirzburger Stein. This trip is about 100 km and we will need some 80-50 minutes. In
Wiirzburg we might have a guided tour and hawve lunch in an interesting historic location. After
lunch we could leave for Mordheim, a small fown at the river Main. This would be a tour of 36 km
or half an hour. In Nordheim we could offer a wine tasting at the local award-winning
cooperative. We will be in a core region of Franconian wine production and you could leam



Thermo-
fluiddynamics

kY

LS

5 = Jihdes N
e S e R e e




AE R BEEopl Y 7=

-
It

A4S

4
e
=K
P =
BT 28523058 2|
Tl RN N e | K| e
N wr
o
~
ﬁo
SR 5% | 2R | 2R | 2R | R | | | R |
X
Njo
1__/|5%m_m555m5w
|
NN
| e
)
& | .
B x|E
Ew %%T}ﬂuﬂrﬂrut
=+ il IO RV D -
;,& B | NN ~
,mﬂ] %ﬂ;ﬂﬂ_‘mﬂmamw_ﬂr
uﬂm%amntﬂﬁ%xﬂ
“UZIElE|IV| RS E| B
%Lﬂmml%%ﬁ]ﬁﬁ%%
CIEIZ| S| ® e el 8] 8|8
SRR
_ﬂwﬂ_ﬂnouo‘mwua_._ttt
) DX o o o
Dk R[N~ F FH| << <
4 m
T &
H
il e
N ~3
i

Aptamer ¥ At KAIST

o
~L

=

1o

A
B

N

ol

o

3

.
.

EU-FP =Algsd7 #



A5 4 AFAEATe] F4AE

o1
=
re
3
e ]
()
iy,
_y‘_ll
lo,
ik
oo
o%
r o

o 2 gAlo 4TH AUH AVES L, FF 7Y EUFPE NES FAF Ud A7siae] B
_%—‘-. 7

A FF AT B4 /Y £

7" EU-FP Aljol AnAGo= ol

A 51 o4 A& E W. Schumann w9 35 A5 AAS &3}
oheFst 12 A% A5 AT §F gof 2 A7Ane Hx vHsA
FEATel g FUeF 17, B UELZ A ontA.

BAA, ALdH 7 E
® aptamerE ©| &3 HE ALHQ FAs T A

o =% HAd 7|4 F Je FAE Fd AF HEA Ax

sL & (| e
ggutot gl 7|t &1
SR uSaNl | [ =M 2sde B
st=H8 Ulgant| - Aptamer-detectar - 7= EO-FF A B T e A |
- EE o= - JME Ho|Z2= ol - 2|2 DFEEL network — W.SChumann network
- &ptamer Y - ELISA assay - DHHIH CHEE A2 - 312-32 ZEon
- J|HE HEIE D] - ETHEA

o 7

“olldt=E el JldEe 2ELIETE.

e =T R
A= e 2A0 O AA=S st
» o e —
are] et 2 S5tEU-FP A0
= / \ B} 5 U} O}
A A F 1t — - 2e et
o ETE A | 2AEAYE S0 =8 Yol A T =
- ezl e — T ey —IIE AT AT 5 B I
CJIZAE MADEWA _anz ez o | | - apsn aos A
- Yenture company =H - 20| g SkAf




A6 F AT AEHAANA AT AT HE

%< Bayreuth thetd} sk Zddigtul ko] wAlE5 A5 A3 Al 25 (TERRECO Project)

Proposal for the Phase |l International Research Tralning Group (GRK1565)

Complex Terrain and Ecological Heterogeneity (TERRECO):
Evaluating ecosystem services in production versus water yield and water
quality in mountainous landscapes

Okologische Heterogenitat in komplexem Geldnde:

Okosystemare Produktivitil, Wasserverfigbarkeit und
Wasserqualitdl in Bergregionen

UNIVERSITAT BayCceer
BAYREUTH s (o f trovegy

Bayreuth Center of Ecology and Environmental Research (BayCEER)
Faculty of Biology, Chemistry and Geosciences
University of Bayreuth (UBT), Germany

Speaker: Prof, Dr, John Tenhunen
Co-Speaker: Prof. Dr. Barmd Huwe

and

*
1(N u EANGWON NATIONAL *. KORER FOREST
k UNIVERSITY RESEARCH WSTITUTE
Faculty of Environmental Sciences
Kangwon Natonal University (KNU), Chuncheon, South Korea
Speaker: Prof, Dr. Bomchul Kim
Cooperatively with the Korean Forest Research Institute
(KFRI), Seoul, Korea
And contributions from Ewha Women's University,
Hanshin University, Jeju National University,
Konkuk University, and Seoul National University
Anticipated Duration: 8 Years March 1, 2008 until Fabruary 28, 2018

Proposal Period: 4.5 Years Seplember 1, 2013 until February 28, 2018

Submitted: Oclober 1, 2012
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