MHCTUTYT INSTITUTE
3A MOJEKYJIAPHY I'EHETUMKY OF MOLECULAR GENETICS
MW ITEHETMYKO MHXKEWEPCTBO AND GENETIC ENGINEERING
Vuusepauter y beorpaay University of Belgrade

P ]
B

— —
—

rogomHa . years

Jobpe rogune 3a HoBe uaeje * Good years for new ideas



Content

Foreword

History

Directors

Organization

Scientific and educational activities

Laboratories

Staff development and publications

Development perspectives

Collaboration

Sponsors

TOAWTTA « VEArS

Cagpxkaj

YBopHa peu

WcTopuja

Hupexropu

Opranusanuja
Hay4no-HacTaBHa aKTMBHOCT
JTaboparopuje

PasBoj nayuyHOr Kazipa 1 pajioBu
IlepcnexTuse paspoja

Capazma

CrnoHsopn



NIINUN

£
Q
o

Ysoona peu Foreword

Uncmumym 3a monexynapHy senemuxy u eenemuuxo ursicervepcmeo (IMITH - 0o 1988. zo0une Institute of Molecular Genetics and Genetic Engineering (IMGGE - The Centre for Genetic En-
Hocuo je Hasue Lenmap 3a eenemuuio utscervepcmeo — LITN) ocrnosat je 1986. 2odune. Vicme zodute, gineering — CGI until 1988.) was established in 1986. That same year, after the former Yugoslav
HaxoH wmo je Casesna ckynumuna madawitve Jyzocnasuje yceojuna Cmamym o pamugduxayuju Federal Assembly adopted the Law on Ratification of the Statute of the International Centre for
cmamyma MehyHapooroz ueHmpa 3a 2eHeMUHKo ursiceroepcmeo u Guomexronozujy (International Genetic Engineering and Biotechnology (International Centre for Genetic Engineering and

Centre for Genetic Engineering and Biotechnology - ICGEB), Tpcm, Mmanuja, UMITH je nocmao Biotechnology - ICGEB) Trieste, Italy, IMGGE became affiliated centre of ICGEB and was im-

npudpysceriu uermap ICGEB u 0omax je yKrvyuet y cee akmusHocmu ose meyrapoote opeanusayuje. mediately involved in all activities of this international organization.

Iouemmno ucmpanusauxo jesepo UMITV dopmupanu cy ucmpanusauu u3 Mncmumyma 3a
6uonowka ucmpancusarea ,,Cunuwa Cmanxosuh”, Vincmumyma 3a nykneapHe Hayke ,Bunua” u
ucmpascusauxe jeduruuye npu Hayunoucmpancusauxom uncmumymy ,,lanenuxa”. Vizysemuy ynozy y _ : : e . : e —
Gopmuparsy UMITH umao je npocpecop dp Bradumup [nusun, xoju je 610 unuyujamop okynmara standing role in the formation of the Institute had professor Vladimir Glisin, who initiated gathe-
UCPANUBAYA U3 HABEDEHUX UHCIUMY LA 0KO MOTIEKYAAPHe GLon02Uje Kao HayKe Koja je GUuna 0cHOs ring of the researchers from these institutions with focus on molecular biology as a basis for the
3a paseoj eeHemuuxoe urervepcmea. Iloopuiky ocrusarwy IMITH, kao cyocHuséau, 0ao je u madauirou development of genetic engineering. The establishment of IMGGE was supported by the Depart-
Odcex 3a 6uonouike nayxe Ipupooro-mamemamuuoz paxynmema Yuusepsumema y beozpady (danac ment of Biological Sciences, Faculty of Sciences, University of Belgrade (Faculty of Biology) that
Buonouku daxynmem,). Ocrosra nayuna cmpamezuja y UIMITI 6una je da ce opmupajy npojexmu u3 was a co-founder of the Institute. Basic scientific strategy of IMGGE was the establishment of the
pasnuuumux obnacmu monexynapHe 6uonozuje u MONEKynapHe 2eHemuKe y Kojuma he ucmparuearoa
6umu 6azupana Ha kopuuhiervy eeHemuUKoe UHIIEHePCMea, Kao HAjMoOepHIjez NPUCHIYNA 102 BpeMena,
wmo je cnyuaj u oarac. Ilopeo moea, uump cmpamezuje 61O je 0a ce peanusyjy ycmepeHa UCHpaiusarod,
00HOCHO UCTPANCUBAIDA YUjU CE PE3YTIMAMU MO2y NpumeHumu y 6uomexnonouixum npovecuma. Ose
npojexme Purarcupano je Murucmapcmeo 3a HayKy u mexHonowku paseoj (Oanawire Munucmapcmeo
30 NPOCBeMY U HAYKY), KAKO KPO3 NPOjeKme OCHOBHUX UCTPANCUBAIDA MAKO U NPEKO UHOBAUUOHUX U of Science and Technology (now Ministry of Education and Science), both through basic research
MeXHONIOWKUX npojexama. projects and through innovative and technological projects.

The researchers from the Institute for Biological Research “S. Stankovic”, Institute of Nuclear
Sciences “Vinéa” and Research Unit “Galenika” formed the IMGGTI s initail research core. An out-

projects in various fields of molecular biology and molecular genetics, where the research would
be based on the use of genetic engineering as a cutting-edge approach at the time, as well as of
today. In addition, the strategy aimed to implement targeted research or research whose results
could be applied in different biotechnological processes. These projects were financed by the Ministry



Therefore, most of the scientific activities of IMGGE are focused on the research in
molecular biology, molecular genetics, genetic engineering and biotechnology. In the field
of fundamental research, projects of IMGGE are mainly focused on the research related to
genome organization analyses and regulation of gene expression in different organisms. In ad-
dition, a portion of its activities IMGGE implemented in biotechnological and commercial applica-
tions in human and veterinary medicine, agriculture, food processing and pharmaceutical industries.

The establishment of research institution of such profile provided a platform for the improvement of
educational quality, for both undergraduate (program Genetic Engineering and Biotechnology) and post-
graduate studies (program Molecular Genetics and Genetic Engineering) at Faculty of Biology. In this way,
IMGGE was already involved in training of personnel for the scientific research and technologies of the
21 century. IMGGE is a member of the University of Belgrade since 2004 and associates of IMGGE par-
ticipate in the work of the University Senate, the Council of Institutes, Academic Council of Natural and
Mathematical Sciences and Professional Ethics Committee, thus participates actively in defining and con-
ducting educational and scientific policy of the University of Belgrade.

IMGGE collaborates with a large number of medical institutions in Serbia. In addition, the research
groups of IMGGE are members of various international organizations: “European Plant Science Or-
ganization” (EPSO) in which IMGGE is a representatives for the Republic of Serbia since 2003 and
IMGGE is also involved in testing (“Proficiency testing”) at “International Seed Testing Association”
(ISTA) from 2002. IMGGE' associate is a coordinator for the Republic of Serbia of “The portal for rare
diseases and orphan drugs” (ORPHANET) since 2005 and of “The European Association for Predictive,
Preventive & Personalized Medicine” organization (EPMA) since 2008. Starting from 1996, laboratories
from IMGGE participate in several European external quality control systems (ISTA, DGKL and CF
Network / EuroGentest). An associate of IMGGE is also a coordinator of “The Serbian National Muta-
tion Frequency Database”. (www.goldenhelix.org).

Institute’s openness to other scientific institutions provided constant exchange of knowledge, as well
as staff training in the field of molecular biology and molecular genetics. A scientific policy of IMGGE pro-
vided realization of a large number of foreign projects and this strategy resulted in high credibility of the
Institute. Moreover, a large number of former associates of the Institute are now the leading researchers
in international laboratories.

Ljubisa Topisirovié, Director of IMGGE
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Cmoea je 6ehuna nayume akmusrocmu IMITV u ycmepena Ka 0CHOBHUM Ucmpa-

HUBAWUMA Y MOTIEKYNAPHO] OUONIO2UjU, MOTIEKYAPHO] 2EHEMULU, 2EHEMUKOM UHMCe-

Hepcmey u 6UomexHono2uju. Y 06acmu 0CHOBHUX ucmpaxcusared, npojexmu IMITH cy

Hajeehium 0enom POKYCUPAHU HA UCPANUBAILA Be3aHA 3 AHATU3Y OpeaHU3AUlLje 2eHOMA U

peeynauuje zercke excnpecuje y pasnum opeanusmuma. Ioped moea, jedar 0eo c60jux AKMUBHOCU

VIMITY peanusyje kpo3 6uomexHonouike u KOMepyujanHe acnexme y Xymaxoj u 6emepuHapckoj meouy-
UHU, NOLONPUBPEOU, NPOU3BOOHU XPaHe U PAPMAUELYMCKO] UHOYCIPUTU.

OcHusarve ucmpaxcusauke uHcCmMumyyuje 0eaxeoz npoduna o6esbeduno je nnamgopmy 3a
yHanpeherve kéanumema HacmasHe 6ase xkaxo 3a doounnomcky (ycmeperve Ienemuuxo uriceroepcmeo u
OuomexHonozuja) Mako u 3a NOCAEOUNTIOMCKY HACMABY y obnacmu monekynapHe Ouonoeuje (cmep
Monexynapua cememuxa u eenemuuxo unmcervepcmeo) na buonowxom paxynmemy. Hajjeonocmasnuje
peueno, seh mada je UIMITV yuecmeosao y obesbelusaryy ycnosa 3a uikonogare xaopa 3a HAy4HA
ucmpanusaroa u mexuonozuje 21. sexa. VIMI'TY je unan Yuueepsumema y beozpady 00 2004. zo0ure, me
capaonuyu IMITH yuecmeyjy y pady Cenama, Beha uncmumyma, Beha nayunux obnacmu npupoonux
Hayka, kao u 0060pa 3a NPOPeCUOHANIHY eMUKY U HA MA] HAYUH AKIMUEHO Ce YKbYUUO y Oedpunucaroe u
soherve HACMABHO-HAYUHe nonumuke Ynusepsumema y beozpady.

VIMITH ocmeapyje capadry ca senuxum 6pojem meduurckux uncmumyuja y Cpouju. Iloped moea,
ucmpaxcusauxe epyne VIMITH unanuye cy pasnux mehynapoorux opeanusauuja - “European Plant Sci-
ence Organization” (EPSO), y xojoj je UMITV npedcmasnux Cpbuje 00 2003. 200ure, a 00 2002. 200ute
yxmyueH je u y mecmupare (“Proficiency testing”) npu “International Seed Testing Assosiation” (ISTA).
Capaonux VIMITH je koopounamop 3a Cpbujy “The portal for rare diseases and orphan drugs” (OR-
PHANET) 00 2005. zo0ute u opearusauje “The European Association for Predictive, Preventive ¢ Per-
sonalised Medicine” (EPMA) 00 2008. zooune. /labopamopuje IMITH, noues 00 1996. 200ute, yuecmeyjy
¥ HEKOTIUKO eBPONCKUX excmepHux cucmema konmpone keanumema (ISTA, DGKL u CF Network/ Euro-
Gentest). Capadnux VIMITY je maxohe koopounamop “The Serbian National Mutation Frequency data-
base® (www.goldenhelix.org).

Omeoperocm VIMITVI npema ocmanum HaAyuHUM UHCIUMYUUama y 3amwpl U UHOCHPancmey omoeyh-
una je 0a ce 6pUAL CMATHA PASMEHA 3HA A, KAO U 00yKa KAOPO6a y MONIEKYNIAPHO] GUO02UjU U MOTeKYNA-
pHoj eceremuyu. Y IMITY ce ysex uncucmupano 0a capaonuuys KOHKYpuuly 3a 006ujaree UHOCHPanux
npojexama, me je y npomexnux 25 200uHa 8enuxu 6poj MaKeux npojexama peanu3osar y 080M UHCMU-
mymy. Kao pesynmarm osaxee nonumuxe ocmeapeH je 6ucox kpeoubunumem VIMITVI. Benuku 6poj 6usuiuix
capaonuxa VIMITVI 0anac cy 6o0ehu ucmpaxcusauu y céemckum aabopamopujama.

Jby6uwa Tonucuposuh, oupexmop MMITV
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Vicropmjar

1972. Opcex 3a 6uononike Hayke [IpupogHo-MaTeMaTnuKor GakyareTa (JaHAIIBY
buonomknu dakynrer) Yausepsnutera y beorpagy 1972. ronuse ¢popmmpa CTyIUjcKy Ipymy
MornexynapHa 61onoruja um ¢MU3MONIOIMja M TAaKO IIpaTH CaBpeMeHe TPeHJOBe
obpasoBama y 6uonoruju. 3axsapyjyhu popMmupamy oBe CTyAMjCKe TpyIie, OCHOBHA
MCTpaXVBarba y GMOJIOrMj Y HalIoj cpenyHy of 80-1X rofMHa IIPOLIIOT BeKa CBe BUIIe
[OYMIbY Jla KOPUCTEe KA0 ,a/laT TeHeTMYKO MH)XEHePCTBO C IM/beM NM3ydaBamba
CTpYKType ¥ PyHKIIMje FeHa pasHMX OpraHN3aMa, OFHOCHO IIOYMIbe epa MaHUITy/IaLje
TeHUMA.

1982. IloyeTkoM oOcaMmpeceTX TOAMHA IPOLUIOr Beka, Oeorpajcke rpyie
ucrpaxnsada n3 VIHCTUTyTa 3a 6uomomka ucrpaxusama ,,Cunnima Crankosnh”
(MBUCC), MucTnTyTa 3a HyK/IeapHe Hayke ,Bunua” u JlabopaTtopuje 3a reHeTMYKO
MHXembepCTBO mpu VIHCTUTYTY ,,JaneHnka” 3amouniby NMUOHMPCKE eKCIIepHMEHTe
K/IOHNpaa reHa Ha fomahoj crjenn. Tommue 1983. rpyna n3 MIBVICC xinonnpana je y
Escherichia coli 6akTepujcKu TeH 3a TIEHUIMINH aMI/asy, a IOTOM je KJIOHMPAH ¥ TeH

1972. At the Faculty of sciences, Department of Biology (currently Faculty of Bi-
ology), University of Belgrade, the Study group for Molecular Biology and Physiology

A Brief History
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was established with the aim to follow current trends of education in biology. Ge-
netic engineering techniques as a tool” for studying the structure and function of
genes in various organisms have been introduced in the fudamental research in
biology, i.e. a period of gene manipulation commenced.

1982. In the beginning of eighties, a group of Belgrade’s researchers from the In-
stitute for Biological Research “Sinisa Stankovi¢’, the Institute for Nuclear Sciences
“Vinéa” and Laboratory for Genetic Engineering of “Galenika” Institute, was the first
one in the country to perform pioneering experiments of genes cloning. In 1983 a re-
search group from the Institute for Biological Research “Sini$a Stankovi¢” cloned pe-
nicillin amidase gene from Escherichia coli. Shortly after, researchers from the
Laboratory for Genetic Engineering (“Galenika” Institute) cloned human gene for (-

interferon in E. coli, and at the same time, a partial sequences of rat a- and p-globin

3a B-uHTepdepoH yoBeka. Y JlabopaTopuju 3a TeHETHYKO MHXKEHEePCTBO VIHCTUTYTA Ipod. Bragumup Dy genes had been revealed for the first time.
»lanennka” je, pBu myT y cBeTy, oapehena maprujanua cexBenna JHK o- u B- Vladimir Glisin, Professor

1986. Thanks to a critical mass of Belgrade’s researchers that were educated
[JIOOMHCKYX T€HA T1AIl0Ba.

and trained in Belgrade as well as abroad, it was possible to clinch with existing

1986. 3axBapyjyhu cipeMHOCTM 6eOrpafcKuX MCTPaKMBada KOju Cy OM/IM IIKOTOBAHU Y techniques of molecular biology and molecular genetics. With the support of scientific, eco-
Beorpany kao u BaH Halle 3eM/be, [la ce yXBaTe y KOLITAL] Ca CABPEMEHMM TEXHMKaMa MOJIEKy/IapHe nomic and political institutions, the Institute of Molecular Genetics and Genetic Engineering
6uonoruje 1 MojeKy/IapHe reHeTUKe, a y3 HOAPIIKY HayYHMX U IPUBPEIHUX MHCTUTYIN], KAO U (IMGGE - formerly Centre for Genetic Engineering) was founded and Professor Vladimir Gli-
fiena MOJINTIYKe CTPYKTYPe KOja je MMajia C/IyXa fja IOMOrHe, 1986. ronnte ocHOBaH je Llenrap 3a §in, the creator and founder of IMGGE, was established as a first director.

TeHeTUYKO MHXKEeHEPCTBO (KacHUje IPeMMeHOBaH y VIHCTUTYT 3a MOJEKylIapHY I€HETHKY U
reHeTNYKo MixemepcTBo — VMMITH). Ha movetky ce llentap Hamasuo y ,ceuasuuy usmeby
IlIxone 3a Hery jemoTe ¥ Buie enekTpoTeXHMUYKe LIKOJe, Ha TpeheM crpaty srpaze y yamuim
Bojsoge Crene 283. IIpBu AMpeKTop, yjeqHO 1 MAejHM TBOpal u yrememnusad VIMITY, 6uo je
npodecop ap Bragumup Inuums.

Together with Prof. Vladimir Glisin, heads of newly created laboratories were: Prof. Ana
Savi¢, Prof. Dragutin Savi¢, Prof. Radomir Crkvenjakov and Prof. Ljubisa Topisirovi¢.

1988. The PhD thesis defended by Radoje Drmanac, was the very first one derived solely from
the work in IMGGE. This was a pioneering work related to the development of SBH technology
(sequencing by hybridization) and a group of associates from this laboratory, led by Prof. Radomir
Crkvenjakov went to Argonne National Laboratory (Argonne, Illinois, USA) where a company for
the sequencing of genomic DNA was established.

Y HOBoOCHOBaHOM LleHTapy 3a TeHETUYKO UHXKEIEPCTBO Y TUMY MCKYCHMUX MCTPAXKMBaYa, y3
npod. gp Bragumupa Imumnua, maboparopujaMa U IpojeKTUMa pyKoBoguu cy: npod. ap Ana
Casuh, mpod. gp Hparytun Casuh, npod. gp Pagomup LlpkBemakoB u
npod. np /bybumura Tonucuposuh.

1988. IIpBu fOKTOpAT, MPOM3alIa0 UCK/BYYMBO U3 paja y jegHOj of
naboparopuja IMITM, og6panuo je ap Papoje Jpmanan. OBaj moHMpCKu
paz Be3aH je 3a OpUTMHAIHY 1Jejy cekBenuupama JTHK xubpupusamnmjom
(SBH mMetoma) u rpyma capajgHuKa oBe naboparopuje, mpegsobhena
pyxosopuoneM mpod. np Pagomupom IlpkBemakoBum, ofiasy y Argonne
National Laboratory (Argonne, llinois, CAJl) rie dopmupajy Komnanujy 3a

cexpennuparbe resomcke JIHK. Ip Papoje [Ipmanary ITpod. Ana Casuh ITpod. parytun Casuh Ipo¢. Pamomup Lpksewakos IIpod. Jby6uma Tomcuposih

Radoje Drmanac, PhD Ana Savi¢, Professor Dragutin Savi¢, Professor ~ Radomir Crkvenjakov, Professor ~ Ljubisa Topisirovi¢, Professor



1998. In the early nineties, constructions of the new building has begun and
finally, in 1998 the IMGGE'’s researchers were ready to move in.

Since the establishment of the Institute, from the initial five laboratories, due to
branching of research scope, several laboratories were formed.

Laboratory for Molecular Hematology (LABO01)

Heads: Zvezdana Popovi¢, PhD (1996-99), Jelena Zari¢, PhD (1999-2000),
Sonja Pavlovi¢, PhD (2001-)

o For the first time in Serbia, molecular basis of thalassemia, phenylke-
tonuria, inflammatory bowel diseases and majority of hematological
malignancies were studied.

Pioneer research in pharmacogenomics drew attention to a novel phar-
macogenomic marker.

Knowledge acquired through the fundamental research has been app-
lied in diagnostic and therapeutic protocols in Serbia and region.

Laboratory for Genetic Engineerin of Microorganisms (LAB02)
Head: Miroslav Konstantinovié¢, PhD (1996-2000)

o For the first time in ex SFR Yugoslavia, a human gene (gene for B-inte-
rferon) was expresed in E. coli under the control of strong promoter
constructed in IMGGE.

A sequence of penicillin amidase (pac) gene from Arthrobacter viscosus
was published.

The shortest fragment of E. coli pac promoter gene that is positevely regulated by pheny-
lacetic acid and CRP protein was defined and a global regulator - IHF (integration host
factor) was found to positevely regulate expression of pac gene.

Laboratory for Molecular Biology (LAB03)

Heads: Ana Savi¢, Professor (1986-2002), Dragana Stefanovi¢, PhD (2002-2005), Snezana
Koji¢, PhD (2005-2010), Dragica Radojkovi¢, PhD (2010-)

» Research based on DNA structure led to the first data regarding CFTR mutation type
and frequency in Serbian population. These data were included in European studies
setting a foundation for long lasting collaboration trough CF Network and several in-
ternational projects and databases.
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S 1998. TloyeTkoM eBefleceTUX Ha3Mpase Cy ce KOHType HOBe 3rpajie y Kojy je

VIMITU Tpebano pa ce npecenn. Konauso, cpeguuom 1998. rognHe HOoBa 3rpaja
6ua je cupeMHa 3a yceberbe u VIMIT je cmeruteH y mect myta Behu mpoctop y
OJJHOCY Ha OHaj U3 1986. ropune.

Ogn ocumBama VIMITV, on modeTHMX IeT 1aboparTopuja, a rpaHameM IpobneMaryka 1
HPOLIMPYBabEM CIIeKTpa MOJIeN-CHCTeMa MICTpaXK/Barba, GOPMIPAHO je joI HeKOMMKO TabopaTopuja.

JTabopaTopuja 3a Momexynapuy xemaronorujy (JIAB01)
PykoBogyoun: fp 3Bespana Ilomosuh (1996-1999), np Jemena 3apuh (1999-
2000), np Coma [TaBnosuh (2001- fasme)

o TIpeunyry Cpbuju cy usydaBaHe MO/EKy/lapHe OCHOBe Tamacemuje, GpeHmKe-
TOHYpUje, 3aTla/berbCKIX 60/IeCTH IjpeBa 1 BehHe XeMaTO/OIIKIX MaTMTHATETA.
o IImoHmpcka ncTpaxmpama 13 06/1acTyt papMaKOreHOMIMKE IIPOMOBIICAIA
Cy HOBY (papMaKOT€HOMWYKI MapKep.

o CasHama CTeYeHa y OCHOBHUM JMCTPaXMBamb/Ma Beh ¢y y mpuMeHn y
AMjaTHOCTUYKUM M TepaIujcKuM IpoTokonuma y Cp6uju u mmpe.

JIabopaTopuja 3a reHeTUYKO MHKeePCTBO MUKpoopranusama (JIAB02)
PykoBopuary: ap Mupocnas Koncrautunosuh (1996-2000).

o Ilpsu oyt y COP Jyrocnasuju y E. coli je ekcripyMypaH XyMaHU TeH,
TeH 3a 3-MHTepdepoH, a 3a ekcIpecnjy KopuiheH je ,,omahi’, Tj.
KOHCTPYMCaH jaK IIPOMOTOD.
o IIpBumyTy cBery 06jaB/beHa je CeKBEHIIa 3a ICHNIVIINH aMIfia3y U3 6akTepuje
Arthrobacter viscosus.

o JleduHrcaH je MUHMMAIaH PErMOH IPOMOTOPA TeHa 3a NEeHNIWIMH aMI/a3y, HeOIXOaH
3a O3UTKMBHY KOHTPOJTy pery/aluje Tpanckpunuuje ¢penmn-cuphernom kucenuaom u CRP
npotenHoM (catabolite regulation protein).

o OrkpuseHo je fa rmobanuu perynatop — IHF (integration host factor) xonrponumre akTu-
BaLlMjy pac rexa.

JTabopaTopuja 3a MonexynapHy 6uonorujy (JIAB03)
PykoBopmoun: npod. np Auna Casuh (1986-2002), np parana Credpanosuh (2002-2005), gp
Cuexana Kojnh (2005-2010), ap Oparnia Pagojkosuh (2010-marme)

o VcTpaxusama mpoucrekna us cTpykTypHe ananuse JHK panma cy mpse mopaTke o TUIIO-
BIUMA U 3aCTyIUbeHOCTM MyTanuja y CFTR reHy y Halloj HONyIaLujy KOju Cy yK/by4eH! U
y eBpOIICKe CTyAuje, YMMe je TOCTaB/beHa OCHOBA 33 YTOTOAUIIILY capafmby y oksupy CF



Network u ydecTBOBame y HeKonMko MehyHapongHux mpojexara u 6asa
IofiaTaka.

IIpBa maboparopuja y Cpbuju kxoja je cTaHZapAms3oBama I yBela METOfE
MOJIEKy/TapHe [UjarHOCTIKe HcTndHe Gubpose, xemodunnje n Tpombodunuje.

JIabopaTtopuja 3a XyMaHy Mo/IeKynapHy reHeTuky (/IA504)
PyxoBoguar: ap Munena CreBanosuh (1994-nasme)

JTaGoparopuja 3a MOTIEKY/TapHY T'€HETUKY U eKOTIOTHjy
MMKpoopraHusama (panuju Hasus JlaGoparopuja 3a
MOJIEKYTapHY reHeTHKY akTiHoMunera) (JIAB05)

PykoBopunaly: ap bpanka Bacumesnh (1998-name)

Kinonupann ¢y u mo NIpBM OKapaKTepMCaHM HOBU YIAHOBHU
dammnnje SOX reHa xop yoBexa (xymanu SOX14, SOX18 u SOX20
TeHn).

Ypabena je mpBa kapakTepusaluja IpOMOTOpa ¥ CTPYKTypHa
aHa/IM3a peryaTOPHUX pernoHa ofabpanux xymanux SOX reHa.
Vnentndrkosany cy OpPOjHY OIIITY U TKVBHO CIeL(DIYHY TPaH-
CKpUIIMOHM (PAKTOPM, KaO VM CUTHAIHYU IyTeBU KOjU YYeCTBY]y ¥
TPaHCKPUIILVOHOj pery/Ialuju eKcrpecuje ofadpanux xyManux SOX
TreHa.

IIpsa JlabopaTtopuja y Cpbuju Koja je yBena y1 IIpYMeHIIa METOLY
dbnyopecuentHe in situ xubpunnsanuje (FISH) y gujarnoctinn
HYMEPUYKMX M CTPYKTYPHUX peapaH>KMaHa XpOMO30OMa KOJ
JOBeKa.

IIppa mpumeHa MOJEKylTapHe [MjalHOCTUKE  aJjX€3MIOHE
nepunnmjennyje neykouuta rosega (BLAD) u cTpecHor cunpgpoMa
cBuma y Cpoujn.

Pa3Boj MeTopa 3a offpehuBarbe reHe THYKIIX BapUjaHTH U CETEKI]y
IIO>Ke/bHVIX BapMjaHTI K-Ka3elHa U B-JIaKTOIIOOY/INHA Koje yTUdy
Ha mpepabuBauke ocoOuHe MIeKa KOJ ToBefa.

KronupaH je 1 okapakTepucaH reH (sgr1) OATOBOPAH 3a Pe3UCTEHIVjY Ha aMIHOITIMKO3YIHE
aHTUOMOTYIKe U3 pon3Bohada aHTUO6NMOTIKA Micromonospora zionensis.

I[IperpakyBambe y30paka 3eM/be C LIVJbeM JIa Ce U30JIyjy 6aKTepujCKI COjeBU KOjU IIPOM3BOJie
MMYHOCYIIpECOpe ca CIMYHUM MeXaHU3MOM JenoBama kao FK506 foseno je 1o nsonauuje
HOBOT COja aKTMHOMMIeTa Streptomyces durmitorensis sp. nov. MS405T.

Yernpu HOBe [paM-mos3uTyBHe GakTepuje CiocobHe fia pasrpab)yjy KCeHOOMOTHKe 130/I0BaHe
cy u3 pusocdepa eHeMOPETNKTHYX Ousbaka Ramonda serbica u Ramonda nathaliae.

o Laboratory was a pioneer in the field of human molecular genetics in Serbia,
through standardisation and introduction of genetic testing for cystic fibrosis, he-
mophilia and thrombophilia.

Laboratory for Human Molecular Genetics (LAB04)
Head: Milena Stevanovi¢, PhD (1994- )

Cloning and the first characterization of the novel human SOX
gene family members (human SOX14, SOX18 and SOX20 genes).

First promoter characterization and structural analysis of the
regulatory regions from selected human SOX genes.

Identification of numerous general and tissue specific transcription
factors, as well as, signaling pathways involved in the
transcriptional

regulation of selected human SOX genes expression.

First Laboratory in Serbia that developed and applied fluorescent
in situ hybridization (FISH) for diagnostics of structural and
numerical chromosome aberrations in humans.

First application of molecular diagnostics of BLAD (Bovine
Leukocyte Adhesion Deficiency) and porcine stress syndrome in
Serbia.

Development of methods for genotyping of k-casein and p-lacto
globulin and selection of desirable variants that have an effect on
milk production traits in cattle.

Laboratory for Microbial Molecular Genetics and Ecology
(former Laboratory for Molecular Genetics of
Actinomycetes) (LAB05)

Head: Branka Vasiljevi¢, PhD (1998-)

o Aminoglycoside resistance gene (sgm) from Micromonospora zionensis, a producer of
antibiotics, was cloned and characterized.

Screening of soil samples for strains producing immunosuppressants with a similar
mechanism of action to FK506, resulted in the isolation of the novel actinomycete
strain Streptomyces durmitorensis sp. nov. MS405T.

Four new Gram positive bacteria with the ability of xenobiotic degradation were iso-
lated rhizospheres of endemorelict plants Ramonda serbica and Ramonda nathaliae.
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Laboratory for Molecular Genetics of Industrial Microorganisms

(LABO6)

Heads: Ljubisa Topisirovi¢, professor (1986-2010), Milan Koji¢, PhD (2011-)

A collection of lactic acid bacteria from autochtonous dairy products, as well as
human, intestinal, oral and vaginal lactobacilli was established.

Genetically characterized bacteria from the collection were used for the construction
of starter cultures for production of semi-hard cheeses of Trapist type in dairy in Ser-
bia (“MLEKOPRODUKT?, Zrenjanin) and probiotic beverage of yogurt type (dairy
“AMALTHEA’, Bad).

Development of probiotic preparations for human use (cooperation with pharmaceu-
tical company “Galenika”).

Complete genome of a potential probiotic strain Lactobacillus paracasei subsp. paraca-
sei SJ2-8 from Sjenicki cheese was sequenced.

Laboratory for Molecular Biotechnology (LAB07)
Head: Goran Ljubijanki¢, PhD (1996-2003)

Penicillin G amidase from Providencia rettgeri was cloned and overexpressed in baker’s
yeast Saccharomyces cerevisiae and its glycosylated thermostable form was produced in
methylotrophic yeast Pichia pastoris.

A covalent immobilization of obtained penicillin G acylase was accomplished.
Synthesis and secretion of biologically active recombinant human interferon-p1
(rHulEN-P1) was achieved in Saccharomyces cerevisiae and Pichia pastoris.

Saccharomyces cerevisiae strain FAV20 was constructed and proved to be useful in de-
tection of immunosuppressants produced by soil actinomycetes.

Laboratory for Plant Molecular Biology (LAB08)
Head: Vesna Maksimovié, PhD (2002-)

FeLEGI (AY359286) was the first genomic clone for storage proteins isolated from
buckwheat, as well as the only one among the methionine-rich legumin group. Besides,
FeAP9 (AM422870) and FeAPLI (DQ241824) were also the first buckwheat genomic
clones coding for typical and atypical aspartic proteinases, respectively.

First laboratory in Serbia that developed and standardized the PCR method for the detec-
tion and identification of genetic modification in plant material and food/feed products.
The IMGGE was authorized by Ministry of Agriculture of Republic of Serbia as an official
institution for GMO testing and performing these services for border inspection.

The laboratory is involved in International Quality Control system organized by In-
ternational Seed Testing Association (“ISTA proficiency testing”).

TOMWHA « years

JTabopaTopuja 3a MO/IEKYTapHY F€HeTUKY MHIYCTPUjCKUX
Mukpoopranusama (JIAB06)
Pykoopuony: npo¢. np Jbybumra Tomcuposuh (1986-2010), np Munan Kojuh
(2011-pmasme)

dopmupana je KoIeKIMja U3o/1aTa 6akTepyja MIeuHe KUCeIMHe U3 ay TOXTOHNX MICYHMX
MPONM3BOJA, KA0 U XYMaHNX, MHTECTNHATHIX, OPATTHNX U BarMHATHMX TaKTOOAIM/IA.
TeHeTHYKY OKapaKTepucaHe OakTepyje 13 KOJeKIMje CKopuinheHe cy 3a KOHCTPYKIUjy
cTapTep KyITypa 3a IPOM3BOJbY IOy TBPAOT CMpPa THIIA , TPANUCT (capajiiba ca MIeKapoM
»MJIEKOITPOJJYKT®, 3pemannH) u 3a IpOU3BOAHY NPOOMOTUYKMX HAIMTAKa THUIIA
jorypra (capagma ca miaexapom ,AMALTHEAS, Bau).

Pa3Boj mpo6MOTHYKUX Ipelapara 3a /bYACKy ynorpeby (capapma ca dapmareyTckoMm
nunycrpujom ,TAJIEHVKAS, Beorpap,).

CeKBeHLIMPaH je KOMIIETaH TeHOM IIOTEeHIMjaTHOT IPOoO6MOTIYKOT coja Lactobacillus para-
casei subsp. paracasei S]2-8 M3010BaHOT U3 CjeHIYKOT CHpa.

JIabopatopuja 3a MonekynapHy 6uorexnonorujy (JIAB07)

PyxoBopwan;: ap lopau Jby6ujarnkuh (1996-2003)

Ten 3a mennuunH G aMupasy coja Providencia rettgeri KToHUpaH je U “over” eKCIpUMUpPaH
y eKapcKoM KBacIty Saccharomyces cerevisiae, a TTTUKO3MIOBaHA ¥ TepMOCTabuIHa popma
eH3MMa IIPOM3BefieHa je y MeTIoTpodHoM KBacwy Pichia pastoris.

IMocturHyTa je KOBaJeHTHa MMOOMIN3aLuja fobujeHe meHnIMH G aMmuzgase.

CuHTesa 1 cexperyja GMOMONIKI AKTUBHOT PeKOMOMHOBAHOT XyMaHoOr nHTepdepona Bl
(rHuIFN-P1) je mocturayTa y cojeBuMa KBactia Saccharomyces cerevisiae u Pichia pastoris.

Konctpyucas je coj Saccharomyces cerevisiae FAV20 3a meTekumjy nMyHOCyIpecopa Koje
IIPOM3BOJie 3eM/bUIIHE AKTYHOMMUILIETE.

JTabopaTopuja 3a MoeKynapHy 6uonorujy 6mmpaxa (JIAB08)

PyxoBopwan: np Becua Makcumosuh ( 2002-paspe)

Knonnpan FeLEG1 (AY359286) — npBu 06jaB/beHN TeHOMCKM KJIOH 3a Pe3epBHe IIPOTEVHE
Xejbjie Kao U jelMHM KOjU IpUIIajia IPYIM METHOHMHOM OOraTX pe3epBHMX IPOTEeMHa
JleryMUHCKOT Tina. ITopes oBor reHa, IpBY IIyT 00jaB/beHN Cy ¥ TeHM 3a TUIIMYHY - FeAP9
(AM422870) n atunnuny- FeAPL1 (DQ241824) acnapTuuHy IIPOTENHA3Y XeJbJie.

IIpeu myr y CpObuju pasBujeHa je ¥ CTaHJapAM30BaHA MeTOfa 3a JeTeKUujy u
UAeHTUGNKALN)Y TeHETHYKNX MOAMPMKanmja y 6M/bHOM MaTepyjany u XpaHu 6M/bHOT
nopexna. Ha ocHoBy tora, IMITH je oramthen og MuHucTapcTBa mo/ponpusspene Pe-
ny6mke Cpbuje na o6aB/ba 0Be ycmyre 3a IOTpebe rPaHIIHIX HHCIIEKIja.

Jlaboparopuja je yk/pydeHa y eBporicku crcteM “ISTA proficiency testing”.



Hupexropu IMITHU

1. TIpod. ap Bragumup D, ocHrBay u ipsu supektop IMITH 1986-1988, 1990-1995

2. IIpoo. ap Jby6uma Tonucuposuh, 1988-1989, 2011
3. Ilp 3Be3pana [Tonosuh, 1989-1990, 1996-1999
6. [Tp bpauka Bacuwmpesuh, 1999-2010

ITpod. Bragumup Imninnn
Vladimir Glisin, Professor

Ip 3Bespana [Tomosuh
Zvezdana Popovi¢, PhD

Directors of IMGGE

1. Vladimir Gli$in, Professor, 1986-1988, 1990-1995

2. Ljubisa Topisirovi¢, Professor, 1988-1989, 2011-

3. Zvezdana Popovi¢, PhD, 1989-1990, 1996-1999

4. Branka Vasiljevi¢, PhD, 1999-2010

TrOJMHa » years

u

ITpod. Jby6umura Tommcuposuh
Ljubisa Topisirovi¢, Professor

Ip Bpanka Bacupesuh
Branka Vasiljevi¢, PhD
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Board

Miodrag Stojkovi¢, Professor, President Of The Board
Mirjana Brankovi¢ Magi¢, PhD

Sabera Ruzdiji¢, PhD

Andela Vukota, PhD

Dragica Radojkovi¢, PhD

Milan Koji¢, PhD

Gordana Nik¢evi¢, PhD

Scientific Council

Ljubisa Topisirovi¢, Professor

Vesna Maksimovi¢, Principal Research Fellow
Miroslav Konstantinovi¢, Principal Research Fellow
Branka Vasiljevi¢, Principal Research Fellow
Milan Koji¢, Principal Research Fellow

Milena Stevanovi¢, Principal Research Fellow
Dragica Radojkovi¢, Principal Research Fellow
Sonja Pavlovi¢, Senior Research Associate
Ivana Strahini¢, Senior Research Associate
Natasa Goli¢, Senior Research Associate
Gordana Nikc¢evié, Senior Research Associate
Jelena Begovi¢, Research Associate

Jelena Samardzié, Research Associate

Ivana Mori¢, Research Associate

Jelena Kusi¢, Research Associate

Branka Zuki¢, Research Associate

Marija Mojsin, Research Associate

Natasa Kovacevi¢ Grujici¢, Research Associate

TOMWITA « VEArS

Board _ o
Scientific Council

Laboratories
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Laboratory for Molecular Hematology

Sonja Pavlovié, Senior Research Assistant

Laboratory for Molecular Biology

Dragica Radojkovié, Principal Research Fellow

Laboratory for Human Molecular Genetics

Milena Ste\:a{loyié, Pringigal Resear‘ch‘-F ellow .
Laboratory for Microbial Molecular Genetics and Ecology
Branka Vasiljevi¢, Principal Research Fellow

Laboratory for Molecular Genetics of Industrial Microorganisms
Milan Research Fellow

Laboratory for Plant Molecular Biology
‘Vesna Maksimovi¢, Principal Research Fellow
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YnpaBuu og6op

ITpod. Muoppar Crojkosuh, npencegHnk YopasHor ogdopa
Ip Mupjana bpankosuh Maruh

IIp Cabepa Pyxanjuh

Ip Anbena Bykora

Ip Oparuna Pagojkosuh

Ip Munau Kojuh

Ip Topnana Huxuesuh

Ynanosu Hayunor Beha cy:
ITpod. Jby6nuura Tomvcuposuh, HaydHYU CaBEeTHUK, PefOBHM IIpodecop
Ip Becna MakcumoBuh, Hay4HU CaBeTHUK

Ip Mupocias KoncranTuaoBmh, Hay4HY CaBeTHUK
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Ip Bpanka Bacumpesnh, HayqHU CaBeTHUK
Ip Munau Kojuh, Hayusn caBetHMK

Ip Munena CreBanoByh, Hay4YHU CaBeTHUK
Ip Oparuua PagojkoBuh, HayuHM caBeTHUK

Ip Coma IlaBnoBuh, BuIY HayYHM capaJHUK

IIp ViBana Crpaxuuuh, BULIV HAYIHN CApAfHUK
Ip Haraura Tonuh, Buimm HaygHm capagHuk

Ip Topnana Huxdesuh, Buinn Hay4Hy capafHIK

Ip Jenena berosuh, HayuHu capagHuk

Ip Jenena Camapyuh, HayuHm capagHuK

Ip ViBana Mopuh, Hay4HU capajHIK

Ip Jenena Kyumrh, Hayanu capagamk

Ip Bpanka 3ykuh, HayuHu capagHmk

Ip Mapuja Mojcun, HayqHM capaJHUK

IIp Harama Kosauesuh Ipyjuanh, Hayany capagamk




Scientific and Educational Activities

From its establishment in 1986, IMGGI has qualified as an affiliate center of the
International Centre for Genetic Engineering and Biotechnology (ICGEB). Former Yu-
goslavia was one of the conceptual and actual founders of ICGEB. Under the patronage of
United Nations Industrial Development Organization (UNIDO), the First Ministerial Con-
ference on the establishment of ICGEB was held in December 1982, in Belgrade. In 1983, pro-
fessor Vladimir Gli$in was a member of the international experts team, which aim was to
evaluate and rank the candidate countries - three from Europe, one from Latin America, and
three from Asia. At the final meeting held in Madrid, Spain, the proposal of Italy was accepted
and the most successful candidate, Trieste was chosen to become a headquarter of ICGEB.
Today, ICGEB encompasses 80 full member countries. Professor GliS§in was a member of
Council of Scientific Advisers (CSA) which is an advisory body of ICGEB, for nine years.
Each member state is represented in the Board of Governors with their state representative.
Since it has been founded in 1986, IMGGE is involved in nomination of Governor, represen-
tative of our country, who together with Lesion Officer (usually the Director of Affiliated Cen-
tre, i.e. IMGGE) participates in the activities of the Board of Governors. Beside all the activities
in the Board of Governor, IMGGE, at the national level, endorses proposed projects and ap-
plications for short and long term scholarships for training and research in ICGEB centres.
Up to date, more than 140 researchers from Serbia have received training at ICGEB centres,
16 Collaborative Research Projects have been funded and as a part of ICGEB practical and
theoretical courses, a course titled “Molecular Diagnostics of Human Diseases” has been held
at IMGGE in 2005. Until now it has been allocated more than 2.500.000 US dollars to our
country for all educational and scientific activities.

IMGGE has 25 years long tradition of engagement in teaching at the Faculty of Biology
University of Belgrade. Together with the Faculty of Biology and Institute for Biological Re-
search “Sini$a Stankovi¢”, IMGGE is involved in carrying out doctoral studies, programme
“Molecular Biology” IMGGE has also signed a collaboration agreement for doctoral studies
with the Faculty of Pharmacy, University of Belgrade. Moreover, associates of the Department
of Biochemistry and Molecular Biology at the Faculty of Biology, University of Belgrade per-

form their research and are involved in scientific projects of IMGGE.

Alongside with the Faculty of Biology, IMGGE has developed collaboration with the School
of Medicine, the Faculty of Technology and Metallurgy, the Faculty of Agriculture, the Faculty
of Pharmacy and the Faculty of Dental Medicine within University of Belgrade, the Faculty of
Medicine and the Faculty of Technology in Leskovac within University of Nis, where several
MSc and PhD theses, that have been completed at IMGGE, were defended. Also, IMGGE as-
sociates were involved in postgraduate studies organized by the Military Medical Academy,
Belgrade and Medical Centre “Bezanijska kosa’, Belgrade.

The best testimony of IMGGE'’s success and collaboration with numerous academic and re-
search institutions is a significant number of completed diploma thesis (near 168), master de-
grees (88) and PhD thesis (56).

TOAWTTA « VEArS

Hay4yno-HacTaBHa aKTMBHOCT

VIMITU ce op camor ocHuBama MebyHapomHor meHTpa 3a TeHTMYKO MH-
KemwepcTBo U 6morexnonorujy (International Center for Genetic Engineering and
Biotechnology - ICGEB) 1986. rogune kBamnpuKoBao Kao meH IIpuapyxeHy LeHTap.
Omnpamma Jyrocnasiuja je Ouna jegal of npejHux u ¢pusnykux ocHusaya ICGEB. Taxo je npsa
MMHHCTapcKa KoHpepennyja o ocauBawy ICGEB nop matponarom United Nations Industrial De-
velopment Organization (UNIDO) oppxana y beorpany, neuem6bpa 1982. rogune. IIpodecop
Brnapgymup Dniys je 1983. rogyHe 6110 WwiaH MehyHapoZHOT eKCIePTCKOT TVMe 33 BPEeHOBAIbE I
paHTupame KaHANUAATa [pXaBa, a 6110 ux je Tpu us EBpore, jenna us Jyxae AMepuke, Tpu us
Aspje. Ha kpajy, 3a cefuiire Ha 3aBpIIHOM MMHMCTApKOM CacTaHKy Ofp>KaHOM y Manpuny,
[lInanuja, npuxsaheH je npemnor Vtanuje, Te je Kao HajycIeIHNju KaHAUAaT, Tpct n3abpaH 3a
weHo ceguuuTe. [lanac ICGEB nma 80 nynonpaBHux ApskaBa wiannua. ¥ cactaBy ICGEB kao case-
TofaBHo Tenno ¢ynkuuonunte 1 Council of Scientific Advisers (CSA) 4nju je wian feBet roguHa 61o
n npod. Immmna. CBaka gp>kaBa wianuia je y CaBeTy ryBepHepa 3acTYIUbeHa Ca CBOjJM JPXKaBHIM
npepacraBaukoM. VIMITU op 1986. roguHe, Jakie Of caMOT HEHOI OCHUBamba Ipefjiaxe
UMeHOBame I'yBepHepa, Koji 3ajeflHo ca odUIMpoM 3a Besy (1o mpasuy, aupexkrop VIMITI)
yuectByje y pany Hajpumier oprana ICGEB - Casety rysepuepa. ITopep tora, VIMITH opranusyje
Ha HuBOy Cpbuje celeK1njy mpefIoXKeHNx IpojeKara 11 IpyujaBa 3a KpaTKOPOYHe I IyTOPOYHe
crynujcke 6opaske y ICGEB nentpuMa. [lo capia je Buiue o 140 ncrpaxmaya u3 Cpbuje 6110 Ha
TaKBJM yCaBpllaBambiMa, GMHAHCUPAHO je 16 K0IabopaTUBHUX IIpojeKaTa M Y OKBUPY IporpamMa
npakTuyHux u teopujckux kKypcesa ICGEB, y MMITHU je 2005. roguHe orpaHn30BaH U Kypc
»MoJleKyIapHa IMjarHOCTUKA XyMaHNUX 60ecTu. 3a CBe OBe aKTUBHOCTM, HAIIIOj HAYYHO-UCTP-
@KMBauKoj 3ajenHuiin je go caga ICGEB opo6puo Bure ox 2.500.000 YCII.

Capapunuy VIMITU Beh rogunama yuectByjy y nusBohemwy Hacrase Ha brononikom dakynrery
Yuusepsurera y beorpapny, ca xojum je IMITU nornucao yrosop o capagmu. ¥ capajmu ca bro-
nomkuM paxkyaTeToM u VIHCTUTYTOM 3a 61orIoIIKa McTpaKuBamwa ,Cunnia Crankosuh’, IMITU
peanusyje JOKTOPCKe CTyUje Y OKBUPY CTY[VjCKOT IIporpama ,MosnekynapHa 6uonoruja”. YroBop
0 capafmi Ha JOKTOpcKuM cryanjama VIMITM je mornucao u ca @apmareyTckuM ¢GakyareTom
YruBepsnrera y beorpagy. C npyre crpane, capagauiu Katenpe 3a 6uoxemujy 1 MoeKynapHy
6uonorujy bronomkor daxynrera YanBepauteTa y beorpapy peanmusyjy cBoja McTpaKuBamba Kpo3
npojexre y VIMITIL.

[Mopex Buonouixor ¢axynrera, VIMITH je mo caja ¥Mao Hay4HO-MCTPAXMBAUKY Capamiby ca
Mepunyncknym, Texnonomko-MeTanypukum, [lomonpuspenanym, GapmaneyTckum 1 CTOMaTONO-
mwKyM dakynTeToM YHuBepsutera y beorpagy, MenuumHckum dakynteToM YHuBepsutera y Humry
u TexHonomkum daxynreroM y JleckoBiy Yausepsurera y Hury, Ha Kojuma je 6110 ogbpameHo
HEKOJIVKO MATyCTapCKIUX U JOKTOPCKIIX Te3a YIjii CY eKCIiepuMeHTamrHu fenosy ypahenn y VIMITIL
ITopep Tora, capaguuny VIMITV 6unu cy yK/by4eHN 1 ¥ MOCTEAUITIOMCKY HACTaBY KOjy CY opra-
Hu3oBanyu BojHomenniHcka akagemuja y beorpagy u Kmnuudako-60mHmaKn 1jeHTap ,,beskanujcka
koca“, beorpaj.



O ycnemnoctn capagwe VIMITU ca akafeMCKMM ¥ UCTPaXKMBAYKUM
MHCTUTYLIMjaMa CBefouy U 6poj fo cama ypabeHux pummomckux papgosa (168),
Marucrapckux resa (88) u gokropckux guceprarnja (56).

VIMITU je 2003. ropiae ocHoBao Qonpanyjy ,lopan Jbybujanknh”, mocne Tparnyne
cMpru gp lopana Jbybujankmha, umju je Iub ja IOMOTHe MIaiUM U IHePCIEeKTYBHUM
Hay4YHMIVIMA M3 Hallle 3eM/be KOji ce 6aBe UCTpaKMBambyMa y 00/IacT! MOJIEKy/IapHe
6uonornje. OcHuBame PoHpanuje, nmopexn pogure/ba Ap Jbybujankuha u VIMITH,
nomornie cy u komere u3 ICGEB. ®onpanuja cBake ropuHe fofe/byje Harpaje
HajyCIeIIHMjUM MIaJi¥M MCTpaKMBadyMa 3a IOCTUTHYTe pe3yiTaTe M3 001acTH
MoseKynapHe 6monoruje.

MorekynapHa 61o/0ruja je, nopes nHGOPMALMOHNX TEXHOIOTMja, HajaTpaKTUBHIjA
HayKa Hauer jo6a. CTora je HeOIIXOHO HaJJaXHYTI M/Iafie JbyJie [ia Ce OIpefiene ja CBOjy
€Heprujy ycMepe Ha ICTpaKuBamwa y Hayim oynyhuocti. 360r ceHsanmoHaaHux orkpuha
Koja ce y 0BOj Hay1u gorabhajy ckopo cBaKofjHeBHO, OIIIITA HOITy/Ialja, I1a 4aK ¥ CTPy4IHa
jABHOCT YeCTO He MOy Ja CXBaTe 3Hadaj Tmx oTkpuha, Hutn ma nsberxHy ocehama
3a0PMHYTOCTM U CTPaxa IPOy3pOKOBAHA HEIIO3HABAIbEM OCHOBA OBe HayKe. 360r Tora je
y IMITU dopMupaH TiM 3a NOIyIapyu3aLujy HayKe, KOju KOHTMHYMPAHO paju Ha
IIPOMOILINj MOJIeKyNapHe 61onoruje y Cpouju.

VMIMITMU je ycnemno peanusoBao Ipojekar ,,Mana mkosa
IOHKnoruje“ y 2009. n 2010. roguuu, koju je puHaHCKHPATIO
MuUHMCTApCTBO 3a HAyKy M TeXHOJOLIKM pasBoj Pemyb6imke
Cpb6uje. IIporpam ,Mana mkomna JHKmoruje“ peannsosaHt je
Kpo3 fBa Bupa akTuBHOCTM: Pammonmma wu Ilyryjyha
nmaboparopuja. AKTMBHOCTMMA je 61710 00yxBaheHO HEKOMIKO
X1M/bajla OCHOBAlA, CPEbOLIKOMALA U Jlelle Y MPeNIIKOICKIM
yCTaHOBaMa M yCTaHOBaMa 3a He3b6puHyTy geny. Takobe cy
cafip)Kaju mporpama OumM FOCTYIHY OIIITOj HOIYTAluju y
Mysejuma, Ha ymmun (3majeBe pedje urpe, Hosu Cap) u y
®paHllyckoM KyATYpHOM LIeHTpY, Ife je ,Mama Iukona
IHKnoruje“ jeguua obenexxuna eBporcky ,,Hoh ncrpaxnsaga“
y Beorpagy. [Tporpam ,,Mana mkona JTHKnoruje“ je y mporexiom
IIPOjeKTHOM IIeprofy, mopef y beorpany, 61o peannsosan u y
Vubuju, Hosom Cany, 3pewannny, Mnagenosuy u lleposiy.
VIMITU je sanakeHn ydecHuk ®ectunama Hayke 2008, 2009. u
2010. ropmue. Y capanmbu ca lleHTpom 3a momyrapusanyjy HayKe
n ymernoctu VIMITU he opranusosaru ,,Hoh ncrpaxnsaga“y
centeMbpy 2011. y Beorpagy y okBupy mpojekra ,IposHnumna
Hohu mcrpaxkuBava“ koju ¢uHancupa EBporcka xomucuja y
cKJIoIy okBUpHOT nporpama 7 (OI17).

IIp Topan Jby6ujankuh
Goran Ljubijanki¢, PhD
(1961-2002)

IMGGE has established “Goran Ljubijanki¢” Foundation in 2003, after the tragic

death of Goran Ljubijanki¢, PhD, which gives support to young and promising sci-

entists who are engaged in research in the field of molecular biology in our country.

Colleagues from ICGEB supported the establishment of the Foundation, in addition to

Goran's parents and IMGGE. Foundation “Goran Ljubijanki¢” each year rewards the most
successful young researchers for their achievements in the field of molecular biology.

Molecular biology, besides information and communication technologies, is the
most attractive science of our time. Therefore, it is necessary to motivate young people
to direct their energy towards research within this exciting field of science. Sensational
discoveries happen almost every day in this field of science. However, general public, and
even experts often have difficulties in understanding of real meaning of these findings,
barely avoiding worry and fear. That is why a team of experienced researchers respon-
sible for popularization of science has been assembled at IMGGE and their mission is
to continuously promote molecular biology in Serbia.

IMGGE has effectively realized project “Short Course of DNAlogy” in 2009 and
2010, which was supported by Ministry of Science and Technological Development of

the Republic of Serbia. This project has been realized through two types of activities: Travel-

ling Lab and Workshops. The program reached sev-
eral thousands of children in both elementary and
high schools, as well as children in kindergartens and
orphanages. Moreover, the program was available to
general public in museums, streets (Zmaj’s Children
Games, Novi Sad) and in the Cultural centre of
France, where the “Short course of DNAology” was
the sole happening that marked “Researcher’s Night”
in Belgrade. Beside Belgrade, in the last project pe-
riod, the “Short course of DNAology” program was
realized in Indjija, Novi Sad, Zrenjanin, Mladenovac,
Cerovac, etc. IMGGE was a successful participant of
the Science Festival in Belgrade from 2008 to 2010.

In September 2011, IMGGE in collaboration with
the Centre of Sciences and Art Promotion, will or-
ganize “Researchers’ Night” in Belgrade. The project
“Researcher’s Night Fever” is supported by European
Commission as a part of FP7 program.
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JTaboparopuja 2a MONTeKyZIapHY XeMaTOTOTH]y

Laboratory for Molecular Hematolo gy




Laboratory for Molecular Hematology JTabopaTopuja 3a MONIEKY/TapHY XeMaTONOTHjy
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Abstract

Initial research performed in Laboratory for Molecular Hematology
(LMH) was devoted to studying transcription regulation of eukaryotic
genes in Belgrade anemic rat. Keeping up the pace with the world science,
research was performed in the field of gene therapy. In the 21st century,
LMH turns to the most current field of research — biomedicine. For the
first time in Serbia, molecular basis of thalassemia and hematological ma-
lignancies (childhood and adult acute and chronic leukemias) was studied.
Research interest of LMH for human molecular pathology was broadened
with the studies of phenylketonuria and inflammatory bowel diseases.
LMH also started the first research in the field of pharmacogenomics in
Serbia. Alongside with the research work, LMH is recognizable in Serbia

Ancrpakr
TOMWHA « years

DoKxyc HCTPaXXMBAYKOT MHTepecoBama Jlaboparopuje 3a MOTIEKy/IapHy XeMaTo-
norujy (JIMX) npBo6utHO je 6110 6eorpascky aHeMnyHy nanos. Taga ce y JIMX n3y-
4aBa perynanyja TPaHCKPUIILIje eyKapMOTCKUX I'eHa HajcaBpEMEHMjUM MeTofama. Y MICTO
BpeMe, fpxxehn kopak ca cBeTckoM HaykoM, y JIMX pabena cy nctaxnBama y 0671acTy reHCKe
reparnje. Y 21. Beky JIMX ce okpehe HajakTyenHmjoj o6macTu ucTpaxknBama — 6MOMESUIMHN.
IIpsu iyt cy y Cpbuju n3ydaBaHe MO/EKy/IapHe OCHOBE TajlaceMIje I XeMaTOMOMIKIX MaTUTHATETa
(meunje u amynTHE aKyTHE M XPOHIYHE TIeyKeMuije). BpemeroM cy ce aktusrocTy JIMX y obnactu
XyMaHe MO/IeKy/IapHe [IaTOJIOTHje IIPOLINPIBae OTBAPAHheM HOBUX MCTPAKMBAYKIX MPpobreMar-
MKa, Kao 1ITO Cy (eHUIKeTOHYpHja 1 3amasberbcke 6omectn mpesa. Y JIMX cy mokpeHyra mpBa
UCTpaXuBamwa u3 obmactu papmakoreHomuke y Cpbuju. YIopeno ca HayYHOUCTPAXKMBAIKIM
panom, JIMX je npenosnarsyBa y Cpbuju u mupe 1mo pasHOBPCHOM AMjalla30Hy HajMOREPHIUX
and beyond for diverse range of modern molecular genetic diagnostic met- MOJIEKy/TapHOTeHE TUYKIX [{UjaTHOCTUYKIX METOJia KOje Cy IIPBU ITyT yBefieHe Y 0BOj TabopaTopuju
hods introduced for the first time in LMH. Also, LMH is exceptionally ac- U CTaB/beHe Y CIyX0y MennumHcKor cektopa. JIMX je 13y3eTHO aKTMBHA 1 Y HONMYIapUSALMU 1
tive in the field of popularization and promotion of science. IIPOMOIIMjY HayKe.

Research focus Doxkyc ucTpaxnupama

Initial research performed in Laboratory for Molecu-
lar Hematology (LMH) was devoted to studying molecu-
lar basis of anemias. Using a model system for hereditary
microcytic, hypochromic anemia (b/b rat), research was
focused on regulation of globin genes expression, as well
as erythropoietic cell membrane protein coding genes.
The aim of this study was to correlate obtained results
with human anemias. Studies of proteins involved in
pathological phenotype were broadened to chronic gran-
ulomatous disease.

Simultaneously, for the first time in our country, re-
search in the field of gene therapy was started. Defective
retroviral vectors were constructed and their efficacy in
mammalian cells in culture was tested. Mechanisms of
regulation of human recombinant B-interferon gene ex-
pression were studied, and for the first time, constitutive
expression of this gene from retroviral vector was ob-
tained.

IIpBa ncrpaxusama y Jlaboparopuju 3a MOJIEKy/IapHy
xematonoryjy (JIMX) ogHoCHIIa Cy ce Ha M3ydaBame MOJle-
Ky/lapHe OCHOBe HacliefHMX aHeMuja. Ha Mozen-cucremMy Ha-
CJleflHe MMKPOLUTHe, XUIIOXpOMHe aHeMuje (6/6 mauos)
UCIUTHMBAHA je pery/anyja eKCIpecuje IMOOMHCKIX TeHa 1
TeHa KOjii KOLMpPajy IpOoTerHe MeMOpaHe epUTPOIOeTCKIX
hermmja, ¢ mywbem nopehemwa ca XyMaHNM XeMOTUTUYKIM aH-
emmjama. VicrpaxmBama IIpOTeNHA KOji y4ecTByjy y dop-
MIpalby IIATOIOLIKOT (PeHOTUIIA KO aHeMyja IPOLIMpPeHa Cy
¥ Ha XpOHIYHY IPaHy/IOMaTO3HY 00JIeCT.

VicToBpeMeHO Cy, IpBM YT Y HAIIOj 3eM/bH, IIOYeNa 1
UCTpaXMBaba U3 06/1acTy reHcKe Tepamnyje. KoHcTpyncanu
cy nedeKTHM peTPOBUPYCHU BEKTOPU M TeCTMpaHa je ed-
MKACHOCT peTpoBupycHe nHpeknuje cucapckux hemuja y
KyITypu. JVlcnmTuBaHM Cy MeXaHM3MHU peryjanuje
eKCIIpecHje XyMaHOT peKOMOMHOBAHOT B-uHTepdepoHa u
IpBM HYT je foOMjeHa KOHCTUTYTUBHA eKCIIpecuja OBOT
TeHa Ca PeTPOBUPYCHOT BEKTOpa.

IToueTkoM fieBefleceTUX TOIMHA MCTPAXKNBakbha y OBOj

In the beginning of the 1990s research in LMH was dedicated to study-
ing of hematopoietic stem cells, and work on gene therapy was continued.
Human, mouse and rat permanent hematopoietic cell lines were success-

nmabopatopuju 6mna cy mocsehena nsyvaBamy MaTuuHe henje xemaTomnoese 1 HACTaB/beH je paf Ha
Te€HCKOj Tepamnujyi peTpOBUPYCHUM BeKTopyMa. [lepeKTHUM peTpOBMpPYyCHMA YCIEIIHO CYy TPaH-
CHOyKOBaHe ITepMaHeHTHe /IMHIIje XeMaTONoeTCKyX hemnja 4oBeKa, MiIIa 11 T1AII0Ba, YVMe je IIOoKa-
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3aHO Ja ce IPOM3BefeHN BUPYCU MOTY KOPUCTUTHU 33 TPAHCAYKLMjY MaTUIHNX fully transduced with defective retroviruses, which showed that they can be used
henmja xemartonoese. for transduction of hematopoietic stem cells.

Y TOKy 1 HemocpemHo Hocte 1999. romyHe, CBU MCTpaXKuBaduy 1aboparopuje 3a
MoreKynapHy xemaronorujy, cem Combe [TaBosuh, ofrase y mHOCTpaHCTBO U/ Y fipyTe Pavlovi¢, has left abroad or joined other Laboratories of IMGGE. That moment also sig-
ucrpaxusadke 1aboparopuje y oksyupy VIMITIL. Taj MoMeHaT 03HauaBa 1 Ipejia3 HayYHUX nifies a transition of research activities of LMH from studies of b/b rat globin genes to bio-
akTuBHOCTH JIMX OFf MCTpakuBarba INOOMHCKIX TeHa Ha MOpieN-cucTeMy 6/6 marosa ka 61omer- medicine — molecular genetics of thalassemia syndromes. Dr Sonja Pavlovi¢, with support of
VILIVHY — MOJIEKY/IaPHOj TeHETUIN TanaceMUjckux cuuppoma. Tako je, y3 moppuiky VIMITV, np IMGGE, started a pioneer work on forming a new LMH, which in time started and developed

During and just after the year 1999, all research staff of LMH, except for Sonja

I9ONI -*

Cormva TTasnosuh samoyena mmonnpcki paj Ha Gpopmupaty Hose Jlaboparopuje 3a MoreKynapHy more research directions in the field of biomedicine. First studies on hematological malignan-
XeMaToJIoTHjy, y K0joj je BpeMEHOM OTBOPEHO I Pa3BMjeHO BUIIE NCTPAKMBAYKNX MpaBala n3 cies were started, and these studies were based on use of molecular genetic markers in diag-
o6macti 6nomepuiHe. IlokperyTa cy mpBa NCTPaXNMBaba M3 00MACTU XeMATONOMIKMIX MaJl- nostics, prognosis and monitoring of all types of leukemias (acute and chronic, childhood and
UTHUTETA TPUMEHOM MOJIEKYTApHOTEHETUUKIX MapKepa Y IMjarHOCTUL, IPOTHO3M i npaherby adult). In the period from 2006 to 2010, research interest LMH for human molecular pathol-
CBUX TUIIOBA ieyKeMuja (aKyTHUX U XPOHIIHIX, eUNjuX U afynTHux). ¥ mepuony ox 2006. 1o ogy was broadened, opening a number of new research goals, such as studies of molecular basis
2010. ropuHe, uCTpaKMBAYKO MHTepecoBarbe JIMX 3a XymMaHy MOTIEKy/IapHY IIATONIOTH]Y Ce POy G- of phenylketonuria and inflammatory bowel diseases (Crohn’s disease, ulcerative colitis). In ad-

JBMBAJIO, TAKO [ia je OTBOPEH HM3 HOBUX MCTPaXXMBAauyKMX IpobreMaruka, Meby kojuma cy u
VCIUTHBAaba MOJIEKy/IapHe OCHOBe (DeHMIKeTOHYpHje 1 3alla/bebCKIX OOIeCTH IipeBa KOJ Y0BeKa
(Kponosa 6orecr, yaeposunu Konmuturc). Ilopes 0OCHOBHUX MOJIEKY/IapHOT€HETMYKUX MUCTpa-
XKJBarba KOja Cy BOLWIa 60/beM pasyMeBarby eTHOJIOTYje ¥ Kopealuje FeHOTHUIA M peHOTHUIIA KO
HaBefeHMX 0omecTy, HayYHOUCTpakmBayky paf JIMX 6uo je ycMepeH 1 Ha Io-
Hy}IaHI/IOHY TE€HETUIKY, Tj. NICTpaXXNBambe HOHY}IaLH/IOHOI‘eHeTI/I‘IKI/IX Mapkepa KOjI/I
OTKpPMBAajy HallMOHAJIHEe J PETMOHA/IHE CIIeU(DUYHOCTY Be3aHe 33 MOHOI€HCKe
6omectu.

dition to basic molecular genetic research, which led to better understanding of etiology and
genotype-phenotype correlation of these diseases, research work of LMH was also aimed at
population genetics. This work included studies of population genetic markers that revealed
national and regional specificities related to monogenic diseases.

It is important to note that in this period LMH started first research in the
field of pharmacogenetics/pharmacogenomics in Serbia. The obtained results
have brought to changes in protocols of treatment of childhood acute lym-
phoblastic leukemia, regarding thiopurine S-methyltransferase genotype. In
addition, LMH has introduced a genetic variant of VNTR (variable number
of tandem repeats) in the promoter of TPMT gene as a new pharmacogenetic
marker.

BaxxHo je mcrahm ma cy y osom mepmopy y JIMX mokpeHyTa u IpBa
uCTpaXnBama u3 obmacTu QapmaxoreHernke/papmakoreHoMuke y Cpouji.
Ilo6ujeHn pesynTaTyt [OBENHU CY O M3MeHA y IIPOTOKOIY JIeUerha JeUMjuX aKy-
THUX M OO6IACTHIX TeyKeMIja, KOji OAr0Bapajy reHoTuIry tnonyput-C- met-
mnrpancdepase (TPMT). Taxobe, JIMX je mpoMoBIcana TeHeTUYKY BapUjaHTy
VNTR (Bapmjabumay 6poj TaHAEMCKIX IOHOBAKa) y mpoMoTtopy rea TPMT xao

At the end of this period, LMH engaged 12 molecular biologists, 3 of which
PhDs, exceptionally successful researchers, who grew out right in this Labo-

HOBY (apMaKOTeHeTIIKI MapKep.

Ha xpajy oBor nepuoza, y JIMX je non pykosozcteoM fip Come ITanosuh
61710 aHrKOBaHO 12 MO/IeKy/IapHMX 610JI0Ta, Off TOTa TPM JOKTOPA HayKa, 13y3e-

ratory.

Alongside with the research work, LMH is recognizable in Serbia and be-
yond for diverse range of modern diagnostic methods, introduced for the first

time in LMH and consequently set up in the medical sector. LMH has a pro-

ductive collaboration with the medical sector of Serbia and follows the newest

molecular genetic approaches, which are necessary for exact diagnosis, choice
of therapy, reliable prognosis and successful monitoring of disease progression. It is important
to note that, from the beginning of the work in biomedicine field, no patient was sent abroad
for diagnosis of thalassemia and phenylketonuria, which was common practice before.

THO YCIELTHUX MCTPAXXKMBaYa KOjI Cy CTacaj yIpPaBo y 0Boj 1abopaTopuju. &

Ynopego ca HaydHOMCTpakuBadkuMm pajoMm, JIMX je mpemosnarbusa y
Cp6uju u mype Mo pa3HOBPCHOM AUjalla30Hy HajMOIEPHUjUX AMjarHOCTIIKIX
MeTofa Koje Cy IIPBMU ITYT YBefieHe Y 0BOj 1ab0paTOpyjiu U CTaB/beHe Y CIY>KOY MeIMIIMHCKOT CeK-
topa. JIMX nMa 13y3eTHO IUIOfHY Capajiiby ca MeAMIMHCKIM cekTopoM Cpbuje 1 y Kopak IpaTu
HajHOBHUje MO/IeKyTapHOIeHeTYKe IPHCTYIIe, HEONXOHE 3a TauHy AUjarHo3y, n3bop Tepamuje,
[I0y3JaHy MPOTHO3y 1 ycielnHo Ipaheme Toka HaBemeHux 6omectu. BaxkHo je mctahm fa, of Especially important activity of LMH in the field of popularization and promotion of sci-
noverka paga JIMX y obmactu 6uoMenuiHe, HjefaH MalyjeHT Huje yyheH y MHOCTPaHCTBO ence reflects in realization of project ,,Short Course of DNAlogy*, financed by Ministry of Sci-
360T A1jarHOCTUKOBAba TalaceMuja 1 peHNNIKeTOHYPHja, IITO je paHuje 61171a yobydajeHa mpaKca. ence and Technological Development of Republic of Serbia. This project aims to popularize

IToce6Ho je sHaYajHa aKTUBHOCT JIMX y moIty/rapusalyjy 1 IIpOMOLIVjH HayKe, ILITO Ce OI/Iefa Y peasn-



molecular biology through ,hands-on* experiments. ,Traveling laboratory” has

reached several thousands of children in primary and high schools, as well as in
kindergartens, museums, culture centers. Under the guidance of dr Sonja Pavlovic,
members of LMH and other IMGGE Laboratories actively participate in all manifesta-
tions that popularize science, such as Science Festival and Researchers’ Night, for which
European FP7 project was recently granted.

Specificities of some research interests of LMH:
Molecular genetics of thalassemia syndromes

The thalassemia syndromes are hereditary disorders caused by absence or decreased syn-
thesis of one or more hemoglobin polypeptide chains, which leads to anemia. The thalassemias
are caused by large number of different genetic defects. Molecular diagnostics of thalassemia
is the most reliable method for early detection of the disease.

In collaboration with hematologists, LMH has performed the first prenatal diagnostics of
thalassemia in Serbia. A wide range of diagnostic methods has been introduced, including he-
moglobin analyses, DNA analyses of
the globin genes (PCR, reverse dot
blot, DGGE, DNA sequencing). Mo-
reover, a ,,RDB chip* was designed for
the purpose of quick and economical “
detection of the most common tha-
lassemia mutations in Serbia. Muta-
tion analyses of globin genes in
high-risk families has provided the
data about the types and frequencies
of thalassemia mutations in Serbia
and Montenegro. These mutational

TOAWTTA « VEArS
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A . AT T ET T4t €4 TAaTGEC A CE C4GEAGACETNEGETT CCCCTECA GCECGS GETE TaTIaceMI/IjCKI/IX CHAPpOMA KOje 06yXBaTajy aHause

3anuju mpojexra ,Maia mkona JHKoruje“ xoju je ¢punancupano MunucrapcTso

HayKe ¥ TeXHOJIOIIKOT pa3poja Perry6muxe Cp6uje v umju je b Ja MOIyIapyIIe MOJI-

eKy/TapHy OMOTIOTHjy KPO3 ,ypafiu caM eKcrepuMenTe. ,,ITyTyjyha maboparopuja“ cturia

je 7io BUIIle XV/ba/Ta YUeHMKA OCHOBHIX ¥ CpefIbyX Koma mmpom Cp6uje, o BpTrha, Myseja,

KynTypHux Lenrapa. [Tox pykoBopcrBoM fip Come ITaBnosuh, wianosu JIMX u apyrux mabopa-

topuja 13 VIMITV akTuBHO ydecTByjy y cBuM MaHu(ecTanyjamMa Koje IOIyIapyIly HayKy Kao IITO Cy
Decrysan Hayke 1 Hoh ncrpaxusadya, 3a Kojy je HeflaBHO ofio6peH u esporicku OIT7 mpojexar.

CrennuyHOCTY NOjeAMHNX HAYYHOMCTPAKMBAYKUX 00/1acTH
MoneKynapHa T€HETUKA TaIIaCCMI/IjCKI/lX CHUHApOMA

Tamacemmjcxn cuumpomi cy HacnenHy nopemehaju koju ¢y mocIenyia ocycTBa WM CMarbeHe
CHHTe3e je[IHOT M/IV BUIIE ITOMMIIeNTHIHNUX JIaHAIla XeMOTIOOMHa, IITO Y3POKYje T0jaBy aHemuje. Tamac-
eMje Cy TOCTIeVIIIA BEJIMKOT Opoja pasIM4INTIX TeHeTHIKIX fedekara. MojeKkyrapHa IyjarHOCTUKA
Ta/llaceMuja HajIoy3JaHIj! je METOJ 32 paHO OTKPUBatbe HOIeCT 1TO, 360T MpaBOBPeMeHe IPUMeHe
TepaIuje, ONpaB/ba KIMHIYKY C/IMKY U TOK O0/IeCTH.

JIMX je y capajmbl ca XeMaTolI03MMa ypajuaa 1 IpBe
IpeHaranHe aujarHose ose Gomectn y Cpbuju. C tum
LW/bEM, YBEJIEH je Y/MTaB HI3 METOJA 3a JMjalHOCTHKOBAIbEe

xemornobuna n anammse JJHK rmo6uuckux rena (ITLIP,
pesepsuu por 6mot, JITE, THK cexkBeHumpame), a ansaj-
n HUpaH je u ,PIIb unn® 3a 6p30 1 peHTaOMIHO OTKpUBaIbe
TaJlaCeMUjCKMX MyTanuja Koje cy Hajuemhe y Cp6uju. Ha
OCHOBY aHa/IM3a MyTalyja y [TIOOMHCKMM IeHIMa KO I10-
pomyIIa ca BUCOKUM PU3MKOM Off Ta/maceMuje KooujeHn cy
MOJALM O TUILY M yYECTA/IOCTU Ta/laCeMMjCKUX MyTaluja y
Cp6uju un LipHoj Topn n upeHTndUKOBaHE CYy HOBE MyTa-
nuje. OBe MyTalOHe U MOMy/IallIOHOTEHeTUYKe CTYAuje

and population-genetic studies were
the first of the kind in this region.

Genes modifiers of thalassemia syndroms are also being studied in LMH. The research is
focused on mutations in ¢y and 4y promoter regions, as potential modulators of B-thalassemic
phenotype. Furthermore, tertiary gene modifiers are being studied in thalassemia patients
with associated thromboembolic disorders.

Molecular genetic markers of proliferation, differentiation and apoptosis in leukemias

The understanding of the pathophysiology of acute lymphoid (ALL), acute myeloid leuke-
mia (AML) and chronic myeloid leukemia (CML) has rapidly advanced due to the molecular

= y  Owmre cy mpBe Te BPCTe HA OBUM IIPOCTOPYIMA.

Y JIMX ce usy4aBajy U reHU-MOSM(UKATOPY Tajac-
eMMjCKIX CHHApOMa. AHA/IM3MPA]jy Ce MyTalyje y IpoMoTopuMa“y n#y deTanHnx roOMHCKIX reHa,
Kao IOTeHIIMjaIHY MOJY/IATOPY [B-Ta/laceMIjcKor (heHOTHIIA, Kao M TepLyjapHI FeH) MOfu(UKaTopu
y MHTEPeCaHTHNUM CIIy4ajeBMMa YAPY>KEHOCTH TalaceMuje 1 TPoMO0eMOOMIMjCKIX KOMILTMKALIMja.

MornekyrapHoreHeTHYKY MapKepu nponudepanuje, sudepenumjamje n

amnonTos3e Koj 1eyKeMuja

PasymeBame narodusuonoruje akytae mimbounse (AJUI), akytHe mujenoupue (AMJI) n
XpOHUYHe MujenonpHe jneykemuje (XMJI) 3HauajHO je HampemoBajo 3axBakyjyhu Moie-
Ky/JTapHOTeHeTM4KuM crypujama. Y JIMX je, npu nyt y Cpbuju, onTMMuUsMpaHa MeTOLOJIOTHja



KOjOM Ce TeHeTHYKe IIPOMeHe, I0Be3aHe ca IIaTOreHe30M HaBe[eHUX eyKeMIija, genetic studies focused on the molecular mechanism of leukemogenesis. For the

OTKPMBajy Ha MOJIEKY/IaDHOM HMBOY 1 KOPUCTe 3a IIOCTaB/balbe AMjarHo3e, feT- first time in Serbia, the methodology used to detect genetic changes associated with
eKIIMjy MUHUMaJIHe pe3upyante 6omecty 1 nporaody. Merogom PT-IILIP gerektyjy pathogenesis of these leukemias, has been optimized in LMH. The most common
ce Hajyemhe Tpancrnokaruje y AJIJI, AMJI u XMJI kao n peaparmkmanu rena sa IgH un translocations in ALL, AML and CML, as well as IgH and TCR rearrangments speci-
T-henmjckn penenrop Koju cy cieluduuHM 32 Ma/IMTHYU KI/IOH, LITO je 3HAYajHO 32 OCTaB- fic for the malignant clone are being detected using RT-PCR methodology. These analyses
Jbatbe Npely3He JUjarHose 1 paherbe XeMaToNOIKNX Ma/TUTHUTETA. are of great importance for proper diagnostics, detection of minimal residual disease and fol-
Iopen HaBepeHor, y JIMX je onTuMusnpas HU3 METONA 3a AeTEKLUjy MyTauuja u ofpehusarbe low-up of patients with hematological malignancies.
HuBoa excnipecnje FLT3, NPMI, FAS, BCL2, BAX, BCL2L12 rena y oGomemux o AJUI u AMJL. In addition, a range of methods for detection of mutations and for determining the ex-
Pesynrrati oBux uctpaxunsara omoryhum cy nedunmncate IporHOCTHYKOT 3HAYja MCTITHBAHMX pression levels of FLT3, NPM1, FAS, BCL2, BAX, BCL2L12 genes in ALL and AML has been
MOJIEKYTAPHOTEHETUIKNX MapKepa. optimized in LMH. It enabled evaluation of prognostic significance of these molecular gene-
Y JIMX ce usy4aBa 1 MOJIeKy/IapHa OCHOBa XpoHn4He muMonutHe neykemuje (XJLI), moc- tic markers.
€0HO MyTaLMOHM CTATyC TEIKMX JaHALA UMYHOIIOOYIMHA KOjuU je HajcTabuIHuju 1 HajuHdop- The molecular basis of chronic lymphocytic leukemia (CLL) is also being studied in LMH.
MATUBHMjU MpOrHocTiakyu Mapkep y XJUL Ilopen Tora, McTpaxuparma Cy ycMepeHa M Ha The mutational status of immunoglobulin heavy chain genes is of special interest, since it is the

excripecnjy JAK2 rena y mujenonpormndeparnsrinm Heonnasujama (MITH). most stable and informative marker in CLL. Furthermore, the expression of JAK2 gene in mye-

loproliferative neoplasms (MPN) is also being studied in LHM.
DeHUTKETOHYpHUja

DeHNIKETOHYPIja je Hac/lelHa MeTaboIM4Ka 60/IECT YUji Cy Y3POK MyTaluje ¥ reHy 3a (eH- Phenylketonuria
wianaHnH xuppoxcunasy (PAH). V JIMX cy npsu myr y Cpbuju omTuMusupaHe Moje-
Ky/TapHOTeHeTIYKe MeTOfie 3a OTKpMBambe CBUX TpoMeHa y PAH. IIpu aHa/mmsy CpICKuX NanyjeHaTa
obonenux o GeHUIKeTOHYpYje TOCTUTHYT je HUBO JeT-
exuuje o 97% u uaeHTI(UKOBAHO je 20 MyTalja. YBefeHa

Phenylketonuria (PKU) is the most common inborn error of amino acid metabolism in

Caucasians. PKU is caused by the deficiency of hepatic enzyme, phenylalanine hydroxylase

(PAH). Molecular genetic methods for detection of

Gene Expression all changes in PAH have been optimized for the first

MOTIEKYAPHa ANJATHOCTINN VMA SHA1A) 33 TOCTABbAIDE o time in Serbia in LMH. In the study of Serbian PKU
TIPEHNSHIE JUTJATHOSE, IIATMMPATLE ANETETCKOT PEXIIMA, patients, 20 different PAH mutations were detected
FeHeTUYKO CaBeTOBame 1 oTBapa MoryhHoct 3a ogabup 2a

with the detection rate of 97%. Molecular diagnos-
tics of PKU is important for diagnostics, diet plan-
ning, genetic counseling and it opens the possibility
for choosing the patients who could benefit from the
new drug treatment (Kuvan).

IanyjeHaTa Kojuma 6u 611a of KOPMCTU Tepaluja HOBUM
nexoM (KyBan).

HI/IOHI/IPCKa aHajM3a MOIyTallIOHOT€HETYKNX Map-
Kepa JIoBeJIa je 0 pacBeT/baBatba IMPEHOLIE A I10jeJHa-
YHUX MyTalmja Kpo3 OamkaHcke momymanuje. Edekar
MyTaluja Koje Cy JeTeKTOBaHE y CPIICKOj IIOIy/Ialiji aH-
alIM3UpaH je y CTyAujaMa KopeJalyje TeHOTUIa 1 GpeHo-
TUIIA M Y eKCIPECUOHMM in Vitro cucTeMMuMa. JegHa of
petkux PAH myTanuja je Tako IpBU IIyT OKapaKTepyucaHa
y in vitro cucTeMmUMa ¥ CBpCTaHa y QYHKIMOHAHO HY/ITe
MyTanuje.

Pioneer analysis of population genetic markers has
led to elucidation of how particular PAH mutations have
been transmitted throughout Balkan populations. The
effect of mutations, detected in Serbian population, has
been analyzed in genotype-phenotype correlation stud-
ies and in in vitro systems. A rare PAH mutation has
been characterized for the first time in in vitro systems
and classified as a functional null mutation.

080

040

Raw RQ (Relative Quantification)

BLX

Taxobe, ncnmTrBaHa je n peryranuja TpaHCKpUIILMje

=
-

=1
o

PAH rena. Y ocMOM MHTPOHY OBOT IeHa yTBpbeHo je moc-
. : Detectors In addition, transcriptional regulation of PAH

TOjarbe PErynaTOpPHOr eeMEHTa KOjU CaApkKi HOMMMOp- T ——— S P 8
- gene has been studied. A regulatory element con-

NIINUN

I9ONI -*



taining a polymorphism was discovered in intron 8 of this gene, and it was con-
firmed that this element has an enhancer function. This was the first time ever that
an intronic regulatory element was found within the PAH gene.

Inflammatory bowel disease

Inflammatory bowel diseases (IBD-Crohn’s disease, ulcerative colitis) manifest as chronic
inflammation of gastrointestinal tract. IBD are characterized by genetic heterogenity and in-
complete phenotypic penetrability. For the first time in Serbia, the methods for detection of
mutations in NOD2/CARDI15 gene have been optimized in LMH. The analysis of Serbian pa-
tients confirmed the association of CARD15 gene mutations with the increased risk of deve-
loping Crohn’s disease.

Pharmacogenomics

Thiopurine-S-methyltransferase (TPMT) is a cytoplasmic enzyme involved in inactivation
of thiopurine drugs, currently used in treatment of cancers, autoimmune and inflammatory di-
seases. Decreased activity of TPMT is associated with severe hematopoietic toxicity in treat-
ment with standard doses of these drugs. For the first time in Serbia, the detection of clinically
relevant TPMT gene mutations has been optimized in LMH. Based on pharmacogenetic study
of Serbian patients, it has been shown that in heterozygous TPMT mutation carriers thera-
peutic protocols should be altered, in terms of lowering thiopurine drugs doses.

The effect of polymorphisms in VNTR regions of TPMT gene promoter on transcriptional
regulation of this gene has also been studied in LMH. The obtained results have shown that
both number and type of VNTRs can influence TPMT gene transcription, implying their si-
gnificance as potential pharmacogenomic markers.
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TOAWTTA « VEArS

¢dusam n QpyHKIVOHNIIE Kao eHxaHcep. OBYM je IIPBU IIYT y CBETY IIOKa3aHO II0-
CTOjalbe PETryIaTOPHOT TPAHCKPUIIIIVIOHOT €/IEMEHTA Y OKBUPY MHTPOHa reHa PAH.

3ama/permcKe 60mecTy HpeBa

KpoHoBa 6ormecT 1 y/Lepo3HU KOMUTUTC UCIO/baBajy ce Kao XpOHNYHa MHIaMalyja JUrecT-
MBHOT TPaKTa M KapaKTEePUILy Ce FeHEeTUYKOM XeTeporeHomhy U HemoTHyHOM (eHOTUIICKOM
nederpabunoihy. Y JIMX cy npsu nyT y Cp6uju onTuMmusupaHe MeTOAe 3a AeTEKINjy MyTaluja
y NOD2/CARDI5 reny u nokasaHa je ibuxoBa aconujanuja ca Kponosom 6onenthy. Ha ocHoBy an-
asM3e CPIICKMX ManujeHara o6omenux o KpoHose 607ecTy 1 yiiepo3HOT KOMUTICA, TOTBpheHo je
ma Hocronm myTtanyja y CARDI5 reny Hoce moBehan pusnk o o6oneBama of KpoHose 6omectt.

q)apMaKOI‘eHOMI/IKa

Tronypusn-C-metunrpancdepasa (TPMT) metabosuiie THOYPIHCKE TEKOBE, K40 LITO CY AHT-
MKAHIIepO3HM areHcH (6-MepKalTOYPYH U 6-TUOTYaHNH) Y UMYHOCYIIPECYBHIY areHC a3aTUOIIPUH,
KOjJYI ce KOPJCTe y Tepalljy KaHllepa, ay TOMMYHMX O0JIeCTY 1 3aIla/belbCKUX 60mecTu npesa. Cma-
mweHa akTuBHOCT TPMT noBesaHa je ca TEIIKOM XeMaTOIOETCKOM ToKcuuHouthy noce ynorpete
CTaHJAapAHUX Jo3a oBuX sekoBa. Y JIMX je, npsu iyt y Cp6uju, onTUMMU3MpaHa METOOIOTHja 32
TeTeKLMjy KIMHIYKY peleBaHTHUX MyTanuja y reny TPMT. Ha ocHOBY peTpoCIeKTHBHE 1 IIPOC-
HeKTUBHe papMaKOreHeTIKe CTyAyje Ha CPICKUM MalMjeHTIMa, IOKA3aHO je fa KOJ, XeTepO3NuT-
OTHMX HOCMIala MyTanyja y reny TPMT Tpe6a U3MEHNTH TePaIVjCKI IPOTOKON CMabUBabeM
71032 TUOIIYPUHCKMX JIEKOBA.

Y JIMX je usy4asaH u yrunaj nonumopdusama y VNTR pernony npomoropa TPMT rena Ha
perynanujy TpaHCKpUIILUje OBOT reHa. Pe3yITaTi OBUX HCTpaXKuBamba Cy IOKa3aau ia 6poj 1 TUI
VNTR noHoBaxa MOIy fja yTU4y Ha TpaHCKpuIiujy reHa 3a TPMT v fa 6u Mornu 6UTH y3eTH y
0631p Kao HOBM (hapMaKOT€HETHUYKM MapKep.
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Abstract

From its establishment, research in Laboratory for Molecular Biology (LMB)

has been oriented to molecular biology of Eukaryotes in different model systems.
Basic research is directed towards: genotype-phenotype correlation, DNA-protein inter-
actions in DNA replication initiation and functional characterization of muscle cell proteins.
LMB also set the foundation for plant molecular biology group which was later established as
a new laboratory within IMGGE.The applied science has been focussed on setting up and ap-
plication of molecular diagnostics of human diseases. LMB was the first laboratory in our
country that introduced molecular testing of cystic fibrosis, and among first labs that employed
DNA markers in paternity testing. Within the past 25 years, LMB became a successful team in
basic and applied sciences participating in numerous national and international projects. Mem-
bers of the laboratory are involved in the realization of PhD programme “Molecular biology”
at Faculty of Biology, University of Belgrade. They also represent Serbian scientific community
in international organisations ORPHANET and EPMA.

Ancrpakt

TOJMHA » years JIaboparopuja 3a MOT.ICKY}IapHy 6uonorujy (JIMB) ox ocHuBama ce opujeHTHCaTA
Ha MOJIEKy/IapHY OMOJIOTHjy eyKapuoTa Ha paslInduTUM Mofen-cucteMuma. HaydHo
HCTpaXMBaUKo nHTepecoBare JIMbB ypydyje: mpoydaBare Kopenalyje reHOTHIIa ca ¢e-
HOTHUIIOM, usy4aBame JHK-mporenn nnrepakumja y naniyjanujyu permkanuje JHK u dyn-
KIMOHA/IHY KapaKTepu3auujy npotenta Muimhue henyje. Y oksupy JIMB dbopmupana je u rpyma 3a
Ppaji Ha MOJIeKy/IapHOj 6uoyoruju 6ybaka, Koja ce KacHuje U3fBojua y 3acebHy naboparopu;jy. [Tpume-
Ib€Ha MICTPa)XXMBatba OPUjeHTICaHa Cy Ha OCBajarbe M IPMMEHY MeTOJa MOJIEKy/IapHe JIjarHOCTHUKe
6omecty yoBeka. JIMDB je 6ua mpBa mabopaTopyja y Hallloj 3eM/b) KOja je yBesIa IIOCTHATaIHy U
IIpeHaTaHy AMjarHOCTUKY LycTiYHe prbpose, a Takobe 1 jemHa off IpBuX maboparopuja y Kojoj je yB-
efleHa MeTofia yTBphyBama ounHcTsa aHammaoM JHK mapkepa. ¥ mporexmix 25 roguna JIMB ce pa-
3BI/IA Y TVIM KOjI YCIIEIIHO 06aB/ba HaydHe 1 CTPYYHE 3a/IaTKe, yIeCTBYje Y OpOjHIM HAI[VIOHATHIM
u MeyHapOHIM IPOjeKTIMa, Y usBoberby JOKTOpCKor mporpama MomekynapHa 6uonoruja Ha buomo-
KoM akynTery YHusepsuteray Beorpapy u rpeficTa/ba Hallly Hay4HY 3ajefHuULy y MehyHapomHum
opranusanmjaMma ORPHANET u EPMA.

Research focus
. . ‘ Doxyc ncTpaknBama
From its establishment, research in Laboratory for

~ *~
Molecular Biology (LMB) is oriented to molecular biology of § §§

eukaryotes. Following scientific strategy of IMGGE ( basic
l 4

&\.-.?‘
-E’f
o?::it JIabopatopuja 3a MonekynapHy 6uosnorujy (JIMB) je o ocHUBama ycMepeHa
X

<
&
Ny
]
G Ha VICTPa)XMBamwa y 00671acTi MojieKy/apHe 6mosnoruje eykapuora. [Iparehu momr-

: o 05 : VIKY YIIOPEJHIUX UCTPAKMBAHA — OCHOBHIX U IIPUMEHEHIX, Y OKBUPHOM OffHOC
research:applied research ratio of 60:40) basic research was 60}:}(})’11 pent P " P ¥ OKBup AHoCY
: m - :40, ycBOjeHy IIpM OCHMBawy VIHCTUTYTa, Y IIPBOM IIPOjeKTHOM IIEPUO,
directed toward sequence-dependent structural variations of YeRojeHy Tp Y yra, y mp PO priony
. ) ; : . : OCHOBHa MCTpaXkKnBama 611a Cy ycMepeHa Ha ofjpehiBarbe 3aBICHOCTH JIOKaJTHe
DNA while applied science was dealing with molecular di- JTHK
CTpyKype Of pefocieia HyKIeOTI A, a IPUMeteHa NCTPaKMBaba Ha OCB-
agnostics of human diseases (cystic fibrosis and human pa- PYIYP A PEROCTIERa By . P P

pillomavirus detection in different types of cervical lesions).
Later, these type of research lead to vaccine production for
cervical cancer. First data about type and frequency of CFTR
mutations in Serbian population was generated, setting a

ajare MeTofja MO/IEKy/IapHe [IVjarHOCTHKE, Ha IIPMMePY MOHOTEHCKOT Hac/IefHOT
ob6omema, nuctidHe Gubpose (11d). Onpebusano je n mpucycrso JHK xymanmx
HaIIoMa BYIpyca y LiepBUKa/IHUM Jie3VjaMa 1 YTBphyBaHa je Koperanuja ca Xuc-
TONATOJIOLIKYM HajtasyMa. OBaj THUII MCTpaKyBaba je KacHuje (y CBeTy) JOBEO 10

o ) i i IPOM3BOJiEbe BAKIIMHE IPOTUB KapimHoMa rp/mha marepurie. Takohe cy go6ujern
foundation for long-lasting collaboration with CF Network Y )

IIPBY MIOfALIY O TMIIOBMMA M 3acTyIUbeHOCTN MyTanmja y CFTR reHy y Hamoj 1mo-

and participation in international projects and databases. MymaLuju Koji ¢y VIeHI 11 Y eBPOTICKe CTYije WiMe je IOCTaB/beHa OCHOBa 3a

Mutation analysis included standardization and
introduction of new diagnostic methods. Innovations and
modifications were incorporated in various aspects of

mutation detection - biological material used as a source
of DNA and methodology applied for analysis of selected
DNA fragments (documented in attached bibliography).

Nikolic A, Milosevic K., Divac A, Ljujic M, Grkovic 8, Nestorovie B, Novel cfir gene scquence

variation in Serbian patient with i

is. Feral Pediatr Pathol. 2010

Jan2H2):95-8.

myroropuumy capanmy y okBupy CF Network m yuecrBoBame y HEKOIUKO
MmebyHaponHux rpojexara u 6asa mojaraka.

OBa ucTpaXuBarma JoBeIa Cy O CTaHAapAu3aLyje u ysoherma HOBUX [1j-
arHOCTMYKIUX METOJA, IBbJIXOBIUX MHOBaLMja 1 MOAMMKaIHja, Koje Cy ce OfFHOC-
MIe Kako Ha M3BOP OMOJIOLIKOT MaTepyjana Koju ce MOXKe KOPUCTUTK 3a
IeTeKTOBame MyTalllja TaKo U Ha IIpYMeHy HocTojehnx MeTofa 3a aHanm3y 1u-



/pHUX ¢parmenata [JHK, mTo ce Moxxe BujeTu U3 IpuaoKeHe 6ubamuorpaduje. Biological samples were collected from different sources: samples for

Tako cy 3a fobujame MaTepujaia 3a aHanMu3y KopuirheH1 y30pLiy U3 HEOHATaTHOT phenylketonuria screening (Guthrie cards), nonviable amniotic fluid cells, bucal
CKPMHUHTA Ha (peHNIKeTOHYPYjY, HeBujabuHe hemyje cynepHaranra kynrype hennja swabs and peripheral blood. Method used for mutation detection encompasses non-
aMHIOHCKe TeYHOCTH, AMpeKTHO yMHOXaBamwe JJHK 13 ennrenujanuux hennja opanne radioactive asymmetric PCR in combination with Single Stranded Conformation Poly-
MYKO3€ 1 Y30pLM IlyHe KpBU. 3a aHa/m3y ofpehernx MyTanuja kopuuthet je acumeTpuyan morphism, Denaturation Gradient Gel Electrophoresis and automated DNA sequencing.

nepauoaxtisan PCR y xombunammji ca SSCE, enexrpodopesa Ha refosuma ca rpafiujentinma In families at risk for cystic fibrosis (CF), mutation analysis of CFTR gene was conducted

eHarypuinyher aresca u muxoBo 6ojere cpebpom, a KacHuje U : et Soeum
AleraTyprity ) PebPOM, ) and, for the first time in our country, prenatal

METOJie ayToMaTcKor cexsenmmpara JIHK. diagnosis for CF was performed. In addition

Y nmopozyijama ca pusikom o muctidne pubpose pabhene cy to patients with CE, CFTR gene analysis was

carried out in patients with atypical CE, as well

uctrusane cy u myrauuje y CFTR reny. Ilopen ananuse CFTR AlGSe o909 - | as in CFTR related disorders (male infertility,
T€Ha HaqueHaTa ca H(D, OB€ aHanms3e pabeHe Cy U KOJ, HaqueHaTa

IIpeHaTa/IHe AujarHo3e (IIpBU MyT KOJ HAC), a y TUM IIOPOfUIIaMa 1 | 2 3| 4/ 5 ] 6 7] 8

. chronic pancreatitis, disseminated bronchiec-
ca arumaHoM L@, kao u Koy 060/berba y UMjy je eTUONIOINjy yK- B 9" ol0® tasis)

mydeH CFTR ren (mHepTHIUTET KO MyIIKapala, XpOHUYHU

. c Furthermore, these studies had significant
[IAaHKPeaTUTHUC, AUCEMIHIpPaHe OpOHXUEKTasuje). L] ) S )
= educational role in informing medical doctors
L

PanoBu Be3aHM 3a MOJIEKYIapHY AMjaTHOCTUKY MMaay Cy

D | . regarding the possibilities and advantages of
sHavajuy ynory y undopuucamy nexapa o moryhnocruma u molecular diagnostics. Data collected from
MPEHOCTHMA MOTIEKYIapHE AUJATHOCTIIKE KOja Ce KOR, Hac AOTa) E mutation analysis of CFTR, EV; FI, MTHFR
Huje mpyMerbuBaa. [logaiy fo61jaHu aHAIM30M MyTaLyja y HaB- and AIAT genes filled the gap in alelle fre-
€/ICHIM IEHVM MONY:aBa i Cy MPA3HIMHY KOJa Je y TOM NOT/eRy Fle «|® oj® @+ « e quencies for Serbian population within the Eu-

IIOCTOjaIa 3a Hallly IoImynanujy Ha kaptu Espone. Onpehusame

MyTallija y TeHMMa offabpaHyM 3a MOJIEKY/IapHY HUjarHOCTUKY 1 I 2 3‘ 4| 5 | 6|7 I 8 gl.m 11|12 13|14 15I16 17|13 19|20 21|2223|24
(CFTR, FV, FII, MTHFR, A1AT) noBeno je 1 1O UCIUTUBamba

ropean population map. The mutation analysis
of selected genes was the starting point for

. . HAN HOX | HOX ISCF | pog further studies of their regulation and
JIXOBE perynanyje, 4sMe je IoTBpheHa Besa usmehy ocCHOBHUX 1 A DRHDCA | HONG) V. PREA] i | eny | TRY 092 | PN (s ) & .
. genotype-phenotype correlation, veryfing the
MIpYMEhEeHNX UCTpaKnBama. KBanuTeT n 3Hauaj OBMX pajioBa 3a > . )
B | ISL1 | JUN | JUNB | KLF12 | KLF7 | LDBA | LHX2 | LRH-1 [MADH{MADHIMADHY POS link between basic and applied research.

Haly 3eM/by NMOTBpDeHM Cy M KOMabOpAI[MOHMM IIPOjeKTOM
UNIDO-a, xoju je mpuBpeMeH0 00yCTaB/beH 300T CaHKIINja, Aa 61 C | mark | max | MECP2| MEF24 | MEF | MEF | MEF | v | naB1 | NFE2 | NFIL3| POS

Quality and significance of these studies was

. 2B |2¢ | D confirmed through UNIDO collaboration
ce KacHHUje 06HOBMO ca MehyHapogHUM IIEHTPOM 3a T€HETUIKO : el
nmKemepcTBo 1 6uorexnonornjy (ICGEB), kao 1 Kpos mpojexar D ':EEE' ':Q;B' NFYB | NR1H2 | NR112| NR113| NR2E1 [ NRSAZ| p53 | PALM | PAXS | POS project (temporary suspende ue to
6 . sanctions), which has been renewed as a

unarepanHe capanwe ca byrapckom 1 EUROGENTEST mpoj-
exat y okBupy FP6 mehynapopuor mporpama. V capagmu ca YH- E | Paxs | PBX1 POS IC.:GEB research. grant,. as Well as tll'ough
uepsutetom Epacmyc y Xomamguju odopmpena je mpsa bilateral cooperation project with Bulgaria and
HAIMOHATHA MyTallMoOHa 6asa IOfaTaKa HACTENHNX GONeCTH y F | Pos | POS | POS | POS | POS| POS | POS | POS | POS | POS | POS | POS EUROGENTEST project in EU’s Framework
Cp6uju (www.goldenhelix.org ). Programme 6. Collaboration with Erasmus
. University in Holland set up first national
Pereproap MCIIMTUBAHNX I'eHa je CTATHO IPOLINPYBAH, TAKO a B} ) o . ) : : . :

Kojié 5, Nestorovié A, Rakicevié T, Belgrano A, Stankovié M, Thivac A, Faulkner G. (2010) A novel mutation databases for heredltary dlseases 1n

Ce cafia 32 MCIUTUBAKBLE 3aBVICHOCTU (beHOTI/IHa OJ IpOM€E€Ha Ha role [or cardiae ankyrin repeal protein Ankrdl/CARP as a co-aclivator of the p53 lumor suppressor

uusoy JHK ncnntyjy rpyie reHa Koje y4eCTBYjy y pasnmanTumM protein. Arch. Biochem. Biophys. S02(1). 60-67. Serbia (www.goldenhelix.org).
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As the number of analyzed genes was constantly growing, current studies of
phenotype-genotype correlation comprise genes involved in different types of
disorders: respiratory (HOBP, CF, asthma), hemostasis (thrombosis), malignant
(adenocarcinoma, colorectal and lung cancer), gastroenterological (chronic
pancreatitis) and cardiovascular diseases. Common characteristic of selected genes is their
involvement in hemostasis, host defense, inflammatory processes and protection from
oxidative stress. Association studies have elucidated some gene alleles to have potential role

in phenotype modulation. Depending on the observed
DNA variation, further analysis on transcriptional or
protein level has been conducted. Final aim is to reveal
combined modulatory role of different genes, as well as
to elucidate DNA-protein and protein-protein
interaction associated with different phenotype
expression. These investigations led to extensive
collaborations with medical institutions in Serbia and
worldwide.

Sequence-dependent structural variations of DNA
demonstrated by DNase I digestion, has revealed the
presence of DNA bending not only in AT rich regions,
but also in GC rich ones. Experiments with synthetic
polynucleotides have shown opposite groove-directed
curvature of GGGCCC and AAAAA sequence elements.

Having in mind that local DNA structure could affect
protein-DNA recognition, research has been expanded
to protein-DNA interactions within the scope of funda-
mental cell process - DNA replication. Drosophilae me-
lanogaster early embryos was used as a model system, as
they are characterised with intensive DNA synthesis and
rich in proteins involved in DNA replication. Specificaly
designed DNA binding sites were used for selection of
proteins that could be involved in DNA replication such
as dhel III helicase, 3’-exonuclease and nucleases inhibi-
ted by ATP (Denl, Den2 and Den3). Afterwards, the
components involved in human DNA replication were
used (lamin B2 origin of replication and Orc4, subunit 4
of human ORC). Noncanonical DNA elements were
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Kugié J. Kojic 8, Divec A Stefomovid D (2005} Nencononical DNA elements in the lamin B2 orgin of
TN A replication. T Riol. Cheme 2R0(11): 9848-9851.

TnoBuMa nopemehaja — pecrypaTopHUM (XpOHIMYHA OICTPYKTUBHA GortecT mwiyha,

[1®, actma), xeMocTaTcKuM (TpoMb03e), ManUIHuM (a/jfeHOKapLMHOM ITaHKpeaca,
KOJIOpeKTa/IHM KaHIep, KapuuHoM IUIyha), racTpoeHTeponomKuM 6omecTiMa
(XpOHMYHM IAHKPEATUTIIC) ¥ KapAMOBACKYIapHUM 60/ecTuMa. 3ajeHNYKO 3a BehuHy
OBIX OffabpaHMX IpyIia reHa jecte ydeinhe y ogp>kaBarmy XeMOCTa3e, Off0paHy OpraHu3Ma, 3a-
Ia/beECKUM IIPOLeCHMa U 3alITUTY Off OKCUZIATVIBHOT CTPeca jep OHU yTUdy Ha eTHOJIOTHUjy Bell-
uKor 6poja 6omecty. 3a reHe, Tj. anerte, 3a Koje ce YTBPAM Ha OCHOBY aCOLMjaTMBHIUX CTyAMja fa CY

HOTEHIMjaTHM MO y/IaTopy (peHOTHIIA BPIIY Ce ia/ba aHa/IM3a Ha TPAHCK-
PUIILIMOHOM WM IPOTEMHCKOM HUBOY, 3aBMCHO Off HUBOA Ha KOjeM je yOueH
edext npomene Ha [THK. Kpajmbu ums jecte yrBphusame KoMOMHOBaHOT
MOLYIaTOPCKOr edeKTa pasaMduTUX TeHa Kao u oppebuBame JTHK-
IPOTENH U IPOTEVH-TIPOTeNH NHTepaKIja Koje yTudy Ha ¢eHoTui. OBa
UCTpaKMBamba oBeNa Cy [0 capajitbe Ca BUIlle MEAVIIMHCKIX YCTAaHOBA KO,
HAcC I y CBETY.

Kopumhemwe DNase I kao coHjie 32 MCIUTUBabe IOKATHUX CTPYKTypa
JHK saBucHMx off ceKBeHIM HYK/IE€OTUIA ITOKA3asIo je [ia 1O 3aKpUBJbera
IOHK mosxe gohu n Ha gemouma 6oratum GC mapoBuMa, a He caMo y
menosuma JJHK 6oratum AA/TT, xako ce fo Taga cMmarpano. [Iposepe ca
CUHTETUYKUM MOAMHYKICOTUAMMA IMoKasazne cy faa Husosu GGGCCC
casujajy JIHK y cynpoTHOM cMepy off 3aKpuB/berba O KOjUX [07asy ¥
AAAAA pgenoBuma.

Kaxo cnemmduunoctu nokanxe crpykrype JHK mory yrunaru Ha
mpenosHaBame oppebenux pmenosa [HK op crpane mnporenHa,
UCTpaXXMBama Cy npolpena Ha unrepakuuje [JTHK n mpotenHa, moce6Ho
y OKBUIPY jefHOT Off HajBaXHUjNX mporeca — permkanuje JHK. Osa
MCTpaXXMBarba IIPBO CY BpIleHa Ha paHuM eMOpronuma Drosophilae mela-
nogaster Koju ce KapakTepuuly uHTeHsuBHoM cuuTesoM [IHK, xao
IIOTO/IHOM M3BOPY IPOTEMHA KOjU Y4EeCTBYjy y pelmmKauuju. JInsajumpa-
meM crenuduyHNX Mecra BesuBama 3a [IHK, a u npyrum excrepument-
a/THUM TIPUCTYIMA, CeNIeKTOBaHM Cy IPOTEMHM KOj! Ce Be3yjy 3a Ta MeCTa,
Ka0 ¥ HEKO/IMKO JIPYTUX €H3MMa KOjU 110 CBOjIM KapaKTepUCTUKaMa MOTY
6utn yaecHunu y npouecy permmkanyje JJTHK. To cy xennkasa dhel 111, 3’-
ersonykieasa u Hykiaease Denl, Den2 u Den3, koje nnxn6upa ATP. Ka-
CHUje Cy KopulllheHe KOMIIOHEHTe KOje Y4eCTBYjy Y peIUIMKalUj/ XyMaHe
IOHK (cTapT permukanymje namyusa B2 n cy6jenmunna 4 xymanor ORC,
Orc4). Habeno je a cy y okBupYy ori permmkanuje Moryhe MHTpaMoseKy-
cke TponaHdaHe cTpykType JHK, mro Takobhe Moxe fja cy»u Kao 3HaK



pacnosHaBama oppebenux nenosa [JHK 3a nuTepakimje ca mpotenHnma. IlokasaHo found within functionally essential ori sequences. In addition, it was shown that

NIINN

je ma mumiyjanyonyu mpoterH Orc4 He caMo fla IPeTEXHO MHTeparyje ca Tpoi- initiation protein Orc4 could mediate formation of these structures and has bind-
anyanoM [THK, 1mTo je mpBu Hamas oBe BpCTe, HEro 1 HMOLCTUYE HeHO hopMuparbe. ing preferences toward triple stranded DNA. Combined results suggested potential

I9ONI -*

OBa ncTpaxnBama JJoBea Cy 10 3ajegHudkor npojekra ca ICGEB-om. role of unorthodox DNA structures in origin recognition by initiation protein. These
Y oxsupy capagme ca ICGEB-oM 3amodeTa cy u MCTpaXuBamba Ha KapaKTepUsaluji studies were also supported through two ICGEB research grants.
Ankrd2, npotenna ckeneTHux muninha. YCTaHOB/bEHO je Jja OBaj IPOTENH IIPeJICTaB/ba Besy usmehy In the framework of cooperation with the ICGEB, a research on characterization of Ankrd2

capkomepe 1 jenipa y ckenetHom muiuuhy. Antutennma Ha Ankrd2 ananmsupana je merosa n1ok- protein has been started. It has been found that Ankrd2 represents a functional link between
aqmsanyja y mumhuoj henmju n ekcnipecuja y pasnmantum tkuuma. [lokasana je 1 nHTepakuuja the sarcomere and the nucleus in the skeletal muscle. Anti-Ankrd2 antibodies enabled profiling

Ankrd2 ca capkoMepHIM IPOTENHOM TeIETOHUHOM, KaO I €A TPAHCKPUIILMOHIM (akTopuma p53, of Ankrd2 distribution in cell compartments, in different tissues and during differentiation of
YB-1u PML. 3a npyru nporeun pamummje MARP — Ankrd1/CARP yodena je HoBa, BaxxHa yH- skeletal muscle cells. A novel important function was demonstrated for another MARP family
KII}ja — y/ora KOaKTHBaTopa MpoTenHa p53, Mo3HaTor cynpecopa TymMmopa. Ha ocHoBy Tux Hanmasa member, Ankrd1/CARP which behaves as a co-activator of the p53 tumor suppressor protein.
pasmarpa ce u yniora iporenta Gamumje MARP y MOeKy/ICKMM MeXaHM3MIMa Hey poMuIIhHtx Based on these results we are currently studying the role of the MARP family members in

¥ KapJIMOBACKY/TAPHIX 607IeCTH. molecular mechanisms of the neuromuscular and cardiovascular diseases.
¥ Jlaboparopuju 3a MoreKynapHy 6uonorujy popmupana je i rpyra 3a paji Ha MO/IEKY/IapHO) Laboratory for Molecular Biology set a foundation for plant molecular biology group that
6uonoruju 6ubaka, Koja je 3a MpeAMET MOYETHNX UCIMTUBAKA 3a6paja pesepBHE NPOTENHE has initially analyzed buckwheat seed storage proteins (Fagopyrum esculentum Moench). Con-

xempie (Fagopyrum esculentum Moench). ITopen u30moBatba it KapaKkTepicara OBIX NPOTEHHa, struction of cDNA library of developing buckwheat seed expanded investigation on other seed
HanpasbeHe ¢y 1 cDNA 6ubmmnoreke y pasamuutuM nepuopuma passuha cemena, wro je

IIpOMINPUIIO UCIINTUBAba 1 Ha Ipyre NpoTenHE CEMEHA, HApOYMTO Ha NPOTENH TUIIa META/TIO0T-

proteins, especially on methalotionein type. For the first time in our country, molecular test-
ing for genetically modified soybean was introduced and standardized. Our experience sig-
nificantly contributed to the establishment of the new laboratory for genetic testing of modified
soybean in “Sojaprotein” company.Under the leadership of dr Vesna Maksimovic this group set
up a new laboratory within IMGGE and successfully continue to perform basic and applied re-
search in the field of plant molecular biology.

noHenHa. [TosHaBame MOIeKyIapHe 61ojoruje Gubaka U eKClepUMeHTaTHUX IIPUCTYIIA Y TOj
o6y1acTit TOBEJIO je 10 pa3pajie TecTa 3a yTBphrBame NOCTOjamba reHeTNYKIX MOAU(IKALIja CeM-
eHa coje (mpBu Iyt Kof Hac). Capapma ca pupmom ,,CojanporenH” fosena je o pa3Boja bIUXOBe
nmaboparopuje 3a IPoOBepPy CeMeHa Coje Ha reHeTHuKe Mopudukanuje. OBa rpyma ce KacHuje

U3BOjMIA ¥ 3aceOHY 1abopaTopujy, moj PyKOBOACTBOM Ap Becne Makcumosuh, u HacraBmia ) ) )
ey Y patopiy Py P During last 25 years, members of the Laboratory for Molecular Biology have been sent for

short and long term trainings. Even though many members left the country searching for better
research conditions, three of them (dr Dragana Stefanovi¢, dr Dragica Radojkovi¢ and dr
Snezana. Koji¢) came back after being abroad at Universities (KUL, Belgium) or Institutes
(ICGEB, Italy). They took leadership of the Laboratory after retirement of the first laboratory
leader Prof. dr Ana Savi¢, full professor at Belgrade University. Published articles, international
collaborations and good ranking of laboratory projects indicate that the Laboratory has devel-
oped in a successful and professional research team. Laboratory members are actively engaged
in PhD program “Molecular Biology” at Faculty of Biology, University of Belgrade, as well as in
representing our scientific community in international organizations ORPHANET and EPMA.

YCHEUIHO Aa paay Ha OCHOBHNMM U Ha IIPVMEHEHNM MICTpaKnBambMa.

Toxom mpoTexnux 25 roguua capagauiy Jlabopatopuje 3a MOeKyIapHy 6110TOTH}Y UILIIN CY
Ha Kpaha mm gya ycaBpinaBama. Magia je focta Mnahux capafiHuKa OTHIIIIO 32 CTA/THO Y TOTPasn
3a 60/bUM yCTOBMMA pajia, cpehiHa je okoMHOCT WTO Cy ce Tpu capanuuie (ap Jparana Cred-
anoBuh, np dparuna Pagojkosuh u gp Cuexxana Kojuh) Bpatuie nmoce rporoguiusmser 60paBKa Ha
crpanuM yausepauteruma (KUL, Benrnja) u mehynapoganm nucturyruma (ICGEB, Itannja), Tako
Zia cy, IIoCTIe OfIacKa y IeH3Mjy mpBor pykosoauora Jlaboparopuje, sp Axe Casuh, pen. mpod. Yu-
uBep3uteTa y beorpany, More na npeysmy pykosobere JlabopaTopujoM 1 IpojeKTIMa U IIPOLIVpe
IpBOOKTHY Hay4yHU peniepToap. Ha ocHOBY 06jaB/beHNUX pafioBa, pasBujeHe MehyHaponHe capanise
1 fo6po paHTMpPaHMX IIPOjeKaTa, MOYKe Ce 3aK/bYYUTH Jia Ce TOKOM 25 rofiyHa IocTojama Jlabopa-
TOpMja pa3BWIA y TUM KOji YCIIEIIHO 00aB/ba Hay4YHE U CTPy4YHe 3aJaTKe, aKTVBHO YUeCTByje y
u3Bohemy HOKTOpcKor mporpaMa MosekynapHa 61onoruja Ha buonomkom daxynrery YH- Selected publications

uBepsuTeTa y Beorpazty u penpesentyje Haury HayuHy ajeHuIly y MehyHapofHuM opraHusaj- 1. Brukner-Dabovi¢ B, Radojkovi¢ D, Savié J, Sretenovi¢ Z, Savi¢ A. (1989) DNA probes

ama ORPHANET 1 EPMA. in diagnostics of cystic fibrosis. Yugoslav Pediat. 32, 16-20.



. Brukner I, Jurukovski V; Savi¢ A. (1990) Sequence-dependent structural va-
riations of DNA revealed by DNase I. Nucl.Acids Res.18, 891-894.

. Brukner-Dabovi¢ B, Radojkovi¢ D, Mini¢ P, Savi¢ J, Savi¢ A. (1992) Frequency of
the F508 deletion and G551D, R553X and G542X mutations in Yugoslav CF patients.
Hum. Genet. 88, 699-700.

Krajinovi¢ M, Lazi¢ J, Stanimirovi¢ B, Dikli¢ V, Savi¢ A. (1993) The E2 region of HPV16
in relation to different types of cervical lesions. J. Med. Virol. 41, 1-5.

. Todorovi¢ V, Koji¢ S, Vujanac M, Savi¢ A, Stefanovi¢ D. (1996) Novel DNA-binding
protein from Drosophila embryos identified by binding site selection. FEBS Lett. 396,
99-102.

. Brkljaci¢ ], Maksimovi¢ V, Radovi¢ S, Miljus ], Ninkovi¢ S, Savi¢ A. Construction and
analysis of cDNA library from developing buckwheat seed. In: Advances in Buckwheat
Research, pp.V:1-8 (1998). International Buckwheat Research Association.

. Mikovi¢ D, Rakicevi¢ Lj, Kova¢ M, Radojkovi¢ D. (2000) The Incidence of Factor V
Leiden in Yugoslav Thrombophilic Patients and Its Relationship to the Laboratory Di-
agnosis of APC Resistance. Thromb. Haemost. 84, 823-824.

. Kusi¢ ], Koji¢ S, Divac A, Stefanovi¢ D (2005) Noncanonical DNA elements in the lamin
B2 origin of DNA replication. J. Biol. Chem. 280(11), 9848-9854.

. Castellani C, Cuppens H, Macek M Jr, Cassiman JJ, Kerem E, Durie P, Tullis E, Assael
BM, Bombieri C, Brown A, Casals T, Claustres M, Cutting GR, Dequeker E, Dodge J,
Doull I, Farrell P, Ferec C, Girodon E, Johannesson M, Kerem B, Knowles M, Munck
A, Pignatti PF, Radojkovi¢ D, Rizzotti P, Schwarz M, Stuhrmann M, Tzetis M, Zielen-
ski ], Elborn JS. (2008) Consensus on the use and interpretation of cystic fibrosis mu-
tation analysis in clinical practice. J. Cyst. Fibros. 7(3), 179-196.

. Koji¢ S, Nestorovi¢ A, Rakicevi¢ L, Belgrano A, Stankovi¢ M, Divac A, Faulkner G.
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Abstract

Since the beginning, the main research interest has been focused on studying
human SOX genes. SOX genes encode transcription factors that play critical roles in
cell fate determination, differentiation and proliferation in numerous developmental
processes. In collaboration with Prof. Peter Goodfellow (University of Cambridge, United
Kingdom) six novel members of the human SOX gene family were cloned and characterized,
including SOX2, SOX3, SOX9, SOX14, SOX18 and SOX20 genes.

The subsequent research was focused on studying the molecular mechanisms underlying
regulation of the human SOX genes expression. This research led to detection of various con-
trol elements and identification of numerous general and tissue-specific transcription factors
involved in the regulation of the human SOX2, SOX3, SOX14 and SOX18 genes expression.

During nervous system development, SOX1, SOX2 and SOX3 transcription factors con-
trol many different processes, including maintenance of pluripotency, cell fate decision and
terminal differentiation. Accordingly, one of the research goals is to study the roles of SOX2
and SOX3 genes in neural differentiation of NT2/D1 cells.

Recently, the research has been focused on the high-resolution phylogenetic studies of
mtDNA variation in ancient populations that resided in the Southwestern region of Serbia
from Bronze Age up to Middle Ages. The comparison of the variability between ancient and
contemporary populations will provide an overview of the migration patterns which led to the
colonization of the various geographic areas of Serbia.

Fluorescent in situ hybridization (FISH) based diagnostics was developed for detection of
microdeletion syndromes (DiGeorge and Prader-Willi / Angelman), rare mosaic karyotypes
and complex structural chromosomal rearrangements.

Research focus

Cloning, studying the structure, regulation of expression and functions of SOX genes

Since established, the main research interest of the Laboratory for human molecular genet-
ics has been focused on studying the human SOX genes. SOX genes encode transcription factors
that play critical roles in cell fate determination, differentiation and proliferation in numerous de-
velopmental processes. SOX genes are divided into ten groups, and research is concentrated on
the SOXB group family members (SOX2, SOX3, SOX14) that play major roles in neural devel-
opment, as well as, on SOX18 gene having important role in regulation of angiogenesis.

Cloning and studying the structure of the human SOX genes

During the work in Prof. Peter Goodfellow’s Laboratory at the University of Cambridge
(United Kingdom) Dr. Milena Stevanovi¢ was involved in the research that resulted in the dis-
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Op OCHMBaMba, OCHOBHO MCTPAKMBAYKO MHTepecoBate JlabopaTopuje ycMepeHo

je Ha mpoy4aBambe xyMaHux SOX rena. SOX reHy KOAMpajy TpaHCKpUIILIOHE GaKkTope

Kojy TokoM pasBuha cucapa 1Majy BaxkHe yjore y ogpebusamwy cynbune, audepenmm-

jaumju u nponudepauuju hennja. ¥ capagmu ca npod. Peter-om Goodfellow-om (University

of Cambridge, United Kingdom) x/1oHmpaHO je 1 0OKapaKTepycaHoO IIeCT HOBYX YWIAHOBA OBE MY/ITH-
reHcke pammnnje Kof yoBeka (renn SOX2, SOX3, SOX9, SOX14, SOX18 u SOX20).

HakoH k10HUpamba, ofpehnBama cTpykType, XpOMO30MCKe TOKaLyje U eKCIIpecHje, HacTaB/beHa
Cy UCTpaXuBama nocseheHa mpoyyaBarmy MeXaHM3aMa TPAHCKPUIIIMOHE PeTynalyje eKCpecuje
xymanux SOX rera. OBa MCTpaKuBarba JOBeJIa CY 40 AeduHycama KOHTPOTTHIX PETMOHA I UfIeHTH-
¢uxanyje 6pOjHMUX OMUITUX M TKUBHO CIeUNGUIHNX TPAHCKPUIIIMOHUX PAaKTOPa YK/BYUCHUX Y
perynanujy excnpecuje xymannx SOX2, SOX3, SOX14 n SOX18 rena.

Toxom passuha HepBHor cuctema SOX1, SOX2 u SOX3 TpancKpumonn GakTopu KOHTPO-
71y MHOTOOpOjHe Ipoliece, YK/by4yjyhu ofpiaBame IIypuIOTeHTHOCTH, ofpehuBame cynbuHe
henuja u repmynanny nudepennujanmjy. 3060r TOra je jefiaH off LM/beBa UCTPAXKMBaba IPOyYaBambe
ynore SOX2 u SOX3 rena y nponecuma Heypante gudepennmjaiyje NT2/D1 henwja.

Op HeZaBHO je OTBOpEH HOBM IIpaBall MCTPAXUBAIha YCMepeH Ha (UIOreHeTCKY aHANIU3y
Bapujanuja Ha HUBOy muToxoHpapujanHe JHK y momymanmjama kxoje cy Hace/baBaje MOApydje
jyrosamagne Cpbuje on 6poHsaHor foba 1o cpemer Beka. [lopeheme BapujabyumHOCTH KOF fpeBHUX
U caBpeMeHNX IoNy/Ialyja npyxuhe yBup y Ipoliece MUTpaliyja KOji Cy OB JI0 Hace/baBarba
pasmunTux reorpadckux noppydja Cpbuje.

JIabopatopuja 3a XyMaHy MOJIEKY/IapHY T€HETHKY jefiHa je Off PeTKMX Y HAllloj 3eM/bU KOja ce
roguHama 6aBu npuMeHoM ¢yopecueHTHe in situ xubpupmsaumje (FISH) y pujarnHocruim
mukpopenenonnx cuaapoma (DiGeorge n Prader-Willi/ Angelman), getexiiuju XxpoMO30MCKOT
MO3auIM3Ma, Kao 1 Y JeTeKIMjU CIOXKEeHNX peapaH)XMaHa XpOMO30Ma KOjii ce He MOTY OTKPUTH
K/TACUYHUM METOJjaMa IUTOTeHETHUKE.

DoKyc UCTpaXKiBamba
Kironnpame, usyyaBame CTpyKType, perynanuje ekcnpecuje u ¢pynkummje xymanux SOX rena

Op ocHUBaMa, OCHOBHY MCTPaXKMBA4YKM MHTepec JlabopaTopuje ycMepeH je Ha IpoydyaBame
xymanux SOX rexa. SOX reHu Kopypajy TpaHCKpUIIOHe haKTope Kojit TOKOM pas3suha cycapa nmajy
BaXKHe yiore y ogpebusamy cynoune, nudepennujanuju u npomudepanuju hemja. SOX renn cy
HOJe/beHM Y AeceT TPYIa, a MCTpaKyBama ¢y obyxBaTana pax Ha reunma SOXB rpyme (SOX2, SOX3,
SOX14), xoju uMajy BaxkHe ynore y passuhy HepBHOr cucteMa, 1 SOXI8 reHy xoju uMa yaory y
perynanmju mpoljeca aHTHOTeHese.

Knonuparwe u npoyuasarwe cmpykmype xymanux SOX zena

ToxoMm 6opaBka y Jlabopatopuju mpod. Peter-a Goodfellow-a (University of Cambridge, Uni-
ted Kingdom) gp Munena CreBanoBnh 611a je y MCTpaXXMBAdYKOM TUMY KOjI je y4eCTBOBAO y



otkpuhy ¢ammnuje xymanux SOX reHa. JIcTpaxuBama Ha OBUM TeHUMaA
HacTaB/beHa Cy M HAKOH OCHMBama JlabopaTopuje 3a XyMaHy MOJIEKY/IapHY TeHe-
Tuky. Kao pesynrar capanme, npeTpakuBameM reHoMcKux u cDNA 6ubmmoTexa,
KJIOHMPAHO je IIeCT HOBYX WIaHOBa OBe Mynturencke pammnje (reau SOX2, SOX3,
SOX9, SOX14, SOX18 u SOX20) xoja obyxBaTa
20 rena Koj 4oBeKa. J[lajba ncTpaxknBara Ouma
Cy ycMepeHa Ha opipebuBame CTpyKType,
XPOMO3OMCKe JIOKallije 1 eKCIIpecuje HOBO-
OTKPMBEHNX 4WIAaHOBAa (aMUIMje XyMaHUX
SOX rena.

covery of the human SOX gene family. The study of SOX genes was later on con-
tinued in Belgrade in the Laboratory for human molecular genetics. In collabora-
tion with Prof. Goodfellow, screening of numerous genomic and cDNA libraries
resulted in the cloning of six novel members of the human SOX gene family (SOX2,
SOX3, SOX9, SOX14, SOXI18 and
S0OX20), that comprises 20 genes. Fur-
ther research was focused on studying
the structure, chromosomal location
and expression of the newly identified
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excnipecuje xymanux SOX rena. OBaj pap je Ha
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Presently, the research team of the
Laboratory for human molecular ge-
netics has been involved in studying
the molecular mechanisms underlying
the regulation of the human SOX genes
expression. Initially, the research was
focused on the characterization of reg-

I
2
Halative CAT actlvley

wap ISSp 13Tp G3Tp CATE

MeTo10/101IKH IIPUCTYIH HPHMEHEHH Y IPOY4aBathy

elleMeHaTa, Kao ¥ aHa/ln3y MpOTEeNHa KOju ce
crenmMpuUYHO Be3dyjy 3a OBe  e/IeMeHTe.
VcrpaxmBama Cy foBea o uaeHTuduKanyje
OpOjHMX OIIITMX ¥ TKUBHO CIelNMUIHNX
TPaHCKPUILWOHKMX (aKTopa YK/BYYeHUX Y
TPAHCKPUIILVIOHY pery/alujy eKCIpecuje OBUX
SOX reHa. Mecro-crerupaHOM MyTareHe30M,
Kao 1 (YHKIVIOHA/HUM ecejuMa, JOKas3aHa je
aKTVMBATOPCKA IV PeIpecopcKa ynora OpojHux
TPaHCKPUILMOHKMX (aKkTopa VK/bYYeHUX Y
perynanujy ekcripecuje SOX3, SOX14 n SOX18
reHa. Ilopen Tora, umeHTudUKOBaHa Cy U ABa
KOHTPOJIHA eJIeMeHTa Heo04He CTPYKTYpe Koju
UMajy ynory u y Mmogynanuju excnpecuje SOX3
TeHa peTMHOMYHOM KucenmHoM. ITokasaHo je ma
je axTuBanyja SOX3 reHa peTMHOMYIHOM KICENN-
HOM II0CpeJJOBaHa HYK/I€apHUM PeTUHOUJHIM
peuentopom RXRa.
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Yruuaj rpanckpununoHux gakropa
Ha ckempecHjy SOXTeHa
Effects of transcription factors
on SOX gene expression

peryiannje ekcripecrje SOX rena

Methodology Applied in Studying
Transcriptional Regulation of SOX Genes Expression

ulatory regions of the human SOX3,
SOX14 and SOX18 genes. The work in-
cluded determination of transcription
start points, mapping of the promoter
regions, functional analysis of control
elements and detection of the proteins
that specifically bind to those elements.
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My TauHoHA AHANNIA KOHTPOIHHX @1eMeHara

Mutation analysis of control elements

& SO0 This line of research has led to the
) I AHTHTENO- o o f . -
R a  TO-OHK = identification of numerous general and
L lear| 5 & . ] o gs .
A 5_‘1::';‘;{2{ tissue-specific transcription factors in-
JHE — ; ; -
Shift volved in the regulation of selected

SOX gene expression. Their roles in up-
regulation and down-regulation of
SOX3, SOX14 and SOXI8 genes ex-
pression were confirmed by site-di-
rected mutagenesis and functional
assays. In addition, two novel, atypical
RA-response elements were identified

Besusame TPAHCKPHIILHOHHY
parropa 3a TIHK (“EMSA®)

FElectrophoretic mobility shift assay
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within the SOX3 promoter region, while retinoid receptor RXRa was identified Taxobe, mpoy4yaBaHy Cy CUTHATHU ITyT€BY KOjU YTUUY Ha akTUBHOCT SOX reHa.
as a major mediator of retinoic acid induced SOX3 gene up-regulation. g Taxo je usy4aBan yruuaj SHH (Sonic Hedgehog) curnannor myTa u meroux
edexropa (GLI u FOXA2) Ha excupecujy SOXI4 rena, a IOKasaHO je U fa je
excpecnja SOX18 rena MopynupaHa GakTopuMa KOjU IMO3UTUBHO MIU HETaTHBHO
PETy/IUIIY aHIMOT€He3Y.

Additionally, the effects of signaling pathways on SOX genes expression have been
investigated. It was demonstrated that Sonic Hedgehog (SHH) signaling pathway and
their effectors (GLI1 and FOXA2) are involved in up-regulation of SOX14 gene expression,
while it is shown that SOX18 gene expression is modulated by factors and drugs known to
positively or negatively regulate angiogenesis. IIpoyuasarwe ynoze SOX zena y npouecy neypanne dudepenyujauuje u anzuozernesu

Op HemaBHO, 3HaYajHA MaXKHba ITOCBeE-

Studying the roles of SOX HaenTndurkanuja TpPAHCKPUIIHOHUX (PAKTOPA YK/bYUEHHX Y PEryIamujy hena je upenmduiamiju Morexynaprux
genes in neural a SOX3 Mé€XaHM3aMa OJTOBOPHMX 3a OJp>KaBaibe
differentiation and CRCHPECH]E XyManar: reHa HeypaJHNX [IPOTeHUTOPA 1 CYROMHe MaT-
angiogenesis Identification of transcription factors involved in the regulation of the human aHyx hemmja Tokom onTorenese. Vctpa-

XKMBamba Cy TI0Kasaja Ja TOKOM passuha
HepBHOT cructema SOXI1, SOX2 n SOX3
TPAaHCKPUIIMOHN (GAKTOPU KOHTPOJIMIIY

Recently, considerable at- SOX3 gene exp ression
tention has been focused on
identification of molecular 427 -219 28 41 +67 +286 MHoro6pojie mpotiece, yimyayjyhi omp-
me'char'us'ms responsible ‘for —I—I:r-_‘ l—l—«l—l—[—ﬂ]l—u : E . TpomoTopekH pernon JKaBame ITypPUIIOTEHTHOCTH, ofipehnBame
maintaining neural progenitor Promoter region cyn6ute hermuja n Tepmusany audepen-

or stem cell fate throughout L. .
) uujanyjy. Excrpecuja OBMX TpaHCKpMIL-
ontogeny. During nervous sys-

tern dovel o son . cm:n NF-Y USF IMOHNX (aKTOpa [EeTeKTOBaHa je U Y
em development, 5 : PBX/MEIS RXR  Spl TATA a .
A ; IOYATHOM MOS3TY, IJile OHU Ofp)KaBa
and SOX3 transcription factors ; 219 —l%d—n D HH |* +7 ba3aJHH NpoMoTOop - o}rllyn amjy © eY}I; AMHIX TIpOT eme opa J}Z
control many different proce- i Basal promoter DPBMIS IRXR KOHTDOJINIILY a/[y/ITHY HEYPOTEHESY.

sses, including maintenance of T Ny i

; " < 1 REB
pluripotency, cell fate decision ! RXE PBX/MEIS RXR . P IS" IC 36or tora je jemam om ummesa
; ; . i r n—n : e A CTHOB QITOBODAN 32 ) UCTpaKUBatba 610 U IpoyYaBarbe yuore

and terminal differentiation. L = AV DETHEORTROM DTATA IMAL
AYKOH]Y PCTHHOHYHO SOX2 n SOX3 reHa y mpoljecuma Heypa-

They continue to be expressed e | KHCeJHIOM Dusp I ZBP-89

. nHe audepenuujanuje. Fbuxopa ymora
and to maintain neural progen- JlucTanun TMpoxcHMamHn RA responsive region
B

. » ) RARE, RARE i i IIPOy4YaBaHa je Y MOJe/I-CUCTEMY XyMaHe
1t0111s’ - tgel adult‘ braln,'con (ana G-borara moTuna) (DR-3 like) ]NF Y I eMOpMOHanHe KapLuuHOMcKe henmjcke
troling a u ¢ NEUTOgENESIS. Eisr‘{"'F' Proximal muayje NT2/D1. HakoH MHAYKLuje peTu-
‘Accordlngly, one of the re- (i Gorich bodes) {Dﬁgrfiie) HOMYHOM KICENMHOM, OBE he)mje uMajy
search goals has been to study crioco6HOCT fudepeHIjalyje y HeypoHe.
the roles of SOX2 Qand NO)E] AxrTnBauuja SOX3 rena: Penpecnja SOX3 rena: Haayxunja SOX3 rena Bynyhn ga NT2/D1 henuje nmajy xapakre-
genes in neural differentiation Spl, USK, NF-Y, CREB, 7ZBP-89, TGIF PETHHOHYHOM KHCEJIHHOM: PUCTMKe CIMYHE IPOreHNTOPCKIM hemn-
using the human embryonal MAZ, RXR, PBX/MEIS Down-regulation of SOX3: RXR, PBX/MEIS, NF-Y jaMa I[eHTpaTHOT HEPBHOT CUCTeMa, OHe
carcinoma NT2/D1 cells as a Up-regulation of SOX3: ZBP-89, TGIF RA-inducibility of SOX3: NpefcTaB/bajy OJIMYAH in Vitro MOJen-
model system. NT2/D1 cells ;. SO CRADTE N7 CUCTeM 3a U3y4aBarbe XyMaHUX TeHa Koju
have the ability to differentiate Spl, lbl". =X, ( —, B, RN NI perynuiry HeipanHy ;mé)epeHuI/Ijal.lI/ij.J
al I "1 lineace in tt MAZ, RXR, PBX/MEIS
along the neural lineage in the [TpoyuaBame ymore SOX2u SOX3 rena



y mpouecy HeypanHe audepeHLUjaluje 3aCHOBAHO je Ha aHanuau edekara presence of retinoic acid. Since the properties of these cells are similar to those of
IIpOMeHa Y eKCIIpecyji OBUX T'eHa Ha ofjpebuBame cynbune u gudepeHnyujanujy progenitor cells in the CNS, they provide an excellent in vitro model system for
NT2/D1 henuja. 3a usyyaBame edekara mosehaHe ekcrpecuje reHepyucaHU Cy studying human genes that promote and regulate neural differentiation.

hernujckn x1oHOBMU Koju excripumupajy SOX2 u SOX3 rene, IpuMeHOM KOHCTUTYTUBHOT

U JOKCULMK/IMHOM MHAYLMOVTHOT eKcIpecroHor cuctema. Hapymasame dynkimje SOX2
n SOX3 rena y NT2/D1 henujama obyxsaTuhe renepricame hemyjckux KJI0HOBa KOji eKCIPUMUPajy
[OMMHAHTO HeraTuBHe GOpMe OBUX IIPOTENHA.
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Investigation of the roles of SOX2 and SOX3 genes in neural differentiation is based

on studying the effects of modulation of their expression on certain features of NT2/D1
cells, such as ability to proliferate, differentiate into neurons and form teratomas. For gain-of-
function studies, cell clones are generated that stably overexpress SOX2 and SOX3 genes by

Edexar usmemene excipecuje SOX2 u SOX3 rena na Heypanny audepenuujaryjy NT2/D1 applying both, constitutive and doxycycline inducible expression systems. For loss-of-
henuja 6uhe npahen ananusom excripecuje Mapkepa mnypunorentnoctu (Oct4, Nanog, SOX2, function studies, cell clones will be generated which express dominant negative forms of SOX2
REST) kao n mapkepa Tpu dase Heypanue guepennujanyje (pasa mojase HeypaTHuX mpore- and SOX3 proteins. Differentiation potential of cell clones will be studied by expression analy-
HUTOPa; (hasa M3/IACKA ONPE/Ie/bEHNUX POreHUTOpa 13 henmjckor nukyca; pasa TepMUHATHO sis of pluripotent stem cells markers (Oct4, Nanog, SOX2, REST) and some of the markers
rudepennupanyux Heypona). Takobe, mnanmpana je TpancnnanTanuja gooujennx hemmjckux specific for three sequential phases of NT2/D1 neural differentiation (appearance of neuro-
KJIoHOBa Y VIMYHO'HCQMHMJ'CHTH‘* MULIeBe pajan npahel-ba'(bopMMpa}ba Tepatoma Tymopa, Oyxyhu progenitors; cell cycle exit of committed precursors; terminally differentiated neurons). Fi-
fia je TepaTOMa ecej MHAMKATOP IUTYPUIIOTeHTHOCTH hennja. nally, NT2/D1 cell clones with modulated SOX2 and SOX3 genes expression will be

OBa ncTpaxmnBama omoryhnhe mpeHTHPUKALM]y MONEKyIapHNUX CUTHANA YKBYIEHNX Y transplanted into immuno-deficient mice to test if they have the ability to form teratomas,

perynanujy excupecuje SOX2 u SOX3 rena, urro he gonpunern 60/beM pasyMeBamwy yIore OBUX since the teratoma assay is the indicator of cells pluripotency.

TeHa y Ofp)KaBatby IUTyPUTIOTEHTHOCTI HEyPaIHIX POreHUTOpa, ofpehusarby cynbute henuja i This line of research will enable identification of signaling networks that are involved in the

TIpOLECy HeypaHe mudepeHtujanje. regulation of SOX2 and SOX3 genes expression and will contribute to the better understand-
Tpanckpunuynonn dakrop SOX18 Mma 3Ha4ajHy YIOTY y CIENNjaTN3ajyu eHOTeINjaTHIX ing of the roles of these genes in maintenance of neural progenitor, cell fate determination and
henuja, pudepenunjanmjyu, HOpMaaHoj ¥ TyMOPCKO]j aHrroreHe3u. OBaj TPAaHCKPUIIIVIOHN (PaKTOP neural differentiation.
OKapaKTePMCaH je U Kao MOTEHIMja/IHM TapreT Y TYMOPCKOj aHTMAHTMOreHOoj Tepanuju. Vcrpa-
XKMBamba Cy yCMepeHa Ha MAeHTUdUKaLujy Mpexke TPaHCKPUIIIMOHNUX peryaTopa Kojii KOHTPO-
nuury excrpecujy SOX18 rena, Kao U Ha IPOy4YaBarbe yIOre OBOT TPAHCKPUIIIIOHOT (GakTopa y
HOPMAJIHOj M TYMOPCKOj aHTyoreHesy. OBa McTpaxkmBama fonpuHehe paspojy HOBUX TeparyjcKmux
cTpareruja 3a GapMaKOIOIIKy MaHUITY/IALlMjy aHTVOTeHese.

Transcription factor SOX18 plays important role in endothelial cell specification, differenti-
ation, normal and tumor angiogenesis. Importantly, this gene has already been marked as a po-
tential target in tumor anti-angiogenic therapy. The ongoing research will help in the
identification of the regulatory network that control SOX18 gene expression and will give addi-
tional insight into the role of this gene in angiogenesis. It could provide the basis for development
of the novel therapeutic strategies aimed at pharmacological manipulation of angiogenesis.
MonekynapHo-reHernuka anammsa [JHK y momynanujama xoje cy Hace/baBaie nogpydje

jyrosamagae Cp6uje y nepuony o 6poH3aHOT 1064 IO Cpeber BeKa
nr " porjey mepriony onop A0D3 A0 cpet Molecular genetic analysis of the populations residing in the Southwestern region of

HepmaBHO je oTBOpeH HOBM IIpaBal] UCTPaKUBama yCMepeH Ha (PUIOTeHEeTCKYy aHalIu3y Serbia from Bronze Age up to Middle Ages

Bapujanuja Ha HUBOy MuTOXoHApujanHe JHK y nomynanujama Kxoje cy Hace/baBaje Iofpydje
jyrosamagne Cp6uje (Havak-KpameBo-IIpn6oj) on 6ponsanor gobda no cpenmer Beka (1800 rog.
mH.e. —1250 ropm. H.e.).

Recently, the novel line of research has been focused on the high-resolution phylogenetic
studies of mtDNA and Y chromosome variation in ancient populations that resided in the
Southwestern region of Serbia (Cacak-Kraljevo-Priboj) from Bronze Age (1800 BC) up to
Middle Ages (1250 AD).

The study of the geographic distribution and diversity of genetic variation, known as the
“phylogeographic approach’, is providing a useful tool for the investigation of range expan-

Anammsa reorpadcke AucTpubOylje 1 AMBep3UTeTa eHeTMYKuX Bapujanmuja (,dumoreo-
rpadcku mpucTyn®) mpyxa MoryhHOCT uMsydaBama CTelleHa eKCIaH3Hje, MUTpaLuja I JPYINX
06/1MKa TeHCKOT IIPOTOKa TOKOM Ipanctopuje. Behnna ¢mnorenerckmx aHannsa sacHuBa ce Ha
ananusu muroxouapujante [JHK (mtJHK) u sacHOBaHa je Ha mpoy4aBary Bapujalyja y CeKBeHIIN .
npBor xunepsapujabumHor cermenta (HVS-I) kontponsor pernona MrJHK. Tonumopusmu sions, migrations, and other forms of gene flow during prehistO}'y. Most of the phylogenetic
nojeuHayHKX HyKneoTuAa (SNPS), IPUCYTHY y MUTOXOHpUjaTHOM reHoMy i1 Y XpoMOo30oMy, 360T analyses have been based on sequence variation within the first hypervariable segment
oficycTBa pekoMbuHaIja Hactehyjy ce Kao Xammo61okoBu. 360r 0Be 0COGUHE, Kao M yHMIIA- (HVS-I) of the control region of mtDNA. Single nucleotide polymorphisms (SNPs) located



within the mitochondrial genome and in non-recombinant part of the Y chro-
mosome are particularly valuable because they have uniparental mode of inher-
itance (paternal and maternal, respectively) and do not recombinate, so they are
inherited as haplotype blocks. Comparison of the variability between ancient and

FISII ma npenaparumva Gysaide caysososme  FISLL Ha npenapaTiMa nepHbepHe KPEH
IF1811 on peripheral blood sample

contemporary populations will
provide an overview of the mi-
gration patterns which led to the
colonization of the various geo-
graphic areas of Serbia.

As a result of post-mortem
damage, ancient DNA mole-
cules are often highly frag-
mented and usually found in
low concentrations. Because of
the high risk of contamination
with modern DNA, work with
ancient DNA will be performed
under special conditions with
strict implementation of corre-
sponding laboratory protocols.

Application of Fluorescent
in situ Hybridization
(FISH) for detection of nu-
merical and structural
chromosome aberrations

To bridge the gap between
basic research and its applica-
tion, Fluorescent In Situ Hy-
bridization (FISH) (initially
introduced for SOX genes map-
ping) was successfully applied for
prenatal and postnatal detection
of chromosome aberrations.

The Laboratory for human
molecular genetics was the first
one in Serbia that developed
FISH based diagnostics of mi-

Percn Motanans KAPHOTHIIORH

Rare mosaic karvolype

KoMiuiekens crpyierypiin peapaissmMani
= Mnj conoyMCI L IAC THHIIH CHILIPOM
ish 1{1:19)(p13;?){1q1 2+ wepl9+),
Hder{1 {112 {p13:")pL/CL. 77+ wepl 94)
Complex structural rearrangement
- Myelodysplastic svndrome
ish t{1;19)(p13; M{1lq 12 +,wcpl9+),
Fder{1(1; 19)(p13; 7)(pUCL. 77 +,wep19+)

TOMWITA « VEArS

FISII on buccal smear

Jderekunja crpyKTYPHHX H HYMEPHUKHX

abepauuja xpomozoma
npumenom Quiyopecuenrne in situ
xubpupusanuje (FISH)
Detection of numerical and structural

chromosomal aberrations by fluorescent
in situ hybridization (FISH)

B{I]I’l MPCTIATAINN TeCT A MPCTIapaTHya HeKYITHREACAITHX Fu:.'mjz

IU10/I0BE BojIe
Fast prenatal test on uncultured amniotic fluid cclls

22q11.2 Mupofecnnja
(MiGrorge ciyipos)
22q11.2 microdeletion
(DiGeorge syndrome)

15g11-q13 Muxcpo/eacipja
(Prader-Willif Angelman cunyjipos)
15q11-q13 microdeletion (Prader

Willi/ Anpgelman syndrome)

PEHTalHOT HaclnehuBama (MaTepHaNTHO, OJJHOCHO IaTepHanHO Hacnebusame),
aHamM3a oBUX nojuMop¢usama 6uhe nmprumMemeHa y GuaoreHeTCKUM aHaIM3ama.
ITopehemwe BapnjabMIHOCTH KO APEBHUX U CaBPEMEHYX IToNynanyja npyxuhe ysug

y Ipoliece MUTpaliyja Koju Cy TOKOM UCTOpMje OB 10 KOIOHM3alyje pasIuInTuX

reorpadckux nogpyyja Cpouje.

Kao pesynraTr pasmmamrux
BpcTa omrehema, fpesHa [JHK je
4ecTo JierpajioBaHa 1 IPYCYTHa je
y BeoMa Majoj KOMMYMHN Y
apXeOJIONIKMM Y30PI1IMa KOju Cy
TOCTYIHM 3a aHa/mm3y. 360r Be-
JMKe BepoBaTHOhe KOHTaMMHa-
umje mopepHoM JJHK, pap nHa
npesHom THK matepujary onsu-
jahe ce y crienmjaHum maboparo-
PUjCKUM YC/IOBMMA, Y3 CTPUKTHY
IIpMMeHY ofroBapajyhux mabopa-
TOPWjCKMX ITPOTOKOJIA.

ITpumena ¢payopecienTHe in
situ xu6pupgusanuje (FISH) y
FeTeKINji HyMepUIKUX U
CTPYKTYpHUX abepanmja
XpoMO30Ma

3Harbe 1 UICKYCTBO CTEYEHO Y
OCHOBHJM UCTPaKMBambIMa yC-
IIENIHO Cy IPUMEHEeHNU Y MOJIe-
KyTapHOj AujarHocTuiy. Taxo je
TeXHUKA QIyopeclieHTHe in situ
xnbpupusauuje (FISH), npso-
OUTHO yBelleHa pafiy Malupama
XyMaHMX I'€Ha, YCIIEIIHO Ipu-
MemeHa 32 IeTeKLUjy CTPYKTY-
PHUX M HYMepU4KUX abeparuja
xpomo3omMa. Tako cy OCHOBHa
UCTpaKMBawa n3 061actu Mo-
JIEKy/IapHe I'eHeTHKe HalllId CBO-
jy HemocpegHy NpUMEHY Y
MEeIUIVHCKO] IVjarHOCTULI
KpO3 capajimby ca OpojHUM K-



HYKaMa y 3eM/BIL. crodeletion syndromes (DiGeorge and Prader-Willi/Angelman), as well as detec-

JTabopaTopuja 3a XyMaHy MO/IEKy/TapHy FeHETUKY jefHa je Oji PBUX y HAIIO] tion of rare mosaic karyotypes and complex structural chromosomal rearrange-
3eMsbH KoOja je mpumenwna FISH y aujarnoctuim Mukpogenennonux cuagpoma (Di- ments that could not be analyzed by classical cytogenetic analysis.
George 1 Prader-Willi/Angelman), geTekIiju XpoMO30MCKOT MO3aUI[U3Ma, Kao U y
[eTeKIMj I CIOKEHNX peaparKMaHa XpOMO30Ma KOjI Ce He MOTY [JeTeKTOBATHU K/IaCHIHIM
MeTojaMa IIUTOTeHeTHKe.

Marker assisted selection for the economic trait loci in cattle

PCR and subsequent restriction fragment length polymorphism analysis (PCR-RFLP) have
been used for genotyping milk protein variants. Accurate genotyping of k-casein and B-lacto-
globulin and selection of desirable genotypes have economic significance, since their genetic
variants have effects on milk production traits.

ITpuMeHa reHeTHYKIX MapKepa y CeeKIVIji 0COOMHA Off eKOHOMCKOT 3Ha4aja Ko goMahux
SKMBOTHIbA

Texnnka nangaor ymHoxasawa [JHK (PCR) m momumopdusam myXuHe pecTpUKLMOHUX
¢parmenara (RFLP) npumersenn cy 3a onpebhuBarbe reHeTUUKIIX BapyjaHTI IPOTENHA MIEKA U CENEKLVjy
HIOXKe/bHIX BapUjaHTH K-Ka3enHa 1 P-/IaKToro0yInHa, Koje yTudy Ha mpepabhusauke ocobuHe miexa.

Additionally, molecular diagnostics of BLAD (Bovine Leukocyte Adhesion Deficiency) and
porcine stress syndrome have been developed in the Laboratory for human molecular genetics.

Y obmacTu BeTepuHe pasBUjeHa je MOJeKylnapHa aujarHoctuka BLAD-a (a;xesmoHa
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Projects

Studying signal transduction pathways and epigenetic mechanisms that control
human SOX genes expression: further insight into their roles in cell fate determi-
nation and differentiation (project No.: 173051). Ministry of Science and Technolo-
gical Development, Republic Serbia, 2011-2014

Ethnogenesis of the Serbs during the Middle Ages (until c.1250): a comparative analysis of
the historic-cultural heritage, genetic material and artifacts of material culture from the as-
pect of analytical chemistry (project No.: 47025). Subproject: Molecular genetic analysis of
the populations residing in the Southwestern region of the Serbia from Bronze Age up to
Middle Ages. Ministry of Science and Technological Development, Republic Serbia, 2011-
2014

Studying the molecular mechanisms involved in maintaining pluripotency and differentia-
tion of stem cells (No.: @-24). Serbian Academy of Sciences and Arts, 2010

Studying the regulation of expression and function of the human SOX genes (project No.:
143028). Ministry of Science and Environmental Protection, Republic Serbia, 2006-2010
Human SOX genes: Studyng the structure and regulation of expression (project No.: 1438).
Ministry of Science, Technologies and Development, Republic Serbia, 2002-2005

Application of molecular techniques in analysis of economic trait loci in cattle (project No.:
S.4.27.48.0001). Ministry of Science and Technology, Republic Serbia, 1998-2000

FISH (Fluorescent in situ Hybridization) in fundamental and clinical investigation (project
No.: 1.3.1429). Ministry of Science and Technology, Republic Serbia, 1997-1998

Cloning and characterization of human SOX genes (project No.: 03E11). Ministry of Science
and Technology, Republic Serbia, 1996-2000

Regulation of human SOX18 gene expression and its role in angiogenesis (project No.:
CRP/YUGO07-01). The International Centre for Genetic Engineering and Biotechnology
(ICGEB), Italy, 2008-2010

Retinoic induction of SOX3 gene expression (project No.: CRP/YUG99-01). The Interna-
tional Centre for Genetic Engineering and Biotechnology (ICGEB), Italy, 2000-2002
SOX3 activation by retinoic acid (project No.: 18876GCS-B09). Wellcome Trust, United
Kingdom, 1995-1997

SOX genes: A new family of genes related to the sex determining gene SRY (project No.:
037356/7/92). Wellcome Trust, United Kingdom, 1992-1993

Awards

Jelena Popovi¢, Annual award of the "Goran Ljubijanki¢” Foundation for the best PhD the-
sis in the field of molecular biology defended in 2010

Slobodan Davidovi¢, Annual award of the "Goran Ljubijanki¢” Foundation for the best BSc
thesis in the field of molecular biology defended in 2010
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regulates SOX14 gene expression. Biochim. Biophys. Acta.- Gene Regul. Mech. 1799,
411-418.

ITpojexTn
. HPOY‘{aBal—be CUTHA/THUX IIyT€Ba U €IIMT€HETUIKNX MEXaHl3aMa YK/byY€HUX Y KOHTPOITY
excrpecuje xyManux SOX reHa: jajbe pacBeT/baBaibe IUXOBe yore y onpehusamy cynouue u

nudepenunjanyje hemja (ocHOBHa ucTpakuBama, 6p.: 173051). MuHucTapcTBO 3a HayKy u
TeXHONOLIKY pa3Boj Penry6mke Cpbuje, 2011-2014

Ernorenesa Cp6a y CpeptbeM BeKy: yIOpefHa aHamN3a MCTOPUjCKO-KyITypHOTr Hacneba,
TeHeTMYKOT MaTepujajaa U IpefMeTa MaTepyjanHe KyAType ca aclleKTa aHaJUTUIKe XeMuje
(mpojexar MHTerpasHNUX ¥ MHTEPAUCLUIIMHAPHUX UCTPaXKMBamba, 6p.: 47025). IloTmpojekar:
MonekynapHo reHeruuka ananmusa JHK y momymanmjama koje cy HacebaBazie IOfpydje
jyrosamagne Cp6uje y nepuony ox 6poH3aHor fo6a jo cpefiiber Beka. MIHICTapCTBO 38 HAYKY
U TeXHOJIOLIKY pa3Boj Penry6nke Cp6uje, 2011-2014

ITpoyuaBarme MOJIEKYIapHUX MeXaHM3aMa yK/bYUeHVX Y Ofip)KaBame IUTyPUIOTEHTHOCTU 1
nudepennujanuje MatnyHux henuja (6p.: ®-24). oup 3a HayuyHa MCTpaxubamwa CpIcke
aKajieMuje HayKa 1 ymeTHocTi, 2010

Regulation of human SOX18 gene expression and its role in angiogenesis (cTpanu mpojexar, 6p.:
CRP/YUGO7-01). The International Centre for Genetic Engineering and Biotechnology (ICGEB),
2008-2010

VsyyaBame perynanuje excrpecuje u Gpynkiuje xymanux SOX reHa (OCHOBHA MCTPaXMBamba,
6p.: 143028). MUHUCTApCTBO 3a HAYKY 1 3aIITUTY XUBOTHe cpeanHe Penryomuke Cpouje, 2006
2010

Xymann SOX reHn: mpoydaBame CTPYKTYpe U perynanuje ekcupecuje (OCHOBHA MICTPaKMBaba,
Op.: 1438). MuHMCTAapCTBO 3a HAyKY, TeXHOJIOTHje U pa3Boj Pemybmuke Cpbuje, 2002-2005

Retinoic acid induction of SOX3 gene expression (cTpatn mpojexar, 6p.: CRP/YUG99-01). The
International Centre for Genetic Engineering and Biotechnology (ICGEB), Italy, 2001-2003

PasBoj 11 mpyMeHa HOBUX GMOTEXHOMOIIKIX METO/A I TIOCTYIaKa 3a mosehare IpOn3BoOEbe 1
o6 o/blIake KBAMTETa Meca, MIeKa U jaja (CTpaTelKn mpojekar, 6p.: $.4.27.48.0001, PP4).
IToTmpojexar: YBobeme MoneKyTapHO 6GMOIOMIKIX IIOCTYIIAKA Y TeHETNYKOj aHA/IN3M 0COOMHa
Off EKOHOMCKOT 3Ha4aja Ko soMahnx uBoTuma. MUHICTAPCTBO 3a HAyKy U TEXHOMOTHjY
Penry6rmuke Cp6uje, 1998-2000

FISH- ®nyopecuenTHa in situ Xubpuayusaiija u ibeHa IpUMeHa y IIPEeHAaTaHOj J1jarHOCTULIN,
JleTEeKTOBakY HACTENHNUX 0O0/IeCTH U MaIMTHOj TpaHchopManuju (MHOBALMOHY IIpOjeKar, Op.:
1.3.1429). MuHMCTapCTBO 3a HayKy 1 TeHOorujy Perry6omuke Cpbuje, 1997-1998

Knonupame u kapakrepusanmja xymanunx SOX reHa (OCHOBHa McTpaxmBamwa, 6p.: 03E11).
MunncrapcTBo 3a HayKy u TexHonorujy Peny6mke Cpouje, 1996-2000

SOX3 activation by retinoic acid (cTpanu mpojexar 6p.: 18876GCS-B09). The Wellcome Trust,
UK, 1995-1997



Harpape « Marija Mojsin, Annual award of the Goran Ljubijanki¢” Foundation for the best PhD

SOX genes: A new family of genes related to the sex determining gene SRY « Natasa Kovacevi¢ Gruji¢i¢, Annual award of the “Goran Ljubijanki¢” Foundation for
(crpanym npojexar 6p.: 037356/Z/92). The Wellcome Trust, UK, 1992-1993 the best PhD thesis in the field of molecular biology defended in 2009
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Jenena Homosuh, romummsa narpaga Gongawmje ,Topan Jby6ujanuh” sa Haj6omy thesis in the field of molecular biology defended in 2008

[IOKTOPCKY [IMCePTaLujy i3 06/IacTi MOJIeKy/IapHe 6uonoruje onbpamery y 2010. rogusm Aleksandar Krsti¢, Annual award of the "Goran Ljubijanki¢” Foundation for the best MSc

Cro6onan Tasuposuh, roguusa Harpaza ®ongaunuje ,lopan Jby6ujankuh” sa Haj6omu thesis in the field of molecular biology defended in 2006

[IMIIOMCKI Paj 13 06/1acTi MoTeKyapHe Guornoruje og6parer y 2010. rogurm Isidora Petrovi¢, Annual award of the "Goran Ljubijanki¢” Foundation for the best MSc

Harama Kosauesnh [pyjuunh, ropuinma Harpaga ®onparyje ,lopan Jbybujankuh” 3a Hajoorsy L DA L b CE Rl e T

JIOKTOPCKY AUCEPTALMjy M3 067IaCTH MOJIeKy/apHe Guoyoruje oopamery y 2009. roguHu Dimitrije Krsti¢, Annual award of the "Goran Ljubijanki¢” Foundation for the best BSc the-

Mapuja Mojcus, roguisa Harpaga Ponpanuje ,,Topan /bybujankuh” 3a Hajoo/by JOKTOPCKY sis in the field of molecular biology defended in 2004

JUCepTaLH]y 13 067aCcTH MOTIeKyNIapHe 6UONIoTUje on6pabery y 2008. rouHM Milena Stevanovi¢, First award for the most successful researchers in the field of biology,

» . Ministry of Sci d Envir tal Protection, Republic of Serbia, 2004
Anexcanpap Kpcruh, ropumma Harpaga @onpanmje ,lopan Jbyb6ujankuh” 3a Hajoomn HIstty of science and Bnvironmental Frotection, Bepublic of Serbla

MArucTapcKu paji 43 06nacTi MojeKyapHe 6uonoruje ofGpareH y 2006. FofuHI Danijela Drakuli¢, Third award for the most successful researchers in the field of biology,

Ministry of Sci d Envi tal Protection, Republic of Serbia, 2004
Ucupopa Ilerposuh, ropuurma Harpaga Ponpanuje ,lopan Jbybujankuh” 3a Haj6omM HSHTy of science and Envitonmentat Frotection, Fepublic of Serbia

MATUCTapCKH paji 13 06/acTH MoreKy/apHe 6uonoruje ofbpatseH y 2005. TofuHM Natasa Kovacevi¢ Grujic¢i¢, Third award for the most successful researchers in the field of

biology, Ministry of Science and Environmental Protection, Republic of Serbia, 2004
Iuvurpuje Kpceruh, ropmmma narpaga ®oupaunje ,lopan Jbybujanknh” sa Haj6omu BY ¥ .

IUIVIOMCKH paj 13 06/1acTy MOTeKy/IapHe Oyonoruje onbpamet y 2004. roguuu

Mpunena CreBaHoBuh, Harpaja MuUHUCTapCTBa 3a HAaYKy M 3alTUTY )XUBOTHE CPefyHE 3a
HajyCIIelHNje UCTpaXkKiBade 13 obmactu 6uonoruje — Kareropuja Al, 2004

HMannjena Jpakymuh, Harpaga MuHuCTapcTBa 3a HayKy M 3alUTUTY XXMBOTHE CPefiMHe 3a
HajyCIIeNHNje UCTpaXkiBayde 13 obmactu 6uororuje — Kareropuja A3, 2004

Harama Kosauesuh Ipyjuunh, Harpaga MuHucTapcTBa 3a HayKy U 3allITUTY KMBOTHE CPeJIHE
3a HajycIeLIH1je NCTpaxKuBade u3 obnacTu 6uonoruje — kareropuja A3, 2004
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JTaboparopuja 3a MOTEKYTapHY TeHETHKY ¥ €KONOTHjy MUKPOOpTaH3aMma

Laboratory for Microbial Molecular Genetics and Ecology



Laboratory for Microbial Molecular JTabopaTopuja 3a MOTIEKy/TapHY T€HETUKY U

Genetics and Ecology €KO/IOTHjy MUKPOOPTaHU3aMa
Head: Branka Vasiljevi¢, PhD, Principal Research Fellow PykoBopgunai: gp Bpanka BacupeBuh, HaydyHu caBeTHUK
Associates: CapagHunm:
Ivana Mori¢, PhD np VBana Mopuh
Jasmina Nikodinovi¢ Runié, PhD np Jacmuua Huxonnuosnh Pyxnh
Tatjana Ili¢ Tomi¢, PhD np Tarjana Mnnh Tomnh
Lidija Doki¢, PhD ap JIupuja Hokuh
Lidija Senerovi¢, PhD mp Jlupuja lleneposuh
Sandra Vojnovi¢, Msc mp Canppa Bojuosuh
Nada Stankovié, MSc mp Haga Crankosuh
Tanja Naranci¢, Bsc Tamwa Hapanunh
Sanja Bajki¢, Bsc Cama bajknh

Aleksandar Pavié, BSc Anexcanpap ITaBuh



Abstract

Since it has been founded in 1998 Laboratory for Microbial Molecular Genet-
ics and Ecology has gradually been broadening its research interest - from funda-
mental to more applicative research. At the beginning, research focus was molecular
genetics of actinomycetes, aminoglycosides producing bacteria, with the especial interest
in a) mechanisms of resistance to their own toxic products through methylation of antibiotic
target and b) regulation of resistance gene expression. As interest in clean technologies and
preservation of biodiversity has been growing, our Laboratory goals are widen to search for
novel microorganisms, metabolites, and genes from different environmental samples. Recent
Laboratory projects are oriented towards bioprospecting for beneficial microorganisms, in-
teresting enzymes and metabolites with potential application in bioremediation and biotech-
nology.

Research focus

Laboratory for Microbial Molecular Genetics and Ecology (previously Laboratory for Mo-
lecular Genetics of Actinomycetes) became independent research unit in 1998. In years prior
to 1998 Laboratory members were engaged in “Molecular Genetics of Micromonospora®, part
of “Structure and Function of Genes of Industrial Microorganisms” project.

Initially, research focus of the Laboratory was molecular genetics of actinomycetes, pro-
ducers of secondary metabolites, but as Laboratory grew its interest has broaden to molecular
genetics of other environmental bacteria, especially of beneficial microorganisms, and micro-
bial diversity.

The actinomycetes are ubiquitous in nature and mostly studied for their economical im-
pact. They produce secondary metabolites that have antibiotic, antifungal, antitumor, im-
munosuppressive, enzyme inhibitory, insecticidal, herbicidal properties.

One of the first aims was to develop methods towards genetic engineering of Micromono-
spora (genus of Actinomycetes). In our Laboratory the method for transformation of Mi-
cromonospora melanosporea protoplasts has been developed. It has been shown that this
organism produces a rare restriction enzyme recognizing more than six DNA nucleotides.
During 90s, we have isolated and characterized pMZ1 plasmid from Micromonospora zionen-
sis. It was determined that this plasmid was replicating via rolling circle replication (RCR) and
that it was conjugabile. This plasmid could also successfully integrate into the bacterial chro-
mosome.

Since antibiotic producing bacteria are exposed to their own secondary metabolite(s) in
order to survive they have to protect themselves from their products’ toxicity. We have found
very tempting to elucidate the molecular mechanisms of resistance in aminoglycoside pro-
ducing strains and our research in this field started with cloning the sgm gene from Mi-

Ancrpakt
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Op ocumBamwa 1998. ropmue, JlabopaTopuja 3a MOJNEKy/IapHYy T€HETUKY M
€KOJIOTHjy MUKPOOpTraHy3aMa IOCTEIIEHO je IPOLINPMBaIa CBOje MCTPaXKUBAYKO MHTe-
pecoBame off GyHZAMEHTaTHNUX Ka IPUMEH/BMBUM UCTpaxyBamuma. [Ippo6UTHO cy
MCTpaXXMBama OUIa ycMepeHa Ka MO/IeKy/TapHOj TeHeTUIIM aKTMHOMUIeTa, 6aKTepuja Koje
IIPOM3BOJie AMMHOIIMKO3UIHE aHTNONOTIKe, @ TIoceOHa Iakiba OuIa je ycMepeHa Ka [IpoydyaBarmby
a) MexaHM3aMa Pe3NCTeHIMje Ha COIICTBEHEe TOKCHYHE IPOJYKTe METHUIALIM]OM MeCTa JIe/IoBatba
aHTHOMOTVKA U 6) pery/alije eKCIpecuje reHa OATOBOPHNX 3a pe3UCTeHINjy Ha aHTHOMOoTHKe. Kako
MHTEpPeCoBalbe 3a YICTE TEXHOJIOTHje M OUyBakbe GMOOMIKOT [UBEP3UTETa HEIPECTAHO PacTe, M-
peBu JlabopaTopuje IPpOIIMPEHN Cy Ha TpaKerhe HOBUX MUKPOOPraHM3aMa, MeTabo/InTa I TeHa U3
PasSIMYUTUX CPESVHCKMUX y30paKa. AKTyenHU npojektyu JlabopaTopuje OpujeHTHMCaHU Cy Ha
Tpakerbe KOPMCHUX MUKPOOPraHM3aMa, MHTEPEeCAaHTHIX eH3JIMa U MeTabo/ITa ca OTeHIVjaTHOM
IPYIMEHOM y 6MO/IOIIKOM OIIOPABKY U OMOTeXHOMOTYjH.

DoKyc UCTpaKMBaIba

JTaboparopuja 3a MO/IEKyTapHy T€HETUKY 1 eKOJIOIMjy MUKpoopraHusama (pauuju Hasus Jlabopa-
TOpMja 3a MOJIEKY/TapHY TeHETUKY aKTMHOMMI[eTa) TOCTaIa je He3aBICHA UCTPaXKMBAYKa jeIMHULIA
1998. ropune. Y nepupy mpe 1998. unanosu JlabopaTopuje Oumi Cy aHTaXKOBaHM Ha IIOTIIPOjeKTy
»MoJeKynapHa reHeTHKa MMKPOMOHOCIIOpa“ y OKBHUPY IpojekTta ,,CTpyKTypa 1 GyHKIMja reHa
MHIYCTPUjCKMX MMKpoopranusama‘. IIppo6uTHu ncTpaxknsadku unrepec Jlaboparopuje 6una je
MOJIeKy/lapHa TeHeTMKa aKTMHOMuIeTa, 6akrepyja IpomusBolaya ceKyHIapHMX MeTabomuTa.
MebyTum, kako ce JlabopaTopuja pasBujana Tako ce M IeHO MCTPaXKMBAYKO MHTEPECOBAIbE
HPOIIMPIO HAa MOJIEKYIapHY T€HETUKY APYIMX CPEAMHCKUX MUKPOOPTaHM3aMa, HocebHO KOopH-
CHUX 6aKTepuja, ¥ M3ydaBare MUKPOOMOIONIKOT AUBEP3UTETA.

AKTHHOMMIIETE CY LIMPOKO PaclpoCTparbeHe y IPUPOAY I IpeAMeT Cy OpOjHIX UCTPAKUBaIba
Ipe cBera 360T CBOT €KOHOMCKOT 3Havaja. OBM MUKPOOPraHU3MU IIPOM3BOJie CEKYHAApHE MeT-
abosmiTe Kao IITO CY aHTUOMOTHLN, QYHIULNAY, UMYHOCYIIPECOPH, NUHXUOUTOPY eH3MMa, IeCTUL]-
upy (XepOUIUAN, MHCEKTULIUAM). JefaH Off IPBMX 3afaTaka Jlaboparopuje 6uo je pa3Boj MeTona
3a MaHMITy/IAIlMjy TEHeTUYKVM MaTepujaioM poaa Micromonospora (bammnuja Actinomycetes). Y
Halloj jabopaTopyuju pasBMjeHa je MeTofa TpaHcdopMaluje mporortacta Micromonospora
melanosporea. Taxobe cMo yTBpAWIM fa 0Ba GaKTepyja IPOU3BOAY Pefak PeCTPUKLIMOHN eH3UM
KOjM IIperno3Haje Buille off mecT Hykneotuaa Ha JIHK. Toxom feBemeceTnx rofuHa mpoILior Beka
pabeHno je n Ha mmasmMupy pMZ1 usonosanoM 13 6axrepuje Micromonospora zionensis. Ilokasano
je ma ce pemMKanyja wiasmuga pMZ1 oxBuja MexaHu3MoM KoTpbajyher o6pyda (RCR - rolling
circle replication), a Takobe je moKasaHO [ja je OBaj IIa3MIJ KOBYrabIIaH U a ce MOXKe MHT-
erpucati y 6akTepyjcKi XpOMO3OM.

Kaxko cy 6axrepuje Koje Ipon3BoOfie aHTHOMOTIKE U CaMe U3JI0XKEeHe [I€jCTBY COIICTBEHNX CEKyHMIa-

PHUX MeTabo/NTa, OHe MOpajy, [a OU IIpeXUBese, Ja ce 3allTUTe Off IUXOBe TOKCUYHOCTH. PacB-
eT/baBalbe MeXaHM3aMa Pe3NCTeHIVje KO O0aKkTepyja Koje IPOM3BOfie aMUHOIIMKO3N/E 3aII04YeTO je



KJIOHVIpameM sgim reHa us Micromonospora zionensis, mpousBobada aMUHOITMKO3VITHOT
aHTHOMOTHMKA G-52. YTBpAWM cMO fia sgm reH kopupa 16S pPHK Metunrpancdepasy

Koja, MeTIIyjyhu MecTo feoBarma aMIHOIIMKOSK/A, Tj. A MECTO y MajIoj prO030MaIHOj
cy6jenumny, 06e36ebyje pesucreHijy cBom Hocuory. Jaba u3ydaBara MeXaHI3Ma PETy/i-
aluje sgm reHa yTBpAMIa CY Jia je HberoBa eKCIpecHja perycata ca isa IpoOMOTOpa Ha TpaH-
CKPMIIIMIOHOM HMBOY, a /] je 0Baj IeH JJOJATHO PEry/lucaH 1 Ha TPaHCTAIMOHOM HMBOY MEXaHM3MOM
HeraTuBHe ayToperynanuje. Ha ocHOBY cBMX pesynrara, IPeIOKIIN CMO MOJIeNT HETaTMBHE ayTo-
perynarpje Koji je yK/byunsao uHTepdepeHIjy MeTuaTpanchepase 1 MHLIMjalyje TpaHcIanyje. VcTos-
peMeHO cMo ce GaBMIM U IpOydYaBameM peryaaluje ekcrpecuje grimA rea us M. purpurea Koja
IIPOM3BOAY FeHTaMULMHCKY KOMIIIEKC, Kao 1 pery/IaLjoM ekcrpecuje kgmB reHa us Streptomyces tene-
brarius, mpousBohaya HeOpaMuuMHCKOT KoMIUTeKca. Excripecyja kgmB reHa perymicaHa je MeXaHI3MOM
HeTaTVBHe ayTOpery/alija, Oall Kao U eKCIIpecHja sgrm reHa, HaCyIpoT grimA reHy Kojui OBOM MeXaHM!-
3My He IOJIJIeXe, MAKO IIOCTOjU BUCOK CTelleH uaeHTdHocTy n3Mehy GrmA u Sgm, ogrocro KgmB Ha
aAMIHOKMCENIMHCKOM HuBOY. [IpeMa HaIloj XunoTesu, TeH) 3a pe3UCTEHIIN]Y KOji TIOIIEXY MEXaHU3MY

ayTopery/aluje Ha TPAHCIAIMOHOM HIUBOY Y CBOM
5’ merpancmatupajyhem pernony (UTR) umajy
pery/naTopHe IpuMapHe U/ CEKyHTapHe CTPY-
krype. Ha ocHOBy KoMmmjyTepcke aHammuse
IPETIOCTaB/beHO je IIOCTOjambe CeKyHIapHe
crpykrype Tuma ykocHute y 5 UTR sgm u kgmB
nPHK Monekyrna, ca MOTeHIUjaTHUM PeTrynaTo-
punM dynxijama. Y RNase ecejuma notspheno
je TIpUCYCTBO IPETIOCTaB/beHe CeKyHIapHe
crpykrype y sgm 5 UTR nPHK, nox takBa cTpyk-
Typa Huje fierekroBana y kgmB 5 UTR uPHK,
uaKo je in silico aHanu3a IpeaBuUeNa BbeHO IoC-
TOjarbe.

ITo excpecuju sgm, kgmB ogHOCHO grmA
reHa y M. melanosporea, yodeH je UHTepeCaHTaH
¢deHOMeH — PeKOMOMHOBAHM COjeBM Cy UCIIO-
TbaBa/IM, TIOpeJ], OYeKMBaHe Pe3VCTEeHIuje Ha
4,6-IUCYICTUTYMCAaHE aMUHOITIMKO3U/JIE, U pe-
3JICTEHIUjy Ha xurpoMuiiud b. Pesncrennuja
Ha XUTpOMHUIIVH b, Koja mpe oBUX eKcIepm-
MeHara Huje 61a moBesuBana ca ouM pPHK
MeTmITpaHcepasaMa, yKasaja je Ha YHUKAT-
HOCT CTPYKType pub0o3oMa KOJ MMIKPOMO-
HOCIIOpa.

Mainu 6poj AMpeKTHNUX JJoKa3a 0 MecTy Moaud-
nkaryje sehnue 16S pPHK metunrpancdepasa 13
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cromonospora zionensis, the producer of G-52 aminoglycoside antibiotic. It was

shown that the sgm gene codes for 16S rRNA methyltransferase that methylates
aminoglycoside’s target, i.e. the A-site within small ribosomal subunit, and is re-
sponsible for the resistance. Further study of the mechanism of the sgm gene regulation
revealed that the sgm gene expression was regulated by two promoters at transcriptional
level, and additionally, at translational level, through mechanism of negative autoregulation.
We have proposed a model for negative autoregulation at translational level that involves in-
terference between methyltransferase and initiation of translation. In addition, we have stud-
ied the regulation of resistance gene expression mechanism of the grmA gene from M.
purpurea, the producer of gentamicin complex and kgmB from Streptomyces tenebrarius that
produces nebramycin complex. The kgmB gene expression undergoes negative autoregulation,
similarly to the sgm gene, while the grmA gene regulation does not follow that pattern, despite
high identity of GrmA to Sgm and KgmB at amino acid level. According to our hypothesis, re-

sistance genes that are autoregulated at trans-
lational level in their 5 untranslated regions
(UTR) contain regulatory sequences and/or
secondary structures. Predictive secondary
structure analysis implicated a presence of
hairpin loop(s) in 5 UTR of sgm and kgmB
mRNAs with potentially regulatory function.
While the presence of predicted secondary
structure in RNase experiments was con-
firmed in sgm mRNA 5 UTR, the structure
hasn’t be detected in 5> UTR mRNA of kgmB,
although predicted.

Interestingly, upon expression of sgm,
kgmB or grmA in M. melanosporea, recombi-
nant strains acquired resistance to hy-
gromycin B in addition to 4,6-disubstituted
aminoglycosides resistance. Resistance to hy-
gromycin B, not previously associated to these
rRNA methyltransferases, revealed a unique-
ness of micromonospora ribosome structure.

Very little direct evidence existed for tar-
get site modification for majority of 16S rRNA
methyltransferases from aminoglycoside pro-
ducers prior to our collaboration with Dr
Gaeme L. Conn Laboratory from Manchester
University, UK (WelcomeTrust Project). To-
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gether we determined the site of action for Sgm, GrmA and Krm methyltrans-

ferases, which is G1405 position at A-site of 16S rRNA. We also determined two do-

main structure (C- and N- terminus), amino acid residues responsible for cofactor
binding and catalytic activity of Sgm methyltransferase. Amino acid residues at C-ter-
minus domain form Rossman fold characteristic for all 16S rRNA methyltransferases. Mu-
tational analysis revealed that G135, D156 and D182 amino acid residues form cofactor
binding site while K199, E205, R236 and E267 amino acid residues have a role in methyl group
transfer to 30S subunit.

In addition to studying molecular mechanisms of resistance to aminoglycosides, we have
started to make collection of the soil isolates of actinomycetes from the various samples. Bac-
teria were screened for the production of antimicrobial and antifungal secondary metabolites.
We have also developed screening assay for
the immunosupresors using yeast plat-
form. Strain Saccharomyces cerevisiae
FAV20 was obtained by inactivation of
VMA22 gene which is involved in normal
vacuolar acidification and morphology.

This strain was sensitive to FK506 which is

known macrolide with immunosuppres-

sive activity. We have also developed a set

of degenerative PCR primers to amplify

polyketide synthase type I (PKS I) se-

quence, in order to be used in the screen-

ing of the isolates. Using this approach, we

have isolated and characterized soil strain

MS405, which turned to be a novel bacterial species. This isolate was annotated as Strepto-
myces durmitorensis sp. nov. using standard molecular taxonomy methods. We have made
genome cosmid library of this strain and the sequencing of the PKS I cluster is under way. In
collaboration with the Institute for Microbiology of the Czech Academy of Sciences, it has
been elucidated that Streptomyces durmitorensis sp. nov. is producing new family of polyene
macrolides with the main representative being 32,33-didehydroflamycoin (DDHR).

The study of microbial diversity started with exploring the rhizospheres of two endemor-
elict plants, Ramonda serbica and Ramonda nathaliae, that were shown to extrude up to three

times more phenol and phenolics into the soil, in comparison to other higher plants. Metage-

nomic approach in studying the microbial communities of these rhizospheres was used. Flu-
orescent “in situ” hybridization (FISH) and DAPI staining revealed that there was only about
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npouspobaya aMUHOIIMKO3H/IA TTOCTOja/I0 je TIpe YCIOCTaB/bakba Hallle capajbe ca
nadoparopujom fip Ipejema Kona ca Yuusepaurera y Manuecrepy y Bermkoj Bpurannju
(WelcomeTrust mpojekar). PesynraT oBe capapme 6mio je ompebuBame TauHOr MecTa
menoBama Sgm, KgmB 1 GrmA metuarpancdepasa koje Metnnyjy G1405 y okBupy A MecTa
Ha 16S pPHK monexyny. Takobe cMO yTBpAWIM ABOFOMEHCKY CTPYKTYPHY OPTaHU3ALU]y SgH
metmnrpancgepase (C- u N- TepMuHaIHU JOMeHN) 1 MAeHTI(UKOBAIN aMIHO-KUCETTIHE KOje CY OfTOBO-
PpHe 3a Be3uBarbe KOPAKTOPa, OTHOCHO 3a KaT/IUTIYKY aKTUBHOCT SgMm IIPpOTeNHA. AMIHO- KICe/IHE Ha
C-TepmuHaIHOM Kpajy dhopMupajy PocMaHOBY CTPYKTYpy Koja je KapaKTepucTidHa 3a cse 16S pPHK
MetunTpancdepase. MyTtaumoHoM aHanmzoM yTBpheHo je na cy G135, D156 u D182 aMuHO-KyCennHe
OJITOBOpHE 32 BeaNBame Kopakropa, ok K199, E205, R236 n E267 aMyHO-KyicemHe MMajy YOy y TpaH-
chepy meTu rpyme Ha 30S cy6jenuHuILy.

Ymopeno ca usydaBameM MOJEKYTapHUX MeXa-
HM3aMa pe3NCTeHIIMje Ha aMUHOITIMKO3UIHE aHTU-
6noruke, y JlabopaTopuju 3a MONEKy/IapHY TF€HETUKY
U €KOJIOTHjy MMKPOOpraHi3ama IIo4esio je fia ce paju
1 Ha pOopMIMparby KOJIeKIje IPMPOJHIX M30/IaTa aKT-
MHOMMIIETa M30I0BAaHUX M3 PA3NMUUTUX y30pakKa.
BaxTepuje cy TecTupaHe 3a IPOM3BOJIY aHTUOAKTe-
PYjcKuX 1 GYHIMIUHUX CeKYHAAPHMUX MeTabOo/NTa,
a pasBUjeH je U OUOJIOLIKY ecej 3a TeCTUparbe IIPOK-
3BOJIIbe IIOTEHIIMja/IHIX IMYHOCYIIpecopa 6asupaH Ha
COjy meKapckor kBaclja. ViHakTuBanmjom resa VMA22
OIrOBOPHOTL 3a MOpdoIOrnjy 1 anyuauduKkanmjy sa-
Kyorna, BobujeH je coj Saccharomyces cerevisiae FAV20
Koju je censutuBaH Ha FK506, mosHaTty MaKponugHu
umyHocymnpecop. Ilopen Tora, gusajanpanu cy u jer-
enepucannu npajmepu 3a PCR pmerexiujy nonuxeTrup
cunrasa tuna I (PKS I) koje cy onroBopHe 3a criHTe3y MaKpOIMAHMX AHTUOMOTUKA U IMYHOCYII-
pecopa. Kopucrehu 6monomku ecej n nspobete npajmepe, 13 KoneKuuje akTHHOMUIIETA M30/I0BAH
je coj MS405. Kopuuthemwem MeTozia MojleKy/IapHe TakcOHOMUje yTBpheHo je ma ce papu o HOBOj
BPCTU Koja je fobua ume Streptomyces durmitorensis sp. nov. Hanpa/beHa je reHOMCKa KO3MU/JHA
6ubmoTeKa OBOT COja U y TOKY je cekBeHuuparme PKS I renckor ximactepa. Y capanmu ca VucTu-
TYTOM 3a MUKpoOuonornjy Akasemuje Hayka Perry6nmke Yelike ycTaHOB/bEHO je fia coj Strepto-
myces durmitorensis sp. NOV. IPOM3BOAM HOBY (paMM/IN}y IONMEHCKUX MaKpOIUia, a K/bydHO
jenumere oBe Gamymje uieHTUHUKOBAHO je Kao 32,33-mupexunpopodnamuxons (DDHR).

MukpoO6MOTIONUIKY AUBEP3UTET je MPBO M3YyYaBaH U y pusocepaMa ABe eHIEMOPENTUKTHE
6umke, Ramonda serbica u Ramonda nathaliae, 3a xoje je mokasaHo fa M3y4yjy TpM IyTa BUIle
(deHOMHYX jemuberba HeTo Apyre Bulile 61/bKe. Baktepujcke 3ajemHuIie IOPeKIoOM U3 pusocdepe
oBIUX OM/baKa aHaJIM3MpPaHe Cy MeTareHOMCKUM IpucTynoM. OayopecienTtHa in situ xubpunu-
sanuja (FISH) u DAPI 6ojeme mokasany Cy Jja y aHaJIM3MpaHUM 3eM/BMINTUMA JMa CBeTa 5%



MeTabOIMYKY aKTUBHUX OakTepuja. YmorpeboMm IpajMepa cHeMPUYIHUX 3a
6akrepujcky JHK ymHoxenn cy reun 3a 16S pPHK u xoHcTpyucane cy pise
cpenmHcKe 61bmoTeKe. Bubmuoreke cy nperpaxusane nomohy RFLP metope, a
3aTUM U ceKBeHIupamweM. [IokasaHo je [a aHanu3MpaHe 3ajeJHNLIEe OfIIMKYje BeoMa
Manu guBep3uTeT u BehnHa H06MjeHNX CeKBEHIM ITOKasana je Many camaHoct ca JJHK
CeKBeHIaMa [0 cajia Ky/ITMBUCAHNX GaKTepuja.

KnacnuumuM MUKpOOGHOIOMIKMM MeTOfaMa 13 OBUX y30paKa M30/I0BaHe Cy GakTepuje Koje
UMajy croco6HOCT #a pasrpabyjy Bumcoke koHIeHTpanmje deHONa Kao ¥ Apyra apoMaTWdIHa
jenumera (OeH3eH, ToNyeH, KCUIEeH, CTpeH, HadTaeH u o). [lomdasHum npucrynom ofpebena
je TaKCOHOMCKa TIPMITATHOCT OBUX 6akTepuja. [TokasaHo je ja oBe 6aKTepuje Mmocenyjy Beoma
eduKacHe eH3UMe KOjU Y4eCTBYjy y IIyTeBUMa pasrpajme (eHoma, a HajsHAYajHUjU pe3ynTar
HOOMjeH je y eKCIiepMMeHTUMa y KojuMa je kopuinheHa 3eM/ba Kao Mogien-cucreM. Visonosane
OaxTepuje cy Bpio edukacHo pasrpabusane penon
y OBOM MOJeN-CUCTeMY OO fia ¢y Oumie MHO-
KynupaHe IIOjefMHaYHe KyAType WIM Ja je
kopuirhena cmerna kynrypa. Hajoomu pesynraru
Cy MIIaK TIOCTUTHYTHM ca cojeM Bacillus sp. PS11
KOju je 1oKa3ao fia MoXke ja pasrpaju 2 g gpeHoma
I10 KIJIOTPaMy 3eMJbe Yy POKY Off CaMO YeTHUPH [jaHa.
3a 0Baj Coj je MOKa3aHO Jla MOXe Jla pacTe Ha 16
PasIMYNTUX APOMATUYHMX jeINH-EIbA M CBAKAKO je
mobap KaHAU/AT 3a yoTpeby y 6uopeMenujanuju.

VsyuaBarme MUKPOOMOTIOUIKOr AUBEP3UTETA
PasIMYNTUX CTAaHUINTA IPE[CTaB/ba HENPECYIIHY
MHCOMPALMjy 3a IPOHA/NaKeheM HOBMX TIeHa,
Merabonura, MuKpoopraHusama. Crora cy
npojextn JlabopaTopuje 3a MOJIEKy/TapHy FeHeTUKY
1 €KOJIOTHjy MUKPOOPTaHM3aMa OCMUIL/bEHY TAKO
lla ce M3yyaBa MMKPOOMONOIIKY JMBEP3UTET
PasIMYNTHX CTAHUINTA, TP Y€MY Ce YBEK IIPUMe-
1Y)y IBa KOMIIEMEHTapHa NPYUCTYTIA — KIACUIHU
MUKPOOMOIOLIKY KOj! HOfipa3yMeBa Ky/ITUBALIN)Y
OakTepuja 1 MeTareHOMCKM npuctyin. Ha oBaj
HauyH Moryhe je Jo6UTH KOMIZIETHUjY CTUKY 6aKTepUjCKOT AMBEP3UTETa, a ICTOBPEMEHO U John
[0 MMKPOOpPraHM3aMa IOTEHIMjaTHO KOPUCHNX Y PasIMInTUM OMOTEXHOMOMKIM IIPOIIeCHMa.
Pazmuunra craHMIITa Koja ce n3y4asajy y JlabopaTopuju (of IpMpOZHUX CTAHUIITA KOja HUCY
M37I0’)KEHAa aHTPOIIOTEHOM [I€jCTBY, CTAHMINITA KOja Cy IOTEHIMjaIHO KOHTAMMHMPaHa, WK ca
nosehaHNM KOHIIEHTpaljaMa apOMaTUYHMX YI/bOBOJJOHMKA, TEIIKMX MeTana, HO CTAHWIITa
MUKPOOpraHu3aMa Koji Hace/baBajy yrpo)keHa Ky/ITypHa fo6pa) omoryhasajy Ham ma mobemo o

5% metabolically active microorganisms in the soil samples. We have isolated

DNA from the soil samples and used bacterial 16S rDNA primers to amplify 16S

genes and generate corresponding libraries. The libraries were screened by RLFP and

by sequencing. Microbial communities associated with rhizosphere of these two plants

were of limited diversity, as most of the sequenced samples had low similarity to known cul-
turable bacteria.

Using standard microbiological approach, we have isolated bacteria capable of tolerating
and degrading high amounts of phenol as a sole source of carbon and energy. We have shown
that these bacteria could also degrade wide range of other aromatic compounds including
toluene, benzene, xylene, styrene, naphthalene, etc. These isolates were identified using
polyphasic approach and enzymes involved in catabolic pathway of phenol degradation were

characterized in crude cell extracts of the isolates.
The most importantly, we have determined in
soil model system that these bacteria successfully
degraded 2 g of phenol per kg of soil either in
mixed or as a single cultures. The best of all was
Bacillus sp. PS11 that was able to degrade this
amount of phenol within only four days. This
isolate could also use 16 other aromatic com-
pounds as a sole source of carbon and energy,
thus making it excellent candidate for the biore-
mediation.

Studying microbial diversity of the various
environmental samples is endless source of novel
genes, metabolites and microorganisms. Thus,
projects of the Laboratory for Microbial Molecu-
lar Genetics and Ecology are based around study-
ing microbial diversity of various environmental
samples using both metagenomic and traditional
microbiological approach (isolating and cultivat-

ing the microorganisms). In this way, we are trying to obtain better and more complete infor-
mation about microbial diversity on one side, and to be able to isolate potentially useful
microorganisms for various applications in biotechnology on the other. We are covering sam-
ples from diverse environments including pristine and potentially contaminated sources (higher
amounts of aromatic hydrocarbons, heavy metals) as well as samples from cultural heritage
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sites. In this way, we are bioprospecting for interesting microorganisms, enzymes
and metabolites with potential application in bioremediation and biotechnology.

6aKTepnja Koje IPOU3BOJIE PA3TNINTE METAOOMNTE, €H3MMe, UM Cy caMe T10 cebu
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Vcrpaxusadko uHTepecoBame Jlaboparopuje 3a MOJIEKYTapHY TeHETHKY

MHAYCTpUjcKuX MuKpoopranusama (JIMIVIM) ycmepeHo je Ha: a) popmuparse KO-

The research interests of Laboratory for Molecular Genetics of Industrial Microor-
ganisms (LMGIM) is focused on: a) collecting of natural isolates of lactic acid bacteria
(LAB), as well as species of Pseudomonas and Bacillus genera isolated from different envi- eKIMja IpUPORHMX usonara 6axrepnja miedre kucemmue (BMK), xao n Bpcra pofosa Pseu-
ronments in order to find strains with relevant industry characteristics (potential probiotic strains, domonas n Bacullus Opex/oM 3 pas/mmiuTUX CPEAMHA C II/beM NPOHANIAXKEA COjeBa Ca
strains with biodegradation capability and biocontrol), b) studying the molecular mechanisms of PerneBaHTHIM NHJYCTPUjCKIM KapaKTepUCTIKaMa (IOTeHIMja/IHI IPOOUOTIMKIL COjeBI, COjeBY KOju
bioactive compounds synthesis such as exopolysaccharides, proteinases, antimicrobial compounds, uMajy crocoGHOCT Guozerpagarje u 6UONOLIKe 3alUTUTe); 6) M3yYaBakbe MONIEKYAPHIX MeXaHN-
as well as testing the aggregation ability of strains c) construction of series of appropriate vectors for 3aMa CMHTE3¢ GUOAKTUBHIX JeMIbErba KAO IITO CY er30MO/ICAXaPH/IA, OMOAKTUBHM TOMMIEIITHTIA,
gene manipulation and cloning and studying the regulation and expression of genes of interest in se- aHTM_MMKP°6Ha JERMIbERR, KAO 1 TECTHPAI:E aTperaljoHiX CTIOCOGHOCTH COjeBa; B) KOHCTPYKIM]Y
lected industrial strains; d) study of the molecular basis of resistance to various antibiotics and their cepje onrosapajyhux BeKTopa 3a MAHMITY/IAL]y TeHIMA KaO ¥ KIOHMPAtbe I MPOYHABALbe PEryn-
dissemination among pathogenic and nonpathogenic bacteria, e) study of bacterial interaction and aumje M eKCTIpecHje Teka Off MHTepeca y OlaGpaHIM MHAYCTPUCKUM COJeBUMA; T) M3YHABaIbe MOM-
microbe-host interaction f) construction of starter cultures with detailed characterization of LAB EKY/IAPHIX OCHOBA PESUCTEHIItje HA PASIMITE AHTUGUOTUKE KAO I IHUXOBE JMCEMUHALje U3Mehy

: o ] IIATOTeHIIX M HeIIATOTeHIX 6aKTepyja; i) M3ydaBarbe MehycoOHIX 6aKTepIjCKMX MHTepaKIfyja 11 MHTe-
strains that can be used in further production of fermented products. . puja; 1) u3y Dy P paxim)
pakiuja MuKpoopranusam-gomahus; ) KoHcTpyncame craprep KyITypa ca ieTa/bHO OKapaKTepyc-

aHnm cojeBuMa BMK koju ce MOTy KOPUCTUTH Y [1a/b0j IIPO3BOAY (PepMEHTHCAHNX [IPOU3BOJIA.
Research focus

Lactic acid bacteria (LAB) are of major industrial significance because of their use for hu- ®OKyC HCTpaKMBarba
mans and animals’ food fermentation, for centuries. Products based on
the use of LAB were sour-milk drinks, cheese, wine, a variety of fer-
mented meat products, pickled vegetables, and quality of silage for live-
stock feed. LAB have a great impact on the quality and nutritional value
of these products, they contribute to the development of taste, smell and
appearance of products, as well as the length of the product. Lately, the

Baxrepuje mneune kucenmuue (BMK) uMajy Benmuku MHEYCTPUjCKK
3HAYaj jep ce BEeKOBMMa KOpMCTe 3a (epMeHTaLujy XpaHe 3a jbyhe U
xuBoTuibe. [IponsBonn koju ce 6asupajy Ha kopuihersy BMK cy kucerno-
MJIEYHY HaluIy, CUpPEeBM, BUHA, pasmnumurTe QepMeHTHCaHe MecHe
npepabesuHe, ykncebeHo moBphe, Kao 11 KBa/MTETHA CHIAXa 3a ICXPaHY
croxe. BMK mMajy Benmkm yTulaj Ha KBaUTeT ¥ HyTPUTUBHY BPETHOCT

interest in the use of certain genera of LAB it has been significantly in-
creased in order to improve health and prevent disease. Thus, lactobacilli
and bifidobacteria are increasingly used in medicine, immunotherapy,
stabilization and colonization of intestinal microflora in acute diarrhea,
or in cases of damage to the intestinal mucosal tissue, and most recently
as alternative to medical diets and after radiotherapy, as probiotics. LAB
as probiotics are most often consumed as a fermented product or food
supplement. So far studies of probiotics are mainly focused to LAB
strains that are routinely used in industrial processes and very little is
known about the genetic organization of LAB originating from natural
habitats.

The main activity of LMGIM is focused on collecting and study of

HaBeJeHX IIPOM3BOJA, jep HOIPUHOCE PA3BOjy YKyca, MUpICa 1 U3ITIEAa
MIPOM3BOJA, Ka0 M MYKMHM Tpajamba IMpOM3BOAA. Y MOCTIEfe BpeMe
3HayajHO ce mobehasa 3aMHTepecoBaHOCT 3a Kopuilhemwe IOjeIMHNX
ponosa BMK panu no6ospliarma 3gpasiba 1 IpeBeHLje 601ecTy KOf JbYIN.
Tako ce nmaxrobamm u 6udupodaxrepuje, Kao MPOOUOTHLIN, CBE BUILE
KOPJICTe Y MeAMIIVHY, MMyHOTEPAIyjiL, CTaOMIM3aLjH VIV KOJIOHYM3AIIj I
MHTECTUHA/IHE MUKpOQIOpe KO aKyTHUX fyjapeja UM Y ClIydajeBuMa
omrreherma MyKOSHOT TKMBa LIpeBa, a Y HOCTIebe BpeMe 1 Kao anTepHar-
uBa y MeAMIIMHCKUM MjeTaMa, Kao u nocne pagnorepanuja. BMK ce kao
npobuotuiy Hajuenthe KOH3yMMpajy y o6muky depMeHTICaHNX TIPOU-
3BOJIa W/ OffaTaKa y ucxpanu. Jlo cajia je y usydaBarmy Ipo6MOTHKA I7I-
aBHa IaXma Oyta mocsehena cojeBuma BMK kojit ce pyTuHCK Kopucte y
MHYCTPUjCKUM TPOIeCMA, JOK je TeHeTn4uKa opranmsanuja BMK mo-

LAB from specific ecological localities where exist a centuries-old tradition of production and
consumption of spontaneously fermented food within rural households (“natural starters”). ' ) . )
Moreover, fermented products are a source of indigenous strains of lactobacilli with potential Vimajyhn y Bupty snauaj BMK, rnasua akrusroct IMIIM opujentiicana je Ha KONEKIMOHNCakbe

technological and probiotic properties, which can be used for the development of stable and n sydasarbe BMK ca crierpu i exononmkix 10kanmTeTa re mocToju BEKOBHA TpajiIiitja pov-
high-functional starter 3BOJEbE U KOH3yMIparba CIIOHTAaHO (PePMEHTHCAHNX IIPOU3BOJA Yy OKBUPY CeOCKNX goMahuHcTaBa

(»mpupopHe craprep kynrype“). C 0631poM Ha crielupuaHOCTY, pepMeHTICAaHN IIPOUSBOIM IIPELCT-

PEK/IOM U3 IPUPOJHIX CTAaHMUIITA HEIOBO/bHO M3y4YaBaHa.



aBJbajy M3BOP ayTOXTOHMX cojeBa BMK ca moTeHnuMjamHNM TeXHOMOMKIM U TIPO6-
MOTWYKIM CBOjCTBMMA, KOj! C€ MOTY YIIOTPeOUTH 3a Pa3BOj CTAOMITHUX U BYICOKOKB-
aMTeTHYUX (YHKI[MOHATHYX CTapTepa.

Y Toky nocamauser paga JIMITIM dopmupana je jenuucrBeHa konekuyja BMK (BG
KOJIEKIIMja), KOja CafipyKi1 cojeBe M30/I0BaHe 3 TPaAMIMOHATHIX (PepMEHTICAaHUX IIPOU3BOJA
HoOMjeHNX ca BeoMa CrielM(IIHIX eKOJIOMIKIX TOKAIMTEeTa, Kao IITO CY BUCOKE ITAaHVHE, IUTAHUH-
CKe BUCOPABHH, ONMVHE PeKa, OCTPBA, jaipaHcka obana, kao 1 BMK xymaHor nopekna yxkby4yjyhn
OpaJIHe, UHTECTMHAJIHE 11 BaTMHAJIHE cojeBe. MoTleKyapHo-TeHeTHYKa leTepMIHALja Koja je ypabeHa
Metomama rep-PCR-a, DGGE, RFLP u cexsennupama 16S p/IHK mokasana je fa mocTojn 3HaYajaH
nuBep3uTeT 0BUX O6akrepuja. C 1m/beM usydaBama MUKPOQIIOpe ¥ ay TOXTOHUM (epMEeHTIICAHUM
ImpousBonuMa Takobe ce kopuctyt v npuctyn usonanyje rorande JHK us ysopka depmenTicanmx
IIpOM3BOJIa, IIpaheH yMHOXaBameM reHa 3a 16S pPHK u cexBeHIMpamem.

TeHeTnuke 1 6110XeMIjCKe aHAIM3e [T0Ka3asle Cy fia, MaKo IIPUIIAJIajy MCTOj BpCTH, n3onoBane BMK
MOTY Jja CUHTeTHIIIy pa3/M4uTe aHTUMUKPOOHe CYIICTaHIle yK/by4yjyhu n 6akTeprolHe, Kao 1 ia ce
Pas3IKYjy 110 BPCTU IIPOTENMHAa3e KOjy CUHTETUIY WU CHOCOOHOCTM Ja IIPOM3BOJie er30II0/IIcaxap-
npe (EIIC) wm Bpute arperauujy. Jlaboparopujcka konekiyja BMK 6poju Bumre ox 1000 usonara,
KOjJi Cy MHTepEeCaHTHMU KaKO C HAy4HOT TaKO M Ca acIeKTa MOTyhHOCTM IpKMeHe OBUX OakTepuja y
KOHCTPYKIMjU CTaOMIHUX CTapTep Ky/ITypa ca jacHO eV HMUCAHYIM TEXHOJIOIIKYIM CBOjCTBMMA. TakBe
cTapTep Ky/IType Moriie 611 ce KOPUCTHUTY 3a IIPOU3BOJEY ay TOXTOHMX (e-
PMEHTMCAHNUX M/IEYHMX IIPOM3BOJia ca reorpadckum nopexnom. C apyre
cTpaHe, KopuihermeM ayTOXTOHMX CTapTepa CIIpedno 6u ce rybuTak MyK-
POOMOJIOIIKOT [YBEP3UTETa U CadyBajia ayTEHTMIHOCT JATOT IIPOU3BOZA
Ha onpebeHoM nonpyjy.

JleTa/pbHa MOZEKy/IapHa KapaKTepysalyja TeXHOIOUIKUX U IPo6Mu-
OTMYKNX MOTeHIMjana npupoganx nsonata bMK ce y IMIVIM peanusyje
KPO3 KOHCTPYKIIMjy PasINIUTHX BEKTOPA 32 K/IOHMPAkhe ¥ eKCIIPECH]y per-
eBaHTHIX reHa y BMK, unenTudukanyjy 1 KIoHnparmbe reHa OOTOBOPHIX 3a
npoussoamy EIIC-a u arperanujy, HOTeHIMja/THO HOBUX T€Ha 3a IPOTe-
MHa3e V/WIM BUXOBe JIOMeHe, Kao U IeHa OATOBOPHNUX 3a CHMHTE3y U
MMYHOCT Ha 6aKTepUOLMHe, U3yYaBabe Peryalnyje eKcrpecyje KIoHMI-
PaHIX IeHa, @ OfHE[JABHO je CEKBEHIMPAaH KOMIUIETH) T€HOM IIPUPOIHOT
usonara Lactobacullus paracasei subsp. paracasei BGS]2-8 ca moTeHIj-
aJIHUM IPOOMOTHYKIM CBOjCTBMUMA.

VsyyaBame excripecuje rena BMK 13010BaHNX 13 TPUPOSHMX CTAaHMIITA
BEOMa je 4ecTO OIpaHM4YeHO MpoOIeMOM HeMOryhHOCTH BUXOBe TpaHCHO-
pmaryje. [Topern Tora, HeKM off 1O cafia KOHCTPYMCAHMX IIa3MIIa He MOTY Ce
HPOIArMpaTy y MHOTMM IIPMPOJHIM M307IaTHMa YaK 11 Kajia Cy i cojeBu TpaHchopmabuian. Crora je
jemaH of rmaBHMX yybeBa JIMIVIM KoHCTpyKLyja BeKTOpa Kojy 611 MOI/IV Ja ce KOPYCTe 32 JUPEKTHY
tparcdopmartjy BMK mm xoju 6 6mm cioco6Hu ga omoryhe kojyrabunay Tpancdep miasmMiuaa u3
TpaHcdopmMabmIHuX y HeTpaHcpopMabIHe cojeBe. 3a OBY CBPXY M30JIOBAHM CY U Ha MOJIEKYTAPHOM
HJBOY OKapaKTepucaHy IIa3MU/M 13 IPUPOJHIX M30/1aTa pasmanTux porosa bMK 1 HakoH Tora xo-

During previous work of LMGIM a unique collection of LAB (BG collection)

was formed. This collection includes strains isolated from traditional fermented

products obtained from very specific ecological sites, such as high mountains, moun-

tain plateaus, river valleys, islands, Adriatic Sea, and LAB of human origin, including

oral, intestinal and vaginal strains. Strain determination based on molecular genetic tech-

niques (rep-PCR, DGGE, RFLP and sequencing of 16S rDNA) showed that there is consider-

able diversity of these bacteria. In order to study the indigenous microflora in fermented

products the isolation of total DNA from samples of fermented products, followed by ampli-
fication of 16S rDNA gene and sequencing has been also performed.

Genetic and biochemical analysis showed that, the natural isolates belonging to the same
species can synthesize a variety of antimicrobial substances including bacteriocins, and differ
by the type of proteinases, ability to produce exopolysaccharides (EPS), or aggregation ability.
In LMGIM laboratory collection there are more than 1,000 isolates, which are of interest both
scientifically and in terms of possible applications of these bacteria in the construction of sta-
ble starter cultures with well-defined technological properties. Such cultures could be used for
the production of indigenous fermented milk products with geographical origin. On the other
hand, by using indigenous starter the loss of microbial diversity could be prevented and the au-
thenticity of the product in a particular area would be preserved.

Detailed molecular characterization of technological and probiotic
potential of natural isolates of LAB in LMGIM is realized through: con-
struction of different vectors for cloning and expression of relevant genes
in LAB, identification and cloning of genes responsible for EPS produc-
tion and aggregation, potentially novel genes for proteinase and / or their
domain, as well as the genes responsible for synthesis and immunity to
bacteriocins, study of regulation of expression of cloned genes and, more
recently, sequencing the complete genome of natural isolate Lactobacillus
paracasei subsp. paracasei BGSJ2-8 with potential probiotic properties.

Study of the gene expression in LAB isolated from natural habitats,
is often limited due to the impossibility of their transformation. In ad-
dition, some of the plasmids cannot be propagated in natural isolates
although the strains are transformable. Therefore, one of the main goals
of LMGIM is construction of vectors that could be used for direct trans-
formation of LAB or that would allow plasmid transfer from trans-
formable into non-transformable strains by conjugation. For this
purpose plasmids from natural isolates of different genera of LAB have

been isolated and characterized at the molecular level, and used for the construction of new
vectors. The structural and segregation stability of the resulting vector, and the ability to trans-
fer large DNA fragments were analyzed. Special attention was paid to the construction of vec-
tors with a wide host range. LMGIM has a significant collection of constructed vector, and
attempts were made for their modification in order to improve some features such as the pres-
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ence of easily selectable markers including the food-grade markers and multiple
cloning sites. In addition, the construction of vectors containing the oriT sequence

are used for transfer and expression of heterologous genes into non-transformable

LAB by conjugation. In LMGIM cosmids are also designed in order to construct gene
libraries that is of great importance for the functional analysis of the sequenced genomes.

Analysis of proteolytic activity revealed that some natural
isolates from BG collection have serine type of proteinases
that vary in domain organization and efficiency of the action.
It was also shown that there is a difference in the regulation of
gene expression of proteinases in these isolates. In LMGIM a
proteinase of human vaginal isolate Lactobacillus rhamnosus
BGT10 was characterized, sequentially cloned and sequenced.
Analysis of obtained sequences showed that the prtR gene,
which encodes PrtR proteinase, belongs to a completely new
type of proteinase detected in LAB. Analysis of domain struc-
ture in this proteinase showed that its W-domain is very dif-
ferent from the same domain of other proteinases in LAB, but
that has amino acid sequence similarity to human mucin pro-
tein. In addition, to analysis of proteolytic activity the regula-
tion of the prt genes in natural isolates of lactococci and
lactobacilli was studied and a linear relationship between pro-
teinase activity and the concentration of oligo-, di-and tri-
peptides present in the growth medium was found in a way
that when concentration of peptide in the medium is high the
proteolytic activity decreases. Regulatory regions of the prt
genes of natural isolates of L. lactis BGIS29, L. paracasei subsp.
paracasei BGHN14 and L. rhamnosus BGT10 were cloned into
a vector for gene fusions and it was shown that control of of
the prt gene expression takes place at the transcription level.

Analysis of antimicrobial activity of natural isolates from
BG collection was performed and bacteriocins producing
strains were detected. Bacteriocins efficient against pathogenic
microorganisms such as: Staphylococcus aureus, Bacillus
cereus, Pseudomonas aeruginosa, Listeria monocytogenes, Sal-
monella sp. and others were particularly interesting. Bacteri-

ocins strains of L. lactis BGS50 and BGMNI1-5, L. paracasei
subsp. paracasei BGBUK2-16, BGS]J2-8 and BGUB, L. sali-
varius BGHO1 and Enterococcus faecalis BGPT1-10P were pu-
rified and fully biochemically characterized. Also, genes that
provide a synthesis and immunity to these bacteriocins were
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Salection or 1he amalest raplicon in
Lacibacilg paracasel subep. paracasel HN14

puutheHn 3a KOHCTpyMCame HOBUX BeKTOpa. AHa/lu3upaHa je CTPYKTYpHA M cer-
peraroHa CTabMIHOCT JOOMjeHNX BEKTOPa, Kao U CIOCOOHOCT fia mpeHoce Bemke JTHK
dparmenre. [Toce6Ha maxkiba mocseheHa je KOHCTpyNUCcamy BeKTOpa ca IMPOKIM OIICETOM
pomahnsa. JIMI'VIM nocenyje sHadajHy KONEKINjy KOHCTPYMCAHMX BEKTOPA, & Pajiyl Ce 11 Ha
JIX0BO]j MOZIM(UKALIMjI Pafiyt TOOO/bIIAA OCOOMHA Ka0 IITO CY IPHUCYCTBO a/IeKBATHIX IIPOM-

OTOPCKMX CEKBEHI[, TAKO CeNeKTabMITHIX MapKepa yK/bydyjyhu
u food-grade mapkepe 1 MyITUIIHA MecTa 32 K/IOHMpate. [lopen
TOTa, KOHCTPYVCAHN Cy U BEKTOPH KOji1 3axBasbyjyhum mpucycTBy
oriT cexBenuyu omoryhaBajy TpaHcdep U eKcIpecujy Xere-
poloraux reHa y HerpancdopmaburauMm BMK mponecom
konjyranyje. Y JIMIVIM cy KOHCTpyucaHu 1 KO3SMUM C IIUTbeM
dopMuparma TeHCKux 6uOIMOTeKa, LITO je Off HEeMPOLEHUBOT
3Havaja 3a QYHKIMOHA/HY aHA/IN3Y CEKBEHI[VPAHNX FeHOMA.

AnanmusoM nporeonuTiyuke aktuBHocT BMK ns xonexnuje
HOTBPhEHO je fa €y y HeKMM Of, IPUPOIHMX U30JIaTa IIPUCYTHE
IpOTeNHAa3e CePUHCKOT TIUIA, A/ fja ce Mehyco6HO pasnukyjy mo
TOMEHCKO] OpraHmsaiyju, crenupuuHocty 1 eduKacHOCTH
nenosatba. ITokasaHo je, Takobe, a IOCTOjM U pasnuKa y peryi-
aluju eKCIpecuje reHa 3a IPOTeMHa3e y OBUM M307IaTHMA.
YrBpheHo je ma ce Kof pasIMUMTUX COjeBa yOouaBa pasiuka y
npodITy flerpafjoBaHNX IPOTEVHA, IITO Ce JOHEKIIe MOyKe TI0Be-
3aTH ca YCTIOBMMA CPefIiHA 13 KOjUX Cy OBe OaKTepuje H30/10BaHe.
Y JIMIVIM je mpBum IyT OKapaKTepucCaHa, CEKBEHIMjaTHO
KJIOHJMPAHa J CeKBEHIVIPaHa IIPOTeNHA3a XyMaHOT BarMHaTHOT
usonata Lactobacillus rhamnosus BGT10. Ananisa no6ujeHe cexs-
eHIle ToKasana je ga PrtR mporemnasa xojy xomupa priR reH
IpMIajia CacBYM HOBOM THITY ITPOTeVHa3a oTKpyuBeHnx y bMK.
Amnanu3sa JoMeHCKe CTPYKType OBe pOTerHa3e II0Ka3aa je fja ce
eH W-7[0MeH U3pasuTo pas/mKyje off UCTUX JOMEHa IIPOTeNHa3a
apyrux BMK, amu a nocefyje CIM4HOCT aMMHOKIMCENTMHCKE CEKB-
€HIle Ca XyMaHMM IpoTerHoM MyuuHoM. Ilopes ananuse mpor-
eomMTUYKe aKTMBHOCTH, Y JIabopaTtopuju je y mocmemmux 15
rOfHa M3y4aBaHa U perynalja prt reHa 1 yrepheHa je mHeapHa
3aBMCHOCT aKTMBHOCTY ITPOTENHA3a Off KOHLIEHTpaIlje OIUIo-,
IU- ¥ TPU- TIENTYJA IPUCYTHUX Y MEMjyMy 3a pacT 6aKTepuja.
Taxobye je oxasaHo u fa ce perynauuja ekcrpecje prt reHa ofBuja
Ha TPAHCKPUIIIVIOHOM HUBOY.

AHa/m30M aHTUMUKPOOHe aKTUBHOCTY OTKPUBEHM CY COj-
eBI KOjU IPpOoM3BOfje GaKTepHOLMHe, a HOCeOHO ce U3aBajajy
OaKTepUOLIMHY KOjI Je/lyjy Ha IaTOreHe MUKpOOPraHu3Me Kao
wro cy Staphylococcus aureus, Bacillus cereus, Pseudomonas ae-
ruginosa, Listeria monocytogenes, Salmonella sp. u npyru. bakrep-



nouyHu cojesa Lactococcus lactis BGS50 u BGMN1-5, L. paracasei subsp. paracasei
BGBUK?2-16, BGS]2-8 u BGUBY, L. salivaruus BGHO1, xao u Enterococcus faecalis
BGPT1-10P npeunurhenn ¢y u KOMIUIETHO 610XeMUjCKH OKapakTepucanu. Takobe cy
KJIOHMPAHU U CEKBEHLIPAHU TeHM Koji1 06e36elyjy cuHTe3y 1 MMyHOCT Ha GaKTepuoLHe
IIOMEHYTHX COjeBa, a M3y4YaBaHa je 1 bMXoBa perynanyja. IlokasaHo je ja cy renn 3a cunresy
6axrepronyHa y Behunu cmy4dajesa Io1MpaHy Ha ITA3MUANMA.

3a nojeyuHe M30MaTe U3 KoeKiyje morspheHo je Takohe fa mokasyjy 1 BeoMa jaky ClocOOHOCT ar-
perarnje hemyja, ITo je jemHa O 3HAYAJHIX IPOOMOTIYKIX KapakTeprcTyika. Ha OcHOBY aHanuse Ba-
HReNMMjCcKYX IIpOoTeNHa YCTAHOBIBEHO je Jia je jefjaH Off K/bYYHMX IIPOTEeMHA OffOBOPHIX 3a arperarujy
hernmja nporenH Monekyrncke Mace Behe on 200 kDa. ITokasaHo je fia je arperaliMoHy IpOTeNH YK/bydeH
n y nosehany oroprocT henuja Ha cTpecHe ycIoBe U CMameHY HOCTYITHOCT CYIICTpara 3a IIpoTe-
nHasy. Takobe, aHa/m130M reHOMCKe ceKBeHIe yTBpheHO je ma ce jefiHa off KOMIIOHEHT! YK/bYy4eHVX Y
CIIOCOOHOCT arperarfyije Haaasy Ha IIa3Muzy.

Cnoco6noct nponssopme ETIC-a 1o cama je Hajoo/be OKapaKTepucaHa KOf, IIPYPOTHOT U30/IaTa
Lactobacillus paraplantarum BGCG11. ITokasaHno je na npoussopmwa EIIC-CG11 3aBucu ox cacTasa
MefiMjyMa 3a pacT 1 yCloBa y Kojuma ce coj raju. OKapakTepucaHy Monycaxapy/] MMa OpUIMHATHY
6M0XeMUjCKY CTPYKTYPY, a FeHY OfiTOBOPHU 3a HErOBy OMOCHHTE3Y JIOLMPaHI CY Ha BE/IVKOM IUIa-
smupy. Tectupame yrunaja EIIC-CG11 u coja BGCG11 Ha ermtenujante henuje npesa mmoxasaso je
[a VHAYKY)Y mpousBoay unrepaeykuta IL-17, IFN-vy, IL-10, TNF-a i IL-1p.

IMopern u3onara KobyjeHnx 13 pepMeHTICAHNX MICYHUX IIPOU3BOJA, Y KOMEKIjI Ce Ha/lase 1
M30JIaTY XyMAaHOT Iopekita. Tako ¢y okapakTepycaHu IaKToOaLIN IpuagHuLy Bpcta L. helveticus,
L. fermentum, L. plantarum, L. salivarius, L. paracasei subsp. paracasei, L. acidophilus, L. celobiosus, L.
delbrueckii subsp. lactis u L.gasseri. [TokasaHo je fa je BehyHa 13071aTa To/IepaHTHa Ha YCTIOBE KOjit BII-
aJiajy y IPOKCYMATHOM JIely AMUTeCTUBHOT TPAKTa,
TaKo Jia e MOy CMaTpaTy KaHAUJATUMa 3a IIOT-
eHnujaHe mpobuotuke. Kao morennujamam npoo6-

cloned and sequenced, and their regulations have been studied. It is shown that
the genes for the synthesis of bacteriocins are mostly located on plasmids.

For some isolates was confirmed that show a very strong cell aggregation ability

that is one of the most important probiotic characteristics. Based on the extracellular

protein analysis, protein with molecular weight approx. 200 kDa was found to be one of the

key proteins responsible for cell aggregation. Direct correlation among aggregation protein

and the increased resistance of cells to stress and reduced availability of substrate for the pro-

teinase was revealed. Also, genome sequence analysis showed that one of the components in-
volved in the aggregation ability is linked to one of three plasmids present in this strain.

The ability of EPS production is the best characterized in natural isolate L. paraplantarum
BGCGL1. The production of EPS-CG11 is dependent on the growth medium and the growth
conditions. EPS-CG11 has the original biochemical structure and the genes encoding for its
biosynthesis are located on a large plasmid. Testing the influence of EPS-CG11 and BGCG11
strain on the intestinal epithelial cells revealed their ability to induce IL-17, IEN-y, IL-10, TNEF-

a and IL-1p production.

The LMGIM bacterial collection also includes isolates of human origin. So far from this group
was characterized lactobacilli belong to the species L. helveticus, L. fermentum, L. plantarum, L. sa-
livarius, L. paracasei subsp. paracasei, L. acidophilus, L. celobiosus, L. delbrueckii subsp. lactis and
L. gasseri. It was shown that the majority of isolates is tolerant to simulated conditions of the pro-
ximal part of the gastrointestinal tract, considering them as potential candidates for probiotics. Mo-
reover, the human intestinal isolate L. helveticus BGRA43 was detailed characterized as a potential

MOTHYKM COj AETa/BHO je OKAPAKTEPVICAH M XYMaH
yHTecTuHanHN nsonar L. helveticus BGRA43. Coj
BGRA43 nopen, npo6uoTHYKNX, ocexyje u 6pojHe
IIOXKe/bHE TEXHOJIOIIKe KapaKTepYUCTUKE KOje OMOTy-
haBajy ma ce ymorpe6u ka0 MOHOKYITypa 3a IIpO-
3BOAIY (PepPMEHTIMCAHOT MJIEYHOI HAIMTKAa THUIIA
jOTypTa IV KICEIOT MJIeKa 11 fja Ce TaKO Y OpraHu3aM
yHece JoBO/baH 6poj aKTUBHIIX KIBIUX OaKTepija Koje
he ncnorbyTi o3UTHMBaH edekar Ha OpraHU3aM YOB-
exa (,,pyHKIoHanHa” XpaHa).

C o63mpom Ha cBe Behy ImpHCyTHOCT BUIIECT-
PYKUX pesucTeHIMja GakTepija Ha aHTUOMOTHKE,
jeman o MCTpakxmBadkux 3agartaka JIMITIM jecre n
aHa/M3a Pe3NCTEHIMje Ha aHTUOMOTIIKe, KAKO TIOT-
CHIMja/THIX IPOOMOTIKA PAIVi CUTYPHOCTY IIXOBOT

probiotic strain. In addition, strain BGRA43 has
many desirable technological and probiotic features
to be used as a monoculture for the manufacture of
fermented dairy product such as yogurt or sour milk.
In that way sufficient number of active living cells of
BGRA43 could be introduced in human organizm
that will exert a positive health effect (“functional
“foods).

With respect to the presence of multiple bacte-
rial resistance to antibiotics, one of the research
tasks in LMGIM is the analysis of antibiotic resi-
stance as well as in LAB, as potential probiotics (for

the safety of their use in dairy or pharmaceutical in-

dustry), or in pathogenic microorganisms that
could be a source of resistance genes (horizontal
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transfer of genetic material can be achieved between pathogenic and nonpathoge-

nic bacteria, including lactobacilli). In contrast, during evolution bacteria have de-

veloped an efficient immune system (CRISPR - Clustered Regulary Inerspaced Short
palindromic Repeats), which provides resistance to foreign DNA, including plasmids.
Understanding the role of CRISPR systems to prevent horizontal gene transfer, provides the
basis for preventing the spread of antibiotic resistance. Therefore, LMGIM studies the new mec-
hanisms for the dissemination and resistance to antibiotics, and the immune system in LAB.

Genus Pseudomonas and Bacillus are widespread bacteria adapted to life in soil, sewage, an-
imal and plant tissues. The ability to grow and to colonize different habitats is a consequence
of having a large number of regulatory genes whose expression is regulated by signals from the
environment. Given the importance of these bacteria, especially in agriculture and medicine,
part of experiments in LMGIM is dedicated to the study of regulation of gene expression in re-
sponse to stress. Also, the research topics are molecular mechamisms of biodegradation and
resistance of these bacteria to antibiotics. Additionally, the activity in this field consists of iso-
lation and molecular characterization of bacterial strains from the soil, particularly natural
isolates from the genus Pseudomonas and Bacillus, focusing on the strains with potential for
use as biocontrol agents. The collections of natural isolates of Pseudomonas and Bacillus are
subjected to the screening for antimicrobial activity against relevant plant pathogens, followed
by the analysis of the structure of isolated antimicrobial compounds and identification of the
genes responsible for their biosynthesis. The work in this field also includes the molecular
characterization of the most virulent, newly isolated plant pathogens and the experiments in
planta, in order to confirm the capacity of tested strains for use in biological control.
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kopyihera Tako 1 y IaTOreHNM MIKPOOPraHM3MIMa KOjii IIPeICTaB/bajy U3BOP T'eHa

3a pe3yCTeHIjy, 6yayhu ja XopusoHTaIHNU TpaHCep TeHeTYKOT MaTepujaja MOXKe

Za ce ocTBapyje naMeby maToreHux u Hemarorenux 6akrepuja ykpyayjyhy u BMK. Ha-

CYIIpOT TOMe, 6aKTepuje Cy TOKOM eBOIyLuje pasBute edukacan uMyHu cucteM (CRISPR

- Clustered Regulary Inerspaced Short Palindromic Repeats) xoju 06e36ehyje pesucrenujy

Ha ctpany JHK yx/pyayjyhu u mrasmmpe. Pasymeatse yrnore CRISPR crcrema y cripedaBarby Xopu-

30HTAJIHOT TpaHcdepa reHa [aje OCHOBY 3a CIIpedaBarbe IIMperba Pe3NCTeHIje Ha aHTOMOTIKe.

Crora ce y JIMI'VIM pany Ha n3y4aBarmy HOBUX MEXaHI3MIMA [IYICEMIHAIIje U pe3VICTeHIINje Ha aHT-
MOMOTHKe, KO U Ha M3y4aBamby iefloBara MMYHOT crcTeMa Koj BMK.

Pox Pseudomonas u Bacillus 9uHe mmpoko pacrpocTpareHe 6akTepije IpuiaroheHe XuBoTy y
3eMJBMILTY, OTIAJHNM BOfIaMa, OVUBHMM U KMBOTHMICKMM TKMBMMa. CIIOCOOHOCT Jla pacTy 1 Hace-
JbaBajy pas/mM4UTa CTAaHMIITA HOCIENVLIA je IOCeoBarba BeIUKOr Opoja pery/laTOpHIX IeHa duja je
eKCIIpecHja peryicaHa CUrHa/IuMa 13 CIIojbHe cpefyue. Vimajyhu y Bupy sHavaj oBUX GaKkTepuja Impe
CBera y IOJ/bOIIPYBPEIM U MEVILIVIHYL, Jieo ekciiepuMenara y JIMITIM nocseheH je usyuaBamy peryi-
aIyje reHcke eKCIIpecuje Ipy OfiroBOpy Ha cTpec. Takobe, TeMa McTpakyBama Cy ¥ MOTIEKy/TapHI MeX-
aHU3MI OMoferpafanyje 1 pesucTeHIje OBIX OaKkTepyja Ha aHTUOMOTHIKE.

TlomatHo, aktusHOCTH JIMIVIM y 0BOj 06macTy 06yXBaTajy M MO/NEKYNapHy KapaKTepusalujy
TPUPOJHYX M3071aTa U3 porioBa Pseudomonas u Bacillus us 6ubHOT MaTepyjasa, ¢ IM/beM TIPOHATAKeHha
cojeBa ca MOTEHIjaloM 3a Kopuiuherse y 61M0MIOIIKOj] KOHTPOMN. Y OKBUPY KOJMEKINje MPYPOTHNUX
usonara 6axrepuja us pogosa Pseudomonas u Bacillus, ofpebyje ce criekTap BUXOBOI aHTarOHUCTIYKOT
ZenoBara Ha HajsHavajHUje OM/bHe TaToreHe, yTBphyje ce CTPYKTypa aHTUMMKPOOHMX CYTICTaHIM Koje
OHY CUHTETHILY, Y3 UAeHTU(UKALN]Y TeHa OffFOBOPHIX 3a BUXOBY 6uocuHTe3y. [Topen Tora, BpIm ce u
MOJIEKy/TapHa KapaKTepy3alja HajBIPYICHTHUjIX HOBOM3OJIOBAHMX OM/BHMX [TATOTEHA, KAO M eKC-
HepuUMeHTH in planta, ¢ IybeM MOTBphUBaba KamaryTeTa TECTUPAHNX GAKTEPIUjCKIX COjeBa 3a IIPYM-
eHY y OMOJIOIIKOj KOHTPOJIN.
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Abstract

Group research focus is a study of the structure and expression profile of selected
buckwheat genes coding for proteins of known functions (seed storage proteins) or pro-
teins of undefined functions that are possibly involved in protein degradation and processing
and/or are part of the stress response (aspartic proteinases and metallothionein). These genes,
their promoters and translational products are important not only from the aspect of funda-
mental research but also regarding their potential agricultural/biotechnological application. In
addition, we focus on molecular analysis of self-incompatibility (SI), which includes analysis of
genetic diversity of wild populations of Prunus species (gametophyte SI), as well as dimorphic
SI in buckwheat. We apply diverse genetic engineering methods such as: cloning, DNA se-
quencing, PCR, Real-time PCR, RNA-RNA i# situ hybridization, gel electrophoresis, isoelectric
focusing, EMSA, Western, Northern, Southern blots, gene transformation, recombinant protein
production in heterologous systems and BY-2 cell culture.

Research focus

The model-plant of the projects in the period 2002-2010 was buckwheat (Fagopyrum es-
culentum Moench). Genes/proteins of specific interest were seed storage proteins, aspartic
proteinases, metallothioneins as well as those involved in self-incompatibility phenomena.
Analysis of the regulation of gene expression of specific buckwheat genes has been an element
in the process of understanding common mechanisms of regulation in plant cells as well as a

basis for elucidating possible functions of these proteins in different physiological processes and
stress conditions in buckwheat

Our first model-gene/protein(s) from buckwheat were seed storage proteins (SSPs), for a
several reasons. SSPs are characterized by tissue specific (exclusively synthesized in seeds) and
temporary (specific phases of seed development) gene expression and therefore are a good
model for studying mechanisms of gene switching during late embryogenesis in specific tis-
sues. They are also promising for molecular evolutionary research and could also be very use-
ful for biotechnological application considering the attempts to improve seed quality artificially,
especially concerning the proportions of essential amino acids.

Our work was firstly concentrated on analysis of the composition and structure of SSPs at
the protein level. It was found that the main SSP of buckwheat was a 13S globulin (a legumin-
like hexamer of non-identical subunits), but a new minor class 8S (vicilin type, trimer) and a
2S albumin fraction represented with single-chain polypeptides were also noticed. The high
content of methionine and lysine in 2S albumin offers the possibility of gene transfer to cere-
als limited in these essential amino acids in order to improve their nutritional quality.

=

Ancrpakt
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OCHOBHM Hay4YHI IIWb jecTe IIpOyYaBarbe CTPYKType U perynalyje eKCIpecuje ofi-

abpaHIX TeHa 6Jbaka Koju KOIUpajy IpoTerHe urja je GpyHKLuja mo3HaTa (pesepBHM

nporeyHi — PII), vu oHe 4nja GyHKIMja Huje jacHO fedVHMCAHA, a/ly KOjU IOTEHIIMjaTHO
Y4ecTBYjy y (pM3MOMOLIKIM ITpoLjecuMa Kao LITO Cy Aerpafanyja IpoTerHa 1/ OfTOBOP Ha
crpec — aciapTuute npotentase (All) n metanorronenH (MT), Ha xe/bayu Kao Mopen-6wbnn. Kimonn-
PpaHM I'eHU U OfroBapajyhy IpoMoTopy aHaM3Mpajy ce He caMo ca (pyHIaMEeHTaIHOT acrekra Beh un
y BesU ca HOTeHIjaTHOM MoryhHomrhy 6MoTeXHONOIIKe IIpUMeHe y IobonpuBpeny. Iloceban
MHTepeC YCMepeH je U Ha MOJIEKY/IapHy aHaam3y camorHKoMmIaTuoOwiHocty (CV) Ha gBa cucTeMa:
IpefiCTaBHMIMMA IVBJBYX NOIyNanyja pofa Prunus (rametodurna CI), Koju yKbydyje U aHa/IM3y
TeHeTNYKOT IVBEP3UTeTa, Kao 1 Ha Xe/bau (mumopduu cucteM CH). Y ucTpaxusarmumMa Cy IpuMe-
IbUBaHe CaBpeMeHe MeTOJie FeHEeTIIKOT MHKeePCTBa 1 MOJIEKY/IapHe TeHeTHKe: KIIOHVpabe, CeKB-
ennypame, PCR, RealTime PCR, 6mondopmarmuka anamusa, PHK-in situ xubpupusanuja,
ren-enekTpodopese, EMSA, Western-blot, reetiuxa Tpancdopmanuja, IpopyKimja peKOMONHOB-
QHUX IIPOTEVHA Y XeTePOJIOTHYIM CUCTEMIIMA, ecejli ca PellopTepCKUM IeHMMa, KynTypa henuja BY-2.

DoKyc ucrTpakupama

Xempa (Fagopyrum esculentum Moench) xopuiheHa je kao Monen-61mpbKa y IpojekTiMa Koje je
¢$unaHCcKupano MuHNCTapCcTBa 3a HAayKy Y 00a mpojekTHa mepuoza (2002-2010). Anamisa CTpyKType
U perynaipje eKkcrpeciuje ofabpaHnX reHa Xe/bjie O111a je TOIPUHOC Y IPOLeCy pasyMeBarba OMIITIX
MexaHM3aMa peryanyje y 6ubHuM henmjama, ami 1 oCHOBa y T0jalibaBaby Moryhe dyHKIuje mpoTe-
MHA KOFVPAHUX OBMM TeHVMaA y pasaudmuTiM GM3MOMOLIKMM HpOLieCuMa U YCIOBMMA CTpeca.
lenn/nporennn of, MHTEpeca Cy pe3epBHIU IIPOTEMHY CEMEHA, aCTapTUYHe IPOTENHA3€e U METa/I0T-
VIOHEVHU, K40 V1 OHM KOj/i YIeCTBY]Y y IIPOLIeCHMa CaMO-VIHKOMIIATHOVTHOCTIA.

Omnpeperberbe 3a Xe/bAy IMOYETHO je IIOTEK/IO Off MHTepecoBama 3a pe3epBHe IPOTENHE CeMeHa
(PTIC) oBe O6ybke 113 HEKOIIKO PasyIora: TO je M3y3eTaH CUCTEM 3a aHa/IN3y opraH-crenudrdHe (ceme)
n y pasBuhy gerepMuHucase (kacHa dasa eMOpuoreHese) eKcrpecuje reta, Kao 1 IIoceOHOT MeXaHM-
3Ma TPAHCIIOPTA IIPOTENHA Off MECTa CHHTe3e [JO MeCTa CK/IA/JUIITE A Y IIPOTEVHCKIM TeJIMMA, IITO
je xapakrepuctyika cBux PIIC. ITopen nopebema nogaraxa ca PIIC apyrux 6umbaka u ynotebe oBUX
reHa Kao MOJIEKY/ICKIX MapKepa [IpJ MOJIEKY/IAPHO-EBOJIYLIMIOHIM aHa/IM3aMa, OHO 11To u3fBaja PIIC
XeJbjle U LITO OTBapa MOryhHOCT KaHa/IMCambha UCTPAXKMBAA Ca (PYH/JAMEHTATHIX Ha [IPUMEbeHa,
jecTe U3y3eTHa HYTPUTHMBHA BPEFHOCT IIPOTENHA, IIITO OTBAPA MOTYRHOCT GMOTEXHOIONIKE IIPYMeHe
y HO/BOIIPUBPEY, IIPEHOCOM FeHa KOji KOUPAjy OBe IIPOTENHE y ipyre O1/bKe METOjaMA T€HETIUKE
tparcdopmanyje. Vicrpaxusarma cy y pBoj (asn o6yxBaraia aHa/mi3y KOMIIO3UIYje VI CTPYKType
PTIC na nporenHcKkoM HYBOY. Tako je KOHCTaTOBaHO fia je rTaBHM PIT xerbe 13S rno6ymvH (Tyi erym-
MHa, XeKcaMep), a Ia Cy HellITO Makbe 3aCTYIUbHM 8S ITI0OYINH (TIUI BULMINHA, TPUMEP), Kao 1 28
I6yMuUHY (jefHOTAHYAHY TO/IAIIENITHAN), PpaKIja Koja Ce M3[jBaja 110 BICOKOM CapKajy METUOH-
VHA U IM3VHA, I1a MOXKe 6UTH BeoMa 106ap KaHAM/AT 32 GMOTEXHOJIOIIKY IIPYIMEHY Be3aHO 3a Mo6u-
JblIIatbe XPAH/bUBE BPETHOCTH KUTAPUIIA.



Y cnepehoj dasu koucTpyucana je 6ubmorexa cDNA na marpuiy PHK cpenme
(ase caspeBama ceMeHa Xe/bjle, a 3aTUM Cy u30moBaHu KoHoBU cDNA- FeLEGI xoju
Kofiupa jegaH off momumnentupa 13S nmerymmna (AY256960) u 8S Buummnza FeVICI
(AY536051) u youeH je cmeruduuan npodpun muxose excipecuje. Merogom PCR
YMHOXeH je reHOMcKu K1oH gFeLEG51 (AY359286), kao mpBu reHoMcky K/oH 3a PIIC xempe,
a npumeHoM Metofie 5-RACE n ofrosapajyhm 5’-perynaTopHu perioH y KojeM je 6uonHGOpMaTiaKoM
aHAIM30M CEKBEHIIe IIPeTIOCTaB/beHO IOCTOjatbe KAPAaKTePUCTUIHIX Cis-PeryTaTOPHIUX eJleMeHara.

ITpu aHa;m3yu mpoTenHCcKor nmpoduia ceMeHa, BesaHo 3a PII, youeHa je mpoTenHa3Ha akKTUBHOCT
KOja je II0 OCHOBHIM OcOOMHaMa (MHXMONIIVja TIeIICTaTMHOM A M aKTMBHOCT Ha KucennoM pH) yxas-

MBajla Ha CBOjCTBA KapaKTEPUCTMYHA 3a aclapTIYHe IPOTeMHase
(AIT). OBa K1aca eH3MMa IPNCYTHA je Y YUTABOM XKMBOM CBETY, I1a
V1 KOJl MHOTVIX OMJBHVX BPCTA, aJI/ IaKO Ce 3Ha [ja OBJ €H3VIMI IMajy
CIIOCOCOOHOCT MpoLiecHparba U Aerpajaliyje IpOTeNHa, O er3aKTHIM
¢dyHKIMjaMa 3aK/bydyje ce caMo MOCPENHO, YIJTAaBHOM Ha OCHOBY
JIOKaJIM3anje, CylCcTpaTHe CIelpUYHOCTI ¥ Ha OCHOBY yTHI[aja
pas/mranTyX GU3MOTIOMIKYX U (paKTOpa CTpeca Ha TeHCKY eKCIIPeCHjy.

W3 6ubmorexe cDNA cemeHa xe/pjie y cpenboj asu passuha
nsonosana je cDNA FeAP9 (AY826351) n yMHOXeH ofrosapajyhn
TeHOMCKM (parMeHT. AHaJIM3a M3BeleHe aMIHOKUCEINHCKE CeKB-
eHIle IoKasana je fa FeAP9 MMa cTpyKTypy KapaKTepUCTUYHY 32
tummaHe ATl 6mwpaxa. TTokasaHo je ga ce FeAP9 excripumupa y
CeMeHY, JIICTY, KOpeHy, cTabny u usery. Crenududan npodun
eKCIIpecyje youeH je TOKOM Ca3peBarba CeMeHa, CHHXPOHM30BaHO Ca
eKCIIPeCHjoM pe3epBHMX IIPOTeMHa. 3allakeHO je nobehame
ekcipecuje FeAP9 mipu wm3narawmy amucTa Xebie (akTopuma
abmoriykor crpeca (cylra, MpakoM M3a3BaHAa CeHeCLeHIMja 1
nosehaHa KOHIleHTpauuja KazgMujyma), Kao ¥ y YC/IOBUMA
CUMyJIallije Hallafla maToreHa. VIMyHoOIe TeKLIMjOM je IIOKa3aHo fia ce
nporenH FeAP9 akymynmpa TOKOM caspeBama CeMeHa U Jia je
IPJCYTaH y Ho4eTHNM (ha3aMa repMyHaIje, HAKOH Yera IIOCTeIIeHO
HUBO OBOT IpoTerHa omafa. FeAP9 je nmpucyran y cBum ¢asama

pasBuha /ucTa, 10K je Y IPUPOHO CEHeCIIeHTHOM JICTY MHTe3UTeT CUTHAJIA Hajjau. V13 ncre 6u6-
norexe cDNA nsonosana je 1 cDNA xoja kopupa atumnany AIT FeAPL1 (AY536047) koja He capxku
nomeH PSI (kapakrepucryka tuidanx Al 6upaka), a 3aTuM 1 OfroBapajyhy reHOMCKM KJIOH 41joM
je aHa/IM30M ITOKA3aHO Jja He Ca[Ip>KU MHTPOHE, a Y 5'- Pery/laTOpPHOM PeroHy YOUeHM Cy HOTeHLVj-
QJIHU Cis-elleMEHTH KOjy MOTY YTUILIAT! Ha eKCIIPECHjy OBOT TeHa IIOf yTuLajeM (aKkTopa Croballiibe
CpefyHe ¥ OLpeNe/IATI eKCIIPecHjy crieluduuHy caMo 3a ceMe Koja je morBphena u meropama RT-
PCR u Real Time RT-PCR, kxao u metogom Western blot Ha HuBOy nporenta. C mybeM o61jara
IIPOTENHA y KOMVYMHM OTPeOHOj 3a GMOXeMIjCKY aHa/M3Y Y IIPOM3BOJIbY aHTUTe/Ia KopHIIheHo je
HEKOJIMKO eKCIIPECHOHMX CHCTEMA 3a IIPOU3BONIbY peKOMOMHOBaHOT poTenHa: E. coli, P. pastoris u

Keanutatueuun GUS ese - TectTupate npomotopa FeMT3
Qalitative GUS assay - FeMT3 promoter test

WA

FeMT3 - zawTunTa oA CTpeca TEWKNM MeTanmma
FeMT3 - heavy metal stress protection

In the next step, we started a search for corresponding SSP genes. From ex-

periments analysing mRNAs throughout buckwheat seed development in vitro, we

realized that mid-maturation was the stage with a high proportion of SSP mRNAs

and a cDNA library was made. We have isolated and characterized a full-length cDNA

coding for the 13S legumin-like storage polypeptide (AY256960) and 8S vicilin FeVICI

(AY536051). A specific expression profile was noticed. The genomic clone gFeLEG5I

(AY359286), was amplified as a first one published for a storage protein from buckwheat (be-

longing to 13S legumin-like) and analysis of its 5’-regulatory region showed the existence of
several characteristic seed-specific cis-elements.

Analysis of seed protein processing led to the identification of
proteolytic activity characteristic for aspartic proteinases (AP).
Although this class of enzymes is widespread in all living organ-
isms, including plants, data on the exact biological functions are
still hypothetical and are derived from analysis of expression in
certain tissues or under specific conditions, and from co-local-
ization studies with putative protein substrates.

A cDNA coding for FeAP9 (AY826351) was isolated from the
cDNA library of mid maturation buckwheat seeds. The deduced
amino acid analysis showed typical structure for plant APs. It was
demonstrated that FeAP9 is expressed in buckwheat seeds, leaves,
flowers and roots with a specific expression profile in seeds syn-
chronized with expression of SSPs. Also, it was observed that the
level of FeAP9 expression dramatically increases during leaf
senescence. Importantly, expression is upregulated by exposure of
plants to drought, darkness, wounding and pathogen attack, in-
dicating a likely role for the gene in stress responses. Immun-
odetection showed that FeAP9 accumulated during seed
development and was present in the early stages of germination.
Moreover, FeAP9 was detected in all stages of leaf development,
as well as in pistils of fully opened buckwheat flowers.

Another cDNA clone coding for an atypical plant AP without the plant specific insert,
FeAPL1 (AY536047), was also isolated from the same cDNA library. Analysis of the genomic
clone showed that it was an intron-less gene with a 5’- regulatory region rich in potentional cis-
elements influencing expression under various stress factors as well as seed-specific expression,
which was confirmed by RT-PCR, Real Time PCR and Western blot analyses. After several
trials for production of a sufficient amount of recombinant FeAPLI for biochemical analysis
and production of antibodies in various heterologous systems, such as E. coli, P. pastoris and

insect cell culture, an active MBP tagged enzyme was obtained in E. coli Rosetta-gami strain.
More importantly, the active protein was also produced by the tobacco BY-2 cell line. Im-
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munocytochemical analysis of transformed BY-2 cells and protein analysis of pro-
toplasts showed cell wall localization of FeAPLI.

Plant metallothioneins (MTs) have a great impact on maintenance of metal

homeostasis as well as in balancing the redox status of plant cells. Research on plant

MTs lags behind that in animals by almost 25 years, but the functions of M Ts are still a sub-
ject of controversy. An MT cDNA clone (AF056203), belonging to type 3, was isolated from
the cDNA library of developing buckwheat seed. Subsequently, the corresponding genomic
clone, comprising the 5 regulatory region, was identified (AY361956). Structural and func-
tional analysis revealed Dof, Athb transcription factor binding sites on the proximal promoter
fragment and nuclear protein extract binding sites on both
proximal and distal parts of the promoter. Functional pro-
moter analysis was performed with a complete 5’-regulatory
region and two deletion variants, employing stably trans-
formed tobacco plants. Histochemical GUS assay of trans-
genic tobacco lines detected the strongest signals in vascular
elements of leaves and in pollen grains, while somewhat
weaker staining was observed in the roots. Quantitative
GUS assay showed strong up-regulation of all three pro-
moter constructs (proportional to the length of the regula-
tory region) in leaves treated with Cu** and Cd** and
submerged in liquid MS medium containing sucrose, after
a prolonged time period. This represented a complex stress

situation composed of several synergistically related stress
stimuli. BY2 - FeAPL1 localization

The effects of heavy metal treatment and different
abiotic stresses were monitored in buckwheat leaves employ-
ing Real-time PCR technology. Buckwheat plants were exposed to various metals, drought, ox-
idative stress, darkness and mechanical injuries. ROS (reactive oxygen species) production is a
common consequence of most abiotic stresses, and increased expression of FeMT3 during the
stress could be connected with an ROS protection function of that protein. ROS protection abil-
ities of FeMT3 were confirmed in three different systems subjected to heavy metals: E. colj, S. cere-
visiae and transiently transformed leaves of N. debneyii. Toxic metal concentrations caused less
damage in cells and tissues expressing FeMT3 compared to that in untreated controls.

FeMT3 transcripts were found in the root vascular system, the vascular system, mes-

ophyl and guard cells in leaf, stem, flower and embryo-tissues of developing seeds.

In contrast to phytochelatins, the cytoplasmic localization of FeMT3-GFP fusion de-
tected in transformed tobacco leaves was unchanged under heavy metal stress, suggesting a dif-
ferent defense mechanism against deleterious effects of heavy metals.
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BY2 -nouannsauja FeAPL1 Jokanwusauywja FeMT3 - EYFP
FeMT3 - EYFP localization

Ky/ITypa nHcekarckux hemsja. 3agoBopaBajyha excpecnja fobujena je camo mpu
yrnoTpebn koHcTpykTa rMBP-FeAPL1 y cojy Rosetta-gami E. coli xapa je no6bujen
comybmnaH peKOMOMHOBaHY (y3VMOHN IIPOTEVH KOjii MOCENyje CenuUIHY eH3UMCKY
aKTMBHOCT. AKTVMBaH PeKOMOMHOBAHM NIPOTEVH je eKCIpUMMpaH 1 y henujckoj nunauju
mysaHa BY-2. VIMyHOLMTOXEMMjCKOM aHA/IM30M M aHA/IM30M IPOTENHA IPOTOIIACTA U3BeN-
eHyx 13 oByx hemnja yrepheno je ma je FeAPL1 nokanmsosas y henvjckom supy.

MeTaIOTHOHENHN CY, Ha OCHOBY CIIeLMIYHIX CBOjCTaBa Kao IITO CY BICOK KaIlallUTeT 3a Be3-
UBaIbe joHa MeTasla Ji HU3aK PefoKC IOoTeHIyjall, Takohe Oum off moce6HOT 3Hadaja ¢ 003MpoOM fa je
BUXO0Ba (DYHKIINja TeHePaJIHO, a IOTOTOBO Ha OV/BHOM CHCTeMY, HeIOBOJ/bHO Io3HaTa. Kako je us 6u6s-
noreke cDNA ceMeHa y cpefiboj pasy caspeBarba 30/10BaH U KJIOH
3a MeTanotnoHent tuma 3 (MT3) xerpae (AF056203), oTBopeHa je
MmoryhHOCT 3a aHanusy. VIieHTU)NKOBaH je U TeHOMCKY KIIOH,
(AY361956), koju je, mopex Kogupajyhe cekBeHlie, 00yXBaTao 1 ieo
5’ peryJIaTOpHOT PeruoHa, Ila Cy KOHCTpJMcaHe ofiroBapajyhe pern-
eIJIOHe BapljaHTe Ha KOjlIMa je U3BPIIeHa CTPYKTypHa U QYHKII-
VIOHAJIHA aHa/IM3a. YCTAHOBJ/BEHO je fla IPOKCUMAIHN (pparMeHT
npomoropa FeMT3 crienndutno Besyje npeunirhene JHK-Besy-
jyhe momene tpanckpumumonnx dakropa Dofl n Athb, xao un
IIPOTeMHe HYKJIeapHOT eKCTPaKTa CeMeHa Xe/bfie, a JYCTaIHU
(dparMeHT IpoTerHe HYK/IeapHOT eKCTpaKTa ucTa xepie. OyH-
KIJIOHa/IHA aHaJIM3a IIPOMOTOpa pabeHa je y cTabuiHo TpaHcdo-
pMUCaHOM fyBaHy. XVCTOXEMUjCKUM eCejoM [eTeKTOBaHa je
MHTEH3MBHA aKTVBHOCT IIPOMOTOPCKUX parMeHaTa y BacKya-
PHVIM e/IeMeHTVMa JIVCTa U Y TIOJIeHY, a cl1ablja y TKMBY KopeHa. Y
ecejy ca pelopTepCKUM IeHOM II0Ka3aHo je 3Ha4yajHO HoBehame
aKTUBHOCTM IIPOMOTOPCKMX (pparMeHara (IIpONOPLVIOHATHO
IbJIXOBUM Jy>KJHaMa) y OfTOBOPY Ha YC/IOBe KOMIUIEKCHOT CTpeca. Jaka MHYKIIMja IPOMOTOPCKE aKT-
MBHOCTY yO4eHa je ¥ Iof fiejcTBoM jora Cu** i Cd*.

Edexar pasmantux ¢akropa cTpeca, a moce6HO TEUIKUX MeTajla, aHA/IM3MPaH je y IMCTOBUMA
xerpie MeToioM Real-time RT-PCR kop 6m/baka msaraHyux joHMMa MeTasa, CYLIM, OKCUAATIBHOM
CTpecy, MPaKy 1 MeXaHIYIKMM TToBpefama. [Iponssopba peak TMBHIX KMCEOHNYHMX BPCTa IIpATH/IaL]
je BehuHe ab1OTIIKMX CTPecoBa, 11a je osehana excrpecnja FeMT3 TOKOM BUXOBOT fielioBatba y Be3u
Ca 3alITUTHOM Y/IOrOM Off oKcupatuBHux ourrehera. [IporexTuBHe ciocobnoctn FeMT3 norsphene
CY My XMBUM CHUCTEMMMA M3TIOKEHNM JIejCTBY Telkux Metana: E. coli, cuplA mytantuma Sacharo-
myces cerevisiae ¥ TpaH3MjeHTHO TpaHchopMucannm muctoBuMa Nicotiana debneyii. Visnarame Bu-
COKVMM KOHIIEHTpAI[fjaMa MeTa/la M3a3nBaJjIo je 3HAYajHO CIIOPUju Pa3Boj owrrehemwa y henjama y
KojuMa je excupumupan FeMT3, y mopehermy ca koHTpomama.

ITokasaHo je a ce FeM T3 excripyMupa TOKOM pasmnuntyx ¢asa passuha ceMeHa, Kao U y JIUCTY,
1BeTY, cTabmy u KopeHy. Tpanckpumty reHa 3a MT3 xe/b/ie IOKa/IM30BaHN CY Y CHIPOBOJHOM CUCTEMY
KOpeHa; cToMyHNM henmjama, Me30¢uTy 1 CIIpOBOFHIM elleMeHTIMA JIMCTA; Kao 1 y hennjama em6p-



JOHa ceMeHa y pasuhy.

LnToconHa nokam3anyja ¢pysuonor nporerHa FeMT3-GFP nerekroBaHa je y Tpa-
HcdopmucanuM henmjaMa micToBa TyBaHa Koja OCTaje HEIpOMerbeHa HaKOH TpeTMaHa
TeLIKMM MeTaJIIMa, IITO YIIyhyje Ha Ipyraduju MeXaHusaM of0paMOeHOr e/loBarba MeT-
aJIOTMOHEeMHa IpeMa e)eKTIIMa TeLIKIX MeTajla y OTHOCY Ha (pUTOXeTaTIHe.

OBu pesynraTu ykasyjy a cy gynkimje MT3 BesaHe Kako 3a ofjp)KaBambe XOMeOCTa3e MeTaIa Tako
1 pefokc xomeocTase. [IokasaHa cBojcTBa mportenHa 1 npomotopa FeMT3 ykasyjy Ha BElIMKY MOT-
eHIMja/l OBOT T'eHa 3a IIPYMeHy Yy OMOTeXHOIOIMjI, IIpe CBera y (uropeMenmjaliujyu 3eM/buIITa
3arabeHMX TelKuM MeTanuMa.

Kaxo je crpec 11 ogrosop 6mpKke Ha a6MOTIYKI ¥ GMOTIYKY CTPec jefaH off GeHoMeHa KOju MOXKe
I0Be3VBaTY CBE UCIUTUBAHe TeHe/TIPOTeNHe, Y OBOM IIepMOJy YpabeHM Cy eKCIIepyMeHT Be3aHM 3a
[IpoyYaBarbe OMOXEMIUjCKMX U MOJEKYIapHMUX OCHOBA OATOBOPA Xe/bfie Ha pasimiduTe obmmke ab-
norndkor crpeca (UV-B 3pauere, HaTpujyM-XJI0puf, aTyMUHIjYM-XIOPUT, Ka]MUjyM, XUIIOKCHja 1
ocmotcki mok). [TpaheHe cy KBanuTaTBHE ¥ KBAHTUTATHBHE TPOMEHE y aKTMBHOCTI aHTMOKCH/IAT-
MBHIX eH3MMa (CYTIepOKCU/ IVICMYTa3a, KaTajasa, IepOKCUase, Iy TaTHOH PEefyKTasa), a y3 yoTpeby
ofiroBarajyhux aHTuTeTa IpoMeHe y eKCIIpecHju IpoTerHa TOIIOTHOT cTpeca U AexuapuHa. Edextu
CTpeca aHaM3MPAHM CY Ha OCHOBY IIpoMeHa y nHTerputety Membpana u JJHK n mpahemwem muctp-
ubyIIMje U IPUCYCTBA BOJOHNK IEPOKCU/A Y TKUBMMA.

Jpyra TemaTcka o6/1acT Koja je o0yxBaheHa HaBeeHUM IIPOjeKTVIMa OFHOCK Ce Ha IIPOoyYaBambe
MoOJIeKyTapHe OCHOBe (peHOMeHa CAaMOMHKOMIATHOMTHOCTH Ha
IBa CUCTeMa — JUB/BMM IONyIalMjaMa pofa Prunus n xepan.
VcnnTtuBaH je raMeTOUTHM CHUCTEM KOjU CIIpedaBa CaMoo-
wioherbe Kofi AUB/BYUX BpcTa 6afeMa. Y30pL Cy y3eTH U3 MOIyII-
anuja crerickor 6asiema — Prunus tenella v pusrper 6agema — Prunus
webbii. Y uctintuBanuM nonynanujama Prunus tenella upentud-
MKOBAHO je BMIIIE a/Ie/ICKMX BapujaHTy reHa 3a S-RNase (KoMIIOH-
eHTa TY4Ka), a 3a ofpheHe ajiefie M BIUXOBH ,IapTHepY U3 IOJIeHA
— SFB anenicke BapujanTe. AHa/mI3a FeHCKIX CEKBEHIIN je TTOKasasta
ma je jegHa op S-RNase Prunus tenella upeHTH4YHa ca jexHOM S-
RNase anenckom BapujanToM Prunus avium, BpCTOM KOja Ce He YK-
piuta ca Prunus tenella, u ja 06e S-RNase umajy 99% cmaHOCTH
ca S-RNase Prunus dulcis. 3a pasimmky o S-RNase, moreH-crier-
ndnanu SFB npotenHu y ogrosapajyhum ysopuyma Hucy 6mmm
UMICHTUYHM, a MOJMHALMOHN TECTOBM IOTBPAWMIN Cy IBUXOBY
O4yBaHYy Y/IOTY Y CIIpedaBarby caMooIuiohera. Y UCIIMTUBAHOj 1TO-
nynauyju Prunus webbii jemma S-RNase moxasama je 99%
crmasocTH ca jegHoM S-RNase Prunus dulcis, Takobe, npentnc-
MKOBaH je jeflaH HeaKTUBaH aJlefl, a/li Pasjior MHAKTUBALMje Huje
nponabeH Ha HUBOY Kofupajyhe HykmeoTuaHe cexpene. [Topen
TOr'a, IPBU IyT Y Prunus webbii yodeHe cy 13B. ,,non- S-RNase”.

Prunus tenella - camo-nHKoMnaTu6uMunHocT
Prunus tenella - self-incompatibility

Taken together with the high promoter inducibility and increased transcript

level upon Cu?** and Cd** exposure, these results strongly indicated that FeMT3

plays an important role in buckwheat heavy metal tolerance and hyperaccumula-

tion. Moreover, the FeMT3 promoter and protein should be considered as new candi-
dates for biotechnological applications, with great potential for use in biosensing and

phytoremediation.

Since the abiotic and biotic stress response is one of the phenomena which could connect
all investigated genes/proteins, we investigated the biochemical and molecular basis of the
buckwheat response to abiotic stress (UV-B radiation, sodium chloride, aluminium chloride,
cadmium, hypoxia and osmotic shock). Qualitative and quantitative alterations in antioxida-
tive enzyme activity (superoxide dismutase, catalase, peroxidases and glutathione reductase)
were investigated. The changes in expression of heat shock proteins and dehydrins were im-
munochemically analyzed. In addition, we examined the stress effect on DNA and membrane
integrity, as well as on accumulation and distribution of hydrogen peroxide in different plant

tissues.

Our other research interests include a study of the molecular mechanisms of self-incompat-
ibility (SI) systems (that prevent self-fertilization) in wild Prunus species and buckwheat. We
have studied gametophytic SI in Prunus tenella and Prunus webbii. In Prunus tenella several S-
RNase alleles (female SI component) were identified and for some of them their SFBs, as their SI

male genes, were identified as well. Nucleotide sequence analy-
sis revealed that one P. tenella S-RNase was identical to an S-
RNase from P. avium, which is interesting because these two
species do not intercross. Also, both these sequences showed high
similarity (99%) to an S-RNase from P. dulcis. Intriguingly, al-
though the S-RNases were identical, their SFB pairs were not
identical and they were functional (confirmed by pollination test
studies). In P. webbii one analyzed S-RNase showed high simi-
larity (99%) with an S-RNase from Pdulcis. Furthermore, in P
webbii one inactive S-RNase was identified, but the reason for in-
activation was not found at the coding sequence level. Also, in P
webbii a ‘non-S RNase’ was identified for the first time in this
species, but is known to be present in other Prunus species. The
‘non S-RNases’ are interesting to investigate as the potential an-
cestral form of S-RNases. Recently, we started a study on hetero-
morphic sporophytic SI in buckwheat, a species which displays
two flower morphs: pin and thrum with fertilization allowed only
between different flower morphs. The proteins extracted from
styles and pollen grains are planned for 2D-PAGE analyses in
order to reveal differentially expressed proteins among different
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morphs as well as among different pollinations (incompatible and compatible). The
aim is to identify the proteins involved in the SI system in buckwheat.
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Oge RNase cy 6a3HM TPOTEMHM ¥ TTOCTOjM aKTyeTHA XUIIOTe3a Jia GV MOITIe /A PEJiCT-

aB/bajy mpenadky ¢popmy S-RNase.
Y oBOM IeproOfy 3aIlOUeT je M paji Ha aHaM3M MeXaHu3Ma XeTepoMopdHe camo-
MHKOMITATUOVTHOCTY KOJ, Xe/bjie. VI30/I0BaHN Cy IPOTeMHM 13 TYYKOBa 00a THUIIA I[BETa,
mvH 11 TpaM. b je neHTUUKOBaIbe pas/iiKa y IPOTENHCKOM IIpoduIy oBa iBa MOpda, Kao

V1 KOJ{ MHKOMIIATMOVTHO 1 KOMITATHOVITHO OIIPAILeHNX, a Koje 61 ce MOIJIe TOBe3arTyt Ca IHKOMITATHO-
mnHoM peaxuujom. Kopucte ce metoze IEF, SDS u 2D enexrpodopese.
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Perspectives

Research in the field of molecular biology and molecular genetics are still very di-
verse all over the world. Very often, it is believed scientific knowledge achieved in these
areas will be the basis of 21st century technologies. The findings and the results obtained in mo-
lecular biology are the basis for the development of molecular biotechnology that is raised to
a higher scientific and commercial level. In IMGGE, research is achieved in the field of mo-
lecular biology, including humans, microbial, plant and animal systems. The research is mainly
focused on:

(a) gene expression in microorganisms

(b) gene expression in plants

(c) molecular mechanisms of sex determination
(d) molecular hematology

(e) eukaryotic cells gene expression dependence on specific cell factors and local DNA or-
ganization

(f) molecular diagnostics of hereditary disease

There is no doubt that in the future, research in molecular biology will be oriented towards
the use of genetic engineering, considering the possibilities that such research approach ofters.
It should be noted that genetic engineering is actually derived from the results of independ-
ent fundamental research and discoveries in the field of molecular biology and molecular ge-
netics. Its development over the past twenty years has significantly influenced scientific
research, not only in biology, but also in other areas where this technology can be applied. Ge-
netic engineering has allowed better understanding of the structure and function of genes in
the genomes of various living systems. In addition to the fact that genetic engineering became
an important tool in fundamental research in molecular biology, it has also found application
in many other fields such as biotechnology, pharmaceuticals, agriculture, medicine, and thus
enabled the introduction of molecular biology in these areas. This approach provides the basis
for much practical and beneficial application of the results of basic research in molecular bi-
ology. Therefore, it is realistic to expect that the 21°* century will be the century of molecular
biology. This has a real foundation in the fact that the industrial production will be based
largely on a new, molecular biotechnology (biotechnology based on the achievements of mo-
lecular biology and genetic engineering). These technologies will enable, among other things,
obtaining active proteins for medical and veterinary use, biodegradable plastics, new genera-
tion of vaccines, transgenic plants and animals, genetically modified organisms (GMOs) with
exactly desired properties. It is anticipated that a large number of technologies of the 21 cen-
tury will be based on GM organisms and related processes of molecular biotechnology. In ad-
dition, it is expected that many problems related to the implementation of environmental
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IlepcnexTuse paspoja

VlcTpaxkmBama y MO/IEKYTapHOj OMOIOTIj U ¥ MOJIEKYTAPHOj TeHETULIM CY, FAHAC,

BeoMa pasHoBpcHa y cBeTy. YecTo ce roBopu fa he HayuHa casHama y OBUM 06macTiMa

6uT OCHOBa TexHOJIOIMje 21. Beka, jep ce Ha OCHOBY OBUX CasHamba pasBija MOMEKyIapHa

OMOTEXHONOrMja, OFHOCHO OMOTEXHO/MOTHja Ce IOAV)KE Ha MHOTO BMIIM HAYYHM, anu U

komepuujanuu HuBo. Y VIMITH uctpaxnBama ce peanusyjy y o6mactu MoeKymapHe 6uonoruje

MMKPOOPTaHM3aMa, OM/bHIX U KIBOTUECKMX CHCTeMa, YKbydyjyhn 1 yoeka. VcTpaxknsama cy
B€3aHa 3a 3y4aBama:

(a) excripecnje reHa MIMKpOOpPraH3aMa;

(6) excpecuje reHa 61mbaxa;

(B) MonexynapHKX MexaHM3aMa leTepMUHALVje IIOTIa;
(T) MonekynapHe XeMaTOJIOIHje;

(m) excpecuje eyKapMOTCKVX TeHa 3aBUCHe O crenynaamx hemnjckux gpakropa 1 I0KaIHe
opranusauje came JTHK;

(h) ycmepeHa Ha MOJIeKyNapHy AMjarHOCTUKY HAC/IEHUX OOMECTU UTH,.

CBakako fa he ce ucrpaxmBama y MonekynapHoj 6uomoruju, y 6ysyhnoctu, cse Buue
opujeHTIcaTH Ha Kopuirhere TeHe TUYKOT MHXKemhepcTBa, nMajyhu y Buny MoryhHocT Koje oBakaB
IpucTyn uctpaxusamyuma omoryhasa. Tpeba ncrahu fa je reHeTMYKO MHXKEHEPCTBO 3alIPaBO
IPOMCTEKIO U3 pe3y/iTaTa He3aBUCHUX OCHOBHMX MCTpaxkuBamwa 1 oTkpuha 6amr y obmactu
MOJIeKy/IapHe 6110710 uje 11 MOJIeKy/IapHe reHeTKe. Iberos pasBoj y mocnmenmux ABajjeceTak OAMHA
3HAYajHO je YTUIA0 Ha UCTPaKMBama He caMo y 6uonoruju Beh u y gpyrum obnactuma Irfe ce oa
MCTpaXKVBayKa TEXHOMOTHja MO>Ke IIPMMEHUTIL. [eHeTUUKO MHXemepCTBO je oMoryhuo aa ce 60/be
pasyMe CTpyKTypa U (pyHKIIMja TeHa Y OKBMPY FeHOMaA pas3IMunTUX KUBKX cucteMa. [lopex Tora
IITO je TeHeTUYKO VMHXKeHEePCTBO IIOCTAJI0 HE3aMEH/BMBO y OCHOBHMM MCTPAKMBABMUMA Yy
MOJIEKy/IapHOj OMOJIOTHj I, OHO je HAIIIO IIPMMEeHY U Y MHOTMM SPYTYUM [eTaTHOCTIMA, KA0 IITO CY
OuorexHomorMja, papmaleyTcka MHAYCTpUja, MO/bONPMBPeNa, MefUINMHA, ¥ Ha Taj Ha4MH
omoryhuso yBobemwe 3Hamwa 13 MojeKynapHe 6uonoruje u 'y oe obmactu. OBaKkaB IPUCTYII Aaje
OCHOBY I 32 BE/IMKY IIPAKTUYHY KOPUCT IIPUMEHE pasy/TaTa OCHOBHOT MICTPaXKUBamba y 00/1acTu
MosieKynapHe 6uosnoruje. Crora, Hije HepeaTHO odekyBaTy Aa he 21. Bek 6MTH BeK MO/IeKyIapHe
6uornoruje. To MMa pea/Hy IOA/IOTY 1 y YnkbeHNIM fja he ce MHAyCTpujcKa IPOU3BOMHA 3aCHIMBATH
y BEINKOj Mep) Ha HOBOj, MOTEKYIapHOj GMOTexHONOruju (61MOTEeXHOIOIMja 3aCHOBAaHA Ha
mocturHyhuma MosexynapHe 610710ruje i TeHe TUIKOT MIDKeepcTBa). OBa TexHomoruja omoryhn
he, mopen ocrasnor, fob6ujambe aKTUBHIUX IPOTEMHA 3a MEAVILIMHCKY U BeTepUHAPCKY yrnoTpe6y,
nobujame 610pasrpaguBe IIACTHKe, To0Mjabe HOBe TeHepaljyje BaKLMHa, [oOujambe TpaHCTeHUX
Om/baka ¥ SKMBOTHUIbA, TeHeTUYKM MopmdpukoBaHux opranmsama (IMO) ca TayHO >Ke/beHUM
cBojcTBUMa, UTH. Crora Huje 4ynHo 1To ce npexsuba fa he Bemuku 6poj TexHonoruja 21. Beka
6utu 6asupan Ha 'MO, 0OZHOCHO Ha IIpoljecyMa MOJIeKyTapHe OMOTeXHOIOTHje 3aCHOBaHe Ha
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wuma. [Topep Tora, ouekyje ce na he 1 MHOIM ITpo6IEMM Y peann3alyju Iporpama programs will be successfully solved by applying knowledge of molecular biology

3allTHUTe >KMBOTHE CpPeiMHe OMTH YCIIEUIHO pellleHM KopuinhemeM 3Hamba U3 and genetic engineering (for example, construction of specific microorganisms that .
MoJIeKy/IapHe OMOJIOTHje U TeHeTUYKOT MHKebepCTBa (Ha IpuMep, KOHCTPYKIMja are able to carry out the degradation of organic pollutants from the environment). =
crenupuUHUX MUKpoopraHuszama koju he mohm fa Bpmie pasrpajitby OpraHcKmx Moreover, gene therapy (replacement of sick genes in chromosome with a copy of Ef
sarahuBaua >xuBoTHe cpeinte). CBaKako fia je 1 reHcKa Tepanuja (13MeHa 60/IeCHOT TeHa “healthy” genes) represents one of the great achievements based on the understanding of 3
Ha XpPOMO3OMY KOIMjOM ,3[PaBOI” IeHa) jeAHO Off BEMMKUX JocTurHyha koje ce sacHuBa Ha molecular cell biology and the use of genetic engineering. This approach provides enormous
pasymeBamy MONIEKYIapHe 61/10}10r1/1je he)mje n KOPI/IHIheH)y TE€HETUYKOTI MHXXEHEePCTBA. OBakaB potential for the developlnent of human and Veterinary medicine.

HPUCTYI Jaje OTPOMHE OTEHIMjaJIe Pa3BOjy XyMaHe M BeTEPMHAPCKe MeMIIMHE. Considering all these, the future of the country and networking with the world is largely

Vimajyhu cBe HaBenieno y Bupy, o6esbeherse OynyhHocTn semimbe 1 moBesuBama ca CBETOM ce y linked to the knowledge of molecular biology and application of the results of into practice.
BE/INKO]j MEPY 3aCHIBA HA CA3HAbIMA MOJIEKY/IApHe OMOTIOTHje i IPUMEHN Pe3y/ITaTa TUX Ca3Hakba This was the idea when IMGGE was established and the institute has achieved a significant suc-
y npaxcn. C raksom npejom VIMITH je v ocHOBaH 1 y CBOM JIOCA/IAIIEHEM UCTPAKMBAYKOM Pajly cess in the research area. The future development of IMGGE is seen in qualitative and quan-
NOCTHUTA0 je 3amaxeH ycrex. CBojy mepcrekTusy pasoja IMITV suan y kpamuraTusHoM 1 titative growth (opening of new laboratories with world-competent leaders and associates with

KBAHTHTATUBHOM pacTy (OTBapamy HOBUX /AGOPATOPMja Ca CBETCKHM KOMIETEHTHUM attractive projects) as well as improvement of existing ones. In addition, IMGGE will focus its
PYKOBOZMOINMMA ¥ CapaJiHMIMMA Ca MEPCHEKTUBHUM MPOjEKTNMA) Kao M y yHampeberby activities towards the expansion of research cooperation both at home and abroad, and will al-
nocrojehux. VIMIT he, taxobe, cBoje akTMBHOCTI yCMepUTH I Ha MpOMMperbe VICTpaXIBAtKe ways try to implement international agreements, which provide long-term cooperation. Such
capajibe KaKo y 3eM/bil TAKO M y MHOCTPAHCTBY ¥ CTanHo he mokymasaru jpa peamisyje a policy will ensure the transfer of knowledge among participants in the project and thus en-
mebyHapoaHe yrosope, koju oGesbebyjy ayropouny capapy. Taksa nomiruka oGesbennhe n able the placement of our knowledge at the international level. The application of scientific re-
TpaHcep 3Haba M3MEDY NapTHepa YHeCHNKa ¥ IPOjeKTMMa, Te Ha Taj HayH OMOTyhuty miacman sults IMGGE will contribute to the development and progress of medicine, veterinary
Haler sHawa Ha MehyHaponHom HuBoOy. IIpumena Haywmix pesynrara VIMITIL pompunehe medicine, agriculture and pharmaceutical industries. All activities of IMGGE are directed to-
HANpETKY MEIMINHE, BETEPHHE, MOLONPUBPENE 1 dapMmaleyTCKe URAYCTPHje. Che aKTHBHOCTIL wards the raising of the quality of science in Serbia, and this tendency is in line with the of sci-

VIMITU ycmeperte cy Ha ofusate KBamuTeTa Hayke y CpOujit #a BUIIN HIBO, IO je y CKTagy ca entific and technological development strategies of Republic of Serbia.
CTapTernjoM HayJHOT U TEXHOMONIKOT pa3Boja Cpouje.
Prer e Paspoja Hpot) Another priority of IMGGE is networking and expanding the teaching and educational

base of the University in this area of expertise, where IMGGE is leading institute in the coun-
try. This approach will provide a continuous flow and rationalization of education, including
staff and students that are members of the University who are interested to work in this area.
Therefore, the motivation of IMGGE was to stand and become a member of the University of
Belgrade. The ultimate goal of IMGGE is to achieve the status of a leading regional scientific
institution in the field of molecular biology, molecular genetics and genetic engineering and
to become a full partner in the global scientific network.

Hpyru npuopurer VIMITV, anu He u o Ba>KHOCTH, jeCTe IOBE3MBaIbe ¥ IPOLIMPUBAIE
HacTaBHe 6a3e YHUBep3urera y 0Boj obmactu y kojoj je UMITU n3yseTrHo kommerentan. OBakaB
npuctyn 06e36emyo 61 cTaaH IPOTOK ¥ paliMoOHaNN3aIjy oOpasoBama KagpoBa I CTyAeHaTa
WIaHMIA YHUBEP3UTETa KOje Cy 3aHTepecoBaHe 3a paj y oBoj obmactu. Crora je u motus VIMITV
610 fa ce KaHAU/Yyje M IIOCTaHe WIAHUIIA YHMBep3uTeTa y beorpanmy. 3a mpumapuu nws VIMITH
je OCTaBMO JOCTU3ambe CTaTyca Bofehe HayuYHe MHCTUTYLMje Y PerMOHY Y 06/1aCTV MOJIEKy/IapHe
6mororyje, MOJEKyJTapHe TeHeTMKe VM TeHeTMYKOI VHXXWUIePCTBa KAao M CTAaTyC IIOTIYHO
PaBHOIIPABHOT IIAPTHEPA HA CBETCKOM HAYYHOM HUBOY.



National Collaboration

Center for Food Quality Research Ltd, Belgrade

Central Institute for Conservation, Belgrade

Clinical Center of Serbia, Belgrade

First Surgical Clinic

Institute of Cardiovascular Diseases

Institute for Gastroenterology

Institute for Hematology

Institute of Occupational Health and Radiological Protection “Dr Dragomir Karajovi¢”
Clinical Center of Vojvodina, Novi Sad

Clinical Center “Zvezdara”

Faculty of Agriculture, University of Belgrade, Zemun

Faculty of Biology, University of Belgrade, Belgrade

Institute of Botany and Botanical Garden Jevremovac

Faculty of Chemistry, University of Belgrade, Belgrade

Chair of Organic Chemistry

Faculty of Mining and Geology, University of Belgrade, Belgrade
Department of Petrology and Geochemistry

Faculty of Pharmacy, University of Belgrade, Belgrade

Chair of Organic Chemistry

Institute of Medical Biochemistry

Faculty of Philosophy, University of Belgrade, Belgrade

Faculty of Technology and Metallugy, University of Belgrade, Belgrade
Fruit Research Institute, Cacak

Galenika a.d., Belgrade

Gynecology and Obstetrics Clinic “Narodni Front®, School of Medicine, University of Bel-
grade, Belgrade

Gynecological Hospital Sretenovi¢, Belgrade

Institute for Applied Nuclear Energy INEP, University of Belgrade, Belgrade, Department
for Biology of Reproduction

Institute for Biological Research “Sinisa Stankovi¢”, University of Belgrade, Belgrade

Institute for Forage Crops, Krusevac
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Capapmay seMpu

« buonomxku dakynret, Yausepsuret y beorpapny, beorpan
VHcTnTyT 32 60TaHMKy 1 borannuka 6amra ,,JeBpemoBar
Bojromepuuumucka akagemuja, beorpap
lanenuka a.n., beorpap,
Inuexononika 6omania CpereHosuh, beorpan

[MHeKO/OLIKO aKylepcKa KanHuKa ,Hapoguu ®@pont, Megunuucku $pakynrer,
Yunsepsutet y beorpany, beorpan

WMHuctuTyT ApylmITBEHNX HayKa, beorpap

VHcTnTyT 32 6MOsIOLIKa MCTpaXKuBama ,Crunira Crankosuh, Yausepsutet y beorpany,
beorpap,

VHCTUTYT 3a 3{paBCTBEHY 3aIITUTY MajKe U fieteTa ,,/JIp Bykan Uynuh*, Beorpan
JTabopaTopuja 3a MEANIIVHCKY TeHETHKY
Crry>x6a 3a XeMaTO/IOTHjy U OHKOJIOTH]y

Cryx6a 3a MCuTHBabe 1 JIeYere MeTabOMMIKIX 6OMeCTI 1 KIIMHNYKY T€HETHKY, OfCEK
TeHeTcko caBeTOBaA/IMIITE

Mucturyt 3a KpMHO 6mbe, Kpyesary

VIHCTUTYT 3a MeHTa/IHO 3paB/be, LleHTap 3a MefUIIMHCKY reHeTUKy, Beorpan
MHCTUTYT 32 MyTTUANCHNITINHAPHA HCTPAXMBaba, beorpaj

VHCTHTYT 3a OpTOLIEICKO-XUPYPIIKe OomecT ,bamuna“, beorpap
VuctnryT 32 iyhHe 6omecty u Ty6epkynosy, beorpan

Mucturyrt 3a nosprapctso, CMenepescka [TamaHka

MucturyT 3a npumeny Hykneapne enepruje VIHEIL Yuusepsuter y beorpany, beorpan,
Opemerse 3a 610/I0TUjy penpOfyKIyje

VHCTUTYT 3a paTapcTBO ¥ BUHOTPajjapcTBo, Yauak

MucTutyT 3a paTapcTBo ¥ NoBpTapcTBO, HoBM Cap

MuctutyT 3a tpancdysujy kpsu Cpbuje, beorpan

Wucturyrt 3a dunozodujy u gpyurseHy teopujy, Yausepsutet y beorpany, beorpag

MucTutyT 3a XeMujy, TEXHONIOTHjy U MeTanyprujy, Yuusepsurer y beorpany, beorpap,
Lentap 3a xemnjy

MucTuTyT 32 XUrMjeHy u TeXHOIOTrUjy Meca, beorpan

KBII 3Bespnapa, beorpap,



Knunnaxu nenrap Bojsogune, Hosu Capp

Kmanuku nenrap Cpb6uje, beorpap

MHCcTUTYT 32 TacTpOEHTEPONIOT M)y

VIHCTUTYT 32 KapAMOBacKynapHe 601ecTit

VIHCTUTYT 3a MEIUIIMHY pajia ¥ PaAMOIONIKY 3aiTuTy »,Jp Jparomup Kapajosuh®
MHCTUTYT 3a XeMaTOIOTHjy

IIpBa xupypIuka K1MHMKa

Knunako-6omanyky uenrap ,,Jp Oparnma Mumosnh®, Beorpan
Mepuuunckn dakynteT, YauBepsutet y Beorpany, Beorpag

VHCTUTYT 32 6ONOTHU]y U XYMaHY TeHEeTHKY

Knnuuka 3a eqnjy Heyponorujy u ICuxujaTpujy

ITMK beuej ITomonpuspena, beuej

ITKB MTH ArpoexoHomuk, [Tammacka Ckena, beorpan

ITorponrpuspennu daxynret, YHuBep3uteT y beorpany, 3emyH
Pymapcko-reomowku ¢axynret, YanuBepsutet y beorpazny, Beorpag
Karenpa 3a meTposnorujy u reoxemujy

Cojamporens a.j., bedej

TexHoMOMKO-MeTaTypIIKY aKynTeT, YHUBep3uTeT y beorpany, beorpan
YHuBepsuTeTcka ieunja KMnHmKa, beorpan:

Jlabopatopuja 3a KITMHUYKY MUKPOOOIOTH)Y

Cry>6a 3a ITy/IMOJIOTHjy U aJIepPTOOTHjY

Cry>x6a 3a XeMaTOOHKO/IOTH]Y

YHUBep3UTETCKM KIMHWYKY LleHTap 3Be3fapa, Onebemne 3a mynMonorujy, beorpap
dapmaneyTcku dakynret, YHnBepsureT y beorpany, beorpap

VIHCTUTYT 32 MEAUIIMHCKY OMOXeMUjy

Karezpa sa oprancky xemujy

dunosodceku paxynrer, Yausepsurer y beorpany, beorpan

Xemujckn dakynret, YHusepsuret y beorpapny, beorpan

Karenpa 3a oprancky xemu;jy

LenTtap sa ucnuTuBame HaMUpHNLA, beorpap

IleHTap 3a MEOMIIMHCKY T€HETUKY, VIHCTUTYT 3a 3[[paBCTBEHY 3aIUTUTY Jielle U OM/IafiuHe
Bojsonnne, Hosu Cap

Hentpanuyu nucTUTYyT 3a KoH3epsauujy — VK, beorpap,

« Institute for Multidisciplinary Research, Belgrade
« Institute for Philosophy and Social Theory, University of Belgrade, Belgrade
« Institute for Tuberculosis and Lung Disease, University Clinical Center of Serbia
o Institute for Vegetable Crops, Smederevska Palanka

Institute of Chemistry, Technology and Metallurgy, University of Belgrade, Belgrade, De-
partment of Chemistry

Institute of Field and Vegetable Crops, Novi Sad
Institute of Meat Hygiene and Technology, Belgrade
Institute of Mental Health, Belgrade

Institute of orthopaedic-surgery “Banjica”, Belgrade

Institute of Social Sciences, Belgrade

Medical Center “Dr Dragi$a Misovi¢”, Belgrade

Medical Genetic Center, Institute for child and youth health care of Vojvodina, Novi Sad
Military Medical Academy, Belgrade

Mother and Child Health Institute of Serbia “Dr. Vukan Cupi¢”, Belgrade
Department of hematology and oncology,

Department of metabolic diseases and clinical genetics

Laboratory of Medical Genetics

National Blood Transfusion Institute, Belgrade

PIK Becej Poljoprivreda, Becej

PKB INI Agroekonomik, Padinska Skela, Belgrade

School of Medicine, University of Belgrade

Clinic for Child Neurology and Psychiatry

Institute of Biology and Human Genetics

Sojaprotein, Becej

University Children’s Hospital, Belgrade:

Department of Allergology and Pulmonology

Department of Hematology/Oncology

Department of Clinical Microbiology

University Clinical Center Zvezdara, Department of Pulmology, Belgrade
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Mebynapopna capapma / International Collaborations

Benrmja / Belgium
Center for Human Genetics, K.U.Leuven, Gasthuisberg O&N, Leuven

Ipuka / Greece

Department of Biochemistry and Molecular Biology, University of Athens, Athens
Hematology Department and HCT Unit, G. Papanicolaou Hospital, Thessaloniki
University of Patras, School of Health Sciences, Department of Pharmacy, Patras

Wranmja /Italy

Centro Ricerca M. Tettamanti, Universita di Milano-Biccoca, Monza

International Centre for Genetic Engineering and Biotechnology (ICGEB), AREA Science Park,
Trieste

Unit of Molecular and Cellular Neuroscience, Division of Neuroscience, Vita-Salute San Raffaele
University and San Raffaele Institute, Milan

University of Verona, Department of Mother and Child, Biology and Genetics, Verona

Hemauka / Germany

Laboratory for Plant Molecular Physiology, Heidelberg Institute for Plant Sciences, Heidelberg
Friedrich-Baur-Institut, Neurologische Klinik und Poliklinik, Ludwig-Maximilians-Universitit,
Munich

Cjemumene Amepuuke [Ip>xaBe / USA
Department of Biochemistry, Emory University School of Medicine, Atlanta, Georgia
University of Illinois at Chicago, Chicago

Cnosenunja / Slovenia
Jozef Stefan Institute, Ljubljana

Yjemumeno Kpampescrso / United Kingdom

Children’s Brain Tumour Research Centre, Institute of Genetics, School of Biology, Queen’s Medical
Centre, University of Nottingham, Nottingham

Laboratory of Human Molecular Genetics, Department of Genetics, University of Cambridge,
Cambridge

Manchester Interdisciplinary Biocentre, Faculty of Life Sciences, University of Manchester,
Manchester

®pannycka / France
National Institute for Agricultural Research (INRA), Dijon
National Institute for Agricultural Research (INRA), Nantes

Xomnanpuja / The Netherlands

CSK Food Enrichment, Leeuwarden

Erasmus University Medical Center, Faculty of Medicine and Health Sciences, MGC-Department
of Cell Biology and Genetics, Rotterdam

NIZO food research BV, Ede

The Dutch Steering Committee on Orphan Drugs, The Hague

Yemka Penmy6muka / Czech Republic

Institute of Biology & Medical Genetics of 2" Medical School and of University Hospital Motol,
Charles University Prague, Prague

Institute of Microbiology, Academy of Sciences of the Czech Republic, Prague

IlIBajoapcka / Switzerland
Multidisciplinary Oncology Center (CePO), Swiss Institute for Experimental Cancer Research
(ISREC), Epalinges

IInanuja / Spain

Centro de Biologia Molecular “Severo Ochoa”, Universidad Autéonoma de Madrid, Madrid
Inter-University Chair in Law and Human Genome, University of Deusto and University of Basque
Country, Bilbao

Instituto de Productos Lacteos de Asturias (IPLA), Villaviciosa, Principado de Asturias
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