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Tewko je Hahu npeumsHy aedPuHMLUM]Y, NOWITO OBa 0O61ACT HayKe
objeaubyje 6uonorujy, MUsUKy, xemujy, na 4ak U MeaumumHy vy
je4Hy Hayu4Hy AUCUMNIURHY.

Moryha geduHuumja: ,,brmopusnyka xemuja npeacTtaBssba NMPUMMeEHY
npuvHUMNA no3HaTux M3 @GU3MYKE Xemuje, Ja 6u ce Hawm
OAroBOpM Ha OMOXeMUjCKa M buMomMoneKkynapHa nmtawa.“ (P. J.
Walla, Modern Biophysical Chemistry, 2014) /
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NcnntuBarbe CTPYKTYPE MaKPOMOJIEKYA - BaXXHOCT 360r byHKUM]e.
[lpahewe MehyMONEeKYNCKMX MHTEpaKuMja M CTPYKTYPHUX MPOMEHA (HMp. MpoTeMHa ca
pPa3HMM APYrMM CyncTaHuMjaMa, UCnMTuBabe KOHPOPMaLMOHMX NMPOMEHA).
NaeHTndUKoBae He(YHKUMOHANIHOI NPOTEMHA - UCMTMTMBAbE MEXaHM3aMa 601eCTH.
[lpoHanaxkewe nekoBa Kojuma ce cneuuduyHo umba ogpeheHn npotenH/eH3um paau
MHXMOMUM]Ee UM aKTMBaUMje, a HeKada Cy CaMM MNPOTEMHM Tepanuja - MOHOKJIOHasaHa
aHTUTeNa, eH3MMCKa CyncTUTyUMoHa Tepanuja.

[puMep: acnmpuH - UpeBep3udMIHA MHXMOULMJA LMKNOOKCUIreHase, €eH3Mma Koju
npou3BoAM NpocTarnaHauHe.

Apyru npumep: noynpodeH - pesep3nbusiHa MHXMOULMjA MCTOI eH3uMa.




LTa je cBe npegMeT ncnntuBawa o6Modpmsnyke

xemuje?

“ McnutnBamwe CTPYKType U PU3MYKOXEMMUJCKMX CBOjCTaBa MeMbpaHa - BaXXHOCT 300r
dyHKUMje (paymaHoCT yTMde Ha OYHKUMOHAJIHOCT), npoMeTta MmaTepuje Kpos
MeMOpaHy 1 KOMyHUKauuje ca apyrum henmjama (curHanmsauymje).

“ Pa3BujeHU Cy pasHM MOAeIU KOju ornoHaiuajy
'\\'I\\\\\{?\Q\\k N i u'?ﬁ’/f/u//,/ MeM6paHy M cayxke u3meRy ocTasor 3a
AR \\\&\\\k\\\ W T NpoyyaBarbe MEMOPAHCKUX NpOTEUHa.
¢ MpoTenH - nmnuag uHTepakuumje

’/Hr N TTTATAAAAY
** Hocaun 3a UCMOPYKY JZ1€KOBa - HaHO4YeCTUmLuE

JIunosomm (mnnaHe, NpOTEMHCKEe), HaHOoresoBu U
XUAporesioBu.
HaHopucKoBM .
, buuene ABocnoj MoHocn0j
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UcTpaXkuBamwe Yy OMOPU3IUYKO] XEMUIU

dopmynuncare Opabup:
nUTamwa Ha Koje . ) Mopen cuctema
Tpeba paTtu MeTtoae/TexHuKe
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UsBohere
eKCrnepumeHTa
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Opabup moaen cmctema

** K/by4YHM NOJMOBMU:

In silico - ekcnepuMeHT ypaheH

In vitro - eKcnepuMeHTU ca : ,
KOMMjyTEPCKOM CUMY/IALIMjOM

hennjama Koje cy u3osioBaHe,
pa3ZBojeHe U npeynwheHe o
CBOI HOpPMasIHOr BGMONOLLKOr
OKpYKetba.

Ex vivo - XMBa TKMBa KOja ce UCUTYjy ce
He npaBe BewTayku (in vitro), Hero ce
ANPEKTHO Y31MMajy M3 KMBOI OpraHu3ma.

In vivo - y }XMBOM OpraHm3my.
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Y Benukoj bputanmju je Hactana 1875. npesa opraHusaymja 3a
3aWTUTY XMBOTUHA: “The Victoria Street Society”.

.~ lpBK 3aKOH O 3aWWITUTU EKCNEPUMEHTAJIHMX XMBOTUHA AOHET
1876. - “Cruelty to animals act”
(https://www.irishstatutebook.ie/eli/1876/act/77/enacted/en/print.html)

~ [puHumn TpoctpykKor ,,R”:

.~ Replacement - 3aMeHa - 3aMeHa Kopuwhera XMBOTUHA
HEKOM ZIpYroM TEXHMKOM Kaja roj je t1o moryhe.

"~ Reduction - cMamerwe - ynotpeba wWTO Mamer 6poja
KMBOTHUHbA.

. Refinement - no6osbliarbe - NO6GO/bLIAKE U YCaBpLUaBaHEe
npoueaypa (M36eraBame/peslyKoBarwe ctpeca 1 60sa)

A 4

HoBocnbupck, UHCTUTYT =
| 33 UMTOJNIOTUJY U TEHETUKY, [V
Pycka akagemuja HayKa




[TprMep ucTpaxkuBamwa y bOX

“ EKcnpecuja u usonaumja npotemHa
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KoHctpyucarwe AHK TpaHchopmauyuja Pact henuja 1 nponssoara

(yHoc AHK y henuje Koje RECIEE
he npon3BoAUTU NPOTENH) l
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Nusupare/xomoreHunsaumja

Mpeuynwhasarbe npoTenHa k
henuja



[TprMep ucTpaxkuBamwa y bOX

. . 7 N\
< Ekcnpecuja n nsonaumja npotenHa - npeymwhasame (/) — O, |\ ,

M M Ae H T M q) M Ka L" Mj a KoHctpymucare [IHK TpaHchopmaumja Pact henuja u nponssoarba

npotenHa

hmaT baKTepuja (henmja)'

Nuzunpare/xomoreHusaumja

MNpeunwhasare npotevHa L
henwuja

PacTtBop/bMBe HepacTtBop/buBe

KOMMOHEHTE: KOMMOHEHTE:
LIMTOCONHU NpoTENHHU Hepa3bujeHe henuje _
HyKNenHCKe KncenmHe Sess Jeapa N B : -
Pn6osomu o a3 henunjcku 3uaosu ' - i W_::%m
henujcke membpaHe I e
I
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Xpomartorpaduija Enektpodopesa

LeHTpdyrupare
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MaceHa cneKkTpomeTpuija

MounBa Ha Pas/IMUMTOM CKpeTarby M 6p3nHM Arao 2 (-]
HaeNeKTPUCaHMX YecTmLa Yy T ERRETIORE \y"”a”e‘
MaFeHTOM/EHGKTpM‘-IHOM noby, WTO 3aBUCU w ’y f"\\l \\\/_Maruemo nome
o4 04AHOCa Mace U HaeﬂeKTpVicaH:)a -m/z. e e .': =! 31 R,
WHjekToBarbe / &K / N
y30pKa ' . \\ ‘
bequM KOpaun 'y eKCrnepUMEHTY. H ANNGH
. . . MoneKkva : Y6p3aH cHon joHa
MCI‘Iapa!Bal-be " JOHM3aL||V|Ja Y30PpKa, ‘;:p“:a" CHon eneKTpoHa \
pa3/Bajarbe Ha OCHOBY M/Z y aHa/M3aTopY; o

|

‘Aetextop

AeTeKuMja JOHCKMM JeTeKTopMMa.

[Tpo6aem UCNap/bUBOCTU OMONOLLIKMX MAKPOMOJIEKY/A, KA U BbMXOBE Aerpajaumje joHu3aumjom
KOja Ce KOPUCTHU 3a Mare opraHcKe monekyne (FAB-Fast Atom Bombardment).

3a joHu3aumjy U ucnapaBare 6MOMaKpoMoeKyna ce Kopmcte Hajuyewhe MALDI m ESI.



MaceHa cnekTpoMeTpuja - MALDI-TOF

¢ MALDI - Matrix-Assisted Laser Desorption lonization
% TOF - Time of Flight

Pacrsop Pacreop
maTpuKca 6uomonekyna
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Llee 3a kpeTatbe joHa
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Martpukc

EneKktpoge 3a ybp3asare

JetekTop

00

B0

“ (M+2H)2+

778663 XCA KoHjyroBaH ca
[M+HI* 1 5.aHxmaporayLmMTONOM

[2ZM+H)*

| fenz? pﬂ
soboo 100000 120000 G0 160000 180000
Mass (mz)

% MaTpuKC (MarbM apoMaTHUYHU MOJIEKY/IN) Ce BMpa TaKo Aa ancopbyje jako y 061acTu TanacHe
AyXnHe nacepa (06mM4Ho YB obnacr).

% JoHuzauuja ce goraha ycnez npeHoca npoTtoHa M3Mehy MaTpukca u 6BMomMoeKyna.

% Hacrtajy MoneKkynm ca jeAHUM UM HEKOJIMKO MO3UTUBHMX HaesIeKTpMcara, Maja je moryha u
cenekumja HeraTMBHUX joHa (OJIMFOHYKIETOUAU U ONIMrocaxapuan).



MaceHa cneKkTpoMeTpuija - ESI

¢ ESI - ElectroSpray lonization
% OBMYHO Ce KOPUCTU Y CnNpe3n ca KBaapynoJIHUM aHanm3aTtopoM (He Moxe TOF, 36or KOHTUHYasIHOr

yBohera y30pKa).
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Yenuuua Kanunapa
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MoTpe6Ha KOMNjyTepCKa aHa/M3a paam AobMujarba TauHe

mace.
360r Tora He MoXe Ja ce pagm ca CMELLOM NpoTeMHa - MaHa
Huje noTpebHa npunpema y3opaka Kao 3a MALDI, moryh paa

ca NPOTEMHOM PacTBOPEHMM Y BOAM - NPEAHOCT.



MaceHa cneKkTpomMeTpHuja - CeKBEeHLMpaHe NpoTemHa

% CekBeHuupame npoTemHa - NoOMohy BMLLE KBaAPYyNOJHMX aHa/IM3aTopa KOju ce Hanase jeaaH
3a ApyrMmM (06uYHO TpH), 04 KOjUX ce Yy jeHOM (CpeAreM) HaMepPHO BpLLKM (bparMeHTauuja,
nomohy nHepTHMX racosa (He, Ar, N,).

% YecTo je noTpebHOo paaUTH XEMMU]JCKY AUreCTUjy npoTemHa (HNp. noMmohy TpmMncuHa), na oHAa
pa3aBojuUTU (bparMeHTe xpomMaTtorpadckm U cHUMKUTU MC-cneKTap 3a cBe parMeHTe.

% MS-fingerprinting - nopehere ca 6azama nentnaa, AHK cekBeHUMjOM.



YB-Buc cnektpocdoTtomMeTpHja

* LupoKo KopuwheHa TexHMKa 3a ogpehmBame KOHUEHTpaumje pasHMX MoeKysia (Hrp.
npoTemMHa), npahewe Be3uBamwa JIMraHaZa 3a rnMpoTeMH U €H3UMCKE KMHETUKE...pa3HN eceju,

\/
0’0

AnjarocTuyka npMmeHa...
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4000+ B-nnoyva
------ a-XeJsmKc
................... HaCyMMW4YHO

2000 K/YMKO
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MpoTtenHun - ucnog 240 nm npenasu
y nenTMaHoj Besu; Moxe gohu o
aucoumjaumje Bese; NMKOBU 3aBUCE
041 CEKYHAAPHUX CTPYKTYPHMX
e/leMeHaTa (geTasbHuje KacHuje).
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TpunTogaH
o
OH THUpo3unH

m-> " npenasny
KOHjyroBaHMM
ApPOMATUYHUM
CUCTEMMMA €/IEKTPOHA
Ha oKo 280 nm, Koju
noTU4y o4 Tpu
HaBejeHe

dMUHOKHCEINHE.

1
260 280 300 320 340

TanacHa agy*kmHa (nm)



YB-Buc cnektpocdoTtomMeTpHja
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230 240 250 260 270 280
TanacHa gy*mHa (nm)

% HykneuHcke KuMcenuHe - ancopriumja Ha oKo
260 nm.

% EKCTUHKUMOHM KoedHUM]EeHT onaja Yy HU3Y:
nojeauHayHe 6ase > PHK > [IHK.

s Xunoxpomuun edpekat y AHK notnye oa
HacsojaBarba 6a3HMX naposa - T3B. stacking

. JegHonaHnyaHa AHK
— PHK
—— [lBonaH4aHa AHK

04 |

03

02

Ancop6aHuuja

0.1}

0
220 230 240 250 260 270 280 280 300 310

TanacHa agy*mHa (nm)

4

s JeHartypaumja AHK - y cnekTpy ce jaB/ba Kao
XUMEePXPOMHU edeKar.

% OpHoc ancop6aHumja Ha 260 1 280 nm ce KOpUCTH 3a
npoueHy unctohe JHK: kaaa je >1,8 AHK ce cmaTtpa ga je

YUCT.

4



dnyopecueHuyuja

? BubpauuoHa penakcauuja (MHTepHa KOHBep3uja)

3

EkcuuTaymja

EnactuyHo
pacejare

- WNHTepcuctemcku npenas

2
B

dnyopecueHuMja

docdopecueHymja

n-cncrem

nonapHu

Aeo nonapHu

aeo

obenexkaBara

dnyopecuyenH-5-n3otmoumjaHat

Ancopnuuja/dayopecuyeHumja

350 400 450 500 550 600 650
TanacHa gy*uHa (nm)

% AncopnumoHu u cnekTpu dayopecueHumje ce meflycoboHo
OZHOCE Kao npeamMeT U JInK y ornegany.

% KapakTepuiue ce KBaHTHMM MPUHOCOM KOjM je AaT Kao
OZHOC KOHCTaHTe 6p3unHe diyopecueHumje n 36mpa CBUX

KOHCTAHTM 6p3MHa KOHKYPEHTCKMX MpoLeca.



dnyopecueHUMja - NPOTEMHU U HYKEJIMHCKE KMCEeIMHEe
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UHTEH3nTEeT
dnyopecueHumje

=

R
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Tryptophan
Tyrosing
«+ Phenylalanine

200 240 280
TanacHa ay*uHa (nm)

% HukoTMHamug ageHnH gmnyknetoms (NADH)

noKasyje ancopnumjy Ha 260 nm n 'y
OKCMAO0BaHOM M1 peyAKOBaHOM OOJIUKY.

PeaykoBaHM 06MK MMa MUK M Ha 340 nm.
% MehyTnMm,payopecueHumMjy nokasyje camo
peayKoBaHu 061K Npu heMy je MaKCUMyM

emucumje Ha 460 nm.

% CBe Tpu apoMaTU4YHE aMMHOKMCENIMHE Koje ancopbyjy Ha
oKo 280 nm noka3syjy ayopecueHumjy npu oBoj
€KCUMTAUMOHO]j TaNaCcHOj AYyKUHU, AOK ce TpunTodaH
MOXe CeNeKTUBHO nobyamtu (6e3 nobyhusara apyre ase
AK) ekcumTtaumjom Ha 295 nm.
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NADH -
dnyopecueHumja

/\NAD® ancopnuyuja

C—NH,
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o !
|
EIE/:Q
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=
Ancopnuuja/dnyopecueHumja

300 400 500 GO0
TanacHa ay*mHa (nm)



dnyopecueHTHO obenexaBamwe

< Y npoTeMHMMa ce O06MYHO KOBAJIEHTHO 3a MPUMApPHE aMWMHO- MM CcydDAXMAPUAHE Tpyne Be3yjy
dbyopeceLeHTH 06eNeRnBaYM.

* Ako ce AHK mMoamdumKyje Tako Aa MMa NpMMapHE aMMHO-Tpyne, MOry Ce KOPUCTUTM UCTU o6enexxmBadm Kao
3a NPoTEUHE.

» Mopa ga ce Bogu pavyHa o pH cpeanHe npu obenexasamy.
» MyTareHe3soM cneymM@uyHOM 3a oapeheHO MeCTO MOry ga ce eKCrnpumyjy NpoTeMHM KOoju MMajy LMUCTEUH

6Mno rae (JOKNe roj He HapyllaBa CTPYKTYpPY MCMMTMBAHOr MPOTEMHA M aKTMBHO MECTO €H3MMma o/
MHTEepeca, Koju ce Mory db1yopecLeHTHO 06eNeXNTH.

L)

o0

R's-SR' + RSH —— R'S—SR?® + R'SH
Il CumeTpuiHU MewoeutH
IN=C= + R?NH, — o 'NH-C-NHR?
R'N=C=S 2 R'NH-C-NHR ancyndupg, ancynpup,
M3oTmouymjaHar Tuoypea 0 0
0] 0]
o) 0 R'—N + RH —— R'-N
| 2 [
R'CON +R°NH, — R'-C-NHR® + HON SR?
0] (0]
O O Manenmug, Ti
CYKUMHUMMUAWAN ecTap Kapbokcamua roeTep
R'SO,CI + R°NH, ——— R'SO,—NHR? + HCI
2 2 2 R'CH,X + RH ——  R'CH,—SR? + HX

CyndoHun xnopmpa, CyndoHamupa

ANKWUA Xanua Tuoerap



Plasma membrane protein

threonine

Golgi membrane protein

Aequorea victoria GFP - green fluorescent

protein

Xpomodopy YMHe CcepuH, TUPO3UH U FULMH - TPU cycepa 'y
NpUMapHOj CTPYKTYpM - 3awTuheHu y cpeauwTy B-bypera.
Linknusauuja ose Tpu AK ce gellaBa ayToKaTaJIMTUYKKU, Na HUCY
NoTpebHU KoaKTopU.

Dy3noHULE ce ca NpoTEUMHMMA YMje nNpahere je o4 uHTepeca 3a
MCTPaXKMBaHa, NOLWTO je HETOKCMYaH U He peMeTU CTPYKTYpY
LUM/baHOI NPOTEMHA, NIAKO Ce eKCnpuMyje, jep caM reH cagpu cee
MHPOpMaLMje 3a NoCTTpaHCNaLuMoHe MogmMdHKaumje, a Takohe je
XpomModopa oTnopHa Ha poTo-U36e/bMBaHE.

ER membrane protein

Lf'

=

Vacuolar membrane protein

:




dnyopecueHTHa CneKTpocKonuja

% Koa npoTtenHa Koju nmajy 6ap jeaaH TpuntodaH, MOry ga ce ekcmuTtaumjom Ha 295 nm nparte
KOH(OpMaLUMOHe NPpOMEHE NMPOoTEMHA YCe[ Be3nBara iMraHga, geHaTtypauuie...

* /JlewaBa ce nnaBu nomMepaj ako ce nosehaBa xMApodoOHOCT cpeanHe.

“* Moxe gohu ao rawemra payopecueHumje (KBeHYOBaHa) Y NPUCYCTBY HEKMX CynCTaHUMja

Koje n3a3mBajy HepaaujaTMBHeE npenase, yciea Tora WwTo MHAO0JIHM NPCTEH /1ako npeaaje

e/IEeKTPOH Yy NobyheHOM CTamy. T — . I 1 1

* LitepH-®onmep: ! _ 1+k-7-[0] ' | Ig—1 LKL [0]  fa

I, e i)

| - MHTEH3UTET payopecueHumje y NPUCYCTBY KBEHYEpa

|, - MHTEH3UTEeT piyopecLEeHUMje y OACYCTBY KBEHYEpaA

T - BpeMe *XuBoTa payopodope 6e3 KBeHuepa

Tpenialxe.| f, - frakcija dostupnih fluorofora
K - KOHCTaHTa O6p3uHe KBEHYOBara 6BMOMOIEKY 1A
[Q] - KOHUEeHTpaLuMja KBeHYepa

m 296K
144 e 303K
A 310K

Fluorescence Intensity (au)

124

——HSA+3.81x10° _ .
__peressx 0| K, - konstanta afiniteta
300 3%0 3;0 3:50 350 4(')0 41|

Wavelength (nm)

16
6
44

PayyHa ce KOHCTaHTa apMHUTETA .

104

F /(F -F)

* lawemwe payopecueHumje ycnen 6am3mnHe
MOJIEKYNa BOJE.

T L T ¥ T - ) % 1 * L}
3.0x10° 6.0x10° 9.0x10° 1.2x10° 1.5x10° 1.8x10°
1/[Pheophytin] L-mol’



dnyopecueHTHa MUKpOCKoNuHja

doTOMYATUNAMKATOP
[etekTop
=
JeTekTopcKu
A oTBOD OTBOpcgeTHOCHOF
usbopa
EMMCHOHM P
. buntep I I
KCUMTaLUOHK EMHCHOHM
burtep N T pnrepu ANXPONUHO II { |
e B
e [uxpoudHo ornejpano }'Iacep
= omesano ExkcumTaymonm
U3Bsop . duntep
CBETNOCTH E { O6JeKTM B excitation light
| -——— Objektus === in-focus emission light
out-of-focus emission light
A
- y
oper ®okanHe paBHM

Y3opak

% KoHdoKanHa MMKpoCKonuja -
ynoTpeba nacepa; poKycupare
3paKka Tako Ja C/IMKa MoXe Ja
ce gobuje 13 pasIMuUTHUX
cJlojeBa y30pKa - MHOrro 60/ba

dnyopecueHTHa KoHdokanHa pe3onyL|,l4ja.

MMKpOCKOMuja MMKpOCKonuja




1MpKynapHu Auxponsam

J/IMHeapHo Noiapm13oBaH T

1
AN o~ % CTPYKTYPHO aCMMETPUYHM MOJIEKYIU (XMPATHW)
e | Wy ) N Yy pa3/IMuMTOj MepuH ancopbyjy 1eBO U AECHO
| NnoJsiapu30BaHy CBETJIOCT.

LinpKynapHo nonapusosaH '-,:_ i S P, P
Tanac LY \

AA=A, — A, A= (g —¢g,)c Ae =€) — &,

s EamntnuyHocCT (Ag) 3aBMCH 04 TaslaCHE AYXUHe,
KOH(OpMaLUje MoNeKya, KoOHUEHTpauuje,
TemnepaTtype 1 XeMUjCKOr OpKYKeka.




LiIupKynapHu1 auxpousam - NPOTENHMU

[MenTnaHe Be3e ancopbyjy y o6nactn 190-230 nm.
Jaka Tpaka Ha 190 nm (1->1*) 1 cnaba Ha oko 210-220 nm (n->1%)

LA y aanekoj ¥YB o6nactu (190-250 nm) gaje nHdopmaumje o nentmaHoj Be3m 1 nocaeAu4Ho

CEeKYHZApHOj CTPYKTYpM.

UA y 6nmnckoj YB obnactn (250-300 nm) notnye o4 apoMaTUHHUX aMUMHOKMUCESIMHA U LUCTENHA Y
ANCYNDUAHMM Be3aMa - TepuMjapHa CTPYKTypa.

EnexkTpoHcKa cTarba
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LIupKy1lapHM AMXPOM3aM - HYKNIEMHCKe KUCeIMHe

% Teopujcka ocHoBa U/-a AHK je BeoMa KOMMJIEKCHA, MNa HE MOXEe Aa MPYXM CTPYKTYpHe
MH(pOpMaLMje Ha aTOMCKOM HUBOY.

“* YrnaBHOM C€ KOPUCTU eMIMUPUJCKM.

% [NoTpebHa Mana KoHueHTpaumja AHK - 25 pug/ml
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10 - —F-DNA
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BubpauuoHa cnekTpocKkonuja - MH(ppaupBeHa

% baucka MU obnacT - oBepTOHOBU, KOMOMHALMOHE Tpake 50000cm-!  12820cm-'4000cm-'  400cm
Clabor MHTEH3MUTETA; TPaKe Cy LUMPOKE U Npeknanajy ce. X-Ray |W | Vis | NIR | IR | FIR, Microwave
KopucTtu ce 3a KBaHTUdHMKaALM]y a/lIKoxona, aMMHa U CBMX D | "
jeanmwerba Koju cagpxe C-H, N-H vam O-H rpyne. 200w 300 790nm 25000 25000srn

% Cpeama ML obnacT - o0CHOBHM MOA0BU BMOpaLMja,
Hajyewhe KopuwheHa 06aacT 3a 6MOPM3MYKA UCNIUTUBAHLA.

% [Janeka ML obnact - HUje oA 3HaYaja 3a UCNUTMBaHE
OMOIOLKMX Y30paKa.

N=C=N
N=C=S§S
N=C=0 ca  Cl
CONH C=N C=N CF CBr
NH OH C=C C=C halogenated

40 200 2800 2300 2100 1800 500 -
CH C=0 organometallic

NN II!I'H\I'II!I'H\I'IIIIH\IIII\

| | |
4000 3000 2000 1000 0

TanacHu 6poj (cm1)



UHPpaupBeHa cneKkTpocKkonuja (OT-UL)

% 3a npoy4vaBar€e NpoTenHa HajBaXXKHUje MapKMpaHe TpU Tpake Koje NoTuyy o nentuaHe Bese.

% Y nurepBany 1500-1800 cm! B1ubpaumje 604HMX rpyna.

Bubpaumja | TanacHu 6poj (cm™)

Amug A 3270-3310 N-H ncrtesamwe (80%), C-N ncresame
Amug b 3030-3100 N-H ucrteszame

Amug | 1600-1700 C=0 ucresame

Amug I 1510-1580 C-N ucteszame, N-H caBujare
Amug LI 1200-1400 C-N ucteszame, N-H caBujare
Amug IV 625-767 0O=C-N caBujame

Amng vV 640-800 N-H caBujare BaH paBHM

Amua VI 537-606 C=0 caBujare BaH paBHU

Amug VII 200 Top3uja NpOTEMHCKOr CKeneTa

s AMng A - oceT/bMBa Ha MPOMEHe y
jauMHM BOAOHMYHMX Be3a.

% 36or yyewha nentngHe Bese y
dopMHpamy CeKyHApaHe CTPYKType,
Amug | n 1l Tpake cy oceT/bMBE Ha
NPOMEHE Y CEKYHAAPHO]j CTPYKTYPU.

+» TayaH nosioxaj 3aBuCH o
CTPYKTYPHOI eNeMeHTa.

}
Amng | R
«==C—=N=-=- -==C—N---

Y w A Amma i



UHPpaupBeHa cneKkTpocKkonuja (OT-UL)

Ancop6aHuuja

CTpyKTypHHu | AMup | Amug i
e/lIeMeHT

Amide Il

a-XenmKc 1650-1660 cm"! 1550 cm*?
B-nnoya 1615-1637 cm™' 1 oko 1700 cm"! 1520 cm™!
- E ax=hi

Fibrin{ogen) Amide | ™

g

&

S

Z

1200 1300 1400 1500 1600 1700

Tanachu 6poj (™)

1600 1620 1640 1660 1680 1700
TanacHu 6poj (emT)



UHPpaupBeHa cneKkTpocKkonuja (OT-UL)

[po6ieM CHMMaHa BUMOIOLIKMX Y30paKa 360r NpUcyCcTBa BoAe 45 -
Koja Aaje jake Tpake Koje ce MOory BUAETM Ha CNEKTpY AECHO ->
Mopa aga ce ogysumMa cnekrtap BoAe MM Aa Ce KOPUCTU TellKa j
BOJa, UM BE/IMKA KOHLEHTpauMja npoTemnHa.

O-H
ucresare

e
LE ]
i i i

H-O-H
caBMjame

\

Ancop6aHumja

ATP (Attenuated Total Reflectance) - antepHaTuBa 3a BogeHe 2

y30pKe gl | : : , ,
3600 3000 2400 1800 1200 00

Jlaka npunpema, Hema owTehewa y30pKa, NOWTO 3pak npoaupe Tanachn 6poj fem-1]

Y Y30paK CamMO HEKOJIMKO MUKPOHa.

2.0+

=y
w
1

Tanac koju ce
/ pednekryje

Ancop6aHumja
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]
1

0.0 >
4000 35100 3()'00 25I00 20|00 1 5:00 1 DIOO
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ATP Kpuctan




PaMaHCKa cneKTpocKonuja

&

)

L)

> ULl - noTpebHoO je Aa ce y TOKY BUOpaUuje Merba eNEeKTPUYHMU AUMOSTHU MOMEHT

» PamaH - NOTpebHoO je aa ce y TOKy BMbpaumje Mera noaapusabmaHocCT

» Nocneamua je Aa cy yrnaBHoM Bese ca BehuM AUMNOSIHMM MOMEHTOM aKTuBHe ¥ ML a ca Mambunm
y PaMaHCKOj CeKToOpCKOonuju.

>

)

CR)

L)

L)

KonareH

4

L)

» [lenTngHa rpyna ncto MMa 9 tpaka kao y MU.
» HajBaxkHuje 3a ogpehmBamwa KoHPopMauuje:
Ammna | (C=0 mctesamwe,1600-1690 cm),
Amua Il (C-N mnctesare, N-H caBujare,1480-1580 cm )
Amua Il (C-N mnctesame, N-H caBujame,1230-1300 cm )
PaheHa cy uctpaxkmBamwa y Kojuma je TparkeHa Kopenauuja usmehy

CAR)

L)

L)

488 nm
NN

JL 532 nm
nonoxaja Amug | u Amug lll v yaena a-xenmkca v B-nnoyva goomjeHmnx
KpUcTanorpadcKu. 1064 nm
CTpyKTypHM | AMung | Amup lll
eJIEMEeHT

3000 2400 1800 1200 600
Wavenumber / cm’

Raman Intensity

a-XeIMKC 1662-1655 cm™!'  1272-1264 cm!

B-nnova 1674-1672 cm™  1242-1227 cm’
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PaMaHCKa cneKTpocKonuja

[MpeaHocT y ogHocy Ha UL - nakwu je pag ca BOAEHMM pacTBOpMMaA, HUje noTpebHa nocebHa
npunpema y3opka.

Tpeba BOAMTU payyHa O TaslaCHOj AYKMHM nacepa U NpUMEHEHOj CHasM.

[fpeBennko A - cnabuja oCceT/bUBOCT MOLWTO je MHTEeH3UTeT PaMaHCKor pacejarba nNponopumMoHanaH
ca1/M

Mame A - Moryha nojaea dpayopecueHumje 1 gerpajaumja y3opka.

3a 6MoN0LKe Y30pKe je YecTo onTumanaH n3bop nacepa us 6smcke UL obnactu.

OceT/bMBOCT ce MoXe nosehatn kopuwherwem SERS-a
(Surface-Enhanced Raman Spectroscopy) Nacep SERS

Mojayare PamaHcKor pacejara mamehy 100 1 10'2 nyta \,L\q‘ curHan
HaHouecTuue J'r AHanut

3nata unm cpedpa )




Kpuctanorpadpuja X-3paumuma

*» [lpoy4yaBame aTOMCKe, Tj. TPOAMMEH3MOHANIHE CTPYKTYpe

¢ [lounBa Ha AU paKUMjU peHAreHCKMX 3paKa Ha
€/IEKTPOHCKOM 0061aKy, MOLWITO je bMXoBa TaslacHa Ay*KMHa
peja sennumHe meflyaToOMCKMX pacTtojarba.

% [lobuja ce 3/ carMKa eNeKTPOHCKE ryCTUHE Ha OCHOBY
noJsioXaja 1 yrna AupakToBaHMX 3paka.

N
D - 2mi(hxj+ky +1z)) e o
F(h k1) = zfle S Rosalind Franklin
=1

I(h, k, D)~|F(h, k, )|

CTpYKTYpHM baKTOp npeacTaB/ba 30Mp CBUX pacejaHMX 3paKa Ha
CBMM aTOMMMA.

2dsinf = nA

p(h k,1) = % z F(h k1) e2mi(hX+ky+lZ) - eNeKTPOHCKa rycTMHa
okl
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Kpuctanorpaduja X-3paumma

Ekcnpecuja npoTemHa, npednwhaBamwe, KpUctaamsauuja.
Heku npotemHu He mory ga kpuctaamuwy!!!

[Mpob1eM MeEMBPAHCKUX NpOTEMHA

[IpOTEUHU HUCY Y HATMBHOj CpeauHM, Na je cTora ynuTHa u
FbUMX0Ba KOHpopMaLMja.

Jlobujarbe audpakTorpamMa, na aHaamsa PypmjeoBom
TpaHcdopMauujoM, MehyTM HegocTaje uHpopmaumja o dasu
ANMdpaKTOBaHOrI 3paydera - da3Hu NpodaeMm.

EkcnepuMeHTasiHO Tpaxewe dasa - M3oMopdHe 3aMeHe
BE3MBatbEM MEeTa/IHMX jOHa 3a NPOTEMHE.

Y cnyyajy noctojarba aToMa KOju ancopoyjy X-3pake, MetaHeMm
TaslacHe Ay»XuHe X-3paKa Mory ce aobutn nHhopmauuije o dasu.
AKO Cy nosHaTe CTPYKTYpe APYrux C/IMYHMX MONIEKYNA, padyHajy
Cce CTPYKTYPHM (PaKTOPM 3a CBaKy OpuUjeHTaLlmMjy no3HaTor
Mosiekyna. lopehewem ce gobuja opujeHTaumja no3HaTor
MOJIEKY/1a, KOja Hajbo/be oC/IMKaBa UCNUTUBAHM. 3aTUM ce
nocMaTtpa caarawe npu TpaHcsiauuju y jeAMHn4Hoj henuju.




MarHeTHO-pe30HaHTHe TeXHuKe

Aod i .
-1 B —f .o
=Rk e o T

Il

. T

[loTpe6HO JAa NOCTOjU YKYMHU CMMH  (ENIEKTPOHCKU UM
HYKJIeapHU) pas3/IMumT o4 HyJle.



HykneapHa MarHeTHa pe3oHaHUM]ja
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Hanaxerwe aTOMCKe CTPYKType UCMIMTUBAHUX MOJIEKY/IA.

[lpy npoy4yaBaky NpoTEUHA, CJIYXKM 3a UCMUTMBAE TEPUUjapHE CTPYKTYpe.

XeMUjCKM NomMepaju roBope 0 CTPYKTYPU MONEKYA.

MynTunneTHoCT Aaje nHpopmaumje o0 TOME Ha KOjU HauYMH CY aTOMM MOBE3aHM.

HykneapHn Osepxay3epoB edekaT (HOE) - npouerwmBare pasga/bMHe namehy cnmHoBa Kpos

npocTop (He Kpo3 Be3e), ako cy oHe 1-5 A.

4

L)

L)

» Kopuwherwem nocebHUX NYyJCHUX CEKBEHUM]ja Aobujajy ce 24, 34, 4/l cneKTpu Ha OCHOBY

KOjuUX ce M3padyyHaBa CTPYKTypa NpoTemHa.

Aromatic

Hy0

Ha

DSs

Methyl

N
>

A

Aliphatic

A

Y

s [llpeagHoCT y ogHOCY Ha

- LR Kpuctanorpadujy je ucnmimpame
R S T NpOTEMHA Y pacTBOpY Y HATMBHOM
, LAy ‘ﬁi ey 06/IMKy, 3Ha4YajHO JlaKlla npunpema
Y Koyt S L
...“.:a;,;ﬁn‘ .l y30pKa.
TR 4@%’3,:. ‘b < MaHa - marbm npotenHu, ao 35000 Da
0 ‘Q é’).; ‘,.'.0" :g
. ¢ ;f."{ ‘,0.. @ Eg
ST =
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EneKTpoHCKa napamMarHeTHa pe3oHaHLMja

% JleTeKkumja XxeMMjCKMxX BpcTa ca 6ap jeZIHMM HECNAPEHUM ENIEKTPOHOM - CJIO6OAHMU paaUKaIU U
NpenasHM MeTasiM y PasIM4YMTUM OKCUAALMOHUM CTakbMMaA - HEKA OKCMAALMOHa cTarba Hucy ENMP
akTuBHa. 3a EMNP akTuBHa okcuaaLumMoHa cTarba MeTana Moryhe oapehmBame KoopauHaumje MmeTtana y

KOMIJIEKCY.
% ®OU3MONOLIKM NPUCYTHM PagMKaAM HUCY cTabuaHm (109 s), na Mopajy Aa ce nocpeaHo AETEKTYjY:

% CYNepoKCMAHM aHJOHCKM paaukan - O,°"
% Xuapokcmn pagmkan - OH* @
** a30T-MoHoKcma - NO

CnuHCKM xBaTaum (Spin-trap) - CTH(::M f

jeaumera Koja pearyjy ca Hema ENP id . —Jlrj[—i Jr_"_

CN060AHMM paauKanmma aajyhu CUrHana >F)<

Kao Npou3B0oJj, PENATMBHO >( } /

ctabunaH pagmkan (CAMHCKU
aAyKT) o

He Mory aa ce kopucTe in vivo CIIUHCKM \ >[>< |‘L f'|

(360r TOKCMYHOCTU U BUCOKE
LeHe), aam Mmory 3a hesnunjcke
KYy/IType, XOMOreHaTte TKMBa...

EMP curHan

XBaTau 1 “



EneKTpoHCKa napamMarHeTHa pe3oHaHLMja

< JleTeKkumja paamkana, uim 6o/be peJoKC CTaTyca, CMMHCKUMM Npobama
< PeJloKCc cTaTyCc roBopM 0 0JIHOCY KOHLEHTpaLUuja peakTUBHMX KUCEOHUYHMX BpCTa (C10604HMX
paZMKana) ca jeaHe cTpaHe M aHTMOKCUMIATMBHUX BpCTa ca Jpyre.

OKCOaMOHMjyM KaTjoH
Hema EMP curHana

HuTpokcngHu pagukan
WUma ETP curnan

+2e,+H'

-2¢,-H'

XuapoKcuiamuH
Hema EMP curnana

WMHjekTOBake

HUTPOKCKHAa

Pasnnuute Op3nHe pearoBara

Hetekyuja
HUTpokcuaa ENMP-
oM

—

Pasnuke y banaHcy pagukana u
aHTMOKcuaaHaca

HUTPOKCKHAa
g 13 .U.:ho o A
x o - o
2o09i = 4
= - .
§ 08]o .
= . . o
g 07
o ' . °
(0]
el [ ]
N 063
E L]
E N
o
Z 05 v v v T
0 2 4 6 8
Time (min)

AHanusom Kpusux ce aobujajy
WHdopMaLUmje 0 0AHOCY KONMUYuHe
pagukana u aHTMokcuagaHaca




EMP - AnuxajMepoBa 6onect

C Time (sec)

!255

5 38 71 104
D = F
_COOCH,
A
",

L
T

7,
_,r"r . -

0=

0.6

Rate constant (min)

L=

*Matsumura et al., 2015, Free Rad. Biol. Med., 85, 165-173

3aK/byuum:

[MocTojarbe oKCMaaTUBHOT
cTpeca y XMnoKamnycy
MCAUTMBAHUX MULLEBA
AApacTUYHOM MopacTy KOJIMYMHE
AB-nnakosa npeTxoaM NpomMeHa
Yy peaoKc cTaTtycy.



EMP/cnuHCcKo obenexaBarwe - NPpOTEUHU U MEMOpaHe

“*MeToZa KOjoM ce CTabuaHU pagmkan (HUTPOKCKA), CIMHCKKU obenerxunsad, Besyje 3a
npoTemHe nau yrpahyje y membpaHe ogakne ob6amMkom ceor ENNP cnekTpa aaje

MH(MOPMaLMjy O CBOjOj OKOIMHM.

*+CNMHCKM obenexmnBadm Cy CBOjEBPCHMU ,,LLUINUJYHMN® - Yy 3aBMCHOCTU OJ1 CBOI OKpYKera

Aajy pa3nnuuTte cMrHane.

<*Heke nHdopMaumje Koje ce Mory AoO6UTHU CNMIMHCKUM 0BENEKABAHEM:

“* U3JIOXKEHOCT obenexmnpaya BOAU

% ,,4BPCTUHA“ UM DNEKCMOUNHOCT MecCTa rae ce Hasasm obenerxmsay
“* pactojarba n3mehy nojeagMHux genosa NnpoTenHa,

YMMe Ce pa3oTKpUBA CTPYKTypa NpoTenHa....

N
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MUKpoOCKonuja aTOMCKe cuie

s JlocTynHe MHpopmMaumje Ha HaHOMEeTapCKOj CKasm
“*Moryh paa ca YBpCTUM U TEYHMM Yy30pLUMMaA

“*CHMMare XnBux hennja, Bupyca, baktepuija -
GECKOHTAKTHM MOJ,

“*Busyenmsaumnja memobpaHa
“»JauynHa Be3e namehy npotemHa un amraHga
“*0apehnBamwe KpyTocTn/enactmiyHocTm henuja

ADb B
"

|

Deformation

Force

Distance

r?rfr?mm.fﬁmw A
&1{[& &&A.L ' {&A‘I,L“f‘l:if‘l:ll Distance -




IndpepeHunjanHa ckeHupajyha KasopumMmeTpuja

“*Mepetbe TepManHMxX cBojcTaBa MaTepujana, Kako 6u ce ycTaHOBM/IA Be3a M3Mehy Temnepatype
U CreundUIHUX PU3MYKMX CBOjCTaBa CyrcTaHuuje.

< /IMPEKTHO MEpEeHE eHTA/INMjEe Koje cy nocneamua npoLeca o, MHTepeca.
<+ /lBe BpcTe: 6asMpaHe Ha TONI0THOM (h/IYKCY M Ha KOMMEH3alMju cHare.

*Kog npBe - y30pak 1 eTajioH (HNp. pacTeapay 6e3 aHa/iMTa, nydep) ce rpejy MCTOBPEMEHO
jeAHaKoM iIMHeapHOM 6p3MHOM 3arpeBarba, a/in 360r TONIOTHOr KanauuTeta (Cp) y3opka,

NOCTOjM TEMNEPATYPCKA pa3/IMKa M3MeRy y30pKa M eTaJloHa Koja ce Mepu 1 npepadyHaBa Yy
TOMJIOTY. (@)

=
=
Cp (cal mal K ) 4

=
i

(ar) AR
i / ' [I"-‘.I
3
TiK

<*Kop apyre BpcTe - y30paK M €TasIoH CE APXKE Ha MCTOj TeEMNEepaTypu, a MEPU Ce pas/iMKa Y
TOMJIOTU NOTpPEBHa Aa TemnepaTtypa 6y/e jeiHaKa Y Y30pKY 1 eTa/IoHY.



IndpepeHunjanHa ckeHupajyha KasopumMmeTpuja

<*PauyHarbe TepMOAMHAMMYKUX NapaMeTapa - TemnepaTypa npesasa TM (Hnp. AeHaTtypauuije)

% UHTEerpa/bemem noBpLUMHE UCNOA KpUBE
(y3 npeTxoaHO oay3uMame 6asHe nHuje) - AH
‘*UHTerpaswerem Cp/T=f(T) AS, na 13 tora
'M6coBa eHepruja AG M KOHCTaHTa paBHoOTeEXe K

**[lpoy4aBajy ce:
% KoHdopMaunoHe npoMeHe nNpoTemHa 1 HYKNEUHCKUX KUCeIMHA
% ®a3Hu npenasu y MeMbpaHama, IMNO30MUMa...
** MHTepaKuuje nuvraHg/npoTemH

1001 Barnase
Mw= 12385

Temperature, “C

20 30 40 50 60
Temperature (°C)

70 80 90



N3oTepManHa TUTpauUuOHa KaJopuMeTpHja

<*KopucTtu ce 3a pavyyHare TePpMOAMHAMMYKMX NapaMeTapa M KOHCTaHTe Be3MBaka JiMraHjaa 3a
NpOTEWUH

Time(min)
0 20 40 60 80
T M T ] L) b L % T

' 20
| i, T4 Affinity:1/Kd

Agwjabatckn | = 3
WTHT E S _§

5 tochlometry:N %
PedepeHTHa 10 -

X —_— henmja
henuja A . —T——T—
cay3opKkom o 05 1.0 15 2.0
Molar ratio

-
I
MmocHaTa Pasynvar
A urna
/ 3a Melare

KOHCTaHTHa cTpyja o )
X . CTpyja Koja ce y noBpaTHOj
Koja ce gosoau ped. henuju Ccnpesu 40BOAM Y30PKy



JinTepaTtypa

P. J. Walla, Modern Biophysical Chemistry, 2014



