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Kvantové tecky (Quantum Dot)

krystaly polovodict 1-10 nm

velikost pfimo ovliviiuje jejich elektronovou strukturu a tim i jejich
spektroskopické vlastnosti

QD — fyzika pevnych latek
Schrddingerova rovnice (Castice v jameé)
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QD — fyzika pevnych latek

klastry jsou pfechodem mezi izolovanymi atomy (molekulami) a

tuhou fazi (krystaly)
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QD — fluorofory QD — fluorofory
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Figure 2. Optical properties of binary and alloyed quantum dots. Schematic drawings of three CdSe quantum dots with different

diameters (a) and three quantum dots (mean diameter -5 nm) with different composits
<e emission spectra (2)

(b) and their corresponding fluorescen-
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pfiprava za zvySené teploty v org. rozpoustédlech jako
tri-n-oktylfosfinoxid (TOPO) a hexadecylamin
Hezinger et al., Eur. J. Pharm. Biopharm. 68 (2008) 138-152
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Ptiprava QD

povrchova madifikace nutna pro solubilizaci (stabilizaci) ve vodé a
pro pouziti (targeting, cileni)
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Ptiprava QD

povrchova modifikace nutna pro solubilizaci (stabilizaci) ve vodé
a pro pouziti (targeting, cileni)

CdSe vysoka cytotoxicita; UV
zareni je rozklada, uvolnuji
se toxické ionty Cd?*

pokryti vrstvou polymeru (a bez UV)
— biokompatibilni

Konjugace QD s biomolekulami
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Jamieson et at., Biomaterials 28 (2007) 4717-4732

Konjugace QD - prekurzory
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Qdot? ITK™
carboxyl nanocrystal

Note: With the carboxyl material, thera is typically no linker
prasent betwaen the peotein and the nanocrystal after coupling.

Qdot® TK™
amino nanocrystal

http://www.invitrogen.com/
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Vlastnosti QD

Vlastnosti QD (pokrag.)

Siroky rozsah excitacnich vinovych délek.

nizka mez detekce (vysoky mol. abs. koef.), deli polocas Zivota
excitovaného stavu

s klesajici velikosti QD klesa vinova délka emitovaného zareni,
napf. pfi excitaci v UV oblasti emituji QD o pruméru 2 nm svétle
zelené zareni a QD o priméru 5 nm cervené zareni; emisni
vinovou délku Ize “ladit” velikosti QD od UV po IR.

pii sledovani emise nékolika riznych QD nedochazi k prekryvim
emisnich pasu, protoze $itka pasu emitovaného zareni je mala.

vysoké kvantové vytéZzky, malé vysvécovani (fotodegradace,
photobleaching) oproti jinym (organickym) fluoroforlim umoziuji
sledovat biologické preparaty delSi dobu.

jejich struktura nanokrystalu umozriuje, Ze mohou byt sledovany
elektronovym mikroskopem.

Biospecifické interakce

Biospecifické interakce

INTERAKCE Ko
—

(STREPT-)AVIDIN -BIOTIN 107

PROTILATKA —~ HAPTEN 10°-10"

PROTILATKA — IMUNOGEN 10°%-10"

VAZEBNA BILKOVINA — LIGAND 10°-10"

PROTEIN A - Fc FRAGMENT IgG 10°

LEKTIN — SACHARID:
MONO - A OLIGOSACHARIDY  10°-10°

POLYSACHARIDY 10°-10’
TRIAZINOVA BARVIVA - PROTEINY ~ 10*
ENZYM - SUBSTRAT ~10' - 10°
ABZYM - SUBSTRAT az 10*

Bioanalytické metody, Kralova a kol., skripta VSCHT

biotin avidin

http://en.wikipedia.org/wiki/



//upload.wikimedia.org/wikipedia/commons/5/5a/PDB_1sws_EBI.jpg
http://en.wikipedia.org/wiki/File:Biotin_structure_JA.png
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Biospecifické interakce Aplikace

zobrazovani — fluorescencni znacky selektivné znacici razné casti
cytoskeletu

(A) Mikrotubuly primarné znacené monoklondlni Ab k
tubulinu, modifikované derivatem biotinu a pfes
streptavidin oznac¢ené QD 630 (red).

(B) Kontrola pro (A) — bez primarni protilatky

(C) Vlakna aktinu inkubovana s biotinylovanym
faloidinem a nasledné s QD 535 modifikovanymi
streptavidinem (green).

(D) Kontrola pro (C) bez biotinylovaného faloidinu

® _antigen Ymhlatka profi anfigenu Yxpmhl.ﬁﬂumﬁ/ mat. kvantovou tetkou
Bunécna jadra obarvena modrym barvivem Hoechst
33342.

Filtry ex 480+20 nm/em 535 + 10 nm a ex 560 + 27.5
nm/em 635 + 10 nm pro sledovani signalt QD 535 and
QD 630.

Méfitko 10 um pro (A), 24 um pro (B)-(D).

Wau et al., Nature Biotechnology 21, 41 - 46 (2003)

Aplikace — dlouhodoba stabilita Aplikace

mechanismy pruniku do bunék
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Aplikace

diagnostika — povrchova modifikace rozpoznavacimi molekulami
(biomarkery, protilatky)

QD — diagnostika

Gao X, Cui Y, Levenson RM, Chung LW, Nie S. “In vivo cancer targeting and imaging with
semiconductor quantum dots”. Nat Biotechnol. 2004; 22: 969-976

QD — diagnostika

NTR Fluorescence Color-NTR Merge

Fig. &, Esoph el lymph node mapping in pigs. Showing original colour, QD fluorescence and false-colour QD fluorescence merged with

image [19] (perm: 1od).

Jamieson et at., Biomaterials 28 (2007) 4717-4732
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Jiné fluorescencéni nanocastice Polovodivé polymerni &stice
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Wolfbeis O. S., Chem. Soc. Rev., 2015, 44, 4743

Konvertujici nanocastice Konvertujici nanocastice

napf. NaYF,

r.pm 2. Principal UC processes for lanthanide-doped UCNP: (a) excited-state absorption (ESA), (b) energy transfer upeonversion (ETU), (<)
(CSU), (d) lanat gn) and (¢) photon avalanche (PA). The red, violet, and green lines repecsent
photon excitaion, enengy transer, and emision proceses, respeci

Chem. Rev. 2014, 114, 5161-5214
Chem. Rev. 2014, 114, 5161-5214

F illstration of the growth of d lysis strategy. The metall d high temperature
“lg:r:‘::“'s“(:“:x;:(‘h‘:"x b:: tr;i':lﬁl“nl and ;ﬁ:‘ :’-:::ﬁmr:s'«hm:.‘sw T e T 5 L R Figure 10. (2) Digtal images of colioidal NaYF20%Vb"' 2%Ho™ (green, left) nanoparticles and NaYE:20%Yb",2Ho™ 10%Ce™ (red, right)

under 970 nm diode laser excitation; and (b) cross-relaxation (CR) energy transfer diagrams of Ho™, Yb*, and Ce** jons as well as proposed UC
‘mechanisms. Reproduced with permission from ref 86, Copyright 2009 IOP Publishing
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Kiemicité nanocastice modifikované fluoroforem

hydrolyza derivatl tetraethoxysiloxanu

Silica growth
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Fig.1 Structure of a nanosensor for dual sensing of oxygen and pH. Its
core consists of Pluranic F-127, a nonionic, surfactant triblock copolymer
composed of a central hydrophobic chain of polyipropylene oxide) flanked
ty two hydrophilic chains of polylethylene glycol) (PEG) and reinforced
with silica. The NPs are capped with PEG. The oxygen probe (PTBTBP} and
the reference flucrophore TFFP are located in the core, and the pH probe
(FITC} is conjugated to the terminal ends of the PEG capping. Reproduced
from ret. 33 with permission (2014) of the Am. Chem. Soc.
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