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 Nanoszerkezetek és biomarkerek a 

gyógyítás szolgálatában  



Tartalmi összefoglaló 
- SPR 2D technológia alkalmazása az adszorpció 

kvantitativ mérésére: aminosavak és 
proteinek 

- Hatóanyagok és toxikius molekulák megkötése 
funkcioanlizált Au felületeken 

- Au nanorészecskék lipid membránokban 
- Au plazmonikus csatolás biomolekulákkal 
- Hatóanyagok nanokapszulázása 
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Surface plasmon resonance (SPR) Ĕ These phenomena occur when electromagnetic 

field interacts with conduction band electrons and induces the coherent oscillation of 

electrons. 

Au TSP : ɚmax1 = 500 ï 550 nm  ~ 1/r 

Ag TSP : ɚmax1 = 385 ï 420 nm  ~ 1/r 
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The prism coupling (Kretschmann-
configuration) in SPR technique  

Schematic representation of 
Kretschmann-configuration 

Az SPR mérés kísérleti elrendezése 
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 SPR mérések és adszorpciós izotermák 



Adszorpció és felületi orientáció 
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4, 6, 10 mmol/dm3 concentrations  ) 
 

SPR mérések: Au-cisztein- ibuprofen 
rendszer 



Table 1. The monolayer adsorption capacities (Gmono) and molecular cross section areas (a) on gold surface for different 
bioconjugated systems as obtained from adsorption isotherms 

  

Molecules 

on gold 

surface 

 Monolayer 

capacity, 

Γm./nmol cm–2 

   Eq. (5)  

  

Cross 

sectional area,   
am./nm 2 Eq. 

(6) 

am/am,calc Calculated 

cross sectional 

area * 

am,calc/nm 2 

Surface 

orientation 

L-Cysteine 0.325 0.513 1.425 0.360 parallel 

L-Glutathion 0.135 1.234 1.505 0.820 parallel 

Ibuprofen 0.330 0.505  0.789 0.640 parallel 

Dopamine 0.860 0.194 0.359 0.540 perpendicular 

Molecules 

on 

functionali

sed gold 

surface 

 

Adsorptio

ncapacity, 

Γm./nmol 

cm–2        

Eq. (5) 

  

Cross 

sectional 

area, 

am./nm 2 

  Eq. (6) 

am/ am,calc Calculated 

cross section 

area, 

*am,calc/nm 2 

Surface orientation 

L-Cyst-

Ibuprofen 

0.325 0.513 0.801 0.640 parallel 

L-Glut-

Ibuprofen 

0.180 0.926 1.447 0.640 parallel 

L-Cyst-

Dopamine 

0.640 0.260 0.481 0.540 perpendicular 

L-Glut-

Dopamine 

0.580 0.287 0.531 0.540 perpendicular 



Arany nanoszenzorok 
aflatoxinok kimutatására 
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UV-Vis mérések 
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 The changes of 

plasmon bands of 

AuSHbCD gold 

nanodispersions (164 

mg/ml; 0.5 mM Au) 

added AfB1 (in 

concentration range 3-

33 ng/ml AfB1 and 

1.7-8.3 ng/ml AfB2) to 

the solution are also 

registered by UV-Vis 

spectroscopy in dilute 

acetonitril solution.  
 

Hydrophobic  S-H group substituted 

g-cyclodextrin

B1-aflatoxin

  Attachment of Aflatoxin 

B1 molecules to 

cyclodextrin modified gold 

surface and b- 

cyclodextrin on gold 

crystal surface (111).  
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SPR mérések AfB1 
molekulával 

1) Aflatoxin B1 (AfB1) molecules 
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Fig. 7. Results of SPR measurements: AfB1 

solution (0.167-32ng/ml) to gold surface. 

 



2) 

Glass surface 

Au layer (50 nm) 

SH modified bCD (bCD-SH) molecules 
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Fig. 8. Results of SPR measurements: bCD-SH (0.5-3 

mg/ml) to gold surface. 
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3) 
AfB1 to bCD-SH covered surface 
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 Results of SPR measurements: AuSHbCD gold 

nanodispersions (0-10 ng/ml Au).  
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4) AfB1 molecules attach tobCDsholes of 

bCDAuNPs
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Glass surface

Au layer (50 nm)Au layer (50 nm)

AuNP

4) AfB1 molecules attach tobCDsholes of 

bCDAuNPs
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Fig. 11. Results of SPR measurements: in first step Au 

nanodisperson  and  after added AfB1 (in concentration range 

0-32 ng/ml AfB1) in dilute acetonitril solution.  
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Az animáció  
kattintásra indul. 
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 A plazmonikus csatolás lehetőségei 

Schematic figures of the prepared AuNP samples (a) AuNP(Trp), (b) 
AuNP(CysTrp), (c) AuNP(Lys) and (d) the plasmonic coupling effect 
 



Fluoreszcencia spekrtumok Au-lizozim 
rendszereken 



 HRTEM images of the (a) AuNP(CysTrp)  and (b) AuNP(Lys) samples 
with the ratio of mLys/mAu = 5  
 



 (A) XRD pattern  of (a) bulk gold, (b) AuNP(cit), (c) AuNP(Lys) and (d) 
AuNP(Cys) samples (B) The SAXS curve of (a) AuNP(Lys) sample (cLys=1 
mg/ml) and the calculated SAXS curve (GNOM fit) 
 

XRD mérések 



(A) The SAXS curve of the 
AuNP(Lys) nanoparticles in 
Kratky representation (B) 
calculated pair distance 
distribution function of the 
AuNP(Lys) samples mLys/mAu = 5 
(C) the SAXS curves of Porod 
representation mAu/mLys = 1:5 
(a), 1:15 (b), 1:20 (c) 

SAXS mérések 



Langmuir monor®teg vizsg§latok 

Kibron MicroTroughS 
0 2000 4000 6000 8000

0

10

20

30

40

50

60

p
 (

m
N

/m
)

A (mm
2
)

asolectin 

DPPC 

Surface pressure – area isotherms of 
the model membrane materials: 

DPPC and asolectin 

DPPC: dipalmytoil-phosphatidylcholine 

             pure phospholipid 

asolectin: mixture of phospholipids and fatty acids 



1. Preparation of phospholipid monolayer at liquid/air 

interface 

 Au nanor®szecsk®k be®p¿l®se a lipid membr§nba 

 



1. Preparation of phospholipid monolayer at liquid/air 

interface 

2. Compression 

3. Penetration of functionalized nanoparticles into 

membrane 

Schematic representation of the nanoparticles penetration into lipid membrane 

 



A monomolekul§s r®teg §tvitele szil§rd fel¿letre 

 
 

Langmuir-Blodgett method 

Solid supported monolayer 

membrane with Au NPs incorporated 
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(π0) due to the nanoparticle 
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Change in the surface pressure of the 

monolayer during the incorporation 

Surface pressure increase (Δπ) as a 
function of the initial surface pressure 

(π0) due to the nanoparticle 
incorporation 



 Biofunkcionaliz§lt Au NR be®p¿l®se a DPPC membr§nba 
 

    increase in surface pressure 

means the penetration of the 

particles into the membrane 

   composition and initial surface 

pressure have marked influence on 

the penetrated amount 

Penetration of the biofunctionalized Au NPs into the different model 
membranes at different compactnesses ( eg. initial surface pressures) 
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Au nanoparticles 

and DPPC 

zwitterionic form 

Air 

Au Au 

Biofunkcionalizált Au NR és a  phospholipid monoréteg 

DPPC 



TEM image of the 10 nm spherical Au NPs andUV-Vis absorbance spectra of 
 different sized, bioconjugated Au NPs.  



TEM image of the Au nanorods, UV-Vis absorbance spectra of the aqueous 
 dispersions of the Au NRs.  



Maximum insertion pressure (MIP) and synergy values obtained for the different sized, 
shaped, surface functionalized nanoparticles with DPPC membrane.  



ZnO-Au plazmonikus csatolás 



Au ®s ZnO  nanohibrid filmek 

glass 

Au film - 47 nm thickness 
SPR substrate 

quartz 

Au nanoparticles – d=10 nm 
spray coating technique 

ZnO (d=3 nm) 
Langmuir-Blodgett layer 

ZnO (d=3 nm) 
Langmuir-Blodgett layer 

stearic acid (SA) 
Langmuir-Blodgett layers 

stearic acid (SA) 
Langmuir-Blodgett layers 

layer numbers: 

0, 1, 2, 3, 4, 6 

layer numbers: 

0, 1, 2 

spacer layers  

between 

Au and ZnO 

Schematic representation 

of the sample 

Schematic representation 

of the sample 
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Mag 

Hat·anyag lead§s 

Gy·gyszermolekula Negat²v tºlt®sŤ polimer 

Pozit²v tºlt®sŤ 

polimer 

Mag-h®j kompozitok 



BSA maggal elŖ§ll²tott mag-h®j kompozitok  

BSA/IBU/PSS/Chit TEM k®pe 

BSA, BSA/IBU, BSA/IBU/PSS valamint a 

BSA/IBU/PSS/Chit infravºrºs spektruma, 

valamint a m§sodlagos szerkezet v§ltoz§sa az 

amid I s§v eltol·d§sa alapj§n 
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Hat·anyag lead§s vizsg§lata 

HANSON cella- 

vertik§lis diff¼zi· cella 

IBUPROFEN meghat§roz§sa: 

BSA mag jelenl®t®ben: 264 nm, 272 nm 

Szilika mag jelenl®t®ben: 222 nm, 264 nm, 

272 nm 

 

M®r®s:  

Foszf§t pufferben (PBS, pH=7,4) 

 

K®t kamr§b·l §ll: donor and 

receiving (fogad·) chambers 

Membr§n :Dialysis tubing cellulose 

membrane 

Cella t®rfogata: 4ml, de a pontos 

t®rfogatot meg kell hat§rozni 

Kever®s sebess®get §lland· ®rt®ken 

kell tartani a m®r®s sor§n. 

 

 

 

 



ElsŖrendŤ Sebess®gi Modell a kiold·d§s mechanizmus§ra 
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Mezopórusos szilika maggal előállított mag-héj kompozitok  

SIL/IBU/PEI TEM k®pe A szilika, valamint a mag-h®j kompozitok 

infravºrºs spektruma 

A szilanol csoportok, 

valamint az ibuprofen 

karboxil csoportjai 

kºzt l®trejºtt H-

kºt®sek a szilika 

p·rusaiban 
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Åkitoz§n, algin§t  - biokompatibilis, biodegrad§bilis, 

                              -alkalmazhat·s§g§t sz®leskºrŤen vizsg§lj§k hat·anyagok ®s vakcin§k sz§ll²t§s§ra     

                               ny§lkah§rty§n kereszt¿l  

ÅCaCO3  -nem toxikus,  

               -m®rete ®s morfol·gi§ja szab§lyozhat·,    

               -kºnnyen elt§vol²that·, 

ÅCMC  -ºsszekapcsol·dik a Ca+ ionokkal, ez§ltal szab§lyozza a k®pzŖdŖ CaCO3 r®szecsk®k m®ret®t, 

            -¼gy viselkedik mint egy Ăragaszt·ò, ºsszefogja a nanor®szecsk®ket egym§ssal ®s gºmb alak¼  

             mikror®szecsk®ket form§l. 

(a) Kitoz§n, (b) Na-algin§t ®s (c) karboximetil-cellul·z (CMC) szerkezeti 

k®plete 

ĂHollow spheresò elŖ§ll²t§sa biokompatibilis poliszacharidokb·l 



CaCO3(CMC) 

templ§t 

+ kitoz§n 

NaCl kºzeg, 

pH=5 

+ algin§t 

NaCl kºzeg, 

pH=5 

+ n Ĭ (kitoz§n, algin§t) 

+Glut§raldehid +  EDTA 

Kitoz§n algin§t Ăhollow spheresò elŖ§ll²t§sa  



CaCO3(CMC) + n Ĭ                                        

0.05% kitoz§n (0.5M NaCl, pH=5)  

 

0.1% algin§t(0.5M NaCl, pH=5)  

CaCO3(CMC) templ§t  

(F®nymikroszk·pos felv®tel) 

CaCO3(CMC )-(chit-alg)3  

(F®nymikroszk·pos felv®tel) CaCO3(CMC)-(chit-alg)3 (TEM felv®tel) 



+ Rhodamin B 

CaCO3(CMC)/(Chit-Alg)3 ï Rhodamin B  

f®nymikroszk·pos felv®tele 

+ 1% Glut§raldehid 

+ 0.2M EDTA 

(chit-alg)3 hollow spheres 

f®nymikroszk·pos felv®tele 
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