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Proc jsou magnetické materialy
vyznamneé pro biovedy a biotechnologie?

Jedna se o inteligentni materialy!
(smart materials, stimuli responsive materials)

Magnetické materialy vykazuji nekolik typu

odezev ke vnéjsimu magnetickému poli




V e/

Nejdulezitéjsi odezva

Selektivni separace magnetickych castic




Magnetické materialy pro biorafinace

Magnetické katalyzatory
— Magnetické enzymy
— Magnetické kyselé a basickeé katalyzatory

— Magnetické nanocastice s peroxidasovou aktivitou

Magneticky modifikované bunky
— Magnetické celobunécné biokatalyzatory

— Magnetické bunky jako adsorbenty

Magnetické materialy pro isolaci cilovych produktt
Imunomagneticka separace patogennich mikroorganismu

Priprava magnetickych biosorbentl pro odstranovani polutantt




Magneticke katalyzatory

Jednoducha separace pevnych (imobilizovanych)
biokatalyzatoru z reakéniho systému

Zjednoduseni biorafinacnich procesu

NizSi cenova narocnost (moznost vyuziti potravinarskych
odpadu jako nosicU pro imobilizaci enzymu)

Pfreména biomasy na biopaliva nebo jiné vyznamneé
produkty

Biokatalyza (magnetické imobilizované enzymy) nebo
magnetické pevné katalyzatory (kyselé, basickeé)




Magnetické
imobilizované enzymy
vyuzitelné pro
biorafinace

Magnetické mlato

Enzyme Marmetic Carrier Immobiliza- Applicaiion — Addifional
CATTIET preparaton tion of of niote
and ENTYIOE immobilized
activation EOTFHE
Cellnlaze Hon-porons Activated Covalent Hydrolysis of Easy
xS mAagFmenc with cyapumic  immwobiliza- lizmocellulose recycline;
(CallicCTecl) pardcles chlorde don + (wheat smaw)  smdy of
(0.5-1 pm), polyghaar- blocking surEaciamis
silica coadnz  aldehyde with BS54 effects
Celhalose SuapeTpars- Coprecipita- Covalenty Hydrolysis of Beter pH
(cTuds mazmesic tion of Fe'* binding after  steam- tolerance,
Ccommercial nenoparticles  amd Fe'* fons,  glumaralds- exploded ‘thermeal
PrEpETration) ({12 mm) Ippdrothermal  hyde com sialks and storage
Celhalose En-dopped Hydrothermal  Covalens Sacchanfica- Economizrstdon
(Trichoderma magmetite method (Fe'©  binding after  tion of celln-  of the produc-
PEELET) nsnoparticles  +Fe' joms +  glhwaralds- lose and oo process
Znil,) bydea Crannabis cost of
activanon biomass fermentable
SUEArS
f-glucosidase  Miazmefic Coprecipita- Covalent Cellobiose Improrved
{dspergilins  nsnoparticles  tion of Fe™* binding after  hydrolysis thermostabi-
niger) and Fe'” jons, pheamalde- lity after
conditons activanon hon
Lipaza Aiasmetic Cormmercial Cross-linked — Symthesis of Carbomylation
[dspereiiins nenopartcles  partcles ENTymEe slycerol with dimethyl
niEer) +PEA aggreate on  Carbooste carhonate,
COVErAZe TEREMEDC from bio- solvent fres
particles glycerol condibons
Lipaza B hiazmetite Coprecipita- Imroolilizs- Symthesis of — Flensabiliny,
(Candida nsmoparticles tomofFe'+  tonon biodiesel eazily
Feiiire sl ! with amime Fe" ions, hPs-MH; meagnencally
EToups fimctionalized wia G4 recovered
by APTS ACHvALOn;
formanon of
mCLEA:
Aiazmetits Coprecipita- Trmolilizs- Symthesis of Palm odl,
(Bacillus) nsmoparticles tomofFe'+  tonon biodiesel cotton ssed
with aniime Fe'' jons, MNPs-MH, oil waste
Zroups fimctionalized wwia GA wegeiable ol
by APTS activanon Chiorella oil
used
Lipaza Tomic Ligoid- Covalent Covalent Iomic iguwids — IMNanoparticle-
(Camdada mndified binding of bimding comrelled grafied lipase
rugasdl mAagFmenc jomic liguid (iomic liguids  esters locamed ar the
nanopartcles om FeoOu — coupling hoydrolysis at  oil—water
(10-15 mm) nemopertcles reagent) oil-water = L

interface




Magnetické kyselé
katalyzatory vyuzitelné
pro biorafinace

Separable
Catalyst

Glucose

Cellulose-j

e ————————

Type of solid acid Magnetic Preparation Application of Additional note
catalyst material of magnetic magnetic solid
solid acid acid catalyst
catalyst
Perfluoroalkylsulfoni  Cobalt spinel Magnetic Pretreatment of Significantly
¢ (PF5) and farmite nancparticles wheat sirTaw higher efficiency
alkylsulfome (AS) nanoparticles (silamol groups)  (hydrolysis of compared with
acid-fimctionalized (10 nn), modified by PFS  hemicelluloses to  the hydro-
magnehc coated with ! AS (sulfome soluble thermolysis
nanoparticles silica acid groups) ohgosacchandes)
Magnetic core—shell  Magnehic Fe;0:aC Hydrolysis of Recyclable
Fe;04@C-50;H Fe;0s core synthetized in cellulose
nancparticle catalyst  encapsulated m  autoclave (FeCls,
a sulfonated glucose, urea),
carbon shell sulfonated by
H,50,
Magmetic sehid acid Magnetic Modificabon by~ Hydrolysis of Biomass
with mesoporous Fes0s j-mercaptopro-  blomass sacchanfication
structure (Fey0.- nanoparticles pylnmethoxy- and levulinic acid
SBA-50:H) (20 nm) + silane and production
Phrome 123+  omdation
TEOS (H202),
(assembling) compolymer
ethanol
Core shell Silica- Sulfonic acid Hydrolysis of Reusability for
Fe;04i0 5105-50;H encapsulated EToups cellulose in 1omic several fimes
acid catalyst Fes0: modification Liguds without the
nanoparticles {chlorosulfonic significant loss of
acid) its activity
Magnetic silica CoFe,04- Sulfonic acid Hydrolysis of Much higher
nancparticles with embedded EToups SUCTOSE, activity than
sulfonic acid groups silica modification cellobiose, starch, strongly acidic
nanoparticles cellulose ion-exchange
resins
Sulfonic acid- Silica-coated Grafting by four  Deprotection Comparable
fimchionalized silica- — magnefic different sulfouc  reaction of activity to other
coated magnetic nanoparticles acids benzaldehyde commercial
nancparticle catalysts dimethylacetal heterogeneous

acidic resins




Magneticke nanocastice s
peroxidasovou aktivitou
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Magneticky modifikované bunky

Moznost jednoduché separace
Vyuziti jako celobunécné biokatalyzatory

Vyuziti jako adsorbenty vybranych biologicky
aktivnich latek nebo xenobiotik

Magnetické castice na povrchu bunék nebo v
protoplasme, imobilizace na magnetické nosice,
zabudovani bunék do magnetickych gelu
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Magneticky modifikované

kvasinkové bunky
(Saccharomyces
cerevisiae)

Magmefic parficles Magnetic Application Other notes
madification

Magnetite Immobilization in Sucrose hydrolysis; Alzonsed for erzanic
ICTOWAVE- H;Oy; depradation dye removal
synthesized magnetic
chitasan

Microwave- Incubation of cell Sucrose conversion into With or withont

symthesizad suspension with glucose and factose glataraldehyde as cross-

magnetic iron magnefic particles linking agent

oxides

Magnetite Immobilization in Ethanol fermentation Thearetical vield of
alzinate magnenc ethanol from starch
nanoparticles bydrolysates~ 5%

Magnetite Immobilization in Ethanol fermentation Glutaraldebryde as cross-
chitozan-magnetite linking agent; theoretical
microparticles yield - T3%

Magnetite Immobilization in Ethanol farmeantation Theaoretical vield -- T0%s
cellulose-coatad
magnetic
nanoparticles

Magnetite Encapsulation in Iovert sugar formation Long term stability
mammetic alginate
microbeads

Mn-Zn farite Immobilization in Ethanol farmentation Continnous ethanol
magnetc alginats fermentation using
beads marnetically stabilized

fluidized bed bioreactor

Magnetite Encapsulation in Hydrogen peroxide Long term stability
mammetic alginate remanal
beads

Magnetite or Immobilization in Ethanol production o changes in properties

magnetic faid magnetc calcinm affer magnetization
alzinate beads

MMagnetite or Immebilization in Ethanol production Enzyme activity higher

magnetic faid magnefic calcinm after incubation in
al=inaie beads muiTient medimm




Magnetické materialy pro isolaci
cilovych produktu
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Safarik,l., Safarikova,M.: Magnetic techniques for the isolation and purification

of proteins and peptides. BioMagn. Res. Technol. 2 (2004) 7
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Table 3: Examples of polysaccharide and disaccharide hydrolases purified by magnetic techniques
Purified enzyme Source Magnetic carrier Affinity ligand Further details Reference
a-Amylases Porcine pancreas, Magnetic alginate Elution with | M [4]
Bacillus subtilis, wheat  beads maltose
germ
Bacillus Magnetic alginate Elution with | M [10]
amyloliquefaciens, microbeads maltose 3
porcine pancreas
p-Amylase Sweet potato Magnetic alginate Elution with | M [55]
beads maltose
p-Galactosidase Escherichia coli Silanized magnetite p-Aminophenyl-p-D- Elution with borate [58]
homogenate thiogalactopyranoside buffer, pH 10
p-Galactosidase (fusion Bacterial lysate Magnetic beads DNA containing Escherichia Elution with lactose [64]
protein comprising the coli lac operator analogue
DNA-binding lac
repressor)
Glucoamylase Aspergillus niger Magnetic alginate Elution with | M [55]
beads maltose
Pectinase Commercial Magnetic alginate [82]
preparation beads
Pullulanase Bacillus acidopullulyticus  Magnetic alginate Elution with | M [55]
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Isolace vajeCnych proteinu
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Table 3. Examples of egg white proteins isolated by magnetic separation techniques. Both
diluted egg white and commercially available preparations were used as starting materials

Purified
protein

Magnetic carrier

Affinity ligand

Further details

Reference

Avidin

Lysozyme

Lysozyme

Lysozyme

Lysozyme

Lysozyme

Lysozyme

Lysozyme

Lysozyme

Lysozyme

Lysozyme

Maghemite
nanoparticles

Magnetic chitin,
magnetic
acetylated
chitosan

Magnetic poly
(2-hydroxyethyl
methacrylate)

Magnetic chitosan
beads

Magnetic
cross-linked
polyvinylalcohol

Magnetite —
polyacrylic acid
nanoparticles
Magnetic cross-linked
polyvinylalcohol
beads

Magnetic agarose
beads

Magnetic chitosan

Ferrofluid
modified
sawdust

Nano-sized
magnetic
particles

Biotin

Cibacron Blue
F3GA®

Cibacron Blue
3GA-=

Cibacron Blue
3GA®

Cibacron Blue
3GA=

Particles
diameter
13 nm

Elution with 0.01
M HCL

Elution with 1 M
KSCN

Magnetically
stabilized
fluidized bed

Elution with high
salt buffer

lon-exchange
separation

Adsorption
study

Magnetically
stabilized
fluidized bed

Study of
adsorption
properties
Elution with
0.5 M NaCl

Elution with
NaH2PO4 and
NaSCN

(Fan et al. 2003)

(Safarik 1991;
Safarik and
Safarikova
1993)

(Odabasi and
Denizli 2004)

(Goto et al.
1995)

(Tong et al.
2001)

(Liao and Chen
2002)

(Xue and Sun
2001)

(Tong and Sun
2003)

(Yu et al. 2000)

(Safarik et al.
2005)

(Peng et al.
2004)

2 Polysciences Inc., Warrington, PA, USA
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Safafik,l., Sabatkova,Z., Tokar,O., Safafikova,M.: Magnetic
cation exchange isolation of lysozyme from native hen egg
white. Food Technol. Biotechnol. 45 (2007) 355-359
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Safarik,l., Horska,K., Martinez,L.M., Safarikova,M.: Large scale
magnetic separation of Solanum tuberosum tuber lectin from potato
starch waste water. AIP Conf. Proc. 1311 (2010) 146 - 151




Imunomagneticka separace
patogennich mikroorganismu
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Imunomagneticka separace patogennich
mikroorganismu

Escherichia coli

Escherichia coli O157:H7

EPEC/VTEC 0103, 0111, 0145, 026
Helicobacter pylori

Legionella pneumophila

Listeria (monocytogenes + other species)
Mycobacterium avium subsp. paratuberculosis
Salmonella sp.

Yersinia enterocolitica



Bunky Escherichia coli O157 vazane na
Dynabeads M280

Extremne nizka infekCni davka (cca 10 bunek; Hemoragicka
kolitida, hemolyticko uremicky syndrom)




Magnetické biomaterialy pro
odstranovani xenobiotik

Intensivni studium biosorbentu pro odstranovani
xenobiotik = nizka az nulova cena

Jednotlivé biopolymery (napr. chitosan, chitin,
alginat, rostlinné gumy atd. 5)

komplexni biopolymery, obvykle rostlinneho
puvodu (napr. piliny, kavova sedlina, mlato,
slama, cajove listky, atd...)

mikrobialni a rasové bunky (biomasa)
anorganické biomaterialy (vajecné skorapky)

Magneticka modifikace usnadnuje separacni
proces



Magneticky modifikovaneé bunky
Chlorella vulgaris
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Magneticky modifikované piliny




Magnetické materialy maji velkou perspektivu
pri biorafinacnich procesech a pfi vyuziti
odpadnich biomaterialu

Safarik,l., Pospiskova,K., Baldikova,E., Safarikova,M.:

Development of advanced biorefinery concepts using

magnetically responsive materials. Biochem. Eng. J.,
2016, v tisku

COST Action TD1203: Food waste valorisation for
sustainable chemicals, materials & fuels (EUBIs)

Konec akce: 2016



Dekuji za pozornost !

Ivosaf@yahoo.com



