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Újgenerációs elektronmikroszkópos technika bevezetése szerkezetkutatási 
alkalmazásokban 

PATAI ROLAND1, POLGÁR TAMÁS FERENC1, NÓGRÁDI BERNÁT2, MESZLÉNYI VALÉRIA2 ÉS SIKLÓS 
LÁSZLÓ1 

1 MTA Szegedi Biológiai Kutatóközpont, Biofizikai Intézet 
2 A Szegedi Orvosbiológiai Kutatások Jövőjéért Alapítvány, Szegedi Tudós Akadémia 

A sejtbiológiai kutatások feladata az élő anyag működésének, szerkezetének, valamint ezek 
összefüggéseinek megértése. Ennek érdekében a szekvenálási módszerek hatalmas mennyiségű adatot 
generálnak —mely „omikai” adatbázisokkal való kombinálás után— alapvető folyamatok megértéséhez 
járulnak hozzá. A felhalmozódó molekuláris biológiai adatmennyiség strukturális relevanciájának 
megismerése az eredmények térbeli rekonstruálását igényli. A megcélozni kívánt szubcelluláris 
tartományban történő analízis nm-es skálán mozgó strukturális vizsgálatokat igényel, mely 
elektronmikroszkópos módszerekkel érhető el. Ezek közül az elektrontomográfiás eljárás biztosítja azt a 
rugalmasságot, ami a nagyfelbontású mikroszkópiát a térbeli rekonstrukcióval házasítja. Ez az új technológia 
néhány nm-re javítja a szokványos transzmissziós elektronmikroszkópia 50–100 nm-es z-irányú felbontását, 
lehetővé téve 150–250 nm mélységű térben is a mikroszkopikus objektumok szerkezeti kapcsolódásainak, a 
makromolekulák szerveződésének térbeli feltérképezését. A ±  70° mintadöntési tartományban működő 
eszköz az MTA SZBK Biofizikai Intézetében 2017-ben kerül beszerzésre, s várhatóan 2018-tól lesz elérhető 
külső felhasználók számára. A képrögzítés 16 MP felbontású CMOS kamerákkal történik; a felbontás 
csaknem tetszőlegesen növelhető megfelelően választott nagyítású képek automatikus illesztésével. A 
képrögzítésen túl a készülék elektrongerjesztéses röntgenanalízis segítségével a 11-es rendszámú elemtől 
felfelé, a Mn Kα vonalának fél-érték szélességénél mérve 130 eV minimális felbontással kémiai 
elemanalízisre is használható, melynek alapja egy 30 mm2 szilikon drift detektor. 

Különböző gyártók eszközeinek tomográfiás lehetőségeit kipróbálva előzetes eredményként bemutatjuk, 
hogy 30–40 nm karakterisztikus méretű precipitátumok térbeli sűrűségének meghatározását mennyiben 
befolyásolja a Holmes effektus, illetve egy atomerő mikroszkópiával standardizált vastagságú mintasorozat 
segítségével kidolgozott eljárásunkat mutatjuk be, mely segítségével, a Beer-Lambert-Bouguer törvényre 
alapozva, a jelenség korrigálható. Továbbá, egy idegtudományi probléma során a Rtg-mikroszonda 
alkalmazhatóságát is bemutatjuk. 
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44. Ultrastructural changes in the motoneuron cell body and motor end-plate 
induced by acute blood serum inoculation of ALS patients with different 

genetic mutations 
Bernát Nógrádi1,2, Valéria Meszlényi1,2, Roland Patai1, Tamás Ferenc Polgár1, 
József István Engelhardt3, László Siklós1 
1Hungarian Academy of Sciences, Biological Research Centre, Institute of 
Biophysics, Szeged, Hungary; 2Foundation for the Future of Biomedical 
Sciences in Szeged, Szeged Scientists Academy, Szeged, Hungary; 3University of 
Szeged, Faculty of Medicine, Department of Neurology, Szeged, Hungary 
 
Introduction: Amyotrophic lateral sclerosis (ALS) is a progressive degenerative 
disorder, primarily affecting motor neurons. The genetic screening of a 
subpopulation of Hungarian ALS patients revealed mutations on the 
superoxide dismutase 1 (SOD1) and chromosome 9 open reading frame 72 
(C9ORF72) genes. Our aim was to determine the importance of different 
neuropathological aspects in each of these mutations, such as intracellular 
calcium level elevation, mitochondrial ultrastructural alterations and survival 
of motor neurons. 

Methods: Balb/c mice were inoculated intraperitoneally (1 ml/day) for 2 days 
with blood serum of ALS patients with identified mutation or sporadic ALS 
patients without mutation  
(n=3-6/group). Non-treated and healthy serum treated groups were used as 
controls. Lumbar spinal cord and interosseus muscle samples were used for 
electron microscopic examination of motoneuron somas and neuro-muscular 
synapses, respectively. Motoneuronal survival was quantified on semi-thin 
lumbar spinal cord samples, stained with cresyl violet.  

Results: Acute passive transfer of the blood serum of ALS patients induced 
significant decrease in the number of motor neurons in the spinal cord, 
elevation of intracellular calcium level and increase of lipofuscin vesicle 
volume. Motoneuronal loss and calcium level changes were most prominent in 
C9ORF72 mutation. Furthermore, partial mitochondrial volume decreased in 
SOD1 point mutations. 

Conclusions: Our previous experiments demonstrated the central role of 
intracellular calcium level elevation in ALS. Our current findings proved that 
different mutations induced similar morphological alterations, but to different 
extent. The extensive loss of motoneurons and changes in intracellular calcium 



 
level suggest that C9ORF72 mutation might present a more progressive 
phenotype. 
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Changes in motor neuronal calcium level after long-term treatment with serum from 

patients diagnosed with sporadic amyotrophic lateral sclerosis 
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Introduction: Different pathological processes lead to motor neuronal degeneration in 

sporadic amyotrophic lateral sclerosis (sALS). Our aim was to understand the effect of 

chronic treatment with sera that contains anti-motoneuronal antibodies of sALS patients on 

calcium homeostasis, neuronal survival and motor function. 

Methods: Balb/c mice were injected intraperitoneally for 75 days with blood serum from 

healthy individuals (n=3) and patients diagnosed with sALS (n=6). During the passive 

transfer isometric muscle strength of their limbs was measured. Number of motor neurons in 

the spinal cord was measured with the disector method. Intracellular calcium level was 

quantified with geometrical statistics in the spinal cord and in the axon terminals of their 

musculus interosseus samples. 

Results: Isometric muscle strength significantly decreased after long-term inoculation of sera 

from sALS patients. The number of motor neurons were also significantly decreased in the 

cervical (p<0.001) and lumbar (p<0.001) spinal cord. Significant increase of intracellular 

calcium could be documented in the cervical (p<0.001) and lumbar (p<0.001) spinal cord and 

in the axon terminals of their forelimb (p<0.001) and hindlimb (p<0.01). Ultrastructural 

alterations of perikarya and neuromuscular synapses were observed. 

Discussion and conclusion: Functional regression, motor neuronal loss and elevated 

intracellular calcium level confirm the motor neuronal degeneration in this model. Such long-

term treatment provides a feasible representation of sALS, as no genetic mutations were 

observed in the patients. However, it is reconcilable with the transgenic animal models 

widely used in pharmacotherapeutic tests. Therefore this model could be give us further 

understanding of motor neuronal degeneration in ALS. 
Ethical Committee or Institutional Animal Care and Use Committee Approval: Ethical approvals to 

the study involving animals were given by the Committee for Animal Experiments of the University of 

Szeged, Szeged, Hungary I. 74-II/2015 and the Biological Research Center of the HAS (approval No. 

72-45/b/2001 and No. 03876/0014/2006) and carried out in accordance with the national law 

(XXVIII. chapter IV. paragraph 31) which conforms to the international law and policies (EEC 

Council Directive 86/609, OJL 358 1 DEC. 12, 1987; revised 1996). Ethical approvals for obtaining 

and storing blood samples were approved by The Human Investigation Review Board, University of 

Szeged, Hungary. (#2557/2009). 
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S100A5 was observed. This secretion was receptor-dependent, as over-expression of S100A5 alone did not result in
detectable S100A5 in the media. To dissect the G protein signaling pathway that mediates this secretion, inhibitors
of the different G protein signaling pathways were used to treat cells that co-expressed S100A5 with either
receptor. These studies suggest that calcium is involved in the secretion downstream of GPR37L1 and GPR37
signaling, as treatment with BAPTA-AM, an intracellular Ca2+ chelator, reduces S100A5 secretion from transfected
HEK293T cells. These and future studies will help shed light on the functions of the glia-specific and
seizure-protective receptors GPR37L1 and GPR37 in the brain.
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Diazoxide differentially reduces microglial activation in the oculomotor, facial and hypoglossal nucleus after
acute nerve injury in mice
 
Bernát Nógrádi1,2, Roland Patai1, Valéria Meszlényi1,2, Tamás F. Polgár1, László Siklós1*
1Institute of Biophysics, Biological Research Centre of the Hungarian Academy of Sciences, Hungary; 2Szeged
Scientists Academy, Hungary
 
Microglial cells, the resident immune competent cells of the central nervous system rapidly activate after injury.
Our aim was to characterize the magnitude of the microglial activation after acute injury in motor nuclei that are
known to be differently susceptible in chronic stress conditions. Furthermore, we wanted to determine the
anti-inflammatory effect of a potential neuroprotective substance, diazoxide in these nuclei.
Male Balb/c mice underwent either unilateral eye enucleation, hypoglossal or facial nerve axotomy. Animals were
sorted to non-treated (n=4), vehicle treated (n=4, 10 mg/ml dimethyl sulfoxide in distilled water, 0.1 ml/day) ip.),
prophylactically and postoperatively diazoxide treated (n=5, 7+4 days, 0.25 mg/ml in 0.1 ml/day ip.) and only
postoperatively diazoxide treated (n=5, 4 days, 0.25 mg/ml in 0.1 ml/day ip.) groups. Choline acetyltransferase and
Iba-1 double immunostaining was used to mark the anatomical borders of the examined motor nuclei and quantify
microglial activation, respectively.
Injury of the motor axons resulted in an increase in the density of microglial cells in each observed nucleus
(p<0.001), however, microglial activation was less prominent in the oculomotor nucleus compared to the other
nuclei (p<0.01). Diazoxide reduced microgliosis in all examined motor nuclei, but this effect was more prominent if
the treatment was started prophylactically (p<0.001).
Diazoxide could reduce microglial activation in each examined nucleus either if applied prophylactically, or only
postoperatively. The moderate microglial activation in the oculomotor nucleus might be interpreted as the
consequence of the reduced release of proinflammatory signal chemokine (C-C motif) ligand 2 in motor neurons,
which was demonstrated in our previous experiments.
This work was supported by the Szeged Scientists Academy (34232-3/2018/INTFIN) and the UNKP-18-2 New National
Excellence Program of the Hungarian Ministry of Human Capacities.
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Validation of a Microglia-Specific NuTRAP Model for Paired Epigenomic and Transcriptomic Analysis of
Neuroinflammation
 
Sarah Ocañas1,2, Ana Chucair-Elliot1,2, Victor Ansere1,2, Kyla Buettner1,2,David Stanford1,2,3,  Willard Freeman1-5
Department of Phyisology1, Reynolds Oklahoma Center on Aging2, Oklahoma Nathan Shock Center for Aging3,
Oklahoma Center for Neuroscience4 at the University of Oklahoma Health Sciences Center, OKC, OK; Oklahoma City
VA Medical Center, OKC, OK5
 
As the sentinel macrophages of the CNS, microglia monitor the CNS for foreign and endogenous substances.
Generally, microglia retain a quiescent, surveillance phenotype. Stimulation can cause maladaptive
pro-inflammatory phenotypic switching, characteristic of neurological diseases. Regulation of gene expression
involves DNA modifications, principally methylation (mC) and hydroxymethylation (hmC) of cytosines. Our
hypothesis is that microglial plasticity is regulated by changes in DNA modifications; however, paired epigenomic
and transcriptomic studies have not been possible due to technical issues. To address this barrier, we developed a
microglial-specific, NuTRAP mouse model that combines Translating Ribosome Affinity Purification (TRAP) and
Isolation of Nuclei Tagged in Specific Cell Types (INTACT) methods. The NuTRAP cassette labels nuclei (RanGAP1)
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Change in NLRP3 expression

Modulation of the inflammasome-mediated crosstalk between motor neurons and microglia using a KATP channel activator, diazoxide, in differently 
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Rebeka Kristóf3, Bernát Nógádi1, Ádám Nyúl-Tóth2, Valéria Meszlényi1, Tamás F. Polgár3, Roland Patai3, Imola Wilhelm3, István Krizbai3, László Siklós3

1:Biological Research Centre, Department of Biophysics; Szeged Scientist Academy
2: Biological Research Centre, Department of Biophysics; Vascular Cognitive Impairment and Neurodegeneration Program, Reynolds Oklahoma Center on Aging/Department of Geriatric Medicine, 

University of Oklahoma Health Sciences Center
3: Biological Research Centre, Department of Biophysics

Introduction
Microglia activation after hypoglossal axotomy Hypoglossal axotomy + DZX

10 µm

10 µm

5 µm

NLRP3/ChAT merged - Unoperated

NLRP3/ChAT merged - Operated

NLRP3/ASC merged

NLRP3/ASC/GFAP merged

0

200

400

600

800

1000

1200

Nucl. III.
axotomy

Nucl. XII.
axotomy

Nucl. XII.
axotomy +

DMSO

Nucl. XII.
axotomy +

DZXR
e

la
ti

ve
d

if
fe

re
n

ce
in

 a
re

a
(a

.u
.)

Microglial activation

NLRP3 expression after hypoglossal axotomy Hypoglossal axotomy + DMSO Hypoglossal axotomy + DZX
Translocation of NLRP3 in neurons



Spatiotemporal changes of the calcium homeostasis in Schwann cells after sciatic nerve axotomy
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