Neuropeptidek funkcidinak
vizsgdlata



Transzgén modellek a neuropeptid
funkciok vizsgalatara

 transzgén modellek nagyon alkalmasak a neuropeptidek
tanulmdnyozdsdra, mivel maga a peptid kézvetlenil kédolt a genomban
(ellentétben a .klasszikus" transzmitterekkel, amelyek enzimatikusan
szintetizalodnak)
** neuropeptidet alul- vagy tllexpresszdlé egértorzsekkel jdl
tanulmdnyozhatdak a neuropeptidek hatdsai
#pl. NPY és CRF K.O. dllatok: nincs durva elvdltozds — redundancia
a peptiderg rendszerekben
* neuropeptid gén K.O. dllatok problémdsak lehetnek:
v'a génkiiitéssel a prekurzor peptidt6l szabadulunk meg, amelybél a
processzdldssal tobbféle aktiv peptid is lIétrejohet
v'ha a prekurzorbdl csak egyféle aktiv peptid lesz, akkor nincs
probléma (csak ez a ritkdbb eset...)
*» neuropeptid tdlexpresszdltatds — modellezheti valamely peptid-
receptor specifikus farmakon (jovébeli gyogyszermolekula) hatdsdt
< neuropeptid recetorok delécidi értékes adatokat adnak



Optogenetika
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TRENDS in Neurosclences

Figure 1. The award ceremony for the Brain Prize 2013. From the left: Ernst Bamberg, Edward Boyden, Karl Deisseroth, Peter Hegemann, Gero Miesenbodck, Georg Magel,
Crown Prince Frederick, and former chairman of the board of the Grete Lundbeck Foundation Nils Axelsen. Reproduced with permission from the Grete Lundbeck
Foundation.



Optogenetika

* Francis Crick (1979): a nagy kihivds a neurobioldgidban az, hogy hogyan
kontrolldljunk egy sejttipust az agyban anélkiil, hogy mds sejttipusokat

befolydsolndnk. Elektréddal nehéz eltaldlni a kivdnt sejtet, a drogok pedig
lassan hatnak. A megoldds a fény lehet.

» 2005: mikrobidlis opszin gén beiiltetése emlés neuronba, neuron serkentése
fénnyel

Electrical stimulation Optogenetic excitation Optogenetic inhibition

Marina Corral

Figure 2 | Principle of optogenetics in neuroscience. Targeted excitation (as with a blue light-activated
channelrhodopsin) or inhibition (as with a yellow light-activated halorhodopsin), conferring cellular

specificity and even projection specificity not feasible with electrodes while maintaining high temporal
(action-potential scale) precision.

Nat Methods. 2011 Jan;8(1):26-9. doi: 10.1038/nmeth.f.324.



http://www.ncbi.nlm.nih.gov/pubmed/21191368

SIXSTEPS TO
OPTOGENETICS

With optogenetic techniques,
researchers can modulate the activity
of targeted neurons using light.
STEP1 |
Piece together genetic construct.

Promoter  Gene encoding opsin
to drive {light-sensitive
EXPression ion channel)

STEP2
Insert construct inta virus,

STEP3 |
Inject virus into animal brain; opsin
is expressed in targeted neurons,

e
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STEP4 |

Insert ‘optrode’, fibre-optic
cable plus alactrode.
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STEP5 '

Laser light of specific wavelength
opens ion channel in nesrons.

LN\ #

STEP6 '

Record electrophysiological
and behavioural results,
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Optogenetikai eszkozok
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Channelrhodopsin-2

> Clamydomas reinhardtii
» maximdlis aktivdcio: kék fény (470 nm)

» deaktivdciés idédllandé ~ 12 ms — 30-50 Hz-el ,hajthatd”, de fas‘r -spiking
interneuronok akar 200 Hz-el is
> nem-szelektiv kation csatorna (Na, K, Ca) — elektrokémiai gradiens
szabja meg, hogy mi megy at rajta
» konduktancia femtoS nagysdgrendd (30-300 fS), 10-100 ion megy at egy
nyitdsndl
» TM3 domén szabja meg a nyitdsi kinetikat illetve a nyitott dllapot hosszat
> mutdansok:
B H134R pontmutdcio: 2X konduktancia ndtriumra, de a deaktivdcids
id6dllandé megné (=csak kisebb frekvenciaval ,hajthaté")
BEChR2-L132C (CatCH): 1,6X konduktancia kalciumra + csokkent
deaktivdcids idédllandé — 3X konduktancia kalciumra
BC128S, C128A, C128T:
v'a nyitdsi idé 100-1000X — egy pulzusra is hosszan nyitva marad
(akadr percekig tarto kiiszob alatti aktivdcid)
v'z6ld fénnyel (542 nm) kikapcsolhato
BE123T, E123A (LChETA mutdcid”): nyitdsi id6 rovid (kisebb az dram
is), de akdr 200 Hz-el is ,hajthato”




Halorhodopsin

* Natronomonas pharaonis halorhodopsin (NpHR)

» aktivdcio sdrga fényre (589 nm)

» klorid pumpa (1 kloridion/ciklus; EC—IC) — hiperpolarizdl

* megfeleld szintl expresszio lényeges (csak 1 klorid/ciklus)

30 Hz-el ,hajthaté” maximdlisan vagy akdr percekig tarté folyamatos gatlds
vdlthatd ki vele (deszenzitizdcidja viszonylag lassu)

y 5-|10 mV mértéki hiperpolarizacio, ett6l még nem feltétlenil hallgat el a sejt
teljesen

eNpHr3.0 vear'zio': tdvoli voros tartomdnyba esé fénnyel is bekapcsolhatd (680 nm)
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Fig. 2. Optogenetic manipulation of neural activity in cortex. (a) Pulses of blue light (473 nm, 1 ms/pulse) applied to the
cortical surface in a PV-Cre mouse 7 days after injection of AAV-DIO-ChR2-mCherry. The isolated neuron, a parvalbumin-
expressing, fast-spiking inhibitory interneuron (FS-PV*) in cortical layer 2/3, produced a single action potential in response
to each light pulse. (b) Stimulation of FS-PV* interneurons in cortex at 40 Hz generated a sustained gamma (30-50 Hz)
oscillation in the local field potential (LFP). (c) Suppression of spontaneous FS-PV* firing in a PY-Cre mouse by pulses of
yellow light (593.5 nm) applied to the cortical surface 22 days after injection of AAV-DIO-eNpHR3.0-eYFP, a double-floxed
construct carrying eNpHR v3.0 under the control of the EF-1 o promoter.

Neuromethods (2012) 67: 339-355



Archaerhodopsin-3

A c * Halorubrum sodomense

= S - protonpumpa - az dltala
wa»m*rw W | Kkivdltott pH-vdltozas
EM EMG 10 s8c

wes i | — azonban 6nszabdlyozé és
7 nem nagyobb, mint

Fig. 4. Acute optogenetic inhibition of orexin neurons in vivo induces SWS in orexin-tTA; TetO ArchT mice. k k I

Behav Brain Res. 2013 Oct 15;255:64-74. channelrhodopsin
. ) aktivdaciokor vagy normdl

i i Mac excitation band Halo excitation band

1 i ioncsatorna mikodéskor

7 torténik

= 77 =900 pA-t is meghaladd
hiperpolarizalé aram —

T teljesen elhhalgaté

T = neuronok szabadon mozgé

— dllatban is in vivo

Figure3. Quieting neural activity with light. a, Neural activity in a representative neuron expressing Arch (i) before, during, and after 5 s of illumination with yellow light, shown as a spike raster

plotinwhicheach spike isrepresented by a dot. This s displayed above a histogram that shows spike firing rate for each 20-ms-duration period throughout the light delivery pracess, averaged across ° 5 2 O - 5 6 O ~ I d 4
trials. The bottom (i) depicts the averaged instantaneous firing rate in a population of Arch-expressing neurons before, during and after yellow light illumination (black line, mean; gray lines, n m Z O - S a r' 9 a
mean = SE; data from 13 neurons). b, Multicolor silencing of two neural populations, enabled by ion pumps of different classes that are selectively induced by blue (Mac) or red (Halo) light. 7, Action
spectra of Mac versus Halo; rectangles indicate filter bandwidths used for multicolor silencing in vitro. Blue light illumination was achieved via a 470 -+ 20 nm filter at 5.3 mw/mm?, and red light

/ . / /
illumination was achieved via a 630 + 15 nm filter at 2.1mW/mm 2. Action potentials evoked by current injection into patch-clamped cultured neurons transfected with Halo (if) were selectively f e n ny e I 0 k.r l Va l h 01- o

silenced by the red light but not the blue light, while the opposite was true for neurons expressing Mac (iii). Adapted from Chow et al., 2010.
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J. Neurosci., November 10, 2010 - 30(45):14998 —15004
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Cre rekombinaz I.
» P1 bakteriofdg enzim, 38 kDa
- két konszenzus szekvencia (loxP) kézotti rekombinaciot
katalizdl ja barmilyen sejtes kornyezetben, kofaktorok nélkiil
* lox P
- 34 bazispar
- 8 bp .mag" szekvencia kozépen (aszimmetrikus, orientdciot
ad)
- kétoldalt 13-13 bdzispar palindrom szekvencia
- mindkét palindrom szekvencidhoz egy Cre rekombindz kot,
tetramer formdcio, ahol a két loxP egymds mellé kerdil

d
34 bp loxP sequence
] 13 bp 8 bp 13 bp 2 1 4
‘-‘-I BACTTCGTATAGC ATACATTATACGAAS ‘.\'[ WACTTCGTATAGCATACATTATACGAAGTIAT
3 >< 4 3 2
ATAACTTCGTATAGCATACATTATACGARG LIAT IATAACTTCGTATAGCATACATTATACGAAG

genesis 26:99 -109 (2000)



Cre rekombinaz II.

+ eléidézheti a két loxP szekvencia kozti rész:
> kivdgoddsat (—KO dllat; cisz irdanyd loxP)
> inverzidjat (cisz irdnyd loxP)
> egy szekvencia inszercidja egy masikba (transz loxP)
> transzlokacio két kromoszoma kozott (transz loxP)

b
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FIG. 1. Cre/loxP system. (A) Close-up of Cre recombinase-mediated recombination between two 34
bp loxP sites. Schematics of excision vs. integration (B) and inversion (C).

genesis 26:99-109 (2000)



8-bp spacer region
m*—@m Cre-loxP rendszer

13-bp mverted repeat 13- bp inverted repeat

_<}1 2 ?%\j_c\‘/‘:‘l 2 3E>_

Inversion

Excision Integration 1

Fig. 1. Cre/lox recombination system. (a) Wild-type /ox P sequence. The 34-bp /oxP site is
composed of two 13-bp inverted repeat regions and an 8-bp asymmetric spacer region.
The asymmetric spacer region dictates the orientation of the /oxP sequence, as indicated
by the /arge arrow. (b) Recombination between two /oxP sites with the same orientation.
Excisive intermolecular recombination occurs efficiently; however, integrative intermo-
lecular recombination rarely occurs due to reinsertion. (¢) Recombination between two
loxP sites in the inverse orientation. In this case, recombination results in inversion of
floxed DNA.

Alexel Morozov (ed.), Confrolled Genetic Manipulations, Neuromethods, vol. 65,
DOl 10.1007/978-1-61779-533-6_2, @ Springer Science+Business Media, LLC 2012



Feltételes expresszio adott

° U 4 o &
sejtpopulacioban, adott helyen

- AAV DIO ChR2-mCherry (adeno-associated virus-Double-floxed Inhverted
Open reading frame-ChR2-mCherry) konstrukt

* kettd, egymdssal inkompatibilis loxP varidns hatdrolja az ..antisense” iranyd
Chr2-mCherry (fluoreszcens marker protein) fiziés szekvencidt

* Cre rekombindz jelenlétében sztochasztikus rekombindcié —ChR2-mCherry
atfordul .sense" iranyba

» erds promoter (EFla-elongation factor 1a)

* AAV hatrdny: a két ITR kozott csak max. 5 kb lehet, de ebben a

konstruktban nem kell poliA stop kazettdval foglalni a kevés helyet az
antisense irdny miatt pA

l+Cm

Fig. 1. AAV DIO ChR2-mCherry construct for Cre-dependent, cell type-specific expression of ChR2 in vivo. In this construct,
ChR2-mCherry starts in the antisense direction, flanked by two sets of incompatible lox sites. In the presence of Cre
recombinase, ChR2-mCherry is flipped into the sense direction and is then expressed under the control of the strong
promoter EF-1. /TR inverted terminal repeat; pA poly(A); WPRE woodchuck hepatitis B virus posttranscriptional element.

Neuromethods (2012) 67: 339-355




Egy masik expresszios rendszer:
A ATG TAG AATAAA 're'r-off

Tetol(®) [ArchT-EGFP_1pA

1kb

hOX promoter —= / &

#—TetD ArchT-EGFP

C Orexin-tTA TetO ArchT

((
[RGX promoter | tTA |

f-‘qh
¢: (7R )

[
[TetOXP) [ArchTEGFP |
2 = -

Fig. 1. Generation of orexin-tTA; TetO ArchT double-transgenic mouse. (A) Structure of TetO ArchT BAC transgene. There is the sequence of tetracycline operater (TetO, yellow
square), which binds tTA protein, and minimal promaoter (P, circle) in 0.7 kb upstream of ArchT-EGFP (light blue square ). The 3-actin gene consists of 6 exons (blue squares), and
the TetD ArchT cassette is inserted just downstream of the polyadenylation signal of the B-actin gene. (B) Schematic illustration of the tetracycline-controlled gene expression
system and tTA-induced ArchT expression in orexin neurons. (C) Schema indicating how orexin-tTA mice are bred with TerO ArchT mice to generate double-transgenic mice,
orexin-tTA; TetO ArchT mice. hOX promoter, human prepro-orexin promoter. P, minimal promoter. TetO, tetracycline operator. tTA, tetracycline-controlled transcriptional
activator. (For interpretation of the references to celor in this figure legend, the reader is referred to the web version of the article.)

Behav Brain Res. 2013 Oct 15;255:64-74.



A membranba valo eljutas elosegitése

* kell egy adott szint(i expresszié ahhoz, hogy a fénnyel
serknetést/gatlast idézziink elé a neuronon

* +6bb rodopszin a membrdnban — nagyobb (foto)dram

» halorhodopsin-ndl volt sokdig probléma, hogy nem
jutott el kell6 mennyiségben a mebrdnba

* beépiilés el6segitése utdan (membran traffic szigndl
beépitése) akdar 100 mV hiperpolarizdcio is el6idézhet6

(eNpHr3.0)
E o (E) Representative traces (left) showing wvoltage
— =120 - etk traces in cells virally transduced with eNpHR3.0
-60 mV fa N :E (black) and eNpHRZ2 .0 (gray). Summary plot {right)
i = showing average hyperpolarization levels in
g —80 cells expressing eNpHR3.0 (101.0 = 24.7 mV)
_E T and eMpHR2.0 (572 =+ 6.8 mV; unpaired t test
© p < 0.0005; n = 10).
-~ g —40 See also Figure 51.
B
8 9

Cell 7141, 154-165, April 2, 2010



Az optogenetikai eszkozok expresszidjanak

és membran traffic-ianak eloseaqitése
A

Membrane protein
originates in ER

*Ensure membrane insertion

s=optimize signal peptide

sExample
#from BnAChR:
MREGTPLLLYYSLFSLLOD
#from ChR2:
DYGGALSAVGRELL

.

Protein exported from ER
for Golgl processing

«Prevent ER aggregation
+add ER export signal after
opsinand fluorescent

Protein exits
Golgi

*Prevent Golgi aggregation
+add Golgi export signal
at N-terminus after

Transcellular andendosomal

location

*Example
«WGEA-Cre
«TTC-Cre

.

transport of genetic switches

oI p
sdeliverswitchable membrane protein gene to cell body

sdelivertranscellularswitchto efferent projection
location or source of afferent projections

Figure 5. Optogenetics: Molecular Design for Microbial Tools
(&) General subcellular targeting strategies for adapting microbial opsin genes to metazoan intact-systems biclogy.

([B) Refinement of targeting at the tissue and subcellular levels. Subcellular opsin targeting methods have been previously described (for various dendritic
compartment strategies, see Gradinaru et al. [2007] and Lewis et al., [2009]), and tissue/transcellular opsin targeting methods are described in Figure 2.

marker signal peptide
*Example sExample
sfrom Kir2,1: * from Kir2 1:
FCEYEMEW RSEFVKEDGHCNVOFINY
. . v,
. ] .

sadd subcellular localization motifs

sExample

Protein reaches
cell surface

#Surface expression
*add membrane
traffi cking signal
before marker

* Example
sfromKir2.1:
KSRITSEGEYIFLDOIDINY

. i

sfrom MM DA receptor: ETOV (for postsynaptic density

localization)

Cell 7141, 154-165, April 2, 2010



Transz-szinaptikus génaktivacio
tracer-Cre segitségével

» a mikrobidlis opszinok kifejezédnek nem csak a dendritekben,
hanem az axonokban is

- egy adott sejtcsoportot megcélozhatunk genetikai alapon: kell egy

adott csoportra specifikusan m(ikodé gén (ez lehet promoter a
kiilonboz6 konstrukciokhoz)

» del: a genetikailag egyezé sejtek kapcsolataikban el fognak térni

» optogenetikailag kontrolldlhatunk nem csak egy A—B projekciot,

hanem egy olyan sejttipust is, ami tényleg vetit A-bdl B-be

* transzcelluldris traffic:

@ A" helyre injektalunk Cre-dependens virust, itt feltételesen
expresszdlédhat az adott mikrobidlis opszin

@ _B" helyre olyan virus, amelyben Cre rekombinaz van fdziondltatva

valami tracer molekuldval (WGA-wheat germ agglutinin vagy TTC-
tetanus toxin fragment C)

@ a tracer-Cre fehérje elmdszik az ,A" hely neuronjaihoz és ott
kifejez6dik az opszin

@ anterogrdd (WGA) vagy retrogrdd (TTC) egyarant lehet az irdny



Transz-szinaptikus génaktivacio
tracer-Cre segitségével

S1 cortex
WGA-Cre +

50 um
DIO-eNpHR3.0-EYFP

1s

=
=
o
o
—

(D) Injection of AAV carrying the EF1a::mCherry-
IRES-WGA-Cre cassette in the rat primary
somatosensory cortex (S1) led to mCherry fluores-
cence in neuronal somata at the injection site
(top left), but, as expected, not in distant motor
cortex (M1, bottom left). Injection of Cre-inducible
AAVS-EF1a::eNpHR3.0-EYFP into the ipsilateral
motor cortex (M1) led to opsin expression (EYFP
fluorescence) in M1 somata (bottom right), but,
as expected, in S1, eNpHR3.0-EYFP was seen
only in projecting axon terminals from these M1
cells (dispersed green puncta), not in somata
(top right). Optrode recordings in vivo from the
M1 site (560 nm light; bottom trace).

Cell 141, 154-165, April 2, 2010



Small interfering RNS (siRNS)

* gén-expresszio gdtldsa emlds sejtekben, O —
interferon valasz nélkiil Planid | =& o
* bdrmely gén célpont lehet, az mRNS —
expresszidja tobb, mint 90 %-al csokkenhet 2
- siRNS-ek: 5 |
v’ plazmid-alapd vektorok, amelyek elésegitik
az siRNS transzkripcidjdt az U6 RNS g e
|
)
l

polimerdz dltal
v' 21-25 bazispar hosszuak o
* RNS interferencia:
> evollcidsan konzervalt antivirdlis
mechanizmus ] #
> akkor indul el, ha kiviilrél egy kétszald RNS
(dsRNS) keriil be a szervezetbe & % |
» DsSRNS az RNGz ITI enzim (Dicer) hasitja .= 3€,, —él
siRNS-ekké S
> SiRNS aztan része lesz az RNS-indukalt Figure | RNAi machinery

Long dsRNA precursors derived from endogenous genes or artificially introduced

CsendeSﬁ'é kO mp I exnek (RISC) plasmids are cleaved by Dicer yielding siRNA. Alternatively, synthetic siRNA can be

transfected into cells. sikNA is incorporated into RISC, followed by unwinding of

> RISC SZZTVGIGSZTJG az SlRNS keT SZGIGT es the double-stranded molecule by the helicase activity of RISC. The sense strand
of siRNA is removed and the antisense strand recruits targeted mRNA, which is
a Cel mRNS hasad deaved by RISC and subsequently degraded by cellular nucleases.
Clinical Science (2006) 1 10, 4758 (Printed in Great Britain)  doi:|0.1042/(5200501 62

unwinding of siRNA.

mRNA cleavage




siRNS alkalmazasa in vivo I.

A AAVshCTL AAVShNPY
ITR CMV  hrGFP polyA mUG6 shRNA ITR - - b Sah gl o o
‘ARC LA 7
\;; a ‘v‘ -
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Figure 3. Bilateral injections of AAVShNPY into the ARC altered ARC NPY functions. 4, Construct of AAV-mediated RNAi vector (AAVShNPY or AAVShCTL) containing CMV promoter-driven hrGFP
marker and mouse U6 promoter (mU6)-driven shRNA (shNPY or shCTL). B, Representative micrograph shows viral-infected neurons in the ARC as examined by hrGFP expression. C, Injection of
AAVShNPY into the ARC bilaterally decreased feeding response to 24 h food deprivation. Mean + SEM 24 h food intake was examined in the two groups of rats receiving AAVshCTL or AAVShNPY
before (baseline) and after 24 h food deprivation {deprived). AAVShCTL, AAV-mediated shCTL; AAVShNPY, AAV-mediated shNPY. n = 5rats per group. *p << 0.05 compared with the basal intake
of AAVShCTL rats, *p << 0.05 compared with the basal intake of AAVNPY rats, and p << 0.05 compared with the intake of AAVShCTL rats after food deprivation. D, , In situ hybridization with
35-|abeled antisense riboprobe of py shows decreased Npy expression in the ARCof AAVShNPY rats (E) relative to AAVShCTL rats (D). F, G, Insitu hybridization with **S-labeled antisense riboprobe

of AgRP shows normal Agrp expression in the ARCin AAVshCTL rats (F) and AAVshNPY rats (6). H, Knockdown effects of ARC AAVshNPY injection on levels of Npy but not Agrp mRNA in the ARC of
AAVShNPY rats as determined by in situ hybridization. Values are means * SEM. n = 5 rats per group. *p <= 0.05 compared with AAVshCTL rats.

J.Neurosci., January 7, 2009 - 29(1):179-190
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Figure 1.  Effectsof BAV-madiated overapression of NP inthe DMH on food intake and body weight in lean rats. 4, Construct
of AtV-mediabed Mpy expression vechar (AAVNPT] contalning the Mgy gene driven by the CMV proseoter and the expression
mnarkes of heGFP translationally controlled by the IRES, flanked by ARV2 [TRs. B, Representatiod micrograp hshows ReGEP espres-
Shom in ARVNPY-Indected AAV293 cels 25 aamingd under fuomscence miaosopy. O, Westem biot deteced NFY produd: in
AAVNEY-infected ARV 203 cells, AAWGEP, Control vector Lacking My gene, 0 Representative micrograph shows hoGFP expression
inthe DAH 2 weels after vival DMH injection as examined under fluwrescence microscopy, 3w, Thivd ventricle. £, b sit hybidiza-
tion with “*5-labaled antisense riboprabe of gy determinad ARV-mediated Npy oversxprassion in the DMH a1 11 wesks after
wiral DMH injection. Values aremean * SEM. m = & rabs pergroup. *p - 0,05 companed with ARVGFPrass. F, Mean = SEM body
wRlght galn imARYH Y- and AAVGFP-Inpaedrats, 0 = & rats per group., =g 0.05 compared with AAVGFFrats. G, Mean = 5EM
dally foedad Infake i ARVMIY and AAVGEP 05, 0 = & rats per group. *p << Q.05 compared with ARVGER rats,

J.Neurosci., January 7, 2009 - 29(1):179-190



Farmakologia, anyagbeadas

= vér-agy gaton valé dtjutds nehézségei — centrdlis (agykamrai, icv)
beadds kell vagy intranazalis bevitel
= probléma: relevadns, fizioldgids doézis, féleletidé (uptake
mechanizmusok, peptiddz aktivitds, kémia szerkezet jelentésége)
= kevés adat van arra, hogy beadds utan mennyi a peptid féléletideje,
de valdszin(leg rovid
= specifikus, neuropeptid-receptor specifikus, apré molekuldajd, vér-agy
gaton atjuté agonistdk/antagonistdk hidnya
“azért van kivétel: galanin 3-as tipusud receptor (GAL3) antagonista,
penetrdl a vér-agy gdton, anxiolitikus és antidepresszdns hatdsu
= dltalanos megfigyelés: a peptid receptor agonistdk vagy maga a
peptid beadva dltaldban kivélt valamilyen valtozast, mig az
antagonista altalaban nem
= bazdlis peptid felszabadulds jellemzden alacsony, hiszen erésen
aktivdlt neuronok szabaditanak fel jelentds mennyiség( peptidet, igy
alap aktivitasd neuronok mellett az antagonistak nem hatasosak
= valészin(, hogy a neuropeptid hatasok jobban megfoghatdoak
patologias, illletve averziv dllapotokban (pl. stressz) térténé
vizsgadlatokkal



Intranazalis neuropeptid bevitel I.

+ a bevitt drog/peptid direkt kapcsolatba keriil a szagléhdmmal és
egyben dathalad a Iégzéhdamon is — maximdlis hatékonysdgd
bejutds a kozponti idegrendszerbe

» rdgcsdlék: fiz. soban oldjdk fel az anyagot és 3-10 pl-es
cseppeket juttatnak az orrba, mikozben az dllat hanyatt fekszik

¢ non-invaziv anyagbevitel, nem kell altatds

®problémdk:

az anyagnak el6szor at kell mennie a Iégz6hdamon, majd a
vomeronazdlis szerven, mire odaér az orriiregben posterior
helyzet6 szaglohamhoz — kozben felszivodds lehet a vérbe, a
tlidébe és/vagy nyirokcsomdkba vagy a vomeronazdlis szervbe

az orriregbél az anyag az arciiregbe kerdilhet illetve a
nyel6cs6be/gyomorba

peptidazok jelenléte az orrnydlkahdrtydban EC és IC is — az
orrtdl tavoli agyteriiletekhez csak kisebb eséllyel jut el a
peptid



Intranazadlis neuropeptid bevitel IT.

Fig.1. Mustration of the delivery ports implanted into the nasal cavity of the rat. (a) Delivery
ports (1) were implanted bilaterally, immediately posterior to the nasofrontal suture (2),
allowing entry into the nasal cavity just anterior to the cribriform plate as shown from the
dorsal view. (b) A mid sagittal view shows that the left nasal port (1) gains direct access
to the nasal offactory epithelium (3) from the outside when placed posterior to the nasof-
rantal (2) suture, The olfactory epithelium allows access to the brain via the olfactory bulb
{5) after passing through the eribriform plate (4), From ref. 42 with permission.
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Fig. 2. Schematic of position of the rat during drug delivery. Note that the animal is supine
allowing the olfactory neuroepithelium within the nasal cavity to be at the lowest point.

Adalberto Merighi (ed.), Neuropeptides: Methods and Protocols, Methods in Molecular Biclegy, vol. 788,
DOl 10.1007/978-1-61779-310-3_16, © Springer Science+Business Media, LLC 2011



Intranazalis neuropeptid bevitel
III.

e tEE ra Oxitocin spray
v'az dj .csodaszer"”
v férfiak hiiségesebbek téle —
kot6dés n6 a partner irdnydba
v kompeticid gyengiil, egylittm(kodés
erosodik

O° O O v anxiolitikus hatds:

=  arkonyebb beszélni nyilvdnossdg
= elott
PSR oytrusth ! =  oraltaldban a szocidlis szorongds
| . csokken

* egy kis probléma: az alanyok 10 %-a
agresszivabb lett téle

The Power Of Has Been



Mikrodializis I.

——
Syringe Pump

/ HPLC with ECD

— | HPLC with UV Detector

Sampling Tube
\ RIA

I Outlet Flow

Inlet Flow l

EIA

Dhalysis Probe

Fig. 1. Overview of a microdialysis system. Perfusing fluid is delivered with microsyringe pump. An ideal perfusate in vivo brain
dialysis should contain exact same composition around the probe insertion region. Therefore, perfusate of in vivo microdi-
alysis is usually artificial cerebrospinal fluid (aCSF). A typical composition of the aCSF is following (in mM): NaCl 128, KCI
2.6, CaCl, 1.3, MgCl, 0.9, NaHCO, 20, Na,HPO, 1.3. The aC5F should be sterile. The fluid is running into a microdialysis probe
that has a semipermeable membrane, then the fluid is collected with sampling tube. The substance will be quantified by
HPLC with ECD or UV detector, or RIA or EIA.

Adalberto Merighi (ed.), Neuropeptides: Methods and Protocols, Methods in Molecular Biology, vol. 789,
DOl 10.1007/978-1-61779-310-3_16, © Springer Science+Business Media, LLC 2011

>a perflzids sebesség alacsony (<2 ul/perc), az idébeli felbontds kicsi (~ 10
perc) és fiigg a detektdléo mdédszer felbontasatdl (—minimum mintamennyiség)

»gyors folyamatokat tehat nem lehet vele kévetni — gyorsabb médszer, pl.
voltammetria kell

»(anyag koncentrdcidja a dializatumban)/(anyag EC koncentrdcidja) /= ~ 0,4
(peptidekre jellemz&en csak ~ 0,05)



Mikrodializis II.

Perfusate
Inflow Outflow
Perfusate Dialysate
\ ’ Dialysate
LS -—
—y f—
Membrane region # .

) —
— drr—

Fig. 2. Substances around the microdialysis probe come across the semipermeable membrane according to a concentra-
tion gradient (dialysis). The substance in dialysate is collected for analysis.

Adalberto Merighi (ed.), Neuropeptides: Methods and Protocols, Methods in Molecular Biclogy, vel. 789,
DOl 10.1007/978-1-61779-310-3_16, © Springer Science+Business Meadia, LLC 2011

dializis membrdn:
> féligdteresztd
> dltaldban 20 kDa alatt enged at, peptidek vizsgalatdnal 100 kDa alat+t



Liposzomdkba csomagolt neuropeptidek
beadasa

/ Evaporation Hydration
I\ K
l '\ of organic solvent Mechanical
A agitation
-
Lipids in i linid fi Muitilamellar vesicles
arganic solvent Thin lipid film i water
Sonlcahon
Addition of an
: Jution
Fraeze-drying aguecus solL
of the peptide 0
0 [5)
Freeze-dried o
Faposomes Small unilamellar vesicles
in wafer
Rehydration !

wnh water/saline

Extrusion through I
polycarbonate Dlah,rms
Membranes .
{200 nm pore) .

Dehydration-rehydration Calibrated Paplide-containing
vesicles unilameilar / !
. large unilamellar vesicles
{100-2000 nm) vesicles 9
{200 nm)

Fig. 1. Schematic representation of the methad used for preparation of peptide-containing
liposomes.

Fig.2. Schematic representation of the method used for microinjections into the rat brain. (a) The polyethylene tube filled
with liposome solution is connected to the microinjection needle. The injection volume is administered using a 10-pl
syringe controlled by the pump. (b) Schematic drawing of a brain section at the level of rat hypothalamus. Using the three-
dimensional system of sterectaxic coordinates (see atlas of Paxinos and Watson), microinjection needle is positioned into
the brain nucleus. In the example, needle targets the paraventricular nucleus of hypothalamus (PYN), which corresponds
to the level 1.8 mm posterior to the bregma.

Adalberto Merighi (ed.), Neuropeptides: Methods and Protocols, Methods in Molecular Biclogy, vel. 789,
DOl 10.1007/978-1-61779-310-3_16, © Springer Science+Business Meadia, LLC 2011



Szaporin-konjugatumok I.

Targeted SAP Conjugates
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 Saponaria officinalis (szappantd)
% szaporin: riboszéma toxin
< hatrany: csak 10-14 nap alatt 6li meg a

sejtet



Szaporin-konjugatumok IT.

NMBR GRPR TacR1
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NMB-saporin Bombesin-saporin

Ablation of NMBR-neurons  Ablation of GRPR-neurons  Ablation of TacR1-neurons
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Figure 7.  NMBR is expressed in a specific class of dorsal hom interneurons separated from GRPR-expressing neurons. Sections
through the dorsal horn of spinal cord were examined for expression of NMBR by immunostaining for GFP in Tg(Nmbr-EGFP)
transgenic mice (a, d, g). 1SH was used to determine cells positive for GRPR (b, e, h) and TacR1 (¢, f, /). NMBR, GRPR, and TacR1 are
found in the dorsal horn (a- ¢) and treatment with specific conjugated peptide saporin (as indicated) led to ablation of most of
their respective cell types (d—f). Quantification of NMBR-positive neurons normalized to blank-saporin controls reveals that
treatment with NMB-saporin (NMB-sap) and SSP-saporin (SSP-sap) greatly reduces their numbers, but bombesin-saporin (Bomb-
sap) has little effect (g). Ablation of GRPR-expressing cells only occurs following bombesin-saporin treatment (h). Administration
of NMB-saporin and SSP-saporin eliminates ~25 and 50% of TacR1-staining cells, respectively, and bombesin-saporin has no
effect (i). Data represent means = SEM of the levels of ablation relative to untreated control samples; n = 3 animals; significant
differences between treatments and untreated animals (Student’s t test) are indicated hv ***n <~ 0.001,

+ J. Neurosci., June 20, 2012 - 32(25):8686 — 8695



Receptor-ligand rendszerek I.
.kémiai genetika”

< optogenetika hdtranyai:
alt. invaziv beavatkozdst kovetel (pl. szdloptika implantdcidja)
nagy terilet aktivitasat nehéz befolyasolni
hosszu idétartamd (pl. 6rdk) serkentés/gatlas nehézkes
<+ kémiai_genetika:
v valamilyen receptor/ioncsatorna van expresszdltatva a
membranban, definidlt neuronpopulacion
v’ szelektiv ligand a receptor aktivdcidjdhoz — hosszan tarté hatdsok,
ligand beaddsdnak médjatdl fiiggéen akdr nagy teriileten
<> DREADDSs: designer receptors exclusively activated by designer
drugs
v’ az expresszdltatott receptor és a ligand is ..mesterséges”
“+» RASSLs: receptors activated solely by synthetis ligands
O mutacié egy normdl receptorndl, ami igy mar nem koti az endogén
ligandjat, csak a mesterségest
O pl. KOR mutacio, ami utdn nem koti a dinorfint, csak a mesterséges
ligandot




Receptor-ligand rendszerek II.
.kémiai genetika”

(a) (b) G Protein-Coupled Receptors
Ligand-Gated lonotropic Receptors “NN.A 2 NNA
Nas cl Cations / Ca2+/ CF DREADD hM3Dq .&Isth.l‘ar DREADD hM4Di
[l - I - P 1 :
TRP channels  GIuCl/ GABA, receptors PSAM LGICs h [\

> | € aé .
}

VGCC PIP, @

)

on' ol a

Cations,
Ca2+ P
Ca?+ cr- or CI 8 cAMP
Depolarization Hyperpolarization Hyperpolarization l l ¢
(activation) (inhibition) or ca2+ PKC PKA
Depolarization
Depolarization Hyperpolarization
(activation) (inhibition)

Current Opinion in Neurobiology

Receptor-ligand systems for rapid modulation of neuronal activity. (a) Left, Ligand-gated influx of free Na™ activates voltage-gated calcium channels

(VGCE), resulting in Ca®* influx, depolarization, and increased firing. Middle, ligand-gated influx of CI™ results in hyperpolarization and neuronal
inhibition. Right, Pharmacologically selective effector molecule (PSEM)-gated influx of cations, calcium, or chloride through combination of

pharmacologically selective actuator modules (PSAMs) with different ion-pore domains to manipulate neurenal activity or inhibition, respectively. {b)

Second messenger cascades associated with G, and G, signaling. Left, G signaling activates Phospholipase C beta (PLC-B), which hydrolyzes
phosphatidylinositol 4,5-bisphosphate (PIP2) into inesitol triphosphate (IPs) and diacylglycerel (DAG). This leads to increased levels of free Ca*

protein kinase C (PKC) activation. Reductions in PIP; levels may also lead to closure of KCNQ channels causing depolarization and increased neuronal
firing. Right, G; signaling activates inward rectifying potassium channels (GIRKs), resulting in hyperpolarization and inhibition. Independently, activated

G; also inhibits adenylyl cyclase (AC), which promotes cAMP formation and protein kinase A (PKA) activation.

Current Opinion in Neurobiology 2012, 22:54-60




Receptor-ligand rendszerek ITI.
.kémiai genetika”

Table 1

Receptor-ligand systems applied in vivo.

System Ligand Timescale Timescale EEBE Limitations References
(receptor) induction reversal permeability
Actlivation
TRPV1 Capsaicin  d.a. —s da.—s Unknown Potential base-line effects, excitotoxicity [21-23,25"%,26"]
with high ligand concentrations
hMaDg CNO d.a. — s/min sys — hours Yes Slow reversal, cellular effects may very [50,52*,63%
sys — tens of min with signaling pathways
PSAM-5HT3 PSEMs da.—s da —s Yes Not yet tested in vivo [33*]
Inhibition
GABA A Zolpidem  d.a. — s/min sys — tens of min  Yes Requires zolpidem-insensitive background, [34-38]
SySs — min no absolute silencing possible
GluCl Ivermectin d.a. — s/min d.a. — hours Yes Slow on-/off-kinetics, ligand may be toxic  [27-31]
sys — hours sys — days at higher concentrations
AlstR Allatostatin  d.a. — min d.a. — min‘hours  No Tissue diffusion of ligand might be limited, [57-64]
effects depend on signaling pathways
hi.sD; CMNO d.a. — s/min sys — hours Yes Slow reversal, cellular effects may vary [50,53**,54*,55]
sys — hours with signaling pathways
PSAM-GlyR PSEMs d.a. — s/min d.a. — s/min Yes Requires further characterization in vivo [33*]

sys — tens of min

d.a., direct tissue application in vitro or in vivo, sys, systemic application in vivo. Note that timescales for induction and reversal are only
approximations and may vary with experimental conditions such as route of ligand application, target cell-type, and experimental read-out.

www.sciencedirect.com

Current Opinion in Neurobiology 2012, 22:54-60



Viselkedeési tesztek I.
Uveggolyo-elasdsi teszt
__(Marble-burying test)

e il X
-8 5

. =T : s L . i .
http://www.har.mrc.ac.uk/services/phenotyping/behavioural -and-cognitive - platform/marble -burying-test-mbt
“*szorongds mérése egérben

+9-20 liveggolyo elhelyezése a ketrecben, t6bb sorban, egymdstél egyenlé
tdvolsdgban

b5 cm vastag alom a ketrecben, enyhén lenyomva, hogy sima legyen a felszine
“segeret betessziik, 30-45 percig figyeljiik, hogy mennyi golyét ds el
“*benzodiazepinek és kiilonb6zé antidepresszdnsok beaddsa az eldsdst
gdtolja, de bizonyos antipszichotikumok is, amelyek pedig nem anxiolitikus
hatasudk

“eldbbiek alapjdan felmeriilt, hogy az iiveggolyék nem jelentenek kelléen
averziv stimulust



Viselkedési tesztek II.
Stressz-indukdlt hipertermia

(Fig. 3)
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http://okat.web.fc2.com/page02_01_5.html

Stress
responses

Sympathetic nerve

‘  p3 adrenoceptor
Lty brown adipose tissue
Non-shivering thermogenesis

O egyiitt tartott egerek, egymds utdn
megmérjik a rektdlis hémérsékletet —
az utolsé egérnél nagyobb lesz, mint az
elsénél

Q a hipertermia kivalthaté valamilyen
stresszt okozé beavatkozdssal, drog
addsdval stb. is

Q standard teszt: injekcié addsa, aztdan 60
perc mulva hémérséklet mérése (T1),
majd ez utdn 10-15 perccel ismét (T2)

O a stressz-indukalt hipertermia a T2-T1
kiilonbség

Q himekben és héstényekben hasonld
mértékl és hasonlé a farmakoldgiai
profilja is

Q lokoméciét figyelembe kell venni (h6t
termel)



Viselkedési tesztek III.

Pavlovi félelmi kondicionalas

érzelmi memdria vizsgdlata

averziv_inger (feltétlen inger; pl. révid aramiités) asszocidlva valamilyen
semleges ingerrel (feltételes inger) egy adott idéintervallumon beliil

a feltételes inger 6sszekapcsolhaté valamilyen ,hangulattal” (hangszin vagy
fény) vagy valamilyen kontextusba helyezheté (adott kornyezeti inger -
szagldsi, vizudlis vagy taktilis)

a tdrsitds utdn a teszteléskor a feltételes ingert adjdk és a félelmi reakciot
a .lefagyds” alapjdn szdmszer(sitik

teszt ismétlése adott id6 elteltével: memoria-retencié mértékére
kovetkeztethetiink

a félelmi memérianyom létrgjottéhez GIUR1 -tartalmi AMPA
receptoroknak kell kihelyezédniiik a neurondlis membranokba, ha ez
akaddlyozott, nincs tanulds

a félelmi reakciéo fokozatosan kiolthatd, ha a feltételes ingert tobbszor
megismételjik, de a biintetés elmarad

a félelmi reakciét kivdlté memdrianyom nem egyszeriien kitorlédik”, hanem
dj tanuldsi folyamat megy végbe és (j memorianyom keletkezik — a félelmi
memaorianyom késébb is spontdn eléjohet illetve a ,hangulat”-i inger 4jbdl
el6hivhatja (— PTSD: poszt-traumds stressz)




Viselkedési tesztek IV.

Pavlovi félelmi kondicionalas
Plasticity
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Nature Neuroscience 8, 548 - 550 (2005)

Pavlovian fear conditioning. In auditory fear conditioning, a tone (neutral stimulus) is paired with a foot shock
(aversive stimulus). The rat learns that the tone predicts the shock and will show appropriate, biologically
relevant fear responses when later presented with the tone, including freezing (the cessation of all movement
except for respiration). (b) Fear memory-related plasticity requires AMPA receptor insertion in a large
proportion of the neuronal network. A 'plasticity tag' (green AMPA receptor) was used to show that GluR1-
containing AMPA receptors are inserted at thalamo-amygdala synapses after auditory fear conditioning. A
‘plasticity block' (red subunit of AMPA receptor) prevents insertion of GluR1-containing AMPA receptors after
auditory fear conditioning and consequently prevents learning of the predictive association between the tone and
the foot shock. Approximately 36% of infected neurons in the lateral amygdala showed learning-related
plasticity, whereas blocking plasticity in only about 20% of neurons disrupted fear learning.




Viselkedési tesztek V.

Morris-féle vizi labirintus (water maze)

\: Camera _J @i‘
' o = Light / !
Visual / \
= 0 A

Morris Water Maze

Hidden
Platform

> hippocampalis téri tanulds, memoria vizsgdlata

> hippocampus épségéhez kotott a jo teljesitmény a tesztben

> vizzel teli medence és 1-2 cm-el a vizszint alatt Iévé Iathatatlan platform
(pl. tej a vizbe)

> a patkdny a .start” platformrdl indul és a ..cél” platformra kell atdsznia, az
ehhez sziikséges idét mérik

> a medence koriil fix pozicidban kiilonboz6 objektumok (tdrgyak, a
kisérletvezetd stb.), amikhez viszonyitva az dllat megtanulhatja az Gtvonalat



Viselkedési tesztek VI.

Passziv elkeriilési teszt

> memoriazavarok/csékkent memoria
Dark mérése kozp. idegrendszeri
(Unsafe) trauma vagy betegségek esetén

» hippocampus és amygdala egyardnt
részt vesz benne

Retractable > feltétele, hogy az dllat rendhagyo
modon viselkedjen

> betanitdskor az dllatot megbiintetik,
ha egy teljesen normadlis viselkedési
elemet mutat, pl. dtmegy a vildgos
részrél a s6tétbe (ahol biztonsagban
érzi magdt)

Methods of Behavior Analysis in Neuroscience, Second . 1412 .« o s I
Edition (Frontiers in Neuroscience) > 'smeﬂes egy adott id6 le|VCl (nehany
Ed.: Jerry J. Buccafusco per'c-napok)
2009

» memoriafolyamatokra abbdl
kovetkeztetnek, hogy az dllat
mennyi ideig nem ismétli meg a
biintetett viselkedést (—.memoria
retecio")
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