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Overview of services
What to consider when using radioactivity at 10CB...?

01. Consultations & 02. Radiolabeling Synthesis
Paperwork Choice of radionuclide
Personal Protective Equipment (pros and cons)
p o 283 0 Lab monitoring
= Dosimetry Custom synthesis + cryogenic storage
in compliance with Czech law (slide 4-9)
— contact Radiation Safety Officer
’
(A. Marek)
03. Radiometry O4. Radioactive waste I
@ SBIRKA ZAKONU
Wide portfolio of radiometric management
instruments available Collecting, sorting and disposal
(slide 11-12) in compliance with Czech law e H

- significant paperwork -

(slide 13)

3 I0CB Service Days February 28, 2023



02. Radiolabeling Synthesis

SMALL tracers -> 3H, {14C} LARGE molecules - peptides/proteins -> 129
. State-of-the-art instrumentation for synthetic work; - Commercially unavailable radiotracers or expensive ones
deuterium & tritium manifold placed in glovebox, . Fast (one day synthesis-purification)

analytical/semiprep-radio-HPLC, 3H NMR, GC-MS, LC- . Easy to detect (No Liquid Scintillation Counting)

MS, radio-TLC . Very high Specific Activity (2100 Ci/mmol)
. Full characterization, Highest Quality, Cryogenic . No Radioactive Waste disposal eventually
Storage, Stability follow up . Reasonable cost of nuclide ([125-I]Nal)

. Delivery time: 2 weeks to months after request

_ _ . Late-stage-labeling of tyrosine, histidine moiety, S;Ar
Synthesis always starts from T, gas, the cleanest reducing
agent - used for hydrogenation, HIE, reductive Scale: 5-40 ug
dehalogenations, and for synthesis of tritiated reagents

e.g., metallic tritides, [3H]-alkylating agents etc.
Scale: few mg

Cost of label used in synthesis

3H $$
{4C} >$$3%%
125| $

for handling xCi-scale of carrier-free YOUR cost = 0.00 $

tritium gas (He-free).
4




02. Radiolabeling Synthesis - 3H methods
S L

[2H]-Reducing reagents

Metal-catalyzed hydrogen isotope Radioligand Key :
exchange (HIE) " Characteristics: generation (|
1 Fanclonssnion or Hydroenotope Exchnge * Label position ¢ LiBT,
p . . Et;SIT
* Specific Activity , LiEt;BT 3!
Ci/mmol nBuLi E* ‘ . Ph,SiT,
(Ci/ ) I - ur . Li(CH50],BT
TMEDA . BusSnT
What you need? (=30%) BT5. THF °
— R LIAIT
> method A Li(sec-BulsT ¢
CH3 CHj
N5
HsC HC M
C e CHs; reduction/hydrogenation of
rr T2 (<1 atm) F T functional units e.g. 3Hilabeled
Ircatalyst R F FF F —  F FFp e > [*Hl-abele
F T F carbonyl, enamines, imines, tracer
T F B / \4 F F ®i3 // A sinIenoIether,_ C-C multiple bqnds,
. T y. F \- A and alkylfluorides defluoronation
Y R= d|rect|ng functional units F F \F \Il—; F \F E
Late-stage-labeling F F
Low regio-selectivity Frustrated Lewis Pairs chem.

[3H]-Alkylating agents

generation NO,
VSN Q=
I NO, T
PO s g heating X=N,O )
o e | Q-
©/ I~ base

[*H]-labeled tracer

key alkylating agent
generated in-situ

; 7 selective dehalogenation
Catalytic reductive . (PAOY/T, LA/ FLP-T,
dehalogenations L Iﬁ-@—F S RREREEEEEEY IIBrICIAQ—F ---------- > IBrICI T
3
["H]-labeled tracer C =1°,2° and 3° alkyl fluorides [*H]-labeled tracer

tritiation manifold (RC Tritec)

for handling 3He-free tritium gas. 10CB Service Days February 28, 2023 More info: poster at corridor A.3.82.



Examples of labeled material synthesized recently

method of labeling, customer, results

0] T O OH
WOH P FCl T _
HO 0 l FC Y 9 /(j—T
T HN T 7o PN
o, N" %
>\—NH OH HO . C)
0] T 3
[BH]WQE-199 [BHINAAG [3H]Estradiol, [3H]Estrone [BH]T0901307
- HIE - - building block hydrogenation - - reductive dehalogenation - - HIE -
SA = 20.2 Ci/mmol (0.7 T) SA =49.8 Ci/mmol (1.7 T) SA =55.0 Ci/mmol (1.9 T) SA =10.8 Ci/mmol (0.4 T)
non-specific non-specific
P. Sécha, I0CB H. Mertlikova Kaiserova, I0CB
Z. Janeba, I0CB Barbara Slusher, JHU P. Sacha, I0CB H. Mertlikova Kaiserova, I0CB
Galia Maik-Rachline,
The Weizmann Institute of Science, Kriegelstein et al., J Label Compd Radiopharm. 2022 Yongsong et al., J Label Compd Radiopharm.

P 2022

Rehovot
o)

T
NH,
N™ N\ T \ N
\Mcoom L _LN N
0" N~ "N
\ O— =
N\Xé / \\é) OH
[BH]JHII O
- reduction with generated borotritide - [H]Naloxone
SA = 25.7 Ci/mmol (0.9 T) - propargyl hydrogenation - [13C4]lbrutinib [BH]Yohimbine
SA =56.8 Ci/mmol (2 T) - multistep synthesis - - reductive dehalogenation -
R. Hanus, I0CB cold isotope labeling with 13C SA =61.8 Ci/mmol (2.1 T)
Marek Jindra, J. Konvalinka, IOCB
Institute of Entomology, Jifi Novotny, M. Hroch, CU, H. Mertlikova Kaiserova, I0CB
Biology Centre CAS Department of Physiology, CU Faculty of Medicine in Hradec Kralové
Milacek et al., Insect Biochem. Mol. Biol.. 2021 Melkes et al., Biol. Pharm. Bull. 2020 Kriegelstein et al., J Label Compd Radiopharm. 2021

Mzik et al., J. Pharm. Biomed. Anal., 2021



Examples of labeled material synthesized recently

method of labeling, customer, results

TWNNWL K;WL I o

HO
T \)J\’i\/\OH

NH
HO

[3H]Deltrophin, [BH]DAMGO
- reductive dehalogenation -
SA =22.0, 33.7 Ci/mmol (0.8, 1.2 T)

E. Kudova, IOCB
Jan Jakubik, Inst. of Physiology CAS

F3C v
TL a%
0 — NH
(0]

I/\COOH
CH,T
o-CH,T
[3H]Org 24598 [3H]DS,0Me

- C-F activation -
SA =27.0 Ci/mmol (0.9 T)

- alkylation with generated CH,TI -
SA =26.2 Ci/mmol (0.9 T)

Petrine Wellendorph, Bente Fralund, University of Copenhagen

NH,

[BH]Prazosin
- reductive dehalogenation -
SA =13.0 Ci/mmol (0.4 T)

H. Mertlikova Kaiserova, I0CB

NH,
N SN
N
]
N N/)
(0]
(0]

[BH]PD1468 (A, B, C, parent)
- reductive dehalogenation -
SA = 37.7-49.1 Ci/mmol (1.3-1.7 T)

G. Birkus, 10CB

0]
>HVN\)LH T
O pt

[H]JANO99
- reductive dehalogenation -
SA =26.1 Ci/mmol (0.9 T)

P. Majer, IOCB
Marek Jindra, Institute of Entomology,
Biology Centre CAS

[8-2H]ATP
- reductive dehalogenation -
SA = 8.3 Ci/mmol (0.3 T)

G. Birkus, I0CB

0
N
NH
<10
0\®,N N~ "NH,
— NH
HO O 2
_| N \N
0=P-COH ¢ Y
0=p o OH
OH
[3H]2,3-cGAMP

- reductive dehalogenation -
SA = 5.5-16.5 Ci/mmol (0.2-0.6 T)

G. Birkus, 10CB

Polidarova et al., J. Med. Chem. 2021



3H-radioligand application example oy

binding studies, team of Prof. P. Wellendorph, University of Copenhagen 1 OH
T . . [*H]-HOCPCA
Radioligand binding studies of 3H-HOCPCA S.A. 28.9 Ci/mmol
* Homogenate binding D gm: -,
* For ligand profiling and drug discovery efforts g 80+ -+ GHB
« Autoradiography in vitro § -
2 40
* For expression pattern studies across species, ontogenesis ;} -
* Autoradiography ex vivo For in vivo target engagement G . P R, PR P e
* Uptake by MCT1 Log[Ligand] M
A Autoradiography to mouse brain B Autoradiography to pig brain  C Autoradiography to mice brain
P<0.0001 CUI,lex Cerebellum
2.0+ Hippocampus
g 'Y £5
i ’;, .
E;E- 1.04
= 0O
© £ 0.54 2 eh’f:‘”‘{,‘
@ % E Y ‘
2 oo = L 8
= ] > @
E 300 ‘éoe}\ 00(“ 006&
2 2004 i S
= E's
g w:- Klein et al., Neurochem Int. 2016
L Griem-Krey et al., J Label Compd Radiopharm. 2020

HOCPCA [M]
Panel A: In vitro autoradiographic determination of K, and B,,,, values of GHB high-affinity site distribution by homogenous
displacemement of [BH]JHOCPCA in mouse brain tissue, illustrating the high level of specific binding in frontal cortex.
Panel B: [3H]HOCPCA in vitro autoradiography to pig brain tissue.
Panel C: Ex vivo binding of [BH]JHOCPCA. Mice (adult male C57/BL6) were injected with 5-MBq [3HJHOCPCA and brains collected 30 min
postinjection. Significant specific binding levels were observed in the hippocampus and cortex compared with the cerebellum.
Panel D: Binding curve, homogenate binding (1 = HOCPCA, GHB = y-hydroxybutyrate)



02. Radiolabeling Synthesis - 12°] method

Q —-— 1 mCi (0.5 nmol) o
o n1ou g HW)\P/\J
N ['25]Nal | H
L N o h o 0 O CH,
CI\NJLN/CI | Nj)\ H /©
. : ( . O CH, 125 125
o Q N. N O subsequent ! OH :
(olg 7( < ) 01 - >
0 125 iodination _
(12514 DESIRED OH overfliggise:;:g der.
(separable by HPLC)
5-25 min, r.t
pH = 0280 HoQ
NW)J\
|
125 %N Frequently prepared, e.g.:
Hn=/ 1251-Insulin 51aa
DESIRED 125 |GF-1 67aa
12511GF-2 6laa
(1-10 nmol) 1251 |GF-BP3 264aa
1251ALS 578aa
1251.GLP1 30aa
125|-Preptin 36aa
. 125|-Ghrelin 29aa
Late-stage-labelling o
. I-CART(61-102) 48aa
of peptides (up to ~90kDa)
. . House-made 125, CART(61-102)2%S-S 48aa
Regio-selective (up to ~70aa) JODO-GEN™ coated
Eppendorf reactors FPHCART(55-102 48aa
[12%1]Nal 125
. . e — -palmCART(61-102) 48aa
Very high S.A. >2100 Ci/mmol 5 mCi in 50 uL ] =
. . , l-octCART(61-102) 48aa
Convenient half-life (60 days) - - o
. I-1DMe-Y8F; 8
Low gamma energy emitter ~ 30 keV e 2
125]-.prRP-31 (h, rat) 31aa
; 125 jPrRP-31 (h 1
Economical - 1_ e ‘ | iPrRP-31 (h) 31aa
: N W === 125.1D-Pro10]-D: hine A 11
(5 mCi [125|]Na| ~ 7k CZK) = ‘ N : j g . [D-Pro10]-Dynorphine aa
: . . & 125|[Sar1, lle8]-Angi inll
5 mCi [125|]Na| > 5-10x% 125|_pept|des . 7 , | [Sar1, lle8]-Angiotensin 8aa

125pyy 36aa



125]-peptide - radioligand application example

data provided by the team of Dr. Jiracek

IGF-2R

1251odine

,/ '®

= "7 Domain11

[} ?/\
et ‘

Domain 11 of IGF-2R

10

IGF-2R binding assay

Potalitsyn et al., PLoS One. 2020

IGF2/analogue ‘”I~IGF2®
unlabeled labelled

\b competition 4/
A O

;)12/ ! D11-His,-tag
08
P Sy SN
b Ni*-NTA
HPMA copolymer
L é Biotin
ya poit
Neutravidin
P A A A A A A
solid support

% specific binding

Chrudinova et al., J. Biol. Chem. 2018

Binding competition of insulin-

analogs with 125]-insulin
to insulin receptor

in plasmatic membrane IM-9 lymphocyte

1004

)
e

o
1

-+ human insulin
- |Z-53
-~ |LZ-63

12 -



orother
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Radiometry

measurement |

direct
|
self-operated after training
located: A.3.76., A.3.75. Radio-TLC scanner RITA
contact: B.B. B radioacti\{ity detector for Thin-Layer—Chromatogra.phy
Gamma emitters as well (Compton electrons detection)

(line 269)
2 TLC plates of 200 x 200 mm each can be placed at the same time

I/

T

i

N Y(’
" {
2 W

45 40 35 30 25 20 15 10
f1 (ppm)

3H NMR spectrum
500 puCi, approx. 7 ug
450 pL MeOD, NS = 8192, LB = 0.5; 25 °C
time of the experiment: 11 h 23 min

ZARD? 2470 Gamma Counter BRUKER Avance |[I™ 300 MHz
hroughput detection of y-ionization (231, 1311, 99™Tc, etc..) 5mm broad-band probe & tritium probe (3H NMR)




03.

Radiometry
using scintillation -
_ " R - ‘ " -
MicroBeta? Microplate Counter  Cell Harvester FilterMate-96 for
self-service after training (96, 384-well plates) MicroBeta2 Microplate Counter

located: A.3.76. « cell proliferation through filter-based

SH-labeled thymidine uptake

z:l?::a;;.s;\.m. « receptor-ligand binding assay, 51Cr
o / release assays for cell cytotoxicity
-?B_; " assays, nucleic acid degradation, cell
ﬁwﬂ' \ wash station for adherent cell assays,
etc.

high sensitivity ~
pmol-fmol

Liquid scintillation analyzer Tri-Carb 2900TR
5- or 20-mL scintillation vials

Analytical and semi-preparative Waters Alliance HPLC system
combined with a radioactivity-HPLC flow detector Ramona



04
Radioactive ™= - ioligand story at I0CB.
Waste

Management

details of proper handling
provided at face-to-face
safety training (A.M.)

the I0CB radioactive waste
buffer stock, B.01.01

in charge: B.B, G.N.
(line 269)

Inventory of short-lived RAW;
disintegration time calculations for
its disposal in compliance with
bylaw 422/2016 Sb.

‘Seznam radicaktivniho prechodného odpad za rok 2020
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How to reach the
facility on www

https://intraweb.uochb.cas.cz/radiochemie-609.html?lang=en

@ UOCHB % it ; cs
IOCB PRAGUE
RN

Signpost  Noticeboard Events Management Administration Science FHR&Payrolls |ITS Contacts Misc Documents
N———

| Uvod / Science / Core Facilities / Radiochemistry

Laboratof syntézy radioaktivné
znacenych sloucenin

Analytical
Laboratories

Biochemical
Pharmacology

Laboratory of the Synthesis
Ms ; of Radiolabeled Compounds

NMR

Microscopy

The Lab y of Synthesis of Radiolabeled C

Radioisotopes or Laboratory of Radioisotopes, has been part of the IOCB since its foundation in early fifties of

Is, formerly named Central Laboratory of

Radiochemistry

Documents
the 20th century. The laboratory was recently renovated offering state-of-the-art instrumentation for carrying

out safe synthesis and analyses of radioactively labeled compounds.

Virology
High Perfs
L 2 b Custom synthesis of radioactive molecular tracers >H {2H), 2C (3C), 1%
Computing b - 2 3
Provision of radiometric services

Grants Radioactive waste management
Library Collecting, sorting and disposal of radioactive waste = (B.01.01, close to chemical warehouse)
ORCID Radioactive waste cover letter £

Foe PRD. Stidents_ Inventory of ionizing sources at IOCB
= Collecting of the Cover sheets of radionuclide sources

Postdoc Projects Radiation safety training - initial, annual

Lectures Nomination Supervision of radiation safety rules within the Institute

Mentoring
ELIXIR CZ - Resources
. Contacts
Special
Authorizations Bietislav BROZ, 3&: 269
GMO Documents [ radicactive waste, lab manager|
CAS Code of Ethics

Jana HOJCSKOVA, &: 269

Michal KRIEGELSTEIN, &: 395

Ales MAREK, &: 395
[ consultation, radiation safety training, radiation safety officer at I0CB, dosimetry ]

Gabriela NOVAKOVA, 3: 269
[ list of radionuclides, radioactive waste |

Documents
Instrumentation

@ UOCHBE

1OCB PRAGUE

https://www.uochb.cz/en/instrumentation/c-30/radiochemistry

Instrumentation

Q

CALORIMETAY
CAPILLARY ELECTROPHORESIS
CYTOMETRY

CLECTHOCHEMISTRY

TLEMENTAL ANALYSIS

EPR SPECTROSCORY

0 (GAS CHROMATOGRAPYE]
OC-ME SYRTEMS

HPLE [LIQUID EHROM ATODRAFHS)
LARGE MS INSTRUMENTS

LC-ME BYSTEMS

MICROSCORY

NMR SPECTROSCOPY

OTHER INSTRUMENTS.

FCR DETECTION

PROTEINE & PEPTIDE AMALYSIS &
SYNTHERS

AADIDCHEMISTRY
SPECIAL OPTICAL INSTRUMENTS:
THERMOPHORESIS

UNVIS, IR, RAMAN & CD/WCD

HRAY DIFFRACTION

Radiochemistry

¢ backsa

Tri-Carb Z900TR

Tritiation Manifold System

Tritiation Manitobld Syatem (RC T
1 Sk e g

WIZARDZ 2470 Gamma Counter

2470 WIZARD?  Automatic Gamma Count

oot instrumant with 5 indlopande

Radio-TLC scanner

tlve Watess {PLC system
el POA r ared

Radio HPLE (Wazors Alionc

T efuinped with

Radio HPLC System

Assambly

27 of Waters Dokta 800 solvanta dolvery systom, Waters
2470 dusl wislength UV detocror, RAMONA i T

Agilent 59758 Inert MSD

Agllont 59756 Inort MSD i3 ol
3 chramats npe s U e

MicroBeta2 Microplate Counter

Tha MicroBeta® (Peslon Elmes) svstam proy s




Services of Synthetic Radiochemistry
What to consider when using radioactivity at 10CB...?

01. Consultations &

Radiosafety f2f training (1-2 hours)

Personal Protective Equipment

Sttni Giod pro jodernou

15

contact Radiation Safety Officer

Wide portfolio of radiometric

instruments available

I0CB Service Days

Paperwork

Lab monitoring

Dosimetry

(A. Marek)

02. Radiolabeling Synthesis

Choice of radionuclide

Beta or gamma emitters?

(pros and cons)

Custom synthesis + cryogenic storage
(slide 4-9)

Always happy to help! Questions?

03. Radiometry

(slide 11-12)

February 28, 2023

0O4. Radioactive waste
management

Collecting, sorting and disposal
in compliance with Czech law
- significant paperwork -

(slide 13)

,’i',%‘ SBIRKA ZAKONU

|




