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Abstract

Background: Thiosemicarbazones are a family known as excellent chelators of
enzyme cofactors or molecules with multiple biological activities including anti-tumor
activity.!? Recent studies by Hountondji’s team has revealed that the large subunit
ribosomal protein eL42 (molecular weight of 12 kDa, pHi: 10,59) plays a functional
role during the elongation step of translation® and is over expressed in most cancers.**®

Method: The method used was the one developed by Hountondji et al.” which converts
the OH functional groups at the positions 2’ and 3’ of adenine sugar of the CCA tRNA
into a dialdehyde group by oxidation with NalO,. Each aldehyde function can form
a Schiff base with the amino group of the side chain of K53 residue of eL42, which
results in a covalent bond after reduction with NaBH, (crosslinking).

Results and discussion: The results of different experiments (the radioactivity, and
the Western Blot technique) performed in this study show that 4 molecules (citral-
4-phenylthiosemicarbazone, piperitone-4-phenylthiosemicarbazone, the benzoin-4-
phenylthiosemicarbazone and 4-chlorobenzophenone-4-phenylthiosemicarbazone)
out of 29 thiosemicarbazones tested showed activity by inhibiting the crosslinking
reaction between tRNAox and elL42. These results suggest that the inhibition
produced by thiosemicarbazones consist in masking the amino group of the side
chain of Lys-53 located in the catalytic site of protein eL42, preventing Schiff
base formation and the crosslinking reaction. These results are in accordance with
those of Schneider-Poetsch et al.® who found that certain compounds for example
cycloheximide bind to the eL42 protein through their carbonyl function. The weaker
effects of benzoin-4-phenylthiosemicarbazone and 4-chlorobenzophenone-4-
phenylthiosemicarbazone as compared with citral-4-phenylthiosemicarbazone and
piperitone-4- phenylthiosemicarbazone are likely to reflect the inaccessibility of the
NH2 of Lys-53 of eL4, to the thiocarbonyl groups (C=S) of these thiosemicarbazones
because of steric hindrance. Finally, binding assays on Biacore 3000 confirmed
interactions between active molecules and the human eL42 protein.

Conclusion: The inhibitory action of thiosemicarbazones on the interaction between
the protein eL42 and tRNAox prevents formation of a Schiff base between the e-amino
group of Lys-53 and an aldehyde group of tRNAox. The Lys-53 residue of eL42 which
contributes to the catalysis of peptide bond formation that represents the key step
in the biosynthesis of proteins is a target of choice for small molecule inhibitors.
Therefore, thiosemicarbazones can be used to reduce the rate of protein synthesis in
order to block the hyper-proliferation of tumor cells (Figure 1).
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Figure | Graphical abstract.
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Biological evaluation of a series of thiosemicarbazones targeting the large subunit ribosomal protein eL42

from human 80s ribosomes

Introduction

Cancer is a disease collectively characterized by cell proliferation
(tumors) abnormally extended in a body tissue. Affecting any part
of the body (organs, tissues), it is derived from a cell clone having
acquired certain properties allowing cells to divide indefinitely.
Statistical studies conducted by the World Health Organization
(WHO) in 2012 count nearly 8.2 million deaths or 13% of deaths
and about 70% of cancer mortality takes place in poor countries or
in the process considering of development. Responsible for much of
mortality, it is distributed in different types including: lung cancer
(1.59 million deaths), liver cancer (745,000 deaths), stomach cancer
(723,000 deaths), colorectal cancer (694,000 deaths), breast cancer
(521,000 deaths), esophageal cancer (400 000 deaths) etc. WHO in
2012. In order to effectively fight against this disease, our laboratory
has invested in the research of thiosemicarbazones, molecules
obtained by the condensation of a substrate (thiosemicarbazides) and
a reagent (carbonyl compound) and have interesting activities whose
biological properties include: the antitrypanosomial activity'!? but
also important antimicrobial cytotoxicity."!?

In order to better understand the functions played by the different
actors, in the protein translation machinery, and identify the ribosomal
components that contribute to this biological process, recent studies®
indicates the existence of eL42 protein formerly known as L36AL
(12kDa, pHi=10.59) in the large 60S subunit of the human ribosome.
This protein was recently shown to contribute to the catalytic
activity of the yeast ribosome at the elongation step of translation
by promoting peptide bond formation (personal communication of
Codjo Hountondji). This protein was found over expressed in almost
all cancers*® and could be a target for chemotherapeutic molecules.
Further studies subsequently showed that some chemotherapeutic
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molecules can be used to target the eL42 protein as for example
cycloheximide or lactimidomycine which inhibit eL42 protein through
lysine (K53) of the catalytic site,'! with their carbonyl functions
(C=0). Based on the fact that bioisosterism thiosemicarbazones
(C=S function) cytotoxic cancer cells of some strains are very similar
chemotherapeutic molecules of carbonyl function inhibiting eL.42, we
discuss this point in this study to evaluate the mechanism of action of
a series of thiosemicarbazones having cytotoxic activity (on cancer
cells and trypanosomal) by a biological model using the ribosome as
the target of anti-cancer molecules.

Materials and methods
List of molecules

All tested compounds were obtained making use of procedures and
methods of analysis that were reported in previous works!'?1%

Mechanism of crosslink formation

The method used is the one developed by Professor Codjo
Hountondji.

Principle: The chemical approach consists in oxidizing the alcohol
functions of positions 2’ and 3’ of the sugar of adenine to the CCA end
of the tRNA dialdehyde. Output connections can be created in contact
with the NH, function of the lysine residue 53 (K53) of the eL42
protein to form a Schiff base this resulting in a crosslink (Figure 2).

In this study 29 thiosemicarbazones and 2 negative controls were
prepared in eppendorf tubes, at concentrations 100mM (S1) according
to the quantity (mass and volume) entered in Table 1. S1 is diluted
with DMSO to 20mM (S2). The thiosemicarbazone S3 solution is
obtained at ImM in the dilution mixture from (S2).
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Figure 2 Diagram showing the formation and the reduction of the Schiff base (ChemDraw).
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Table | Summary of the molecules used
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. Volume of Concentration
Order Compounds Molecular structures Weight (mg) DMSO (ul) (mM)
o]
i i
| UCK-33 N 3 100 100
T \©
0
P

2 UCK-32 " \B/\O\ 42 90 100
3 UCK-41 Q . 33 98,8 100

} N\

o]
<
4 UCK-42 \, 33 100 100
ot

5 UCK-31 N\ 3 90 100

\NH /©

S)\N
6 UCK-152 - j"j{ \© 3,1 103,3 100
7 UCK-11 {\j/ T S 30 103,33 100

~F : & M,
_/ «s

8 UCK-118 A 33 110 100

[
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Table Continued..

Volume of Concentration

Order Compounds Molecular structures Weight (mg) DMSO (ul) (mM)

UCK-

9 10(negative @¥x “@ 34 13,3 100
control) \g

_/

Q O
— N
UCK- ﬁ
12 149(negative HaC@S—H—NHz 33 110 100
control) H

[¢]

ﬁ{@
)

cl

Y
14 UCK-36

4-phenyl-3-thiosemicarbazone citral

10 UCK- 159 3,1 103,33 100

I UCK-103 3 100 100

13 UCK-161 3,1 103,33 100

w

100 100

. AN

15 UCK-17 :< \ﬂ/ \© 2,3 100 100
N
/

16 UCK-3 R | &N 3,5 101,61 100
e
17 UCK-8 N/n\’fi; 3,1 115,01 100
iy N
18 UCK-19 e
T

w

104,1 100
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Table Continued...

Volume of Concentration
DMSO (ul) (mM)

s (\N/
19 UCK-12 l/\N)ks/N\) 14,7 100

Order Compounds Molecular structures Weight (mg)

w

20 UCK-37 \N/NTN\Q 3 100 100

4-phenyl-3-thiosemicarbazone piperitone

H

SN \N/N\ﬂ/ NHz

21 UCK-39 3 100 100
Citral semicarbazone
cl

3 76,7 100

H H
22 UCK-24 \N/"\B/“\Q
0O:
N

H H
23 UCK-25 o N N 3,1 103,3 100
0:< T \©

LA .
24 UCK-20 ©/ T )\C{ :\L
T 0

o
NH
25 UCK-158 )\ 3,1 103,33 100
N S

H H
26 UCK-23 s AN
O:< N T \@
S

w

80,97 100

w

77,62 100

27 UCK-6 N 3,2 119,2 100

Citation: Houngue HD,Aguida BS, Kassehin UC, et al. Biological evaluation of a series of thiosemicarbazones targeting the large subunit ribosomal protein
elL42 from human 80s ribosomes. MOJ Biorg Org Chem. 2017;1(6):189—-198. DOI: 10.15406/mojboc.2017.01.00034


https://doi.org/10.15406/mojboc.2017.01.00034

Biological evaluation of a series of thiosemicarbazones targeting the large subunit ribosomal protein eL42

from human 80s ribosomes

Table Continued..
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. Volume of Concentration
Order Compounds Molecular structures Weight (mg) DMSO (ul) (mM)
o OH
N
= \u
28 UCK-5 3,1 109 100
ON
) s
29 UCK-157 _ \f \O 3 100 100
HO.
30 UCK-22 ° S~ ¥ 3 8l 100
- -
— Y \©
u S
Cl
Q0
31 UCK-160 o J« 34 113,33 100

Biological part

Ribosomes, mMRNA, tRNAs and periodate-oxidized
tRNA

40S and 60S ribosomal subunits with intact rRNAs were isolated
from unfrozen human placentalS. Prior to use, the subunits were
re-activated by incubation in binding buffer A (50mM Tris-HCI,
pH 7.5, 100mM KCI, 10mM MgCl, and 0.5mM EDTA) at 37°C for
10min. 80S ribosomes were obtained by association of the reactivated
40S and 60S subunits taken in the equimolar ratio. A short mRNA
analogue (oligoribonucleotide GAA UUU GAC AAA) was purchased
from Sigma Aldrich (Evry, France). tRNA-Asp from yeast was
purified by counter-current chromatography, followed by separation
by polyacrylamide gel electrophoresis. Its amino acid acceptance
capacity was 1400pmol/A260 unit. 2P-labeling of tRNA at the 5’-
end was carried out after dephosphorylation by alkaline phosphatase
(Roche), in the presence of y-[32P] ATP and polynucleotide kinase.
Periodate-oxidized tRNA (tRNAox) was prepared as described
previously.”

tRNAox-labeling of ribosomal proteins

Human 80S ribosomal complex with [*?PJtRNA*ox at the P-site
was obtained at 37°C in buffer containing 0.5uM of 80S ribosomes
and SuM of the dodecaribonucleotide GAA UUU GAC AAA as an
mRNA, in a total volume of 25ul. These mixtures were preincubated
for Smin at 37°C. The labeling reaction was initiated by the addition
of 5uM [*PJtRNA*Pox and SmM sodium cyanoborohydride
(NaBH,CN) and the incubation was pursued for 1h. In the control
experiment, [*?PJtRNA*Pox at the P-site was replaced by intact [**P]

tRNAAP (5uM) in the reaction mixture. For the protection of 80S
ribosomes against labeling with [**P]JtRNA*Pox, 15uM intact tRNAAP
was preincubated for Smin at 37°C before the initiation of labeling
reaction with SpM [¥PJtRNA*Pox. tRNA**ox-red was obtained by
preincubation of tRNA*Pox with 50mM NaBH, during 15min.

Preparation of periodate-oxidized tRNA (tRNAox)
from tRNA

The tRNA dialdehyde derivative (tRNAox) was prepared by a
mixture of tRNA 419uM, with an excess of NalO, (C: 0,5M) NH4OAc
(C: 5M, pH 5) incubated at 4°C for 1 hour. Then oxidized tRNA was
separated from NalO, salts on Sephadex™ G-25 (Distributor GE
Healthcare). The tRNA analogue was precipitated with ethanol/NaCl
and conserved in ethanol (96°C) at -20°C. For different tests using
radioactive tRNA, this macromolecule was first radiolabeled before
being oxidized.

Western blot analysis

The crosslink was made with the 60S ribosomal subunit (7uM),
tRNAox (100uM), in the crosslink buffer (10X) consisting of MgCl,
(2M), Tris-HCI1 (1M) pH=S8,8. To this mixture was added NaBH3CN
(0.05M) and DEPC water, all incubated in a water bath at 37°C. After
30min of incubation, NaBH4 (0.4M) was added to the mixture and
then 5pl of leammli (3x) was added as a loading buffer for a final
volume of approximately 16ul. The resulting mixture was heated to
90°C for 5-10min. The resulting mixtures were then loaded onto a
12% SDS-polyacrylamide gel followed by migration with a 4 watt
current generator for 80 min in Tris-Glycine-SDS buffer. After
migration, the migrated proteins were transferred from the SDS
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polyacrylamide gel to the nitrocellulose membrane using the transfer
buffer containing Tris-glycine-SDS and 20% ethanol (3 watts for
90 min). It was then blocked with 5% milk in 1X PBS pH 7.4 and
0.1% Tween-20 (PBST) for 1 hour at room temperature, washed 4
times every 10min and incubated in the primary antibody Mouse anti-
RPL36AL diluted to 1:10000 prepared in 1% BSA/PBST buffer for
2 hours at room temperature followed by gentle stirring overnight.
The membrane was then washed 3 times with PBST after 10 min
each before incubation in secondary conjugated mouse antibody
prepared in 1% BSA/PBST buffer for 1 hour at room temperature
with gentle stirring. The membrane was then washed again 4 times
after incubation in PBST after 10 min each before being then soaked
in the Western ECL substrate for 3 minutes. The film was brought into
contact with the membrane and then it was revealed by the peroxidase
grafted to the secondary antibody which precipitates on the film in
contact with its substrat.

Binding assays on biacore

The surface plasmon resonance (SPR) biosensor experiments
were performed on a Biacore 3000 instrument (GE Healthcare). The
purified His-tagged eL42 protein was immobilized on NTA sensor
chip (GE Healthcare) to reach an immobilization level of the protein
0f'5,000-7,000 resonance units (RU), according to the manufacturer’s
recommendations. The protein eL.42 and the molecule UCK-36 were
diluted in HBS-EP GE Healthcare (10mM HEPES pH 7.4, 150mM
NaCl, 3mM EDTA, 0.005% surfactant P20) containing 2mM MgCl,.
A reference surface without protein was prepared using the same
procedure. Running buffer (10mM HEPES pH 7.4, 150mM NaCl,
3mM EDTA, 0.005% surfactant P20) and binding buffer (10mM
HEPES pH 7.4, 150mM NaCl, 2mM MgCl,) were used. Between
two binding assays at two different concentrations, the surface was
regenerated by injection of 350mM EDTA at a flow rate of 15ul/min
and 30s contact time, followed by a 5 min dissociation by washing at
a continuous flow of the running buffer. The experimental data from
individual kinetic binding experiments were overlaid and analyzed
using BlIAevaluation 4.1.F46 Bindi software (GE Healthcare) with
1:1 binding mode.

Results
Results of hot trials « radioactivity »

The results of the first hot tests on thiosemicarbazones entering
this study are shown Figure 3. It shows the results of the effect of
molecules (thiosemicarbazones) 1-5 on the formation of the Schiff
base (crosslink) between tRNAox and the human ribosomal protein
eL42. In view of these results, we retain that the presence of DMSO
does not affect the formation of the crosslink and that the five first
molecules are without effect on the formation of the Schiff base.
Further work has been devoted to the evaluation of the effect of the
remaining 24 thiosemicarbazones on the crosslink and the results are
shown in Figure 4 & 5.

Lane Asp: control tRNAox alone; lane k: crosslinking control. A:
lanes 6-11: molecules 6-11; B: lanes 12-18:molecules 12-18. The [*2P]
tRNAAPox alone and the tRNA-eL42 covalent complex formed are
shown.

The results in (Figure 4) show that the molecules 6, 7, 8, 9, 11, 12,
13, 15 to 18 do not have inhibitory effect on the interaction between
the protein and tRNAox. Molecule 10 leads to a partial effect. By
contrast, molecule 14 completely inhibits the interaction between
eL42 and tRNAox (Figure 4).
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¢z el42-tRNAox
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Figure 3 Gel photo showing the results of molecules 1-5 (Table ). Lane
k: crosslinking control with DMSO; lane k+: crosslinking control with the
crosslinking buffer described in Experimental Section. The [*PJtRNA**ox
alone and the tRNA-eL42 covalent complex formed are shown.
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Figure 4 Pictures of two urea—PAGE gels showing the results of molecules
6-18.

NB: molecules 9 and 12 which are not thiosemicarbazones are used as
negative controls.

A:lanes 19-25: molecules 19-25; B: lanes 26-31: molecules 26-31.
Lane k: cross linking control. These results show that the molecules
18, 19 and 21-30 have no inhibitory effect on the crosslink. By
contrast, the molecule 31 has a partial effect, while the molecule 20
completely inhibits the interaction between eL42 and tRNAox.

In order to confirm the previous results, we repeated the experiment
with 4 thiosemicarbazones molecules that have shown an effect on the
formation of crosslink. They are referred to with a new numbering
(1-4) (Figure 6).

Results of trial by the technique of western blotting

We chose to check and confirm our results obtained by radioactivity
by another molecular method that enables specific protein detection
on a membrane.
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Figure 5 Photos of two urea—PAGE gels showing the results of molecules
19-31.

A: lanes 19-25: molecules 19-25; B: lanes 26-31: molecules 26-31. Lane k:

Asp k 1 2 3 4 5§

- (- gmmm l42-tRNAox

..mq & tRNAox

Figure 6 Gel picture showing the inhibitory action of the molecules (lane
I: UCK-159, lane 2: UCK-36, lane 3: UCK-37 and lane 4: UCK-160) on the
crosslink. Lane 5: UCK-118 is used as a negative control. Lane k: crosslinking

control. These results confirm those obtained above (Figure 2-4).
Results of the binding assays on biacore

Protection of eL42 by molecule UCK-36 against the reaction with
tRNAox suggests that this molecule might interact with the ribosomal
protein in situ on the human 80S ribosome. The potential interactions
between molecule UCK-36 and protein eL42 were evaluated. To
determine the binding affinities of eL42 to molecule UCK-36, we
carried out surface plasmon resonance (SPR) analyses with a Biacore
biosensor, which provides real-time protein-molecules interaction
data by measuring the change in refractive index at the surface of
the sensor chip due to the interactions. Experimental data from
individual kinetic binding experiments were analyzed and fitted using
BIAevaluation software with 1:1 binding model, in accordance to the
1:1 stoichiometry of binding of the tRNA substrate to eL42 (Figure 7).

Kinetic and affinity constants for UCK-36, including association
(ka or kon) and dissociation (kd or koff) rates and affinity constants
(K,), as deduced from the analyses in Figure 8. The experimental
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errors on the K| were in the range 5-7% of the values. Kinetic and
affinity constants for the interactions between UCK-36 and the protein
eL42 were, ka=26.1x10° M''s”'; kd=2.14x107s""; K =82.10'M

M 1 2 3
(kDa)

75
50
37 e €L42-tRNAOX

25
20

15

10 f— ¢L42

Figure 7 Auto radiographic analysis of the ribosomal protein eL42 detected
with the anti-eL42 antibodies.

The el42 protein was detected among the large 60S subunit ribosomal
proteins as free eL42 in Lane | (Ribosome 60S), or the eL42-tRNAox covalent
complex (crosslink) in lane 2 (Ribosome 60S + tRNAox). The inhibitory
effect of UCK-36 molecule on the crosslink is shown in lane 3 (Ribosome
60S+tRNAox+UCK-36 (ImM)).The positions of marker proteins analyzed in
parallel are also shown.

1)
™

o © i P 0 w

Time L]
Figure 8 Kinetic measurement of elL42: UCK-36 interaction for various
concentrations of UCK-36 (0, 200uM, 400uM, 600uM, 800 M and 1000uM)

run over the chip surface.

Discussion

The use of thiosemicarbazones as small-molecule inhibitor
targeting the large subunit ribosomal protein eL42 is designated
by the fact that these molecules are analogous to other anti-tumor
molecules that had been shown to inhibit eukaryotic translation
elongation by targeting the 80S ribosomes. These molecules are
for example, mycalamide A or B, as well as the molecules of the
family of glutarimides such as cycloheximide, lactimidomycin and
streptimidone.'® 2 In the case of cycloheximide, it was shown that
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one carbonyl group of this molecule is bound through a hydrogen
bond to Lys-55 of eL42 in the crystal structure of S. cerevisiae 80S
ribosomes."' In the present report, the molecular basis of the inhibition
of the ribosome by the thiosemicarbazones is the nucleophilic attack
of the nitrogen (NH,) of Lys-53 of eL42 on the group (C=S) which
is an electrophilic center (sp2 carbon). Screening the inhibitory
effects of thiosemicarbazones on the crosslinking with tRNAox
(the reactive dialdehyde derivative of tRNA) of the large subunit
ribosomal protein eL42 has enabled us to select 4 thiosemicarbazones
exhibiting inhibition of the crosslinking reaction. The inhibition
observed with these 4 thiosemicarbazones i.e. citral-4-phenyl-3-
thiosemicarbazone (UCK-36) piperitone-4-phenylthiosemicarbazone
(UCK-37), the benzoin-4-phenylthiosemicarbazone (UCK-159) and
4-chlorobenzophenone-4-phenylthiosemicarbazone (UCK-160) can
be explained by the fact that the molecules mask the NH, group of
the side chain of Lys-53 which reacts with an aldehyde group of
tRNAox to form a Schiff base. Lys-53 is adjacent to the GGQ motif
conserved in the eL42 of all eukaryotic 80S ribosomes.?' This motif
is identical to the universally conserved GGQ motif common for all
class-1 translation termination factors responsible for stop codon
recognition and for triggering hydrolysis of the P site-bound peptidyl-
tRNA.? Interestingly, the Lys-53 residue of the GGQTK motif was
shown to play an essential role in peptide bond formation. Moreover,
the Lys-53 residue has a pKa value of 6.9*' which is 3.5 units less
than that of a normal lysyl residue (pKa=10.53). Therefore, the Lys-
53 residue located at the catalytic site is likely to be deprotonated at
physiological pH, giving the possibility of a nucleophilic attack of
nitrogen on the nearby electrophilic group. The slight effects of the last
two compounds (UCK-159 and UCK-160) on the crosslink compared
to UCK-36 and 37 are explained by the difficulty of the nitrogen of
lysine 53 to generate a nucleophilic attack on the electrophilic carbon
(C=0) most probably because of steric effects by aryl groups or the
intrinsic instability of the molecules.

The values of the constants of the kinetic studies carried out
revealed interaction between the UCK-36 molecule and the human
eL42 with an average association Ka (ka or kon which is 26.1x10°
M's™), the rate (Kd or koff which is 2.14x1073s" ), and binding
affinity defined by K which is 82 .10°M or 82uM).

Since the resonance unit (RU) that is the reflect of the refractive
index is much greater for the analyte with several sites of interaction
on the ligand leading to a large exchange surface between the two
partners, the K values defining the affinity between el42 and
translation factors or tRNA or rRNA are expected to be much lower
(in the pM or nM range)* than that of small molecules. In accordance
with this observation, the only probable sites of interaction between
UCK-36 and the rP eL42 are the NH, end of the Lys-53 residue and
the thio carbonyl (C= S) function of the thiosemicarbazone (UCK-
36). In view of all the above, we can draw the conclusion that UCK-
36 interacts with rP eL42, which confirms the results previously
obtained with the tests on the crosslink inhibition between eL42 and
tRNAox. Note that to our knowledge this is the first time ever that a
study on the interaction between a thiosemicarbazone and the protein
(eL42) involved in the proliferation of most cancer cells has been
performed. Since the anti-tumor activity of the thiosemicarbazones
family had been shown to be related to their capability to chelate
enzyme cofactors, the demonstration in the present report that these
molecules can be used to reduce the rate of protein synthesis in order
to block the hyper-proliferation of tumor cells, suggests that the
thiosemicarbazones family can be considered as multi hit anti-tumor
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compounds. It is generally accepted that the latter molecules represent
the most promising anticancer therapeutic agents.
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