
EXAM CHEMICAl GENETICS

January 7, 2016
BROUWER

Please write down your name on every answer page.
There is a totalof 20 points.

To identify new targets for the mammalian kinase AMPKa2 Banko et
al (Mol. Cell (2011) 44,878-892) use a ATPanalog specific version of
the enzyme to specifically tag substrates. Describe both the specific
version of the kinase and the ATPanalog used in this study. How are
the targets tagged in this way isolated?
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P!ease write down your name on every answer page.
There is a tota! of 20 points.

1. Glycoside hydrolases are enzymes th at catalyze the hydolysis of the
glycosidic linkage of glycosides and are often referred to as
glycosidases. These enzymes can de classified according to their
mechanism as either Inverting or retaining with respect to the
anomeric configuration as outlined by Koshland. Explain the two
different mechanisms briefly, and indicate the main difference
between these two mechanisms.

2. Activity based probes (ABPs) are small molecule inhibitors that
covalently modify the active site of an enzyme and enables detection
and/or purification of the target enzyme. Explain why it is more
difficult to design ABPs for inverting glycosidases campared to
retaining glycosidases.
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Please write down your name on every answer page. There is a total of 20
points.

~-retaining glucosidases are necessary for removing sugars from different
substrates. Mutations in these enzymes are deadly, thus, a better
understanding of their function can lead to life-saving therapies. Your first
assignment as master student is to use activity-based protein profiling to
understand the catalytic mechanism of this class of enzymes.

a) give the 3 parts of an activity-based probe (ABP) (1 pt)
b) which tag is mostly used for affinity purification purposes? (1 pt)

You use the cyclophellitol inspired aziridine-cyclophellitol ABPshown in
scheme 1 to determine the position of the catalytic amino acid of~-
retaining glucosidases. This probe reacts the same as the epoxide of
cyclophellitol with the catalytic amino acid.

5
° HN~N 0-::2;iJ0 NH

HN~ N~/~° ""'N
HO

HO

Scheme 1: molecular structure model of the aziridine-cyclophellitol ABP.
The 0 atom in the epoxide of cyclophellitol is exchanged for the N atom in
the aziridine

c) draw the reaction product of the ABPwith the catalytic amino acid of a
~-retaining glucosidase (you don't need to draw the tag part)(3 pt)

After affinity purification and LC-MSjMS analysis you identify the Iysosomal
alpha-glucosidase of which a part of the amino acid sequence is given
below.
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The position ofthe catalytic amino acid is between amino acid 501 and 550.
Your aziridine ABP is bound to this amino acid.
To find the active-site peptide you digest the Iysosomal alpha-glucosidase
with the protease GluC, th at cuts at the C-terminus of acidic amino acids,
except at the catalytic amino acid because it is modified by the ABP.
In this caseGluC cuts after the next acidic amino acid.

d) give the full name, 3 letter and 1 letter abbreviation of the two acidic
amino acids in eukaryotic cells. (2 pt)

r1 b4
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Figure 1: Full MS/MS spectrum of the active-site-ABP construct with a
charge of 2+.
b, y and r,s ions are shown. The weight of the ion is given below the ion
annotation.

e) describe in short what band y ions are (2 pt)
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f) determine the sequence of the active site peptide using only the band y
ions from Figure 1, the alpha-glucosidase sequence above and tablel.
indicate in the sequence the catalytic amino acid to which the ABP is bound
(8pt)

g) what is the origin of the rand s ions and why do they exist? (3 pt)

Table 1: Molecular weight of amino acids

~ ~Ia ~Ianine 71
C Cys Cysteine 103
D ~sp Aspa rtic acid 115
E Glu Glutamic Acid 129
F Phe Phenylalanine 147
G Gly Glycine 57
H His Histidine 137
I lIe Isoleucine 113
K Lys Lysine 128
L Leu Leucine 113
M Met Methionine 131
N Asn Asparagine 114
P Pro Proline 97
Q Gin Glutamine 128
R lArg lArginine 156
S Ser Serine 87
n IThr [Ihreonine 101
V Yal rvaline 99
W ITrp ITryptophan 186
rr lTyr [Ivrosine 163

3
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P!ease write down your name on every answer page.
There is a tota! of 20 points.

a) Give two examples of bioorthogonal chemical reactions and draw the
starting materiais, reaction conditions and products (5 points)

b) Compare these two reactions on the following aspects (3 x 100 words
max; 5 points):

a. Types of biomolecules that into which a handle can be
incorporated

b. Size of the reactive groups
c. Compatibility with live cells

c) Which of these two reactions would you use to label all sialic acid
containing glycans on the cell surface of a live cell and why? (200 words
max; 7 points)

d) Why would you opt for bioorthogonal chemistry in this case? Can you
give a non-bioorthogonallabeling technique that can be used to image
these glycans on the cell surface? (3 points)
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Read the artiele

Kastl, A.; Wilbuer, A.; Merkel, A. L.; Feng, L.; Di Fazio, P.; Ocker, M.; Meggers, E.

Chem. Commun. 2012,48, 1863

And answer the following questions:

1) Justifying with data from the article, can you predict which primary
reactions may happen if you shine light on complex 11 inside acelI? (4
point)

2) Note 12 states: /{KSeCNwas tested not to be cytotoxic at 10 mM so that
the photoinduced liberation of selenocyanate can be excluded as a
contributor for the observed apoptosis." What could be the biologica I
action of SeCN- ligands uncaged by light? As a referee would you see
counter-arguments against note 12? (3 point)

3) Is compound 11 cytotoxic in the dark to Hela cells? Justify with data
from the text. (3 point)

4) The text explains /{The related light-induced apoptosis of 11 and llMe
and differences in the light-independent anticancer effect demonstrate
that the light and dark anticancer mechanisms must be distinct." Which
general photoreactivity do you expect for compound 11 in vitro that
would explain phototoxicity independently on the kinase inhibition
properties of th is compound? Explain. (6 point)

5) What could be the therapeutic advantage of a compound that inhibits
VEGFRin the dark, and kills cancer cells upon light irradiation? Explain. (4
point)
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Dual anticancer activity in a single compound: vi sibie light-induced
apoptosis by an antiangiogenic iridium complex

An organometallic compound is identified in which the metal
exerts two independent functions: as a structural scaffold for the

specific inhibition of protein kinases resulting in antiangiogenesis,
together with a visible-light-induced photoreactivity which
triggers apopotosis in cancer cells. Such a dual and complementary
anticancer activity united in a single compound might lead to drug
candidates with novel antitumor properties.
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Dual anticancer activity in a single compound: visible-Iight-induced
apoptosis by an antiangiogenic iridium complex+

Anja Kastl," Alexander Wilbuer," Anna Lena Merkel,b Li Feng," Pietro Di Fazio,"
Matthias Ocker" and Eric Meggers="

Received 29th August 2011, Accepted 19th October 2011
OOI: 1O.1039/c1ecl5378a

A metal complex is identified in whieh the metaI fulfills two
independent functions: as a struetural scaffold for the specific
molecular recognition of protein kinases resulting in antiangiogenic
properties, together with a visible-Iight-indueed photoreaetivity
triggering apopotosis in eaneer cells,

The last two decades have witnessed a steadily growing
interest for metal complexes in biomedical research. I Unique
properties such as structural complexity, unusual reactivities,
the availability of radioisotopes, and distinct spectroscopie
signatures render metal complexes attractive scaffolds for the
modulation, sensing, and imaging of biologica I processes. ' Tn
this communication, we present an intriguing example in which
two such properties are united in a single organometallic
compound: the ability of an iridium complex to serve as a
structural template for biomolecular recognition together with a
visible-light-indueed photoreactivity which induces apoptosis in
cancer cells.

Over the last few years, our laboratory successfully
exploited metal complexes as sophisticated templates for the
design of protein and lipid kinase inhibitors.:' We recognized
that some of these complexes bear structural features such as
metal-carbon bonds, CO ligands, or azide ligands that have
been reported to be photoreactive.T" In this context, one
advantage of transition metal complexes over organic molecules
is the availability of a large variety of easily accessible electronic
excited states which may be used for the photoinduction ofligand
dissociations, substitutions, rearrangements, redox reactions, or
even catalytic processes.Y With the aim in mind to discover metal
complexes with multiple biologica 1 functions, we screened a
collection of selected ruthenium and iridium kinase inhibitors
(1_11)3.9for their photoindueed cytotoxicity in HeLa caneer eells
(Fig. I). For this, 1-11 were incubated with HeLa eells for 1 h
before being irradiated for 15 min with light of a transmission
range of À ~ 330 urn, followed by the deterrnination of eellular

a Fachbereich Chemie. Philipps-Universirät Marburg,
Hans-Meerwein-Strafie, 35043 Marburg, Germany,
E-mail: meggers@chemie.uni-marburg.de; Fax: + 496421 2822189;
Tel: +4964212821534

h Institut für Chirurgische Forschung, Philipps-Universität Marburg;
Baldingerstrafle, 35043 Marburg, Germany

t Electronic supplementary information (ESl) available: Procedures
and additional experiments. See OOI: 10.1039/c Iccl5378a

survival 24 h after inhibitor administration with the established
MTT method. No significant effect was observed with the
complexes 2-7, the cytotoxic CO-complex 19 exerted a light-
induced increase in cellular survival, whereas 8-11 displayed
photoinduced cytotoxicities, with complex 11 reducing the
cellular survival of HeLa cells to 12.5% while not showing
any cytotoxicity in the dark at 1 IlM. This was an exciting
initial observation because to the best of our knowIedge,
photocytotoxic iridium complexes have not been reported
before.

We selected the highly photocytotoxic iridium complex 11 for
further studies. Variation of the wavelength and irradiation
times revealed a correlation of the photocytotoxicity with the
irradiation time which is retained also at longer wavelengths as
shown in Fig. 2A. Thus, iridium complex 11 can be activated
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Fig. I Photoinduoed cytotoxicities in Hela caneer eells of a selection of
metallo-pyridocarbazole complexes previously designed as protein kinase
inhibitors (the typical H-bonds with the hinge region are indicated).
Complcxcs wcre applied at a conc. of I I1M bcfore irradiation with light
of a transmission range of À ~ 330 nm for 15 min. Cellular survival was
determined with the MTI method 24 haf ter compound administration.
Error bars indicate standard deviations on n = 18data points. Substituents
at the pyridocarbazole: I (RI = OH, R2 = F), 2 and 3 (RI = MeO,
R2 = F), 4 (RI = OH, R2 = F), 5-11 (RI, R2 = H).

This journal is 'ê, The Royal Society of Chemistry 2012 Chem. Commun., 2012, 48, 1863-1865 I 1863
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Fig. 2 Photocytotoxicity of complex 11 in HeLa cells. (A) Wavelength
dependent photolysis with light ~ 505 nm, ~ 450 nm, and ~ 415 nm in
the presenee of 11 (I ~M). B) Concentration dependent cytotoxicity of 11
in HeLa cells upon irradiation (i, ~ 450 nm) and in the dark. Exp. details:
I h after the addition of 11, eells were irradiated for 60 min. The
cytotoxicity was deterrnined 24 haf ter compound administration by the
MTT assay. Error bars represent standard deviations from 18 data points.

with visible light which is important for poten ti al future
therapeutic applications sinee light of longer wavelength penetrates
tissue more deeply. EC50 (half maximum effective coneentration
for eell death) curves in Fig. 2B demonstrate that upon irradiation
with visible light J, ~ 450 nm for 60 min, 50% eellular survival
drops from 7.9 ± 0.6 I!M to 0.23 ± 0.03 I!M, which represents an
increase in cytotoxicity by a factor of 34 in the presenee of visible
light. An observed increase in the activity of the executioner
caspases 3 and 7 indicates that this photoindueed cytotoxicity
results in apoptotic eell death (see ESlt for more details). 10

We next investigated the primary photoreactivity of
complex 11. Surprisingly, in contrast to our initial assumption
that the Ir-CH3 bond would be cleaved homolytically, we
instead determined that visible light induces the substitution of
the selenocyanate ligand.l' For example, as illustrated in the
IH-NMR experiment shown in Fig. 3, the irradiation of
iridium complex 11 in the presence of chloride leads to a facile
replaeement of selenocyanate by chloride, affording the chloride
complex 10. Interestingly, as shown in Fig. 1, complexes devoid of
the methyl group do not display any light-induced cytotoxicity.
Apparently, it is the combination out of the strong trans-Iabilizing
effect ofthe methyl group and the selenocyanate as light-activatable
leaving group that is most beneficial for an efficient photoindueed
ligand substitution. Future work needs to deterrnine how this
photoinduced labiliz.ation of the selenocyanate ligand leads to the
efficient eellular apoptosis.'? The direct involvement of protein
kinases can be ruled out sinee the methylated derivative 11Me,
which is not a kinase inhibitor due to a blocked maleimide, displays
a photoinduced cytotoxicity which is similar to 11 (Fig. 4A).

Complex 11 is a potent inhibitor of the vascular endothelial
growth factor receptor kinases (VEGFR), inhibiting VEGFR3
(FLT4) with an ICso value of42 ± 2 nM at 100 I!M ATP and
other isoforms with somewhat we aker affinities.l" Recent
studies suggest that VEGFR3 constitutes a promising new
anticancer target in which the reduction of VEGFR3 activity
retards tumor growth and the formation of metastases by
inhibiting angiogenesis and Iymphangiogenesis, respectively.':'
We therefore wanted to investigate if the iridium complex II
exerts, in addition to its light-activated apoptosis induction, a
light-independent anticancer activity. We thus started with

30 min, UD1 ~
visiblelight J I~~~
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i i i i I I I I
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Fig. 3 Photoindueed ligand substitution of complex 11. A solution of 11
(10 mM) and exeess of tetrabutylamrnoniurn chloride (TBAC) (200 mM)
in DMSO was left at room temperature in the dark for 30 min and was
then irradiated with visible light (i, ~ 450 nm) for 30 min. lH-NMR
spectra were taken right after the addition of TBAC (bottom), after
another 30 min (middle), and after a following irradiation with a
transmission filter 2 ~ 450 nrn for 30 min (top).

A) _no light S)
c:::::::::J light for 60 min
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Fig. 4 Comparison of photoindueed cytotoxicity and cell cycle effects of
complex 11 and its N-methylated derivative 11Me. (A) Photocytotoxicity:
After I h preincubation of HeLa cells with 11 or 11Me (I ~M), eeUswere
irradiated for 60 min with). ~ 450 nrn and 24 h aftcr inhibitor
administration the cellular survival was determined by the MTT mcthod.
Error bars indicate standard deviations for n = 18 data points, (B) Effect
on endothelial eells: Apoptosis and eell cycle distribution in the presenee
of 5 ~M of 11 or 11Me for 24 h were observed by flow cytometry analysis
after propidium iodide staining of HUVEC cells.

testing the effect of complex 11 on human umbilical vein
endothelial cells (HUVEC) because of their established strong
expression of VEGFR, their reliance on growth factors for
cellular survival, and the pivotal role that endothelial cells play
in angiogenesis and cancer development. 14

As shown in Fig. 48, incubation of HUVEC eells with 5 I!M 1I
for 24 h strongly induces apoptosis (89% of eells in sub-G I phase)

1864 I Chem. Commun., 2012,48, 1863-1865 This journal is ,t' The Royal Society of Chemistry 2012
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Fig.5 3D-Angiogenesis assays with 11 and IIMe. Collagen-
embedded endothelial cell spheroids were stimulated with VEGF
(25 ng mL -I) and the sprouting of new vesscls was analyzed after 48 h
with an optical microscope. The cumulative sprout lengths was used as
quantitative measure for pro- or anti-angiogenicity. (A) Representative
phase contrast images of differently treated individual endothelial cell
spheroids. (B) Average cumulative sprout lengths of randomly selected
spheroids. The stimulation with VEGF (25 ng mL -I) without the
addition of Ir complexes served as a positive control (max. sprouting)
and the omission or VEGF as a negative control (min. sprouting).

as determined by propidium iodide staining followed by flow
cytometric analysis. In contrast, under the 'same conditions,
HUVEC cells are only slightly affected with the methylated
derivative IIMe (22% of cells in sub-G I phase; DMSO control:
8% sub-G I phase). The related light-induced apoptosis of 11 and
IIMe and differences in the light-independent anticancer effect
demonstrate that the light and dark anticancer mechanisms must
be distinct. Since IIMe is not a protein kinase inhibitor, it can be
concluded that the kinase inhibition property of iridium complex
11 is responsible for the light-independent induction of apoptosis
in HUVEC cells.

Finally, we investigated the iridium complex 11 in a 3D-
angiogenesis assay which utilizes endothelial cell spheroids
(400-500 cells each) embedded in a collagen matrix and
simulates the angiogenesis process.P The degree of vascular
endothelial growth factor (VEGF)-induced sprouting of new
vessels into the collagen matrix is a quantitative measure ofthe
anti-angiogenicity of test compounds. Interestingly, as can be
seen in Fig. 5, iridium complex 11 has a strong effect on the
VEGF-stimulated sp routing of the endothelial cell spheroids,
whereas the effect of the methylated derivative llMe is much
less pronounced, indicating the high antiangiogenic properties
of complex 1I but not the related derivative IIMe.

In conclusion, we here reported the first example of an
iridium complex with visible-light-induced anticancer activity
through the initiation of cellular apoptosis.'6.17 At the same
time, this complex exerts a light-independent anti-angiogenicity
based on its potent inhibition of protein kinases, most likely
VEGFR. Such a dual and complementary anticancer activity in

a single compound might lead to drug candidates with novel
antitumor characteristics.
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