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Toward Photodynamic Detection and Photodynamic Therapy of 
Tumours Over-Expressing Carbonic Anhydrase IX with a 
Phosphorescent Organometallic Iridium(III) Antibody Conjugate 
Emily R. McGowan,a Stacey E. Rudd,a Katherine A. Morgan,a Trevor A. Smithb and Paul S. Donnellya* 

Antibody conjugates with phosphorescent organometallic iridium(III) complexes attached to tumour targeting antibodies 
have the potential to be used as emissive probes to guide surgical resection of tumours and for tumour-targeted 
photodynamic therapy. In this work, a bidentate 2-pyridyl-1,2,3-triazole ligand with a polyethylene glycol linker and a 
squaramide ethyl ester functional group has been used as an ancillary ligand to make phosphorescent iridium(III) complexes. 
The excitation and emission energies for the iridium(III) complexes was tuned to lower energy by increasing the aromatic 
conjugation in the cyclometalating ligand. The squaramide ethyl ester functional group is used to attach the iridium(III) 
complexes to girentuximab, an antibody that binds to carbonic anhydrase IX. Over-expression of carbonic anhydrase IX is a 
characteristic of several tumours, including clear cell renal cell carcinoma, glioblastoma, triple-negative breast cancer, 
ovarian cancer, and colorectal cancer. The squaramide ethyl ester functional group reacts with lysine residues in 
girentuximab to attach the iridium(III) complexes through stable vinylogous amide linkages. The cellular uptake of one 
iridium(III)-girentuximab conjugate was demonstrated using confocal microscopy and the conjugate is not toxic to HT-29 
cells that over express CAIX, but irradiation with visible light results in dose dependent cytotoxicity. The iridium(III)-
girentuximab conjugate described here could be of use for emissive detection of carbonic anhydrase IX positive tumour 
tissue to guide surgical resection as well as carbonic anhydrase IX targeted photodynamic therapy. The approach described 
here could be used with other tumour targeting antibodies. 

Introduction 
 Surgical resection of solid tumours requires the surgeon to 
accurately identify all cancerous tissue to minimise the potential for 
metastasis and reoccurrence. Fluorescent molecules can be used to 
improve visualisation of tumour tissue and guide surgical resection.1, 

2 Fluorescence guided surgery has often involved the use of simple 
dyes such as fluorescein and indocyanine dyes that lack specificity for 
diseased tissue. Recent interest has focused on molecularly targeted 
fluorescent probes that selectively bind to receptors or enzymes 
over-expressed in tumour tissue.3, 4  

Technological advances have seen an increase in the use of robotic-
assisted surgery where a surgeon controls robotic arms to perform 
surgery through small incisions. The use of robotic arms to 
manipulate the surgical instruments allows for greater precision and 
dexterity to support minimally invasive procedures. Robot-assisted 
surgery has found application in prostate cancer (urology) but is also 
increasingly being adopted in gynaecology and general surgery. 
Robotic surgery systems often incorporate drop-in gamma detectors 
and endoscopic vision equipped with white light imaging and 

fluorescence imaging capabilities to support image-guided surgical 
resection.1, 5 Most robot-assisted clinical studies have involved the 
use of gamma-emitting technetium-99m tracers or traditional organic 
fluorophores such as fluorescein, indocyanine green, sulfo-Cy5 and 
IRDye800CW.6-8 Phosphorescent organometallic iridium(III) 
complexes can be prepared containing two cyclometalating 
bidentate ligands (C^N) such as 2-phenylpyridine (ppy) or 1-
phenylisoquinoline (piq) and one bidentate ‘ancillary ligand’ (Figure 
1). Potential advantages of phosphorescent iridium(III) complexes 
when compared to traditional organic fluorophores include: 

a.  School of Chemistry and Bio21 Molecular Science and Biotechnology Institute, 
University of Melbourne, Melbourne, Victoria 3010, Australia 

b. School of Chemistry, University of Melbourne, Melbourne, Victoria 3010, Australia 
† Supplementary Information available: [details of any supplementary information 
available should be included here]. See DOI: 10.1039/x0xx00000x 

Figure 1. Chemical structures of organometallic complexes containing 

two cyclometalating ligands, either ppy or piq, and one 2-pyridyl-

1,2,3-triazole ancillary ligand. 
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relatively large Stokes shifts that can reduce inner filter effects, long-
lived phosphorescence lifetimes and a high degree of resistance to 
photo-bleaching.9 Strong spin-orbit coupling in iridium(III) 
complexes, due to the presence of the heavy metal atom, promotes 
intersystem crossing and population of triplet metal to ligand charge 
transfer states (3MLCT) that result in emission with relatively long 
phosphorescent emission life-times. The 3MLCT excited state can 
interact with oxygen to form cytotoxic singlet oxygen (1O2) leading to 
potential for Photodynamic Therapy (PDT).9-11 

PDT involves activation of a molecule, called a photosensitiser, by 
light in the presence of oxygen to initiate a therapeutic effect. PDT is 
used to treat certain forms of cancer, some skin conditions and age-
related macular degeneration. It is feasible that robotic surgery 
equipment could be augmented for the endoscope camera to involve 
fibre optic lasers that could be used for minimally invasive 
photodynamic therapy to be coupled with photodynamic detection.1 
One of the advantages of photodynamic therapy when compared to 
traditional chemotherapy is that the photosensitiser, light and 
oxygen are all individually innocuous but combine when co-located 
to kill tumour cells and, in some instances, even invoke an immune 
response.12, 13 The mechanism of action of PDT is a complicated 
process but generally falls into two categories: type I processes 
involve photoinduced electron transfer to form superoxide (O2

•-) or 
hydroperoxyl radicals (HO2

•); type II involves energy transfer from 
the photosensitiser to ground state oxygen (3O2) to form singlet 
oxygen (1O2).14 The first photosensitiser to get clinical approval for 
the treatment of bladder cancer was an ill-defined mixture of 
porphyrin polymers called Photofrin. For metal-free porphyrin-based 
sensitisers, such as Photofrin, 1O2 formation relies on population of 
p-p* excited states of Photofirn for direct interaction with molecular 
oxygen and overall efficacy is limited by relatively short-lived excited 
state and rapid photobleaching. In contrast to purely organic 
photosensitisers, iridium(III) complexes offer many different excited-
state electronic configurations that can be exploited in oxygen 
independent and oxygen dependent pathways.  

An attractive property of iridium(III) luminescent complexes is the 
ability to tune the emissive properties by manipulation of either the 

cyclometalating ligand or ancillary ligand.15 In our previous work, we 
prepared a family of iridium(III) complexes with substituted 1,2,3-
triazole ligands with reactive functional groups that react with either 
cysteine or lysine functional groups of the metalloprotein transferrin 
to fluorescently label the protein.16 In seeking to extend this work to 
tumour targeting antibodies we found attaching these relatively 
hydrophobic iridium(III) complexes to antibodies induced unwanted 
aggregation and compromised biological activity. In this work, a new 
bidentate 2-pyridyl-1,2,3-triazole ligand with a relatively long 
polyethylene glycol linker (PEG7) with a terminal squaramide ethyl 
ester functional group is used to make phosphorescent iridium(III) 
complexes. The squaramide ethyl ester functional group reacts 
selectively with lysine residues present in antibodies at room 
temperature and in aqueous solutions to form stable aromatic 
vinylogous diamide linkages to the antibody.17-20 The new iridium(III) 
complexes were reacted with girentuximab, an antibody that 
selectively binds to carbonic anhydrase IX. Over-expression of 
carbonic anhydrase IX is a characteristic of several tumours, including 
clear cell renal cell carcinoma, glioblastoma, triple-negative breast 
cancer, ovarian cancer, and colorectal cancer. Girentuximab 
radiolabelled with either zirconium-89 or lutetium-177 is under 
investigation for diagnostic imaging and radioimmunotherapy of 
CAIX positive tumours.21-23 The goal of this research was to take 
advantage of the tumour targeting properties of the antibody to 
generate new tumour targeting phosphorescent metal complexes 
with potential application in both photodynamic detection and 
photodynamic therapy.  

 

Results and discussion 
Synthesis 

A bidentate 2-pyridyl-1,2,3-triazole ligand with a –
((CH2)2O)7(CH2)2NH2 functional group (pytr-NH2) was synthesised by 
a copper-catalysed azide-alkyne cycloaddition reaction between 
azido-PEG7-amine and 2-ethynylpyridine in a mixture of water and 
tetrahydrofuran (Scheme 1). The new ligand was then reacted with 
either [Ir(ppy)2(µ-Cl)]2 or [Ir(piq)2(µ-Cl)]2 to form the organometallic 

Scheme 1. Synthesis of [Ir(ppy)2(pytr-SqOEt)]+ and [Ir(piq)2(pytr-SqOEt)]+, and conjugation of [Ir(C^N)2(pytr-SqOEt)]+ to girentuximab by reaction of the squaramide ethyl ester 
functional group with amines of lysine residues to form squaramide linkages. 
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complexes [Ir(ppy)2(pytr-NH2)]+ and [Ir(piq)2(pytr-NH2)]+ respectively 
(Scheme 1). Both complexes were purified by reversed-phase high 
performance liquid chromatography (RP-HPLC). The amine 
functional group in both [Ir(ppy)2(pytr-NH2)]+ and [Ir(piq)2(pytr-
NH2)]+ was reacted with diethyl squarate in a reaction heated with 
microwave irradiation. Purification by RP-HPLC allowed isolation of 
[Ir(ppy)2(pytr-SqOEt)]+ and [Ir(piq)2(pytr-SqOEt]+ as yellow and red 
solids respectively. All the new complexes were characterised by 1H 
and 13C NMR spectroscopy, electrospray ionisation mass 
spectrometry and analytical RP-HPLC. In the 1HNMR spectra for all 
four complexes, the triazole proton signal is observed at 9.0 ppm. 
Esterification to the -SqOEt complexes is confirmed by the 
appearance of a triplet at 1.3 ppm, assigned to the CH3 group of the 
squaramide ethyl ester. While formic acid (0.1%) was used in the RP-
HPLC purification of some of the prepared complexes, the absence 
of signals corresponding to formate counterions in the 1H and 13C 
NMR spectra leads us to presume that the counterion is a hydroxide 
ion.24 

 

Electronic properties of [Ir(C^N)2(pytr-NH2)]+ and [Ir(C^N)2(pytr-
SqOEt)]+ 

The UV/visible absorption spectra of solutions of the complexes with 
ppy as a cyclometalating ligand, [Ir(ppy)2(pytr-NH2)]+ and 
[Ir(ppy)2(pytr-SqOEt)]+, have maxima in the UV region (labs = 254 nm 
, e = 41 000 for -NH2; labs = 258 nm , e = 61 000 for -SqOEt) due to π-
π* ligand centred (1LC) transitions as well as maxima tailing into the 
visible region at labs = 380 nm (e = 4000 M-1 cm-1 for -NH2, 4400 for -
SqOEt) due to Metal to Ligand Charge Transfer (1MLCT and 3MLCT) 
transitions (Figure 2a). Both [Ir(ppy)2(pytr-NH2)]+ and [Ir(ppy)2(pytr-
SqOEt)]+ are phosphorescent with emission at lem = 480 nm (lex = 

380 nm) with vibronic structure consistent with mixing of 3LC and 
3MLCT excited states similar to what has been reported with other 
iridium(III) complexes with pyridyl-1,2,3-triazole ancillary ligands.15, 

25, 26 The extended aromatic conjugation in the complexes with a piq 
cyclometalating ligand, [Ir(piq)2(pytr-NH2)]+ and [Ir(piq)2(pytr-
SqOEt)]+, has a dramatic effect on the energy of the MLCT and large 
bathochromic shifts to labs = 435 nm (Figure 2b) tailing to ~ 500 nm 
are observed. [Ir(piq)2(pytr-NH2)]+ and [Ir(piq)2(pytr-SqOEt)]+ are 
phosphorescent with large Stokes shifts and red emission centred at 
lem = 590 nm (lex = 435 nm). Preliminary experiments show that it is 
possible to stimulate emission from both [Ir(ppy)2(pytr-NH2)]+ and 
[Ir(piq)2(pytr-NH2)]+ using two photon excitation (lexc = 800 nm) 
(Figure S21). Excited state lifetimes were measured for [Ir(ppy)2(pytr-
NH2)]+ and [Ir(piq)2(pytr-NH2)]+ in degassed acetonitrile and were 
2.65 µs and 3.58 µs respectively. 

The ability of [Ir(C^N)2(pytr-NH2)]+ to generate singlet oxygen 
following activation by light (l = 365 nm) was measured in aerated 
acetonitrile using 1,3-diphenylisobenzofuran (DPBF) as a chemical 
trap for 1O2. Solutions of the [Ir(C^N)2(pytr-NH2)]+ complexes (A365 
0.1 – 0.2) with DPBF (10 µM) were subject to irradiation with light (l 
= 365 nm). The decrease in absorption at l = 411 nm was measured 
and plotted against cumulative irradiation time (Figure 2). For the 
phenylpyridine complex the singlet oxygen quantum yield was 0.58 
while for the phenylisoquinoline complex it was 0.87 ([Ru(bpy)3]Cl2 
was used a reference, Φ∆ = 0.57 in aerated CH3CN). 
Assays with the spectroscopic probes hydroxyphenyl fluorescein 
(HPF) and dihydrorhodamine 123 (DHR123) suggested that 
irradiation of solutions of either [Ir(ppy)2(pytr-NH2)]+ or [Ir(piq)2(pytr-
NH2)] also leads to the generation hydroxyl radicals (•OH) and 
superoxide anion radicals (•O2-) (Figures S15 and S16).27 The 

Figure 2. (a) and (b) MLCT absorbance (blue) and emission (red) spectra of [Ir(ppy)2(pytr-NH2)] and [Ir(piq)2(pytr-NH2)] in acetonitrile. (c) and (d) plot of A-A0 at 411 nm for DPBF (10 µM, 
blue) [Ir(ppy)2(pytr-NH2)] or [Ir(piq)2(pytr-NH2)] only (red), and DPBF with [Ir(ppy)2(pytr-NH2)] or [Ir(piq)2(pytr-NH2)] (green).(e) and (f) Cyclic voltammograms of [Ir(ppy)2(pytr-NH2)] and 
[Ir(piq)2(pytr-NH2)], in acetonitrile, 200 mV s-1, potentials quoted versus ferrocenium/ferrocene. 
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photogeneration of hydroxyl radicals and superoxide anion radicals 
as well as singlet oxygen suggests the complexes have potential to 
be cytotoxic through both type I and type II processes. 

The electrochemical properties of [Ir(ppy)2(pytr-NH2)]+ and 
[Ir(piq)2(pytr-NH2)]+ were investigated by cyclic voltammetry. For 
quasi-reversible processes mid-point potentials (Em = (Epa-Epc)/2) are 
reported and the peak potentials (Ep) are reported for irreversible 
processes. For [Ir(ppy)2(pytr-NH2)]+ a quasi-reversible process at Em = 
0.60 V (vs. Fc+/Fc, ipc/ipa = 0.06) is attributed to the IrIV/III redox couple 
(Figure 2e). A similar IrIV/III process Em = 0.62 V (ipc/ipa = 0.1) is present 
in the cyclic voltammogram of [Ir(piq)2(pytri-NH2)]+ as well as a broad 
poorly resolved irreversible process at Em = 0.49 V (Figure 2f). A 
quasi-reversible process at Em = -2.50 V (ipa/ipc = 0.08) in the cyclic 
voltammogram of [Ir(ppy)2(pytr-NH2)]+ is attributed to a ligand-
based reduction. For the complex with phenylisoquinoline 
cyclometalating ligands, [Ir(piq)2(pytr-NH2)]+, two quasi-reversible 
reductions at Em = -2.2 (ipa/ipc = 0.42) and -2.4 (ipa/ipc = 0.16) are 
tentatively assigned to sequential population of the p* orbital on 
each piq ligand. An irreversible process at even more negative 
potential, Ep = -2.8 V is tentatively attributed to reduction of the 
pyridyl functional group of the triazole ancillary ligand.15, 28  

 

Synthesis of [Ir(C^N)2(pytr-Sq-girentuximab)]  

Either [Ir(ppy)2(pytr-SqOEt)]+ or [Ir(piq)2(pytr-SqOEt)]+ (20 
equivalents) were reacted with girentuximab in borate buffer (pH 
9.0) for 18 hours to allow the squaramide ethyl ester functional 
group to react with amine groups on the side chains of solvent 
accessible lysine residues of the antibody (Scheme 1). Unreacted 
iridium(III) complex was removed by size exclusion chromatography 
and the purity of the conjugates was confirmed by size exclusion 
chromatography (Figure S13). 

After 18 h at room temperature, intact protein ESI-MS of the 
[Ir(ppy)2(pytr-Sq-girentuximab)] conjugate showed a distribution of 
between one and six additions of the complex per antibody with an 
estimated average of 3.6 additions per antibody (Figure S20). An 
intact protein ESI-MS spectrum of the [Ir(piq)2(pytr-Sq-
girentuximab)] could not be obtained, but we assume a similar 
complex to antibody ratio.  The binding of [Ir(ppy)2(pytr-Sq-
girentuximab)] and [Ir(piq)2(pytr-Sq-girentuximab)] to CAIX was 
analysed by an Enzyme-Linked Immunosorbent Assay (ELISA, Figure 
3). The EC50 values for the [Ir(ppy)2(pytr-Sq-girentuximab)] (1.7 nM) 
and [Ir(piq)2(pytr-Sq-girentuximab)] (1.5 nM) are similar to that of 
unconjugated girentuximab (0.8 nM), indicating that the 
girentuximab conjugates retain binding affinity for CAIX. The 
absorption spectra of [Ir(ppy)2(pytr-Sq-girentuximab)] and 
[Ir(piq)2(pytr-Sq-girentuximab)] are similar to the unconjugated 
complexes and the antibody conjugates also retain the 
phosphorescent emission properties with two broad maxima at λem 
= 480 and 505 nm, and λem = 590 and ~ 620 nm respectively (Figure 
3). Analysis of samples of [Ir(ppy)2(pytr-Sq-girentuximab)] and 
[Ir(piq)2(pytr-Sq-girentuximab)] by size-exclusion chromatography 
confirmed that the conjugates are stable for at least 8 months when 
stored in 0.9 % saline at 4 oC in a fridge. The emission spectra of both 
conjugates do not change when challenged with a mixture of 
cysteine and histidine (5 mM) for at least 4 hours suggesting the 

conjugates are likely to be stable with respect to ligand exchange in 
the presence of proteins present in vivo (Figure S14). 

 

Cellular uptake and phototoxicity of [Ir(C^N)2(pytr-Sq-
girentuximab)] in HT-29 cells 

The cellular uptake of [Ir(piq)2(pytr-Sq-girentuximab)] in HT-29 cells, 
which overexpress CAIX,22, 29, 30 was investigated by confocal 
microscopy. The lower energy of the MLCT for [Ir(piq)2(pytr-Sq-
girentuximab)], when compared to [Ir(ppy)2(pytr-Sq-girentuximab)], 
allows excitation at λex = 458 nm, minimising autofluorescence. HT-
29 cells were treated with [Ir(piq)2(pytr-Sq-girentuximab)] and 
Hoechst 33342 (nuclear stain) for 1 h. The media was exchanged and 
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Figure 3. a) absorbance (blue) and emission (λex = 380 nm, red) spectra of 
[Ir(ppy)2(pytr-Sq-girentuximab)] in 0.9% saline. Inset: [Ir(ppy)2(pytr-Sq-
girentuximab)] under UV irradiation (λex = 365 nm). b) absorbance (blue) and 
emission (λex = 435 nm, red) spectra of [Ir(piq)2(pytr-sq-girentuximab)] in 0.9% 
saline. Inset: [Ir(piq)2(pytr-sq-girentuximab)] under UV irradiation (λex = 365 
nm). c) ELISA curves for girentuximab, [Ir(ppy)2(pytr-Sq-gmab)], and 
[Ir(piq)2(pytr-Sq-girentuximab)] (gmab = girentuximab)  

Page 4 of 8Chemical Science

C
he

m
ic

al
S

ci
en

ce
A

cc
ep

te
d

M
an

us
cr

ip
t

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

7 
Ja

nu
ar

y 
20

26
. D

ow
nl

oa
de

d 
on

 1
/9

/2
02

6 
2:

44
:2

2 
A

M
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.

View Article Online
DOI: 10.1039/D5SC07715J

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d5sc07715j


Journal Name  ARTICLE 

This journal is © The Royal Society of Chemistry 20xx J. Name., 2013, 00, 1-3 | 5  

Please do not adjust margins 

Please do not adjust margins 

then the cells were imaged with live cell scanning confocal 
fluorescence microscopy and transmitted light/bright field imaging 
(Figure 4a). Inspection of the images reveals the conjugate has 

internalised with a distinct perinuclear localisation. Internalisation 
and perinuclear localisation in consistent with earlier studies that use 
secondary immunofluorescence  to demonstrate that girentuximab 
internalizes by clathrin-coated vesicles, escapes degradation in 
lysosomes and enters the recycling pathway by the perinuclear 
compartment.29 

The cytotoxicity and photocytotoxicity of both [Ir(C^N)2(pytr-Sq-
girentuximab)] complexes to HT-29 cells was investigated using 
standard 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT) cell viability assays. Cells were incubated with serial 
dilutions of the antibody conjugates for 1 h then washed to remove 
any unbound conjugate. Following a media change, cells were 
incubated overnight before being incubated with MTT for 2 h. After 
solubilisation of the purple formazan crystals, the absorbance at l = 
590 nm was measured. Both girentuximab conjugates were not 
cytotoxic at concentrations of at least 26 μM in the dark. In contrast, 

in cells that had been treated with [Ir(piq)2(pytr-Sq-girentuximab)], 
irradiation with light (l = 420 nm, 26.84 mW/cm2, 30 mins) induced 
dose-dependent toxicity with an IC50 value of 1.8 μM (Figure 4b). 
Irradiation of cells treated with [Ir(ppy)2(pytr-Sq-girentuximab)] did 
not induce cytotoxicity presumably because the 420 nm irradiation 
light does not overlap with the MLCT transition (380 nm). 

In previous work, a conjugate of girentuximab labelled with both  g 
emitting indium-111 and IRDye800CW was evaluated as an 
interoperative probe for surgical resection in patients with clear cell 
renal cell carcinoma patients.6, 31 The emission of the conjugate was 
found to assist in identification of the tumour margins.6 In another 
related approach, a near-infrared fluorophore was linked to either 
acetazolamide or 6-aminosaccharin, small molecules that bind to 
CAIX.30 These compounds allowed visualization of hypoxic regions of 
solid tumours in mouse models.  

The excitation and emission energies from the iridium(III) complexes 
used in the work described in this manuscript can be tuned by 
changing the energy of the MLCT by increasing the aromatic 
conjugation in the cyclometalating ligand. The use of 
phosphorescent metal complexes for photodynamic detection of 
tumour margins has potential advantages when compared to the use 
of organic fluorophores, including large Stokes shifts minimised 
inner-filter effects, relatively long emission lifetimes and a resistance 
to photobleaching. The iridium(III) complexes described here are not 
toxic in the dark but upon irradiation with visible light generate 
singlet oxygen and subsequent phototoxicity. Future work will 
investigate the cellular mechanisms of phototoxicity as is of 
considerable interest that photodynamic therapy with 
phosphorescent rhenium(I) complexes induces immune 
responses.32, 33 

Conclusions 
A new bidentate 2-pyridyl-1,2,3-triazole ligand with a relatively 
long polyethylene glycol linker (PEG7) with a terminal 
squaramide ethyl ester functional group is used to make 
phosphorescent iridium(III) antibody conjugates. The new 
iridium(III) complexes were reacted with girentuximab and the 
squaramide ethyl ester functional group reacts with lysine 
residues in the antibody to attach the iridium(III) complexes 
through stable vinylogous amide linkages. The iridium(III)-
girentuximab conjugates retain affinity for CAIX. The cellular 
uptake of [Ir(piq)2(pytr-Sq-girentuximab)] was demonstrated 
using confocal microscopy. [Ir(piq)2(pytr-Sq-girentuximab)] is 
not toxic to HT-29 cells that over express CAIX, but irradiation 
with visible light results in dose dependent cytotoxicity. It is 
feasible that [Ir(piq)2(pytr-Sq-girentuximab)] could be of use for 
phosphorescent detection of CAIX positive tumour tissue to 
guide surgical resection as well as CAIX targeted photodynamic 
therapy. The approach described here could be used to prepare 
phosphorescent conjugates with other tumour targeting 
antibodies.  

Author contributions 
The manuscript was written through contributions of all 
authors. All authors have given approval to the final version of 
the manuscript. 

Figure 4. a) confocal microscope image of HT-29 cells treated with [Ir(piq)2(pytr-
Sq-girentuximab)] (pink, lex = 458 nm) and Hoescht 33342 (nuclear stain, blue, lex 
= 405 nm) overlayed on a bright-field image. b) dose-response curves for 
[Ir(piq)2(pytr-Sq-girentuximab)] in HT-29 cells either in the dark (blue) or with 
irradiation (red, lex = 420 nm, 26.84 mW/cm2, 30 mins) 
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