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Chapter 7: 
 
A FACILE AND REPRODUCIBLE 

SYNTHESIS OF NIR-FLUORESCENT 

CONJUGATES WITH SMALL 

TARGETING MOLECULES FOR 

MICROBIAL INFECTION IMAGING 

 

Optical Imaging of microbial infections, based on the detection of fluorescent probes, 
offers high sensitivity and resolution with a relatively simple and portable setup. As 
NIR-light is less absorbed in tissue, using respective tracers, such as IRdye800CW, 
enables imaging deeper sites in the body. In contrast to coupling to macromolecules, 
there are only few reports on IRdye800CW coupling to small molecules, which usually 
outperform macromolecules in terms of (synthetic) accessibility and stability. This 
chapter presents a general strategy for the conjugation of IRDye800CW to several 
important targeting agents. 
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 INTRODUCTION 

Optical imaging is based on the detection of fluorescent probes, after their excitation 
with light of appropriate wavelength, using a fluorescence camera.1 However, 
absorption and scattering of the excitation- and emitted light in biological tissue limit 
the possible imaging depth.2 Since these effects are less pronounced for red or near-
infrared (NIR) light, the development of respective dyes enhances the possible imaging 
depth and has led to the successful use of this imaging technique for different 
applications, such as image-guided surgery3–7, endoscopy8–10 and pathology.11–13 The 
first clinically-approved NIR dyes14 were indocyanine green (ICG) and methylene blue 
(MB), but a variety of molecules and nanoparticles are currently being tested in clinical 
studies in order to implement agents with improved absorptivity or fluorescence 
quantum yields at even higher wavelength or targeted agents enabling selective 
imaging of important biomarkers.  

The NIR dye IRdye800CW shows a sharp absorption band at λmax = 774-778 nm, high 
fluorescence quantum yield,15 and low non-specific binding to cellular components.16 It 
has been conjugated to proteins, and its conjugates with different antibodies show truly 
promising results in clinical studies for intraoperative imaging.11 While the conjugation 
to macromolecules has been thoroughly researched and optimized,17 the coupling to 
small molecules is still rather unexplored. However, synthetic accessibility, stability and 
lower price are substantial advantages of small molecules as targeting moieties. This is 
further highlighted by their capacity to provide well-defined molecular architectures of 
the final luminescent conjugates, due to the limited number of possible conjugation 
sites. To the best of our knowledge, there is only one report describing such conjugate, 
namely Vancomycin-IRDye800CW (Vanco-800CW) for the imaging of infections with 
Gram-positive bacteria, proving the possibility of labeling vancomycin without 
abolishing the binding affinity to its bacterial target.18 Generally, when labeling a small 
molecule with IRdye800CW, chemists face particular challenges, such as the control 
over the regioselectivity and demand for non-standard reaction conditions and 
purification methods due to the high polarity of the dye. Therefore, the purpose of the 
research presented here is to introduce an optimized procedure for the synthesis and 
facile purification of small molecule conjugates of IRdye800CW, taking Vanco-800CW 
(1) as a reference compound and expanding it towards other small molecule targets 
and dyes (compounds 1-4, Fig. 7.1). Moreover, we provide a thorough analysis of the 
synthesized conjugates, revealing a revised structure for Vanco-800CW (Fig. 7.3).  
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Fig. 7.1: a) Molecular structures of the synthesized targeted optical imaging agents: Vanco-
800CW (1), Vanco-FL-800CW (2), Ampho-800CW (3) and Vanco-700DX (4); b) General 
synthetic procedure. 
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RESULTS AND DISCUSSION 

With the aim to establish a synthetic method for conjugates of IRdye800CW and related 
IR dyes, which could be easily performed in a standard (bio-)chemistry lab, we started 
by exploring the only published procedure for coupling IRdye800CW-NHS ester with a 
small molecule.18 We were particularly interested in finding reaction conditions that are 
easily reproducible also on a small scale, since often only minimal amounts of the 
respective products are required for e.g. screening of different conjugates, and the dye 
molecules are generally quite costly. The aforementioned method describes the 
synthesis of Vanco-800CW from IRdye800CW-NHS ester and vancomycin 
hydrochloride hydrate in the presence of DIPEA in DMSO. Unfortunately, in our hands, 
the reported procedure did not yield the desired compound, but resulted in hydrolysis 
of the NHS-ester (Table 7.1, entry 1). A possible explanation for this outcome is the 
presence of water in DMSO, since already small amounts can cause hydrolysis and we 
did not take additional precautions to assure dry reaction conditions. Inspired by 
conditions optimized for labelling proteins with IRdye800CW-NHS ester,19 we explored 
how the reaction proceeds in phosphate buffer at different pH values (Table 7.1, entry 
2 and 3). Data shows that at pH > 7.3, hydrolysis is the prevalent process and no product 
is formed. In contrast, reaction in buffered medium at pH between 6.5 and 7 gave 
conversion to 1, but in low yield. Aiming to improve this result, we assessed the influence 
of different buffer strength and equivalents of vancomycin on the reaction outcome 
(Table 7.1, entry 4). It was found that addition of ca. 13 eq. of vancomycin boosts 
conversion, but additional escalation did not improve it further. Likewise, different buffer 
strength did not have any significant effects on the product formation. Under all 
condition tested, hydrolysis of the NHS ester to the free acid was the competing 
reaction. 

In order to tackle this problem, we screened different coupling reagents that would 
facilitate the formation of the desired amide bond from the acid liberated upon 
hydrolysis (Table 7.1, entries 6-8).20 Addition of EDC and DIC to the reaction mixture 
containing the substrates and DIPEA in DMSO did not entail the desired result (Table 
7.1, entry 6), whereas HATU or HBTU successfully provided up to 73% conversion to 1 
(Table 7.1, entry 7). Interestingly, already hydrolyzed NHS ester was not consumed in 
the course of the reaction. Accordingly, HATU, or HBTU respectively, did not seem to 
function as coupling reagents, but rather to promote the product formation in a 
different manner. In contrast to carbodiimides EDC and DIC, HATU and HBTU comprise 
a hydroxyl-benzotriazole (HOBt) moiety, therefore we were curious to explore the effect 
of using only HOBt in the conjugation reaction (Table 7.1, entry 8). Remarkably, HOBt 
did not promote amide formation to the same extent. Considering those results, we 
assume that a dehydrating effect of HATU and HBTU minimizes the competing 
hydrolysis of the NHS ester and is the underlying process that boosts conversion to 
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product. Generally, the order of addition of the reactants does not influence the 
reaction outcome and no special instrumental setup or expensive non-standard 
chemicals are required. Moreover, the reaction does not need to be carried out under 
anhydrous conditions, making this procedure easily reproducible. It has to be noted, 
however, that substrate concentration plays an important role and dilution of the 
reaction mixture substantially slows down the chemical conversion (see below).  

 
  

Solvent(s) pH/base eq. 
Vancomycin 

Coupling 
reagent 

Conversion* 

1 DMSO DIPEA 2.4 - - 

2 
DMSO/ phosphate buffer 

(20 mM) > 7.3 2.4 - - 

3 
DMSO/ phosphate buffer 

(20 mM) 
6.5 - 7 12.4 - < 10% 

4 
DMSO/ phosphate buffer 

(10 mM – 1000 mM) 6.95 2.4 - 24.7 - < 10% 

5 DMSO DBU (5-13 eq) 13 - - 
6 DMSO DIPEA (13

 
eq) 13 EDC or DIC - 

7 DMSO DIPEA (13
 
eq) 13 HATU or HBTU 50% – 73% 

8 DMSO DIPEA (13
 
eq) 13 HOBt 11% 

*the conversion to product 1 was assessed by analysis of the HPLC trace recorded at 760 nm 

Table 7.1: Screened reaction conditions for the synthesis of conjugate 1. Entry 1 presents the 
published reaction conditions.18 The reaction medium (DMSO/phosphate buffer), the base, 
equivalents of vancomycin and additives were varied leading to entry 7 as the optimized 
conditions. 

Next, we proceeded with the purification of compound 1. The method of choice for 
such highly complex and polar compounds is usually the purification by (semi-) 
preparative HPLC, which is often very inefficient regarding time and isolated yields. 
Hence, we were pleased to achieve a first and straightforward purification step by 
addition of an excess of water to the reaction mixture, resulting in the precipitation of 
the conjugate. This measure allowed a much more efficient removal of the remaining 
impurities by semi-preparative HPLC. Subsequently, the newly synthesized Vanco-
800CW was analyzed by UPLC MS and UV-Vis spectrometry to assess its purity and 
identity, as illustrated in Fig. 7.2.  
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Fig. 7.2: Analytical data for Vanco-800CW (1); a) UPLC traces (TIC) of the supernatant, pellet 
and purified product. Peak A corresponds to vancomycin, peak B to Vanco-800CW; b) mass 
spectrum corresponding to peak B; c) UV-Vis absorption spectra for Vanco-800CW (1), d) 
IRye800CW NHS ester and e) vancomycin hydrochloride, (2.8 µM, 1% DMSO in water). In 
figure c) clear bands at λmax = 776 and 232 nm are observed, that are also present in the 
spectrum of IRdye800CW NHS ester (λmax = 776 nm, spectrum d) and vancomycin (λmax = 
232 nm, spectrum e). 
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Fig. 7.3: Structure determination of 1; a) molecular structure of the synthesized compound 
1 and of Vanco-800CW published in literature;18 b) fragment ions detected by HRMS-MS 
correspond to the conjugate of IRdye800CW with vancomycin after loss of one and both 
sugar moieties. 

The molecular structure of vancomycin bears two amine functionalities – a primary one 
on the sugar moiety and a secondary at the peptide N-terminus - that could possibly 
undergo amide formation (Fig. 7.3a). Generally, coupling to the secondary amine is 
more efficient21 due to its higher nucleophilicity. Moreover, the fact that the primary 
amine is positioned at a quarternary carbon atom increases steric hinderance and thus 
impedes reaction at this position. In order to assess which amine reacted, we 
investigated the identity of the synthesized product 1 using high resolution tandem 
mass spectrometry (HRMS-MS) (Fig. 7.3b). Remarkably, the detected fragments 
correspond to Vanco-800CW after loss of one or both sugar moieties, revealing that 
the dye coupled to the secondary amine instead of primary one, opposed to what is 
suggested in the earlier publication.18 It remains unclear what the exact structure of the 
originally published compound is due to lacking access to respective analytical data and 
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the fact that small changes in reaction conditions may influence the regioselectivity as 
shown in an early publication by Staroske and Williams.22 

With the purified conjugate in hand, we performed biological evaluation to confirm that 
the newly synthesized version of 1 shows the same binding affinity towards Gram-
positive bacteria as the earlier-reported conjugate. Staphylococcal biofilms composed 
of either Staphylococcus aureus (S. aureus) clinical isolate or Staphylococcus epidermidis 
(S. epidermidis) ATCC were established on surface of 18 mm chemically resistant 
borosilicate glass coverslips. Escherichia coli (E. coli) ATCC was used as a Gram-negative 
control, since vancomycin is known to target only Gram-positive bacteria.18 The biofilms 
were then incubated with Vanco-800CW and images were acquired with a fluorescence 
microscope. As shown in Fig. 7.4, Vanco-800CW is capable of binding to both S. aureus 
and S. epidermidis with similar affinity. As predicted, no binding was observed to E. coli, 
supporting the hypothesis that vancomycin modified with the IRDye800CW retains its 
binding selectivity and molecular target. Moreover, a control experiment with S. 
epidermidis showed that IRdye800CW carboxylic acid without targeting moiety does not 
bind to Gram-positive bacteria excluding the unselective staining of this type of bacteria 
(Fig. 7.20, see experimental section). 

 

Fig. 7.4: In vitro detection of bacterial biofilms using the Vanco-800CW probe. Biofilms of S. 
aureus, S epidermidis and E. coli were grown on microscopy coverslips and were 
subsequently incubated with Vanco-800CW (1). Images recorded by fluorescence 
microscopy reveal binding of compound 1 (red) to the Gram-positive bacterial biofilms (S. 
aureus and S. epidermidis), but not to the Gram-negative bacterial biofilm (E. coli). Scale 
bars: 40 μm. 
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In order to broaden the applicability of the targeted tracer, we proceeded with the 
synthesis of a dual-labelled vancomycin, starting from commercially available 
vancomycin BODIPY-FL (Vanco-FL). This probe bears a fluorescent BODIPY moiety on 
the primary amine, absorbs light of λ = 505 nm and emits at λ = 512 nm. Even though 
this wavelength range is not in the optimal window as explained earlier, functionalizing 
it with a NIR-fluorescent moiety opens up new possibilities to use one single probe for 
multimodal imaging and theranostic approaches (e.g. coupling of Vanco-FL to a 
photosensitizer for the diagnosis of bacterial infections and subsequent eradication with 
antimicrobial photodynamic therapy). Towards this end, we reacted Vanco-FL with 
IRdye800CW-NHS ester as a model, using the standard conditions established before 
for Vanco-800CW. Due to the limited availability of Vanco-FL, we used less equivalents 
of vancomycin (5 eq. compared to 13 eq. used before) and a lower substrate 
concentration, which resulted in longer reaction times with ca. 60% conversion to 
product after five days (Fig. 7.7, see experimental section). The successful formation of 
the desired dual-labelled vancomycin (2, Vanco-FL-800CW, Fig. 7.1) was confirmed by 
UPLC MS and analysis of the UV-Vis spectra recorded on a HPLC system with PDA 
detection (Fig. 7.5). With the new probe, we not only broadened the potential 
applicability of vancomycin as a dual-imaging targeting probe, but also supported our 
findings regarding the molecular structure of Vanco-800CW (Fig. 7.3), since 
IRDye800CW was successfully coupled to the free secondary amine of Vanco-FL with 
the optimized conditions.  

Inspired by the positive results for the synthesis and purification of 1 and 2, we further 
investigated the scope of the established synthetic method. First, we explored the 
possibility of using a different targeting agent, namely amphotericin B, to provide an 
optical imaging agent for fungal infections. Amphotericin B binds to ergosterol, which 
is abundant only in the cell membrane of fungi.23 We were pleased to discover that the 
optimized reaction conditions successfully yield compound 3 (Ampho-800CW, Fig. 7.1). 
After purification by semi-preparative HPLC, the purity and identity was confirmed by 
UPLC MS and UV-Vis spectrometry (Fig. 7.5). Since amphotericin B only contains one 
amine functionality as possible coupling site, the fragmentation analysis by HRMS was 
omitted. 

Next, we aimed at incorporating a different dye under the conditions optimized for 
compound 1. For this purpose, the NHS ester of IRdye700DX, a NIR-dye which 
simultaneously functions as a photosensitizer enabling its application for photodynamic 
therapy, was reacted with vancomycin under the same conditions. Also in this case, the 
desired product (4, Vanco-700DX, Fig. 7.1) was obtained and could be purified in the 
same way as described for Vanco-800CW. Subsequently, the product was analyzed by 
UPLC MS and UV-Vis spectrometry to confirm the purity and identity (Fig. 7.5). High 
resolution tandem mass spectrometry indicates that also this dye couples to the N-
terminus (Fig. 7.19, see experimental section).  
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Fig. 7.5: Analytical data for Vanco-FL-800CW (a,b), Ampho-800CW (c,d) and Vanco-700DX 
(e,f); a) overlay of the photodiode array (PDA) spectra of HPLC peaks corresponding to 
Vanco-FL (red), IRdye800CW-NHS ester (yellow) and Vanco-FL-800CW (green); b) mass 
spectrum of the product peak (B, Fig. 7.12) recorded on a UPLC MS device; c) overlay of 
PDA spectra of HPLC peak corresponding to amphotericin B (blue), IRdye800CW NHS ester 
(yellow) and Ampho-800CW (green); d) mass spectrum of the product peak (Fig. 7.13) 
recorded on a UPLC MS device; e) overlay of the UV-Vis absorption spectra of vancomycin 
(blue), IRdye700DX-NHS ester (orange) and Vanco-700DX (green). The spectra were 
obtained of the pure samples in 1% DMSO in water on a UV-Vis spectrophotometer; f) 
mass spectrum of the product peak (Fig. 7.14) recorded on a UPLC MS device. 

CONCLUSION 

In conclusion, we established an efficient, transferable and reproducible method for the 
synthesis and purification of conjugates of near-infrared dyes that can potentially be 
used for the imaging and treatment of bacterial or fungal infections. The reported 
research fills a gap in the literature about the synthesis of small-molecule adducts of 
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relevant dyes used in medical imaging. It may substantially facilitate the development 
of new optical imaging agents, since it offers a straightforward procedure that can be 
repeated also in laboratories that are not dedicated to organic synthesis, in contrast to 
a previously reported method, which could not be easily reproduced, probably due to 
the inevitable requirement of completely dry reaction conditions. 
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 EXPERIMENTAL SECTION 

 GENERAL INFORMATION 

Starting materials, reagents and solvents were purchased from Li-Cor Biosciences, 
Invitrogen (Fisher Scientific), Sigma–Aldrich, Merck, and Combi-Blocks and were 
used as received.  
High-resolution mass spectrometric measurements were performed using a Thermo 
scientific LTQ OrbitrapXL spectrometer with ESI ionization.  
UPLC-MS measurements were performed on a ThermoFischer Scientific Vanquish 
UPLC System with a reversed phase C18 column (Acquity UPLC HSS T3 1.8 μm, 2.1 
× 150 mm) in combination with an LCQ Fleet mass spectrometer and UV-Vis 
detector at λ = 300 nm (UV Vis 1), 360 nm (UV Vis 2), 500 nm (UV Vis 3), 680 nm 
(UV Vis 4). The eluents were acetonitrile and water with triethylammonium acetate 
(10 mM) and the elution gradient was established from 10% to 90% organic phase. 
HPLC analysis were performed on Shimadzu equipment. The eluents were 
acetonitrile and water with triethylammonium acetate (10 mM). For reaction 
monitoring a XTerra MS C18 column (3.5 µm, 125 Å, 3.0 x 150 mm) in combination 
with a photo diode array detector (190 nm – 800 nm) was used with an elution 
gradient from 5% to 80% organic phase. For semi-preparative chromatography, a 
Kinetex EVO C18 column (5 µm, 100 Å, 250 x 10.0 mm) with UV detection at 365 nm 
was used and the elution gradients were established as described below.  
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UV/Vis absorption spectra were recorded on a JascoV-750 UV/Vis 
spectrophotometer with photomultiplier tube detection.  
Fluorescence microscopy was performed with a Leica AF6000 microscope and the 
images processed using ImageJ software (National Institutes of Health) and LAS X 
Life Science. 

 SYNTHETIC PROCEDURES 

 Vanco-800CW 
Vancomycin hydrochloride (100 mg mL-1 in DMSO, 146 µL, 10 µmol), HBTU (25.5 mg 
mL-1 in DMSO, 57.6 µL, 3.9 µmol), DIPEA (22.5 mg mL-1 in DMSO, 57.3 µL, 10 µmol) 
and IRdye800CW-NHS ester (5 mg mL-1 in DMSO, 180 µL, 0.8 µmol) were mixed and 
left at room temperature overnight. Afterwards, H2O (2.6 mL) was added to the 
reaction mixture and the suspension was centrifuged for 10 min at rcf = 16.9x1000 
g. The supernatant was centrifuged again and the pellets re-dissolved in a mixture 
of DMSO, acetonitrile and H2O for purification by semi-preparative HPLC (elution 
gradient from 10% to 70% organic phase). 

 Vanco-FL-800CW 
Vancomycin-BODIPY-FL (10 mg mL-1 in DMSO, 100 µL, 0.06 µmol), HBTU (8.8 mg 
mL-1 in DMSO, 1 µL, 0.02 µmol), DIPEA (7.5 mg mL-1 in DMSO, 1 µL, 0.06 µmol) and 
IRdye800CW-NHS ester (5 mg mL-1 in DMSO, 2.7 µL, 0.01 µmol) were mixed and left 
at room temperature overnight. Samples were taken and diluted with H2O (ca. 1:100) 
to monitor the conversion by HPLC analysis with PDA detection and UPLC MS. 

 Ampho-800CW 
Amphotericin B (5.2 mg, 5.6 µmol), HBTU (12.7 mg mL-1 in DMSO, 64 µL, 2.1 µmol), 
DIPEA (11.3 mg mL-1 in DMSO, 64 µL, 5.6 µmol) and IRdye800CW-NHS ester (5 mg 
mL-1 in DMSO, 100 µL, 0.4 µmol) were mixed and left at room temperature 
overnight. The mixture was diluted with H2O and acetonitrile and the product 
purified by semi-preparative HPLC (elution gradient from 10% to 90% organic 
phase). 

 Vanco-700DX 
Vancomycin hydrochloride (100 mg mL-1 in DMSO, 28.9 µL, 2.0 µmol), HBTU (25.5 
mg mL-1 in DMSO, 11.4 µL, 0.8 µmol), DIPEA (22.5 mg mL-1 in DMSO, 11.4 µL, 2.0 
µmol) and IRdye700DX-NHS ester (20 mg mL-1 in DMSO, 15 µL, 0.15 µmol) were 
mixed and left at room temperature overnight. Afterwards, H2O (0.36 mL) was 
added to the reaction mixture and the suspension was centrifuged for 10 min at rcf 
= 16.9x1000 g. The supernatant was centrifuged again and the pellets re-dissolved 
in a mixture of DMSO, acetonitrile and H2O for purification by semi-preparative 
HPLC (elution gradient from 10% to 70% organic phase). 
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 IRdye800CW-carboxylic acid 
H2O (9 µL) and aq. NaOH (0.05 mM, 2 µL) were added to a solution of IRdye800CW-
NHS ester in DMSO (5.0 mg mL-1, 9 µL, 0.04 µmol). The mixture was left at room 
temperature for 2 h, followed by addition of aq. HCl (0.05 mM, 2 µL). The hydrolysis 
of the NHS ester was followed by HPLC analysis with PDA detection. 

 HPLC MONITORING OF COUPLING REACTION 

Representative HPLC traces recorded at λ = 760 nm (Vanco-700DX: λ = 680 nm) of the 
corresponding reaction mixture containing the two substrates, DIPEA and HBTU in DMSO 
are shown below.  

 Vanco-800CW 

 

Fig. 7.6: Chromatogram of the reaction mixture containing vancomycin hydrochloride, 
IRdye800CW NHS ester, DIPEA and HBTU in DMSO after 24 h reaction time. 
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 Vanco-FL-800CW 

 

Fig. 7.7: Chromatogram of the reaction mixture containing vancomycin-BODIPY-FL, 
IRdye800CW NHS ester, DIPEA and HBTU in DMSO after 5 days reaction time. 

 Ampho-800CW 

 

Fig. 7.8: Chromatogram (recorded at 760 nm) of the reaction mixture containing 
IRdye800CW NHS ester, amphotericin B, HBTU and DIPEA in DMSO after 24 h reaction 
time 



CHAPTER 7 
 

 216 
 
 
 
 
 
 
 

 Vanco-700DX 

 

Fig. 7.9: Chromatogram (recorded at 680 nm) of the reaction mixture containing 
IRdye700DX NHS ester, vancomycin hydrochloride, HBTU and DIPEA in DMSO after 24 h 
reaction time 

 HPLC MONITORING OF HYDROLYSIS OF IRDYE800CW-NHS ESTER 

 

Fig. 7.10: Chromatogram after 2h shows full hydrolysis of IRdye800CW-NHS ester to 
IRdye800C-carboxylic acid. The chromatogram was recorded at 760 nm after neutralization 
with aq. dil. HCl. 
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 UPLC-MS ANALYSIS 

 Vanco-800CW 

 

Fig. 7.11: Chromatogram of purified Vanco-800CW with MS detection and UV-Vis traces at 
different wavelength (specified above). 
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 Vanco-FL-800CW 

 

Fig. 7.12: Chromatogram of the reaction mixture containing vancomycin-BODIPY-FL, 
IRdye800CW NHS ester, DIPEA and HBTU in DMSO after 3 days reaction time.  
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 Ampho-800CW 

 

Fig. 7.13: Chromatogram of purified Ampho-800CW with MS detection and UV-Vis traces 
at different wavelength (specified above). 
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 Vanco-700DX 

 

Fig. 7.14: Chromatogram of purified Vanco-700DX with MS detection and UV-Vis traces at 
different wavelength (specified above). 
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 HIGH-RESOLUTION MASS SPECTROMETRY 

 Vanco-800CW 
HRMS measurements were performed using a Thermo scientific LTQ OrbitrapXL 
spectrometer with ESI ionization. The measurement was performed in negative 
mode, using MeOH with ammonia (0.1 %) as eluents. The detected parent ion m/z: 
1216 was fragmented (normalized collision energy = 35) and the detected fragment 
ions are shown below in m/z-units. 

 

Fig. 7.15: Molecular structure of fragment S1 (Vanco-800CW after loss of one sugar moiety) 
and the detected isotopic pattern 

Calculated m/z using https://www.envipat.eawag.ch: 
Monoisotopic Mass:  1143.275578 
Chemical Formula:  C105H112Cl2N10O36S4 
Adduct:   M-2H 
Charge:   -2 
 
    m/z  rel. abundance 
 0    profile: 1143.2751525, 87.72 
 1    profile: 1143.7772324, 107.46 
 2    profile: 1144.2758735, 127.84 
 3    profile: 1144.7768071, 112.28 
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Fig. 7.16: Predicted isotopic pattern for fragment S1  

 

Fig. 7.17: Molecular structure of fragment S2 (Vanco-800CW after loss of two sugar 
moieties) and the detected isotopic pattern 

Calculated m/z using https://www.envipat.eawag.ch: 
Monoisotopic Mass:  1062.249166 
Chemical Formula:  C99H102Cl2N10O31S4 
Adduct:   M-2H 
Charge:   -2 
 
    m/z  rel. abundance 
 0    profile: 1062.2483454, 91.86 
 1    profile: 1062.7500656, 106.37 
 2    profile: 1063.2496553, 126.16 
 3    profile: 1063.7492450, 106.93 
 4    profile: 1064.2498999, 74.20 
 5    profile: 1064.7494896, 44.07 
 6    profile: 1065.2501445, 22.49 
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Fig. 7.18: Predicted isotopic pattern for fragment S2 

 Vanco-700DX 

 

Fig. 7.19: a) UPLC MS trace (TIC) showing two fragments of Vanco-700D; b) deconvoluted 
high-resolution mass spectrum of peak 1; c) deconvoluted high-resolution mass spectrum 
of peak 2.  

The LC-MS measurements were performed at the Interfaculty Mass Spectrometry 
Center, Groningen on an Orbitrap Velos (Thermo Scientific) coupled to a Shimadzu 
Prominence UFLC system equipped with a Waters Acquity UPLC BEH-C18 (2.1 × 50 
mm, 1.7 μm) column. The eluents were H2O and acetonitrile both with 0.1% (v/v) 
formic acid. The elution gradient was established from 1 % to 90% organic phase 
over 20 min. The ions were detected in positive mode at a resolution of 60000 @ 
m/z 400. The detected fragments correspond to Vanco-700DX with loss of one or 
two substituents on the silyl center of the porphyrin. The loss of m/z = 307 observed 
in the mass spectrum of peak 2 (from m/z = 2701.753 to m/z = 2394.606) suggests 
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the loss of the disaccharide moiety and indicates that the dye is coupled to the 
secondary amine on the N-terminus of vancomycin. 

 FORMATION OF IN VITRO BIOFILMS FOR BACTERIAL DETECTION WITH VANCO-800CW 

S. aureus clinical strain, S. epidermidis ATCC® 38984 and E. coli ATCC were grown 
overnight in TSB in a shaking incubator at 37°C. Bacteria biofilms were grown on 
chemically resistant borosilicate 18 mm glass coverslips (Marienfeld) in a 12-well 
plate containing TSB, supplemented with 5% glucose and 4% NaCl, and inoculated 
with the overnight culture to an optical density at 600 nm (OD600) of 0.1, for 48 h. 
Coverslips with the biofilm were incubated with 0.2 µM of Vanco-800CW or 
IRdye800CW-carboxylic acid for 15 min in PBS (1x). To remove unbound fluorescent 
probe, the biofilms were washed 2x with PBS (1x) and, thereafter, fixed in 4% 
paraformaldehyde. Finally, the coverslips were mounted on microscopy slides and 
analyzed by fluorescence microscopy. 

 

Fig. 7.20: In vitro detection of bacterial biofilms with IRDye800CW carboxylic acid. Images 
recorded by fluorescence microscopy reveal no aspecific binding of IRDye800CW (red) to S. 
epidermidis. Scale bars: 40 μm. 

 

 REFERENCES 
1 M. Koch, P. Symvoulidis and V. Ntziachristos, Nat. Photonics, 2018, 12, 505–515. 
2 V. Ntziachristos, Nat. Methods, 2010, 7, 603–614. 
3 J. van den Bos, L. van Kooten, S. M. E. Engelen, T. Lubbers, L. P. S. Stassen and N. D. Bouvy, Head 

Neck, 2018, 41, 340–348. 
4 S. Hameed and Z. Dai, Mater. Today Chem., 2018, 10, 90–103. 
5 S. E. Miller, W. S. Tummers, N. Teraphongphom, N. S. van den Berg, A. Hasan, R. D. Ertsey, S. 

Nagpal, L. D. Recht, E. D. Plowey, H. Vogel, G. R. Harsh, G. A. Grant, G. H. Li and E. L. Rosenthal, 
J. Neurooncol., 2018, 139, 135–143. 

6 G. M. van Dam, G. Themelis, L. M. A. Crane, N. J. Harlaar, R. G. Pleijhuis, W. Kelder, A. 
Sarantopoulos, J. S. de Jong, H. J. G. Arts, A. G. J. van der Zee, J. Bart, P. S. Low and V. 
Ntziachristos, Nat. Med., 2011, 17, 1315–1319. 

FLI merged with phase 
contrast 

IRDye800CW 



A FACILE AND REPRODUCIBLE SYNTHESIS OF NIR-FLUORESCENT CONJUGATES WITH SMALL TARGETING 
MOLECULES FOR MICROBIAL INFECTION IMAGING 

 225 
 
 
 
 
 
 
 

7 M. T. Olson, Q. P. Ly and A. M. Mohs, Mol. Imaging Biol., 2019, 21, 200–218. 
8 W. B. Nagengast, E. Hartmans, P. B. Garcia-Allende, F. T. M. Peters, M. D. Linssen, M. Koch, M. 

Koller, J. J. J. Tjalma, A. Karrenbeld, A. Jorritsma-Smit, J. H. Kleibeuker, G. M. van Dam and V. 
Ntziachristos, Gut, 2019, 68, 7–10. 

9 F. van der Sommen, W. L. Curvers and W. B. Nagengast, Gastroenterology, 2018, 154, 1876–1886. 
10 J. Burggraaf, I. M. C. Kamerling, P. B. Gordon, L. Schrier, M. L. de Kam, A. J. Kales, R. Bendiksen, B. 

Indrevoll, R. M. Bjerke, S. A. Moestue, S. Yazdanfar, A. M. J. Langers, M. Swaerd-Nordmo, G. 
Torheim, M. V Warren, H. Morreau, P. W. Voorneveld, T. Buckle, F. W. B. van Leeuwen, L.-I. 
Ødegårdstuen, G. T. Dalsgaard, A. Healey and J. C. H. Hardwick, Nat. Med., 2015, 21, 955–
961. 

11 M. Koller, S.-Q. Qiu, M. D. Linssen, L. Jansen, W. Kelder, J. de Vries, I. Kruithof, G.-J. Zhang, D. J. 
Robinson, W. B. Nagengast, A. Jorritsma-Smit, B. van der Vegt and G. M. van Dam, Nat. 
Commun., 2018, 9, 3739. 

12 H. Kobayashi and P. L. Choyke, Acc. Chem. Res., 2011, 44, 83–90. 
13 R. W. Gao, N. T. Teraphongphom, N. S. van den Berg, B. A. Martin, N. J. Oberhelman, V. Divi, M. 

J. Kaplan, S. S. Hong, G. Lu, R. Ertsey, W. S. F. J. Tummers, A. J. Gomez, F. C. Holsinger, C. S. 
Kong, A. D. Colevas, J. M. Warram and E. L. Rosenthal, Cancer Res., 2018, 78, 5144–5154. 

14 L. van Manen, H. J. M. Handgraaf, M. Diana, J. Dijkstra, T. Ishizawa, A. L. Vahrmeijer and J. S. D. 
Mieog, J. Surg. Oncol., 2018, 118, 283–300. 

15 G. Hong, A. L. Antaris and H. Dai, Nat. Biomed. Eng., 2017, 1, 0010. 
16 K. E. Adams, S. Ke, S. Kwon, F. Liang, Z. Fan, Y. Lu, K. Hirschi, M. E. Mawad, M. A. Barry and E. M. 

Sevick-Muraca, J. Biomed. Opt., 2007, 12, 024017. 
17 M. D. Linssen, E. J. Ter Weele, D. P. Allersma, M. N. Lub-de Hooge, G. M. van Dam, A. Jorritsma-

Smit and W. B. Nagengast, J. Nucl. Med., 2019, 60, 418–423. 
18 M. van Oosten, T. Schäfer, J. A. C. Gazendam, K. Ohlsen, E. Tsompanidou, M. C. de Goffau, H. J. 

M. Harmsen, L. M. A. Crane, E. Lim, K. P. Francis, L. Cheung, M. Olive, V. Ntziachristos, J. M. 
van Dijl and G. M. van Dam, Nat. Commun., 2013, 4, 2584. 

19 E. J. ter Weele, A. G. T. Terwisscha van Scheltinga, M. D. Linssen, W. B. Nagengast, I. Lindner, A. 
Jorritsma-Smit, E. G. E. de Vries, J. G. W. Kosterink and M. N. Lub-de Hooge, Eur. J. Pharm. 
Biopharm., 2016, 104, 226–234. 

20 E. Valeur and M. Bradley, Chem. Soc. Rev., 2009, 38, 606–631. 
21 R. Kannan, C. M. Harris, T. M. Harris, J. P. Waltho, N. J. Skelton and D. H. Williams, J. Am. Chem. 

Soc., 1988, 110, 2946–2953. 
22 T. Staroske and D. H. Williams, Tetrahedron Lett., 1998, 39, 4917–4920. 
23 K. C. Gray, D. S. Palacios, I. Dailey, M. M. Endo, B. E. Uno, B. C. Wilcock and M. D. Burke, Proc. 

Natl. Acad. Sci. U. S. A., 2012, 109, 2234–2239. 





   

 227 
 
 
 
 
 
 
 


	Chapter 7



