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Light-Induced One Pot Synthesis for the Development of 89Zr-radiolabeled Antibodies 
 

Cyril Fong 

Abstract 
  
 Currently, the conventional synthesis of a radiolabeled VRC01 tracer to target the HIV 

reservoir in the human body is a two-step process. This process involves quality control tests of 

both the intermediate DFO-VRC01 conjugate and the 89Zr-DFO-VRC01 product. A streamlined 

process could be made if characterization of the intermediate was eliminated by having the DFO 

chelate to the 89Zr, followed by the immediate conjugation of the VRC01 by the 89Zr-DFO. This 

method was explored by synthesizing 89Zr-DFO-PEG3-Azepin-mAb/protein using a light-

induced one pot synthesis that could perform the radiolabeling and photoconjugation 

sequentially, bypassing the need to characterize an intermediate. Methods: A DFO-PEG3-ArN3 

chelate was mixed with 89Zr-oxalate to form 89Zr-DFO-PEG3-ArN3, immediately followed by the 

addition of mAb/protein and irradiation by a 395 nm LED light. The crude reaction was purified 

using both PD-10 and G-100 size exclusion chromatography. The eluate obtained by the 

purification columns were analyzed by size exclusion HPLC. Results: The photoconjugation 

was successful for the synthesis of 89Zr-DFO-PEG3-Azepin-HSA, 89Zr-DFO-PEG3-Azepin-

Cimzia, and 89Zr-DFO-PEG3-Azepin-VRC01. However, the photoconjugation conversion did 

not go to completion, resulting in 89Zr-DFO-PEG3-Azepin present in the crude reaction. Size 

exclusion PD-10 column purification gave inadequate separation of the 89Zr-DFO-PEG3-Azepin-

mAb/proteins from 89Zr-DFO-PEG3-Azepin. G-100 column purifications significantly improved 

the separation of 89Zr-DFO-PEG3-Azepin-mAb/protein from 89Zr-DFO-PEG3-Azepin. However, 

the labeled Azepin was still present in smaller percentages. The binding assay conducted to 

determine immunoreactivity of 89Zr-DFO-PEG3-Azepin-VRC01 and 89Zr-DFO-VRC01 gave 
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dissociation constants in the 0.4-20 nM range, comparable to previous findings. Conclusion: 

The photoconjugation method was successful in synthesizing 89Zr-labeled HSA, Cimzia, and 

VRC01. The G-100 size exclusion column gave sufficient separation of 89Zr-DFO-PEG3-Azepin-

mAbs/protein from 89Zr-DFO-PEG3-Azepin. The photoconjugation method did not affect the 

binding properties of 89Zr-DFO-PEG3-Azepin-VRC01 to the gp120 protein. Further work for 

more efficient photoconjugation and purification will be needed to foster future applications. 
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Introduction 

The utilization of proteins and monoclonal antibodies (mAbs) has led to a growing field 

of radioimmunotherapy (RIT) and Positron Emission Tomography (PET) tracer developments.1 

The increasing popularity for synthesizing mAb and protein-based radiotracers can be accredited 

to their versatile properties such as having high affinity and specificity towards its target protein, 

with desirable pharmacokinetics.2 mAbs enable an exceptional tumor to non-tumor ratio when 

radiolabeled with biological half-life-compatible radioisotope,3,4,8 which is a result of a faster 

distribution phase towards target specific antigens with a relatively slow elimination from the 

body that follow processes of proteolytic or lysosomal degradation.5 Since mAbs are fairly large, 

with sizes ranging around 150 kDa, their movement is limited to interstitial spaces, with 

distribution being dependent on factors such as affinity to the target antigen and 

internalization.4,5 The slow elimination of mAbs from the body allows for a longer half-life, 

therefore needing a radioisotope that could compliment the half-life of the mAb for imaging or 

therapy.4,5  

Antibodies have been used to transport radioisotopes for imaging and therapy. 

Trastuzumab (Herceptin), developed at Genentech, was found to target the human epidermal 

growth factor receptor 2 (HER2) for the treatment of breast cancer.6 Prior to the development of 

the antibody, HER2 expression was observed to vary in both primary and metastatic lesion, with 

the suggestion that multiple lesion biopsies to follow disease progression would be inadequate, 

as it was highly invasive.6 This lead to the importance of utilizing molecular imaging to detect 

HER2 expression in individuals, which in comparison to biopsies, was minimally invasive.6 

Since then, trastuzumab has been radiolabeled for Single Photon Emission Computed 

Tomography (SPECT) and PET imaging as a first-line therapy and used in conjunction with 
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chemotherapy and radiation therapy.6 Like trastuzumab, many mAbs have been created and 

radiolabeled with varying radioisotopes for different imaging modalities.  

Given the long mAb biological half-life (days), it is important to use radioisotopes with 

physical half-lives that match the biological half-life.7 Radioisotopes like those of 89Zr (t1/2: 78.4 

hr), 64Cu (t1/2: 12.7 hr), 123I (t1/2: 13.2 hr) and 111In (t1/2: 67.2 hr) have been used to radiolabel 

mAb/protein-based diagnostic tracers for PET and SPECT imaging.2 Of the radioisotopes used in 

PET imaging, 89Zr has emerged as the isotope of choice. The push in using 89Zr as compared to 

its predecessors can be attributed to its physical half-life, matching the biological half-life of an 

antibody as compared to the half-lives of 86Y and 64Cu.7,8 When compared to 124I, 89Zr emits 

lower energy positrons which provides greater spatial resolution, does not dehalogenate in vivo, 

and does not have a complicated decay schema that could result in poor image resolution.7,8  

With 89Zr placed into the class of “hard cation” due to its strong 4+ cationic state, there is 

a preference to coordinate with compounds bearing eight or less anionic oxygen donors, like the 

commonly used siderophore, desferrioxamine (DFO), seen in Figure 1.8 The binding of DFO to 

89Zr is strong because of the bond formed between the 3 hydroxamate groups of the DFO, along 

with three neutral oxygen bonds and two water bonds.8,9  

 

Figure 1: Structure of desferrioxamine. The siderophore, desferrioxamine (DFO), is 
commonly used to chelate 89Zr because of the strong cationic bond between the 89Zr and 
hydroxamate groups. 
 

The commonly used derivative of DFO to chelate 89Zr is p-isothiocyanatobenzyl-

desferrioxamine (p-DFO-SCN) (1).9 Currently, the FDA compliant method of synthesizing 89Zr-

labeled mAb involves a two-step step process as seen below in Figure 2.  
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Figure 2: Synthesis of 89Zr-DFO-mAb. The DFO-chelate (1) is conjugated to the mAb/protein 
(2), followed by radiolabeling to produce 89Zr-DFO-mAb/protein (3). 
 

The starting DFO-chelate, 1, is conjugated to the mAb/protein, producing a DFO-

mAb/protein intermediate, 2. Before being radiolabeled with 89Zr, 2 would first undergo a set of 

quality control tests to determine the compounds appearance, monomer content, pH, endotoxin 

content, concentration, chelate to protein binding, sterility, and radiochemical purity.10,11 If the 

intermediate successfully passes all the quality control tests, it will be ready for radiolabeling.  

The DFO-mAb, 2, is radiolabeled with 89Zr-oxalate, producing 89Zr-DFO-mAb, 3. Before being 

administered to the patient, 3 must undergo pre-release and post release quality control tests. The 

pre-release testing determines the radio-tracer’s radiochemical purity, appearance, pH, endotoxin 

content, and filter integrity.10 The post-release testing determines the radio-tracer’s binding and 

sterility. After passing these quality control tests will 89Zr-DFO-mAb be administered to a 

patient. 

The cGMP is a system enforced by the FDA to regulate facilities and their manufacturing 

processes. Specifications for the PET agent must be established, which includes determining the 

identity, quality, purity, pyrogens, sterility, and strength.10,11 As per the standard of procedure 

(SOP) for the full characterization of DFO-mAb, requires a sterility test of the intermediate is 

conducted for 14 days.10 The intermediate is inoculated in two growth medias, Tryptic Soy Broth 
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(TSB) and Fluid Thioglycollate Medium (FTM) and incubated at two different temperatures to 

promote the growth of bacteria.10 At the end of 14 days of incubation, if bacterial growth is 

observed in either solution, this would be indicative of a non-sterile product.10 This current 

process requires quality testing of the intermediate and final product. This process could be 

streamlined if the intermediate quality control testing could be eliminated. The only way to do 

that is if the conjugation of the chelate to the antibody and the 89Zr chelation to the DFO 

occurred in a single step.   

The goal of the current project was to utilize a previously developed light-induced one-

step synthesis that would perform a radiolabeling and conjugation simultaneously. This is 

advantageous because it bypasses the need for a full characterization of the intermediate, 2 

during the synthesis of the radiotracer to be administered in the clinical setting.2 A schematic for 

the synthesis as well as the reaction setup is shown in Figure 3.  The DFO-PEG3-ArN3 chelate, 4, 

is first radiolabeled with 89Zr-oxalate, to produce 89Zr-DFO-PEG3-ArN3, 5. The mAb/protein is 

added a couple minutes after mixing, and a 395nm LED light is turned on for 15 minutes to 

allow for photoconjugation, forming 89Zr-DFO-PEG3-Azepin-mAb/protein, 6. 
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Figure 3: Reaction Setup and One Pot Synthesis. (Top) The reaction setup for the light-
induced synthesis. (Bottom) Synthesis of 89Zr-DFO-PEG3-Azepin-Ab/protein utilizing a light 
induced reaction at room temperature. 
 

Two mAbs and a protein were used to evaluate this photoconjugation process. The 

protein, Human Serum Albumin (HSA), is a plasma protein that has been previously 

radiolabeled with 131I and 18F for angiography and blood-pool imaging.12 HSA was used because 

it was readily available, inexpensive, and has been successfully synthesized by our collaborators 

at the University of Zurich, providing reference data for comparison. The first mAb, 

certolizumab, is an anti-tumor necrosis factor (anti-TNFa) inhibitor that has been labeled with 

longer lived radioisotopes like 89Zr for the evaluation of anti-TNFa therapeutics delivery.13 

Cimzia was used because it was also readily available. The second mAb used to validate the 
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photoconjugation process was VRC01, a mAb from a class of bNAbs that interact with the 

gp120’s CD4 binding site region.14,15 VRC01 has been used to treat HIV-1 infected patients by 

neutralizing more than 80% of the HIV-1 strain, preventing the further spread of the virus.14,15 

The mAb had been successfully radiolabeled with 89Zr at UCSF and has shown potential in 

identifying and quantifying persistent HIV in patients undergoing antiretroviral therapy (ART) 

through PET/MR.16 

Methods 

A. Materials 

Chemicals were purchased from the following vendors: Spectrum Chemical MFG, Sigma 

Aldrich, Alfa Aesar, and were used as received. p-DFO-SCN (Macrocyclics, Dallas, Texas), 

VRC01 (NIH Vaccine Research Center, Bethesda, Maryland), 89Zr-oxalate (3D Imaging, Little 

Rock, AR), and DFO-PEG3-Azide (Holland Lab at the University of Zurich, Zürich, 

Switzerland). 

The light source for the photoconjugation reaction was an Opsytec Dr. Groebel 

LedControl S with a 395 nm LED light under the following parameters: Power = 100%, duration 

= 15 minutes, Activation = trigger. Size exclusion column high performance liquid 

chromatography (SEC-HPLC) analysis were performed on a Hitachi LaChrom Elite with the 

following parameter: Flow rate = 1.0 mL/min using the software, EZChrom Elite. Two size 

exclusion HPLC columns were used, i) a Biosep 5mm SEC-s3000 290Å 300 x 7.8 mm and ii) a 

BioRad ENrich SEC 650 300 x 10 mm. Ultraviolet (UV) detection was performed on a Shimazu 

SPD-UV detector at 280 nm and in-line gamma radiation detection using a Carroll & Ramsey 

flow detector (Model 105s, Berkeley, CA) with data collected by SRI PeakSimple software 

(Torrance, CA). Instant thin layer chromatography (iTLC) analysis was performed on a BioScan 
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AR-2000 using the software, WinScan V3. Concentrations were determined using a Thermo 

Scientific Nanodrop One. Binding curves were generated using the software, GraphPad Prism 

(GraphPad Software Inc., La Jolla, CA). Radioactivity was measured using a Hidex AMG 

(Finland) counter. 

B. DFO-VRC01 

To a 2.0 mL centrifuge tube, 20 µL of a 25mg/mL p-DFO-SCN stock solution and 1 mL 

of 0.1M NaHCO3/Na2CO3 pH 9 were added and mixed. In a 1.5 mL tube, 100 µL of VRC01 was 

added to 500 µL of 0.1M NaHCO3/Na2CO3 pH 9. To another 1.5 mL tube, 300 µL of the DFO-

p-SCN/ NaHCO3/Na2CO3 was added to 600 µL VRC01/ NaHCO3/Na2CO3. The reaction mixture 

was incubated at 37°C for 45 minutes with gentle stirring. The DFO-VRC01 conjugate was 

purified by size exclusion chromatography using a PD-10 desalting column with a 0.25M sodium 

acetate trihydrate solution serving as the eluent. 

The full reaction volume (1 mL) was added to the center of the top frit and collected. The 

reaction vial was rinsed with 1 mL 0.25M NaOAc•3H2O/Gentisic Acid and the 1 mL was added 

to the center of the top frit and collected. Another 1 mL of 0.25M NaOAc•3H2O/Gentisic Acid 

was added to the top and allowed to be collected. This was repeated for four more fractions. The 

concentration of purified product was measured using a Nanodrop One three times using 2 µL 

aliquots. The purity of the compound was determined using SEC-HPLC. The purified conjugate 

(20 µL) was injected into a BioSep 5 µm SEC-s3000 290 Å 300 x 7.8 mm column twice. The 

mobile phase used was a PBS solution with a steady flow rate of 1 mL/min. 

C. 89Zr-DFO-VRC01 

In a 2-mL tube containing 20 µL of deionized H2O, 2.02 mCi (4.4 µL) of 89Zr-oxalate 

and an equivalent volume of 1M Na2CO3 were added and incubated at room temperature for 3 
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minutes. To the tube containing the neutralized 89Zr, 2 mg (297.5 µL) of DFO-VRC01 from a 

6.723 mg/mL stock dissolved in 673.7 µL of 1M ammonium acetate were added. The reaction 

was incubated for 1 hour at room temperature with gentle mixing. The product was purified 

using a PD-10 column with 0.25M NaOAc•3H2O/Gentisic Acid serving as the eluent.  

The full reaction volume (1 mL) was added to the center of the top frit and collected. The 

reaction vial was rinsed with 1 mL 0.25M NaOAc•3H2O/Gentisic Acid and the 1 mL was added 

to the center of the top frit and collected. Another 1 mL of 0.25M NaOAc•3H2O/Gentisic Acid 

was added to the top and allowed to be collected. Lastly, 2 mL of 0.25M NaOAc•3H2O/Gentisic 

Acid was added to the top and allowed to be collected. Fractions of 1 mL were collected, and the 

radioactivity was measured using a dose calibrator. Radiolabeling efficiency of the reaction was 

determined using instant iTLC. An aliquot (1 µL) of the radiolabeled compound was spotted on a 

glass microfiber chromatography paper impregnated with silicic acid and added to a 50-mL tube 

containing 10 mL of 50mM diethylenetriamine pentaacetic acid (DTPA). The radiochemical 

purity was measured using HPLC by observing the UV and radioactivity signals using a 20 µL 

injection of the purified product. The mobile phase used was 0.05M Na2HPO4/NaH2PO4 solution 

containing 250 µg/mL of NaN3 with a steady flow rate of 1.0 mL/min. 

D. 89Zr-DFO-PEG3-Azepin-Ab/protein 

In a vial containing 98.5 µL of water and a stir bar, 22.5 nmol (10.6 µL) of DFO-PEG3-

Azide followed by 2 mCi (2.6 µL) of 89Zr-oxalate and an equivalent volume of 1M Na2CO3 were 

added and mixed for 2 minutes at room temperature. Radiolabeling efficiency of the reaction was 

determined using iTLC. An aliquot (1 µL) of the radiolabeled compound was spotted on a glass 

microfiber chromatography paper impregnated with silicic acid and added to a 50-mL tube 

containing 10 mL of DTPA. The radiochemical purity was measured using HPLC by observing 
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the UV and radioactivity signals using a 10 µL injection of the radiolabeled product. The mobile 

phase used was 0.05M Na2HPO4/NaH2PO4 solution containing 250 µg/mL of NaN3 with a 

steady flow rate of 1.0 mL/min. 

After 2 minutes of mixing, 15 nmol of Ab/protein are added to the reaction vial. The 

Ab/proteins used for the photoconjugation reaction were VRC01, HSA, and Cimzia. The 

reaction vessel was then irradiated using a 395 nm LED light for 15 minutes at 100% power. 

Photoconjugation efficiency was determined using HPLC by observing UV and radioactivity 

signals using a 10 µL injection of the reaction solution. 

E. PD-10 Purification 

The reaction volume (120 µL) was added to the center of the top frit and collected in the 

first fraction. An addition of 1 mL 0.25M NaOAc•3H2O/Gentisic Acid was added to the center 

of the top frit and collected in the same fraction. The addition and collection of 1 mL fractions 

totaled eight fractions. The radioactivity was measured using a dose calibrator. The 

radiochemical purity was measured using HPLC by observing the UV and radioactivity signals 

using a 100 µL injection of the purified product. The mobile phase used was 0.05M sodium 

phosphate monobasic/sodium phosphate dibasic solution containing 250 µg/mL of sodium azide 

with a steady flow rate of 1.0 mL/min. 

F. Sephadex G-100 Column Purification 
 

A frit was inserted and placed at the bottom of an empty PD-10 column. A solution of 1x 

PBS (1 mL) was added to the column, followed by the addition of Sephadex G-100 (431.5 mg). 

The Sephadex powder was further dissolved in 3 mL of 1x PBS, followed by a vortexing of the 

solution. The column was filled with 5 mL of 1x PBS, capped, and allowed to sit for five days in 

a 12-14°C fridge. The reaction volume (120 µL) was added to the center of the top frit and 
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collected. An addition of 80 µL PBS was added to the center of the top frit and collected in the 

same fraction. The addition and collection of 200 µL fractions totaled 40 fractions. 

G. Biological Activity Assay 

Dilution of Labeled VRC01 Analogs 

Into a microtube labeled 1, 375 µL of 1% nonfat milk and 125 µL of 89Zr-DFO-VRC01 

or 89Zr-DFO-PEG3-Azepin-VRC01were added and mixed. In microtubes labeled 2-8, 400 µL of 

1% nonfat milk were added. From microtube 1, 100 µL of solution was taken out and added to 

microtube 2. The following dilution process was done with microtubes 3-8. 

Coating of 96-well Enzyme-Linked Immunosorbent Assay (ELISA) Plate 

In a clean 96-well ELISA plate, 100 µL of 5 µg/mL Resurfaced Stabilized Core (RSC3) 

was added in 32 wells: Rows A-H and columns 1-3. The plate was sealed with an adhesive plate 

sealer and incubated at 4°C for 24 hours.  

Incubation of ELISA Plate 

After incubation, the plate was allowed to equilibrate to room temperature. The liquid 

was aspirated from each well and discarded. A solution of 0.5% PBS-Tween (150 µL) was added 

to each well, followed by an agitation of the plate for 2 minutes, followed by an aspiration of the 

liquid. This process was repeated two more times. A 1% nonfat milk solution (150 µL) was 

added to each well, followed by a sealing of the plate and incubation for 1 hour at room 

temperature.  

Incubation of Labeled VRC01 Analogs and Processing 
 

Following the incubation, the liquid in each well was aspirated and discarded. From 

microtube 1, 100 µL of solution was added to the three wells in row A. The same procedure was 
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followed for each microtube 2-8, adding to rows B-H. The ELISA plate was then incubated for 1 

hour at room temperature.  

The liquid in each well was aspired and discarded. A solution of 0.5% PBS-Tween (150 

µL) was added to each well, followed by an agitation of the plate for 2 minutes, followed by an 

aspiration of the liquid. This process was repeated two more times. A solution of 1M NaOH (200 

µL) was added to each well and the plate was incubated at room temperature for 25 minutes. The 

liquid in each well is aspirated and placed into 24 tubes. The activity counts for each sample 

were measured for 30 seconds using a gamma counter (Hidex). Statistical analyses were 

performed using GraphPad Prism (GraphPad Software Inc., La Jolla, CA). 

Results  

A. Conventional Synthesis 

89Zr-DFO-VRC01 

DFO-VRC01 was prepared by conjugating VRC01 with p-DFO-SCN at room 

temperature. The conjugate was purified through a size exclusion PD-10 column using a 0.25M 

NaOAc•3H2O eluent and collected in 1 mL fractions. The concentration of DFO-VRC01 in 

fractions 4, 5, and 6 were measured on a NanoDrop. The purified DFO-VRC01 in fraction 4 was 

0.535 mg/mL, in fraction 5 was 6.723 mg/mL, and in fraction 6 was 1.024 mg/mL. Fraction 5 

was used in the subsequent reactions.   

DFO-VRC01 was radiolabeled with neutralized 89Zr-oxalate at room temperature for half 

an hour. The radiolabeling efficiency, as measured by iTLC, demonstrated complete chelation of 

89Zr with the peak retained at the origin and no free 89Zr. An iTLC of 89Zr-oxalate was performed 

to show the movement of free 89Zr up the iTLC plate. Both iTLC chromatograms are seen in 

Figure 4.  
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Figure 4: iTLC chromatograms of 89Zr-DFO-VRC01 and free 89Zr. The left chromatogram 
of 89Zr-DFO-VRC01 indicating complete radiolabeling based on the single peak retained at the 
origin containing 100% of counts within the region. The right chromatogram of 89Zr-oxalate 
shows retention along solvent front. 
  

Radiolabeled 89Zr-DFO-VRC01 was purified through a size exclusion PD-10 column 

using a 0.25M NaOAc•3H2O/Gentisic Acid eluent and collected in 1 mL fractions. A typical 

elution profile from a 2 mCi reaction was generated with the activity observed in each fraction, 

shown in Figure 5. Analysis of the elution profile showed that 89Zr-DFO-VRC01 eluted into 

fractions 3 to 6. A majority of 89Zr-DFO-VRC01 eluted into fractions 4 and 5. 

 

Figure 5: PD-10 89Zr-DFO-VRC01 elution profile. The elution profile of 89Zr-DFO-VRC01 
from the fractions of activity eluted from a PD-10 column.  
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Figure 6: UV/Rad chromatograms of 89Zr-DFO-VRC01. The UV (left) and radiation (right) 
chromatograms of 89Zr-DFO-VRC01. The major species is 89Zr-DFO-VRC01 seen at 9.5 
minutes with the minor species being the aggregate at 8.4 minutes. The UV chromatogram shows 
89Zr-DFO-VRC01 at 9.1 minutes with its lower molecular weight aggregate at 9.1 minutes.  
 
 The radiochemical purity of 89Zr-DFO-VRC01 was analyzed by HPLC with 

UV/Radiation detection using a Biosep 5mm SEC-s3000 290Å size exclusion column eluted 

with a Na2HPO4/NaH2PO4/Gentisic Acid mobile phase seen in Figure 6. A majority of 89Zr-

DFO-VRC01 elutes from the HPLC column at 9.5 minutes with the higher molecular weight 

aggregate peak at 8.4 minutes. The corresponding UV chromatogram showed 89Zr-DFO-VRC01 

peaking at 9.1 minutes with the aggregate peak at 8.1minutes. The amount of monomer was 

91.5%. The amount of high molecular weight species in the fraction was 8.5%. No low 

molecular weight species were detected so the radiochemical purity was 91.5%. 

 A binding assay was performed to assess the immunoreactivity of the labeled VRC01 by 

conducting eight five-fold dilutions of the purified 89Zr-DFO-VRC01 in triplicate. The diluted 

radiolabeled VRC01 was incubated with a RSC3 recombinant protein for two hours. The activity 

of extracted protein was measured on a Hidex gamma counter, and a binding curve was 

generated, shown in Figure 7. The dissociation constant of 89Zr-DFO-VRC01 was calculated as 

19.72 ± 2.998 nM and R2 = 0.9981. 
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Figure 7: Biological activity assay of 89Zr-DFO-VRC01. The dissociation constant of 89Zr-
DFO-VRC01 to a RSC3 recombinant protein. KD for 89Zr-DFO-VRC01 is 19.72 ± 2.998 nM (n 
= 3, R2 = 0.9981).  
 
B. Photoconjugation 

89Zr-DFO-PEG3-ArN3 

DFO-PEG3-ArN3 was radiolabeled with neutralized 89Zr-oxalate at room temperature for 

two minutes. As seen in Figure 8, the radiolabeling efficiency measured by iTLC, was 100%. 

 
Figure 8: iTLC of 89Zr-DFO-PEG3-ArN3. The chromatogram of 89Zr-DFO-PEG3-ArN3 
indicating complete radiolabeling based on the single peak retained at the origin containing 
100% of counts within the region. 
 

The radiochemical purity of 89Zr-DFO-PEG3-ArN3 was analyzed by HPLC with 

UV/Radiation detection using a Biosep 5mm SEC-s3000 290Å size exclusion column eluted 

with a PBS mobile phase, seen in Figure 9. The radiation chromatogram showed 89Zr-DFO-
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PEG3-ArN3 at 19.2 minutes. The corresponding UV chromatogram showed 89Zr-DFO-PEG3-

ArN3 at 18.9 minutes. These chromatograms confirm the iTLC results.   

 
Figure 9: UV/Rad chromatogram of 89Zr-DFO-PEG3-ArN3. The UV (left) and radiation 
(right) chromatograms of 89Zr-DFO-PEG3-ArN3. The major species is 89Zr-DFO-PEG3-ArN3 
seen at 19.2 minutes. The UV chromatogram shows 89Zr-DFO-PEG3-ArN3 at 18.9 minutes.  
  

89Zr-DFO-PEG3-Azepin-HSA 

Following the 89Zr-DFO-PEG3-ArN3 radiolabeling, HSA was added and the reaction was 

irradiated for 15 minutes at room temperature to synthesize 89Zr-DFO-PEG3-Azepin-HSA, a 

model protein compound. The radiochemical purity of the crude 89Zr-DFO-PEG3-Azepin-HSA 

was analyzed by HPLC with UV/Radiation detection using a Biosep 5mm SEC-s3000 290Å size 

exclusion column eluted with a PBS mobile phase is shown in Figure 10. Analysis of the 

radiation chromatogram shows a majority of 89Zr-DFO-PEG3-Azepin-HSA at 9.8 minutes. The 

minor species being the 89Zr-DFO-PEG3-Azepin at 11.3 minutes. 
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Figure 10: Rad chromatogram of crude 89Zr-DFO-PEG3-Azepin-HSA. The major species is 
89Zr-DFO-PEG3-Azepin-HSA seen at 9.8 minutes and the minor species is 89Zr-DFO-PEG3-
Azepin seen at 11.8 minutes. 
 

The crude reaction was purified through a PD-10 column using a 0.25M 

NaOAc•3H2O/Gentisic Acid eluent and collected in 1 mL factions. A typical elution profile from 

a 257 µCi reaction was generated and compared to the elution profile of 89Zr-DFO-PEG3-

Azepin, shown in Figure 11. It was observed that 89Zr-DFO-PEG3-Azepin-HSA eluted into 

fractions 3 to 8. A majority of the activity eluted into fractions 3 and 4. The elution profile for 

89Zr-DFO-PEG3-Azepin showed that the compound had eluted into fractions 4 to 8, with a 

majority eluting into fractions 5 to 7. It appears that the labeled HSA and remaining Azepin may 

overlap and coelute in a few fractions. 
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Figure 11: PD-10 fractions of 89Zr-DFO-PEG3-Azepin-HSA/89Zr-DFO-PEG3-Azepin. The 
elution profiles are compared to show the overlap of species in the 89Zr-DFO-PEG3-Azepin-HSA 
fractions.   
 

 
Figure 12: Rad chromatogram of 89Zr-DFO-PEG3-Azepin-HSA F4. The major species is 
89Zr-DFO-PEG3-Azepin-HSA seen at 9.8 minutes and the minor species is 89Zr-DFO-PEG3-
Azepin seen at 11.8 minutes. 

 
The purity of 89Zr-DFO-PEG3-Azepin-HSA in fraction 4 was analyzed by HPLC with 

UV/Radiation detection using a Biosep 5mm SEC-s3000 290Å size exclusion column eluted 

with a Na2HPO4/NaH2PO4/Gentisic Acid mobile phase seen in Figure 12. The chromatogram of 

the “purified fraction’ appears to have residual 89Zr-DFO-PEG3-Azepin present.  
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A subsequent HSA reaction was purified through a Sephadex G-100 column using a PBS 

eluent and collected in 200 µL fractions. An elution profile, shown in Figure 13, of a 2 mCi 

reaction was generated. Two distinct peaks were observed, the first peak between fractions 10 

and 20, and the second between fractions 25 and 40. 

 

Figure 13: G-100 elution profile of 89Zr-DFO-PEG3-Azepin-HSA. There are two distinct 
peaks. The first peak, 89Zr-DFO-PEG3-Azepin-HSA, resides between fractions 10 and 20, and 
the second peak, 89Zr-DFO-PEG3-Azepin, resides between fractions 25 and 40.  

 
The crude and G-100 purified 89Zr-DFO-PEG3-Azepin-HSA were analyzed by HPLC 

with UV/Radiation detection using a BioRad ENrich SEC 650 size exclusion column eluted with 

a PBS mobile phase, shown in Figure 14. The HPLC chromatogram of the crude reaction shows 

that the reaction did not completely form 89Zr-DFO-PEG3-Azepin-HSA. The percent 

photoconjugation was 55.0%. The HPLC of fraction 13 from the G-100 purification showed 

89Zr-DFO-PEG3-Azepin-HSA as the major species with 6.5% of 89Zr-DFO-PEG3-Azepin. This 

demonstrates that the G-100 column does not completely separate 89Zr-DFO-PEG3-Azepin-HSA 

from the 89Zr-DFO-PEG3-Azepin. 
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Figure 14: Rad chromatogram of crude and G-100 purified 89Zr-DFO-PEG3-Azepin-HSA. 
The radiation chromatograms of the crude 89Zr-DFO-PEG3-Azepin-HSA (left) and G-100 
purified 89Zr-DFO-PEG3-Azepin-HSA fraction 13 (right). The major species in both the crude 
reaction and fraction 13 is 89Zr-DFO-PEG3-Azepin-HSA seen at 14.0 minutes. The minor 
species, 89Zr-DFO-PEG3-Azepin is seen at 18.1 minutes.  
 
 The crude and G-100 purified 89Zr-DFO-PEG3-Azepin-HSA were analyzed by HPLC 

with UV/Radiation detection using a BioRad ENrich SEC 650 size exclusion column eluted with 

a PBS mobile phase, shown in Figure 14. The HPLC chromatogram of the crude reaction shows 

that the reaction did not completely form 89Zr-DFO-PEG3-Azepin-HSA. The percent 

photoconjugation was 55.0%. The HPLC of fraction 13 from the G-100 purification showed 

89Zr-DFO-PEG3-Azepin-HSA as the major species with 6.5% of 89Zr-DFO-PEG3-Azepin. This 

demonstrates that the G-100 column does not completely separate 89Zr-DFO-PEG3-Azepin-HSA 

from the 89Zr-DFO-PEG3-Azepin. 

Fractions 18, 19, and 31 from the G-100 purification were also analyzed by HPLC. The 

ratio of species within each fraction is presented in Table 1. Fraction 18 contained 85.7% HSA 

and 11.5% Azepin. Fraction 19 contained 84.6% HSA and 11.5% Azepin. Fraction 31 contained 

6.4% HSA and 93.7% Azepin. As the fractions increased, the percent Azepin present increased. 
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The percent of HSA was similar in fractions 13 to 19, subsequently decreasing with increasing 

fractions. 

Table 1: The ratio of species contained in the G-100 purified fractions of 89Zr-DFO-PEG3-
Azepin-HSA. 

Fraction HSA (%) Azepin (%) 

13 78.9 6.5 

18 85.7 11.5 

19 84.6 12.0 

31 6.4 93.7 

 

89Zr-DFO-PEG3-Azepin-Cimzia 

Cimzia was added to the 89Zr-DFO-PEG3-ArN3 after radiolabeling and was irradiated for 

15 minutes to produce 89Zr-DFO-PEG3-Azepin-Cimzia as a model antibody compound. The 

crude 89Zr-DFO-PEG3-Azepin-Cimzia was analyzed by HPLC with UV/Radiation detection 

using a Biosep 5mm SEC-s3000 290Å size exclusion column eluted with PBS mobile phase. 

Analysis of the radiation chromatogram seen in Figure 15 shows 89Zr-DFO-PEG3-Azepin-

Cimzia at 11.8 minutes and 89Zr-DFO-PEG3-Azepin at 12.3 minutes. The amount of activity 

injected was not enough to provide a clear visualization of the distinct peaks, thus separation was 

difficult and the percent photoconjugation could not be determined.  
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Figure 15: Rad chromatogram of crude 89Zr-DFO-PEG3-Azepin-Cimzia. The 89Zr-DFO-
PEG3-Azepin-Cimzia is seen at 11.8 minutes and 89Zr-DFO-PEG3-Azepin seen at 12.3 minutes. 
 

The crude reaction was purified through a PD-10 column using a PBS eluent and 

collected in 1mL fractions. An elution profile from a 2 mCi reaction was generated with the 

activity observed in each fraction, shown in Figure 16. It was observed that 89Zr-DFO-PEG3-

Azepin-Cimzia reaction eluted in fractions 3 to 8. A majority of 89Zr-DFO-PEG3-Azepin-Cimzia 

eluted into fractions 4 to 6. Compared to the 89Zr-DFO-PEG3-Azepin, it appears that the labeled 

Cimzia and labeled Azepin may coelute in several fractions. 
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Figure 16: PD-10 fractions of 89Zr-DFO-PEG3-Azepin-Cimzia/89Zr-DFO-PEG3-Azepin. The 
elution profiles are compared to show the overlap of species in the 89Zr-DFO-PEG3-Azepin-
Cimzia fractions.  

 

 

Figure 17: Rad chromatogram of 89Zr-DFO-PEG3-Azepin-Cimzia F4. The chromatogram 
shows a mixture of 89Zr-DFO-PEG3-Azepin-Cimzia and 89Zr-DFO-PEG3-Azepin. 
 

The PD-10 purified 89Zr-DFO-PEG3-Azepin-Cimzia fraction 4 was analyzed by HPLC 

using a Biosep 5mm SEC-s3000 290Å size exclusion column eluted with a PBS mobile phase, 
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Figure 17. The amount of activity injected was not enough to determine radiochemical purity of 

the species. 

A subsequent crude Cimzia reaction was purified through a Sephadex G-100 column 

using a PBS eluent and collected in 200 µL fractions. An elution profile, shown in Figure 18, of 

a 2 mCi reaction was generated. Two distinct peaks were observed with clear separation, the first 

peak between fractions 11 and 19, and the second between fractions 25 and 40. 

 

Figure 18: G-100 elution profile of 89Zr-DFO-PEG3-Azepin-Cimzia. There are two distinct 
peaks with clear separation between both. The first peak resides between fractions 11 and 19, 
and the second peak resides between fractions 25 and 40.  
 
 The crude and G-100 purified 89Zr-DFO-PEG3-Azepin-Cimzia fraction 14 were analyzed 

by HPLC using a BioRad ENrich SEC 650 size exclusion column eluted with a PBS mobile 

phase, shown in Figure 19. The HPLC chromatogram of the crude reaction shows that the 

reaction did not completely form 89Zr-DFO-PEG3-Azepin-Cimzia. The percent photoconjugation 

was 56.0%. The HPLC of fraction 14 from the G-100 purification showed 92.5% 89Zr-DFO-

PEG3-Azepin-Cimzia at 11.2 minutes and 3.2% 89Zr-DFO-PEG3-Azepin at 18.1 minutes. This 

demonstrates that the G-100 column separated 89Zr-DFO-PEG3-Azepin-Cimzia from 89Zr-DFO-

PEG3-Azepin to a better degree than the PD-10 purification. 
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Figure 19: Rad chromatogram of crude and G-100 purified 89Zr-DFO-PEG3-Azepin-
Cimzia. The radiation chromatograms of the crude 89Zr-DFO-PEG3-Azepin-Cimzia (left) and 
purified 89Zr-DFO-PEG3-Azepin-Cimzia fraction 14 (right). The major species in both the crude 
reaction and fraction 14 is 89Zr-DFO-PEG3-Azepin-Cimzia at 11.2 minutes. The minor species is 
89Zr-DFO-PEG3-Azepin at 18.1 minutes in the crude reaction.  
 

Fractions 17 and 33 were also analyzed by HPLC The ratio of species within each 

fraction is presented in Table 2. Fraction 17 contained 82.2% Cimzia and 11.2% Azepin. 

Fraction 33 only labeled Azepin.  

Table 2: The ratio of species contained in the purified fractions of 89Zr-DFO-PEG3-Azepin-
Cimzia. 

Fraction Cimzia (%) Azepin (%) 

14 92.5 3.2 

17 82.2 11.2 

33 0 100 
 

89Zr-DFO-PEG3-Azepin-VRC01 

VRC01 was added to the 89Zr-DFO-PEG3-ArN3 and was irradiated for 15 minutes. The 

radiochemical purity of the crude 89Zr-DFO-PEG3-Azepin-VRC01 was analyzed by HPLC with 

UV/Radiation detection using a BioRad ENrich SEC 650 size exclusion column eluted with a 

PBS mobile phase, shown in Figure 20. Analysis of the radiation chromatogram shows 12.5% 
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89Zr-DFO-PEG3-Azepin-VRC01 at 12.9 minutes with the 5.5% aggregate at 11.8 minutes. The 

major species was unreacted 89Zr-DFO-PEG3-Azepin, 82% at 17.9 minutes. 

 

Figure 20: Rad chromatogram of 89Zr-DFO-PEG3-Azepin-VRC01. The major species is the 
89Zr-DFO-PEG3-Azepin at 17.9 minutes. The minor species is 89Zr-DFO-PEG3-Azepin-VRC01 
at 12.9 minutes with the aggregate at 11.8 minutes.  
 

The crude reaction was purified through a Sephadex G-100 column using a PBS eluent 

and collected in 200 µL fractions. An elution profile, shown in Figure 21, from a 4 mCi reaction 

was generated. Two distinct peaks were observed, the first peak between fractions 11 and 17, and 

the second between fractions 22 and 40. 
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Figure 21: G-100 elution profile of 89Zr-DFO-PEG3-Azepin-VRC01. There are two distinct 
peaks with clear separation between both. The first peak resides between fractions 11 and 17, 
and the second peak resides between fractions 22 and 40.  
 

 

Figure 22: Rad chromatogram of 89Zr-DFO-PEG3-Azepin-VRC01 F14. The major species is 
89Zr-DFO-PEG3-Azepin-VRC01 seen at 12.9 minutes with the aggregate at 11.8 minutes.  
 

Figure 22 shows the radiation chromatogram for 89Zr-DFO-PEG3-Azepin-VRC01 

fraction 14. The major species is 90% 89Zr-DFO-PEG3-Azepin-VRC01 seen at 12.9 minutes with 

the aggregate, 8.5% at 10.6 minutes. The minor species is 1.5% 89Zr-DFO-PEG3-Azepin at 17.9 

minutes. This demonstrates the G-100 column could not completely separate 89Zr-DFO-PEG3-

Azepin-VRC01 from 89Zr-DFO-PEG3-Azepin. 
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A binding assay was performed to assess the immunoreactivity of the labeled VRC01 by 

conducting eight five-fold dilutions of the purified 89Zr-DFO-PEG3-Azepin-VRC01 in triplicate. 

The diluted radiolabeled VRC01 was incubated with a RSC3 recombinant protein for two hours. 

The activity of extracted protein was measured on a Hidex gamma counter, and a binding curve 

was generated, shown in Figure 23. The dissociation constant of 89Zr-DFO-PEG3-Azepin-

VRC01 was calculated as 0.4759 ± 0.0728 nM and R2 = 0.9922. 

  

Figure 23: Biological activity assay of 89Zr-DFO-PEG3-Azepin-VRC01. The dissociation 
constant of 89Zr-DFO-PEG3-Azepin-VRC01 to a RSC3 recombinant protein. KD for 89Zr-DFO-
PEG3-Azepin-VRC01 is 0.4759 ± 0.0728 nM (n = 3, R2 = 0.9922).  
 

Discussion 

 The goal of the research project was to synthesize 89Zr-DFO-PEG3-Azepin-VRC01 using 

a one pot photoconjugation method and compare it to the conventional two-step method of 

synthesizing 89Zr-DFO-VRC01 through the intermediate DFO-VRC01. The disadvantage of the 

conventional method of synthesis is that it requires the full characterization of the intermediate 

DFO-VRC01 conjugate before being radiolabeled with 89Zr-oxalate. If the DFO-VRC01 

conjugate fails any of the quality specifications, the conjugate must be resynthesized. Also the 

stability of the intermediate must be determined if it is a going to have a long shelf life. Unlike 
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the conventional method, the one-pot synthesis bypasses the need for a full characterization of an 

intermediate as the radiolabeling of the DFO-chelate and conjugation to the VRC01 occur 

sequentially, offering a streamlined process. It was also important to determine if the 

photoconjugation method affected the binding properties of VRC01, thus biological activity 

assays were performed with the tracers developed by both methods.  

A. 89Zr-DFO-PEG3-Azepin-HSA 

 The light-induced one step synthesis of 89Zr-DFO-PEG3-Azepin-HSA was performed as a 

model protein compound to gain experience with the photoconjugation reaction. From the 

photoconjugation, it was observed that the reaction did not go to completion, therefore it was 

important to evaluate methods that would sufficiently separate the 89Zr-DFO-PEG3-Azepin-HSA 

from 89Zr-DFO-PEG3-Azepin. Efficient photoconjugation and good purification is critically 

important for the administration of the 89Zr-DFO-PEG3-Azepin-VRC01 to a patient as 89Zr-

DFO-PEG3-Azepin in the final product would not pass quality testing. 

 Currently, size exclusion columns are used to purify crude reactions, separating high 

molecular weight species from low molecular weight species. With size exclusion PD-10 

columns, the gel media used for the purification is Sephadex G-25, which provides a 

fractionation range of 1 kDA to 5 kDA for globular proteins. Any molecule that is larger than the 

fractionation range would be excluded from the gel pores and be eluted earlier. Any molecule 

below the fractionation range would be absorbed into the dextran pores, slowing the movement 

of the lighter molecules down the column, thus being eluted later. Therefore, any size exclusion 

column utilizing a similar gel media like G-25 for purification will typically elute the heaviest 

molecules first and the lightest molecules last. However, this elution profile is dependent on 

several factors such as uneven gel packing or uneven column loading. If the gel packing is 
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uneven such that one side of the column is tightly packed while the opposite side is loose, the 

molecules would have longer retention and better resolution on the thicker side whereas the loose 

side would not separate the species adequately, leading to coelutions of heavy and light 

molecules. With uneven column loading, one side may be eluted faster which would also lead to 

coelutions of large and small molecules.  

With HSA having a molecular weight of around 66.5 kDa, finding a suitable method that 

would adequately separate 89Zr-DFO-PEG3-Azepin-HSA (MW: ~67 kDa) from 89Zr-DFO-PEG3-

Azepin (MW: ~1.1 kDa) may provide a method that would work well or even better with the 

high molecular weight 89Zr-DFO-PEG3-Azepin-VRC01 (MW: ~150 kDa). The expected 

separation of the high molecular weight 89Zr-DFO-PEG3-Azepin-HSA from the lower molecular 

weight 89Zr-DFO-PEG3-Azepin by PD-10 column purification was not observed despite 89Zr-

DFO-PEG3-Azepin being within the fractionation range. From the elution profile of the purified 

89Zr-DFO-PEG3-Azepin-HSA seen in Figure 11, the labeled HSA was observed to elute into 

fractions 3 and 7, with overlap in the elution profile when compared to the profile of 89Zr-DFO-

PEG3-Azepin. This indicated that 89Zr-DFO-PEG3-Azepin may have coeluted with 89Zr-DFO-

PEG3-Azepin-HSA into the purified fractions which was later confirmed by HPLC analysis seen 

in Figure 12. However, the inability to adequately separate these two species provided incentive 

to explore a new purification column.  

As an alternative to PD-10 columns, new columns were created using Sephadex G-100 

powder. The fractionation range for globular proteins is 4 kDa to 150 kDa and is 1 kDa to 100 

kDa for dextrans. The G-100 powder for purification was observed to give a distinct separation 

in the elution profile seen in Figure 13 between the 89Zr-DFO-PEG3-Azepin-HAS, seen in the 

earlier fractions, from 89Zr-DFO-PEG3-Azepin, seen in the later fractions. The radiation 
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chromatogram for fraction 13 in Figure 14 showed that the G-100 column used for purification 

was able to separate most of the 89Zr-DFO-PEG3-Azepin compared to the PD-10, showing only 

6.5% of the 89Zr-DFO-PEG3-Azepin species within the purified fraction compared to 20%, 

which was a significant improvement in the ability to separate lower and higher molecular 

weight species. We hypothesized that for higher molecular weighted mAb/proteins, a greater or 

complete separation would be observed.   

B. 89Zr-DFO-PEG3-Azepin-Cimzia 

The synthesis of 89Zr-DFO-PEG3-Azepin-Cimzia was a model antibody compound due to 

Cimzia being readily available. The photoconjugation did not go to completion, with 56% 89Zr-

DFO-PEG3-Azepin-Cimzia in the crude, seen in the HPLC analysis of Figure 19. In the PD-10 

elution profile of 89Zr-DFO-PEG3-Azepin-Cimzia seen in Figure 16, 89Zr-DFO-PEG3-Azepin-

Cimzia eluted into fractions 3 to 8, tailing off into the later fractions without a point of distinct 

separation. The radiation chromatogram of fraction 4 showed a mixture of both 89Zr-DFO-PEG3-

Azepin-Cimzia and 89Zr-DFO-PEG3-Azepin, but due to the peaks occurring near baseline as a 

result of not enough injected activity, we were unable to determine the radiochemical purity. 

When purifying the crude 89Zr-DFO-PEG3-Azepin-Cimzia by G-100 column, a similar elution 

profile as seen with 89Zr-DFO-PEG3-Azepin-HSA was observed. The difference was that the 

fractions 89Zr-DFO-PEG3-Azepin-Cimzia eluted into had shifted to the left as a result of being a 

heavier molecule (MW: 91 kDa). SEC HPLC analysis of the purity of fraction 14, showed 89Zr-

DFO-PEG3-Azepin still present in the fraction, but at a lower percent when compared to the 89Zr-

DFO-PEG3-Azepin-HSA fraction 13. Still this method of separation was inadequate because it 

could not completely separate out 89Zr-DFO-PEG3-Azepin, but visually it was better than the 

purification of 89Zr-DFO-PEG3-Azepin-HSA. 
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C. 89Zr-DFO-PEG3-Azepin-VRC01 

 The synthesis of 89Zr-DFO-PEG3-Azepin-VRC01 was the primary antibody compound 

for the evaluation of the photoconjugation method. The photoconjugation did not go to 

completion, with 12.5% 89Zr-DFO-PEG3-Azepin-VRC01 in the crude, seen in the HPLC analysis 

of Figure 20. From the G-100 column fractionation study in Figure 21, 89Zr-DFO-PEG3-Azepin-

VRC01 eluted into the earlier fractions as expected after the studies conducted with HSA and 

Cimzia. When determining the radiochemical purity in Figure 14, it was observed that 1.5% of 

89Zr-DFO-PEG3-Azepin was still present. Although G-100 showed a significant improvement in 

the separation between higher and lower molecular weight species, it was still unable to 

completely separate 89Zr-DFO-PEG3-Azepin-VRC01 from 89Zr-DFO-PEG3-Azepin. Due to the 

residual 89Zr-DFO-PEG3-Azepin still present, it would be challenging to release the product for 

injection into humans.   

 It was important to determine if the photoconjugation method affected the binding 

properties of VRC01, thus binding assays were performed to determine the immunoreactivity of 

89Zr-DFO-PEG3-Azepin-VRC01 and 89Zr-DFO-VRC01. The dissociation constant of 89Zr-DFO-

PEG3-Azepin-VRC01 and 89Zr-DFO-VRC01 binding to RSC3 recombinant protein was in the 

0.4-20 nM range. This is comparable to the value of 5 nM seen for VRC01 binding.14 This is 

significant because this binding assay showed that the photoconjugation method for the synthesis 

of the tracer did not affect the binding properties, immunoreactivity, of the VRC01. 

 There are several challenges that we have discovered from the photoconjugation 

synthesis. The first is that the synthesis does not go to completion, therefore we must perform a 

purification. In the future, we want to optimize the conditions of the synthesis that would 

increase the photoconjugation conversion, minimizing the amount of 89Zr-DFO-PEG3-Azepin in 
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the reaction that needs to be purified. The second is that from size exclusion purification, there 

was insufficient separation of the 89Zr-DFO-PEG3-Azepin-mAb/protein from 89Zr-DFO-PEG3-

Azepin. To optimize separations in the future, we would explore increasing the length of the 

column or new separation resins. 

Conclusion 

 The light-induced one pot method was successful in synthesizing 89Zr-DFO-PEG3-

Azepin-VRC01. It was possible to obtain a better visualization of the separation between 89Zr-

DFO-PEG3-Azepin-VRC01 and 89Zr-DFO-PEG3-Azepin using a new size exclusion HPLC 

column with no overlap between higher and lower molecular weight species. The development 

of a new SEC purification column using Sephadex G-100 powder allowed for an optimal 

separation of 89Zr-DFO-PEG3-Azepin-VRC01 from 89Zr-DFO-PEG3-Azepin with purity higher 

than 99%. From the binding assay, the 89Zr-DFO-PEG3-Azepin-VRC01 showed efficient binding 

to the gp120 protein on RSC3 when compared to the 89Zr-DFO-VRC01 binding assay, indicating 

that the photoconjugation method did not affect the binding properties of VRC01. 
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