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Background 

HIV is a retrovirus belonging to the viral family Retroviridae.1 Expression of a single protein, 

termed Gag, is sufficient for efficient assembly of retrovirus-like particles in mammalian cells.2, 3 

Imaging of HIV-1 Gag has been carried out mostly with fluorescent proteins (FPs).4, 5 However, 

there are several drawbacks for the imaging of retrovirus assembly. The relatively large size of 

FPs can alter the properties of retroviral proteins and FPs take a long time to mature (t1/2 > 1hr), a 

time frame which is long relative to HIV assembly and budding. Finally, it is difficult to engineer 

infectious particles containing FPs and to test the effects of the FP tag on the functional 

properties of the protein. In contrast, the tetracysteine tag/biarsenical dye labeling approach 

presents several advantages. Tetracysteine tags are as small as, minimally, 6 amino acids that are 

required to for protein insertion. They do not disrupt protein-protein interactions nor perturb the 

correct trafficking of tagged proteins6, 7 and biarsenical dye binds to the tag very rapidly making 

this system very attractive for imaging HIV-1 proteins in live cells. This study was designed to 

use a biarsenical compound8, 9 to study folding, maturation, and trafficking of the HIV-1 Gag 

protein by exploring the molecular mechanisms in the assembly process, and in the trafficking of 

Gag within virus-producing cells.  

 

Chemistry 

The target compound was obtained according to literature8 methods and the synthesis is outlined 

in Scheme 1. 
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Scheme 1. Synthesis of AsCy3. 
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Experimental  

General. Reagents were obtained from Sigma-Aldrich, Inc. unless otherwise noted, and used 

without further purification. All synthetic manipulations were performed under a dry nitrogen 

atmosphere using standard techniques. 1H and 13C NMR spectra were acquired using a Varian 

spectrometer operating at 400MHz and 100MHz respectively.  Chemical shifts are reported in 

parts per million (δ) and referenced to tetramethylsilane (TMS). ESI mass spectrometry (ESI 

MS) was performed on LC/MSD TrapXCl Agilent Technologies instrument. A Beckman Coulter 

System Gold HPLC was used for analyses and product purification. 

 
1-δ-Sulfobutyl-2,3,3-trimethyl-indolenine (1). A mixture of 2,3,3-trimethyl-indole (0.80g, 

5.0mmol) and 1,4-butane sulfone (2.25g, 16mmol) in 1,2-dichlorobenzene (7mL) was refluxed at 

120°C for 12 hours under a nitrogen atmosphere. After cooling, the reaction mixture was added 

into cold acetone (100mL). The precipitate was filtered, washed with acetone (3x10mL) and 

dried in vacuo to afford the title compound as a pink powder (1.1g, 55% yield). 1H NMR 

(DMSO-d6): δ 1.52 (s, 6H), 1.72 (m, 2H), 1.95 (m,2H), 2.49 (m, 2H), 2.84 (s, 3H), 4.48 (t, J = 



7.8Hz, 2H), 7.61 (m, 2H), 7.82 (m, 1H), 8.03 (m, 1H). 13C NMR (DMSO-d6): δ 13.8, 22.0, 22.1, 

26.0, 47.1, 50.1, 54.1, 115.6, 123.4, 128.9, 129.3, 141.2, 141.8, 196.5. ESI MS: m/z calcd. [MH]+ 

296.1, found 296.4. 

 

3-(3, 3-dimethyl-1-(4-sulfobutyl)indolin-2-ylidene)prop-1-enyl)-3, 3-dimethyl-1-(4-

sulfobutyl) -3H-indolium (Cy3) (2). Compound 1 (0.5g, 1.7mmol) and triethyl orthoformate 

(0.5g, 3.4mmol) were heated in a buffered acetic anhydride/ acetic acid mixture (7mL acetic 

acid, 5 mL acetic anhydride and 0.32g sodium acetate) at 120°C for 12 hours. After the reaction, 

the solvent was removed in vacuo and the residue was dissolved in a minimum amount of 

dimethylformamide and purified by HPLC monitored at 540 nm on an Agilent Zorbax C18 

(21.5x250 mm, 5µm) column run at a 12 mL/min flow rate. The solvent system consisted of 

solvent A (0.05% trifluoroacetic acid in water) and B (0.1% trifluoroacetic acid in acetonitrile) 

with gradient of the solvent B from 40 to 90% over 15 minutes. The product eluted at 14.8 

minutes. The product fraction was concentrated and then lyophilized to afford the title compound 

as a pink powder (0.11g, 22 % yield).  1H NMR (DMSO-d6): δ 1.69 (s, 12H), 1.84-1.73 (m, 8H), 

2.56 (m, 4H), 4.14 (t, J = 7.0 Hz, 4H), 6.57 (d, J = 13.6 Hz, 2H), 7.29 (t, J = 7.6 Hz, 2H), 7.43 (t, 

J = 7.6 Hz, 2H), 7.45 (d, J = 8.0 Hz, 2H), 7.62 (d, J = 6.8 Hz, 2H), 8.35 (t, J = 13.6 Hz, 1H). 13C 

NMR (DMSO- d6): δ 22.3, 26.1, 27.4, 44.7, 48.8, 50.6, 50.7, 78.6, 78.9, 79.2, 102.7, 111.6, 

122.3, 125.1, 128.6, 140.5, 141.8, 149.9, 173.7. ESI MS: m/z calcd. [MH]+ 600.3, found 600.8. 

 

3-(5-(1, 3, 2-dithiarsolan-2-yl)-3, 3-dimethyl-1-(4-sulfobutyl)indolin-2-ylidene)prop-1-enyl)-

5-(1, 3, 2-dithiarsolan-2-yl)-3, 3-dimethyl-1-(4-sulfobutyl)-3H-indolium (AsCy3) (3 and 4). 

The cyanine dye compound (2) (95mg, 0.15mmol) and mercuric oxide (108mg, 0.30mmol) were 

stirred in trifluoroacetic acid (2.0mL) at room temperature overnight. The solvent was 

evaporated in vacuo and the residue was washed thoroughly with water to afford a pink solid, 

Cy3-bis-mercuric trifluoroacetate, (3) (180mg, 75% yield). After drying under high vacuum with 

phosphorous pentoxide (P2O5) overnight, Cy3-bis-mercuric trifluoroacetate (76mg, 0.06mmol) 

was suspended in anhydrous N-methyl pyrrolidinone (NMP, 0.6mL) containing arsenic 

trichloride (75µL, 1.5mmol, 26 equiv.), diisopropyl ethyl amine (DIPEA, 0.6mmol, 55µL, 10 

equiv.) and a catalytic amount of palladium acetate (5mg). The reaction mixture was stirred at 

room temperature for 8 hours. Phosphate buffer (5mL 0.25M, pH 7) and 1, 2-ethanedithiol 



(2.7mol, 226mL 44 equiv.) were then added. The solution was extracted with chloroform 

(CHCl3) (3×10mL) and dried over sodium sulfate (Na2SO4). The solvent was evaporated under 

reduced pressure. The crude product residue was dissolved in dimethyl sulfoxide (1 mL) and 

purified by semi-preparative HPLC on an Agilent Eclipse XDB C18 (9.4 x 250 mm, 5 µm) 

column run at a 3mL/min flow rate. The solvent system consisted of solvent A (0.05% 

trifluoroacetic acid in water) and B (0.05% trifluoroacetic acid in methanol) with a gradient of 

solvent B from 70 to 95% over 12 minutes, then maintaining at 95% of B for 2 minutes and then 

to 70% of B over 1 minutes. The final product eluted at 13 min. The fraction containing the 

product was concentrated under reduced pressure at ambient temperature and then lyophilized to 

afford a purple solid (35 mg, 62% yield). Quality control by analytical HPLC was performed 

using an Agilent Eclipse XDB C18 (4.6x150 mm, 5 µm) column at a 0.5 mL/min flow rate. The 

solvent system consisted of solvent A (0.05% trifluoroacetic acid in water) and B (0.05% 

trifluoroacetic acid in acetonitrile) with a gradient of solvent B from 50 to 95% over 10 minutes. 

The product was eluted at 7.1 minutes. 1H NMR (DMSO-d6): δ 1.69-1.82 (m, 20H), 3.22 (m, 

4H), 3.37(m, 4H), 4.14 (m, 4H), 6.60 (d, J = 13.2 Hz, 2H), 7.53 (d, J = 8.4 Hz, 2H), 7.71 (d, J = 

8.4 Hz, 2H), 7.87 (s, 2H), 8.33 (t, J = 13.4 Hz,1H). 13C NMR (DMSO-d6): δ 22.5, 27.4, 28.5, 

41.6, 48.8, 50.8, 103.4, 111.5, 124.4, 129.8, 131.3, 140.6, 140.7, 142.9, 173.7. ESI MS: m/z 

calcd. for [MH]+ 933.0, found 933.2.  
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