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PRODUCT INFORMATION 
 

Catalog Number 2082 

Product Name: 5 nm Ni-NTA-Nanogold® 

Appearance: Clear red solution 

Revision: 1.0 (September 2009) 

Size: 3 mL 

Storage: Upon receipt store product at 2-8°C.  Product is shipped at ambient temperature. 
 
5 nm Ni-NTA-Nanogold®1 is designed for the detection or localization of Histidine (His)-tagged recombinant proteins in multisubunit 
protein complexes, tissue or cell samples using transmission electron microscopy (TEM), scanning electron microscopy (SEM) and 
cryo-electron microscopy.  Using 5 nm Ni-NTA-Nanogold®, His-tagged recombinant proteins originating from a variety of expression 
vectors can be labeled under both non-denaturing and denaturing conditions.  The labeled His-tagged recombinant proteins can be 
directly visualized or localized by electron microscope (EM) without the use of gold or silver enhancement. 
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Warning: For research use only. Not recommended or intended for diagnosis of disease in humans or animals. Do not use internally or 
externally in humans or animals.  Non radioactive and non carcinogenic.  
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INTRODUCTION  
  
The His-tag, consisting of five to ten consecutive histidine residues, has been used for purification of proteins by immobilized metal-
ion affinity chromatography (IMAC).2,3  The use of a His tag provides several advantages.  There is minimal addition of extra amino 
acids to the recombinant proteins.  The small histidine tail is poorly immunogenic and usually does not interfere with protein folding.   
His-tagged proteins can have an extremely high affinity for metal ions (Ka=1013 M),3-6 which allows the detection of the His-tagged 
proteins using Ni-NTA (nickel (II) nitrilotriacetic acid) gold nanoparticles (catalog numbers 2080 and 2082).7-13 5 nm Ni-NTA-
Nanogold® consists of a 5 nm gold particle with multiple Ni-NTA functionalities incorporated into ligands on the surface of gold 
particles.  Each Ni2+ coordinates with one NTA and two histidines from the His-tagged recombinant protein to form a stable complex 
(Figure 1).  A tight binding is achieved when three adjacent Ni-NTA groups bind to a 6x-His tag.  The His-tagged proteins are thus 
labeled, and the 5 nm gold particles can be clearly visualized by electron microscopy without the use of gold or silver enhancement.  
Compared with immunogold labeling, the use of 5 nm Ni-NTA-Nanogold® or 1.8 nm Ni-NTA-Nanogold® provides the advantage of 
more precise localization of the His tag sites, since no additional protein entities or antibodies are involved and the distance from the 
gold particle to the His tag is less than 1.5 nm.  The 5 nm Ni-NTA-Nanogold® and 1.8 nm Ni-NTA-Nanogold® bind to N-terminal, C-
terminal and internal His-tag sequences, and recognize from five to ten consecutive histidine residues encoded by a variety of 
commercial available expression vectors.        
 
 

 
 

Figure 1.  Interaction between a His-tagged protein and 5 nm Ni-NTA-Nanogold® (Catalog No.2082) 
 
 
PRODUCT INFORMATION 
 
This product is supplied as a dark red colored liquid at a concentration of 0.5 µM in 50 mM MOPS, pH 7.9.  No additional stabilizer 
or preservative is included.  If a sterile solution is needed, filter the product with a 0.2 µm cellulose acetate membrane filter.  As 
supplied, this product is stable at least 1 year when stored at 2-8°C. 
 
 
GENERAL CONSIDERATIONS FOR THE USE OF 5 nm Ni-NTA-NANOGOLD®   

1. His-tagged protein samples should be prepared in a binding buffer at pH 7–8.  While His tags are labeled with 5 nm Ni-NTA-
Nanogold®, nonspecific binding can also occur as many proteins have intrinsic histidine and/or cysteine amino acid residues.   
It is often necessary to optimize binding and washing conditions by varying the concentration of imidazole and sodium 
chloride in the binding and wash buffers.  Increasing the concentration of imidazole and sodium chloride generally decreases 
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nonspecific binding, but also weakens affinity interaction.  The key is to find the right balance.  5 – 20 mM imidazole and 150 
– 500 mM NaCl were generally found to give satisfactory labeling results.  Including 1% (w/v) nonfat dry milk in the binding 
buffer and 0.1% (w/v) Tween®-20 in the binding/washing buffers especially helps reduce non-specific binding in tissue and 
cell samples.  Buffers with low pH (<5.0) protonate the histidines and disrupt the interaction with the metal, and therefore 
should not be used. 

2. Binding and washing buffers must be free of thiols such as β-mercaptoethanol, or reducing or chelating agents such as DTT, 
EDTA or citrate.  Samples containing EDTA, DTT, or citrate may give low specific staining. 

3. His tagged protein samples should be incubated with 5 nm Ni-NTA-Nanogold®, diluted 1/5 – 1/100 in the binding buffer for 5 
-30 min at room temperature.  The optimum concentration of 5 nm Ni-NTA-Nanogold® to be used needs to be determined for 
each application.  His tagged protein complexes can be immobilized on a glow-discharged, carbon-coated electron 
microscopy grid prior to labeling.  The grid can then be incubated upside-down on a droplet of label solution on parafilm.  
Protein complexes can also be labeled in solution.  However, the gold-to-His ratio and concentrations must be carefully 
controlled to avoid the formation of aggregates, since each gold particle contains multiple Ni-NTA groups.  Using a 5- to 10-
fold molar excess of 5 nm Ni-NTA-Nanogold® in a diluted mixture can help reduce the formation of aggregates.  After 
incubation, the excess 5 nm Ni-NTA-Nanogold® can be removed by gel filtration, or ion exchange liquid chromatography, 
dialysis or centrifugation.   

4. For applications involving tissues or cells, block the sample with 20 mM Tris, 150 mM NaCl, 0.1% Tween® 20 at pH7.6 
containing 1-5% Nonfat dried milk for 5-30 min at room temperature prior to the application of 5 nm Ni-NTA-Nanogold®.  
This blocking step can block some non-specific protein binding, and minimizes non-specific interactions. 

5. Stain with osmium tetroxide, uranyl acetate, lead acetate, tungsten- or vanadium-based negative stains to give contrast 
between different structures.  The tungsten- (Nano-W™, Catalog number 2018) or vanadium- (NanoVan™, Catalog number 
2011) based negative stains are specially useful for staining small structures such as multisubunit protein complexes.  
NanoVan™ gives a lighter stain than uranium, lead or tungsten-based negative stains, and allows easier visualization of 2-5 
nm gold nanoparticles.14 

 
 
EXAMPLE PROTOCOLS 
 
Note. The following protocols are general examples of applications for this product.  Specific experiments may require optimization. 
 
 
MATERIALS 
 

1. TBS: 20 mM Tris at pH 7.6 with 150 mM NaCl 
2. PBS: 20 mM sodium phosphate at pH 7.4 with 150 mM NaCl 
3. PBS-BSA: 20 mM sodium phosphate at pH 7.4 with 150 mM NaCl containing 0.5% (w/v) BSA and 0.1% (w/v) gelatin (high 

purity).  Nonfat dried milk can be used to replace BSA.  Including 0.5 M NaCl and 0.05% (v/v) Tween20 helps reduce 
nonspecific binding 

4. PBS-1% BSA: 20 mM sodium phosphate at pH 7.4 with 150 mM NaCl containing 1.0% (w/v) BSA and 0.1% (w/v) gelatin 
(high purity).  It has been found that replacing BSA with nonfat dried milk helps reduce background or nonspecific binding.   

 
 
LABELING His-TAGGED PROTEIN COMPLEXES IN SOLUTION 
 

1. Prepare protein complex in 20 mM Tris at pH 7.6 with 150 mM NaCl.   
2. Incubate protein complex with 10 molar excess of 5 nm Ni-NTA-Nanogold® for 30 minutes at room temperature or 4°C. 
3. Remove the unbound gold nanoparticles from labeled protein conjugates using gel filtration, or ion exchange 

chromatography, centrifugation or dialysis.  The gel filtration chromatography media such as GE Healthcare Superose and 
Superdex and Bio-rad Bio-Gel are selected based on the molecular weight of the proteins and the preferred fractionation 
range.  Concentrate the reaction mixture to a suitable volume for injection using membrane centrifugation (e.g. Amicon Ultra-
4, Millipore).  Elute with TBS.  The first colored peak or shoulder is the conjugate while the second dark colored band is 
excess gold namoparticles. 

4. If desired, remove salt using membrane centrifugation or dialysis. 
5. Load gold labeled protein complex on a carbon coated EM grid. 

http://www.nanoprobes.com
mailto:tech@nanoprobes.com


Rev. 1.0 (12/09)  Page 4 
 

 
NANOPROBES,  INC  •  95 Horseblock Road, Unit 1, Yaphank NY 11980-9710  •  www.nanoprobes.com 

Tel: (877) 447-6266 (Toll-Free in US) or (631) 205-9490  •  Fax: (631) 205-9493 
Tech Support: (631) 205-9492  •  tech@nanoprobes.com 

6. Perform negative stain such as NanoVan™, (catalog number 2011) according to product instructions before examination. 
 
 
LABELING His-TAGGED PROTEIN COMPLEXES ON GRIDS 
 

1. Load purified His-tagged protein complex on glow-discharged carbon coated EM grids, and remove excess liquid using filter 
paper. 

2. Place grid upside-down on a droplet of 5 nm Ni-NTA-Nanogold® and incubate for 30 minutes at room temperature. 
3. If desired, wash the grid upside-down on a droplet of 20 mM Tris at pH 7.6 with 150 mM NaCl containing 8 mM imidazole 

for 1 min at room temperature. 
4. Rinse with water. 
5. Perform negative stain such as NanoVan™, (catalog number 2011) according to product instructions before examination.   

 
 
PRE-EMBEDDING LABELING OF His-TAGGED PROTEINS IN TISSUE/CELL SAMPLES 
 
Labeling tissues or cells before embedding and sectioning (the pre-embedding method)15,16 is used for the study of surface targets.  It 
gives good preservation of cellular structure, and subsequent staining usually produces high contrast for study of the cellular details.  
 
Cells in Suspension 

 1.  Optional fixing of cells: e.g., with glutaraldehyde (0.05 - 1% for 15 minutes) in PBS.  Do not use Tris buffer since this 
contains an amine. After fixation, centrifuge cells (e.g. 1 mL at 107 cells/ml) at 300 X g, 5 minutes; discard supernatant;     
resuspend in 1 mL PBS.  Repeat this washing (centrifugation and resuspension) 2 times. 

 2. Incubate cells with 0.02 M glycine in PBS (5 mins) to quench the remaining aldehyde. Centrifuge, then resuspend cells in 
PBS-BSA buffer (specified above) for 5 minutes. 

 3.  Wash cells using PBS-BSA using repeated centrifugation and resuspension as described in step 1 (2 X 5 mins). Resuspend in 
1 mL PBS-BSA. 

 4.  Place 50-200 µL of cells into Eppendorf tube. Dilute 5 nm Ni-NTA-Nanogold® in PBS-BSA buffer and add 30-50 µL to cells; 
incubate for 15-30 minutes with occasional shaking. 

 5.  Wash cells in PBS-BSA by repeated centrifugation and resuspension as described in step 1 (2 X 5 mins).  5-20 mM imidazole 
may be included if nonspecific binding is concerned. 

6.    Fix cells using a final concentration of 1% (v/v) glutaraldehyde in PBS for 15 minutes.  Then remove fixative by washing with 
PBS (3 X 5 mins). 

7.  Rinse in deionized water (2 X 5 min). 
 8. Dehydrate and embed according to usual procedure. Use of a low-temperature resin (e.g. Lowicryl) is recommended. 

9. Stain with uranyl acetate, or lead citrate or other positive staining reagent before examination. 
 
Tissue Sections 

 1. Float on a drop of water for 5 - 10 minutes. 
 2. Incubate with PBS-1% BSA for 5 minutes to block non-specific protein binding 
 3. Rinse with PBS-BSA (1 min). 
 4. Incubate with 5 nm Ni-NTA-Nanogold® diluted 1/5 – 1/100 in PBS-BSA for 15-30 minutes at room temperature. 
 5. Rinse with PBS containing 5 mM imidazole (1 min), then PBS (3 X 1 min). 
 6. Postfix with 1% glutaraldehyde in PBS (10 mins). 
 7.  Rinse in deionized water (2 X 5 min). 
 8. Dehydrate and embed according to usual procedure. Use of a low-temperature resin (e.g. Lowicryl) is recommended. 
 9. Stain with uranyl acetate, or lead citrate or other positive staining reagent before examination. 
 
 
POST-EMBEDDING LABELING OF His-TAGGED PROTEINS IN TISSUE/CELL SAMPLES 
 
Labeling after embedding and sectioning (the post-embedding method)15,16 allows the access of Ni-NTA-Nanogold® to the interior of 
the cells or tissues, and is used to label both exterior and interior targets.  
 
Note: Thin sections mounted on grids are floated on drops of solutions on parafilm or in well plates.  Hydrophobic resins usually 
require pre-etching. 
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 1. Prepare sections on plastic or carbon-coated nickel grid. Float on a drop of water for 5 - 10 minutes. 
 2. Incubate with PBS-1% BSA for 5 minutes to block non-specific protein binding sites. 
 3. Rinse with PBS-BSA (1 min). 
 4. Incubate with 5 nm Ni-NTA-Nanogold® diluted 1/5 – 1/100 in PBS-BSA for 15-30 minutes at room temperature. 
 5. Rinse with PBS containing 5 mM imidazole (1 min), then PBS (3 X 1 min). 
 6. Postfix with 1% glutaraldehyde in PBS at room temperature (3 mins). 
 7.  Rinse in deionized water for (2 X 5 min). 
       8.     Stain with uranyl acetate, or lead citrate or other positive staining reagent before examination. 
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Technical Assistance Available.  

For a complete list of references citing this product, please visit our world-wide-web site at: 

www.nanoprobes.com/RefNTA.html  
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