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SUMMARY:  30 
We have previously used a gold nanoparticle peptide hybrid to intravenously deliver a synthetic 31 
peptide, protein kinase C-delta inhibitor, which reduced ischemia-reperfusion-induced acute 32 
lung injury. Here we show the detailed protocol of the drug formulation. Other intracellular 33 
peptides can be formulated similarly. 34 
  35 
ABSTRACT:  36 
Protein kinase C-delta inhibitor (PKCδi) is a promising drug to prevent ischemia-reperfusion-37 
induced organ injury. It is usually conjugated to a cell-penetrating peptide, TAT, for intracellular 38 
delivery. However, TAT has shown non-specific biological activities. Gold nanoparticles (GNPs) 39 
can be used as drug delivery carriers without recognized toxicity. Therefore, we have used a 40 
GNP/peptide hybrid to deliver PKCδi. Two short peptides (P2: CAAAAE and P4: CAAAAW), at a 41 
95:5 ratio, were used to modify the surface properties of GNP. GNPs conjugated with PKCδi 42 
(GNP/PKCi) are stable in distilled water, 0.9% NaCl, and phosphate-buffered saline containing 43 
bovine serum albumin or fetal bovine serum. Intravenous injection of GNP-PKCi was previously 44 
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shown to prevent ischemia-reperfusion injury of the lung. This article outlines a protocol to 45 
formulate GNP/PKCi and assess the physiochemical properties of GNP/PKCi. We have used 46 
similar methods to formulate other peptide-based drugs with GNP. This article will hopefully 47 
draw more attention to this novel intracellular drug delivery technology and its applications in 48 
vivo. 49 
 50 
INTRODUCTION:  51 
Lung transplantation saves patients with end-stage lung disease1. However, serious 52 
complications after lung transplantation remain an obstacle. In the early stages following lung 53 
transplantation, primary graft dysfunction is the most harmful complication1, and its primary 54 
cause is ischemia-reperfusion (IR)-induced acute lung injury2. 55 
 56 
Under cold preservation, metabolism in a donor lung is restricted to a very low level. However, 57 
reactive oxygen species and nitric oxide synthesis are activated due to the cessation of blood 58 
flow3. After transplantation, blood circulation is restored, and reactive oxygen species and nitric 59 
oxide generated during cold ischemia enhance inflammation and cell death, resulting in tissue 60 
injury.  61 
 62 
To prevent IR injury, a protein kinase Cδ inhibitor (PKCδi) has been used in the heart, brain and 63 
lung4-8. These studies showed that PKCδi decreased inflammation and apoptosis during 64 
reperfusion. It has also prevented pulmonary IR injury in rats and in a lung transplant model6. 65 
PKCδi is usually conjugated with a cell-penetrating peptide, TAT, for intracellular delivery. 66 
However, it has been shown that the TAT peptide alone has non-specific biological effects, 67 
including promotion of angiogenesis, apoptosis, and inhibition of multiple cytokines9-11. 68 
Nanoparticles, small particles ranging from 1 to 100 nm in diameter12, have been explored as 69 
candidates in facilitating drug delivery13. In particular, gold nanoparticles (GNPs) are regarded as 70 
noninvasive and nontoxic. Therefore, we have developed GNPs as drug delivery carriers for 71 
peptide-based drugs14,15. 72 
 73 
The surface of GNPs can be manipulated for specific applications such as molecular 74 
recognition16,17, chemical sensing18, imaging19, and drug delivery. A GNP/peptide hybrid system 75 
has been developed, containing 20 nm GNPs and two short peptides (P2: CAAAAE and P4: 76 
CAAAAW) at a 95:5 ratio, to modify the surface properties of GNPs. The P2 peptide, with the 77 
negatively charged glutamic acid (E) at the end, stabilizes GNPs in an aqueous solution, and the 78 
P4 peptide, with the hydrophobic tryptophan (W) at the end, helps GNPs entrance into cells14. 79 
The cysteine (C) residue at the N terminus of these peptides contains a thiol group that can 80 
conjugate to the gold surfaces14. This peptide/GNP hybrid was further used to deliver PKCδi 81 
(CSFNSYELGSL). The optimized molar ratio of P2:P4 to PKCδi is 47.5:2.5:50. GNPs conjugated with 82 
PKCδi (GNP/PKCi) are stable in distilled water, 0.9% NaCl, and phosphate-buffered saline (PBS) 83 
containing bovine albumin or fetal bovine serum14. Intravenous injection of GNP/PKCi has been 84 
shown to prevent ischemia-reperfusion injury of the lung15. This article outlines a method to 85 
formulate GNP/PKCi and describes how to evaluate the physicochemical properties of GNP/PKCi. 86 
We have used similar methods to formulate other peptide-based drugs conjugated to GNP20-22. 87 



   

           

We hope this article will draw more attention to this novel formulation for intracellular drug 88 
delivery. 89 
 90 
PROTOCOL: 91 
 92 
1. Preparation of Peptide Solutions 93 
 94 
1.1) Retrieve the peptides (P2: CAAAAE, P4: CAAAAW, PKCδi: CSFNSYELGSL) from the -20 °C 95 
freezer and thaw at room temperature (RT).  96 
 97 
NOTE: Keep the bottle closed to prevent moisture from condensing on the peptides. 98 
 99 
1.2) Weigh 0.01 g of each peptide on a microscale. Put each peptide into a separate 50 mL conical 100 
tube.  101 
 102 
1.3) Add 18.74 mL of deionized (DI) water to the P2 tube. 103 

 104 
1.4) Add 16.93 mL of DI water to the P4 tube. 105 
 106 
1.5) Add 8.21 mL of 50% acetonitrile diluted in DI water to the PKCδi tube. 107 

 108 
1.6) Vortex the peptide solutions briefly. Put the 50 mL conical tubes in a sonicator (40 MHz) for 109 
5 min. 110 

 111 
1.7) Bring the peptide solutions to a biosafety cabinet. All peptide solutions prepared should be 112 
1 mM. 113 
 114 
1.8) Transfer 1 mL of each peptide solution to a new 50 mL conical tube. Add 19 mL of DI water 115 
to the tubes of P2 and P4 and add 19 mL of 50% acetonitrile to the PKCδi tube, such that each 116 
solution is diluted to 50 µM and stored in its own tube.  117 

 118 
1.9)  Aliquot 1 mL of each 50 µM peptide solution into 1.5 mL microtubes. 119 

 120 
1.10) Place all aliquots in a -80 °C freezer. 121 
 122 
NOTE: Stock solution should be remade each month. 123 
 124 
2. Formulation of GNP/PKCi 125 
 126 
2.1) Remove the peptide solutions from the -80 °C freezer. Thaw them at RT. Bring them to a 127 
biosafety cabinet. 128 
 129 
2.2) Add 475 µL of P2, 25 µL of P4, and 500 µL of PKCδi solution to 9 mL of 20 nm GNP solution 130 
(7.0 x 1011 particle/mL) in a 15 mL tube.  131 



   

           

 132 
2.3) Exit the biosafety cabinet. Wrap the 15 mL tube with aluminum foil. Leave it on a shaker at 133 
RT overnight. 134 
 135 
2.4) Return the samples to the biosafety cabinet. Aliquot 1 mL of GNP/PKCi into each 1.5 mL 136 
microtubes. 137 

 138 
2.5) Centrifuge the tubes in a micro-centrifuge for 30 min at 15,294 x g at 4 °C. 139 

 140 
2.6) Remove the supernatant from each tube under a biosafety cabinet. 141 
 142 
NOTE: Be careful to remove the supernatant while ensuring that the GNP pellet remains intact 143 
and is not aspirated. 144 

 145 
2.7) Re-suspend the pellet in the desired solvent according to the concentration required. 146 
Applicable solvents can be DI water, PBS, and 0.9% NaCl. 147 
 148 
NOTE: Starting from 1 mL of GNP/PKCi, the GNP pellet contains 6.3 x 1011 particles, based on the 149 
GNP concentration provided by the manufacturer. To administer 1.3 x 1012 particles in 500 µL of 150 
0.9% NaCl, we add 232 µL of 0.9% NaCl to each of three pellets. After pooling them together, we 151 
can then collect 500 µL of GNP/PKCi solution. 152 
 153 
NOTE: Mix the desired solvent well before diluting the GNP/PKCi pellet, otherwise the GNP/PKCi 154 
will aggregate. 155 
 156 
3. Assessment of GNP/PKCi Hybrid Solubility 157 
 158 
3.1) Pour 0.5 mL of GNP/PKCi solution into an acryl cuvette. Place the acryl cuvette on a UV-Vis 159 
spectrophotometer and test the peak absorption15.  160 
 161 
REPRESENTATIVE RESULTS:  162 
Care should be taken to evaluate the biophysical properties of the GNP/PKCi hybrid, as GNP tends 163 
to aggregate in a solvent. When GNP is aggregated, the color of the solution changes from pink 164 
to purple (Figure 1A). The UV-Vis spectrophotometer is able to detect changes more sensitively. 165 
If the GNP/PKCi is not aggregated, the peak of absorption should be at 525 nm (Figure 1B). If the 166 
GNP is aggregated, the peak of absorption will be shifted to the right. As an alternate method of 167 
analysis, when aggregates have formed, Δoptical density (ΔOD = OD at 525 nm - OD at 440 nm) 168 
decreases (Figure 1C).  169 
 170 
Figure Legends: 171 
 172 
Figure 1: Quality of GNP/PKCi. (A) Properly prepared GNP/PKCi is pink in color (left). Aggregated 173 
GNP/PKCi appears light purple (right). (B) Good GNP/PKCi preparation is stable in water, PBS, or 174 
0.9% NaCl solution. Readings on a UV-Vis spectrometer indicated that the peak of absorption was 175 



   

           

at 525 nm in all solutions. (C) An example of good and bad GNP/PKCi preparations. When the 176 
GNP was aggregated, the peak of absorption was shifted to the right. Moreover, ΔOD decreased. 177 
 178 
DISCUSSION: 179 
To ensure proper formulation, it is crucial that the PKCδi solution undergoes the sonication step 180 
outlined in step 1.6 of the protocol. The PKCδi peptide sequence contains hydrophobic moieties, 181 
so a sonicator assists in dissolving PKCi in the 50% acetonitrile solution. In addition, it is very 182 
important to mix the solvent meticulously, as outlined in step 2.7. The GNP/PKCi hybrid will not 183 
be well-formulated if these steps are not done properly due to aggregation of the PKCδi 184 
peptide23. 185 
  186 
GNP-based drug formulation provides several advantages. First, GNPs can be easily synthesized 187 
in well-controlled sizes, ranging from a few nanometers to ~100 nm24. Usually, smaller GNPs can 188 
deliver drugs into cells more efficiently than larger ones, since they can more easily diffuse into 189 
their target regions25. Second, GNPs are non-toxic in vitro and in vivo26, rendering them safe drug 190 
carriers. Third, hydrophobic drugs can be loaded onto the modified GNPs27. Fourth, the surface 191 
chemistry of GNPs is readily modified for specific applications. In our studies, two short peptides 192 
were used to modify the GNP surface14, stabilize them in physiological conditions, and impart 193 
new bioactivities15. The peptides were thoughtfully designed, with three regions including gold 194 
binding, spacing, and functional regions14. Specifically, the N terminus of the peptide has a 195 
cysteine (C) residue containing a thiol group that can bind with gold. The middle portion has four 196 
hydrophobic alanine residues to promote peptide assembly into a densely packed monolayer on 197 
the GNPs. The amino acid at the C terminus is a functional amino acid pointing outward, which 198 
can be used to manipulate the surface properties of the GNPs. The 95:5 ratio of these two 199 
peptides was systemically selected in a previous study14. The ratio between PKCi and P2/P4 200 
peptides was also systemically tested and selected15.  201 
 202 
The GNP drug delivery system does have its limitations. GNPs are not cell type- or tissue-specific. 203 
GNPs are mainly accumulated in the lung, liver, and spleen after intravenous administration28-30. 204 
So far, this formula has only been tested in cell cultures and small animal models15. For translation 205 
to clinical applications, further studies on larger animal models are needed, and the system’s 206 
pharmacokinetics, tissue distribution, and potential toxicity must be determined. 207 
 208 
ACKNOWLEDGMENTS: 209 
This work is supported by research grants from Canadian Institutes of Health Research (PJT-210 
148847), Ministry of Research and Innovation of Ontario (RE-08-029), and Canada First Research 211 
of Excellence Program, Medicine by Design at University of Toronto. Dr. Mingyao Liu is James and 212 
Mary Davie Chair in Lung Injury, Repair, and Regeneration. We thank Annette Gower for help 213 
with editing the manuscript. 214 
 215 
DISCLOSURES: 216 
The authors have nothing to disclose on this project. 217 
 218 
REFERENCES: 219 



   

           

1 Yusen, R. D., et al. The registry of the International Society for Heart and Lung 220 
Transplantation: thirty-first adult lung and heart-lung transplant report--2014; focus 221 
theme: retransplantation. The Journal of Heart and Lung Transplantation. 33 (10), 1009-222 
1024, doi:10.1016/j.healun.2014.08.004, (2014). 223 

2 Lee, J. C., Christie, J. D., Keshavjee, S. Primary graft dysfunction: definition, risk factors, 224 
short- and long-term outcomes. Seminars in Respiratory and Critical Care Medicine. 31 225 
(2), 161-171, doi:10.1055/s-0030-1249111, (2010). 226 

3 Chatterjee, S., Nieman, G. F., Christie, J. D., Fisher, A. B. Shear stress-related 227 
mechanosignaling with lung ischemia: lessons from basic research can inform lung 228 
transplantation. American Journal of Physiology-Lung Cellular and Molecular Physiology. 229 
307 (9), L668-680, doi:10.1152/ajplung.00198.2014, (2014). 230 

4 Inagaki, K., et al. Inhibition of delta-protein kinase C protects against reperfusion injury of 231 
the ischemic heart in vivo. Circulation. 108 (19), 2304-2307, 232 
doi:10.1161/01.CIR.0000101682.24138.36, (2003). 233 

5 Lincoff, A. M., et al. Inhibition of delta-protein kinase C by delcasertib as an adjunct to 234 
primary percutaneous coronary intervention for acute anterior ST-segment elevation 235 
myocardial infarction: results of the PROTECTION AMI Randomized Controlled Trial. 236 
European Heart Journal. 35 (37), 2516-2523, doi:10.1093/eurheartj/ehu177, (2014). 237 

6 Kim, H., et al. deltaV1-1 Reduces Pulmonary Ischemia Reperfusion-Induced Lung Injury by 238 
Inhibiting Necrosis and Mitochondrial Localization of PKCdelta and p53. American Journal 239 
of Transplantation. 16 (1), 83-98, doi:10.1111/ajt.13445, (2016). 240 

7 Lin, H. W., et al. Derangements of post-ischemic cerebral blood flow by protein kinase C 241 
delta. Neuroscience. 171 (2), 566-576, doi:10.1016/j.neuroscience.2010.08.058, (2010). 242 

8 Lin, H. W., et al. Protein kinase C delta modulates endothelial nitric oxide synthase after 243 
cardiac arrest. Journal of Cerebral Blood Flow Metabolism. 34 (4), 613-620, 244 
doi:10.1038/jcbfm.2013.232, (2014). 245 

9 Albini, A., et al. HIV-tat protein is a heparin-binding angiogenic growth factor. Oncogene. 246 
12 (2), 289-297 (1996). 247 

10 Kim, H., Moodley, S., Liu, M. TAT cell-penetrating peptide modulates inflammatory 248 
response and apoptosis in human lung epithelial cells. Drug Delivery and Translational 249 
Research. 5 (3), 275-278, doi:10.1007/s13346-015-0230-6, (2015). 250 

11 Lee, D., Pacheco, S., Liu, M. Biological effects of Tat cell-penetrating peptide: a 251 
multifunctional Trojan horse? Nanomedicine (Lond). 9 (1), 5-7, doi:10.2217/nnm.13.193, 252 
(2014). 253 

12 Auffan, M., et al. Towards a definition of inorganic nanoparticles from an environmental, 254 
health and safety perspective. Nature Nanotechnology. 4 (10), 634-641, 255 
doi:10.1038/nnano.2009.242, (2009). 256 

13 Ghosh, P., Han, G., De, M., Kim, C. K., Rotello, V. M. Gold nanoparticles in delivery 257 
applications. Advanced Drug Delivery Reviews 60 (11), 1307-1315, 258 
doi:10.1016/j.addr.2008.03.016, (2008). 259 

14 Yang, H., Fung, S. Y., Liu, M. Programming the cellular uptake of physiologically stable 260 
peptide-gold nanoparticle hybrids with single amino acids. Angewandte Chemie 261 
International Edition. 50 (41), 9643-9646, doi:10.1002/anie.201102911, (2011). 262 

15 Lee, D., et al. Effective delivery of a rationally designed intracellular peptide drug with 263 



   

           

gold nanoparticle-peptide hybrids. Nanoscale. 7 (29), 12356-12360, 264 
doi:10.1039/c5nr02377g, (2015). 265 

16 Cheng, M. M., et al. Nanotechnologies for biomolecular detection and medical 266 
diagnostics. Current Opinion in Chemical Biology. 10 (1), 11-19, 267 
doi:10.1016/j.cbpa.2006.01.006, (2006). 268 

17 Rosi, N. L., Mirkin, C. A. Nanostructures in biodiagnostics. Chemical Reviews. 105 (4), 269 
1547-1562, doi:10.1021/cr030067f, (2005). 270 

18 Saha, K., Agasti, S. S., Kim, C., Li, X., Rotello, V. M. Gold nanoparticles in chemical and 271 
biological sensing. Chemical Reviews. 112 (5), 2739-2779, doi:10.1021/cr2001178, (2012). 272 

19 Boisselier, E., Astruc, D. Gold nanoparticles in nanomedicine: preparations, imaging, 273 
diagnostics, therapies and toxicity. Chemical Society Reviews. 38 (6), 1759-1782, 274 
doi:10.1039/b806051g, (2009). 275 

20 Yang, H., et al. Amino Acid-Dependent Attenuation of Toll-like Receptor Signaling by 276 
Peptide-Gold Nanoparticle Hybrids. ACS Nano. 9 (7), 6774-6784, doi:10.1021/nn505634h, 277 
(2015). 278 

21 Yang, H., et al. Endosomal pH modulation by peptide-gold nanoparticle hybrids enables 279 
potent anti-inflammatory activity in phagocytic immune cells. Biomaterials. 111, 90-102, 280 
doi:10.1016/j.biomaterials.2016.09.032, (2016). 281 

22 Yang, H., et al. Amino Acid Structure Determines the Immune Responses Generated by 282 
Peptide-Gold Nanoparticle Hybrids. Particle & Particle Systems Characterization. 30 (12), 283 
1039-1043, doi:10.1002/ppsc.201300213, (2013). 284 

23 Pamies, R., et al. Aggregation behaviour of gold nanoparticles in saline aqueous media. 285 
Journal of Nanoparticle Research. 16 (4), doi:10.1007/s11051-014-2376-4, (2014). 286 

24 Kimling, J., et al. Turkevich method for gold nanoparticle synthesis revisited. The Journal 287 
of Physical Chemistry B. 110 (32), 15700-15707, doi:10.1021/jp061667w, (2006). 288 

25 Perrault, S. D., Walkey, C., Jennings, T., Fischer, H. C., Chan, W. C. Mediating tumor 289 
targeting efficiency of nanoparticles through design. Nano Letters. 9 (5), 1909-1915, 290 
doi:10.1021/nl900031y, (2009). 291 

26 Connor, E. E., Mwamuka, J., Gole, A., Murphy, C. J., Wyatt, M. D. Gold nanoparticles are 292 
taken up by human cells but do not cause acute cytotoxicity. Small. 1 (3), 325-327, 293 
doi:10.1002/smll.200400093, (2005). 294 

27 Kim, C. K., et al. Entrapment of Hydrophobic Drugs in Nanoparticle Monolayers with 295 
Efficient Release into Cancer Cells. Journal of the American Chemical Society. 131 (4), 296 
1360-+, doi:10.1021/ja808137c, (2009). 297 

28 Sonavane, G., Tomoda, K., Makino, K. Biodistribution of colloidal gold nanoparticles after 298 
intravenous administration: Effect of particle size. Colloids and Surfaces B-Biointerfaces. 299 
66 (2), 274-280, doi:10.1016/j.colsurfb.2008.07.004, (2008). 300 

29 Balasubramanian, S. K., et al. Biodistribution of gold nanoparticles and gene expression 301 
changes in the liver and spleen after intravenous administration in rats. Biomaterials. 31 302 
(8), 2034-2042, doi:10.1016/j.biomaterials.2009.11.079, (2010). 303 

30 Lipka, J., et al. Biodistribution of PEG-modified gold nanoparticles following intratracheal 304 
instillation and intravenous injection. Biomaterials. 31 (25), 6574-6581, 305 
doi:10.1016/j.biomaterials.2010.05.009, (2010). 306 

 307 



Figure.1

(a) (b)

(c)

Figure 1 Click here to access/download;Figure;New JoVe figure.pdf

http://www.editorialmanager.com/jove/download.aspx?id=896550&guid=fc1eeb66-4811-4a18-84dd-2994d0391255&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=896550&guid=fc1eeb66-4811-4a18-84dd-2994d0391255&scheme=1


Name of Material/ Equipment Company Catalog Number Comments/Description

negatively charged glutamic acid 

peptide (P2) CanPeptide

Sequence: CAAAAE-NH2

Length: 6aa

Modification: C-terminal 

amidation

Quantity: 50mg

Purity: >95%

hydrophobic tryptophan peptide 

(P4) CanPeptide

Sequence: CAAAAW-NH2

Length: 6aa

Modification: C-terminal 

amidation

Quantity: 50mg

Purity: >95%

δPKCi peptide CanPeptide

Seqeuence: CSFNSYELGSL-NH2

Length: 11aa

Modification: C-terminal 

amidation

Quantity: 50mg

Purity: >95%

Conical tube(50ml) Corning Life Sciences 3582070
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Sonicator
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Microcentrifuge Eppendorf 5417R

Acryl cuvette SARSREDT 67.758

UV-Vis spectrophotometer Agilent Caty 60 UV-Vis
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digital and electronic form) throughout the world, (b) to 
translate the Article into other languages, create 
adaptations, summaries or extracts of the Article or other 
Derivative Works (including, without limitation, the Video) 
or Collective Works based on all or any portion of the Article 
and exercise all of the rights set forth in (a) above in such 
translations, adaptations, summaries, extracts, Derivative 
Works or Collective Works and(c) to license others to do any 
or all of the above. The foregoing rights may be exercised in 
all media and formats, whether now known or hereafter 
devised, and include the right to make such modifications 
as are technically necessary to exercise the rights in other 
media and formats. If the “Open Access” box has been 
checked in Item 1 above, JoVE and the Author hereby grant 
to the public all such rights in the Article as provided in, but 
subject to all limitations and requirements set forth in, the 
CRC License. 
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ARTICLE AND VIDEO LICENSE AGREEMENT 
 

612542.6 For questions, please contact us at submissions@jove.com or +1.617.945.9051. 

4. Retention of Rights in Article. Notwithstanding 
the exclusive license granted to JoVE in Section 3 above, the 
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or 
teaching classes, and to post a copy of the Article on the 
Institution’s website or the Author’s personal website, in 
each case provided that a link to the Article on the JoVE 
website is provided and notice of JoVE’s copyright in the 
Article is included. All non-copyright intellectual property 
rights in and to the Article, such as patent rights, shall 
remain with the Author. 
5. Grant of Rights in Video – Standard Access. This 
Section 5 applies if the “Standard Access” box has been 
checked in Item 1 above or if no box has been checked in 
Item 1 above. In consideration of JoVE agreeing to produce, 
display or otherwise assist with the Video, the Author 
hereby acknowledges and agrees that, Subject to Section 7 
below, JoVE is and shall be the sole and exclusive owner of 
all rights of any nature, including, without limitation, all 
copyrights, in and to the Video. To the extent that, by law, 
the Author is deemed, now or at any time in the future, to 
have any rights of any nature in or to the Video, the Author 
hereby disclaims all such rights and transfers all such rights 
to JoVE. 
6. Grant of Rights in Video – Open Access. This 
Section 6 applies only if the “Open Access” box has been 
checked in Item 1 above. In consideration of JoVE agreeing 
to produce, display or otherwise assist with the Video, the 
Author hereby grants to JoVE, subject to Section 7 below, 
the exclusive, royalty-free, perpetual (for the full term of 
copyright in the Article, including any extensions thereto) 
license (a) to publish, reproduce, distribute, display and 
store the Video in all forms, formats and media whether 
now known or hereafter developed (including without 
limitation in print, digital and electronic form) throughout 
the world, (b) to translate the Video into other languages, 
create adaptations, summaries or extracts of the Video or 
other Derivative Works or Collective Works based on all or 
any portion of the Video and exercise all of the rights set 
forth in (a) above in such translations, adaptations, 
summaries, extracts, Derivative Works or Collective Works 
and (c) to license others to do any or all of the above. The 
foregoing rights may be exercised in all media and formats, 
whether now known or hereafter devised, and include the 
right to make such modifications as are technically 
necessary to exercise the rights in other media and formats. 
For any Video to which this Section 6 is applicable, JoVE and 
the Author hereby grant to the public all such rights in the 
Video as provided in, but subject to all limitations and 
requirements set forth in, the CRC License. 
7. Government Employees. If the Author is a United 
States government employee and the Article was prepared 
in the course of his or her duties as a United States 
government employee, as indicated in Item 2 above, and 
any of the licenses or grants granted by the Author 
hereunder exceed the scope of the 17 U.S.C. 403, then the 
rights granted hereunder shall be limited to the maximum 

rights permitted under such statute. In such case, all 
provisions contained herein that are not in conflict with 
such statute shall remain in full force and effect, and all 
provisions contained herein that do so conflict shall be 
deemed to be amended so as to provide to JoVE the 
maximum rights permissible within such statute. 
8. Protection of the Work. The Author(s) authorize 
JoVE to take steps in the Author(s) name and on their behalf 
if JoVE believes some third party could be infringing or 
might infringe the copyright of either the Author’s Article 
and/or Video. 
9. Likeness, Privacy, Personality. The Author hereby 
grants JoVE the right to use the Author’s name, voice, 
likeness, picture, photograph, image, biography and 
performance in any way, commercial or otherwise, in 
connection with the Materials and the sale, promotion and 
distribution thereof. The Author hereby waives any and all 
rights he or she may have, relating to his or her appearance 
in the Video or otherwise relating to the Materials, under 
all applicable privacy, likeness, personality or similar laws. 
10. Author Warranties. The Author represents and 
warrants that the Article is original, that it has not been 
published, that the copyright interest is owned by the 
Author (or, if more than one author is listed at the beginning 
of this Agreement, by such authors collectively) and has not 
been assigned, licensed, or otherwise transferred to any 
other party. The Author represents and warrants that the 
author(s) listed at the top of this Agreement are the only 
authors of the Materials. If more than one author is listed 
at the top of this Agreement and if any such author has not 
entered into a separate Article and Video License 
Agreement with JoVE relating to the Materials, the Author 
represents and warrants that the Author has been 
authorized by each of the other such authors to execute this 
Agreement on his or her behalf and to bind him or her with 
respect to the terms of this Agreement as if each of them 
had been a party hereto as an Author. The Author warrants 
that the use, reproduction, distribution, public or private 
performance or display, and/or modification of all or any 
portion of the Materials does not and will not violate, 
infringe and/or misappropriate the patent, trademark, 
intellectual property or other rights of any third party. The 
Author represents and warrants that it has and will 
continue to comply with all government, institutional and 
other regulations, including, without limitation all 
institutional, laboratory, hospital, ethical, human and 
animal treatment, privacy, and all other rules, regulations, 
laws, procedures or guidelines, applicable to the Materials, 
and that all research involving human and animal subjects 
has been approved by the Author's relevant institutional 
review board. 
11. JoVE Discretion. If the Author requests the 
assistance of JoVE in producing the Video in the Author’s 
facility, the Author shall ensure that the presence of JoVE 
employees, agents or independent contractors is in 
accordance with the relevant regulations of the Author's 
institution. If more than one author is listed at the 
beginning of this Agreement, JoVE may, in its sole 
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Editorial comments: 

 

1. Line 2: Drug delivery has not been shown or demonstrated in this article. 

Please edit the title to best represent the protocol and results you are 

showing here. 

Response: The title has been changed from “delivery” to “formulation” to 

represent our protocol and results.  

 

2. Line 79,183,188,190 and 202: References? 

Response: I added references #14, #24, #14 and 15, #14 and #15 on 

line 79, 183, 188, 190, and 202 respectively. 

 

14 Yang, H., Fung, S. Y. & Liu, M. Programming the cellular uptake of physiologically 

stable peptide-gold nanoparticle hybrids with single amino acids. Angewandte 

Chemie International Edition. 50 (41), 9643-9646, doi:10.1002/anie.201102911, 

(2011). 

15 Lee, D. et al. Effective delivery of a rationally designed intracellular peptide drug 

with gold nanoparticle-peptide hybrids. Nanoscale. 7 (29), 12356-12360, 

doi:10.1039/c5nr02377g, (2015). 

24 Kimling, J. et al. Turkevich method for gold nanoparticle synthesis revisited. The 

Journal of Physical Chemistry B. 110 (32), 15700-15707, doi:10.1021/jp061667w, 

(2006). 

 

 

3. Line 79: This was not tested in this article. Please avoid making claims 

that are unsupported. 

4. Line 87: I’m not sure why you say this when you did not demonstrate any 

in vivo applications in here. 

Response: The objective of JoVE is to present the protocols. We have now 

added clear references to declare previous work. We clearly stated that this 

Rebuttal Letter Click here to access/download;Rebuttal Letter;response.docx

http://www.editorialmanager.com/jove/download.aspx?id=896551&guid=0677bae6-f8f2-4762-bac3-2da913bd9054&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=896551&guid=0677bae6-f8f2-4762-bac3-2da913bd9054&scheme=1


article is for the formulation protocol. I hope this will be acceptable by the 

reviewer.  

 

5. Line 97: I edited for clarity, please verify If this is correct. 

Response: Thanks. It is correct. 

 

6. Line 108: Mention sonicator frequency and amplitude (available in the 

manufacturer datasheet) 

Response: Its frequency is 40MHz. Our device does not have a parameter 

to change intensity. Its datasheet does not mention its amplitude. I added 

this information into the text.  

 

7. Line 122: In the introduction you call this GNP-PKCi, please be 

consistent in the terminology! 

 

Response: I now call our product as GNP/PKCi. 

 

8. Line 143: How do you decide this? Please explain. 

Response: I explained it on a note below。 

Note: The GNP pellet contains 6.3x 1011 particles. For example, we 

administrated 1.3x 1012 particles in 500 µL of 0.9% NaCl to treat rat IR 

injury. In that situation, we added 232 µL of 0.9% NaCl to each of three 

pellets. After pooled them together, we collected 500 µL of GNP/PKCi 

solution. 

 

 

 

9. Line 154：This is incorrect, OD measurement does not reveal any 

about the biophysics of the GNP/PKCi hybrid. 



Response: I have changed it to “solubility of”  

 

10. Line157: Can you add additional assessment steps? Eg.  Those you 

have mentioned here: 

http://www.rsc.org/suppdata/c5/nr/c5nr02377g/c5nr02377g1.pdf. They 

don’t need to be detailed, you can mention them and cite references.  

11. Line 159: 1 test on 3 samples is really insufficient for the results section 

of a scientific publication. Please add additional figures and results 

discussion to discuss the assessments, in vivo tests, drug delivery, cellular 

uptake, microscopy you performed etc. 

 

 Response: We have changed the title of the paper as “formulation” only. 

Therefore, we do not need to refer too much on the previous publication. 

 

12.Line164: Can you show a curve? 

13. Line170: What is the reference that you are comparing these curves 

against, i.e. how do you know this is good quality? 

14. Line171: What is an example of bad preparation?  

Response: I now answer to all these questions. I added new figures to 

show how we know good or bad quality. 
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