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SUMMARY:  17 
Bacterial vesicles play important roles in pathogenesis and have promising biotechnological 18 
applications. The heterogeneity of vesicles complicates analysis and use; therefore, a simple, 19 
reproducible method to separate varying sizes of vesicles is necessary. Here, we demonstrate the 20 
use of size exclusion chromatography to separate heterogeneous vesicles produced by 21 
Aggregatibacter actinomycetemcomitans. 22 
 23 
ABSTRACT:  24 
The cell wall of Gram-negative bacteria consists of an inner (cytoplasmic) and outer membrane 25 
(OM), separated by a thin peptidoglycan layer. Throughout growth, the outer membrane, can 26 
bleb to form spherical outer membrane vesicles (OMVs). These OMVs are involved in numerous 27 
cellular functions including cargo delivery to host cells and communication with bacterial cells. 28 
Recently, the therapeutic potential of OMVs has begun to be explored, including their use as 29 
vaccines and drug delivery vehicles. Although OMVs are derived from the OM, it has long been 30 
appreciated that the lipid and protein cargo of the OMV differs, often significantly, from that of 31 
the OM. More recently, evidence that bacteria can release multiple types of OMVs has been 32 
discovered, and evidence exists that size can impact the mechanism of their uptake by host cells. 33 
However, studies in this area are limited by difficulties in efficiently separating the 34 
heterogeneously sized OMVs. Density gradient centrifugation (DGC) has traditionally been used 35 
for this purpose; however, this technique is time-consuming and difficult to scale-up. Size 36 
exclusion chromatography (SEC), on the other hand, is less cumbersome and lends itself to the 37 
necessary future scale-up for therapeutic use of OMVs. Here, we describe a SEC approach that 38 
enables reproducible separation of heterogeneously sized vesicles, using as a test case, OMVs 39 
produced by Aggregatibacter actinomycetemcomitans, which range in diameter from less than 40 
150 nm to greater than 350 nm. We demonstrate separation of “large” (350 nm) OMVs and 41 
“small” (<150 nm) OMVs, verified by dynamic light scattering (DLS). We recommend SEC-based 42 
techniques over DGC-based techniques for separation of heterogeneously sized vesicles due to 43 
its ease of use, reproducibility (including user-to-user), and possibility for scale-up.   44 
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 45 
INTRODUCTION:  46 
Gram-negative bacteria release vesicles derived from their outer membrane, so-called outer 47 
membrane vesicles (OMVs), throughout growth. These OMVs play important roles in cell-to-cell 48 
communication, both between bacteria and host as well as between bacterial cells, by carrying a 49 
number of important biomolecules, including DNA/RNA, proteins, lipids, and nucleic acids1,2. In 50 
particular, the role of OMVs in bacterial pathogenesis has been extensively studied due to their 51 
enrichment in certain virulence factors and toxins3-11.   52 
 53 
OMVs have been reported to range in size from 20 to 450 nm, depending on the parent bacteria 54 
and the growth stage, with several types of bacteria releasing heterogeneously sized OMVs8,12-55 
14, which also differ in their protein composition and mechanism of host cell entry12. H. pylori 56 
released OMVs ranging in diameter from 20 to 450 nm, with the smaller OMVs containing a more 57 
homogeneous protein composition than the larger OMVs. Importantly, the two populations of 58 
OMVs were observed to be internalized by host cells via different mechanisms12. In addition, we 59 
have demonstrated that Aggregatibacter actinomycetemcomitans releases a population of small 60 
(<150 nm) OMVs along with a population of large (>350 nm) OMVs, with the OMVs containing a 61 
significant amount of a secreted protein toxin, leukotoxin (LtxA)15. While the role of OMV 62 
heterogeneity in cellular processes is clearly important, technical difficulties in separating and 63 
analyzing distinct populations of vesicles has limited these studies.  64 
 65 
In addition to their importance in bacterial pathogenesis, OMVs have been proposed for use in a 66 
number of biotechnological applications, including as vaccines and drug delivery vehicles16-20. For 67 
their translational use in such approaches, a clean and monodisperse preparation of vesicles is 68 
required. Thus, effective, and efficient methods of separation are necessary.  69 
 70 
Most commonly, density gradient centrifugation (DGC) is used to separate heterogeneously sized 71 
vesicle populations from cellular debris, including flagellae and secreted proteins21; the method 72 
has also been reported as an approach to separate heterogeneously sized OMV subpopulations12-73 
14. However, DGC is time-consuming, inefficient, and highly variable user-to-user22 and is, 74 
therefore, not ideal for scale-up. In contrast, size exclusion chromatography (SEC) represents a 75 
scalable, efficient, and consistent approach to purify OMVs21,23,24. We have found that a long (50-76 
cm), gravity-flow, SEC column, filled with gel filtration medium is sufficient for efficiently purifying 77 
and separating subpopulations of OMVs. Specifically, we used this approach to separate A. 78 
actinomycetemcomitans OMVs into “large” and “small” subpopulations, as well as to remove 79 
protein and DNA contamination. Purification was completed in less than 4 h, and complete 80 
separation of the OMV subpopulations and removal of debris was accomplished.  81 
 82 
PROTOCOL:  83 
 84 
1. Preparation of buffers 85 
 86 
1.1. To prepare the ELISA wash buffer, add 3.94 g Tris-base, 8.77 g NaCl, and 1 g bovine serum 87 
albumin (BSA) to 1 L of deionized (DI) water. Add 500 μL polysorbate-20. Adjust the pH to 7.2 88 



   

using HCl or NaOH.   89 
 90 
1.2. To prepare the blocking buffer, add 3.94 g Tris-base, 8.77 g NaCl, and 10 g BSA. Add 500 μL 91 
polysorbate-20 to 1 L of DI water. Adjust the pH to 7.2 using HCl or NaOH. 92 
 93 
1.3. To prepare the elution buffer (PBS), add 8.01 g NaCl, 2.7 g KCl, 1.42 g Na2HPO4, and 0.24 g 94 
KH2PO4 to 1 L DI water. Adjust the pH to 7.4 using HCl or NaOH.  95 
 96 
NOTE: A 10x solution of this buffer can be made and diluted with DI water as needed.  97 
 98 
2. Preparation of OMV sample 99 
 100 
2.1. Grow A. actinomycetemcomitans cells to the late exponential phase (optical density at 600 101 
nm of 0.7). Pellet the cells by centrifuging at 10,000 x g at 4 °C for 10 min. Filter the supernatant 102 
through a 0.45 μm filter.   103 
 104 
2.2. Concentrate the bacteria-free supernatant using 50 kDa-molecular weight cut-off filters. 105 
Ultracentrifuge the concentrated solution at 105,000 x g at 4 °C for 30 min.  106 
 107 
2.3. Resuspend the pellet in PBS and ultracentrifuge again (105,000 x g at 4 °C for 30 min.) 108 
Resuspend the pellet in 1 mL of PBS.  109 
 110 
3. Packing the S-1000 column 111 
 112 
3.1. Mix the stock bottle of gel filtration medium with a glass stir rod and pour out into a beaker 113 
the volume necessary to fill the column, plus approximately 50% excess (about 135 mL). Let these 114 
beads sit until they have settled, and then decant off the excess liquid. Resuspend the beads in 115 
elution buffer, so that the final solution is approximately 70% (by volume) gel, 30% buffer. Degas 116 
the solution under vacuum.  117 
 118 
3.2. Mount the glass column vertically using a ring stand and fill with elution buffer to wet the 119 
walls of the column. Drain the buffer until there is only about 1 cm of buffer remaining in the 120 
column.  121 
 122 
3.3. Without creating bubbles, carefully pipette beads into the column, filling the column to the 123 
top. Continue to drain excess buffer throughout this process. Be sure to not let the beads settle 124 
completely before adding additional beads to the top of the column. The column should be 125 
packed to a height of about 2 cm below the bottom of the column reservoir. 126 
  127 
4. Loading the sample and collecting fractions 128 
 129 
4.1. Degas the elution buffer under vacuum. Wash the column with two column-volumes (180 130 
mL) of elution buffer. 131 
 132 



   

4.2. Allow the remaining buffer to fully enter the column. Once the buffer has reached the top of 133 
the gel layer, carefully pipette a 1-mL sample containing OMVs (at a lipid concentration of 134 
approximately 100 – 200 nmol/L) onto the surface of the beads, being careful not to disturb any 135 
of the beads at the top of the column. Allow the sample to fully enter the gel, that is, when no 136 
liquid remains above the gel layer. Then stop the column. 137 
 138 
4.3. Carefully and slowly add elution buffer on top of the gel column. Do not disturb the top layer 139 
of the gel, as this will cause sample dilution.   140 
 141 
4.4. Place a single 50-mL tube under the column and open the column. Collect the first 20 mL of 142 
the eluent. Add additional elution buffer to the top of the column, carefully, as needed to ensure 143 
the column is never dry. Stop the column. 144 
 145 
4.5. Place a series of 1.5 mL tubes under the column. Start the column and collect a series of 1-146 
mL samples in each tube. As the samples are being collected, continue to add elution buffer to 147 
the top of the column, as necessary. Repeat until 96 fractions have been collected. Stop the 148 
column.  149 

 150 
NOTE: The samples should be stored at -20 °C for long-term storage or 4 °C for short-term storage 151 
until further analysis.   152 
 153 
4.6. To clean the column, run one column volume (90 mL) of 0.1 M NaOH through the column. 154 
Run two column volumes (180 mL) of elution buffer through the column. 155 
  156 
5. Sample analysis 157 
 158 
5.1. To measure the lipid concentration in each fraction, pipette 50 μL of each fraction into a 159 
single well of a 96-well plate. To each well, add 2.5 μL of lipophilic dye. Incubate for 15 s. Measure 160 
the fluorescence intensity on a plate reader with an excitation wavelength of 515 nm and an 161 
emission wavelength of 640 nm. To calculate the fraction of all lipid in each sample, sum all of 162 
the emission intensities and divide each individual intensity by the total.   163 
 164 
5.2. To measure the concentration of a particular protein, pipette 100 μL of each fraction into a 165 
single well of an ELISA immuno-plate. Incubate at 25 °C for 3 h. 166 
  167 
5.2.1. Decant the samples. Add 200 μL of ELISA wash buffer to each well and decant. Repeat four 168 
times for a total of five washes. 169 
 170 
5.2.2. Add 200 μL of blocking buffer to each well and incubate for 1 h at 25 °C. Decant. 171 
 172 
5.2.3. Incubate plates with 100 μL blocking buffer plus primary antibody (1:10,000 for purified 173 
antibody; 1:10 for unpurified antibody) overnight at 4 °C. Decant. 174 
 175 
5.2.4. Add 200 μL of ELISA wash buffer to each well and decant. Repeat four times for a total of 176 



   

five washes.  177 
 178 
5.2.5. Add 100 μL of ELISA wash buffer plus secondary antibody (1:30,000) to each well. Incubate 179 
for 1 h at 25 °C.  180 
 181 
5.2.6. Add 200 μL of ELISA wash buffer to each well and decant. Repeat four times for a total of 182 
five washes.  183 
 184 
5.2.7. Add 100 μL of the 3,3',5,5'-tetramethylbenzidine (TMB) one-step solution and incubate for 185 
15-30 min or until a blue color develops. Stop the TMB reaction with 50 μL of the stopping 186 
solution.  187 
 188 
5.2.8. On a plate reader, read the absorbance of each well at a wavelength of 450 nm.  189 
 190 
5.3. To measure the total protein concentration, record the absorbance at a wavelength of 280 191 
nm (A280) of each fraction, using a UV-vis spectrophotometer.  192 
 193 
A schematic of the protocol is shown in Figure 1. 194 
 195 
[Place Figure 1 here] 196 
 197 
REPRESENTATIVE RESULTS:  198 
Figure 2 shows representative results from this method. OMVs produced by A. 199 
actinomycetemcomitans strain JP2 were first purified from the culture supernatant using 200 
ultracentrifugation15. We previously found that this strain produces two populations of OMVs, 201 
one with diameters of about 300 nm and one with diameters of about 100 nm15. To separate 202 
these OMV populations, we purified the sample using the SEC protocol described above. Each 203 
fraction was analyzed for lipid content using the lipophilic dye and for toxin (LtxA) content using 204 
enzyme-linked immunosorbent assay (ELISA) or an immunoblot. The lipid and toxin 205 
concentrations are reported as percentages, where “%lipid” indicates what percentage of the 206 
total lipid content of the sample is in each fraction and “%toxin” indicates what percentage of 207 
the total toxin content of the sample is in each fraction.  208 
 209 
Figure 2A shows the averaged lipophilic dye results with standard deviations from three separate 210 
purifications, each performed by a different user, demonstrating the reproducibility of this 211 
technique. Two distinct lipid peaks are observed, corresponding to “large” OMVs (fraction 212 
number 13) and “small” OMVs (fraction number 25). We confirmed the size of the OMVs in these 213 
peaks using dynamic light scattering (DLS) and found the mean diameters of the OMVs in 214 
fractions 13 and 25 to be 296.6 nm and 142.6 nm, respectively, as shown in Fig. 2A. In 215 
comparison, the mean diameter of the OMV sample after ultracentrifugation but before SEC 216 
purification was previously found to be 161.0 nm15. 217 
 218 
In Figure 2B, the amount of LtxA in each fraction, obtained using ELISA with a monoclonal 219 
antibody against LtxA25, is shown overlaid on the lipid concentration from panel A. This technique 220 



   

demonstrates that the toxin is associated primarily with one subpopulation of OMVs. Figure 2C 221 
shows the amount of LtxA in each fraction, measured using an immunoblot technique with the 222 
same anti-LtxA monoclonal antibody25, overlaid on the lipid concentration from panel A. While 223 
the overall trend is similar to what is observed in Figure 2B, the immunoblot approach is much 224 
less sensitive than the ELISA technique, resulting in noisier profiles. Figure 2D shows the 225 
percentage of the total protein concentration in each fraction, measured using the A280, overlaid 226 
on the lipid concentration profile. This panel demonstrates that SEC is able to remove significant 227 
amounts of free proteins from the OMV preparations, as evidenced by the high A280 values in 228 
fractions greater than 60. (In fact, most of the protein is found in these fractions, which do not 229 
contain OMVs, demonstrating that a large amount of protein co-purifies with the OMVs.) In 230 
addition, this result shows that the total protein concentration does not necessarily correlate 231 
with the concentration of specific proteins. In the case of A. actinomycetemcomtians OMVs, LtxA 232 
associates primarily with the population of larger OMVs, while more of the total protein 233 
associates with the smaller OMVs.       234 
 235 
Together, these representative results demonstrate a number of important features of the SEC 236 
protocol for OMV purification. First, the technique is highly reproducible, even between users. 237 
Second, the use of a lipophilic dye to detect OMVs in each fraction is a simple and reliable 238 
method. Third, to detect specific protein concentrations, ELISA is more robust than an 239 
immunoblot. Fourth, SEC is able to remove large amounts of impurities, including proteins and 240 
nucleic acids.  241 
 242 
FIGURE AND TABLE LEGENDS:  243 
Figure 1: Schematic of SEC procedure. The column is packed with degassed gel filtration medium 244 
carefully to avoid bubbles and discontinuities, then washed with two column volumes of elution 245 
buffer. Next, the sample is carefully pipetted onto the top of the gel, without disrupting gel 246 
packing. The column is opened and run until the sample completely enters the gel. At this point, 247 
buffer is placed on the top of the column, and the first 20 mL of eluate is collected. Next, a series 248 
of 1-mL fractions is collected. These fractions are then placed in a 96-well plate or 96-well 249 
immuno-plate for analysis of lipid and protein content. 250 
 251 
Figure 2: Representative results. A. actinomycetemcomitans JP2 OMVs were run through the SEC 252 
column and each fraction was analyzed for lipid content using a lipophilic dye and toxin (LtxA) 253 
content using a monoclonal antibody. (A) The average lipid content of each fraction reported as 254 
a percentage of the total lipid content, from three trials. Each data point represents the mean + 255 
standard deviation. (B) The LtxA content of each fraction, reported as a percentage of the total 256 
LtxA content, as measured by ELISA with a monoclonal anti-LtxA antibody. (C) The LtxA content 257 
of each fraction, reported as a percentage of the total LtxA content, as measured by an 258 
immunoblot with a monoclonal anti-LtxA antibody. (D) The total protein content of each fraction, 259 
reported as a percentage of the total protein content, as measured by A280. Some of the data are 260 
reproduced from Chang et al.26 with permission from John Wiley and Sons Ltd.  261 
 262 
DISCUSSION:  263 
Here, we have provided a protocol for the simple, fast, and reproducible separation of bacterial 264 



   

OMV subpopulations. Although the technique is relatively straight-forward, there are some steps 265 
that must be performed extremely carefully to ensure that efficient separation occurs in the 266 
column. First, it is essential that the gel be loaded into the column carefully and slowly to avoid 267 
air bubbles. We have observed that leaving the gel at room temperature for several hours before 268 
loading the column allows the gel to equilibrate and minimizes bubble formation within the 269 
column. When the gel is pipetted into the column, it should be carefully pipetted along the side 270 
of the column to minimize turbulence. At all times during loading, excess buffer should be 271 
maintained in the column to avoid discontinuities in the settled gel. If a disjunction should occur, 272 
add more buffer and pipette up and down to resuspend the gel. 273 
  274 
Similarly, loading the column with sample is critically important. Because the sample will become 275 
diluted as it passes through the column, the loaded sample should be sufficiently concentrated 276 
before separation by SEC. For the A. actinomycetemcomitans OMVs, we have found that a 1-mL 277 
sample containing approximately 100-200 nmol/L of lipids is ideal. After the sample is loaded 278 
carefully at the top of the column without disrupting the gel layer, the column should be run just 279 
until the sample fully enters the gel column. At this point, the column should be stopped so that 280 
a layer of buffer can be carefully added to the top of the gel. It is helpful to load only a small 281 
volume (~ 1 mL) of buffer, ensuring that the gel layer is not disrupted. Once the sample has been 282 
run further into the gel, buffer can be added in larger volumes and the concern with disrupting 283 
the gel layer is less of an issue. The column can be reused multiple times, as long as it is 284 
maintained in a fully hydrated state and cleaned well (Step 4.6) between runs.      285 
 286 
All OMV purification procedures follow the same initial steps that include bacterial growth, 287 
removal of bacterial cells, and OMV isolation27. Although this “crude” preparation has commonly 288 
been used in OMV studies28, it is becoming increasingly apparent that a subsequent purification 289 
step is necessary to remove co-precipitating proteins and other contaminants, as well as to 290 
separate OMV subpopulations. In OMV studies, this purification step is commonly completed 291 
using density gradient centrifugation. In the eukaryotic extracellular vesicle field, the use of SEC 292 
to separate vesicle populations and to remove contaminants is increasing in importance, as it is 293 
simpler, faster, and less expensive than DGC29. In addition, SEC has the advantage of being 294 
possible to automate, unlike DGC29. Thus, while DGC remains the “gold standard” of vesicle 295 
isolation in the bacterial OMV field, we propose that the numerous advantages of SEC make it an 296 
extremely useful, if not better, method of OMV purification than DGC. In this work, we have 297 
demonstrated that a 1.5 x 50 cm column of Sephacryl S-1000 is capable of separating two 298 
subpopulations of OMVs. We have also observed that the approach is capable of removing 299 
nucleic acids and free proteins from the OMV solution. Previous reports have found SEC to be 300 
able to remove free LPS from OMV preparations, as well28.   301 
 302 
In conclusion, we propose that SEC holds much promise in the purification of bacterial vesicles. 303 
While we have demonstrated the ability of the technique to separate subpopulations of OMVs 304 
produced by a specific bacterium (A. actinomycetemcomitans), we anticipate that the technique 305 
will be found to be extremely valuable in analyzing other bacterial vesicle samples, as it sees 306 
additional use. In particular, as the biotechnological applications of OMVs increase, the need for 307 
consistent and pure vesicle preparations will also increase; SEC is a promising method for these 308 



   

applications.      309 
 310 
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Name of Material/ Equipment Company Catalog Number Comments/Description

1-Step Ultra TMB-ELISA

Thermo 

Scientific 34028

Amicon 50 kDa filters

Millipore 

Sigma UFC905024 

Bovine Serum Albumin (BSA)

Fisher 

Scientific BP9704-100

ELISA Immuno Plates

Thermo 

Scientific 442404

FM 4-64

Thermo 

Scientific
T13320 1.5 x 50 cm

Glass Econo-Column BioRad 7371552

Infinite 200 Pro Plate Reader Tecan

Potassium Chloride (KCl)

Amresco 

(VWR) 0395-500G

Potassium Phosphate Monobasic 

Anhydrous (KH2PO4)

Amresco 

(VWR) 0781-500G

Sephacryl S-1000 Superfine

GE 

Healthcare 17-0476-01

Sodium Chloride (NaCl)

Fisher 

Chemical S271-3

Sodium Phosphate Dibasic 

Anhydrous (Na2HPO4)

Amresco 

(VWR) 0404-500G

Tris Base VWR 0497-1KG

Tween(R) 20

Acros 

Organics 23336-2500
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We thank the editors and reviewers for the constructive and comprehensive feedback. We have carefully 

analyzed and addressed the comments below, including all modifications made to the manuscript as 

appropriate. The editor/reviewer comments are listed in bold below, followed by our responses and 

revisions in each case. Blue text is used to note the revised text from the manuscript. In addition, the revised 

manuscript and supplementary information with new changes being highlighted have been resubmitted 

together with the revised versions of these files without highlights.  

Editorial comments: 

Changes to be made by the Author(s): 

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no 

spelling or grammar issues. The JoVE editor will not copy-edit your manuscript and any errors in 

the submitted revision may be present in the published version. 

We have proofread the manuscript.  

2. Please ensure that the Summary is within the 50-word limit. 

We have revised the Summary to be within the 50-word limit.  

3. JoVE cannot publish manuscripts containing commercial language. This includes trademark 

symbols (™), registered symbols (®), and company names before an instrument or reagent. Please 

remove all commercial language from your manuscript and use generic terms instead. All 

commercial products should be sufficiently referenced in the Table of Materials and Reagents. 

For example: Tween®, FMTM 4-64 etc. 

We have replaced all commercial product names in the text.  

4. Please add more details to your protocol steps. Please ensure you answer the “how” question, i.e., 

how is the step performed? 

We have added additional details to our protocol, as requested.  

5. 3.2: What is the sample in your experiment? what is the sample volume? How do you ensure that 

the sample has fully entered the gel? 

We have revised this step to read: 

Run the buffer to the top of the gel, and stop the column. Carefully pipet a 1-mL sample containing OMVs 

onto the surface of the beads, being careful not to disturb any of the beads at the top of the column. Run the 

column until the sample has fully entered the gel, that is, when no liquid remains above the gel layer, then 

stop the column. 

 

6. Please include single line space and highlight 3 pages or less of the Protocol (including headings 

and spacing) that identifies the essential steps of the protocol for the video, i.e., the steps that should 

be visualized to tell the most cohesive story of the Protocol. 

We have highlighted sections 3-5 as the most essential steps of the protocol.  

7. Please obtain explicit copyright permission to reuse any figures from a previous publication. 

Explicit permission can be expressed in the form of a letter from the editor or a link to the editorial 

policy that allows re-prints. Please upload this information as a .doc or .docx file to your Editorial 
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Manager account. The Figure must be cited appropriately in the Figure Legend, i.e. “This figure has 

been modified from [citation].” 

We have updated the legend of Figure 2 and have uploaded the editorial policy for the referenced work.  

8. As we are a methods journal, please ensure that the Discussion explicitly cover the following in 

detail in 3-6 paragraphs with citations: 

a) Critical steps within the protocol 

b) Any modifications and troubleshooting of the technique 

c) Any limitations of the technique 

d) The significance with respect to existing methods 

e) Any future applications of the technique 

 

We have updated our Discussion to include paragraphs describing the critical steps, limitations, and trouble-

shooting. Additionally, we have added a paragraph to better explain why this technique is superior to the 

other most commonly used technique and to describe future applications of the technique.  

 

 

Reviewers' comments: 

Reviewer #1: 

Manuscript Summary: 

This study demonstrates the utility of a faster and easier method (Sephacryl-based SEC) to isolate 

two distinguishable OMV subpopulations from A. actinomycetemcomitans strain JP2, one carrying a 

toxin. 

Major Concerns: 

no major concerns are raised. 

Minor Concerns: 

The biggest limitation of this study is the lack of testing in OMVs from other species, to consolidate 

Sephacryl-based SEC method to be useful across many research areas. Also feels like the results are 

focused on showing antibody optimisation instead of a full characterisation of OMV fractions 

obtained by SEC (at least presenting Electron microscopy data and DLS data). 

We have updated Fig. 2 based on this and other reviewer comments to now focus on the reproducibility of 

the approach (panel A) and the ability to separate vesicles with different protein compositions (panel B). In 

our first submission, we included DLS data from the two populations, but it was somewhat hidden in the 

text. To improve the accessibility of that data, we have now also included it in Fig. 2. We have also included 

a reference to our published work in which we measured the DLS of the ultracentrifuged OMVs before 

SEC. We hope that these changes highlight the advantages of the SEC approach with less focus on antibody 

optimization.     

The protocol is well described, with plenty practical tips for researchers to avoid unnecessary 

mistakes in the future. The method is very straightforward and with potential to up-scale procedures 

to isolate specific OMVs for biotechnological applications. 

Few minor comments are below: 

Line 104. Loading the sample and collecting fractions 



3.2 Run the buffer to the top of the gel, and stop the column. Carefully pipet the sample onto the 

surface of the beads, being careful not to disturb any of the beads at the top of the column. Run the 

column until the sample has fully entered the gel, then stop the column. 

The volume of loaded OMV sample is missing. This is a very crucial step in SEC protocols, because 

it directly relates back to the column volume/area and resulting fraction volumes. 

We have revised this step to read: 

Run the buffer to the top of the gel, and stop the column. Carefully pipet a 1-mL sample containing OMVs 

onto the surface of the beads, being careful not to disturb any of the beads at the top of the column. Run the 

column until the sample has fully entered the gel, that is, when no liquid remains above the gel layer, then 

stop the column. 

 

Line 124. Sample analysis 

4.2.3 Incubate plates with 100 μL blocking buffer plus primary antibody overnight at 4 °C. NOTE: 

The necessary volume of primary antibody will vary depending on the concentration and purity of 

the antibody. Decant. 

4.2.5 Add 100 μL of ELISA wash buffer plus secondary antibody to each well. Incubate for 1 hr at 

25 °C. 

I think an approximate value or range of the concentration of primary and secondary antibodies used 

in ELISA is necessary. 

We have added the necessary details, as shown below. (Note that the numbering of the protocol has changed 

slightly in the revised manuscript.) 

5.2.3 Incubate plates with 100 μL blocking buffer plus primary antibody (1:10,000 for purified antibody; 

1:10 for unpurified antibody) overnight at 4 °C. NOTE: Decant. 

 

5.2.5 Add 100 μL of ELISA wash buffer plus secondary antibody (1:30,000) to each well. Incubate for 1 

hr at 25 °C.  

 

Line 187, The sample should be sufficiently concentrated before it is loaded on the column to avoid 

the need to pool samples for analysis. 

What is the OMV sample load (by protein and volume) that was optimised for separation by this 

column? Since it is one of the main conclusions of this manuscript, it is useful for other researchers 

to know the range of OMV load successfully fractionated with the described protocol, i.e. above XX 

µg OMV the column may block or below XX µg OMV the column's recovery of fractions is 

significantly decreased, etc. What is the absolute value of "sufficiently concentrated"? 

Unfortunately, we do not have this information. However, we consistently load a one-mL sample, with a 

lipid concentration of 100-200 nmol/L. We have added this information to the manuscript.  

4.2 Allow the remaining buffer to fully enter the column. Once the buffer has reached the top of the 

gel layer, carefully pipet a 1-mL sample containing OMVs (at a lipid concentration of approximately 100 

– 200 nmol/L) onto the surface of the beads, being careful not to disturb any of the beads at the top of the 

column. Allow the sample to fully enter the gel, that is, when no liquid remains above the gel layer. Then 

stop the column. 

Line 163. Each panel of this figure includes the averaged FMTM 4-64 results from three separate runs, 

each collected by a different user, demonstrating the extreme reproducibility of this technique. Line 



186. Together, these representative results demonstrate that separation of OMV subpopulations by 

SEC is highly reproducible, even between users. 

For this claim to be true, readers would need to see the variability of data obtained from each user, 

which is hidden in averaged plotted values shown in Figure 2. I recommend to add SD or SEM to all 

graphs in Figure 2 to justify the 'reproducibility' statement. 

We have updated this figure to show the standard deviations from the different runs to better demonstrate 

the reproducibility. This information can be found in the revised Fig. 2A.  

Line 189. Finally, the selection of an appropriate antibody, with sufficient specificity and affinity for 

the target protein(s), is an essential aspect of this approach. 

Would total protein concentration of OMV fractions follow the two subpopulations trend as well? 

Just wondering if a more affordable and applicable-to-all analysis approach would be of utility to 

characterise OMVs from other bacterial species, when antibodies are not available. 

We have modified Fig. 2 to include the absorbance at 280 nm (A280), as a measure of protein concentration, 

of each fraction. We found that for our A. actinomycetemcomitans OMVs, this measurement did not 

accurately predict which fractions contained OMVs. We agree with the reviewer that if it had, it could be a 

more versatile approach to measure protein content in each fraction. However, we propose that using the 

lipid concentration of each fraction is a versatile approach in itself to detect fractions containing OMVs, in 

cases where specific antibodies are not available. Additionally, we believe the A280 results shown in the 

modified Fig. 2 further support the value of this SEC approach, as it is clear that a significant amount of 

“free” protein can be separated from the OMV populations. 

Figure 2. The LtxA content of each fraction represents results from three separate runs, each 

quantified in a different way. What does it mean each 3 separate runs, each quantified in a different 

way? Line 163 says each run was performed by different users. Please clarify. 

We have revised this figure substantially based on the reviewer feedback. In the new figure, we only show 

LtxA content quantified in one way, so we believe this clarity issue has been resolved.  

Please clarify how percentages of Toxin and Lipid were calculated in Panel A and B in the figure 

legend. 

We have added the following explanation of these calculations: 

The lipid and toxin concentrations are reported as percentages, where “%lipid” indicates what percentage 

of the total lipid content of the sample is in each fraction and “%toxin” indicates what percentage of the 

total toxin content of the sample is in each fraction.   

Please clarify the units of the Toxin Intensity in Panel C and D. 

We have updated this figure, based on reviewer suggestions, and we no longer show the results included in 

the original Panels C and D.  

Line 234. For these reasons, we propose that SEC is a more promising method than DGC for future 

biotechnological applications of OMVs. 

In order to conclude that SEC is more promising than DGG (which I agree), more Sephacryl-based 

SEC assays were required to be tested in OMVs from few different species. Bacteria MVs quickly 

respond to environmental cues (culture conditions), so there is a vast diversity in MV molecular or 

population-wide composition. Sephacryl-SEC may be useful to distinguish subpopulations is some 

cases and some others may not. Perhaps it's worth to narrow down the biotechnological applications 



potential to the tested strain in the discussion section, while also adding some discussion of what's the 

current state of SEC and bacterial vesicles. 

We appreciate these suggestions and we have incorporated them into two new paragraphs in the Discussion 

section. In these paragraphs, we more directly compare SEC and DGC. We expect that as the technique 

becomes more common in the bacterial OMV field, it will be found to be superior to DGC in many 

applications; however, we agree with the reviewer that with our current data, we cannot make such a broad 

statement. We have toned down our claims in these new paragraphs to instead propose that SEC might 

become increasingly important in the OMV field.   

All OMV purification procedures follow the same initial steps that include bacterial growth, removal 

of bacterial cells, and OMV isolation.27 Although this “crude” preparation has commonly been used in 

OMV studies28, it is becoming increasingly apparent that a subsequent purification step is necessary to 

remove co-precipitating proteins and other contaminants, as well as to separate OMV subpopulations. In 

OMV studies, this purification step is commonly completed using density gradient centrifugation. In the 

eukaryotic extracellular vesicle field, the use of SEC to separate vesicle populations and to remove 

contaminants is increasing in importance, as it is simpler, faster, and less expensive than DGC29. In addition, 

SEC has the advantage of being possible to automate, unlike DGC29. Thus, while DGC remains the “gold 

standard” of vesicle isolation in the bacterial OMV field, we propose that the numerous advantages of SEC 

make it an extremely useful, if not better, method of OMV purification than DGC. In this work, we have 

demonstrated that a 1.5 x 50 cm column of Sephacryl S-1000 is capable of separating two subpopulations 

of OMVs. We have also observed that the approach is capable of removing nucleic acids and free proteins 

from the OMV solution. Previous reports have found SEC to be able to remove free LPS from OMV 

preparations, as well.28   

In conclusion, we propose that SEC holds much promise in the purification of bacterial vesicles. While 

we have demonstrated the ability of the technique to separate subpopulations of OMVs produced by a 

specific bacterium (A. actinomycetemcomitans), we anticipate that the technique will be found to be 

extremely valuable in analyzing other bacterial vesicle samples, as it sees additional use.    

Are there other non-MV contaminants that can be effectively removed/cleaned with Sephacryl-based 

SEC as compared to just having the ultracentrifuged OMVs? 

We have found that SEC is able to remove nucleic acids and proteins that co-pelleted with the OMVs during 

ultracentrifugation. We have included mention of this in the text.  

Representative Results section: 

Fig. 2D shows the percentage of the total protein concentration in each fraction, measured using the A280, 

overlaid on the lipid concentration profile. This panel demonstrates that SEC is able to remove significant 

amounts of free proteins from the OMV preparations, as evidenced by the high A280 values in fractions 

greater than 60. (In fact, most of the protein is found in these fractions, which do not contain OMVs, 

demonstrating that a large amount of protein co-purifies with the OMVs.) 

Discussion section: 

We have also observed that the approach is capable of removing nucleic acids and free proteins from the 

OMV solution. 

 

Reviewer #2: 

The manuscript by Dr. Collins et al, described a size exclusion chromatography (SEC) based method 

to purify bacterial derived outer membrane vesicles (OMVs). Using size exclusion column to purified 

extracellular vesicles from body fluid or culture media is a well established method; however, except 

a few prior descriptions, applying SEC on OMV purification is relatively new. 



The protocol described in the manuscript lacks some details. 

1. The authors need to provide some more information of the column since the length of column will 

affect the particle separation in SEC. In addition, the authors also need to provide a range of sample 

volumes that can be applied. 

As reported in our Materials List, we have used a 1.5 x 50 cm column. For clarity, we have included this 

information in the text (Introduction) as well. We have also added information to the Method about the 

volume of sample that can be applied to this size column (1 mL).  

2. How many times the column can be re-used? What is the washing condition between samples? 

In our experience, the column can be reused indefinitely, as long as it is consistently hydrated with buffer 

and has not become contaminated. We have run a single column up to fifteen times. We have added this 

information to the manuscript (Discussion section).  

The column can be reused multiple times, as long as it is maintained in a fully hydrated state and cleaned 

well (Step 4.6) between runs.       

3. It is not necessary to provide results from 4 different measurement methods for LtxA. Instead, it 

would be helpful if the authors can provide a direct comparison between the ultracentrifugation and 

SEC based OMV purification results. Actually, in the "Representative Results" section, the authors 

did mention ultracentrifugation results are shown in Figure 2 (Lines 157-158) 

We agree with the reviewer and have altered the representative results show in Fig. 2. Also, in the text, we 

have compared the DLS results of an ultracentrifuged OMV sample and the SEC-purified samples.  

We confirmed the size of the OMVs in these peaks using dynamic light scattering (DLS) and found the 

mean diameters of the OMVs in fractions 13 and 25 to be 296.6 nm and 142.6 nm, respectively, as shown 

in Fig. 2A. In comparison, the mean diameter of the OMV sample after ultracentrifugation but before SEC 

purification was previously found to be 161.0 nm. 

 

 

Reviewer #3: 

Manuscript Summary: 

The authors describe a method of purifying the membrane vesicles from a Gram negative bacteria 

using SEC. Vesicles isolated from Aggregatibacter actinomycetemcomitans, which the authors state, 

produces two discrete populations of OMVS. While there are numerous methods of isolating OMVs, 

the authors speak to the simplicity and low cost of this method compared to other methods such as 

ultra-centrifugation. The methods provided are informative but I believe there are a lot of 

components that are missing that would make this a more comprehensive protocol. OMV purification 

has multiple steps which are not even discussed in this protocol including bacterial growth, cell 

removal, and final OMV/sample analysis to confirm results. 

Major Concerns: 

1) The authors do not discuss the preparation of OMVs from bacterial culture which makes the 

starting point for this protocol quite confusing. For several reasons 

a. Is this straight culture media that is being purified here? Obviously there would be a centrifugation 

step to pellet bacteria, however, most methods have multiple stages of centrifugation followed by 



filtration to ensure that cells, cellular debris, and large aggregates are removed. The authors should 

provide some information here or at least provide some citations to other published methods. 

We apologize for the omission of those important details. We first pellet the bacteria and collect the 

supernatant. We then ultracentrifuge the supernatant to concentrate the OMVs. It is those purified OMVs 

that we then separate by SEC to obtain more homogeneous samples. We did not originally include the 

specific details of this process in the revised manuscript because we do not want the method to focus solely 

on A. actinomycetemcomitans. However, we have added an explanation of this point in the Protocol section 

of the manuscript.  

2. Preparation of OMV Sample 

2.1  Grow A. actinomycetemcomitans cells to the late exponential phase (optical density at 600 nm 

of 0.7). Pellet the cells by centrifuging at 10,000 x g at 4 °C for 10 min. Filter the supernatant 

through a 0.45 μm filter.   

2.2 Concentrate the bacteria-free supernatant using 50 kDa-molecular weight cut-off filters. 

Ultracentrifuge the concentrated solution at 105,000 x g at 4 °C for 30 min.  

2.3 Resuspend the pellet in PBS and ultracentrifuge again (105,000 x g at 4 °C for 30 min.) 

Resuspend the pellet in 1 mL of PBS.  

b. Is there a concentration step (following 1 above) such as a high speed centrifugation step achievable 

with most table top centrifuges to reduce the amount of sample loaded to the column? 

Please see our response above.  

2) In section 3.2, the authors us the word "run" but do not define this term. Are they suggesting that 

column has been attached to a pump and is being "run" at a specific flow rate? Without this 

information one would have to assume that the column is being used as a gravity flow column which 

should be indicated and might not be the best approach if a long column is being used. 

We apologize for our confusing word choice. The column is a gravity flow column. We have updated this 

section to read (note that the protocol numbering has changed slightly): 

4.2 Allow the buffer to fully enter the column. Once the buffer has reached the top of the gel layer, 

carefully pipet a 1-mL sample containing OMVs onto the surface of the beads, being careful not to disturb 

any of the beads at the top of the column. Allow the sample to fully enter the gel, that is, when no liquid 

remains above the gel layer, then stop the column. 

We have also added “gravity-flow” to the Introduction: 

We have found that a long, gravity-flow, SEC column, filled with gel filtration medium is sufficient for 

efficiently purifying and separating subpopulations of OMVs. 

3) The authors indicate that this method is ideal for separating population of OMVs but they provide 

no evidence to indicate that discrete populations of OMVs have been isolated. An analytical method 

such as Laser Particle Tracking, Dynamic Light Scattering, or similar method should be used to 

verify that the subpopulations have been separated. 

We have included DLS results in the Representative Results section of the text. For clarity, we have added 

those results to Fig. 2 as well.  

4) The information in figure 2 does not show separation of OMV populations. There is too much 

overlap in samples, both lipids and toxin, to suggest that these are discreet population. The data may 

be clearer in a different format such as a line ran than spheres, however, as presented it is confusing. 



We have modified Fig. 2 significantly based on this and other reviewer comments. We hope these changes 

make the data clearer.  

5) I do not see why the authors include Figure 2B and 2C which both show failed detection assays. 

These do not convey any useful information. 

We originally included these panels as an example of “suboptimal” results, as requested in the Guide for 

Authors. However, based on this and other reviewer comments, we have significantly updated Fig. 2 in the 

revised manuscript.  

6) The authors use chemical formulas in the protocol section and then list full chemical names at the 

end in the Material/ Equipment section. It may be beneficial to some readers to include the name and 

formula in the Material/Equipment section. 

We have added this information to the Material/Equipment Section.  

Minor Concerns: 

No minor comments. Manuscript was well written and the information that was provided was 

detailed and thorough. 
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publication authored or edited by the Contributor (excluding journal articles) where such re-used material
constitutes less than half of the total material in such publication. In such case, any modifications must be
accurately noted.

c. Teaching duties. The right to include the Final Published Version in teaching or training duties at the
Contributor’s institution/place of employment including in course packs, e-reserves, presentation at professional
conferences, in-house training, or distance learning. The Final Published Version may not be used in seminars
outside of normal teaching obligations (e.g. commercial seminars). Electronic posting of the Final Published
Version in connection with teaching/training at the Contributor’s company/institution is permitted subject to the
implementation of reasonable access control mechanisms, such as user name and password. Posting the Final
Published Version on the open Internet is not permitted.

d. Oral presentations. The right to make oral presentations based on the Final Published Version.

4. Article Abstracts, Figures, Tables, Artwork and Selected Text (up to 250 words).

a. Contributors may re-use unmodified abstracts for any non-commercial purpose. For online uses of the
abstracts, the Owner encourages but does not require linking back to the Final Published Version.

b. Contributors may re-use figures, tables, artwork, and selected text up to 250 words from their Contributions,
provided the following conditions are met:

(i) Full and accurate credit must be given to the Final Published Version.

(ii) Modifications to the figures and tables must be noted. Otherwise, no changes may be made.

(iii) The re-use may not be made for direct commercial purposes, or for financial consideration to the
Contributor.

(iv) Nothing herein will permit dual publication in violation of journal ethical practices.

D. CONTRIBUTIONS OWNED BY EMPLOYER

1. If the Contribution was written by the Contributor in the course of the Contributor’s employment as a
"work-made-for-hire" in the course of employment, the Contribution is owned by the company/institution which must
execute this Agreement (in addition to the Contributor’s signature). In such case, the company/institution hereby agrees
to the terms of use set forth in paragraph A above and assigns to the Owner, during the full term of copyright, all
copyright in and to the Contribution for the full term of copyright throughout the world as specified in paragraph A above.

2. In addition to the rights specified as retained in paragraph B above and the rights granted back to the Contributor
pursuant to paragraph C above, the Owner hereby grants back, without charge, to such company/institution, its
subsidiaries and divisions, the right to make copies of and distribute the Final Published Version internally in print format
or electronically on the Company’s internal network. Copies so used may not be resold or distributed externally.
However, the company/institution may include information and text from the Final Published Version as part of an
information package included with software or other products offered for sale or license or included in patent applications.
Posting of the Final Published Version by the company/institution on a public access website may only be done with
written permission, and payment of any applicable fee(s). Also, upon payment of the applicable reprint fee, the
company/institution may distribute print copies of the Final Published Version externally.

E. GOVERNMENT CONTRACTS



In the case of a Contribution prepared under U.S. Government contract or grant, the U.S. Government may reproduce,
without charge, all or portions of the Contribution and may authorize others to do so, for official U.S. Government
purposes only, if the U.S. Government contract or grant so requires. (U.S. Government, U.K. Government, and other
government employees: see notes at end.)

F. COPYRIGHT NOTICE

The Contributor and the company/institution agree that any and all copies of the Final Published Version or any part
thereof distributed or posted by them in print or electronic format as permitted herein will include the notice of copyright
as stipulated in the Journal and a full citation to the Journal.

G. CONTRIBUTOR'S REPRESENTATIONS

The Contributor represents that: (i) the Contribution is the Contributor’s original work, all individuals identified as
Contributors actually contributed to the Contribution, and all individuals who contributed are included; (ii) if the
Contribution was prepared jointly, the Contributor has informed the co-Contributors of the terms of this Agreement and
has obtained their signed written permission to execute this Agreement on their behalf; (iii) the Contribution is submitted
only to this Journal and has not been published before, has not been included in another manuscript, and is not currently
under consideration or accepted for publication elsewhere; (iv) if excerpts from copyrighted works owned by third parties
are included, the Contributor shall obtain written permission from the copyright owners for all uses as set forth in the
standard permissions form or the Journal’s Author Guidelines, and show credit to the sources in the Contribution; (v) the
Contribution and any submitted Supporting Information contain no libelous or unlawful statements, do not infringe upon
the rights (including without limitation the copyright, patent or trademark rights) or the privacy of others, do not breach
any confidentiality obligation, do not violate a contract or any law, do not contain material or instructions that might cause
harm or injury, and only utilize data that has been obtained in accordance with applicable legal requirements and Journal
policies; (vi) there are no conflicts of interest relating to the Contribution, except as disclosed. Accordingly, the
Contributor represents that the following information shall be clearly identified on the title page of the Contribution: (1) all
financial and material support for the research and work; (2) any financial interests the Contributor or any co-Contributors
may have in companies or other entities that have an interest in the information in the Contribution or any submitted
Supporting Information (e.g., grants, advisory boards, employment, consultancies, contracts, honoraria, royalties, expert
testimony, partnerships, or stock ownership); and (3) indication of no such financial interests if appropriate. 

Wiley reserves the right, notwithstanding acceptance, to require changes to the Contribution, including changes to the
length of the Contribution, and the right not to publish the Contribution if for any reason such publication would in the
reasonable judgment of Wiley, result in legal liability or violation of journal ethical practices.

H. USE OF INFORMATION

The Contributor acknowledges that, during the term of this Agreement and thereafter, the Owner (and Wiley where Wiley
is not the Owner) may process the Contributor’s personal data, including storing or transferring data outside of the
country of the Contributor’s residence, in order to process transactions related to this Agreement and to communicate
with the Contributor, and that the Publisher has a legitimate interest in processing the Contributor's personal data. By
entering into this Agreement, the Contributor agrees to the processing of the Contributor’s personal data (and, where
applicable, confirms that the Contributor has obtained the permission from all other contributors to process their personal
data). Wiley shall comply with all applicable laws, statutes and regulations relating to data protection and privacy and
shall process such personal data in accordance with Wiley’s Privacy Policy located at: 

.https://www.wiley.com/en-us/privacy

https://www.wiley.com/en-us/privacy


[ X ] I agree to the COPYRIGHT TRANSFER AGREEMENT as shown above, consent to execution and delivery of the
Copyright Transfer Agreement electronically and agree that an electronic signature shall be given the same legal force as
a handwritten signature, and have obtained written permission from all other contributors to execute this Agreement on
their behalf.

Contributor's signature (type name here): Angela Brown

Date: December 09, 2019

SELECT FROM OPTIONS BELOW:

[ X ]  Contributor-owned work

[ ]  U.S. Government work
Note to U.S. Government Employees
A contribution prepared by a U.S. federal government employee as part of the employee's official duties, or which is
an official U.S. government publication, is called a "U.S. government work", and is in the public domain in the United
States. If the Contribution was not prepared as part of the employee's duties, is not an official U.S. government
publication, or if at least one author is  a U.S. government employee, it is not a U.S. government work. If at leastnot
one author is  a U.S. government employee, then the non-government author should also sign the form,not
selecting the appropriate ownership option. If more than one author is not a U.S. government employee, one may
sign on behalf of the others.

[   ]  U.K. Government work (Crown Copyright)
Note to U.K. Government Employees

should be signed in the Contributor’s signatures section above by theFor Crown Copyright this form 
 For productionappropriately authorised individual and uploaded to the Wiley Author Services Dashboard.

editor contact details please visit the Journal’s online author guidelines. The rights in a contribution prepared by an
employee of a UK government department, agency or other Crown body as part of his/her official duties, or which is
an official government publication, belong to the Crown and must be made available under the terms of the Open
Government Licence. Contributors must ensure they comply with departmental regulations and submit the
appropriate authorisation to publish. If your status as a government employee legally prevents you from signing this
Agreement, please contact the Journal production editor. If this selection does not apply to at least one author in the
group, this author should also sign the form, indicating transfer of those rights which that author has and selecting
the appropriate additional ownership selection option. If this applies to more than one author, one may sign on
behalf of the others.

[   ]  Other
Including Other Government work or Non-Governmental Organisation work
Note to Non-U.S., Non-U.K. Government Employees or Non-Governmental Organisation Employees

should be signed in theFor Other Government or Non-Governmental Organisation work this form 
Contributor's signatures section above by the appropriately authorised individual and uploaded to the Wiley

 For production editor contact details please visit the Journal’s online authorAuthor Services Dashboard.
guidelines. If you are employed by the Australian Government, the World Bank, the World Health Organization, the
International Monetary Fund, the European Atomic Energy Community, the Jet Propulsion Laboratory at California
Institute of Technology, the Asian Development Bank, the Bank of International Settlements, or are a Canadian
Government civil servant, please download a copy of the license agreement from 

 and upload the form to the Wiley Author Services Dashboard. If yourhttp://www.wileyauthors.com/licensingFAQ
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 and upload the form to the Wiley Author Services Dashboard. If yourhttp://www.wileyauthors.com/licensingFAQ
status as a government or non-governmental organisation employee legally prevents you from signing this
Agreement, please contact the Journal production editor.

Name of Government/Non-Governmental Organisation:

_____________________________________________________________

[   ]  Company/institution owned work (made for hire in the course of employment)
should be signed and uploaded to the Wiley Author Services Dashboard.For "work made for hire" this form 

For production editor contact details please visit the Journal's online author guidelines. If you are an employee of
Amgen, please download a copy of the company addendum from  andhttp://www.wileyauthors.com/licensingFAQ
return your signed license agreement along with the addendum. If this selection does not apply to at least one
author in the group, this author should also sign the form, indicating transfer of those rights which that author has
and selecting the appropriate additional ownership selection option. If this applies to more than one author, one may
sign on behalf of the others.

Name of Company/Institution:

_____________________________________________________________

Authorized Signature of Employer: ___________________________________________

Date: ___________________________________________

Signature of Employee: ___________________________________________

Date: ___________________________________________
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