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SUMMARY: 22 
This article reports a simple method to isolate the outer and inner perivitelline sublayers of 23 
chicken eggs while minimizing structural alteration and to optimize protein solubilization of 24 
each sublayer for proteomic analyses. 25 
 26 
ABSTRACT: 27 
The perivitelline layer that surrounds the egg yolk plays a fundamental role in fertilization, in 28 
egg defense, and in the development of the avian embryo. It is formed by two proteinaceous 29 
sublayers that are tightly associated and formed by distinct female reproductive organs. Both 30 
structures are assumed to have their own functional specificities, which remain to be defined. 31 
To characterize the function of proteins composing each sublayer, the first challenge is to 32 
establish the conditions that would allow for the mechanical separation of these two intricate 33 
layers, while limiting any structural damage. The second step is to optimize the experimental 34 
conditions to facilitate protein solubilization from these two sublayers, for subsequent 35 
biochemical analyses. The efficiency of this approach is assessed by analyzing the protein 36 
profile of each sublayer by Sodium Dodecyl Sulfate-Poly-Acrylamide Gel Electrophoresis (SDS-37 
PAGE), which is expected to be distinct between the two structures. This two-step procedure 38 
remains simple; it requires classical biochemical equipment and reagents; and is compatible 39 
with further in-depth proteomics. It may also be transposed to other avian eggs for 40 
comparative biology, knowing that the structure and the composition of the perivitelline layer 41 
has been shown to have species-specific features. In addition, the non-denaturing conditions 42 
developed for sublayers separation (step 1) allow their structural analyses by scanning and 43 
transmission electron microscopy. It may also constitute the initial step for subsequent 44 
protein purification to analyze their respective biological activities and 3D structure, or to 45 
perform further immunohistochemical or functional analyses. Such studies would help to 46 
decipher the physiological function of these two sublayers, whose structural and functional 47 

Manuscript Click here to access/download;Manuscript;61739_R1_RE.docx

https://www.editorialmanager.com/jove/download.aspx?id=1244399&guid=cd8f453c-56d3-45ee-b703-9501fccbd824&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1244399&guid=cd8f453c-56d3-45ee-b703-9501fccbd824&scheme=1


 

 
 

integrities are determinant criteria of the reproductive success. 48 
 49 
INTRODUCTION: 50 
The purpose of this method is to provide a protocol that allows subsequent biochemical 51 
characterization of the perivitelline layer (PL), a thin proteinaceous layer enclosing the egg 52 
yolk and playing a fundamental role in the reproduction of avian species. The PL, also named 53 
“vitelline membrane” in the literature, is a three-dimensional network of thick fibers made up 54 
of several types of glycoproteins. It consists of an inner perivitelline layer (IPL) (in contact with 55 
the yolk) that is assembled in the ovary, and of an outer perivitelline layer (OPL, in contact 56 
with the white), lying on the IPL (Figure 1) and produced by the infundibulum. This latter tissue 57 
is the funnel-like upper segment of the oviduct receiving the mature yolky follicle after 58 
ovulation, and the site where the fertilization takes place. The secretion of OPL occurs after 59 
these two events and is followed by the successive deposit of the egg white and the eggshell 60 
in other specific segments of the oviduct. The physiological functions of PL are not only related 61 
to fertilization and early stages of embryogenesis, but also to the physical and molecular 62 
protection of the embryo. The proteomic analysis of chicken egg performed on the whole PL 63 
revealed the presence of 137 different proteins1, but the distribution of most of these proteins 64 
between IPL and OPL remains to be elucidated. The minimal amount of data available in the 65 
literature report that IPL and OPL exhibit very distinct protein profiles2–4, which suggests 66 
different structural and functional properties. The relative scarcity of data on the distribution 67 
of proteins between OPL and IPL is likely due to the difficulty of separating both sublayers that 68 
are thin and embedded. 69 
 70 
The method presented here describes the conditions to be used to separate the two sublayers 71 
with limited impact on their respective histological structure while preserving their protein 72 
content, and to provide the protocol permitting the complete solubilization of proteins for 73 
subsequent analysis by proteomics. It includes two main steps: 1) PL sampling and OPL/IPL 74 
separation and 2) PL, OPL, and IPL treatment for protein solubilization and electrophoresis for 75 
mass spectrometry analysis. The workflow is presented in Figure 2. Noticeably, although the 76 
present protocol has been optimized for proteomic analyses (Step 2.2), it can be stopped at 77 
some steps for histological (e.g., electron microscopy), immunohistochemical analyses, 78 
functional studies (step 1), and for purification of salt-soluble proteins in order to characterize 79 
their structure and biological activity (step 2.1) (Figure 2). 80 
 81 
The first step is the removal of total PL from the egg yolk (Figure 2, step 1.1). All published 82 
methods start with the separation of the egg white from the yolk manually or using an egg 83 
separator. It is followed by the removal of the remaining egg white and the thick chalazae 84 
using forceps or by adsorption on a filter paper5 (Figure 2A). Next, the techniques selected to 85 
sample PL are variable depending on the published articles. Some papers include several 86 
washes of the yolk, in deionized or distilled water1,5,6, in 0.85 to 1% saline solution2,7,8, in 87 
buffering solutions such as 0.15 M NaCl/N-[Tris(hydroxymethyl)methyl]-2-88 
aminoethanesulfonic acid, pH 7.44, or in 0.01N HCl (pH 2)3. These procedures were applied to 89 
chicken, duck, ring-necked pheasant, gray partridge, cockatiel parrot, domestic pigeon, or 90 
ratites eggs2,6,9. The removal of PL while the egg yolk is maintained in a Petri dish without 91 
aqueous solutions may be very laborious as the PL is fragile and egg yolk tends to stick to PL1,5 92 
and therefore remains difficult to eliminate afterwards. The use of acidic buffer or solution for 93 
an hour at 37 °C3 is also not preferred as such conditions may alter PL structure and may result 94 



 

 
 

in protein loss. It is also important to remove the area containing the germinal disc as this zone 95 
is likely to have a distinct structural and molecular pattern, which does not reflect the whole 96 
PL4,6,10 (Figure 2B). This method takes advantage of ideas highlighted by some published 97 
articles and proposes some improvements to facilitate PL sampling while preserving its 98 
integrity (Figure 2C).  99 
 100 
The second step consists of separating the two sublayers (Figure 2, step 1.2). This step is 101 
critical as OPL and IPL are tightly bound to each other. This step should be conducted carefully 102 
with forceps under a binocular dissecting microscope. Publications reporting OPL/IPL 103 
separation are quite limited2,3,7,11 and some of them use specific conditions (acidic buffer at 104 
37 °C for 1 h2,3) that are likely to affect the histological structure of the sublayers and/or 105 
contribute to protein loss or yolk or white contaminations. To better distinguish the OPL from 106 
the IPL, some authors reported the use of the toluidine blue to slightly color the OPL (the inner 107 
layer remains colorless)11. In the method developed, we optimized the conditions so that the 108 
separation is easily achieved and does not require the use of any dye (Figure 2D). 109 
 110 
The second main step is the solubilization of proteins composing each sublayer. Classically, it 111 
is achieved by mixing clean lyophilized1, dried2,6, or freshly prepared3,4,11 PL/sublayers directly 112 
with the Laemmli buffer used for electrophoresis. Other authors preferred a preliminary 113 
solubilization of layers in 1% NaCl, in a 1% SDS buffering solution2,3,11 or in a solution 114 
containing protease inhibitors and SDS 6 at room temperature or Triton followed by incubation 115 
at 45 °C12, under constant vigorous stirring. Some authors also described a protocol where the 116 
PL was incubated in phosphate buffer saline or urea and subjected to sonication13. These 117 
treatments were all followed by a centrifugation and dilution in Laemmli buffer and all share 118 
the disadvantage of incomplete protein solubilization from layers as the insoluble matter (the 119 
pellet obtained after centrifugation) is discarded from the sample to be analyzed. 120 
 121 
In addition, the use of denaturing conditions (urea, detergent, high temperature, etc.) by 122 
certain authors for protein solubilization is not compatible with subsequent protein 123 
purification for characterization as they are likely to irreversibly inactivate proteins, interfere 124 
with their biological activities and also impair their 3D structure. For this specific step 2, the 125 
protocol includes a first substep allowing for solubilization of the most abundant proteins 126 
under non-denaturing conditions after PL/OPL/IPL mechanical de-structuration, which will not 127 
interfere with further protein studies, if needed (Figure 2, step 2.1), and a second substep that 128 
allows for complete solubilization of proteins for electrophoresis and in-depth proteomics 129 
(Figure 2, step 2.2). It combines suggestions taken from various published papers and 130 
adjustments resulting from new ideas validated by experimental studies. 131 
 132 
PROTOCOL: 133 
 134 
1. PL, IPL, and OPL samplings 135 
 136 
1.1. PL sampling 137 
 138 
1.1.1. Break the freshly laid unfertilized egg manually and use an egg separator lying on a glass 139 
beaker to separate the yolk from the white. Remove the chalazae with small scissors and roll 140 
the yolk over a filter paper to remove adherent albumen that appears as a transparent and 141 



 

 
 

visible structure (Figure 2A). 142 
 143 
CAUTION: Be careful not to puncture the PL with scissors. The use of tweezers instead of 144 
scissors to remove chalazas may provoke PL breakage and subsequent yolk leakage. The rolling 145 
step on the filter paper is critical and should be performed very quickly due to the absorbent 146 
properties of the paper filter that may trigger PL breakage. It is also very important to use an 147 
unfertilized egg from the day of lay, to optimize the success of this first step and all the 148 
subsequent steps. Alternatively, eggs that have been stored less than 10 days in a cooled 149 
environment may be used but experimenters must consider potential risks of PL alterations. 150 
 151 
1.1.2. Immerse the yolk in a crystallizer containing 10 mM Tris-HCl pH 8 that has been 152 
previously cooled down to 4 °C and remove the PL area over the germinal disc within a 1 cm 153 
zone using blunt scissors (Figure 2B). 154 
 155 
NOTE: Initially, PL was immersed in deionized water, but this approach has some 156 
disadvantages, such as the lack of pH control and the difficulties to separate sublayers 157 
afterwards (step 1.2). Therefore, several conditions were tested including Tris concentration 158 
(Figure 3A) and pH (Figure 3B). The use of a buffer at pH 8, instead of deionized or 159 
demineralized water, is in accordance with egg physiology (the pH of egg white is about 7.8 160 
on the day of lay)14 and minimizes protein loss. In contrast, acidic or very alkaline pH is 161 
suspected to trigger PL de-structuration and early protein solubilization (Figure 3B). The buffer 162 
composed of 10 mM Tris-HCl pH 8 was found to be optimal, as it respects the egg physiology 163 
and does not cause significant protein solubilization (protein concentration in the working 164 
buffer remains minimal, Figure 3A,B). 165 
 166 
1.1.3. Rupture the PL with small scissors in the buffer. Hold the two edges of the ruptured PL 167 
with forceps and peel the PL off the yolk. 168 
 169 
1.1.4. Maintain the PL with forceps and rinse the PL several times in several baths of 10 mM 170 
Tris-HCl, pH 8 until no trace of yolk is visible. At this stage, ensure that the PL is clean, white, 171 
and floating in the buffer. It can be processed in step 1.2 for sublayer separation or directly to 172 
step 2.1 for biochemical analyses. 173 
 174 
1.2. OPL and IPL sampling 175 
 176 
1.2.1. Spread out the whole PL sample by putting OPL upward into a plastic Petri dish and 177 
maintaining it flat with as less wrinkles as possible. Cover the sample with 10 mM Tris-HCl pH 178 
8, 50 mM NaCl. Use a plastic Petri dish (and not glass) to limit PL movements, because PL sticks 179 
better to plastic. 180 
 181 
1.2.1.1. To locate the OPL side, look at where the location of the remaining chalazae that are 182 
attached to the OPL and not the IPL. This step requires small NaCl concentration (50 mM) to 183 
facilitate sublayer separation. 184 
 185 
NOTE: Based on the graph presented in Figure 3C and literature11, this concentration should 186 
not lead to major protein loss. Initially, deionized water was used to separate the sublayers, 187 
as described previously1,5,6, but this technique was found to be very laborious and resulted in 188 



 

 
 

the alteration of the structural PL integrity. Therefore, different NaCl concentrations (Figure 189 
3C) were tested as salt facilitated the separation of the two sublayers. However, it is 190 
noteworthy that the use of NaCl concentration >100 mM increases protein 191 
solubilization/release from the PL, which is not the objective here (this will be the objective in 192 
step 2) (Figure 3C). Adding 50 mM NaCl to the 10 mM Tris-HCl pH 8 buffer facilitates separation 193 
of the two sublayers and minimizes protein loss. 194 
 195 
1.2.2. Cut the total PL into pieces of about 2 cm x 3 cm with small scissors. Mechanically 196 
separate the two layers of each PL piece with ultra-precise tip forceps under a binocular 197 
dissecting microscope (Figure 4). Store the resulting IPL and OPL samples individually in 198 
microtubes at -80 °C, until further use. 199 
 200 
NOTE: The protocol can be paused here. It should be noted that the efficiency and the facility 201 
of separation of the two layers greatly depends on the freshness of the egg. Indeed, stored 202 
eggs show drastic internal modifications due to the rapid increase in egg white pH and 203 
subsequent alteration of the yolk index due to the PL loosening (and weakening). IPL is more 204 
fragile as compared with OPL. It is, therefore, preferable to place the face of the OPL above 205 
and to separate the two sublayers by pulling on OPL with the forceps. Both sublayers should 206 
be handled with precious care. 207 
 208 
2. Sample treatment for protein solubilization and SDS-PAGE analyses 209 
 210 
2.1. Primary protein solubilization 211 
 212 
2.1.1 Freeze-dry IPL and OPL samples individually. Once freeze-drying is completed, cut 213 
approximatively 1 mg from each sample in clean microtubes possessing a leak proof screw 214 
cap. Keep the remaining samples in tightly closed tubes for prolonged storage at -80 °C. 215 
 216 
NOTE: The use of microtubes with a leak proof screw cap ensures hermetical and leak-proof 217 
closure to prevent sample rehydration and that will secure the samples. 218 
 219 
2.1.2 Mix 1 mg of each lyophilized sublayer with 400 µL of 50 mM Tris pH 7, 500 mM NaCl. 220 
Use a mixer-mill for 2 times for 5 min at 30 Hz to disintegrate OPL and OPL structures in 221 
microparticles and facilitate protein solubilization. Collect 400 µL of the samples containing 222 
the OPL and IPL in two clean microtubes. 223 
 224 
NOTE: The buffer used here has been chosen to increase protein solubilization (unlike step 1). 225 
This buffer was based on the results presented in Figure 3, which show an increase in protein 226 
solubilization at pH 7 (Figure 3B) and using 0.5 M NaCl (Figure 3C). The protocol can be paused 227 
here. At this stage, samples can be used for the protein purification of main PL proteins or 228 
processed to step 2.3. 229 
 230 
2.2 Protein solubilization for electrophoresis 231 
 232 
2.2.1 Add 5x SDS-PAGE sample buffer (100 µL, 0.25 M Tris-HCl, 0.05% bromophenol blue, 50% 233 
glycerol, 5% SDS, 5% beta-mercaptoethanol, pH 6.8) to each 400 µL of the sample and heat at 234 
100 °C for 5 min. 235 



 

 
 

 236 
NOTE: The protocol can be paused here, and samples can be stored at -80 °C. At this stage of 237 
the protocol, OPL and IPL are completely dissolved. The efficiency of the sample solubilization 238 
can be assessed by centrifuging samples for 5 min at 10,000 x g. Complete solubilization is 239 
characterized by an absence of visible pellet after centrifugation. Thus, after complete 240 
solubilization, it is considered here that 1 mg of lyophilized sublayer corresponds to 1 mg of 241 
proteins (the protein concentration in the 500 µL sample is 2 mg/mL). Indeed, PL is composed 242 
of more than 80% protein20. The use of a 5x sample buffer limits sample dilution but a 1x or 243 
2x sample buffer can also be used. 244 
 245 
2.2.2. Load a maximum of 20 µg of proteins/lane on a SDS polyacrylamide gel (4%–20% 246 
gradient gel) and perform electrophoresis at 120 V using a vertical electrophoresis system. 247 
 248 
NOTE: The use of a 4%–20% gradient gel is not mandatory but is preferable here as OPL and 249 
IPL exhibit proteins with molecular weights ranging from <10 kDa to >250 kDa. It might be also 250 
useful to keep the stacking gel (that is usually removed), as the presence of insoluble proteins 251 
or protein aggregates at the bottom of wells would indicate poor solubilization and a possible 252 
missing step during the sample preparation. 253 
 254 
2.2.3. After electrophoresis, remove gels from the glass plates and stain with Coomassie 255 
Brilliant Blue solution (50% H2O, 40% EtOH, 10% acetic acid, and R250 Coomassie Brilliant 256 
Blue) for 30 min. 257 
 258 
2.2.4. De-stain with a solution consisting of 50% H2O, 40% EtOH, 10% acetic acid solution until 259 
the gel background appears light blue. 260 
 261 
2.2.5. Finally transfer the gel in Petri dishes containing deionized water, to achieve de-staining 262 
and rehydration of polyacrylamide gels. Proteins should appear as blue bands of a transparent 263 
background. 264 
 265 
REPRESENTATIVE RESULTS: 266 
OPL and IPL were separated from the PL of a freshly laid unfertilized egg to analyze their 267 
protein profiles by SDS-PAGE. The experimental workflow of the whole protocol is illustrated 268 
in Figure 2. Figure 3 shows protein release at different Tris concentration (Figure3A), various 269 
pH (Figure 3B) and different NaCl concentration (Figure 3C). The resulting two sublayers were 270 
observed under the light of the binocular dissecting microscope and are shown in Figure 4 271 
where IPL is translucent while OPL is dense, cloudy, and whitish. These features can partly 272 
testify for the efficiency of the sublayer separation. 273 
  274 
Following the separation, OPL and IPL were lyophilized independently, and their protein 275 
content was completely dissolved thanks to a combination of mechanical grinding, the use of 276 
an anionic detergent (SDS), and a reducing agent (beta-mercaptoethanol), followed by boiling. 277 
After migration in a polyacrylamide gel (SDS-PAGE electrophoresis), OPL and IPL samples 278 
exhibit distinct electrophoretic profiles (Figure 5), as expected. 279 
 280 
FIGURE AND TABLE LEGENDS: 281 
 282 



 

 
 

Figure 1: Structure of the PL of a freshly laid unfertilized egg. Schematic representation and 283 
transmission electron microscopy micrograph of the whole PL in cross-section (personal data, 284 

Plateforme IBiSA de Microscopie Electronique, University and CHRU of Tours, France, S. 285 
Georgeault). Note that this picture was obtained from PL prepared as presented in this 286 
protocol. OPL, outer perivitelline layer; IPL, inner perivitelline layer. Black arrowhead indicates 287 
the continuous membrane separating the two sublayers. 288 
 289 
Figure 2: Workflow summarizing the two main steps of the protocol and examples of 290 
applications. The protocol has been optimized for proteomic analysis of PL layers, but it can be 291 
stopped at some steps for other applications. 292 
 293 
Figure 3: Optimization of the buffer composition for PL sampling. Briefly, clean PL (n = 4) was 294 
incubated in the same volume of the various buffering solutions for 2 h. PL was removed, and 295 
the protein concentration was estimated by measuring absorbance at 280 nm in the remaining 296 
buffer. (A) Effect of Tris-HCl concentration at pH 8. (B) Effect of pH (7 to 9). (C) Effect of NaCl 297 
concentration. From these results, we concluded that the buffer composed of 10 mM Tris-HCl, 298 
pH 8, 50 mM NaCl is the most appropriate as it limits protein loss. Results are expressed as a 299 
mean ± standard deviation of four different PL samples. Statistical analyses were performed 300 
using one-way ANOVA followed by a Tukey’s multiple comparisons test. P-value <0.05 was 301 
considered significant (ns, not significant; * p<0.05, *** p<0.001, **** p<0.0001). 302 
 303 
Figure 4: OPL and IPL features under a binocular dissecting microscope. After separation, IPL 304 
(on the left) appeared translucent and OPL (on the right) was opaque. 305 
 306 
Figure 5: SDS-PAGE analysis of separated OPL and IPL from freshly laid unfertilized egg. 4%–307 
20% acrylamide gel followed by Coomassie brilliant blue staining. The mass of molecular 308 
weight standard bands is indicated in kDa. The OPL profile mainly composed of proteins with 309 
a molecular mass >30 kDa while the major bands detected on the IPL profile have molecular 310 
masses <30 kDa. 311 
 312 
DISCUSSION: 313 
The success of the present protocol relies on two critical steps that were independently 314 
optimized: the mechanical separation of OPL and IPL that need to be as less de-structuring as 315 
possible, followed by the complete protein solubilization of each sublayer, which is, 316 
conversely, de-structuring and denaturing. It also highlights some specific points that need to 317 
be taken into consideration to ensure the successful achievement of each step. 318 
 319 
The protocol does not depend on the eggshell color, the egg weight, the type of production, 320 
or the genetic strain of the hen. However, it depends on the freshness of the egg. Indeed, the 321 
egg undergoes profound internal physicochemical modifications quickly after being laid, 322 
although these changes can be delayed when storage is performed under refrigerated 323 
conditions14,15. The loss of carbon dioxide through the eggshell pores during storage results in 324 
the increase of egg white pH (from 7.8 to 9.5) while some water exchanges occur between the 325 
yolk and the white, across the PL. Both modifications negatively impact the molecular and 326 
histological structure of the PL that becomes weakened and less tense14,15, likely due to 327 
physicochemical modifications of its protein content16–18. It is assumed that the separation of 328 
sublayers will become very difficult with stored eggs especially if the storage is conducted for 329 



 

 
 

a long period at room temperature. Up to date, the protocol has been performed using eggs 330 
stored for less than 4 days at 4 °C and the maximal duration of storage for an egg to efficiently 331 
sample PL sublayers is not yet known. In addition, if the objective is the analysis of each 332 
sublayer, it is crucial to use unfertilized eggs. On the day of lay, the embryo of a fertilized egg 333 
is 23 h old and its development is very rapid afterwards, if the egg is incubated. Indeed, 334 
embryonic development and the growth of some extraembryonic structures expand using PL 335 
as a substratum, which is thus rapidly degraded, and replaced by the extraembryonic yolk 336 
sac19. 337 
 338 
After manual separation of the yolk and the egg white, the yolk needs to be cleaned from egg 339 
white traces and from chalazae that remained tightly attached to the PL. The tip is to roll the 340 
yolk carefully onto on a filter paper and to perform extensive washes of the yolk in buffered 341 
solutions (10 mM Tris-HCl pH 8). The pH used for the buffer is consistent with the physiological 342 
pH of the egg white14 and has been shown to minimize protein loss (Figure 3). The use of a 343 
refrigerated buffer will then help to remove the PL from the yolk because at 4 °C, the buffer 344 
will facilitate PL removal as the lipidic yolk retracts and becomes less fluid at this temperature. 345 
Additional washes will allow for the removal of yolk residues from the PL. It is also important 346 
to cut out the zone corresponding to the germinal disc because this structure that contains 347 
female pronucleus may not be representative of the PL. It is the site of fertilization and 348 
multiplication of the embryonic cells when the egg is fertilized. It is supposed to have a 349 
particular composition that may be not representative of the whole PL, which is the reason 350 
why it was removed. This specific step is strongly facilitated when the yolk is immersed in a 351 
cold buffer. Although this germinal disc structure is discarded in the present protocol (out of 352 
the objectives), specific analyses of this area in fertilized eggs could be very useful for scientists 353 
interested in studying the evolution of the PL content (proteomics and activity) and structure 354 
(electron microscopy), during the early stages of embryogenesis19,20,21. At this stage, the whole 355 
PL is structurally intact and can be processed for further structural analysis by electron 356 
microscopy (Figure 2), to step 1.2 or to step 2.1 (if the objective is to analyze the whole PL). 357 
 358 
Step 1.2 needs to be conducted under a binocular dissecting microscope, as the PL is very thin 359 
and fragile (about 10 µm thick). The separation of sublayers is nearly impossible in water or in 360 
buffer lacking minimal salt, and initial attempts using these options have resulted in serious 361 
PL damage. Thus, the buffer selected for this step remains at physiological pH (pH 8) and 362 
contain 50 mM NaCl. This step is arduous and must be performed carefully and gently to 363 
prevent PL tearing. Once separated, the two sublayers can be easily identified as they exhibit 364 
peculiar physical features (opaque versus translucent). A lack of homogeneity of the IPL under 365 
the light of the microscope should reflect an incomplete separation and thus the presence of 366 
the remaining spots of OPL present on IPL. In addition, it is very difficult to treat the whole 367 
membrane and the use of 2 cm x 3 cm pieces greatly enhance the chances of success. The 368 
resulting sublayer obtained is suitable for histological study by electron microscopy (Figure 1). 369 
It is noteworthy that a specific linear structure (0.05 to 1 μm thick) named the continuous 370 
membrane (CM) is visible on the micrograph (Figure 1) and remains usually attached to one 371 
or the other sublayer during the process of separation. It has been previously published that 372 
when using a relatively high salt molarity for separation (500 mM), the CM remained attached 373 
to OPL7 while the use of water5 will favor the attachment of CM to IPL. In this protocol, a low 374 
salt molarity is used to achieve the specific objectives (PL sublayer structurally intact and 375 
minimal loss of proteins), which means that this CM is likely associated to IPL. However, 376 



 

 
 

additional analysis of IPL and OPL by transmission electron microscopy would clearly state on 377 
this hypothesis. PL, OPL, or IPL layers obtained at the end of step 1 may also be used for in 378 
vitro assays for sperm-egg binding analyses22 or to analyze the early steps of embryonic 379 
development23,24. 380 
 381 
Step 2 refers to the solubilization of protein content, partially (step 2.1) or completely (step 382 
2.2). PL and/or OPL are first lyophilized to remove water molecules and to allow for precise 383 
weight measurements. Indeed, PL is mainly composed of water (88%)7, while the dry matter 384 
contains essentially proteins (80% to 90% depending on studies), carbohydrates, fats, and 385 
minerals2,7,25. Considering that the water contained in PL is removed by freeze-drying, that 386 
carbohydrates are essentially recovered in PL glycoproteins, and that fat and minerals 387 
originate from yolk are essentially discarded by extensive washes, it is assumed that the 388 
resulting PL is composed almost exclusively of proteins. Thus, the weight value obtained after 389 
complete lyophilization should mainly correspond to proteins. Equal amount of PL, OPL, 390 
and/or IPL are then diluted in the buffer containing 0.5 M NaCl. The high salt molarity 391 
combined to the mechanical destruction of the fibrous network by grinding greatly facilitates 392 
protein solubilization under non-denaturing conditions. This step is followed by the complete 393 
solubilization using boiling, SDS detergent and the reducing agent beta-mercaptoethanol (step 394 
2.2). Indeed, some IPL proteins are SDS-soluble glycoproteins25–27 and the major constituents 395 
of OPL are NaCl-soluble1,11. Using this protocol, we did not see any remaining pellet of 396 
insoluble proteins after centrifugation, which indicates that the solubilization was likely 397 
complete. Proteins from PL, OPL, and/or IPL were then analyzed by SDS-PAGE. Resulting 398 
protein profiles are consistent with published literature2,4,11,16, but the resolution and intensity 399 
of the signal is highly improved and much more homogenous between IPL and OPL samples. 400 
 401 
In addition, quantitative comparison between OPL and IPL is made possible thanks to the 402 
accuracy of the weight that we inferred for the respective sublayers2,17. Moreover, both OPL 403 
and IPL profiles are very distinct and except a faint band at 14 kDa and 75 kDa, both PL 404 
sublayers do not visibly share bands displaying the same molecular weight. This observation 405 
corroborates the efficiency of sublayers separation with no significant cross-contamination. 406 
According to the only PL proteomic analysis published1, the most intense bands in OPL (<30 407 
kDa) should correspond to lysozyme (14 kDa), vitelline membrane outer layer protein 1 (17 408 
kDa), avian beta-defensin 11 (apparent molecular weight of 12 kDa), while the intense bands 409 
of IPL (>30 kDa) are likely Zona-Pellucida protein 1 (102 kDa) and Zona-Pellucida protein 3 (47 410 
kDa). The distribution of the very abundant PL proteins ovotransferrin (78 kDa), ovalbumin-411 
related protein X (45 kDa), ovalbumin (43 kDa)1 between sublayers remains to be elucidated. 412 
Indeed, the high molecular weight of these proteins (>30 kDa) suggests that they are IPL 413 
proteins based on the SDS-PAGE profile, but their tissue-specificity (oviduct-expressed 414 
proteins) would rather associate these proteins to OPL28,29. Moreover, some have suggested 415 
a potential contamination of PL samples by egg white and egg yolk proteins due to insufficient 416 
washings1. This lacking information is the basis for the development of the present protocol, 417 
which will be further used for in-depth quantitative proteomics of PL, OPL, and IPL. 418 
 419 
Alternatively, from step 2.1 and after centrifugation to remove the insoluble matter, it is 420 
possible to extract some specific proteins for further biochemical and biological 421 
characterization. Such an approach has been recently applied to characterize the biological 422 
activities and/or the 3D structure of the two main components of the OPL, the vitelline 423 



 

 
 

membrane outer layer protein 1 (VMO1) and avian beta-defensin 11 (AvBD11)30,31. The 424 
availability of these proteins as purified molecules may also help to produce specific 425 
antibodies for additional experiments such as immunohistochemistry or for the development 426 
of quantitative assays, including Enzyme-Linked Immunosorbent Assays. 427 
 428 
The two major limitations of this protocol are (1) the challenge with sublayers separation 429 
especially if eggs have been stored more than 4 days at 4°C and (2) the fact that the complete 430 
protein solubilization requires reducing and denaturing buffers, which impair the intrinsic 431 
biological activity of the resulting samples. Regarding the first limitation, mechanical 432 
separation requires technical skills but is easily achieved after 2 or 3 experimental trainings. 433 
Some IPL small pieces may remain attached to the OPL and vice versa as both sublayers are 434 
tightly associated. However, contamination of one sublayer by the other should be minimal if 435 
the mechanical separation is performed cautiously. Typical IPL and OPL SDS-PAGE profiles 436 
after optimal sublayer separation are illustrated in Figure 5. Regarding the second limitation, 437 
experimental steps presented in this article have been optimized for proteomic analyses, in 438 
order to provide an exhaustive list of proteins composing each sublayer. For further 439 
characterization of the biological activities of each protein, it is necessary to stop at step 2.1.2, 440 
before using denaturing conditions (step 2.2.1, use of buffer with SDS and beta-441 
mercaptoethanol followed by boiling). However, it is noteworthy that proteins resulting from 442 
step 2.1.2 are only salt-soluble proteins while salt-insoluble proteins form aggregates. One 443 
option to further assess their respective activity may be to produce salt-insoluble proteins as 444 
recombinant proteins using heterologous systems (E. coli, baculovirus, yeast, etc.). 445 
 446 
This protocol may be adapted to other avian eggs for comparative studies to better appreciate 447 
the originality of each species. Indeed, PL displays some bird-specificities both structurally and 448 
in terms of protein composition, likely due to adaption to new environments but also to 449 
developmental specificities2,6,9,32. The development of this protocol that requires moderate 450 
technicity and classical equipment/materials opens new research avenues in the field of bird 451 
reproduction and speciation studies. 452 
 453 
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Any apparatus adapted for protein electrophoresis

Mixer mill adapted for for dry, wet, and cryogenic grinding of small amounts of sample
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Editorial Comments: 

• Please take this opportunity to thoroughly proofread the manuscript to ensure that there 

are no spelling or grammatical errors. 

 

The manuscript has been proofread carefully. Several spelling and grammatical errors have 

been corrected including:  

L146 “optimized” replaced by “optimize” 

L196 “minimizing” changed into “minimizes”: “Adding 50 mM NaCl to the 10 mM Tris-HCl pH 

8 buffer facilitates separation of the two sublayers and minimizes protein loss.” 

L279 “Schematical” changed into “Schematic” 

L284 “arrows” changed into “arrowheads”: “Black arrowheads indicate the continuous 

membrane separating the two sublayers. » 

L391-394 “and” has been suppressed in the following sentence: “Considering that the water 

contained in PL is removed by freeze-drying, that carbohydrates are essentially recovered in 

PL glycoproteins and that fat and minerals originate from yolk and are essentially discarded 

by extensive washes” 

L440 the sentence was rephrased and a doi number was added for the experimental unit PEAT. 

electronic microscopy” changed into “electron microscopy” throughout the text 

 

• Avoid punctuating the title. 

 

The punctuation of the title has been removed : 

Lines 2-3 : « Mechanical separation and protein solubilization of the outer and inner 

perivitelline sublayers from hen eggs: tips and applications » 

 

• Protocol Language: 

1) Long discussions such as on lines 148-163 are best merged into the discussion. 

 

This part was reduced « Initially, we immersed the PL in deionized water, but this approach 

has some disadvantages, such as the lack of pH control and the difficulties to separate 

sublayers afterwards (Task 1.2). We therefore tested several conditions including Tris 

concentration (Figure 3A) and pH (Figure 3B). The use of a buffer at pH 8, instead of deionized 

or demineralized water, is in accordance with egg physiology (the pH of egg white ranges from 

7.8 to 8.4 on the day of lay)14 and minimize protein loss. In contrast, acidic or very alkaline pH 

is suspected to trigger PL destructuration and early protein solubilization (Figure 3B).  The 

buffer composed of 10 mM Tris-HCl pH 8 was found to be optimal, as it respects the egg 

physiology and does not cause significant protein solubilization (protein concentration in the 

working buffer remains minimal, Figure 3A and 3B) (lines 155-164).  

 

The use of buffers stored at 4 ° C was included in the discussion , as well as the reason why 

the germinal disc was removed : lines 346-353 « The use of a refrigerated buffer will then help 
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to remove the PL from the yolk because at 4°C, the buffer will facilitate PL removal as the 

lipidic yolk retracts and becomes less fluid at this temperature.  « It is also important to cut 

out the zone corresponding to the germinal disc because this structure that contains female 

pronucleus is not likely to be representative of the PL. It is the site of fertilization and 

multiplication of the embryonic cells when the egg is fertilized. It is supposed to have a 

particular composition that may be not representative of the whole PL, which is the reason 

why it was removed. » 

 

2) Split up long steps into multiples, e.g., 2.2.2.  

2.2.2 refers to the analysis of protein profiles by SDS-PAGE from loading to staining and 

visualization. This step is classical in the field of protein biochemistry and we think that there 

is no need to insist much on this. This is the reason why we combined everything in 2.2.2. 

 

• Protocol Detail: Please note that your protocol will be used to generate the script for the 

video, and must contain everything that you would like shown in the video. Please ensure 

that all specific details (e.g. button clicks for software actions, numerical values for settings, 

etc) have been added to your protocol steps. There should be enough detail in each step to 

supplement the actions seen in the video so that viewers can easily replicate the protocol. 

We believe that all specific details have been included in the present version.  

 

1) 1.1: Are these fertilized eggs? Does it matter? How long after laying can you use the 

eggs? 

 

The eggs used in this study are unfertilized. Indeed, the fertilization of eggs can rapidly affect 

the structure and protein composition of PL, as mentioned in lines 322-326, “On the day of 

lay, the embryo of a fertilized egg is 23 h old and its development is very rapid afterwards if 

the egg is incubated. Indeed, embryonic development and the growth of some extraembyonic 

structures expand using PL as a substratum, which is thus rapidly degraded, and replaced by 

the extraembryonic yolk sac “. If the objective remains the analysis of each sublayer, it is 

crucial to use unfertilized eggs.  

The term “unfertilized” was inserted throughout the manuscript to highlight that unfertilized 
eggs were used in this study and that their use was highly recommended: 
Line 137 : Break the freshly laid unfertilized egg 
Lines 146: It is also very important to use an unfertilized egg  
Line 264: freshly laid unfertilized egg 
Line 279: Figure 1: Structure of the PL of a freshly-laid unfertilized egg 
Line 310: Figure 5: SDS-PAGE analysis of separated OPL and IPL from freshly laid unfertilized 
egg. 
 
It is also highly recommended to use eggs as fresh as possible (ideally on the day of lay), since 
the structure and protein composition of PL are progressively altered after laying depending 
on storage conditions. This point is described in lines 203-204: “It should be noted that the 
efficiency and the facility of separation of the two layers greatly depends on egg freshness. 
Indeed, stored eggs show drastic internal modifications due to the rapid increase in egg white 
pH and subsequent alteration of the yolk index due to the PL loosening (and weakening).”, as 



well as in line 331: “It is assumed that the separation of sublayers will become very difficult 
with stored eggs especially if the storage is conducted for a long period at room temperature. 
Up to date, the protocol has been performed using eggs stored less than 4 days at 4°C and the 
maximal duration of storage for an egg to efficiently sample PL sublayers is not yet known.” 
However, it is understandable that the provision of such fresh eggs may be difficult. For this, 
reason, we propose to use eggs stored < 10 days in a cooled environment as an alternative, as 
indicated in lines 145-147: “It is also very important to use an egg preferentially from the day 
of lay, to optimize the success of this first step and subsequent steps. Alternatively, eggs that 
have been stored less than 10 days in a cooled environment” 
From our experiments, the separation of IPL and OPL is feasible for up to 20 days at 20°C after 

laying, however it must be noted that the sublayers are more fragile and that the protein 

profiles are altered in comparison with freshly laid eggs. 

 

• Protocol Highlight: If your protocol is longer than 3 pages, please highlight ~2.5 pages or 

less of text (which includes headings and spaces) in yellow, to identify which steps should 

be visualized to tell the most cohesive story of your protocol steps. 

1) The highlighted steps should form a cohesive narrative, that is, there must be a logical 

flow from one highlighted step to the next. 

 

The protocol here is less than three pages. 

 

• Discussion: JoVE articles are focused on the methods and the protocol, thus the 

discussion should be similarly focused. Please ensure that the discussion covers the 

following in detail and in paragraph form (3-6 paragraphs): 1) modifications and 

troubleshooting, 2) limitations of the technique, 3) significance with respect to existing 

methods, 4) future applications and 5) critical steps within the protocol. 

We think that these details are covered in the discussion section.  

 

• Figures: 

1) Add scale bars to fig 4 

The scale has been added in the new version 

 

 

 

 

 

 

 

 

 

 

 

2) Remove text “Figure #” 

 



 “Figure #” has been removed on each figure. 

 

• References: Please spell out journal names. 

 

Journal names have been spelled out and references have been checked. The format for the 

references related to book chapters and books has been corrected.  

 
• Commercial Language:JoVE is unable to publish manuscripts containing commercial 
sounding language, including trademark or registered trademark symbols (TM/R) and the 
mention of company brand names before an instrument or reagent. Examples of commercial 
sounding language in your manuscript are Mini-Protean II electrophoresis cell (Biorad, 
1) Please use MS Word’s find function (Ctrl+F), to locate and replace all commercial sounding 
language in your manuscript with generic names that are not company-specific. All 
commercial products should be sufficiently referenced in the table of materials/reagents. 
You may use the generic term followed by “(see table of materials)” to draw the readers’ 
attention to specific commercial names. 
 

The sentence « Load a maximum of 20 μg of proteins/lane on a SDS polyacrylamide gel (4-20% 
gradient gel) and perform electrophoresis at 120 V using a Mini-Protean II electrophoresis cell 
(Biorad, Quentin-Fallavier, France) » has been changed into « Load no more than 20 µg of 
proteins/lane on a SDS polyacrylamide gel (4-20% gradient gel) and perform electrophoresis 
at 120 V using an vertical electrophoresis system » (Lines 247-249).  
It was the only commercial sounding language in this manuscript. 
 
 
• Table of Materials: Please sort in alphabetical order. 
 
Correction has been made : 
 
 
 
 
 
 
 
• Please define all abbreviations at first use. 
 
PL, IPL and OPL have been defined at first use, lines 53, 56 and 57, respectively.  
Sodium Dodecyl Sulfate-PolyAcrylamide Gel Electrophoresis (SDS-PAGE): Line 37 
 
• Please use standard abbreviations and symbols for SI Units such as µL, mL, L, etc., and 
abbreviations for non-SI units such as h, min, s for time units. Please use a single space 
between the numerical value and unit. 
 
Several symbols errors have been correctedthroughout the text:  
“hour” was changed into “h” 
“minutes” was changed into “min” 

Name of Material/ Equipment Company Catalog Number Comments/Description

Binocular dissecting microscope Vision Engineering, France Model Mantis Elite

Lyophilizer Cryotec, France Model Cosmos 80

Mini-Protean II electrophoresis cell Biorad, Hercules, USA 1652960 Any apparatus adapted for protein electrophoresis

Mixer Mill MM400 Retsch, Hann, Germany 20.745.0001 Mixer mill adapted for for dry, wet, and cryogenic grinding of small amounts of sample

Ultra fine dissection scissors in stainless steel length 12 cm Dutscher, Brumath 5066

Ultra precise tip forceps anti-magnetic stainless steel 9.5x 109.3 mm Dutscher, Brumath 327005



In addition, a space between all numbers and °C or % has been included throughout the text 
(General formatting section of the JoVE article template) 
 

 

Comments from Peer-Reviewers:  

Reviewer#1:  

The publication I proposed for review, entitled „Mechanical separation and protein 

solubilization of the outer and inner perivitelline sublayers from hen eggs: tips and 

applications" concerns the development of protocols facilitating the structural and 

proteomic analysis of avian viteline membrane (VM). Separation of two VM layers: outer 

and inner it is quite difficult, and most effective methods often lower the VM structure or 

lead to protein denaturation. Therefore, I consider searching and improving these methods 

to be very important and necessary. The more so that the scientific interest in the structure 

and chemical composition of birds' VM has increased significantly in recent years. The 

manuscript was prepared carefully using the correct nomenclature. Therefore, I think it is 

suitable for publication in JoVE in its current form. I only suggest authors to consider three 

issues: 

1. I understand that the authors developed their methods on chicken eggs. The hen egg 

membrane is best known of all bird species. I suppose that future studies of many authors 

may concern other species whose eggs are even several times smaller. Will the described 

mechanical methods be feasible in such cases?  

We assume that the present protocol can be transposed to the eggs of some other species. In 

fact, we were able to successfully achieve it on guinea fowl and duck eggs in some preliminary 

experiments, using SDS-PAGE to assess the quality of separation of the two layers (see figure 

below). However, it must also be noted that the separation of IPL and OPL may be more or 

less easy depending on bird species and the adhesion forces of both sublayers. We indeed 

observed in these preliminary experiments that sublayers separate much more easily in 

guinea fowl eggs than in duck or in chicken eggs. 

We also believe that our protocol is adaptable on small eggs, as small as quail eggs. In our 

study, PL is cut into a rectangle of approximately 2 cm x 3 cm to facilitate the handling and the 

separation of the two layers, but the separation has already been done on smaller pieces (1 

cm x 1 cm). 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

Figure : SDS-PAGE analysis of separated OPL (A) and IPL (B) from two (1/2)freshly laid unfertilized 

duck eggs (D) and guinea fowl eggs (GF). 4-20 % acrylamide gel followed by Coomassie brilliant blue 

staining. The mass of molecular weight standard bands is indicated in kDa.  

 

2. The authors focused on the separation of OL and IL taking into account the presence of 

CM separating them. My research shows that both layers also have a complex structure and 

the layers that make up them are over ten for each. Have the authors tried to separate these 

layers? 

We admit that such study would be of high interest to understand the structural and molecular 

complexity of the PL; however, the separation of the various sheets composing IPL and OPL 

was not attempted during our procedure.  It is to note that the initial objective of this protocol 

was to find a procedure that could allow the subsequent proteomic analysis of each sublayer 

taken as a whole. The aim of the study was to have an overview of their protein composition, 

to perform the functional annotation of these proteins in order to have a better idea of their 

respective physiological role. As mentioned in the text, we are finalizing an article reporting 

the results of this specific study (submission scheduled at the end of August, 2020).  

 

3. L82-85: In this part, I suggest adding literature below. This is the first and only study of 

the structure and protein composition of ratites VM. 

Damaziak K., Marzec A., Kieliszek M., Bucław M., Michalczuk M., Niemiec J. 2018. 

Comparative analysis of structure and strength of vitelline membrane and physical 

parameters of yolk of ostrich, emu, and greater rhea eggs. Poultry Science, 97: 1032-1040. 

The reference has been included. A sentence has been inserted in L88: “These procedures 

were applied to chicken, duck, ring-necked pheasant, gray partridge, cockatiel parrot, 

domestic pigeon or ratites eggs.” 



 

 

Reviewer#2: 

In the manuscript by Megane Bregeon et al., the authors described a methodology for 

mechanical separation and protein solubilization of perivitelline layers by showing step-by-

step protocol with biochemical data. 

 

Overall, this protocol is informative for avian reproductive biologist, and may provide new 

tool for a future study. However, there are some steps too descriptive despite precise skills 

are necessary, leading to concerns of reproducibility. Following points should be amended 

for consideration of publication 

 

Comments: 

P5L189 

1.2.2. should be shown in a movie file, with particular focus on tearing one from another 

membrane. 

As suggested by the reviewer, we intend to show this specific step in the movie that will be 

associated to the article. As an example, we attached a movie file that we did to show this 

step. We believe that the quality of such a movie will be deeply increased when performed 

by a JoVE professional.  

 

 

Figure 4 is whole sublayers and not resulted from 2cm x 3 cm sheets. 

IPL and OPL separated in Figure 4 did not result from a whole PL but from a piece of about 2 

cm x 3 cm. In fact, this picture was taken from samples shown in the above video where the 

2 cm x 3 cm piece is easier to visualize at the beginning of the experiment. A scale bar has 

been added in the Figure 4. The OPL appears smaller on the image because its edges curled 

up once separated from the IPL. 

 

P7L279 

Figure 3 legend needs to be re-checked. 

Figure 3 legend has been re-checked an corrected for grammatical errors. 

 

P9L362 

There is a lack in experimental support to assume that the resulting PL is composed of 

100% proteins. Should be reworded. 

This section has been reworded: 

“Considering that the water contained in PL is removed by freeze-drying, that carbohydrates 
are essentially recovered in PL glycoproteins and that fat and minerals originate from yolk and 



are essentially discarded by extensive washes, it is assumed that the resulting PL is composed 
almost exclusively of 100% proteins. Thus, the weight value obtained after complete 
lyophilization should mainly correspond to proteins. » 
 
L377 
CBB staining figure3 shows IPL fraction is more enriched in lysozyme, 14KDa, and OPL 
protein, 17KDa, relative to proteins present in IPL. However, the authors insist no significant 
cross-contamination. It does not make sense. 
 

We thank the author for this comment. In fact, lanes of the CBB stained gel in Figure 5 were 

misnamed and we apologize for this. An inversion occurred: the left lane corresponds to IPL 

(contains two major proteins with mass >30 kDa, presumably ZP proteins) and the right lane 

is OPL (with LYZ, VMO1 and AvBD11 as the three major constituents, at apparent mass of 14, 

17 and 11 kDa, respectively). Figure 5 has been modified accordingly. 

 

Figure 3 

Number of replications needs to be expressed in legend. Statistical analyses should be 

delivered. 

The number of biological replicates (four) has been indicated in the corresponding legend,  

L296 The following sentence has been added: “Results are expressed as means ± standard 

deviation of four different PL samples” 

Statistical analyses has been performed and the following sentence has been added L296-299 

“Statistical analyses were performed using one-way ANOVA followed by a Tukey’s multiple 

comparisons test. P-value <0.05 was considered significant (ns, not significant; * p<0.05, *** 

p<0.001, **** p<0.0001).”  

Reviewer #3: 

Manuscript Summary: 

the protocol is interesting and is clearly written. 

Major Concerns: 
There is no comparison by SDS-PAGE analysis of IPL and OPL proteins when IPL and OPL are 
separated in other conditions ( for example in conditions described in reference 3) to see 
differences in the protein pattern. Protein loss is not sufficient to assure this protocol is 
better than the one used before. It should be added as the proteomic results are not 
included. 

A comparison of our protocol with other previously published studies would indeed be 
interesting. Our work does not claim that this procedure is better or more efficient than those 
published elsewhere, as each protocol has been developed for a specific question.  However, 
it provides a convenient method to separate IPL and OPL without use of any possibly 



denaturing conditions that may alter the structure, the protein composition or the function of 
PL. Indeed, many of the published works used possibly denaturing conditions such as acidic 
pH, heating, detergent, etc. (Line 80 to 105). As mentioned in the text, we selected the most 
interesting findings from published articles on the PL and on the separation of sublayers but 
we also proposed some new ideas to optimize PL removal, OPL/IPL separation, and 
subsequent protein solubilisation for proteomic analyses. The objective of this work was to 
develop a procedure to avoid denaturation of PL, easy separation of sublayers, while limiting 
the loss of proteins that may be of major interest in a functional/structural point of view.   In 
this work, we found that the separation of sublayers was easier in the presence of low 
concentration of NaCl but that increasing NaCl concentration results in higher protein 
solubilisation (as already published by others). At this step, it is crucial to minimize protein 
loss. Knowing that major OPL proteins (especially LYZ, VMO1, AvBD11) are salt-soluble and 
may be released from PL using NaCl, then the determination of proteins solubilized during the 
operation (protein loss) was required to fix optimal conditions allowing easy separation while 
limiting structural damages. 

As mentioned elsewhere in this document, we are currently finalizing an article reporting the 
results obtained for PL, IPL and OPL proteomes, tissue expression of the most relevant 
OPL/IPL-specific proteins and micrographs of separated IPL and OPL obtained by electron 
microscopy (the submission of the article is scheduled by the beginning of September, 2020). 

 

 

 



Sophie REHAULT-GODBERT                  08/11/2020 

INRAE, Université de Tours, BOA, 37380, Nouzilly, France. 

tel: 33 2 47 42 78 39 

fax: 33 2 47 42 77 78 

email address : sophie.rehault-godbert@inrae.fr 

 

 

Dear editors,  

 

Please find the revised version of the article entitled “Mechanical separation and protein 

solubilization of the outer and inner perivitelline sublayers from hen eggs: tips and 

applications” that we are submitting to “JoVE”.   

 

A point-by-point response to editorial and reviewer comments is provided in a separate 

document (Bregeon et al. Response to reviewers_110820). Our submission also includes the 

manuscript with track changes (Bregeon et al_R1_track changes_110820f), the version where 

track changes have been removed (Bregeon et al_R1_110820f) and a movie file showing 

sublayer separation (not for the final JoVE movie but as an example and in response to one of 

the reviewer #2 comments). 

 

- The work has not been published elsewhere and the manuscript is not currently being 

considered by another journal 

- The list of co-authors includes all appropriate persons and all persons listed have 

contributed to the writing of the manuscript. All co-authors have seen a draft copy of the 

manuscript and agree with its publication. 

- We declare that we have no competing interests 

 

 

Sincerely yours, 

 

Sophie REHAULT-GODBERT 
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