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Abstract: 

 Danaus plexippus megalippe, a non-migratory sub-species of the monarch butterfly, is a 
resident species in Puerto Rico.  Molecular studies in monarch butterflies are fairly scarce and a 
protein profile has never been documented.  Given that it has been petitioned to place the 
monarch butterfly in the Endangered Species Act, understanding its development has become a 
priority.  We optimized an SDS-PAGE protocol in order to compare the protein profiles of the 
three developmental stages of Danaus plexippus megalippe and performed BCA protein assays 
to determine the amount of protein per cell.  We found that both the larvae and the adult have 
near identical protein profiles and show two prominent bands at approximately 40 and 70 kDa. 
The pupa shows several other bands but also consistently expresses the 40 and 70 kDa bands.  
Based on the size of lepidopteran proteins that have been described, these bands could 
represent antitrypsin and a Na+/K+ ATPase subunit.  However, further studies are necessary in 
order to characterize these protein bands.  In BCA assays the pupa has significantly more 
protein than the larvae or the adult, which is consistent with the changes happening due to 
metamorphosis.  In addition, we found that adults who eclose the pupa but never stretched 
their wings and died, presented high variability in their protein profiles. 
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Resumen 

 La sub especie residente, no migratoria, de la mariposa monarca en Puerto Rico es 
Danaus plexippus megalippe. Hay muy pocos estudios moleculares acerca de las mariposas 
monarcas y nunca se ha documentado un perfil proteico de esta. Dado que se ha solicitado 
incluir a la mariposa monarca en el Acta de Especies en peligro de Extinción (ESA por sus siglas 
en inglés), entender el desarrollo de la mariposa monarca se ha vuelto una prioridad. 
Optimizamos el protocolo de Electroforesis de poliacrilamida (SDS-PAGE) para poder comparar 
el perfil proteico de las tres etapas del desarrollo de las mariposas monarca e hicimos un 
ensayo de cuantificación de proteínas (BCA) para determinar la cantidad de proteína por célula.  
Encontramos que las larvas y los adultos tienen un perfil proteico casi idéntico en el cual se 
pueden observar dos bandas prominentes, de 40 y 70 kDa, consistentemente. La pupa muestra 
una variedad mayor de bandas, sin embargo también podemos observar consistentemente las 
bandas de 40 y 70 kDa. Basándonos en el peso molecular de las proteínas que se han descrito 
en lepidópteros, estas bandas podrían ser antitripsina y una sub unidad de la ATPasa de sodio y 
potasio. Sin embargo, se deben realizar otros experimentos para caracterizar estas bandas de 
proteínas. En los ensayos de BCA, la pupa demuestra tener más proteína que las otras dos 
etapas. Esto va en acorde con los cambios que ocurren dentro de esta durante la metamorfosis. 
Finalmente encontramos que, los adultos que salían de la pupa pero no lograban estirar sus 
alas y morían, presentaban una alta variabilidad cuando se observaban sus perfiles proteicos y 
la concentración de sus proteínas.  
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Introduction 

 The monarch butterfly, Danaus plexippus, is a species of the family Nymphalidae 

(subfamily Danainae) that is commonly known for its long migration across North America. On 

August 2014, a petition was filed by the Xerces Society, the Center for Biological Diversity, and 

Dr. Linda Bower to protect the monarch butterfly under the Endangered Species Act (ESA) (1). It 

has been shown that the continuous loss of milkweed (2), the monarch butterfly's host plant, 

and the toxic effects from transgenic crops (3-4) have contributed largely to a drastic 

population decrease. In Puerto Rico, we can find a non-migratory sub-species, D. p. megalippe, 

with a color variation unique to the island. During winter, the migratory sub-species D .p. 

plexippus can also be found on the island.  

 Although there are some molecular studies of butterflies (5-7), they are rare for 

monarch butterflies (8-9). In 2011, the Danaus plexippus genome was sequenced (10) and that 

sparked a renewed interest in genetic studies of the species (11). With a sequenced genome, 

and groups of their proteins described (some thanks to their existence in other arthropods, 

such as Bombyx morii), a protein profile of monarch butterflies could promote new studies that 

could help preserve the species a possibility.  

 Our study aims to standardize protein extraction protocols for monarch butterflies, 

quantify proteins using Bicinchoninic acid assays (BCA assay) and create a protein profile using 

Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS PAGE). We believe that a 

better understanding of the proteins that are involved in monarch butterfly development is 

crucial for the species' survival. Proteins identified using these methods could help avoid 
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exposing the butterfly to proteins that will have a toxic effect on them (3) or explain which 

processes are affected by parasites (12-13) and how the species responds when infected. Thus, 

we aim to compare protein profiles between the three developmental stages of the monarch 

butterfly (larvae, pupae and adults) to better understand the biochemical processes and 

changes that occur during its life cycle.  
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Literature Review 

 The monarch butterfly (Danaus plexippus) belongs to the family Nymphalidae (subfamily 

Danainae).  It is a milkweed butterfly from North America whose range has broadened to 

include New Zealand, Australia, the Caribbean, the Canary Islands, Azores and Madeira, and, 

occasionally, Western Europe and the United Kingdom (14).  It is known for its long migrations 

across the United States and Mexico (15). Monarch butterfly sub-species are separated into 

migratory winter butterflies (such as the sub-species plexippus) and non-migratory summer 

butterflies (such as the sub-species megalippe).  The migratory behavior makes winter sub-

species larger and stronger than the non-migrating summer sub-species (8). Danaus plexippus 

megalippe has three forms (color variations based on brightness and spot patterns), that were 

previously considered to be separate sub-species: leucogyne, tobagi, and portoricensis (16). The 

form portoricensis is the one being evaluated in this study. Physical differences may be found 

between Danaus plexippus plexippus and megalippe sub-species according to their 

developmental stage. The larva, or caterpillar, of the sub-species plexippus has a yellow band in 

the middle of each thick black band (Fig 1) that the megalippe sub-species lacks. The pupae for 

both sub-species are virtually identical and, since they vary in size from one individual to 

another, they are almost impossible to distinguish from one another. The adult, or butterfly, of 

the plexippus species is consistently larger and flies more acrobatically than its smaller and 

more gentle flying megalippe counterpart (17). 
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Figure 1. The larvae of Danaus plexippus megalippe (left) and Danaus plexippus plexippus (right) 
have a slightly different band pattern. The megalippe sub-species has thicker black bands while 
the plexippus sub-species has thinner black bands broken by a thinner yellow band. 

 

Insects have two common types of metamorphosis. Insects from the subclass Pterygota 

such as grasshoppers, crickets, and cockroaches have incomplete metamorphosis and their 

young (called nymphs) look like the adult but without wings. On the other hand, butterflies, 

moths, and flies, from the subclass Endopterygota, undergo complete metamorphosis. There 

are four stages in complete metamorphosis: egg, larva, pupa and adult. The young, also known 

as larvae, look very different from the adult and also have a different diet.  

Eggs are laid by the adult female butterfly on a host plant; a species-specific plant that 

will serve as food for the larvae. In D. p. megalippe, host plants are commonly milkweeds 

(Asclepidae), plants from the genus Asclepias (Fig 2) as well as Calotropis procera (18-19). After 

the eggs hatch, the larva, also called a caterpillar, eats and grows constantly. It will shed its skin 

5 times before pupating. The time before each shed is called an instar, the first of these being 

the newborn larva and the last being the stage before it pupates. Monarch butterflies have a 



5 
 

larva that starts as roughly the size of a pinhead and later grows up to two inches long after 

several weeks. When the caterpillar is fully grown, and in its fifth instar, it will attach itself to 

the host plant with a silk disc and shed its skin one more time revealing an emerald green 

exoskeleton that will harden and become its pupa, also known as chrysalis. Apoptosis, or 

programmed cell death, occurs inside the cocoon and transforms the larvae cells into the 

components needed to later form the legs, wings, eyes and other parts of the adult butterfly. 

Once the metamorphosis is complete the pupa will become translucent and reveal the adult 

butterfly inside, which will subsequently eclose. In contrast to the larva, the adult butterfly has 

long legs, antennae and compound eyes (Fig 2). After stretching its wings the adult butterfly  

will begin the final stage in its life cycle, in which it will look for a mate for reproduction, locate 

the host plants on which it will lay its eggs and, in some sub-species, migrate (20). 

 

Figure 2. A male Danaus plexippus megalippe f. portoricencis on Asclepias curassavica. 
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The host plant of the monarch butterfly larvae is commonly a member of the genus 

Asclepias, most of which carry toxins called cardenolides (21). These compounds are heart 

arresting steroidal toxins. Some herbivores have developed the capacity to sequester 

cardenolides while greatly reducing their harmful effects (22). For example, during the larval 

stage, the monarch sequesters cardenolides, from the milkweed plant, to use as a method of 

self-defense against predators (22-23).  

Although molecular studies of insects have become a popular topic among 

entomologists, they are commonly focused on DNA studies and aim to improve taxonomy or to 

show population genetics (24-26). A variety of other studies focus on species that affect 

agriculture (27-28). Although studies that use protein profiles in insects are available (13, 29-

30), comparison of protein profiles among different stages of development of insects have not 

been published so far. A protein profile study may pave the path to the description of the 

monarch’s proteins. This would help to understand how human factors, such as Bt maize pollen 

(4), are negatively affecting the monarch in a physiological level. 

Most work regarding monarch butterflies is based on describing their behavior and how 

it affects their environment. For example, there have been studies on how they mediate pollen 

dispersion (3), yearly migration (8, 11, 17, 31), or the differences in behavior between winter 

and summer butterflies (8). Some researchers have proposed changes in monarch classification 

based on morphological data(11, 16). In 2011, the Danaus plexippus genome was sequenced 

(10) and that has sparked a renewed interest in genetic studies (11). Although there are a few 

molecular studies in butterflies (5-7), they are rare for monarchs (8-9).  
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On August 2014, a petition was filed by the Xerces Society, the Center for Biological 

Diversity, and Dr. Linda Bower to protect the monarch butterfly under the Endangered Species 

Act (ESA) (1). It has been shown that the continuous loss of milkweed plants(2) and the lethal 

effects from transgenic Bt maize crops (3-4) have contributed largely to a drastic population 

decrease. Several organizations, such as the Xerces Society and the Center for Biological 

Diversity, have presented census data documenting a 90% population decline (32-33). Thus, 

having a well-rounded understanding of the monarch butterfly, in aspects other than just its 

behavior, has become vital for its conservation. 

 In 1993, protein fingerprinting was developed allowing scientists to document the 

differences in proteic compositions of different organisms, (34).  Sodium dodecyl sulfate 

polyacrylamide gel electrophoresis, or SDS-PAGE, is a commonly used technique that separates 

proteins according to their size (length of the polypeptide chain) while neutralizing the effect of 

their charge (35).  By adding SDS (an anionic detergent), proteins are denatured and a net 

negative charge is imparted to the linearized proteins.  This negative charge makes molecular 

weight the only factor that will influence the protein’s migration through the polyacrylamide 

gel.  Thus a protein profile is generated based on the migration pattern of the bands observed 

in the polyacrylamide gel.  The patterns of bands on the gel are referred to as SDS-PAGE protein 

profile. This technique has been used in medicine (for detection of prostate cancer (36), or 

brain tumors (37)), for differentiating species (38), and in the food industry (39). 

Protein fingerprinting and genetic studies have also been used as a defining factor in the 

differentiation of several species, both eukaryote and prokaryote (9, 22-23, 26, 38). It has been 
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shown that physical parameters such as temperature (40), salinity (41-42), seasonal changes 

(43) can be factors that stimulate positive selection towards different traits. Positive selection 

towards butterflies who resist different types of weather or that do not have to migrate is a 

main cause of the differentiation of the sub-species of the monarch butterfly (8). 

Recent studies involving butterfly proteins have focused on a cytotoxic protein called 

pierisin, found in butterflies of the family Pieridae (5-6, 44-47). This protein, that has pro-

apoptotic activity, is expressed during the chrysalis stage. This protein's cytotoxic capabilities 

have been tested on human cancer cell lines, and it has yielded positive results suggesting that 

it may be investigated as possible cancer treatment  (5).  No studies on pierisin have been done 

on the Western Hemisphere and it is unclear if other butterfly families have proteins with 

functions similar to pierisin during metamorphosis.  

The present study aims to promote the characterization of monarch butterfly proteins in 

an effort to strengthen conservational efforts and also to raise awareness of the possible uses 

of monarch proteins in the medical field.  Proteins identified using these profiles could help 

avoid exposing the butterfly to chemicals that will cause a lethal effect on them (3) or explain 

which processes are affected by parasites (12-13) and how the species responds when infected. 
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Materials and methods 

Butterflies 

 The bulk of our monarch specimens (Danaus plexippus megalippe f. portoricensis) were 

bred in the Juan A. Rivero Zoo in Mayagüez. These were provided, in their different 

developmental stages, by the biologist Joalisse Mendoza. Additional specimens were collected 

from the Jardín Tanamá Butterfly Garden at the University of Puerto Rico - Utuado Campus, 

thanks to the collaboration of Dr. Marisol Dávila. Adults that had fed and adults that had just 

eclosed were used in order to avoid any bands produced by proteins found in the gut after 

feeding. 

 

Protein extraction 

 No previous protocol or studies have been published regarding protein extraction or 

sample preparation on butterflies for SDS-PAGE. The samples were macerated and filtered 

through a 0.1 mm filter using 1X PBS buffer to dilute them. For caterpillars and pupae, the 

entire organism was used, and for adult butterflies we used only the abdomen. We modified a 

published protein extraction protocol (48), by counting the number of cells per sample with a 

hemocytometer (Fisher Scientific; 0.1 mm deep),  to ensure reproducibility in our experiment. 

Each sample was comprised of three individuals of the same developmental stage, and 

contained 107-1.5 X 107 cells. We mixed each sample with 100 µl of either 6X SDS sample buffer 

(7 ml 4x TrisCl/SDS pH 6.8, 3.0 ml 3.8 g glycerol, 1 g SDS [1% w/v], 0.5 M β - mercaptoethanol, 

1.2 mg bromphenol blue, add H2O to 10 ml) or radioimmunoprecipitation assay (RIPA) buffer 

(50 mM Tris pH 8.0, 150 mM NaCl, 1.0% IGEPAL CA-630, 0.5% sodium deoxycholate, 0.1% SDS) 
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and 100 µl of protease inhibitor cocktail from Roche. The samples were left on ice for two hours 

and then centrifuged at 13,000 rpm for 15 minutes. The pellet was discarded and the samples 

were stored at -4oC. 

 

BCA Protein Assay (Pierce Biotechnology protocols) 

 BCA assay (Pierce) was performed according to the manufacturer’s instructions (49). 

BCA Assay is a modification of the Biuret protein assay. Copper ions are reduced in the 

presence of proteins, from Cu2+ to Cu1+. The amount of copper reduced is proportional to the 

concentration of protein in the sample. When the BCA reagent is added to the solution, color 

starts to change from green to purple as the reagent interacts with the reduced copper ions, 

darker hues indicating higher protein concentration. 

 

 
Figure 3. BCA Assay 
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A spectrophotometer is used to read the samples at 562 nm. The absorbance of our 

samples was then compared to a standard curve generated using known concentrations of 

Bovine Serum Albumin (BSA). A Multiskan Ascent microplate reader from Thermo Scientific was 

used to scan the samples. 

SDS-PAGE 

SDS polyacrylamide gel electrophoresis (SDS-PAGE) was performed using standard 

protocols (50).  We heated 30 µl of each sample containing 5 µl of sample buffer. Gels 

contained 10% acrylamide and were typically run at 90-100 V using the Bio Rad Mini Protean 

Tetra System electrophoresis chamber.  The gels were stained using Coomassie® blue. 
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Results 

 Protein profile comparisons between the different stages of insects have not been 

published so far. We consistently found two bands present in all three developmental stages of 

the monarch butterfly. These bands corresponded to 40 and 70 kDa. The pupae also 

consistently showed several bands that were not detectable in the larvae or the adult.  

 

 

 

 

 

 

 

Figure 4. Protein profile of caterpillar (C), pupa (P) and adult (A) D. p. megalippe. Each lysate 
contains 107 (left) and 1.5 x 107 (right) cells total from a pool three individuals. The lysates were 
prepared with SDS sample buffer and were run on 10% SDS-PAGE.  Molecular weight markers 
(in kilodaltons) are indicated on the left.  
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Table 1. BCA Assays in healthy specimens mean values ± standard deviation (N=4) 

 
 

SDS 
 

RIPA 

Developmental 
Stages Larvae Pupae Adult Larvae Pupae 

 
Adult 

 
Concentration 

(µg/µl) 
 

54.95±3.45 
 

42.99±6.86 46.02±0.67 7.61±0.41 41.97±8.09 7.21±0.3 

  

 BCA protein assays performed with samples lysed with SDS sample buffer show that 

adults and pupae have almost identical protein concentration but larvae samples have 

approximately 1.3 times more protein. When compared with RIPA buffer, SDS sample buffer 

extracts a higher amount of protein (which is consistent with SDS-PAGE results). Also, BCA 

Assays show that larvae and adults have almost identical protein concentrations but, the pupae 

has approximately 4.5 times more protein. Each concentration measurement represents four 

different experiments.   

 Non Viable adults (NVA), are adults that did not survive after eclosion from the pupa and 

never stretched their wings. SDS-PAGE and BCA protein assays of these adults showed similar 

protein profiles and concentration to the pupa but showed a high degree of variability.  



14 
 

 

Figure 5. Danaus plexippus megalippe Non Viable Adult (NVA). 

 

Table 2. BCA Assay in Non Viable adult specimens 

 
 

SDS 
 

RIPA 

Non Viable 
adults 

 
NVA1 

 
NVA2 NVA3 NVA1 NVA2 NVA3 

Concentration 
(µg/µl) 

 
44.58 

 
49.1 46.87 25.2 31.11 10.56 
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Figure 6. Lysates from 107 cells from D. plexippus pupa (PS and PR) and adults who could not 
stretch their wings (AS and AR) were prepared with both SDS sample buffer (AS and PS) and RIPA 
buffer (AR and PR). Samples were run on 10% SDS-PAGE.  RIPA buffer better resolution in both 
pupa and the adult butterfly in contrast to the samples lysed with SDS. A very similar patterns of 
bands can be observed in both pupae and the NVA.   
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Discussion 

 Due to a paucity of protein profiling and BCA assays in insects, fine tuning the protocols 

was an important part of our experiments. During the fine tuning of the protein extraction 

process, we used complete adults, thorax, head and wings, but found that the proteins found in 

those parts were too low in concentration to be detectable using Coomassie® blue.  

 When comparing the molecular weight of the two bands that repeatedly appeared on 

our SDS-PAGE to several proteins that have been previously found on monarch butterflies or 

other Lepidoptera, there were several possible identities for the proteins. The higher molecular 

weight of some of the proteins encountered here could be due to methylation. For the 40 kDa 

band we believe that the protein corresponds to the Casein kinase II alpha subunit which has a 

molecular weight of 41.8 kDa and has been described in Danaus plexippus. There are two other 

proteins that have been described in the order Lepidoptera and that are also close to the 40 

kDa molecular weight. The first of which is the Prothoracicotropic hormone (PTTH), which is 

found in the brain and induces molting or pupation (51-52),with a molecular weight of 37.51 

kDa. The other possibility is that it is an antitrypsin (serin 1), a protease inhibitor from the 

serpin family, with a molecular weight of 47.92 kDa.  

 For the 70 kDa band, a potential candidate is the Na+/K+ ATPase alpha subunit, with a 

molecular weight of 86.68 kDa, which has been described in Danaus plexippus. Just as with the 

40 kDa band, two other proteins have been described in the family Lepidoptera that are close 

to 70 kDa. The first of these proteins being Trehelase-2, a glycoside hydrolase enzyme, with a 

molecular weight of 78.576 kDa (53). The second protein is  FTZ-F1, a transcription factor, with 

a molecular weight of 66 kDa (12). Further investigation is necessary in order to determine if 
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any of these are the proteins found in our 40 kDa and 70 kDa bands, such as using Edman 

degradation or other protein sequencing techniques. 

 Silver staining detects as little as 1ng of protein, while Coomassie® blue has a detection 

range of >100ng. Thus silver staining could be used to look at our protein profiles by 

electrophoresis. This staining technique could show bands or proteins that are in too low of a 

concentration for Coomassie® blue to detect. Silver staining in protein profiles of two mosquito 

species (T. splendens and A. darlingi) show more bands than our protein profiles but also 

consistently show bands at ~70 kDa and ~40 kDa (13, 29). Hymenopteran protein profiles, using 

silver staining, also show different patterns of bands than those shown on our samples (30). 

 BCA assays of healthy individuals show that the pupa has more protein than both the 

adult butterfly and the larvae. One possible explanation is that the protein concentration of the 

pupae is higher due to the amount of changes that the butterfly is undergoing throughout this 

stage. To determine if the different developmental stages rendered the same amount of 

protein we did a One-way Anova to compare protein extraction among stages (larvae, pupae, 

and adults) and found significant differences for SDS sample buffer (F= 7.79, p= 0.01) as well as 

for RIPA buffer (F = 72.69, p < 0.0001). When looking at the mean values we can show that 

larvae rendered more protein for SDS sample buffer data and that pupae produced a higher 

protein concentration for RIPA buffer. 

 It was noticed by the butterfly garden's staff that adults would sometimes eclose but 

were not able to stretch their wings and died. We called these individuals Non Viable adults  

(NVA). This condition could be due to infection with Ophryocystis elektroscirrha an obligatory 

protozoan parasite, from the family Ophryocystidae, that causes similar symptoms during mild 
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infections (54, 55). Further studies need to be done in order to identify the presence of this 

protozoan. During BCA assays and SDS-PAGE of these NVA we found that the bands in the 

electrophoresis and the protein concentration from the BCA assays were similar to those of the 

pupal stage but also showed a high degree of variability. The remnants from their pupal stage 

might have still been present, perhaps due to their inability to complete metamorphosis or that 

proteases, such as serine proteases found in D. plexippus, had not been deactivated or were 

defective. 
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Conclusions 

1. Larvae and adults of Danaus plexippus megalippe have near identical protein profiles 

that consistently show two bands at ~40 and ~70 kDa. The pupa also shares these bands 

but also presents other bands that are not present in the adults or larvae. 

2. RIPA buffer produces samples with a lower protein concentration, but better resolution 

in gels. 

3. 6X SDS sample buffer proved to be more effective at extracting proteins but also gave a 

cruder sample that had a higher concentration of proteins during BCA assays. 

4. Based on a reported molecular weight of 41.8 kDa by Shuai Zhan et al. 2011, the ~40 

kDa band could represent the casein kinase II alpha subunit. 

5. Based on a reported molecular weight of 86.68 kDa by Shuai Zhan et al. 2011, the ~70 

kDa band could represent the Na+/K+ ATPase alpha subunit. 

6. Non-Viable adults were not able to complete metamorphosis successfully. They can 

produce pupae-like protein profiles but their profiles can be very variable. Their protein 

concentration can be close to the concentration of pupa proteins but is also variable. 
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Future studies 

 

Using Danaus plexippus megalippe specimens from different countries might show a 

different protein profile than the Puerto Rican form. A further study could also take into 

account other sub-species of Danaus plexippus, such as the migratory plexippus sub-species 

and its four generations. 

 Characterize the proteins found in our 40kDa and 70kDa bands using proteases such as 

chemotrypsin and then comparing the findings to other reported butterfly proteins. Markers 

could be used to identify the proteins by CVB ELISA or gene profiling.  

 A large part of our project focused on fine tuning the protein extraction process for the 

SDS-PAGE. A few tests were run with Ascia monuste eubotea but due to a rapidly dwindling 

supply of the specimens in the zoo, any further SDS-PAGE runs were not possible. Thus, it is 

suggested to test the fine-tuned protocol developed herein with several other butterfly 

families. 
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