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a b s t r a c t

Cockroaches are among the first insects to appear in the fossil record. This work is part of ongoing
research on insects at critical points in the evolutionary tree to disclose evolutionary trends in the diges-
tive characteristics of insects. A transcriptome (454 Roche platform) of the midgut of Periplaneta ameri-
cana was searched for sequences of digestive enzymes. The selected sequences were manually curated.
The complete or nearly complete sequences showing all characteristic motifs and highly expressed (reads
counting) had their predicted sequences checked by cloning and Sanger sequencing. There are two
chitinases (lacking mucin and chitin-binding domains), one amylase, two a- and three b-glucosidases,
one b-galactosidase, two aminopeptidases (none of the N-group), one chymotrypsin, 5 trypsins, and none
b-glucanase. Electrophoretic and enzymological data agreed with transcriptome data in showing that
there is a single b-galactosidase, two a-glucosidases, one preferring as substrate maltase and the other
aryl a-glucoside, and two b-glucosidases. Chromatographic and enzymological data identified 4 trypsins,
one chymotrypsin (also found in the transcriptome), and one non-identified proteinase. The major diges-
tive trypsin is identifiable to a major P. americana allergen (Per a 10). The lack of b-glucanase expression
in midguts was confirmed, thus lending support to claims that those enzymes are salivary. A salivary
amylase was molecularly cloned and shown to be different from the one from the midgut. Enzyme
distribution showed that most digestion occurs under the action of salivary and midgut enzymes in
the foregut and anterior midgut, except the posterior terminal digestion of proteins. A counter-flux of
fluid may be functional in the midgut of the cockroach to explain the low excretory rate of digestive
enzymes. Ultrastructural and immunocytochemical localization data showed that amylase and trypsin
are released by both merocrine and apocrine secretion mainly from gastric caeca. Finally, a discussion
on Polyneoptera digestive physiology is provided.

� 2014 Elsevier Ltd. All rights reserved.

1. Introduction

Cockroaches, which are among the first neopteran insects to
appear in the fossil record, are extremely generalized in most mor-
phological features. They are usually omnivorous and are included
in the sub-order Blattodea that together with Mantodea (mantids)
form the Order Dictyoptera. After extensive molecular phyloge-
netic analyses, Inward et al. (2007) showed that termites are social
cockroaches, no longer deserving classification as a separate order
(Isoptera) from cockroaches. Actually, termites pertain to a sister
family (Termitidae) of that of the woodroach Cryptocercus

(Cryptocercidae) (Lo et al., 2000). The branch Cryptocercidae-Ter-
mitidae is a sister of Blattidae, forming Blattoidea that is a sister
of Blaberoidea (Blattelidae plus Blaberidae), which in addition to
Polyphagoidea form the Blattodea.

The organization of the digestive process in the different insect
orders that corresponds to the basic plans of the ancestral forms
was reviewed several times (Terra, 1988, 1990; Terra and
Ferreira, 1994, 2012). Dictyoptera is supposed to be derived from
the Polyneoptera ancestors. Hence, its basic digestive organization
should be alike that of the Polyneoptera ancestor. One of the aims
of this paper is to provide support in this direction.

Data on compartmentalization of midgut pH and digestion in
Dictyoptera are fragmentary and contradictory (see Elpidina
et al., 2001 and references therein). In part this is a consequence
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of differences among the cockroaches. For example, starch
digestion occurs mainly in foregut and anterior midgut and protein
digestion takes place in posterior midgut in Nauphoeta cinerea (Bla-
beridae) (Elpidina et al., 2001), whereas in several other cockroach
species there is not a marked difference in starch digestion in fore-
gut and midgut (Vinokurov et al., 2007). There is a lack of data on
cockroach terminal digestion of both proteins and carbohydrates
and on the presence (or absence) of a midgut countercurrent flux
of fluid to propel digestive enzyme recycling (reviews: Terra,
1988, 1990; Terra and Ferreira, 1994, 2012). Thus, a re-examina-
tion of Periplaneta americana (Blattidae) digestive enzyme
compartmentalization attempting to those details and using only
one sex (males) would reduce variability and result in a broader
picture of cockroach digestive physiology.

There are numerous papers dealing with cockroach digestive
enzymes, including from P. americana, such as chitinase
(Powning and Irzykiewicz, 1963), glycosidases (Scrivener et al.,
1989; Koffi et al., 2012), peptidases (Baumann, 1990; Lopes and
Terra, 2003; Hivrale et al., 2005) and also some works regarding
the distribution of polymer hydrolases in cockroach gut, exempli-
fied by Elpidina et al. (2001) and Vinokurov et al. (2007). Neverthe-
less, there is a lack of data on digestive enzyme sequences.

In this paper, we combined enzymological and transcriptomic
data to identify the sequences of the major digestive enzymes. Fur-
thermore, enzyme distribution studies showed how the digestive
process is spatially organized and that a countercurrent flux of
fluid may be functional in the P. americana midgut to explain the
low excretory rate of digestive enzymes. Finally, secretory mecha-
nisms of digestive enzymes were identified by immunocytolocal-
ization of trypsin and amylase.

2. Materials and methods

2.1. Animals and enzyme samples

P. americana (Dictyoptera) were laboratory reared feeding on
chayote (Sechium sp.) and oats (Avena sativa) and maintained
under a natural photoregime at room temperature. Only adult
males were used in the experiments, because females do not rou-
tinely feed, lay eggs (that may affect results), and have variable
sizes. Adult males were immobilized in a carbon dioxide chamber
for 10 min. The antennae, legs and wings were removed, the
insects placed on ice and then dissected in cold 220 mM NaCl.
The rinsed guts were transferred to a glass slide. The gut was
divided into foregut (crop), midgut caeca, midgut and ileum +
colon. Midgut was separated into sections of identical lengths:
anterior and posterior midgut. Midgut sections were separated into
tissue and contents.

Midgut sections of tissue and contents, as well as foreguts and
ileum, were homogenized in double distilled water with the aid
of a Potter–Elvehjem homogenizer and centrifuged at 20,000�g
for 30 min at 4 �C. The supernatants were filtered in glass wool
and the pellets (except those of midgut contents) were resus-
pended in double distilled water. The pellets were regarded as cell
membrane fraction, because the hypotonic homogenization
medium ruptures all cells. The samples were stored at �20 �C until
use. No enzyme inactivation was detected on storage.

2.2. Protein determination, enzymatic assays, excretion rates, effect of
pH on enzymatic activity and luminal pH determination

Protein was determined according to Bradford (1976) using
ovalbumin as a standard.

Enzymatic assays were performed at 30 �C in specific conditions
(Table 1). Proteinase profiles were determined using synthetic

substrates (Table 1) or the natural substrate casein-FITC
(Twining, 1984), combined or not with inhibitors: 17 lM SBTI,
100 lM benzamidine, 100 lM chymostatin or 20 lM TPCK.

The effect of pH on enzymatic activities were studied in 50 mM
sodium citrate–phosphate (pH 4.0–7.0) or 50 mM sodium phos-
phate (pH 7.0–8.0) for a-glucosidase, b-glucosidase, b-galactosi-
dase, cellobiase, and trehalase. For amylase, trypsin, maltase
and aminopeptidase assays were performed in 100 mM sodium
acetate (pH 3.0–4.0), 100 mM piperazine (pH 4.0–6.0), 100 mM
HEPES (pH 6.0–8.0), 100 mM TAPS (pH 8.0–9.0) and 100 mM CAPS
(pH 9.0–10.0). All buffers included 100 mM NaCl.

The pH of midgut contents sections were separately determined
using a universal pH indicator (E. Merck, Darmstadt, pH 4.0–10.0).
For this, midgut section contents were dispersed in 5 lL of dissect-
ing saline and then added to 5 lL of a 5-fold dilution of the pH
indicator. The resulting colored solutions were compared with
suitable standards.

Excretion rates were calculated using the equation {[Activity
Ileum + Colon � (Volume Midgut/Volume Ileum + Colon)]/Activity
Midgut}.

2.3. Resolution of midgut enzymes by chromatography and
polyacrylamide-gel-electrophoresis in native conditions

Midgut proteins were resolved by ion-exchange chromatogra-
phy in a High-Q column connected to a Econo-pac System (Bio-
Rad, USA) in 20 mM Tris–HCl pH 7.5. Elution was carried by a
linear gradient of 0–0.6 M NaCl, followed by a washing step with
10 mL 1 M NaCl. Fractions of 1 mL were collected and assayed with
different substrates for peptidases in the presence and absence of
specific enzyme inhibitors.

Midgut homogenates were applied onto a 7.5% polyacrylamide
gel (8 cm), and proteins were electrophoretically resolved at 4 �C
using 2.5 mA per cylinder (Hedrick and Smith, 1968). Afterwards,
gels were washed for 1 h in 20 mM citrate–phosphate pH 6.0 to
remove the Tris–HCl buffer (which inhibits carbohydrases) at
4 �C and subsequently sliced in a 50 mM citrate–phosphate pH
6.0 buffer. Samples were collected and proteins were eluted for
3 h at 4 �C, before being assayed with different substrates for
carbohydrases (Table 1).

2.4. SDS–PAGE and Western blotting

SDS–PAGE was carried in 12% (w/v) polyacrylamide gel electro-
phoresis containing 0.1% SDS in a discontinuous pH system
(Laemmli, 1970), in a Mini-Protean II equipment (Bio-Rad
(U.S.A.). Samples were mixed with sample buffer containing:
60 mM Tris–HCl buffer pH 8.8, 2.5% (w/v) SDS, 10% glycerol,
0.05% (w/v) bromophenol blue and 0.36 mM 2-mercaptoethanol.
The samples were heated at 95 �C for 3 min, before being loaded
onto gel. Electrophoresis was carried out at 200 V and silver-
stained (Blum et al., 1987).

Western blottings were performed after SDS–PAGE separation
of midgut homogenate proteins (see above) and electrophoretic
transfer to nitrocellulose membrane filter (pore size 0.45 lm,
Bio-Rad, U.S.A.). The transfer efficiency was verified using a pre-
stained molecular mass marker (Bio-Rad, U.S.A.). After blocking
the membrane with milk in TBS-T (Tris-buffered saline containing
0.05% Tween 20), it was reacted for 4 h at room temperature with
polyclonal Tenebrio molitor anti-amylase (Cristofoletti et al., 2001)
or polyclonal Musca domestica anti-trypsin (Jordão et al., 1996)
sera, both diluted 500-fold in TBS-T. After washing 3 times with
TBS-T, the membrane was reacted with anti-rabbit IgG coupled
with peroxidase diluted 1000-fold in TBS-T for 2 h at room temper-
ature. After extensive washing, the membranes were maintained in
0.08% 4-chloro-1-naphthol in TBS containing 0.1% hydrogen
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peroxide until gray bands appeared where antigens were
recognized. The reagent was prepared immediately before use by
the addition of one volume of 0.5% chloro-1-naphthol in methanol
to five volumes of TBS with hydrogen peroxide.

2.5. Pyrosequencing and annotation of a cDNA midgut library from P.
americana

mRNA was isolated from total RNA with Dynabeads mRNA puri-
fication kit (Life technologies) according to manufacturer’s instruc-
tions. Total RNA and mRNA quality was checked with Agilent 2100
Bioanalyzer system with usual procedures. cDNA library construc-
tion and pyrosequencing were performed following the procedures
of Roche using a platform 454 Genome Sequencer FLX (454 Life
Sciences/Roche). The resulting files (.sff) containing reads were
processed by GS De Novo Assembler (Newbler) (Margulis et al.,
2005), forming contigs. Further manipulation of contigs and their
annotation was performed using dCAS software (http://exon.
niaid.nih.gov). Pyrosequencing of the cDNA library from midgut
tissues generated 270613 reads with average size of 510.6 bp.
The relative number of reads indicated the expression level of each
gene in the midgut.

The selected sequences were manually curated by multiple
sequence alignment (Bioedit version 7.1.3.0, Hall, 1999) with refer-
ence sequences. The following reference sequences were used:
aminopeptidases pertaining to family M1, M17 and M24 were
aligned respectively with human aminopeptidase N (UniProt
P15144), leucyl aminopeptidase from Bos taurus (UniProt 00727)
and aminopeptidase P from Escherichia coli (UniProt P15034);
a-amylases were aligned with that of T. molitor (TM_Amy, access
number P56634.1); a-glucosidases from family 31 were aligned
with a-glucosidase II from Bombyx mori (BAM78681.1) and those
from family 13 with the enzyme from Culex pipiens
(AAL05443.1); b-glucosidases with Spodoptera frugiperda family 1
b-glucosidase (AAC06038.1); b-galactosidases with Homo sapiens
family 35 b-galactosidase (AAA518119.1); chitinases with T. molitor
digestive chitinase (AAP92418.1) and Manduca sexta molting fluid
chitinase (AAB53952.1); chymotrypsin with bovine chymotrypsin
(UniProt P00766) and, finally, trypsin with Helicoverpa armigera
trypsin (ADA83702.1).

2.6. Expression analysis by RT-PCR

Adults immobilized on ice were dissected using gloves, sterile
forceps and glassware treated with diethylpyrocarbonate. Salivary

glands, Malpighian tubules, fat bodies, and midgut sections were
separated and total RNA was extracted using Trizol (Invitrogen),
following the manufacturer’s instructions based on Chomczynski
and Sacchi (1987). Extracted RNA was DNAse treated (DNAse I,
Invitrogen), before used as template to synthesize a cDNA library
correspondent to mRNAs, by using oligo-dT as primer and the
reverse transcriptase from the Superscript kit (Invitrogen).
Polymerase chain reaction (PCR) was performed using TAQ DNA
Polymerase (Invitrogen) in a reaction buffer containing 1.5 mM
MgCl2. PCR conditions were 26 cycles (log phase) of 30 s at 94 �C
(denaturation), 30 s at 64 �C (annealing) and 1 min at 72 �C (syn-
thesis) using the resulting cDNA as templates. The primers used
are listed in Supplementary Table 1.

2.7. Computational analysis

The prediction of sequence features was done as follows: sig-
nalP (Emanuelsson et al., 2007), NetOGlyc (Julenius et al., 2005),
big-PI Predictor (Eisenhaber et al., 2000), NetNGlyc (Gupta et al.,
2004). The presence of transmembrane regions was analyzed by
(TMHMM Server v. 2.0, http://www.cbs.dtu.dk/services/TMHMM-
2.0; HMMTOP (Tusnády and Simon, 2001) and SOSUI (http://
bp.nuap.nagoya-u.ac.jp/sosui). All the analysis can be done from
the EXPASY Proteomics Server (http://expasy.org/).

2.8. Cloning and sequencing the cDNAs coding for the major digestive
enzymes

RNA was extracted from the midgut (or salivary gland in the
case of salivary amylase) and treated as described in Section 2.6.
RNA quality was checked with Agilent 2100 Bioanalyser system
with appropriate procedures, before the cDNA synthesis by reverse
transcriptase from the Superscript kit (Invitrogen). The design of
the primers was based on our transcriptome, except for the sali-
vary amylase that was amplified using degenerated primers
(Supplementary Table 1).

RT-PCR for each selected sequence was performed as described
above and the resulting amplified bands were purified and cloned
in pGEM-T Easy (Promega), following the manufacturer’s instruc-
tions. Plasmids were added to a E. coli XL1-Blue aliquots, and pla-
ted in LB-Agar containing 50 lg/mL Ampicilin, 0.5 mM IPTG and
80 lg/mL X-Gal after heat shock transformation (90 s at 42 �C,
3 min in ice and 1 h recuperation at 37 �C with LB). White colonies
were grown in LB containing 50 lg/mL Ampicilin, and plasmids
were purified using Wizard Plus MiniPrep DNA Purification System

Table 1
Assays conditions and methods used in the determination of hydrolases in P. americana males.

Enzyme [Substrate] Tested pH References

Amylase 0.5% starch with 10 mM NaCl 4.5–6.0 Noelting and Bernfeld (1948)
Aminopeptidase 1 mM Leu-pNa 7.0 Erlanger et al. (1961)
a-Glucosidase 5 mM pNp-a-glucoside 6.0 Terra et al. (1979)
b-Glucosidase 5 mM pNp-b-glucoside 6.0 Terra et al. (1979)
b-Galactosidase 5 mM pNp-b-galactoside 6.0 Terra et al. (1979)
Cellobiase 7 mM cellobiose 6.0 Dahlqvist (1968)
Chymotrypsin 10 lM Suc-AAF-MCA 7.0–8.0 Alves et al. (1996)
Cysteine proteinase 1 lM e-NH2-csb-C-MCA 6.0 Alves et al. (1996)
Maltase 7 mM maltose 6.0 Dahlqvist (1968)
Trehalase 7 mM trehalose 6.0 Dahlqvist (1968)
Trypsin 10 lM Z-FR-MCA 7.0–8.0 Alves et al. (1996)

Assays were accomplished at 30 �C at the specified pH values. The buffers used were: 50 mM citrate–phosphate (pH 4.0–7.0) or 50 mM sodium phosphate (pH 7.0–8.0) for
a-glucosidase, b-glucosidase, b-galactosidase, cellobiase, and trehalase. For amylase, trypsin, maltase and aminopeptidase assays were performed in 100 mM sodium acetate
(pH 3.0–4.0), 100 mM piperazine (pH 4.0–6.0), 100 mM HEPES (pH 6.0–8.0), 100 mM TAPS (pH 8.0–9.0) and 100 mM CAPS (pH 9.0–10.0). Assays were carried out at different
periods of time and initial velocities were calculated. All assays were performed at conditions that they were proportional to time and to protein concentration. One unit of
enzyme is the amount of enzyme that cleaves one lmol of substrate or (bond) per min. In amylase assays, NaCl was added to become 10 mM.
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(Promega), as described in manual, and sequenced with the
DNA kit Big Dye Terminator Cycle Sequencing (PE Applied
Biosystems).

The Per a 10 allergen gene, shown here to be the major digestive
trypsin, was amplified using a specific primer (Supplementary
Table 1).

2.9. Purification of the major midgut trypsin and microsequencing

The major digestive trypsin activity was purified by ion-
exchange chromatography as described by Lopes and Terra
(2003), and trypsin purity was ascertained by SDS–PAGE. N-termi-
nal microsequencing of an internal peptide of trypsin (originated
by autolysis on storage) was performed by Edman degradation
using a PROCISE 491 peptide sequencer (Applied Biosystems) by
Dr. Izaura Y. Hirata at the Department of Biophysics from the
Federal University of São Paulo (UNIFESP).

2.10. Electron microscopy

For ultrastructural analysis at the transmission electron micro-
scope, the midgut was fixed in 3% glutaraldehyde solution in 0.1 M

Table 2
Volume of diverse gut regions of P. americana.

Region Volume (lL) Relative volume (%)

Foregut (Crop) 104 ± 26 58.2
Midgut caeca 15 ± 4 8.5
Midgut 16 ± 2 9.2
Illeum 34 ± 9 18.7
Rectum 10 ± 2 5.5

The figures are means and SEM corresponding to determinations carried out in 3
feeding males. The determinations were calculated from digital photos of the dis-
sected guts. The volume of the epithelial layer was disregarded.

Fig. 1. Diagramatic representation of P. americana gut and ultrastructural details of midgut caeca cells. Foregut includes the crop and gizzard. Midgut limits are the gizzard
and the Malpighian tubules. Hindgut includes the ileum and rectum. Note in (D) apertures in basal membrane infoldings (arrows). BL, Basal lamina; G, Golgi complex; L,
lumen; M, mitochondria; Mv, microvilli; RER, rough endoplasmic reticulum; SV, secretory vesicle. Bar = 5 lm (A); lm (B, D); 0.5 lm (C).
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sodium cacodylate buffer pH 7.4, postfixed in 1% osmium tetroxide
and embedded in Spurr resin. Samples were examined in a Zeiss
EM 900 electron microscope as detailed elsewhere (Silva et al.,
1995).

For immunolabeling of trypsin and amylase at the ultrastruc-
tural level, midgut pieces were fixed (paraformaldehyde–glutaral-
dehyde), embedded in L.R. White acrylic resin, incubated
respectively with the primary M. domestica anti-trypsin (Jordão
et al., 1996) and T. molitor anti-amylase (Cristofoletti et al., 2001)
and secondary (goat anti-rabbit IgG coupled to 15 nm gold) anti-
bodies and examined in a Zeiss EM 900 electron microscope as
detailed elsewhere (Silva et al., 1995). As controls, sections were
incubated with pre-immune serum under the same conditions.

3. Results

3.1. Morphology and pH of P. americana gut

The general morphology of the gut of P. americana and the
major ultrastructural features of the midgut cells have been
described before (Bignell, 1981; Ma et al., 2009), and therefore,
only a brief description will be given, emphasizing only the fea-
tures important for this work and that have not been reported
before.

The gut of P. americana presents in the foregut a large crop,
comprising 58% of total gut volume, and a proventriculus (gizzard).
The midgut is divided in midgut caeca and anterior and posterior

midgut, both presenting 9% of total midgut volume. The hindgut
is divided in illeum and rectum (Fig. 1). The volume of each
individual region is shown in Table 2. The results are similar to
those of Ma et al. (2009).

Gut luminal contents are slightly acidic along the whole gut.
The pH values (n = 10) of section contents are: foregut, 5.6 ± 0.4;
midgut caeca, 5.8 ± 0.3; anterior midgut, 5.8 ± 0.3; posterior mid-
gut, 6.0 ± 0.3; ileum, 6.1 ± 0.3. These figures agree with those
obtained by Bignell (1981).

Midgut ultrastructural analysis showed columnar cells present-
ing several infoldings of the basal plasma membrane that form
extracellular compartments (Fig. 1D). The nuclei are central in
the cells and Golgi areas and stacks of rough endoplasmic reticu-
lum can be seen around them (Fig. 1C). The apical portion of these
cells shows a dense array of microvilli. The regenerative cells are
basal-located and are undifferentiated and lack infoldings of the
plasma membrane. They have reduced cytoplasm and the nuclei
occupy about half of the cell content. Gastric caeca (Fig. 1A) and
anterior midgut cells are characterized by the presence of large
vesicles and apical extrusions, which are almost absent from
posterior midgut cells. Cells in caeca (Fig. 1B) and along the midgut
also have electron dense secretory granules.

3.2. Fractionation and properties of proteinases and carbohydrases
active in P. americana midgut

Midgut proteinases of P. americana were resolved by ion-
exchange chromatography. There are six major peaks of proteolytic
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activity against casein and peaks 2, 5 and 6 were completely inhib-
ited by SBTI, indicating the presence of serine proteinases (Fig. 2A).
Indeed, peaks 2, 4, 5 and 6 have trypsin activity on synthetic sub-
strates (Z-FR-MCA and Suc-AAFK-MCA, Fig. 2B), and the presence
of benzamidine or SBTI inhibited the activity of these peaks when
assayed with Z-FR-MCA, confirming that these 4 peaks correspond
to trypsin activity (Fig. 2C). These assays also demonstrated that
the relative trypsin activity on natural substrates is different
from that observed for synthetic substrates. For example, most
trypsin activity on casein-FITC is observed in peak 2, whereas on
Z-FR-MCA, most activity is found in peak 5 + 6. Peak 1 corresponds
to chymotrypsin activity, because it is active on the specific
synthetic chymotrypsin substrate, Suc-AAPF-MCA, and it was
inhibited by the specific inhibitor chymostatin and by the enzyme
chymotrypsin modifying agent TPCK (Fig. 2D). Finally, peak 3
corresponds to an yet unidentified proteinase.

Carbohydrase activities of P. americana midgut homogenates
were resolved by gel electrophoresis into one peak of amylase
and trehalase, and two peaks of a-glycosidase and 3 peaks of
b-glucosidase activities (Fig. 3).

The effect of pH on activity was studied for the enzymes
resolved by chromatography and electrophoresis, except in the
case of aminopeptidase, for which midgut homogenates were used.
Trypsin and aminopeptidase present an alkaline pH optimum (pH
optima 8.6 and 7.1, respectively), whereas the carbohydrases,
excepting trehalase (4.8) have pH optima around 6.0: amylase
(6.6), a-glycosidase (6.1), maltase (5.3), b-glycosidase (5.3),
cellobiase (6.3), b-galactosidase (5.4) (Fig. 4).

3.3. Amino acid sequences of the major P. americana digestive
enzymes

The P. americana midgut transcriptome was at first automati-
cally annotated. Then, the annotation of selected sequences was
manually curated using multiple sequence alignments (Bioedit
Version 7.1.3.0), as detailed in Section 2. The following sequences
were chosen for manual curation: aminopeptidase, a-amylase,
a-glucosidase, b-glucosidase, b-galactosidase, chitinase, chymo-
trypsin, and trypsin. Putative non-functional enzymes were
intentionally discarded, because they lacked one or more of their
characteristic features. These features are identified below on ref-
ereeing to each enzyme. No b-glucanase was found in the midgut
transcriptome. The features of the contigs are summarized in
Supplementary Table 2 and the corresponding FASTA sequences
are shown in Supplementary Table 3.

At first, 12 coding sequences for aminopeptidases were recov-
ered from the transcriptome (Supplementary Tables 2 and 3) and
the predicted sequences were manually curated. Sequences preli-
minary annotated as pertaining to family M1, M24 and some from
family 17 of proteolytic enzymes (Rawlings et al., 2014) were dis-
carded, because they lacked catalytical and/or zinc-binding resi-
dues identified by alignment. Only two sequences of leucyl
aminopeptidase from family 17 (contig 280 and 2898) have all
the important amino acid residues. Their features are described
in Table 3. Contig 280 was partially cloned and sequenced
(KJ632666.1). Both aminopeptidase sequences have no predicted
signal peptide and hence they are unlikely to be exposed to the
N-glycosylation machinery and thus may not be glycosylated even
though they contain potential motifs.

There is a single sequence of amylase in the midgut and a
different one in the salivary glands, as judged by differences in
their sequences (Fig. 5) and transcription sites (Fig. 6). This means
that there are orthology relationships between gut vs salivary
amylases. Both amylases present all essential residues (Fig. 5)
and the cDNA coding sequence of the midgut amylase was cloned
and sequenced (other details in Table 3). The single cDNA coding
for b-galactosidase (details in Table 3) was also cloned and
sequenced. It pertains to family 35 of glycosyl hydrolases
(Henrissat, 1991).

Eleven sequences of a-glucosidase were found in the transcrip-
tome (Supplementary Tables 2 and 3). Most sequences (8) were
very short and lowly expressed. Three sequences (contigs 1753,
2792, and 2829) are complete and highly expressed, but contig
2792 lacks one of the catalytic residues, indicating it is not a
a-glucosidase. Contigs 1753 (family 31 of glycosyl hydrolases)
and 2829 (family 13) were molecularly cloned and sequenced
and their sequences deposited and featured in Table 3.

The transcriptome presents 5 b-glucosidase sequences (family 1
of glycosyl hydrolases) (Supplementary Tables 2 and 3) from which
two (contigs 1701 and 1698) were complete or nearly complete
and highly expressed. The cDNA coding for the contig 1701 was
cloned and sequenced and its features are described in Table 3.

There are 3 chitinase and 2 chymotrypsin sequences in the tran-
scriptome (Supplementary Tables 2 and 3). The chitinase
sequences lack mucin and chitin-binding domains (CBD) and two
of them (contigs 3012 and 1762) are highly expressed. Their coding
cDNA sequences were cloned, sequenced and featured in Table 3.
One of the chymotrypsin sequences (contig 4045) was complete,
molecularly cloned, sequenced and featured in Table 3.

A large number of trypsin sequences (43 contigs) were
recovered from the transcriptome, from which 8 sequences were
complete (Supplementary Tables 2 and 3). Nevertheless, only 4 of
the complete sequences were highly expressed (contigs 725,
2967, 3624, 3823). The most expressed trypsin (contig 725) had
its coding cDNA cloned and sequenced, whereas the second most
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with the different substrates, as detailed in Section 2.
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expressed (contig 3823) corresponds to the Per a 10 allergen, with
a previously published sequence (Sudha et al., 2008) (Table 3 for
details). Both contigs 725 and 3823 are expressed mostly in the
gastric caeca and apparently in fewer amounts also along the
midgut (Fig. 6).

3.4. Purification of the major trypsin activity

The major trypsin activity with the synthetic substrate
Z-FR-MCA was purified to homogeneity, as described by Lopes
and Terra (2003), and N-terminal microsequencing of an internal
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Table 3
Major P. americana midgut digestive enzymes.

Contig GenBank number Predicted protein Reads SP TMH GPI N-Gly O-Gly Observations

280 KJ632666.1 Aminopeptidase 43 N N N Y Y Partial
2898 Aminopeptidase 30 N N N Y Y Complete
2849 KJ576831 Amylase 35 Y N N Y N Partiala

2829 KJ576830 a-Glucosidase 100 Y N N Y Y Complete
1753 Kj576837 a-Glucosidase 283 Y N N Y Y Partiala

2736 KJ576834 b-Galactosidase 82 Y N N Y N Complete
1701 KJ576835 b-Glucosidase 229 Y N N Y Y Complete
1698 b-Glucosidase 107 Y – – Y – Partial
3012 KJ576833 Chitinase 248 Y N N Y Y Complete
1762 KJ576832 Chitinase 663 Y N N Y Y Complete
4045 KJ576836 Chymotrypsin 29 Y N N N Y Partiala

725 KJ569093 Trypsin 2502 Y N N N N Complete
2967 Trypsin 178 Y N N N Y Complete
3624 Trypsin 367 Y N N Y Y Complete
3823 AY792954 Trypsin 586 Y N N N Y Complete

SP, signal peptide; TMH, transmembrane helix; GPI, glycosyl phosphatidylinositol anchor; N-gly, N-glycosylation predicted; o-gly, o-glycosylation predicted; Y, found; N, not
found; –, the length of the sequence does not permit the search. Except for AY792954, all sequences deposited in GenBank originate from this research. The sequence
KJ632666.1 is a fragment, whereas the others that were deposited are complete or at least have complete mature sequences (see note below). See Section 2 for prediction
algorithms.

a These sequences lack a few amino acid residues at the N-terminus, although a signal peptide is predicted. This means that those enzymes have complete mature
sequences.
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sequence of it revealed the sequence VSPAFSYGTG, which matched
only the sequence of contig 3823 (Fig. 7). This contig was
annotated as trypsin and corresponds to the Per a 10 allergen of
P. americana (accession AY792954). As this allergen was shown
to have trypsin activity (Sudha et al., 2008), the sequence of the
purified trypsin should correspond to that of the allergen, despite
the short sequence used in its identification.

3.5. Protease and carbohydrase activities along the P. americana gut
and their excretory rates

Amylase, trypsin, maltase and aminopeptidase activities were
determined along the gut (Fig. 8). Amylase and maltase activities
are mainly (56% and 59%, respectively) present in the crop, indicat-
ing that this is the place of most carbohydrate digestion. Amylase
activity was also found in the soluble fraction of caeca (18%) and
in midgut contents (26%).

Trypsin activity is mainly present in the crop (62%), whereas the
remaining activity is distributed along midgut tissue soluble frac-
tions and contents (32%). Aminopeptidase activity is equally dis-
tributed along midgut regions and a major activity (50%) was
found in gut contents, besides the presence of activities in soluble
(29%) and in membrane fractions (21%) of midgut tissues.

The activities listed in Table 4 were determined before and after
midgut contents were maintained at 25 �C in pH 6 for 8 h, the time
the food bolus usually takes to go through the P. americana gut. The
results showed that the enzymes are completely stable in those
conditions, which approximate those found in P. americana midgut.
Actually, the midgut samples were diluted 5.6 times in relation to
in vivo concentrations. Digestive enzymes in midgut samples at
higher dilutions were unstable. RT-PCR data (E.A. Machado, per-
sonal communication) showed that the enzymes listed in Table 4
are not expressed in foregut and hindgut. Thus, hindgut activities,
as well as gut volume measurements of P. americana, were used to
calculate enzymatic excretory rates. It was observed that the

Fig. 5. Multiple sequence alignments of amylases from P. americana (PA) and Tenebrio molitor (TM_Amy, access number P56634.1). Amy, amylase; MG, midgut; SG, salivary
glands. Catalytic (*), calcium-binding (+), and chloride-binding (#) residues are marked above sequences.
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excretory rates for all assayed enzymes (except amylase) was equal
to or less than 15% in both feeding and starving males (Table 4).

3.6. Immunocytolocalization of trypsin and amylase along the
P. americana gut

Western blots using heterologous antibodies recognized a sin-
gle band of trypsin and amylase present in the gut (combined pro-
tein extract of crop, caeca and midgut) of P. americana (Fig. 9).

Trypsin was immunolocalized in caeca cells inside large vesi-
cles, originating from the Golgi areas (Fig. 10A and B), and amylase
inside small vesicles from the same cells (Fig. 10C and D). Trypsin
and amylase were also found in small and large vesicles, respec-
tively (not shown). Large vesicles are presumed to be released
along the apical cytoplasm now lacking visible structures (apocrine
secretion), whereas the contents of the small vesicles are supposed
to be discharged by exocytosis. Data for anterior midgut is similar
to those described for caeca (not shown).

4. Discussion

4.1. Digestive enzyme activities in P. americana guts and their putative
amino acid sequences

The effect of pH on the activity on pNPbGal is the same as that
on pNPbGlu (pH optimum 5.4 and 5.3, respectively) and is different
from on cellobiose (pH optimum 6.3). Thus, the major activity on

pNPbGlu resolved by electrophoresis should be a b-glucosidase
more active on b-galactosides than on b-glucosides. The pH-activ-
ity profile with cellobiose as substrate is different from that of the
pNPbGlu one, indicating the existence of a b-glucosidase which
prefers cellodextrins (cellobiase) to aryl b-glucosides. Thus, enzy-
matic assays suggest that there are at least two b-glucosidase
and one b-galactosidase activities. This agrees with the finding in
the transcriptome of a sequence coding for a b-galactosidase
(contig 2763) from the family 35, differing thus from the two
b-glucosidases (contigs 1701 and 1698) from family 1.

Koffi et al. (2012) purified from whole P. americana adults a
b-glucosidase more active on pNPbGlu than on cellobiose, thus cor-
responding to one of the activities described here. Nevertheless,
the pH optimum they found for the enzyme is 3.6, which differs
from the one described here (pH optimum 5.3) and from the P.
americana midgut luminal pH (5.8–6.1). It is not clear why their
results are different from ours.

Enzymological evidence suggests that there are a least 2 a-glu-
cosidases (resolved by gel electrophoresis, Fig. 3): one of which
(maltase) prefers maltose as substrate with a pH optimum of 5.3
(Fig. 4), whereas the other prefers aryl a-glucosides (pH optimum
6.1, Fig. 4). These findings parallel those of transcriptome data
which reveals two highly transcribed a-glucosidases (contigs
1753 and 2829).

Powning and Irzykiewicz (1963) identified two chitinases by
chromatography of P. americana midgut contents and purified
one of them and named it chitinase I. This enzyme is incapable
of splitting chitobiose, splits chitotriose very slowly and higher oli-
gosaccharides and chitin at a considerable faster rate. The enzyme
is thus a non-processive endoenzyme. Chitinase I should corre-
spond to contig 1762 (the most expressed chitinase), whereas
the other chitinase may correspond to contig 3012 (details in
Table 3). The lack of mucin and CBD in both chitinases is in accor-
dance to their presumed role in microbiota digestion without
causing harm to the peritrophic membrane. The absence of CBD
decreases the ability of the chitinase to binding to chitin, except
if in high concentrations, as in dietary fungi, similarly to what
was described for T. molitor (Genta et al., 2006).

Liquefying and saccharifying amylases perform, respectively, a
single or multiple rounds of catalysis each time they attach to
the substrate. In other words, liquefying amylases are non-
processive, whereas saccharifying amylases are processive
enzymes. Preliminary work done in our laboratory suggested that
in P. americana midgut there are two amylases, one liquefying
and the other saccharifying. As only one amylase was found in
the midgut transcriptome, the expression of amylase in salivary
glands was looked for. A partial amylase sequence, different from
the midgut amylase, was obtained from salivary gland samples,
in agreement with the preliminary work. RT-PCR data confirmed
that the salivary amylase is expressed only in this tissue, whereas

Ac�n 

PA Amy SG

PA Amy MG

PA Try 3823 

PA Try 725 

SG AM MT FBPMGC 

Fig. 6. Expression patterns of salivary (Amy SG) and midgut (Amy MG) amylase and
two trypsins (contigs 725 and 3823) in different tissues, as shown by reverse
transcription-PCR (RT-PCR). SG, salivary glands; GC, gastric caeca; AM, anterior
midgut; PM, posterior midgut; MT, Malpighian tubules; FB, fat body. The number
and amplification cycles were chosen after several trials so that the amplification
was in log phase and resulting in a clearly visible amplified band.

Fig. 7. Multiple sequence alignments of part of the nine most expressed trypsins from P. americana midguts. Only contig 3823 has a sequence (boxed) that is matched by a
microsequenced N-terminus of an internal peptide from the major trypsin purified from P. americana midgut contents.
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the other amylase is expressed only in midguts. Presently, we are
trying to identify which of the preliminarily characterized
amylases is salivary and which one is intestinal. A guess based
on vertebrate findings is that the salivary amylase is liquefying
and the intestinal one is saccharifying.

A single chymotrypsin was identified in this paper after chro-
matographic separation, in agreement with Baumann (1990),
who purified to homogeneity also a single chymotrypsin. The most
remarkable characteristic of P. americana chymotrypsin is a resis-
tance to tosyl-phenylalanyl chloromethyl ketone (TPCK) inactiva-
tion (Baumann, 1990). Such TPCK inactivation resistance was
shown to be characteristic of lepidopteran chymotrypsins, whereas
enzymes from other insects are usually sensitive (Lopes et al.,
2009), in spite of the finding of insensitive chymotrypsins among
some Coleoptera (Vinokurov et al., 2006). This demands further
investigation. Baumann (1990) detected a second (minor) chymo-
trypsin in electrophoresis under native conditions. It is possible
that the chymotrypsin purified by Baumann corresponds to our
trypsin detected by chromatography and is coded by contig

4045. The minor chymotrypsin resolved by Baumann may corre-
spond to contig 5314 (Supplementary Table 2).
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Fig. 8. Distribution of the major hydrolases along the gut of P. americana. C, contents o the midgut; M, membrane fraction of tissues; S, soluble fraction of tissues; FG, foregut
(crop); GC, gastric (midgut) caeca; AMG, anterior midgut; PMG, posterior midgut; HG, Hindgut. Determinations were performed in 3 different preparations obtained from 5
insects each. SEM were found to be 10–20% of the means. The activities (mU/animal) in whole gut homogenates were: amylase, 13,800; maltase, 20,241; trypsin, 308;
aminopeptidase, 34. Amount of proteins in gut sections (lg/animal) were: FG, 3300; AMG, 450; PMG, 270; hindgut, 1410.

Table 4
Digestive enzyme activities and their excretory rates.

Activity Excretory rate (% midgut contents)

Feeding Starving

Midgut Ileum + colon Midgut Ileum + colon Feeding Starving

Amylase 1440 802 2940 800 26.3 12.8
Maltase 6300 620 9093 2630 4.6 13.6
Trypsin 108 7.3 35 11 3.2 14.8

The figures correspond to the means of activities determined along the gut in 3 feeding and 5 starving males. SEM was 5–15% of the means. Starving males are those having
empty foreguts. The excretory rate is the ratio of soluble activities in ileum + colon and midgut with correction. The correction was calculated assuming that when the midgut
empties, it fills a volume 2.12 smaller than that of ileum + colon. The last assumption is based on a comparison of the volumes of midgut and ileum + colon (Table 2). Other
details in Section 2.
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Fig. 9. Western blot using anti-trypsin and anti-amylase serum against P. americana
gut homogenate after SDS–PAGE.
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The single major trypsin purified to homogeneity from
P. americana adults midguts by Lopes and Terra (2003) was
microsequenced and an internal sequence matches only contig
3823 (Fig. 7), which corresponds to Per a 10 allergen that was
shown to be a trypsin (Sudha et al., 2008). This trypsin, as well
as the most expressed one (contig 2502) are expressed mostly in
midgut caeca and in apparently less amounts along the midgut
(RT-PCR data, Fig. 6). The large number of other trypsin sequences
identified in P. americana transcriptome, from which contigs 725,
2967, 3624, and 3823 are the most expressed, originate small
activity peaks in the chromatogram reported in this paper. Thus,
apparently they are less translated than expected. Nevertheless,
Hivrale et al. (2005) found in P. americana collected in natural envi-
ronments a large number of different trypsins, which may corre-
spond to the other sequences identified in the transcriptome. The
difference between our results and those of Hivrale et al. (2005)
may result from the different diets used to raise the cockroaches.

The aminopeptidases (contig 280 and 2898) are considered to
be digestive enzymes acting in P. americana gut lumen. Neverthe-
less, they have no predicted signal peptide (Table 3), which may
imply that they are cellular enzymes. In spite of that, they may
be released into the midgut lumen together with the apical
cytoplasm, when the cells undergo apocrine secretion (Fig. 10).
None of the aminopeptidase sequences showed predicted trans-
membrane helix or GPI-anchor to correspond to membrane-bound
aminopeptidase detected in the P. americana midgut (Fig. 8). This
demands further research.

4.2. Organization of digestion in P. americana

Transit times for the passage of solid food through P. americana
are typically 8 up to 20 h, although solid food is retained in the gut
of starving insects for as long as 100 h (Bignell, 1981).

The crop is the largest gut compartment and enzyme distribu-
tion data demonstrated that this is the place where most amylase
and a-glycosidase activities occur (around 60% of total activity for
each enzyme), indicating the crop importance in carbohydrate
digestion. The same is true for protein initial digestion, since it is
where most trypsin activity (60%) is found, as seen previously
(Lopes and Terra, 2003). The major digestive trypsin was purified
and shown to correspond to the Per a 10 allergen, important in
human allergies and displaying trypsin activity.

Despite digestive enzymes are found in the crop, this is not the
site of their expression and secretion, since it is covered by chitin.
Thus, crop digestive enzymes must be produced in other tissues
and somehow be transported to the crop. Molecular cloning and
RT-PCR data showed that most amylase and trypsin are expressed
in gastric caeca cells and in lesser amounts also in anterior midgut.
It is supposed that the same is true for the other digestive enzymes,
with the exception of salivary enzymes (see below).

It is noteworthy that the pH in P. americana gut regions is
around 6.0, which is suitable for carbohydrases and aminopepti-
dases activities, but is low for serine proteinases (trypsins and
chymotrypsins). It is not clear the meaning of this.

Two cellulases and three laminarinases that open plant cell
walls and lyse fungi cells was previously reported in P. americana
saliva (Genta et al., 2003). Furthermore, in this paper the cloning
of the cDNA coding for a salivary amylase was reported, thus
supporting the preliminary studies of Agrawal (1981).

Combining the salivary and midgut enzymes, the cockroach is
prepared to start the initial digestion of its detritus-rich diet in
the crop. Terminal digestion of carbohydrates (represented by mal-
tase action) starts in the crop and continues at the midgut lumen.

Protein terminal digestion (indicated by aminopeptidase
activity) occurs in the caeca and midgut by luminal, glycocalix-
associated and membrane-bound enzymes. It is not clear why

Fig. 10. Immunolocalization of P. americana trypsin (panel A and B) and amylase (panel C and D) in caeca cells. Abbreviations as in Fig. 1. Antibody dilutions: 1:500 (A, B, and
D); 1:1000 (C). Bars: 0.5 lm.
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the cockroaches use, in the terminal digestion of protein, a cyto-
solic-like aminopeptidase, instead of the usual aminopeptidase N.

Ingested dyes are concentrated in the caeca, suggesting that this
tissue absorbs ions and water. This, combined with indirect evi-
dence that a Malpighian tubule fluid may enter the midgut,
strongly suggests that a counter-current flux of fluid occurs in P.
americana midgut (Dow, 1986). This hypothesis is supported by
the low excretory rates (less than 15% of midgut contents at each
midgut emptying) observed for 3 enzymes in P. americana, with a
single exception. This exception is the amylase excretory rate
(26.3%) in fed animals, which may be accounted for enzyme
adsorption to excessive dietary starch, as shown to be the case
for trypsin in excessive dietary protein in Rhynchosciara americana
and M. domestica (Terra and Ferreira, 1994).

In summary, the main features of P. americana digestion is their
ability to deal with carbohydrates (including those in plant cell
walls and fungi cells) in the crop, under the action of salivary
and midgut enzymes. Protein initial digestion depends on midgut
enzymes and takes place in the crop, whereas the terminal
digestion occurs in the midgut under the action of enzymes largely
associated with the apical surface of caeca and midgut cells. Due to
an ectoperitrophic (between the peritrophic membrane and tissue)
counter-current flux of fluid, most digestive enzymes are recovered
from the endoperitrophic (inside the peritrophic membrane) space
before excretion.

4.3. Comparative aspects of Polyneopteran digestive physiology

The basic plan of the digestive physiology of the Polyneoptera
(Dictyoptera, Phasmida and Orthoptera) ancestors is believed to
conserve the characteristics of the plan of the Neoptera ancestors.
This basic plan was inferred from studies carried out in Orthoptera,
both from grasshoppers (Caelifera, see Dow, 1981a,b; Ferreira
et al., 1990; Marana et al., 1997) and crickets (Ensifera, see
Woodring et al., 2007; Biagio et al., 2009) and from stick bugs
(Phasmida, see Monteiro et al., 2014). In Polyneopteran ancestors,
the major part of digestion is carried out in the crop by digestive
enzymes propelled by antiperistalsis forward from the midgut. Sal-
iva plays a variable role in carbohydrate digestion. After a while,
following ingestion, the crop contracts, transferring digestive
enzymes and partly digested food into the midgut. The anterior
midgut is acid and has high carbohydrase activity, whereas the
posterior midgut is alkaline and has high proteinase activity. The
food bolus moves backward by peristalsis in the insect midgut.
As soon as the polymeric food molecules are digested to become
small enough to pass through the peritrophic membrane, they
diffuse with the digestive enzymes into the ectoperitrophic space
(outside the peritrophic membrane). The enzymes and nutrients
are then displaced toward the caeca with a countercurrent flux
by secretion of fluid at the Malpighian tubules and its absorption
back by cells at the caeca, where final digestion is completed and
nutrient absorption occurs. When the insect starts a new meal,
the caeca contents are moved into the crop. As a consequence of
countercurrent flux, digestive enzymes occur as a decreasing
gradient in the midgut, and lower amounts are excreted.

Digestion in grasshoppers is very close to that proposed for the
Polyneoptera ancestor, except that part of the terminal digestion of
proteins occurs at the surface of midgut caeca cells and a midgut
countercurrent flux is lacking in feeding insects (Dow, 1981a,b;
Ferreira et al., 1990; Marana et al., 1997). The loss of the midgut
countercurrent, and hence of the enzyme recycling, is a conse-
quence of the remarkable salivation during grasshopper feeding,
which saturates the water absorption site in the caeca (Dow,
1981a,b). Digestion in crickets differs from that of grasshoppers
only in presenting more membrane-bound enzymes, a higher
involvement of midgut in protein digestion and in the occurrence

of enzyme recycling in both feeding and starving insects (Biagio
et al., 2009).

The plan of the digestive physiology of stick bugs (Phasmida) is
alike that of the Polyneoptera ancestor, except that terminal
digestion occurs only in the midgut by soluble carbohydrases
and membrane-bound peptidases (Monteiro et al., 2014). It is
worth mentioning the occurrence of peculiar midgut tubules,
apparently involved in midgut alkalinization (Monteiro et al.,
2014), although they may excrete several different substances
(Shelomi and Kimsey, 2013).

Digestion in Dictyoptera (one of the Polyneopteran orders), is
expected to derive from the Polyneoptera ancestor. In agreement
with that, digestion in cockroaches occurs as described for that
ancestor, except that part of the terminal digestion of proteins
occurs at the surface of caeca and midgut cells, as glycocalix-asso-
ciated or membrane bound enzymes. The saliva of P. americana has
two cellulases and three laminarinases that open plant cells and
lyse fungi cells (Genta et al., 2003). This is in accordance with
the detritivorous habit of this insect. The wood roach, Panesthia cri-
bata (Blaberidae), also has its own cellulase (Scrivener et al., 1989;
Tokuda et al., 1999). However, the differentiation of pH along the
midgut described for the Polyneoptera ancestor, is not conserved
among cockroaches like P. americana (Blattidae), but is maintained
in others exemplified by the blaberid N. cinerea (Elpidina et al.,
2001). Another difference observed is the enlargement of hindgut
structures (Terra, 1988), noted mainly in wood-feeding
cockroaches. These hindgut structures harbor bacteria producing
acetate and butyrate from ingested wood or other cellulose-
containing materials. Acetate and butyrate are absorbed by the
hindgut of all cockroaches, mainly of wood roaches (Terra and
Ferreira, 1994). Cellulose digestion may be accomplished in part
by bacteria in the hindgut of P. americana or by protozoa in
Cryptocercus punctulatus (Cryptocercidae) (Bignell, 1981).

Secretory mechanisms of digestive enzymes deserve comments.
These mechanisms include merocrine secretion through exocyto-
sis, where secretory vesicles fuse with the apical membrane,
releasing their contents and apocrine secretion, in which case there
is a loss of part of the apical cytoplasm during the release of secre-
tory vesicles. Microapocrine secretion is a special case of apocrine
secretion involving the pinching-off of double membrane small
vesicles occurring along the microvilli. Apocrine secretion and
microapocrine secretion of digestive enzymes in anterior (water-
absorbing) midgut cells may be an adaptation to enhance the dis-
persion of secretory vesicle contents into the midgut. As posterior
midgut cells secrete fluid, no problem arises in the dispersion of
material released by exocytosis by these cells. Based on known
examples, where digestive enzyme secretion was followed by
immunocytolocalization techniques, apocrine mechanisms appear
to be widespread among less evolved Holometabola insects,
whereas more-derived Holometabola use microapocrine mecha-
nisms in water-absorbing tissues (Cristofoletti et al., 2001 and
references therein).

In Polyneoptera insects, secretory mechanisms, also observed
by immunocytolocalization techniques, present some differences
regarding those of Holometabola. Thus, in Phasmida (stick bugs)
exocytic processes are found in anterior and middle midgut cells.
Microapocrine processes seen in posterior midgut in these insects
are not involved in amylase and trypsin secretions, as judged by
the fact those enzymes are not immunolocalized there. It is not
known what the microapocrine processes are secreting (Monteiro
et al., 2014). Orthoptera Caelifera (grasshoppers) may show apo-
crine mechanisms in anterior midgut (Heinrich and Zebe, 1973),
or exocytosis, where the secretory vesicles discharge a compact
mass that are dispersed only far from the cells (Marana et al.,
1997), thus fulfilling the same function as vesicles released by
apocrine/microapocrine processes. Finally, in Orthoptera Ensifera
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(crickets) (Biagio et al., 2009) and Dictyoptera (cockroaches) (this
paper) both apocrine secretion and exocytosis processes are
observed in caeca and anterior midgut.
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Supplementary Table 1. Cloning and sequencing primers

Name Nucleotide sequence
Amylase_degen_FW AGACCWTGGTGGGAGAGGTA
Amylase_degen_RV GATCAATRACTTCYTGAWAGA
PA_AG2829_FW GATGTTTCGCGTGGCTGTAGC
PA_AG2829_RV GAGGTATGCTACATTCTTTC
PA_AG2829_FW1 CCTAGCTTTGGCACACTGGA
PA_AG2829_FW2 TGTGGACATGGAACGACCAG
PA_AG2829_FW3 ATCAAGGAATGGCGGTCGTT
PA_AG2829_RV1 GTGTGCAGACTGCCTTGTTG
Pa_AG1753_FW AACTGCAGATAGCTCTATGCTT
Pa_AG1753_RV ATAAAGCAAATCGCTCATGCTG
Pa_AG1753_FW1 AGTACTGGCCGCTAGAGGAA
Pa_AG1753_FW2 TTCAAAGCCAAGAACGCTGC
Pa_AG1753_FW3 TTCGGTCCGATGGTAGAGGT
Pa_AG1753_RV1 ACCTCTACCATCGGACCGAA
PA_Chi1_1762_FW GAACAATGGCGTCTATCTGCAG
PA_Chi1_1762_RV TTCGAAGATATTAAAGTCGCCC
PA_Chi1_1762_FW1 GGCTAAGAACGGTGGTGTCA
PA_Chi1_1762_FW2 GCGCTAGCGATAAGGCAAAC
PA_Chi1_1762_FW3 AATTCACGCAGGAAGCTGGA
PA_Chi1_1762_RV1 GCAGAAACGGCAACAGACAG
PA_Chi2_3012_FW CAAAGTTGTACGATGAAGCT
PA_Chi2_3012_RV ATCTAGATGCTTTATACTCGC
PA_Chi2_3012_FW1 AGAGAAGTTCGCCGACAGTG
PA_Chi2_3012_FW2 AACACATGGCTGAAGGGAGG
PA_Chi2_3012_RV1 CACTGTCGGCGAACTTCTCT
PA_APM17_280_FW CAGCAGCAAGAGCAGTGGAG
PA_APM17_280_RV CTAGTGTGTCATTGGGTAAAC
PA_APM17_280_FW1 AAGCGGTGGACTCTGAAGTG
PA_APM17_280_FW2 AGATGTGCCTGAGAAAGCCC
PA_APM17_280_FW3 TCGAGAGACAAGTGTGGTGC
PA_BetaGal2736_FW GGTATGTTCAACATGACACT
PA_BetaGal2736_FW1 ACTTCGAGCTGCTGGTTTCA
PA_BetaGal2736_FW2 GTACGGTCTTCGCAGTCACA
PA_BetaGal2736_FW3 ACACCCTGACAAACCAGCAA
PA_BetaGal2736_Fw4 TGGCATATAACGCTGCACCA
PA_BetaGal2736_FW5 TGGGCATTGTGATGCTGGAT
PA_BetaGal2736_FW6 GCTTCACGCCACTTTGGAAG
PA_BetaGal2736_RV TGACTTCGCTATCTCTGCTG
PA_BtGlu1698_FW GTAAGGCTGTCAATTTCAGC
PA_BtGlu1698_FW1 CGCACAACAAGTCCAACCTG
PA_BtGlu1698_FW2 AACGGAATTCAGCCGATGGT
PA_BtGlu1698_FW3 TTGCTATGAACAGCGAGGCA
PA_BtGlu1698_FW4 CACGTAGTGCCTTGGGGATT



PA_BtGlu1698__RV CTTGGCATCTTATTTGTTTACTC
PA_Chymo4045_FW ATTCTGGTGACACTGCTCTCT
PA_Chymo4045_RV TTACGTTCGATCGGTGTTTTG
PA_Try725_FW AGTGAGCGGTATACAAAATAC
PA_Try725_FW1 GGTCGTTCGACCTCAACACT
PA_Try725_RV GTTCACACTGCATGTTGTAGT
PA_AlpAmy2849_FWI AGCTGTTGTTTTTGGTAGCA
PA_AlpAmy2849_FWII CAGAAAGACCCCAATGTGTG
PA_AlpAmy2849_RV TGTGTTGTTGGTTCTTGTAA

RT-PCR primers
Name Nucleotide sequence
PA_AMY_MG_FW GCCTATGTCTTATAGAATTATCAGC
PA_AMY_MG_RV AAAGGACGAGATCCTTCTGCGAAC
PA_AMY_GS_FW ATTAGTCTCGTACAACATTTACAGC
PA_AMY_GS_RV AACGGTCTGGTCCCTGAAGCAAAT
PA_Try725_FW AGTGAGCGGTATACAAAATAC
PA_Try725_RV GTTCACACTGCATGTTGTAGT
PA_Try3823_FW AGCTCTGCTACATTCCGAGC
PA_Try3823_RV CCTTGGCAAGCGTCTTTTCC
PA_actin1156_FW TCCAGGGCAACATAGCACAG
PA_actin1156_RV GGTGATGAGGCCCAGTCAAA



Supplementary Table 2. Features of the digestive enzyme sequences found  in

the P. americana transcriptome.

Contig Predicted Protein Reads Length SP TMH GPI N-Gly O-Gly
2849 Alpha-Amylase 35 483 - - - Y - Partial
1753 Alpha-Glucosidase 283 595 Y N N Y Y Complete
2792 Alpha-Glucosidase 122 563 N N N Y N Complete
2829 Alpha-Glucosidase 100 543 Y N N Y Y Complete
3232 Alpha-Glucosidase 16 375 - - - - - Partial
4940 Alpha-Glucosidase 8 139 - - - - - Partial
2908 Alpha-Glucosidase 21 484 - - - - - Partial
2910 Alpha-Glucosidase 18 577 - - - - - Partial
4268 Alpha-Glucosidase 13 244 - - - - - Partial
4659 Alpha-Glucosidase 7 213 - - - - - Partial
4869 Alpha-Glucosidase 10 199 - - - - - Partial
5285 Alpha-Glucosidase 8 170 - - - - - Partial
280 Aminopeptidase 43 526 N N N Y Y Complete

3256 Aminopeptidase 18 398 - - - Y Y Partial
2324 Aminopeptidase 7 82 - - - - - Partial
2325 Aminopeptidase 8 119 - - - - - Partial
4015 Aminopeptidase 9 271 - - - - - Partial
4127 Aminopeptidase 8 260 - - - - - Partial
4370 Aminopeptidase 7 235 - - - - - Partial
5056 Aminopeptidase 16 69 - Y - - - Partial
5255 Aminopeptidase 11 159 - - - - - Partial
5636 Aminopeptidase 6 70 - - - - - Partial
2898 Aminopeptidase 30 506 N N N Y Y Complete
4544 Aminopeptidase 8 209 - - - Y - Partial
2736 Beta-Galactosidase 82 667 Y N Y Y N Complete
1699 Beta-Glucosidase 39 387 - - - - - Partial
1700 Beta-Glucosidase 9 101 - - - - - Partial
1702 Beta-Glucosidase 31 379 - - - - - Partial
1701 Beta-Glucosidase 229 505 Y N N Y Y Complete
1698 Beta-Glucosidase 107 495 Y - - Y - Partial
3012 Chitinase 248 407 Y - N Y N Complete
1762 Chitinase 231 123 - - - - - Partial
3726 Chitinase 10 262 - - - - - Partial
5314 Chymotrypsin 13 160 - - - - Y Partial
4045 Chymotrypsin 29 251 Y N N N Y Complete
617 Trypsin 34 196 - - - - - Partial

3433 Trypsin 96 249 - - - - Y Partial
620 Trypsin 327 254 - - - - - Partial

1654 Trypsin 33 354 - - - - - Partial
1710 Trypsin 365 299 - - - - - Partial
1942 Trypsin 6 164 - - - - - Partial
1944 Trypsin 13 84 - - - - - Partial
2277 Trypsin 4 100 - - - - - Partial
3010 Trypsin 47 353 - - - - - Partial
3127 Trypsin 24 131 - - - - - Partial
438 Trypsin 10 135 - - - - - Partial

4947 Trypsin 8 193 - - - - - Partial
619 Trypsin 25 200 - - - - - Partial
724 Trypsin 1223 47 - - - - - Partial



SP, signal peptide; TMH, transmembrane helix; GPI, glycosyl phosphatidylinositol

anchor; N-gly, N-glycosylation predicted; o-gly,  o-glycosylation predicted; Y, found; N,

not found; -, the length of the sequence does not permit the search. Contig 2792 is

homologous of α-glucosidase, but lacks one of the catalytic residues.

1941 Trypsin 253 278 - Y - - - Partial
1945 Trypsin 198 109 - - - - Y Partial
2593 Trypsin 178 253 - Y - - Y Partial
3851 Trypsin 45 268 - - - - - Partial
4043 Trypsin 20 200 - - - - - Partial
616 Trypsin 10 201 - - - - Y Partial
618 Trypsin 4 57 - - - - - Partial

2758 Trypsin 50 243 - - - Y Y Partial
2966 Trypsin 32 215 - - - Y Y Partial
3779 Trypsin 28 254 - - - Y Y Partial
4033 Trypsin 7 222 - - - Y Y Partial
415 Trypsin 102 255 - - - Y - Partial

4260 Trypsin 21 227 - - - Y Y Partial
4335 Trypsin 15 215 - - - Y Y Partial
5034 Trypsin 7 138 - - - Y Y Partial
640 Trypsin 60 225 - - - Y Y Partial

2967 Trypsin 178 256 Y N N N Y Complete
3823 Trypsin 586 256 Y N N N Y Complete
725 Trypsin 2502 252 Y N N N N Complete

3434 Trypsin 72 259 Y N N Y Y Complete
3482 Trypsin 64 260 Y N N Y N Complete
3624 Trypsin 367 258 Y N N Y Y Complete
401 Trypsin 42 272 Y N N Y Y Complete

2322 Trypsin 51 254 Y N Y Y N Complete
1940 Trypsin 106 159 Y - - - - Partial
3824 Trypsin 20 225 Y - - - - Partial
1943 Trypsin 955 315 Y - - - Y Partial
4190 Trypsin 19 250 Y - - - Y Partial
3554 Trypsin 18 254 Y - - Y - Partial
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Supplementary Table 3. FASTA sequences of all contigs listed at
Supplementary Table 2.

>280
MTAPARNLFQAVIVAAAKAHQHHPHHHQKIRDGIVTVVPTGGEGPTHPELKKSFSAFSKL
DKAVDSEVTLFPCDLPAGRVISSPTGPLNDDYADVRSFTDAAKKGIARALKSGVTAPLLV
LPSHPAFKHSELVTLLGALEALYVNLQMREDVPEKAQKVKTLGVYSENTENLPNIIKLAS
ALESGRYVARDIGGSDPERMCPPKVEAYIRELFKNSNISIEVITDPAVLKREYPLFDAVD
RAASHIERHRGRIIYLTYEPSSGPVDKTLFLVGKGVTYDTGGADIKAGGVMAGMSRDKCG
AAAVAGFMQILTMLKPRGVKVIGALPVVRNSVGADAYVADEIILSRNKLRVRIGNTDAEG
RMIMGDVLCKMRELAEKAVNPHLMTIATLTGHAVLTVGAGYSIVMDNGPARKASHAQLLQ
AAGEELGDMLEISTIRREDIAFHKGKGMFDDIYQANNLPSSRTPRGHQGPAGFLILVSGL
DKHGSESKIPLNYSHIDIAASSGDVPHDATGAPILGLVSLHLKDRY
>401
MKFQIVLFATIVTSCLGADVDLESYDDIDSRIIGDIYAEDDLPSVVYITKGKSGETATTI
QCVGTLINPVFVLTSASCIVGGLPEDFHVVAEAADFNEGVTYTVVDVIPHENYEDNYEKY
WPHDIGLLQLDVQELNGTIRNIADIPKRDHELPDAGSVYGWGATCGFCGPTSGLKVVNLQ
VYNRQDCTSTYYDGKAPADSSFCAGNIENEMLGVCDGDSGAPLLYNGTIYGVASWMSYPC
GSVPAVFTDVQSHVEWIVRKMSTTPLTPLVSA
>415
CLYLLAGFLVLSAQGIPRRIGKVPDAGRIVNGTDAAPNQFPYQVSLQHEGSHSCGGTILS
DKWILTAAHCVEEEIANLFSVLAGTNVLSQGGERRNVIRYHMHEEYDADNNYNNDIAVVE
LETPLSMTGDMKVVTLPTQGQDTAGDLTATVIGWGLLYTDGPSSDTLKMVDIKTYSDEDC
LKVMPGYVRPNNICAGVPEGGKGQCRGDSGGPLIVNGYQAGIVSWSVKPCGLAPYPGVYT
EVSHYIDWIKSKTNL
>438
VNIINTGISALPKRGHVRPNTGSVYGWGANCGFCGPSSYLKVLNDAFISNSDDCSSLFYD
GKGPADSSICAGSLTGFYGVCDGDSGAPIVSKGTIYGVASWLNYPCGSVPAVFTNVQSHV
EWIVRKMSATPLVPL
>616
ILSENWALTAAHCVDGSSTSSITLYAGSIHLSIGGTRHYVSQIIVHENYDEYDSWINDIA
VIKVSNPFKIDGVNVNPVSLPAQGKNPADGSTATVIGWGRLYTSGPIPNNLQKVDIAIVN
QKECNTVYGNMNYPIYDGQICADVPQGNQGSCNGDSGGPLFVDGTVVGLVSWAKGCATPG
YPTVYTRVSAYRDWIKQKTGV
>617
LAILVAAGTQGKTIPRIPVDRGSRIINGDNAVRSQFPGQLSLQISSSHSCGASILNENWA
LTAAHCVQWNNASSMTLYAGSINLSSGGTIHNVSEIVIHESYDAYDSYINDIAVLKVSNP
FQIDGVDVKPVSLPAQGQTPADNTVATVVGWGELGEHGPFSDTLQRVNILIVNHDQCNSI
YEFYSYHVYDSQICAG
>618
PQGIGGSCRGDDGGPLFIDGNVVGLVSWSRYCARPEYPTVYTRVSAYIDWIKEKTGA
>619
LNENWALTAAHCVERNNASSMTLYAGSIYLSSGGTTHNVSEIVIHESYDAYDSYINDIAV
LKVSNPFQIDGVDVKPVSLPAEGQNPPDEMLAEVIGWGELGEHGDFSDTLQKVNLMIVNQ
DQCRSIYEFYSEHVYDSQICAGLPEGLGGSCRGDDGGPLFVDGNVVGLVSWSRYCARPEY
PTVYTRVSDYVDWIKQKTGA
>620
VAILVATGTQGKIIKRIPIVRDNRIINGVDASPGEFPSQLSLQRPTSHSCGASILNENWA
LTAAHCVDGSSTSSITLYAGSIYLSGGGTRHYVSQIIVHESYNEYDSWKNDIAVIKVSNP
FQIDGVNVKPISLPAQGQNPADGALATVIGWGRIEEDGPIPDTLQKVDIAIVNQDECNSV
YEIIGYPIYDGQICAAVPDEVKGSCNGDSGGPLFVDGTLVGLVSWANGCARIGYPTVYTR
VSAYRDWIRQNTGV
>640
KFILTAAHCIYSGIIDNYTIRAGTNNYKRGGSVHKVVHWVYHELYEENIKVMHGHRASKG
EYPFQVSLQIEGEHYCGATILNEXXXDIAVLEVDPPLTFRPRVQPTRLPSEGEEPDVGAK
SVAIGWGSKNFYGPCRPQLHEVSLNIYSHQECLDVYWNLPTTDMVCSGAPYEQGQVCSGD
SGGPLLVNGIQVGITSWGAFPCVSYPTVWTRVSHYRSWIREKSGM
>724
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GGDQSNILKEADVPVVGYHSCNTSYATYGGITDNMLCAGYNEGGVDA
>725
MAAIRFLVLAFLFACGASEPINEKEGRIIGGTTTTITSYPYIASLHKGTEHICGATIINSEWLVTAASCISIP
NAREYLVRVGSTYSSSGGNVYQVSKIYRHEFDLNTMDNDIALVRLSTGVIFGTNVQSITLQESDVSDGTSATV
LGWGTISEGGAQSNILKQVVVPVVGFHSCNTSYATYGGITDNMLCAGYNEGGVDACQGDTGGPLVASGHLIGI
VSWGAGCGHSTFPGVYTKVSAYRDWIKDKTGV
>1654
MLAAIVVILLLHAYTDAHVVNTTVAISNNMVLETTGTTAAPRTAPTVTIEATKGAETELS
TATISLKTAPTVDYKNLSIRNETNNSVLSSGRPEPKIVGGRDAQQGEFPYQVSLRRNGWT
LSHYCGGSVIDEIHVLTAAHCVVGMAPSDIKVVVGDIMMDRSLCTSVSRSVSAIFIHEKY
NKSTFENDIALLRVYEEFPKDSEFIMAIRLQESPVPEGTWCNASGWGVLSSGASEMPNNL
QYVELPVMSYADCYKANGIYDGMICAGSMEGGKDSCQGDSGGPLQCNGYLVGIVSWGVGC
AYPNYPGVYTEVSYFYDWVNATKYLKGSASMCRQNAFYFPSILALLVYSMSKYV
>1698
GLCLVALVAAASSAAVVHDAQSKAYTFPEGFLLGVATASYQIEGAWNEDGKGVNIWDTQV
HNRSYLIVDHSTGDVACDAYHKYKDDVQLLKEMGVDIYRFSFSWSRILPNGHINEINQPG
IDYYNNLINELIANGIQPLASIFHWDLPQPLQDLGGWPNPVIADYYEDYARVLFTNFGDR
IKYWLTFNEPATFTSGYEDAEGHAPSIGANGFGRYLASHTVIKAHARAYHLYDDEFRATQ
QGKVSITLDVGWCEPLENSTEYVEACERQQEFELGLYANPIYSAEGDYPAVVKERVAAIS
KAQGFTTSRLPTFTQEEIEYIRGTHDFFGMNHYTTSLGSPSDDSENPPSFYKDIGVIKTQ
DPSWPTSASSWLYVVPWGFRKQLVAIAQKYNNPPLIVTENGFSDHGELNDSGRVDYYTSY
LTEMLKAINEDGCNVFGYTAWSFMDNFEWNRGYTERFGMYYVDFDDPERPRTIKESGNVY
TEIIKTRQIPERFRK
>1699
VQRRCSTHERNGVDFYRFSFSWSRILPNGHVNVINQAGIDFYNNLINELLANGIQPLATI
YHWDLPQPLQDLGGWPNPIIADYYEDYARVLFTNFGDRIKYWITFGRYLASHTLIKSHAR
AYHLYDDEFRATQQGKVGITLNIGWCEPLENSTEYEEACERQQQFEMGLYANPIFTDEGD
YPAVVKERVAAISKAQGFTSSRLPTFTQEEIEYIRGTHDFGLNHYSTYLGSPFDDSGNPP
AFYKDMGTSTTQDPSWPGSASSWLAVVPWGFRKQIASIAQRYNNPPLIVTENGFSDHGEL
NDNGRIDYLTSYLTEMLKAINEDGCNVFGYTAWSFMDNFEWNSGYTERFGMYYVDFDDPE
RPRTIKDSANVYAEIIKTRQIPERFRK
>1700
ENGFSDHGELNDTDRINYVTSYLTEMLKAINEDGCNVFGYTLWTLMDNFEWNEGYTERFG
LYYVDFEDPERPRTIKESAKVYAEIISTAQIPERFRKNNEM
>1701
MESHMLLFLFSLATGLFGAVHGAPEDKVPDSLKDYAFPDGFLFGTATSSYQVEGAWLED
GKSLNIWDTLTHNKSNLISDRSNGDVACDSYHKYKEDVQLLKELGVNFYRFSVSWSRILP
TGHINVVNQAGIDYYNNLINELLANGIQPMVTMYHWDLPQTLQDLGGWPNQVMAQYFEDY
ARVLFTNYGDRVKYWITFNEPSVFTAGYESVAFHAPNVGATGFGQYLATHTVLKAHARAY
HLYDNEFRAAQQGKIGMAFNINWCEPRDNITEDIAACNRMQEFNLGMYAHPVFSPEGDFP
TVVKERVAMNSEAEGFTQSRLPSLTQEEIEYIKGTADFFGLNHYTTFYGSPLTYTGEPTF
TKDVGILMMPDFSWPGSASIWLHVVPWGFRKQLNRIAEIYNNPPVIITENGFSDHGELND
TGRINYLTSYLTEMLNAIHEDGCNVVGYTAWSLIDNFEWNNGYTQRFGLYHVDFEDPNRA
RTIKESAKVYAEIIATKQIPERFREE
>1702
GVATASYQIEGAWNEDGKGVNIWDTHTHTRSDLIADQSTGDIACDSYHKYKEDVQLMKEL
GVDFYRFSFSWSRILPNGHVNEVNQAGIDYYNNLIDELTANGIQPYATMYHWDLPQPLQD
IGGWPNPVIAEYFEDYARILFSNFGDRVKYWITFNEPSTFTGGYESEKGHAPSIGALGVG
KYLATHTVLKAHARVYHLYDENFRASQQGKIGMSINVPWCEPLDNAAIYIDACERQQQFE
MGLYAHPIYSEEGDYPDIVKERVAENSLNEGFTRSRLPTFTQEEVAYIKGTHDFFGLNHY
STYLGFPLPNSDGEPSVIKDMGTMILPDPSWQGSASVWLYVVPWGLRKQLNRVKEEYNNP
AVIITENGFSDHGELNDTD
>1710
PSENCKDGKLLVSLTGDTSLSDGHTYCGSGNFTLESESNQLTMQLITSYFNRGAFLCSIT
ATQQQTPPPPTCDCGWKKESRIVNGEETGVNEYPMMAGLVDFVNEDLFCGGTIIAKRYVL
TAAHCLLNRAVNITGVLVGDHNITTGDDTSSARVLLAESFQAHPDYNSATQMNDIAVIRV
NKAIIFSYEVGPACLPFRFPNINVGAVVTVLGWGTTEQAGPKSDVLLQTKLYIIPLKNCT
DTFGSKVTSNQICTFNAGTDACQADSGGPGLWLGPGDRLQLAIVISYGKGCAFKYPGVN
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>1753
LQIALCLLILMTVTDVLPRSIPHVSVDITPGFLGHRSITIKRDEIPVLTGDLGVTSSTHL
SIARDGSCTHMSQTAETASDVLEHCFDLGDAHWFGGGEQFYQYWPLEEATLVDYSYVTKQ
QDNQGIAEPYWLNSDGVYFHVDDGVPLFIDLNNGNKSLCFKAKNAAPYPPTTIPFLNYSI
CTYADAREAHEHAIQTVLGKPTGYPDERMIRHPIWSTWARYKANVNESVVLTFAKEIVEN
GFNNSQLEIDDDWEVCYGALTFRESKFPNMKNLTDTLKAMGFRVTLWVHPFINLDCEPWH
SEALEKGYFVKNLDGNVNSTWWNGAASAIDFTNPEAVEWYVNRLKQMQEENGIDSLKFDA
GETSWLPQLPVLNSTDIQNPSIYTTRYVDTVSQFGPMVEVRVGQRSQDLPIFVRMLDKDT
KWNWDNGLKTLVTTLLEMNMVGYPLVLPDMIGGNGYGDIVTKELFIRWLQANVFMPSLQY
SYVPWDFDEETIDICKKFTDLHAQYADKIIELAAKATVDGSPVNPPIWWVDPTDETALAT
NSGFLLGEDILVAPILDQGATSRDIYLPKGQWRDELRQETVTGPITLSNYSVALDELAYF
TRVSA
>1762
MASICSFSLICFIAIFSTSFQGSEAASDKSVFCYFGSWATYRWGIALFEVSNIDTTLCT
HMVYMYTGLKNGEIASLDEYNDYEENFGKGNIKKFVTLAKNGGVKALVGIGGWNEGSVKY
SLMAASAAGRETFADSAVAFIQKFGFDGLELDWEYPASNGGGASDKANYVLLLQTLSEKF
AENNLILSVAVSASAEVAEAAYEFVDVAKFADHIILFSYDYHSFYDGVTAVSSPLTGDDK
LNVNYSVHQWLDAGVPSNKIVIGVPLYGRTYHLADPSKHGLGAAVTGPGTAGQFTQEAGL
LTYLEYCTSATWTVVQSDDPLYTYAYHDSEWISYDDPQTIEGKAQYVISNELGGMMVFSL
ESDDFGGNCGPAYPLLNAVNTGLGRL
>1940
MKTFVALALLVTFGLMAEARLYPGLLKGIQAPKAPKAHIKDISSRITHGETASRGQFPYQ
VALSVDNSWFCGGSLISNDWVLTAGHCIGNSYQVLLGANSVNNPESGAVVVTSSTSIQHE
DYANDHDIGLVKVSVSYSTYISPIALPSRSDQGNTFVGQ
>1941
VSNMKTFVALALLVTFGLMAEARLYPGLLKGIKPVGKVHVRDASSRITNGQTASRGQFPW
QAALHVDNSWFCGGSLISNEWVLTAAHCIGSTYRITLGANNVNSPESGSVSVSSSSSIRH
SGYNSDTLANDIGLVKIPSVSYSNYISPISLVPRSDQGNSFAGESVRVSGWGKNSDSASG
ITAQLQYVDLTVITNQECNSVYGIITSGMLCVSTPGGRSTCSGDSGGPLIHSQNGGYVQI
GVVSFVASSGCESGLPAGFTRVTSYLDWIQSNTGIATK
>1942
RDASSRITHGQTASRGQFPYQAGLIVDNSWFCGGSLISNNWILTAAHCIGSTYQVILGAN
NVNNPESGTVVISSSSSIIHSGYSSNTLANDIGLVRIPSVSYSTYISPISLPSRSDQGNS
YVGETVIVTGWGLNSGSGTGITGQLQYWNLTVITILKLTSDTCS
>1943
ACSMKTFVALALLATFGLMAEALQSRNIVMPINPRYTAEEWRTIMAAQLESPEQYPGFKK
GSEPQPAFAGKVHVHDVSSRITNGQIASRGQFPWQVALLVDNSWFCGGSVISNQWVLTAA
HCAGSSYQVILGANNYYSPESGSVTVTTRSSIRHENYNSDTINNDIAVVKLQSPVSFSTY
ISPVRLPTRSQQGDTLAGETVRVSGWGKISDSASSVTDQLRFVDLTVITNSVCAGTYGSV
ITSSKLCVSTPGGRSTCSGDSGGPLVHLESSGVYTEVGIVSFGAAAGCELGYPAAFTRVT
SYLDWIETNTGISIG
>1944
FQLQYWNLTVITNQECNLVYGIISSSILCALTPDGESTCIGDSGGPLLHSENGGYVQIGI
VSFTAAAGCEAGLPALFTRVTSYL
>1945
ARASGWGLTSDGSSSIAELLQYADLTVITNDECNAVYGGIHSGILCVSTPGGKGTCSGDS
GGPLVLGGIQIGIVSFGAAAGCEAGLPDGFARVTNYLDWIQSHTGIIIN
>2277
VNQAALRAAIDGADSVTMKYLENARDKVLMGPERKSRIPDEEANVITAYHEGGHAIVAYY
TKDSHPLHKVTIIPRGHSLGHTAYIPEKERYHVTKSQLLA
>2322
MLRILAVAPILFACCLGLPDQPSNRILDGVDTDAESYTYMASVEYNKNHRCAGSIISYNW
ILTVAHCVHGLDTELLRVRSAFVIPIRGLMGKVSAVNSTILHPYFDFKTLDYDIALINTA
DDLYDVNGTDTNIHIGLRLPLDGNSATVFGWGARIIGTWFTKFLTNQTLTIVYFNECKYS
YESVGNPVTERMFCAGLVGGGPCQGDSGDPLIYGNRLIGMMSWSYGCGERRFPAVFTDVT
QFRFWIESTAGILL
>2324
YLQVPKIEEWLAMQLPSGDVISADPKIIPYTDWILWDEYFTKRNLRLEPLYDNLVDMIWG
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AAEGRPPYPSDPIFVLDTKYTG
>2325
LSWQDKISAVRQTMAEKGFNVLVLTALDEIAWLFNLRGSDVPFTPVFQSYAVVEMSGATL
YLSPGKSTPQVEEHLNAHSSNMDDSVRIKNYTDIWNDLAELKDDAVRVWLPYPFSYARG
>2593
MKVLVLLAALVACVAGVPYILQKPLPDGRIVGGTTTTITNFPYQLSLRYSGSHICGASII
SANWAVTAGHCIIGSASSLTLRAGSTYSNTGGTVHQVSQAIRHGSYNANTLDYDIAVLKV
SSAFSFGSSVQAIPLETGSVSAGTSAVVSGWGTTSEGGSASTTLRQVAVPIVSDSSCNSA
YSSYGGITARMICAGYTSGGKDACQGDSGGPLVANGKLIGIVSWGAGCARPNYPGVYTKV
SALRSWISSNTGV
>2736
MFNMTLTSRIVVAVFTIVLLTAVSGSLVKGKYAQLPTLYEYYTEGGILAGLETLPDTFL
LNNKNITLFSGTIHYFRVHPQYWRDRLRKLRAAGFNAVETYVPWNLHEPQQGVFDFGNGG
NDMSEFLDIVTYLKTAQEEDLFVILRPSPYICAEWEFGGMPSWLLRYPDLVVRSSQSQFV
DLVKEYNANLIPLLVDLQFTKGGPIIAVQLENEYGSLAGDGSEEDVAYLSFLKEDYEKYG
IVELLFTSDSSNADKGGLPGVLQTANFQSNPEGMLSQLKNLHPDKPAMAMEYWTGWFDHW
FESHHTTSVAGFRDVLERILVFPASVNLYMFHGGTSFGFLNGANGEGNSYGADVTSYDYD
APLSEAGDYTDKYDACVETVAKYNKVLTKVPSPPEISKKMAYNAAPITGQLDFNQIIDKI
PAKDRANSDNVVHMEALPVNNGNGQSYGYVLYRHADTSVTTSSVLQVKNDAIYDMGIVML
DGERKTEKLTSVSQVGDFGFWILKDATLVMNSTTSGTKTLDILVENWGRVNFGYRSTFDQ
RKGLRENTEILIDNNEITGWEVISLQFKSNWVNSLDGWQPVSSEMIAPKLLHATLEVDTP
YDTFLDMRGWGRGAVFINGFNIGRYFSAGPSHTLYVPAPLLKTGTNDIAVFELFTAGNEI
VFADQPYL
>2758
GHPHPAPSITSGERIVNGTNASPGQYPFMASLRYWKNHVCGASIINECYVLTASHCVIWK
LPEELSVRVGSVDLSSGGSLHDVSEIIMHSEYDPDNMHVHDIALLKLSSPITLNKYAQPV
VLPHQLQDTKGGSAATLVGWGSSETDGEVMEHLQQVRLRVYTDEACRSLHYYRIHMSNIC
AGIPEGGKGQCGGDSGGPLVAHGHQVGIVSWSVKPCTVAPYPGVYTEVSYYADWIKHHTS
GSC
>2792
MAFLSTAAAAPAAEALDWWQTTVFYQVYPRSFMDADGDGVGDLAGIAQKLDHLQDAGVGA
VWLSPIYKSPMADFGYDIANFTDVDPIFGTMKDFEDLKARAQELGIKLVLDFVPNHASNE
SEWFAKSLQKVDPYTDYFVWVDPKTDEDGNRIPPNNWLSAFGGSAWEWREERQQYYLHQF
AIQQADLNYNNPNLVEEMKDVLRFWMNKGVDGFRVDAVPYLFEDPELKDEPLSGDPNAQP
GEAAYLSHIYTQNLPGTYDMVEQWREVADAKKAEDGQTRLLMLETYASLEQVMAYYGTDE
RPGGHFPFNFLLITDLNNGSTALDFDETVHKWMDNMPAGRWANWVIGNHDNHRVATRYGR
ELADGLNMIAQLLPGSGVTYNGEEIGMEDTFISWEDTVDPAGVNAGPDRYQLFSRDPERT
PFQWDDSVSAGFSTNATTWLPVNENYKQLNLEAQKAADVSHYKVYQRLLEARTLPVIQTG
GLQTYAASEEVFAFSRTLEGSSPFVVVVNLGSNQEEVNLATLADVPEDLVVYVASIGSNR
QAGAAVSKSNFVLDPKEGLVLTA
>2829
MFRVAVAVALMGAVLAEQDPLDWWKTTVVYQVYPRSFKDSNGDGNGDLNGITEKLDHLKD
LGVGAVWLSPIYKSPMVDNGYDISDFYDVDPSFGTLDDFAKLKARAKELDIMVVLDFVPN
HSSDEHEWFEKSVQRIEPYTDYYVWHDGKIDPDTGIRVEPSNWISIFSGSMWTWNDQRQQ
YYLHQFGVKQPDLNFRNPAVMEEMKNVLRFWVDRGVDGFRVDAVPHIDEDAAFTDEERTN
YPGVPPTDYNYLYHVHTANRPETYDVIKEWRSFLDGEFKDKDNHTRVIMTEVYASIEETM
AYYGNDTNPGAYFTFNFNLVNSAGSWSTANDFNNVIHSWVDNIPEGKQSNWVVGNHDNSR
VANRYGTNMVDAVNMLVTLLPGTAVTYYGEELGMEDLAMDSPSDNRDPERTPFQWDNTTS
AGFSTSNVTWLPVNPNYKDLNLVSEKAAEKSHYHVYKQLLQARQEPAIQQGSLHTNVIGD
VFSFSRELEGAAIFVVVMNLSDSEQTVDLEAPYPSLPQSPLVHTASINSNLTQGQRVSRN
LTLGPREAVVLTS
>2849
LLFLVAVLAFAQGQKDPNVWPDRSVIVHLFEWRFDDIADECENFLAPHGYAGVQTSPVHE
YLIVTSVDRPWWERYQPMSYRIISRSGDETAFRDMVRRCNAVGVRIYVDVLLNHMTGNWD
NAVGTGGSTADTYNYSYPGVPFDHSHFHPYCILNDYNSPEIVRNCELSGLHDLDQSQDYV
REKLIDFLNRLVDAGVAGFRVDAAKHVWPADLEYIYGKVNNLNTEHGFAEGSRPFFYQEV
IDFGNDAVSKFEYNSFGRVTEFKHGEQMCYAFGGQYPLAALHTFDPNWNLLDSGDALVFI
DNHDNQRGGNNAILTYKTPKNYRMGISFILAHTYGYPRVMSSFDFEAHDQGPPQDSDKNI
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LHVTTNEDGSCGNGWVCEHRWHSHAAMVRFRNVVRGTEITNWWDNGNHQIGFARGDRGFV
AFVVNDNDLKQTIQTGLPAGTYCDVISGGKNGSSCTGKTITVNEDGTAYIEILISDDDGV
IAIHLEEKL
>2898
MFSSEQLKEKAGLVLGVYTADTTGQMKLTSTAQTFNEKANGQLIQHIKLAGP
SIKKGKGQVFYNQDSEFPVTAVVGLGTEDAGYNEQEEIDEKLENIRIAASEGCKKLQEVG
VTKVVLDGMGNPEAAAEGATLGLWLYQGFKDKQKQKVAPQIQLCSENEAERTAWERGVIK
AQAQNVARNLMDTPANYMTPRIFAQNATELLTAHDVKVTVRDKSWAESKKMGSFLSVARG
SIEPPVFLEISYTGASSQYKPIALVGKGVTFDSGGISLKPPAKMDEMRADMGGGACVVAA
IYAAARLKLKVNLIGLIPLTENLPSGSATKPGDVVHAMNGKSIIVDNTDAEGRLILADAL
CYAQEFNPQLTVDIATLTGAIRIALGSAAAGVYSNSTPLFQKLQQAGALTGDRVWRMPLW
QHYTKAMTDTQSADLLNVSKVAGAGSCTAAAFLKEFIPSGNWIHMDIAGVMSTSNKLPYL
SKGMTGRPARTLIEFISNLEEGSKSC
>2908
EGVVEPYWLTSSGIAVFVPPDVPLFVSQNKTHLCLAAKIESPYLPDDTGEVSLQYHLCSG
SDPVTTHMHATQSFLPLPRDIPAERVFRHPIWSTWARYKKNINTSIVSDFADQILHYGFN
NSQLEIDDNWETCYGSAEFDVSKFEDPKGLVQSLKNRGFHVTLWTHPFFNLDCPAREVAL
QKHYLCTGANNSETLTKWWNGVASMINITNPEAATWWADRLVNIIDRYNFDDFKYDAGEA
GYLPEVGRLNAPIRLQPNVFTTQYVQTVASISDQKAAEVRVVYRNQGEPIFARMSDKKST
WDTGSGLKSLVTTLLAMNMVGYSFVMPDMVGGNGYGNFPDKELFIRWLQANTFMPTIQFS
FAPWDYDDETVEIAKKFTSLHYQYSDKILELARKKVADGTPINLPLWWLDPTDEETLTID
SEYLLGEDILVAPILDQGALERDIYLPAGSWRDELHLNVTYPGRQWLRNYRVELHQLAYF
TRVP
>2910
LGNPSVCASEELDLCLKWVRRQNWTPSSCTTREGALAHPSLATKNVITVPADKRIVACFG
LQGIQLYGGAVTSTQYWPSQRNNKSESAYVTGIDGNEGVVEPYWLTSSGSAIFVPPDVPL
FVSQNDSHLCLTSMIQPPYLPDDTEKVSLKFYLCSGSDPVATHMHATQSFLPRPRDIPDE
RMFCHPIWSTWARYKRLINTFIVTNFAQQIVNYGFNNSQLEIDDNWETCYGSAEFFNATF
SDPKSLVQSLKQKGFRVTLWTHPFINIFCPAHAVAIQNRYLAMTPDMKRTLTMWWDGLGG
VLNFTNADAVTWWTGRLKNLSMRYGIDAFKYDAGEAAYLPGAPLVGRLQPNVFTTRYVQT
VANVSTTRLAEVRVVYRNQGEPIFVRMSDKSSTWSIENGLKALVTTLLAMNMVGYSFVMP
DMVGGNGYSNQPTKELFIRWLQANTFMPTIQFSYVPWDYDTETVEIAKKFTSLHYQYSDT
ILELAKKKVADSTPINLPLWWLDPTDEVALKIDSEFLLGEDILVAPVLDEGARHRDIYLP
AGRWRDELHPDILHSGKRWLLNYTVQLDELAYFTRVS
>2966
VSFEFFGSHHCGAAIISELWVVTAGHCVDGIPVSTVTFRVGSNTIERGGTVHEATDIINH
PNYDYHTEDCDISVAKVSTAFVYQSAVQPISLASVEPPAGAMAVVSGWGTTYSGGPMSPL
LLQVSVPIVDFEACNASYSDHGGITRNMLCAGEDEGGKDSCKGDSGGPLVVEKELVGIVS
FGAGCGVRGYPGIYASIPVLRDFVFSNTDVQQVLK
>2967
MFRIAIFVSVLFASCWGASLIPRRPRHDGRIVGGEPTDITNYPYQVSFEFFGSHHCGAAI
ISELWVVTAGHCVDGIPVSTVTFRAGTNVMEEGGTVHEAAEIIAHPNFDYLSLDCDIAVS
KVTTAFTYQPSVQPVSLASADPSAGAMAVVTGWGSTSSGGALSPLLLKVSVPVVSFDACN
ASYSKYGGITSNMMCAGADEGGKDSCQGDSGGPLVVEKELVGIVSWGAGCGVRGYPGVYA
SVAVLREFVTSNTDVQ
>3010
HRGARLSVTMLLFSVLACAALIVGTVDSATTSTAKPETTTRKVLPKEPRVVGGKPANRGQ
FPYQVIVYVEVEGGKSLCGGTIIAEQYILTAAHCVFDSTPRAVEVWAGDIDRGKKQISGI
VSEIHYHENYINGRYYNDVAVLKLQTPYVLNGYSITKLQLRDNFVSPNXXXXXTLCTVSG
WGARKERGGSSKILQFVPVPIVDLKNCSANHGKELYEGEICAGYSTGGKDSCQGDSGGPL
VCDGYLTGVVSWGDGCARVNKPGVYANVSYYKSWIDNIISNQNVLIPVPTKDTRDQTNHI
AGATESTLRRTTPFNRSDKSPNSASAPNYHLITIFFVIGLMLYTGVYLDYLHE
>3012
MKLTSNIYVGVLVTIALILQTCKGFIRDFKDHRRLQEKGDDRAVFCYYGSWASYRW
GVGTFNVDNIDTRLCSHIVYAFTGLRDGVIVSLDQYNDLEENWGKGLMKKFTTLARNNGI
KSLLAIGGWNEGSTKYSEMAATQEGREKFADSVVSFVEKQGFNGLDLDWEYPARRGGVPE
DKDHFTLLLKVLSEKLHARGHLITIAVSADPKTIANGYDIPNVGKYADYITVMTFDYHTP
SSDTVTGLNSPLDSLPQDTGYNKELNVKNSINTWLKGGAPPNKLLLGTPLYGRTYRLWYE
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DQHDLGSPILGPGDAGLYTQEAGFLAYYEICSNPDWNIVWNATSSVLYAYKTYQWLSYDD
PNTITIKTKWALEKNLGGVMVWSLESDDFHGNCGKGTYPLLTTVNKALQRV
>3127
FFDGLQSANMTLLEKELCEDANKKLSDGQFCVGYSEDQRRSCLGDAGGPLVCDTNLTGIT
WGPVGCDDAGLTDPAFFTDVSLFAGSMNVSSPAVFTDVSFYKEWITKQISSSATIVPCLT
TLLIMLFVALK
>3232
MRGSQSNRTVVFGCRKMYLHLFTFILIELHLSRSSEILRPRGVSISKASLYVPDKDFTCF
DGSRSIPFAHVNDDYCDCQDGSDEPGTPACPNGTFHCTNAGHRPLNIPSSRVNDGICDCC
DTSDEYVSQATCVNNCNELGKAARVEAQKLAKLTKLGSEMRIQLSKKGKQLKQEKKERLE
QLEKDKEEAEGVKKEKELLKTAAEELENKALEKYRKIEEEVKQRQVEEERKASEQEAFEH
FHRLDSNQDGKIDISELQTQQTFDQNKDGVVSEDEAKFFFDSHDELTWEDFLATGWPRMK
PFLMLDKGLFKPPVRETSEEPTGPQGGHDAISQDDAAEFSSEGDEAEDKHYEEGQDGDLQ
EEEEEEEEEEEEETG
>3256
MSSTKLQFMGSLTKTDPQSHPVVIIGQVKNLAKVKFSDIKVKLEPRVTEEVYLTALASLH
PSPTDTCSLYLNLATLAALPVKCSRHNAPSRAHAITKIVRSTTVGADESIVIVCERSDVF
ASACAVARAYPLFSRKTSSNPAGQTPNTTVSVEFLLVPSAECQVTVESNGSLDDKLALSA
DDLKCLESACTGVRLAARIVDAPCNDMNVDHFLQEVRAVADSLGVTSTIIRGEELRVRGF
GGIYGVGKAASVPPALAVLSHNPEGATQTIAWVGKGIVYDTGGLSIKAKTAMPGMKRDCG
GAAGVLGAFYAAVRQGFTQNLHAVFCLAENAVGPDATRPDDIHLLYSGRTVEINNTDAEG
RLVLSDGVSYAQKDLKANIILDMATLTGAQGISTGKYHG
>3433
LLLGCLAAKPKIEGVLIDLARNVRIVNGQPAEDGEYPFQVSLQNSGRHYCGATVLNNEYI
LTAAHCIYGGNIDSYTVRAGTNNYNSGGSVHQVVEWVYHQEYQNQAYWYNDVAVVRVDPP
LTYSSKVQPTKLPAAGEEPAGGAASVAIGWGSGCYGCSGIADLQEVNLRIYSYSECLDIY
GDGPTADMVCSGIPEEGKGVCSGDSGGALLVDGVQVGITSWTRMPCASYPAVWTKVSHYR
DWIKEQSGV
>3434
MKLHLSVFSTLLLSCLGSKADFQRPHADVARNGWVKHARRASEGKYPFQVSLQVFSEHEC
GATILDQEFLLTAAHCIYNGSMDDYTIRAGSNNYKRGGSVHNVIDWIYHENYLNHKYWKN
DIAILKIDPPLTYSTKVQPTKLPVAGEEPTVGAASVAIGWGSKCYGCESIRHLHEVSLEI
YSYEQCLDSMQQQPTTDMICSGIPGEGAEVCSGDSGGALLVNGTQVGITSWLVVPCAFNP
AVWTRVSHYRDWIRNKSGV
>3482
MKKFVAFVGTLVLLYLGTLTDGVTGDIFPETRIAEGEDSAFDEFPYVVSIQYQTEEKGYI
HRCAGAMINSSYVVTVAHCFQSVDTSKYRVVNDNDTHTENETKISNVSTIVIHPDYDSAN
FWNNDIAILQLLNGFEDYNQVLLPENYSDPDPELKGTTLGWGSGEMNGQPVQMLQRLDDL
NIFDSTACEDLYIFGPNENSICAGNEDGSTNIGVCSGDSGNPLIINGTLYGLLSWLRIPC
FQLPGVYTKVSNYVEWIHGN
>3554
VSTILLACFLGVAVNANSDSKSHRTVNGSPVNGGEYPSQLSLQFFNIHICGASILNEIWA
LTTATCVHEYPTSQLSLLAGTINLQNIGSATRHRVQETVKYENYNAEKFWVNDIALVKVS
EPFILIGGNLKAIPLPAQDQGVPEGSKATIIGWGAANGEILSTLQKIEIEIAAMDRCNMT
YSLITRPLDNTNICAGSVMDSKSICMGDYGGPLIVNGGVVGIASYVYNCGKPIYLSICTS
VPTFRNWITLKTNL
>3624
MQLYLALLSTLVVGSYGAPTNKTIHVDFARNVRIVNGYYASPGEFPFIVSLQYNGGHYCG
ATILNSEWILTAAHCIYGNNIGAYTVRAGSTNYQTGGTLHSVVGGGYHQYYVNSYPYNND
IALLQVSPPFSFDAYVSTTTLPQQGQDVPGGYPSVAVGWGSSCDDCGSNVNLMEVDLYTY
SYAECVAIYGSGPTTDMVCSGNPSEGKGICFGDSGGPLLVSGVQVGVTSWTGTPCASVPA
VWTKVSSYRNWISANTGV
>3726
YAKGQKLEIVQQGLWYVREVGHEEDSGGESYRSCELISGSMFWQLTYPCGENVDYFGRGS
KQLSWNYNYGPFSQQVFGNPAVLLDEPAAVADSWLNFASGFWFSVTPQSPKPPMLWVIDG
TWVPNEADKAAGRTPGFGATTNIINGGLECDGKGSSHPGPKNRAEAYKHFMREFGATVDP
DEDLDCQKMKPFDQTSSAATEAYYTMNWSGDAKCDLTSSQTAWQISRDGDYARCVKYFFR
SHWFKDGTLVSDYGLTPGSSYS
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>3779
MFYIILVTVLGSVFAGPLLRDVSDDWRIINGTNAEPGQYPYHVSLQSNGEHFCGATILTP
TWCLTAAHCVVGKDVEKLSVLAGTVLLSKGGVRQAVQKYKVHEGYNSSNNWENDIALIQL
QTPLEFNDLVQPLPQLQQGEETSPRTSVTVVGWGRTSTGGERPDNLQTVDILTFSDEECR
SILNDIIHTSQICAGLPEGHKGECNGDSGGALVADGFQVGIVSWSYKPCTKPPRPSGVYT
QVSYYIDWIKDNIE
>3823
MLRYLVLASLIACSLSAVPKAKRPRLDGRIVGGRPADIADYPYQLSFEYYGSHMCGASII
SPNWVVTAAHCVDGVSASSATFRAGSSIRESGGSVHQATQLIANPNYDYYTIDFDVAVAR
VSPAFSYGTGVQPIPLASSEPSAGQIATVSGWGTTSEGGSTLPSQLQVVSVPIVSRSECN
QAYSDYGGITDNMICAAEQQGGKDACQGDSGGPLVVNGQLAGIVSWGVGCAEQGYPGVYS
NVASLKGFITEQTGVN
>3824
MLRFLIIASLVACSLGAAPRIRRPRLDGRIVGGSDADIANYPYQLSFEYNGSHRCGASII
SENWVLTAAHCVDGISANNVQFRAGSSIRGSGGSLHRASQLIENPAFDYYTLDSDVAVAR
VSTPFSYGNGVQPISLATSEPSAGEIATVTGWGTTSSGGSLPSQLQVVSLPIVSRAECNQ
DYSSYGGITDTMICAAEQQGGKDSCQGDSGGPLVVNGKQAGIVSW
>3851
DWSNLLSLEPQLPNIPLPKVLPNAGSRITGGEEAALHQFPYQAAVLVHTPDGTGFCGGSL
LSPEWVLTAAHCADPADSFTVILGAHRVMETEDTQVRFDVTEKHVHPAWDPLRISNDVAL
LRLPSSVQLSQHIQTLRLPTLSQKDETFADVMAVASGWGRDSDNSESISPVLRWVRTPIT
TNYMCGVLYFGAINDGHICVSGTGGKSTCNGDSGGPLVVEDAEGRPTQVGVVSFGISFGC
EIGWPAAFARVTYYLDWILSTTGIAPRA
>4015
SVHNLTFPRKNTRLMGLYASNQLLVTQCEPEGFRRITYYIDQPSNMAKFTVKLVGSKVDF
PYLLSNGNEISKEDLGDKHAATFVDPFPKPGHLFAICAGELTFEKANFTTMGGRKVDIYV
MAEPPYAGQLKWALDMAVAAFKWDEVTFGREYDLDTFRAIGVSDFNMGAMENKSLNLFNI
SAIVAKEDRTRDWFYKRVAHVVAHEYFHNWSGNRVSVQDWFQVQLKEGFTSFRESRFIED
TFGKGLTRISQVNDLRSRQFTEDAGPTSHSI
>4033
QISLQQVIFIFRQHICGGSIISPTWVVTAGHCVVIGDLEVVAGEHSLNNNDGTEQTVAVA
QAIVHPNYAGEVGPYDIAVLKLSSALVFNDYVQSIALPPAGSIPSGSAILTGWGSTSQTN
NPSMPDILQTATLPIVEYDECVRTYGEDSPLDPTNVCTGPLSGGMSACSGDSGGPLAVRR
SDGTFELIGIVSWGEIPCGQSNAPSVYTRVSAYIDWINNNAK
>4043
VLNDQWALTAAHCVEGLVPEDLILLAGTVDLKTGGTTHQVVEIIMHEGYTPEDSWMNDIA
VVRVSNSFPIDGVNVEPISLPAQGQNPADGSTATFIGWGYNENSVLPTILSKADIAIVNQ
GTCSNAYASQGQNIYDGNICAEAPQGNKGACTGDDGGPLFVEGTSVGLMSWMNACNDPGY
PTVFTRVSYYRDWIKKHTGV
>4045
ILVTLLSLSGALGAPAADTDLGERIVGGEDAPLGQYPFQISLQYNNQHMCGGSILTENYC
LTAAHCVDGVYVGLSVLAGTVSLSSGGQRRVVASHTMHEGYDPYDQWINDIAVVKLSSPL
ELGSYVQPVPLLGQGVETPGGTPATVIGWGRLATGGSAPDKLQMVDILVYSDEECNALHN
GATHPTNICAGVPEGGKGQCSGDSGGPLIADGYQVGIVSWSVKPCTVAPYPGVYTQVTSY
IDWIKQNTDRT
>4127
IPSDDAHQSEYLASCDRRRAYISGFTGSAGTAIVTENEACMWTDGRYFLQASEEMDKNWT
LMKEGLPSTPTQAVWLTKNLPPGSRVGTDPNLVSYSIWKPLVTQLEAAGLSLVPITTNLI
DVIWEDRPTPPCNTIQPLSVKYTGKTCKAKVEDVRTQMAEKGARLLVVSALDEAAWLLNL
RGSDIQYNPVFFSYVIVTKTEVHLFVDEAKVSLAVYNHFNEEDLQVTVHPYEKFQTFLMD
QISEKDGKIWISPESSYAVS
>4190
MYLLALASLLACTGAVSLAGRPNTDGRIVGGTPAEITNYPYQVSMEYFFSHTCGASIISP
EWVVTAAHCVDKKEGQLSVVRFRAGSTYRQQGGTLHNAAEIIMHPQYSDYDYDIAVVRVK
EPFEYSDSVQPISLTSTAPATGTSVVVTGWGRLAEDGEVPYQLQQVQVNIVDFEECNSDY
WLYGGITTRMICAGVPDGGKDACEGDSGGPLVAEGELVGVVSWGSGCAQPGYPGVYADVA
VFKSWVTSVT
>4260
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SNGRIVGGTDADIANYPYQVSMQVNNGHFCGGSIISTEWVVTAAHCVKDIPINVVSFRAG
SSNQGTGGTVHPAEQITYNPNFSEQTADYDIAVAKVSVLFVFSNTVQPIKFTSVAPPTGT
PVVVTGWGALYEDGPAPEVLQQVQINIVDFEECDSVYGGITQRMICAGVPQGGKGVCGGD
SGGPLVANGSLVGVVSWGAFCAAKGYPQVFSDVAVLSSWVTFITGVS
>4268
GIGDLKGITENFDHLKDIGVDGVWLSPIFPSPMADFGYDISDFRNIDPMFGTLEDFDALL
AKANELGIKLILDFVPNHSSDEHEWFVKSLQKIDPYTDYYTWNDGKLDESGNRVPPNNWQ
AEFGGPAWAWRDERQQYYLHRFDPKQPDLNYSNPAVVEEMKDVLRFWMDRGVDGFRVDAV
PWLFEGPIDVPDSETVAPQNLPETYDMVVKWRKVLDEKSAELGKTEMFMLEVYGNTEQVM
GYYG
>4335
DYLYQLSLQSTWQHKCGAVMISNEWAITAARCTYGRNVVYMSVRTRQSSLSSRMGRRVGL
ERILYYNYNNETYENDIAAIQLYLPSRASFEWIPMRTSPVEEGTTGFVLGWGKLKEDGTY
SDVLQKVSVTIQNTDKCNKILQDNGLGDNMHDGQMCSMDDGKNVCQGNYGTPFIVDGKLA
GMVSWGKGCGTEGNPIVYTEISYYYNWLKNVIAEG
>4370
KYIGDEDFRKGMNLYLTRHQYRNTFTEDLWSALEEASNKPVGAVMSTWTKQMGFPVVKVT
NEQMGNDRKLVITQEKLLCADGSSNSNGCLWMIPVMISTSEKPGEVVHHTVLQTHSVEVI
LKNVASHEWVKVNPGTVGYYRTQYPPDMLAQFVDAIRDKTLPPLDRLGLLDDLFAMVQAG
HTPTVEVLKLMKAFSNEDNYTVWSSISNCLSKLSILLSHTEYEDLFKAYGRQLMQ
>4544
ASVLASALAVADLDLPDTEVHFIGMCCANLVDQHAYLVSDVVTASNGKTIEVTNTDAEGR
LALCDGLVFAENVMGGPGKGTIVDVATLTGGALVALGPDMAAVMSNKQELADAIQQVSDA
TGELTWQIPMREAYMEHLKSKTADIVNVNMGWPNASTMVGGLFLKQFVSKETAWAHVDAA
GPMWNGSENAGTGWGVYLITQLLLSQTKN
>4659
VNNGTGRQEITVFSLDKQLVVLVRGGFIIPVQEPKVIVRETLSSPYTLLVALKCTVSNRC
DASGSLYVDSDLDFSFTATEQGVEIQSSCNDSTSSPILDAVTVYGLDGIGCDSVNIVNGS
AMPCFLKDQVLKITDMNLQLCNREGIIMEWNLTNIPESTTLKTTAPTTIPSTSDDTIDSE
NTDDSTTDTAPSTTSPETTDDSATDTGPSTISP
>4869
RYGPELVDGMNFLGQLLPGIGVTYDGEEIGMENTYITWDQCRDPQGINAGPEHYLERTRD
LERTPFQWDDTTSAGFSTNASTWLPVNPNYKELNLAAEKSAEKSHYKVYKQLIELRKTPT
IQQGGTQVDALSEKVLTFARFLEGEDSYIVLVNLGDETETVNLKNTFDWLGDTVTIYAVN
IQSQHMVGHVHSTTDFEIA
>4940
WDATTSAGFSTNATTWLPVNSNYKELNLDAQKATEKSHYWVYKKLVQLRQSQSIQYGDLQ
IVAFSEQIFAFSRSYPDSESYVVIVNLGSSVESVTIDSSIQTLYVRVASVQSMRNEGDEV
EAIYFSMSPKEALVLSTSP
>4947
KNHSQEIRPIVGGKKANISDFPYQVSLAYYLAEDSEKNQETSHYCGGSIISVEWVLTAAH
CVHDINPEDIVVRAGSCVRNRGGQLHKVALIIIHDQYDYDTNDFDIALLKVSKPFKFGRK
VQPIALNRNPSLKAGGLAVVSGWGDTTEGGELAEELQQVKIPLLPHWECKWLYKPKKITT
NMFCAGRSEKDAC
>5034
QLRKEEAPLGLNCTTSGWGLLDSEEYPDILQIVSVPYIPEDECRQIYELNNYTENEIYPG
MTCAGYEQGGKDACAGDSGGPLQCGGLLTGIVSWGAGCAEPNYPGVYADVVYYKEWIATQ
LAKSRIKPLSIPVQHITS
>5056
LGFDFPGTWLHVDMAYPAYIGERATGYGVALLVALFGVYSQDRMLRSLSPVSRCNGPEMG
NACKKLKRN
>5255
IKGNCLDTLARKFLWDVGLDYMHGTGHGIGMYLNVHEGPMGVSWRVYPNDPGLQEGMFIS
NEPGYYEDGKFGFRIEDIIRIVPAKTPHNFKDRGYLTFETVSLVPIQTKMLVPEMLTEKE
IRHLNEYHNRCREIVGPHLKKMGHNEAREWLYRETEPIG
>5285
NYQGSTSDLYIWNDMNEPSVFNGPEVTMHKDCVHHGGWEHRDIHNIYGLLHTMATYEGLL
QRSGGKLRPFILTRSHYAGSQRFTSVWTGDNTAEWGHLRITIPMCLSLAVAGISFCGADV
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GGFFRNPDSELFTRWYQAGAFQPFMRTHSHIDTKRREPWLFDEQTLTLIR
>5314
SSHEVSSITVHSGYSAANSWRNDIALLKLLVPIAFTSLQSAVTLPAQGENAGAGTACIAS
GWGYTSYPGAGLPNNLQKVSLSVISNADCQASHTGTIYSTSICASAGAGKGVCNGDSGGP
LTSNGKQIGIVSWGRPCATGVPDVYTRVSEYITWINQNAV
>5636
GGFLLARLVKYTTENFASEEHATEVEAFFRDHYSPGTERTVQQSCETIRLNAAWLQRDRE
NIHKYLSSGK
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