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Summary
Disulfide (S–S) bonds play important roles in the regulation of protein function and cellular stress responses. In this study, we
demonstrate that distinct sets of nucleoporins (Nups), components of the nuclear pore complex (NPC), form S–S bonds and regulate
nuclear transport through the NPC. Kinetic analysis of importin b demonstrated that the permeability of the NPC was increased by

dithiothreitol treatment and reduced by oxidative stress. The permeability of small proteins such as GFP was not affected by either
oxidative stress or a reducing reagent. Immunoblot analysis revealed that the oxidative stress significantly induced S–S bond formation
in Nups 358, 155, 153 and 62 but not 88 and 160. The direct involvement of cysteine residues in the formation of S–S bonds was
confirmed by mutating conserved cysteine residues in Nup62, which abolished the formation of S–S bonds and enhanced the

permeability of the NPC. Knocking down Nup62 reduced the stress-inducible S–S bonds of Nup155, suggesting that Nup62 and Nup155
are covalently coupled via S–S bonds. From these results, we propose that the inner channel of the NPC is somehow insulated from the
cytoplasm and is more sensitive than the cytoplasm to the intracellular redox state.
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Introduction
Disulfide (S–S) bond formation within and between proteins

plays an important role in protein folding, stability, function,

and protein–protein interaction. Reactive oxygen species (ROS)

directly or indirectly oxidize the thiol group in cysteine

residues, and thereby alter enzymatic functions (Kobayashi

et al., 2006; Motohashi and Yamamoto, 2004; Pekovic et al.,

2011; Rhee et al., 2005; Spickett et al., 2006; Winterbourn,

2008). The cytoplasm is normally maintained in a reducing

state due to ubiquitous reducing reagents such as glutathione.

However, ROS have been known to oxidize proteins in the

cytoplasm. In the case of protein tyrosine phosphatase, one of

the cysteine residues in the reactive center is oxidized by

hydrogen peroxide (H2O2) and forms an intramolecular S–S

bond, which results in the inhibition of phosphatase activity

(Rhee et al., 2005). The transcription factor Nrf2 is also

regulated by oxidative stress. Under non-stressed conditions,

Nrf2 is ubiquitinated in a Keap1-dependent manner and subject

to proteasome-dependent degradation. Under oxidative stress,

however, specific cysteine residues in Keap1 are modified

(Kobayashi et al., 2006). The modifications are thought to

block Keap1 from binding to Nrf2, and thus increase the

intracellular level of Nrf2, which results in the transcriptional

activation of a series of genes related to oxidative responses

(Motohashi and Yamamoto, 2004).

Macromolecular transport between the cytoplasm and the

nucleoplasm is mediated by a large protein complex, the nuclear

pore complex (NPC), which is composed of ,30 different kinds

of subunits called nucleoporins (Nups) (Brohawn et al., 2009).

The NPC is a selective barrier that blocks the diffusion of large

proteins (.40 kDa), but allows that of small proteins (,40 kDa)

(Görlich and Kutay, 1999). The transport of large proteins is

achieved by a number of transport mediators (karyopherins, also

called importin b-family proteins) and the RanGDP-RanGTP

gradient across the nuclear envelope (Mosammaparast and

Pemberton, 2004; Weis, 2003). The importin a/b pathway is

the best known route for transporting nuclear localization

signal (NLS)-containing proteins from the cytoplasm to the

nucleoplasm (Mattaj and Englmeier, 1998). It has been reported

that oxidative stress inhibits macromolecular transport through

the NPC (Crampton et al., 2009; Kodiha et al., 2004; Kodiha

et al., 2009; Kodiha et al., 2008; Miyamoto et al., 2004; Patel

et al., 2012; Stochaj et al., 2000; Yasuda et al., 2006). Oxidative

stress influences the intracellular distribution of Ran and

transport mediators, which in turn affects the intracellular

localization of the cargo proteins (Kodiha et al., 2004; Kodiha

et al., 2008; Yasuda et al., 2006). Oxidative stress also alters the

modifications of Nups (phosphorylation and glycosylation),

which might affect the passage of proteins through the NPC

(Crampton et al., 2009; Kodiha et al., 2009).

In this study, we investigated the possibility of cysteine

modifications of Nups, and their involvement in the regulation

of nuclear transport. We found that several Nups form

intermolecular S–S bonds, and that oxidative stress enhances

such S–S bond formation and directly affects the transport of

importin b through the NPC.
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Results
Oxidative stress and reducing reagents alter importin b-
dependent cargo transport

We first examined how oxidizing and reducing reagents affect

protein transport through the NPC. HeLa cells were treated with

digitonin at 4 C̊ to remove the plasma membrane and the

cytosolic proteins. The exposed nuclei were further incubated at

37 C̊ to remove small soluble proteins from the nuclei.

Immunofluorescence microscopic observation revealed that this

treatment removed most of the intracellular Ran; no signal was

seen in the cytoplasm and only weak signal was detected in the

nucleoplasm (5% of the intact cells) (Fig. 1A). Immunoblot

analysis also showed that 96% of Ran was removed by this

treatment (Fig. 1B).

A mixture of recombinant transport mediators (importin a and

b), fluorescently labeled cargo protein (glutathione S-transferase

(GST)-NLS-GFP), and RanGDP was incubated with these nuclei

in the presence of an ATP-regeneration system. Microscopic

observation revealed that the fluorescent cargo was imported into

the nucleus from the external medium (Fig. 1C). When the same

type of experiment was performed with the cells pre-exposed to

oxidative stress (H2O2) for 1 hour, the nuclear cargo level

decreased up to 0.43-fold as the H2O2 concentration increased

(Fig. 1C,D), indicating that the permeability of the NPC is

somehow affected by oxidative stress. On the other hand, pre-

treatment of nuclei with dithiothreitol (DTT) increased the

nuclear cargo level of both non-stressed and stressed cells by

,1.3-fold (Fig. 1E).

The intracellular ROS was quantified by a ROS-reactive

fluorescence probe (carboxy-H2DCFDA). As shown in

Fig. 1F,G, the intracellular amount of ROS increased by

oxidative stress. The pre-treatment of the cells by a ROS

scavenger, N-acetyl cysteine (NAC, 10 mM), could reduce the

ROS generation (Fig. 1G), and restore the stress-induced

inhibition of nuclear import of NLS cargo (Fig. 1D). These

results demonstrate that the stress-induced inhibition of nuclear

transport results from the increase of the intracellular ROS

level.

Fig. 1. Oxidative stress inhibits nuclear transport in permeabilized cells. (A,B) Digitonin treatment removes almost all endogenous Ran from the nucleus.

(A) Digitonin-treated or non-treated HeLa cells were immunostained with anti-Ran antibody. (B) The digitonin-treated or non-treated HeLa cells were collected

and subjected to SDS-PAGE and western blotting. Ran was detected using anti-Ran antibody. Histone H3 was also detected using anti-histone H3 antibody as a

loading control. (C–E) HeLa cells were exposed to H2O2 for 1 hour. After washing, cells were permeabilized with digitonin, incubated with purified

GST-NLS-GFP, importin a, importin b, Ran and ATP-regenerating system and observed by fluorescence microscopy (C). The signal intensity in the nucleus was

quantified and represented in terms of its ratio to the signal from non-stressed cells (D). The same analysis was performed with permeabilized cells pre-treated

with DTT before the addition of the import mixture (E). Error bars represent the s.e.m. of measurements from ,40 cells. (F,G) Oxidative stress increased

the intracellular ROS level. A ROS-reactive fluorescence probe (carboxy-H2DCFDA) was loaded to the cells before exposure to oxidative stress. To block ROS

generation, the cells were pre-incubated with a ROS scavenger (NAC) before the addition of the stress. Fluorescence signal from the cells were either imaged by a

confocal laser scanning microscopy (F), or quantified by a fluorometer (G) with an excitation wavelength at 488 nm. The effect of NAC on the NLS cargo

transport is included in D. Scale bars: 10 mm.
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Oxidative stress differentially regulates influx and efflux

rate of importin b through the NPC

We then examined the flux rate of importin b through the NPC,

since the accumulation of the cargo in the nucleus depends both on

the concentration of RanGTP in the nucleus and on the flux rate of

the import complex through the NPC. Purified GFP-fused importin

b was incubated with digitonin-treated HeLa nuclei, and the

accumulation of fluorescence signal in the nucleoplasm was

monitored by time-lapse microscopy (Fig. 2A–C). A detailed

kinetic analysis of the fluorescence signal provides both influx and

efflux rate constants (kin and kout, respectively) (see also Materials

and Methods). In this experimental system, we obtained a kout

value that was smaller than the kin (0.15 seconds21 and

0.0088 seconds21 for kin and kout in non-stressed cells,

respectively), probably because free importin b tends to firmly

bind to immobile components within the nucleus (Paradise et al.,

2007) and/or RanGTP is depleted from the nucleus, which reduces

the apparent efflux rate under microscopic observation.

The kin value was significantly increased (1.4-fold) by DTT

treatment of the nuclei, and slightly reduced (0.87-fold) by the

oxidative stress (Fig. 2D). DTT treatment restored the effect of

oxidative stress and resulted in a higher kin value than seen in the

non-stressed cells (Fig. 2D). The kout value was also influenced

by DTT and oxidative stress, but in a slightly different way.

Oxidative stress significantly reduced the efflux rate by 0.68-fold,

while DTT treatment had little effect (Fig. 2D), implying that the

influx and efflux of importin b through the NPC are differently

regulated by the redox environment. The pre-treatment of the

cells with a ROS scavenger (NAC) before adding the stress

significantly reduced the effect of oxidative stress on the influx

and efflux (Fig. 2C,D), demonstrating that the flux rate of

importin b through the NPC is directly affected by the

intracellular ROS.

The passage of non-karyopherin protein was also examined.

Proteins smaller than 40 kDa are known to go through the NPC

without help of transport mediators (Görlich and Kutay, 1999).

When purified hexahistidine (His66)-tagged GFP (28 kDa) was

incubated with the nuclei (stressed or non-stressed), the GFP

signal swiftly entered the nucleoplasm and reached to a steady

state within 10 minutes. The final concentration in the nucleus

was almost the same as that in the external medium (Fig. 2E),

suggesting that the passage of GFP is predominantly driven by

diffusion. Kinetic analyses of this flux data revealed that the rate

constants (kin and kout) were not affected by either oxidative

stress or DTT (Fig. 2F).

Oxidative stress induces S–S bond formation in a distinct

set of Nups

To examine whether Nups indeed form S–S bonds within the

NPC, nuclei were isolated in the absence of DTT from stressed

Fig. 2. Oxidative stress reduces the transport rate of importin b but does not affect passive diffusion. HeLa cells were exposed to 0 and 2 mM H2O2 and

permeabilized with digitonin. Purified GFP-importin b (A–D) or hexahistidine-tagged (His66)-GFP (E,F) was added together with AlexaFluor568-conjugated

IgG, and observed by time-lapse microscopy. (A,E) Fluorescence images of non-stressed cells at indicated times (seconds). The AlexaFluor568-IgG (,150 kDa)

signal demonstrates the intact nature of the nuclear envelope. (B) Reaction formula of the transport between the cytoplasm ([Cyto]) and the nucleoplasm ([Nuc]).

(C) The fluorescence intensities of GFP-importin b in non-stressed and stressed nuclei in the presence and absence of NAC were plotted against time. Note that at

the equilibrium state, the influx rate equals the efflux rate. Therefore, the reduction of the efflux rate constant results in the accumulation of the signal in the

nucleus. (D,F) Comparison of kin and kout in the presence and absence of H2O2, NAC and DTT treatments. The data from time-lapse observation (represented as in

C) was fitted by an exponential curve and the rate constants of influx (kin) and efflux (kout) were determined as described in Materials and Methods. The obtained

rate constants were represented by their ratio to those of non-stressed cells. Error bars represent the s.e.m. of measurements from ,40 cells; *P,0.05; Student’s

t-tests. Scale bars: 10 mm.
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and non-stressed HeLa cells, and analyzed by SDS-PAGE and

immunoblotting using Nup-specific antibodies (against Nups

358, 160, 155, 153, 88 and 62) (Fig. 3; the position of each Nup

is shown in Fig. 3G). To avoid the oxidation of proteins during

the sample preparation, all of the treatments were performed in

the presence of the thiol-blocking reagent N-ethylmaleimide

(NEM, 2 mM). When non-stressed cells (0 mM H2O2) were

loaded on the gel in the absence of the reducing reagent, the Nup

antibodies recognized bands at the expected positions (Fig. 3A–

F, asterisks). Several bands (Nups 153, 88 and 160) appeared

smear because of the absence of reducing reagent. Careful

examination of the immunoreactive bands revealed that Nups

358, 153 and 62 showed additional faint bands with slow

migration (Fig. 3A–C; 0 mM H2O2, arrows). Since they

disappeared upon DTT treatment, it is speculated that they

form S–S bonds in non-stressed cells.

Oxidative stress not only increased the amounts of the slow-

migrating bands of Nups 358, 153 and 62, but also induced

additional slow-migrating bands of Nups 155, 153 and 62

(Fig. 3A–D; 0.2, 2.0 mM H2O2, arrows). Since these bands

completely disappeared upon DTT treatment, they are also

derived from S–S bond formation. No DTT-sensitive slow-

migrating bands could be detected in Nups 88 and 160

(Fig. 3E,F). The positions of slow-migrating bands vary Nups

to Nups, but most of them appear as sharp bands, implying that

distinct numbers and sets of Nups are involved in S–S bond

formation. Especially, Nup62 showed more than three additional

slow-migrating bands. One of them seems to correspond to dimer

(,120 kDa), but others are much larger than that. Quantitative

analysis of the immunoreactive bands revealed that ,41, 35, 19

and 29% of Nups 358, 155, 153 and 62, respectively formed S–S

bonds in 2 mM H2O2. A similar result was obtained from

mAb414, which recognizes four different Nups (Nups 358, 214,

153 and 62) (Fig. 4A). mAb414 detected not only the bands of

these Nups at the expected positions but also the DTT-sensitive

slow-migrating bands in the absence of oxidative stress (Fig. 4A,

arrow). In addition, oxidative stress increased the amount of this

slow-migrating band and induced an additional slow-migrating

band in a concentration-dependent manner (Fig. 4A, arrows).

These results are in good agreement with ones from Nups 358,

153 and 62 (Fig. 3A–C).

We performed similar immunoblot analyses with other ROS,

including menadione, an oxidative agent like H2O2, and

diethylmaleate, a sulfhydryl-reactive agent that has been shown

to affect nucleocytoplasmic transport (Crampton et al., 2009;

Kodiha et al., 2009; Kodiha et al., 2008; Matsuura and Stewart,

2004; Sato et al., 1993). These reagents also increased the

intracellular ROS level as measured by the fluorescent probe

(Fig. 1G). As shown in Fig. 4, menadione (Fig. 4B) and

diethylmaleate (Fig. 4C) showed an immunoreactive band-pattern

Fig. 3. Oxidative stress promotes S–S bond formation in Nups. (A–F) HeLa cells were exposed to 0, 0.2 and 2.0 mM H2O2 and the nuclei collected and

prepared for electrophoresis in the absence (2DTT) or presence (+DTT) of 100 mM DTT. The samples were prepared in the presence of NEM to inhibit

the formation of S–S bonds during sample preparation. Immunoblot analysis was performed using antibodies against Nup358 (A), Nup153 (B), Nup62

(C), Nup155 (D), Nup88 (E) and Nup160 (F). Slow-migrating bands and bands at the expected positions are indicated by arrows and asterisks, respectively.

Nup62 shows a slightly broader (doublet) band in the presence of 2.0 mM H2O2, which is reportedly due to phosphorylation and/or O-glycosylation at certain Ser

and/or Thr residues (Crampton et al., 2009). A fast-migrating band could also be detected in Nup62 in the presence of 0.2 mM H2O2. This might be due to an

intramolecular S–S bond, which is known to migrate slightly faster than the expected position (Savitsky and Finkel, 2002). Equal loading of protein was confirmed

by stripping the blots and re-probing with anti-b-actin antibody (not shown). (G) The localization of Nup subcomplexes within the NPC is illustrated on the basis

of a previous report (Brohawn et al., 2009). The Nups analyzed in this study are indicated.

Journal of Cell Science 126 (14)3144
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detected by mAb414 similar to that produced by H2O2. These
results suggest that the formation of S–S bonds in Nups could be a
general response to oxidative stress.

Cysteine residues in Nup62 are directly involved in S–S
bond formation and NPC permeability

Nup62 is localized in the central channel of the NPC and plays a

crucial role in importin b-dependent nuclear transport (Finlay et al.,
1991). The alignment of amino acid sequences of Nup62 revealed
two conserved cysteine residues in the C-terminal region

(Fig. 5A). We therefore examined whether these cysteine
residues form S–S bonds. Hemagglutinin (HA)-tagged Nup62,
which carries Cys-to-Ser mutations at these two positions

(Fig. 5B), as well as the HA-tagged wild type, were expressed in
HeLa cells. The amount of exogenous Nup62 was ,1.5- to 2.0-
fold that of the endogenous protein, judging from immunoblotting

(data not shown). The existence of slow-migrating bands was
examined by western blotting using anti-HA antibody. As is the
case in endogenous Nup62 (Fig. 3C), oxidative stress induced the
bands at higher positions in non-mutated Nup62; one corresponds

to dimer and another is above 200 kDa (Fig. 5C, arrows). In
contrast, none of the slow migrating bands was detected in the
mutant (Fig. 5C), demonstrating that these cysteine residues are

(or at least one of these is) involved in the formation of the DTT-
sensitive slow-migrating bands.

The role of cysteine residues in NPC permeability was also

examined by an in vitro transport assay. HeLa cells overexpressing
mutant Nup62 were permeabilized with digitonin and incubated with
GFP-fused importin b as described in Fig. 2 (Fig. 5D). Time-lapse

observation of the GFP signal demonstrated that both the influx and
efflux rate constants were reduced by the oxidative stress in wild-
type-expressing cells, whereas none of them was affected in mutant-
expressing cells (Fig. 5E). The influx rate of the wild-type was

increased by pre-treatment with DTT as is the case in non-
transfected HeLa cells (Fig. 2D), whereas the mutant did not exhibit
a DTT-sensitive influx rate (Fig. 5E). These results clearly

demonstrated that S–S bond formation in Nup62 directly affects
the transport of importin b. The export rate was not significantly
increased upon DTT treatment (Fig. 5E), suggesting that some

modifications in the cysteine residues other than S–S bonds regulate
the export of importin b. This result, as well as Fig. 2D, supports the
idea that the influx and efflux through the NPC can be independently

regulated (see Discussion).

The transport rate of NLS cargo by importin a/b pathway was
also examined by the cells overexpressing mutant Nup62. As

shown in Fig. 5F, the influx rate of NLS cargo was reduced by
oxidative stress in the case of wild-type expressing cells, but less
affected in mutant-expressing cells. This is consistent with the

fact that the influx rate of importin b was reduced by the stress in
wild-type Nup62 but not affected by the stress in mutant Nup62
(Fig. 5E). These results all demonstrated that stress-induced S–S

bond formation of Nup62 affects the passage of importin b and
also importin-a/b-dependent cargo transport.

Different types of Nups form intermolecular S–S bridges
When Nup62 was knocked down by siRNA and then the cells were

exposed to oxidative stress followed by western blot analysis, the
immunoreactive bands for Nup62 were decreased to 48% of those
seen in control cells (Fig. 6A,B). Namely, the amounts of

monomer (Fig. 6A, asterisk), as well as the slow-migrating
populations, were reduced in the knockdown cells. When the
same nuclei were analyzed with anti-Nup358 and 153 antibodies,

the immunoreactive bands were not affected (Fig. 6C,D).
However, in the case of Nup155, two of the slow-migrating
bands significantly decreased in Nup62 knockdown cells (Fig. 6C,

arrows and Fig. 6D). The knockdown of Nup153 did not affect the
slow-migrating bands of Nups 358 and 62 (Fig. 6E,F). These
results suggest that Nups 155 and 62 are covalently crosslinked via
S–S bonds in the presence of oxidative stress, whereas Nups 358

and 153 form S–S bonds within the same type of Nup. It should be
noted that immunoblotting for Nup62 and Nup155 revealed slow-
migrating bands at the same positions (Fig. 3C,D, arrows).

Discussion
In this study, we demonstrated that NPC contains a significant
amount of S–S bonds which are sensitive to oxidative stress, and that

these S–S bonds are directly involved in the regulation of importin
b-dependent nuclear transport. The results obtained here imply that
the S–S bond is one of the fundamental determinants of the
properties of the NPC channel. The fact that Nups form S–S bonds

even in the absence of oxidative stress suggests that endogenous
ROS and reducing reagents can be regulators of nuclear transport.

Stress-dependent and independent S–S bond formation
within Nups

The central channel of the NPC is filled with flexible polypeptide
chains of Nups which carry a number of phenylalanine residues

(FG-Nups) (Bayliss et al., 2000; Ben-Efraim and Gerace, 2001;
Peters, 2009; Strawn et al., 2004; Terry and Wente, 2007). It has
been proposed that the flexible polypeptide chains of FG-Nups

Fig. 4. Other types of ROS also induce S–S bond formation in Nups.

HeLa cells were exposed to H2O2 (0, 0.2 and 2.0 mM) (A), menadione (0, 10

and 20 mM) (B) or DEM (0, 2.0 and 10 mM) (C) for 1 hour and their nuclei

analyzed by immunoblotting with mAb414. The slow-migrating bands are

indicated by arrows.

Disulfide bonds in nucleoporins 3145
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form a meshwork via hydrophobic interactions between

hydrophobic residues (mainly phenylalanine) (Frey et al., 2006;

Mohr et al., 2009; Moussavi-Baygi et al., 2011; Ribbeck and

Görlich, 2002). This meshwork prevents the passage of large

proteins, but allows diffusion of proteins smaller than the mesh size

(Mohr et al., 2009). Karyopherins are able to migrate in this

hydrophobic meshwork because of their hydrophobic characteristics.

The S–S bonds among these Nups could change the characteristics of

the meshwork; intermolecular covalent crosslinking of polypeptides

could reduce the flexibility of the meshwork and hence the

permeability of karyopherins.

Immunoblot analysis indicated that the amount of S–S bonds

significantly increased upon the addition of the stress (Nups 358,

155, 153 and 62), although a small amount could be detected in

the absence of the stress (Nups 358, 153 and 62) (Fig. 3).

Therefore, H2O2-dependent reduction of transport is due to S–S

bond formation in these Nups. It should be noted that Nup62, a

component of the central channel of the NPC, has been

demonstrated to be a stress sensor, and phosphorylated and

glycosylated upon exposure to cellular stresses (Crampton et al.,

2009; Miller et al., 1999). Therefore, S–S bond formation and

the concomitant reduction of nuclear transport is one of

the mechanisms of Nup62-dependent stress responses. The

presence of the S–S bonds of Nups 358, 153 and 62 even in

the absence of the stress imply that they might be one of the

fundamental components of the hydrophobic meshwork in the

NPC. In good agreement with this is the effect of DTT to the non-

stressed cells (Figs 1E and 2D); the treatment of non-stressed

nuclei with DTT slightly increased the nuclear import of the NLS

cargo and influx rate of importin b. The fact that DTT treatment

enhanced the flux rate of importin b but not that of GFP (Fig. 2)

suggests that the minimum size of the mesh is not affected by S–

S bridging.

Nup positioning within the NPC and S–S bond formation

Our knockdown experiments using siRNA imply that Nup62 and

Nup155 are crosslinked via S–S bond(s) (Fig. 6). This is a

reasonable result since Nups 62 and 155 exist in the central part

Fig. 5. Two cysteine residues in Nup62 are involved in S–S bond formation and NPC permeability. (A) The amino acid sequences of the C-termini of Nup62

from different species are shown. Cysteine residues are marked with asterisks. (B) Scheme of hemagglutinin-tagged Nup62 (HA-Nup62) and Nup62 containing

the point mutations C478S and C509S (HA-Nup62-Ser). (C) HeLa cells expressing HA-Nup62 and HA-Nup62-Ser were treated with H2O2 (0, 0.2 and 2.0 mM)

and their nuclei analyzed by immunoblotting with anti-HA antibody. The bands are indicated by arrows and asterisks as in Fig. 3. The stress-inducible other

modifications that can be observed in Fig. 3C could not be detected, implying that these modifications occur in a limited fraction of Nup62. (D,E) Time-lapse

imaging of GFP-importin b was performed using permeabilized HeLa cells that transiently expressed HA-Nup62 or HA-Nup62-Ser and had been exposed to

2.0 mM H2O2. (D) Fluorescence images of cells 150 seconds after the addition of GFP-importin b. mRFP-NO66 is an expression marker of HA-Nup62 (left) and

HA-Nup62-Ser (right). (E) Comparison of kin and kout in cells expressing HA-Nup62 and HA-Nup62-Ser in the presence and absence of H2O2 and DTT treatment.

Rate constants are represented in terms of their ratio to those of HA-Nup62-expressing cells without H2O2 and DTT treatment. Error bars represent the s.e.m. of

measurements from ,10 cells. (F) The import assay of NLS cargo was performed using the nuclei expressing HA-Nup62 and HA-Nup62-Ser as described in

Fig. 1C; *P,0.01; Student’s t-tests. Scale bars: 10 mm.
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of the NPC and are supposed to be relatively close to each other

(Fig. 3G). On the other hand, knockdown of Nup153 (existing in

the nucleoplasmic side of the NPC) did not affect the slow-

migrating bands of Nups 358 and 62 (Fig. 6E), suggesting that

Nup153 does not form S–S bonds with these Nups. Immunoblot

analysis with anti-Nup62 antibody revealed several slow-

migrating bands at 120,200 kDa (Fig. 3C). These bands could

be either a homomultimer of Nup62 or a heteromultimer with

other Nups. The most plausible partners of heteromultimer could

be Nups 58, 54 and 45, all of which are known to make a

complex with Nup62 (Nup62 complex) (Solmaz et al., 2011;

Stoffler et al., 1999). Nups in the Nup93 subcomplex (Nups 205,

188, 155, 93 and 35) are also candidates, since the Nup62

complex is anchored to the Nup93 subcomplex (Grandi et al.,

1997; Krull et al., 2004; Sachdev et al., 2012). Further study will

be required to elucidate the S–S network among Nups.

We could not find any clear relationship between the formation

of S–S bonds and the number of conserved cysteine residues (39

residues in Nup358, 17 in Nup153, 2 in Nup62, 20 in Nup155, 27

in Nup160, and 19 in Nup88; supplementary material Fig. S1).

This means that S–S bonds do not form in random positions, but

rather form between distinct sets of Nups. Neighboring amino

acid sequences, higher-order architectures, and/or spatial

locations in the NPC may decide which cysteine residues are to

be involved in S–S bond formation. A previous study has

demonstrated that a basic amino acid adjacent to a cysteine

residue increases the reactivity of the thiol group (Winterbourn

and Hampton, 2008). Indeed, there are several basic amino acids

around the two cysteine residues of Nup62 (Fig. 5A). Nups 358,

153 and 155 also contain several cysteine residues just adjacent

to either lysine or arginine (18 out of 77 cysteines in Nup358, 9

out of 28 in Nup153, 3 out of 28 in Nup155). These cysteine

residues could be the targets of S–S bridging.

Are influx and efflux through the NPC differently regulated?

Our kinetic analysis showed that while oxidative stress influenced

both the influx and efflux of importin b, DTT treatment affected

only the influx but not the efflux (Fig. 2D; Fig. 5E). This implies

that oxidative stress regulates the efflux via mechanisms other than

S–S bond formation. Previous studies have demonstrated that

Nups 214, 153, 98, 88 and 62 are phosphorylated and/or

glycosylated by oxidative stress (Crampton et al., 2009; Kodiha

et al., 2009). Other studies have reported that the Nup214/Nup88

complex and Nup98 are involved in export but not in import

(Hutten and Kehlenbach, 2006; Oka et al., 2010). Therefore, it

might be the case that phosphorylation and glycosylation in these

Nups inhibit export but not import. Other possibility is that NPCs

may not be homogeneous. Recent studies utilizing super-resolution

fluorescence microscopy reported that the Nup composition of the

NPC (Nup214 and Nup62) varies between individual NPCs within

Fig. 6. Nup depletion by RNAi affects some of the stress-inducible bands. HeLa cells were transfected with siRNA against Nup62 (A–D) and Nup153

(E–F) and exposed to 2.0 mM H2O2. Nuclei were subjected to immunoblot analysis. siRNA against luciferase was used as a negative control.

(A,C,E) Immunoblot analysis of isolated nuclei using anti-Nup62, 358, 153 and 155 antibodies; anti-b-actin antibody was a loading control. The bands are indicated

by arrows and asterisks as in Fig. 3. (B,D,F) The intensities of the Nup62 band (B) and of the high molecular weight bands of Nups 62, 358, 153 and 155 (D,F) were

quantified and presented in terms of their ratio to the values seen in control cells. Error bars represent s.e.m. from at least three independent experiments.
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a single mammalian cell (Kinoshita et al., 2012). Oxidative stress
might introduce different kinds of modifications into distinct

NPCs, resulting in differential regulation of import and export.

Alternatively, oxidative stress might increase the affinities of some
factors in the nucleus to importin b, which would result in the

reduction of efflux in stressed cells.

The NPC channel has a redox environment distinct from
that of the cytoplasm

In this report, we show a line of evidence for the direct regulation

of a cellular function by S–S bonds. Recently it has been reported
that S–S bond formation within Lamin A, a scaffold protein of

the nuclear envelope, plays an important role in tolerance to ROS

and preventing cells from senescence (Pekovic et al., 2011).
Since nuclear transport is tightly linked to the entire intracellular

signaling pathway, S–S bond formation within the NPC would
also contribute to cellular homeostasis.

Cysteine modifications have so far been known to regulate
protein function via one or several of the following mechanisms:

(i) modification of a thiol group in the catalytic center directly
changes the enzymatic activity of the protein, (ii) thiol

modification produces an allosteric effect on the enzyme, and
(iii) thiol modification alters interactions with other proteins

(Jones, 2008). The S–S bonds within the NPC do not seem to

belong to any of these mechanisms, and therefore may represent a
novel mechanism for the regulation of protein function. The

cytoplasm is normally maintained in a reducing state due to
ubiquitous reducing reagents such as glutathione. Our results

shown here imply that the inner channel of the NPC is in a
different redox environment from the cytoplasm (more

oxidative), and may be more sensitive to oxidative stress and
intracellular reducing reagents than the cytoplasm.

Materials and Methods
Cell culture and oxidative stress

HeLa S3 cells (ATCC, CCL-2.2) were cultured in Dulbecco’s Modified Eagle’s
Medium (DMEM) (Sigma, St. Louis, MO) with 10% fetal bovine serum (FBS).
Cells were treated with H2O2 (0.1–2.0 mM), menadione (10 mM and 20 mM), and
diethylmaleate (2.0 mM and 10 mM) for 1 hour. The generation of ROS was
blocked by the pre-treatment of cells with 10 mM N-acetyl cysteine (NAC)
(Nacalai Tesque, Kyoto, Japan) for 1 hour before the addition of H2O2.

Antibodies

Antibodies against Nups were purchased from the following companies; mAb414
(Covance, in Princeton, NJ), anti-Nup358 (Affinity BioReagents, Golden, CO),
anti-Nup153 (Immunoquest, Baltimore, MD), anti-Nup62 (BD Biosciences,
Franklin Lakes, NJ), and anti-Nup160, 88 (Santa Cruz Biotechnology, Santa
Cruz, CA). A rabbit polyclonal anti-Nup155 antibody is a kind gift from Dr Mattaj
(European Molecular Biology Laboratory) (Franz et al., 2005). Anti-b-actin
antibody and anti-Ran antibody (clone 20) were purchased from Sigma and BD
Biosciences, respectively. For the detection of Nup160 and Nup153, biotinylated
anti-sheep/goat antibody (GE Healthcare, Little Chalfont, UK) and streptavidin-
conjugated horseradish peroxidase (HRP)-coupled antibody (GE Healthcare) were
used. In other cases, HRP-coupled secondary antibodies against mouse (GE
Healthcare), rabbit (GE Healthcare), or goat (Cappel Laboratories, Malvern, PA)
were used.

Plasmids, cDNAs and protein expression

The cDNA of rat Nup62 (Otsuka et al., 2008) was subcloned into the expression
vector pcDNA3.1 (Invitrogen, Carlsbad, CA) with an HA tag at the N-terminus.
Site-directed mutagenesis of Nup62 was performed using the GeneTailor Site-
Directed Mutagenesis system (Invitrogen). cDNA encoding human NO66 was
amplified from the cDNA pool of HeLa cells by PCR and inserted into a vector in
which the EGFP coding region in the pEGFP-C1 vector (Invitrogen) is replaced by
the cDNA of mRFP (a kind gift from Dr Yoneda, Osaka University). The plasmids
were introduced into HeLa cells with the transfection reagent, Effectene (Qiagen,
Valencia, CA), according to the manufacturer’s protocol. Recombinant proteins
(importin a1, importin b1, Ran, and GFP) were expressed in E. coli cells

(BL21-CodonPlus(DE3)-RIL, Agilent Technologies, Wilmington, DE) as affinity-
tagged fusion proteins (GST or His66) and affinity purified as described previously
(Kumeta et al., 2010; Yoshimura et al., 2006). As for GST-fused proteins, proteins
were cleaved from GST by protease digestion, if necessary (Otsuka et al., 2008).
We generated siRNAs against Nup62 (Hubert et al., 2009) and Nup153 (Harborth
et al., 2001) by using an in vitro transcription kit (Takara, Shiga, Japan). The
siRNAs against luciferase were purchased from Invitrogen. HeLa cells were
transfected with siRNA using Lipofectamine 2000 (Invitrogen) 45–50 hours
before the immunoblot analysis.

Quantification of intracellular ROS

The intracellular ROS was quantitated by using ROS-reactive fluorescence probe as
described in the previous study (Pekovic et al., 2011). HeLa cells were cultured in
DMEM without phenol red and supplemented with 10% FBS. Carboxyl-H2DCFDA
(5-(and-6)-carboxy-29,79-dichlorodihydrofluorescein diacetate, Invitrogen, Carlsbad,
CA) was added to the culture medium at a final concentration of 10 mM, and
incubated for 1 hour at 37 C̊. The cells were observed under the fluorescence
microscope equipped with a stage heater. H2O2 was added to the culture medium
and microscopic observation was continued up to 1 hour. To block the generation of
ROS, 10 mM NAC was also added to the culture medium during the pre-incubation
time. The cells were then exposed to the oxidative stress and harvested after one
hour. The cells were washed three times with phosphate-buffered saline (PBS) and
the fluorescence signal was measured with an excitation wavelength at 488 nm.

Immunostaining for digitonin-treated HeLa cells

HeLa cells were washed twice with transport buffer (TB; 20 mM HEPES, pH 7.3,
110 mM potassium acetate, 5 mM sodium acetate, 2 mM magnesium acetate, and
1 mM EGTA), permeabilized by TB containing 40 mg/ml digitonin for 5 minutes
on ice, washed twice with TB, incubated with TB at 37 C̊ for 10 minutes, and
washed twice with TB. Cells were then fixed with 4% paraformaldehyde and
immunostained with anti-Ran antibody and fluorescein isothiocyanate-conjugated
anti-mouse IgG (Cappel Laboratories) as described in the previous report (Kumeta
et al., 2010).

Immunoblotting for purified nuclei

For immunoblotting in Fig. 1, HeLa cells were washed twice with TB,
permeabilized by TB containing 40 mg/ml digitonin for 5 minutes on ice,
washed twice with TB, incubated with TB at 37 C̊ for 10 minutes, and washed
twice with TB. Digitonin-treated or non-treated cells were harvested and collected
by centrifugation (7006g for 2 minutes), suspended in sample buffer, boiled with
100 mM DTT, and subjected to SDS-PAGE and western blotting. Ran and histone
H3 were detected using anti-Ran antibody (C-20, Santa Cruz Biotechnology) and
anti-histone H3 antibody (Upstate Biotechnology, Lake Placid, NY), respectively.
For immunoblotting experiments in Figs 3–5, HeLa cells (with or without
oxidative stress) were washed twice with PBS, harvested by a scraper, and
collected by centrifugation (7006g for 2 minutes). The cells were permeabilized
by a treatment with 40 mg/ml digitonin in PBS containing 2 mM N-ethylmaleimide
(NEM) (Nacalai Tesque, Kyoto, Japan) for 5 minutes and the nuclei were
separated from cytosolic components by centrifugation (7006g for 2 minutes). The
isolated nuclei were further incubated with PBS containing 0.5% Triton X-100 and
2 mM NEM for 5 minutes and soluble nucleoplasmic proteins were removed by
centrifugation (7006g for 2 minutes). All steps were carried out at 4 C̊. Finally, the
enriched nuclei were suspended in the sample buffer, boiled for 5 minutes with or
without 100 mM DTT, and subjected to SDS-PAGE followed by immunoblot
detection. For immunoblotting in Fig. 6, the digitonin and Triton X-100 treatment
was performed without NEM. The amount of slow-migrating band at 2 mM H2O2

was quantitated in each Nup. In immunoblotting, the transfer efficiency of a
protein band to the blotting membrane varies depending on the molecular weight
of the protein; larger proteins are less transferrable to the membrane. Therefore, the
fraction(s) of slow-migrating band(s) in the total amount of each subunit was
estimated by subtracting the band intensity at the expected position (asterisk) in the
absence of DTT from that in the presence, by using non-saturating immunoblot
signals.

In vitro transport assay

The transport assay was performed as described in previous reports (Kumeta et al.,
2012; Kumeta et al., 2010), except that digitonin-treated cells were pre-incubated
with or without DTT for 10 minutes at 37 C̊ before the addition of fluorescent
proteins. For the transport assay of NLS cargo, the cells were incubated with 4 mM
importin a, 4 mM importin b, 25 mM His66-RanGDP, 2.5 mM GST-NLS-GFP, and
ATP regeneration system (1 mM ATP, 5 mM creatine phosphate and 200 U/ml
creatine phosphokinase) at room temperature for 5 minutes. The cells were then
fixed with 4% paraformaldehyde and observed by confocal microscopy (LSM 5
PASCAL; Zeiss, Oberkochen, Germany). For time-lapse observation of NPC
permeability in Fig. 2, 0.5 mM His66-GFP or GFP-fused importin b was applied to
digitonin-treated cells together with Alexa-Fluor-568-conjugated IgG (Invitrogen),
and observed by confocal microscopy (LSM510; Zeiss). Images were collected
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every 10 seconds for 10 minutes for His66-GFP and every 5 seconds for 5 minutes
for GFP-importin b. The image of Alexa-Fluor-IgG was taken after the time-lapse
observation. The mean nuclear fluorescence intensity was quantified by the Zeiss
LSM software. For the time-lapse experiment in Fig. 5, 1.0 mM GFP-importin b
was added to permeabilized cells and observed using confocal microscopy (LSM 5
PASCAL). Images were collected every 12 seconds. The image of mRFP-NO66
(transfection marker) was taken after time-lapse observation. The fluorescence
intensity was measured only in cells expressing mRFP-NO66.

Kinetic analysis of nuclear transport

The rate of protein influx from the cytoplasm to the nucleoplasm can be expressed
using the following equation:

d Nuc½ �=dt~kin Cyt½ �{kout Nuc½ �, ð1Þ

where [Nuc] and [Cyt] are the concentrations of GFP-fused proteins in the
nucleoplasm and in the cytoplasm, respectively, and kin and kout are the rate constants
of influx and efflux, respectively. In the in vitro transport assay using permeabilized
cells, [Cyt] corresponds to the substrate concentration in the chamber, which is
constant throughout the measurement. Therefore, Eq. 1 can be converted to:

Nuc½ �~kin Cyt½ �=kout 1{exp {kouttð Þf g: ð2Þ

The average fluorescence intensity of each nucleus was measured and plotted against
time, and fitted with Eq. 2 to obtain kin and kout.

Acknowledgements
We thank Dr Yoneda (Osaka University) for his kind gift of cDNAs
encoding importin a and b, Dr Ullman (Utah University) for the
cDNA encoding Nup62, Dr Horigome (Niigata University) for the
cDNA encoding Ran and Dr Mattaj (European Molecular Biology
Laboratory) for an antibody against Nup155. We thank Y.
Takashima and K. Ogawa for their technical assistance.

Author contributions
S.O., M.T. and S.H.Y. performed all experiments and analyses. S.O.
and S.H.Y. designed the study. S.O., S.H.Y., K.M. and K.T.
discussed the results and wrote the paper.

Funding
This study was financially supported by a Funding Program for Next
Generation World-leading Researchers (S.H.Y.), a Grant-in-Aid for
Scientific Research (B) (S.H.Y.), a Grant-in-Aid for Young
Scientists (A) (S.H.Y.), and a Grant-in-Aid for Scientific Research
on Priority Areas (‘Bio-manipulation’ for S.H.Y.) from the Japan
Society for the Promotion of Science (JSPS), and a Grant-in-Aid for
Scientific Research on Innovative Areas (‘Spying minority in
biological phenomena’ for M.K. and ‘RNA biofunctions and
viruses’ for K.T.) from the Ministry of Education, Culture, Sports,
Science and Technology, Japan. S.O. is a recipient of the JSPS
fellowships [research fellowship for young scientists (DC1) and
postdoctoral fellowship for research abroad].

Supplementary material available online at

http://jcs.biologists.org/lookup/suppl/doi:10.1242/jcs.124172/-/DC1

References
Bayliss, R., Littlewood, T. and Stewart, M. (2000). Structural basis for the interaction

between FxFG nucleoporin repeats and importin-beta in nuclear trafficking. Cell 102,

99-108.

Ben-Efraim, I. and Gerace, L. (2001). Gradient of increasing affinity of importin beta

for nucleoporins along the pathway of nuclear import. J. Cell Biol. 152, 411-417.

Brohawn, S. G., Partridge, J. R., Whittle, J. R. and Schwartz, T. U. (2009). The

nuclear pore complex has entered the atomic age. Structure 17, 1156-1168.

Crampton, N., Kodiha, M., Shrivastava, S., Umar, R. and Stochaj, U. (2009).

Oxidative stress inhibits nuclear protein export by multiple mechanisms that target FG
nucleoporins and Crm1. Mol. Biol. Cell 20, 5106-5116.

Finlay, D. R., Meier, E., Bradley, P., Horecka, J. and Forbes, D. J. (1991). A

complex of nuclear pore proteins required for pore function. J. Cell Biol. 114, 169-

183.

Franz, C., Askjaer, P., Antonin, W., Iglesias, C. L., Haselmann, U., Schelder, M., de

Marco, A., Wilm, M., Antony, C. and Mattaj, I. W. (2005). Nup155 regulates

nuclear envelope and nuclear pore complex formation in nematodes and vertebrates.
EMBO J. 24, 3519-3531.

Frey, S., Richter, R. P. and Görlich, D. (2006). FG-rich repeats of nuclear pore
proteins form a three-dimensional meshwork with hydrogel-like properties. Science

314, 815-817.

Görlich, D. and Kutay, U. (1999). Transport between the cell nucleus and the
cytoplasm. Annu. Rev. Cell Dev. Biol. 15, 607-660.
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Fig. S1. Sequence alignments of nucleoporins. The amino acid sequences of Nups358, 153, 62, 155, 160, and 88 from different 
species are shown. Cysteine residues are highlighted with yellow.

Nup358 

Mus musculus           -MRRSKADVERYIASVQGSAPSPREKSMKGFYFAKLYYEAKEYDLAKKYISTYINVQERD 59 
Rattus norvegicus      -MRRSKAEVERYIASVQGSAPSPREKSMKGFYFAKLYYEAKEYDLAKKYISTYINVQERD 59 
Homo sapiens           -MRRSKADVERYIASVQGSTPSPRQKSMKGFYFAKLYYEAKEYDLAKKYICTYINVQERD 59 
Bos taurus             -MRRSKADVDRHIASVQGSAPSPREKSMKGFYFAKLYYEAKEYDLAKKYISTYINVQERD 59 
Gallus gallus          MIRRTKPEVERYVASVQAAASSPRERSLKGFLFAKLYFEIKEYELAKRYLSIYLSVQERD 60 
 
Mus musculus           PKAHRFLGLLYEVEENIDKAVECYKRSVELNPTQKDLVLKIAELLCKNDVTDGRAKYWVE 119 
Rattus norvegicus      PKAHRFLGLLYEIEENTDKAVECYKRSVELNPTQKDLVLKIAELLCKNDVTDGRAKYWVE 119 
Homo sapiens           PKAHRFLGLLYELEENTDKAVECYRRSVELNPTQKDLVLKIAELLCKNDVTDGRAKYWLE 119 
Bos taurus             PKAHRFLGLLYEVEENIEKAVECYKRSVELNPTQKDLVLKIAELLCKNDVTDGRAKYWVE 119 
Gallus gallus          PKAHRFLGQIYEAQDNIEKAFGCYKRSVELNPMQKDLVLKIAELLCNNDITDGRAKYWVE 120 
 
Mus musculus           RAAKLFPGSPAIYKLKEQLLDCKGEDGWNKLFDLIQSELYARPDDIHVNIRLVELYRSNK 179 
Rattus norvegicus      RAAKLFPGSPAIYKLKEQLLDCKGEDGWNKLFDLIQSELYARPDDVHVNIRLVELYRSNK 179 
Homo sapiens           RAAKLFPGSPAIYKLKEQLLDCEGEDGWNKLFDLIQSELYVRPDDVHVNIRLVEVYRSTK 179 
Bos taurus             RAAKLFPGSPAIYKLKEQLLDCKGEDGWNKLFDLIQSELYARPDDVHVNIRLVELYRSNS 179 
Gallus gallus          KAARLFPGNPAAYRLKEQLLERKGEDGWNQLFDMIQTELYARPDDIYLNIRLVALYRSNN 180 
 
Mus musculus           RLKDAVAHCHEADRNTALRSSLEWNLCVVQTLKEYLESLQCLDSDKSTWRATNKDLLLAY 239 
Rattus norvegicus      RLKDAVAHCHEADRNMALRSSLEWNSCVVQTLKEYLESLQCLDSDKSTWRATNKDLLLAY 239 
Homo sapiens           RLKDAVAHCHEAERNIALRSSLEWNSCVVQTLKEYLESLQCLESDKSDWRATNTDLLLAY 239 
Bos taurus             RLRDAVAHCHQAERNTALRSSLEWNSCVVQTLKEYLESSQCLESDKSNWRATSQDLLIAY 239 
Gallus gallus          RLRDAVLHCQEAEKKIPIDSSLEWCSCVIKTLEEYLESVRDLEPDKNNWRAIKKDHLLAY 240 
 
Mus musculus           ANLMLLTLSTRDVQEGRE-------LLESFDSALQSVKSSVGGNDELSATFLETKGHFYM 292 
Rattus norvegicus      SNLMLLTLSTRDVQESRE-------LLESFDSALQSVKSSVGGNDELSATFLETKGHFYM 292 
Homo sapiens           ANLMLLTLSTRDVQESRE-------LLQSFDSALQSVKS-LGGNDELSATFLEMKGHFYM 291 
Bos taurus             ANLMLLTLSMRDAQESRE-------LLESFDSALQSVKFCAGGNEELSATFLEVRGHFYM 292 
Gallus gallus          SSLVKLTLASRDVCESRRGAXKASFLHSSFDRVLHSVKPYVNGPDELSRTFLEMKGHFYM 300 
 
Mus musculus           HVGSLLLKMGQQS-DIQWRALSELAALCYLVAFQVPRPKVKLIKG-EAGQNLLETMAHDR 350 
Rattus norvegicus      HVGSLLLKMGQQS-DIQWRALSELAALCYLIAFQVPRPKVKLIKG-ETGQNLLEMMAHDR 350 
Homo sapiens           HAGSLLLKMGQHSSNVQWRALSELAALCYLIAFQVPRPKIKLIKG-EAGQNLLEMMACDR 350 
Bos taurus             HAGSLLLKMGQHS-DVQWRALSELAALCYLIAFQIPRPKTKLIKG-EAGQSLLEMMAYDR 350 
Gallus gallus          HAGTFLLKMAQNN-EARWRDACELAALCYLKSFCIPKPKSKLIKGDPTGQDMLEMLACDR 359 
 
Mus musculus           LSQSGHMLLNLSRGKQDFLKEVVESFANKSGQSALCDALFSSQSSKERSFLGNDDIGNLD 410 
Rattus norvegicus      LSQSGHMLLNLSRGKQDFLKEVVESFANKSGQSALCDALFSSQSSKDRSFLGNDDIGNLD 410 
Homo sapiens           LSQSGHMLLNLSRGKQDFLKEIVETFANKSGQSALYDALFSSQSPKDTSFLGSDDIGNID 410 
Bos taurus             LSQSGHMLLNLSRDKQDFLKEVVESFANRSGQSALYDALFSRQLPKDSCFLGNDDIGSID 410 
Gallus gallus          KSQSGHMLLNLSHGKEDFLREIVESFANKSGLFTLFEGLFGSGASRERSFLGTDDMGDVS 419 
 
Mus musculus           GQVPDPDDLARYDTGAVRAHNGSLQHLTWLGLQWNSLSTLPAIRKWLKQLFHHLPQETSR 470 
Rattus norvegicus      GQVPDLDDLARYDTGAVRAHSGSLQHLTWLGLQWNSLPTLPAIRKWLKQLFHHLPQETSR 470 
Homo sapiens           VREPELEDLTRYDVGAIRAHNGSLQHLTWLGLQWNSLPALPGIRKWLKQLFHHLPHETSR 470 
Bos taurus             VQEPDPDELARYDVGAIRAHNGSLQHLTWLGLQWDSLPTLPAIRKWLKQLFHHLPQETSR 470 
Gallus gallus          TQAPAQGELSKYDIGAVRMHCGSLQHLVWLGLQWNSMSVLFPLRKLLKQLFH-LPQETSR 478 
 
Mus musculus           LETNAPESICILDLEVFLLGVIYTSHLQLKEKCNSHHTSYQPLCLPLPVCRQLCTERQKT 530 
Rattus norvegicus      LETNAPESICILDLEVFLLGVIYTSHLQLREKSNSHHTSYQPLCLPLPVCRQLCTERQKS 530 
Homo sapiens           LETNAPESICILDLEVFLLGVVYTSHLQLKEKCNSHHSSYQPLCLPLPVCKQLCTERQKS 530 
Bos taurus             LETNAPESICILDLEVFLLGVIYTSHLQLKEKSNSHCSFYQPLCLPLPVCKQLCTERQKA 530 
Gallus gallus          LETDAPESICLLDLEVFLLGMVFTSNLQLQEKFNTHYGTHQPPFLPLLLCKQYSTEKQRS 538 
 
Mus musculus           WWDAVCTLIHRKALPGTSAKLRLLVQREINSLRGQEKHGLQPALLVHWAQSLQKTGSSLN 590 
Rattus norvegicus      WWDAVCTLIHRKALPGTSAKLRLLVQREINSLRGQEKHGLQPALLVHWAQSLQKTGSSLN 590 
Homo sapiens           WWDAVCTLIHRKAVPGNVAKLRLLVQHEINTLRAQEKHGLQPALLVHWAECLQKTGSGLN 590 



Bos taurus             WWDAVCNLIHRKAVPGTSAKLRLLVQRDINTLRGQEKTGLQPALLVHWAKCLQKTGSGLN 590 

Gallus gallus          WWDAVRTLMQKKTTPDSATKLKLLVQHGLSTLRALEKHGLQPALMIHWARSLQKTGVSLN 598 

 

Mus musculus           SFYDQREYIGRSVHYWRKVLPLLKMIRKKNSIPEPIDPLFKHFHSVDIQASEIGEYEEDA 650 

Rattus norvegicus      SFYDQREYIGRSVHYWRKVLPLLKMIRKKNSIPEPIDPLFKHFHSVDIQVSEIGEYEEDA 650 

Homo sapiens           SFYDQREYIGRSVHYWKKVLPLLKIIKKKNSIPEPIDPLFKHFHSVDIQASEIVEYEEDA 650 

Bos taurus             SFYDQREYIGRSVHYWKKVLPLLKMIKKKSSIPEPADPLFRHFHSADIQACEVGEYEDEA 650 

Gallus gallus          SFYDQKEYIGRSVYYWKKTLLSLKTIKKHKSIPEPTDPLFKHFHSVDIQVFQVAAYEEEA 658 

 

Mus musculus           HITFAILDAVNGNIEDAMTAFESIKNVVSYWNLALIFHRKAEDIENDALSPEEQEECKNY 710 

Rattus norvegicus      HITFAILDAVNGNIEDAMTAFESIKNVVSYWNLALIFHRKAEDIENDALSPEEQEECKNY 710 

Homo sapiens           HITFAILDAVNGNIEDAVTAFESIKSVVSYWNLALIFHRKAEDIENDALSPEEQEECKNY 710 

Bos taurus             RITFAILDVVNGNIDDAMAAFESINNVISYWNLALLFHRKAEDIDNDVLSSEEQEECKNY 710 

Gallus gallus          YIAFAMLDAVEGKTDDALLAFESIKNVVAYWNLAVLCQRKAEELENDDMLPEEQEEHKTY 718 

 

Mus musculus           LRKTRDYLIRILDDSDSNTSVVQKLPVPLESVKEMLNSVMQELEDYSEGGTLYKNGCWRS 770 

Rattus norvegicus      LRKTRDYLIKILDDSDSNISVVQKLPVPLESVKEMLNSVMQELEDYSEGGTLYKNGCFRS 770 

Homo sapiens           LRKTRDYLIKIIDDSDSNLSVVKKLPVPLESVKEMLNSVMQELEDYSEGGPLYKNGSLRN 770 

Bos taurus             LRKTRDYLIKILDDCDSNLSVVKKLPVPLESVKEMLNLVMQELDEFSEGAPLHKNGSVRN 770 

Gallus gallus          LLKRKHYLMKIIDESSSDPSVADKLPVSIETVTEMLNTVIQELGGNEEGESLASRNIAQA 778 

 

Mus musculus           ADSELKHSTPSPTKYSLSPSKSYKYSPKTPPRWAEDQNSLLKMICQQVEAIKKEMQELKL 830 

Rattus norvegicus      ADSELKHSTPSPTKYSLSPSKSYKYSPKTPPRWAEDQNSLLKMICQQVEAIKKEMQELKL 830 

Homo sapiens           ADSEIKRSTPSPTRYSLSPSKSYKYSPKTPPRWAEDQNSLLKMICQQVEAIKKEMQELKL 830 

Bos taurus             ADSEIKHSTSSPTKYSPSPNRSCKYSPKTPPQWAEDQNCLLKMICQQVEAIKKEMQELKL 830 

Gallus gallus          AHLEVKHPIPSPKKLSFSPTNTYKFSPKTLPQWAEDHKSLLQMLCQQVEALKNEMQEMKL 838 

 

Mus musculus           NSN-NSASPHRWPAEPYGQDPAPDGYQGSQTFHGAPLTVATTGPSVYYSQSPAYNSQYLL 889 

Rattus norvegicus      NSN-NSASPHRWPAEHYRQDPVPDGYQGSQTFHGAPLTVATTGPSVYYSQSPAYNSQYLL 889 

Homo sapiens           NSS-NSASPHRWPTENYGPDSVPDGYQGSQTFHGAPLTVATTGPSVYYSQSPAYNSQYLL 889 

Bos taurus             NSS-SSGSPHRWPPENYGPDPVPDSYQGSQNFHGAPLTVATTGHSVCYSQSPAYNTQYLL 889 

Gallus gallus          NSSSVSVSSHRWPAESYGTDTVSDGYQRAQNLHEAPLTVATTGPSVYYSQSPAYNSQYLL 898 

 

Mus musculus           RPAAN-VTPTKGPVYGMNRLPPQQHIYAYSQQMHTPPVQSSSACMFSQEMYGPP-LRFES 947 

Rattus norvegicus      RPAAN-VTPTKGPVYGMNRLPPQQHIYAYSQQMHTPPVQSSSSCMFSQEMYGPP-LRFES 947 

Homo sapiens           RPAAN-VTPTKGPVYGMNRLPPQQHIYAYPQQMHTPPVQSSSACMFSQEMYGPPALRFES 948 

Bos taurus             RPAAN-VTPTKGPVYGMNRLPPQQHVYGYPQQMHTPPVQSSSACMFSQDMYGPP-LRFES 947 

Gallus gallus          RTAATNVTPTKAPVYGMNRLAPQQHIYAYQQPIHTPPLQNTSACVFPQDIYGTP-LRFDA 957 

 

Mus musculus           PATGILSPRG-DDYFNYNVQQTSTNPPLPEPGYFTKPPLVAHASRSAESKVIEFGKSNFV 1006 

Rattus norvegicus      PATGILSPRG-DDYFNYNVQQTSTNPPLPEPGYFTKPPLVAHASRSGESKVIEFGKSNFV 1006 

Homo sapiens           PATGILSPRG-DDYFNYNVQQTSTNPPLPEPGYFTKPPIAAHASRSAESKTIEFGKTNFV 1007 

Bos taurus             PATGILSPRG-DDYFNYNVQQTSTNPPLPEPGYFTKPPLAAHASRSAEPKVLEFGKTSFV 1006 

Gallus gallus          PAAGIISPRGADDYYNYGVPQASSNPPLPEPGYFTKPSVAPATLKPAESKVVEFSKAKFG 1017 

 

Mus musculus           QPMQGEVIRPPLTTPAHTTQPTPFKFNSNFKSNDGDFTFSSPQVVAQPPSTAYSNSESLL 1066 

Rattus norvegicus      QPMQGEVIRPPLATPAHTTQPTPFKFNSNFKSNDGDFTFSSPQVVTQSPSTAYSNSESLL 1066 

Homo sapiens           QPMPGEGLRPSLPTQAHTTQPTPFKFNSNFKSNDGDFTFSSPQVVTQPPPAAYSNSESLL 1067 

Bos taurus             QPVPGEGMRPSLAAPAHTTQPTPFKFNSNFKSNDGDFTFSSPQVVAQPPATSYNNNESLL 1066 

Gallus gallus          QPGTAEGSKP--------PQPTTFKFNTNFKSNDGDFTFSSPLAATQPANGAFNSSERLL 1069 

 

Mus musculus           GLLTSDKPLQGDGYSGLKPIS-GQASGSRNTFSFGSKNT----LTENMGPNQQKNFGFHR 1121 

Rattus norvegicus      GLLTSDKPLQGDGYSGLKPIS-AQTGGSRNTFSFGSKST----LTENMGPNQQKNFGFRR 1121 

Homo sapiens           GLLTSDKPLQGDGYSGAKPIPGGQTIGPRNTFNFGSKNVSGISFTENMGSSQQKNSGFRR 1127 

Bos taurus             GLLTSDKPLQGDGYSGPKAAQ---NMGPRNTFNFGSKNVPGISFTENMGTNQPKNSGFRR 1123 

Gallus gallus          KLLTSDKPLPDERCIEQKGSN-SHANGQRNVFSFCNKHSSGVSFTESAGQNAHKNLAFEK 1128 

 

Mus musculus           SDDMFAFHGPGKSVFTTAASELANKSHETDGGSAHG-DEEDDGPHFEPVVPLPDKIEVKT 1180 

Rattus norvegicus      SDDMFTFHGPGKSIFTTPTSELANKSHETDGGSAHG-DEEDDGPHFEPVVPLPDKIEVKT 1180 



Homo sapiens           SDDMFTFHGPGKSVFGTPTLETANKNHETDGGSAHG-DDDDDGPHFEPVVPLPDKIEVKT 1186 

Bos taurus             SDDMFTFYSPGKSVFGVPATEPASKGHDADGGSAQG-DEEDDGPHFEPVVPLPDKIEVRT 1182 

Gallus gallus          SD-MFNFQEPSKQLFMTPNSDLANRSHETEGGSTHGGDEDDDGPHFDPVVPLPDKIEVKT 1187 

 

Mus musculus           GEEDEEEFFCNRAKLFRFDGESKEWKERGIGNVKILRHKTSGKIRLLMRREQVLKICANH 1240 

Rattus norvegicus      GEEDEEEFFCNRAKLFRFDGESKEWKERGIGNVKILRHKTSGKIRLLMRREQVLKICANH 1240 

Homo sapiens           GEEDEEEFFCNRAKLFRFDVESKEWKERGIGNVKILRHKTSGKIRLLMRREQVLKICANH 1246 

Bos taurus             GEEDEEEFFCNRAKLYRFDAASREWKERGIGNVKILRHKTSGKIRLLMRREQVLKICANH 1242 

Gallus gallus          GEEDEEEFFCNRAKLFRFDAESKEWKERGIGNVKILKHKVSGKFRLLMRRDQVLKICANH 1247 

 

Mus musculus           YISPDMKLTPNAGSDRSFVWHALDYADELPKPEQLAIRFKTPEEAALFKCKFEEAQNILK 1300 

Rattus norvegicus      YISPDMKLTPNAGSDRSFVWHALDYADELPKPEQLAIRFKTPEEAALFKCKFEEAQNILK 1300 

Homo sapiens           YISPDMKLTPNAGSDRSFVWHALDYADELPKPEQLAIRFKTPEEAALFKCKFEEAQSILK 1306 

Bos taurus             YISPDMALAPNAGSDRSFVWYALDYADESPKPEQLAIRFKTPEEAALFKCKFEEAQSLLK 1302 

Gallus gallus          YINTDMKLTPNAGSDRSFVWHALDYADELPKPEQLAIRFKTPEEAILFKSKFEECQHTLK 1307 

 

Mus musculus           ALGTNTSTAPNHTLRIVKESATQDNKDICKADGGNLNFEFQIVKKEGPYWNCNSCSFKNA 1360 

Rattus norvegicus      ALGTNASTAANHTLRIVKEPATQDNKDICKSDGGNLNFEFQIVKKEGPFWNCNSCSFKNA 1360 

Homo sapiens           APGTNVAMASNQAVRIVKEPTSHDNKDICKSDAGNLNFEFQVAKKEGSWWHCNSCSLKNA 1366 

Bos taurus             ASGANVATTTHQATKTVKEPTGHDSKDIDKSDGVTMNFEFQVAKKEGSWWYCNSCSLKNM 1362 

Gallus gallus          TLGSSADASMAQSTGTAKETTNQDVKESSGSTLGILNSVFQFSRDSVTSESDSKGSFTST 1367 

 

Mus musculus           ATAKKCVSCQNTNPTSNKELLGPPLVENGFAPKTGLENAQDRFATMTANKEGHWDCSVCL 1420 

Rattus norvegicus      ATATKCVSCQNTKPTNGKELLGSPLVENGFASKTGPENVQDRFALMTPNKEGHWDCSVCL 1420 

Homo sapiens           STAKKCVSCQNLNPSN-KELVGPPLAETVFTPKTSPENVQDRFALVTPKKEGHWDCSICL 1425 

Bos taurus             ATAKKCVSCQNLNPGS-KELLGPPLVETISTPKPSSEHTPGRSALVTLKNEGHWNCGVCL 1421 

Gallus gallus          STAPATFSFG----------------------KEAIQTYSSGGFGQSPLKKNQWECKVCL 1405 

 

Mus musculus           VRNEPTVSRCIACQNTKSAS----SFVQTS-FKFGQGDLPKSVDSDFRSVFSKKEGQWEC 1475 

Rattus norvegicus      VRNEPTVSRCIACQNTKSANKNGSSFAQTS-FKFGQGDLSKSADSDFRSVFSKKEGQWDC 1479 

Homo sapiens           VRNEPTVSRCIACQNTKSANKSGSSFVHQASFKFGQGDLPKPINSDFRSVFSTKEGQWDC 1485 

Bos taurus             VRNEPTVSRCIACQNKKPASKSESPLIKQPSFKFGQGDLPKAASSDFKSVFSVKEGQWDC 1481 

Gallus gallus          VRNEATAKNCASCQSPNPDTWETRGIPVTESAASLKASG-SATQEKFGSAFAKKEGQWDC 1464 

 

Mus musculus           SVCLVRNERSAKKCVACENPGKQF-----------------------------------K 1500 

Rattus norvegicus      SICLVRNEASSTKCVACQNPAKQAP----VSSPASFKAGTSDVSKTSKSGFDDMFAKKEG 1535 

Homo sapiens           SACLVQNEGSSTKCAACQNPRKQSLPATSIPTPASFKFGTSETSKTLKSGFEDMFAKKEG 1545 

Bos taurus             SVCLIGNEGSSVKCEACQTPRKQS------------------------------------ 1505 

Gallus gallus          NICSVRNEPTATKCIACQNPSKTN------------------------------------ 1488 

 

Mus musculus           EWHCSLCSVKNEAHAIKCVACNNPVTPSLSTAP---PSFKFGTSEMSKPFRIGFEGMFAK 1557 

Rattus norvegicus      QWDCSLCSVRNEANAVKCVACQNPVKPSSSTTVTVLPSFKFGTSEMTKPPRSGFEGMFAK 1595 

Homo sapiens           QWDCSSCLVRNEANATRCVACQNPDKPSPSTSVPAPASFKFGTSETSKAPKSGFEGMFTK 1605 

Bos taurus             ---------------------------SPAFAAPAPASLKFGTSETSKTPKSGFEGVFTK 1538 

Gallus gallus          -----------------------------SEVSPQQFSFKLEHVDAPKTTQSDLGTAFSL 1519 

 

Mus musculus           KEGQWDCSLCFVRNEASATHCIACQYPNKQNQPTS------CVSAP---ASSETSRSPKS 1608 

Rattus norvegicus      KEGQWDCSLCFVRNEASASQCIACQNPNKQNQPTS------AVSAP---ASSETSKSPKC 1646 

Homo sapiens           KEGQWDCSVCLVRNEASATKCIACQNPGKQNQTTS------AVSTP---ASSETSKAPKS 1656 

Bos taurus             KEGQWDCS---VQNEASMAECVACQNPG-QNPPAS------AAPAP---ASSETVKAPKS 1585 

Gallus gallus          K-GQWNCSVCLVQNEANDENCHSCQSPNSQSQANVPVSAVQALPAPSFGSAADASKPQKN 1578 

 

Mus musculus           GFEGLFPKKEG------------------------------------------------- 1619 

Rattus norvegicus      GFEGLFTRKEG------------------------------------------------- 1657 

Homo sapiens           GFEGMFTKKEGQWDCSVCLVRNEASATKCIACQNPGKQNQTTSAVSTPASSETSKAPKSG 1716 

Bos taurus             GLEGLFAKKEG------------------------------------------------- 1596 

Gallus gallus          AFAELFGKKEG------------------------------------------------- 1589 

 

Mus musculus           ------------------------------------------------------------ 



Rattus norvegicus      ------------------------------------------------------------ 

Homo sapiens           FEGMFTKKEGQWDCSVCLVRNEASATKCIACQCPSKQNQTTAISTPASSEISKAPKSGFE 1776 

Bos taurus             ------------------------------------------------------------ 

Gallus gallus          ------------------------------------------------------------ 

 

Mus musculus           -------EWECAVCSVQNESSSLKCVACEASKPTHKP-HEAPSAFTVGSKSQSNESAGSQ 1671 

Rattus norvegicus      -------EWECTVCSVQNESSSLKCVSCDASKPTHKPIAEAPSAFTVGSKSQLNESAGSQ 1710 

Homo sapiens           GMFIRKGQWDCSVCCVQNESSSLKCVACDASKPTHKPIAEAPSAFTLGSEMKLHDSSGSQ 1836 

Bos taurus             -------QWDCDVCLIRNEGSSPKCVACGASNPTQNPAAEVPLSFPVGSTAEAGNSCASQ 1649 

Gallus gallus          -------QWDCNTCLVRNESSSPACVACQTPNPSSKP-TSNASLFTSDLKNKSSEPVAGQ 1641 

 

Mus musculus           VGTEFKSNFPEKNFKVGISEQKFKFGHVDQEKTPSFAFQGGSNTEFKSIKDGFSFCIPVS 1731 

Rattus norvegicus      VGTEFKSNFPEKNFKVGISEQKFKFGHVDQEKTPSFTFQGSSNTEFKSIKDGFSFCIPVS 1770 

Homo sapiens           VGTGFKSNFSEKASKFGNTEQGFKFGHVDQENSPSFMFQGSSNTEFKSTKEGFS--IPVS 1894 

Bos taurus             TGTGFKSNFSEKAFKFGNAEQGFKFGHVDQENAPSFKFQSSSNTDSKSAKEGFSFSSPAS 1709 

Gallus gallus          LGTGFKCEFLG---------KSFKFGHADQGKTPAFTFQNLADAEAKPSKEGFNFSMLMP 1692 

 

Mus musculus           ADGFKFGIQEKG--------------------NQEKKSEKHLENDPSFQAHDTSGQKNGS 1771 

Rattus norvegicus      ADGFKFGIQEKG--------------------NQEKKSEKHLENDPGFQAHDTSGQKNGS 1810 

Homo sapiens           ADGFKFGISEPG--------------------NQEKKSEKPLENGTGFQAQDISGQKNGR 1934 

Bos taurus             AGGFKFGIQETE--------------------NQEKTTEKSFGEDTGGQAQDTGGQKDGS 1749 

Gallus gallus          PGGFKFGIQESSKSTAKKDDPPKECTTDLKSIDEKDKNELPSSSGVRLQSQETAD-KDKD 1751 

 

Mus musculus           GVVFGQTS-STFTFADLAKSTSREGFQFGKKDPNFKGFSGAGEKLFSSQSGKVAEKANTS 1830 

Rattus norvegicus      GVVFGQTS-STFTFADLAKSTSREGFQFGKKDPNFKGFSGAGEKLFSSQSGKVAEKANTS 1869 

Homo sapiens           GVIFGQTS-STFTFADLAKSTSGEGFQFGKKDPNFKGFSGAGEKLFSSQYGKMANKANTS 1993 

Bos taurus             TVVFGQTG-STFTFADLAKSNSGEGFQFGKKDPNFKGFSGAGEKLFSSQSSKLVDKADAC 1808 

Gallus gallus          EFTFGQNSSSTFTFADLAKSTPSEGFQFGKKDPNFEGFSGAGEQLFSSKASKTGHKASTS 1811 

 

Mus musculus           SDLEKDDD-AYKTEDSDDIHFEPVVQMPEKVELVTGEEDEKVLYSQRVKLFRFDAEISQW 1889 

Rattus norvegicus      -DLEKDDD-AYKTEDSDDIHFEPVVQMPEKVELVTGEEDEKVLYSQRVKLFRFDAEISQW 1927 

Homo sapiens           GDFEKDDD-AYKTEDSDDIHFEPVVQMPEKVELVTGEEDEKVLYSQRVKLFRFDAEVSQW 2052 

Bos taurus             ADLEKDDD-AYKTEDSDDIHFEPVVQMPEKVELVTGEEDEKVLYSQRVKLFRFDAEISQW 1867 

Gallus gallus          ADLGEKDDDVYKTEDSDDIHFEPIVQMPEKVEPFTGEEDEKVLYSQRVKLFRFDPETSQW 1871 

 

Mus musculus           KERGLGNLKILKNEVNGKLRMLMRREQVLKVCANHWITTTMNLKPLSGSDRAWMWLASDF 1949 

Rattus norvegicus      KERGLGNLKILKNEVNGKLRMLMRREQVLKVCANHWITTTMNLKPLSGSDRAWMWLASDF 1987 

Homo sapiens           KERGLGNLKILKNEVNGKLRMLMRREQVLKVCANHWITTTMNLKPLSGSDRAWMWLASDF 2112 

Bos taurus             KERGLGNLKILKNEVNGKLRMLMRREQVLKVCANHWITTTMHLKPLSGSDRAWMWLASDF 1927 

Gallus gallus          KERGVGNLKILKNEVNGKVRILMRREQVLKVCANHWITTTMNLKQLSGSDKAWMWMASDF 1931 

 

Mus musculus           SDGDAKLEQLAAKFKTPELAEEFKQKFEECQRLLLDIPLQTPHKLVDTGRAAKLIQRAEE 2009 

Rattus norvegicus      SDGDAKLEQLAAKFKTPELAEEFKQKFEECQRLLLDIPLQTPHKLVDTGRAAKLIQRAEE 2047 

Homo sapiens           SDGDAKLEQLAAKFKTPELAEEFKQKFEECQRLLLDIPLQTPHKLVDTGRAAKLIQRAEE 2172 

Bos taurus             SDGDAKLEQLAAKFKTPELAEEFKQKFEECQRLLLDIPLQTPHKLVDTGRAAKLIQRAEE 1987 

Gallus gallus          SDGDAKLEQLAAKFKTPEQAEEFKQKFEECQKLLLDIPLQTPHKLVDTGRTAQLIQKAEE 1991 

 

Mus musculus           MKSGLKDFKTFLTNDQVKVTDEENASSGADAPSASDTTAKQNPDNTGPALEWDNYDLRED 2069 

Rattus norvegicus      MKSGLKDFKTFLTNDQAKVTEEENTSSGADASSASDTTVKQNPDNTGPALEWDNYDLRED 2107 

Homo sapiens           MKSGLKDFKTFLTNDQTKVTEEENKGSGTGAAGASDTTIKPNPENTGPTLEWDNYDLRED 2232 

Bos taurus             MKSGLKDFKTFLTNDQTKVSDEESKDSRAGATTAADVSGAPNTETTGPTLEWDNYDLRED 2047 

Gallus gallus          MKSGLKDLKTFLTDDKTKIAEEENVNS-ACAGSTSDCVAKPHAEGTGPAVEWSNSELREE 2050 

 

Mus musculus           ALDDSVSSSSVHASPLASSPVRKNLFRFGESTTGFNFSFKSALSPSKSPAKLNQSGASVG 2129 

Rattus norvegicus      ALDDSVSSSSVHASPLASSPVRKNLFRFGESTTGFNFSFKSALSPSKSPAKLNQSGTSVG 2167 

Homo sapiens           ALDDSVSSSSVHASPLASSPVRKNLFRFGESTTGFNFSFKSALSPSKSPAKLNQSGTSVG 2292 

Bos taurus             ALDDSVSSSSVHASPLASSPVRKNLFRFGESTTGFNFSFKSALSPSKSPGKLNQSGASVG 2107 

Gallus gallus          VLDDSLSSS-VYASPLASSPVRKNLFRFGESTAGFNFSFKSALSPSKSPAKQNQSGTSVG 2109 

 



Mus musculus           TDEESDVTQEEERDGQYFEPVVPLPDLVEVSSGEENEQVVFSHRAKLYRYDKDVGQWKER 2189 

Rattus norvegicus      TDEESDVTQEEERDGQYFEPVVPLPDLIEVSSGEENEQVVFSHRAKLYRYDKDVGQWKER 2227 

Homo sapiens           TDEESDVTQEEERDGQYFEPVVPLPDLVEVSSGEENEQVVFSHRAKLYRYDKDVGQWKER 2352 

Bos taurus             TDEDSDVTQEEERDGQHFEPVVPLPDLVEVSSGEENEQVVFSHRAKLYRYDKDAGQWKER 2167 

Gallus gallus          TDEDSDLTQEEERDGQYFEPVVPLPDLVEVTSGEENEQVVFSHRAKLYRYDKDTNQWKER 2169 

 

Mus musculus           GIGDIKILQNYDNKQVRIVMRRDQVLKLCANHRITPDMTLQTMKGTERVWVWTACDFADG 2249 

Rattus norvegicus      GIGDIKILQNYDNKQVRIVMRRDQVLKLCANHRITPDMTLQTMKGTERVWVWTACDFADG 2287 

Homo sapiens           GIGDIKILQNYDNKQVRIVMRRDQVLKLCANHRITPDMTLQNMKGTERVWLWTACDFADG 2412 

Bos taurus             GIGDIKILQNYENKQVRIVMRRDQVLKLCANHRITPDMTLQNMKGTERVWVWTACDFADG 2227 

Gallus gallus          GIGDIKILQNYDSKQARIVMRRDQVLKLCANHRITPDMNMQQMKGSDRAWVWTACDFADG 2229 

 

Mus musculus           ERKIEHLAVRFKLQDVADSFKKIFDEAKTAQEKDSLITPHVSHLSTPRESPCGKIAIAVL 2309 

Rattus norvegicus      ERKIEHLAVRFKLQDVADSFKKIFDEAKTAQEKDCLITPHVSHLSTPRESPCGKIAIAVL 2347 

Homo sapiens           ERKVEHLAVRFKLQDVADSFKKIFDEAKTAQEKDSLITPHVSRSSTPRESPCGKIAVAVL 2472 

Bos taurus             ERKIEHLAVRFKLQDVADSFKKIFDEAKVAQETDFLITPHVARSATPRESPCGKMAVAVL 2287 

Gallus gallus          ERKVELLAVRFKLQDVADSFKQTFDEAKQAQEKGTLITPHVSRTNTANTSPCGKNAVAVL 2289 

 

Mus musculus           EETTRERTDLTQGDEVIDTTSEAGETSSTSETTPKAVVSPPKFVFGSESVKSIFSSEKSK 2369 

Rattus norvegicus      EETTRERTDLTQGDEVVDTTSEAGETSSTSETTPKAVVSPPKFVFGSESVKSIFSSEKSK 2407 

Homo sapiens           EETTRERTDVIQGDDVADATSEV-EVSSTSETTPKAVVSPPKFVFGSESVKSIFSSEKSK 2531 

Bos taurus             EETTRERTDLSQGDDAADTTSEVGGVSGTPEPTTKAVVSPPKFVFGSESVKSIFSSEKSK 2347 

Gallus gallus          EETTRERTDLSHGNDASDATVEALEVSSTSETPTKTVVSPPKFVFGSESVKSIFSNEKSK 2349 

 

Mus musculus           PFAFGNSSATGSLFGFSFNAPLKNSNSEMTSRVQSGSEGKVKPDKCELPQNSDIKQSSDG 2429 

Rattus norvegicus      PFAFGNSSATGSLFGFSFNAPLKNSNSEISSIVQSGSEGKVDPDKGELPPNSDIKQSSDG 2467 

Homo sapiens           PFAFGNSSATGSLFGFSFNAPLKSNNSETSSVAQSGSESKVEPKKCELSKNSDIEQSSDS 2591 

Bos taurus             PFAFGNSSTTGSLFGFSFNTPLKNNSSEASSAAQSGSERKVEPGGRQESQNSDLKSASDG 2407 

Gallus gallus          TFTFGNTSATGSLFGFSFNPPRKSADSISSSQKAEQKKTGVTE------PPKSCSAPQDS 2403 

 

Mus musculus           KVKNLSA-FSKENSSTSYTFKTPEKAQEKSKPEDLPSDNDILIVYELTPTPEQKALAEKL 2488 

Rattus norvegicus      KVKNLIA-FSKETSST---FKTPEKAREKNKPEDPPSDTDILIVYELTPTPEQKALAEKL 2523 

Homo sapiens           KVKNLFASFPTEESSINYTFKTPEKAKEKKKPEDSPSDDDVLIVYELTPTAEQKALATKL 2651 

Bos taurus             KVKNTSPAFLKEQFSTSHTFKTPEKVEERKKPEDLPSDDDVLIVYELTPTPEQRALASRL 2467 

Gallus gallus          KASSLAP--AAQDGPSNFSFKILEQAEKTAEPSDNPPSDDVMIVYELTPTPEQRALAGFL 2461 

 

Mus musculus           LLPSTFFCYKNRPGYVSEEEEDDEDYEMAVKKLNGKLYLDDSE--KPLEEN---LADNDK 2543 

Rattus norvegicus      LLPSTFFCYKNRPGYVSEEEEDDEDFEMAVKKLNGKLYVDDSE--KPLEEN---LADNDK 2578 

Homo sapiens           KLPPTFFCYKNRPDYVSEEEEDDEDFETAVKKLNGKLYLDGSEKCRPLEEN---TADNEK 2708 

Bos taurus             QLPPTFFCYKNRPDYISEEEEDDEDFDTAVKKLNGKLYLDDSETCRLSEEN---VTDNEK 2524 

Gallus gallus          KLPSTFFCYKNKPGYVSEED-DDEDYETAVKKLNGRLYPVNEKERRKWQVGSPVKQELER 2520 

 

Mus musculus           ECVIVWEKKPTVEERAKADTLKLPPTFFCGVCSDTDED--NGNGEDFQSELRKVCEAQKS 2601 

Rattus norvegicus      ECVIVWEKKPTVEERAKADTLKLPPTFFCGVCSDTDED--NGNGEDFQSELRKVQEAQKS 2636 

Homo sapiens           ECIIVWEKKPTVEEKAKADTLKLPPTFFCGVCSDTDED--NGNGEDFQSELQKVQEAQKS 2766 

Bos taurus             ECVIVWEKKPTVEEKAKADTLKLPPTFFCGICSDTDED--NGNAEDFQSELQKVQEAQKS 2582 

Gallus gallus          ECVTASETKP-SEEKAEGETPQLPSTSACGVSSNAEDAGPEGSQKEVKSERKKESEVTSS 2579 

 

Mus musculus           QNEKVTDRVGIEHIG---ETEVTNPVGCKSEEPDSDTKHSSSSPVS-GTMDKPVDLSTRK 2657 

Rattus norvegicus      QSEKVTNTVGIEQTG---ETEATNPDGSKSEEPDSDTKHSSSSPVP-GTMDKPVDLSTKK 2692 

Homo sapiens           QTEEITSTTDSVYTG---GTEVMVPSFCKSEEPDSITKSISSPSVSSETMDKPVDLSTRK 2823 

Bos taurus             QDENIASSADGMCTD---DTKVTVPFLCKSEEPEFTTKSVSSPSVSSGTVDKPVDLSTRK 2639 

Gallus gallus          TDLVSTSKEDLHASSSSESTAVFVQSAASSEEADSTETAHVSQNLP-GGDDKPVDLSTKK 2638 

 

Mus musculus           ETDMEFPS-KGENKPVLFGFGSGTGLSFADLASSNSGDFAFGSKDKNFQWANTGAAVFG- 2715 

Rattus norvegicus      ETDMEFPS-QGESKTVLFGFGSGTGLSFADLASSNSGDFAFGPKDKNFQWANTGAAVFG- 2750 

Homo sapiens           EIDTDSTS-QGESKIVSFGFGSSTGLSFADLASSNSGDFAFGSKDKNFQWANTGAAVFGT 2882 

Bos taurus             ENDADSTS-QVESKTVTFGFGSGPGLSFADLASSNSGDFAFGSKDKNFQWANTGAAVFG- 2697 

Gallus gallus          ESDLECSESTQEHKPISFGFGNASGLSFADLASKNSGDFAFGSKDKNFKWANTGAAVFG- 2697 



 

Mus musculus           ----TQTTSKGGEDEDGSDEDVVHNEDIHFEPIVSLPEVEVKSGEEDEEVLFKERAKLYR 2771 

Rattus norvegicus      ----TQSTSKDGDDEDGSDEDVVHNEDIHFEPIVSLPEVEVKSGEEDEEVLFKERAKLYR 2806 

Homo sapiens           QSVGTQSAGKVGEDEDGSDEEVVHNEDIHFEPIVSLPEVEVKSGEEDEEILFKERAKLYR 2942 

Bos taurus             ----AQSTSKVGEDEDGSDEEVVHNEDIHFEPIVSLPEVEVKSGEEDEEILFKERAKLYR 2753 

Gallus gallus          ----VQTASKADEDEGGSDDEVVHSDDIHFEPIVSLPEVEVKSGEEDEEILFKERAKLYR 2753 

 

Mus musculus           WDRDVSQWKERGIGDIKILWHTMKKYYRILMRRDQVFKVCANHVITKAMELKPLNVSNNA 2831 

Rattus norvegicus      WDRDVSQWKERGIGDIKILWHSVKNYYRILMRRDQVFKVCANHVITKAMELKPLNFSNNA 2866 

Homo sapiens           WDRDVSQWKERGVGDIKILWHTMKNYYRILMRRDQVFKVCANHVITKTMELKPLNVSNNA 3002 

Bos taurus             WDREASQWKERGVGDIKILWHTVKNYFRILMRRDQVFKVCANHVITKTMELKPLNVSNNA 2813 

Gallus gallus          WDRDATQWKERGVGELKILFHTQKKYYRILMRRDQVLKVCANHVITKEMNLVPSDTSNNV 2813 

 

Mus musculus           LVWTASDYADGEAKVEQLAVRFKTKEMTESFKKKFEECQQNIIKLQNGHTSLAAELSKDT 2891 

Rattus norvegicus      LVWTASDYADGEAKIEQLAVRFKTKEITECFKKKIEECQQNIMKLQNGQVSLAAELSKET 2926 

Homo sapiens           LVWTASDYADGEAKVEQLAVRFKTKEVADCFKKTFEECQQNLMKLQKGHVSLAAELSKET 3062 

Bos taurus             LVWTASDYADGEAKVEQLAVRFKTKEMADCFKKKFEECQQNLLKPQKGQDSLTAEFSKET 2873 

Gallus gallus          LIWTATDYADGEVKVEQFAVRFKVQELANSFKRRFEECQQSLSELQKGHLSLAAVLSKDT 2873 

 

Mus musculus           NPVVFFDVCADGEPLGRIIMELFSNIVPQTAENFRALCTGEKGFGFKNSIFHRVVPDFIC 2951 

Rattus norvegicus      NPVVFFDVCVDGEPLGRIIMELFSNIVPQTAENFRALCTGEKGFGFKNSIFHRVVPDFIC 2986 

Homo sapiens           NPVVFFDVCADGEPLGRITMELFSNIVPRTAENFRALCTGEKGFGFKNSIFHRVIPDFVC 3122 

Bos taurus             NPVVFFDICADDEPLGRITMELFSNIVPKTAENFRALCTGEKGFGFKSSIFHRVIPDFVC 2933 

Gallus gallus          NPVVYFNVSANDEPLGRITMELFANIVPRTAENFRALCTGEKGFGFKNTTFHRIVSDFIC 2933 

 

Mus musculus           QGGDITKYNGTGGQSIYGDKFDDENFDLKHTGPGLLSMANYGQNTNSSQFFITLKKAEHL 3011 

Rattus norvegicus      QGGDITKYNGTGGQSIYGDKFDDENFDLKHTGPGLLSMANCGQNTNSSQFFITLKKAEHL 3046 

Homo sapiens           QGGDITKHDGTGGQSIYGDKFEDENFDVKHTGPGLLSMANQGQNTNNSQFVITLKKAEHL 3182 

Bos taurus             QGGDITKHDGTGGRSIYGDKFEDENFDVKHTGPGLLSMANRGQDTNNSQFFITLKKAERL 2993 

Gallus gallus          QGGDITNHDGTGGRSIYGEAFEDENFEVKHTGPGLLSMANRGRDTNNSQFFITLKKAEHL 2993 

 

Mus musculus           DFKHVVFGFVKDGMDTVRKIESFGSPKGSVSRRICITECGQL 3053 

Rattus norvegicus      DFKHVVFGFVKDGMDTVRKIESFGSPKGSVSRRICITECGQL 3088 

Homo sapiens           DFKHVVFGFVKDGMDTVKKIESFGSPKGSVCRRITITECGQI 3224 

Bos taurus             DFKHVVFGFVKDGMDTVKKIESFGSPKGSVSRRIIITECGQI 3035 

Gallus gallus          DFKHVVFGFVKDGMDVVKKIESFGSPKGLVNGRVVITDCGQI 3035 

 

 

 

Nup153 

Mus musculus           MASEAGGIGGGGGGGKIRTRRCHQGPVKPYQQGRPQHQGILSRVTESVKNIVPGWLQRYF 60 

Rattus norvegicus      MASGAGGIGGGGGGGKIRTRRCHQGPVKPYQQGRPQHQGILSRVTESVKNIVPGWLQRYF 60 

Homo sapiens           MASGAGGVGGGGGG-KIRTRRCHQGPIKPYQQGRQQHQGILSRVTESVKNIVPGWLQRYF 59 

Bos taurus             MASGAGGRGGGGGGGKIRTRRCHQGPMKPYQQGRPQHQGILSRVTESVKNIVPGWLQRYF 60 

Gallus gallus          -----------------------------MREG----LGIISRMTESVKNIVPGWLQKYF 27 

 

Mus musculus           NKSENACSCSPDADEVPPWPENREDEHAIYADENTNTDDGRITPDPAGSNTEEPSTTSTA 120 

Rattus norvegicus      NKSENACSCSVNADEVPRWPENREDEREIYVDENTNTDDGRTTPEPTGSNTEEPSTTSTA 120 

Homo sapiens           NKNEDVCSCSTDTSEVPRWPENKEDHLVYADEESSNITDGRITPEPAVSNTEEPSTTSTA 119 

Bos taurus             SKNEDVCSCSTDTREVPQWPENREDDHIYSDE-SANIHDGRITPEPTGSNTEEPSTTSTA 119 

Gallus gallus          NKSEDEC---VDTNESTNQEENPVNYHHDYGDEDTIMTDGRVTPEPAGINLEEPSTSRSA 84 

 

Mus musculus           SNYPDVLTRPSLHRSHLNFSVLESPALHCQPSTSSAFPIGSSGFSLVKEIKDSTFQHDDD 180 

Rattus norvegicus      SNYPDVLTRPSLHRSHLNFSVLESPALHCQPSTSSAFPIGSSGFSLVKEIKDSTSQHDDD 180 

Homo sapiens           SNYPDVLTRPSLHRSHLNFSMLESPALHCQPSTSSAFPIGSSGFSLVKEIKDSTSQHDDD 179 

Bos taurus             SNYPDVLTRPSLHRSHLNFSMLDSPALHCQPSTSSAFPIGSSGFSLVKEIKDSTSQHDDD 179 

Gallus gallus          LNFSVVLTRPSLHRSHLNCTVLDSTVPPCQPSTSSTLGIGNPGLSLVKEIKDSTSQHDDD 144 

 



Mus musculus           NISTTSGFSSRASEKDIAVSKNTSLPPLWSPEAERSHSLSQHTAISSKKPAFNLSAFGTL 240 

Rattus norvegicus      NISTTSGFSSRASEKDIAVSKNTSLPPLWSPEAERSHSLSQHTAISSKKPAFNLSAFGTL 240 

Homo sapiens           NISTTSGFSSRASDKDITVSKNTSLPPLWSPEAERSHSLSQHTATSSKKPAFNLSAFGTL 239 

Bos taurus             NISTTSGFSSRASDKDIAVSKNTSVPPLWSPEAERSHSFSQHTATSSKKPAFNLSAFGAL 239 

Gallus gallus          NISTTSGFSSRASDKDIAVSKNNSAPLLWSTEAERSHSLSQHSASSSKKPAFNLSAFGAL 204 

 

Mus musculus           STSLGNSSILKTSQLGDSPFYPGKTTYGGAAAAVRQNKVRSTPYQAPVRRQMKAKQLNAQ 300 

Rattus norvegicus      STSLGNSSILKTSQLGDSPFYPGKTTYGGAAAAVRQNKVRSTPYQAPVRRQMKAKQLNAQ 300 

Homo sapiens           SPSLGNSSILKTSQLGDSPFYPGKTTYGGAAAAVRQSKLRNTPYQAPVRRQMKAKQLSAQ 299 

Bos taurus             SPSLGNSSIFKTSQLGDSPFYPGKTTYGGAAAAVRQSKLRNTPYQAPVRRQMKAKQPSAQ 299 

Gallus gallus          SPSLGNTSVFKTSQLGDSPFYPGKTTYGGAAAAARQTKVRIAPYQTPVRRQMKAKQANVQ 264 

 

Mus musculus           SYGVTSSTARRILQSLEKMSSPLADAKRIPSAVSSPLNSPLDRSGIDNT-VFQAKKEKVD 359 

Rattus norvegicus      SYGVTSSTARRILQSLEKMSSPLADAKRIPSAVSSPLNSPLDRSGIDST-VFQAKKEKVD 359 

Homo sapiens           SYGVTSSTARRILQSLEKMSSPLADAKRIPSIVSSPLNSPLDRSGIDIT-DFQAKREKVD 358 

Bos taurus             AYGVTSSTARRILQSLEKMSSPLADAKRIPSVFSSPLNSPLDRSGMDTTTDFQAKREKVD 359 

Gallus gallus          SYGVTSSTARRILQSLEKMSSPLADAKRIPSSVTSPLSSPVDRSVLGIT-GFHSTRKQME 323 

 

Mus musculus           SQYPPVQRLMTPKPVSIATNRTVYFKPSLTPSGDLRKTNQRIDKKNSTVDEKSIS-RQNR 418 

Rattus norvegicus      SQYPPVQRLMTPKPVSIATNRTVYFKPSLTPSGDLRKTNQRIDKKNSTVDEKNIS-RQNR 418 

Homo sapiens           SQYPPVQRLMTPKPVSIATNRSVYFKPSLTPSGEFRKTNQRIDNKCSTGYEKNMTPGQNR 418 

Bos taurus             SQYPPVQRLMIPKPVSIAANRTVYFKPSLTPSGELRKTNQRIDKKYSTDYEKNTTPGQNR 419 

Gallus gallus          SQHPPVQKLVTPKAISLSGSRTQYFKPSLTPSADSSKIHQRVDTKHKEMKEKSLPEEQRV 383 

 

Mus musculus           EQ-ESGFSYPNFSIPAANGLSSGVGGGGGKMRRER-THFVAPKPPENEEVEAPLLPQISL 476 

Rattus norvegicus      EQ-ESGFSYPNFSIPAANGLSSGVGGGGGKMRRERTTHFVASKPSEEEEVEVPLLPQISL 477 

Homo sapiens           EQRESGFSYPNFSLPAANGLSSGVGGGGGKMRRER-TRFVASKPLEEEEMEVPVLPKISL 477 

Bos taurus             EQQESGFSYPNFSMSAANGLSPGVGGGGGKMRRER-TRVVASKPQEKEEVEVPVLPKISL 478 

Gallus gallus          EPSESNLTYPKFSTPASNGLSSGVSGGG-KMRRERGVHYVS-KSGQEQEVEEPVLPKISL 441 

 

Mus musculus           PISSSSLPTFSFSSP-VTSASPSPVSSSQPLPNKVQMTSLGSTGSPVFTFSSPIVKSTQA 535 

Rattus norvegicus      PISSSSLPTFNFSSPAISAASSSSVSPSQPLSNKVQMTSLGSTGNPVFTFSSPIVKSTQA 537 

Homo sapiens           PITSSSLPTFNFSSPEITTSSPSPINSSQALTNKVQMTSPSSTGSPMFKFSSPIVKSTEA 537 

Bos taurus             PITSSSLPTFNFSSSVITTSSPSPISPSQSLTNKVQVTSPNSTGSPLFRFSSPIVKSTES 538 

Gallus gallus          PISTASLAPFNFSFLTSSTVSSPPSTVSTSVMNKVQPTS--NVGSPVFRFSSPIVKSTEA 499 

 

Mus musculus           AVLPPASIGFTFSVPLAKT-EFSGSNSSSETVLSS--SAQDITAVNSSSYKKR-SAPCED 591 

Rattus norvegicus      DVLPPASIGFTFSVPLAKT-ELSGPNSSSETVLSSSVTAQDNTVVNSSSSKKR-SAPCED 595 

Homo sapiens           NVLPPSSIGFTFSVPVAKTAELSGSSSTLEPIISS--SAHHVTTVNSTNCKKTPPEDCEG 595 

Bos taurus             DVLPPSSIGFTFSVPVAKTAELSGPSSVSEPITSS--SAQDTTAVNSTSCKKKQDEDCES 596 

Gallus gallus          EVLPPLSIGFTFSVPVVKSAERSGSSDTPVTSLLT----RDTTTVNSISNKKEEKEEYDG 555 

 

Mus musculus           PFTPAKILREGSVLDILKTPGFASPKVDSPALQPTTTSSIVYTRPAISTFSSSGIEYGES 651 

Rattus norvegicus      PFTPAKILREGSVLDILKTPGFMSPKVDSPALQPTTTSSIVYTRPAISTFSSSGVEFGES 655 

Homo sapiens           PFRPAEILKEGSVLDILKSPGFASPKIDSVAAQPTATSPVVYTRPAISSFSSSGIGFGES 655 

Bos taurus             PFRVAKTLKEGSVLDILKSPGFASSKADSLAAQPGTTSPVVHTRPAISSFSSSGTGFGEG 656 

Gallus gallus          PFKPAKVLKEGSVLDILRSPGFTSVKTHSSASAQPITSTAVYTRPAISSFSAG---KETP 612 

 

Mus musculus           LKAGSSWQCDTC--LLQNKVTDNKCIACQAAKLPLKETAKQTGTGTPSKSDKP-ASTSGT 708 

Rattus norvegicus      LKAGSSWQCDTC--LLQNKVTDNKCIACQAAKLPLKETAKQTGIGTPSKSDKP-ASTSGT 712 

Homo sapiens           LKAGSSWQCDTC--LLQNKVTDNKCIACQAAKLSPRDTAKQTGIETPNKSGKTTLSASGT 713 

Bos taurus             LKAGSSWQCDTC--LLQNKVTDNKCVACQATKLLPKDSAKQTAAGTPSKSGKVTLSTPGT 714 

Gallus gallus          KQASSYWQSDPCDPCSQNKAADSKCVTCQAAKVSTAESTKQTTSSSPSGSTKAAAPPVGM 672 

 

Mus musculus           G-FGDKFKPAIGTWDCDTCLVQNKPEAVKCVACETPKPGTGVKRALTLTVASESPVT--- 764 

Rattus norvegicus      G-FGDKFKPAIGTWDCDTCLVQNKPEAVKCVACETPKPGTGVKRALPLTVASESPVT--- 768 

Homo sapiens           G-FGDKFKPVIGTWDCDTCLVQNKPEAIKCVACETPKPGTCVKRALTLTVVSESAETMTA 772 

Bos taurus             AGFGDKFKPAVGTWDCDTCLVQNKPEAIKCVACETPKPGTGVKRVLTLPVASESAVTVAA 774 

Gallus gallus          LGFGDKFKAAPGTWDCDTCLVQNKPEATKCVACETPKPGMGVMPTLALPVTTESSVTVT- 731 



 

Mus musculus           ASSSTTVTTGTLGFGDKFKRPVGSWECPVCCVCNKAEDNRCVSCTSEKPG-LVSASSSSP 823 

Rattus norvegicus      ASSSTTVTTGTLGFGDKFKRPVGSWECPVCCVSNKAEDSRCVSCTSEKPG-LVSASSSNP 827 

Homo sapiens           SSSSCTVTTGTLGFGDKFKRPIGSWECSVCCVSNNAEDNKCVSCMSEKPGSSVPASSSST 832 

Bos taurus             SSSSCTVTTGALGFADKFKRPVGSWECPVCCVSNNAEDNKCVSCMSEKPGSSVPVSSSSM 834 

Gallus gallus          SSSSSTDTTVTLGFGDKFKKPKGSWDCATCFVSNKAEDSKCVACQSEKPGSSVPVTSSSA 791 

 

Mus musculus           AP-VSLSSGGCLGLDKFKKPEGSWDCEVCLVQNKADSAKCIACESAKPGTKSEFKGFGTS 882 

Rattus norvegicus      VP-VSLPSGGCLGLDKFKKPEGSWDCEVCLVQNKADSTKCIACESAKPGTKSEFKGFGTS 886 

Homo sapiens           VP-VSLPSGGSLGLEKFKKPEGSWDCELCLVQNKADSTKCLACESAKPGTKSGFKGFDTS 891 

Bos taurus             APSISLSSGGCLGLDKFKKPEGSWNCEVCLVQNKADSTKCIACETVKSHTKPEFTGFGTS 894 

Gallus gallus          SA-FAAPSGDLLDLDKFKKPEGSWDCEVCLVQNKAEATKCVACESAKPGTKAEFKGFDAS 850 

 

Mus musculus           SSLNP--APSAFKFGIPSSSSGLSQTLTSTGNFKFGDQGGFKLGTSSDSGSTNTMNTNFK 940 

Rattus norvegicus      SSLNP--APSAFKFGIPSSSSGLSQTFTSTGNFKFGDQGGFKLGTSSDSGSTNTMNTNFK 944 

Homo sapiens           SSSSNSAASSSFKFGVSSSSSGPSQTLTSTGNFKFGDQGGFKIGVSSDSGSINPMSEGFK 951 

Bos taurus             SSSSN-TATSSFKFGIPSPSSGPSQTLANTGNFKFGDQGGFKIGVSSDLGSANPLSEGFK 953 

Gallus gallus          AVSTN-AALPSFTFGVQSSSSD-SQTSSVTGSFKFGEQGGFKFGIASESASSNTAPGGFK 908 

 

Mus musculus           FSKPTGDFKFGVLS-DSKPEEVKNDNKND-NFQFGSSSGLTNPASSAPFQFGVSTLGQQE 998 

Rattus norvegicus      FPKPTGDFKFGVLP-DSKPEEIKNDSKND-NFQFGPSSGLSNPASSAPFQFGVSTLGQQE 1002 

Homo sapiens           FSKPIGDFKFGVSS-ESKPEEVKKDSKND-NFKFGLSSGLSNPVSLTPFQFGVSNLGQEE 1009 

Bos taurus             FSKPIGDFKFGVSS-DSKPEEVKKDSKNDSNFKFGLSSGLSNPAPLAPFQFGVSSLGQQE 1012 

Gallus gallus          FPSSSGNFKFGVSSSDSKPEESKKEDKSN-NFTFGLPS-TSSPAPLT-FQFGTASLGQQE 965 

 

Mus musculus           KKEELPKSSPAGFSFGAGVNNPPN-AAIDTTATSENKS---GFNFGTLDTKSVSVTPFTY 1054 

Rattus norvegicus      KKEELPQSSSAGFSFGAGVANPSS-AAIDTTVTSENKS---GFNFGTIDTKSVSVTPFTY 1058 

Homo sapiens           KKEELPKSSSAGFSFGTGVINSTP-APANTIVTSENKS---SFNLGTIETKSASVAPFTC 1065 

Bos taurus             KKEELPKSSSTGFSFGSGVINPPPTAAADTAVTSESKS---GFSFGTTDTKSVSVAPFTC 1069 

Gallus gallus          KKEQQPVLG--GFSFGS---------SSTSVTTSENKTGVAGFTFGTVAENEVASASFAF 1014 

 

Mus musculus           KTTEAKKEDAPATKGGFTFGKVGSSSLPSSSMFVLGRTEEKQQEPVTSTSLVFGKKADSE 1114 

Rattus norvegicus      KTTEAKKEDASATKGGFTFGKVDSAALSSPSMFVLGRTEEKQQEPVTSTSLVFGKKADNE 1118 

Homo sapiens           KTSEAKKEEMPATKGGFSFGNVEPASLPSASVFVLGRTEEKQQEPVTSTSLVFGKKADNE 1125 

Bos taurus             QTSEAKKEETPATKGGFAFGSVDPTPLPSASLFVLGRTEEKQQEPVTSTSLVFGKKADNE 1129 

Gallus gallus          KKSDEKKDETPSTKGGFSFGNVES---APASQFVLGRTEEKQDSVSSAAPLLFGKKADNE 1071 

 

Mus musculus           EPKCQPVFSFGNSEQTKDESS-KPTFSFSVAKPSGKESEQLAKATFAFGNQTNTTTDQGA 1173 

Rattus norvegicus      EPKCQPVFSFGNSEQTKDESSSKPTFSFSVAKPSVKESDQLAKATFAFGNQTNTTTDQGA 1178 

Homo sapiens           EPKCQPVFSFGNSEQTKDENSSKSTFSFSMTKPSEKESEQPAKATFAFGAQTSTTADQGA 1185 

Bos taurus             EPKCPPVFSFGNSEQTKDEGSSKSTFSFSVVKPSEKESEQPAKPAFAFGAQTSTAADQGV 1189 

Gallus gallus          ESKAQPVFSVGQSEHTKEESTAKPMFNFSFVKPSEKENEQ-AKPTFSFGAQASTSADQGA 1130 

 

Mus musculus           AKPVFSFLNSSSSSSSAPATSS-SGGIFGSSTSSSNPP--VAAFVFGQASNPVSSSAFGN 1230 

Rattus norvegicus      AKPAFSFLNSSSSSSSTPATSS-SASIFGSSTSSSSPP--VAAFVFGQASNPVSSSAFGN 1235 

Homo sapiens           AKPVFSFLNNSSSSSSTPATSA-GGGIFGSSTSSSNPP--VATFVFGQSSNPVSSSAFGN 1242 

Bos taurus             AKPVFNFLNSSSSNSSAPATSV-GGGIFGSCTSSSSAP--VAAFVFGQASNPVSSSAFGN 1246 

Gallus gallus          AKPSFSFLSSSSSSAAIPATSANSSSVFGSITSSSNPAPVPTPFVFGQASNTVSSTAFGN 1190 

 

Mus musculus           AAESSTSQSLLFPQESEPATTSS-TAPAASPFVFGTGASSNS-VSSGFTFGATTTSSSSG 1288 

Rattus norvegicus      SAESSTSQPLLFPQDGKPATTSS-TASAAPPFVFGTGASSNSTVSSGFTFGATTTSSSSG 1294 

Homo sapiens           TAESSTSQSLLFSQDSKLATTSS-TGTAVTPFVFGPGASSNNTTTSGFGFGATTTSSSAG 1301 

Bos taurus             AAESSTSQSLLFSQESKPATTSS-TGTAVTPFVFGTGASSNNTATSGFNFGATTTSSSAG 1305 

Gallus gallus          SAESTASQSFGFSQESKPATTSSTTGAAVAPFVFGSGASSSSAASSGFTFGATATSSSTG 1250 

 

Mus musculus           SS--FVFGTGHSAPSASPAFGANQTPTFGQSQGASQPNPPSFGSISSSTALFSAGSQPVP 1346 

Rattus norvegicus      SF--FVFGTGHSAPSASPAFGANQTPTFGQSQGASQPNPPSFGSISSSTALFSAGSQPVP 1352 

Homo sapiens           SS--FVFGTGPSAPSASPAFGANQTPTFGQSQGASQPNPPGFGSISSSTALFPTGSQPAP 1359 

Bos taurus             SS--FVFGTGASAPSASPAFGANQTPTFGQSQGASQPNPPGFGSISSSGALFSAGSQPAP 1363 



Gallus gallus          SSSSFVFGSGSSAPAAGPAFGAGQLPAFGQSQGSSQPNAPSFGSLS--TTLFSAGSQPAP 1308 

 

Mus musculus           PPIFGTVSSSSQPPVFGQQPSQ-SAFGSGTA-NASSVFQFGSST-TNFNFTNNNPSGVFT 1403 

Rattus norvegicus      PPTFGTVSSSSQPPVFGQQPSQ-SAFGSGTA-NASSVFQFGSST-TNFNFTNNNPSGVFT 1409 

Homo sapiens           P-TFGTVSSSSQPPVFGQQPSQ-SAFGSGTTPNSSSAFQFGSST-TNFNFTNNSPSGVFT 1416 

Bos taurus             P-TFGTVSSSGQPPVFGQQPGQ-SAFGSGTAPNPSSVFQFGSSTATNFNFTNSSPSGVFT 1421 

Gallus gallus          P-AFGSVTSSTQPPVFGQQSSQQPGFGSGTS---SPVFQFGSST-SNFNFTSN--PEVFT 1361 

 

Mus musculus           FGASPSTPAASAQPSGSGVFSFSQSPASFTVGSNGKNMFSSSGTSVSGRKIKTAVRRKK 1462 

Rattus norvegicus      FGASPSTPAAAAQPSGSGGFSFSQSPASFTVGSNGKNMFSSSGTSVSGRKIKTAVRRKK 1468 

Homo sapiens           FGANSSTPAASAQPSGSGGFPFNQSPAAFTVGSNGKNVFSSSGTSFSGRKIKTAVRRRK 1475 

Bos taurus             FGASPSTPAASSQPSGSGGFQFSQSSAAFTVGSNGKNMFSSSGPSVSGRKIKTAVRRKK 1480 

Gallus gallus          FGANPPAPAASVQPSGSSGFSFSQ-PPAFTVGTNGKNIFSASGSSVSVRKIKTAVRRRK 1419 

 

 

 

Nup62 

Mus musculus           MSGFNFGGTGAPAGGFTFGTAKTAT-TTPATGFSFSASGTGTGGFNFGTPSQPAATTPST 59 

Rattus norvegicus      MSGFNFGGTGAPAGGFTFGTAKTAT-TTPATGFSFSASGTGTGGFNFGTPSQPAATTPST 59 

Homo sapiens           MSGFNFGGTGAPTGGFTFGTAKTAT-TTPATGFSFSTS--GTGGFNFGAPFQPATSTPST 57 

Bos taurus             MSGFNFGGTGASTGGFTFGNTKTAT-TTPATGFSFSAS--STGGFSFGTPSQSAASTPAT 57 

Gallus gallus          MSQFNFS-SAPAGGGFSFSTPKTAASTTAATGFSFTPAP--SSGFTFGGAAPTPASSQPV 57 

 

Mus musculus           SLFSLTTQTPTTQTPGFNFG-----TTPASGGTGFSLGISTPKLSLSNAAATPATANTGS 114 

Rattus norvegicus      SLFSLATQTSTTQTPGFNFG-----TTPASGGTGFSLGISTPKLSLSSTAATPATANTGS 114 

Homo sapiens           GLFSLATQTPATQTTGFTFGT----ATLASGGTGFSLGIGASKLNLSNTAATPAMANPSG 113 

Bos taurus             SLFSLSTQTPATQTPAFSFGT----TTPASGATGFSLGSNTPKLSLGSTAPAPAQP--AG 111 

Gallus gallus          TPFSFSTPASSALPTAFSFGTPATATTAAPAASVFPLGGNAPKLNFGGTSTTQATGITGG 117 

 

Mus musculus           FGLGSSTLTNAISSGSTSNQGTAPTGFVFGSSTTS-APSTGST-----GFSFTSGSASQP 168 

Rattus norvegicus      FGLGSSTLTNAISGASTSSQGTAPTGFVFGSSTTS-APSTGTT-----GFSFTSGSASQP 168 

Homo sapiens           FGLGSSNLTNAISSTVTSSQGTAPTGFVFGPSTTSVAPATTSG-----GFSFTGGSTAQP 168 

Bos taurus             FGLGGSTLSSAVSSASTSAQGAAPGGFVFGSATASAAPPTTSTS---GGFSFTGGSTSQT 168 

Gallus gallus          FGFGTSAPTSVPSS-----QAAAPSGFMFGTAATTTTTTTAAQPGTTGGFTFSSGTTTQA 172 

 

Mus musculus           GASGFSLGSVGSSAQPTALSGSPF--TPATLVTTTAG---ATQPAAA------------- 210 

Rattus norvegicus      GASGFNIGSVGSLAQPTALSGSPF--TPATLATTTAG---ATQPAAA------------- 210 

Homo sapiens           --SGFNIGSAGNSAQPTAPATLPF--TPATPAATTAG---ATQPAAP------------- 208 

Bos taurus             GTSGFNIGSLGGPAQPPALGGLPF--TAAAPAATGAG---AAQPAAP------------- 210 

Gallus gallus          GTTGFNIGATSTAAPQAVPTGLTFGAAPAAAATTTASLGSTTQPAATPFSLGGQSSAATG 232 

 

Mus musculus           APTAATTS----------------------------------AGSTLFASIAA--APASS 234 

Rattus norvegicus      TPTAATTS----------------------------------AGSTLFASIAA--APASS 234 

Homo sapiens           TPTATITS----------------------------------TGPSLFASIAT--APTSS 232 

Bos taurus             TPAATTTS----------------------------------AGPSLFTSLAT--APTSS 234 

Gallus gallus          APTATLTASTSQGPTLSFGSKLGVTTTASTTTAASTAPLLGSTGPVLFASIASSSAPASS 292 

 

Mus musculus           SATGLSLPAPVTTAATPSAGTLGFSLKAPGAAPGASTTSTTTTTTTTTTTAAAAAASTTT 294 

Rattus norvegicus      STTVLSLSAPATTAATPTAGTLGFSLKAPGAAPGASTTSTTTTTTTTTTTASTSSS-TTT 293 

Homo sapiens           ATTGLSLCTPVTTAGAPTAGTQGFSLKAPGAASGTSTTTSTAATATATTTS-----SSST 287 

Bos taurus             AATGLSLGTPATTTGTAGAGTVGFNLKAPGVAS-TTSTATTTTTTTAATTS--------T 285 

Gallus gallus          TSTGLSLGAPST--GTTGLGTSGFGLKPPGTTAAATSTATSTSASS-------------- 336 

 

Mus musculus           TGFALSLKPLVSAGPSS---VAATALPASSTAAGTATGPAMTYAQLESLINKWSLELEDQ 351 

Rattus norvegicus      TGFALSLKPLVPAGPSS---VAATALPASSTAVGTTTGPAMTYAQLESLINKWSLELEDQ 350 

Homo sapiens           TGFALNLKPLAPAGIPSNTAAAVTAPPGPGAAAGAAASSAMTYAQLESLINKWSLELEDQ 347 

Bos taurus             TGFSLNIKPLTPAGIPSNTAASGSAPSGASAAAGGSGSAALTYAQLESLINKWSLELEDQ 345 

Gallus gallus          --FALNLKPLTTTGTIG-----AVTSTAAITTTTPSAPPVMTYAQLESLINKWSLELEDQ 389 



 

Mus musculus           ERHFLQQATQVNAWDRTLIENGEKITSLHREVEKVKLDQKRLDQELDFILSQQKELEDLL 411 

Rattus norvegicus      ERHFLQQATQVNAWDRTLIENGEKITSLHREVEKVKLDQKRLDQELDFILSQQKELEDLL 410 

Homo sapiens           ERHFLQQATQVNAWDRTLIENGEKITSLHREVEKVKLDQKRLDQELDFILSQQKELEDLL 407 

Bos taurus             ERHFLQQATQVNAWDRTLIENGERITSLHREVEKVKLDQKRLDQELDFILSQQKELEDLL 405 

Gallus gallus          EKHFLHQATQVNAWDRTLIENGEKITSLHREVEKVKLDQKRLDQELDFILSQQKELEDLL 449 

 

Mus musculus           SPLEESVKEQSGTIYLQHADEEREKTYKLAENIDAQLKRMAQDLKDIIEHLNMAGGPADT 471 

Rattus norvegicus      SPLEESVKEQSGTIYLQHADEEREKTYKLAENIDAQLKRMAQDLKDIIEHLNMAGGPADT 470 

Homo sapiens           SPLEELVKEQSGTIYLQHADEEREKTYKLAENIDAQLKRMAQDLKDIIEHLNTSGAPADT 467 

Bos taurus             SPLEESVKEQSGTVHLQHADEEREKTYKLAENIDAQLKRMAQDLKDIIEHLNTSGGPADT 465 

Gallus gallus          TPLEESVKEQSGTIYLQHADEERERTYKLAENIDAQLKRMAQDLKDIIEHLNTSGRPADT 509 

 

Mus musculus           SDPLQQICKILNAHMDSLQWVDQSSALLQRRVEEASRVCEGRRKEQERSLRIAFD 526 

Rattus norvegicus      SDPLQQICKILNAHMDSLQWVDQSSALLQRRVEEASRVCESRRKEQERSLRIAFD 525 

Homo sapiens           SDPLQQICKILNAHMDSLQWIDQNSALLQRKVEEVTKVCEGRRKEQERSFRITFD 522 

Bos taurus             SDPLQQICKILNAHMDSLQWIDQNSALLQRKVEEVTKVCEGRRKEQERSFRITFD 520 

Gallus gallus          SDPLQQICKILNAHMDSLQWIDQNSALLQRKVEEVTKVCESRRKEQERSFRITFD 564 

 

 

 

Nup155 

Mus musculus           MP-SVLGSMMVASTSAAASLQEALENAGRLIDRQLQEDRMYPDLSELLMVSAPNSPTVSG 59 

Rattus norvegicus      MP-SMLGSMMVASTSAPS-LQEALENAGRLIDRQLQEDRMYPDLSELLMVSAPNSPTVSG 58 

Homo sapiens           MPSSLLGAAMPASTSAAA-LQEALENAGRLIDRQLQEDRMYPDLSELLMVSAPNNPTVSG 59 

Bos taurus             MPSSLLGSAMPASTSAAA-LQEALENAGRLIDRQLQEDRMYPDLSELLMVSAPNNPTVSG 59 

Gallus gallus          MP-----AAMSPTVPAGH---EALEIAGRIIDRQIQDDRCYPDLSELLAVPAPGSPTVSG 52 

 

Mus musculus           MSDMDYPLQGPGLLSVPSLPEISTIRRVPLPPELVEQFGHMQCNCMMGVFPPISRAWLTI 119 

Rattus norvegicus      MSDMDYPLQGPGLLSVPSLPEISTIRRVPLRLSWLNSLDTCSVTAMMGVFPPISRAWLTI 118 

Homo sapiens           MSDMDYPLQGPGLLSVPNLPEISSIRRVPLPPELVEQFGHMQCNCMMGVFPPISRAWLTI 119 

Bos taurus             MSDMDYPLQGPGLLSVPNLPDISSIRRVPLPPELVEQFGHMQCNCMMGVFPPISRAWLTI 119 

Gallus gallus          MTDMDYPLQGPGLLSIPNLPEISSVRRVPLPPELVEQFGHMQCNCMMGVFPEISRAWLTI 112 

 

Mus musculus           DSDIFMWNYEDGGDLAYFDGLSETILAVGLVKPKAGIFQPHVRHLLVLATPVDIVILGLS 179 

Rattus norvegicus      DSDIFMWNYEDGGDLAYFDGLSETILAVGLVKPKAGIFQPHVRHLLVLATPVDIVILGLS 178 

Homo sapiens           DSDIFMWNYEDGGDLAYFDGLSETILAVGLVKPKAGIFQPHVRHLLVLATPVDIVILGLS 179 

Bos taurus             DSDIFMWNYEDGGDLAYFDGLSETILAVGLVKPKPGIFQPHVRHLLVLATPVDIVILGLS 179 

Gallus gallus          DSDIFMWNYEDGGDLAYFDGLSETILAVGLVKPKGGIFQPHVRHLLVLATPVDIVILGLS 172 

 

Mus musculus           YANVQTGSGILNDSMCGGMQLLPDPLYSLPTDNTYLLTITSTDNGRIFLAGKDGCLYEVA 239 

Rattus norvegicus      YANVQTGSGILNDSVCGGLQLLPDPLYSLPTDNTYLLTITSTDNGRIFLAGKDGCLYEVA 238 

Homo sapiens           YANLQTGSGVLNDSLSGGMQLLPDPLYSLPTDNTYLLTITSTDNGRIFLAGKDGCLYEVA 239 

Bos taurus             YTNLQTGSGVLNDSMCGGMQLLPDPLYSLPTDNTYLLTITSTDNGRIFLAGKDGCLYEVA 239 

Gallus gallus          CANTQAGTGPLNDSLSGGMQLLPDPLYSLPTDNTYISAITSTDNGRIFLAGKDGCLYEVA 232 

 

Mus musculus           YQAEAGWFSQRCRKINHSKSSLSFLVPSLLQFTFSEDDPIVQIEIDNSRNILYTRSEKGV 299 

Rattus norvegicus      YQAEAGWFSQRCRKINHSKSSLSFLVPSLLQFTFSEDDPIVQIEIDNSRNILYTRSEKGV 298 

Homo sapiens           YQAEAGWFSQRCRKINHSKSSLSFLVPSLLQFTFSEDDPILQIAIDNSRNILYTRSEKGV 299 

Bos taurus             YQAEAGWFSQRCRKINHSKSPLSFLVPSLLQFTFSEDDPIVQIAVDNSRNILYTRSEKGV 299 

Gallus gallus          YQAEAGWFSQRCRKINHSKSALSFLIPSLLQFTFSEDDPVVQIAIDNSRNILYTRSEKGV 292 

 

Mus musculus           IQVYDLGHDGQGMSRVASVSQNAIVSAAGNIARTIDRSVFKPIVQIAVIESSESLDCQLL 359 

Rattus norvegicus      IQVYDLGHDGQGMSRVASVSQNAIVCAAGNIARTIDRSVFKPIVQIAVIENSESLDCQLL 358 

Homo sapiens           IQVYDLGQDGQGMSRVASVSQNAIVSAAGNIARTIDRSVFKPIVQIAVIENSESLDCQLL 359 

Bos taurus             IQVYDLGHDGQGMNRVASVSQNSIVSAAGNIARTIDRSVFKPIVQIAVIENSESLDCQLL 359 

Gallus gallus          LQVYDLGQDGQGMARVTSLSQNAIVSAAGSIARTIDRSVFKPIVQIAVIENSESIDCQLL 352 

 



Mus musculus           AVTHAGVRLYFSTCPFRQPLARPNTLTLVHVRLPPGFSASSTVEKPSKVHKALYSKGILL 419 

Rattus norvegicus      AVTHAGVRLYFSTCPFRQPLARPNTLTLVHVRLPPGFSASSTVEKPSKVHKALYSKGILL 418 

Homo sapiens           AVTHAGVRLYFSTCPFRQPLARPNTLTLVHVRLPPGFSASSTVEKPSKVHRALYSKGILL 419 

Bos taurus             AVTHAGVRLYFSTCPFRQPLARPNTLTLVHVRLPPGFSASSTVEKPSKVHKALYSKGILL 419 

Gallus gallus          AVTHAGVRLYFSTSQFKHPAARPSMLTLVHVRLPPGFSASSNVEKPSKVHRALYCKGVLL 412 

 

Mus musculus           MTASENEDNDILWCVNHDTFPFQKPMMETQMTTRVDGHSWALSAIDELKVDKIITPLNKD 479 

Rattus norvegicus      MTASENEDNDILWCVNHDTFPFQKPMMETQMTTRVDGHSWALSAIDELKVDKIITPLNKD 478 

Homo sapiens           MAASENEDNDILWCVNHDTFPFQKPMMETQMTAGVDGHSWALSAIDELKVDKIITPLNKD 479 

Bos taurus             MAASENEDNDILWCVNHDTFPFQKPMMETQMTTRVDGHSWALSAIDELKVDKIITPLNKD 479 

Gallus gallus          MAASENEDNDILWCINHDSFPFQKPMMETQMTTRVDGHSWALSAIDEFKVQKIVTPLNKD 472 

 

Mus musculus           HIPITDSPVVVQQHMLPPKKFVLLSAQGSLMFHKLRPVDQLRHLLVSNVGGDGEEIERFF 539 

Rattus norvegicus      HIPITDSPVVVQQHMLPPKKFVLLSAQGSLMFHKLRPVDQLRHLLVSNVGGDGEEIERFF 538 

Homo sapiens           HIPITDSPVVVQQHMLPPKKFVLLSAQGSLMFHKLRPVDQLRHLLVSNVGGDGEEIERFF 539 

Bos taurus             HIPITDSPVVVQQHMLPPKKFVLLSAQGSLMFHKLRPVDQLRHLLVSNVGGDGEEIERFF 539 

Gallus gallus          VIPITDSPIVVQQHMLPPKRFVLLSAQGSFMFHKLRPVDQLRHLLVSNTGGDGEEIERFF 532 

 

Mus musculus           KLHQEDQACATCLILACSTAACDREVSAWATRAFFRYGGEAQMRFPATLPTPSNVGPILG 599 

Rattus norvegicus      KLHQEDQACATCLILACSTAACDREVSAWATRAFFRYGGEAQMRFPATLPTPSNVGPILG 598 

Homo sapiens           KLHQEDQACATCLILACSTAACDREVSAWATRAFFRYGGEAQMRFPTTLPPPSNVGPILG 599 

Bos taurus             KLHQEDQACATCLILACSTAACDREVSAWATRAFFRYGGEAQMRFPTTLPTPSNVGPILG 599 

Gallus gallus          KLHQEDQACATCLILACSNAACDTEVSAWATRAFFRYGGEAQMRFPSALPPPSNVGPILG 592 

 

Mus musculus           SPMYSSSPVPSGSPYPNPSSLGTPSHGAQPPTMSTPMCAVGSPAMQAAS--MSGLTGPEI 657 

Rattus norvegicus      SPMYSSSPVPTGSPYPNPSSLGTPSHGAQPPTMSTPMSAVGNPAMQAAS--LSGLTGPEI 656 

Homo sapiens           SPVYSSSPVPSGSPYPNPSFLGTPSHGIQPPAMSTPVCALGNPATQATN--MSCVTGPEI 657 

Bos taurus             SPVYSSSPVPSGTLYPNPSFLGTPSQGVHPPAVSTPVCALGSPATQATS--MSCMAGPEI 657 

Gallus gallus          SPIPPVSPLTVDSPYPSPSLLTGPGPGLQSTTVSTPIFPPGNSVSHPGTSISSGIMGPEI 652 

 

Mus musculus           VYSGKHNGICIYFSRIMGNIWDASLVVERVFKSSNREITAIESSVPVQLLESVLQELKGL 717 

Rattus norvegicus      VYSGKHNGICIYFSRIMGNIWDASLVVERVFKSSNREITAIESSVPIQLLESVLQELKGL 716 

Homo sapiens           VYSGKHNGICIYFSRIMGNIWDASLVVERIFKSGNREITAIESSVPCQLLESVLQELKGL 717 

Bos taurus             VYSGKHNGICIYFSRIMGNIWDASLVVERVFKSGNREITAIESSVPSQLLESVLLELKGL 717 

Gallus gallus          VFSGRHNGICIYFARIIGNIWDGSIVVEKIFKSGNREVVAIESSVPSHVLECVLQELKGL 712 

 

Mus musculus           QEFLDRNSQFS-GGPLGNPNTTARVQQRLVGFMRPENGNTQQMQQELQRKFQ-EAQLSEK 775 

Rattus norvegicus      QEFLDRNSQFS-GGPLGNPNTTAKVQQRLLGVMRPENGNTQQMQQELQRKFH-EAQLSEK 774 

Homo sapiens           QEFLDRNSQFA-GGPLGNPNTTAKVQQRLIGFMRPENGNPQQMQQELQRKFH-EAQLSEK 775 

Bos taurus             QEFLDRNSQFT-GGPLGNPNTAAKVQQRLIGFMRPENGNTQQMQQELQRKLH-EAQLSEK 775 

Gallus gallus          QEFLDRNSQFATVGALGNPSTPANLQQRLLGFMRPDGGSSQQVQQELQRKYHAEAQLTEK 772 

 

Mus musculus           ISLQAIQQLVRKSYQALALWKLLCEHQFSVIVGELQKEFQEQLKITTFKDLVIRDKEVTG 835 

Rattus norvegicus      ISLQAIQQLVRKSYQALALWKLLCEHQFTVIVGELQKEFQEQLKITTFKDLVIREKEVTG 834 

Homo sapiens           ISLQAIQQLVRKSYQALALWKLLCEHQFTIIVAELQKELQEQLKITTFKDLVIRDKELTG 835 

Bos taurus             ISLQAIQQLVRKSYQALALWKLLCEHQFTVIVGELQKEFQEQLKITTFKDLVIRDKELTG 835 

Gallus gallus          NSLQGIQQLVRKTCQALALWKLLCEHQFSVVVGELQKELQEHLKMTAFKDLVIRDKELTG 832 

 

Mus musculus           ALIASLINCYIRDNAAVDGISLHLQDTCPLLYSTDDAVCSKANELLQRSRQVQSKTERER 895 

Rattus norvegicus      ALIASLINCYIRDNAAVDGISLHLQDTCPLLYSTDDAVCSKANELLQRSRQVQSKSERER 894 

Homo sapiens           ALIASLINCYIRDNAAVDGISLHLQDICPLLYSTDDAICSKANELLQRSRQVQNKTEKER 895 

Bos taurus             ALIASLINCYIRDNAAVDGISLHLQDICPLLYSTDDAICSKANELLQHSRQVQNKIEKER 895 

Gallus gallus          ALIASLINCYIRDNAAVDGISAHLQDICPLLYSTDDAVCSKANELLQRSRQAQNKLEKEK 892 

 

Mus musculus           MLRESLKEYQKISNQVDLPSVCAQYRQVRFYEGVVELSLTAAEKKDPQGLGLHFYKHGEP 955 

Rattus norvegicus      MLRESLKEYQKISNQVDLPSVCAQYRQVRFYEGVVELSLTAAEKKDPQGLGLHFYKHGEP 954 

Homo sapiens           MLRESLKEYQKISNQVDLSNVCAQYRQVRFYEGVVELSLTAAEKKDPQGLGLHFYKHGEP 955 

Bos taurus             MLRESLKEYQKISNQVDLSSVCAQYRQVRFYEGVVELSLTAAEKKDPQGLGLHFYKHGEP 955 

Gallus gallus          MLRESLKEYQKISNQVDLANVCAQYRQVRFYEGVVELSLTAAEKKDPQGLGLHFYKNGEP 952 



 

Mus musculus           EEDVVGLQTFQERLNSYKCITDTLQELVNQSKAAPQSPSVPKKPGPPVLSSDPNMLSNEE 1015 

Rattus norvegicus      EEDVVGLQTFQERLNSYKCITDTLQELVNQSKAAPQSPSVPKKPGPPVLSSDPNMLSNEE 1014 

Homo sapiens           EEDIVGLQAFQERLNSYKCITDTLQELVNQSKAAPQSPSVPKKPGPPVLSSDPNMLSNEE 1015 

Bos taurus             EEDIVGLQAFQERLNSYKCITDTLQELVNQSKAAPQSPSVPKKPGPPVLSSDPNMLSNEE 1015 

Gallus gallus          EEDAVGLQAFQERLNSYKCITDTLQELVNQSKAAPQSPSVPKKPGPPVLSSDPNMLSNEE 1012 

 

Mus musculus           AGHHFEQMLKLAQRSKDELFSIALYNWLIQADLADKLLQIASPFLEPHLVRMARVDQNRV 1075 

Rattus norvegicus      AGHHFEQMLKLAQRSKDELFSIALYNWLIQADLADKLLQIASPFLEPHLVRMAKVDQNRV 1074 

Homo sapiens           AGHHFEQMLKLSQRSKDELFSIALYNWLIQVDLADKLLQVASPFLEPHLVRMAKVDQNRV 1075 

Bos taurus             AGHHFEQMLKLSQRSKDELFSIALYNWLIQADLADKLLQIASPFLEPHLVRMAKVDQNKV 1075 

Gallus gallus          AGHHFEQMLKLAQRSTDELFSIALYNWLIQVDLADKLLQVTAPFLEPYLVRMTKIDQNKV 1072 

 

Mus musculus           RYMDLLWRYYEKNRSFSSAARVLSKLADMHSTEISLQQRLEYIARAILSAKSSTAISSIA 1135 

Rattus norvegicus      RYMDLLWRYYEKNRSFSSAARVLSKLADMHSTEISLQQRLEYIARAILSAKSSTAISSIA 1134 

Homo sapiens           RYMDLLWRYYEKNRSFSNAARVLSRLADMHSTEISLQQRLEYIARAILSAKSSTAISSIA 1135 

Bos taurus             RYMDLLWRYYEKNRSFSSAARVLSKLADMHSTEISLQQRLEYIARAILSAKSSTAISSTA 1135 

Gallus gallus          RYMDLLWRYFEKNRNFSNAARVLAKLADLHSTEISLQQRLEYIARAILSAKSSTAISSIA 1132 

 

Mus musculus           ADGEFLHELEEKMEVARIQLQIQETLQRQYSHHSSVQDAISQLDSELMDITKLYGEFADP 1195 

Rattus norvegicus      ADGEFLHELEEKMEVARIQLQIQETLQRQYSHHSSVQDAISQLDSELMDITKLYGEFADP 1194 

Homo sapiens           ADGEFLHELEEKMEVARIQLQIQETLQRQYSHHSSVQDAVSQLDSELMDITKLYGEFADP 1195 

Bos taurus             ADGEFLHELEEKMEVARIQLQIQETLQRQYSHHSSVQDAISQLDSELMDITKLYGEFADP 1195 

Gallus gallus          ADGEFLHELEEKMDVARIQLQIQETLQRQYSHHSSVQDAVSQLDAELMDITKLYGEFADP 1192 

 

Mus musculus           FKLAECKLAVIHCAGYSDPILVHTLWQDIIEKELNDSVALSSSDRMHALSLKLVLLGKIY 1255 

Rattus norvegicus      FKLAECKLAIIHCAGYSDPILVHTLWQDIIEKELSDSVTLSSSDRMHALSLKLVLLGKIY 1254 

Homo sapiens           FKLAECKLAIIHCAGYSDPILVQTLWQDIIEKELSDSVTLSSSDRMHALSLKIVLLGKIY 1255 

Bos taurus             FKLAECKLAIIHCAGYSDPILVQTLWQDIIEKELNESVTLSSPDRMHALSLKIVLLGKIY 1255 

Gallus gallus          FKLSECKLAIIHCAGHSDPILVQTLWQEIIEKELSDSVSLSPADRMQALSLKMALLGKIY 1252 

 

Mus musculus           AGTPRFFPLDFIVQFLEQQVCTLNWDVGFVIQTMNEIGVPLPRLLEVYDQLFKSRDPFWN 1315 

Rattus norvegicus      AGTPRFFPLDFIVQFLEQQVCTLNWDVGFVIQTMNEIGVPLPRLLEVYDQLFKSRDPFWN 1314 

Homo sapiens           AGTPRFFPLDFIVQFLEQQVCTLNWDVGFVIQTMNEIGVPLPRLLEVYDQLFKSRDPFWN 1315 

Bos taurus             AGTPRFFPLDFIVQFLEQQVCTLNWDVGFVIQTMNEIGVPLPRLLEVYDHLFKSRDPFWN 1315 

Gallus gallus          AGTPRYFPLDFLVQFLEQQVCALNWDVGFVTYTMQEIGVPLPRLLEVYDQLFKARDPYWN 1312 

 

Mus musculus           RVKSPLHLLDCIHVLLTRYVENPSLVLNCERRRFTNLCLDAVCGYLVELQSMSSSVAVQA 1375 

Rattus norvegicus      RVKSPLHLLDCIHVLLTRYVENPSLVLNCERRRFTNLCLDAVCGYLVELQSMSSSVAVQA 1374 

Homo sapiens           RMKKPLHLLDCIHVLLIRYVENPSQVLNCERRRFTNLCLDAVCGYLVELQSMSSSVAVQA 1375 

Bos taurus             RMKKPLHLLDCIHVLLTRYVENPSQVLNCERRRFTNLCLDAVCGYLVELQSMSSSAAVQA 1375 

Gallus gallus          RMKKPLHLLECIHVLLSGYVQDPSRVL--MRRRFTNVCLDAVSCYLVELQSMSPTLMVQT 1370 

 

Mus musculus           ITGNFKSLQAKLERLH 1391 

Rattus norvegicus      ITGNFKSLQAKLERLH 1390 

Homo sapiens           ITGNFKSLQAKLERLH 1391 

Bos taurus             ITGNFKSLQAKLERLH 1391 

Gallus gallus          TIGNFKSLQAKLERLH 1386 

 

 

 

Nup160 

Mus musculus           ----------------------------------MAAAGSLERSFVELSGAERERPRHFR 26 

Rattus norvegicus      ----------------------------------MAAAGSLERSFVELSGAERERPRHFR 26 

Homo sapiens           MLHLSAAPPAPPPEVTATARPCLCSVGRRGDGGKMAAAGALERSFVELSGAERERPRHFR 60 

Bos taurus             ----------------------------------MAAAGAVERSFVEVVGAERERPRHFR 26 

Gallus gallus          -----------------------------------MAAGLAERSYMELGPAPRAPPRRLR 25 

 



Mus musculus           EFTVCDIGTASAAFGTVKYSESAGGFYYVESGKLFSITRNRFIHWKTSGDTLELVEESLD 86 

Rattus norvegicus      EFTVCDLGTANAAFGAVKYSESAGGFYYVESGKLFSITRNRFIHWKTSGDTLELVEESLD 86 

Homo sapiens           EFTVCSIGTANAVAGAVKYSESAGGFYYVESGKLFSVTRNRFIHWKTSGDTLELMEESLD 120 

Bos taurus             EFTVCGIGTANAAAGAVKYGESAGGFYYVESGKLFSVTRNRFIHWKASGDTLELLEESLD 86 

Gallus gallus          EVSFSPPGTAPVPSG--RYGDSAGGFCYRECAQLGAATRNRCVRWTTSGDTLELVEESLD 83 

 

Mus musculus           LNLLNNAVRLKFQNYNILPGGVHVSETQNHVIILILTNQTVHRLILPHPSRMYRSELVTE 146 

Rattus norvegicus      LNLLNNAVRLKFQNYSLLPGGVHVSETQNHVIILILTNHTVHRLILPHPSRMYRSELVTE 146 

Homo sapiens           INLLNNAIRLKFQNCSVLPGGVYVSETQNRVIILMLTNQTVHRLLLPHPSRMYRSELVVD 180 

Bos taurus             INLLNNAVRLKFQNGVLLPGGVHVSETQNHVIILILTNQTVHRLLLPHPSRMYRSELAIE 146 

Gallus gallus          TELLNNAVRLHIQGCPLLPGGVHLCEVQNHLVLLLVTVQSVHRVLLPHPAYAYRGDLITE 143 

 

Mus musculus           SQMQSIFTDIGKVDFRDPCNSQLIPSVPGLSPGSTTSAAWLSSDGEALFALPSASGGIFV 206 

Rattus norvegicus      SQMQSIFTDIGKVDFKDPCNYQLIPTVPGLSPSSTTSAAWLSSDGEALFALPSASGGIFV 206 

Homo sapiens           SQMQSIFTDIGKVDFTDPCNYQLIPAVPGISPNSTASTAWLSSDGEALFALPCASGGIFV 240 

Bos taurus             SQMQSIFTDIGKVDFRDPCNYQPIPSVPGLSPGSATSAAWLSNDGEALFALPSASGGIFV 206 

Gallus gallus          SQMQSVFTDVGKINFRDPSSYHLIPSVPGLAANSVASAAWLSSDGEALFALPSAAGGIFV 203 

 

Mus musculus           LKLPPYDVPGIASVVELKQSSVMQRLLTGWMPTAIRGDHGPSDRALSLAVHCVEHDAFIF 266 

Rattus norvegicus      LKLPPYDIPGIASVVELKQSSVMQRLLTGWMPTAIRGDHGPSDRALSLAVHCVEHDAFIF 266 

Homo sapiens           LKLPPYDIPGMVSVVELKQSSVMQRLLTGWMPTAIRGDQSPSDRPLSLAVHCVEHDAFIF 300 

Bos taurus             LKLPPYDIPGVVSVVELKQSSVMQRLLIGWMPTAIRGDQGPSDRPLSLAVHCVEHNAFIF 266 

Gallus gallus          IKLPPHDVPGVVSVVELKQSSVVQRFLTGWMPTAIRGD-GPSDVPISLAVHCLDHDAFLF 262 

 

Mus musculus           ALCQDHKLRMWSYKDQMCLMVADMLEYVPVNKDLRLTAGTGHKLRLAYSPSMGLYLGIYM 326 

Rattus norvegicus      ALCQDHKLRMWSYKDQMCLMVADMLEYVPVNKDLRLTAGTGHKLRLAYSPSMGLYLGIYM 326 

Homo sapiens           ALCQDHKLRMWSYKEQMCLMVADMLEYVPVKKDLRLTAGTGHKLRLAYSPAMGLYLGIYM 360 

Bos taurus             ALCQDHKLRMWSYKDQMCLMVADMLEFVPVNKDLRLTAGTGHKLRLAYSPSMGLYLGVYL 326 

Gallus gallus          ALCQDHKLRMWSYKDQMCLMVADLLEFMPVSRDLRLAAGTGHRLRLAFSQSLGLYLGVYM 322 

 

Mus musculus           HAPKRGQFCVFQLVSTENNRYSLDHISSLFTSQETLVDFALTSTDIWALWHDAENQTIVK 386 

Rattus norvegicus      HAPKRGQFCIFQLVSTESSRYSLDHISSLFTSQETLVDFALTSTDIWALWHDAENQTIVK 386 

Homo sapiens           HAPKRGQFCIFQLVSTESNRYSLDHISSLFTSQETLIDFALTSTDIWALWHDAENQTVVK 420 

Bos taurus             HAPKRGQFCVFQLVSAENNRYSLDHISSLFTSQETLIDFALTSTDIWALWHDAENQTAVK 386 

Gallus gallus          HAPKRGQFCVFQLVSTESNRYSLDHISSLFSSQETLIDFALTSAEIWALWHNEENQTIVK 382 

 

Mus musculus           YINFEHNVAGQWNPVFMQPLPEEEIVIRDDQDPREMYLRSLFTPGHFINAALCKALQIFC 446 

Rattus norvegicus      YINFEHNVAGQWNPVFMQSLPEEEIVIRDDQDPR-----------------------IFC 423 

Homo sapiens           YINFEHNVAGQWNPVFMQPLPEEEIVIRDDQDPREMYLQSLFTPGQFTNEALCKALQIFC 480 

Bos taurus             YINFEHNVAGQWSPVFMQPLPEEEIVIRDDQDPREMYLQSLFTPGRFINAALCKALQIFC 446 

Gallus gallus          YINFEQNVAGQWNQVFMQPLPEEEVTVRHDQDPRETYLEYLFTPGRFSNAAIQKALQIFS 442 

 

Mus musculus           RGTERNLDLSWNELKKEITLAVENELQGSVTEYEFSQDEFRTLQQEFWCKFYACVLQYQE 506 

Rattus norvegicus      RGTERNLDLSWSELKKEITLAVENELQGSVTEYEFSQDEFRTLQQEFWCKFYACCLQYQE 483 

Homo sapiens           RGTERNLDLSWSELKKEVTLAVENELQGSVTEYEFSQEEFRNLQQEFWCKFYACCLQYQE 540 

Bos taurus             RGTERNLDLSWMELKKEVTLAVESELQGSVTEYEFSQEEFRSLQQEFWCKFYACCLQYQE 506 

Gallus gallus          QGTERHMDLTWDELKKEVTLAVENEFQGSVTEYECSPEEFCQLQVDFWSKFCACCLQYQE 502 

 

Mus musculus           ALSHPLALHLNPVTNMVCLLKKGYLSFLVPSSLVDHLYLLPDEHLLTEDETTISDDADVA 566 

Rattus norvegicus      ALSHPLALHLNPLTNMVCLLKKGYLSFLVPSSLVDHLYLLPDEHLLTEDETTISDDADVA 543 

Homo sapiens           ALSHPLALHLNPHTNMVCLLKKGYLSFLIPSSLVDHLYLLPYENLLTEDETTISDDVDIA 600 

Bos taurus             ALSHPLALHLNPHTSMVCLLKKGYLSFLVPSSLVDHLYLLPDENLLTEDETTISDDVDVA 566 

Gallus gallus          ALSRPLALLLNPYTNMVCLLKKGFVSFLVPCSLVDHLYLLSNEHLLTEEDAAIFDDLEMS 562 

 

Mus musculus           RDVLCLIKCLRMIGESVTMDMAVLMETSCYNLQSPEKAAEHILEDLITIDVENVMEDICS 626 

Rattus norvegicus      RDVLCLIKCLRMIGESVTMDMAVLMETSCYNLQSPEKAAEHILEDLITIDVENVMEDICS 603 

Homo sapiens           RDVICLIKCLRLIEESVTVDMSVIMEMSCYNLQSPEKAAEQILEDMITIDVENVMEDICS 660 

Bos taurus             RDVMCLIKCLRLIGESVTMDMSVMMEMSCYNLQSPEKAAEQILEDLITIDVDNVMEDICS 626 

Gallus gallus          RDVVCLVQCLRLIGESISMEIAFIMEMACSRLQPPEKAAEQILGDLIANDTENVMEDIHS 622 



 

Mus musculus           KLQEIRNPVHAIGLLIREMDYETEVEMEKGFDPAQPLNVRMNLSQLYGSSTAGYIVCRGV 686 

Rattus norvegicus      KLQEIRNPVHAIGLLIREMDYETEVEMEKGFDPAQPLNVRMNLSQLYGSSTAGYIVCRGV 663 

Homo sapiens           KLQEIRNPIHAIGLLIREMDYETEVEMEKGFNPAQPLNIRMNLTQLYGSNTAGYIVCRGV 720 

Bos taurus             KLQEIRNPIHAIGLLIREMDYETEVEMEKGFSPAQPLNVRMNLSQLYGSSTSGHIVCRSV 686 

Gallus gallus          KLQEIRNPIHAIGVLIREMDYETDTDMERGFLSAHPLNMRLNLTQLYGSSTAVSVVCWGV 682 

 

Mus musculus           YKIASTRFLICRDLLILQQLLTRLGDAVILGAGQLFQAQQDLLHRTAPLLLSYYLIKWAS 746 

Rattus norvegicus      YKIASTRFLICRDLLILQQLLTRLGDAVILGAGQLFQAQQDLLHRTAPLLLSYYLIKWSS 723 

Homo sapiens           HKIASTRFLICRDLLILQQLLMRLGDAVIWGTGQLFQAQQDLLHRTAPLLLSYYLIKWGS 780 

Bos taurus             CKIASTRFLICRDLLILQQLLMRLGDAVILGAGQLFQAQQDLLHRTAPLLLSYYLIKWGS 746 

Gallus gallus          CKIATIRFQICRDLLILQQLLLRLGDPMVLGGGQLFQSQQDLLHRTSPLLLSYYLIRWAS 742 

 

Mus musculus           QCLATDVPVDTLESNLQHLSVLELTDSGALMANKLVSSPQTIMELFFQEVARKQIISHLF 806 

Rattus norvegicus      QCLATDVPVDTLESNLQHLSVLELTDSGALMANKLVSSPQTIMELFFQEVARKHIISHLF 783 

Homo sapiens           ECLATDVPLDTLESNLQHLSVLELTDSGALMANRFVSSPQTIVELFFQEVARKHIISHLF 840 

Bos taurus             QCLATDVPVDTLESNLQHLSVLELTDSGALTANKFVSSPQTIVELFFQEVARKHIISHLF 806 

Gallus gallus          QCLASDIPIDTLESNLQHLSVLELADTTVLTPHKLVSSPQTIVELFFRDVARKHIVSRLF 802 

 

Mus musculus           SQPKAPLSQTGLNWPEMITAVTGYLLQLLWPSNPGCLFLECLMGNCQYVQLQDYIQLLHP 866 

Rattus norvegicus      SQPKAPLSQTGLNWPEMVTAVTGYLLQLLWPSNPGCLFLECLMGNCQYVQLQDYIQLLHP 843 

Homo sapiens           SQPKAPLSQTGLNWPEMITAITSYLLQLLWPSNPGCLFLECLMGNCQYVQLQDYIQLLHP 900 

Bos taurus             SQPKAPLSQTGLNWPEMITAVTNYLLQLLWPSNPGCLFLECLMGNCQYVQLQDYIQLLHP 866 

Gallus gallus          LQPNTSLIETSLNWPHLITAIVADFLPLLWPSNPGFLFPECLIGSCQYTQLQEYIRLLQP 862 

 

Mus musculus           WCQVNVGSCRFMLGRCYLVTGEVQKALECFCQAASEVGKEEFLDRLIRSEDGEIVSTPKL 926 

Rattus norvegicus      WCQVNVGSCRFMLGRCYLVTGEVQKALECFCQAASEVGKEEFLDRLIRTEDGEIVSTPKL 903 

Homo sapiens           WCQVNVGSCRFMLGRCYLVTGEGQKALECFCQAASEVGKEEFLDRLIRSEDGEIVSTPRL 960 

Bos taurus             WCQVNVGSCRFMLGRCYLVTGEGQKALECFCQAASEVGKEEFLDRLIRSEDGEIVSTPRL 926 

Gallus gallus          WCHVNMGSCCFMMGRCYLVMGEGHKALDCFCQAASEVGKEEFLDRLIQPEEGEMVSTPRL 922 

 

Mus musculus           QYYDKVLRLLDVVGLPELVIQLATSAITEAGDDWKSQATLRTCIFKHHLDLGHNSQAYEA 986 

Rattus norvegicus      QYYDKVLRLLDVVGLPELVIQLATSAITEAGDDWKSQATLRTCIFKHHLDLGHNSQAYEA 963 

Homo sapiens           QYYDKVLRLLDVIGLPELVIQLATSAITEAGDDWKSQATLRTCIFKHHLDLGHNSQAYEA 1020 

Bos taurus             QYYDKVLRLLDVVGLPELVIQLATSAITEAGDDWKSQATLRTCIFKHHLDLGHNSQAYEA 986 

Gallus gallus          QYYSKVLRLLDMVGLPELVIQLASVAIMESADDWRTQATLRTCIFKHHLDLGHNSDAYVA 982 

 

Mus musculus           LTQIPDSSRQLDCLRQLVVVLCERSQLQDLVEFPYVNLHNEVVGIIESRARAVDLMTHNY 1046 

Rattus norvegicus      LTQIPDSSRQLDCLRQLVVVLCERSQLQDLVEFPYVNLHNEVVGIIESRARAVDLMTHNY 1023 

Homo sapiens           LTQIPDSSRQLDCLRQLVVVLCERSQLQDLVEFPYVNLHNEVVGIIESRARAVDLMTHNY 1080 

Bos taurus             LTQIPDSSRQLDCLRQLVVVLCERSQLQDLVEFPYVNLHNEVVGIIESRARAVDLMTHNY 1046 

Gallus gallus          LTQNPDPSRQLDCLRQLVVVLCERSQLQDLVEFPYVNLHNEVVGIIESHARAVDLMTHNY 1042 

 

Mus musculus           YELLYAFHIYRHNYRKAGTVMFEYGMRLGREVRTLRGLEKQGNCYLAAINCLRLIRPEYA 1106 

Rattus norvegicus      YELLYAFHIYRHNYRKAGTVMFEYGMRLGREVRTLGGLEKQGNCYLAAINCLRLIRPEYA 1083 

Homo sapiens           YELLYAFHIYRHNYRKAGTVMFEYGMRLGREVRTLRGLEKQGNCYLAALNCLRLIRPEYA 1140 

Bos taurus             YELLYAFHIYRHNYRKAGTVMFEYGMRLGREVRTIRGLEKQGNCYLAAINCLRLIRPEYA 1106 

Gallus gallus          YELLYAFHIYRHNYRKAGTVMFEYGMRLGREVRTLRGLQKQGNCFLAAINCLRLIRPEYV 1102 

 

Mus musculus           WIVQPASGAVSDRPGASPKRNHDGECTAAPTNRQIEILELEDLEKEYSLARIRLTLARHD 1166 

Rattus norvegicus      WIVQPASGAVSDRPGASPKRNHDGECTAAPTNRQIEILELEDLEKECSLARIRLTLARHD 1143 

Homo sapiens           WIVQPVSGAVYDRPGASPKRNHDGECTAAPTNRQIEILELEDLEKECSLARIRLTLAQHD 1200 

Bos taurus             WIVQPASGAVYDRPGASPKRNHDGECTAAPTNRQIEILELEDLEKECSLARIRLTLAQHD 1166 

Gallus gallus          PLHPSVT-----------------------ATRQIEILELEDLERECVLARIRLTLVQHD 1139 

 

Mus musculus           PSVIAIAGSSSAKEMSALLVQAGLFDTAISLCQTFTLPLTPVFEGLAFKCIKLQFGGEAA 1226 

Rattus norvegicus      PSAIAIAGSSSAKEMSTLLVQAGLFDTAISLCQTFKLPLTPVFEGLAFKCIKLQFGGEAA 1203 

Homo sapiens           PSAVAVAGSSSAEEMVTLLVQAGLFDTAISLCQTFKLPLTPVFEGLAFKCIKLQFGGEAA 1260 

Bos taurus             PSAAAVAGSSSAEEMVTLLVQAGLFDTAISLCQTFKLPLTPVFEGLAFKCIKLQFGGEAV 1226 



Gallus gallus          LSTAAVAGNSTPEETLALLIRAGLFDTAITLCQTFKLPLTAVFEGLTFKCIKLQLGGEAA 1199 

 

Mus musculus           QGEAWSWLATNQLSSVITTKESSATDEAWRLLSTYLERYKVQNNLYHHCVINKLLSHGVP 1286 

Rattus norvegicus      QGEAWAWLAANQLSSVITTKESSATDEAWRLLSTYLERYKVQNNLYHHCVINKLLSHGVP 1263 

Homo sapiens           QAEAWAWLAANQLSSVITTKESSATDEAWRLLSTYLERYKVQNNLYHHCVINKLLSHGVP 1320 

Bos taurus             QAEAWAWLAANQLSSVITTKESSATDEAWRLLSAYLERYKVQNNLYHHCVINKLLSHGVP 1286 

Gallus gallus          QAEAWEWLASNQLSALVTTKESSATDEAWRLLSSYLERYPSQNSLYHRCVINKLLAHGIP 1259 

 

Mus musculus           LPNWLINSYKKVDAAELLRLYLNYDLLEEAVDLVSEYVDAVLGKGHQYFGIEFPLSATAP 1346 

Rattus norvegicus      LPNWLINSYKKVDAAELLRLYLNYDLLEEAVDLVSEYVDAVLGKGHQYFGIEFPLSATAP 1323 

Homo sapiens           LPNWLINSYKKVDAAELLRLYLNYDLLEEAVDLVSEYVDAVLGKGHQYFGIEFPLSATAP 1380 

Bos taurus             LPNWLINSYKKVDAAELLRLYLNYDLLEEAVELVSEYVDAVLGKGHQYFGIEFPLSATAP 1346 

Gallus gallus          LPNWLINSYKTVDAAQLLRLYLNYDLLEEAVDLVSEYVDAVLGKGHQYFGIEFPLSATAP 1319 

 

Mus musculus           MVWLPYSSIDQLLQALGENSANSHNIILSQKILDKLEDYQQKVDKATRDLLYRRDL 1402 

Rattus norvegicus      MVWLPYSSIDQLLQALGENSANSHNIILSQKILDKLEDYQQKVDKATRDLLYRRDL 1379 

Homo sapiens           MVWLPYSSIDQLLQALGENSANSHNIALSQKILDKLEDYQQKVDKATRDLLYRRTL 1436 

Bos taurus             MVWLPYSSIDQLLQALGENTANSHNIALSQKILDKLEDYQQKVDKATRDLLYRRNL 1402 

Gallus gallus          MVWLPYTAIDQLLQALRESSANPSNVLLYQKLHDKMEDYHQKVSVATRDRLYLRA- 1374 

 

 

 

Nup88 

Mus musculus           MAAAVGPLGDGELWQSWLPNHVVFLRLREGVRNQSPAEAEKPAASTSPSCPSLPPHLPTR 60 

Rattus norvegicus      MAAAAGPVGDGELWQSWLPNHVVFLRLREGLKNQSPAEADKPATSTSPSCPPLPPHLPTR 60 

Homo sapiens           MAAAEGPVGDGELWQTWLPNHVVFLRLREGLKNQSPTEAEKPASSSLPSSP--PPQLLTR 58 

Bos_aurus              MAGAEGGPGDGELWQTWLPNHAVFLRLREGLKNQSSTETEKPASS-LPSSPPLPPQLLTR 59 

Gallus gallus          MAAEWGP---AEQWRAALPQHAAFGRLRD----------SGPAPSAAPRSP------LIR 41 

 

Mus musculus           NLVFGLGGELFLWDAEGSAFLVVRLRGPSGGGVEPPLSQYQRLLCINPPLFEIHQVLLSP 120 

Rattus norvegicus      NLVFGLGGELFLWDAEGSAFLVVRLRGPSGGSVEPPLSQYQRLLCINPPLFEIHQVLLSP 120 

Homo sapiens           NVVFGLGGELFLWDGEDSSFLVVRLRGPSGGGEEPALSQYQRLLCINPPLFEIYQVLLSP 118 

Bos_aurus              NLVLGLGGELFLWDPEESSFLVVRLRGPSGAGEEPSLSQYQRLLCINPPLFEIYQVLLSP 119 

Gallus gallus          SLLLGLDGDLLLWDGERGALLDIDLRRLSG--AEPELGRYQTLLCINPPLFXVYHTLLSP 99 

 

Mus musculus           TQHHVALIGSKGLMALELPQRWGKDSEFEGGKATVNCSTIPIAERFFTSSTSLTLKHAAW 180 

Rattus norvegicus      TQHHVALIGTKGLMALELPQRWGKDSEFEGGKATVNCSTIPIAERFFTSSTSLTLKHAAW 180 

Homo sapiens           TQHHVALIGIKGLMVLELPKRWGKNSEFEGGKSTVNCSTTPVAERFFTSSTSLTLKHAAW 178 

Bos_aurus              TQHHVALIGIKGLMILELPKRWGKNSEFEGGKSTVNCSTTPVAERFFTSSTSLTLKHAAW 179 

Gallus gallus          ALCHVALIGTKGLSAVELPKRWGKNSEFEGGKATVNCSTIPIAERFFTSSTSLTLKHAAW 159 

 

Mus musculus           YPSEMLDPHIVLLTSDNVIRIYSLREPQTPTKVIVLSEAEEESLILNKGRAYTASLGETA 240 

Rattus norvegicus      YPSEMLDPHIVLLTSDNVIRIYSLREPQTPTKVIVLSEAEEESLILNKGRAYTASLGETA 240 

Homo sapiens           YPSEILDPHVVLLTSDNVIRIYSLREPQTPTNVIILSEAEEESLVLNKGRAYTASLGETA 238 

Bos_aurus              YPSEMLEPHIVLLTSDNVIRIYSLREPQTPTKVIVLSEAEEESLILNKGRAYTASLGETA 239 

Gallus gallus          YPCETLEPHVVLLTSDNTIRIYSLKVPQAPIKVIALSDAEEETLIINRGRAYTASLGETA 219 

 

Mus musculus           VAFDFGPLVTVSKNIFEQKDR-DVVAYPLYILYENGETFLTYVSLLHSPGNIGKLLGPLP 299 

Rattus norvegicus      VAFDFGPLVTVSKNMFEQKDR-EAVAYPLYILYENGETFLTYVSLLHSPGNIGKLLGPLP 299 

Homo sapiens           VAFDFGPLAAVPKTLFGQNGKDEVVAYPLYILYENGETFLTYISLLHSPGNIGKLLGPLP 298 

Bos_aurus              VAFDFGPLSAVPKHIFGQKGKEEVAAYPLYILYENGETFLTYISLLHSPGSVGKLLGPLP 299 

Gallus gallus          VAFDFGPLVPVPVSVLGQRGSEEVLAFPLYILYENGETFLTYINLLQSAGNLGKLLGPLP 279 

 

Mus musculus           MHPAAEDNYGYDACAILCLPCVPNILVIATESGMLYHCVVLEGEEEDDQTLEKSWDPRAD 359 

Rattus norvegicus      MHPAAEDNYGYDACAILCLPCVPNILVIATESGMLYHCVVLEGEEDDDQTLEKSWDPRAD 359 

Homo sapiens           MHPAAEDNYGYDACAVLCLPCVPNILVIATESGMLYHCVVLEGEEEDDHTSEKSWDSRID 358 

Bos_aurus              MHPAAEDNYGYDACAVLCLPCVPNILVIATESGMLYHCVVLEGEEEDDQTSEKSWDSRAD 359 

Gallus gallus          MHPAAEDNYGYDACAVLCLPCIPNILVIATESGVLYHCVVLDAEEDEEQS-EKSWDPRSD 338 



 

Mus musculus           FIPSLYVFECVELELALKLASG-EDDPFASDFSCPIKLHRDPKCPSRYHCSHEAGVHSVG 418 

Rattus norvegicus      LIPSLYVFECVELELALKLASA-EDDPFASDFSCPIKLHRDPKCPSRYHCSHEAGVHSVG 418 

Homo sapiens           LIPSLYVFECVELELALKLASG-EDDPFDSDFSCPVKLHRDPKCPSRYHCTHEAGVHSVG 417 

Bos_aurus              LIPSLYVFECVELELALKLASG-EDEPFDSDFSCPIKLHRDPKCPSRYHCTHEAGVHSVG 418 

Gallus gallus          LVPSLYVFECVELELALKLASGDEEEPLESDFSCPIKLHRDPKCPTRYHCTHEAGVHSVG 398 

 

Mus musculus           LTWIHKLHKFLGSDEEDKDSLQELTAEQKCFVEHILCTKPLPCRQPAPIRGFWIVPDILG 478 

Rattus norvegicus      LTWIHKLHKFLGSDEEDKDSLQELTAEQKCFVEHILCTKPLPCRQPAPIRGFWIVPDILG 478 

Homo sapiens           LTWIHKLHKFLGSDEEDKDSLQELSTEQKCFVEHILCTKPLPCRQPAPIRGFWIVPDILG 477 

Bos_aurus              LTWIHKLHKFLGSDEEDKDSLQELATEQKCFVEHILCTKPLPCRQPAPIRGFWIVPDILG 478 

Gallus gallus          LTWISKLQKFLGSDEEDKDGLQELGAEQKCFVEHILCTKPLPCRQPAPVRGFWIVSDVLG 458 

 

Mus musculus           PTMICITSTYECLIRPLLSTVHPASPPLLCTQEDAEVAESPLRILAETPDSFEKHIKRIL 538 

Rattus norvegicus      PTMICITSTYECLIRPLLSTVHPASPPLLCTREDAGVAESPLRILAEAPDSFEKHIKRIL 538 

Homo sapiens           PTMICITSTYECLIWPLLSTVHPASPPLLCTREDVEVAESPLRVLAETPDSFEKHIRSIL 537 

Bos_aurus              PTMICITSTYECLIRPLLSTVHPASPPLLCTREDVEVAESPLRILAETPDSFEKHIRSIL 538 

Gallus gallus          PTMICITNNYECITRPLLTAVHPASPSLLCTKEDKDDATSPLRVLAESQHSFEKHIQSIL 518 

 

Mus musculus           QRSAANPAFLKSSEKDLAPPPEECLQLISRATQVFREQYILKQDLAKEEIQRRVKLLCDQ 598 

Rattus norvegicus      QRSAANPALLKSSEKDLAPPPEECLQLISRATQVFREQYILKQDLAKEEIQRRVKLLCDQ 598 

Homo sapiens           QRSVANPAFLKASEKDIAPPPEECLQLLSRATQVFREQYILKQDLAKEEIQRRVKLLCDQ 597 

Bos_aurus              QRSVANPAFLKSSEKDMAPPPEECLQLISRATQVFREQYILKQDLAKEEIQRRVKLLCDQ 598 

Gallus gallus          RRTSANPLLLKSADKEAAPPPEECLQLLSRATQVFREEYILKQDLAKEEIQQRVKLLWGQ 578 

 

Mus musculus           KRKQLEDLNYCREERKSLREMAERLADKYEEAKEKQEDIMNRMKKVLHSFHAQLPVLSDS 658 

Rattus norvegicus      KRKQLEDLNYCREERKSLREMAERLADKYEEAKEKQEDIMNRMKKVLHSFHTQLPVLSDS 658 

Homo sapiens           KKKQLEDLSYCREERKSLREMAERLADKYEEAKEKQEDIMNRMKKLLHSFHSELPVLSDS 657 

Bos_aurus              KKKQLEDLNYCREERKSLREMAERLADKYEEAKEKQEDIMNRMKKVLHSFHSQLPVLSDS 658 

Gallus gallus          KKKQLEDLNYCREEKKSLREMAERLADKYEEAKEKQEDIMNRMKKVLRSFHSQLPVISDS 638 

 

Mus musculus           ERDMKKELQLIPDQLRHLGNAIKQVTMKKDYQQRKMEKVLSPQKPTITLSAYQRKCIQSI 718 

Rattus norvegicus      ERDMKKELQLIPDQLRHLGNAIKQVTMKKDYQQRKMEKVLSPQKPTITLSAYQRKCIQSI 718 

Homo sapiens           ERDMKKELQLIPDQLRHLGNAIKQVTMKKDYQQQKMEKVLSLPKPTIILSAYQRKCIQSI 717 

Bos_aurus              ERDMKKELQLIPDQLRHLGNAIKQVTMKKDYQQRKMEKVLSPQKPTITLSAYQRKCIQSI 718 

Gallus gallus          ERDMKKELQTIHDQLQHLSNAIRQVKMKKEYQQKKMEKGISPRKPSITLSAYQSKCIQTV 698 

 

Mus musculus           LKEEGEHIREMVKQINDIRNHVTF 742 

Rattus norvegicus      LKEEGEHIREMVKQINDIRNHVNF 742 

Homo sapiens           LKEEGEHIREMVKQINDIRNHVNF 741 

Bos_aurus              LKEEGEHIREMVKQINDIRNHVNF 742 

Gallus gallus          LKEEGERIREMVKQINDIRGHVNF 722 
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