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Rapid alteration of protein 
phosphorylation during 
postmortem: implication in the 
study of protein phosphorylation
Yifan Wang1,2,3, Yanchong Zhang1,2, Wen Hu1,2, Shutao Xie1,2, Cheng-Xin Gong1,2, 
Khalid Iqbal2 & Fei Liu1,2

Protein phosphorylation is an important post-translational modification of proteins. Postmortem 
tissues are widely being utilized in the biomedical studies, but the effects of postmortem on protein 
phosphorylation have not been received enough attention. In the present study, we found here that 
most proteins in mouse brain, heart, liver, and kidney were rapidly dephosphorylated to various 
degrees during 20 sec to 10 min postmortem. Phosphorylation of tau at Thr212 and glycogen synthase 
kinase 3β (GSK-3β) at Ser9 was reduced by 50% in the brain with 40 sec postmortem, a regular time 
for tissue processing. During postmortem, phosphorylation of cAMP-dependent protein kinase (PKA) 
and AMP activated kinase (AMPK) was increased in the brain, but not in other organs. Perfusion of 
the brain with cold or room temperature phosphate-buffered saline (PBS) also caused significant 
alteration of protein phosphorylation. Cooling down and maintaining mouse brains in the ice-cold 
buffer prevented the alteration effectively. This study suggests that phosphorylation of proteins is 
rapidly changed during postmortem. Thus, immediate processing of tissues followed by cooling down 
in ice-cold buffer is vitally important and perfusion has to be avoided when protein phosphorylation 
is to be studied.

Protein phosphorylation was first reported in 1906 by Phoebus Levene1. However, phosphorylation 
as a regulatory physiological mechanism was discovered by Eddie Fischer and Ed Krebs in 19552. 
Phosphorylation can modify a protein function by many ways, such as activating or inactivating its 
biological activity, stabilizing or marking it for degradation, affecting its subcellular localization and ini-
tiating or disrupting protein–protein interactions. The reversible phosphorylation of proteins regulates 
nearly every aspect of cell life3, which includes regulation of signaling pathways and cellular processes 
that mediate metabolism, transcription, translation, cell-cycle progression, differentiation, cytoskeleton 
arrangement and cell movement, apoptosis, intercellular communication, and neuronal and immuno-
logical functions4. It is believed that perhaps 1/3 of the proteins encoded by the human genome are 
phosphoproteins with tens of thousands of distinct phosphorylation sites5. Importantly, abnormal phos-
phorylation is now believed as a cause or consequence of many human diseases including Alzheimer’s 
disease5–7.

Protein phosphorylation is a post-translational modification of proteins in which a serine, threonine 
or tyrosine residue is phosphorylated by a protein kinase by the addition of a covalently bound phos-
phate group. Its reverse reaction, called dephosphorylation, is catalyzed by protein phosphatases. Protein 
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kinases and phosphatases work independently and in a balanced manner to regulate the state of phos-
phorylation and thereby the function of proteins. The human genome contains about 500 protein kinase 
genes and they constitute about 2% of all human genes8. However, there are much less number of protein 
phosphatases, and protein phosphatases have much broader substrate specificities than protein kinases.

Microtubule associated protein tau is a major neuronal microtubule associated protein. It is hyper-
phosphorylated in the brain of individuals with Alzheimer’s disease (AD)6,7. More than 40 phosphoryl-
ation sites have been identified in tau from AD brain9. We recently found that tau protein was rapidly 
dephosphorylated in mouse brain after death, which triggered us to study the progress of protein dephos-
phorylation during postmortem interval. We found that in addition to tau, most proteins are rapidly 
dephosphorylated after death in a site-, protein-, and tissue specific manner. Dephosphorylation of some 
proteins after death progresses in seconds. Instantly cooling down the tissues in the ice-cold buffer fol-
lowing death prevents protein dephosphorylation.

Results
Rapid dephosphorylation of tau at multiple phosphorylation sites in the mouse brain during 
postmortem.  Tau is phosphorylated and dephosphorylated by multiple kinases and phosphatases 
in site specific manner, respectively. To study the changes in tau phosphorylation after death in mouse 
brains. We sacrificed the mice by cervical dislocation and left the dead bodies at room temperature for 
2, 5, and 10 min. The forebrains were collected and stored at − 80 °C. Phosphorylation of tau in the 
brains was analyzed by Western blots developed with phosphorylation-dependent and site-specific tau 
antibodies. We found that tau protein in mouse brains was dephosphorylated site-specifically during 
postmortem (Fig. 1A). Tau sites threonine (Thr) 212 and serine (Ser) 262 were dephosphorylated most 
rapidly. Tau phosphorylation at these two sites was almost undetectable within 2 min postmortem inter-
val (PMI) (Fig. 1). Phosphorylation of tau at Thr205, Ser214, and Ser396 was also reduced significantly 

Figure 1.  Tau is rapidly dephosphorylated site-specifically in mouse brains during postmortem. 
Mice were scarified by cervical dislocation. The dead animal bodies were kept at room temperature for 
the indicated periods of time. (A) Phosphorylation of tau was analyzed by Western blots developed with 
phosphorylation-dependent and site-specific tau antibodies indicated at the right side of the blots. (B) The 
levels of tau phosphorylation at individual sites were quantified and normalized with total tau level and 
presented as mean ±  SEM. (n =  3–4). *p <  0.05; **p <  0.01.
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in 2 to 10 min after death (Fig. 1). However, the dephosphorylation at Ser199, Ser404 and Ser422 pro-
gressed more slowly (Fig. 1A), in which the phosphorylation levels did not alter or slightly decreased up 
to 10 min PMI (Fig. 1B). These data suggest that tau is rapidly dephosphorylated during postmortem at 
multiple phosphorylation sites in a site-specific manner.

Rapid alteration of phosphorylation of a wide range of proteins in the mouse brain during post-
mortem.  To investigate whether the rapid dephosphorylation during postmortem delay is restricted 
to tau or is a general phenomenon, we determined phosphorylation level of other commonly studied 
proteins by Western blots. We found that v-Akt murine thymoma viral oncogene homolog (AKT) at 
Ser473, glycogen synthase kinase 3β  (GSK-3β ) at Ser9, cAMP response element-binding protein (CREB) 
at Ser133, extracellular signal-regulated kinase (Erk) at Thr202/Tyr204, and c-Jun N-terminal kinase 
(JNK) at Thr183/Tyr185 in mouse brains all were dephosphorylated very rapidly (Fig.  2). In contrast, 
the phosphorylation levels of AMP-activated protein kinase α  (AMPKα ) at Thr172 and protein kinase 
A (cAMP-dependent protein kinase) catalytic subunit at Thr197 were increased in the mouse brains 
with postmortem delay up to 10 min (Fig. 2). Collectively, these results suggest that phosphorylation of 
proteins in mouse brain alters rapidly and dramatically during postmortem and that this alteration is 
different depending on the specific proteins and phosphorylation sites.

Dynamic of protein dephosphorylation in the mouse brain during postmortem.  Because sev-
eral of the above studied proteins were dephosphorylated more than half of the phosphorylation level 
within 2 min of postmortem delay, we studied the rapid dynamics of protein dephosphorylation in the 
mouse brain up to 200 sec after death. We recorded tissue collecting time for each mouse and analyzed 

Figure 2.  Phosphorylation of proteins in mouse brains is altered during post-mortem. Phosphorylation 
of proteins in mouse brains with the indicated PMI was analyzed by Western blots developed with 
phosphorylation dependent antibodies toward the specific protein (A). The levels of protein phosphorylation 
were quantified after being normalized with the corresponding protein and are presented as mean ±  SEM 
(n =  3–4) (B). *p <  0.05; **p <  0.01.
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phosphorylation levels of proteins in the brains by using Western blots. We then plotted the phosphoryla-
tion level against time after death, and the non-linear regression was performed. We found that phospho-
rylation of tau at Ser199 did not alter significantly up to 200 Sec after death (Fig. 3A), which conforms 
above result that Ser199 was not sensitive to PMI. However, the phosphorylations of tau at Thr212 and 
GSK-3β  at Ser9 were decreased rapidly. The time to reach 50% reduction was ~40 sec after cervical dislo-
cation. Their coefficient of determination (r2) against time after death are 0.7558 and 0.7695, respectively 
(Fig. 3B,E), indicating that very rapid dephosphorylation is time-dependent. Compared with these two 
PMI-sensitive sites, the phosphorylation of tau at Thr205, Ser396 and CREB at Ser133 were also reduced, 
but with a little lower rate (Fig. 3C,D,F). Their 50% reduction time were 60 sec for tau phosphorylated at 
Thr205 and phosphorylated CREB at Ser133, and 75 sec for tau phosphorylated at Ser396. These results 
demonstrates the dynamics of rapid dephosphorylation of proteins during tissues processing.

Rapid alteration of protein phosphorylation in the mouse heart, liver and kidney during 
postmortem.  To learn whether the rapid alteration of protein phosphorylation during postmortem is 
brain specific, we measured phosphorylation levels of GSK-3β , CREB, AMPK and PKAc in mouse heart, 

Figure 3.  Dynamics of rapid protein dephosphorylation in mouse brains after death. Mice were 
sacrificed by cervical dislocation and forebrains were dissected out. The times spent between the cervical 
dislocation and the brains put into dry ice were recorded. The phosphorylation levels of proteins determined 
by Western blots were plotted against brain collecting times. The non-linear regression was performed, and 
the coefficient of determination (r2) was calculated with Graphpad prism 5.
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kidney and liver by Western blots. Similar to the brain, we also found that phosphorylation of GSK-3β  
and CREB in heart, liver and kidney were significantly decreased after death except AKT pSer 473 in 
liver and kidney and only 10 min PMI in heart and pCREB during 10 min in heart, liver and kidney 
(Fig.  4). However, the phosphorylation of AMPK and PKAc did not alter significantly in those tissues 
after death (Fig.  4). Thus, changes of proteins phosphorylation are not only protein- and site-specific, 
but also tissue dependent.

Effect of perfusion on phosphorylation of mouse brain proteins.  Perfusion of animal with 
PBS is a regular procedure for immunohistochemical studies. To learn the effect of perfusion on phos-
phorylation of proteins, we perfused mice through heart after cervical dislocation with either cold or 
room-temperature PBS (RT-PBS) for 2 min, and then the brains were analyzed for protein phospho-
rylation by Western blots. For control, the mice brains without perfusion were collected and stored at 
− 80 °C immediately after cervical dislocation. We found that perfusion with either RT-PBS or cold PBS 
all caused dephosphorylation of brain proteins including tau at Thr205, Thr212, Ser214, Ser262, Ser396 
and AKT at Ser473, GSK-3β  at Ser9, CREB at Ser133, and Erk at Thr202/Tyr204 (Fig. 5A–C), but the 
phosphorylation levels of AMPK at Thr172 and PKAc at Thr197 were increased (Fig. 5A, D). However, 

Figure 4.  Changes of protein phosphorylation in mouse heart, liver and kidney during postmortem. 
The heart, liver, and kidney were collected from mice with various PMI. Phosphorylation of proteins in 
these tissues was analyzed by Western blots developed with phosphorylation dependent antibodies. The 
phosphorylation level was normalized with the corresponding protein and are presented as mean ±  SEM 
(n =  3–4). *p <  0.05; **p <  0.01.
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dephosphorylation of these proteins caused by cold-PBS perfusion was slightly less than by RT-PBS 
perfusion (Fig. 5A–C).

Prevention of the alteration of protein phosphorylation during postmortem.  To search for 
a practical method of preventing or minimizing the alteration of protein phosphorylation during post-
mortem, we immediately transferred the brains into ice-cold (0 °C) phosphate-buffered saline (PBS) and 
to cool down them for different time periods after cervical dislocation, and then measured the levels 
of phosphorylation of different proteins. We found that in general, keeping the brain in ice-cold PBS 
significantly prevented alteration of protein phosphorylation during postmortem (Fig. 6A–C). The phos-
phorylation of AMPK and PKAc did not change until 5 min PMI, but the phosphorylation of PKAc 
was increased in the brain with 10 min PMI (Fig. 6A,D). These data suggest that cooling down brain in 
ice-cold PBS for 5 min can prevent the changes of protein phosphorylation.

Discussion
Phosphorylation is the most important post-translational modification of a protein, which regulates its 
biological activity, subcellular localization and interaction with other biological molecules. In the present 
study, we studied the progress of alteration of protein phosphorylation in brain, liver, heart and kid-
ney after mouse’s death. We found that the changes of protein phosphorylation appear protein- and/or 
site-specific manner. Among phosphorylation of proteins detected in present study, we found that most 
of proteins were dephosphorylated tissue-independently during PMI, but to different extents. In addition 

Figure 5.  Perfusion causes dramatic changes of protein phosphorylation in the mouse brain. Mice were 
transcardially perfused with RT-PBS or cold PBS after sacrificed by cervical dislocation. The forebrains were 
collected and used for protein phosphorylation analysis by Western blots (A). The phosphorylation level was 
quantified after being normalized with the corresponding protein and presented as mean ±  SEM (n =  4) (B). 
*,#p <  0.05; **,##p <  0.01; *perfusion vs control; #cold PBS vs RT-PBS.
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to dephosphorylation of proteins after death, we also found phosphorylation levels of AMPK and PKAc 
was increased up to 10 min PMI in mouse brains. The dephosphorylation of tau at Thr212 and of GSK-3β  
at Ser9 was very rapid in mouse brain during PMI. Phosphorylation levels of these proteins were reduced 
by 50% within 40 sec after cervical dislocation, which is regular time period for the brain collection 
from dead animal. Perfusion with cold PBS for 2 min failed to prevent these rapid dephosphorylation, 
even though the dephosphorylation in the cold-PBS perfused mouse brain was slowed down a little. 
Maintaining brain tissues in ice-cold PBS effectively prevented the alteration of protein phosphorylation. 
The phosphorylation levels of proteins in the mouse brains preserved in ice-cold PBS up to 5 min did 
not change significantly.

Protein phosphorylation has been implicated in both physiological and pathological events. 
Postmortem tissues are wildly utilized in the biomedical studies. The alteration of protein phosphoryl-
ation during postmortem have be reported10–14, but it was not received great attention as it should be. 
In the present study, we investigated the changes of protein phosphorylation after death from 20 sec to 
10 min. Though our data are consistent with previous studies in general, surprisingly, we found a rapid 
alteration of protein phosphorylation in mouse tissues during tissue colleting and perfusion.

The phosphorylation level of proteins in vivo is balanced by activities of their kinase(s) and phos-
phatase(s). Most proteins/sites were found to undergo dephosphorylation in mouse brain after death, 
suggesting the phosphatases work more effectively than kinases due to cessation of synthesis of ATP 
in dead brain. Tau is phosphorylated at multiple sites. Consistent with the previous studies12,15–17, we 
found here that phosphorylation of tau at most sites is unstable during very short postmortem counted 
in sec and min with different degree. The phosphorylation of tau at Thr212 Thr205, and Ser262 in 
mouse brains was reduced to 50% in 40 to 60 sec after cervical dislocation. Several phosphatases are 
involved in the regulation of tau phosphorylation site-specifically18. Protein phosphatase 2 A (PP2A) 
is the major phosphatase in human brain and occupies 70% of tau phosphatase activity19. Inhibition of 

Figure 6.  Keeping tissues in ice-cold buffer prevents the alteration of protein phosphorylation in mouse 
brain. Mice were sacrificed by dislocation. The fore brains were transferred immediately into ice-cold PBS 
(0 °C) and kept in the ice-cold PBS for various time points. The protein phosphorylation was analyzed by 
Western blots (A). The phosphorylation levels of proteins were normalized by corresponding proteins and 
are presented as mean ±  SEM (n =  4–5) (B). *p <  0.05.



www.nature.com/scientificreports/

8Scientific Reports | 5:15709 | DOI: 10.1038/srep15709

PP2A significantly increases tau phosphorylation20. Thr212, Thr205, Ser262 are dephosphorylated by 
PP2A most effectively19, but phosphorylated by different kinases, which suggests that PP2A, rather than 
kinases, plays the major contribution in determining the level of tau phosphorylation after death. Ser199 
is the least favorite of tau sites of PP2A19. A non-PMI-sensitive site status of Ser199 also supports the 
critical role of PP2A in tau dephosphorylation in dead mouse brain during postmortem.

In addition to tau, as a major protein phosphatase, PP2A dephosphorylates a lot of other proteins 
in vitro and in vivo, including AKT, GSK-3β , CREB and Erk tissue-independently20–24,25. These proteins 
are phosphorylated by various kinases. Their rapid dephosphorylation suggests that PP2A is the major 
phosphatase in dephosphorylation of these proteins in mouse brains after death. Moreover, Protein phos-
phatase 1 (PP1) is believed to be the major phosphatase to dephosphorylate CREB26,27, which is also 
dephosphorylated after death. Therefore, in addition to PP2A, PP1 may also be involved in the dephos-
phorylation of proteins in postmortem tissues.

In contrast to dephosphorylation seen in most proteins, we found that phosphorylation of AMPK 
and PKAc was increased in mouse brain with up to 10 min PMI, which is unexpected. It is possible 
that the phosphorylation antibodies recognize certain conformation, rather than real-phosphorylation. 
Several kinases are reported to phosphorylate AMPKα  at Thr172, including Ca2+/calmodulin-dependent 
protein kinase kinase-β 28 and AMPK Kinase, a complex of three proteins, STE-related adaptor (STRAD), 
mouse protein 25 (MO25), and LKB1 (liver kinase B1)29,30. AMPK activity is controlled by the ratio of 
AMP/ATP. When the level of AMP increases, binding of AMP changes the conformation of AMPK 
and exposes Thr172 for phosphorylation by AMPKK, where binding of AMP renders activated AMPK 
that is phosphorylated at Thr172 a worse substrate for PP2C31,32. Thus, increased AMP in the brain 
for some time after death may enhance the phosphorylation of AMPK and protect its dephosphoryl-
ation by PP2C and PP2A, leading to increase in phosphorylation. PKA is phosphorylated by itself or 
PDK (phosphoinositide-dependent kinase). Increased phosphorylation of PKA in dead mouse brains 
could be due to auto-activation and/or resistant to the dephosphorylation, which, however, remains to 
be investigated.

Perfusion with room temperature-PBS is a regular procedure for the immunohistochemical studies. 
In present study, we found that perfusion caused significant alteration in phosphorylation of proteins. 
Perfusion with cold-PBS slowed down the rate of alteration of protein phosphorylation a little, but still 
the alteration of protein phosphorylation was dramatic. These data strongly recommended suggest that 
perfusion is not recommended for studies on phosphorylation of proteins.

Many enzymes are regulated by phosphorylation, it has been found that the activities of certain 
enzymes are PMI sensitive33–36. Enzyme activity is affected by temperature significantly. It was reported 
that focused microwave irradiation of the brain preserves in vivo protein phosphorylation37, which may 
kill proteins’ biological activity. Thus, these tissues may not be suitable for the measurement of enzyme 
activity. In the present study, we found that a rapid transfer of brain tissues from sacrificed animal to 
ice-cold PBS significantly prevented the alteration in phosphorylation levels of all proteins studied, indi-
cating that ice-cold PBS significantly probably inhibits both phosphatase and kinase activities. Thus, to 
avoid the alteration of protein phosphorylation after death, it is recommended to cool down the tissues 
in ice-cold PBS containing a cocktail of phosphatase inhibitors for 5 min and then to dissect the brain 
tissues.

In summary, protein phosphorylation is progressively altered in protein-, site- and tissue specific 
manner during postmortem. Some proteins or a protein at some sites are rapidly dephosphorylated dur-
ing tissue processing, which suggests the tissues should be collected from dead bodies as soon as possible. 
Perfusion causes dramatic changes on phosphorylation status of many proteins. Cooling down the tissues 
with ice-cold PBS effectively prevents the alteration of protein phosphorylation in dead tissues.

Materials and Methods
Antibodies and Reagents.  Primary antibodies used in this study are listed in Table 1. Peroxidase-
conjugated anti-mouse and anti-rabbit IgG were obtained from Jackson ImmunoResearch Laboratories 
(West Grove, PA, USA). The enhanced chemiluminescence (ECL) kit was from Pierce (Rockford, IL, 
USA). Other chemicals were from Sigma (St. Louis, MO, USA).

Animals.  C57BL/6 and FVB mice were purchased from Charles River Laboratories and housed (4 ~ 5 
animals per cage) with a 12/12 h light/dark cycle and with ad libitum access to food and water. The 
housing, breeding, and animal experiments were in accordance with the approved protocol from our 
Institutional Animal Care and Use Committee, according to the PHS Policy on Human Care and Use 
of Laboratory animals.

Adult mice of both genders (~6 months old) were sacrificed by cervical dislocation, and the brains 
were removed immediately according to each experiment. Animals were then either transcardial per-
fused (see below) or their forebrains were dissected out in ice cold PBS and frozen in dry ice, and stored 
at − 80 °C for biochemical analyses.
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Transcardial perfusion.  C57BL/6 mice were sacrificed via cervical dislocation, and immediately dis-
sected for transcardial perfusion with 25 ml ice cold PBS or RT-PBS, followed by brain dissection for 
tissue harvest. All procedures were completed as quickly and proficiently as possible. The time consumed 
for exposure of heart, perfusion and dissection of the brain was ~60, ~100 and ~60 sec, respectively. 
Totally, the procedures from cervical dislocation to brain tissue harvest were completed in ~4 min.

Western blot analysis.  Mouse brain, heart, liver and kidney tissues were homogenized in 
pre-chilled buffer containing 50 mM tris-HCl, pH 7.4, 2.0 mM EDTA, 2 mM Na3VO4, 50 mM NaF, 1 mM 
4-(2-aminoethyl) benzenesulfonyl fluoride hydrochloride (AEBSF), 10 μ g/ml aprotinin, 10 μ g/ml leupep-
tin, and 10 μ g/ml pepstatin A. The homogenates were mixed with 2 ×  Lemaeli buffer followed by boiling 
for 5 min. The protein concentration was determined by using A660 kit (Pierce Rockford, IL) according 
to manufactories manual. The samples were resolved in 10% SDS-PAGE and electro-transferred onto 
Immobilon-P membrane (Millipore, Bedford, MA, USA). The blots were then probed with primary 
antibody and developed with the corresponding horseradish peroxidase–conjugated secondary antibody 
and ECL kit (Pierce, Rockford, IL). Densitometric quantification of protein bands in Western blots was 
analyzed by using the Multi Gauge V3.0 software (Fuji Photo Film Co., Ltd).

Statistical analysis.  Data were analyzed by one-way ANOVA followed by Tukey’s post hoc tests or 
unpaired two-tailed t tests, using Graphpad. All data are presented as means ±  SEM, and p <  0.05 was 
considered statistically significant.

Antibody Type Species Specificity Modification site
Reference/Source  

(catalog and/or clone number)

Anti-pS199-tau Poly- R p-tau Ser199 Invitrogen (44734G)

Anti-pT205-tau Poly- R p-tau Thr205 Invitrogen (44738G)

Anti-pT212-tau Poly- R p-tau Thr212 Invitrogen (44740G)

Anti-pS214-tau Poly- R p-tau Ser214 Invitrogen (44742G)

12E8 Mono- M p-tau Ser262/356 Dr. D. Schenk

Anti-pS396-tau Poly- R p-tau Ser396 Invitrogen (44752G)

Anti-pS404-tau Poly- R p-tau Ser404 Invitrogen (44758G)

PHF-1 Mono- M p-tau Ser396/404 Dr. P. Davies

R145d Poly- R p-tau Ser422 Pei et al.,38

R134d Poly- R Tau Pei et al.,38

Anti-AKT Mono- R AKT Cell Signaling (4685/11E7)

Anti-pSer473-AKT Poly- R p-AKT Ser473 Cell Signaling (9271)

Anti-pSer9-GSK-3β  Mono- R p-GSK-3β  Ser9 Cell Signaling (9323/5B3)

Anti-GSK-3β  Mono- R GSK-3β  Cell Signaling (9315/27C10)

Anti-pS133-CREB Mono- R p-CREB Ser133 Cell Signaling (9198/87G3)

Anti-CREB Mono- R CREB Cell Signaling (9197/48H2)

Anti-ERK1/2 Poly- R ERK1/2 Cell Signaling (9102)

Anti-pT202/Y204-ERK1/2 Poly- R p-ERK1/2 Thr202/Tyr204 Cell Signaling (9101)

Anti-JNK Mono- R JNK Cell Signaling (56G8)

Anti-pT183/Y185-JNK Poly R p-JNK Thr183/Tyr204 Cell Signaling (9251)

Anti-pT197-PKAc Mono- R p-PKAc Thr197 Cell Signaling (5665/D45D3)

Anti-PKAcα&β  Poly- R PKAcα &β  Santa-Cruz (sc-903&sc-904)

Anti-pT172-APMPα Mono- R pAMPK pThr172 Cell Signaling (2535/40H9)

Anti-AMPKα  Poly- R AMPK Cell Signaling (2532)

Anti-GAPDH Poly- R GAPDH Santa-Cruz (sc-25778)

Table 1.   Primary antibodies employed in this study. AMPKa, 5′  AMP-activated protein kinase a subunit; 
AKT, v-Akt murine thymoma viral oncogene homolog; CREB, cAMP response element-binding protein; 
Erk, extracellular signal-regulated kinases; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; GSK-3β , 
glycogen synthase kinase-3β ; PKAc, cAMP-dependent protein kinase catalytic subunit; Mono-, monoclonal; 
p-, phosphorylated; Poly-, polyclonal; M, Mouse; R, Rabbit; Ser, serine; Thr, threonine; and Tyr, tyrosine.
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