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emphasize the important roles of protein 
phosphorylation by cAMP-dependent pro-
tein kinase (PKA) in the regulation of the 
dynamin-related protein 1 (Drp1) GTPase 
and mitochondrial fission. However, the 
Literature Report ( Jahani-Asl & Slack, 2007) 
that accompanied the Cribbs & Strack arti-
cle led to incorrect interpretations, which 
we would like to clarify here.

Foremost among these, the Literature 
Report discusses cAMP-dependent phos-
phorylation at Ser 637 in human Drp1 
splice variant 1 (Chang & Blackstone, 
2007) and Ser 656 in rat Drp1 splice vari-
ant 1 (Cribbs & Strack, 2007) as if they are 
distinct sites. However, both our study and 
that of Cribbs & Strack present sequence 
alignments that clearly indicate that these 
sites are the same; thus there is only one 
PKA phosphorylation site in Drp1 (Fig 1). 
In this regard, it is important to empha-
size that there are several splice variants 
in the Drp1 protein and that protein size 
varies among species, making protein 
sequence alignments important when 
comparing results of studies investigat-
ing different species or variants. In addi-
tion, the Literature Report states that the 
Cribbs & Strack study showed that phos-
phorylation at this site attenuates GTPase 
activity. In fact, these authors reported no 
effect using a phosphomimetic substitu-
tion (Supplementary Figure 1C in Cribbs 
& Strack, 2007), although our study did 
report attenuation of GTPase activity in 
response to both direct phosphorylation 
by cAMP-dependent protein kinase, as 
well as with the same phosphomimetic 
mutant (Figure 3 in Chang & Blackstone, 
2007). The reason for this discrepancy, 
despite using similar in vitro approaches 
and the same phosphomimetic mutation, 

is unclear; however, the attenuation of 
Drp1 GTPase activity that we observed 
would provide a mechanistic explanation 
for the findings in both papers that mito-
chondrial fission is impaired in cells, as 
well as for the resistance to pro-apoptotic 
stimuli reported by Cribbs & Strack.

Our study also showed that the intra
molecular association of Drp1 is altered by 
the phosphomimetic substitution (Figure 2 
in Chang & Blackstone, 2007); other muta-
tions in the GTPase effector domain that alter 
intramolecular interactions also attenuate 
GTPase activity (Zhu et al, 2004). Even so, we 
cannot eliminate the possibility that confor-
mational changes owing to phosphorylation 
at this site also affect interactions with other 
proteins involved in mitochondrial fission. 
Importantly, the two-dimensional phospho
peptide mapping experiments in our study 
showed that there is no basal phosphoryla-
tion at the PKA phosphorylation site in HeLa 
cells (Figure 1 in Chang & Blackstone, 2007), 
indicating that any regulation of Drp1 func-
tion by dephosphorylation at this site in these 
widely studied cells would need to occur in 
conjunction with activation of cAMP-PKA 
signalling. Conversely, we visualized other 
basal sites of Drp1 phosphorylation, one of 
which might correspond to a site of mitotic 
phosphorylation previously identified by 
Taguchi et al (2007).

The functional regulation of Drp1 by 
post-translational modifications such as 
protein phosphorylation, ubiquitination and 
sumoylation clearly provide cells with an 
impressive array of regulatory mechanisms to 
modulate mitochondrial morphology within 
cells. Further studies promise to clarify the 
role of these mechanisms in the dynamic 
regulation of mitochondrial morphology and 
distribution within cells.
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Fig 1 | Sequence alignment of the Drp1 sequence surrounding the PKA phosphorylation site in the indicated 

species. The position of the PKA phosphorylation site in Drp1 identified by Chang & Blackstone (2007) 

and Cribbs & Strack (2007) is indicated by an asterisk, and the consensus sequence is shaded in yellow. The 

position of the Cdk1/cyclin B phosphorylation site (Taguchi et al, 2007) is indicated by an arrowhead, and the 

consensus sequence is shown in orange. Both the PKA and Cdk1/cyclin B phosphorylation sites are conserved 

in all species shown. Boundary amino-acid residues are indicated to the left. Numbering for the rat sequence 

is derived from Cribbs & Strack (2007). Cdk1, cyclin-dependent kinase 1; Drp1, dynamin-related protein 1; 

PKA, cAMP-dependent protein kinase.

Response by  
Arezu Jahani-Asl  
& Ruth S. Slack

A recent study by Cribbs & Strack 
(2007) identified a new mecha-
nism for the integration of the sec-

ond messengers Ca2+ and cAMP in the 
regulation of mitochondria form and func-
tion. This study was the first to provide a 
mechanistic link between phosphoryla-
tion of dynamin-related protein 1 (Drp1)—
a component of mitochondrial fission 
machinery—and the regulation of apopto-
sis. Our report also referred extensively to 
two previous studies that investigated the 
role of DRP1 phosphorylation in mito-
chondrial fission: one study published by 
Chang & Blackstone (2007a) also identi-
fied a cAMP-dependent protein kinase 
(PKA) phosphorylation site on human 
DRP1, and a report by Taguchi et al (2007) 
showed that DRP1 is phosphorylated by 
Cdk1/cyclin B (Cdk1 for cyclin-dependent 
kinase 1) in a cell-cycle-dependent manner. 

www.emboreports.org
mailto:blackstc@ninds.nih.gov
http://www.nature.com/doifinder/10.1038/sj.embor.7401118


EMBO reports  VOL 8 | NO 12 | 2007� ©2007 European Molecular Biology Organization1090  

science & society correspondence

Together, these three studies provide evi-
dence that the post-translational modifi-
cation of DRP1 has a crucial role in the 
regulation of mitochondrial dynamics and 
cellular function. Chang & Blackstone 
(2007b) have responded to our report to 
clarify two points. First, they have pro-
vided a sequence alignment between the 
rat and human DRP1 sequence and have 
indicated that the PKA phosphorylation of 
DRP1 at Ser 656 in rat (reported by Cribbs 
& Strack, 2007) and Ser 637 in human 
(reported by Chang & Blackstone, 2007a) 
represent the same serine residue. Second, 
we had referred to the loss of GTPase 
activity in the Cribbs & Strack (2007) study 
where we should have described it as a 
loss of Drp1 fission activity. Therefore, 
although Drp1 activity and GTPase activ-
ity were interchangeably used, it is impor-
tant to emphasize that in the Cribbs & 
Strack study no reduction in GTPase activ-
ity was shown, whereas the Chang & 
Blackstone (2007a) study did show a 
reduction in both fission and GTPase 
activity. Although we appreciate this clari-
fication, we would like to re-emphasize 
that the crucial point of our Literature 
Report ( Jahani-Asl & Slack, 2007) was to 
highlight the physiological relevance of 
PKA-mediated Drp1 phosphorylation that 
had not been previously shown. The find-
ings of the Cribb & Strack (2007) paper bring 
the regulation of Drp1 phosphorylation 

Response by J. Thomas 
Cribbs & Stefan Strack

We agree with the letter by Chang & 
Blackstone (2007a) in its entirety. 
Their report (Chang & Blackstone, 

2007b), which appeared online while our 
manuscript was under review, independ-
ently identified the main cAMP-dependent 
protein kinase (PKA) phosphorylation site in 
dynamin-related protein 1 (Drp1) (Ser 637 
in human, Ser 656 in rat splice variant 1). 
Although some discrepancies between our 
reports in regard to the biochemical charac-
terization of the phospho-site mutants need to 
be resolved with future experiments, the com-
bined data provide unequivocal evidence for 
inhibition of Drp1-mediated mitochondrial 
scission through PKA phosphorylation.
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into a broader context by showing its 
physiological importance for cell death. 
Understanding the physiological out-
comes of post-translational modifications 
such as phosphorylation in the context of 
cellular function—including apoptosis 
and cell cycle regulation—is the ultimate 
challenge for cell biologists.
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