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The tumor suppressor function of Programmed Cell Death 4 (Pdcd4) is achieved through interactions
between Pdcd4 and components of the translation initiation complex, namely, the RNA helicase eIF4A and the
scaffolding protein eIF4G. These interactions are mediated through two MA3 domains on the Pdcd4 molecule
and result in inhibition of protein synthesis. We have solved the high-resolution crystal structure of the
C-terminal MA3 (cMA3) domain of Pdcd4 in several crystal forms and demonstrated its similarity to the MA3
domain of eIF4G. As predicted by the structure, the cMA3 domain competes with eIF4Gc for binding to eIF4A
and surprisingly is sufficient to inhibit translation initiation. Mutations that abolish eIF4A binding negate both
functions of the cMA3. Interestingly mutations in the Akt phosphorylation site influenced neither cMA3
binding to eIF4A nor its ability to inhibit translation initiation. Finally, our structural analysis reveals MA3
domains to be a novel subfamily of VHS domains.

The Programmed Cell Death 4 (Pdcd4) gene (also known as
TIS, H731, and DUG) was originally described as the apopto-
sis-associated MA3 gene in mouse cells (25). Subsequently,
Pdcd4 was cloned after differential display analysis of murine
JB6 transformation response variants, and its expression was
shown to suppress neoplastic transformation (5, 30). Since
then there has been considerable interest in the tumor sup-
pressor function of Pdcd4. Pdcd4 protein levels are reduced in
human lung-, renal tissue-, and glia-derived tumors (11). Pdcd4
is attenuated with tumor progression in carcinomas of the lung,
colon, prostate, and breast. More recently, Pdcd4 has been
shown to suppress skin tumorigenesis and tumor progression
in transgenic mice (10).

Early insights into the mechanism of tumor suppression by
Pdcd4 came from studying the JB6 epidermal model (5).
Transformation of JB6 cells requires several events including
activation of AP-1- and NF-�B-mediated transcription. Pdcd4
inhibits AP-1-mediated but not NF-�B-mediated transcription
(30). This inhibition of AP-1 is indirect and takes place at the
level of transcription of the mitogen-activated protein kinase
kinase kinase kinase 1/HPK1 kinase upstream of Jun N-termi-
nal kinase in the AP-1 activation pathway (31). Two-hybrid
analysis of proteins that interact with Pdcd4 identified two
translation initiation factors: eIF4A, an RNA helicase, and
eIF4G, a scaffolding protein (8, 29). Pdcd4 interacts with
eIF4A and eIF4G via highly conserved MA3 domains, each
�130 amino acids long (28). Pdcd4 must bind to eIF4A to
inhibit RNA helicase activity, cap-dependent translation, and
AP-1 transactivation. Thus, Pdcd4 is a novel tumor suppressor

that inhibits, through its conserved MA3 domains, translation
of proteins that are essential for neoplastic transformation as
well as tumor invasion.

Dysregulation of protein biosynthesis has been associated with
neoplastic transformation and metastasis. In particular, enhanced
translation initiation resulting from elevated levels of initiation
factors eIF4E, eIF4A, and eIF4G occurs in several human can-
cers (2, 4, 33). The initiation factors eIF4E, eIF4G, and eIF4A,
along with other factors, comprise the eIF4F complex that is
crucial for translation initiation and ribosomal assembly on cap-
dependent mRNAs. eIF4G binds to eIF4A through a single MA3
domain present in the C-terminal domain of eIF4G (eIF4Gc), as
well as through a second motif in the middle domain of eIF4G
(eIF4Gm) (Fig. 1). While eIF4A binding to eIF4Gm has been
shown to increase helicase activity, eIF4A binding to eIF4Gc is
thought to provide a modulatory function (13, 14). Nevertheless,
cooperative binding of eIF4A to both eIF4Gm and eIF4Gc do-
mains is important for loading of the 40S ribosome and efficient
translation initiation of mRNAs with complex 5� untranslated
region (UTR) structure.

We have previously noted that the MA3 domains of Pdcd4
are similar to the MA3 domain of eIF4Gc and have postulated
that one of the MA3 domains interacts with eIF4A through
interactions similar to those of the eIF4Gc MA3 domain (32).
In order to elucidate the functions of the Pdcd4 MA3 domains,
we have solved the crystal structure of the Pdcd4 C-terminal
MA3 (cMA3) domain and demonstrated that it effectively
competes with the eIF4Gc for binding to eIF4A. In addition,
we show that the cMA3 domain alone is sufficient for inhibi-
tion of translation. These observations suggest that the cMA3
domain represents a potential candidate for a rationally de-
signed molecule for cancer prevention and intervention.

MATERIALS AND METHODS

Plasmids. The pDEST14-cMA3 expression construct was prepared using
Gateway technology to express the C-terminal MA3 domain of mouse Pdcd4
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molecule (Fig. 3B). The curvature of the end of the 
5 helix is
conserved in the MA3 domain but is positioned slightly differ-
ently between the eIF4Gc domain and the Pdcd4 cMA3. An
analysis of the temperature factors in this region for the Pdcd4
and the eIF4Gc molecule reveals higher-than-average values
for both, suggesting that this part of each molecule may be
mobile. In addition, comparison of the front surface of the
eIF4G MA3 domain and of that of the cMA3 domain of Pdcd4
shows remarkably similar charge distribution (Fig. 3C).

Similarity of the MA3 domain of Pdcd4 and its structural
homologs: a novel group of VHS domains. In addition to the
similarity of the MA3 domain of Pdcd4 to the eIF4Gc domain,
a search with the program DALI (9) identified a number of
other protein domains with significant structure homology.
The highest scores (9.9 and 9.7) were for the MIF4G domains
of human CBP80 (17) (PDB code 1h6k) and of an analogous
domain found in the nonsense-mediated mRNA decay factor
UPF2 (12) (PDB code 1uw4). The RMS deviations of the C


coordinates were 2.4 and 3.0 Å for 107 and 114 pairs, respec-
tively (Fig. 4A shows an alignment with the MIF4G domain of
eIF4G). Surprisingly, the next highest score was for the C-
terminal domain of eIF4G (PDB code 1ug3, residues 1438 to
1566), annotated as an “eIF5-like domain” (24), with RMSs of
2.5 Å for 107 C
 pairs (Fig. 4B). An agreement with the middle
domain of eIF4G (16) (PDB code 1hu3), the prototype of
MIF4G domains, was marginally lower (Z score, 9.0; RMS
deviation, 3.1 Å for 107 C
 pairs [Fig. 4A]). All MIF4G do-
mains consist of 10 helices, the first seven of which align with
the MA3 helices. On the other hand, the length of an eIF5-like
domain is almost identical to that of the MA3 domain.

The MA3 domain also exhibits significant structural (but not
sequence) similarity to VHS domains, found so far only on the
amino termini of diverse proteins involved in vesicular traffick-
ing, cytokine-mediated signal transduction, protein targeting,
etc. (15). VHS domains contain �150 residues arranged into
eight helices. Helices 1 to 4 create two antiparallel helical

FIG. 3. The MA3 domains of Pdcd4 and eIF4G have similar structures. A. Ribbon representation of the MA3 domains of Pdcd4 (wheat) and
eIF4G (cyan; PDB code 1ug3) showing the locations of residues that influence interaction with eIF4A. B. Alignment of the MA3 domains of Pdcd4
and eIF4G. C. Surface representation of the cMA3 domain of Pdcd4 colored by conservation of residues between Pdcd4 and eIF4G (red, identical;
green, highly conserved). D. Electrostatic surface representation of the MA3 domains of Pdcd4 and eIF4G (red to blue 	 
10 �BT to 10 �BT).
Electrostatic calculations were performed using APBS (1).
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