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ABSTRACT. The crystal structure of the methionine aminopeptidase (MetAP) fidyecobacterium
tuberculosigMtMetAP1c) has been determined in the apo- and methionine-bound forms. This is the first
structure of a type | MetAP with a significant extension at the amino terminus. The catalytic domain is
similar to that ofEscherichia coliMetAP (EcMetAP), and the additional 40-residue segment wraps around
the surface with an extended but well-defined structure. There are several members of the actinomyces
family of bacteria that contain MetAPs with such N-terminal extensions, and we classify these as MetAP
type Ic (MetAP1c). Some members of this family of bacteria also contain a second MetAP (type la)
similar in size to EcMetAP. The main difference between the apo- and the methionine-bound forms of
MtMetAP1c is in the conformation of the metal-binding residues. The position of the methionine bound
in the active site is very similar to that found in many of the known members of this family. Side chains
of several residues in the S1 and Slibsites shift as much as 1.5 A compared to EcMetAP. Residues
14—17 have the sequence Pro-Thr-Arg-Pro and adopt the conformation of a polyproline Il helix. Model-
building suggests that this PxxP segment can bind to an SH3 protein motif. Other type Ib and type Ic
MetAPs with N-terminal extensions contain similarly located PxxP motifs. Also, several ribosomal proteins
are known to include SH3 domains, one of which is located close to the tunnel from which the nascent
polypeptide chain exits the ribosome. Therefore, it is proposed that the binding of MetAPs to the ribosome
is mediated by a complex between a PxxP motif on the protein and an SH3 domain on the ribosome. It
is also possible that zinc-finger domains, which are located at the extreme N-terminus of type | MetAPs,
may participate in interactions with the ribosome.

Many proteins undergo post-translational modification, one
of the most common forms being the removal of the initiator Type la AL
methionine by methionine aminopeptidases (MetAl) The
N-terminal methionine of nascent polypeptide chains is
cotranslationally removed, and the efficiency of cleavage
depends in large part on the size of the side chain of the
penultimate residue.

MetAPs are classified as type | and type Il, the latter
having a 60-amino acid insertion within the catalytic domain. Figure 1: Domain architecture of type | MetAPs. The catalytic
Eubacteria contain only type | MetAPs; archea have type Il domain (green) is present in all MetAPs; however, in the type Ib
enzymes, and eukaryotes contain bdtf2j. Type | enzymes  enzymes, this domain is preceded by a zinc-finger domain (gray)
have traditionally been further subdivided into type la and @nd a linker (red)Mycobacterium tuberculosiMtMetAP1c) has

. . n extension at the N-terminus, homologous to the linker, but lacks
type Ib (Figure 1), depending on the presence or absence oﬁle zinc-finger domain. It is here classified as a type Ic MetAP.
an N-terminal extension. Type la enzymes contain only the
catalytic domain, with the prototypical example being Escherichia coliMetAP (EcMetAP). Type Ib enzymes have
an N-terminal extension of about 120 amino acids which
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¥ Coordinates have been deposited in the Protein Data Bank (accesy/€2St (SCMetAP1) and human (HsMetAP1). Limited pro-
codes 1Y1IN and 1YJ3). teolysis of the yeast type Ib MetAP suggested that the two

*To whom correspondence should be addressed. Phone:zinc fingers are in one domain and the linker and catalytic
g%f(lrgy u%";gézo‘r’nzdu Fax:  (541) 346-5870. E-mall:  brian@  gomain in anotherd). Recently, a third form of the type |

§University of Orégon. enzyme was found represented by a MetAP from myco-

' Johns Hopkins School of Medicine. bacteria; it contains a relatively short N-terminal extension

10.1021/bi0501176 CCC: $30.25 © 2005 American Chemical Society
Published on Web 04/21/2005

MtMetAP Ic (Type Ic) CATALYTIC

Type b ZINC FINGER

!




Structure ofM. tuberculosisMethionine Aminopeptidase Biochemistry, Vol. 44, No. 19, 2005167

that lacks the two zinc finger motifs in mammalian MetAP1b with 1 mM (final concentration) IPTG for 12 h. Cells were
(4). As discussed below, we propose that MetAPs with a harvested and resuspended in 100 mL+of/G buffer
shorter N-terminal extension-@d0 amino acids) be classified (50 mM Hepes, pH 8.0, 0.5 M KCI, 10% glycerol, 0.1%
as type Ic enzymes. Triton-X 100, and 5 mM imidazole) and were passed through

Deletion of the lone MetAP gene from prokaryotes, or a French press twice and centrifuged at 18¢)fa® 20 min.
both MetAPs from yeast, is lethab,(6). Consequently,  The supernatant was passed throughldG preequilibrated
MetAPs are recognized as drug targets for treating microbial metal affinity column (talon resin, Clontech), and the column
and fungal infections. The type Il enzyme in eukaryotes has Was washed with the same buffer followed b¥/G buffer
also been identified as a target for the antiangiogenic (50 mM Hepes, pH 8.0, 0.5 M KCI, and 5 mM imidazole).
compounds fumagillin, ovalicin, and TNP-470 for treating The protein was eluted by 100 mM imidazole+T/G into
cancers—9). Several crystal structures have been reported a flask with 1 mL of 0.5 M EDTA (pH 8.0) and was dialyzed
for the prokaryotic MetAPs and their complexes with into a buffer containing 25 mM Hepes, pH 8.0, 0.5 M KCl,
different inhibitors (0—14). and 5 mM methionine. After concentration, the protein was

Mycobacterium tuberculosisauses the highest annual '0aded onto a Superdex 75 Hi-load prep-grade 16/60 gel
global mortality of all known pathogend). The rise in filtration column (Pharmacia) equilibrated with 25 mM

tuberculosis (TB) incidence over the last two decades is 1€P€s, pH 6.8, 25 mM ¥80,, and 150 mM NaCl. No
partly due to TB deaths among HIV-infected patients and &{ttmpts were made to remove the N-terminal His-tag.
partly due to the emergence of multidrug resistant strains of Protein concentration was determined by absorpulon at
the bacteria16). These resistant strains are alarming for two 280 M using an extinction coefficient of 1.273 Mcm ™.
reasons. First, there are only a few effective drugs available Final vield of the protein was about 300 mgrfé L of

to treat TB infection, and drug-resistant strains could give CUlture.

rise to a potentially untreatable form of the disease. Second, Crystallization and Data CollectiorCrystals of MtMetAP1c
although only 5% of immunocompetent people infected with Were grown by the vapor diffusion method atZ5 Hanging

M. tuberculosissuccumb to the disease, it is nevertheless drops at room temperature containedl5of protein solution
highly contagious17). Therefore, new targets and inhibitors (10 mg/mL) and 2L of well solution consisting of 26

for TB treatment are needed. The MtMetAPs have less than28% PEG 2000 monomethyl ether, 100 mM 2,2-bis-
48% sequence identity with their human counterpart, (hydroxymethyl)-2,22"-nitrilotriethanol, pH 6.5, and *
HsMetAP1, suggesting that it may be possible to find 2 MM oxidized-mercaptoethanol. Thin platelike crystals

inhibitors that are selective against the bacterial enzyme. appeared in 24 h. Crystals were transferred into a stabilizing
Two isoforms of MetAPs have been identified in Solution of 26-28% PEG 2000 monomethyl ether and

M. tuberculosisone with size similar to ECMetAP (type la) 100 MM 2,2-bis(hydroxymethyl)-2,2"-nitrilotriethanol

and the second with an N-terminal extension of about 40 (PH 6.5) for further modification. Freshly prepared CeCl
amino acids (MtMetAP1c). To understand the structural role (=2 mM) followed by 2 mM methionine was added to
of the N-terminal extension in MetAPs, we have determined SCMe crystals.

the X-ray crystal structure of the apo- and methionine-bound ~ Crystals were frozen in a stream of nitrogen gas at 100 K
forms of MtMetAP1c. All the residues that coordinate the Without any extra cryo-protectant. X-ray diffraction data were
metal ions and most of the residues that make up the S1 androllected at 100 K on an R-axis IV with a Rigaku rotating
S1 sites are highly conserved in sequence and in structureanode source for the Met structure. For the apo-structure,
with other MetAPs. The N-terminal extension is proline- the synchrotron X-ray source at the Advanced Light Source
rich and has sequence homology with the linker region of (ALS, Berkeley, CA) on beamline 8.2.2 was used. Data were
the type Ib enzymes including human MetAP1 (Figure 1). processed by HKL2000 and Scalepadi)( The structure
This extension lies across the surface of the catalytic domainwas solved by molecular replacemerdtd) based on the
and includes an exposed Pro-x-x-Pro (PxxP) motif that structure {0) of E. coli MetAP (PDB entry 1C21). Refine-
appears poised to bind to a Src-homology 3 (SH3) domain. ment and model-building were done in CNS and O,
This suggests that MetAP1s might bind to ribosomes via a respectively 20, 21). The N-terminal extension was traced
PxxP motif within their linker region that is recognized by in several steps during refinement of the methionine-bound

an SH3 domain within the ribosome. structure. The final coordinates of the complex with meth-
ionine were used to solve the apo-structure. Data processing
MATERIALS AND METHODS and refinement statistics are summarized in Table 1.

. I . Modeling and Sequence Alignmenit compare and align
PI’(_)'FEII’I Pur|f|<_:at|on. DN.A encod|_ng MtM_etAPlc was sequences, the clustalW and Alscript programs were used
amplified from microbacterial genomic DNA kindly provided (22, 23). Three-dimensional structures were compared with

by William Bishai (Johns Hopkins School of Medicine) using : : ;
the following primer pair: 5primer, 3-GCGGGATC- Ia_jc(jgl;)/lﬁvl}lo(ﬁ%é):lgures were prepared with Molscrip®

CCCTAGTCGTACCGCGCTC-33-primer, -GCGCTC-

subcloned into a pET28a vector encoding an N-terminal poly-

His-tag to give pET-MtMetAP1c, which was confirmed by Overall Structure.This is the first structure determination
sequencing. pET-MtMetAP1c was then transformed into of a MetAP with an N-terminal extension similar to the type
E. coli [BL21 (DE3), Stratagene]. Two liters of LB media b enzymes. Except for the first three residues, the entire
with 100 mL of overnight culture was incubated at 32 protein could be modeled into electron density. The catalytic
until an ODygp Of 1.2 was achieved. The culture was induced domain has a pita-bread fold similar to that observed in other
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Residues which are conserved adopt slightly different

Table 1: X-ray Data Collection and Refinement Statistics . .
conformations to accommodate the new partners. Truncation

apo-structure g‘(’)z”lp;f]mg of the N-terminal extension could render the hydrophobic.
Coll Parametors reS|dues.solver'1t—exposed and thereby destabilize the protein
space group P2, P2, as seenin §tud|es of tlm—l??S mutant o_f HuMetAP128).
a(R) 49.34 49.36 Electrostatic surface potential calculations of MtMetAP1c
b (R) 47.91 48.16 with and without the N-terminal extension indicate that the
c(A) 56.82 56.54 crevice on the catalytic domain has both hydrophobic and
f(deg) 95.11 . 95.05 hydrophilic regions (Figure 4a).
wavelength (&) Xg 393’77Data Collection 15418 Methionine-Bound Structur€lear density was observed
resolutio% range (A) 20151 (1.56-1.51) 20-1.6 (1.66-1.6) for two cobalt ions and the methionine in the active site.
collected reflections 1 108 529 365 285 Overlay of the structure on EcMetAP (PDB: 1C21) showed
unique reflections 41 425 (4038) 33032 (2979) a rmsd of 0.95 A for all the €atoms (Figure 5a). The
‘Eﬂ?’?g'ﬂete"ess (%) 3093-(57(97’)7-1) 109g-(21(§)5-8) methionine side chain is buried in a hydrophobic pocket
R:m(%) 16 (16'.4) 8.0 (30'.0) formgd by several por_mseryeq resi_dqes (Eigure_ 5b). The
Refinement Stafistics position of the methionine is in a S|m|Iar.or|entat|or? as in
R (%) 20.2 20.7 other MetAP structures. The amino group interacts with Co2,
Riee (% 24.7 25.4 and one of the oxygen atoms of the carboxylate forms a
Abonds(A) 0.02 0.02 bridge between the two cobalt ions (1.9 A with Col and
Aangles(deg) 2.2 19 2.1 A with Co2), while the other forms a hydrogen bond
aNumbers given in parentheses correspond to the highest-resolutionwith His114 (2.8 A) that is conserved in other MetAP1s
shell of data. (His79 in EcMetAP).

Some changes were observed in the side chains of the
members of the family with the extra residues of the amino- residues in the S1 and S&ites compared to those in the
terminus wrapping around this domain (Figure 2). Two cobalt EcMetAP structure (PDB entry 1C21). Residues in the
ions and a methionine were modeled in the Met structure. hydrophobic S1 pocket are conserved between EcMetAP and
All of the residues that normally contact the metal ions are MtMetAP1c, except for Thr94 and Phel100 in place of Cys59
conserved. MtMetAP1c is shorter by eight amino acids at and Tyr65 in EcMetAP. Among conserved residues, slight
the C-terminus compared to EcMetAP. Diffuse electron structural changes are evident. For example, Trp255 (Trp221
density suggested that Cys285 in the Met structure had beerin EcMetAP) shifts by 1.5 A, Phe202 (Tyr168) by 1.1 A,
modified byS-mercaptoethanol. An apparent potassium ion and His114 (His79) by 1.0 A. The side chain of His212
was identified about 13 A away from the active site, similar (His178) rotates around °©C# by about 18 into the
to the cation seen in EcMetAR)( substrate-binding tunnel (Figure 5b). It was reported that full-

A New Class of MetAPs with a Shorter N-Terminal length and the\1—66 mutant of HuMetAP1 (which still has
ExtensionSeveral MetAPs with an extension similar to that the linker region) have a similar affinity for methionine, but
in the present structure have been identified from a BLAST the A1—135 mutant loses specificity and can accommodate
(27) search of the Swiss-prot/Tremble databage(Figure residues as large as phenylalanine and isoleu@e These
3). These have sequence identity higher than 42% in theobservations suggest that the N-terminal extensions in
N-terminal extension. All these species are high-GC content, MetAPs modulate and help define the specificity of the active
gram-positive bacteria, classified as actinomycetes. No othersite. Given that the active sites of all the MetAPs are highly
bacterial species whose sequence has been determined hasnserved, which poses a challenge in designing inhibitors
such an N-terminal extension. These MetAPs are not specific for a given MetAP, the differences in the positions
accurately represented by either the MetAPla or MetAP1bin the S1 and Slresidues, although small, could be useful
family. Therefore, we propose that they be classified as to differentiate between MetAPs with and without an
MetAP type Ic (MetAPlc). A BLAST search with the N-terminal extension.
M. tuberculosigVetAP without the extension indicated that Structure of the Apoenzym&he rms deviation in the
several of these species have a second MetAP close in sizgositions of G atoms between the apo- and Met-forms is
to EcMetAP. only 0.19 A, showing that there are no major structural

Structure of the N-Terminal Extensiofhe 40-amino acid ~ changes in the protein structure upon binding either meth-
extension at the N-terminus wraps around the surface of theionine or metal ions. As expected, the maximum difference
catalytic domain in a contiguous crevice (Figure 2) and is seen in the conformation of the residues that bind to the
makes extensive sequence-specific contacts (Figure 4). Therenetal ions (Figure 6). There is no density in the active site
are no secondary structural elements in the N-terminal that would suggest the presence of any metal ions including
extension. The side chain of Arg4 forms a salt bridge with those used in the crystallization buffer such as sodium and
Asp126 which stabilizes the N-terminal end. While some of potassium. The average thermal parameters of the carb-
the residues on the catalytic domain that interact with the oxylate oxygen atoms of the ligands Aspl31, Aspl42,
N-terminal extension in MtMetAP1c are the same as in Glu238, and Glu269 in the cobalt-bound structure (8%y A
EcMetAP [Glu110 (MtMetAP1c)/75 (EcMetAP), Asp118/ are much lower than in the apo-structure (172, Auggest-
83, Lys102/67, Asp78/42, Tyr97/62], the others are not ing that these residues are more mobile in the latter. Several
[Ser119/Asp84 and Ala85 (insertion of an aa), Asp75/Gly39, apparent hydrogen-bonding contacts between the O-atoms
His82/Asn46, Thr210/Gly176, Ser93/Ala58, Trp251/Met217, of these carboxylates suggest some degree of protonation
Tyr91/Val56, Gly89/His54, Tyr135/1le101, Val210/Gly176]. for these residues in the absence of metals.
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FiGure 2: Stereo drawing showing the structure M§cobacterium tuberculosisiethionine aminopeptidase. The N-terminal extension
(shown in red) makes close contact with the catalytic domain (shown in green). The PxxP motif comprises residies 14

1 MPS--RTALSPGVYLSPTRPVPNWI ARPEYVGKPAAQEGS- EPW (40)
2 MPKDSTGHLI PGRVSASRPVPSHI PQPEYVGKAGPAP-SDRGD (42
3 @) TPKNAYGHLVPGDI SAARWYVDPK|I ARPNYVGKKRVPR-YTGSD (42
4 e MSAI KPYPQSPRRHVPGNI ARPPYVGLGDVPETYDGSH (37)
5 --MSGQSLLVPGELSPTRPVPGNI RRPEYVGKPAPTP- YTGPE (40)
6 --MSGQSLLVYPGELSPTRSVPGNI RRPEYVGKPAPTP-YTGPE (40
7 MPA--RTALSPGFLSPTLPVPAWH PRPEYVGKPTAQEGS- ESW (40
8 MPA--RTALSPGALSPTLPVPARI PRPEYVGKPTAREGS- EPW (40)
9 (4MSK- MRAPLVPGI PTPI REVPAHI ERPEYVWKDEVQEAI GEPF (42
10 MAl - TREPLKPGHPTPI REVPAYI DRPEYVWKDEVQEAI GEPF (42)
" MSVRTRQPLVPGTPTPI REVPRSI ERPEYAWKKTAKEGS- EPW (42

Ficure 3: Sequence alignment of all known prokaryotic MetAPs with an N-terminal extension. These incliie(bacterium tuberculosis
(Q33343), (2)Leifsonia xyli(Q6AFH®6), (3) Tropheryma whipple{Q83GK8), (4)Propionibacterium acnefQ6A9Z9), (5) Streptomyces
avermitilis (Q82AX4), (6)Streptomyces coelicoldQIRKR?2), (7)Mycobacterium lepreéQ9CBU7), (8)Mycobacterium paratuberculosis
(Q73VS7), (9)Corynebacterium glutamicuf@6M437), (10)Corynebacterium diphtherigQ6NGLS), and (11Nocodia farcinica Q5YSA3).
The identification codes for each of the proteins in the Swiss-prot/Tremble datadases Qiven in parentheses.

Presence of a Polyproline Motifs early as 1971, Kerwar  known to play critical roles in assembly and in the regulation
et al. 9) showed that methionine aminopeptidase in rat brain of many cellular signaling complexe83). Binding affinity
loosely associates with ribosomes. This is consistent with between PxxP peptides and SH3 domains is relatively weak
the idea that MetAPs might remove the N-terminal meth- (Kp ~ 5—100«M) (34) and in some cases is enhanced by
ionine as the polypeptide chain emerges from the site of contributions from other protein domains.
synthesis. More recently, Vetro and Charf)( showed To test this idea further, we used model-building to
directly that type | yeast MetAP binds to the 60S subunit determine whether a known SH3 domain could be aligned
and the 80S translational complex of the ribosome. On the on the surface of MtMetAP1c. The NMR structure of the
basis of the properties of point and deletion mutants, they SH3 domain from Fyn proto-oncogene tyrosine kinase
hypothesized that the zinc-finger domain at the N-terminus complexed with the synthetic peptide P225( was used as
of yeast MetAP1 was important for the alignment of the a template. The result, shown in Figure 7a, is based on the
protein on the ribosome. At the same time, the manner in superposition of prolines;xxP;; of MtMetAP1c on prolines
which MetAPs interact with the ribosome has remained PosxXxPgg 0f the peptide P2L. For the 14 aligned atoms within
unclear. Several crystal structures of MetAPs with only the the two prolines, the rmsd was only 0.38 A. Also, as shown
catalytic domain have been reported, but none has indicatedn Figure 7b, the intervening residues have almost identical
the presence of a known protein- or RNA-recognition motif conformation. Thus 2xxP;7 of MtMetAP1c does have the
(10—13, 31). This suggests that the ribosomal recognition conformation of polyproline Il. As can be seen in Figure
sequence might be located in the N-terminal extension 7b, aromatic residues from the SH3 domain fill the grooves
(Figure 1). However, no structure of a type Ib MetAP formed by the PxxP motif. The overall alignment of the SH3
including this region has been described. domain on MtMetAP1c, shown in Figure 7a, reveals no steric

Even though the N-terminal extension of MtMetAP1c lies clash between the two molecules.
on the surface of the protein (Figure 2), its conformation is  Interactions between MetAPs and the Ribosoftere is
quite well-defined. Inspection of this region reveals that relatively little data on the mode of interaction between the
residues 1417 have the sequence Pro-Thr-Arg-Pro. Fur- MetAPs and the ribosome. As noted above, Kerwar et al.
thermore, the conformation of this region appears to cor- (29) showed an association between the MetAP in rat brain
respond to that of a polyproline Il helix, that is, a left-handed and the ribosome. The results did not indicate whether this
helical structure with three residues per tu2)( This interaction involves a type | or type Il MetAP, or both.
suggests that residues 147 of MtMetAP1c might cor- Recently, it was shown that wild-type yeast MetAP1, as
respond to a PxxP motif and, as such, be recognized by anwell as a mutant lacking residues-89 (A2—69), binds to
SH3 domain. SH3PxxP protein-protein interactions are  both the 60S subunit and the 80S translational complex of
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Ficure 4: (a) Electrostatic surface potential of the catalytic domain of MtMetAP1c calculated without the N-terminal extension. Although
not included in the calculation, the residues in the N-terminal extension are included in the figtole Séhematic diagrams showing the
sequence-specific interactions between the catalytic domain and the N-terminal extension in MtMetAP1c. Atoms in the N-terminal extension
are shown in magenta while those from the catalytic domain are shown in orange. The hatching illustrates a hydrophobic contact.
(b) Residues 415. (c) Residues 1627. (d) Residues 3341. Panels bd prepared with LIGPLOT43).
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a)

b)

F202

FicurRe 5: (a) The overlay of MtMetAP1c (yellow) and EcMetAP (green) shows that the overall shape of both proteins is very similar. The
N-terminal extension of the MtMetAP1c is shown in red. (b) Stereo diagram comparing the complex of methionine with MtMetAP1c
(green) and the complex of EcMetAP (PDB: 1C21) with methionine (gray).

Met Met

: b B u‘ 4 % O
D131 "‘:7 O D131 &% 27
& :

COo1
N H212 D142

H205
E269 E238 E269 E238

FIGURE 6: Stereoview comparing the active site of apo MtMetAP1c (gray) and the cobalt-enzyme in complex with methionine (in color).
The main change is in the cobalt ligand Asp142.

the ribosome 30). At face value, this suggests that the site the A2—69 mutant, and the full-length protein containing
on the protein that binds to the ribosome is outside residuesthe point mutants C22S and H62R. In vivo, however, these
2—69; that is, it does not include the zinc-finger domain. In variants were less effective than wild-type in complementing
conflict with this interpretation, however, the full-length a yeastmapZlnull strain @, 30, 36).

protein with mutations C22S or H62R within the zinc-finger In summary, the experimental evidence for the location
region was found to associate with the 40S rather than theof a ribosome binding site within the MetAPs is not clear-
60S ribosomal subunit. This led Vetro and Chaiy 10 cut, but the available data are consistent with a binding site
suggest that the zinc-finger domain, which is essential for within the linker region, as proposed in this work.

the normal processing function of MetAP1 in vivo, might PxxP Motifs in Other Methionine Aminopeptidaséfs.
help align MetAP1 on the ribosome. In vitro, there is no ribosomes bind MetAPs by an interaction of an SH3 domain
difference between the catalytic activity of the native protein, on the ribosome with a PxxP motif on MetAP, then PxxP
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\ \ | \ Al |
Ficure 7: (a) Docking of the SH3 domain from Fyn proto-oncogene tyrosine kinase (shown in yelloM). tuberculosisMetAP1c
(shown in green with the N-terminal extension in red). The two structures are aligned based on the superposition of prolines in the respective
PxxP motifs [R4xxP17 in MetAP, and BsxxPog in the P2L peptide complexed with the Fyn kin&gb) Close-up showing the superposition
of the PxxP motifs described in 3(a) (®RxP;7 of MetAP in red, BexxPgg of the P2L peptide in yellow). The aromatic side chains in the
Fyn kinase (shown in yellow) interdigitate with the prolines.

Human_75
Mouse_75
Zebrafish_68
Frog_75
Neurospora_63
Yeast_76
Pest_82
Fruitfly_g&4
Tuberculosis_1

Ficure 8: Sequences of eight representative type Ib eukaryotic MetAPs within the linker region (see Figure 1). The sequence of the
N-terminal extension oM. tuberculosisMetAP1c is included for comparison. The number following the species is that of the starting

residue [from InterPro, Mulder et al2$)]. Prolines are shown in red. Residues shown in green appear at least six times among the total
of nine sequences.
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motifs should be a common feature of type Ib MetAPs. An Web site 87), which categorizes protein domains based on
inspection of the sequences of members of this family shows sequence similarity with known structures, suggests that there
that this is indeed the case. Figure 8 shows an alignment ofare a number of ribosomal proteins that could have SH3
eight representative eukaryotic MetAP sequences in thedomains. These include eukaryotic initiation factor 5A,
vicinity of the linker between the zinc-finger region and the hypusine elF-5A, and ribosomal proteins L2, L21e, and
catalytic domain. Four of the eukaryotic sequences have alL24/L26.
PxxP motif at the same location aslih tuberculosisand Most of the known high-resolution ribosome structures are
the other four have a PxxP sequence immediately precedingfrom prokaryotes. It had generally been thought that such
it (five of the eight have a repeated PxxPxxP motif). Of the prokaryotes would not contain SH3 domains, although recent
11 sequences identified for MetAP1c, nine have the PxxP studies suggest that this may not be the c&&®-40).
sequence either in the same position or immediately preced-Inspection of the crystal structure daloarcula marismortui
ing it (Figure 3). As can be seen in Figure 7b, the region of ribosome 41) shows that proteins L2, L21e, and L24 all
MetMetAP1c that corresponds to this proline-rich sequence have SH3 domains. In most cases, the SH3 domain is
has a polyproline Il conformation and is located on the exposed on the surface of the ribosome. L24, in particular,
surface of the protein. Thus, either or both of the PxxP motifs is located adjacent to the tunnel where the nascent poly-
in the eukaryotic MetAPs are suitably located to bind to an peptide chain emerges from the large subunit of the ribosome
SH3 domain on the ribosome. (Figure 9). This protein (L24) has sequence homology with
SH3 Domains within the Ribosom&.prediction of the the human ribosomal protein L26. This suggests that human
proposed mode of interaction between type Ib MetAPs and type | MetAP bound to subunit L26 in the human ribosome
the ribosome is that the ribosome should include an ap-would be suitably placed to cotranslationally remove an
propriately located SH3 domain. A search of tinéerPro N-terminal methionine as it emerges from the ribosome.
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Ficure 9: Space-filling model of the ribosome froktaloarcula
marismortui(40) showing MetAP (green with N-terminal extension

in red) aligned on subunit L24. Much of subunit L24 is obscured
by the MetAP molecule, but part can still be seen (yellow). The
exit channel for the nascent polypeptide chain is adjacent and to
the left of the MetAP molecule and is shown in black.

Role of the N-Terminal Extension in Type Ic MetARR
have shown that the N-terminal extension in the type Ic
MetAPs is highly conserved and is proline-rich. We have
also shown that the PxxP motif in MtMetAPc is on the
surface of the protein and appears geometrically poised to
allow SH3 binding. We note that some MetAPs completely
lack any N-terminal extension, suggesting that it does not
play a role that is critical for all aspects of MetAP function.
In the same context, it is not clear why some bacterial species
have two MetAPs while others have only one. It is worth
noting that the processing of newly synthesized polypeptides
in bacteria is initiated by methionine deformylatiof2). If
a methionine aminopeptidase is to bind to the ribosome and
remove the N-terminal methionine cotranslationally, then the
deformylase must be either part of the overall complex or at
least present in the vicinity. Answers to these questions will
help to facilitate a better understanding of the process of
N-terminal methionine removal during protein synthesis and
its role in cell biology.
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