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ABSTRACT: Coenzyme B,-dependent ethanolamine ammonia-lyase acts on both enantiomers of the substrate
2-amino-1-propanol [Diziol, P., et al. (1980) Eur. J. Biochem. 106, 211—224]. To rationalize this apparent lack of
stereospecificity and the enantiomer-specific stereochemical courses of the deamination, we analyzed the X-ray
structures of enantiomer-bound forms of the enzyme—cyanocobalamin complex. The lower affinity for the
(R)-enantiomer may be due to the conformational change of the Valo326 side chain of the enzyme. In a manner
consistent with the reported experimental results, we can predict that the pro-S hydrogen atom on CI is abstracted
by the adenosyl radical from both enantiomeric substrates, because it is the nearest one in both enantiomer-bound
forms. We also predicted that the NH, group migrates from C2 to C1 by a suprafacial shift, with inversion of
configuration at Cl for both enantiomeric substrates, although the absolute configuration of the 1-amino-1-
propanol intermediate is not yet known. Reported labeling experiments demonstrate that (R)-2-amino-1-propanol
is deaminated by the enzyme with inversion of configuration at C2, whereas the (S)-enantiomer is deaminated with
retention. By taking these results into consideration, we can predict the rotameric radical intermediate from the
(S)-enantiomer undergoes flipping to the rotamer from the (R)-enantiomer before the hydrogen back-abstraction.
This suggests the preference of the enzyme active site for the rotamer from the (R)-enantiomer in equilibration. This
preference might be explained in terms of the steric repulsion of the (S)-enantiomer-derived product radical at C3

with the Phea329 and Leua402 residues.

Enzymes are generally stereospecific for their substrates, but a
few enzymes are exceptional and lack stereospecificity. Adenosylco-
balamin (AdoCbl,' coenzyme B,)-dependent diol dehydratase
(EC 4.2.1.28) and ethanolamine ammonia-lyase (ethanolamine
deaminase) (EAL, EC 4.3.1.7) are two of these enzymes. They act
on both enantiomers (/—8). EAL catalyzes the AdoCbl-dependent
conversion of ethanolamine to acetaldehyde and ammonia (9)
(eq D)

JrH3I\ICHzCHzOH - CH}CHO + I\H‘l4+ (1)

Diol dehydratase catalyzes the conversion of 1,2-diols and
glycerol to the corresponding aldehydes (10, 11). EAL and diol
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dehydratase catalyze the same type of intramolecular group-
transfer reactions (Figure 1A) and are thought to do so by a
common minimal mechanism (Figure 1B) (X, NH, for EAL and
OH for diol dehydratase on C2; H, hydrogen atom on
Cl1) (12—16). That is, the enzyme—coenzyme interaction leads
to the activation of the Co—C bond of the coenzyme (17—20).
Substrate binding induces the additional labilization of the
Co—C bond (21, 22), resulting in its homolysis to form the
adenosyl radical and cob(IT)alamin. The adenosyl radical ab-
stracts a hydrogen atom from the substrate, producing a sub-
strate-derived radical and 5'-deoxyadenosine. The substrate
radical rearranges to the product radical, which then abstracts
a hydrogen atom back from 5'-deoxyadenosine. This leads to the
formation of the product and the regeneration of the coenzyme.

Diol dehydratase acts on both (R)- and (S)-1,2-propane-
diols (/—6). Each enantiomer follows a different stereochemical
course of reaction (/—3). We have previously rationalized the
apparent lack of stereospecificity of diol dehydratase on the basis
of its X-ray structure (23).

EAL also catalyzes the conversion of both (R)- and (S)-2-
amino-1-propanol to propionaldehyde, although they are much
poorer substrates than ethanolamine (7, 8, 24). Babior and co-
workers reported that, when each enantiomer is run indepen-
dently, the (S)-enantiomer shows a lower K,,, and a higher V.«
than the (R)-enantiomer (7, 8). These results suggested that the
(R)- and (S)-enantiomers are bound to the enzyme in two
different modes with different catalytic efficiencies and binding
affinities; that is, EAL seems to recognize the enantiomers as
“different” substrates.
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FiGuRE 1: General representation (A) and minimal mechanism (B)
of AdoCbl-dependent rearrangements and stereochemical features of
the 2-amino-1-propanol deamination catalyzed by EAL (C). Hg and
Hg represent the pro-R and pro-S hydrogens, respectively.

Rétey, Babior, and co-workers established the stereochemical
courses of the EAL reaction with labeling experiments (25). The
essential points can be summarized in Figure 1C. (i) The pro-S
hydrogen atom on C1 is stereospecifically abstracted from both
(R)- and (S)-enantiomers. (i) EAL deaminates (R)-2-amino-1-
propanol with inversion of configuration at C2, whereas the
(S)-enantiomer reacts with retention. Such stereochemical
courses of the EAL reaction are quite different from those of
the diol dehydratase reaction (/—3, 23). When chirally labeled
(R)- and (8)-[2-*H, H]ethanolamines were used as substrates, the
chirality of C2 was lost (26). This finding indicates the involve-
ment of a rotating methylene radical intermediate whose rapid
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internal rotation occurs before the hydrogen back-abstraction,
i.e., torsion symmetry.

Recently, we determined the X-ray structures of EAL in
complexes with cyanocobalamin (CN-Cbl) or adeninylpentylcoba-
lamin (AdePeCbl) with and without the substrate ethanol-
amine (22). The structure of the EAL—CN-Cbl complex with
racemic 2-amino-1-propanol was also determined, but it was not
clear which enantiomer is predominantly bound to the active site of
EAL. To rationalize the enantiomer-specific stereochemical courses
of the 2-amino-1-propanol deamination, we analyzed the X-ray
structures of enantiomer-bound forms of the EAL—CN-Cbl com-
plexes. In addition, the conformations of the enzyme-bound
l-amino-1-propanol intermediates from enantiomeric substrates
were modeled. On the basis of these X-ray structures and models,
we propose here the stereochemical courses of the EAL reaction
with the (R)- and (S)-enantiomers, which account for why EAL
apparently lacks specificity for the enantiomers of its substrates.

EXPERIMENTAL PROCEDURES

Materials. CN-Cbl was purchased from Sigma-Aldrich (St.
Louis, MO). The polyethylene glycol 4000 solution was from
Hampton Research (Aliso Viejo, CA). All other chemicals were
from Wako Pure Chemical Industries, Ltd. (Osaka, Japan),
unless otherwise stated.

Enzyme Purification. Escherichia coli IM109 cells carrying
pUSI2ENA(EAL(Ap4—43)) plasmid were used for homologous
overexpression of E. coli EAL(fA4—43) which consists of the a
subunit and the N-terminal His6-tagged f subunit lacking
residues Lyspd—Cysfp43 (27). Purification of EAL(BA4—43)
was achieved via affinity chromatography on Ni-NTA agarose
(Qiagen) and size-exclusion chromatography, as described pre-
viously (27). The final protein solution contained 20 mg/mL
enzyme, 10 mM Tris-HCI buffer (pH 8.0) containing 200 mM
KCl, 1 mM dithiothreitol (DTT), and 20 uM CN-Cbl.

Crystallization. Crystals of the EAL(AB4—43)—CN-Cbl
complex bound to (R)- or (S)-2-amino-1-propanol were prepared
by the following procedure. Briefly, crystals of the substrate-free
form of the EAL(AS4—43)—CN-Cbl complex were obtained by
the sitting drop vapor diffusion method using a well solution
containing 6.0—7.0% (w/v) polyethylene glycol 4000, 24—26%
(v/v) glycerol, 1.0% (v/v) 2-methyl-2,4-pentanediol (MPD), and
0.1 M imidazole-HCI (pH 6.3), as described previously (27). Thus
obtained substrate-free crystals were harvested and soaked for 30
min in the mother liquor supplemented with 10 mM (R)- or (5)-2-
amino-1-propanol (pH 8.0) as well as each component of the
substrate-free final buffer.

Data Collection. X-ray diffraction data collection was
performed at beamline BL44XU (SPring-8, Hyogo, Japan). Prior
to diffraction experiments, the crystals were flash-cooled with a
nitrogen gas stream at 100 K. Diffraction data sets were indexed,
integrated, and scaled using HKL2000 (28). Diffraction data
from the crystals of the CN-Cbl—(R)-2-amino-1-propanol and
CN-Cbl—(S)-2-amino-1-propanol complexes were collected up
to 2.10 and 2.25 A, respectively. Detailed statistics of the X-ray
crystallography experiments are listed in Table S1 of the Sup-
porting Information.

Structural Refinement. The model of substrate-free EAL
with water molecules removed was used for the first refinement
step. Clear electron densities corresponding to (R)- and (S)-2-
amino-l-propanols were observed in the F, — F electron density
maps of both complexes. The model was improved by iterative
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rounds of refinement using REFMACS (29) and model rebuild-
ing using COOT (30) until the R value decreased to less than
30%. At this stage, TLS refinement using REFMACS was
applied to the model, and several further refinement cycles
yielded the final model. Statistics for refinement are listed in
Table S1 of the Supporting Information. The model figures were
generated using CHIMERA (37). Ramachandran plot statistics
and y angles for residues were calculated with Molprobity (32).

Modeling of 1-Amino-1-propanol. Models for the 1-amino-
1-propanol-bound forms of EAL were generated according to the
previously reported method (23). 1-Amino-1-propanol models
built with COOT were subjected to hydrogen generation and
energy minimization using CNS (33). The hydrogen-generated
models were then fit into the 2-amino-1-propanol model so that
their amino and hydroxyl groups are as close as possible to their
respective groups of 2-amino-1-propanol.

RESULTS AND DISCUSSION

Modes of Binding of (R)- and (S)-2- Amino-1-propanol to
EAL. Both (R)- and (S)-2-amino-1-propanol are bound at the
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FIGURE 2: Sigma-A-weighted F, — F, electron density maps at the
substrate binding site of the EAL(A$4—43)—CN-Cbl complex bound
to (R)-2-amino-1-propanol (pink) or (S)-2-amino-1-propanol (gray).
The maps after the first refinement without substrate are contoured at
the 3o level. Schematics of the final models are shown.
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substrate-binding site in the (f/a)g or TIM barrel of the a
subunit, as reported previously (Figure S1 of the Supporting
Information and Figure 2) (22). As expected, the shapes of the
electron density of each enantiomer were significantly different
from each other. The electron densities of their methyl groups
(C3 atom) projected out toward the side chain of Vala326 in the
(R)-enantiomer-bound form, whereas toward that of Phea329 in
the (S)-enantiomer-bound form (Figure 2). The other part of
both enantiomers is oriented in approximately the same direc-
tion, and differences in the position of each corresponding atom
between both enantiomers are small in the amino (N2 atom, 0.09
A) and hydroxyl (O1 atom, 0.32 A) groups and the C1 atom (0.39
A) but relatively large in the C2 (0.71 A) and C3 (1.11 A) atoms.
The amino acid residues that form hydrogen bonds with the
substrate molecule are essentially the same in both forms. The
amino and hydroxyl groups form three hydrogen bonds with
Glna162, Gluo287, and Aspa362 and with Argol60, Asnol93,
and Glua287, respectively.

If the following ranges are used to classify the conformers by
dihedral angles (syn, 0 & 30°; anti, 180 + 30°; positive gauche, 60
=+ 30°; negative gauche, —60 £ 30°) (34), one significant structural
difference between (R)- and (S)-enantiomer-bound forms is that
the side chain of Vala326 has a negative gauche (y; = 298.9°)
conformation in the (R)-enantiomer-bound form but a nearly
anti (x; = 207.7°) conformation in the (S)-enantiomer-bound
form. The closest atom of the substrate molecule from Vala326 is
C3 in both (R)- and (S)-enantiomer-bound forms, and their
C3—Vala326 distances are very similar (3.58 and 3.62 A,
respectively). On the other hand, superimposed models of these
forms showed that the C3 atom of the (R)-enantiomer has a
shorter contact with Valo326 than in the (S)-enantiomer-bound
form (3.32 A), suggesting that the anti conformer of Vala326
causes stronger steric repulsion against the (R)-enantiomer than
the negative gauche conformer. Moreover, Vala326 in the sub-
strate-free form (22) shows an anti (y; = 197.4°) conformation,
indicating that this residue has the anti conformation before sub-
strate binding. In the case of the ethanolamine-bound form (22),

H CHs
Hs

FiGuRE 3: Nearest hydrogen atom to be abstracted from (R)-2-amino-1-propanol (A) and (S)-2-amino-1-propanol (B) by the adenosyl radical. In
the top panels, 2-amino-1-propanol models are shown in ball-and-stick representation with atom color except for Hg (sky blue). The hydrogen
atoms of 2-amino-1-propanol models were generated using CNS (33). The adenosyl radical model represented by an atom-colored stick model is
derived from the structure of EAL complexed with adeninylpentylcobalamin and ethanolamine (22). CN-Cbl and the residues at the substrate-
binding site are drawn as stick models and colored pink for carbon atoms and by atom for the others. The bottom panels display Newman
projections of the hydrogen-generated 2-amino-1-propanol models. Hx and H represent the pro-R and pro-S hydrogens, respectively.
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FIGURE 4: Modeling of the substrate-derived radicals and suprafacial 1,2-shifts of the amino group on C2 for (A) (R)-2-amino-1-propanol-1-yl

radical and (B) (S)-2-amino-1-propanol-1-yl radical.

Vala326 has a nearly anti (y; = 208.0°) conformation and less
steric repulsion from ethanolamine (3.80 A from the C2 atom of
ethanolamine) than from (R)-2-amino-1-propanol. These lines of
evidence suggest that the (R)-enantiomer needs to switch the
conformation of Vala326 from anti to negative gauche to weaken
the steric repulsion upon binding to the enzyme, whereas the
(S)-enantiomer and ethanolamine do not. Both ethanolamine
and (S)-2-amino-1-propanol have lower K, values than (R)-2-
amino-1-propanol (7, 8). We concluded that the energy cost for
changing the conformation of Vala326 from anti to negative
gauche contributes to the higher K, value for (R)-2-amino-1-
propanol than for the other substrates.

In a previous work (22), we reported that the electron density
map was not sufficiently clear to distinguish which enantiomer of
2-amino-1-propanol was predominantly bound to EAL in the
presence of the racemic compound. However, the shape of the
electron density map for the substrate molecule in the presence of
racemic 2-amino-1-propanol looks more similar to that of the
(S)-enantiomer than that of the (R)-enantiomer. This result
suggests that the (S)-enantiomer was predominantly bound even
in the presence of the (R)-enantiomer at an equal concentration,
which is consistent with the previous report that the (S)-enantio-
mer has a lower K, value than the (R)-enantiomer (7, &). This is
supported by the fact that the conformation of the side chain of
Vala326 is in the anti (y; = 205.1°) conformation in the racemic
2-amino-1-propanol structure.

Stereospecificity of Abstraction of Hydrogen from Sub-
strates. Diziol et al. (25) reported that a large KIE (ky/kp ~ 6)
was observed with (S)-2-amino-[1,1-*H,]1-propanol and (15,25)-
2-amino-[1-*H;]1-propanol, but not with (1R,2S)-2-amino-
[1-*H,]1-propanol. (R)-2-Amino-[1,1-*H,]1-propanol reacts
~1.7 times more slowly than unlabeled (R)-2-amino-1-propanol
or (1R,2R)-2-amino-[1-*H,]1-propanol. These results indicate
that (i) enantiomeric 2-amino-[1,1-*H,]I-propanols react at the
same rate and (ii) the pro-S hydrogen atom on Cl is stereo-
specifically abstracted from both (R)- and (S)-enantiomers. The
enzyme-bound AdoCbl serves as an intermediate hydrogen
carrier, first accepting a hydrogen atom from C1 of substrates
to C5' of the coenzyme and then, in a subsequent step, giving a
hydrogen back to C2 of the product (/12— 16). Panels A and B of

Figure 3 show the structures of the active sites of the (R)- and
(S)-enantiomer-bound forms of the EAL—cobalamin complex,
respectively. The ribosyl rotation model may explain not only the
radical—substrate distance problem but also the specificity of the
hydrogen abstraction as in diol dehydratase (23, 35). The
position of the adenosyl radical in the hydrogen-abstracting
(“distal”) conformation is also shown together. This was pre-
viously obtained by the modeling study (22); that is, the adenine
moiety of the coenzyme adenosyl group was superimposed on the
adenine-binding pocket of EAL, and the ribose moiety was
rotated around the glycosidic linkage so that the distance
between C5' of 5'-deoxyadenosine and C1 of the substrate can
be 3.2 A, which was estimated from the substrate radical-5'-
methyl group model by electron spin echo envelop modulation
(ESEEM) simulation (36).

Figures 2 and 3 show that enantiomeric 2-amino-1-propanols
are bound to the active site of EAL in a similar manner except for
the position of C3. The distances from C5 of the adenosyl radical
to C1-Hg, C1-Hg, and C2-H of the (R)-enantiomer are 3.8, 2.0,
and 4.1 A, respectively. The C4'—C5'—Hg (Cl) angle is 108°. On
the other hand, the distances from C5' to Cl-Hg, Cl-Hg, and C2-
H of the (S)-enantiomer are 3.8, 2.0, and 3.5 A, respectively. The
C4—C5—Hg (C1) angle is 104°. From these distances and
directions, it is quite reasonable to predict that the adenosyl
radical abstracts the pro-S hydrogen atom from C1 of both
enantiomers. This prediction is just as expected from the experi-
mental results of Diziol et al. (25) mentioned above.

It should be noted that such a binding mode of EAL makes it
possible for the catalytic radical to abstract the pro-S hydrogen
atom, i.e., the nearest hydrogen in common from both enantiomers.
This is in clear contrast to the case for diol dehydratase, in which the
radical center of the adenosyl radical comes closest to C1 of the
enantiomeric 1,2-propanediols on the symmetrical plane, including
01, 02, and the substrate-coordinated metal ion (23). This metal
ion was recently identified as calcium (37). As a result, the pro-R
and pro-S hydrogens are abstracted by the adenosyl radical from
the (R)- and (.S)-enantiomers, respectively, in diol dehydratase.

Stereochemical Courses of the 1,2-Amino Group Migra-
tion. In panels A and B of Figure 3, the conformations of the
enzyme-bound (R)- and (S)-2-amino-1-propanols viewed along



Article Biochemistry, Vol. 50, No. 4, 2011 595

N, BNy H n
HO™ 5 HO - HO
Q ""II[H
~CH H HsC
H 3 H3C H

FIGURE 5: Postulated hydrogen back-abstraction steps. (A) Direct conversion from the (R)-enantiomer-derived 1-amino-1-propanol-2-yl radical
to l-amino-1-propanol. (B) Conversion from the (S)-enantiomer-derived 1-amino-1-propanol-2-yl radical to I-amino-1-propanol through
flipping at the C2 center. For the sake of clarity, cobalamin is not shown.

the C1—C2 bond are depicted in Newman projections. The
O1—C1—C2—N2 torsion angles for the (R)- and (S)-enantiomers
are 51.7° and 90.0°, respectively, both of which are characteristic
of staggered conformations. The conformations of the 2-amino-
1-propanol-1-yl radicals that would be formed by abstraction of
the pro-S hydrogen from the (R)- and (S)-substrates are shown in
panels A and B of Figure 4, respectively. It is reasonable to
assume that the NH, group in the radical intermediates migrates
from C2 to C1 by a suprafacial shift, i.e., from the same side (re
face in this case) of the sp* carbon atom, because the energy along
this pathway would be minimized by overlapping of the radical p
orbital and the C2—N2 ¢ orbital. It can thus be predicted that the
NH, group migrates from C2 to C1 with inversion of configura-
tion at Cl for both enantiomeric substrates, although the
absolute configuration of the 1-amino-1-propanol intermediate
is not yet known. The stereochemical inversion at Cl in the
substitution of a hydrogen atom by the migrating group has been
postulated for the EAL reaction by Diziol et al. (25) and for the
diol dehydratase reaction by Smith et al. (38) and us (23).

Modeling Study of Hydrogen Back-Abstraction. In the
EAL reaction, the 1-amino-1-propanol-2-yl radical, the product
radical, back-abstracts (recombines) a hydrogen atom from the
methyl group of 5'-deoxyadenosine. To solve the stereochemical
course of the hydrogen back-abstraction, the structures of the
product radicals from the (R)- and (S)-enantiomeric substrates
were modeled. Because the hydrogen bonds are much stronger
than the hydrophobic or van der Waals interactions between
the substrate C—C—C backbone and the enzyme, the substrate
NH, group on C2 would migrate to C1 with the hydrogen
bonding with the active site residues maintained. If viewed from
the position of Glua287, the C1—C2 bond of both (R)- and
(S)-enantiomers would rotate counterclockwise upon 1,2-migration
of the NH, group. On the basis of these assumptions,
we could build the models of the l-amino-1-propanol-2-yl
radicals that are formed from the (R)- and (S)-enantiomers; that
is, the l-amino-1-propanol-2-yl radical intermediates were ro-
tated around the O1—N1 line, so that C2 may come closest to C5
of the modeled enzyme-bound 5'-deoxyadenosine. As shown in
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FIGURE 6: Stereochemical courses of the EAL reaction with (R)-2-amino-1-propanol (R-PA) and (S)-2-amino-1-propanol (S-PA) as substrates.
[Co], cobalamin; Ade, 9-adeninyl group. Residue numbers are for the a subunit. H g and Hg represent the pro- R and pro-Shydrogens, respectively.

the left panels of Figure 5, the binding conformations of the
postulated product-radical intermediates from the (R)- and (.S)-
enantiomers would be similar except that the configurations at
C2 would be inverted. Thus, they can be considered as rotameric
isomers or rotamers. The distances from C5' to C2 of the modeled
1-amino-1-propanol-2-yl radicals from the (R)- and (S)-enantio-
meric substrate are 2.6 and 2.5 A, respectively, and it was thus
concluded that the hydrogen back-abstraction (recombination)
from the CH; group of 5'-deoxyadenosine by the product
radicals is structurally feasible.

Because the CH; group of 5'-deoxyadenosine is located on the
opposite side from the migrating NH, group, it can be predicted
that abstraction of hydrogen from the CH; group of 5'-deox-
yadenosine by C2-centered product radicals would occur with
inversion of configuration at C2 with both enantiomers. How-
ever, the experimental results of Diziol et al. (25) indicate that this
is not always the case. Their labeling experiments demonstrate
that (R)-2-amino-1-propanol is deaminated by EAL with inver-
sion of configuration at C2 whereas the (S)-enantiomer with
retention. Therefore, the prediction with the (R)-enantiomer
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(Figure 5A) mentioned above is consistent with the experimental
results, but that with the (S)-enantiomer is not. This strongly
suggests that the radical intermediate from (S)-2-amino-1-pro-
panol undergoes flipping or rotation around the C1—C2 axis to
the rotamer from the (R)-enantiomer before hydrogen back-
abstraction (Figure 5B). It is therefore likely that the active site
of EAL has a preference for the rotameric intermediate from
the (R)-enantiomer in equilibration. The molecular basis of
this preference might be explained by the steric repulsion of
C3 against the adjacent residues. That is, the C3 atom of the
(S)-enantiomer-derived  1-amino-1-propanol-2-yl radical model
has close contacts with Phea329 (2.4 A) and Leud02 (2.6 A)
(Figure 5B), whereas the contacts with Phea329 (2.8 A) and
Leuad02 (4.5 A) are not severe in the (R)-enantiomer-derived
I-amino-1-propanol-2-yl radical model (Figure 5A). Therefore,
the severe contacts of the (S)-enantiomer-derived product radical
at C3 with these residues would drive its flipping at C2 to the
(R)-enantiomer-derived, less hindered conformation. The influ-
ence of Vala326 seems to be negligible because it is 3.5 and 4.7 A
from C3 of the (R)- and (S)-enantiomer-derived 1-amino-1-propa-
nol-2-yl radical models, respectively. Poyner et al. (8) demonstrated
via the "N isotope effects on EAL that the radical rearrangement
steps, including "*N-sensitive ones, make a significant contribution
to V/K with the (S)-enantiomer. When chirally labeled (R)- and
(S)-[2-*H,*H]ethanolamines are used as substrates, racemization
takes place (26), which was explained by the torsion symmetry
of the trigonal methylene radicals arising from this substrate.

In the case of diol dehydratase, ethylene glycols stereospecifi-
cally labeled with deuterium and trittum are converted to
acetaldehyde with racemization (39), but (R)- and (S)-1,2-pro-
panediols undergo dehydration in stereospecific manners (/—3).
These results suggest that rapid internal rotation in the product
radical occurs with ethylene glycol before hydrogen back-
abstraction, but not with 1,2-propanediols. It is likely that, unlike
EAL, the active site of diol dehydratase does not permit either
symmetrization or equilibration of the 1,1-propanediol-2-yl
radical intermediates.

Overall Mechanism and Stereochemical Courses of the
EAL Reaction. On the basis of the X-ray structures and
modeling studies, we propose here the overall mechanism and
stereochemical courses of the EAL reaction with (R)- and (S)-2-
amino-1-propanols as substrates (Figure 6). When each enantio-
meric substrate is added, two water molecules in the active site (22)
are displaced by its OH and NH, groups. The addition of substrate
induces the additional labilization of the already activated Co—C
bond of the coenzyme (22) and shifts the equilibrium toward its
homolysis (40) to form a much more stable substrate radical from
the highly reactive adenosyl radical. The C5'-centered radical is far
from the substrate but comes close to the substrate by the ribosyl
rotation around the glycosidic linkage. The radical abstracts the
nearest hydrogen atom, i.e., pro-S hydrogen on CIl of both
enantiomeric substrates, forming a substrate-derived radical and
5'-deoxyadenosine. The substrate radicals from both enantiomers
would be subjected to migration of the NH, group from C2 to C1
through a similar cyclic transition state. During this step, the
positions of the OH and NH, groups would be maintained and the
CI1—C2 bond would rotate counterclockwise, so that the new
radical center C2 of the product radicals comes close to the CHs
group of 5'-deoxyadenosine. Because the active site favors the
rotameric radical intermediate from the (R)-enantiomer, the
rotamer from the (S)-enantiomer undergoes flipping at C2 in
equilibration before hydrogen back-abstraction. As a result,

Biochemistry, Vol. 50, No. 4, 2011 597

hydrogen back-abstraction produces exactly the same 1-amino-
I-propanol from both (R)- and (S)-2-amino-1-propanol, although
each follows a different stereochemical course depending upon the
absolute configuration of C2. Finally, the l-amino-1-propanol
formed is subjected to elimination of ammonia to form the final
product propionaldehyde and then leaves the active site by being
displaced by water molecules. This would shift the equilibrium in
favor of the recombination of the adenosyl radical and cob-
(IT)alamin to regenerate the coenzyme. The protonation status of
the NH, group during reaction has not yet been established.

SUPPORTING INFORMATION AVAILABLE

Summary of X-ray data collection and refinement statistics
(Table S1) and overall architecture of EAL (Figure S1). This
material is available free of charge via the Internet at http://pubs.
acs.org.
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