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ABSTRACT. A triplet spin system$= 1) is detected by low-temperature electron paramagnetic resonance
(EPR) spectroscopy in samples of diol dehydrase and the functional adenosylcobalamin (AdoCbl) analogue
5'-deoxy-3,4'-anhydroadenosylcobalamiarfAdoCbl). Different spectra are observed in the presence and
absence of the substrate,§-1,2-propanediol. In both cases, the spectra include a prominent half-field
transition AMs = 2) that is a hallmark of strongly coupled triplet spin systems. The appearaf¥eoof
hyperfine splitting in the EPR signals and the positiomsdlues) of the signals in the spectra show that

half of the triplet spin is contributed by the low-spin €oof cob(ll)alamin. Line width effects from
isotopic labeling ¥3C and?H) in the B-deoxy-3,4'-anhydroribosyl ring demonstrate that the other half of

the spin triplet is from an allylic 'sdeoxy-3,4'-anhydroadenosyl (anhydroadenosyl) radical. The zero-
field splitting (ZFS) tensors describing the magnetic dipa@ole interactions of the component spins

of the triplets have rhombic symmetry because of electron spin delocalization within the organic radical
component and the proximity of the radical to the low-spirt"Cd’he dipole-dipole interaction was
modeled as a summation of poirdipole interactions involving the spin-bearing orbitals of the
anhydroadenosyl radical and cob(ll)alamin. Geometries which are consistent with the ZFS tensors in the
presence and absence of the substrate position'tbarbon of the anhydroadenosyl radical 3.5 and 4.1

A from Ca?*, respectively. Homolytic cleavage of the cobatairbon bond of the analogue in the absence

of the substrate indicates that, in diol dehydrase, binding of the coenzyme to the protein weakens the
bond prior to binding of the substrate.

A common characteristic of adenosylcobalamin-dependentC5 bond is kinetically coupled to abstractioh @ H atom
enzymes is the generation and utilization of enzyme-bound from a substrate molecule in the reactions of methylmalonyl-
organic radicals {—3). The Co-C5 bond of AdoCbt is CoA mutase §), glutamate mutases), ethanolamine am-
relatively weak, having a bond dissociation energy~&0 monia lyase T), and diol dehydrase8]. These kinetic
kcal/mol @). A prevalent mechanism for AdoCbl-dependent experiments have highlighted the transient nature of the 5
enzymes begins with the homolytic cleavage of the-Co deoxyadenosyl radical species. In the case of the AdoCbl-
C5 bond to give cob(ll)alamin and the-Beoxyadenosyl  dependent class Il ribonucleoside triphosphate reductase, the
radical (). The B-deoxyadenosyl radical being an unstabi- 5'-deoxyadenosyl radical abstraa H atom from the thiol
lized, primary alkyl radical is expected to have a short of Cys408 of the proteir9). An allosteric effector-dependent
lifetime, a low concentration, and a high reactivity toward epimerization of chiral [5°H;]JAdoCbl by the C408A and
H atom abstraction. Thus far, these properties of the C408S mutant forms of the enzyme requires the transient
5'-deoxyadenosyl radical have precluded direct observationexistence of the 'sdeoxyadenosyl radicall().

of the radical by EPR spectroscopy. Cleavage of the-Co  ppH (diol dehydrase, EC 4.2.1.28) uses two- and three-

carbon vicinal diols as substrates and catalyzes their trans-
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H3C—CI}—CH HyC—C—CH Binding ofanAdoCbl to DDH induces cleavage of the €o
b O * Ay C5 bond. Co-C5 bond cleavage is observed spectropho-
d tometrically as the formation of cob(ll)alamin either in the
I\szo presence or in the absence of the substra8 However,
the enzyme undergoes slow inactivation as observed by the
P formation of cob(lll)_alar_nin,_irrespective of the presence of
HiC—C—C{ the substrate. Inactivation is a consequence of the transfer
HooH of an electron from cob(ll)alamin to the anhydroadenosyl

radical and subsequent quenching of the allylic anion by a
solvent-derived proton2@).

Cleavage of the CoC5 bond ofanAdoCbl generates the
anhydroadenosyl radical and cob(ll)alamin in the active site
of DDH. This paper presents EPR evidence of the presence
of strongly coupled spin triplets involving the anhydroad-
enosyl radical and the low-spin €oof cob(ll)alamin in
complexes of DDH with the cofactor analogue in the
presence and absence of substrate. Analysis of the spin triplet
EPR spectra by simulation and interpretation of the ZFS in
terms of molecular geometries are presented.

Scheme 2

EXPERIMENTAL PROCEDURES

Materials.Sodium cholate and AdoCbl were from Sigma.
(R,9-1,2-Propanediol was from Aldrich.R(S)-1,2-PHg]-
> HO Propanediol (99.5%H) was from CDN Isotopes. All other
N ,\\\O\QO solvents, buffers, and chemicals were obtained from either
o o Fisher or Aldrich and used as supplie®AdoCbl and [°Cs-
ribosyllanAdoCbl were synthesized as described previously

propanediol are coordinated to'Kand K" may be involved ~ (27). The**C-labeled compound was prepared from ﬂéi@.i[..
in catalysis {6, 17). Magnetic interactions between active ribosyllanATP precursor, the synthesis of which is described
site radicals and the nuclear spins3¥ and 2°320T| have, elsewhere 29). Recombinant DDH fronSalmonella typh-
however, escaped detection by EPR and ENDQR).( imuriumwas prodgced irEsc_herichia coliand purified and
Moreover, site-directed mutagenesis has revealed essentighssayed as described previoush3,(30).
roles of Glux170 and Asp335 (19) in putative H-bonding Sample PreparationSamples were prepared from solu-
contacts with the vicinal OH groups of the substrate. Transfer tions that were kept within a Coy anaerobic chamber. The
of hydrogen from 5deoxyadenosinb to radicald regener- samples contained 0.2 mM DDH in 10 mM potassium
ates the 5deoxyadenosyl radical, which recombines with phosphate (pH 8), 0.5% sodium cholate buffer in a final
cob(ll)alamin. The enzyme catalyzes the dehydration of the volume of 0.25 mL, with eitheanAdoCbl (0.32 mM) or
gemdiol to complete the reactior2(). Reactions of the  [**Cs-ribosyllanAdoCbl (0.3 mM) as the coenzyme. Samples
DDH—AdoCbl complex with substrates or inhibitors elicit prepared with the substrate contained either 0.12R\){
EPR signals corresponding to organic radicals spin coupled1,2-propanediol or 0.12 MR,S)-1,2-PHg]propanediol. Sub-
to the low-spin C&" of cob(ll)alamin (L8, 21—26). strate-free samples were preincubated for 20 min wigivil
anAdoCbl, shown in Scheme 2, is an analogue of AdoCbl. AdoCbl before the coenzyme was added. This pretreatment
anAdoCbl has a Ce C5 bond dissociation energy which is  with substoichiometric quantities of the normal cofactor
~6 kcal/mol weaker than that of the corresponding bond in ensured that residual traces of substrate, used to stabilize
AdoCbl (27). The weakened CoC5 bond inanAdoChl is the enzyme during isolation and storage, would be converted
attributed to allylic stabilization in the anhydroadenosyl to the product aldehyde. Samples were incubated &25
radical relative to the 'sdeoxyadenosyl radical. Structures for 1—10 min and transferred to EPR tubes, and the samples
of the two radicals are compared in Schemar®doChbl is were frozen by immersing the tubes in cold isopentane
a functional coenzyme for DDH, displaying a turnover rate (—135°C).
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EPR Spectroscop¥EPR spectra were recorded at cryo- Likewise, simulations were not sensitive to the signJof
genic temperatures with a Varian spectrometer equipped withOn the basis of the observation that the signals were much
an E102 X-band microwave bridge, an Oxford Instruments weaker at 77 K thanta4 K and the implied (large ZFS)
ESR-900 continuous-flow helium cryostat, and an Oxford short interspin distances, the exchange coupling is likely
3120 temperature controller. A Varian NMR gaussmeter, a ferromagnetic. An “operational” value ¢J| of 40—50 cn?
Hewlett-Packard 5255A frequency converter, and a 5245L was used in the simulations. Given that théensor of the
electronic counter were used to measure the magnetic fieldlow-spin C&" is anisotropic and the interspin distances are
strength and microwave frequency. The spectrometer wasshort, there is a potential for anisotropic contributions from
interfaced with a computer for data acquisition. Spin the exchange interactio3§, 37). Given the modesig of
concentrations were estimated by double integration andlow-spin C&*, complications from delocalized unpaired
comparison with a CUEDTA standard in water and glycerol. spins are likely more significant than anisotropic exchange

Spectral Simulationgrourier filtering methods31, 32) in this system. The anisotropy has been treated exclusively
were used to enhance the resolution in the EPR spectra. Thas arising from the dipotedipole interaction.
spectra were analyzed using the following spin Hamiltonian:  Analysis and Decomposition of the ZFS Tendaue to

the delocalization of spin within the anhydroadenosyl radical,
H=fBg,S + BG,S, + SDS, +ISS, + Hyye (1) the size of the d orbital of C&*, and the proximity of these
two paramagnetic centers, the commonly invoked point-
dipole approximation (relating the ZFS to the distance
between the spins) is not adequate for this system. To
overcome the limitations of the point-dipole approximation,
and to exploit the structural information implicit in the ZFS
tensor, a multipoint model known as the point-charge model
was used 37—39). In this model, fractional spins are
assigned to individual atoms or orbital lobes. The resulting
_ ensemble of fractional spins is treated by summing the
Hiue = Izlip“lsl + zliAiZSZ @) multiple dipole-dipole interactions occurring between the
: two paramagnetic centers to generate the ZFS tensor (eq 3):
In general, Euler rotation88) are needed to bring each of
the tensors in egs 1 and 2 into a common frame of reference, M(ﬁz
in this case the axis system of Ct. However, thegtensors ~ D;; = —z Zpl(m)Pz(n)
of organic radicals, such as the anhydroadenosyl radical, are A WA
very nearly isotropic, and thus, Euler angles are not required  |r,(n) — rl(m)|26ij = 3[ry(n) — ry(M)i[ry(n) — ro(m)];
to align the twog tensors. Also, the nuclear hyperfine
interactions of the anhydroadenosyl radical and of cob(ll)- Iry(n) — ry(m))°
alamin, other than with th&Co nucleus, are small relative 3)
to the ZFS and are safely neglected. Thensor and®Co
hyperfine tensor of cob(ll)alamin are collinear. Therefore, whered; is the Kronecker deltasi(m) andp,(n) are the spin
the Euler angles aligning the ZFS tensor with theensor densities of thenth andnth fractional spin of cob(ll)alamin
of cob(ll)alamin (i.e., the angles relating the interspin vector and the anhydroadenosyl radical, respectively,ratd) and
to theg axis system of C&) were the only angular variables  ry(n) are the corresponding position vectd8)( The relative
in the fitting procedure. Energy levels and transition energies position of the two paramagnetic centers was obtained by
were obtained by diagonalization of the energy matrix. Field- minimizing (with the aid of a simulated annealing algorithm)
swept powder EPR spectra were calculated as describedhe sum of the squared differences between the experimental
previously B4). In this analysis, th&Co hyperfine interac-  ZFS tensor elements and those calculated with ef34().
tion was treated to first-order, effectively reducing the energy The search for reasonable local minima was guided by
matrix to a block diagonal form in tH8Co nuclear quantum including in the objective function penalties to prevent
number,m. Initial estimates of the ZFS parameters were unfavorable van der Waals contact)
taken from the measured turning points in the experimental
spectra, and the Cbg values and hyperfine parameters were F=Fp(1+fq) 4)
obtained from previously reported values of cob(ll)alamin
bound to methylmalonyl-CoA mutas&5). These values
were refined (changed slightly) by trial and error until 2 3
reasonable fits were obtained. Fp= ZZ'DUexp _ Dijcalc|2
The triplet state spectra in this study fall into the strongly as

exchange coupled regime, and in this regind¢,does not ) o
influence the positions of transitions in the spectsg)(  Where the sum includes the six independent ZFS tensor

elements (defined b, E, and Euler angleg, », and§&).

2The ZFS tensor used in the spin Hamiltonian has the fbrms fuaw has the form
0:D'g,, whereD' is the ZFS tensor expressed in the principal axis system o.\12 o.\6
( ) - ( ) for g > T

The first two terms in eq 1 represent the Zeeman interaction
of the low-spin Cé" of cob(ll)alamin and the anhydroad-
enosyl radical with the external magnetic field, respectively;
the third and fourth terms represent the magnetic dipole
dipole (ZFS¥ and isotropic exchange interactions between
cob(Ilalamin and the anhydroadenosyl radical, respectively.
Hnuc represents the nuclear hyperfine interactions:

In eq 4,Fp has the form

of g; divided by the square of the free electrgrvalue. Using this ij
formalism, contributions to the rhombicity of the ZFS frogy f o= —
anisotropy are considered directly and separately from the contributions vaw —  TF lj
due to electron spin delocalization. 0 for o < I
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Ficure 1: Comparison of isosurface spin densities obtained fe@sissian 9&alculations (A) and the point-charge models used in the
calculation of the ZFS tensor of the cob(ll)alamianhydroadenosyl radical triplet system (B). Positive spin density is colored white and
negative spin density blue. In the point-charge modetrbital lobes are positioned 0.7 A above and below the molecular pl@Ts (
o-orbital lobes of the equatorial ring nitrogens are 0.5 A from the nucleus along thé&l®onds, and the gorbital lobes are positioned

1.1 A above and below and 0.6 A within the plane of the corrin ring.

whereg;j is the van der Waals collision diameter between  The starting coordinates for the analysis were obtained
theith atom of the anhydroadenosyl radical andjtheatom by placing the geometry-optimized cob(ll)alamin fragment
of cob(ll)alamin and is the corresponding distance. and the adenine ring of the anhydroadenosyl radical in the
The spin densities used in eq 3 (see the Supporting POSitions observed in the crystal structure of DDH complexed
Information) were obtained from single-point energy calcula- With adeninylpentylcobalamin4g). The position of the

tions on the anhydroadenosy! radical and a truncated cob-anhydroribosyl moiety was varied by rotation about the
(INalamin structure usingaussian 9§43). The geometries glycosidic bond, and small overall rotations and translations

of the paramagnetic centers were optimized using Becke-©f the anhydroadenosyl radical were performed to find the
style three-parameter density functional theory (DFT) with P€St match of the experimentally observed and calculated
the Lee-Yang—Parr correlation functional (B3LYP) and ZFS tensors in the global minimization. The structure

Pople’s polarized doublé-6-31G* basis set. Single-point correspor_1ding. to .th(_a minimum in the analysis is not
calculations were performed on the optimized structures necessarily unique in its ability to reproduce the ZFS tensor.

using the B3LYP hybrid functional in combination with the However, it represents the structure that best reproduces the

DFT-optimized valence triplé-basis set, TZVP. Isosurface ZFS tensor while minimizing changes _in the geometry from
plots of the spin densities of the anhydroadenosyl! radical that expected from the crystallographic data)(
and the truncated cob(ll)alamin are given in Figure 1A. RESULTS AND DISCUSSION

To better mimic the location of spin within the anhy- EPR with anAdoCbl as the Coenzyni&?R spectra of
droadenosyl radical, the spin density at each of the atoms inDDH with anAdoCbl as the coenzyme in the presence and
the #-system was divided in two and positioned equal absence of a saturating level of 1,2-propanediol are shown
distances above and below the plane of the anhydroribosylin Figures 2 and 3, respectively. These EPR spectra bear a
ring (38). The atoms in ther-system of the corrin ring of  resemblance to the strongly coupled triplet spectra detected
cob(ll)alamin were treated in an analogous fashion. The spinin the AdoCbl-dependent enzymes ribonucleotide reductase
of the corrin ring nitrogen atoms was split into an additional (45), glutamate mutase6), and methylmalonyl-CoA mutase
point corresponding to the-orbital coordinating the low-  (47—49), in that the signals are centerecyatalues midway
spin Ca*. The distribution of spin density within thezd between that of low-spin Cb and typical organic radicals
orbital of C@*, which can be expressed as a linear combina- and contairt®Co hyperfine splittings that are contracted from
tion of dz-» and dz- orbitals, was approximated by that observed in magnetically isolated cob(ll)alan®8, 36).
dividing the spin into six points, two equidistant above and However, the width of the EPR spectra in Figures 2 and 3
below the plane and four equidistant within the plane of the is much greater than that of any of the aforementioned triplet
corrin ring. The point-charge models of the anhydroadenosyl spectra, indicating that the distance separating the two
radical and cob(ll)alamin that resulted in the best-fit ZFS paramagnetic centers comprising the spin triplets in this case
tensors are illustrated in Figure 1B. is much shorter, resulting in a larger ZFS. The percentage
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Gauss the same samples as described in the legend of Figure 2.

Experimental conditions: temperature, 4.5 K; modulation amplitude,
12 G; microwave power, 2 mW; spectrometer frequency, 9.233
GHz. All spectra are an average of four 8 min scans.

Ficure 2: EPR spectra of DDH witlanAdoCbl as the coenzyme

in the presence oR|S-1,2-propanediol. The samples were frozen
in cold isopentane 10 min after being mixed within an anaerobic
chamber: (A) unlabeled coenzyme, (B¥Qs-ribosylanAdoChl,

and (C) anAdoChbl and R,9-1,2-[Hg]propanediol. Deuterium
labeling at C50f the coenzyme occurs upon reaction with substrate.
Experimental conditions: temperature, 4.5 K; modulation amplitude,
12 G; microwave power, 0.2 mW; spectrometer frequency, 9.233
GHz (@ = 2.0 at 3299 G). All spectra are an average of four 8 min
scans.
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FicurRe 5: EPR spectra of a half-field\(Ms = 2) transition for the
same samples as described in the legend of Figure 3. Experimental
conditions: temperature, 4.5 K; modulation amplitude, 12 G;
microwave power, 2 m\W; spectrometer frequency, 9.233 GHz. All
spectra are an average of four 8 min scans.

i
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labeled coenzyme or substrate. Introductior3ef (I = /,)

Gaus:s at each position of the anhydroribosyl moietyasfAdoCbl
FiGURe 3: EPR spectra of DDH witanAdoCbl as the coenzyme  ([23C;-ribosyllanAdoChl) leads to inhomogeneous broaden-

in the absence of substrate. The samples were frozen in cold. . : .
isopentane~1 min after mixing within an anaerobic chamber: (A) ing of the EPR signals both in the presence and in the absence

unlabeled coenzyme and (BfCs-ribosyllanAdoCbl. Experimental ~ Of substrate (Figures 2B and 3B, respectively). Only modest
conditions: temperature, 4.5 K; modulation amplitude, 12 G; *C-induced broadening effects are observed due to the large

microwave power, 0.2 mW; spectrometer frequency, 9.233 GHz. overall width of the EPR spectra and the hyperfine splitting
Both spectra are an average of four 8 min scans. contraction characteristic of strongly coupled triplet spin
of active sites hosting the triplet was determined from double systems. The EPR spectrum obtained with unlabalet
integrations to be~70% in both cases. This value is doCbland R S-1,2-[Hg]propanediol is given in Figure 2C.
consistent with the extent of Ga&C bond cleavage from A subtle line narrowing effect is observed due to incorpora-
similar samples estimated from UWis spectroscopy after  tion of 2H into the 3-position of the coenzyme. Both these
the same period of incubatio2§). effects are more readily visible in the half-fieldMs = 2)

To establish the identity of the radical species spin-coupled transitions where the intrinsic line widths are narrower
to cob(Il)alamin, EPR spectra were acquired with isotopically (Figures 4 and 5). The responses of the line widths to the



Triplet Spin Intermediate in Diol Dehydrase Biochemistry, Vol. 45, No. 48, 20064367

Table 1: Parameters Used in the Simulation of the EPR Spectra of DDHawittoCbl in the Presence and Absence RBfS)-1,2-Propanediol

with (R,S)-1,2-propanediol withoutR,9)-1,2-propanediol

Co?* gvalues o= 2.30,0y=2.21,9,= 2.00 Ox=2.30,0y = 2.21,9,= 2.00
radicalg values Oiso = 2.00 Oiso = 2.00
%9Co hyperfine tensor A=15G,A=5G,A,=113G A=15G,A/=5G,A,=113G
ZFS parameters D=-522GE=-91G D=-335GE=-87G
Euler angles =75, n=10,&=5% C=71°n=-10°&=90C
exchange coupling |J] ~ 40-50 cnrt |J| ~ 40-50 cnt?t

— experiment — experiment

-~ simulation - - simulation
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F 6: C i f the simulated and luti h d Gauss

IGURE 6: Comparison of the simulated and resolution-enhance . ; ; ;
experimental EIER spectra of DDH wigmAdoCbl in the presence Elp?eUcFEFuZﬁ ch:oggﬁ r@ﬁﬂa%nghoecsblmﬁ I?rt]%d a%r;(jerfcép%qg(’gr_\flz_EPR
of a saturating level of §-1,2-propanediol. The ZFS parameters propanediol. The ZFS parameters &re= —335 G ancE = —87
areD = —522 G andE = —91 G, with Euler angle§ = 75, = G, with Euler angles = 71°, = —1C°, and& = 90°. Theg
10°, and & = 54°. The g values for cob(llalamin and the  yajyes for cob(ll)alamin and the anhydroadenosyl radical are as
anhydroadenosyl radical are as followg; = 2.30,gy_= 2.21,9, follows: g, = 2.30,0, = 2.21,0, = 2.00, andgs, = 2.00. The
= 2.00, andgs, = 2.00. The®*Co hyperfine splittings are as  seco phyperfine splittings are as follows, = 15 G,A, = 5 G, and
follows: A= 15 G,A, =5 G, andA, = 113 G. Lorentzian line o — 113 G. Lorentzian line shapes were used with isotropic line

t . . . N . V4

shapes were used with isotropic line widths of 15 G. The inset \igihs of 55 G. The inset compares the simulated and experimental
compares the simulated and experimental EPR spectrum of the halfgpr spectra of the half-field transition, obtained with the same
field transition, obtained with the same parameter set. parameter set.

2400 2800 3200 3600 4000
Gauss

magnetic isotope substitutions demonstrate that the anhy-gerived fromsCo (| = 7/y; Ac = 15 G,A, = 5 G, andA, =
droadenosyl radical is the other half of the triplet spin system 113 G); all other hyperfine interactions contribute only to
both in the presence and in the absence of substrate. the line widths of the signals in EPR spectra.

A weakly allowed half-field AMs = 2) transition is a The ZFS interactions between cob(ll)alamin and the

spectroscopic signature of strongly coupled triplet spin anhydroadenosyl radical are highly rhombic both in the
systems &5, 50). Such transitions are observed in the EPR presencel) = —522 G,E = —91 G, andE/D = 0.17) and

spectra of DDH withanAdoCbl, both in the presence and in the absenced = —335 G,E = —87 G, andE/D = 0.26)
in the absence of substrate (Figures 4 and 5, respectively).of substrate, indicating that the electron spin densities within
Incubation of DDH with [*Cs-ribosyllanAdoCbl (Figures  the paramagnetic centers are highly delocalized, making the

4B and 5B) or unlabeled anAdoCbl an& $)-1,2-[He]- commonly invoked point-dipole approximation invaliggj.
propanediol (Figure 4C) causes line width effects in the half- Euler rotations were required to align the principal axis
field transitions analogous to those seen in s = 1 systems of the ZFS tensors with that of theensor (or
portion of the EPR spectra. equivalently, the hyperfine splitting tensor) of €pboth in
Analysis of the EPR Spectr&pectral simulations were the presencel(= 75°, n = 10°, and& = 54°) and in the
performed to improve our understanding of the complicated absenced = 71°, = —10°, and& = 90°) of substrate.

EPR spectra of DDH witlanAdoChbl as the coenzyme. The  This noncollinearity of tensor axes has a significant influence
parameters used in the simulations are summarized in Tableon the appearance of EPR spectra of strongly coupled triplet
1. Comparisons of the simulated and resolution-enhancedsystems in that it shifts the apparentalues of turning points
experimental EPR spectra in the presence and absence ofnd transfers hyperfine splittings between turning poigts (
(R9-1,2-propanediol are shown in Figures 6 and 7, respec- 39).

tively. The followingg values were used in the simulations Figure 8 shows the geometries derived from the decom-
for the anhydroadenosyl! radicafy, = 2.30,g, = 2.21, and position of the ZFS tensors obtained from the simulations
g. = 2.00 for C@* andgis, = 2.00 [typical for cob(ll)alamin  of the EPR spectra of DDH witanAdoCbl in the presence
and organic radicals2@, 36, 49)]. The only hyperfine (Figure 8A) and absence (Figure 8B) oR$-1,2-pro-
interaction included in the spectral simulations was that panediol. A comparison of these two structures reveals that
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Ficure 8: Model of cob(ll)alamin and the anhydroadenosyl radical in the active site of DDH in the presence (A) and absence (B) of
(R9-1,2-propanediol. (A) The distance betweerl @8d C38* is 3.5 A. The position of the adenine ring is very similar to that observed

in the crystal structure of the DDHadeninylpentylcobalamin complex (rmsel0.67 A) @4). (B) The distance between C&nd C&* is

4.1 A. The position of the adenine ring is perturbed slightly (rrs@.53 A), and the anhydroribosyl moiety rotate80° relative to their
positions when the substrate is bound. The positions ofjtaedD axes are labeled in the corin ring.

upon substrate binding, there is an only slight perturbation The enzyme may be able to cleave the-@% bond of

in the position of the adenine ring (rmsd 0.53 A). The AdoCbl without a substrate present, but because of the
position of the adenine ring of the anhydroadenosyl radical instability of the 5-deoxyadenosyl radical, the equilibrium
in both the presence and absence of substrate is very similafor the bond homolysis reaction would favor the intact
to that observed in the crystal structure of DDH complexed coenzyme. This scenario is supported by the results of this
with adeninylpentylcobalamin (rmse 0.67 and 0.84 A,  study, in which the equilibrium for CeC5 bond homolysis
respectively) (44). In addition, when the substrate binds, of anAdoChl is shifted toward formation of the cleavage
there is a rotation of the anhydroribosyl moiety t60° products, due to the stability of the resulting allylic radical.
about the glycosidic bond, which positions tHec&rbon of Observation of the anhydroadenosyl radical supports the
the anhydroadenosyl! radical closer t02€¢3.5 A vs 4.1 mechanism of DDH, where a transientdgoxyadenosyl
A). This structure is consistent with the larger ZFS observed radical intermediate functions as the direct abstractor of the

in the EPR spectrum when substrate is presBrit=(—522 hydrogen atom from the substrate. In the case of the
G vsD = —335 G). The basis for the greater rnombicity of anAdoCbl, the cofactor-derived radical resides very close
the ZFS in the absence of substrai#X = 0.26 vsSE/D = to its cob(ll)alamin partner in the absence and presence of

0.17) is also evident from a comparison of the two structures. the substrate.

The vector between C@nd C3 of the anhydroadenosyl

radical (the two atoms with the greatest spin density in the SUPPORTING INFORMATION AVAILABLE

radical) is very nearly perpendicular to the interspin vector

with cob(Il)alamin in the absence of substrate. In the

substrate-bound structure, the '€E&3 vector and the

interspin vector are closer to being parallel. In the case of

electron delocalization about two points, the rhombicity in

the ZFS is maximal when these two vectors are orthogonal

and vanishes when they are collinedg)(
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