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ABSTRACT. MeaB is a recently described P-loop GTPase that plays an auxiliary role in the reaction catalyzed
by the radical B, enzyme, methylmalonyl-CoA mutase. Defects in the human homologue of MeaB result
in methylmalonic aciduria, but the role of this protein in coenzymga3similation and/or utilization is

not known. Methylmalonyl-CoA mutase catalyzes the isomerization of methylmalonyl-CoA to succinyl-
CoA that uses reactive radical intermediates that are susceptible to oxidative inactivation. In this study,
we have examined the influence of MeaB on the kinetics of the reaction catalyzed by methylmalonyl-
CoA mutase and on the thermodynamics of cofactor binding. MeaB alone has a modest effect on the
affinity of the mutase for the 's5deoxyadenosylcobalamin (AdoChbl) cofactor, increasing it 2-fold from
404 + 71 to 210+ 22 nM. However, in the presence of GDP, the affinity for the cofactor decreases
5-fold to 1.89+ 0.33uM, while in the presence of guanosiné®-y imino)triphosphate, a nonhydrolyzable
analogue of GTP, the binding of AdoCbl to the mutase is not detected. Protection against oxidative
inactivation of the mutase by MeaB is dependent upon the presence of nucleotides with the MeaB/GDP
and MeaB/GTP complexes decelerating the rate of formation of oxidized cofactor by 3- and 15-fold,
respectively. This study suggests that MeaB functions in the GTP-dependent assembly of holomethyl-
malonyl-CoA mutase and subsequent protection of radical intermediates during catalysis.

A common step in the catabolism of branched-chain amino B;, metabolism lead to methylmalonic aciduria, an inherited
acids, odd-chain fatty acids, and cholesterol is the isomer- defect that can be fatal ().
ization of methylmalonyl-CoA to succinyl-CoA, catalyzed Orthologues of theblA gene are widespread in genomes
by 5-deoxyadenosylcobalamin (AdoClaor coenzyme B)- that encode methylmalonyl-CoA mutase, including bacteria,
dependent methylmalonyl-CoA mutask 2). While mam- archaea, and eukarydd). In fact, the strong operonic
mals lack the ability to synthesize AdoCbl de novo, they association between methylmalonyl-CoA mutase and the
retain the capacity to assimilate the cofactor into an active bacterial orthologuenea led to the identification of the
form to support enzymatic functions. The pathway for human gene and to mutations in this geneltA patient
intracellular trafficking and utilization of B is surprisingly ~ cell lines (0). The conservation omea orthologues in
complex in mammals despite the utilization of this cofactor organisms that harbor methylmalonyl-CoA mutase suggests
by only two known enzymes: the cytoplasmic enzyme, acommon auxiliary function for this protein in the context
methionine synthase, and the mitochondrial enzyme, meth-of the mutase. Hence, elucidation of the function of the
ylmalonyl-CoA mutaseg, 4). Much of what is known about ~ bacterial protein, MeaB, is likely to provide insights into the
the components of intracellular, Btrafficking derive from human homologue and the specific functional deficit in the
studies of patients with inborn errors in cobalamin metabo- CbIA class of methylmalonic aciduria.
lism who are differentiated into distinct genetic complemen- ~ On the basis of the similarity betweesblA and the
tation groups:cblA—G andmut(5, 6). In recent years, the  bacterial geneargK, that encodes a transporter for basic
two genetic loci corresponding to the mitochondrial or amino acids, arginine, lysine, and ornithine, it was suggested
mutase-specific branch of the pathway have been identified that methylmalonic aciduria linked to the complementation
that support the function of methylmalonyl-CoA mutase 9roup cblA, denoted MMAA, may be involved in the
(mud (7) and encode adenosyltransferasel®) (8, 9) and mitochondrial translocatlpn of B (10). However, a recent
a GTP-binding protein of unknown functiorkA) (10). study on Methylobacterium extorquen&M1 meeB, a
Mutations in the mitochondrial-specific genes involved in bacterial orthologue ofblA, revealed that its disruption in
the Amed::kan strain results in undetectable methylmalonyl-
CoA mutase activity even when exogenous AdoCbl is added
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complementation groupblA; GMPPNP, guanosine'@—y imino)- ylmalonyl-CoA mutase activity in the presence of exogenous
triphosphate. AdoCbl. Thus, these double mutants that do not support
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mutase activity in vivo retain active apomutase albeit at low total of 1 unit of activity corresponds to the formation of 1

levels (~17 and 28% relative to wild-type strains lacking
epmandmed, respectively). This result was interpreted as
evidence thatMeaB protects methylmalonyl-CoA mutase
from suicide inactivationX3). Furthermore, MeaB forms a
stable complex with methylmalonyl-CoA mutase that can
be separated on a native g&B( 14) and activates methyl-
malonyl-CoA mutase~3-fold, although the mechanism of
this allosteric regulation is unknowr.3).

MeaB is a member of the G3E subfamily of P-loop
GTPases15), which includes other chaperones, viz. HypB
(16), UreG (7, 18), and CooC 19) that are involved in the

umol of succinyl-CoA min. The kinetic parameters for the
wild-type enzyme with or without 200 nM MeaB and 1 mM
Mg-GDP were determined in the presence of varying
concentrations of,9-[1“C]-methylmalonyl-CoA (96-2700
UM). The Kqeifor MeaB (1 mM Mg-GDP) was determined
in the presence of 2.5 mMR(S)-[**C]-methylmalonyl-CoA
by varying the concentration of MeaB 200 nM). The
concentration of AdoCbl (5@M) was kept constant in these
assays.

Detection of Cob(Il)alamin under Steady-State Conditions
in the Presence of MeaB.he formation of cob(ll)alamin

assembly of target metalloenzymes (nickel hydrogenase,under steady-state conditions was monitored by-Wé
urease, and CO dehydrogenase, respectively) but whosepectroscopy (Cary 100 Bio, Varian) under aerobic condi-
precise functions are not known. Similar to these chaperonestions at 20°C. Methylmalonyl-CoA was added to a final

MeaB exhibits low intrinsic GTPase activity, which is
enhanced> 100-fold in the presence of methylmalonyl-CoA
mutase {4). MeaB binds guanosiné(B—y imino)triphos-

concentration of #10 mM to the holoenzyme (70M) in
50 mM potassium phosphate at pH 7.5 containingu8b
MeaB (1 mM Mg-GDP or Mg-GMPPNP). The amount of

phate (GMPPNP), a nonhydrolyzable analogue of GTP, andcob(ll)alamin formed was estimated from the decrease in

GDP with similar and relatively low affinity in the micro-

molar range. The energetics of the interaction between

absorbance at 525 nM§szs nm= —4.8 mMt cmt (22)].
Influence of MeaB on the Oxidation of Cob(ll)alamiine

methylmalonyl-CoA mutase and MeaB have been character-oxidation of cob(ll)alamin in the absence or presence of

ized recently by isothermal titration calorimetrd4j. They
have provided insights into how the presence of the B

MeaB (complex 1:1 with methylmalonyl-CoA mutase) was
monitored by UV~vis spectroscopy by following the con-

cofactor in methylmalonyl-CoA mutase and the identity of version of enzyme-bound cob(ll)alamin to aquocob(lll)-
the nucleotide bound to MeaB modulate the interaction alamin (OHCbI). To 20-50 «M holoenzyme in 50 mM
between these proteins. Thus, dependent upon the combinapotassium phosphate at pH 7.5, a solution of methylmalonyl-
tion of the nucleotide and mutase form, the dissociation COA (7—10 mM final concentration) was added, and the
constant for the binding of methylmalonyl-CoA mutase and oxidation of the intermediate cob(ll)alamin was monitored
MeaB ranges from 34t 4 to 5244+ 66 nM. While the at 20°C. To determine the influence of MeaB, a 1.5-fold
apomutase does not show a preference for the GDP versugxcess of MeaB over methylmalonyl-CoA mutase was
the GMPPNP bound form of MeaB, the holomutase binds employed in the reaction mixture. When used, Mg-GDP, Mg-
MeaB 15-fold more tightly when GMPPNP is bound versus GTP, or Mg-GMPPNP were added to the reaction mixture
GDP (14). at a final concentration of 1 mM. The rate of inactivation
In this study, we have characterized the influence of MeaB as determined by plotting the absorbance at 351 nm versus
on the kinetics of the reaction catalyzed by methylmalonyl- time. The data were well-fitted to a single-exponential
CoA mutase and demonstrated that MeaB modulates AdoCbifunction, A = A, + a(1 — e™*), whereA is the absorbance
binding to apomutase and that cofactor binding is not & 351 nmkis the rate constant for inactivation, aAd s
detected in the presence of a nonhydrolyzable analogue ofthe initial absorbance of the radical at 351 nm.
GTP, GMPPNP. Furthermore, MeaB protects the radical Sothermal Titration Calorimetry The effect of MeaB
enzyme from oxidative inactivation but only in the presence UpPon the binding of AdoCbl to methylmalonyl-CoA mutase
of nucleotides. These in vitro studies suggest that the Was measured as follows. The enzyme-%D uM of
chaperone plays a role both in the assembly of the holomu- Methylmalonyl-CoA mutase alone or in a 1:1 complex with

tase and in subsequently protecting it against inactivation. MeéaB) was titrated with 29 aliquots (1) of a 90-250
uM solution of AdoCbl in 50 mM potassium phosphate at

pH 7.5 and 300 mM KCI at 20.@ 0.1 °C. When used,
_ nucleotides (Mg-GDP or Mg-GMPPNP) were added to a
Materials.AdoCbl, GTP, GMPPNP, GDP, and ATP were  fina| concentration of 1 mM. It should be noted that titrations
pUrChased from Slgma Methylmalonic acid was pUrChased performed in phosphate amz-hydroxyethwpiperazine}’-
from Fluka and converted to methylmalonyl-CoA using 2-ethanesulfonic acid (HEPES) buffers vyielded slightly
malonyl-CoA synthetase as described previou).([**C]- different binding values for the enthalpy changeAH® ~
CHs-malonyl-CoA (56 Ci/mol) was purchased from New 1 kcal/mol). The calorimetric signals were integrated, and
England Nuclear. All other chemicals were reagent-grade data were analyzed with Microcal ORIGIN software using
and were used without further purification. a single-site-binding model to determine the equilibrium
Purification of MeaB and Methylmalonyl-CoA Mutase. association constaris (=1/Kg), and the binding enthalpy,
Recombinani. extorquen®\M1 MeaB and methylmalonyl- ~ AH°. The Gibbs free energy of binding\G®, and the
CoA mutase were purified frorescherichia coliusing the entropic contribution to the binding free energyTAS,
expression plasmids developed in the Lidstrom laboratory were calculated using eqs 1 and 2
(13) as described previousiyL4).

MATERIALS AND METHODS

Methylmalonyl-CoA Mutase Assaye specific activity AG® = —RTIn K, (1)
of methylmalonyl-CoA mutase was determined in the ra- . .
diolabeled assay at 3T as described previousl2l). A AG® = AH® — TAS’ (2)
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bound cob(ll)alamin. (A) Slow oxidation of cob(ll)alamin generated
by incubating holomethylmalonyl-CoA mutase (4¥1) with 7 mM
Ficure 1: Binding isotherms for the binding of AdoCbl to  methylmalonyl-CoA in 50 mM phosphate buffer at pH 7.5 in the
methylmalonyl-CoA mutase versus its complex with MeaB. (A) dark at 20°C. The spectra were recorded between 5 and 190 min.
Representative isothermal titration calorimetry data set for the The rate of oxidation as monitored by an increase in absorbance at
binding of AdoCbl (108«M stock solution) to 8.7«M apometh- 351 nmis 0.0072 mirt. (B) Presence of nucleotides enables MeaB
ylmalonyl-CoA mutase in 50 mM phosphate buffer at pH 7.5 and to protect methylmalonyl-CoA mutase from oxidative inactivation.
300 mM KCI at 20°C. (B) Titration curves for the binding of  The rate of OHCbl formation was monitored at 351 nm. Tkgsq
AdoCbl to apomethylmalonyl-CoA mutase alon®)( in the for the mutase ranged from 0.0093 mirin the presence of apo-
presence of MeaBY(), and MeaB/GDPM) in 50 mM phosphate MeaB to 0.0032 mint in the presence of MeaB/GDP and 0.0006
buffer at pH 7.5 and 300 mM KCI at 2TC. Data were fitted to a min~1 in the presence of MeaB/GTP (or GMPPNP).
single-binding-site model and yielded the parameters given in Table
1.

AdoCbl / enzyme, Molar Ratio

22 nM) was~2-fold lower than the value obtained in its
absence (404 71 nM) and resulted from small changes in

Table 1: Effect of MeaB on th&qy agcyi for Methylmalonyl-CoA the contributions of both the entropic and enthalpic terms.
Mutasé However, the presence of MeaB/GDP resulted in a 5-fold
Ky AdoChbl AH° TAS AGP higherKq (1.89 + 0.33uM) that resulted from significant
MeaB nucleotide  (nM) (kcal/mol) (kcal/mol) (kcal/mol) changes in both the enthalpic and entropic terms. Interest-
_ none 40471 7.8+ 05 16.4+06 —8.6+0.1 ingly, in the presence of GMPPNP, a nonhydrolyzable
+ none 210£22 9.1+ 0.8 18.1+0.8 —8.94+0.2 analogue of GTP, no heat release was observed (data not

+ GDP  18904+330 16.0£0.6 23.6£06 —7.7£0.1 shown), suggesting that GTP hydrolysis may be required for
aThe thermodynamic parameters are an average of at least twobinding of AdoCbl to the methylmalonyl-CoA mutase
independent experiments-§tandard deviation (SD)] performed at 20 MeaB/GTP complex.
C Effect of MeaB upon the Inactition of Methylmalonyl-
CoA MutaseOn the basis of genetic studies using deletion
mutants ofM. extorquensit has been postulated that MeaB
Effect of MeaB upon the Binding of AdoCbl to Methyl- could function in protecting the mutase from inactivation
malonyl-CoA MutaseThe energetics of AdoCbl binding to  (13). During steady-state turnover, the cofactor shuttles
the M. extorquensmutase was monitored by isothermal between the 'sdeoxyadenosylcob(lll)alamin and the cob-
titration calorimetry (Figure 1 and Table 1). Binding of the (ll)alamin states. The latter contains an unpaired electron
cofactor is accompanied by/&G° of —8.6 £ 0.1 kcal/mol and is susceptible to oxidative inactivation (Figure 2A) that
and is entropically drivenTAS’ = 16.4 + 0.6 kcal/mol). leads to the formation of OJbl at a rate of 0.0072
The K4 for AdoChbl in the presence of MeaB alone (210 0.0003 mint at 20 °C. The addition of stoichiometric

RESULTS
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Table 2: Effect of MeaB on the Kinetic Parameters of
Methylmalonyl-CoA Mutasg

parameter MCM MCM/MeaB MCM/MeaB/GDP E’
Keat (s71) 132+ 16 255+ 17 237+ 12 <
Km mcoa (M) 86+ 13 152+ 13 E
kealKm (M~1s7l)  1.53x 10° 1.56x 1(° @
Kg adocbi (NM) 404+71 210+ 22 1890+ 330 °
cob(lalamin (%% 48+5 80+ 5 E
Kact(MeaB)(nM) 4.4+1.2 14.24+ 3.8 <-»

a2 The kinetic parameters were determined at°@7and represent n

the average of two independent experimeatSD). Ky values were
determined by isothermal titration calorimetry at 20 and are the

average of at least two independent experimetS[).° The data 0o : :
represent the average of three independent experiments in phosphate 0.0 0.5 1.0
buffer as described under Materials and Methods. In HEPES buffer, R-[ MCoA ], mM

cob(ll)alamin represented 22:6 3 and 44+ 5% of the total bound
cofactor in the absence and presence of MeaB, respectively.

amounts of MeaB had a small effect on accelerakiag;to
0.00934+ 0.0003 min* (Figure 2B). Interestingly, a protec-
tive effect was seen when a MeaB/nucleotide complex was
added to the mutase versus MeaB alone. The presence of
GTP had a significant effect on the inactivation rate for the
mutase, decreasing it15-fold compared to MeaB alone;
GDP had a smaller effect-@3-fold). When GMPPNP was
used, the same protective effect was observed as with GTP.
Effect of MeaB {£Nucleotides) on the Steady-State Kinetic . .
Parameters of Methylmalonyl-CoA MutasBecause the O T e 200
GTPase activity of MeaB is enhancedl00-fold in the [ MeaB:GDP ], nM
presence of the mutasé4), we Inv'estl'gated the effect of FiIGURe 3: MeaB increases methylmalonyl-CoA mutase activity.
the MeaB/GDP complex on the kinetic parameters for the (a) michaelis-Menten analysis of the dependence of the specific
mutase under steady-state conditions using the radiolabelecctivity of methylmalonyl-CoA mutase in the absend®) (or
assay as described under Materials and Methods (Table 2)presence®) of 200 nM MeaB/GDP on the concentration &){
MeaB/GDP increased thie, for the mutase 1.8-fold and g‘tEtW'g‘g'Z’m'g%‘: (#iéslzggt'i\g) Igrg?n?txspggﬁeggt?rgr%ﬁﬁgis
|n(_:reasecI(M for the substrate by exactly the same magnitude anglysis are reported in Table 2. F()B) Dependence of the specific
(Figure 3A). Consequently, MeaB/GDP had no effect on the activity of methylmalonyl-CoA mutase on the concentration of
catalytic efficiency ke.a/Ky, of the mutase. The dependence MeaB/GDP in the presence of 1.3 mIR)¢methylmalonyl-CoA in
of the specific activity on the concentration of MeaB alone 50 mM phosphate buffer at pH 7.5 and 3C. The Ky derived
yielded an estimate foKaaqveas; Of 4.4 & 1.2 nM, which ~ from this analysis is reported in Table 2.

increased to 14.2 3.8 nM in the presence of MeaB/GDP
(Figure 3B). In contrast to MeaB alone, the presence of the MeaB/GDP

Effect of MeaB on the Steady-State Distribution of Co- ©' MeaB/GMPPNP complex decreased the relative concen-

factor Forms Bound to Methylmalonyl-CoA Mutagénetic tration of cob(Il)alamin and elicited spectral perturbations.
analysis of Propionibacterium shermanimethylmalonyl- A red shift was observed in the cob(ll)alamin spectrum from
CoA mutase indicates that the reaction is limited by the 465 t0 470 nm (MeaB/GDP) and 483 nm (MeaB/GMPPNP),
product release ste23 24). This is consistent with the  respectively. In addition, a decrease in absorption at 525 nm
predominance of AdoCbl (80%) under steady-state turnoverWas seen in the mutaséleaB/GMPPNP complex in the
conditions over cob(Il)alamin (20%), because the ternary absence of the substrate (not shown). These spectral changes
enzyme/AdoChbl/product complex accumulates prior to the make it difficult to precisely quantify the relative concentra-
rate-determining product-release st2g)(Assuming thatthe  tions of cob(ll)alamin and AdoCbl in the presence of MeaB/
kinetics of methylmalonyl-CoA mutase froM. extorquens  nucleotides, but it appears to be intermediate between the
AM1 are similar, the change ik, effected by MeaB is  mutase and mutase/MeaB reaction mixtures.

expected to decrease the barrier for the product-release step,

which in turn would lead to a redistribution of the AdoChl DISCUSSION

and cob(ll)alamin species observed during enzyme-monitored )

turnover. To test this prediction, the spectrum of e The discovery that MMAA represents tfolA locus of
extorquens’AM1 methylmalonyl-CoA mutase was monitored inborn errors of cobalamin metabolism and leads to a
under steady-state turnover conditions (Figure 4). The ratio functional deficiency of methylmalonyl-CoA mutase with
of cob(Il)alamin/AdoCbl was found to be buffer-dependent consequent organic aciduriaQ 25) raises questions about
and was 0.23:0.77 in HEPES buffer and 0.48:0.52 in the role of this auxiliary protein in the function of the
phosphate buffer at the same pH. The presence of MeaBmitochondrial radical enzyme. Furthermore, the presence of
alone increased the proportion of cob(ll)alami-fold to this gene in bacterial operons that encode methylmalonyl-
44 and 80% in HEPES and phosphate buffer, respectively. CoA mutase 12, 13) suggests a conservation of function

S.A., umoles/min/mg
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I AT ST e R A T AT modest effect on the energetics of AdoCbl binding and
m enhances the affinity for the cofactor by 2-fold, whereas the
1 MeaB/GDP complex diminishes the affinity for the cofactor
5-fold (Table 1). A substantial conformational change is
predicted to accompany complex formation between MeaB/
GDP and apomethylmalonyl-CoA mutase with an estimated
5300 A of surface area becoming buried upon complex
] formation involving the structural reorganization 649

] residues 14). In addition, dynamic light scattering studies

] indicate that the Stokes radius for MeaB decreases from 4.4
A Rt hin St SR nm in the absence of nucleotides to 3.3 nm in their presence,
400 500 600 700 consistent with a conformational change that leads to a more
compact structureld). This reorganization may affect the
Ficure 4: Formation of cob(ll)alamin under steady-state conditions |nteract|0|j be_twee_n MeaB and the mutase and, |n.tl_.|rn, the
with or without MeaB. UV-vis absorption spectra of holometh- cofactor-binding site, thereby modulating the affinity of

ylmalonyl-CoA mutase (7@M, spectrum 1) in 50 mM phosphate ~AdoCbl. Interestingly, in the presence of GMPPNP, no heat
buffer at pH 7.5 and 20C and following the addition of 8 mM  release was observed by isothermal titration calorimetry,

methylmalonyl-CoA (spectrum 2). The remaining traces were gsyggesting that GTP hydrolysis is required for cofactor

obtained by the addition of 83Vl MeaB alone (spectrum 3), MeaB/ g e _
GDP (spectrum 4), or MeaB/GMPPNP (spectrum 5) to the mutase, binding tq r:he erJ]tasel\r/]IegB/GhTP &omglix. T.hls IS con
and the reaction was initiated by the addition of the substrate underSiSteént with our hypothesis that MeaB functions to gate

conditions described for spectrum 1. Nucleotides, when employed, cofactor binding to the mutase in a GTP-dependent fashion
were present at a concentration of 1 mM. (6).

Methylmalonyl-CoA mutase uses AdoChl to catalyze a
between organisms. MeaB, a bacterial orthologue of MMAA, chemically challenging carbon skeleton rearrangement reac-
exists as a dimer that forms a stable complex with methyl- tion that proceeds via radical intermediates. The latter are
malonyl-CoA mutase 13, 14). The energetics of the as- highly reactive and must be protected from adventitious
sociation of nucleotides to MeaB and of the modulation of interception. While the eliminase subclass of isomerases have
the interaction between MeaB and the mutase by both chaperones that catalyze an exchange of the inactive OH
nucleotides and B have been described recentl. The Cbl cofactor for the active AdoCbl form, in an ATP-
formation of the MeaB-methylmalonyl-CoA mutase com-  dependent reactior26), such chaperones do not appear to
plex influences the GTPase activity of MeaB, which is exist in operons encoding the structural gene for methylma-
stimulated>100-fold. In this study, we have examined the lonyl-CoA mutase. Because the formation of {8l leads
effect of MeaB= nucleotides on binding of AdoCbl on the to irreversible accumulation of inactive methylmalonyl-CoA
catalytic properties of the mutase and on the kinetics of mutase, a strategy for averting or minimizing this side
inactivation under steady-state turnover conditions. reaction must have evolved. In this context, the strong

Binding of AdoCbl to methylmalonyl-CoA mutase is operonic association between methylmalonyl-CoA mutase
entropically driven, which is consistent with the structural and MeaB and its orthologues in bacterial genomé€s 12,
reorganization that is predicted to accompany cofactor and the genetic evidence that suggests protection of the
binding with a concomitant release of ordered water mol- mutase by MeaB1@Q), suggest that this P-loop GTPase is a
ecules from the protein. The presence of MeaB alone has amutase chaperone.
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Ficure 5: Model summarizing the interactions between MeaB and mutase in the presence of different combinations of nucleotides and
cofactor. The square represents methylmalonyl-CoA mutase, and the circle represents MeaB. The dissociation constants included in this
scheme that are not from this study have been reported previdiBhyit(is assumed that GMPNP is a good mimic for GTP for the binding
constants reported in this model.
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Oxidation of cob(ll)alamin to OKCbl can be readily = CoA mutase in a GTPase-dependent step, and second, it
monitored by UV-vis absorption spectroscopy (Figure 2A), protects the radical intermediates formed during the reaction
and a slow loss of active cofactor at a rate of 0.0072fin catalyzed by the mutase in a GTP-independent manner.
is observed. Although apo-MeaB did not have a protective
effect and in fact was found to enhance the rate of cofactor REFERENCES
oxidation slightly, the addition of either GDP or GTP 1. Banerjee, R., and Chowdhury, S. (199@pthyimalonyl-CoA
afforded significant protection (3- and 15-fold, respectively) Mutase John Wiley and Sons, New York.
to the mutase from inactivation (Figure 2B). Intriguingly, 2. Banerjee, R. (2003) Radical carbon skeleton rearrangements:
protection in the presence of nucleotides was apparently not ~ Salysis by coenzyme:Bdependent mutaseShem. Re. 103

; ; 2083-2094.
correlated with the steady-state concentration of cob(ll)- 3 Kkolhouse, J. F., and Allen, R. H. (1977) Recognition of two
alamin, the intermediate that is oxidized to @Hbl. Thus, intracellular cobalmin binding proteins and their recognition as
while the concentration of cob(ll)alamin wa=-fold higher methylmalonyl-CoA mutase and methionine synthetdec.

. ; : : Natl. Acad. Sci. U.S.A. 7421—925.
in the presence of MeaB, it was essentially unchanged in , Mellman, I. S., Youngdahl-Turner, P., Huntington, F. W., and

the presence of MeaB/nucleotides. However, both nucleotides  Rosenberg, L. E. (1977) Intracellular binding of radioactive

elicited a discernible perturbation in the spectrum of cob- gydroxl\clJCC;baAlan&inéO_Coggagniggfgfgggnt apoenzyme in rat liver,
i i ok it i roc. Natl. Acad. Sci. U.S.A. .

(”)a.lam.m’ corre_sp_ond_lng to ther T tran5|t|or_15 in the 5. Shevell, M. I., and Rosenblatt, D. S. (1992) The neurology of

corrin ring 7), indicating a change in the environment of cobalamin.Can. J. Neurol. Sci. 19472—486.

the cofactor in the presence of MeaB/nucleotide complexes 6. Banerjee, R. (2006) B12 trafficking in mammals: A case for
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