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ABSTRACT TO CHAPTER 1

A new isolation procedure for propanediol dehydratase
increases by a factor of about 16 the yield of enzyme
obtainable from Klebsiella pneumoniae; the enzyme thus
isolated has a specific activity of 95 + 4 units/mg.

The apoenzyme consists of four different subunits with
molecular weights of 60 K, 51 K, 29 K, and 15 K daltons in
the ratio of 2:1:2:2, respectively. 1In this new procedure,
care was taken to prevent the partial proteolysis of the
propanediol dehydratase which seems to occur in earlier
procedures. The other novel aspect recognizes that the
enzyme is associated with the cell membrane. Accordingly,
after gentle sonication, the membrane fragments are
separated from cytosol, and the enzyme is solubilized by
extraction with buffers containing detergent. The amino
acid compositions and N-terminal amino acid sequences

for each of the subunits was also determined. From the
amino acid compositions of the individual subunits, diol

dehydratase appears to be a peripheral membrane protein.
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ABSTRACT TO CHAPTER II

When diol dehydratase holoenzyme is inactivated by
reaction with radioactive glycerol, one mole of glycerol
appears to become tightly associated with each 250,000
daltons of the holoenzyme complex with a significant loss of
tritium from C-2 being observed. However, denaturation of
the inactivated complex releases the modified glycerol from
the protein, indicating that the protein is not covalently
modified by the inactivator. Similar experiments were
carried out with radioactive isobutylene glycol, but due to
the high level of nonspecific labeling, the results were not
as definitive.

As described in Chapter I, former isolation procedures
(Abeles, 1966; Poznanskaya et al., 1979) yielded enzyme which
had been proteolysed. For this reason inactivation studies
employing various deuterated derivatives of glycerol and
isobutylene glycol, as well as a new class of inactivators
represented by hydroxyacetone and dihydroxyacetone, were
carried out with native enzyme to compare results from
similar studies with proteolysed enzyme (Bachovchin et al.,
1977; Moore, 1979). It was found that proteolysis had little
effect on the constants associated with the glycerol
inactivation, but an enormous effect on the constants
describing the inactivation by isobutylene glycol.

The results of the radiolabeling studies and kinetic



xiii

experiments are consistent with the formation of a secondary
alkylcobalamin upon inactivation of diol dehydratase by
glycerol. Kinetic evidence also suggests that the inactivation
of diol dehydratase by isobutylene glycol occurs after the
abstraction of hydrogen from C-1, but before the substrate

rearranges.



xiv

ABSTRACT TO CHAPTER III

A reinvestigation of trace label experiments with native
diol dehydratase isolated by the method of McGee and Richards
(1981) (see Chapter I) has shown that the probability of net
intramolecular transfer for tritium is 0.33 + 0.02 as opposed
to the value of about 0.03 obtained earlier (Frey et al., 1967a)
with an enzyme preparation obtained by a different method.

Our observed value of 0.33 is about 20 times larger than what
one would predict on the basis of the mechanism for the
migration of hydrogen given in the Introduction to this thesis.
In contrast, tritium washout experiments, similar to those
conducted by Essenberg et al. (1971), yielded a value of
kHH/kHT = 29 + 2 which is approximately the value predicted by
Moore et al. (1979). Also, tritium washout'experiments were
carried out in such a way that, in addition to the C-5'
hydrogens of adenosylcobalamin containing tritium, any other
multiple-hydrogen reservoirs should have contained tritium as
well. These experiments yielded identical results to those

in which only the C-5' hydrogens contained reactable tritium;
therefore, it appears that only the C-5' hydrogens of C-5'
deoxyadenosine participate directly in catalysis.

Also, the tritium isotope effect on the first hydrogen
transfer was determined to be 6.1 + 0.5 by measuring the
isotopic enrichment in unreacted [l—3H]-l,2-propanediol

as a function of the extent of reaction. The results of our
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study suggest that the generally accepted pathway for catalysis,
which proceeds through the C-5' deoxyadenosine hydrogen
reservoir, constitutes about 95% of the catalytic events

with unlabeled substrate; however, there appears to be an
alternate catalytic pathway whose contribution to catalysis

can be enhanced by isotopic substitution at C-1 of

substrate.



XVvi

ABSTRACTS TO PROPOSITIONS

Proposition I

Nitroimidazoles are used in cancer radiotherapy to
increase the sensitivity of tumors to radiation. A drawback to
the use of these compounds are side effects which are sympto-
matically similar to thiamine deficiency. Studies are proposed
to determine if these compounds are interferring with thiamine
transport and to determine if these compounds need to be

actively transported in order to be effective.

Proposition II

All adenosylcobalamin-dependent enzymes appear to have
more than one subunit (Babior, 1975); however, the roles for the
individual subunits are not understood. By preparing
photoaffinity labels which are analogues of adenosine or
cobalamin, oné may be able to covalently link these labels to
specific subunits of adenosylcobalamin-dependent enzymes and
eventually determine individual amino acids involved in

enzyme-cofactor interactions.

Proposition III

The development of substances which would covalently
bond to dentine will lead to simpler dental procedures (with

less etching and grinding being necessary) and inhibit the



xvii

formation of subsequent caries in the area of the prosthetic
replacement. The inclusion of copolymerizable compounds,
which contain the photosensitive diazirine group, in acrylic
mixtures used to rebuild portions of teeth, could provide the

additional adhesive strength desired.

Proposition IV

Diol Dehydratase can utilize a variety of monovalent
cations (besides K+) as a cofactor ion; however, the observed
maximal velocity varies with the ionic radius (Toraya et al.,

1971). Studies are proposed to determine if various cofactor

ions could affect differently the contribution of the alternate

kinetic pathway (discussed in Chapter III) to catalysis.

Proposition V

From o-secondary deuterium isotope effects, one can
determine the.extent to which the bond-making and bond-breaking
processes have developed in the transition state of Cope
rearrangements (Gajewski and Conrad, 1979). By studying
appropriately deuterated bis(methylene-cycloalkanes), one
could compare the effects of radial-stabilizing substituents
on the "boat" and "chair" transition states of the Cope

rearrangement



INTRODUCTION TO THESIS

Cobalamin, commonly referred to as B and its

12’
derivatives make up a class of compounds of both clinical

and chemical interest. The most common clinical manifes-
tations of cobalamin deficiencies are pernicious
(megaloblastic) anemia and neurological abnormalities
associated with the formation of lesions on, and demyeli-
nation of, the spinal cord. Minot and Mﬁrphy (1926)
successfully abated symptoms in patients with pernicious
anemia by giving them 120 to 140 grams of liver per day.
Shortly thereafter, Cohn and coworkers (1928), in conjunction
with E1i Lilly and Company, commercially produced a yellow
powder known as Liver Extract 343 (Lilly) which, according to
Castle (1966), conserved most of the hematopoietic activity
of 300 grams of beef liver in a daily oral dose of 12.75
grams. Although many different groups were trying to further
fractionate the liver, progress was slow. Laland and Klem
(1936) in Norway reported a partially purified substance
which, upon intravenous injection, was clinically active
against pernicious anemia with a daily dose being only

0.7 milligrams. The material was obtained by extraction of
minced liver with 50% acetone, followed by phenol extraction
from water and adsorbtion on charcoal. Unfortunately,
further efforts in that laboratory were hampered due to the
German invasion. The red, crystalline substance known as

vitamin B12 (cyanocobalamin) was finally purified in 1948



at the Merck (Rickes et aql., 1948) and Glaxo Laboratories
(Smith and Parker, 1948). Berk and coworkers (19248) reported
that a daily oral dose of five micrograms of vitamin B12
was effective against pernicious anemia; however, as little
as one microgram daily has been shown to be sufficient
(Rosenberg, 1978).

While the purification of the anti-pernicious anemia
factor ended an era of intensive effort, it also opened
the doors to fascinating areas of chemical and biochemical
research. The structure of vitamin B12 was determined by
X-ray crystallography (Hodgkin et a«l., 1955) (Figure la).
The molecule contains a cobalt atom (Co3+, d6 low spin)
coordinated to four nitrogen atoms of a tetrapyrrole
macrocycle known as corrin. Corrin lacks the completely
conjugated m-electron system and strictly planar configur-
ation of porphyrin; however, there is sufficient similarity
between the two macrocycles that the same numbering system
is used for both (Figure 1lb). Since corrin has a methine
(instead of a methylene) bridge between rings A and D, the
number 20 is omitted when numbering its atoms (Hogenkamp,
1975) ,

While cyanocobalamin is the most common commercial

form of B it is not found in microorganisms, plants,

127
or animal tissues. The only naturally occurring forms of
cobalamin in mammalian tissue are hydroxycobalamin,

methylcobalamin and adenosylcobalamin (Figure la).



Methylcobalamin and adenosylcobalamin are unusual for both
biological compounds contain a carbon-cobalt bond and they
are the only known coenzymic forms of cobalamin in mammalian
systems. Some synthetic analogues of adenosylcobalamin

have shown coenzymic activity (Babior, 1975). For example,
ribonucleotide reductase can utilize a variety of synthetic
CoB-adenosylcobamides having Cooa ligands other than 5,6-
dimethylbenzimidazole as cofactors (Blakely, 1965; Vitols

et al., 1967; Morely et al., 1968; Blakely, 1966); adenosyl-
13-epicobalamin (a diastereomer of adenosylcobalamin)

showed about 14% of the coenzymic activity of adenosylco-
balamin with diol dehydratase from Aderobacter aerogenes
(Toraya et al., 1975).

Since mammals do not biosynthesize cobalamin, they must
extract it from the food they ingest via an intricate
absorbtion and transport system (Ellenbogen, 1975). Ingested
cobalamin becomes bound to a protein called intrinsic
factor (Bunge et al., 1956). The intrinsic factor-cobalamin
complex then transverses the small bowel to the distal
ileum where it becomes attached to the microvilli of the
epithelial cells (Strauss and Wilson, 1960). Next, by an
energy-requiring process, the vitamin is released from the
intrinsic factor into the intestinal cell. Eventually
the cobalamin enters the bloodstream (Doscherholmen and
Hagen, 1957) where the majority of it is bound to a plasma

B-globulin called transcobalamin II. The remainder of the



cobalamin is bound to an a-globulin called transcobalamin I
which appears to be concerned with the storage of the
vitamin in the circulation (Hall and Finkler, 1965; Horn,
1967). The transcobalamin II-cobalamin complex is moved to
the cytosol of tissue cells via an endocytotic process
where the transcobalamin II is then degraded by proteases,
thereby liberating free cobalamin into the cytosol
(Rosenberg, 1978). Cobalamin is then converted to methyl-
cobalamin in the cytosol, or it enters the mitochondria and
is converted to adenosylcobalamin (Pletsch and Coffey, 1972;
Pierce et al., 1975; Rosenberg et al., 1975).

Although there is some evidence that methylcobalamin-
dependent enzymes have a role in the biosynthesis of methane
and acetate in certain bacteria (Poston and Stadtman,

1975), the most studied function of methylcobalamin is to
serve as a cofactor for methyltransferase found in bacteria,
fungi, higher plants;,; and animals. Methyltransferase
catalyzes the reaction of N5—methyltetrahydrofolate with
homocysteine to yield tetrahydrofolate and methionine.

The discovery of this reaction provided a key in under-
standing the relationship between folate and cobalamin
metabolism.

An early clinical observation (Spies et al., 1945)
demonstrated that daily doses of 29 milligrams of folic acid,
given to patients with pernicious anemia, caused a remission

of symptons. A plausible explanation for this, and other



apparent relationships between cobalamin and
folate metabolism, was independently put forth by Herbert
and Zalusky (1962), Noronha and Silverman (1962), and
Larrabee and coworkers (1963), and has been called the
"folate trap hypothesis". The hypothesis is based on the
conversion of tetrahydrofolate to NS-methyltetrahydrofolate,
followed by the regeneration of tetrahydrofolate from
N5-tetrahydrofolate as a result of the methyltransferase
reaction. If methionine biosynthesis is the only major
use for N5—methyltetrahydrofolate, a cobalamin deficiency
will interfere with such a folate cycle and cause an
accumulation of N5—methyltetrahydrofolate and depletion
of other folate derivatives. Severe depletion would affect
other pathways requiring folate derivatives, such as the
biosynthesis of purines and pyrimidines or the conversion
of formiminoglutamate to glutamate. Since there is some
evidence that the direct or indirect involvement of
cobalamin-dependent enzymes in the biosynthesis of deoxy-
ribonucleotides and metabolism of fatty acids (Beck, 1975;
Kishimoto et al., 1973; Cardinale et al., 1975) relates to
the symptoms associated with pernicious anemia, one can
understand how the administration of folic acid can ameliorate
the symptoms in certain cases.

In man, the only known adenosylcobalamin-dependent
enzyme catalyzes the reversible conversion of (2R)-methyl-

malonyl-coenzyme A to succinyl-coenzyme A. However,



bacterial adenosylcobalamin-dependent enzymes catalyze a
variety of interesting and widely studied reactions

(Figure 2): ten rearrangements and a reduction. While the
rearrangements are quite diverse, they are generalized by

the following scheme:

—clz— —~ -c_-C.- ,

1 -~ |2 ll
H X

a vicinal interchange of hydrogen and some group "X".
The variations of group "X", which may be alkyl, hydroxyl,
amino, or an acyl group, are responsible for the diversity
of the rearrangements. Moreover, this diversity makes
adenosylcobalamin-dependent enzymes unique, for this single
family of enzymes is capable of breaking carbon-carbon
(glutamate mutase, methylmalonyl coenzyme A mutase, and
o-methyleneglutarate mutase), carbon-nitrogen (ethanolamine
deaminase, EfB—lysiné mutase, d-a-lysine mutase, d-ornithine
mutase, and leucine 2,3-amino mutase), carbon-oxygen
(diol dehydratase and glycerol dehydratase), and carbon-
hydrogen bonds. Furthermore, mechanistic studies have shown
that these rearrangements have essentially no counterparts
in synthetic organic chemistry (Okabe et al., 1981;
Rudakova, 1978).

The generally accepted mechanism of adenosylcobalamin-
dependent rearrangements is summarized in Figure 3. The

first step is cleavage of the carbon-cobalt bond. 1In



principle, the carbon-cobalt bond could be cleaved in any

of three ways, shown below:

® cH,Ad *CH,Ad © cH,ad
>Co< >Co< >Co<
(cb1l) (cb1Il) (cb1 1T

Since this reaction presumably determines how hydrogen is
transferred (as hydride, atom, or proton), its characteristics
have been thoroughly studied. Electron spin resonance (ESR)
experiments have been carried out with ethanolamine deaminase
(Babior et al., 1972; 1974b), diol dehydratase (Finlay
et al.., 1973), and glycerol dehydratase (Cockle et al.,
1972). When solutions containing holoenzyme and substrate,
or substrate analogues, are frozen, spectra are obtained
containing resonances at g = 2.2 (a singlet assigned to
cob(II)alamin), and at gn2 (a doublet attributed to an
organic free radical). The appearance of these resonances
requires both holoenzyme and substrate or analogue, and
occurs sufficiently rapidly to represent actual catalytic
intermediates (Valinsky et al., 1974). These signals
may be the result of a weak electrostatic exchange
interaction between two unpaired electrons (Schepler
et al., 1975).

Spectroscopic studies provide additional evidence for

the homolytic cleavage of the carbon-cobalt bond. When



diol dehydratase (Wagner et al., 1966; Eager et al., 1975)
and ethanolamine deaminase (Joblin et al., 1975) holoenzymes
are allowed to react with their substrates, the ultraviolet-
visible absorbtion spectra of the holoenzyme complexes
change, at a rate which is consistant with catalysis, from
that of adenosylcobalamin to ones very similar to cob (II)-
alamin. Upon depletion of substrate, the spectrum changes
to one characteristic of cob(III)alamin (hydroxycobalamin)
in an oxygen-dependent process which results in inactivation
of holoenzyme. When free in solution, cob(II)alamin undergoes
a similar reaction in the presence of oxygen.

Subsequent to the cleavage of the carbon-cobalt bond,
a hydrogen atom is transferred from C-1 of substrate to
C-5'" of the nucleoside moiety creating 5'-deoxyadenosine,
as suggested by Ingraham (1964). Formation of 5'-deoxy-
adenosine has been demonstrated with diol dehydratase
(Wagner et al., 1966; Finley et al., 1972), methylmalonyl
coenzyme A mutase (Babior et al., 1973), 1l-B-lysine mutase
(Baker et al., 1973), and ethanolamine deaminase (Babior,
1970a) ; however, in these cases 5'-deoxyadenosine was
formed during reactions with substrate analogues which
irreversibly inactivated their respective holoenzymes. This
suggested the possibility that 5'-deoxyadenosine was the
product of a destructive side reaction and not a true
catalytic intermediate. However, results obtained with
ethanolamine deaminase (Babior, 1970b; Babior et al., 1974a)

showed that by interrupting catalysis by denaturation of the



holoenzyme, 5'-deoxyadenosine could be recovered. Moreover,
the amount of 5'-deoxyadenosine recovered varied with the
manner of denaturation which was interpreted to indicate

the reversible formation of this moiety during catalysis.
Hence, 5'-deoxyadenosine is strongly implicated as an
intermediate hydrogen carrier in adenosylcobalamin-dependent
rearrangements.

The next step in the mechanism is the migration of
group X from C2 to Cl' The migration is known to occur
intramolecularly in the reactions catalyzed by glutamate
mutase (Barker et al., 1964a,b), methylmalonyl coenzyme A
mutase (Kellermeyer and Wood, 1962; Wood et al., 1964;
Phares et al., 1964), ethanolamine deaminase (Babior, 1969)
and diol dehydratase (Retey et al., 1966a). However, the
exact nature of the migration of group X is not thoroughly
understood and, given the diversity of X, may differ for
the various enzymes. For example, the carbon from which
X migrates undergoes a net inversion of configuration in
the diol dehydratase (Retey et al., 1966b; Zagalak et al.,
1966) and glutamate mutase (Sprecher and Sprinson, 1964)
reactions, while retention was observed with methylmalonyl
coenzyme A mutase (Sprecher et al., 1964; Retey and Zagalak,
1975) and racemization with ethanolamine deaminase
(Retey et al., 1974).

There has been no success in demonstrating enzyme-
catalyzed exchange between reaction products and compounds

thought to represent intermediates or their analogues.
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Moreover, attempts to generate active holoenzyme by
allowing apoenzyme to interact with 5'-deoxyadenosine and
several cobalamin derivatives postulated to represent
catalytic intermediates have also failed (Carty, 1973;
Eager, 1974; Krouwer and Babior, 1977; Krouwer et al.,
1978). Figure 4 shows some postulated mechanisms for the
migration of group X based on experiments done with model
reactions; these studies have been reviewed elsehwere
(Schrauzer, 1971, 1976; Brown, 1973; Abeles and Dolphin,
1976; Golding and Radom, 1976). More recently, Corey
et al. (1977) suggested a mechanism involving oxidative
addition and reductive elimination with substrate and
cob(I)alamin in which the corrin ring undergoes electrocyclic
cleavage; however, several features of the enzymatic
reactions are inconsistant with this mechanism. Most
notably is the failure of the Corey mechanism to account
for the cob(II)alamin resonances observed in ESR experiments.
The final stages of the mechanism involve the transfer
of hydrogen from the 5'-deoxyadenosine intermediate to the
product-like molecule and subsequent release of product
(except in the diol dehydratase reaction where 1,l-propanediol
is stereoselectively dehydrated to propionaldehyde before
release (Retey et al., 1966a). The migration of hydrogen
is known to occur without exchange with solvent (Brownstein
and Abeles, 1961; Babior, 1969; Somack and Costilow, 1973;

Erfle et al., 1964; Iodice and Barker, 1963; Kung and Tsai,
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'1971; Wood et al., 1964), and all the reactions exhibit
primary isotope effects when deuterium (or tritium)-labeled
substrates are used, indicating that C-H bond-breaking is a
significant rate-contributing step (Miller and Richards,
1969; Eager et al., 1972; Weisblat and Babior, 1971;
Essenberg et al., 1971;: Moore et al.., 1979).

The path of hydrogen during catalysis has been extensively
studied. Early observations with diol dehydratase
(Brownstein and Abeles, 1961) showed that hydrogen removed
from C-1 appeared at C-2 of the product; seemingly the
rearrangement was strictly intramolecular. However,
experiments done by Abeles and Zagalak (1966) and Frey
et al. (1967a) showed that when diol dehydratase holoenzyme
was allowed to react with mixtures of [1—3H]—1,2-propanediol
and unlabeled ethylene glycol, tritium was found in both
propionaldehyde and acetaldehyde on C-2. Furthermore, even
in the limit of an iﬁfinite ethylene glycol to [1—3H]—l,2—
propanediol ratio, there was still a finite probability
of tritium being found at C-2 of product propionaldehyde.
They also demonstrated that tritium could be found on the
5'-carbon in adenosylcobalamin when catalysis with tritiated
substrate was interrupted. Moreover, when synthetically
prepared [5'—3H]—adenosylcobalamin was mixed with diol
dehydratase and unlabeled substrate, all of the tritium
was transferred to C-2 of product. Other experiments
(Retey and Arigoni, 1966; Frey et al., 1967b; Miller and

Richards, 1969; Switzer et al., 1969; Babior, 1970; Eager
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et al., 1972; Babior et aql., 1973; Moore et al., 1979)
showed that hydrogen abstracted from substrate becomes

one of three equivalent hydrogens attached to C-5' of the
cofactor. Conceivably, stereochemical equivalence of the
three hydrogens could be achieved by rapid rotation of the
C-5' methyl group once it is formed. Proton nuclear
magnetic resonance experiments carried out on nucleosides
bound to ethanolamine deaminase (Hull et al., 1975)
indicate that rotation about the C-4', C-5' bond is indeed
several orders of magnitude faster than the enzymatic
reaction.

While the role of the coenzyme is fairly well under-
stood, the role of the protein is more obscure. All of the
adenosylcobalamin-dependent enzymes seem to have sulfhydryl
groups which are important to catalysis (Babior, 1975),
and recently Kuno et al. (1980) showed that diol
dehydratase apoenzyme could be inactivated by two arginine-
specific reagents, 2,3-butanedione and phenylglyoxal, but
the role played in catalysis by these residues is not
understood. Moreover, the postulated mechanisms for the
migration of group X (Silverman and Dolphin, 1976;

Golding and Radom, 1976; Eager et al., 1972; Halpern, 1974)
(Figure 4) make no provision for possible effects of these
residues. Presently no satisfactory picture of the

rearrangements or the role of the protein in catalysis has

arisen from model reactions studied thus far.
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Chapter I of this thesis describes an efficient
procedure for isolating pure diol dehydratase from its
bacterial source. Existing procedures (Abeles, 1966;
Poznanskaya et al., 1979) give low yields and produce an
enzyme which has undergone significant proteolysis. The
improvement will greatly assist studies of the role of
the protein in catalysis. Indeed, Chapters I and II deal
with characterization of native diol dehydratase and of
diol dehydratase which has been inactivated by substrate
analogues. Results in Chapter III, which deals with
isotope effects during catalysis, show that protein
conformational changes are also important during catalysis.
This work provides a base for future mechanistic and
structural studies on diol dehydratase and other B, ,-

12

dependent enzymes.
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Figure 1. (a) Derivatives of cobalamin. R = CHZCONHZ,

| Jp—
R' = CH2CH2CONH2

X = OH (hydroxycobalamin)
CN (cyanocobalamin)

CH, (methylcobalamin)

3
5'-deoxy-5'adenosyl (adenosylcobalamin)
(b) Corrin. Letters A-D identify the individual pyrroline

rings. The numbering system is the same as for porphyrin;

hence the number 20 has been omitted (Hogenkamp, 1975).
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(a)

Figure 1
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Figure 2. Adenosylcobalamin-Dependent Reactions. A "t"

denotes enzymes that have been found in mammalian tissues.
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Enzyme Reaction
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Figure 3. Mechanism of adenosylcobalamin-dependent
rearrangements. Adenosylcobalamin is represented
schematically as CH2

>Cox<

Ad, substrate as SH, and product as PH.
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Figure 3
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Figure 4. Proposed mechanism for Migration of Group X.

1. Silverman and Dolphin (1976)
2. Golding and Radom (1976)

3. Eager et al. (1972); Halpern (1974)
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CHAPTER I

Purification, Subunit Stoichiometry and Characterization of
Propanediol Dehydratase, a Membrane-Associated Enzyme

Introduction

Diol dehydratase[(RS)-1,2-propanediol hydrolyase;
EC 4.2.1.28] from Klebsiella pneumoniae (ATCC 8724) is
one of a large group of enzymes which utilize adenosylcobal-
amin (coenzyme BlZ) as a specific cofactor and catalyze a
variety of molecular rearrangements. In the case of diol
dehydratase, the principal reaction is the rearrangement
of 1,2-propanediol to 1,l-propanediol and its stereo-
selective dehydration to propionaldehyde (Zagalak, et al.,
1966; Retey et al., 1966). The role of the adenosylcobalamin
cofactor in the catalytic mechanism is fairly well understood
(Abeles and Zagalak, 1966; Frey and Abeles, 1966; Moore
et al., 1979); the role of the protein in catalysis
(Bachovchin et al., 1977; Babior, 1979) remains obscure.

An efficient procedure for isolating the enzyme in
pure form and in high yield from its bacterial source would
greatly assist studies on the role of the protein in
catalysis; existing procedures (Abeles, 1966; Poznanskaya
et al., 1979) do not give especially high yields and produce
enzymes which seem to have undergone significant proteolysis
during isolation. Additionally, having in hand pure,
unproteolysed enzyme would facilitate further characterization
of the protein and the individual subunits. Although
adenosylcobalamin-dependent enzymes occur ubiquitously in

nature (Babior, 1975), only the amino acid composition for
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ribonucleotide reductase (Pangou et al., 1972) has been
reported.

Knowledge of the amino acid composition of the various
subunits can be helpful in understanding their functions;
for example, the sensitivity of diol dehydratase to
organo-mercurials and other sulfhydryl reagents (Lee and
Abeles, 1963; Toraya and Fukui, 1972; Toraya et al., 1972)
suggests that the subunit(s) containing cysteines may be
intimately involved in catalysis. Knowledge of the amino-
terminal sequence of the different subunits will reveal
any sequence holologies among the subunits which have been
observed in other multi-subunit protein complexes
(Raftery et al., 1980). Finally, comparison of the amino
acid composition obtained in the individual steps of an
N-terminal-sequence determination carried out on the
multi-subunited enzyme allows determination of the relative

subunit stoichiometry of the functional complex.

Experimental

Bacteria. Klebsiella pneumoniae (ATCC 8724) were grown
in the presence of glycerol and 1,2-propanediol according
to the procedure of Lee and Abeles (1962). Autolyzed
brewer's yeast used in the growth medium was obtained from
Amber Laboratories, Juneau, Wisconsin. The bacteria were
harvested by using a Beckman J-21C continuous flow

centrifuge equipped with a JCF-Z rotor. The pelleted cells
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were weighed and washed with 0.01 M tris (hydroxymethyl)amino-
methane (Tris) (5 mL/g of wet cells) and pelleted by centri-
fugation in a GSA rotor for one hour at 10,000 rpm. The
cells were then resuspended in deionized, distilled water

and lyophilized for 4 days.

Isolation of Diol Dehydratase. The lyophilized cells

(5-15 g) were suspended in 10 mL/g of 10 mM dithiothreitol
(DTT) and 0.1 mM phenylmethylsulfonyl fluoride (PMSF)
adjusted to pH 8.2-8.4 with 40% potassium hydroxide. The
cells were then sonicated between 5 and 15°C for a total
time of 1 min/g of lyophilized cells by using one-minute
bursts (240 watts) from a Brausonic 1510 sonicator, and
allowing 3 minutes between each burst.

After centrifugation of the sonicated suspension
at 100000 xg for one hour in a Beckman L2-75B ultracentrifuge,
the supernatant was decanted and discarded. The pellet was
then suspended in about 100 mL of 1% Triton X-100, 1%
potassium cholate, 1 mM ethylenediamine tetraacetic acid
(EDTA), and 0.1 mM PMSF, pH 8.8. Occasionally it was
necessary to sonicate this suspension with 15 minute bursts
(240 watts) for a total time of 5 min/g of lyophilized cells
(an ice-methanol bath was used to keep the temperature
below 15°C); at other times the activity could be solubilized
simply by stirring the suspension for 10-15 min in the
cold. After centrifugation of the suspension at 100000xg

for one hour, the detergent extract was decanted and saved.
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The pellet was again treated with detergents as above (no
further sonication is necessary) and the centrifugation was
repeated. The pooled detergent extracts were then concen-
trated to 50 mL with an Amicon Diaflo apparatus on a PM-30
membrane or by dialysis against 20% glycerol, 0.01 M
K2HPO4, pH 8.0. The concentrated sample was then applied
to a 5 x 81 cm Sepharose 6B gel filtration column equili-
brated with 10% glycerol, 5% 1l,2-propanediol, and 0.01 M
K2HPO4,

Fractions comprising the major activity peak (approxi-

pH 8.0 (buffer G).

mately 500 K daltons) of the gel filtration column were
pooled (see Figure 1) and applied to a 2.5 x 15 cm Cellex-D
(Bio-Rad) ion exchange column equilibrated with buffer G.
After the sample was loaded, the column was washed with
two bed columes of buffer G, and then a linear gradient
(0-100% DBSGP) was used to elute diol dehydratase from
the column, where DBSGP is a mixed-micelle detergent buffer
containing 1% deoxycholate, 1% Brij 58 (Sigma), 0.1%
sodium dodecyl sulfate (SDS), 0.05 M Tris, 0.02% sodium
azide, and 1 mM EDTA in buffer G, pH 8.0. The mixing flask
contained 250 mL of buffer G to which was added 250 mL of
DBSGP. In this manner, one can elute diol dehydratase in
essentially pure form; the pooled fractions have a specific
activity of 95 + 4 units/mg, as shown in Figure 2.

In order to remove substances which would interfere
with the sequence analysis of "native" diol dehydratase,

reagent grade acetone was added to a concentration of 75%.
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The precipitate was pelleted by centrifugation for 25 min
at 2800 rpm in a Sorvall GLC-2 centrifuge. The pellet was
washed with acetone, dried with nitrogen and dissolved in
0.1% SDS (Bio-Rad electrophoresis grade, recrystallized
from ethanol) and 0.05 M ammonium bicarbonate to yield a
protein concentration of about 2 mg/mL. This sample was
frozen at -70°C until ready for use.

Assays. Propanediol dehydratase activity was assayed
by using yeast alcohol dehydrogenase (Sigma) and NADH
(Sigma) to reduce propionaldehyde to l-propanol (Bachovchin
et al., 1977). The rate of production of propionaldehyde
by diol dehydratase was measured by monitoring the decrease
of absorbance at 340 mm due to oxidation of NADH to NAD
in the presence of excess alcohol dehydrogenase. Reaction
volumes were between 2.0 and 2.5 mL, and the reaction was
initiated by the addition of 30 uL of a 2 mg/mL solution
of adenosylcobalamin (Sigma) in the dark). Assays were
carried out on a Beckman Acta CIII. One unit of activity
is defined as the amount of enzyme which will decompose
1 pymol of 1,2-propanediol per min at saturating concentrations.

Protein concentrations were determined by the method
of Lowry et al. (1951). Bovine serum albumin was used as a
standard for the protein assay, and a buffer blank was used
for a zero-protein reference because the detergents present

interfere with the Lowry assay.
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Preparation of Diol Dehydratase Subunits. Purified

diol dehydratase was heated for 5 min in gel sample buffer
(15 mg/mL DTT), 3% SDS, and approximately 5 mg was electro-
phoresed according to Laemmli (1970) on a preparative
polyacrylamide gel slab (15 x 11 x 0.6 cm), with the
separating gel being 12% acrylamide and 0.32% bis(acrylamide).
Electrophoresis was done at 20 mA for 18 h, after which the
gel was stained in 0.25% Coomassie Brilliant Blue, 25%
ethanol, and 8% acetic acid for 5-10 min. The bands were
visualized over a light box, and the subunits were cut from
the gel. The protein was removed from the gel by electro-
elution into a dialysis bag in 0.19 M glycine, 0.025 M

Tris, and 0.1% SDS, pH 8.5, for 18 h. The protein solutions
were dialyzed against several changes of 0.15 M sodium
chloride and 0.2% SDS and then against 0.01% SDS in
distilled, deionized water for 48 hours, after which they
were lyophilized and aliquots were reeleectrophoresed to
confirm their purity (Figure 7).

Amino Acid Analysis. The lyophilized protein was

taken up in a known volume of glass-distilled deionized
water and was frozen at -70°C until ready for use. Protein
samples containing approximately 0.2 nmol of peptide were
hydrolyzed in vacuo with 6N HCL for 12, 24, 48, or 72 hours
or with 3 M mercaptoethanesulfonic acid for 24 or 48 hours
at 106°C. After hydrolysis, the samples (still <n vacuo)
were frozen at -70°C until the analyses could be performed.

Analyses were done on a Durrum D-500 amino acid analyzer.
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Cysteine was determined after performic acid oxidation
(Hirs, 1967). No corrections were necessary for amino acids
present in buffers (determined by analyzing unhydrolyzed
protein) .

N-Terminal Sequence Analysis. Automated Edman

degradations of the subunits were performed by Dr. M.W.
Hunkapiller, Dr. M.W. Bond, or Paul Cartier with a spinning
cup sequenator designed and constructed at Caltech
(Hunkapiller and Hood, 1978), using a previously described
computer program (Hunkapiller and Hood, 1978). Phenyl-
thiohydantoin (Pth) derivatives of amino acids were
identified by high-performance liquid chromatography (HPLC)
on a Du Pont Zorbax CN column, using the procedures and
standard chromatograms described elsewhere (Johnson et al.,
1979; Hunkapiller and Hood, 1980).

Determination of Subunit Stoichiometry. The protein

sequenator was allowed to proceed through several cycles
on a sample of "native" diol dehydratase. The relative
amounts of amino acids released in each cycle were determined.

Each HPLC sample contained dansylglutamine as an
internal standard as did a standard sample containing 250
pmol of each Pth-amino acid. Background levels of Pth-
amino acids were determined in the cycle proceding the cycle
of interest and subtracted to give the actual nanomolar
yield. The actual yield was then corrected for repetitive
yield (96% per cycle) and for pTH-amino acid recovery

percentages (Hunkapiller and Hood, 1978).
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Results

A number of factors influences the amount of diol
dehydratase which is solubilized by sonication of the
bacteria, including the length and spacing of the bursts,
the pH of the suspension, and the lyophilization of the
cells after harvesting. In contrast, the ionic strength
of the sonicate suspension does not seem critical; the same
amount of enzyme was solubilized under given conditions of
pH and length of bursts at ionic strengths of 0.6 and
0.02 M. Under the conditions described, up to 93% of the
diol dehydratase activity initially present in the bacteria
could be pelleted by centrifugation of the sonicate
suspension at 100000 x g for 1 hour. By thusly separating the
diol dehydratase from proteins in the cytosol, one obtains
approximately six-fold purification.

Three different methods could be used to solubilize
diol dehydratase from the sonicate pellet: (i) the pellet
can be resuspended and resonicated continuously for 20-30
minutes (this requires efficient cooling if thermal
denaturation is to be avoided); (ii) The pellet can be
extracted with detergents as described; (iii) the pellet
can be washed many times with pH 9.6 buffers containing
no detergents. These results suggest that diol dehydratase
may be associated with the cell membrane.

Diol dehydratase as purified by this procedure contains

no carbohydrate. Thus, an SDS-polyacrylamide gel of the
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enzyme shows no staining using the periodic acid-Schiff
reaction (Fairbanks et ql., 1971) to detect carbohydrate.
(In this test for carbohydrate, ascites was used as a
positive reference and bovine serum albumin as a negative
reference.) Moreover, as shown in Table V, Asn-2 of the
51 K subunit is not glycosylated, as demonstrated by the
normal yield of Pth-asparagine in cycle 2, even though the
sequence Asn-X-Ser is present, which often (but not always)
acts as a recognition sequence for such modification in
many organisms (Sharon and Lis, 1981).

Diol dehydratase does not seem to require lipids as
phospholipids for catalytic activity. Thus, extraction
of the enzyme from the pellet with Triton X-100 and passage
through a Sepharose 6B column preequilibrated with buffer G
containing 2% Triton X-100 produced enzyme with undiminished
activity (Jacobs et al., 1966; Ne'eman et al., 1972).

Treatment of the crude extracts with charcoal
(Poznanskaya et al., 1979) was unnecessary as no more than
5% of the protein was present as active holoenzyme.
Accordingly, further purification of the detergent extracts
involved gel filtration, which separates the larger diol
dehydratase from smaller proteolytic enzymes. Omission of
this step produces diol dehydratase contaminated with a
very small amount of protease, which causes notable
decomposition of the diol dehydratase within four weeks

(see Figure 3). For the prevention of proteolysis of the
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enzyme after extraction from the membrane, EDTA and PMSF
were included in the detergent solutions; PMSF inhibits
serine proteases such as trypsin and chymotrypsin
(Fahrney and Gold, 1963), and EDTA inhibits such proteases
as thermolysin which require divalent metal ions for
activity (Matsubara, 1970).
In the absence of DBSGF, diol dehydratase has an
unusually high affinity for Cellex-D; however, less than
5% of the activity was eluted by washing the column with
1 M potassium chloride in buffer G. This activity probably
represents proteolyzed derivatives of the native enzyme.
Table I compares this new isolation procedure with
previous ones. The new procedure yields about 16 times the
enzyme obtained by Poznanskaya et al. (1979) and 44 times
that reported by Abeles (1963). Figure 4 shows polyacrylamide
gels of the enzyme at eachbstep of the purification.
While earlier procedures invariably yield enzyme that
has been proteolysed, the same four subunits which
constitute the enzyme obtained by the new procedure are
observed throughout the isolation.

Molecular Weight and Subunits. Previously reported

molecular weights for diol dehydratase vary from 230 K
(Poznanskaya et al., 1977;1979) to 250 K (Essenberg et al.,
1971). In the presence of DBSGP (which is similar to the
detergent buffer used by Collett and Erickson (1978)

to prevent protein aggregation), gel filtration on

Sepharose 6B gives a relatively symmetrical elution peak
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corresponding to a molecular weight of 250 K (Figure 5).
In absence of DBSGP, the enzymatic activity elutes in a
less symmetrical peak corresponding to an approximate
molecular weight of 500 K (Figure 1). (Figure 1 also
shows a smaller shoulder of activity with a molecular
weight of about 80 K; due to its small amount, further
studies of this apparent activity have not been undertaken.)
SDS-polyacrylamide gel electrophoresis of diol
dehydratase shows four types of subunits of 60 K, 51 K,
29 K, and 15 K daltons. This composition differs somewhat
from that previously reported (Poznanskaya et al., 1979)
of four subunits of 60 K, 23 K, 15.5 K, and 14 K daltons
in "fraction S" and a fifth subunit of 26 K daltons in
"fraction F", which is reported to stain poorly with
Coomassie Brilliant Blue (Poznanskaya et al., 1977).
Figure 3 and 6 suggest that their polypeptides of 25.5 K,
23 K, and 14 K daltons may be products of proteolysis of
the native subunits.

Amino Acid Analysis of Diol Dehydratase and Its

Subunits. Table II collects the results of the amino acid
analyses of the diol dehydratase subunits. Mole percent
values were corrected for the degradation of serine and
threonine and for the slow hydrolysis of valine, leucine,
and isoleucine as described in the Table. Maximum values

for tryptophan were taken from hydrolyses done in 3 M
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mercaptoethanesulfonic acid. The other values are the
averages of six determinations with standard deviations
being around +3.0%.

The discriminating function (Z) for diol dehydratase
and its constituent subunits was calculated from the

amino acid data by the method of Barrantes (1975) where

- (- X (charged residues)
& (=0.345) 2 (hydrophobic residues)

HO o (6 x 1074
The average hydrophobicity (H@av) (Bigelow, 1967) was
determined using the relative hydrophobicities of amino
acids reported by Tanford (1962). Table III shows the
results of these calculations for diol dehydratase and
other proteins.

Table IV shows the N-terminal sequences for the
subunits of diol deﬁydratase. Figure 8 shows the sequence
information for the 15 K, 29 K, and 51 K subunits presented
in a way to demonstrate their sequence homologies.

As mentioned, Table V shows the yield of Pth—-amino
acids for the 51 K subunit for cycles 1, 2, 3, and 5.

Table VI shows the nanomolar yields from the various
subunits when "native" diol dehydratase was sequenced.

The average ratios of the subunits from two different
sequenator runs are shown in Table VII. The corrections

for repetitive yield and percent recovery do not affect the



43

stoichiometry obtained, for one gets the same result by
comparing just the ratios of the Pth-amino acids in cycles
6 or 10 (where corrections for repetitive yield are
unnecessary since all comparisons are made within the

same cycle). Furthermore, residues selected for comparison
have recovery percentages of at least 85% (Hunkapiller and
Hood, 1978) making this correction relatively small.

The results from Table VII suggest a minimal molecular
weight of 259 K daltons for diol dehydratase, which is in

agreement with the gel filtration data.

Discussion

Previous procedures for the purification of diol
dehydratase (Abeles, 1966; Poznanskaya et al., 1979) were
developed with the tacit assumption that diol dehydratase
was a cytosol enzyme, which seemed to be true, because
enzymatic activity could be solubilized by rupturing the
bacteria with mechanical processes. However, Table I
shows that no more than 25% of the total diol dehydratase
activity was solubilized by their procedures. The remaining
activity can, however, be solubilized by the use of detergents
and/or additional sonication which is characteristic of a
membrane-associated enzyme. Accordingly, we developed
conditions of sonication which allowed separation of diol
dehydratase activity from the cytosol components of the
cell. By these procedures, as little as 7% of the total

enzymatic activity was solubilized when the bacteria were
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ruptured. The insoluble components were then separated from
the cytosol by centrifugation, and the bulk of the activity
was liberated upon detergent treatment of the insoluble
fraction. This procedure not only allows recovery of more
activity (by more than an order of magnitude) than previously
possible, but also produces an initial preparation of higher
purity so that fewer subsequent purification steps were
necessary to obtain homogenous enzyme. Moreover, by
preventing proteolysis during the isolation by inhibition

of serine proteases with PMSF and proteases requiring
divalent metal ions with EDTA, the purified enzyme has only
four different kinds of subunits (60 K, 51 K, 29 K, and

15 K) instead of five (60 K, 25.5 K, 23 K, 15.5 K, and 14 K)
as previously reported (Poznanskaya et al., 1979).
Furthermore, the enzyme isolated by our procedure has a
slightly higher specific activity than that obtained in
earlier preparations, indicating, especially in light of
Figures 3 and 4, that the new isolation procedure yields
enzyme that more closely reflects the structure of native
diol dehydratase.

The different amino acid compositions and N-terminal
sequences of the four types of subunits show that the
smaller subunits are unlikely to be proteolytic derivatives
of the larger ones. Though the available sequence data
is relatively limited, some homologies are apparent among

the 51 K, 29 K, and 15 K subunits. The 15 K and 29 K subunits
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both have a repeating unit (Ala-Pro-X-Ala) twice in the
first 40 residues; the 51 K subunit contains a structurally
similar unit (Gly-Pro-Gly-Gly). Additional homologies are
delineated in Figure 8. 1In contrast, the 60 K subunit shows
no apparent homologies with the other three subunits.

Two general classes of proteins associated with membranes
have been termed "extrinsic" and "intrinsic" (Singer, 1971).
In many cases, an unambiguous assignment to one of these
two limiting categories is not possible (Vanderkoai, 1974).
Diol dehydratase lacks at least two properties often
characteristic of intrinsic membrane proteins, it apparently
does not require phospholipids for catalytic activity and
lacks carbohydrate. 1Indeed, even though the 51 K subunit
contains a recognition sequence (Asn-X-Ser, residues 2-4)
for glycosylation in many organisms (Sharon and Lis, 1981),
the normal yield of Pth-Asn in cycle 2 (Table V) demonstrates
the absence of glycosylation, for such a modification
should significantly lower the yield of Pth-Asn in that
cycle. On the other hand, the enzyme, as isolated by the
procedure described herein, has a relatively low solubility
(<<10 mg/mL) and aggregates in the absence of mixed micell-
ular detergents; such properties often characterize
intrinsic membrane proteins (Vanderkooi, 1974). The amount
of diol dehydratase solubilized during sonication seems
insensitive to the ionic strength of the agueous phase,

cytochrome-c, an extrinsic protein which is associated with
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the membrane surface primarily through electrostatic
interactions is solubilized to an appreciably greater
extent at higher ionic strength (Jacobs and Sandai, 1960).
Increasing the pH of the sonicate suspension increases the
amount of diol dehydratase which is solubilized; the enzyme
can also be removed by nondetergent buffers. All these
observations taken together suggest that the enzyme is
similar to other bacterial membrane proteins which, though
essentially extrinsic, nevertheless have some interaction
with the hydrophobic region of the lipid bilayer (Panefsky
and Tzagoloff, 1971). Specific analogues might be the
cytochrome c oxidase system (Poyton and Schatz, 1975a) or
the protein which confers oligomycin sensitivity to the
ATPase complex (MacLennon and Tzagoloff, 1968).

The average hydrophobicity wvalues for diol dehydratase
and its subunits (Table III) and a more sensitive comparison
based on values for the discrimination function (Barrantes,
1975) are in agreement with the proposal that diol
dehydratase is an extrinsic membrane protein which has
limited contact with the lipid bilayer. The discrimination
function for cytochrome c oxidase from Baker's yeast
(Poyton and Schatz, 1975a) correlates interestingly with
the availability of the subunits to labelling reagents.

In cytochrome c oxidase, subunit 1 has a discrimination
function typical of integral membrane proteins and is

considerably more nonpolar than the other subunits.
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Lactoperoxidase iodination, which labels those regions

of peptides exposed to an agqueous environment, shows that
subunit 1 of cytochrome c oxidase is almost completely
inaccessible while subunit 2 was only partially accessible
for protein modification. In contrast, the polar subunits
4 and 6 were readily modified (Poyton and Schatz, 1975b).
In diol dehydratase, the 60 K and 29 K subunits have
discrimination function values similar to that of subunit
2 of cytochrome c oxidase and are more hydrophobic than the
51 K and 15 K subunits; these observations suggest that
either, or both, of the 60 K and 29 K subunits may serve
to anchor the enzyme to the membrane.

Until removal of Triton X-100, the specific activity
of the enzyme could not be accurately determined; the
aromatic ring of this detergent interferes with the protein
assay of Lowry et al. (1951). Chromatography on Cellex-D
produced a symmetrical absorbance band which eluted at
low ionic strength and at the beginning of the detergent
gradient (Figure 2, fractions 75-90). This band contained
no protein (by SDS gel electrophoresis) and had a UV
spectrum similar to that of Triton X-100 in the same buffer.
These facts suggest that this band is due to a nonionic
detergent (Triton X-100) which has been displaced from the
diol dehydratase by another detergent (Tanford and Reynolds,

1976) .
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In the absence of detergent, diol dehydratase has a
molecular weight of about 500 K. This is similar to the
molecular weight of ethanolamine deaminase (Kaplan and
Stadtmen, 1968) which has two active sites per molecule
(Babior and Li, 1969; Babior 1969). Interestingly,
the enzyme isolated by Poznanskaya et al. (1979) does not
aggregate in the absence of detergents and has a significantly
higher solubility than the enzyme isolated by the procedure
described herein. Proteolytic removal of hydrophobic
regions could account for these properties of the diol
dehydratase obtained earlier.

Tables VI and VII show that the subunit stoichiometry
is (60K)2 (51K)l (29K)2 and (15K)2 for a molecular weight
of 259 K per active site which agrees well with gel
filtration data in the presence of DBSGP (Figure 5).

This composition can be coﬁpared with a previous report
(Toraya et al., 1973) showing that two protein components
are necessary to bind adenosylcobalamin; one of these
components (S) is sensitive to sulfhydryl reagents while

the other (F) is not. Component S has a molecular weight

of 200 K daltons and is, itself, composed of four different
subunits of 60 K, 23 K, 15.5 K and 14 K daltons; component F
has a molecular weight of 26 K daltons (Poznanskaya, et al.,
1979). One can attain the molecular weight of 200 K daltons
for component S by two 60 K and two 23 K subunits in

addition to two 15.5 K and one 14 K, or one 15.5 K and two
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14 K subunits. A single 26 K subunit of component F would
then account for the total observed molecular weight of
about 230 K which they observed. This suggests that the
51 K subunit, of which there is only one copy per active
site, gives rise, by proteolysis, to component F and either
the 15.5 K or 14 K subunit of component S. Further support
for this relationship between the 51 K subunit and component
F comes from the way these stain with Coomassie Brilliant
Blue; both component F (Poznanskaya et al., 1979) and the
51 K subunit (Figures 6 and 7) stain poorly relative to
the other subunits, which may, in part, reflect the subunit
stoichiometry as well, for only one mole of the 51 K subunit
is present for two moles of each of the other subunits.
Further support for the possibility that components F and
S are generated by proteolysis comes from our inability to
separate the enzyme isolated by our procedure into these two
components.

The 60 K peptide seems always to be associated with
the diol dehydratase complex; in our work, it appears in
every preparation of active enzyme and, moreover, has an
amino acid composition which can account for the results
of Poznanskaya et al. (1979) and Lee and Abeles (1963).
For example, the amino acid composition indicates that this
subunit contains three cysteins. Since the subunits are not

held together by disulfide bonds (Poznanskaya et al., 1979
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and unpublished results), one cysteine, at least, of the

60 K peptide should be available for the reaction with
alkylation of a free sulfhydryl (Toraya et al., 1974).
Furthermore, studies carried out by Carroll et al.
(unpublished results) have shown that diol dehydratase

can in fact be inactivated by alkylation of the 60 K subunit
with organic mercurials.

The single 51 K subunit per active site of diol
dehydratase suggests a particularly important role for the
51 K subunit in the binding of adenosylcobalamin and
catalysis. For example, there is only one coenzyme binding
site per 250 K daltons (Essenberg et al., 1971) and incor-
poration of a single molecule of 2,3-butadione is sufficient

to inactivate the holoenzyme (Kuno et al., 1980).
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