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Various types of cobaloximes with the general formula [CoX(DH),B] or [RCo(DH),B] (X: Cl, CN. R:
alkyl groups such as methyl, ethyl, n-propyl, or i-propyl. DH: dimethylglyoximato monoanion. B: bases such
as water, pyridine, nicotinamide, y-picoline, p-toluidine, or imidazole) and some amide compounds were examined
for the inhibitory effect or coenzyme activity in propanediol dehydratase of Aerobacter aerogenes. None of them
act as coenzyme nor inhibitor, except for cyanoaquocobaloxime, which shows only a weak inhibitory effect that
has been proved to be non-competitive. Water-soluble polymeric cobaloximes with the general formula [Co-
(OH) (DH),(Copoly-AM-VPy)] (Copoly-AM-VPy: a low molecular weight copolymer of acrylamide and 4-
vinylpyridine) were also prepared and examined in the enzymatic system whose inhibitory effects were very
Other cobaloximes with the general formula [RCo(DH),(py)] (R: -hydroxy-n-propyl, f-hydroxy-i-
propyl, or B,y-dihydroxy-n-propyl. py: pyridine) which were three of the possible intermediate models in pro-
panediol dehydratase system, also showed little effect on the enzymatic reaction. Substrate anologs such as
2-bromo-1-propanol, 1-bromo-2-propanol, and glycerol «-monochlorohydrin, which are considered to interact
with a nucleophilic Co(I) species, presumably a component of the active site in the holoenzyme, were found

small.

to serve as substrate.

Although many works have been done on vitamin B,
compounds, there are not many on the active sites in
holoenzyme in which coenzyme B,, and substrate are
assumed to be bound to apoenzyme. In the case of
L-methylmalonyl-CoA mutase from sheep liver, it was
assumed that holoenzyme formation involves at least
a two-point attachment between the coenzyme and
apoenzyme and that sulfhydryl groups are one binding
site of the protein.)) In ribonucleotide reductase from
L. leichmannii, 5'-deoxyadenosylcobalamin with a slight
alteration of e-propionamide group to e-propionic acid
on the corrin ring showed neither activity nor inhibitory
effect.® In propanediol dehydratase system, the ana-
logs with two or three propionic acid side-chains on
the corrin ring did not serve as the coenzyme, while all
the three isomers of one propionic acid side-chain (at
b, d, or e position on the corrin ring) were effective.®

We considered that for the appearance of the coen-
zyme activity in enzymatic reactions, there might be
some amide groups in the neighborhood of the Co atom,
since these groups in cobalamin might take part in the
reactions in vivo, probably as binding sites to apo-

1) J.J.B. Cannata, A. Focesi, Jr., R. Mazumder, R. C. Warner,
and S. Ochoa, J. Biol. Chem., 240, 3249 (1965).

2) C. G. D. Morley, R. L. Blakley, and H. P. C. Hogenkamp,
Biochemistry, 7, 1231 (1968).

3) Y. Tamao, Y. Morikawa, S. Shimizu, and S. Fukui, Vitamins
(Japan), 41, 45 (1970).

enzyme.® We have therefore studied the effect of
cobaloximes having a ligand with amide groups. The
resemblance of cobaloxime compounds to cobalamin
compounds in chemical behavior has also been described
elsewhere.>—%)

There are a few examples dealing with the cobaloximes
as the vitamin B,, model in biological systems. Some
cobaloximes were examined in blockade of vitamin B,,-
binding sites in gastric juice, serum, and saliva,? and
some methylcobaloximes were demonstrated to be able
to make methane in enzymatic reaction containing the
extracts from Methanobacillus omelianskii. 1)

We have also studied the effect of various cobaloximes
on propanediol dehydratase system. Among them,
hydroxypropyl derivatives might be considered as model
compounds for the possible intermediates in the enzy-
matic reaction. At present the following hypothesis
seems to be acceptable: It is necessary for the appear-
ance of coenzyme activity that Co-5'-deoxyadenosyl

4) N. Yamazaki and Y. Hohokabe, Chem. Commun., 1968, 829.

5) G. N. Schrauzer and J. Kohnle, Chem. Ber., 97, 3056 (1964).

6) G. N. Schrauzer, Accounts Chem. Res., 1, 97 (1968).

7) G. N. Schrauzer, E. Deutsch, and R. J. Windgassen, J.
Amer. Chem. Soc., 90, 2441 (1968).

8) L-P. Lee and G. N. Schrauzer, ibid., 90, 5274 (1968).

9) C. W. Gottlieb, F. P. Retief, and V. Herbert, Biochim.
Biophys. Acta, 141, 560 (1967).

10) B. C. McBride, J. M. Wood, J. W. Sibert, and G. N. Sch-
rauzer, J. Amer. Chem. Soc., 90, 5276 (1968).
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bond in DBCC bound to apoenzyme is heterolytically
cleaved, producing enzyme-bound Co(I) species. Thus,
the electrophilic substrate analogs such as propylene
bromohydrin are considered to have the ability to
interact with the Co(I) species and serve as substrate.
The results are given in the following.

Experimental

Materials. Preparative methods of various cobaloximes
were reported.1?)

Imidazole-4,5-dicarboxyamide was prepared according to
the method described by Baxter and Spring.1?

Found: C, 38.47; H, 3.98; N, 36.44%,. Calcd for C;H¢N,O,:
G, 38.96; H, 3.92; N, 36.35%,.

2-Bromo-1-propanol was synthesized as follows: LiAlH,
5.32 g was refluxed for 3 hr in 300 m/ of dry ether. a-Bromo-
propionyl bromide 43.2 g was added slowly to the mixture
at 0°C for an hour followed by stirring for 2 hr. After adding
15 m! of HyO and 130 m! of 3~ H,SO, to the mixture, the
upper ether layer was separated. The remaining water layer
was extracted with isopropyl ether, and the extract was
combined with the ether layer. After drying the ether solu-
tion with Na,SO,, the product was fractionally distilled under
a reduced pressure (bp 71°C/33 mmHg). The yield was
17.6 g (64%). The structure was confirmed by NMR and
IR spectra.

Found: C, 26.85; H, 5.23; Br, 57.77%,. Calcd for C,H,OBr:
G, 25.93; H, 5.08; Br, 57.49%,.

Propylene bromohydrin (commercial E. P. reagent) was
a mixture of l-bromo-2-propanol (79%) and 2-bromo-I-
propanol (219%). Its composition was determined by NMR
and gas chromatography, and used without further purifica-
tion, because it was impossible to fractionate it by the usual
fractional distillation.

5,6-Dimethylbenzimidazolylcobamide coenzyme (DBCC)
was supplied by Prof. S. Fukui and Eisai Co., and propane-
diol dehydratase (EC. 4.2.1.28) was generously given by Prof.
S. Fukui.

All other reagents were of commercial G. R. grade.

Methods. General Method for the Enzymatic Reaction: The
enzymatic reaction was carried out in the dark. DBCC and
cobaloxime or amide were mixed prior to the addition of the
apoenzyme solution. A typical method is as follows: 0.1 m/
of 0.5M KCl, and 0.2 m/ of cobaloxime or amide solution
were pipetted into an assay tube. 0.1 m! of DBCC solution
was then added in the dark and after being cooled in an ice
bath, 0.5 m! of cold apoenzyme solution in potassium phos-
phate buffer (pH 8.0) was added. The reaction was conducted
for 5, and 10 min at 37°C in the dark. The mixture was then
rapidly cooled in an ice bath and 0.5 m/ of 10%, trichloro-
acetic acid was immediately added to the mixure to stop the
reaction.

In the Case of Hydroxypropylcobaloximes: The reaction was
carried out for 10 min at 25°C, aerobically or anaerobically
after the following treatment. A 100 W tungsten lamp was
used as the light source at a distance of 4 cm.

(1) (Dark-Aerobic): A mixture of DBCC, cobaloxime,
and apoenzyme was preincubated for 7 min at 25° in the
dark prior to the addition of the substrate. The treatment
was done in the presence of air.

(2) (Dark-Anaerobic): The same treatment as (1) but
under a nitrogen atmosphere.

11) N. Yamazaki and Y. Hohokabe, This Bulletin, 44, 63
(1971).
12) R. A. Baxter and F. S. Spring, J. Chem. Soc., 1945, 232.
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(3) (Light-Aerobic): A mixture of DBCC, cobaloxime,
and apoenzyme was preincubated for 2 min at 25°, followed
by irradiation for 5 min at 25°C prior to the addition of the
substrate. The treatment was done in the presence of air.

(4) (Light-Anaerobic): The same treatment as (3) but
under a nitrogen atmosphere.

In the Case of Substrate Analogs: The reaction was carried
out for 2, 3.5, 7.5 (or 8), and 10 min at 25°C in the dark.

Determination of Propionaldehyde: One milliliter of 5 mm 2,4-
dinitrophenylhydrazine in methanol containing a small amount
of concd. HCI was added to each reaction mixture which was
put to stand for 10 min at 37°C. Three milliliters of 80%,
aqueous pyridine were then added. The amount of hydrazone
formed from propionaldehyde was colorimetrically determined
at 540 my, 20 min or 40 min after the addition of 0.5 m/ of
alcoholic KOH (0.1 g/m! of 809, aqueous methanol), with
a Hitachi photoelectric spectrophotometer. The absorbance
was corrected by using the control solution as a reference, which
is the mixture stopped immediately after the addition of
apoenzyme solution. Unity of absorbance at 540 my, 20 min
or 40 min after the addition of KOH corresponds to 0.92
and 1.09 umol of propionaldehyde in 1 m! of the original
reaction mixture, respectively.

The velocity was determined with the slope of the straight
line passing through the time-conversion plots. The relative
activity was determined as follows.

Amount of aldehyde formed
in the presence of additive
(inhibitor)
Amount of aldehyde formed
in the absence of additive
(inhibitor)

x 100 (%).

Relative activity =

Results and Discussion

Polymeric Cobaloximes, Co(OH)(DH),(Copoly-AM-VPy).
The enzymatic reaction was carried out in the presence
of various amounts of polymeric cobaloximes in which

100

8

Relative Activity (%)
3 &
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o r—
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Fig. 1. Relative activity ss. concentration of polymeric coba-
loxime plots.
The reaction mixture contained 1,2-propanediol 10 gmol,
potassium chloride 50 ymol, DBCC 1.5 mumol, apoenzyme
0.08 unit, potassium phosphate buffer (pH 8.0) 25 ymol,
and polymeric cobaloxime (O HC 025; [] HC 027; @ HC
029; A HGC 030) 0, 10, 50, 100, 250, or 400 mumol; total
volume 1.0 m/. The reaction was carried out for 10 min at
37°C in the dark. The average molecular weights of poly-
meric ligands and AM(acrylamide)/VPy(4-vinylpyridine)
ratios are 3000 and 11.9 for HC 025, 2400 and 12.8 for HC
029, 1400 and 13.7 for HCO027, 830 and 17.5 for HC030,
respectively.
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Copoly—-AM-VPy!® coordinates with the Co atom
through a pyridine residue and the amide groups are
close to the cobaloxime moiety. The results are shown
in Fig. 1. Although the relative activities with respect
to polymeric cobaloximes decreased with the increase
of the amount of cobaloximes, they decreased to ca.
809, even at the higher concentration of cobaloximes,
and no difference in decrease with respect to the molec-
ular weights of polymers was observed. This suggests
that the polymeric cobaloximes employed in this ex-
periment were not sufficiently small to interact with the
active site in the enzyme, though their molecular
weights are nearly the same as that of coenzyme B,, or
larger only by a factor less than 2.5. This type of
cobaloximes does not seem to interact with the active
site in the holoenzyme.

TABLE 1. RELATIVE ACTIVITIES IN THE PRESENCE OF SOME
AMIDES.

The reaction mixture contained 1,2-propanediol 10
pmol, potassium chloride 50 ymol, DBCC 1.5 mumol,
apoenzyme 0.10 unit, potassium phosphate buffer
(pH 8.0) 25 uymol, and amide 250 mumol; total
volume 1.0ml. The reaction was carried out for
10 min at 37°C in the dark.

Material Relative activity (%)
None 100
Nicotinamide 90
Acetamide 92
Isobutylamide 93
Benzamide 95
Propionamide 103
Imidazole-4,5-

dicarboxyamide®) 101

a) nearly insoluble.

Amides. From the viewpoint in the introductory,
i. e., some amide groups in cobalamin may take part
in the reactions in vivo, perhaps as the binding sites to the
apoenzyme, the presence of amides is expected to affect
the enzymatic reaction. The results of some amides
are shown in Table 1. The activity was affected slightly
or not at all by the presence of amide. From the results,
we see that monoamide is not bound tightly to the site
because of weakeness of the hydrogen bonding. The
multiple-point attachment of the amide groups in a
molecule may favor the single-point attachment by the
increase in total entropy and decrease in total energy
by each hydrogen bonding. One of the diamide,
imidazole-4,5-dicarboxyamide, however, failed to affect
the active site, probably because of insolubility. It
seems that some amide groups situated at an appropriate
distance from each other and the cobaloxime moiety
might interact with the active site.

The enzymatic reaction was also carried out in the
presence of various monomeric cobaloximes.

Chloro- and Simple Alkyl-cobaloximes. All the chloro-
or simple alkyl-cobaloximes were found to exert little
effect on the enzymatic reaction: They include
CoCl(DH),B in which B is water, nicotinamide, pyri-

13) Copoly-AM-VPy is a low molecular weight copolymer of
acrylamide (AM) and 4-vinylpyridine (VPy).
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TABLE 2. RELATIVE ACTIVITIES
CYANOCOBALOXIMES,
The reaction mixture contained 1,2-propanediol 10
pmol, potassium chloride 50 yumol, DBCC 1.5 mymol,
cobaloxime 250 mumol, apoenzyme 0.083 unit (0.69
unit/mg-protein), potassium phosphate buffer (pH 8.0)
25 pmol; total volume 1.0 ml. The reaction was
carried out for 5, or 10 min at 37°C in the dark.

IN THE PRESENCE OF

Material®) Relative activity (%)
None 100
NaCN (250 myumol) 88
Co (CN)(DH),(H,O) 57
Co(CN)(DH),(py) 9
Co(CN)(DH), (pico) 98
Co(CN)(DH),(tolu) 105

a) py: pyridine, pico: y-picoline, tolu: p-toluidine.

dine, imidazole, y-picoline, or p-toluidine, CH,Co(DH),B
in which B is water, nicotinamide, pyridine, or imidazole,
and RCo(DH),B in which R is methyl, ethyl, n-propyl,
or i-propyl, and B water or pyridine.

Cyanocobaloximes. It is well known that cyano-
cobalamin is a strong competitive inhibitor in diol
dehydratase system and other B,,-dependent enzymatic
reactions. The effect of cyano cobaloximes was ex-
amined in comparison with cyanocobalamin. The
results are shown in Table 2. They exerted no inhibi-
tion or much less inhibitory effect than cyanocobalamin;
only cyanoaquocobaloxime showed a weak inhibition.
From an extensive study on cyanoaquocobaloxime, it
proved to be non-competitive as shown in Fig. 2. The

T T T T ™5

4

1/V x 10~ (m~1-min)

2 =} 0 1 s 3 4
1/[DBCC] (um™1)

Fig. 2. Non-competitive inhibitory effect of cyanoaquocoba-
loxime on propanediol dehydratase system.
The reaction conditions are the same as those in Table 2,
except that DBCC 0.30, 0.50, 0.70 1.50, or 15.0 mymol,
cyanoaquocobaloxime 0 (@), 200 (O), or 250 ([(]) mumol,
and apoenzyme 0.14 unit (0.73 unit/mg-protein) were em-
ployed.

inhibitor constant K; was determined to be 3.3 (40.1) X
10—%M. Since the same amount of sodium cyanide
exerted much less inhibition, the weak effect of cyano-
aquocobaloxime is not considered to be due to free
cyanide ion which might be derived from the cobalo-
xime. It seems that a slight conformational change of
the enzyme protein occurs in the presence of the cobal-
oxime. A most plausible explanation of the effect is as
follows. First, CN linked to cobaloxime interacts with
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a given site in the protein, second, another axial ligand
of the cobaloxime, i.e., HyO is displaced by a basic
group of the enzyme, resulting in a slight conformational
change of the tertiary structure of the enzyme.
Hydroxypropylcobaloximes. The preparation and
properties of a series of hydroxyalkylcobaloximes have
been reported by Schrauzer and Windgassen.'d The
Co-C bonds are readily cleaved; in mildly acidic
media olefins are formed. However, in alkaline solu-
tion the products are aldehydes, ketones, or the respec-
tive aldols arising from the secondary condensation of the
aldehydes. They proposed a mechanism for the action
of the corrin coenzyme in diol dehydratase of Aerobacter
aerogenes, in which they supposed that p-hydroxy-i-
propyl derivative is the most likely organocobamide as
the intermediate in glycol dehydratase system. The
corresponding cobaloxime was prepared and found to
produce propionaldehyde on decomposition in alkaline
medium. Its effect on enzymatic reaction seems to be
interesting. f,y-Dihydroxypropylcobalamin exhibited
no coenzyme activity, and exerted an inhibitory effect.1%

TaBLE 3. RELATIVE ACTIVITIES IN THE PRESENCE OF HYD-
ROXYPROPYLCOBALOXIMES UNDER VARIOUS CONDITIONS.
The reaction mixture contained 1,2-propanediol 10
pmol, potassium chloride 50 gmol, DBCC 15.0
mumol, cobaloxime 200 mgmol, apoenzyme 0.068
unit (0.20 unit/mg-protein) for the first series of runs,
and 0.086 unit (0.49 unit/mg-protein) for the second,
potassium phosphate buffer (pH 8.0) 25 umol; total
volume 1.0 ml. Other conditions are indicated in the
experimental section.

The series of runs were carried out twice and the mean
values are indicated in the following table.

Dark Light
Material® Aerobic Anaerobic Aerobic Anaerobic
M% @)% (3) % 4 %
None 100 133 56 89
HOCH,CH(OH)-
CH,Co(DH),(py) 100 94 20 87
HOCH,CH(CH,)-
Co(DH),(py) 98 119 41 101
CH,CH(OH)CH,-
Co(DH),(py) 99 121 33 136

a) py: pyridine

Three of the possible intermediate models, i.e., 8-
hydroxy-i-opropyl-, p-hydroxy-n-propyl-, and g,y-di-
hydroxy-n-propyl-(pyridine)cobaloxime, were also syn-
thesized and examined in propanediol dehydratase
system. As the alkyl moiety of these cobaloximes are
very similar to propanediol in structure, some effect
could be expected; cobaloxime may block the substrate-
binding site, and/or hydroxypropyl radicals arisen from
the light irradiation of the cobaloximes may interact
with the active coenzyme. As shown in Table 3,

14) G. N. Schrauzer and R. J. Windgassen, J. Amer. Chem. Soc.,
89, 143 (1967).

15) T. Yamane, S. Shimizu, and S. Fukui, J. Vitaminol., 12, 10
(1966).
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however, they also exerted little effect on the reaction.1%
This suggests that the cobaloximes do not contact with
the active site of the holoenzyme.

All the cobaloximes described were unable to interact
with the active site. Synthesis of 5’-deoxyadenosyl-
cobaloxime failed in isolation by the usual way as carried
out in the partial DBCC preparation, presumably
because of its alkali and acid lability, as reported by
Schrauzer.l?)

Substrate Analogs. Since it is well established
that Co(I) species of cobalamin is a powerful nucleo-
philic agent,'® the Co(I) nucleophile seems to play
an important role in enzymatic conversion of diol to
the corresponding aldehyde. Since propanediol and
glycol were found not to react with Co(I) species,
propanediol is considered to be activated in some form
which is able to react with Co(I). Hence, three
analogs, i. e., CH;CH(OH)CH,Br, CH;CHBrCH,OH,
and HOCH,CH(OH)CH,CIl, which are structurally
similar to CH;CH(OH)CH,OH, are considered to be
able to serve as a substrate or an accelerator.

0.5 —T

.S(+S)
S,S+1, S+1I, S+1II
04} . ' ]
7 o WHS)
o e 11(+S)
g 03} ’ .
g o
£
8
2 o H(+9)
< 0.2F o 1 h
=11
01k -
——— L |1
0 e
0 2 4 6 8 10

Reaction time (min)

Fig. 3. Effect of substrate anologs on propanediol dehydratase
system.
The reaction mixture contained I, II, III, and/or S 10 umol,
potassium chloride 50 gmol, DBCC 15.0 mgmol, apoenzyme
0.10 unit (0.61 unit/mg-protein), potassium phosphate buffer
(pH 8.0) 25 pumol; total volume 1.0 or 1.1 m!l. The reaction
was carried out for 2, 3.5, 5,8, or 10 min at 25°C in the dark.
S (—@—), I (~-O=-), II (=+=A---), or I (—[]—)
represents the reaction in the presence of S, I, II, or III,
respectively. S+I (—@—), S+II (—@—), or S+III
(—@—) represents the reaction in the co-existence of S and
I, Sand II, or S and III, respectively. Since the reaction
with S+1I, S+1I, or S+III proceeded in the same way as
that with S, they are shown in the same line. S (+8)
(@), I (+8) (-+O-+), II (+8) (-++A-+), or III (+8)
(-+<[J--+) represents the reaction with the additional 10 umol
1 of S during the reaction in the presence of S, I, II, or III,
respectively. Unity of absorbance corresponds to 1.09 gmol
of propionaldehyde. Notations on S, I, II, and III are
described in the text.

16) The enzymatic reaction was carried out at 25°C, lower than
the usual 37°C, in order to minimize the inactivation of holoenzyme
by incubation prior to the addition of the substrate. The holo-
enzyme is known to be inactivated by oxygen in the absence of the
substrate.

17) G. N. Schrauzer and J. W. Sibert, J. Amer. Chem. Soc., 92,
1022 (1970).

18) G. N. Schrauzer and E. Deutsch, ibid., 91, 3341 (1969).
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The following abbreviations will be used for the sake
of convenience. S; 1,2-propanediol, I; propylene
bromohydrin [a mixture of 1-bromo-2-propanol (799%,)
and 2-bromo-l-propanol (219%,)], 1I; 2-bromo-1-pro-
panol, III; glycerol a-monochlorohydrin.

When 10 gmol of I, II, or III was added to 10 gmol
of S which was considered appropriate to give a maxi-
mum velocity Vmax, the enzymatic reaction proceeded
just the same as that in the absence of I, II, or III.
I, II, or III did not inhibit the enzymatic reaction.
However, they seemed to serve as substrates shown in
Fig. 3; even in the absence of S, the velocity of the
reaction with I or II was comparable to that with S
in the initial stage of the reaction, while that with
III was observed to be measurable but much less.
I, II, or III is considered to interact with the same site
as a normal substrate; the initial velocity of S-+I,
S+II or S+III would be larger than that of S which
gives the Vmay, if I, IT, or III reacted with another site
of the enzyme other than the normal substrate-binding
site. At low concentration of S not enough to give
Vmax, addition of I or II increased the reaction velocity
(Fig. 4), which supports the idea that I and/or II serve
as a substrate. However, the active site in the presence
of I, 11, or III without S was soon inactivated as shown
in Fig. 3. When such reactions were carried out
anaerobically, the time-course was observed to be the
same as that in aerobic conditions. It appears that
inactivation is not caused by oxygen, whereas the

0.5 v T T T
04 ~1 )
=
O
.4
£ 03f P T
Q L gt
- o P
8 ,K,'/.
Q P
< 02F g :
01F 1
0 - et EE—
0 2 4 6 8 10

Reaction time (min)

Fig. 4. Effect of substrate analogs on the propanediol dehy-
dratase reaction in the presence of low concentration of the
substrate.

The reaction mixture contained S 10 ymol (1; ---@--),
S 0.15 ymol (2; —@—), S 0.15 ymol 4+ I 10 umol
(3; =-—-O~-), S 0.15 gmol + II 10 gmol (4; —--=/\~+-), or
S 0.15 ymol +III 10 gmol (5;--[]—), potassium chloride 50
umol, DBCC 15.0 mymol, apoenzyme 0.080 unit (0.70
unit/mg-protein), potassium phosphate buffer (pH 8.0) 25
pmol; total volume 1.0 ml. The reaction was carried out
for 2, 3.5, 5, 7.5, or 10 min 25°C in the dark. Unity of
absorbance corresponds to 1.09 umol of propionaldehyde.
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holoenzyme is known to be inactivated by oxygen in
the absence of the substrate.

When 10 umol of S was added during the course of
the reaction (5 min after the initiation of the reaction)
to the reaction mixture with I, II, or IIT in the absence
of S, the expected inactivation was not observed, but
the reaction proceeded with almost the same velocity
as that with S which gives Viax (Fig. 3). This clearly
indicates that the active site is temporarily blocked by
some materials, and not completely inactivated in the
absence of the substrate. Taking into consideration
the fact that the holoenzyme initially gave the product(s)
from I, II, or III but was gradually inactivated during
the course of the reaction, we could consider that the
temporary inactivation was caused by the formation
of complex(es) between holoenzyme and the product(s)
from I, IT, or ITI. 'This is plausible, if we assume that
the affinity to the holoenzyme decreases in the order
S>product(s) from I, II, or IIT>I, II, or III. In
the case of I holoenzyme-I complex is formed in the
absence of S, which forms the product. As the amount
of the product increases, holoenzyme - product complex
is gradually formed, which does not interact with I and
gives no more product. When S is added, the holo-
enzyme-product complex turns into holoenzyme-S
complex, again producing the normal product. Since
the affinity of S to the holoenzyme is assumed to be
greater than that of analogs or product(s), the enzymatic
reaction both with S and with I, IT, or III proceeds the
same as that in the absence of I, II, or III.

The enzymatic reaction is expected to be inhibited
by the initial addition of some products estimated to be
formed from I, II, or III. When 0.5 umol of propional-
dehyde and/or acetone, which appeared to be enough
to block the active site as judged by the amount of the
product formed from I, I, or III, were added to the
system with I, IT, or III, the reaction patterns did not
differ from those without the addition of aldehyde
and/or acetone. Although the reactions were not inhi-
bited by propionaldehyde or acetone, the hypothesis on
blocking the active site by some materials described
above might still be reasonable, since other products
such as aldols are expected to be produced from I, II, or
III. It was recently reported that substrate analogs
such as styrene glycol or 1,2-butanediol, protected the
holoenzyme against inactivation by oxygen, and by
displacement of the analog with the substrate the normal
reaction was initiated.’® Detailed features of the effect
of the substrate analogs are not known at present.

We wish to thank Prof. S. Fukui and his coworkers
of Kyoto University for kindly supplying the enzyme
and giving suggestions.

19) T. Toraya and S. Fukui, Biochem. Biophys. Res. Commun., 36,
469 (1969).




