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1:1 mixture of adducts A and B. The less strained
compound 9-(Z) shows greater selectivity and gives a
single adduct with 10.

It is remarkable that 3-(E) does not rapidly isomerize
to its geometric isomer 3-(Z). Thus, 3-(F) must liein an
energy well of sufficient depth to prevent isomerization
at a rate competitive with its reactions with 10 and zers-
butyl alcohol. Other examples of intermediates with
trans double bonds in six-membered rings are bicyclo-
[2.2.1]hept-1-ene,® adamantene,!! and the rrans-cyclo-
hexenones!? formed in photochemical reactions.
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Acetylenic Enzyme Inactivators. Inactivation of
v-Cystathionase, in Vitro and in Vivo,

by Propargylglycine

Sir:

It has previously been shown that the enzyme (-
hydroxydecanoylthiolester dehydrase is inactivated by
a 3-decynoylthiolester;* the basis for inactivation de-
rives from enzymatic abstraction of a C; hydrogen as a
proton, followed by rearrangement to a conjugated
allene which is attacked by a nucleophilic active site
histidine. 2

It occurred to us that acetylenic substrate analogs
may be generally useful in the inactivation of enzymes
which abstract carbon-bound hydrogens as protons at
a position adjacent to the acetylenic linkage. Such
inactivations are particularly attractive since their
specificity is not based merely on structural similarity
to substrates but also upon the mechanism of the cat-

(1) G. M. Helmkamp, R. R, Rando, D, J. H. Brock, and K. Bloch,
J. Biol, Chem., 243, 3229 (1968).

(2) K. Bloch, Accounts Chem. Res., 2, 193 (1969); K. Bloch, En-
zymes, 3rd Ed., 5,441 (1971).

alytic process; the acetylenic linkage is made chem-
ically reactive as a result of specific enzymatic action on
the inhibitor molecule. These inactivators are there-
fore not only useful as active site directed reagents for
purified enzymes but also as agents for i# vivo inactiva-
tion of the target enzymes.

We have synthesized and tested a number of acetyl-
enic enzyme substrates® ¢ and now report the irreversible
inactivation of the pyridoxal phosphate dependent rat
liver enzyme, y-cystathionase, both in vitro and in vivo
by D,L-2-amino-4-pentynoic acid (propargylglycine)
(I).5 vy-Cystathionase catalyzes the elimination of a

1
HC=CCH.CCOO~

NH;
I

number or substituents from the v carbon of susceptible
amino acid substrates.®

H:0 + XCH,CH,CHCOO~ —>

NH;*
HX + CHaCHzECOO' + NH,*
|
X = -SCH,CHCCO~; -OH
NH

Incubation of highly purified vy-cystathionase’ with
D,L-propargylglycine produces a time-dependent pseudo-
first-order irreversible loss of catalytic activity.
At 6.6 X 10~% M inactivator,® the loss of enzymatic
activity has a ., of 2 min at 25°. Enzymatic activity
could not be recovered by dialysis for 12 hr or by gel
filtration of the enzyme through Sephadex or by addi-
tion of pyridoxal phosphate, suggesting a covalent
modification of the enzyme. In support of this idea,
incubation of [2-'*Clpropargylglycine with the enzyme
followed by gel filtration on a Sephadex G-25 column
resulted in incorporation of radioactivity into the pro-
tein peak. One mole of 'C inactivator is incorporated
per 80,000 g of protein. (A control experiment in
which the bound pyridoxal coenzyme had been reduced
by borohydride treatment prior to addition of [!¢C}-
propargylglycine resulted in no radioactivity associated
with the protein after gel filtration.) Radioactivity
was not removed from the 14C-labeled protein by sub-
sequent dialysis against 6 M urea or 10-* M HCIL
These experiments suggest that propargylglycine in-
activates y-cystathionase by covalent modification of

(3) C. T. Walsh, A, Schonburnn, O. Lockridge, V. Massey, and R, H.
Abeles, J. Biol. Chem., 247, 6004 (1972).

(4) R.Hevey and R. H. Abeles, unpublished experiments; W. Wash-
tien and R. H. Abeles, unpublished experiments.
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Trav. Chim. Pays-Bas, 88, 819 (1969) and gave a satisfactory melting
point (185-187°), nmr spectra, and chromatographic mobility com-
pared with a sample of authentic L-propargylglycine kindly provided
by Dr. H. R. Kaback, The Roche Institute for Molecular Biology, Nut-
ley, N. 1.
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an active site residue. The exact nature of the linkage
is now under investigation.

Studies were conducted with propargylglycine in
intact mice. Groups of three mice were injected
intraperitoneally with 2 and 5 umol of D,L-propargyl-
glycine, respectively, while three control mice received
the same volume of saline solution. After 24 hr, the
mice were sacrificed, and the livers were removed and
assayed for +y-cystathionase. The livers from the
treated mice had 10-20 and 097, respectively, of the
enzyme levels from control livers. Propargylglycine
inactivation of the enzyme in vivo indicates induction
of a condition similar to that found in the genetic de-
fect cystathionurial® in which liver vy-cystathionase is
absent or defective.

An essential feature of the mechanism of action of
~-cystathionase is the abstraction of a proton from the
B position.® We, therefore, tentatively propose the
mechanism in Scheme I for the inactivation by pro-

Scheme I

Vi
H HB,*
vl i ~ i
H(SC—CH("}COO — HZC=C=CH("3COO —
HB, °*NH B, NH
PyCH, PyCH,
I
B
i
CH2=(|]CH("3COO'
B,
PyCH,
11
pargylglycine. The allene formed after proton ab-

straction is in conjugation with the ketimine and should
be capable of ready Michael addition by an enzyme
active site nucleophile to produce covalent labeling of
the active site (III). (B; and B, are active site basic
groups and PyCHO is pyridoxal-P.)

In the proposed mechanism, the acetylenic linkage
is essential. This is consistent with finding that allyl-
glycine (Sigma Chemical Co.) (2-amino-4-pentenoic
acid) does not inactivate y-cystathionase. Also, only
those pyridoxal-dependent enzymes which abstract
substrate (3-hydrogens should catalyze their own de-
struction by propargylglycine. Preliminary experi-
ments!! with threonine deaminase and transaminase
show no inactivation by propargylglycine.

In summary, then, we have shown for the first time
that an acetylenic amino acid will irreversibly inac-
tivate a pyridoxal-P dependent enzyme, rat liver v-
cystathionase, in vitrro and in vivo, presumably via a
reactive allene intermediate. This extends our recent
observations that several flavine coenzyme-dependent
enzymes®12 are irreversibly inactivated by acetylenic
substrates. It confirms the expectation that, in gen-
eral, acetylenic substrate analogs should be potent and

(10) G. W. Frimpter, Science, 149, 1095 (1965); F. C. Brown and
P. H. Gordon, Biochim. Biophys. Acta, 230, 434 (1971).

(11) W.Washtien and R. H. Abeles, unpublished experiments.

(12) C. T. Walsh R. H. Abeles, and H. R, Kaback, J. Biol. Chem.,
247, 7858 (1972).
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specific irreversible inactivators in enzymatic catalyses
where the carbon-bound hydrogen adjacent to the
acetylenic moiety is abstracted as a proton.
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Highly Specific Enzyme Inhibitors. Inhibition of

Plasma Amine Oxidase
Sir:

We have recently suggested! that substrate analogs
containing an acetylenic group adjacent to a carbon-
bound hydrogen should be generally useful as enzyme
inactivators when this hydrogen is abstracted as a pro-
ton during catalysis.

Based upon earlier work? from the laboratory of
Bloch, it was suggested that this inactivation proceeds
through rearrangement of the acetylene to the allene
which then reacts with a nucleophile at the active site.
Results obtained in our studies with beef plasma amine
oxidase? suggest that an early step in the oxidation in-
volves proton abstraction* from the carbon atom which
is oxidized. Therefore, this enzyme might be suscep-
tible to inactivation by appropriate acetylenic sub-
strates.

As reported below, we have found that 1-amino-2-
alkynes are capable of inactivating plasma amine
oxidase. Furthermore, if the proposed mechanism of
inactivation is correct, other substrates which can form
allenes during the catalytic process should also inac-
tivate the enzyme.

2-Chloroallylamine (I), which could undergo allene

Cl

|
CH2=CCH2NH2
I

formation by expulsion of chloride after the C-1 hy-
drogen is abstracted as a proton, is found to inactivate
the enzyme irreversibly.
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