Complexity of Enzymatic Inhibition by Cigarette Smoke

One suggested mechanism for the tumorigenic effect of
cigarette smoke in animals is enzymatic inhibition®. Most
published studies indicate that inhibition of sulfhydryl-
coataining enzymes is the mode of action-4, although
other mechanisms may be operative®. Peroxides?, acet-
aldehyde?, free radicalstand hydrogen cyanide® have been
implicated as the inhibitors in smoke. All these studies
appear to suffer from the premise that a single compound
or class of compounds in smoke is responsible for the
inhibition. However, the occurrence of many .non-
competitive enzyme inhibitors in smoke is well known,
e.g. hydrogen sulfide, carbon monoxide and phenol®. A
priori, @ complex pattern of inhibition would be expected,
and the present report provides data on this point.

Smoke components may occur in the vapor phase (VP),
the particulate matter phase (PM), or both phases®. By
passing smoke from a cigarette through” a special spun
glass filter (Cambridge pad), the particulate matter may
be removed preferentially, and the inhibiting activity of
cach phase may be examined independently. Also, by
using & charcoal filter on & cigarette, some components in
VP are selectively removed, thus providing 2 further
means of studying relationships between smoke composi-
tion and inhibition.

In the present work, 85 mm commercial, filter (com-
bined charcoal and cellulose acetate) cigarettes Were
smoked with or without the filter under standard con-
ditions? and whole smoke (WS) or VP of smoke was
collected by bubbling through buffer (1 cigarette/5 ml of
0.067 M phosphate buifer, pH 7.6). PM was obtained by
extracting the material on Cambridge pads (used when
VP was collected) with buffer to give the equivalent of
1 cigarette/5 ml. The inhibitory properties of filtered and
unfiltered WS and separated phases thereof for yeast
alcohol dehydrogenase are shown in the Figure. According
to recent interpretations of the kinetics of enzymatic
inhibition?®, the “nitial inhibition (zero time) in the Figure
can be considered a reflection of competitive and non-
competitive equilibrium offects. Subsequent inhibition
may be due to several types of enzyme-inhibitor or
enzyme-inhibitor-substrate reactions which may be col-
lectively termed ‘inactivation’$. Unfiltered WS shows
strong inactivation and PM contributes more to this
pattern than VP. Inactivation by PM is greater than WS,
indicating that VP and PM do not act additively. This
pattern was confirmed by the inhibition of ‘reconstituted
smoke’, prepared by mixing separated VP and PM (not
shown), which gavean inactivation curve crudely approxi-
mating WS and less inhibitory than PM alone. The addi-
tion of cysteine after 75 min distinctly reverses the in-
activation by both phases of smoke, but the effect is not
so readily apparent with WS. However, concurrent ex-
posure of cysteine and WS to the enzyme shows that the
amino acid protects the enzyme effectively and reduces
greatly the rate of enzymatic inactivation. These data
confirm in part carlier findings®®. As expected, filtered
WS gives less inhibition than unfiltered WS.

Removal of the charcoal from the filter results in 2
distinct increase in the initial inhibitory effect compared
with smoke passed through the intact filter. In repre-
sentative data using a substrate concentration of about
3.5 K,.% initial inhibitory velocities (% of control) by

" WS were 87 (no filter), 95 (filter intact) and 91 (filter
with charcoal removed). Concurrent gas chromatographic
analysis indicated that the charcoal filter reduces many
of the volatile smoke components, including a 709 de-
crease in acetaldehyde?; this compound is found only in
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VP and would be expected to act as a competitive
inhibitor. :

Although determinations of inhibition type on complex
mixtures by classical reciprocal plots of substrate con-
centration versus velocity may be tenuous®?, LINE-
WwEAVER-BURK!? and Dixon?? plots were examined to
obtain further information. Since concentrations of un-
identified smoke inhibitors were obviously unavailable,
complete kinetic analyses could not be made. However,
the results reflect the complexity of inhibition by the
smoke solutions. In general, VP appeared to be almost
completely competitive; PM and WS showed neither
classical competitive nor non-competitive inhibition but
gave an apparent mixed inhibition. ‘

PM contains many compounds which can act non-
competitively, including phenols, nicotine, pyridine,
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Yeast alcohol dehydrogenase inhibition by cigarette smoke and
phases thereof. Smoke solution was mixed with an equal vol. of
enzyme solution (10 pg/ml buffer) and incubated at 25°C for the
times shown. Aliquots\(l.O ml) were removed and added to the
reaction mixture (200 pmoles ethanol, 300 p.moles NAD, 50 pmoles
pyrophosphate puffer, pH 8.8; total vol. 2.0 ml), and the rate of
NADH formation was read at 340 nm. Vo, initial velocity (control);
VP, vapor phase, non-filtered; PM, particulate matter phase, non-
filtered; WS, whole smoke, non-filtered; WSg, whole smoke; passed
through charcoal-acetate type filter; wS + C, wholevsmoke, non-
filtered, with cysteine (0.1 mole) added at zero time.

1 J. BRAVEN, G. J. BONKER, M. L. FENNER and B. L. ToNGE, Br. J.
Cancer 27, 623 (1967).

2 R. LANGE, Science 134, 52 (1961). )

3 T. Saro, T. SUZUKI and T. FUKUYAMA, Br. J. Cancer 76, 7 (1962).

4 B. L. ToNGE, Nature 794, 284 (1962). :

5 1, SCHIEVELBEIN and H. GRUMBACH, 7.. Krebsforsch. 70, 48 (1967).

6 R. L. StEDMAN, Chem. Rev. 68, 153 (1968). :

7 1. ScHMELTZ, C. J. DOOLEY, R. L. STEDMAN and W. J. CHAMBER-
LAIN, Phytochem. 6, 33 (1967). -

8 J. L. WEBB, in Enzyme and Metabolic Inhibitors (Academic Press,
New York 1963), vol. 1, p. 535.

9 W. W. CLELAND, Adv. Enzymol. 29, 1 (1967).-

10 We acknowledge the assistance of Mr. J. H. TERRELL, Houdry
I aboratories, Air Products and Chemicals, Inc., in providing the
chromatographic data. :

1 j,T. WILLIAMSON and D. R. ALLMAN, Beitr. Tabakforsch. 3, 590
(1966). .

12 M. Drixon and E. C. WEBB, in Enzymes (AcademiC\Press, New
York 1964), p. 315..



alkylating agents, and free radicalsé, Yeast alcohol de-
hydrogenase is inhibited Competitively by Pyridine 13,
substituted ‘pyridinium ring’ compounds 14, and the alky-
lating agent, chloroquines. Pheno] and substituted phenols
may act non-competitively, but also have been shown to
compete with NAD in certain dehydrogenase systems 16,

The occurrence of small amounts (1-2 pg/cigarette) of
peroxides in smoke hag been claimed 19, but their presence
could not be confirmed by enzymatic analysis in the
Present work, Hydrogen Peroxide (30 ug) inhibited both

initially and subsequently, but did not account for the

Die Gasphase
zeigt eine kompetitive Hemmung, die Partikelphase und

R. C. Beneprcr and R. L. Stepman

Eastern Utilization Research and Development Division,
Agricultuval Research Service, United States
Department of Agviculture, Philadelphia

(Pennsylvania 797178, Us4), :

13 M. R. ATKINSON, G. ECKERMANN and R, M. LiLiry, Biochem. J.
104, 872 (1967).

4 J. R. HErrz and B. M. ANDERSON, Molec, Pharmac. 4, 44 (1968).

15 R. FippIck and H. Hearn, Nature 213, 628 (1967).

Biophys. 121, 9 (1967).

7 R. LANGE, A. Prur, and L. ELpjarN, Int, J. Radiat. Biol. 7, 73
(1959).

8 G. Gorin, M. QUINTILIANT and S, K. AIreE, Radiat, Res. 32, 671
(1967).

19 7. D, TELLER, Abstr. 150th Natn, Meeting Am. Chem. Soc., New
York, N.Y. (1965).

20 C. L1rTLE and P. J. O’BRIEN, Archs Biochem. Biophys. 122, 406
(1967).



