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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-
containing enzymes is the mode of action!-4, although
other mechanisms may be operative’. Peroxides®, acet-
aldehyde?l, freeradicals4and 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, a 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
each phasc may be examined independently. Also, by
using a charcoal filter on a cigarette, some components in
VI? are selectively removed, thus providing a further
means of stndying 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 buffer, 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 initial inhibition (zero time) in the Figure
can be considered a reflection of competitive and non-
competitive equilibrium effects. 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
shownj}, which gave an 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 earlier findings?3. As expected, filtered
WS gives less inhibition than unfiltered WS.

Removal of the charcoal from the filter results in a
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

VP11 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-
WEAVER-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 nomn-

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 {1.0 ml) were removed and added to the
reaction mixture {200 pmoles ethanol, 300 umoles NAD, 50 pmoles
pyrophosphate buffer, pH 8.8; total vol. 2.0 ml), and the rate of
NADH formation was read at 340 nm. V,, 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-acctate type filter; WS + C, whole smoke, non-
filtercd, with cysteine {0.1 mole) added at zero time.
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alkylating agents, and free radicals®. Yeast alcohol de-
hydrogenase is inhibited competitively by pyridine??,
substituted ‘pyridinium ring’ compounds®, and the alky-
latingagent, chloroquine?®. Phenol and substituted phenols
may act non-competitively, but also have been shown to
compete, with NAD in certain dehydrogenase systems?s,
Alcohol dehydrogenase is inactivated by X-radiation??
presumably by radical formation, and cysteine has a
limited protective effect!®. In model experiments, Dixon
plots indicated that nicotine, and to some extent, phenol,
gave competitive inhibition in the above enzyme system,
whereas pyridine at the usual smoke concentration had a
negligible effect. Inactivation by nicotine (PM com-
ponent), pyridine (PM and VP component), hydrogen
cyanide or carbon monoxide (VP components) does not
seem to account for the observed inhibition by the smoke
phases.

The occurrence of small amounts (1-2 pg/cigarette) of
peroxides in smoke has been claimed?!?, but their presence
could not be confirmed by enzymatic analysis in the
present work., Hydrogen peroxide (30 pg) inhibited both
initially and subsequently, but did not account for the

overall inhibition. Ultracentrifugal analysis and acryl-.

amide gel electrophoresis of the smoke-reacted enzyme
revealed no evidence for the presence of dimers which are
known to form by reactions between weak oxidants and
sulfhydryl groups of proteins?’. However, disulfides may
also be formed intramolecularly rather than by dimeri-
zation, Strong oxidants may also react with sulfhydryls,
yielding sulfinic, sulfonic and related acids which are not
reduced by addition of cysteine. The presence in cigarette
smoke of both types of oxidants is probable from the
analysis of the various effects of cysteine.
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Zusammenfassung. Die Hemmung der Alkcholdehydro-
genase aus Hefe durch Zigarettenrauch beruht auf ver-
schiedenen Inaktivierungsmechanismen. Die Gasphase
zeigt eine kompetitive Hemmung, die Partikelphase und
der ganze Rauch eine gemischte Hemmung. Da die Hem-
mung durch den ganzen Rauch nicht der Summe der
Hemmungen beider Phasen entspricht, ist anzunchmen,
dass Wechselwirkungen zwischen den Inhibitoren und
Antagonisten vorliegen.

R. C. BEneEDICT and R. L. STEDMAN

Eastern Utilization Research and Development Division,
Agricultural Research Service, United States
Depariment of Agriculture, Philadelphia

(Pennsylvania 197718, USA), 9 July 71968.

13 M, R. Arkinson, G, EckerMany and R. M. LiLLEY, Biochem. J.
704, 872 (1967).

14 1, R. Herrz and B. M. ANpERsoN, Molec. Pharmac. 4, 44 (1968).

15 R. Fiopick and H. Heatu, Nature 273, 628 (1967).

16 R, T. Wepping, C. Hanscu and T. R. Fukuro, Archs Biochem.
Biophys. 727, 9 (1967).

17 R, LawGE, A, PiuL and L. ELpjarN, Int. J. Radiat. Biol. 7, 73
(1959).

18 G, Gorin, M. QuinTiLiant and S. K. A1reE, Radiat. Res. 32, 671
(1967).

1% J, D. TELLER, Abstr. 150th Natn, Meeting Am. Chem. Soc., New
York, N.Y. (1965).

20 ¢ Lirrie and P. J. O'BrieN, Archs Biochem. Biophys. 722, 406
(1967).

Les sites subcellulaires d’incorporation du 1-C-L-fucose dans les glycoprotéines des cellules

normales et cancéreuses en culture in vitro

Les cellules en culture in vitro offrent un matériel de
choix pour la recherche des sites de la biosynthése des
glycoprotéines. Dans des travaux antérieurs 2, nous avons
étndié I'incorporation de la 1-¥C-p-glucosamine dans les
cellules fibroblastiques de l'embryon de poulet et dans
les cellules néoplasiques d’origine humaine, souche KB.
Le fucose est également un constituant de nombreuses
glycoprotéines animales, plasmatiques ou tissulaires®4;
c’est pourquoi le 1-1C-L-fucose a déja été utilisé comme
précurseur dans les études sur leur biosynthése$. Sa posi-
tion terminale dans les chaines polysaccharidiques des
glycoprotéines confére un intérét particulier 4 I’étude des
sites cellulaires de son incorporation dans les macro-
molécules.

Les cellules KB7 ou les cellules fibroblastiques de
Pembryon de poulet? sont mises en culture dans un milieu
a ’hydrolysat de lactalbumine3, en flacons rectangulaires
de 21 X 12 x 5cm (boites de Roux), & raison de 25 ml
par flacon contenant 4 X 106 cellules KB ou 25 x 108
cellules fibroblastiques. Aprés 24 h & 37°C, le milieu de
culture est éliminé et 9ml de milieu frais, contenant
0,1 uCi de 1-'%C-L-fucose et 0,1 uCi de 6-*H-p-glucosa-
mine, sont introduits dans chaque flacon; aprés 1 h de
contact & 37°C, on ajoute 20 ml du milieu sans mar-
queur. La culture est poursuivie pendant 20 ou 72h,
a 37°C.

La récolte cellulaire est effectuée & 0°C, en remplagant
le milieu de culture par 20 ml de tampon T#is 0,01M,
pH 7,3, NaCl 0,153M, diisopropylflnorophosphate
0,0001 M, saccharose 0,8834. Le fractionnement cellu-
laire est réalisé dans les conditions précédemment dé-
crites®; on isole, & partir du surnageant «post-mitochon-
drial», 3 fractions cytoplasmiques: la phase cytoplas-
mique non particulaire (S}, les membranes endoplas-
miques (M) et les ribosomes (R). Dans ces 3 fractions, on
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