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Although a number of enzymes of glyco-

lysis have been identified in Trichomonas

vaginalis (von Brand, 1973), a putative an

aerobe causing human trichomoniasis, no

enzymes involved in alcohol metabolism have

been detected. This has been compatible

with previous observation that trichomonads

produced organic acids such as pyruvate,

lactate, acetate and succinate but not ethanol

as glycolytic endproducts in addition to CO2

(Midler, 1976 ; Gutteridge and Coombs, 1977),

although a tiny difference of pattern of end-

product formation has been observed between

T. vaginalis and T. foetus (Gutteridge and

Coombs, 1977).

Recent works on alcohol metabolism in

Entamoeba histolytica (Reeves et al., 1971 ;

Lo and Reeves, 1978), another putative an

aerobe causing human amoebiasis, however,

led us to study alcohol metabolism of T.

vaginalis. Similar characteristics of meta

bolic pathways between E. histolytica and

trichomonads such as functioning of ferre-

doxin in various enzymatic reactions (Wein-

bach et al., 1976 ; Reeves et al., 1977 ; Take-

uchi, unpublished observation) as -well as

absence of aerobic respiratory enzyme systems

(Lwoff, 1951; Weinbach et al., 1977; Read,

1957; Wellerson et al., 1959; Jirovec and

Petru, 1968) also prompted us to investigate

if T. vaginalis had a metabolic pathway of

alcohol production similar to that of E.

histolytica.

In the present communication, we report

results of identification and partial charac

terization of alcohol dehydrogenases of T.

vaginalis.

Materials and Methods

Parasite: T. vaginalis (73 strain) was

grown in the Asami medium (Asami, 1952)

as described by Tanabe (1979). After 24

hour-cultivation at 37 C, the parasites were

harvested and washed twice in tris-buffered

sucrose (0.2 M tris-HCl, pH 7.4 containing

0.25 M sucrose) by centrifugation at 500 g

for 5 min. Finally the parasites were sus

pended in the tris-buffered sucrose so that

the protein concentration was approximately

4 mg/ml. All of these procedures were done

at 4C.

Reagents: NAD+, NADP+, NADH,

NADPH and palmitoyl CoA were supplied

by the Sigma (St. Louis, Mo.). Pentach-

lorophenol (PCP) was obtained from the

Tokyo Kasei Co. (Tokyo, Japan). Other

chemicals were of the highest purity com

mercially available.

Assay procedures: An enzyme activity of

alcohol dehydrogenase(s) was assayed by de

termining the initial velocity of either NAD

(P)+ reduction or NAD(P)H oxidation spec-

trophotometrically.
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The assay mixture for NAD(P)+ reduction

contained 25 mM substrate (mainly isopropa-

nol), lmM NAD(P)+, the enzyme prepara

tion (0.3-0.5 mg protein) and 70 mM HEPES

pH 7.4 in a final volume of 1 ml. After the

endogenous reduction of the nucleotide,

which was practically zero, was recorded at

20 C, the enzymatic reaction was initiated

by adding substrate. Absorbance change at

340 nm was continuously monitored with the

Hitachi 556 recording spectrophotometer

(Hitachi Co., Tokyo, Japan).

The assay mixture for NAD(P)H oxidation

contained 0.25 mM NAD(P)H, 20 mM of

either acetaldehdye or acetone, the enzyme

preparation (0.3-0.5 mg protein) and 70 mM

HEPES pH 7.4 in a final volume of 1 ml.

The enzymatic NAD(P)H oxidation was also

started by adding susbtrate, after the en

dogenous oxidation was recorded in the same

manner as above. The enzymatic activity

was calculated based on the extinction coef

ficient of NAD(P)H minus NAD(P)+ at 340

nm, i.e., e = 6.22mM~1, cm"1.

Protein concentration was determined ei

ther by the spectrophotometric method of

Layne (1957) or by Lowry's folin-phenol pro

cedure (Lowry et al., 1951).

Enzyme preparation: Immediately after

harvested, trichomonads were disrupted by

homogenization using a glass homogenizer

loosely fitted with a teflon pestle for ap

proximately 4 min, and the homogenate was

centrifuged at 15,000 g for 20 min. Am

monium sulfate was added to the isolated

supernatant fluid to make 40% saturation

with stirring. After stirred for 60 min, the

sample was centrifuged at 15,000 g for 15

min, and the supernatant fluid was brought

to 90% saturation of ammonium sulfate in

the same manner as above. The resulting

pellet was isolated by centrifugation as above,

dissolved in 3 ml of 50 mM tris-HCl, pH 7.4

and dialyzed against 1 liter of the same

buffer overnight. The dialyzed fraction was

used as the enzyme preparation. All of these

procedures were done at 4 C.

Results

Functioning of alcohol dehydrogenase(s) in

T. vaginalis is evident as demonstrated in

Table 1. Among the alcohols tested, iso-

propanol elicited NADP+ reduction but not

NAD+ reduction, whereas methanol, ethanol

and n-propanl did not stimulate either NAD+

or NADP+ reduction. On the other hand,

both acetaldehyde and acetone enhanced

NADH as well as NADPH oxidation. Par

ticularly, NADH oxidation elicited by ace-

Table 1 Activity of alcohol dehydrogenases in Trichomonas vaginalis

Assay mixtures NAD(P)+ reduced or NAD(P)H oxidized

NAD+ 1 mM, ethanol 25 mM

NAD+ 1 mM, isopropanol 25 mM

NAD+ 1 mM, methanol 25 mM

NAD+ 1 mM, n-propanol 25 mM

NADP+ 1 mM, ethanol 25 mM

NADP+ 1 mM, isopropanol 25 mM

NADP+ 1 mM, methanol 25 mM

NADP+ 1 mM, n-propanol 25 mM

NADH 0.25 mM, acetaldehyde 20 mM

NADH 0.25 mM, acetone 20 mM

NADPH 0.25 mM, acetaldehyde 20 mM

NADPH 0.25 mM, acetone 20 mM

j«mole/mg protein/min

0

0

0

0

0

0.066

0

0

0.050

0.210

0.021

0.029

Values are averages of at least two independent determinations.
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tone was much faster than other activities.

These findings indicate that both NAD+-

and NADP+-dependent alcohol dehydroge-

nase are functional in T. vaginalis. More

over, it is likely that NAD+- and NADP+-

dependent isopropanol dehydrogenase activi

ties are catalyzed by at least two inde

pendent enzymes, since only NADP+ was

reduced by isopropanol, while both NADH

and NADPH were oxidized by adding ace

tone. Thus, it is probable that the equilib

rium of NAD+-dependent isopropanol dehy

drogenase much favors NADH oxidation, and

the NADP+-dependent enzymatic reaction

possibly favors NADP+ reduction. The data

on methanol activation of NADPH oxidation

by either acetaldehyde or acetone (Table 3),

which will be discussed later in this com

munication, suggest that these two reactions

are catalyzed by different enzymes. Thus,

it is likely that T. vaginalis has at least

three independent alcohol dehydrogenases,

i. e., NADP+-isopropanol dehydrogenase,

NADP+-ethanol dehydrogenase and NAD+-

isopropanol dehydrogenase. It is not known,

however, if NADH oxidation by aceta

ldehyde is also catalyzed by a different

enzyme. Based on these findings, the pre

sent communication primarily concerns with

NADP+-dependent alcohol dehydrogenases.

Inhibition studies of these activities indi

cated that both NADP+-ethanol and NADP+-

isopropanol dehydrogenase were extremely

sensitive to palmitoyl CoA. Addition of 0.2

mM palmitoyl CoA almost abolished these

enzyme activities (Table 2). Various tran

sient metal-chelators were also inhibitory to

NADP+-dependent alcohol dehydrogenases.

Among the chelators tested, bathophenan-

throline inhibited the activity of these en

zymes by 60-70 % at 1 mM. Salicylaldoxime

and o-phenanthroline were less inhibitory

than bathophenanthroline. Pentachlorophe-

nol, a potent uncoupler of mitochondiral

oxidative phosphorylation, also inhibited

these enzyme activities. PCP at 0.5 mM

almost abolished the enzyme activities. In

hibitions by these compounds were observed

at other concentrations of isopropanol, i. e.,

12.5 mM and 8.5 mM.

Table 2 Inhibition of NADP+-dependent alcohol dehydrogenases of Trichomonas

vaginalis by palmitoyl CoA, transient metal-chelators and PCP

Assay mixtures NADP+ reduced or NADPH oxidized

NADP+ 1 mM, isopropanol 25 mM

+ Palmitoyl CoA 0.2 mM

+ Bathophenanthroline 1 mM

+ o-Phenanthroline 5 mM

+ Salicylaldoxime 5 mM

+ PCP 0.5 mM

NADPH 0.25 mM, acetaldehyde 20 mM

+ Palmitoyl CoA 0.2 mM

+ Bathophenanthroline 1 mM

+ o-Phenanthroline 5 mM

+ Salicylaldoxime 5 mM

+ PCP 0.5 mM

^mole/mg protein/min

0.066

0

0.029

0.044

0.029

0

0.029

0

0.009

0.009

0.020

0.009

o-Phenanthroline and salicylaldoxime were dissolved in ethanol, and PCP in

methanol. Effect of ethanol added together with salicylaldoxime was negligible,

since only 10 ul of this compound (0.5 M solution) was added. Under this condi

tion, the enzyme activity was not affected. In other experiments, effect of alcohols

was subtracted from the data.
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Effect of various alcohols including isopro-

panol is also of interest in order to elucidate

the catalytic properties of these enzymes.

As was demonstrated in Table 3, addition

of methanol at high concentrations activated

NADP+ reduction elicited by isopropanol as

well as NADPH oxidation by acetone, but

not NADPH oxidation by acetaldehyde. As

was mentioned earlier in this communication,

this finding suggests that NADPH oxidation

elicited either by acetone or acetaldehyde is

catalyzed by different enzymes. Other alco

hols, i. e., ethanol and n-propanol, also en

hanced the forward and the reverse reaction

of NADP+-isopropanol dehydrogenase, but

were slightly less effective than methanol.

On the other hand, isopropanol was potently

inhibitory to both NADPH oxidation by

acetaldehyde and that by acetone. This

might be a kind of product inhibition. It

is still interesting, however, that isopropanol

also inhibits NADPH oxidation elicited by

acetaldehyde, although the finding mentioned

above suggest that NADPH oxidation by

acetaldehyde or acetone is catalyzed by

different enzymes. Regarding the possibility

that methanol is oxidized in the presence of

isopropanol, it is unlikely that isopropanol

activates methanol oxidation, since methanol

did not stimulate NADP+ reduction at any

concentrations tested. The following kinetic

analysis on the effect of methanol on NADP+-

isopropanol dehydrogenase seems to confirm

this.

Kinetic analysis of NADP+-isopropanol

dehydrogenase revealed that Km values for

NADP+ and isopropanol were 0.45 mM and

8.5 mM respectively. Vmax was approxi

mately 0.09 ^mole NADP+ reduced/mg pro-

tein/min at the present assay conditions.

Substrate inhibition by high concentrations

of isopropanol was, however, observed. This

Table 3 Effect of non-metabolized alcohols on NADP+-dependent alcohol

dehydrogenases of Trichomonas vaginalis

Assay mixtures NADP+ reduced or NADPH oxidized

NADP+ 1 mM, isopropanol 25 mM

+ methanal 10%

+ methanol 20%

+ ethanol 5%

+ ethanol 10%

+ n-propanol 10%

NADPH 0.25 mM. acetone 20 mM

+ methanol 10%

+ methanol 20%

+ isopropanol 0.5%

+ isopropanol 10%

+ ethanol 10%

NADPH 0.25 mM, acetaldehyde 20 mM

+ methanol 5%

+ methanol 10 %

+ ethanol 5%

+ ethanol 10%

+ isopropanol 5%

+ isopropanol 10

/miole/mg protein/min

0.066

0.100

0.132

0.105

0.113

0.083

0.029

0.083

0.066

0.016

0

0.050

0.025

0.028

0.028

0.030

0.030

0.003

0

Percentages of alcohols stand for final concentrations. These alcohols were

present in the assay mixture before the reaction was started by adding substrates.
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Fig. 1 Kinetic Analysis of NADP+-isopropa

nol dehydrogenase of Trichomonas vaginalis.

Solid line represents data from the assay con

ducted in the absence of methanol, and dotted

line with open circle stands for data in the

presence of 10 % methanol. Methanol was add

ed to the assay mixture before the reaction

was started by adding isopropanol. Other de

tails as in the text.

"was apparent at more than 20 mM isopro

panol. Kinetic assay in the presence of

methanol at 10% suggested that this sub

strate inhibition of NADP+-isopropanol de

hydrogenase was recovered by methanol.

Fig. 1 demonstrates that in presence of

methanol the substrate inhibition of the

enzyme activity disappeared, although Km

for isopropanol was not affected. Km for

NADP+ was also not affected by methanol.

Discussion

Previous investigations performed in order

to identify endproducts of glycolysis of tri-

chomonads indicated that organic acids like

acetate and succinate, and carbon dioxide

were mainly produced. No enzymes involved

in alcohol metabolism have been identified,

although E. histolytica, which has been found

to have several basic metabolic pathways in

common with trichomonads, exhibited high

alcohol dehydrogenase activities. The pre

sent findings on alcohol dehydrogenase in

T. vaginalis, however, presented cogent

evidences on functioning of several alcohol

dehydrogenases in this parasite, and thus

confirmed further similarity between tricho

monads and E. histolytica particularly in that

a high NADP+-dependent isopropanol dehy

drogenase was functional (Reeves et al., 1971).

These observations also raised a possibility

that ethanol and possibly isopropanol might

be endproducts of glycolysis of this parasite,

although previous studies have not identified

these compounds.

The observation that NAD+- and NADP+-

dependent isopropanol dehydrogenase reac

tion are catalyzed by different enzymes

seems to be compatible with that in E. his

tolytica (Takeuchi, unpublished observation).

Lo and Reeves (1978) also postulated NAD+-

and NADP+-dependent alcohol dehydroge

nase in amoeba catalyzed independent reac

tions. Moreover, functioning of distinct

NADP+-ethanol and NADP+-isopropanol de

hydrogenase, which was postulated in this

study, seems to be compatible with alcohol

dehydrogenases previously investigated in

various materials. For instance, the horse

liver alcohol dehydrogenase catalyzes only

oxidation of primary alcohols (Sund and

Theorell, 1963), and secondary chain alcohol

dehydrogenase is sometimes involved in a

different entity (Okunuki, 1966).

Inhibition of the trichomonad NADP+-al-

cohol dehydrogenases by various transient

metal-chelators suggests that these enzymes

are metallo-enzymes. This is also compatible

with the previous observations that alcohol

dehydrogenases contain zinc as its prosthetic

group (Branden et al., 1975). It is not known,

however, what kind of metal is involved in

the catalysis of the trichomonad enzymes.

The potent inhibitory effect of bathophen-

anthroline may indicate that iron rather

than zinc is involved in the catalysis of these

enzymes. Inhibition by palmitoyl CoA has

also been observed with other enzymes

such as glucose-6-phosphate dehydrogenase

(Kawaguchi and Bloch, 1974). The me

chanism of PCP inhibition is not known

at present, and to our knowledge the

trichomonad alcohol dehydrogenase seems to

be the first one which was found to be

sensitive to this uncoupling agent except

for mitochondrial oxidative phosphorylation.
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This mechanism is now under investigation

in our laboratory.

Recovery of NADP+-isopropanol dehydro-

genase from substrate inhibition, which was

observed in the presence of high concentra

tion of methanol, seems to be interesting in

order to elucidate the catalytic mechanism

of this enzyme. To our knowledge, no al

cohol dehydrogenases have been found to be

enhanced by non-metabolized alcohols other

than the amoebal alcohol dehydrogenase

(Takeuchi, submitted for publication). Fur

ther characterization of the effect of these

non-metabolized alcohols on the trichomonads

alcohol dehydrogenases is also being con

ducted and will be presented elesewhere.

Abstract

Alcohol dehydrogenase activity of Tricho-

jnonas vaginalis was isolated and concentrat

ed by centrifugation and ammonium sulfate

precipitation. Among several alcohols tested,

only isopropanol elicited NADP+ reduction,

while no alcohols stimulated NAD+ reduc

tion. NADH and NADPH oxidation were

enhanced by acetaldehyde as well as by

acetone. NADH oxidation by acetone was

much faster than other enzyme activities.

Thus, NAD+-isopropanol dehydrogenase re

action much favors acetone reduction sug

gesting that NAD+-isopropanol and NADP+-

isopropanol dehydrogenase are different en

zymes. NADP+-isopropanol dehydrogenase

was sensitive to palmitoyl CoA, transient

metal-chelators and pentachlorophenol (PCP).

Palmitoyl CoA and PCP almost abolished

the enzyme activity at 0.2 mM and 0.5 mM

respectively. NADP+-ethanol dehydrogenase

as determined by NADPH oxidation was

also inhibited by these compounds. Kinetic

analysis of NADP+-isopropanol dehydroge

nase indicated that Km values for isopropanol

and NADP+ were 8.5 mM and 0.45 mM re

spectively. Vmax was approximately 0.09

^mole NADP+ reduced/mg protein/min. Sub

strate inhibition of NADP+-isopropanol de

hydrogenase was evident at more than 20

isopropanol. Investigations on the effect of

non-metabolized alcohols on NADP+-ethanol

and NADP+-isopropanol dehydrogenase indi

cated that only NADP+-isopropanol dehydro

genase was activated by methanol, ethanol

and n-propanol at higt concentrations. This

finding suggests that NADP+-ethanol and

NADP+-isopropanol dehydrogenase are also

different enzymes. Further kinetic analysis

on the effect of methanol on NADP+-isopro-

panol dehydrogenase showed that the sub

strate inhibition by isopropanol was recovered

by methanol.
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