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ABSTRACT 

Vinyl acetate is a toxic ub tance, but ha a high corum r iaJ value. In th is study we show that vinyl acetate 
i subj ct to microbial degradation at rates of up to 6.38 and 1 mmol 1 per g (dry weight) under aerobic and 
anaerobic conditions, respecti vely. It was hydrolyzed by bacterium V2 to etballo l, acetaldehyde and acetate. TIle 
t:ruymes involved in lhe metaboli m of vinylacetate were viny l acetate estera e, aldehyde deh drogenase, and 
alcohol dehydrogeno e, which localized in the cytoplasmic frac tion. The Km values of vinyl acetate csLera. e and 
alcohol dehydrogenase were 6. 13 ruM and 0.24 mM. respectively. Vinyl acetate esterase hydrolyzed the ester to 
acetate and vinyl alcohol. The Latter isomerized spontaneously Lo acetaldehyde and was then converted to acetate. 
The aceta ldehyde was disproportionated into ethanol and acetate. The acetate wa then converted to acety l coenzyme 
A and oxidized through the tricarboxylic acid cycle and the glyoxylate bypas . 

Key words: Vinylacetate. microbia l degradation , vinyJace tate-esterase, a ldehyde dehydrogena e , alcoho l 
dehydrogena e, bac teria l isolat V2 

INTRODUCT10 N 

Vinyl ace tate (acetic acid ethenvl ester, 
CH,C0

2
CH :CH

2
) is a monocarboxylic , 

unsaturated aliphatic ester which w ill reac t 
violently with itself to yield polyvinyl acetate. 
Vinyl acetate is a clear, colorles liquid which 
can form flammable and explosive mixture with 
air. The illdu trial use of vinyl acetate is fo r the 
production of polyvinyi acetate, polyv inyl 
alcohol and other polymers or copolymers. Its 
worldwide annua l production capacity was about 
3 million tons in 1982 and is still increasing 
(Roscher, 1983). 

In a study examining the oxidation of 
several v iny l compounds by sewage under 
aerobic conditions, vinyl acetate wa, converted 
to CO

2
, indicating its su ceptibility to biological 

degradat ion (Beyer, 1984). The anaerob ic 

conver ion of v inyl aceta te to methane by 
municipa l sludge has also been shown (' tuckey 
et al., 1980.21). Fungi can grow in association 
with ethylene-vinyl acetate co-polymers (Griffin 
& Mivetchi, 1976), and polyvinyl ace tate is 
degraded by t rains of A pagillus and 
PenicilfiunI spp. (Trejo. 1988). Activity towards 
vinyl acetate has not been r ported, however. in 
higher organisms, viny l ace tate was 
enzymatically hydrolyzed LO acetaldehyd and 
acetate (S imon ef al ., 1985), and no 
acetoxyox irane (the epoxide of vinyl acetate) 
was fom1cd (Simon el al., 1986). ince we were 
not aware of studies dealing with the microbial 
metabol i m of vinyl acetate in pure cultures we 
have isolated active microorgan isms towards 
vinyl acetate from environmental samples and 
characterized the metabolism ofvin I acetate by 
the bacteriwn V z. 
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MATERIALS AND METHODS 

Media andgrowth conditions of1 olate V2 . The 
mineral medium of Schlegel et al. (Schlegel et 
al. , J96 1) was used through out, with the 
m dificat ion that pho 'phates were reduced to 
one third. The medium wa supplied with I ml 
of trace element so lution TS2 (Meyer and 

chlegel, 1983) per li ter reduced in sod ium 
molybdate (0.03 g/liter). The pH was adju ted 
to 7.2. If not otherwise indicated, media wer 
provided with 20 mM of the organic sub trate. 
Media were solidified with 1.5% (wtlvol) agar 
(oirco). Viny l acetate was supplied by 
e aporation from soaked fil ter p per attached 
to the inner ide of the top dish. Petri dishes were 
kept up ide down in taped pia tic bag . Growth 
was at 30°C. Growth experiments under aerobic 
condition were carried out in shaken I-l iter 
Erlenm ycr tla k containing 500 ml of mineral 
mediu m supplied wi th vinyl a etate, acetate, 
ethanol, or acetald hyde as the , ole sources of 
carbon and energy. Anaerobic growth wa 
checked in 50·ml Erlenmeyer flasks containing 
20 ml of the media indicated above. The flasks 
were kep t haken in desiccators and made 
anaerobic by using lh G' sPak anaerobic system 
(Merck) . Growth was followed by A4 \h 

mea urements in a spectrophotometer (LKB). 

Degradation of vinyl acetate by bacterium V2. 
Cell of bacterium V2 were incubated in serum­
stoppered vials of 60 ml (total volume). Vinyl 
acetate (20 mM fi nal concentration) wa injected 
by u ing a synnge. erobic incu ation was under 
air. Anaerobiosi wa ' e tablished by sparging the 
fla k with N2 prior to the additi n of vinyl 
acetate. Control a ,ay were autoclaved for 20 
min at 12 1°C prior to the add ition of vinyl 
acetate. AJ l flasks were kept shaken at 30°C. 
Sample (245 J..l I) were removed over time by 
means of a syringe and mixed with 5 J..l1 of 
aqueous 2 M HCI to ·top biological activities. 
A ays were ub equently clarified by low- peed 
centrifugat ion nd analyzed with a ga 
chromatograph fo r the pre ence of vinyJ acetate, 
acetate. acetaldehyde, and ethanol. 

Activities of resting bacteria towards vinyl 
acetate and it. metabolic derivatives. Re ting 
cell su pen ions of inyi acetate-grown isolate 

were prepared as follows . Exponential cell V2 
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were wa hed by low-speed centri fugation in 
pho phate buffer and kept at - 200C wlti l use. 
One gram of frozen cell paste wa, suspended in 
0.3 ml of pho ph ate buffer b fore u . . Of this 
suspension, 100 ~L1 volume were injected into 
erum-stoppered vials, incubated, and analyzed 

as describ d above fo r the degradation of vinyl 
ace tat by bacterium V2. Acetaldehyde, ethan I, 
and acetat were also tested. 

Ga... chromatographic analyses ofmetabolites. 
Con umpt ion or production of viny l acetate, 
acetate, et hanol, and acetaldehyde were 
measured in a gas chromatograph (model 430; 
Packard» equipped with a flam ionization 
detector and a recorder (model 641; Packard). 
Sampl s (l ~d) were withdrawn from assay by 
use of a syringe and injec t d in to th gao 
chromatograph operated Ul1der the followi ng 
conditions: gla s column (0.25 in. [ca. 0.64 em] 
by 3 m) fi lled with Porapak Q (80 to 100 mesh); 
carri r gas, N2 at a flow rate of I I m min; ov n 
temperature, 200"e; inj ction port and detector 
temper ture, 240°C. Under these conditions the 
detection limits were better than I J..lmol/ml. 

Preparation of bacterial extract. Llspens ions 
of wa hed bacteria (ca . 40 g [wet weight]) in 
pho phate buffer, (about 40 1111) pH 7.5, were 
upplied with a few crystal of DNa e I nd 

passed four times through a precooled French 
pressure cell (American In trumenl) operated at 
maximum pressure. The resulting crude bacterial 
extTact was centrifuged at J1.400 x g for 40 min 
(rotor JA 20; Beckman) to remove unbroken cells 
and cell debris. Sub equently, the up matant 
was subjected to ultracentrifugation at 203,400 
x g for 3 h (Centricon T-1065, r tor TIT 45.94; 
Kontron) yie lding a supernatant and a pellet, 
designated cytoplasm and cyt plasmic 
membrane, rcsp c tively. Membrane were 
suspended in phosph tc buffer before use. 

Enzyme assays. Enzyme activ it ies were 
dctcnn ine spectrophotometrically (model UV­
120-02; Shimadzu) at 30oC. 

Viny ' acetate esterase (EC 3. J • I .6). Routinely, 
vinyl acetate e terase was a ayed 
spectrophotometrically by measuring the 
formation o f indoxyl from indoxyl acetate. To a 
cuvette containing 0.9 ml of phosphate buffer, 
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Figure. I. Growtb of bacterium V, on vinyl acetate and it metabolic derivatives. Growth was examined in 
500-mlculrures suppLietf with viny l acetate (A). acetate (B), ethanol (C), and aceta ldehyde (D) as 
described ill Materials and Methods. ymbols: (* ). growth at Am; (*). vinyl acetate; C+).acetate, (*) 

acetaldehyde; (*) ethanol. 
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pH 7 2. 0 . 1 011 of an indoxyl acetate stock 
olution (100 O1M in ethanol) was added. 

Reactions were started with extract as ab e. The 
increase of Am was followed. The millimolar 
extinction coefficient of indoxyl was taken as 
2.54/mmol per cm. 

Alcohol dehvdrogenase (al ohol:NADtP) • 
oxidoreducta e, Ee 1.1.1.71] and aldehyde 
dehydrogena e [aldehyde:NAD(P) ' . 
oxidoreductase, EC 1.2.1.51]. As ays fur alcohol 
dehydrogenase and aldehyde dehydrogenase 
contained 3 ruM AD or NADP+ and I mJ'vl 
alcohol or aldebyde in 1 ml of phosphate butTer, 
pH 7.5 . Reactions were started by adding up to 
10 III of extract. The formation of AD(P)H + 
HT wa followed at 365 run. Ac tyl coenzyme A 
(acetyl-CoA) syntheta e (EC 6.2.1 . 1) wa 
mea ured in a coupled assay with cilrate 
synthase and maJate dehydrogena e as desCribed 
previously (Wiegant & de Bont, 1980). lsocitrate 
lyase tEe 4.1.3. I) wa a sayed by measuring the 
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fonnation of glyoxylic acid phenylhydrazone 
from glyoxlate (Dixon & Kornberg, 1959). 

Protein estimation. The method of Bradford 
(Bradford. 1976) was employed for protein 
determination. 
Chemicals. Vinyl acetate and indoxyl acetate 
were from Fluka. and acetaldehyde was from 
Merck. All other chemicaJs were purcha ed from 
commerciaJ sources. 

RESULTS 

Enrichme1lt and isolation. 
Bacterium V2 was isolated from 

enri hment cultures inoculated with oil 
amples. as described in Material and Methods. 

Bacterium V2 could grow on vinyl acetate as 
the sole ouree of carbon and energy. Be ides 
vinyl acetate, growth was als supported by 
acetate, ethanol, acetaldehyde (Fig. 1). 
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Growth on vinyl acetate. intermediate into the culture broth . For tbis 
IsoLate V2 cou ld grow aerobica ll y in a 

medium containing vi ny l acetate as the ole 
ource of carbon and energy (Fig. l A). Under 

the e conditions, doubling times of 3 h and final 
optical den iti es of about 4 were obta ined . 
£ntennectiate of vinyl acetate hydroly is, lIch 
a acetate, ethanol, or aceta ldehyde appear d in 
the cu lture broth only negligible amount. 

Growth on acetate, ethanol, and acetaldehyde. 
Growth of isolate V

2 
wi th acetat (doubling 

time [tdJ = 0.9 h) or ethanol (td =0.8 h) was much 
faster than wi th inyJ acetate (Fig. IB) . During 
growth with these substrates, no intermediate 
could be det cted in the medium. Growth of 
isolate V! on cetaldehyde was bipha ic (Fig 
1D). The corresponding doubling times were 1.8 
and 1.3 h, respectively. During the first growth 
pha e, about 60 % of the acetaldehyde was 
ulLlized for growth and the remaining 40 % was 
converted to ethanol and e cretcd in to the 
medium . T he second growth p hase was 
characterized by the utilization ofethanol , which 
obviously is a m uch be t te r substrate than 
acetaldehyde (it is certainly less toxic). On ly 
negligib le am unts ofacetate were formed under 
the cond itions examin d. Apparent millim olar 
growth yie ld (A

43
/mmol) of isolate V

2 
were 

determined wit h v iny l acetate (0 . 143), 
acetaldehyde (0.08), ethanol (0.142), and acetate 
(0.06 1). 

Intermediates of vinyl acetate metabolism. 
The meta bo l ism of vinyl acetate wa 

examined under condi tions which did n tallow 
complete oxidation but led to the excretion of 

purpose, re ti ng cell suspensions of isolate V~ 
were incubated wi th vinyl acetat e or 
acetaldehyde under N At low concentrations r 
(arou nd 15 m M), viny l acetate was 
stoic hiometrica ll y con erted to ethanol and 
acetate (Table I).At high concentrations ( r und 
30 mM). in addition to ethano l and acetate, 
acetaldebyde also appeared. Similar r suits were 
obtained with restil1g cell suspensions in the 
presence of air (Table 1). 

Activities and other properties of enzymes 
involved in tire metabolism of vinyl acetate. 

We were able to demonstrate in cytoplasmic 
fractions of isolate V2 enzyme act iv ities towards 
vinyl acetate and th derivatives of its 
metabolism suggested by the above experiments 
with growing and resting bacteria (Table 2). In 
addition to these. enzyme activities characteri tic 
of the formation ofacetyl-CoA [rom acetate and 
the gl oxylate bypa could also be demonstrated 
(Tab le 3). 

V inylacetate-esterase was consti tut i e 
e nzyme that localized in the cytop lasmic 
fraction. K.m and Vmax of the enzyme were 6. J3 
mM vinylacetate and 0,2 f..l mol vinyla cetate/ 
(min.mg), respectively. The Km values for vinyl 
acetate hydro Ly i by microsome, plasma (rat 
or human), purified acetylcholine esterase, 
butyryLcho1 ine esterase, or carboxyl e terase 
ranged-from 0 .65 to 77 mM (S imon, ef af., 
1985). The affinity ofv inyl acetate esterase from 
bacterium V

l 
favourably compared with these 

figures . 
Alcoho l dehydro genase cata lysed the 

di 'pr porti nation of aceta ldehyd to ethanol. 

Table 1. Stoichiomdry of products fomled from vinyl acetate by re ting cell of bacteriumV1 

Concentration of product (mM)concn. of substrate 
r-'(Vinyl acetate) (rnM) Acetate Ethanol Acetaldehyde 

-
18.0 (under N2) 33.3 5.6 0---. 
14.5 (under air) 23.0 4.3 0 

30.8 (under N2) 45.5 8. 5 8.2 

33.1 (under air) 37.5 9.4 10.8 -
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The Km value of alcohol dehydrogenase of 01.. 1981) and Sch.vanniomyc(!s castellii (3.5 
Isolate V2 was very high (Table 2) compared mM) (Mouillet-Loevenbruck et a'-I 1989). As 
with alcohol dehydrogena es from Alcaligenes hown in Table 2, acetaldehyde dehydrogenase 
(!lIIrophus (5 mM) (Steinbuchel & Schlegel which catalyzed the dispropoTtionation of 
1984), Acerohacter pozvoxogenes (1.2 mM) acetaldehyde to acetate, was also very aclive 
(Tayama, el al.. 1989). Leuconos/oc with acetaldehyde as a sub trate, yielding the 
TI1e~el1/eroides (7 J mM) (Bergmeyer. 1983). corrcsponding acid . 
Z,'momonas mobilis (1.7 and 100 mM) (Will et 

Table 2. Activities. pccificities, and some kinetic propertIes 01 enzyme ' in cytoplasmic fractions ofbactenum V . 

Enzyme or Substrate Sp act. Km Vmax 
(.,.mollmln per mg of (mM) (IJmollmin per mg 

t-
Vinyl acetate esterase 

.... protein) 

0.10 
--+-­

6.13 

of protein) 

0.19 

Alcohol ~hydrog.enase 2.83 

Aldehyde dehydroQ..enase 336 

0.05 

Isodtrate l ase 0.47 

0.24 3.95 

NL Nl 

NO NO 

NO NO 

DISCUSSION 

Vinyl a(.'etate is IItilized by Isolate Jl2. 
Isolate V2 is capabl to utilize vinyl acetate 

as a sole source of carbon and energy for their 
growth and hydrolyse it without lag (Fig. 1). The 
reaction occurred under aerobic as well as under 
anaerobic conditions, although hydroly is was 
conside rably faster in the presence of air. 
Regardless of the conditions, (he producl<; were 
acetaldehyde, ethanol, and acetate. 

Stoichiometry of vinyl acetate utilizfIJion. 
TIle pattem of product formed from vinyl 

acetate by resting cell suspensions of bacterium 
V2 was determined by the concentTation of vinyl 
acetate. At 10 concentrations, acetaldehyde was 
not fomled, and the data of Table I support the 
following equation: 2 vinylacetate ~ 3.4 acetate 
+ 0.6 ethanol. At elevated concentrations vinyl 
acetate was hydroly ed as follows (Table 1): 2 
vinyl acetate ~ 2.6 acetate + 0.6 ethanol + 0.6 
acetaldehyde. In growing bacteria, ethano l and 
acetaldehyde did not accumulate (Fig. 1) but 
were completely oxidized to acetate: vinyl 
acetate ~ 2 acetate. 

J 


Pathway for the metabolism of vinyl acetate. 
Nieder e/ al. (1990) propose a pathway for 

the conversion of vinyl acetate to acetate in 
bacterium V

2 
(Fig. 2) . Jmportant consequence 

of thi pathway are the complete conversion of 
1 vinyl acetate to 2 acetates with the concomitant 
generation of one AD(P)H +H~. The initial 
reaction of this pathway is the hydrolysis of ooe 
molecule of vinyl acetate to acetate and 
acetaldehyde. The aldehyde is disproportionated 
into acetate and ethano l. The latter is 

ubsequenLly oxidized via aceta lde hyde to 
acetate. It is interesting to note that methyl 
acetate is cleaved by aerobic methylotrophic 
bacteria into acetate and methanol (Rakov ef al., 
1990) . As with bacterium V

2
, the acetate is 

a similated through the tricarboxylic acid cycle 
and g lyoxylate bypass. Depending on the 
organism, either methanol dehydrogenase and 
the ribLllose monophosphate cycle or alcohol 
oxida e and the serine pathway are employed 
for the assimilation of methanol (Rakov et a/. , 
] 990). Esterase activities towards naphthyl and 
nitrophenyl esters of fatty acids have been 
descr ibed in the anaerobic bacterium 
Butyrivibriofibrisolvens (Lanz, L97 ). Esterase 
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2 Vloylacetate 

2 Acetat. 

[2 Vlnylalcohol. J 
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I 1 


AcetaldehydeAcetaldehyde 

NAOJol" H' 00 
NAO' 1

Acetic ac IdEthanol 

NAO'01C:::: NAOH~ H' 

Acetaldehyde 

NAOH+H'~c:::: 
NAO' 

ATP, CoASH 

r--4-A-c-et-at-e---' ~ 4 Acety l-CoA 

~ I 
Glyoxylate- and TCA-Cycle 

Figure 2. Pathway of vinyl acetate metabolism in bacterium V 
1

• Enzymes invol ed are vinyl acetalt: e terase 
( I). aldehyde dehydrogenase (2). :llcohol dehydrogenase (3 , 4). and acetyl - oA syntbase (5). TC • 

Tricarboxylic acid ( ieder et al.. 1990) . 
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