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INTRODUCTION 

Femumtative utilization of glycerol, a more 
reduced substrate tbao ghtcose, rqlt’es the dis- 
posal of the two exha hydrogen atoms. Glycerol 
catabolism has been examined extensively in 
bacteria, particularly in Escherichia coli and 
Kkbsk:k pneummize (Forage and Foster, 1979, 
1982; Forage and Lin, 1982; Ruth er al., 1974; 
Toraya d al., 1976). K. pnermwniae differs from 
E. c&i, Salmonella typhimurium and Shigella 

flcmeri in having the abiity to grow fermenta- 
timely on glycerol without an exogenous hydro- 
gen acceptor (Lin. 1976). In K. pneumoniae, 
glycerol is fermented by B dkmutation process 
involving two parelIe pathways encoded by the 
dho regulon. Through the oxidative pathway, 
glycerol is dehydrogonated by an NAD+-linked 
enzyme, a glycerol dehydrogenase type I 
(glyDH-I) (iiduced by glycerol and dihydroxya- 
cetone) to dihydroxyacetone (DHA) which is 
then phosphorylated by an ATP-dependent kiaase 
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to dihydroxyacetone phosphate (DHAP). 
Through tie parallel red!Jctive pathway, glycerol 
is dehydrated by a B ,l-dependent enzyme to 
form 3-hydroxypropionaldehyde which is then 
reduced to 1,3-propanediol (1,3-PD) by an 
NADH-linked otidoreductase (1,3-PDdehydrog- 
enase, i.e. 1,3-PD-DH) thereby regenerating 
NAD+ (fig. 1). 

The occurrence of trimethylene glycol (1,3- 
PD), as a product of tbe fermentation of glycerol. 
was first observed in 1881 by Freund (1881). 
Then We&man and Gillen (1932) proposed the 
generic name Cirrobacier for trimethylene-gly- 
col-producing enteric bacteria (Mickelson and 
Werkman, 1940; Toraya er al., 1980; Werkman 
and Gillen, 1932). 1,3-PD is a signiticant end 
product of glycerol fermentation in other genera, 
e.g. Bacillus (Voisenet, 1914, 1918). Clmn-idium 
(Humphreys, 1924). KlebsieZla (Abeles et nl., 
1960; Lee and Abeles, 1963; Pawetiewicz and 
Zagal& 1965), ~yoba&rpolympus (Stieb and 
Schink. 1984), Lacrobncillus (Smiley and Sobo- 
lov, 1962). Pelobacter carbinolicus (Schink, 
1984) and P. venerianus @chink and Stieb, 
1983). 

Recemly, the anaerobic glycerol pathway was 
studied in a few Enterobacteriaceae strains, 
selected as representative of different behaviors 
in terms of glycerol dissimilat+m (Bouvet et al, 
1994). It was found that K. orytoca lacked the 
glycerol dehydratase and possewed a low level of 
19-PD-DH activity. K. plnnticolo and K. yneu- 
moniae subsp. ozwz~e differed from K. pneu- 
moniae subsp. pneumoniae and K. oxytoca in 
iacking the ability to grow on glycerol. K. planti- 
cola lacked both enzymes of the reductive path- 
way of glycerol fermentation and K. ozaenae 
pcr.isessed only gly-DH-I. 

E. coli, which lacks the enzymes of the dho 
regulon. is umble to grow fermentatively on 
glycerol. An NAD+-linked glycerol dehydroge- 
nase type II (glyDH-II) (fig. 2) with a broad sub- 

strate specificity for dials has been described in 
E. coli Uin er al.. 1983: St. Martin et al.. 1977: 
Tang erhL, 1979; 1982): The levels of th& -ztiv: 
ity are markedly induced by oxidized substrates 
(i.e. aminoacetone, hydroxyacetone and dihy- 
dcoxyacetone) and also by compounds involved 
in the pathway postdated for threonine catabo- 
lism/D-l-amino-2-omoanol formation fKellev 
and De!&er. 1985).Th~ identity of gly-Dfi of i 
coli with D-I-amino-2-propanol oxidoreductase 
has been reported and its participation in vitamin 
B ,* biosynthesis suggested (Kelley and Dekker. 
1985). GlyDHs from a few bacterial species, 
including Hnfnia alvei and “Salmonella enter- 
ica”, were found to be distinct from E. coli 
glyDH. ClyDHs other than type I are unable to 
promote glycerol fermentation (Bouvet et al., 
1994). ClyDH type IIl of H. olwi is induced by 
glycerol and not by hydroxyacetone whereas 
glyDH type IV of “SaImonella enterica” is 
induced by hydmxyacetone and not by glycerol. 

The pm-poses of this study were to propose 
tests for screening for bacterial 8lyDHs and 1,3- 
PD-DH and to study the distibution of glyDHs 
and 1,3-PD-DH among entembactexial species. 

MATERIALa AND MEmoDs 

Bscterinl strains 

A total of 1.123 strains representing 128 taxa 
(named species or subspecies and genomospecies) in 
the EnterobrrcIeriaceee were studied. Type strains 
and strains used as reference in DNA-relatedness 
studies wwe included. 

Reagents 

1,3-PD and hydmxyacetone were from Aldrich 
(StmsbOurg, France). All ather biwhemicals were 
obtained from Sigma Chemicals Co. (St. Louis. 
MO) and were rea8ent grade. 
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Bacteria were grown overnight at 30°C in shaken 
Lwia broth (LB). Collection swains or strains c&i- 
vated on carbohydrates such as Slucose or lactose 
were subcultured twice in LB medium before per- 
forming tests. 

For the detection of glyDH. bacteria were gmwn 
overnight at 30°C on tryptocaseio soy agac plates 
(TCS. Sanofi Diagnostics Pasteur. Marnes-la- 
Coquette. France) supplemented with 1% glycerol 
or 70 mM hydmxyacetone body sterilized by Ntm- 
lion. Cultures grown on TCS-glycerol were info- 
bated in an anaerobic jar with catalyst. H +CO, 
generators (GasPak. BBL Becton Dickinsott&o- 

biology systems, Cockeysville. MD) and methylme 
blue indicator strio. Cultures muvat on TCS-hvcbox- 
yamtone were h&bated ae&caUy. _ 

For dw detection of 13-PDDH, bacteria were 
grown overnight at 30°C on TCS agar plates supple- 
mented with 10 mM DHA. 10 pg per liter cobalt 
chloride. 100 @JI M&O, and 1 pM coenzyme B,z 
(COB ,J. Cultures Stcwn oo this medium were incu- 
bated anaerobically as described above. Filter-steril- 
ined solutions of DHA. COB 
can Ix stored hnzen *t -20 d 

2, &Cl, and M&O, 

GlyDH test 

Bacterial growth from TCS-glycerol or TCS- 
hydmxyacetone SW plates was collected and SW- 
pended in reaction buffer to an absorbance (at 
600 nm) of about 0.6. The reaction buffer contained 
0.1 M K2C0 and 30 mM (NH ) S04, and was 
adjusted to pd9.0 with HCI or K@l. It was stored 
in a well-stoppered bottle at 4°C for up to one 
month. Bacterial suspensions from TCS-glycerol or 
TCS-hydmxyacetonc agar plates were immediately 
dispensed (150 pl) into 9&vell micmtitre plates 
(Dynatech AC. Denkerdorf, Germany). Then. 30-d 
portions of a reagent (NAD+, 210 mg: glycerol. 
600 ~1; niuc-blue tetrazolium, 42 mg; pbenazine 
metb~sulphatc. 2 mg; disd”ed wax t<ldml) ,?qr 
frozen at -20°C in tie dark) were added to the wells 
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and the plates were gently shaken and incubated in 
the dark at room temperature. The plates were 
examined for the development of a purple color 
witbin 15 to 30 min. The colour in the uninoculated 
contd medium remained unchanged (yellow). Ser- 
mtio odorifera (Grimont) IO-73 and E. co[i CNS 
75-88 (French Salmonella Reference Center) were 
used as negative and positive control strains, respec- 
tiVdY. 

The 1,3-PBDH fest was the same as the teat for 
glyDH except that the bacterial growth from TCS- 
DHA was collected and suspended in reaction buffer 
(as described above); 1.3~PD was used in place of 
glycerol in the reagent. A cootrol medium contained 
the same ingredients except 1.3-PD. The control 
strains were E. coli CNS 75-88 (negative) and K. 
pnew~nioe subsp. pneumonioe UP 8291T (positive). 

Determination of glycerol content in culture 
media (PAS test) 

Fifteen-ml sterile, disposable tubes (Palcon, Bee- 
ton Dickinson and Company, NJ) were ftied to the 
top with nu. ient broth (Difco, Lktmit, MI) contain- 
ing I5 mtv’ glycerol and were then inoculated with 
30 pl of s!lbcuIture in LB medium and incubated 
overnight at 30°C. Residual glycerol in culture 
media was determined using the test kit “Periodic 
acid-S&W’ (PAS, Sigma). One ml of culture was 
oentrifuged at 2,000 g. To 190 ~1 distilled water 
were added 10 N of the culture supemataat and suc- 
cessively 50-&l portions of pericdic acid and lOD+tl 
oortions of SchitYreaaeat. Tubes were aentlv shaken 
between each additio;. The tubes were-exa&ined for 
the development of a purpie LOIOUI within 5 to 
10 mitt at room temperature ihe control strains 
were E. coli CNS 75-88 (positive; purple colour 
developed) and K. pneumoniae subsp. pneumonbe 
CIP 8291T (nepative; no colour developed). 

Electmphoresis under nondenaturiog conditions 
on polyacrylamide gels with a discontinuous buffer 
system was performed as described previously. 
Dehydrogenase activities were visualized by specific 
detection (Bouvet et al, 1994). 

Fermentative utlllmtion of glycerol 

Fifteen ml sterile, disposable tubes (Fzicqn) were 
filled to the top with membrane-filtered mineral 

medium adjusted to pH 7.0 containing 0.034 M 
NaH PO,,, 0.064 M K,HPO , 0.02 M (NH,) SO,. 
3x& M MgSO,. 1O-6 M kSO,, 1O-6 M ;znCl,. 
1O-5 M CaCl 
sate to B fin ai 

,30 mM glyceml and casein hydmly- 
concentration of 0.03%. The medium 

was then inoculated with 30 pl of culture in LB 
medium and incubated ovemiglu at 30°C. Tbe con- 
kol strains which we used were E. coZi CNS 75-88 
(no growth) and K. pnewnoniae subsp. pmumoniae 
cm 8291T @wtb). 

RESULTS AND DISCUSSION 

Ddlnition of dehydrogenane types 

A glyDH-I was defined by (i) a positive 
glyDH test with bacterial suspension from TCS- 
glycerol, (ii) a negative PAS test (no colour 
developed with PAS reagent in spent culture 
media) and (iii) electrophoretic mobility (Rfj 
between 0.40 to 0.60 in a non-denahxiog gel. 
S!mins that produced glyDH-I ooly were not able 
to grow anaerobically in mineral mediom with 
glycerol as carboo source (Eonvet et or., 1994). 

A 13-PD-DH was detined by a Positive 1,3- 
PD-DH test and electrophoretic mobiity between 
0.14 to 0.16 in a noodenatwing gel. A 1%PD 
DH activity was always found associated with 
glyDH I activity. Bacteria Producing both glyDH 
I and 1,3-PD DH were able to grow fermenta- 
tively in m&ml medium with glycerol as carbon 
source. 

Other glyDH types (II. III and IV) were 
d&ted by (i) a @t&e glyDH test with bacterial 
suspension from TCS-glycerol andlor TCS- 
hydroxyacetone, (ii) a positive PAS @st (purple 
colw developed with PAS reagent C spent cul- 
ture media) and (iii) an electrophore~c mobility 
between 0.19 to 0.25 in a non-den@oring gel 
(Bow% et al., 1994). A glyDH-II gave a positive 
glyDH test wtb bacterial suspanaion from X!S- 
glycerol and TCS-hydroxyacetone. A glyDH-III 
gave a positive glyDH test only with bacterial 
suspension from TCS-glycerol. A gIyDH-IV 
gave a positive glyDH test only with bacterial 
suspension from TCS-hydroxyacetow. GlyDHs 
other than type I were unable to prootpte anaero- 
bit glycerol dissimilation (Bouvet et aL. 1994). It 
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is not possible to detect simultaneously a glyDH- 
II or -III and a glyDH-I. CiyDH-Jl and -III should 
be identified wdj III non-denaturing gel by spe- 
citic detection. 

P vulgaris and E pennen’ which gave a positive 
test for I,3-PD.DH eve” in control medium 
(without substrate). These did “ot produce 
glyDH-I, were unable to grow fermentatively in 
mineral medium with glycerol as soie carbon 
source, and did not produce 1,3-PD (results not 
show”). 

A total of 38 stis (table I) belonging to Cir- 
robucter kosen’ (C. diversus). Entembacter aero- 
genes E. inremtpdiiwn. K oaytoc~ K. pIamic& 
and 1. rerrigeno possessed a glyDH-I (major 
glyDH). Of the 38 strains studied. 12 were 
checked for electrophoretic mobilities of glyDHs 
in “ondenahublg gel. A” atypical b&&our was 
oL%senwl for K. pneumoniae subsp. ozaenae. Tbis 
species possessed gIyDH-I (as described previ- 
ously (Bouvet ef ~1.. 1994)) and was found 
unable to consume glycerol from culture 
medium, so Ihe test for deter”li”ati0” of glyceml 
content i” c”lhxe media was negative. 

both &DH-I and 1,3-PD. 

A total of 163 strabu (table 1) belonging to 
C. fnwrdi, C. yaungae, C. bra&i. C. werha- 
tii, Cinobacter genomaspecies 10 and 11 (Bra- 
IW et al., 1993). E. gegoviae, K pneumoniae 
subsp. pncwnonfae and glycaol positive strains 
of “Salm0nel~ enten’ca” subsp. etuerica ax-war 
salfleabag ami Derby, one strain of c. fimvri 
o”e strain of E. cloacae group 4, o”e strain of 
Leclercio adecarboxylara and one strain of E. 
a&nwans group XII produced bath glyDH-I 
and I,3-PD-DH. All 163 strains were able to 
grow anaerobically in mineral medium with 
glycerol as carbon source. The presence of both 
glyDH-I and lZ-PD-DH in 35 of these strains 
WBS checked in “ondenahwiog gel by specific 
detection of dehydmgenase activity. 

llie I,%PDDH test did tlot pamit detection 
of tie. low I,3-PD-DH activity of K. oxyfcca (as 
described Previously) (ESouvet e* al., 1994) even 
when COB,, was added to due gmwtb medium. 
Atypical behaviour was observed for 2 stis of 
E. agslomerons group II, one arain of SMeneIlp 
regwrrbur@ and alI strains of Pmtew mirabilir, 

Bacteria possessing SryDH-II, -III or -IV 

A total of 422 strains (table I) possessed 
@yDHs type II. III or IV. Of these studied, 152 
were checked for electrophoretic mobilities of 
glyDH in a non-deoanuing gel. Of the 422 shtb,s 
snrdied. 146 possessed a &yDX type II induced 
by glycerol and by hydroxyacetone. 179 pos- 
sessed a glyDH type III induced only by glyceml, 
97 possessed a glyDH type IV induced by HA 
and not by glycerol. 

An atypical behaviour was observed for 
H. a&i which possessed a glyDH type 111 “s 
described previously (Bouvet et al., 1994). 
H. n&i showed a higher glyDH activity than 
E. coli. For this reaw”, although this enzyme was 
not induced by hydmxyacetone. it was occasion- 
ally possible to detect a low residual glyDH 
activity with bacterial suspension from TCS-HA 

Validity “f&BH aud I,WD-DH tests 

These tests were designed in light of recently 
acquired k”owledge (Bouvet et aL. 1994). coen- 
zyme B,,. CoCl, and MnCl: should be present in 
the culture medium, since glycerol dehydratase 
and IZ-PD-DH of some bacteria (e.g. KlebsieItln) 
require this cofactor and ions. For the I,3-PDDH 
test. prior induction by growth o” a DHA 
medium and not on a &cerol medium should be 
done. Ahbough DHA and glycerol induce the 
d/m regulon, DHA cannot be oxidized by glyDH- 
I (Forage and Lii, 1982). 

The presence of the oxidative and reductive 
pathways of the dha reguulon allow the cells to 
grow fermentatively on glycerol. The iiust hvo 
enzymes of the dha regulon (g?yDH-I and DHA 
ki”ase) repwed the oxidative pathways and the 
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latter two (glycerol dehydretase and 1.3-PD DH) 
represent the reductive pathway of glycerol fer- 
mentation. After growth of K. pneunwniae subsp. 
pneumoniae on glycerol, the dominant byprod- 
ucts are 1.3-PD, ethanol, formate and, to a lesser 
extent. acetate (Bouvet et aL, 1994). 

I” this study, all eight species which possess 
both glyDH-I and 1,3-PD-DH were able to grow 
fermentatively in mineral medium with glycerol 
as carbon source. Therefore, these species pos- 
sess the other two enzymes of the dhn regulon 
(DHA kinase and glycerol dehydratase). The 
pathway of glycerol fermentation has been exten- 
sively investigated in ‘Aerobocter nerogenes” 
ATCC 8724 (svmmvm of K. on/toca, meviouslv . . 
classified as “~emb@ct@r aemgenes”. K. pneu- 
moniae and E. aemgenes) (Brermer et al.. 1977; 
Jain et nr., 1974). The slower utilizatio” of glyce- 

rol in K. oxywca was due to a low production of 
1,3-PD. K o~yroca lacks the glycerol dehydratase 
and possesses a low 1,3-PD-DH activity (Bouvet 
et al., 1994) which can not be detected in our test. 

Five species which possess gIyDH-I but not 
I,3-PD-DH were not able to grow fermentatively 
on glycerol. They had the some behaviour as K. 
plzmticola (as described previously (Bow& et oL, 
1994)) which was found-to posse& both enzymes 
of the oxidative oathwav (nlvDH-I and DHA 
kime) and lacks both en&& of the reductive 
pathway. I” these five species, the presence of the 
oxidative pathway allowed them to rapidly utilize 
glycerol in culhlre media as shown by the PAS 
test. Peptones in the medium, by their own path- 
way, regenerate the NAD needed by the oxidative 
pathway without 1,3-PD prod”ction. 

K. pneumoniae subsp. owenae lacked both the 
enzyme of the reductive pathway and the diby- 
dmxyacetone kinase, and possessed glyDH-I (as 
described previously) (Bouvet et ol.. 1994). 
Despite the presence of the glyDH-I, K. o.wena@, 
as shown by the PAS test, cannot utilize glycerol 
in culture media. 

GlyDHs types II, III and IV do not support 
growth on glycerol, and high concentration of 
glycerol is detected by the PAS reagent in spent 
cultwe media. 

This glyDH test might not give the s”me 

results and seems more restrictive than the con- 
ventiona! biochemical reaction “sing acid pro- 
duction from glycerol. Peptone present in fer- 
mentation media permitted anaerobic growth on 
glycerol without 1,3-PD production. 

Taxonomic ink& of tests explori”g anaerobic 
glycerol di&miIatio” 

The results of the glyDH test and the 1,3-PD- 
DH test given by 128 taxa (named species or sub 
species and unnamed genomic species) in the 
Enterobacteriaceae are show” in table I. 

The foIIowi”g organisnls were negative in all 
tests of the anaerobic glycerol pathway: members 
of genera Budvicin, Cedecea (two species), 
Edwardsiello (three swcies). and Xenorhabdus 
(two species), &vb&t@r g&mospwies 9, Pan- 
toea agglomemns sens” stricto, Enterobacter 
agglomerors genomospecies I, II, III, IV, V, VIII, 
IX and X, Enterobacter sakazakii, Entembacter 
cancen~genrrs (=Entembacter taybme), Envinia 
amylovom, En&da comtovor(~, Erwinin chry- 

santhemi, Envinia herbicola. Envinia malloti- 
vom, Envinia nigrifluens, Erwinin quercina, 
Envinia rubrifaciens. Shigelia sonnei. Escheri- 
chia hennmmii, Eschericbia wdneris, Ewingella 
americana. Obesumbacterium pmteus. P&a 

fontium Proteus myxofacieenr, Sermtia entomo- 
phila, Serratia &aria, Serratia odonfeem, Serm- 

tia plymuthica, Serratia rubidaeo. Trabulsiella 
guawwuis, Xenorhabdus luminesc@ns, Xemwbab- 
dus nematophilus. Yersinia bercovieri, Yersinia 
intermedia. Yersinia pseudotuberculosis and 
YokeneIla regensburgei Either these organisms 
lack these pathways or the corresponding dehy- 
drogenases have requirements for unknown 
cofactors or conditions not met by OUT tests, 

Only eight species. Citmbacterfreundii, Citm- 
batter young@@, Citmbacter bmakii (13 positive 
stinsll6 Strains tested), Citmbocter werknnnii, 
Citmbacter genomospecies IO and 11, Entero- 

batter gergoviae, Klebsiella pneumoniae subsp. 
pneumonia@ (112 positive strains/l52 strains 
tested) and the rare glycerol-positive strains of 
“SaImonella enterico subsp. enrerica” serovar 

Senftenberg and Derby, one strain of Cirmbacrer 
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farmeri, Entembacter cloame group 4 (Grimont 
and Grimont. 1992). Enterobacter ac&merans 
gmup XII and of Leclercin adecarbo&a could 

grow femxntatively on glycerol and possessed 
both glyDH type I and I,3-PD-DH which are typ 
ical enzymes of the onaerobic glycerol dissimila- 
tion pathway. 

Si other species, Citmbacter koserii Entero- 
bctcter aerogenes, Enterobocter intermedium, 
KlebsieNa oxytoca, Klebsi&z planiicolo and 
Kiebsieila terrigena could not gmw fmnenta- 
tivcly on glycerol and possessed a glycerol dehy- 
dmgenasc type I but no 1,3-PD-DH. Klebsiella 
pneumonirre subsp. ~.?aenae was unique in hav- 
ing glyDH-I witbout DHA kioase. 

Other glycerol dehydrogenase types were 
found: type II (induced by glycerol and hydrox- 

. . _I . <. 

widely distributed among the Enterobacrerh- 
ewe. They are not responsible for anaerobic 
glycerol pathway and tbekphysiological roles are 
not clear. 

‘hbls 1 provides new chatters for diffetentiat- 
* . 

mg specta u1 tbz genera Citmbacte~ Entembactes 
Escherichio. KIebsieIla and Serratio. IO some 
cases, the study of anaerobic glycem1 dissimila- 
tion may have epidemiological intemst. Different 
reactions were observed for KIebsiella pneumon- 
iae sobsp. pnetmumioe and Shigella: mote shains 
need to be studied before any epidemiological 
application of this test can be pmposed. 

m tests cunently used for the ideutitication 
of bacteria were often empirically designed and 
do not take advantage of the large diversity of 
metabolic pathways. This work is part of a con- 
tinuing effort (Boovet and Gtimont, 1987, 1989) 
to design new identification tests with a strong 
biochemical basis. 

Diver&6 du m&abol&me um&obie 
du glye(m1 cbez lea Entcmboclcrirrceae: 

applications taxowmiq”es 

La prtsence de glycerol-deshy&ogCnases et de 
i.3-propanediol-ddsbydrogenase a et6 reche.rch& 
chez 1.123 souches aPPartcnant aux 128 genonws- 

pies de la famille des Enrerobocterinceae. Seuls 
buit espkes, Citrobacter freundii sen~u stricto. 
C. youngoe. C. braokii. C. werkmanii, Citrobacter 
genomospecies 10 and 11, Enter&xrer gergovia@ 
et Kiebsiella pnewmonioe subsp. pneumaniae peu- 
vent fermenter le glyc6ml et possedent une glycC 
mLd6shydmg6nase de type I (induite par le gly&ol 
et la dihydroxyac6tone) et une 1,3-pmpanediol- 
d&hydrogtnase, deux eozymes essenfielles au 
m&abalisme anakobie du glyc6ml. Une activit6 
glycCrol.deshydrog~nape de type I a 6ti d&e&e 
chez six autre.s espkes: C. koseri, E. aerogenes, 
E. intennediwn. K. oaytoco, K. plantic& et K. rer- 
rigena. Ces dcmi&s sonf depOurvues d’activit8 
1.3.prop~nediol-d~shy~g~n~e et ne fennentent 
pas le glyc&ol. D’autres types de glyckol-d&- 
hydmgbases onf 616 idendtib: de W II (induite 
Par le. glycirol ct l’hyd.vxyac&one), de type III 
(induite uniquemat par le glyc&ol) et de type N 
(induite uniquement par L’hydtoxyac&one). Ces 
demibres sent t&s t.+mdues a” rein de la famille 
des Enterobucteriaceae. Les tests pra,ms$s, permet- 
tent d’explorer le mdtabolisme anadrobie du 
glydml. pounwt Ctre une aide a” di~ostic et k la 
ciassification des bact&ies. 

Mars-clh: Tsxonomie. Enterobacterisceae, 
Glyc6rol; hna6mbiose. DihydroxyacBtane. 1.3. 
prop.¶tl.%iiOl. 
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