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ABSTRACT: T h e  b i o c h e m i c a l  c h a r a c t e r s  of t h e  

b a c t e r i a  o f  t h e  t r i b e  , P r o t e e a e  a r e  t a b u l a t e d  

i n  o r d e r  t h a t  c o n c l u s i o n s  m a y  b e  d r a w n  a s  t o  

t h e i r  t a x o n o m i c  r e l a t i o n s h i p s .  T h e  e v i d e n c e  

i n d i c a t e s  t h a t  P r o t e u s  v u l g a r i s ,  ,P. m i r a b i l i s ,  

- P. r e t t g e r i  a n d  P r o v i d e n c i a  a l l  b e l o n g  i n  a 

m a j o r  s u b d i v i s i o n  of t h e  f a m i l y  E n t e r o b a c -  

t e r i a c e a e  of  t r i b a l  r a n k  w h i c h  j u s t i f i e s  t h e  

r e c o g n i t i o n  of t h e  t r i b e  P r o t e e a e .  T h e  b i o -  

c h e m i c a l  c h a r a c t e r i s t i c s  i n c l u d e  P r o v i d e n c i a  

i n  t h e  t r i b e .  T h e  b i o c h e m i c a l  d i f f e r e n c e s  

b e t w e e n  t h e  a b o v e - m e n t i o n e d  m e m b e r s  a r e  a t  

g e n e r i c  l e v e l  a n d  t h e  d i v i s i o n  of t h e  t r i b e  i n t o  

f o u r  g e n e r a - P r o t e u s ,  M o r g a n e l l a ,  R e t t g e r -  

- e l l a ,  P r o v i d e n c i a - s e e m s  t o  b e  j u s t i f i e d .  2.  
v u l g a r i s  a n d  ,P. m i r a b i l i s  m a y  b e  c o n s i d e r e d  

a s  t w o  b i o g r o u p s  o f  t h e  g e n u s  P r o t e u s .  T h e  

s e r o t y p e s  o f  t h e  g e n e r a  a r e  c o m p o s e d  of m a n y  

i n f r a s u b s p e c i f i c  e n t i t i e s  s u c h  a s  b i o g r o u p s ,  

b i o t y p e s  a n d  p h a g e  t y p e s ;  t h e y  a r e  i n  r e a l i t y  

m o r e  i n c l u s i v e  t a x a  a n d  s h o u l d  b e  r e g a r d e d  

a s  s p e c i e s .  P r o p o s a l s  f o r  t h e  c l a s s i f i c a t i o n  

a n d  n o m e n c l a t u r e  of  t h e  t r i b e  P r o t e e a e  a r e  

o u t l i n e d .  

I. Introduction 

The las t  report  of the Enterobacteriaceae Subcommittee, 

preaented at  the VII International Congreas of Microbiology 

a t  Stockholm(l), did not discuss  the problems of the nomen- 

clature and taxonomy of the Proteus group and recommended 

the use of the classification devised by Rustigian and Stuart  
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B A C T E R I O L O G I C A L  N O M E N C L A T U R E  

A N D  T A X O N O M Y  

in  1945 (2), and recognition of decisions relative to _P. I&- 
garis and ,P. mirabi l is  made a t  the Congress in Rio de Jan-  

e i ro  in 1950 (3) .  The Subcommittee in  1958 dealt with the 

definition of the Providencia group and recommended the 

continued maintenance of this group as a separate  entity (1). 

Recently many biochemical methods have been developed 

which make possible the bet ter  delineation of the groups of 
the family Enterobacteriaceae and a l so  a c learer  insight into 

the tangled taxonomic problems of the Proteus-Providencia 

groups. The progress  of serological grouping has contribut- 

ed also to the solution of these problems. These facts  serve 

as bas is  for  development of new .proposals of classification 

and nomenclature. A cr i t ical  summary of these was recently 

made by Ewing (4). Table 1 shows the main proposals in 

tabular form taken f r o m  Ewing and other-sources .  

On studying the different proposals i t  is evident that the 

problems of the taxonomy and nomenclature of Proteus and 

Providencia have been clustered around the following ques- 

tions: 

1 .  Is i t  evident that the groups of Enterobacteriaceae 

with which we a r e  dealing (Proteus vulgaris, 2. mirabilis ,  

- P. morganii, ,P. rettgeri ,  and Providencia) all belong to a 

definite major subdivision of the Enterobacteriaceae ? Is 

this division at  the generic (2 ,  5) o r  t r ibal  (9) level, o r  i s  a 

compromise needed ( lo)? 

2.  Are there differences which warrant the rank of 

genus for  themembers ,  o r  a r e  the differences at  the species 

level, or  should the group designation be maintained (1-lo)? 
3.  Is it justifiable to create  a genus Morganella within 

the tr ibe Proteeae with the . three members  a s  species (4)? 

4.  Are Proteus vulgaris and ,P. mirabi l is  separate 

species o r  biogroups only (4,6, 7, 8)? 

5. As to the position of Providencia: 

a. Is i t s  inclusion in the t r ibe Proteeae justified 
(4, 10, 2 6 ,  27)? 

b. Should i t  be regarded as a taxon of a rank lower 

than genus, o r  is i t  to be given generic recog- 

nition (4, 15, 28)? 

6 .  What application to the question of species has  

Kauffmann's new principles of classifiFation and nomen- 

clature (9, 11)? 

7 .  The question of nomenclature. 
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I N T E R N A T I O N A L  B U L L E  TIN 

Table 2 .  Reactions of the majority of cultures of the genera Qf 

the tribe Proteeae in tests recommended for gsoup- 
differentiation within the family Enterobacteriaceae. 

G e n e r a ,  

Sub s t rat  e or  te s t Pro teu a M o  rgane lla Re t t ger e lla Pr ovidencia 

Gas from glucose 
Lactose 

Sucrose 

Mannitol 

Dulcitol 

Sa li cin 

Adonitol 

Inositol 

Indo 1 

Methyl red 

Voge s-Proskauer 

Simmon's citrate 

Ammonium glucose 

HZS 

reaction 

Urease 

Ge Latin 

KCN 
Phe ny la1 anin 

deaminase 

Malonate 
Glutarnic acid 

Ornithine 

Moti li ty 

decarboxylase 

decarboxylase 

Additional tests 

Spreading capacity 

a t  30'C 
Phosphata se  
Manno s e 

G lyc e r ol 

t 

d 

- 
- 
- 
d 
- 
- 
d 

+ 

- 
d 

d 

t 

t 
t 
+ 

t 

- 

+ 

d 
t 

t 
t 

+ 
- 

d 

d 

t 

I) 

- 
d 
t 

t 
t 

t 

I 

t 
t 
- 

t 

t 

t 

0 

0 

t 

- 
d 

d 

d 
t 
t 

d 

+ 
- 
- 
- 
- 
d 

d 

+ 
t 

c 

t 

t - 
c 

- 
t 

t 

- 

+ 

- 
t 

d 

d 
t 

t 

t = positive 90% or more 
- = negative 90% or more 

(t) = delayed positive 
d = different t/t/-/ 

reactions 
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B A C T E R I O L O G I C A L  N O M E N C L A T U R E  

A N D  T A X O N O M Y  

The basis  of classification is  a combination of biochemi- 

ca l  and serological groupings (2,9). According to Kauff- 

mann (9),  "Tribes and genera a r e  biochemically defined 

subdivisions of the family Enterobacteriaceae.  " 

To approach the problems we have f i r s t  to study the bio- 

chemical properties of the groups of bacteria noted above. 

Tables 2-5 show the data upon which a r e  based the proposals 

of the author of this ar t ic le .  The data have been collected 

.from the works of Ewing e_t ~ 1 .  (12,13), Kauffman (8,14), 

Namioka c t  21. (15), Rauss c t  &l.. (16), Toma8offova (17), 

and Ldnyi (24). 

Table 2 shows the reactions of the majority of cultures 

within the t r ibe Proteeae in  tes t s  recommended for  group 

(generic) differentiation (1) whereas Table 3 contains select-  

ed reactions which a r e  common to the groups of bacteria 

with which we a r e  dealing. 

Table 3. Reactions which delineate the t r ibe Proteeae.  

1. Present  in  100% of the genera 

Lac toe e not fermented 

Glycerol fermented 

Methyl red  positive 

Phenylalanin deamina s e  positive 

Glut amic acid de ca rboxy la s e positive 

2. Not present  in a l l  genera,  but-characterist ic for  the t r ibe 

Urease (except Providencia) 

Pho spha ta s e (Morganella only 5%) 

Spreading capacity a t  30°C (Rettgerella 6070. 
Provide nc ia 5 1 70) 

The reactions presented i n  Table 3 a r e  divided into two 

par t s  according to their  frequency. The reactions of par t  1 

occur i n  LOO~oof the genera of the t r ibe and in  this combina- 

tion a r e  unknown elsewhere in the family Enterobacteri-  

aceae.  They show a special arrangement of ferment systems 

which is character is t ic  for  a cer ta in  la rger  division of bac- 

ter ia  by which cer ta in  smaller  groups a r e  linked together.  



Page 58 

I N T E R N A T I O N A L  B U L L E T I N  

A s  a corollary,  fur ther  evidence of their belonging to a 

larger  division i s  given b-y some very  character is t ic  reac-  

tions which a r e ,  however, not present  in all groups. These 

a r e :  the ability to decompose urea (lacking in Brovidencia); 

presence of phosphatase i n  100% of ,P. vulgaris and in about 

2070 of Proteus ret tger i  (Rettgerella) and Providencia. Pro- 
- teus morpanii ( M x a n e l l a )  does not usually show this r e -  

action, which is  absolutely absent in other t r ibes  of family 

Enterobacteriaceae (1 8). The swarming phenomenon is  

character is t ic  for  members  of the tr ibe Proteeae but in g t -  

gerella and Providencia has so far not been demonstrated. 

According to our observations (19) soft agar  plates (1.3-1.5'70) 

on which other groups of Enterobacteriaceae fail to show 

this phenomenon, the swarming capacity can be demonstrated 

a t  3OoC in about 607'0 of the s t ra ins  of Rettgerella andProvi-  

dencia. 

In summary, the evidence indicates that Proteus,  Morgan- 

- ella, Rettgerella, Providencia all  belong to a major  division 

of the Enterobacteriaceae which bears  a l l  the marks  of the 

concept of the tr ibe,  because, a s  will be shown, thisdivision 

unites biochemically fur ther  differentiable groups. The f i r s t  

question, in the author's opinion, can beanswered a s  follows: 

according to Kauffmann, recognition of the tr ibe Proteeae is  

warranted. 

In order  to make proposals to answer the second question 

we must again review both the biochemical and serologic 

propert ies .  Table 4 contains the reactions which delineate 

the different genera of the t r ibe.  

The biochemical differences a r e  evident and significant, 

since each group shows with respect to the other three some 

completely character is t ic  signs. Proteus i s  distinguished 

by H2S production and by the presence of the enzyme gelat- 

inase.  Morganella shows relative fermentative inactivity 

and is  HzS and gelatinase negative; Rettgerella is character-  

ized by relative activity and by the absence of H,S andgelat-  

inase reactions;  Providencia is  significantly characterized 

by the absence of urease.  

What character is t ics  a r e  useful for  the delimitation of 

species and of genera have not yet been determined. In the 

opinion of the author, among serologically unrelated groups, 

character is t ic  fermentative differences show generic delin- 

eation i r respect ive of the number of these differences, 

whereas in serologically related groups fermentative differ- 
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A N D  T A X O N O M Y  

Table 4. The react ions which may b e  used to distinguish 

the genera of t he  t r i be  P ro teeae .  

Sub s t  r a t e  G e n e r a  

o r  t e s t  P r o t e u s  Morganella Ret tgerel la  Providencia 

Mannitol 

Salicin 

Adonitol 

In o si t  ol 

Mannose 

Xylose 

Urease  

Gelatin 

€I,S 

- - 
d (75) - 
- - 
- t (100) 

t (100) - 
t (100) - 
t (100) t (100) 
t (100) - 

Figures  in  parentheses  indicate percentage of s t r a ins  

giving a posit ive reaction. 

ences  show only fermentat ive variation: biogroups o r  types 

(for example,  ,P. vulgar is  and ,P. mirabi l is) .  

According t o  the p re l imina ry  r e c o r d s  the problems r a i sed  

in  questions No. 2-5, i n  the opinion of the author,  can be  

answered  as  follows: 

Query 2. The differences between the m e m b e r s  a r e  ab 

the generic  level and the t r ibe P ro teeae  should be divided 

according to  Kauffmann's proposal  into 4 genera:  Proteus,  

Mo rganella,  Rettge r e lla and Pr ovidencia. 

Query 3 .  The differences between the genus P ro teus ,  on 

the one hand, and the Morganella -Rettgerella -Providencia 

section, on t h e  other ,  a r e  not so significant as t o  separate 

them into two taxa (subtr ibes) .  The differences between the 

4 gene ra  of the t r ibe equate well  enough to  secu re  to  each  of 

them a taxonomic position of the s a m e  rank. 
Query 4. The serologically closely related ,PI vulgar is  

and ,P. mirab i l i s  a r e  not to  be considered a s  2 sepa ra t e  

species ,  but biogroups of the genus P ro teus .  

The position of Providencia m a y  b e  a s s e s s e d  

f r o m  the p r e m i s e s  detailed above. There s e e m s  to be evi-  

dence i t  should be considered a s  a distinct genus of the t r ibe 

P ro teeae  ( see  Table 3 ) .  

Query 5. 
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Table 5 .  The reactions which may be used to distinguish 

the biogroups and biotypes of the species of the 

tribe Proteeae. 

a .  Proteus vulgaris 

I B i o g  r o u p e  1 
ubstrate or test 1 .  vulgaris 

(15%) 

t 

t 

decarboxykse - 

I 
2. mirabilio 

(85%) 

b.  Morganella morganii 

ubstrate 

(4%) 

c .  Rettgerella rettgeri 

B i o t y p e s  
lSub strate 2 3 4 

Rhamnose - + t - 
Sa licin t - t - 

d. Providencia inconstans 

Sub strate 

( 8 5700) (1 570) 

Gas from glucose 

Adonitol 

Inositol 

t 

t 
- 
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A N D  T A X O N O M Y  

Turning to the problem of the species (question 6) ,  the 

author has  accepted the latest  definition of Kauffmann (1 1): 
"A species is a group of related sero-fermentative-phage 

types. " This definition defines more  exactly this  basic  

category (species) than any thus far used purelybiochemical 

determination. This definition may well be applied to the 

serotypes of the genera of the t r ibe Proteeae.  If in  the indi- 

vidual serotypes being analyzed i t  becomes clear  that they 

a r e  not homogeneous, they a r e  composed of many infrasub- 

specific entities: of biogroups, biotypes and phage types. 

The main biogroups and biotypes a r e  shown in Table 5 .  

One should not forget that in addition to those presented 

here ,  many smaller  fermentative groups may be established. 

In Proteus sp. for  example, 13 biotypes (7), in  Morganella 

morganii 12 fermentative types have so far been encountered 

(16), and in Providencia sp. 31 biotypes have been recog- 

nized (13). The phage typing in the t r ibe Proteeae so far is 

not in an advanced s ta te ,  ,P. vulgaris and ,P. rnirabilis alone 

have been studied and 10 lysotypes established (20). No 

doubt with more  extensive investigations more  phage-types 

will be unveiled and other species may also be  split into 

several  subdivisions by means of phage typing. 

There seems to be  sufficient evidence to warrant  the 

conclusion that the serotypes a r e  i n  reali ty la rger  groups 

which include many fermentative and phage types. There- 

fore ,  to agree  with Kauffrnann, these fermentative types and 

the phage types should be regarded as subspecific entities, 

while the serotypes a r e  the species.  

The proper  nomenclature (question 7) has been analyzed 

in  Kauffmann's (6, 7, 8 , 9 )  and Ewing's (4) reviews, and the 

pr ior i ty  of names established. In accordance with these 

statements, Table 6 shows the proposal of theauthor for  the 

classification and nomenclature of the t r ibe Proteeae.  

F o r  the type species of the genus Proteus the name 

Proteus vulgaris has  been proposed, since this t e r m  can 

alone be regarded as legitimate (29) .  In the author's opinion 

the two infrasubspecific forms of this species, ,P. vulggris 

var .  vulgaris and ,P. vulgaris var .  mirabil is ,  should be  

recognized. 
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Table 6. Classification and nomenclature of the t r ibe 

Proteeae.  

Tribe Proteae 

Genera Species 

Proteus Proteus vulgaris l a : l a ,  lb ,  l a  etc.  

Morganella Morganella morganii  la,  1b:l etc.  

Rettgerella Rettgerella re t tver i  1:l e tc ,  

Pr ovidencia 

(21, 22, 23) 

(16, 21) 

(15) 

(1313) 

Providencia inconstans 1 :1 etc .  
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