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SUMMARY. A t o t a l  of 3 6  s a m p l e s  of d i s t i l l e d  

w a t e r  f r o m  1 0  d i f f e r e n t  s o u r c e s  w e r e  p l a t e d  

o n  s a l t - f r e e  a g a r ,  i n c u b a t e d  a t  2 0 ° C ,  a n d  

c o l o n i e s  of d i f f e r e n t  a p p e a r a n c e  f i s h e d .  D u -  

p l i c a t e  p l a t e s  of s e l e c t e d  s a m p l e s  w e r e  i n c u -  

b a t e d  a t  3 7 ° C .  S a m p l e s  w e r e  a l s o  p l a t e d  o n  

a g a r  w i t h  1 %  N a C l  a d d e d  f o r  s t u d y  of i n c i d e n c e  

of p s y c h r o p h i l s  a n d  h a l o p h o b e s .  A n u m b e r  of 

p l a t e s  w e r e  p r e p a r e d  f r o m  f r e s h  r i v e r  w a t e r ,  

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

s e v e r a l  w e e k s ,  a n d  f r o m  d i s t i l l e d  w a t e r  t o  

w h i c h  a s m a l l  a m o u n t  of s o i l  h a d  b e e n  a d d e d ,  

A f e w  p l a t e s  w e r e  a l s o  e x p o s e d  d i r e c t l y  t o  

l a b o r a t o r y  a i r .  F r o m  t h e  v a r i o u s  p l a t e s  w e r e  

f i s h e d  a l l  c o l o n i e s  w h i c h  a p p e a r e d  d i f f e r e n t ;  

a t o t a l  of 3 0 6  i s o l a t e s  w a s  o b t a i n e d .  T h e s e  

c u l t u r e s  w e r e  s t u d i e d  m o r p h o l o g i c a l l y ,  c u l -  

t u r a l l y  a n d  p h y s i o l o g i c a l l y .  T h e  g r e a t  m a j o r -  

i t y  o f  t h e  d i s t i l l e d  w a t e r  i s o l a t e s  w e r e  G r a m -  

n e g a t i v e ,  p o l a r  f l a g e l l a t e d ,  n o n f e r m e n t a t i v e  

s t r a i g h t  r o d s ,  S p o r e f o r m e r s ,  c o c c i ,  t y p i c a l  

s p i r i l l a ,  a n d  f e r m e n t a t i v e  b a c t e r i a  w e r e  a b -  

s e n t  a n d  t h e  d i f f e r e n c e  b e t w e e n  t h e  f l o r a  of  

d i s t i l l e d  w a t e r  o n  t h e  o n e  h a n d  a n d  r i v e r  

w a t e r  a n d  a i r  o n  t h e  o t h e r  i s  s t r i k i n g .  I n  

a d d i t i o n  t o  t h e  u s u a l  t y p e s  of b a c t e r i a ,  t h e r e  

w e r e  f o u n d  s e v e r a l  t y p e s  o f  a g g r e g a t i n g  b a c -  

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

The distilled water in most laboratories ordinarily comes 

f rom storage tanks which a r e  more o r  less  open, and the 

a i r  apparently c a r r i e s  with i t  and into the water sufficient 
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nutrients to support a n  extensive bacterial  f lora.  This flora 

is  more  characterist ically a pure water f lora  than that of 

ordinary lakes and r ivers .  In the latter a r e  found a variety 

of bacteria,  more o r  less  transient,  which developed else-  

where such as bottom mud, adjacent land or aquatic animal 

and plant life. F o r  comparative purposes a number of iso-  

lates were made f r o m  f resh  r iver  water and such water 

stored in  f lasks  for  various lengths of t ime. Isolates were 

also obtained f r o m  stored distilled water to which had been 

added a small  amount of garden soil. Agar plates of the 

same composition as for  culturing the distilled and stored 

waters  were exposed directly to outside a i r  and represent-  

ative colonies cultured. Although it is most likely that the 

majority of the bacteria in a sample of dist i l ledwater origi-  

nated f r o m  the surrounding air the data presented show that 

only a small  percentage of common a i r  bacteria survive o r  

multiply in  distilled water.  Typical soil  bacteria such a s  

sporeformers  and other Gram-positive rods,  and cocci a r e  

r a r e  in  distilled water.  

Materials and Methods 

The distilled water samples were obtained f rom taps in 

laboratories having a central  supply. Samples f r o m  the 

following locations were studied: 1) author: s laboratory, 

Chicago, 2) Chicago Medical School, 3) Veterans Hospital, 

Chicago, 4) Illinois State Health Laboratory, Chicago, 5) 

University of California, Davis (courtesy of M. P. Starr) ,  

6) Fisheries  Research Laboratory, Vancouver, B, C. (cour- 

tesy R.A. MacLeod), 7) National Institute of Genetics, Japan 

(courtesy Tetsuo Iino), 8) George Washington University, 

Washington, D. C. (courtesy R. Hugh), 9) Brit ish Vinegars 

Ltd. ,  England (courtesy J .  L. Shimwell), 10)  Department of 

Agriculture, New Zealand (courtesy J. D. Stout). F r o m  most  

of the sources  were obtained several  samples,  a total of 3 6 .  

The samples were platedwhen received and some again after 

storage i n  the refr igerator  for about two months. 

The plating medium used was originally developed for  the 

culture of Caulobacter and i s  probably a s  good a s  any single 

medium could be for  the purpose: Peptone (Casitone, Difco) 

0.3%, yeast extract  0.17’0, K,HP04 0.17’0, agar  1.570, pH 7.1. 
The poured agar  plates were dried at  37°C for one day and 

0 . 1  m l  of the diluted sample spread over the plate. The 
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dilutions were made in s ter i le  distilled water.  The -inocu- 

lated plates were incubated a t  20°C for  three to five days 

and a l l  colonies of different appearance were fished, In 

some instances duplicate plates were made with 1% of NaCl 

added to the medium to determine the incidence of halo- 

phobic* organisms. Some duplicate plates were a l so  incu- 

bated at 37°C to determine the incidence of psychrophilic** 

organisms. The colonies picked f r o m  the plates were cul- 

tured in broth of the same composition as the plating medium 

without agar .  This was the basic  broth used throughout the 

study . 
The morphology was determined by Gram stain and fla- 

gella stain (Leifson 1951,1960), halophobism or osmophobism 

by culturing in the basic medium with 1% NaCl added. This 

concentration of salt  was chosen because i t  inhibited the 

growth of Caulobacter vibrioides which may be regarded a s  

a typical halophobe. Hydrolysis of gelatin was determined 

in the basic broth with 8% gelatin added. Deep tubes were 

inoculated and incubated a t  20°C for  up to  10 days. Reduc- 

tion of nitrate was determined in the basic broth with 0.2 70 

KN03 added. An inverted vial  was placed in each tube to t rap  

any gas produced, Incidentally it was found that the gelatin 

and nitrate tes ts  could be performed in a single gelatin- 

nitrate medium made by adding 870 gelatin and 0.270 KN03 to 

the basic broth. The nitrate does not appear to influence 

gelatin liquefaction nor does the ge Latin affect nitrate reduc- 

tion. To insure that any gas produced f rom the nitrate is  

trapped as bubbles the medium should be inoculated while 

liquid o r  allowed to melt  before being placed in the  20°C 

incubator. Carbohydrate utilization was determined pr i -  

mari ly  in the  oxidation-fermentation (0-F) medium of Hugh 

and Leifson (1953) modified by omitting the NaCl. The 

carbohydrates were autoclaved separately in 10% aqueous 

solution and added aseptically to the s ter i le  base.  As an 

additional check on the utilization of carbohydrates and to 

determine any accessory growth factor requirements,  two 

*<A halophobe is here defined as any organism which fails  

to produce macroscopically visible growth in  a medium 

having an osmotic pressure  equivalent to 1% (w/v) of NaCl. 

**A psychrophil is  here  defined as any bacterium which 

fai ls  to produce macroscopically visible growth when incu- 

bated at  37°C. 



Page 136 

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

other basic media were used, The f i r s t  of these was en- 

t irely synthetic with the following composition: NH4Cl 0.170, 
Na,S04 0.0270, K,HP04 0.02%, MgCl,' 6H,O 0.0270, CaClz 

0.00570, pH 7.1. The second medium had the same compo- 

sition with the addition of 0.002% yeast  extract .  To the 

s ter i le  media was added aseptically a s ter i le  solution of the 

carbohydrate to give a concentration of 1% a s  in the 0-F 
medium. Without the carbohydrate, medium number 2 

supported only a t race  of macroscopic growth and medium 

number 1 obviously none, After incubation for  five days a t  

20°C a tes t  for  acidity was made by the addition of brom 

thymol blue. The Casamino Acids medium was made by 

adding 0.270 vitamin-free Casamino Acids (Difco) to distilled 

water, pH 6.9-7.1,  Catalase was determined by the addition 

of hydrogen peroxide to broth cultures.  Slants of the basic  

plating medium with 0.270 soluble s tarch added were em-  

ployed for  determining s ta rch  hydrolysis. When good growth 

was observed a drop of Gram's  iodine solution was added to 

the slant. Cellulose hydrolysis was determined by placing a 

s t r ip  of f i l ter  paper in the broth.  Several  oxidase tes t s  were 

tr ied,  but none were sufficiently satisfactory to justify a 

report .  Milk was used a t  f i r s t  but found to be ra ther  un- 

satisfactory, hence no report ,  

Influence of Temperature and Salt Concentration 

on Colony Counts 

F r o m  each of 8 of the distilled water samples were p r e -  

pared plates for colony counts on the salt-free agar  and on 

the 1% NaCl agar  with incubation temperatures  of 20°C and 

37°C. Table 1 shows a summary of the colony counts. 

Table 1 .  Effect of salt  concentration and temperature on 

colony counts (the figures represent  mean relative 

number of colonies per  ml) .  

70 NaCl concentration 

T e mp e r a tu r e  0 1 Halophobes 

20 " C  100 

3 7 ° C  70 

35 6 570 
15 80% 

Psychr  ophi 1s 30% 5 570 
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In the sal t - f ree  m e d i u m a t  20°C the colony counts ranged 

f r o m  500,000 to 2 , 0 0 0 , 0 0 0  p e r  ml .  The sample f r o m  each 

specimen showed a higher count in the sal t - f ree  medium 

than in the 1% NaCl medium. On the good assumption that 

dist i l led water  contains nei ther  thermophils nor  halophils the 

percentages of halophobes and psychrophils were calculated 

and recorded in Table 1 .  The effect of combined high t em-  

pe ra tu re  and high sal t  concentration i s  striking. The colony 

count on the 1% NaCl a g a r  incubated a t  37°C was  only 1570 of 

that on the sal t - f ree  aga r  incubated a t  20°C. This indicates 

that  perhaps 8570 of the colonies on the sal t - f ree  a g a r  a t  20°C 

consisted of bac te r i a  which were  ei ther  psychrophilic, halo- 

phobic, o r  both. 

The above data show that t empera tu re  and sal t  relation- 

ships are not independent. An o rgan i sm m a y  grow well  i n  a 

sal t - f ree  medium a t  both 20°C and 37°C and i n  a 1% NaCl 

medium a t  20°C but not a t  37°C. Such a n  o rgan i sm would 

thus be a halophobe a t  37°C but not a t  20°C. At 20°C a n  

organism may  grow well in both the sal t - f ree  and 1% NaCl 

mediumbut  at  37OC show growth onlyin the sal t - f ree  medium. 

Such a n  o rgan i sm would be  a psychrophil  when grown i n  the 

1% NaCl medium but not when grown in the sal t - f ree  medium. 

A limited study of a few of the halophobes isolated showed 

comparable  inhibiting effects by sa l t s  other  than NaCl, and 

by nonionic substances such a s  glucose.  A be t t e r  t e r m  fo r  

these bacter ia  would be osmophobes o r  osmophobic bac te r i a .  

Effect of pH on Colony Counts in Sal t -Free and 170NaCl Agar  

The effect of pH on colony count was studied using one 

sample of dist i l led water  and 20°C incubation. This  r a the r  

l imited study is summar ized  i n  Table 2. I t  is evident f r o m  

the table that the disti l led water  sample contained few acido- 

philic bac te r i a .  The optimum pH was c lose r  to 7 than to 5 o r  

to  9. The reduction of colony count on the 1% NaCl a g a r  as 
compared with the sal t - f ree  a g a r  is  much g r e a t e r  at  pH 9 
than a t  pH 7. These l imited data show that an o rgan i sm may  

be m o r e  halophobic a t  one pH than a t  another.  
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Table 2. Effect of pH of plating medium on colony counts a t  

20°C (the figures represent  mean relative counts). 

70 NaCl concentration 

pH 0 1 Halophobes 

5 

7 

9 

1 . 2  

100 

77 

0 .6  5 0% 

50 5 0% 

10 8 770 

The Flora  of Distilled Water Compared with that of 

Natural Water and Air 

In the water f rom r ivers  and lakes i t  i s  common experi-  

ence to find many fermentative types of bacteria of the coli- 

form group, Serrat ia ,  Chromobacterium, Aeromonas, e tc .  

Strains of these genera were not isolated in a single in- 

stance f rom any of the distilled water samples.  Nor were 

there isolated any sporeformers  and but few Gram-positive 

bacteria.  No cocci of any kind were isolated. Typical 

spiri l la were also absent. The predominant bacteria of the 

distilled water were rod shaped, Gram-negative, nonfer- 

mentative and polar flagellate. The main exception was a 

group of nonfermentative, peritr ichous flagellate rods, some 

of which stained weakly Gram-positive and others Gram- 

negative. In Table 3 is recorded the flagellation of the 

organisms isolated and retained for  detailed study. The 

number of organisms isolated f rom a i r  was very small. It 

should be noted that the figures in the table do not show the 

incidence of flagellar types in the water itself but only in  the 

isolated cultures.  

Table 3. Incidence of flagellar types in isolated organisms 

(figures in parentheses a r e  the actual number of 

cultures studied). 

TvDes of Flaeellation 

Source Polar  Peritr ichous Atrichous Total 

Air 1270(1) 3370(3) 5570(5) lOOCT/o(9) 

Stored water 6970(38) 207’0(11) llOJo(6) 10070(55) 

Dist. water 8070(158) 1370(25) 770((13) lOO%(196) 
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If we assume the distilled water flora to originate mainly 

f rom a i r  the change on storage of the water i s  very striking. 

The nonflagellate and peritr ichous flagellate flora of a i r ,  

dust, e tc .  i s  largely replaced in the water by polar flagel- 

late types. 

General Nature of the Distilled and Stored Water F lora  

Originally 308 cultures were isolated but this number 

was reduced to 260 by the elimination of cultures f r o m  the 

same samples which obviously appeared identical. These 

260 cultures were studied as outlined under Materials and 

Methods. 

Temperature and Osmotic Relationships 

The temperature relationships were determined using the 

salt-free medium and incubation temperatures  of 20 "C and 

37OC and the osmotic relationships in  the salt-free and 1% 

NaCl media incubated at  20°C. Selected cultures were also 

tested in media with 0,  0. 5, 1.0 and 2.0% NaCl and incubated 

at  both 20°C and 37°C. 

Neither the t e r m  psychrophil nor halophobe i s  very  

specific, being interdependent to some extent and very  much 

dependent upon the time factor .  With a definite medium, 

incubation t ime and inoculum, an organism may be labeled 

a s  psychrophilic i f  macroscopically visible growth is absent 

when incubated a t  3 7 ° C  for  a t ime which gives good growth 

when incubated at  20°C. Some of these cultures without 

macroscopic evidence of growth may show microscopic 

growth, and upon prolonged incubation may show macro-  

scopic growth a s  well. The same considerations hold for  

the t e r m  halophobe. Psychrophilism and halophobism a r e  of 

great  pract ical  importance f r o m  the standpoint of isolation 

and cultivation of an organism but of limited taxonomic 

importance. Both character is t ics  appear to reflect the 

recent ecology of the bacteria and often fail  to correlate  

with character is t ics  of a more  definite nature. Several  

groups of bacteria were isolated f r o m  distilled water which 

we r e  quite homogeneous mo rpho Logica Lly, tincto r ia  lly and 

physiologically but quite heterogeneous as  to growth ra tes  

a t  various temperatures  and salt  concentrations. 

Psychrophilic bacteria a r e  abundant i n  nature and their 

presence is  often overlooked because of the common practice 

of adding salt  to culture media. Subinhibitive salt  concen- 
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tration and incubation temperature often showed striking 

morphological effects. Several  different types of halophobes 

developed almost endless filaments in media with 0 .  570 NaCl 

(see Figs .  15, 16). With others best filament formation was 

produced in media with 1% NaCl. Many of the psychrophils 

developed filaments when incubated at  temperatures  close to 

the maximum. Bacteria which a r e  both psychrophilic and 

halophobic may show best  filament formation when both salt 

concentration and temperature  a r e  elevated above the opti- 

mum. When incubated a t  37°C many of the psychrophilic 

cultures were not only inhibited but rapidly killed. Some of 

the cultures, labeled psychrophilic because macroscopic 

growth was not apparent after incubation at  37"C, showed 

macroscopic growth when subsequently t ransferred to 20°C 

incubation. Most, i f  not a l l ,  of this latter type showed 

microscopic evidence of growth a t  37"C, usually in the form 

of long fi laments.  Cell division appears  to be more sensitive 

to elevated temperatures  and ceases  a t  temperatures  which 

still allows cell growth. Incubation of the halophobes in an 

inhibitive l%NaCl medium for  24 hours a t  20°C did not show 

any lethal effect. On removal of the salt ,  growth invariably 

r e  sulted. 

Gelatin. Nitrate and Catalase 

These a r e  generally satisfactory tes t s .  Gas f rom nitrate 

i s  very character is t ic  of Pseudomonas aeruginosa and a few 

of the other Pseudomonas species but uncommon with other 

bacteria.  Of the distilled water isolates 46% reduced ni t ra te ;  

1870 to nitr i te only and 2870 to nitrogen gas. 

The physical appearance of the zone of liquefaction in the 

gelatin was much the same for  a l l  the liquefying cultures,  

differing only in the extent of the liquefaction. The gelatin 

cultures were incubated a t  20°C and final readings made on 

the tenth day. Further  incubation is complicated by evapo- 

ration and does not seem to be justified. Since all  the cul- 

tures  studied were aerobic the liquefaction was confined to 

the surface.  Most of the positive cultures showed only weak 

liquefaction and in only a few instances did the zone of lique- 

faction extend more than 1 cm below the surface.  Nutrient 

gelatin appears  to be a good medium in which to observe 

pigment production, often showing bet ter  pigmentation than 

agar slants. Of the distilled water isolates 29% produced 

gelatinase to a grea te r  o r  lesser  degree.  
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The catalase tes t ,  taxonomically, may be less  significant 

than either the gelatin o r  nitrate tes t s .  One factor of im- 

portance in  performing the tes t  is  the age of the culture. 

Relatively old cultures, 1-2 weeks, may give a strongly 

positive test ,  while relatively young cultures,  1-2 days, may 

be negative. Of al l  the cultures studied, slightly less  than 

5070 produced catalase at one age o r  another. 

Accessory Growth Factor  Requirements 

With bacteria which show few positive physiological r e -  

actions the accessory growth factor requirements may be of 

considerable differential importance. A 0.2% solution of 

amino acids,  such as vitamin-free Casamino Acids (Difco), 

may be used to show the need for  various growth factors .  

Of a l l  the cultures studied about 2570 failed to grow in the 

Casamino Acids solution indicating inability to synthesize 

growth factors  other than amino acids.  With bacteria which 

can metabolize glucose, a synthetic sal ts  medium plus glu- 

cose may be used to show the requirement for  cer ta in  amino 

acids a s  well a s  for other growth factors.  In this medium 

there is generally a positive correlation between acidity and 

growth but two of the cultures tested showed turbidity but no 

acidity. Evidently these organisms metabolized glucose 

without producing detectable acidity. Organisms which 

metabolize glucose and can grow in the Casamino Acids but 

which cannot grow in the mineral  sal ts  medium plus glucose 

must have a requirement for amino acids.  Of the cultures 

tested about 20% had such amino acid requirements.  

Carbohydrate U t i  t i  za tion 

Starch and cellulose were not hydrolyzed by any of the 

disti l ledwater isolates nor did any of these cultures ferment  

any of the carbohydrates tested. The 0-F medium of Hugh 

and Leifson (1953) was prepared without salt and was gener- 

ally satisfactory for  determining carbohydrate oxidation. A 

majority of the cultures oxidized one o r  more  of the carbo- 

hydrates tested but many were entirely negative and some 

were equivocal. A fa i r  number of cultures ,oxidized sucrose 

o r  maltose but not glucose. It is  important to keep this in 

mindand not label a culture as carbohydrate negative be- 

cause i t  fails  to oxidize glucose. 

Most bacteria produce an alkaline reaction in peptone 

media and when the acid produced f r o m  the oxidation of the 
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carbohydrate is small  the reduction of pH may be barely 

noticeable, i f  at  all .  With bacteria which d o .  not require 

accessory growth factors,  a simple synthetic base medium 

without an energy source may be more satisfactory than the 

0-F medium for  determining carbohydrate utilization. If 

growth takes place in  this medium the carbohydrate must 

serve as a source of energy. Usually, but not invariably, 

acid is  produced i f  the carbohydrate i s  utilized, With bac- 

ter ia  which have accessory growth factor requirements these 

can usually be met  by the addition to the synthetic base of 

0.0027'0 yeast extract .  This medium by itself did not show 

more than the faintest t race  of macroscopic growth. When 

the 0-F medium shows a very weak or  indefinite acid reac-  

tion the synthetic medium, with o r  without yeast  extract ,  may 

give a more  definite indication of carbohydrate utilization. 

' Of the distilled water isolates 1470 failed to oxidize any 

of the carbohydrates tested,  837'0 oxidized glucose, 687'0 d- 

mannose, 67% maltose,  42% sucrose,  187'0 d-sorbitol, 12% 
raffinose. Of the glucose oxidizers 4070 required an acces-  

sory  growth factor of one kind or  another. 

Pigmentation 

Aside f rom the water soluble greenish pigment of pseudo- 

monads, water s,oluble pigmentation was not observed in any 

of the cultures.  Of the water insoluble pigments yellow and 
pink were the most  common. Several  types of bacteria with 

yellow pigmentation were isolated, Most of these showed 

polar monotrichous flagellation. Among the few nonflagellate 

strains were three with huge capsules. The most common 

yellow organism was a polar flagellate which aggregated into 

characterist ic roset tes ,  Ten isolates (possibly corynebac- 

ter ia)  produced a light yellow, o r  greenish-yellow, water- 

insoluble pigment, A pink type of polar flagellate was widely 

distributed. Several  br ick-red cultures and cultures with 

shades of orange, ochre and brown were isolated but only 

f rom the stored soil-water mixtures.  Red pigme'nted Serrat ia  

and purple pigmented Chromobacterium were never seen. 

The orange and ochre cultures formed typical aggregates.  
Several  of the cultures produced melanins on prolonged in- 

cubation. Among these were Caulobacter vibrioides and 

various pseudomonads. 
- 
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Somatic Aggregation 

The grouping o r  aggregation of bacteria in nature into 

distinctive patterns may be quite common: F r o m  the dis- 

tilled and stored waters were isolated four different types of 

aggregating bacteria.  Among these i s  Caulobacter vibrioides, 

which i s  a typical distilled water organism. C_. vibrioides 

differed f r o m  the others  by forming stalks and being unmis- 

takably epiphytic. The other three aggregating types did not 

produce demonstrable stalks and convincing evidence that 

they were epiphytic was not obtained. How the aggregates 

a r e  formed i s  st i l l  unknown. A typical aggregate in the 

f o r m  of a rosette when stained with a basic  dye showed a 

hollow o r  empty center ,  Stained with the flagella stain this 

center appeared solid. This would indicate the presence of 

a nonstainable substance such a s  a polysaccharide which may 

hold the individuals in the pattern,  Individual organisms 

stained with the flagella stain often showed some ragged 

amorphous mater ia l  a t  one end of the soma a s  i f  the organ- 

ism had been torn away after having been attached. In some 

flagella stains a thin strand of mater ia l  i s  evident between 

individual bacteria indicating perhaps incomplete separation. 

These connecting s t rands may be the cause of the aggrega- 

tion. 

Morphology 

The great majority of the bacteria isolated were small  

o r  medium sized, straight Gram-negative rods with polar 

monotrichous o r  multitrichous flagella. All types of flagella 

were represented f r o m  the tiny waves of Pseudomonas 

diminuta, withwavelengths of about 0 . 8  p, to very  long waves 

of 3 p or  more .  With a few of the cultures the flageLla were 

formalin sensitive and became straight o r  coiled a s  a resul t  

of the formalin treatment.  The normal-curly flagellar var i -  

ation was not observed in the polar flagellates but only in 

the peritr ichous flagellates. The flagella stained without 

difficulty in  a l l  but a few of the cultures.  Faint staining with 

the Leifson flagella stain, a s  previously observed with the 

polar flagella of some s t ra ins  of Chromobacterium, was 

observed with a few of the polar flagellates. Among the 25 

isolates with peritr ichous flagella were types which could be 

classified a s  Alcaliqenes, Achromobacter, Agrobacterium, 

Flavobacterium and Corynebacterium. Only the latter group 

was character is t ic  of distilled water and had extraordinarily 
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long flagella, 1 - 2  per  organism, with both normal and curly 

waves . 
Only a few of the isolates were definitely capsulated. The 

most striking in this respect  were three s t ra ins  of a large,  

yellow pigmented, atrichous organism isolated f r o m  the 

Chicago and California samples.  F r o m  the Vancouver and 

Japanese samples were isolated six st ra ins  with lanceolate- 

shaped soma and s imilar  single polar flagella. The soma of 

the three Japanese s t ra ins  was distinctly la rger  than that of 

the Vancouver s t ra ins .  A slight somatic curvature was ob- 

served in many of the isolates but probably has little taxo- 

nomic significance. With a single exception, typical spiri l la 

or  vibrio types were not isolated. F r o m  one of the California 

samples was isolated a tiny curved organism with a single 

polar flagellum. In the filamentous f o r m  it appeared like a 

spirillum or  a spirochaete. This organism grew so slowly 

and produced such tiny and inconspicuous colonies that i t s  

presence in the water could easily be overlooked. However, 

i t  would not appear to be a typical distilled water type. 

Cocci, sporeformers,  and typically filamentous forms  were 

not isolated and apparently a r e  r a r e  i n  distilled water.  

Taxonomy of Distilled Water Flora  

In the classitication oi bacteria a choice has  to be made 

regarding the relative importance of the various observable 

character is t ics  o r  else  give equal rank to a l l  character is t ics .  

The latter choice seems to the author to be neither practical  

nor fruitful. Among the 300 odd cultures isolated f rom the 

distilled water samples and s tored waters were some 50 

different bacter ia .  Had more  character is t ics  been deter-  

mined further differentiation wouldundoubtedly have resulted,  

Bacter ia  which appeared to be  of the same species were 

seldom identical unless isolated f rom the  same sample of 

water ,  A s  a basis  for classification the following charac-  

ter is t ics  a r e  judged to be arranged in order  of importance: 

1)  somatic shape, 2)  autotrophism, 3)  spore formation, 4) 

flagellar arrangement,  5 )  Gram reaction, 6)  pigmentation 

(water insoluble), 7) nature of carbohydrate metabolism, and 

8) individual physiological reactions.  Considering the nature 

of the cultures in question, only 1,  4, 5, 6, 7, and 8 a r e  

pertinent. Of these,  1, 4 and 5 generally determine the 

family level; 6 and 7 the genus level; and 8 the species level. 

On this basis  there a r e  five families represented in the 
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distilled water f lora:  Spirillaceae, Achromobacteraceae,  

Co rynebacte riaceae,  Caulobacteraceae and Pseudomonada- 

ceae.  The Spirillaceae is represented by a single culture 

and this family is  r a r e  in the distilled water flora.  Only 15 

cultures could be classified in the family Achromobactera- 

ceae,  and of these only five originated f rom distilled water.  

Obviously this family i s  poorly represented in distilled 

water ,  One new species i s  tentatively included in the family 

Corynebacteriaceae. It was represented by ten cultures,  

nine of which originated f rom disti l ledwater.  These cultures 

were sufficiently alike to be included in a single spec ies .  

Since they were isolatedfrom four different sources  (Chicago, 

Washington, England and New Zealand) they may be regarded 

a s  fa i r ly  typical of distilled water.  The family Caulobacter- 

aceae appears to be ubiquitous in distilled water.  All  of the 

cultures isolated were practically identical and could be 

labeled Caulobacter vibrioides. Most of the cultures isolated 

could be placed in the family Pseudomonadaceae. 

The Aggregating Bacter ia  

The taxonomic significance of the phenomenon of somatic 

aggregation is, as yet, not c lear .  Bacter ia  which aggregate 

into definite patterns appear to be common, not only in  dis- 

tilled water but a lso in  both f r e s h  and salt  water.  Cultures 

s imilar  to Caulobacter vibrioides in every respect  except for  

stalk formation have been isolated f r o m  water.  C. vibrioides 

itself in rich media tends to produce very short  o r  no stalks 

at all. The phenomenon of aggregation may be of greater  

taxonomic significance than stalk formation and fur ther  study 

may show the logic of c las sifying the aggregating bacteria,  

including Caulobacter, in a separate and distinct family. No 

such taxonomic proposal will be made at  this t ime. Below 

a r e  described three different types of aggregating bacteria 

isolated f r o m  distilled and r iver  water.  

Xanthomonas and aggregating yellow types. Colonies of 

various shades of yellow were found on the plates f r o m  a l l  

the samples of distilled water ,  varying f r o m  bright yellow 

through yellowish-brown, orange, ochre to definitely brown. 

The bright yellow types were most character is t ic  of distilled 

water and the brown the least .  The brown colonies were 

seen mainly on the plates f r o m  the stored soil-water mix- 

tu res  and a r e  m o r e  typically soil  types of bacteria than water 

types. F r o m  the yellow colonies were isolated 45 cultures.  
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Of these one was peritr ichous flagellate, four nonflagellate 

and 40 polar flagellate, The peritrichous flagellate had al l  

essential  character is t ics  of a species of Flavobacterium. 

Of the four nonflagellate cultures three showed huge cap- 

sules. 

Among the 40 polar flagellate cultures were seven which 

did not aggregate and were character is t ic  of the genus Xan- 

thomonas. Since only two of these were isolated f r o m  dis-  

tilled water typical Xanthomonades a r e  not character is t ic  of 

distilled water f lora .  The morphology of s t ra in  170 f rom 

soil-water mixture,  and of s t ra in  227 f r o m  the Washington 

sample of distilled water is  i l lustrated in Figures  12 and 13, 

respectively. The remaining 33 yellow cultures formed a 

ra ther  homogeneous group and showed the phenomenon of 
somatic aggregation, Typical s t ra ins  of this group were 

isolated from a l l  sources of distilled water except the Japan- 

ese .  The major distinguishing character is t ics  of the group 

is  the yellow water -insoluble pigmentation, polar monotrich- 

ous flagellation, oxidative metabolism of carbohydrates and 

the somatic aggregation into definite patterns (F igs .  9-11). 

Distinct stalks have not been observed. There is no indica- 

tion that the individual organisms at  f i r s t  swim around, a s  

with 5.  vibrioides, and later attach themselves to eachother.  

No evidence has been found of attachment to other bacteria.  

Apparently they a r e  not epiphytic. Except for the absence 

of definite stalks the aggregates may resemble those of C. 
vibrioides. In addition to the simple rosettes,  elongated 

groupings may f o r m  which appear as a chain of cells with 

la teral  cells  singly and in c lusters .  The flagellation i s  

relatively poor with only a small  proportion of the cells 

showing flagella. The flagellar wavelength is variable rang- 

ing f rom 1.6 to 2.4 p in formalin fixed preparations.  The 

physiological reactions of representative s t ra ins  a r e  r e -  

corded in Table 4. The majority of the strains were psy- 

chrophilic but several  grew a t  37°C. Where growthoccurred 

a t  37°C the organisms tended to develop into long filaments 

(see Fig.16).  All s t ra ins  were more  o r  less  halophobic with 

only a few strains  showing any macroscopic evidence of 

growth in the 1% NaCl medium. Where growth in the salt 

medium took place, submacroscopic or  macroscopic, long 

filaments were usually observed. Filament formation ap- 

peared to be a character is t ic  reaction to unfavorable incuba- 

tion temperature and unfavorab te osmotic relations. 

’ 
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Other aggregating types. Two other aggregating types of 

bacteria were isolated,  F r o m  r iver  water were isolated 

three cultures which turned out to be very  s imilar .  The 

original agar  colonies were recorded as orange, ochre and 

brown, respectively. The color of the brown colony was 

probably due to melanin, which this strain was la ter  shown 

to produce, since young cultures were colorless.  Morpho- 

logically the three cultures were very s imilar :  small  Gram-  

negative rods with a single polar flagellum of wavelength 

averaging 0.8-0.9 t~ (Figs.  6 ,  7, 8). In broth cultures were 

formed small  and large roset tes  but no stalks.  Except for  

being smaller and without the somatic curvature the morpho- 

logical resemblance of these organisms to C. vibrioides i s  

very striking. The organisms were psychrophilic but not 

halophobic which is  the reverse  of C. vibrioides. The 

physiological reactions a r e  recorded in Table 4. 

The. other aggregating type is represented by a single 

isolate (strain 102)from a Chicago sample of distilled water.  

This organism is a nonpigmented, small  Gram-negative rod 

with a single polar flagellum having an average wavelength 

of 1 . 3  p, (Figs ,  1-5). The organism i s  psychrophilic but not 

halophobic. Rosette formation is  very  pronounced but stalks 

have not been observed. The physiological reactions a r e  

recorded in Table 4. 
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Figures  1 - 5.  Aggregating type, nonpigmented. Strain 102.  

1. 

2. 

3 .  

4 .  

5. 

Typical single individual. 

Small rosette of four organisms.  Note the dark center.  

Large and medium roset tes .  

Rosettes stained with basic fuchsin and not with flagella 

stain. Note the empty appearin'g centers  of the roset tes  

a s  contrasted with the solid centers  in the flagella 

stained preparations.  

Large aggregate of roset tes .  

Figures  6 - 8. Aggregating type, ochre o r  orange pigmented. 

Strain 6. 
6. 

7 .  

8. 

Typical single individual. The soma of this organism 

i s  somewhat plumper than that of Caulobacter vibrio- 

i d e s  and does not have the character is t ic  slight curva- 

ture of the la t ter ,  The flagella of the two a r e  s imilar .  

The significance of the flagellum originating at the 

junction of the cells is  not c lear .  

e r a l  the flagella originate at the distal  poles of a 

dividing form.  

gate of three individuals which became attached at  the 

flagellated ends as with caulobacter. 

A medium sized aggregate. 

divided and the daughter cell  developed a full length 

flagellum, 

very dense and any flagella originating f rom the points 

of attachment would be difficult to demonstrate. 

In bacteria in gen- 

The picture may represent  an aggre- 

The upper organism has 

The roset tes  formed by this organism a r e  

Figures  9 - 11. Aggregating type, yellow pigmented. 

9. Strain 10. Typical single individual with normal 

f lage llum. 

flagella may be seen. 

originating f r o m  center of roset tes  or  f rom points of 

attachment. 

11. Strain 297. Small aggregate. Flagellum a t  distal  pole 

of daughter cell but none at  points of attachment of 

parent cel ls .  Flagellation, however, was poor. 

10. Strain 297. Cluster of roset tes .  Three short ,  coiled 

Flagella have not been observed 

Figures  12 - 14. Xanthomonas species.  Strains 170, 227 

and 243 respectively. 

aggregating tendency . 
These s t ra ins  showed little i f  any 
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Plate I. Photomicrographs x 2, 000. Leifson flagella stain. 
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Figs.  15,16. Aggregating type, yellow pigmented. Strain 

234. 
f ree  medium. 
morphology when the organism is  grown in a medium 

with f r o m  0.5 to 1.0% NaCl. This is a typical reaction 

to elevated osmotic pressure  by the halophobic s t ra ins ,  

F igs ,  17, 18. Pseudomonas sp . ,  pink pigmented. Strains 

44 and 71 respectively. Various specific epithets have 

been proposed for  pseudomonads which produce a water 

insoluble pink pigment. 

This was a beautifully flagellated rod isolated f r o m  a 
stored soil-water mixture,  

capsule. 

soma was typical of many of the distilled water bacter ia .  

Figure 15 shows the normal  morphology in a salt-  

Figure 16 shows what happens to the 

Fig. 19. Pseudomonas sp. ,  red  pigmented. Strain 164. 

Fig. 20. Pseudomonas sp. Strain 75. Note the distinct 

Fig .  21, Pseudomonas sp.  Strain 84. The light staining 

F i g .  22. Pseudomonas sp.  Strain 175. This culture pro-  

duced a yellowish-green pigment which was water soluble 

but seemed somewhat different f rom the green pigment 

commonly produced by pseudomonads. 

delicate flagellum with short  wavelength of about 1 p, and 

small  amplitude. 

the stain of a formalin fixed preparation and Figure 25 
the stain of an unfixed preparation. 

flagella were somewhat r a r e  among the distilled water 

bacteria.  

Fig. 26. Pseudomonas sp. Strain 225. A hlophobe  

oxidizing sucrose and maltose but not glucose. 

Figs.  27, 28. Pseudomonas o r  Achromobacter? Strain 132. 
This organism was very  tiny and the natureof the flagel- 

lation i s  not yet c lear .  The flagella a r e  multiple with a 

strong polar tendency. Both pictures show one definitely 

la teral  flagellum which should make the flagellation per i -  

tr ichous and the organism a species of Achromobacter. 

The straight flagella shown in Fig.  28 a r e  probably the 

resul t  of the formalin fixation. 

Fig.  29. Pseudomonas sp. Strain 93.  A nice example of 

polar multitrichous flagellation. The flagella a r e  

unusually long. 

polar multitrichous water pseudomonad. 
melanin and reduced nitrate to nitrogen gas .  

Fig.  23. Pseudomonas sp. Strain 156. Note the ra ther  

F igs ,  24, 25. Pseudomonas sp. Strain 169. Figure 24 i s  

Formalin sensitive 

Fig.  30. Pseudomonas sp.  Strain 149. This is  a typical 

It produced 
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Plage 11. Photomicrographs x 2, 000. Leifson flagella stain.  
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Table 4. Some cha rac t e r i s t i c s  of the aggregating and selected 
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3 
0 

Strain Pigment  S 3 
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Y 
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(melanin) 
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297 yellow - - c - tt tt tt 

102 - - ttt - - t t - 
I 1  

I 1  

10 tt - I - t t tt 

2 34 ttt tt - I tt tt tt 

227 yeLlow tt tt - - ++ t+ - 

yellow tt tt tt - - tt - 
170 greenish-  

164 r e d  +t +t - - ttt ttt - 
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93 - ttt ttt t - t tt tt 
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(me tanin) 

(melanin) gas  
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75 - - tt - I - tt - 

156 tt ttt - t - - 
84 t tt t - 

201 green t tt t tt - tt - 

- - 
- - - - 

water  sol.  

132 - - tt - I I tt tt 



polar  flagellate types.  

Acid aerobically,  0-F medium 
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Flagellation Genus F ig .  
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$ 2 ;  

+ t  t - t - monotrichous 1 . 0  Caulobacter 
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