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I . INTRODUCTION 

Under suitable conditions , t he free living aerobic organism Azotobacter 

fixes nitrogen at a surprisingly rapid r ate , considering that t he fixation 

occurs at ordinary temperatures and pressures. Since the discovery and iso

l ation of the first species by Beijerinck i n 1901, t he greatest i nter est 

i n the genus Azotobacter has been of its possible economic i mportance in the 

maintenance of soil fertility. It has been estimated t hat an active flora 

of t hese organisms may fix from 15 to 40 pounds of nitrogen per acre per 

year the soil { rtin , et al. , 1937) and may act, t herefor e , as an 

economically 1.m.portant aid in maintaining t he nitro en content of the soil. 

The biological fixation of nitrogen by Azotobacter has been subject 

materi al for numerous physiological and biochemical studies . Reports cover

ing th y ears f rom 1901 t o 1950 sho great differ ences in opi nions on certain 

specific characteristics and functions of this genus. 

Of current and interest and i mportance is the field of bact er1· 1 genetics . 

Laws of inheritance as proposed by endel apply not only to the higher organ

i sms , but also to mi croorgani sms . The information ained from studies of 

t ho genetics of microorgani sms .aids in t he understanding of the hereditary 

mechanism ot all living t hings. 

The numerous research projects in r e~nt years dealing with .mutations 

i n microorganisms confirm their similarity to mutations in higher forms . 

Ao might be expected , such changes affect a great variety of characteristics; 

in fact, variants have been found r epr esenting all t ype s of characters for 

which a search has been made . For a few e:m.mples of t he wi de variations 

which occur amon bacterial species, one might menti on those affecting pig

ment, enzymatic systems , morphology , cytolo y, colony form , nutrition , sero

logy , and r esis t ance to phages , drugs, and antibiotics . 



The investiE93ti ono of Beadl e utilizing the mold Neurospora have indi

cated the feas ibility of obtaining induced biochemical mutants differing 
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from t he normal or wild-type in their ability to synthesize speci fic grow h 

f actors . I n general, these i nduced mutant strains have been shown to re-

quire only single substances for growth and to differ genetically from t he 

normal strain by single ene changes (Beadle and Tatum, 1941, 1945; Beadle , 

1945). By utilizing a procedure essentially similar to that develol)ed for the 

~spora investigations , it has b en demonstr ated that analogous biochemical 

mutants can be obt ained in bacteria (Gray and Tatum, 1944; Roepke , Libby. 

and Small, 1944; Tatum, 1945). In Escherichia .£21!.., numerous .mutants have 

been produced which require specific amino acids, B-vitamins , or nucleic 

acid components. The similarity between tho r esults obtained with Neurospora 

and Escherichia coli follo 1ng irradiation is taken as evi dence that bacteria 

probably possess cellular elements comparabl to the genes of some hig er 

organisms. Further, it has been ;possible to utilize t he biochemical mutant 

t ypes induced in scherichia .££!!., B&, to obtain evidence for hat appears 

t o be genetic recombinations, presumably involving some sort o sexual process. 

i n this bacterium {Lederber g and Tatum, 1946}. 

In view of these results ith Escherichia .£2.ll, ~ ' it as felt that 

similar studies on induced mutations could profitabl y be extended to other 

kinds of bacteria. It also secs of intereet to obtain comparative evidence 

as to tho kinds of biochemical variants hich could be obtained in a species 

quite different from Escherichi a coli, ~. Further , nny such mutant strains 

should prove useful in a number of ways: they should make it possible t o 

deter ne whether recombinational phenomena comparable to those found in 

Escherichia coli , K-12 , occur in other bacteria; they might prove valuable ---......------ - -
, as assay organisms; they should contribute to a solution of the mny problems 

involved i n an analysis of the biosynthcsis of arious growth factors . 
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The objectives of the present study are primarily concerned 1th var1a-

' tions ~ithin the spee1es Azotobacter agilis, . B. , 4.4. Those involved 

specifically: (a) an extensive r eview of the literature i n an effort to 

beco e acQuainted -with the genus Azotobacter; (b) t o study the viability of 

tho so- called "i nvolution" forms of he organism by eans of single cell 

i solations of these forms; (c) the application of the serum reactiun as 

possible means of detecting antigenic changes in mutant strains of Azotobacter 

agilis, M.B., 4.4; and (d) the isolation and stabilization of induced motility, 

p1@'llent , and bi ochemical (nutritional) variants of the or an.ism. 



II. REVIEW OF LITERATURE 

A. Isolation ot Azotobacter 

Beijerinck (1901) isolated and described the first Azotobacter. He 

found two species, one ot which he named Azotobacter ehroococeum. and the other 

Azotobaeter agile. The former was isolated from the soil and the latter from 

a sample or water taken trom one of the canals in the city of Delft. Two years 

later, Lipman (19038) added a third species to the list, Azotobaeter V1nelandi1, 

and the following year isolated and described two more, giving them the names 

Azotobaoter be1jer1noki1 and Azotobacter woodstown11. In 1909 Lipman isolated 

and named Azotobaeter h1lgard11, and Lipman and Burgess (1915) isolated and 

named Azotobacter smyrnii. According to Lohnis and Smith 1923), Azotobacter 

be1jerinek11, Azotobaeter woodstownii, Azotobacter hilgardi1, and Azotobaeter 

amyrn11 are identical with Azotobacter chroococcum. Greene (1935) studied 

Azotobacter chroocoecum and Azotobacter be1Jer1nck11 by chemical analyses and 

found the chemical composition of the cells to be practically identical, but 

different from that of Azotobacter vinelandii and Azotobacter agile. The 

results of Aso and Yoshida (1928) upon the basis of complement fixation tests 

are further indications that Azotobacter chroococcum and Azotobacter beijer

inckii are the same organism. Smith, in private communication with Hofer 

(Bergey, 1948) feels that Azotobacter beijerinckii is non-pigr.iented rough 

strain of Azotobacter ahroococcum. 

In studies on the chemical composition of cells. Greene (1935) found 

Azotobacter v1nolandi1 to be very similar to Azotobacter agile. Smith and Lohnis 

(1923) agreed and stated furthermore that the two are identical; they wer 

also convinced that Azotobacter vitraum isolated by Lohnis and Westermann (1908) 

1s another synonym of Azotobacter agile. Smith, in a private communication 

with Hofer (Bergey, 1948) states thA,t Azotobaeter vitr um is a very weak 



growing, smooth strain of Azotobacter agile. Kluyver and Tan Reenan (1933), 

however, feel that a distinction should be made between Azotobacter a5ile and 

Azotobact.er vinelandii . In regard to th& former, Kluyver and van den Bout 

(1956) susgested that it c further subdivided into Azotobacter agile and 

Azotobacter agile Tar. atypica, the latter r ef erring to an Azo't,obaeter agile 

that fails to produce pigm.en~. 

Starkey and De (1939) isolated a new species which ~as named Azotobacter 

indicum. 

The sixth edition of Bergey's J.!anual of Determinative acteriology (1948) 

recognizes only three speioes of Azotobacter.. These ere A:zotobacter chroococcwn, 

Azotobacter agile. and Azotobacter indicwn. 

B. Description .2.!. Azotobacter 

.Beijerinck (1901) characterized the Azotobacter as stout bacteria, tour 

to six microns or less 1n length, sometimes longer, occurring as large diplo

coce1 or short rods in young cultures, the hyaline cells often containing a 

vacuole and the entire organism enclosed in a mucilagenons wall of varying 

thickness. Beijerinok found no spores. 

In elassitying the species included in t he genus Azotobacter, it was 

round that one point badly in need of cl.ari:tication was the nature of the 

flagellation. Although the genus had been studied by many workers, the results 

were in disagreement. The determination of the number and place of origin 

ot the t'lagella is difficult, and the usual flagella stains appear to be 

inadequate. 

~or instance, the type species, Azotobacter chroococcwn, has been des

cribed as having one polar flagellum. (Beijerinck, 1901)• and as being peri

triohous (Petsahenko, 1930). Azotobaeter agile has been described as having 
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bundles of polar flagella (Beijerinok}, as having one polar flagellum {Lohnis 

and estermann, 1908), and as being primarily onotriehous but with some cells 

carrying a bundl e of flagella attached at t e pole ( inogradsky, 1938). In 

t he last instance, however, as in the first, examination of the plates published 

with the articles 1g t cause doubt as to whether the fl gella were really 

attached at the pole (Hoter, 1944). Hofer (1944) states that t he general appear

ance of 1nosradsky' s plate is almost identical with that of a culture (No. 35} 

of Azotobacter vineland11 stained by Fisher and Conn (1942). Similarly (Hofer , 

1944), the ~late of Beijer1nok shows that the flagellation of zotobacter agile 

is not greatly different from those of inogradsky and of Fisher and Conn. 

Other authors also b ell e that Azotobacter cells are peritrichous (Jones, 

1913; Petschenko~ 1930). Lohnis and Smith (1923). however, state that with the 

large cells of Azotoba.cter the flagella may be either monotriehous or peri-

trichous. An example of the confusion regarding the mtter is Beijerinck' s 

statement that he had been inclined to th1 that Azotobacter agile had peri-

triehous flagellation until he sent preparations to Professor Zettnow £or 

staining. When the latter declared that the organism was l ophotrichous, 

Beijerinck aceepted his decision. 

Hofer (1944; 1944:b} demonstrated clearly with the electron eroscope 

and ith the Hofer and rilson ( 1938) modification of the Gray :flagella stain 

that the genus Azotobacter is peritrichous, and that it possesses an unusually 

large number of flagella. 

According to Bergey' s 1anual (Breed, et al. , 1948) the genus .Azotobacter 

is characterized as follo s : 

Cells ithout endospores, relatively large rods or even cocci, 
sometimes almost yeast-like in appearance. The type of flagellation 
in this genus has been definitely established as peritrichous. Gran
negative. Obligate aerobes, usually growing in a film on the surface 
of the culture mediµm. Capable of fixing atmospheric nitrogen hen 
provided with carbohydrate or other energy source. Grow bast on media 
deficient in ni~rogen. Soil and ater bacteri. 
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C. Cytology of Azotobacter 

Since t he Azotobactor are very pleomorphic they lend themselves well as 

tools for the study of cytoloe;ical variation. rphological Yariat1ons within 

species of bacteria have been obsorved by most bacteriolo ists. Many h :ve 

considered morpholo ical differentiation to be cou~led with some type of a com

plex life cycle; others have maintained that bacteria exhibit a constancy of 

form and size. These f ollowers of the "monomorphist1c1t theory maintained t hat 

any changes of a culture in morphology was proof of "contamination", incorrect 

classification or the organismt or of t he existence of "involution" for.ms. 

Lohn is and Sm.1th pointed out in 1916 that progress in bacteriology had 

been severely checke · by the i nclination to consider only conventional concepts 

of constant species characters as being worthy ot investigation. A more scien-

tific study of such ttabnormaln forms long before would have revealed the fact 

tbat life cycles of bacteria are no less complicated than those of other micro-

or aniams, according to these authors. They further point out that the state-

ment that bacteria multiply exclusively by fission has been sufficient to 

prevant thorough research in this direction, and the adherence to "standard 

methodsn explains why the life cycles of t he bacteria have been completely 

overlooked. 

Lohnis and Smith (~916) mad a comparative study ot 24 Azotobacter 

cultures and eighteen strains or other bacteria~ From this study they reached 

the following conclusions: 

All bacteria studied live alternately in an organized and in 
an amorphous stage. The latter has been called the "symplastic" 
sta e, because at t his time the living matter previously inclosed 
in the separate cells undergoes a thorough mixing either by a com
plete disintegration of cell wall, as well as eell eontent, or by 
a "melting together" of the content o! many cells which l eave their 
empty cell walls behind them. In the f irst case a readily stainablet 
in the later case an unsta.inable "symplasm1' is produced. 



According t o the different formation and quality of the 
sy.mplasm the development of new individual cells from this stage 
tollo s TI!l"ious lines . I n all cases at first "regenerative units" 
become visible. These increase in size, turning into "regenerative 
bodies," which l a ter, eitb r by germinating or by stretching , become 
cells ot normal shape. In some cases t he regen rative bodies also 
r eturn temporar ily into the sym.plastio stage. 

Besides t he formation of the s plasm, another mode of i nter
action between t he plas.matic substances i n bacterial cells has 
been observod, consi sting ot the direct union oft o or more 1nd1-
v-1dual cells. This oonjunetion" seems to be ot no less general 
oecurrence than t he pr ocess first ment i o ea. ~ e physiolo ~ical 
s.ignificance re.mains to be studied. 

All bacteria multiply not only by fission but also by the 
formation of 1tgonidia;" theso usually become fi.rat regener ati e 
bod1 es , or occasionally exospores . Sometimes t he gonidia gro~ 
directly to full-sized cells. They, too , can enter the symplast1e 
stage. The gonidia are either liberated by partial or complete 
di ssolution of the cell wall or they develop ~hile still united 
with their mother cell. In t he latter ease t he cell wall either 
remains i ntact or it is piareed by the growing gonidia, which become 
either buds or branches. 

Some of the gonidia are filterable. They also produce new 
bacteria eithor dir octly or after having entered tho sympl astic 
stage. 

The life cycle of each species of bacteria studied is com
posed of several subcyeles showi ng wide morphological and physio
logical dif ferences. They are connected with each other by t he 
symplastic stage. Direct changes from one subcycle to enother 
occur,. but they are rather rare exceptions. The transformation 
of spore-tr~o into spore-forming bacteria seems to be dependent 
on the conditions acting upon the symplasm and regenerative bodies. 

The discovery of the full lite cycles of bacteria may be 
helpful in many directions. Systematic bocteriology now can be 
established on a firm experimental basis. Physiological studies 
will ~in considerabl y in conformity and accuracy when connected 
with morphological investigations along these new lines. SeTeral 
problems in genere l biology are brought under more promising 
aspects. Agricultural bacteriology and medic&l also will derive 
much benefit . 
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A short time before the appearance of the work on bacterial life cycles 

by Lohnis and Smith , Bonazzi {1915) made a study of Azotobaetor ch:rooeoccwn 

to deter.mine the constitution of the cellular granules. At this time there 

were many different opinions as to the nature and function of these bodies . 



Beijerinck (1901) spoke of these granules as fat bodies_. The pres nee ot 

volutin was reported by Fi c er (1906). Others have regarded the granules 
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as ohromidia and the equivalent o a true nucle s ( encl, 1911). Jonas {1913) 

diatin.gu.ished two types of anules on tho basis of r action to stains. He 

r eg red the tainable gran les a reproductiv bodies and designated the 

as gonidia . Te non- stainable rail'!lles appeared to be glycogen. In his 

cytological studies, Bonazz1 used various microchemical tests. As a result 

ot t hese , he pointed out t t the granules found in Azotobacter chroococcum 

did not give t reaction tor glycogen~ b t that they responded t o all of the 

t esto c rrie out to di tinguis their .rnetachromatic ch"'racter. He :rurthar 

indicated t~..at t.~ese granul ation seem to have their origin from the nucleus, 

but they eem to have no relation to the reproduction of tho cell since t heir 

disposition in t e cells is not reg ar but changes in differeni; individual s . 

Whereas Bonazzi (1915) concluded that t he granules of Azot obacter have 

no rel.ation to r epro uotion. Jones (1920} reported the presence of granules 

which appear to represent r eproductive bodies or gonidia. His conclusions 

are in agreement with Loll,n1s and Siuith'.s theory regarding the fus ion or mixing 

together of the protoplasm ot' Azotohacter cells which constitute sy1npl astic 

clusters. However, vi t Lohnis a.nd Smith ref r to s 0" junction of two 

individual cells i s t ermed tha incomplete fission of i ndividual cells in the 

process of division by Jones . 

Lohnis and Smith r~ported ths presence or normal heat-resistant endo

apores in fifty percent of all Azotobacter culture . Their observations 

support tho concJusion of Mulvnnia (1915) ho not d the presence of spores 

in Azotobacter. From is studles, Jones sho\~ed t hat Azotobacter did not 

produce h~at-resistant spores. 

From his studies in 1920, Jonos further reports that with Azotobactsr 
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there is an irregular oceurrence of abnormal forms whioh merit the term 

"involution" forms. He found these forms to be eommon in old eultures (one 

or two months) of Azotobacter grown in Ashby's solution or on Ashby's agar 

at 25° o.. 'l'hey were more numerous when grown at 37° c. In cultures more than 

!'ourteen days old, large, spherical thick-walled cells were common. These 

appeared to be resting cells ar arthrospores. 

Lohnis (1921) reviewed the literature from 1838 to 1916 on the life cycles 

ot the bacteria.. He concludes that numerous tacts prove that all bacteria 

are pleomorphie. All well studied species, including Azotobacter, are able 

to grow in various round, straight., and curTed, small and large, regular and 

irregu.lar cell f'orms. Budding and branching are common with all bacteria. 

He pointed out that the life cycles ot bacteria are composed of seTeral sub

cycles showing wide morphological and physiological differences. Successive 

transfers made repeatedly during seTeral weeks from and to various substrates 

will reTeal the pleomorphic eharaoter ot a bacterial species. According to 

Lohnis, bacteria possess various organs of reproduction. These are gonidia , 

regenerative bodies, exo- and endospores, arthrospores, and microcysts . All 

of these are made up of nuclear substances. Gonidia and regenerative bodies 

participate actively in the process of multiplication, whereas the other 

reproductive organs are resting forms, according to the Lohnis report. 

In continuing their studies upon lite cycles, Lohnis and Smith (1923) 

made a study of the lite history of Azotobacter. They pointed out that from 

every Azotobacter culture not less than seven dif!'erent growth types cen be 

developed and stabilized. These types are ( 1) large non-sporulating cells, 

(2) coecoid forms, (3) dwarfed cell types, (4) fungoid cell types, (5) Sl1Ell 

non-sporulating rods,. (6) amll sporulating rods, and (7) large sporulating 

cells. 
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According to Lohnis and Smith, the reproductive organs of Azotobacter · 

are (1) gonidia, 1n part filterable, (2) regenerative bodies and e:mspores, 

(5) arthrosJ)Ores, (4) microcysts, and (5) endospores. They conclude that 

gon1dia tor the basis for the developttent ot r egeneratiTe bodies, arthrospores, 

and endospor s. 

Conjugation was regularly seen in young cultures. Lohnis and Smi.th 

maintain that part of the regenerative bodie are zygoepcres. 

This complicated life cycle described by Lohn1s and Smith for Azotobacter 

has been both supported and contested by subsequent investigation. LevJis 

(1939) made a study concerned with the structure and methods ot reproduction 

of Azotobacter with special attention to the nature and function of th gr~nular 

bodies \'Ulich occur in the cells. On the basis of microchemioal and solubility 

tests, Lewis concluded. that the stainable granules or Azotobacter are volutin 

rather than chrom1dia, or gonidia, ~nd that they are, therefore, not concerned 

in the reproductive process. The r fractilo granules of Azotobaeter are life-

less storage products. ot a tat-like nature hich function as food reserves. 

According to Lohnis and S 1th (1923), young cultures of Azotobac~er 

shO\'f cells in the process of conjugation connected by a. tube-like structure. 
(" 

Lewis points out that such pairs of cells are numerous in cultures, but the 

appearance is due to incomploted fission. This view was previously reported 

by J"onas (1920) .. 

According to Lawis, tho symplasm oonsiats ot a mixture of empty cell 

membranes, tat, and volutin balls. Re believes that the theory of a symplastic 

stage 1n the life history of bacteria is erroneous and deserves no flll'ther 

place in bacteriological literature. 

The studies of Lewis (1937) failed to reveal endospore formation in any 

ot the strains o:f Azotobe.cter. He reported the failure to confirm the 
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occurrt"'ln.ce of a fil·tarablo :phase in the lHe history, anc'l. t:ra11smutation of 

ceils to a different type c1..tltivabla aJJ such ~o form culture phases dif:fe:ront 

from the ort:0inal .. 

ing f'or reproduction. upon binary fission and arthrosporas. 

The developnwmt ()f scVf'l'-Ol nmi t~;1c1miques, as well as some new concepts 

sinca t,'!1.trn,'1 E*i:!'lior 1No1"kera.s clebati!.Hl tlu'ii oignif'ica.noe o:f thci .morphologieru. cell 

types i:n ~pa.cter s1;;ecies prompted BEiveral workers to study, eytologieally, 

a pleornorphic strain of 4.21otobacter with thr) electron and phase microscopes 

and the RObinovJ nuclear-ataii:::iing technique (llcldlhon, 1949; Eisenstark, :McMahon, 

an.d Ei sermtnrk, 1950; 1~i s0nstark aml l!Gliahori, 1949). 

four~ distinct morphological cell types of' 

thz~~~ ~ (IllinoiE strain ;~~· 550) wore observed; other Btat~es reported 

by Lob.nis and Smith {19,2:3) could :not; be easily distinguished. In addition 

to large roc1s, tiroo11 rods, olongated and branched eells -and minute cooeoid 

eells, they descr:tb,.:;,d dvm:rfo,i cells, small sporulati:ng rods., and large sporu

lating rods. ()'fher invos·tigatiorw did noh coni'i:t'Jll tho presence of hea:t

resistant endosporos in ·\.his or~ants.m. (.Jonas, 1920; Lel'Jis, 1937). 

stainsd r.ii'bh Giem.sa solutir:rn .. aft.er hydrolysis in norxru:i.l HCl. The presence 

of' these bod:i es after ]:ryd:eolysis ~ th(d.r strong affinity for nuclear dyes, 

and t,hcir uisa.ppfia.rancc 1.'.':r·om old cells suggest that thec1e inclusioni1 are 

similar to 'fcJ:lromatinl::i bo,1io~,n· {Robinov0, 1942). :if:isenstark and. Mcliiahon 

{1949), using a spe:cit1l technique~ :for p'.haao-microscope obaervs.tio:n.s of 

A.zotobacter ~. noted that the arrangement of ·i;he internal bodies 111 all 

preparations into central bodies and. an external area (cytoplasm?) resembles 

somewhat; the ar:ra.:nge.ment of the ,icbrom.osoi:nes'' in -various bacteria aescribed 



by Robino,, (1944). 

lru:rthe.r stu.dy 011 the cytology of a pleon.orphie strain of Azotobaeter 

has been made by Wa:r;•d ( 1950). 

D. Distribution of Azotobacter 

Nitrogen-fixing organisms are widely distributed., cu'leurring .in most 

soils.. Lipman and Burgess (1915), who studied the nitrogen-fixing flora. 

especially those of the Azcrtobaoter group,, of 46 soils from Egypt, India,, 

Japan, China, Syria, the Mawsiian Islands,, Guatema.le, Co.sta Rica, Spain, 

Italy, Russia, Mexico,, .Asia lliinor,. Ce.ruada, Unalaska, Samoa, Queensland and 

other parts of Australia, Tahiti, Belgium., and the Galapagos Islands, found 

every soil possessed the power of fixing nitrogen in mannite solution. About 

one-third of the soils contained Azotobaeter; frequently the same soils showed 

the presence of two or three different spe.cies of Azotobnoter. Asotobacter 

chrooaoceum, however, was the most prominent. It was also found mos't wid.ely 

distributed :f.n tho various soils. Groenm\!ege '(1913) round Azotobacter in 

all but one of a series of Java soils. 

Sevara:l hundred Utah soils have been examined and all tound to fix nitro

gen, many of them '!.'Oithout the addition of cal'bohydratas (Greaves, 1914). 

Aerobic A.zotobactar are pre.sent in nearly all Utah soils. Hutchinson (1912) 

found the ,Azotobactcr in all the soils examined,. They occurred in cultivated 

areas moro frequently and in greater numbers than in virgin soils. This 

probably accounts for the much hi,gher nitrogen-f'ixing powar of cultivated 

soils. 

Azotobaeter were found in only two out of 64 localities i.n the soils 

of Da.nish forests {Weis and Bornebuseh, 1914)., Both of the soils which gave 

positive tests were from beechwood forests and contained calcium carbonates. 

Although the soils of these forests rarely contain enough carbonate t..a etfex";.esoe, 
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they are usually neutral or slightly alkaline. They contain ealeiu.m, but in 

f'o1·ms otI1er t.han the carbonate. It 1s generally understood that Azotoba.eter 

occur commonly i:n soils t'Jhich contain suffieient calcium carbonate to effer

vesce when acid is arlded and that they sea:rc.ely ever occ11r in aoid soils. 

"l~heir disappearance from a soil is usually due to the abaenee of basic sub .. 

t,rhances, especially of c,aloium and magnesium. carbonate, and :uot to the presenea . 

of toxic substances (C1lriste11sen, 1915). .Mowever they are frequently not 

preserrt in peiat~· soils., 't'.ihere their absence ca:onot be, attributed to a lack 

of lime ( vori Fe ili tzen, 1910) ... 

Other investigators in various parts of the world have exarll.i;ned groups 

of soils 1'01' the pres~ce of Azotobacter. For aonv~mionce and eoneiseness, 

thG results of t.H)J:le of theso studies have been aur.Jniarized in •.fable I, and 

other reports lla:tre bi,a.n :ptiblished by the following: Christensen, 1906a~ 

190Gb; l9/J6c; FI/3.te:rson aml Mohy, 1913; Walton, 1915; l:hu:gess, l9l5; Aso an.d 

Yamagata, 1924; Mattel."11, 1928; Obraztsova, 1928; f1elim, 1951; Aquino and 

Villegas, 19$3; Paulie, 1934; Beck, 1935; J\ltson. 1938; Soriano. 1939; Uppal; 

et al. 5 1939; Sushkina, 1941; Peterson and Good.ding, 1941; :i~ti:nge:r-Tulezy:o.oka 

and Elze. 1941;. Bea.v'er, 1942; Vandeeaveye and lw.oodie. 1942; Soriano, 1942; 

tourar10. 1942; Flet-eher and ]flartin, 19.1.te; Gaw, 194.0; Kononov, l92l3; Caatolli., 

19313; Beije:ri11~k, 1908; l!.rnau<li, 1932. 

The data p:t•asented in Table I sn.01, that the Azotobacte;r a.:re certainly 

widely distt'!buted ove1• fa,3 earth's surf'aee. Z'very re:i'.'arence cited sh.0\1$ 

· that so11e soils contained Azotoba.ct,er, altho-ugh the percentage$ va:ry with the 

localities. On the ave::eage, hoviaver, a.bout 50 percent ot the soils examined 

contlfiined tho organisras. IJ.:11:ls finding verifies the indepeniient estimates 

made by Winograd.sky {1926a} and by Gainey (1927} to the effect that appro:x

ireatt1ly halt of all soils exarnined contain the nitrogen-:ti:Jdng aerobic ba.a

teria, Azotobacter. 
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The Ocourr(:.'lnce of Azotobaeter in Soils of Dif:teren.t Localities. 

Inv,estigato:r 

Ash.by (1907) 
Schalwyk and Hector { 1932) 
Christensen {1925) 
Ch1•istense:n and Jensen ( 1924) 
Wais and Bornebusoh {1914) 
Brenner (1924) 
!.Jiklas and ?osehenr1eder { 1927) 
Rossi a:m1 Riccardo (1924} 
Yamagata a11d Itano ( 1923) 
!ta.no and Arakawa {1930) 
Ohma.sa ( 19!50) 
:Kruyft (1910) 
Jobl1s011 and Murdoch ( 1919) 
Ziomiecka (1923) 
Omeliansky an6. Solounskof'f (1915) 
Gainey (1927) 
Burgess (1930) 
.sacket,t (1911) 
Gibbs {l92C) 
!Jartin, Wa.lkert B:rown. (1957) 
Gainey (1927) 
Turk (1935} 
Skinner- and Nyga,rd ( 1930) 
Wilson and Wilson (1933) 
Curie (1931) 
Vandeoaveye and Anderson ( 1934) 
'Martin { 1940) 
Martin (1940) 

TOTAL. ~ 

Locelity 

~ 

Rothamsted, England 
South Africa 
Denmark 
Den,"l'!ark 
Danish forest soils 
Finland. 
Germany 
Italian volcanic soils 
Japan 
Japanese rice fiold soils 
J"ape.nese forest soils 
Java 
Easter11 OntE;1rio 
Poland 
Russia 
United States soils 
Arizona 
Colorado 
Ida.ho forest soils 
Iowa 
Kimses 
Michigan 
Minnesota peat soils 
Mew York peat soils 
Ohio 
Washington forest soils 
i\rizona cmltiv11rtod soila 
Arizona ranr6e lands 

!~umber 
of soils 
Js:itaJ,-1.ined 

13 

3,161 
841 

64 
200 
500 

6 
300 
10 
29 

100 
29 
28 
26 

154 
33 
30 

106 
267 
269 

28 
54 
54 

120 
16 
94 

119 

61470 

Samples Ool'l.taining 
11.zotQ~acte_r_ 

!lumber I Percent 

4 31 ... _ 60 
1;006 57 

336 52 
2 3 

10 5 
200 40 

4 80 
66 22 

4 40 
s 27 
5 5 

22 76 
14 50 
12 46 
42 27 
29 88 
-22 73 
24 2'"' ,.:) 

101 35 
157 58 
17 61 
11 20 
50 93 
61 50 
15 54 
82 87 
2"1 23 

3,111 3 - 93 .... 
O'l 
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There are numerous accounts or the occurrence of both aerobie end 

anaerobic nitrogen-fixing bacteria in fresh-water lakes, but whether they are 

indigenous species which are functional in l.akes or ere adventitious forms 

from the soil is another unsolved problem (ZoBell, 1946). 

Benecke (1933} relates that Keutner was the first to make an extensive 

search tor nitrogen-fixing bacteria in the sea, this being the subject of his 

doctorate dissertation at Kiel Unive:i-sity.. Species o'f' the aerobie nitrogen

f'ixer, Azotobaoter chroccoocum, were found (Benecke and Keutner. 1903) .• 

Azotobact.er occurred primarily associated with the surface slime of algae. 

Azotobaet&r were tound in the Baltic Saa., the North Sea, off' the African coast, 

and 1n the Malay Archipelago; Keutnor (1905) concluded that nitrogen-fixing 

'.baet.eria are normal inhabitants of the sea. Azotobacter ehroceoccum was 

found to tolerate up to eight percent sodium chloride. 

Reinke (1903) belieTed Aaotobaeter to oeou:r as an epiphyte on phyto

plankton and larger marine algae, symbiotieally obta inin:g ut111zable organic 

matter theretrom while furnishing fixed nitrogen in return. S8"eral other 

investigators have noted the occurrence of Azotobacter on marine as well as 

trash-water algae, but a definite symbiotic relationship has never been estab

lished. 

The strains ot Azotobaeter, which Keding (1906) tound on the surface 

slime of algae near shore, appeared to be identical with those found in soil. 

'J.'he strains of Azotobacter which Issatchenko (1914, 1926) tound associated 

with ll'.l!lri.ne algae required enough salt for their development to lead him to 

\Je11eTe that these nitrogen fixers were speeifi oally adapted to sea water • 

.According to Korinek {19:52) there are species in the ocean which closely 

resemble Azotobacter .morpholbgically, but they do not assimilate free nitrogen. 

He found that Azotobacter chroocoeewn grew only poorly 1n sea-water media. 
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b11t he failed to f'ind 0210. Lloyd (1930) likewioe roge,rdecl the existenee o:£' 

Th<::. occurl"c'ln.OJl i.n the sea of au ahurn.larrt po1mlation of :ni tl."ogen-fizing 
' ( 

Azotobactcr is reported 

quantities of nit1•01ien.. Honever, t,ho extent to ,ihich such a process aotut;illy 

takes ,Pltlce in the ,;0a re;aai:ns to ho determined.. von Brana, ,~t al.. ( 1942) 

concluded. that, except for the sporadic presence of', nitrogen-fixing bacteria;, 

Azot,obacter 

Tl:w distribution awl physiological e:t'ficien~y of the nitrogen-i'i:rdng 

organisms, especially of the genus Azotoba<1_t;er., are governed by tho physical 

and chorn,.ical properties or the soil; foremost anong which is the basieity of 

the soil. The calcitlll1 or magnesium. carbonate ccfntent is particularly imper-
. . 

tant (Ohristense:u, 1907). 1i'U."!l.6l'OUS studies bear out the stgnit'icaneo of 

this proporty to the activity of .Azotob&wter and :i, ts implications ir:i. iioil 

fertility (Fischer, 1905a; Krzominienieviski, 1906; Christensen, 190'7; 1915; 

Koch, 1907; Ashby, 1907; Krainskii, 1908; Remy, 1909; von Feilitzen, 1910; 

Roffman a:nd Hammer, 1910; Larson, 1911; Idock.eridge, 1912; Lipman and. Burgess, 

1914; Bear, 1917; Kopeloff, 1917; Greaves, 1918; Fred and Davenport, 1918; 

Johnson ancL Lipman, 1922; Gainey aud Batchelor. 1922; 1923; Burk and Line-

weaver, 1931; Buxk. 1954; Klauss, 1940; Greaves and Janos, 1941; Gainey and 

Fow:ief, 1945; Gair~ey, 1948} .. 

The nitrogen-i'i:xing organisms probably require for their nut:i:itio11 the 



same ele.m.ents as do tho higher plants. namely: carbon .. hydrogen, oxygen, 

nitrogen, potassium.. phosphorous, sul:f'tll', calcium,, magnesiun, and iro,n1 
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and possibly aluminum and n1an~anese {Greaves~ 1918}w In eonneetton w:1.t-h their 

nu.trltione.1 reqni:t'(rn1enta there is a vast an1ot1.J1t ct literature (Hiltner and 

Stormer, 1~03; Lipman, 1903a, l903h; Stoklasa, 1908; Stransk, 1so,; Rein~0, 

1.910; Kra1nski1~ 1912.; ?1icBeth, 1913; Uanzewa, 1914; Lipman end Burgess. 1915; 

Coleman,, 1917; BaJ:'rJ;Eis and AJ.1, 191?; Rills. l.918; Winog1·at1sky, 1925, 1926a, 

1926b, 1926c, 1927a, 192'7b,. 1928, 1930" 1935, 193&, 1938b 1 1941; Winogradaky 

and 2iemiookt1, 19211; Ziemiecka, 1929" 1932; Joshi and: Ram Ayyar, 1934; van 

Niel, 1()35; (}:reaves and Anderson, 1936; Wieri:nga., 1939) • 

The intluonce of fixed nitrogen on Azotobacter both wi'bh respect to 

utilization and i.Dhibition of nitrogen fimtion has boen studied by a n.umber 

of invi;stigators. The results have not always been eonelusive, but it appears 

i'rom th,; litero:ture that Azotobacte:r does fix a:t.mospherie nitrogen in the 

:prosenee of eombined nitrogen. The specific influence of this eom.olned 

nitrogen uepends upon tlw kind and qua:n:tity present (filltner and. Stormer; 

1905; Liprna:n, 1904; J"odid:t, 1910, 1911; Headd en, 1912; Dvol'ak, 1912; P;;.81lzawa, 

1914; l.oh.n;ts and Green., 1914; G-1~E>a.ves t>Jld Anderson~ 1914; :Bro,m end Allison, 

1~}16; lbrray,, 1917; :M.:>okeridge, 1917; ll'ulmer and Fred, 1917; 1Uar.iards, 191?; 

Reed and Williams,_ 1917;. Baar, 1922; (}raaves and Melson. 1925; Ita:not 1923; · 

Zoond,, 1926; '.l?clegdy--Kovats 1 1928; Voitkevidh and Runo-vr 1928; Gu:.itt0:nneau, 

1929; Bu:rk and Lil1mteaver l 1930; Bau.mga:rtel an.(1 B1:rbenschon, l.950; Fuller, 

1930; I1~asaki; 11?30; 1"i\1Uer a:n<'l Rettg:Jr_, 1931; Dassalik and Mougebauer, 1931; 

Whoru:pson, 1932; Birch-Eirschfeld, 1932; Winogreclsky i 1932; Smith and Coul).; 

1932; Itano and Arr,tkavw., 1932; Smith and Brown, 19:52; Burk, tinewGavor; and. 

Horner; 1932; Wilson, Hull, and Bu.rris, 1933; Das.sai; 1933; lligot.ard, 193:5; 

Bol'tels.. 1936; (}'c1inay; 1936; Loohh0ad end Tllexto:n.$ 1936; Stu.mbo !'1\lld GeJ.ney; 

1938; Martin and :Srown, 1938;. Aso, at al. , 1939; Starkey, l.959; Greaves and 
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Bracken, 1939; Rubenchi k and Roizin, 19~9; Winnik and Goldberg, 1939; Greaves , 

.Jones, and .Anderson, 1940; Tattulko , V.D., 1940; 1941; H rvey and Greaves, 

1941; :yss , et al~ , 1941; Lind and Wilson, 1942; Ripp 11-Dnldes, Stare, and 

Kohler, 1942; Jonas a nd Greavo , 1943; Bur·ris and Wilsen, 194!6; Horner and 

Allioon. 1944; Schroeder , 1945; Greaves , 194r.:; Fedorov , 1949; Kellernmn and 

Smith, 1914; · Ko tychev and Schviezow , 1926; Skinner, 1930; Vukherer, 1941; 

Boriazzi, 1931; Arnaudi, 1930 . : 

The .effects of tr c elements o va.rying cone ntrations and combinations 

· -on nitrogen · fixation 01• utilization, and on pigment production by Azotobacter 

' has stimulated e.n :i:ntereat on the part of ne ny investigators (Olaru, 1915 ; 

i 
· Gregorie ., 1916; Greavos and Cart r, 19:34;. Stoklasa, 1926; Hira1, 1927; Bo rte ls, 

1930 , 1936, 1937e, 1931h, 1939; Konishi and Ts ge , 933a, 1933b; .Greaves, 1 

19.33 ; Ita no nnd Matsuura , · 1933; Burk , 1934, 1935; Horner and Burk, 1934; 

Van Ni~l, 1935; ,Burk and Horner 1935• 1937; Krzemioni iski and Kovats, 1936; 

Kovats, 1938; Steinberg, 1938; Mulder, 1939, 1940, 1948; Lewis and Powers, 1 

1941; Lewis., 1942; Horner. et al. , 1942; Nilsonn, Alm, and Burstrom, 1942; _,, 
{ 

Burerna. and 11eringa, 1942; Harris, 1943; Vinograd va , 1943a, 1943b; Harris~ 
I 

1946). 

The easentiality ot molybdenum or vana.diur.t i n optimU11J. concentrat1onsr 

, for maximum. ni~rogen fixation and gl'OWth by many strains of Azotobact er , 
' ' . 
has been established by Horner, et a l, {1942). 

Potassium is esaential to 'the higher plants and ea.nnot be .replaced by . ' 
related substance'?, yet _Gorla?h and Vo.ael (1902a; 1902b; 1903) early r eached 

I. ~ 

the conclusion t hat potassium and magnesium are not essential to the Azoto-

bacter.. Their results were , however, generally considered erroneous, for 

·while as much nitrogen was fixed in twenty days without as with potassium, 

after f orty days there 1as no further nitrogen fixation in t he solution without 
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potassium, but in 1 ts presence the :nitrogen gain nea:t·ly r1m1bled., lt v1as, 

therefore, argued that tho traces of potassium left :ln the ehE:mioala and 

men.t for c. time. If those t'>lomants are essontial, it .rutrnt be in extra."Uely 

lfhe Azoto1,aetr1~ r.cguire large q1umtitie8 of r,hospho:roua {m)l:i.nze> l..1J06; 

W:i.lf.'c:i!th and Weinmar, 1907) for tho building of the nuoloo-proteins and 

is :rf,ther evident that phosphorous plays a very essential part in Azotobactor 

.metabolism. The litorature is fi11,x1 ·trl th :re:ports: 011 the relatio:r.,,ship of 

pho:::rphormw to Azotobc:cta:r. (Ucinz,J, 1906; VIilfa:I'th.1 and WEJ:tnm1.?cr 1 1907; Voorhees 

and Lipman, 1907; Ohrintm1rmn, 1907, 1918; Lipr.m.n, 1908; Kastir01•, 1910, 1912; 

Dzterzbicki, 1910; Hn.rdon and Young., 1911; lfockeridge, 1912; .Roff'man.n, 1913; 

Bear, 1917; Greaves, 1922; Greaves, Ctu:•tt:n:', nncl !.u.n{'., 1922; Winters, 19£4;1Jiklas., 

A0cordi:ng to Stoldo.sEi ( 1911) .Azotobacte:r 
,;,...~ .. ·. -

form :ss :rap.idly as do th:::: am.rmrdf;ving bnctoria. 

The common so-called soil !t'alkalier, - sodium chloride, :1odium Stil.f&:te, 
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and sodium earbl'.nl.-':ltett (l.ipm.an and Sharp, 1912) do not sti.mul.tite the nitrogau

tirl:ng organisms. They are quite resistant to these compouruis {».mes and 

Ali, 1917). Numerous othor studios on tho effects of soil alkalies, various 

types of soils, temporo.ture and absolute reaction, and other physical and 

che.mical agents and their affects on Aszetobact.er have been reported (Keutner, 

1906; Lipman,. et al. 1912; Hills, 1918; von Failitzen, 1911; P'isohar, 1905; 

Wilsdon taad Ali, 1922; :Werner, 1945; llalker, et .al.; 1930; Walker and Sullivan, 

1929; Shunk'" 1929; Sidorenko, 1940; R.yablkina., 1938, 1939; Niemeyer, 1925; 

Loew, 1927; Lebenbaum,- 1952; Krasilnikov and: Nikitina, 1945; 1ensen and Siriaby, 

1940; Jensen, 1942; Hunter, 192.:"5; Henc-ke1 and Zaknarova, 1930; Green", 1933; 

Allen, 1919; Greene, 1932; Greaves and Cartex•, 1920; Greaves,_ 1916; Gilibs 1 

and Batchelor,_ 1927; Gibbs, et al., 1926; Gainey and Driscol, 1955; Gainey, 

1944:1 lM3, l9-2'1b, 1926., 1923, 1918, 1-922; lt'lieg, 1957; Fifa, 1931; Fe-4.o:rov 

and Topper, 1945; Federov,1949; Efendieva, 1944; 19-42; Dhar and Tandon, 1936; 

Osaky, 1949; Cauda; 1916; Chuvaev, 1931; Bra.a.lay and Fuller, 1900; Blinkov, 

1940; Berge, 1940; Bezrukov, 1928; Bassalik a.n.d Neugebau.er1 1935; O.mel:lansky 

and Sieber, 1915;. Greaves,_ 1910; Severin,, 1917; Stoklasa, 1911; Lipman,, 1904; 

Rippel, 1924; Vandecaveye, 1932; liUls-on and Stakfil', 1932; Backett and S-te\'mrt, 

193.l; Katznelson, 1940; Konishi and Tsuge, 1935; Koatnik, 1930; Rabotnovat 

1942; Q.uispel. 194'7; l?ocho.n and LajwUe, 1948; lli1c0alla; 1939; Molotkovakii, 

1941; Lineweaver, Bu:t'k, and Horner, 1932; Richards, 1939; Rybalkinat 1937; 

Smith, 1944; Shayder and Wyant, 1932; Werner, 1935; Whslden, et al.t 1941; 

Wilson, l.f37a, 1937b; Wilson and Choudhri. 1948; Wilson et al .. , 1943; Young,, 

1935; Burk, Lineweaver, and Horner, 1934; Bassalik; 1913, 1932; Beijerin.ck,;. 

1901, 1908; Curie and Batchelor. 1930; Cox and Uartin, 19-37; Christensen •. 

1923;, Ohodzioki, 1953; Castelli, 1932; Burris• Phelps, and Wilson, 1942; 

Buckateeg, 1942;. Bueherer, 1933; Blom, 1931; :Baumgartel. and Hartung, 192'?; 
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£01.u~rtel and Bihler, 1930; Arietovskaia, 1941). 

The nitrogen-fixing 01 .. ganisras dii'i"er widely from pl.ants in their energy 

requireri1er1ts. r.i:his is due to ths :f'act tha:t tht,y carry on endothe:innie :t>f.mc

tions... The fi:r..ation of nitrogen by ,!21,,otol:iaeter necessitates a greater supply 

o.::f' energy than is Niq_tti.red b;\f most other bacteria.. 11hey are similar to most 

other haeteria in tl:!at this tmere;.v must be supplied by an organic compound, 

;pref,H:·ably one of the carbohydrates ( Groavos, 1918) .. 

11.'lte literature indicates that many -vaired organic eo.m:pound.s such as 

si.m.pl0 carbon eo.m_pou.·1:u:la," ben2.ene der:i:vatives, com.plex carbon cornpounds 1 and 

fatty acids, to mention a few have been ;;rtmUed as pos.sible sources of en.argy 

for the germs Azotoba.cto:r. li'rom th.a literature available it is apparent that 

sinrpler carbohydrat013 are t,ho better energ-J sources; most. of the :r.atu:rally 

occurring glu.eosides ax1d m,.any b(1nzene deriva:liiv1'.>s are unsuitable as sources 

of energy. iJoreover, som,,s spf1clm:i utilize one carbohydrate ll1ost e:tf6'etivoly 

and another species a different one. '.rhe quantity of nitrogen fixed per grru:n 

of carbohydratE;: varies greatly v~ith tho species, .and thH efficieney of these 

organisms 0-fockerid.ge, 1912} to utilize various carbohydrates as sou.roes of 

energy is gr0,1test vihen. they are rapidly multiplying and it deerefasi.0s as their 

r,l'3tabolic proiiunts aecrumulate. 

'?he effects of various organic eo.w.poun.ds on ,Azotob":~~~.e.:r:. as enefrg;v · so11I'ous 

may be found readily (Berth.,3lot, 1885; Bottomley, 1911; Brown et a1 .. , 1916; 

Dvorak, 1912; Dzierzbicki• 1910; J:'ulner, 191'7; JYuli.ner and Fred, 191?; Gre2:ves 

an(! Carter, 1916; &nzawa, 1914; R<'i-nry, 1902; Hoff.in.arm and !mm.mer, 1910; 

Hoppe-Seyler, 1886; Hornberger, 1906; Koch, 1907, 1910; Koch, et. al., 1907,. 

1912; r.rainskii. 1910; lu'zem.eniewski• 1908,. 1909; Lohnis and (treen, 1914; 

Lohn.is and. Pillai'" 1908; . .MoBeth, 1915; Moekeridge, 1915; ,Jmeliansk'}' and 

Solu.'1skov, 1916; Peck, 1911; Pringshei!n, 1910, 1913; R~.my, 1909; Richardsi 
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19l'l; Stoklass, 1906, 1900; Stranak, 1909; Suchting, 1905; Tottingham., 1916; 

1929; Sl!eloumova; and Menkins, 1935; Sanborn and Hamilton, 1929; W.ppel

Baldes and F'isaher. 1946; Reuszer, 1939; :ttakrinov, 1933; Li:n$weavor, 1933; 

ltrislms,, 192&,;, l928b; Kostytsehav" et al., 1926; Jensen, l942t 1940; J"ensel 

end Swaby, 1941; Horvath and Kram11. 1948, 1947; Gorini, 1929; Georgi and 

Ettinger; 1941; Gainey, l928a,, l92ab; ll'edorov, 1949; Diehm,, 1950; Dhar, et 

al., 1936; 1\so, et al.. .... 1932; .Burk, 1932). 

Asotobae'har as energy sourees, Lineweaver, 1935, fQ.und that Azotobacter 

Tinel.a.ndi i is capable of oxidizing, by :means of molecular oxygen. a large 

number of' oompounds including the following: gluoose, lactate, pyruvate 

butyl al.e:ohols, formaldehyde, and at least one amino-acid., l •tyrosine. He 

reported that in general, ii' a subatra't,e is oxodized at all,. it is oxidized 

praot1cally in entirety (at least. 95 to 100 percent) t.o carbon dioxide and 

The biologieal fixation of atmospheric nitrogen has been the subject of 

many physiological and bioche:m.i.cal studies, particulal"lY with reference ti:, the 

metabolism of the ni trogon f'ixinr;,: ba.oterio.. Of intera.st is the mode of protein 

synthesis by th~ genus Azotobaicter~ 

Greene (1935) harvestod and analyzed the growth of: four species of .Azoto-

'bacter which were grown on nitrogen-free mannitol agar. He found Azotobacter 

· vinelandii and ~tobaetar rui;.ilis to b0 very sim.il&r in composition; a close 

simila::ri ty was noted to exist between A:2:otobac:ter ghrooooccu.m ahd Azotobecter 

'b_ei,jerinckij,. He :found this relationship to exist also in their nitrogen 
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:tixing abilities. 

Groen f'o:und arginine and lysine we.re the am.1:no acids present in the oalls 

<,yst1ne, and histiditJe were found in: .smaller runounts. Approximately 40 percent 

-0f the total. ni.trogon v.ms tound in the non-basio fraction> which indi~at-ea 

the presence at sit1plZ1r amino acids {glycine, alanine., eto. ).,. Re noted by 

qualitative tests· the presence ot a substance which gave a poaitive ~aetion. 

with sodium nitropruss1de and he reported it might be glutathione. From his 

results with sen1!~ntitative determinations he 1nd1ooted that protein$ were 

preaen.t chiefly as globulins,. glutelirw, and albumins. 

'!'he synthesis of vitamin B bysueh biologically separated genera ot 

mieroorganisma as Torula, Oosm>1;a, Actinomyoes and tour genera ot t.he order 
. . . - ' . . - ' . 

Eubaeteriales reveals a general ooeurrenco ot vitamin B synthes:ts among w14ely 

separated groups of the lower piant form.. Vitamin B is a oonati.tuent pre ... 

'Valent in microorganisms (Sunderlin and Werkman, 1928). · 

S1-anetz (1923) using mice found that Azotobacte,:, e-hl:'oococown p,rotlueed 

ne1tller vitamins A nor B. Bunter {lg25a, 1925b) oonclucled that Azotoba~ter 

synthesized vitemin B. Sunderlin and tierkma:n {1928} reported that Azotebacter 

ehroococcum was found by supplementing the diets of white rats with the 

organism to produce vitamin B. 

Azotobacter chroo-coecum when grown in a synthetic medium tree ~. 

aeeessory tood factors sy:nthosizes biotin, inositol, nieotinie ac~d, panto

thenie ao1d, pyridoxin, and thiamin as tietorm.ined by assay proe-edures. The 

quantity syntliesized compares favo.rab1y with the quantities found in oiher 

plant tissues including yeast. {J'"ones and Greaves,, 1943). 



:fhe faculty of using niolccular nitrogen f'or the synthesis of protein :l.s, 

the 11oro ccimpl&x forms of life. lt 1s true 'the.t pori{)t1ically tl:v..3 power has 

appeared subsequently that adherent sym.biotie bacteria vvere the aetive agents., 

ef fi:1(:ing nitrogen to any appreeiable or useful extent. 

It is indeed fortunate. not only for man, but for plants and animals in 

atmospheric nitrogen. f'or nearly all animal~J and plants are dependent. fol' their 

e:rlstenee upon a supply of' nitrogenous compounds. 

Atmospheric nitrogen nxatio11 is a fundamental phenomenon in. the main-

synthesis.- Eloc:trieal di:seharges in the atmosphere, rainf'allr ete .. J may be 

responsib1e for a small portion of nitrogen, but by far the greatest part of 

Evidence of ea::rly observation of biological nitrogen fi:x:ation is given 

The actual discovery that nitrogen fixation occurs through the 
agency of microbes was due to .Todin. In a seldom quoted :paper 
published in 1862, he de111onstratcd that a solution containing phos
phate11 and eitl1er sugal', tartaric acid, or glycerol. but 110 organic 
nitrogen, supported a vigorous gro,;,vth of "'.mycoderms.n If the eultUl'e 
fluid were onelosed in a sealed vessel, o. decrease in nitrogen. as 
;1ell as ot oxygen oould be demoustrated, the nitrogen absorbed 
being six to seven percent of the or1gen used.. It is di ffieul t 
to tell whether this important observatio11 11ms influenced bji· Past.m,_r' s 
writings on the .microbial eause .of termenta:tio.n; in any case it 
stands as the first real bioehemieal evidence of the part played. 
by .mierobes in ni trc>gen fixation. 

in the field of biological nitrogen fiJtation. '?he available literature o:n 



The classical '\<1.Hw is that the mechanism for biological nitrogen i'ixation 

of reaetion and. its obvious analogy both to t.ho assimila.tlon o±' combined 

rt10ehan:lsm (l:Jilson, 1940}. 

found th,at a strip of li'tmus. paper in the container soon tnrt.1Gd blue.. The 

Des raoiues de :poig nodulees, .d.eta.ohees. de la tige, introduit,es 
imn1ed iamcn.t dans des flaeons-lt.nrctU:S , !'()lies a des 'ba:rboteurs 
charges d'eatt acidulee, laissent capter des quant:ltos assez notables 
d'a.mmoniao... Elles so11t d'ordi11aire tres foibles durant les pre1niers 
24 heurs, ma:ls eu oontinuant la ve11tilati011 avec de l 'ah· t1•0s sec 
( i:m qui previe:nt le developpe.ment des moisissUTes), on recueille 
qui.,:,lques dizaines de 1ililligrames d'azotG emmoniacal par 24 heures, 
dagages par des rncines noc1ulees d'tm poids :f.'rai de 60 a 100 g:rarn.ri~s 
(Winogradsky • 1938). 

delay occurriBd :l.n the evolution of the am.monia • rillich attained a r11axL"'!lum 

rate; {2) antisopties and anae::rthetics W(ire ineffective in preventing the 

as long as three years, they would 1;;,till evolve arnno:nfa on b 
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(4) roots :f'rom maize or from peas 1'ree of nodules did not liberate am.ntonia 

on i ncubation. Most of these arguments could be used equally well in support 

of the view that the ammonia originated trom or·ganic nitrogen in the nodules 

ilson. 1940). 

The evidence most v1 tal to this theory--that the excised nodules were 

ac:ttually fixing nitrogen when the ammonia was being liberated--is lacking. 

Other workers have obtained no fixation with nodules kept under the conditions 

used by W1nogradslcy, and there is no r-eason to believe that his experiments 

were an exception (Wilson, 1940) . The quantity of anmonia liberated is much 

too large to ascribe to fi:x:at ion without d efini t .e proof\ Also, nodules are 

relatively high in an organic nitrogen compound that r dily loses a :part of 

its nitrogen as ammonia. Finally• the behavior of the dried material would 

certainly suggest ammoni!ication rather than nitrogen fixation (Wilson, 1940). 

a. Ammonia~ !!B. I ntermediate !£ Nitrogen Fixation ~ Azotobacter 

Although the toregoing data in support of the aJMJ.onia hypothesis of the 

mechanism for symbiotic nitrogen fixation are not convincing, it is likewise 

true that few established facts recommend its rejection (Wilson, 1940). It 

18 of' interest, then, to detennine whether there is any better proof for the 

view that ammonia is an intermediate in nonsymbiotic nitrogen fixation by 

Azotobacter. Numerous worker.s have suggostod that ammonia 1.s an interm~diate 

in nitrogen :fixation by Azotobacter, but Kostytsohew and his co- workers ( 1925, 

1926) were the first to obtain supporting evidence. They found f'rom 4 to 

13 mg . of soluble nitrogen in 400 ml. ot filtrates from cultures of Azotobaeter 

agile that had fixed a total of 30 to 70 mg. of nitrogen. About 25 percent 

was ammonia• and the remainder was amino nitrogen. Since t he excreted nitrogen 

cou_ld be found in young cultures, and since the organism did not liborate 

ammonia from a glucose- peptone solution, Kostytschew claimed that the soluble 

·,. 
r 



products 1•eprese.nted :i.ntermorUates in fb.:a:tion ri:.ithor thnn compounds for.r:wd 

by eell deccir1positio:n.. H:s argued tllr1t i:f' the ammonia nitrogan and amino ntt:ro-

gen originated froxn decomposition. other f'o:rro.s of ui trogen r~ould be present. 

His conclusion was thBt runmonia rop:r6sents the "fi:rstn proc111tct of :fixation anc1 

194,0) ~ 

Suceeeding investigators were unable to confh·m theGe :fir1.11ings ana 

m.tmy decided. that the r1c,sults must be a.scribed eithor to impure cultures or 

to strain sprjeffici t:i•. In 1930 WinO{itJ.>a.dsk'J demonstrated that Azo.tobacte:r 

cultu.r0s readily fo::r.·mea. am.,'1'.lonia i'.t' the organis.'!ls wc;r•e g1•ow11 ox1 silica eel 

co:nditions the pH rose to 8 or 9, and amm.onfo c1istillec1 sponteslaously from 

the culture.. 0th.er ;,1orlrn:rs {Burk and Horner, 1935; Isakova, 1953} soon veri-

fied this t'ind.ing and extend.ad it to include producrtion o:f arnraonia wh,in glucose 

-vJas usec1 as a source 01' carbon in a physiological range of' pH. Burk and ITorner 

{1936) have fur:n.ishGt1 a detailed account of tho subject .. 

One of the ;n.ont reEJ.arka.ble disclosures in this connection is t;h~ cls:im. 

tho ·t;otal nitrogen in ono ml. of an ttAz.otobaeter juic.ie, 0 v,11li.ch origna.lly 

contained l.9$ mg. of nitrogen (0.622 mg. :t,,,"li3-J:l), rose in nine days to 2.7B 

mg (0.551 mg. l[B:3-!li}; in th<;~ prc0ence of' glucose the nitrogen content increased 

to 1'1,.68 mg., of which 10.63 mg. nppcar,~t1 as ammonin; with r:121.nnitol thu total 

lo r.5 f " 0 a ,,11~ ··r\ ni troge.n 1:11ns .• {i mg. \ b. ;;:.6 .rag. ,.,,13-.:..\i 1. This a ppa:i..•e:rJ.t l't%1li za ti. on of the 

ultit~'l.te airi1 of the ro8c,arch on nitrogen fb:atio11, the inolation of a cell-

f:reo enzyme preparation thnt will i'ix nitrogen affords strong su11IHirt fo:r t.1lJ3 

am .. monia hypothesis; but un:fo:rtun.ately th,-;; d:t ncove1•y awaits i:.:onfi:r.mution by 



other wo:rktJ.rs (Burk., 1937; Robex-g, 1936b), {Wilson,. 1940) ... 

Burk ant Horn.er (19"36) have attacked the oon.elusions of Winogradsky and 

ethers who ·support t:ba. ammonia hypothesi.s on tho ground that. ~- expe;rf.Jnents 

have not been. sufficiently well oontrol:.led to pemit differentiation bet't'Jetm 

the products of fixation and those of' metabolism. They !'o'Wl.d th.at th• libar

ati on of ammonia from Azot,obe.ete:r cultures was independent ot the prasel.!.ce of 

tree nitrogen; that is, cultures grown in fixed .forms ot nitrogen (nitl"a.te, 

a.mm.on:ta, aw.des, am1.no acids} behave essentially the same as th.osa tl:uJ·t secured 

their nitrogen from the air. They concluded that,. therefore, tb..a a:..ramonia 

originated fr011 oxldati•re deamtn.ation of cellular material. 

Roberg fl93oa) reported that trom 10 t:o 20 perc&nt of the nitrogen .fixed .. . .. 

by Azotobaeter cultures appearea as soluble products in the medium, but tnat 

only a small portion of ~is nttrogen was amr11.on1C4; he agrees that sueh ammonia 

pr.ob'ably arlses from cell respirat.ion.. ~Jincgl'tluslcy' {
0

1939b}, in reply w the 

eritieism of Burk and ltorner declares that the disa{3l"e.smsnt in the results of 

loberg a;'id those of Burk Wld his associtttes ove~ the forms of nitrogen excreted 

ind.:ioates errors in their e:tper1roonts-.-$rrors that. he att.r:1butes to t.aul:l,.y 

cultures.. Re beUovss: that mt!WY, if 11ot all,, of tl1e previou.s, findings of 

all'11!!onin in Azotobaeter eultu.res, :l.ncluaing $ome of his own,. are open to question 

'beeausa of the presence of eont2lllinants. Azotobacter, he st,at.ss, is .,ineapa.bl.e 

criterion .of the purity of eultu:res used in studies on mech.an1s.m should be 

'the lack o'f this :function.. Since . ha d.omonatrated to:rmation of awoou.ta by 

~obacter. eu,ltur1;is possessi.ng no powora of dea.."liination, lUnograd.sky eo:uol;udes. 

that this compound .mu.st be asaooia,ted ,:~ith the process of :uitrogol;l fin.tion •. 

vitiated 'beoauso of' the questionable purity of their oultures,. but tnay stat& 



toot tn_eir major conclusion, that t:i:10 form ana extent of nitrogen {free or 

ec.mbined), has been verified in experiments with cultures of.' mown purity. 

Fl'or.'l. 10 ~o 25 percent of' the total nitrogen in the cells was e:!:Ol.'et®d by 

young cultures in these experiments. Virtually all the excreted nitrogen 

was organic., and a. largo pe:roenta:ge of it was precipitable by trichloracatie 

and phosphotungst.ie acids, indicative o-f compounds o:t relatively high moloe

ular weight. 

A ftmd.amental question in biological nitroge11 fbmtion is whether. the 

m.ec.han.ism. of £1:mtion by the free-living Azotobaeter 1.a essentially the same 

as that of' the symbioti.c system {leguminous plants :plus Rhiz.ob1Wll). Although. 

some avidonee exists in favor of an affir.rrative view., e.g., both are readily 

inhibited by combined nitrogen, convincing support has et been available 

(Wyss and 11:tlson,, 1941).. '?his deficiency ~rises .mainly frmit a lack of suit

able methods fo:r defining the properties of the enzyme system concerned in 

the process, a defieianay that the physical.-ehe.mical studies of the past few 

years proll'd.se t-o overcome (Wyss amt Flilson> 1941},. Wilson (1959 1 1.940), 

.t-or exrunple. have demonstrated tm t molecular hydrogen acts as a specif'ic,. 

,competitive inhibitor for nitrogen fixation by inoculated r©t'l clover plants. 

Wysa and lililson (1941.) reported that results froi-1 tour types c,f experiments, 

1nvolv1ng both maoro and. mi,ero estimation of nitrogen fixation by three 

speefos of Azotobaeter, consistently indicated that ~ acts as a specific 

inhibitor of the t1ntion. roo·etion in these species. .Azotobacter cultures 

grown 1n an atmosphere in which the P..~2 was r&duced. t.o o ... 3 atm., t.he p02 

kept at 0.2 at.m., and the abstracted N2 either u:oreplae-ed or replaced with 

helium. or argon, fixed atmospheric N2 at the same rate as that observed 11Jith 

eulturGs gr-mm in air. If, however,. H2 is used to replace the N:,3, a signifi

cant decrease is observed in both rate and extent of fixation.. Sine~ th.a 
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symbiotio nitrogen fimtio:n systrn:n. of red clovox responds to H2 in tho atw::is

pherfJ in essentially the se111.e miulller, Uyss and. Wilson {1941) ooneludoo that 

the msehan.isitt of nitrogen by the symbiet:tc sys:rtem it! similar, if not identical, 

with tbat of the fimtion systora in the tree-linng Azo'toba.eter. In all effort 

to determine the mechanism, of this type o.:f' 11'.illibition. 0:ultures of the bacteria 

were tested for hydroieimaa, en~ which SteJ;,ho:v.son and assoei&tes {193'9) 

found in several species of hetorotrophic organisms catalyzing the revw;rsillle 

:roaetion: H2-< 2H., 'lb.e er.,dste.nce of hydrogenase, tht1. enzyme activating 

mol.ecula1~ hydrogf/J:n we..s demonstrated by l?b.elps and Wilson (.1941.J 1n cultures 

of A.;zotob.acter. by a Idethylene blue red.uet:to.11 method as we:Ll a.s by measurements 

of' :a2 uptake :i.11 the War'bu:rg mierorespiro.met,er.. The enzyin.e waa found in cells 

gr,m1tn in the presence, o:r? absence of .molecular hydrogen and nsing either free 

or combined nitr,)17;0n. 

The v1ev1 th.at ammonia might be an inter.mediate in biolo~ical nitrogen 

f'i;;mt.:ton was suggested aL'TIOS;i, immed.iatel;y follordng discovery of this process. 

A$ h.\is been emphasi:;:'.ed repeatedly by vmI"·kers (Burk, 193?; Bt.U'k a:..'ld Burris, 

1941; 1°Jilson., 1940), hm.revar, the evidence in sn:pport has lmen so laoldng in 

specificity and proper coliitrol tru.rt it approaches irr0lavency., As a result 

an alternative r,1.eeha1lis.m ba.sed o:n hydroxyl.amine as the key i:ntern1ediate has 

reoaivc,d inereashtcte; i,:rt'tent.ion. This v10rJU, ad.vocBitod mainly hy Vi:rtanen (1938}:. 

is based on oxpe:riments which deal with symbiotic nitrogen fixation brought 

about by e,saocia tion of' l0gu.mi:uous plants and 'Che root nodule baeteria. 

lVorke:rs hmte examined the evidence as it applies to this type oi~ :fixation e.:nd 

ooncludad that moat 1:t' not a.11 would support equally wall the YiEHrJ that ani.menia 

ia an intermediate (:Burris and tJilson, 1945; Wilsont 1940). Nevertheless, 

an incroasing n.UJ11b,:Jr of authoJ:•s, especially of texts, prer:Jen.t this proposal 

as a defi11itel:y- proved mi.'aehanism rather th.an as a .s.uggestsli hypothesis .. 
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ca.nee of a'l:IDlOnia in f ixat.fon by the frea-li vtng bacterium,. Azotobaotor vine ... -----·--
land11. One a.f' the most critical of those is that ext;remely small eoneen-

of i'ree nitrogen by Azqtob.scte1• in contrast t-0 the .less rapid and le/3& complete 

substitution note{l when other a:vail;able :fixed compounds of ni:trogen are .sup,-

shif't :from fixation to assimilation of oo.mbined nitrogen, and Burris and 

Wilson {1946} em.minod in detail this shlft. An :aerated culture of Azot.o

'baoter vinelandii gro~n1 on t:z2 was .supplied mr.4 labeled 1nth :Ml6;. the culture 

wecl:!ately stopped fixing lr,2 fiU'ld US(}d .tm:4 as its exelusi.ve scfuree of. nitrogen. 

When :m15 ... N03 was sup~lied und$r the same conditions~ no n15 was found in -tt:i.e 

15 + calls for 30 . .nd.n:utes in oontraat to 1 ts deteetion in one minute 11.hen N -~ 

wa.s .supplied. 

of assi.m.ilat.ion. of mi3•N incre~sad vJ1th ti.me. Aerated eultures of Azoto'bacter· 

vinelandii prev'iously gr01tm either with N2 or wit..11 KN03 assimilated t84 in 

praf'eronco. to NOz when supplied. m th ffli4:N03. Ii" Nl!q,1'103 was_ added et tha time 

of inoculation to cultures :previou.sl;y groim with EN05 , the growing organisms 

usetl mt! preferentially and reduced N03 to NB:4. Azotobaats:r vineland.11 grown 

either with Il2 or li03 has pro:fomed enzyme systems capable of utilizing NH4 
imru,;Jdiately and to tho exclusion of ot'hor nitrogenouti compounds,.. "l'o u$e N03 

the eslls must first adapt them.selves to it. From t.,.i.ese und other studies 

:made with isotopic nitrogen it is concluded (Burris and Wilson, 1946} that 

present inforr»tion favors th.c V'ieiw tha·t a!fil'l.!Onia is the n~~ stable i.nter-

mediate formed in nitrogen f'i:im.tion by Azotobacteir. 
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.mediWll. !b.e compound is extremely -toxie to Azotobacter., and it~ utilization 

in non-toxic conc.m1triri:iiona {lf:lso than. l microgram per ml) :ls doubtful (Nov:1k. 

and 'L'filson, l948l. J\. series of carefully controlled trials d$.mon$tl'at.ed th.at 

acids is not available to Azotobacter vinel1tndii. This lack: ot utillza:tion 

p:rev,auts the u.se of the apeeif1e eritieal teets that. previously established 

Wilson, 1949). Until utilization o:f onme-1i is demonstrated (Novak 012d ¥Iilson, 

194~} 130 that tl:.e critical test ean ba applied• the hytlroxylamine and G:::ti.'IW 

hypotheses shoul.d 'be rejee'ted. 

Segal and Wilson (1949) • Ymrkir1g \'Ji tb. hYdroXYlamine, found that !t disat-

l)f3a:rs rapit.U,y ero~1 liurk' s N-:rree meiium.;. its rate o'f disappearance is d.eo:roased 

by lovilel"ing the tenperature and inereast:ug the acidity. On prolonged inouba-

tion Azotcbaotar vinelandii t'Vt:ls found to gr.>-oW. ill Burk's m.0(1.iM plus hyd.roxy

lamin.$ in a B2--02 &tl:liosphe.re;, the gt>owt.!1 was found to be propo:rtiontll to the 

hydroxylami:ne originally ~esent. ';the extent of growth could be aeeount.oo. . . 

tor eo:mpletely by a.nimonia that a:rises from tlll:l daoomp-osition of· th.e hydror,r

lami:ne:.. ifo quant.itati·;Je difference was notad in t.he inhibition by hydroxylam.ine 

cf nitrogen f'i:rAti@ and the assiJ11U.at,i on of nitrogen. as ammonium n1tl"ate; 

speeitieity for the nitrogen f'imtion reaction is ttherefore rejeated (Segal 

and 'v'a1son, 1949). ,Controlled experimonts. by these norlcers demonstra.ted that 

hydroxylarnine i.s not ut1lizabla as a source ot nitrogen by Azotobaoter vine ... 
, .-.--,. ..._____ 

landii eva:n 111 the non-tone oonoen:hrations or one t.o -two :ti1iarograms pa:r ml. --
.2. :!l"he JtvdroJ.Ylam.i}le ~:eot.h_ests 

An al:termti ve theory or the ~ehaniem for biologi.eal :nitrogen fimt1on 

that has eonaiderably more support than the ammonia hypothesis 1.s that the 



atian. but oonvinelll~ experimental evidence i1as obtain&d more or lass -as a by 

product of t1t6 researches of V'trtanen .• 1' .. Rau.sen,, and Laine on the excretion. 

er nitrogen by legum:1.n.ou.$l plants.. ~e 0:h.emieal na.ture of the -excreted sub--,. 

stances led Vi:rtanen (1938) to pr.opoae the :following mechanism. for aym,bioti-c 

n1tro.gen fi:mtion; 

f 

-.· Unknowll 1~~ . -- · · - Int-ermediat es 
reduction + :::,, o:nme '>- 1 ... sspartie acid 

other meehat1iam that has been _proposed. Moreover, their studies are note-

morthy in that they are among the few in the field of biological :mechanisms 

in 1111\ieh attempts have bean made to ass.ociat-e the finding ot a given aompou.ad 

with the aotual oceurren~e o:f.' the reaction for which it is postulated {Wilson, 

1940). 

a. Rzd:roeflru.une ang Rqlated :Produets !a Symbiotic Nitro&e;!_ E'imt:i® 

As:mqtic ~ as the produe! excreted. ... Virtanen attaohos great signi

ficance to the fact that the initial prod.uct excreted by 1egum:in.eus plants 

is almost entirely l•aspartic acid. His hypothesis 1s based primar11y on 

this finding.. Wilson (1939) questioned the validity of: the eonelusimi that 

the ex:c-retod aspa:rtie seid must represent an intermediate in the synthesis 

of w:2 -ta protein.. llis argument was that since aspartic acid { or asparagine) 

eonstitu-t.ee the key amino- a.oid in the nitrogen !l:letabo-11s.m. of the ;plant,, 1 t 



that 1s being built into protein or nitrogen that has already :passed through 

this stage. Virtanen (1939) ebje,ete1 to tb.is inter]lretation. But the die

ag!'eement, as Wilson sni!. ttys.a (1939). have pointod o.ut,1 is really a minor 

does excr,et:ton (Jf aspartic a.eid necessa:rily imply that t1:mt1on of atlll!l)spbe:do 

nitrogen by legwn.1:nous pl.ants proeaea.s via hydr.oxylam.i.n$ (Wilson, 1940)'? 

Consideration of the modern theories of nitrogen metabolism 1:rt plants 

sUggests a negati,r® ari:sTMer (WU.son, 1940). Because aspar~ie ao1d aoeuJiGs a 

fundamental position in the nitrogen transformtiona that ocecu:r 1:a pl.tints, 

it appears that unless the metabolism of legu.mo.s fixing nitPogen 1s detinii.aly 

'fhe "first" product of fixation .might be hydl'Gxylamine. as B'tlg$ested boy 

Virtan~n; ammonia as proposed by Wino~dslcy; or some other compound (amino 

acid;, urea •. ate.);: but soon after it enters the metabolic stream of the host 

plant on® would expaet it to be transformed to asp!ll:rtic acid {Wilson. 1940). 

?oeur~ence a oxalacet1o acid !a. pea :gl.a.nts. - Virtanen. {1938) found 

that pea :plants actively fixing :nitrogen containea :from 500 'to 1000 .micrograms 

ot omlaeetie a.cit! per gra.n1 of fre.sh mta:dal. Such a finding is ao.m.awhat 

unexpected, since even with muscle tissue,, where o:mlaoetie: acid is believed 

tc play .an important role in cellular respil."ation (Szen.t-G;yorgyi, 1937), 

its detootion ia difi"ieu.lt.. In connection with studies on t.lie respiratory 

eould not deteot oxalaceti~ acid in either legu.mes or non-legu.mos erown at 

the Wiseonsi:n station, although th;; a,lded componnd was l'QladilY reoovered. 

Torstai peas (Finnish variety) inoeulated v,1 th the !!'inn1sh culture of Riaizo-

bium leguminosarum were examined at dii'feren:b stages of develoJ;llllGnt, but in 
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no ease we,s oxalaeetic acid present {Wyss, Bur1·is, and Wilson, 1939),. 

~e.se ,00:ntradictory reau.lts a:re not, however, critical for the hytiroxy

larrtirw hypothesis, since ·tlK~ acid. serves J;)l"iroarily as a. conveni~nt .1ueans 01· 

· f'o:rming aSpal'tio seid.. rthe failure of Wyss and his assoeiate$i ioas not neoee:

liarily invalidate the el.aims tor it.a sign.Uicanee. T'a.ough the lev@l :;reported 

by 1/irtanen (l9ZS} is seldom reaehed, enougi1 of the transient compound might 

be present to unite :with the e,qu.allJ elusive first produet of: fixation. 

Nevertheless, it should be recognized that since formati.on o:f aS18'1'tie acid 

through oxalaeetie aeid is believed to oceur in non-leguminous as well as 

legumin.ous plants, its presence, is not necassa.Pily significant for nitrogen. 

tixat1on reactions. :illven .more important~ its prese:nc.e does not nedessarily 

prove th.at the first stable product of fixation is hydroxylam1n-e.- 'the syntlt-e

ais o'f asJF;t-1.'tic acid from hydroxylrul11ne and oxalacetie aeid is only one of 

'the meehs.:nisms by whtch this amino acid is p:roduood. I:f tree ni.trogen is 

tixod via ariiruonia~ an amino a:eHl, or any other plausible compo'lllld• the initial 

product eoold probably be converted dirsct.ly or indirectly into aapartiq acid 

by reacting with omlaeetie acid. V1rtanen and Laine {193$) stress tha faet 

that aspart.ie aeid can dona~e :nitrogen to alpha-ket.o acids, preau.mably by 

t:ransaminatlon, to form amino acids. Equally import.ant is the taot that the 

raac:tioo is :Peversib.le. Wyss obtained the :following data at tho 1iUsconsin 

stat.ion by adding oxalaeeti.c aoid to cr'llshed :nodules and incubating tor 40 

minut.es at 570 c. i'hey demonstrate that under these coru:lit1ons aapart1e acid 

is :f'ormed.-. ~he :nitrogen being supplied either by donators already present 

or by added alanine ( Wilson., 1940) •. 

Fixation !2z excised nodules. - IntereHJ'ting evi.dence in support of Vir

taneu's hypothesis il'l his report that fixation of nitl"ogen oon be i.nduced in 

exci.sed nodules by adding oxahieetic acid. Virtanen (1939} states that in 



nitrogen., but controls supplied suoeinie acid did not do so. Other 1.llvesti• 

. . 

eulty in aeouring e:teretion of nitrogen.. tillich w:irlou.btedly oeeurs in the plants 

be related to the tnability to sea'U.;f'e fi:mtion hy excised nodules. Confil'm-

si;.1co it .might be held with equal reaao:r;. that ·im.0 function of added oxe>.laeetic 

is to convert some other ,postulated initial product of fi:imtion into aspaI"tie 

likely to acoumu.late. It is not clear, then, tihy addition of the aeid should 

induoe fixation if it serves O·:nly to form aspa:rtic acid. fro.m · )l;ydroxylamine 

u3 way of the oxime Oiilson, 1940}. 

-Oxim:a .!t oxalaoetie a.cid ..... Isolation of' Sr1i.all quantities ot an a.xi.me 

in the "exel'rJted products furnishes direct ,suppo:r.'t for V1rtanen. •s seheme. 

Virtanen a.:nd Laine (1939} announeed its it'lentifiea.tion as oximinosuecin.i.e 

acid,. the oxime of oxalacetio aeid. 0:i£ime nitrogen has also boon detected 

in the m.mUum. in whieh e.xeised nodn.les are fixing nitrogen (Virtanen; 1939). 

Since o:x:imi:nosuccinio acid is one of the pootulated intermediates., t.b.e dis ... 

covary constitutes the most eonvinoing evidence yet preaontod in su»port of 

Vi.rte.nan's views.. Of. interest is the fact that o:mlac-etic aoid tmd hydro ... 

::,cylamine l!!, vit:r·o oo.m.bines vory rapiol~r; this oircum.stanoe would prevent. ae,oum.u-

lation of tl1,-:; toxic hydroxylaraine in. the: plant. Another line of eviuenrJo 

strassecl by Vil'tanen is t:hat , although hydroxylamine itself is to::d.o to plants .• 



b. Hydroxyla.mine M fill Intermediate .iAl Mitrogon Fixation .£Z Azotobacter 

Hydroxylamine has beGn a favorite intermediate in mechanisms proposed 
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for nitrogen fixation by Azotobaote;r since Blom (1931) claimed to have found 

traces of the compound in cultures of the organism. Others have been unable 

to confirm this finding , but ~ dres (1934, 1935, 1936) detected the oxime of 

hydroxy la.mine in Azotobacter eultures. Since the oxime was f ound in the 

presence. but not in the absence, of free nitrogen, he concluded that it 

originated from nitrogen fi:xat,1on l"ather than cellular metaboliruii. Burk and 

Horner (1935) disagreed with this interpretation. on the ground that the organ-

isms will not ass1m.11ate hydroxylamine even when present in non- toxic concen-

trationa, and that oxime was ~ound not only in Azotobacter cultures using 

J110lecular nitrogen, n1 trite ion, and nitrate ion, where its presence might be 

expected, but likewise in cultures given ammonia nitrogen. Originally these 

workers suggested that the oxim.e represented a product of cell decomposition, 

but later (Burk, 1937} decided that it probably was an unspecific by-product 

ot growth. The major r eason for this conclusion is that its presence appears 

to be associated with the metabolism of growin rather than "resting" cells 

(l ilson, 1940},. 

Virtanen and Laine (1937) have r eportad that of the total nitrogen fixed 

b ~' Azotobaoter. about five percent is excreted as aspartic acid with traces 

of oxime. Horner and Burk {1939) :found in their experiments that, although 

aspartic aeid for1:1ed a considerable portion of the alpha-amino acids excreted 

by Azotobacter. these acids constituted only a small fraction of the soluble 

nitrogen foUJJ.d in oultures of the organism. Since it was also excreted by 

cultures grown on fiXed nitrogen they concluded: 

••• the specificity of aspe.rtic acid as an intermediate in the 
:t'ixat.ion mechanism is, therefore. of' questionable signi:fioanoe~ 
as far as Azotobacter is concerned (Borner and Burk, 19~9). 
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There have been numorous other studies which pertain to the mechanism 

of' biological nitrogen tb:ation. Sone of these 1th direat application to the 

Azotobacter are : 1yss and l'lila n , 1941; Wilson and Lind , 1943; Wilson and 

Burris, 1944, 1947; ilson. Burris and Coffee, 1943; wilson, Lee , and Wilson, 

· 19A2; Jilson and Wilson, 1942, 1943; Wilson an.d Loe , 1942; Tove and il.son, 

1~48; Tova, Niss, an Wilson , 1949; Suorualainen, 1940; Stoklassa, 1908; Plau't 

a. d Lardy, 1949; Molnar , Burris,' and Wilson, 1948; Lipman and McLees , 1940; 

Lineweaver , Burk, and Deming, 1954; Lea and ilson , l945a• 1943b; Lee,_ Wilson, 

and Wilson, 1942; Karlsson and Barker, 1948; Fife, 19438, l943b; Fedorov, 

1949; Butkevich and Kol ~nikova, 194li Burri~ an Wi lson, 1944; Burris and 

Miller, 1941; Burris, E.:ppling, ilahlin, and Wilson, 1943; Burris, 1942; Burk, 

Horner, and Lineweaver, 1932; Burk, 1930; Billen and Lio , 1949; Allison, 

Hoover, and Burk, 19$3; Allison, 1?47. , 

H. zo'tobacter Inoculation .Qf. Crops , 
. 

'fb.e interest th.at has been created y e rather extensive use i nt 

USSR of "Az.otogen" as a seed inoculant makes it desirable 'to consider th 

available scientific knowledge of the value of such inooulations with free-

liVing bacteria for the purpose or increasing crop yields. It has been re-

. 11ably reported (Balls, 1946) th.at "A2,Qtbgen" -whi<ili 1s a commercial pr&paration 

of Azotobacter chroocoecum in a peat .. soil-calcium-ca:rbonate Jll1xture, was used 

on :f'ive million acres of crops in the USSR, :ln 1942. The use of this Mterial 

was initiated about 1952,. and since that time active r esearch on bacterial 

inoculant.a has been conducted by a num~er of Soviet scientists. These 1.nvesti-

gations represent a r evival of interest in an old subject that at one time 

engaged the attention of a eonsidel'8.ble number of soil bacteriologists. 

Interest in the possibility of bringing ab6ut nitrogen fixation and 

1n~reased crop yields through inoculation of soils and plants with tree-
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living bacteria dates back almost to the bet~ing of thlal · acionc-e of soil 

bacteriolo~ (Voorhees and Lipman. 1907).. !J.llw first published elaiill -oi' such 

benefits was probably that of Caron in 1695.. Ha (1895; 1000) obtained marked 

increases in the :yields of non.legumes by inoculat-ion with cultures of ft.rious 

organisms isolated- f':rom soils and composts.. A prepa:i-ation of Baotl1us ellen

baehensis was sold commere1.ally muier the name of ttAlinit .. " 

Following tho discovery 1n 1901 of the nitrogen-fb:ing organism., Azoto

b.aeter, many new inocula:tion studies were started.. As may be 11oted in !fable I! 

many workars· have been. :tn'itolved in the inoeulation experiments with Azotoba.cter, 

and it is quite readily noted ·from the table that the re$ult..s are not in a,gree

ment. !h:e strongest supporters .of' the value -of Azotobaater as an ino-1ulant 

are the Russian scientists. 

Although there is no agreement antong the S0vi0t scientists as to the 

reasons for the be:nef'ieial effects reported {Alliso:n~ 1947), tl:u'ee aain ideas 

have 'been advaneed.. These are: (1) nitrogen is ti:x:ed by the bacteria living 

in th@ :thizosphere largely on the root excretions; (B} the added beoteria 

proteet the higher pl.ant against pathogenic microorganiams either by a1scourag

ing their gx,owth o:r by destroying them; e:m:1 (3l the bacteria stimulate plant 

growth through the production of auxins~ horr11ones, vitamins, and 0th.or growth 

aceelerato:rs or regulators. A critical co:a.sideratio:n or these ideas leads 

iio the eonelu.sion that if inoculation with Azotobacter is beneficial., the 

e-ffect- is not likely to be due either to nitrogen fixation or to the effect 

on disease organisms-.. The auxin-hormone expJ.arlEition seems more plausible, 

but at present there are t'ew data to support stu:h a claim (Allisont- 1947) .. 
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SO~~ srtJDIES O!\! .AZQTOBAO'l'NR INOCULATIOI~ OF CROPS 

!nvestigatoJ.i 

Wakrin.off, (1924, · 1937) 
Ger,lach and Vogel, ( 1902) 
Gerlach and Vogel. ( 1902 J 
Lipman and Brown, (1907} 
St.ra.nak, (1909) · 
Stoklasa, · { l90S, 1909, 1910) 
Bottomley. (l90S, 1914-a, 1914b, 1920) 
Russell, (1917) 
En1eraon, (l918a,. l9l8b) 
Nolte, (1919) 
ZUckel', · ( 1928} 
Duggeli ; ( 1917) 
Brown and Hart, (1925) 
Gainey, (1925) 
Bheloumova. et al., (1929, l933b, 19558. 1 1935b} 
Sheloum.ova a:nd. l?rotod1akonov, ( 1953b) 
Sheloumova, (1941 1 1937) 
Sa.vostin, et al., (1936, · 1937 s 1939) 
Demidenko and Timofeieva, (1937a. 193'/b} 
J11eshkov; (1945) 
I:Ienckel, (1933) 
Oknina • (1940) 
Isakova; (1937a. 1937b, 1938a) 
Isakova, (l938b1 · 1940) 
Beresova • et e:l. , < 1938, 1939} 
Novogrudskij, et al., (193f) 
l~umova, (1939) 
Turohi:n, ( 1944) 
Karu.nakar, et al . ., ( 1936) 
Uppe.l, et al.; (1939) 
Jensen, (1940; 1942) 
<a-eaves and Jones. (1942) 
Allison, Gaddy, et al., {1947) 

Agent Inoeulatad, 

Legumes; non-legumes 
Oats, mustard 
Carrots 
Soil 
Eaets 
oats, potatoes 
Soil 
Soil 
Soil· 
Oats, mustard 
Soil 
Soil 
Wheat 
Soil 
Tobacco; .mustartl 
Tobacco, corn 
BGets, potatoes 
~n.ea.t , oats 
Sugar bee~s, O$tS 
Maize 
Wheat 
Oats, barley 
Soil 
Soil 
Flax 
Flax 
Wheat 
Oats, flax, barley 
So:rghum seed 
nice 
Wheat 
Soil· 
Kale, l'tlIJe, rye 

R~sults 
Jenefi e1 al 

:x: 
X --
X 
X 
X .. 
.... 
... 
-
z 
X -
X 
:x 
::x 
X 
X 
X 
X 
X 
,: 
X 
X 
X 

X 

-
X 

'• 

.x 
,.. 
.:.t I it,. ... _ ..... 



I. §..t!,_l?,j.lity £!. Azotobaeter 

Stable biochen11oal mutants of Azotobacter aro difficult to obtain by 

traditional prooednres {Karlsson and Barkcri 1949; Lindstrom, 1948).,. ~e 

parent .straia of the ~:rganism 1s very stable and not nmeh lit.eratul;'e is avail

able to indicate mmy diff@ront variants from th.e normal.. MOl"phologtcal 

variants are readily not~d when the organism. i.e g-.L'own on various media. which 

contain various organic nitrogenous co.mpmm.d.s {Ward, 1940).. ??hese m.orpholog ... 

ical variants may reprasent. one of the various stages in the life cycle of 

the orgaBism., as de:sor1bod by Lolmia and Smith ( 1923). Many have called these 

abno:rmal forms of' the organism n1nvolution11 for1tlS. 

Stumbo and Gainey (1938) dt\Huonstratod that culturing Azotoba.cter on a 

high nitra'tce medium r.asulted in strains that failed to fix nit:rogen e,ven after 

eontinu.oa tcransf e:rs in the a'bsenes .of fixed ni ~rogen. Wyss and Wyss ( 1949; 

1950) reported that by culturing large n.um.ber-s of organisms treated. \;iith 

mu.tagenic agents a..id inouba.tion under hydr<>.gen gas. mutants of Azotobacter 

were isolated that failed to fix. nit:rogen •. '?hey found, however, that th,s 

mutants were not too stable oecause tb.ey yielded rever1;;e mutation.s in· high 

:t:reqt1ency. 

Since biochemieal mutants have proved so useful in the study of the 

lJhamiaal processes in mieroor:ga:nisms, Lindstrom (1948) attempted to adapt 

this procedure to investigation of the meehanis:ra of nitrogen t:txaticm by 

Azotobacte:r. Re t1,1as of the opinion that a mutant should be obtained that is 

unable to use .inoleoula.r nitrogen 'but would use WJ1lllonia.. Considerable di:1'.'fi• 

eu.lty could be experioo.eod in oha.ractorizi:ng such a 111utant 1 ea nitrogen fix

ation. 1e the pri.irtary basis for identifying Azo:t.obacter. 'fhe difficulty is 

inereased bGcaus0 of the little reeognized danger of oo.utamina.ti.on or Azoto

baoter. o:ultures unless special precautions a.re taken.. Lindstrom exposed pu.re 

/ 
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eultures of Azotobaotel' to ul;traviolet radiation, a11.d the treated cultures 

wer·e inf.m.lJated in a "eompl<;lte'' :medium. for 24 hon.rs., This culture was plated 

out on a ni trogen-f'reo ma-dium and i:nm.ibated in air to allow the nitrogen

fi:ld..ng cells to apJiear.. The resultant eolonies were marked, and the plates 

transi'vrred to an a:t.mosphers l!t!ontaining a'!l.Irioni:a to permit any non-fixing 

mutants to develop. Identification of the mutants was by .speeif'ie bioeher.ueal 

tests ruch as use of sodiWll benzoat.-e as a source of carbon. Using 'this tech

nique Lindstrom. reeovered numerous .morphological mutants, but .no stable mutants 

toot required amm:onia in the :p.resen.co of rn.oleoular nitrogen. 

Smith {1935} reported the Gceurrenee of' a strain of Azotobaotar chroo

eoccum which failed to term.ant rnannit-ol. For deteetin, the presence ot 

Azctobacter in soils,. various methods are used. and almost without exception. 

media for eu.lturing the Azotob1cter have contained mtlUmitol. Smith isolated 

a strain of Azotobaoter chroococcum f:ro.m various soils which could not utilize 

mannitol as an energy source by su.bstituting a carbohydrate such as dextrin, 

starch, or sucrose for man.nitol in Ashby's agar. He designated the strain as 

a mannit.ol ... n.egativo strain, since ita only distinguishing oharacteris-tie 

seamed to be its inability to utilize mannitol. 

Xerlsaon end. !larker {1948) isolated .m.utant.s o:f.' Azotoba-cter agilis :trom 

X.-.ray-treated eultures. 'lhey isolated origin.ally 7 ,BM colonies, tested 383 

o'f these for mu.tants, and fou:ad only three b1o-ehemioal mutants, on.a of which 

was lest because of un.stability. 'lhe attdno acid leucine was identified as a 

growth .faetor tor one mutant.. 'I'b.e thh'd :physiological variant i,as detected 

$S an organism unable t.o utiliz.e glucose for grev.rtb. .. , When grown on alcohol,, 

however, it 'ttas indistingu:lshable from the parent strain. they found mor

phological variants,. involving colony form and eolor quite frequent .•. The 

parent .strain :forms a greenish-yellow wata?'-saluble pig1J1ent, b'!Xt Karlssou 
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a:nd Barker found approximately 20 percent of the viable irradiated popu

lation in each experiment no longer able to i'orm pigment. Similarly, a high 

proportion 01' rough colony variants. up to 4G :p0:rcent 1 'Vilas found in the 

troated material, whereas the original strai:n cousiste(1 entirely o::t' filll.ooth 

colony variants. 

H .. Koef':fle:r (1949) in a personal commun1eat1on to A. lUsenstark, .stated 

that he had completely nega.tive results in efforts to obtain 'biochemical 

mutants in Azotobactor after ultra-violet irradiation. 

In comparison with other bacterial species, Escherichia coli tor example, 

most workers have found the Azotobacter to be a very stable group. 



1\. An. Imp:i;:,~ Moist Eiero:m~.n~_qn Cham.bo,r. su,1e 
r:!J.~.h ri\'ilO ~ P.iss.octt_~ Pipette:f! 

For quantitative singlo cell isolations t'c,ith 

described hare and pictured in exploded diagram (Fig. l), is essentially a 

1:1od.:Lfi.ca tio:n. anll. extension of that dJJsor.:thed by Richter ( 1948}.. Althcnigh 

design<~c1 for use with the Chan1be:rs mieromanipulator. Its basic c.onstruction 

features a;re readily adaptable to the De Fonbru110 instrm11ent, 1:i.owevar. 

B ,D), 2" x 3" x 1/l6tt: thi ek, anc1 one sheet o:t: plastie (Fig .. 10), 2" x 3rv x 

the front eidge of the cl:iamber slide. The base plate (Fig.. lD) an.ft support 

position tho .manipulator disc chambc0r {Fig. lJ) will receivG the .manipulator 

disc (Fig •. 1:F). The guide plate (Fig. 1.A} i.s comon:tsd to tho support plate 

(Fig. lB) by means of tho plastic annealing oompoundt and a eoverslip chamber 

is fo1·ril.,?U (:Fig. lK). A rounded groovo in tho recc;ss of' the plato support 

(Fig.. 103) hol.ds a sxriall roll of filter paper (Fig. l!} and provides a n10istu:rc 

(Fig.. lJ") by a disc retainer :i,in which :fits into tlle disc retainer pi.11 holes 

(Fig. 1RA1R_a,ll}.. The dissecting pipette fits into a rounded groove, the 

pipette guide (Fig. lG}, in the manipulator disc {l!"'ig .• ll!'). 

In use 11 the ehrul1ber is 1n.o.iiJt.ened by the pe:riodic addition ot drops or 

t'Jlater to the filter pape:r roll.. Th.e f'ilte:r paper roll, by eapillarity., quicr..J.y 

eonduets the water to the critical area of the operating ch.ai...,abe,r.. l?ipattes. 



48 

aro introduced into tha manipulator dises, which have been removed from their 

chambers, and t.he tips bent to tho desired &"'l~le. Syringes are fitted to the 

pipettes by means of :plsstie tubing aru:l sterilA broth is introduced into the 

pipettes. T".11e .manipulat.or a.ises are placed in their chambers and socu:red by 

the disc retainer pins. The eoverslip is sealed in its chem,ber by means of 

Vaseline. 

This ab.amber has several distinct advantag{;ls over the standard .moist 

chamber slide for isolating numerous single ba.eterial cells. It prec.ludes 

the disarrangement of' the pipette on the De Fonbrn:ne :nu.croma.nipulator proper 

since this pipette is used to select and place single ba.eterial cells on the 

cover.slip. Tb.a accessory pipettes of the chamber may be used to aspirate the 

single calls from the covers:lip, the manipulator dise removed from. the chamber, 

and the cell foreed from the pipette by the syringe into a suitable .media for 

propagation. In this m.a.nner the .manipulator diso and acoes~ory pipette .may 

be placed again int" the chamber and reused riithout preparing a new pipette, 

or of neeosaity replacing and re-focusing the pipe-tte on the De Fonbrune 

instrument. Further• the moist11re chamber provides a lntlamtrable control of 

the relative amount of moisture r,ithin the chamber when. this is essential. 

It dispenses with the interference so commonly oecasioned by filter :paper 

strips ,;d.,thin the cb.ara.ber and. exeess water on its floor. 

The various pro:pe.rt.ies of sheet plastic make it a material ot choice and 

one very easily workod. Its uniform thickness virtually eliminates the neces

sary but usually laborious task of leveling the italls of the chamber. 



Figure 1 

!B, Im.proved Moist, W.eromanipulation Chamber 
~ Two Accessory Dissecting Pipettes 

A • • • .Guide Plate 

B . Support Pl.ate 

.Plate Supports 

D • • .Base Plate 

E • . operating Chamber 

F .Uanipula.tor D1se 

G . • .Pipette Guide 

• .Disc Pin Retainer Holes 

.I . llo1sture Chamber 

ni:puletor Disc Chamber 

K • Covers lip Chamber 
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B. The Isolation .Qt Single (falJ..s oi' Abnormal ~ :Nor111al 
l\'lorphological Forms of fl..zotobacter .t~ilis. M: .. B .. , 4 .. 4 . - . -~ ,I--- ~ 

i'he interest 1n the variability -,m<l pleomorph.ism of microorganisms has 

shoim the need for the study of cultures derived :froxn single cells., Morpho-

logieal variation has been observed by bacteriologists since the early found-

ing of the science. Many have thought the pleomorpbic forms represent v-a:r1ous 

stagos in a complex bacterial life cycl~, while most believe that bacteria. 

exhibit a. constancy oi' f'o:rm and size. The latter maintain that changes of' a 

. eulture in fom i':!as proof of either contnt<1ination> incorrect classifii::mti.on 

The Azotoba.cter spcc;ies exhibit plooMrphism readily, and many .morphe-

logical types may be seen. Lolmis and Smith {1923}, in studying the life 

cycle ot Azotobactor, pointed out thet :from every Azotobacter eultu.re not less 

than seven different grovith types can be developed and stabilized.. 'l'heir 

work has not been completely accepted arul most norkers are of the opinion 

that tlw pleomorphio :forms seen. in cultures of Azotobacter are n1n.volution" 

forms of tho ty)f}f) noted when bact0ria enter the ndeath phas.e0 o'f their grcwJ'th. 

It was the purpose of this experiment to isolate and culture single 

cells of both nor1lla.l and abno.rrml morphologieal fo:rms of ~zotobacter ,!il&il~s. 

t:I .• B .. , 4.4,. and to determine :J.f t.he so-eall~d. "involution" types are viable 

and stable in morphology. The preparation of pure cultUl.'Gs fi•om single eells 

of the normal :morphological type v.iill serve as a possible index of the via-

bility of the "involution" types, and will establish these types as oontam-

inants or as true morphological variants. 

Procedure 

L. Prepare a susponsio:n of the organism... To secure a large numb&r of 



the abnormal morphological types, the organism is eultured on nutrient agar 

for 24 hours .. 

2.. Moisten t.he moisture chamber of the improved moist mioromanipulation 

~hamber previously dc,scribad (Fig. lI). 

,3.. Olean a ooverslip in eleaning solution and wipe dry with sterili2ed 

cheesecloth or gauze. The most satisfactory elean1ng solution was found to 

be one consisting of; 

80 percent ethyl alcohol •••• 96 parts 

Glacial acetic acid ••••••• 3 parts 

Ether. • .. • • .. • ,. • • • • l part 

Greasing tl"eatmen~ recommended by some to insure isolated droplets is not 

neees~, Nei thor is heat sterilization necessary as one can always see 

any bacteria there may be in the condensation. droplets. In hwi-dreds ,of 

observations contaminated droplets were never soen .. 

4. A small 1oopf'Ul ot the suspension is placed a tew · millimeters from 

one end of the ooverslip near the center. 

5. fhe eoveral1p is plaoed into the coverslip ohamber (Fig. lK) of the 

moist chamber with the hanging drop near the closed encl and held securely by 

means of a vaseline seal. 

6. A mic.rosoope lamp is centered on the mirror from the side: and the 

light adjusted on the opt1.cal axis of the .miet."oseope... The heat trom the lamp 

will help in the formation or th~ droplets. The l"ata of evaporation is read

ily ,controlled by varying the distance between the lamp and the mirror.. In 

the JOOist chamber droplets 4 or 5 microns in diameter will hold an hoti,r o:r 

more without evaporation. Usually droplets tend to become confluent onJ.y 

in the e1os6d 'ilnd o:t t_he moist chamber near tb.e large culture dropi when tl1e 

heat. from t.he lamp is too great or the coversl.ip too clean. 

"I. It is of advantage to work with .as low magnifieatio:as as possible 
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due to the size of the fit'lld and light, int.6':n.sity. 

8. ihe under surface of tl:te coverslip is no11 brought in.to ;focus. This 

is easily done due to the m:aall droplets in the fil',ld. By means of tho mechan

ical stage t.he edge o-f tho large drop is now brought part way into t.h.e fiold 

t:rom the closed en{:i of' the moist chamber. 

9. Pipet·tes should be ate.rile and ready.. These are best sterilized in 

a metal case with d.:ry h<'i"it. Rigid shank pipettes with tips o:t' 90° a:ml 45° 

angles WS?'G found to be most satisfactory. A 45° pipette is used to isolate 

s:ingle cells in droplets and one of tlle 90° type is used to remove the cell 

from the 1ao1.st chamber. 

Much depends o.n using pipettes with a very small apertu:ra at the capil

lary end.. The 1nethod of .11:iaking these :pipettes is as follows; One end of a 

thin•Wallad glass tube, a to 10 em. in length and about 4, .mm. in diameter, is 

drawn out in a small flame into a thin-walled eapillal"y tube aboirt 0.5 mm. 

in di~l.l11ete:r. The capillal'y end is a.gain drawn mit over a very small, narrow 

tlame ·produced by an improvised micro-burner 1wing a. 24-gauge hypoder1,£1c 

needle. This small flame should be only Z or 4 .mm. in hei5snt. If the capil.,.. 

l~ry tube is he1d at a proper disttu1ce abotto the flame and drawn otit. vJitll 

some fo1•ee the instant the glass softe.:ns, apertures of a very na:rro,J diainete:r 

w.il with GJ11oot;h edges may be rriade. About 5 mm. of the tip :ts then bent to 

the desired angl@ in th.a flame and the pipette is ready to be filled with the 

eulttJ.l'e medium. This may be taken d.i:rectly i'!'om a test-ttibe. Ii:', on insert

ing the tip into the liquid, it, ia found that thiDre is no apBrture present, 

one of s11fficient f'in.enoss may .often be made b;v Geretch.i.ng the tip very 

sel1tlz on the sides oi' the test-tube. The siae of the aperture may be gauged 

approximately by the rapidity v,ith ·which the lit1uid enters the pipette tJJJ.en 

suction. is applied throup,h the rubber tube efl;tached to tho pipette* One may 
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make and use pipettes having an aperture not exceeding a am.all yeast cell in 

diameter. Much coarser ones may be successfully used, but where the apertu:re 

·ts too large the labor is muoh increased and the accura:cy of the work dim.in

islaed. 

10. The 46° pipette is filled with eultu.re .medium. a..l'ld placed in the 

pipette holder o:f the tr.anipulator proper, with the tip up and the pipette 

shaft in a hortzon~l position.., A rubber tube connected to s hypodermic 

syringe is attached to the pipette.. Two straight pipettes IU'e introduced 

into the pipette guides (Fig. 10} of the l1l...a.nipulator disc (Fig. lll') of the 

m:oi.st chamber which have been :t>emoved fror.1 the manipulator disc chamber. 

The tips of the pipettes are bent to the 90° :in. the flaoo.. The B.mipulator 

di aes are replaced in the chamber and ths pipettes are connected t,o hypodermic 

syringes by means of rubber tubing., 

11. Being careful not to make the :pipet-te strike the e:0verw.i:p or sides 

of the moist chamber the entire manipulator is moved into working position 

or unt,il the pipette a.ppeara in tha lflicros~opic f'ielct on the side opposite 

the large drop. 'l'llis can be most easily done with the lmlest. .magnification, 

i.e,. 1 with tha 16 mm. obje·etive or even with the eyepiao.e :romove<i. Ftnai 

latoral adjustments can be made ?.l 1th the :manipulator screws when tha eye• 

pieoe is replaced. 

12. Vertical adjustment is easily made with the coarse adjust,ment screw 

which is speeitie tor this purpos.e. 

15. With the tip ot the pipette nearly touching tho coverslip so that 

it is .clearly in focus, the large drop is .movad fortiard until it strikes t.he 

tip ot the mic:ropipet.te. If-he pipette Will immediately fill with liquid and 

or~nisms.. With the vertical adjustment the pipette is slightJ.y lowered and 

th~ coverslip mo:ved back by means of the mac.hanical stage. The pipette is 

now raised until it touches the cover.slip when some of t11e liquid with the 
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mioroorganis.m.s will be seen to wet the coverslip. Upon lowering the pipette 

a small droplet VJill be left ,1ith several organisms in it. This operation 

oan be repeated again and again until parallel rows of droplets have been 

made. The first droplets usually contain several eells. 'fhe laat ones mG(V 

contain en.& or more or none. The adjustments are so easily cc:i.nt:rolled that 

a single cell can be transfer1•ad from. o:no droplet t.o another with ease. The 
. ' 

droplets :formed by condensation are often convenient for this purpose as tb.ey 

are sterile. 

14,. When th.e eell selected is isolated in a droplet• the manipulator 

carrying the 45° pipette is toward the open end of the mist ollamber by the 

coarse adjustment. screw on the ma.n1pulator., A 90-0 pipette contained in oIW 

of the mnipulato:r dil:ic:s of the moist cm.amber (Fig. 1) 1s m.oved into the 

15. ~ advantage of' the tubing and hypodermic syringe is now seen, 

If the plunger of the syringe is forced i:n slightly at the time the tip of the 

pipette enters the droplet and 'th011 gently pu.lled 'baek1 the droplet and the 

eell wil.l be sure to enter the pipette. 

16.. By means of the mechanical stage the droplet and single cell a.re 

centered on th.a optical axis of the microseope. The 4 mm. objective is now 

focused on the droplet with the tip of the pipett,r;) immediat.ely under it. 

With tho vertical adjuatmt:mt! achieved by rotating the pipette in its pipette 

guide. the pipette tip is made to enter the· droplet and the droplet is aspir-

ated into the .:pipe.ttE::h 'l1b.e bacteri.um may be seen to enter the pipette tip. 

17. ~e pipette is now lowered to a safe distance below the coverslip 

by ro'ta.ting again in the pipette guide, and the manipulator disc is removed 

trom the manipul.ator disc chamber after the :pin has been removed fro.m the dis.a 

pin retainer holes (Fig. lB, Hat Hb) o:t' the moist chamber .. 



lS. 1:i:1:ha iscl::atec1 cell may b::J :r,s:moved f:r.0111 the pipstto in soveral ways. 

The tiJ) ot the pipette ear:rying the singl13 cell may be broken ot:f with ct :fi:ne 

pointed sterile i'oreeps and dropped into sterile cultur<C1 media. It ri1as found 

that an alternative .method equally as satisf'actory is to place the tip of' the 

;pipette over en agar m.edi1'.m. and forae tho cell f'.rom the pipette by 1aeans of 

the plunger of tho syringe. ln foreing the eell frci:u the :pipett,e about 0.1 

.ml. of the culture medium in the pipette ia forced on-t-o the au:r:eace oi' the 

agar. This aids in ftw.rJ..ishing a rao1st cond:J,tion necessary tor m:ttlt.iplication 

of the single cell. :l'h,e bottom of the J.:'et:rt dish is mark,Hl ,,:ith 8 wax pencil 

at th,?. site of inocula",ion with the cell. In quantitative isolations many 

single cells may be pliaoed in one Peti~i dish. 

!tosults 

Single cells were isolated of 200 of the 'ttnvo1utio111r forr,1,~ and 100 

of the no1~n1al morphological forms i:ri the lll'JIUler describGd usir_tg the De Fonbrune 

mic1:•oxriani.vult1t.or ¥ Of tho ffinvolutfo:n_lf :f'01:-ms 72 c1J.ltures VH'lre obtoiw"'d; en,d 

87 cultures from si:ngli~ cell isolations of tli(~ nor:r.1al :t'o1·Tr1s were obtained. 

tiic,roseo1:iic exanlinat,ion of the cultures of thtJ r11rn:rolution1i i'o:rma revealed 

a reveI·sion to the nornial forri1 of the pa:ren.t strain. Subsequent aribcultu1~ing 

on nutrient agar produeed the abnormal f.o:rfils again in alnmr1anca. ?i!ot-1rosaopie 

observation of the cultures of hhe normal forHs showed a constancy ot normals 

which ;produced an abundance of tho 3bno:trnal forms when suhcu]:l:lures were made 

on. :rmt.rien.t agar. 'l'he ability of this mc~dium to p:roduc1; th0se iuorph.ological 

variants is considered by r:ard (1950}. 

tthe f'a:Uur.e to get all of the singlo cells to grow has been e.ncounte:re,i 

by iall who have undertake:n to gl:'ot, cultures from single cells of bacteria. 

'fha growth of isolated singl0 cells of bacteria may involve a quantitative 

:relation of the eell to the volume of' the culture medium or a mutual action 



ot several cells on each other .. 

The success in eulturi:ng single cells of th.e abnormal type is indicat~o:n 

of their viability.. Th.air failure to produce stable rib:norwal types was 

readily noted and the rovorsion to the normal morphological form of the pa:rent 

strain is evidence that. t:bey do not represent contaminants, but suggests they 

w.ay possibly be one or the seven dii'ferent growth types described by Loh:nis 

and Smith (1925) 1 but their stabilization as suggested by tnes0 workers was 

not confirmed. 
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1,nopose 

Ait present, the spee1es of Azotobaeter are olassif'ied according to the 

color of the pigments predueed by them. This method of cla.ssific:ation ts not 

altogether satisfactory baca.use it has been noted that the colo.r oi' the pig

m.ent produced bsr the various spaoies will vary directly with the age ot the 

eu.lture., aa well as with many othor factors,. 

A more satisfactory method of classification ,night b,:; one based upon an 

antigen-antibody :reaction. A search of the literature revealed one paper 

'by Japanese workers, Aso and. Yosllida. (1927),. in. which an. attempt \%ts :made of 

an application. ot the serum rea.etion .in the cl.aasi:fieati.on of A.ZO'GO'bueter .• 

No other literature was found to aupport or ru)P.Y the validity of th.is work. 

It. :'Els the purpose of this experiment to deter1'.11na. if. 1.mtib.odies. to 

A_~tobae~.er .!!a• eo'Uld be readily pr'Oduced for deteotin.g minut:c changes in 

autant st.rains of the Azoto'be.oter. Sinoe minute differences may ba detected 

by the a.nt1gen ... antibody reaction, it lends, 1taalf well to e:x.pEJrimental invest!-

ga.tions.. !he possibility of the serwn-reaetion a.s a method of ela.ssif'icat.ion 

of the Azotobacte:r .!Im• was also considered.. 

P~ocedure 

Six different atraias of Azotobaeter were used for the preparation of 

antigen fer the ee1•ologiool tests. These ,11ere: 

A~otobaoter a:gi11s 
Azotobaoter vinelandii 
Azotobaoter Illinois 
!!oto}).l!!,9ter ehroococcum 
Azotobacter agile 
Azotoba~ indicum 

M.B. 
A..T'.e.c .. 

A.'f.a.o. 
A .. T.c.c .. 
A.,i.o.o. 

4.4 
9104 

90415 
9042 
9057' 

As a control measure a m.ulti:ple antigen .of Azotob.aoter asilis, M.B •• 4.4, 
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. 1 
an(l Salmonella ty:phosa , which is known to .Pl'oduce a high titer of· agglutinins, 

was used to inoeuhte a rabbit, guinea pig,, hamster; and elli.cken. 

:!?reparation, st l}.µtigans 

S1nee variation is apparently not uncommon ,.vttb. bacteria, and since this 

phase of work was done to determine the readily availability of antibodies to 

the !,¥)to~aet~ fo:r :purposes of detecting variation within the apec1es,. the 

cultures used in. the preparation of the antigen i1ere propagated fx>om single 

isolated cells or t.he organism. t.rhese single_ cells were i,s.ol.atzd by tht:!l De 

i'o:nbruue mieromanipulator·. Sinee the immune sera were t;o be used in deta:rmn-

ing variation it was thought that cultures from a single oell would better 

lend themselves to the production of a mor'e no:rll'..al oarU111, tliat is, a. serum 

produced by an antigen with as little variation as pos-sible,.. 

Ea-eh of the Azotobaete:r organimn.s was iuooulated into Ashby'$ nitrogen

tree broth a:nd 1noubated tor 12-lo hours at 2~0 O .. 

!s!hby' s Mi trogen-Fr.e-e Broth 

Sueroso {Saceharose} 15.0 gri. 

Na01 o .. 2 gra. 

OaS04 •2Ht0 0.1. gm. 

Oa003 5.0 gm .. 

R20 (distilled} 1000.0 ml. 

'?he organisms were then seeded on the surfaces of Ashby• s r1;ttrosen-tree a.gar, 

slantee 1n four ounee medicine bottles. a.nd inaubstted t'or 24~48 hours at 27°0. 

~o milliliters ot sterile phystologieal saline were then added t.o these culture 

bottles,, rocked back and forth gently, and allowed to set tor t:wenty minutes. 

l -Obtained from the Okla.hem State Publ1o Health Department. 
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i'hese saline suspensions of Azotobaeter oolls iuere tran.sf.erred to sterile 

test tu.bes and placa,1 in the Kahn shaking machine for ·t;vm hours' vigorous 

shaking. The suspensions were heated in boiling water for two hours and re

.placed on the shaking 1~ehine f<>r a second two-hour period .of vigorous sha..'lc1ng, 

after which they were filtered through: sterile cotton in.to sterile tubes. 

Motility and morphological studies were made of each suspension •. 

:ma.ch suspension was diluted with star11a physiological saline to a density 

equal to tube Eumber 3 of the Mel!"'arland nephalometer (approximately 9 x 107 

oells/ce. ).. ll'orHalin was added to a final cone:0ntration of 0.3% and the suspen

sions were :plac.ed in rubb&r-stop:pered vaccine bottles, submerged in 0. water 

bathe.t 60° c .. for thirty minutes and labeled. Each suspension. was checked 

tor sterility by: (l} adding 0>.5 mL to slants of A:ahby•s nitrogen-free agar; 

(2) adding 0.5 ml. into a tube containing Ashby's nitrogen-free broth; (5) 

incubating these fol' 48 hours. 



1 

3 

7 

11 

13 

15 

17 

19 

19 

20 

III 

f!chodule fil Animal Inoeulat:tons with Azotobacter _,£lntig;en 

0.5 (hC. Killed antigen Intraclermall;v 

0.5 c.c. Killt,ct an:cigen Int1'ade:r.mally 

1.0 c.c. Kill Eld antigen lntraclermally 

o.5 c.c,. Kill eel antige:n Intravenously 

1.0 c.c. Killed antigeri Intrave:nously 

1.0 o.c. Killed antigen Intravenously 

0.5 Cc00• Live antigen I.ntrav;;1nously 

1.0 c.c. Liv,3 antigen Intravenously 

LO e,.c. L:i..V(;) antiger1 Intravenously 

1.5 c .. c. Live ru1tige~n Intravenously 

Bleed a:Ku'l clleek titer f'or agglutinins 

Bleed. and chock: titer for a_gglutinin.s - ii' sufficiently high, 
bleed the rabbit on tllc 21st day by cardiac puncture. 
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Da:v 

1 

5 

ll 

13 

15 

1'1 

21 

28 

Schedule !£!,. Animal Inoculations !it~ ~ Multiple A.nti~en 
.2!. Azotobaoter a,tsili.!,. · M.B. • 4.4. £ll16:. Salmonella typllosa 

60 

Type or Anti e:en Inoculation R<,ute 

1.5 

l .. 5 

1.5 

1 .• 5 

l.5 

l..5 

l .. 5 

1.5 

l.5 

L5 

1 .. 5 

1.5 

e.e. 

o.c. 

e .• o. 

o.c. 

c .• .c .. 

Killed antigen 

Killed antigen 

Killed antigen 

Killed antigen 

Killed an ti gen 

Killed antigen. 

Killed antigen 

Killed antigen 

Kill.ad antigen 

Killed antigen 

Killed antigen 

Intraperitonenlly 
(:Hamster and 

Guinea Pig) 

Intravenously 
(Rabbit and 

Chicken) 
ft 

Killod antigen (as,n booster) 

Bleed by cardiac p1mcture. 
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St~ rabbits were chor.en. anc1 p:rio:r to inoculation 10.0 cc. of' blood r1ere 

obtained by cardiac punctu.rc. 11:his blood. vJa.s usot1 in determining initial 

titers to agglutinins and :preoir,itJ.ns and, after imr.'l.Uniza:tion of the ani.!11.als, 

used a,s,i controls :for the tit:ratio11 of agelut.ini:as and :p:reeipitins an.d as norr1al 

by the s chsdule shovm in Table {·1f 
L. ~ ,.i.. ;, .. 

and used as a multiple antigen f,or the inoculation of a rabbit, guh1ea pig, 

1J!l1e .maeroscopie .method of agglutinin t,itration is the ons usually employed 

suspensions of bacteria causes the cells to stick together for.ming floccul.i 

the boM;om of the tube,. l(:aaving the supernatant fluid clear. 'rlle incubation 

:period varitis, but i'our houre; 1:n. tho 3'7° C. vmter bath is most desirable. 

as agglutinogens .• 

The scheme tor the aftglutinatiou technique was used as outlined by 

Sherwoo,l {1946)., incubated. at 57° c .. tm.• four hours and observed oara:f'ully by 

transmitted ligb:'I:;. l!fhe tubes i11ere placod in the icebox ove:rrdght an.d read 

again on ·the ±'ollowi:ng day. Dist inet elumps should r)e seen in a pofJ.itive 

reaction. Settl.ing alone is not agp;J.utination. The control tube, # 11, is 

to i;,-uard asai:ns:t. spontaneous agglut:i.nation of the antigen. Shaking the tubes 



in an effort to :reauspend the bacterial eells and cheeking with the control 

was done es a further check in reading tha agglutination l;'eaation .. 

The Jh:-eciriitin Jteactfon 

One of the serologioal reactions of considerable value is the p::rocipit1n 

.reaction. Ii' an antigen t14hich is in solution such as an o:xtraet of: bacterial 

cells ts mued unde;r proper eontU.tions with 1.ts appropriate antiseru.m ( one 

which contains the speciflc preeipitins), a vi.sible reaction Will take place,. 

'l?he antigen-ant:tbotly reeations ma,y be a.emonstrated by tha '"ring testtt method 

which involves the oaret\11 overlaying of tall ooluml'ls of antis~rum w!t,h su;e ... 

oessive dilutions of the antigen.. A hazy zone of precipitation should occur 

at the interface of the two liquid.S-.. 

:lfue antigen tor tho prae1pitin test was prepared by suspending bacterial 

cells in physiological .saline ana. breaking up tb.e cells by repeat£.id freezing 

and thawing. 

In the titration of :p:rscipi"t.in antiserum by the ttring test" m<~hod, the 

i.mmune sa:rum is undiputed and tlie antigen is used in varying dilttti0:ns. A 

positive test is iru:Ucated by a fuzzy v1M.te ring fom1int-1 at the poi:nt oi' ooxa

tact bet,1een the antigen and the immune serum. The ring is l-0olred for after 

2, 4, 10, 20, and 30 mi:ri.utes incubation at room temperature.. The tu.bes are 

then tipped so th.et the oontents are mixed and they are then ellot>iled to stand 

overnight in the ieebox.. 1he :followint, m,orning, the test readh~ is rechecked~ 

looldng fox the p:reeipltate in the bottom of the tube. 

Control tubes 7, a, and 9 should remain clear at all times, and should 

not form a J;ll'{H.'?i:pita.te on overnight incubation. Ant.isera for the precipitin 

test must be perfectly clear, fr®t'? from baeterial contamination, excess lipoida, 

or a..i,;1solved. hornoglobin. Likewise the antigen must be st.a1,1e in salt .solution 

and :perfectly elear .. 



The scheme for the ti tratio:n of the precipiti:n ontiserrun VJas folloi"led 

as outlined by Sherwood ( 1946) • 

Bordet end Gengou (1901} discovered that. o.ne could. ascertain i,iheth.e:r a 

given sampli.r. of serum contained a:ntibodiei; for a specifie bacterial antigen 

by mixing th.e t1tlc together with eomplome:nt and later testing 1'.lith sensitized 

red blood cells to sea if the complement had been bound. Much work has been 

dono ·to iriprovo on tho Ol"'iginal teclmiques of Bordet and Gengou" The schema 

followed as outlined by Sherwood (1946). 

The six :rabbits vihich were used for the Azotobacte:1:• strains in this 

problem viere not all from the same dam, and were inoculated in the manner 

outlined. Initial bleedings of ·the :rabbits show0d no initial titer to the 

antigen.. Agglutination tests, precipitin tests~ and oomplemcmt fixation re ... 

actions failEH'l tr.i demc:n,:;:tratG the presence o:? specific antibodies 111 the sera 

of the :rabbi ts to. the antigen of the Azot,ob~.cte!, species (Tables V, VI, VII). 

The han1st.0r, guinea pig, ra.bbit, and ehieken. inoculat€Q with the multiple 

antigen 1riarE:: bled and the SE:H''WlI tested f'o::r agglutinins anit precipitins of' 

Azotobacter .fil2.• were demonstrated, hut a high titer o:e acglutininr; -v,ere pro-

duced to the antigen of lmonella typ.hoi:,a (Tables V, VI, VII, VIII, IX}. 

Conolu,~ 

It t'lould seem :from thG work donE, here that the Azotobueter species are 

poor arrtigons, but it can be easily dem011st:rated by staining techni,;;ues that 

The results appear to indicate a. negative response of the animal species 



to the Azotobaeter antigen and since goof response 'L'ilt:l.S noted with the antigen 

of Sal.Illonel.la t1phosa 1 one may conclude ti1at the Azotobacter antigen was nQt 

apecias specific. It this conclusion may be drawn it see.ms to be that in the 

inoculated animal structural :features of foreign proteins whieh are 4up11eated 

in some of' the animal's own protein do not elicit tho production of antibodies,. 

The very lort titer of agglutinins, 1:20, to the Azoto'bacter antigen obtained 

in the chicken and rabbit sara is not aign1ffoant. Sine@ the l"'asults obtained 

b:1,1 the complement fixation technique on the rabbits inoculated with the Az-oto

ba.cter ,antigen were negative, it was thQught that the multiple antigen did not 

warrant the use of the technique. 

Beoause of soma peeul1arlty, antibodies were not produced to the Azoto

ba.eter\ fUltigen. The antigen-antibody reaction ean not be used to detect 

.mutant stains of j\zotobactsr. O;t' as a 1nathod of classi:f'ication, until :further 

research bas been done on the serologi~al nattU'e er the organism.. lfhis :problem 

offers many possibilities for .further research, probably in tne preparation 

of the antigen for the inoculation procedures. 
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J?recipitin titer 

1 

5 100 

Control es 
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Azotobaoter a.$1lis,, 1 
M,J3n 4,,.4: 

Azotobaeter vinelandii t 2 
-·. A~T~C.C~ 9104 .. 

Azotobaater Illinois 5 

Azotobaoter obroococc-um., 4: 
A/r .. a~c! 9045 

Azotobacter a,g11@, 5 
4 A.rr.o.c. 9042 

Azotob~eter indicum, 6 
A.T!O.O. 9057 

All Control Tu.bes 



All Control Tubes 

VIII 

Azotobao1ter, a3ilis., 
t!l.B. t 4. 4 

.hgglutinin 

0 
H 
j:J.,: 

'r,--.,,' 

<!..'. ·G-, f"'! 
1 g~"-i H ~.-~l 

/.;~ 
,_, 

"'~- ~ 0 
1::1 ,,""'1, l;:! ; f'-...... ii. ~~ 

Ci 0 

20 20 

Titer 

2560 -



All Control Tubes 

~~tobacter ~tilis, 
B •. B .. -, 4. -r!: 

Frecipitin 

i ~} t'"'I 
t~; 
ri:J 

H \v! 
('' 
¢:j i::t'1 t3 

Q)? H 
·P ~i ~ 
0 p:; 0 

)):ultiple 
..,._ .... - en --

I ?q fc..., 
1,_.:( 

! 
·o 
t:l ; g !:;'·! 
c,) 

--- 100 100 
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'70 

Antigen prepared :from cells of ~'tiobaater ~JSil~.s, M.B. • 4.4, did not 

elicit the production of antibodies when inoculated into a rabbit. The pur-

pose o.f this experiment is to dete:r.mno th0 rettmtion o:r excretion of ;radio .. 

active !!_otobaeter antigen. 

A rapidly proliferating eulturo of ~obaoter ~_iJ~, M.13., 4.4, was 

inoculated into Ashby's :nitrogen-free agar riied.ium; containing radioactive 

phosphorous as the only source o:r phosphorous for the orgo.niElil'l. Since :phos-

phorous is required in high concentrations for growth of the organism, the 

radioactive fom ia ineorporated dire~tly into the bacterial cell. 

The culture is harvested while young and thoroughly washetl to remove any 

of the soluble radioactive material taken from the .modium in.. the harvesting 

procedure. The cells are diluted to a density equal to the number 3 tube of 

the McFarlanc1 Nopha.lometer (approximat€ly 9 x 107 cells per milliliter) and 1.5 

ml .. used tor intravenous inoculation of the rabbit. 

The rabbit was sacrificed in 24 hours and the va:rious tissues 'removed 

from the body, 1.0 gram samples of which were dried, and placed in the B,erkley 

Decimal Sealer to determine the relative a.mount of radioactivity present in 

each tissue .. 

Results 

High eoncen.trati ons of the radioactive material "l'Jere found in the kidney, 

spleen, adrenal gland, lung, liver, and lymph glands as sl:lown in 'Fable X. 

Fairly large quantities of the radioactive .ma:terial VH':lre found in excretory 

products as well. 
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of the animal, or if the;r 'lMere 

of the organism for maintenance of proper salt balance or for use :i.n tho 

phosph.orylatiou of glucose ana interm,Jcdiates in the body gl.ycolysis 

of carbohyd.rate nwtabolisrr1 cnn not be concluded rror1 this mrpoo."'i.rn.e:rrt. Further 

work is necessary i'or these d.eterminations. 

!,~ativ£ & .. 4.i.,O.§$l.'¥iVi!U., of VartouQ_ Ti;~eues fror!t !! Rabbit 
I1meulat0d ;E!;t]\ Radioactive Azot;obacter Antigen 

1. O Gram ~It • 
of Tissue 
Blood 
Urine 
Gploe1:i. 
Kidney 
Pancreas 
Adrenal <Uan.d 
Thymus t)fa:nd 
Lung 
Ifoart 
Liver 
Bile 
Gut (filled with fecal matter) 
Ouh-I 1hxillnr:;r Lymph Gland 
l?arot id Gland 
1.achrynal C',land 
Iliye Ball 
Cor1cibell1.un 
Ca:rebrum 
Yellm\l Bono l\ia.rr(wJ 

Background Radiation 
!?.adiUlll St:;u1ila.1•d 

Antigen, 1/20 ml .. 

Ionizations 
Par h'Iinute 

·352 
4~8?13 

39;450 
9,830 
5,620 

11,805 
4.Mo 

24~100 
4,850 

20~200 
4)500 
3,500 

11,150 
6~190 
6,800 

784 
?,100 
3,000 
8,000 

72 
2,061 

90,972 



E. Induced Variations !!:! ~ Strain. £!. Azotobaeter agile 

Purpose 
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A t:Leld of intense study in recent years has baen that of biochemical· 

genetics (Williams, 1950}. ·'in.rough this field of stud.y new light has· been 

thrown upon the meohtmism ot gene action.. 'fhts 1n1"ormation together with 

previously know.a faot.s bas made possible the investigation of the ex:istenee 

of gene•like detorminant·s in mieroorgani$ms which bad not readily len-t them

selv.as to common genetie&l analyses... ~ese developmer.rt..s opened up the pl'~

Tiously almost 1Wne:xiatent. field of bacterial genetics, and on tho bas1~ of 

reeent evUlenee (Gray and 'fatum, 194-l; Lederberg, 194'1) it- ha.a been fairly

well established. that at leas.~ some bacteria possess 0 ~ganizers" that corres

pond to th& senes in the ll1ghar forms. 

L.J.ke the hif!)ler organisms a great hereditary stability* even potentially 

ensti.n.g characterist1o.s such as adaptive enzymes, charaoterlze bacteria .. 

Asw.mptton then mst. be made of the e::rlstence of so.ma precise mechanism where

by the eb.araeteristi,es o:f the parent strains are a:Ja1.ctly duplioated in tlte off

spring,. A eertain degree of mutability 1s e:xb.ibited by most bacterial species, 

and resultant nm'i charaeteristies ere r.eadily noted in successive generations. 

ifhe trequeney of appearanee Gf mutant forms is increased grGa.tly by destruc

tive and toxic agents that also increase mu.tation l'ate.s in highe1' organisms .. 

And,, as :tar as has been eatablishe.cil, the function ot the hereditary deter.mi• 

mnts of 'bacterial st>ec:i.es seems to be tho sa.ma as that of the genes in the 

higher i'orms. .!nd:lcations of this are shown by the fact th.at artificially 

1:rulueed variants 'l..iith spec1fie growth ta¢.or requirem~nts. are obtainable oy 

"the same method. as 1n sexually reprooueing organisms (Gray- ana Tatum. 1944). 

It is assumed that these variots are lil'!able to earry out a particular ahem:1.pal 

process . in· a syathet.ic- reaction chain as in the ease of similar ,mutants o_t 

NeurosJZ!?~, although this is ~t to be specif'1eally de.m.onstrated. 
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A close resemblance between tbe basic hereditary m.e.chanisl!is ot' baoter1a 

and higher forms seemed so probable that thia axperi.m.ent t'ilas an effort to 

1solat0 known types o:t bioehemioo.l mutants. and also variants 11-Jith specific 

genet,1c blocks .in some major oota.bol1c path1ia7s, such as oxidative dissimi

lation of orga.n.ia compounds. S1nee i't was not c0rtain that suoh mutations 

could be isolated from irradiated mater.1a1, the 1.)?0C$SS of nitroge1a fixation 

was selected as a second ohoieet as it is known to be dispensable in the 

presence o! nitrogenous compounds .. 'fhe Azotobaeter species represent suitable 

tools for the study of the nieohanisms of bath o.ddative diasim.ilation and 

nit:t"Ogan fixa.tion a.nd was th@:retore chosen for this investigation., In an 

effort to .induce variations in an Azotobacter species it v,aa subjected to 

three mutagenie- eigents: ultra-violet irradiation., methyl-bis ('b,ata-chloro ... 

ethyl) amine hydrochloride, and 1•adioactiva phosphorous. 

Froeedu:re 

The species: imployed in tbia experiment t·ms Azotobacter !fSilis,, M,.B~, 

4.4 1 obtained trom C .. B. van liiel.. lhliform.ity in colony size was attained 

after s~veral single colony isolations, and subsequently all experiments were 

started from single colonies. Azotobacter ag;ilis was found to be more satis

factory than other J.aotobacter species for these experiments baeaus a the cells 

are more easily separated and more easily identified by mioroseopia examination .. 

'!'he basal :meiUum composed of the f'ollowing rJas used v-JJ1en nothing else 

is speci!'ied: 

Ethyl .Alcohol 

K2HP04 

Mg804: 

OaS04 

FeS04 

10.0 ml. 

1.0 g. 

0.2 g. 

O.l g. 

Trace 



Nai11Io04 

Distilled water 

Trace 

1000.0 ml .. 

The pH ,,as adjusted. to 7 •. i with hydrochloric acid.. In solid metU.a 1 .. 1 p,sr

cent agar was included.. f'ba 1noubatioa temperature was 28 to 30° o. 

For tha isolation and irradiat.ion procedures a completa medium was 

empl.oyed,. 'this m.ed:t.um is a panially selective medium. 

Glucose 

Yeast Extract 

Kzl(004 

MgS04 

Oe.S04 

FeSO 4 

!faM004 

Distilled water 

0.2 g. 

0.4 g,. 

0.2 g. 

O .. l g. 

Traee 

'lrace 

1000.0 ml. 

IA 0.04 percent a<;l_uaous bromthym.ol blue indicator sol.utio:n was added to the 

medium.., and by'drechlorie acid was used to produce a gr-ass-geen color to the 

medium, with a resultant. pH of approXimate1y 7.11. 'rb.e importcant featu:res 

of thi.s medtwn are: (a) alcohol is tlle only abundant energy souree, so tnat. 

co1onies unable to utilize it for girowth appear small; ('b} the low buffering 

capaci,ty and the indicator permit the deteetioo of small amounts ot aoid or 

alkali i:f i'ormed:; (.e) the total amo,m.t of nitrogen. added in the foTm. of 

yeas.t extraet, is so standardized as to petm.1 t only li.mited growth in the 

absence of nitrogen t'intio:n.; (d) the presence .of yeast e:x:traet. should 

permit development of variants requiring growth factors. This sel.ective 

medium made the detection of variants with disturbances in the nitrogen 1'1a .. 

tion or alcohol oxidation meohanisms n1ore probable, but did not diserimi:na.tei 



agaiMt any types ot variants.. Thus tp.,e probability ot i'!ilding· s,owt.h factor 

varunw w autenit-s unable to oxidize. glucose w&s the mune as if the el)loaies, 

!¥32osura, ~ µ1~ra-v.:i0;l&l !rr1111_1at1on 

A bl"Oth cultve ot ~otobacter yilis, u .. :e. ~ 4.4, toin- houra oltt u.s 

il'Nidia'.t.ed with ul:tra•violet. for thirty minutee at n di1.:rtane\'J ot t:b~ee inehti:s. 

!he tube oont&inin~ the eultee was a cellu:1oid centrt:t'uge t.11be 10 x 2 .. , cm. 

:and contid,ned tho eu:lturo in broth to a depth or l.mi ~. mddng a volwa.e 

Gt app:ro:d.fflltely 7.2 ml. 

A e.oat henger \Vas bt'lnt in web a m.nneir that 1t could be. uea to hol4 

the eaitur& tub@ uatcm: 'Was ·talffl(l to it. Every tbe mhutea tu heXtg-er •s 

. minutes atts0r in-aita-tion .. 60 minutes atter 1tr.at'liatto.u, S hours afte.r 1rmd1• 

auon, 6 h.MU:"S aft.el' i?1!'8tUatton, 24. hours etter- tnadiat.10:a,. .arm 21 days 

after irradiation .• 

Jrollowtng a $Ul'table 1neul>at1&n period gro~ aupport&ti by the ct.u,plete 

modium wa.s ~ed. Ap))l'o:dmflte.Jy 100 eolontos were !.mu.too mm ~tnett_. 

1l!he ec,lo~fl;.11 ep.~ as th.G noJ>l!Bl RJ'al:n., ea m1croscop1c observati.c:a or 

the ~mi revealed oells Wl4.istt•ishable from tho. ~.i. Upoa ~tar 

k> Q com,,,l.etel.7 nitroe,en•free radillll, ana trtenbation. growth was ut..ml 1a 

!4 houre:.. A nel!"•l tm.-irrad1atG<l m.iltue of the organism waa uset .as a 

eont:rol,. am th~ WMtm.t ar ~ta • th~ nit:i'Q€M-fl'ee au1um of the 1~ 

diated cultUl."u •s ~:rable to thtlt or tu 1/iO)m'tal,. 

ZeY~al at~s weN made ·to lndttt'.lf.l W]:'1etioa by ul~•viol.t inad:ia-



E:x32osure !.2, !Jt:rogen Mustard 
(t4eth,:l-bis {bet9 ... chloroeth,zl} amine !!;vdrochlor:ide) 

One milliliter of a l:100 dilution of nitrogen 1nu.stnrd was added to a. 

broth suspension ot a rapidly proliferating culture of Azotobaoter as;ilis, 

!E.B. t 4.4, and t.he mixture neutralized w1tll hydrochloric aeid, tuJi.D;g b.rom• 
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thymo1 blu.e as an indicator, l'!'ive minutes, 30 minutes; 60 minutes, 3 hoa:rs; 

plated out on the basal mediUlll~ 

Mte:r colonies developed; they riere examined :tor possible pigment and 

colonial variants .. A photographic record of' these plates were then made by 

placing plat.es in a photograph1o enlarger and projecting on. S$n.sitive paper .. 

.After th1s1 an agar layer of the complete medium was plaoed on the s:urf'aoe 

of the basal medium, and incubated.. Netn colonies repres.anted poa-eible var

iants With nutritional deficiencies, as indicated in Figure 2. The new colonies 

were transferred; to agµr slants ot the complete medium. and a microscopic 

study was made .of each •. 

,Approximately 200 colonies were iaollated f:ro.m cultures exposed to 

nitrogen .mustard. Table XI .lists the typGs o"f variants v,1hich may have been 

E92sure ~ I;.3~ Irradiation 

A rapidly proliferating culture of Azotobaoter asilis; M .. B., 4.4 was 

grown. in a complete medium containing ;832 i-,hich was obtained as B3'04 from 

the Oak Ridge liational .:taborat-ory. Oak Ridge, Tennessee. Radiation oounta 

or this. medium were kept at approximately 28,000 epm./ml. when oups were 

placed on the second shelf' of "the Berkley decimal scaler. By comparison with 

a radium DD standa.rd* this represent.ad approxi.nately 1 • .23 x l.O'"'l MC per ml .. 



Figura 2 

!he ~ Layeri;qg }.fet];%,9_g ~ 1'.2:!, D}lt,aet1n.jt, 
Poss1ble :Biochemical {Nutri t1onal) Variants 

· .After 1];,eosure Ji2.. Mutageni.5! -OBeni>s .. · 

A. This :represents the pet.rt 

dish .Cml'taining the haaal medium 

and eolon.1es ot the organism 

agents. .Note there are seven 

colonies. 

iish as in A. hut has 'been layered 

original seven eoloaies and the s:Lx 

smaller e.oloni&.s which :represent-

variants. 





of mtc:dium,. By inii.ial trials this dilution iMas deterrriined and t4Jas found to 

kill app1'o'.ld.'nately 99 po:rcent of 'the organisms. 

(;ells were plated out on the basal medium and after colonies developed, 

they were examined tor possible pigmellt am:1. colonial va:r·iants. A photographic 

record of these plates was mad.e by :placing the plates in a photographie 

enh1rger and projecting on sensitive pap.er.. After this,, an agar layer of 

oori1plet.e :medium. was placed on tile surface of the basal mecliurn, an(1 in.cubated. 

»!aw colonies :repr0ser1ted possible variants With nutritional defidenoies, as 

indicated in Figure 2. The ni,iq colonies were tra:nsfe:rred to agar slants of 

the eomplete raodium 1.:u1d a microscopie study ilas made of ea.ch. 

Jl.pproxiw.ataly 2000 colonies exposed to p32 have b,H,n1 iaolatt1d by use of 

this method. Ea~h culture which 1,-Ja,s studied was re-eh<~cked for :possible 

contamination. Table :XI lists the types of' variants which n~y have been 

produced. Many ot: these were found to be u.nstable ,arid were eliminated after 

further transfers. 

~~sul!2, 

Possible Va:r.•iantst As may be noted i:n Table XI seve:t"'al t;vpe.s of :possible 

variants ware noted and isolations of specific reprcse1Ytati ves of eaeh type· 

were 1m de. The .motility, morphological,, and pigntmt Vf-aria.nts 11e.re easily 

determined througl1 ~croscopie a.no. microscopic si:mdi0s of colonies thot 

deVI)loped after the proeedura of layering with the complete mediuui. The data 

a:re not extensive enough to warrant a strd~e.ment as to the mutat.ion frequency, 

particularly since the methods do not ensure detection of all variant$ .. 

Appro:xi.mat;ely 2400 sin~le colony isola.M.ons \H::re w.ade fro1n irrai.'l.iated 

material, but only 162 colonies •'iere specii'ically tested. for aH;ersd physio,

logical eharactertsti cs. The nia jority of these iii ere sm.all. or othe:r,;'lise 

aberrant colonies. 
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Isolation 
Number Motility t:Iorphology l'igme:it Nutrition. 

P- 9 X 

P- 10 X X 

P- 12 X 

P- 13 :g: 

P- 16 X 

1?- 18 ::K'. 

P- 20 X X 

p ... 27 ,_ X 

P- 3fl X X X 

P- 42 X 
":r.) .r:.~ 47 X X X 

P- 54 X 

1?- 58 X 
p ... 66 X 

J?.- 68 X 

P- 82 X X 

P- 84 X 

IJ- 85 X 

l?- 92 X 
·p_ 96 X 

P- 98 X 

P-102 X 

P-114 :x: 
P-118 :it X 

P-120 X 

P-121 X 

P-122 jC 

P-144 :X 

P--154 X 

P-155 :it 

P-165 X X 

P-175 X 

P-215 X 

l?--216 X 

P-227 X 
P-243 X X :x: 
P-246 X 

P-282 X 

ll-285 X X 

P-29.2 X 

P-295 X 

P-300 X 

P-301 X 

'P-314 X 

P-31'1 X 

l'-324 X :x: 
l?-369 X 

P-300 X X X 

P--381 X 

P-:578 X 



TABr.J~ XI ( co:n t 'd) 

Isolation 
Number Motility :Morphology Pigment Nutrition 

P-391 X X X 
P-392 X 
P-398 X X 
P-401 X 
l?-405 X 
P-407 X X 
P-408 X X 
P-414 l: 
P-416 X 
p ... 42:.; X :x 
P-426 X X 
F-431 :x 
F-437 X 
P-452 X 
P-4617 X 
l?-469 X X 
p.-473 X 

P-4..Sl X 
?-483 X X 
P-484 X 
l?-487 X 
p ... 499 X 
p ... 514 X X 
P-515 X 
P-520 X 
P-521 X: 
P-152.5 X 
l'-527 X 
?-530 X 
P-531 X 
:P-532 X 
P-533 X 
p ... 534 ;:;t 
P-557 X 
P-544 X 
.P-545 X 
P-549 :x 
:P-561 X 

?-563 X 
P-564 X X :Jr 
P-556 X 
p ... 572 X X 
P-581 X 
l?-584 X X X 
P-589 X 
P-592 X 
:P-593 1:. X 
1?-595 X X 
'.!?-604 X 
P-608 X X. X 
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Isolation 
l{fomb er Motility Morpholo~ Pig.l'!l.ent Nut:ritic,n 

P-610 X 
P-sr1 X 
l'-630 X 
P-631 X 
P-634 X 

P-636 X. 
P-63-6 X 
P-637 X X 
J?-641 X X X: 
P-652 X 
P-653 X X 
p,..557 X 
'f'-673 X 
P-678 X 
7?-680 X 
P-.681 X 
P-683 '.!C 
J?.,..684 X 
P-68'1 ...,. 

A-

P-689 X 
T-1-690 :it 
P-695 X 
P-696 X 
P-698 X 

F-699 :x: 
P-700 X 
P-?02 X 
P-703 ;g: 

P-704 X 
p ... 71g X 
P-719 X X: 
P-720 X X 
J?-722 X 
P-'728 X 
P-?32 X X 
P-742 X 

P-745 X 
P-752 X 
P-756 X 
P-762 X 
P-?64 :it 
P-765 'X 
P-768 X 
P-"169 X X 
P-772 X 
P-?74 X 
P-777 X 
?-?'78 :t. 
P-779 X 



I:solaticn1 

:N- 5 
r:- 8 
N-17 
1,:-34 

N-88 
1~ ... 75 
}J-82 
IJ-91. 
N-92 
I\J-9? 

X 



Results 

~,]ptili1il Vat"iants 

As i1as ear·lie:r diseusse-d, the Ji.zoto'bacter species a.rs motile by psri

triehous flagella. I:n the rout,ine mieroseopie examination of many nor:nal 

cultures o.f !z._otoba.oter motility was noted in every instanee,. In th.e mierc

scople examination of the irrtHliatetl cultures of Azotobaet.er ag;:U,is,,, M .. B .. , 

4.4, non-motile cultures ¥Jere :noted 1.'ihich at first t>Je!'e thought to be con.ta.mi• 

rumts,. Subsequent trans:rers to nitrogen-free medium resulted in good, no:r.1::al 

growth of the ,.mltu:res,. '.l.!""urtber examination or is()latec1 cultures showed many 

pure cultures o!' non ... .motile strains ot the organisl'.!1,. These variants were 

found to be very stable and were never observed to revert. to the n-1otile form .. 

1!\11enty ... seven non-motile strains were :round a11d recorded .. 

polonial Vsriante 

Of inters Set was the higl;t degree of va:r..iat:ton v~i th rega:t•d to, colony form 

and size. Altl1ough no record was kept of' tl::te nrunber of colonial va,riants, 

the .mucoid, rough, smooth. and small punctif'orm (the L.1 types) types of 

colonies were represented. 

iv10rp1tological Variants 

:Many ri1ox1inological variants were noted tn the miero8eopie examination 

of isolated colonies. Siztaen .r11orphologic6l variants vH,re isolated and 

studied. 'l!hese variants were found in isolations that represor.s.ted motility, 

:pigment, ar.d possible nutritional varian:tsi as well as morphological variation 

alone. In most cases solid .media Si.rpplemented with yeast extract (complete 

madi,mi.} supported good growth of the colonies represerrti:ng mor•phological 

varia:uts·. The g,:,owth that was obtained o:n the solid basal medium. appea:rGd 

glossy, and w.ierosc-0pia examination. revealed abnormally shaped cells :t'Jhieh 

were filled with .large, refractile globules.. These morphological variant.a 
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were considered by Ward {1950). 

Pi gment Variants 

The most common variants that occurred were t hose lacking the bility 

to form diffusible greenish pi gment that characterizes the pa~ent strain of 

the organism. These mutants appeared like the normal stra in in growth except 

for the absence of pigmentation . The~e wer e found to be the mos t stable of 

all variants isolated. Karlsson and Barker (1948) found the pigment variants 

hioh they isol ated to be t he most stable . They suggested that the faet that 

they differ from the other ki nds of physiological .mutants , occurring more 

frequently and being more &table , s ogested that they 111ay be formed by a 

different mutation path. 

The pignent variants were individually streaked on a basal medium agar 

and following suitable incuba t ion periods none of the colonies were pigmented. 

Numerous subsequent transfers failed to yield any r eversions , suggesting 

these strains were quite stable. 

Filtrate ExPeriment: A filtrate from a broth culture of t he normal , 

pigmented strain of Azotobacter agilis, M.B., 4. 4 was added to basal broth 

which contained one ml. of a broth culture of the mixed non- pigmented variants! 

Aft er 24 hours incubat ion with occasional shaking, this broth culture contain

ing the filtrate was streaked onto l5 plates. Aft er a suitable period of 

incubation no pigmented colonies were notod. The filtrate control plate 

showed no gro th. This experiment was stimulat d by the work of McCarty, 

et al. (1946) who added extracts of eaps~lated pnaumococci to non- eapsulated 

varieties to obtain a genetically stable capsulated variety. 

Heat-Killed Cell E;x:periment: The non-pigmented strains were mi:x: d in a 

basal broth culture and a suspension of heat-killed normal pigmented parent 

stTain was added to the mixture of the non- pigmented s t rains. This was 



incubated 24 hours aoo streaked upon basal 1:1.ga.r plates. N-0 pigmentation wa.a 

observed. after a suitable ineubatio:n period. This experiment was a eont1nu

ation of the Filtl"ate !lixperimont; it was felt there might be so.me cell con

sti tuen:t i:n the nomel strain which eould prodttce genetically stable types 

tronx the non ... pigmcnted variants., 

'tlros1n~ Experiment: The non-pigmented. strains were mixed in a basal 

broth to which ,,as added tyrosine as a possible preenrsor of the pigment. 

This pigment was internuttently shaken anel plated on basal medium a.gar plus 

tyrosin~. Af'ter 72 hours in.m1bat;ton, no pigtnenta.tion vin:u1 :noted. Fat stains 

of these eulture.s using Sudan Black B stain we1•e made stnee there is eonten

tion among sorae workers that pigments 111 .mioroorganisms are responsible for 

the eonversfon of ee.rhohydrates into fats v,ithin the cells of the organisms .. 

The calls were found to be filled wit,h fr,t bodies. 

I;Iany of the suspected pigmJi:nt; va1•iant.s originally isolated were con

taninants, but; 26 de1?inite Azotobs.eter pigment variants t?ere isolated and 

lfowever, among the large no:n-p:l.~10:nte<l colonies, many very sm1all punet1-

form. ooloniea viers noted. These were thought to ha possible bioc.hl"Jmi.cal 

variants.. Further observation demonstrated that the m:or:pholoSY of these cells, 

ho1>Jever, was not the sam.e as that of the :parent strain of the organism, but 

consisted of minature diploooeei which a:ppo!lred as small .replicas of' tho par~nt 

stra.in. 'the morphology of the small cells ;,~as found by Ffard { 1950) te be eon

stant on both :nutrient ager end on basal medium agar. Other stu.dies of these 

variants wer~; considered by ViZard (1950)" · 

Biocham.ioal (!fotri tional }Variants 

As rt1ai'f be seen i.n Table n a number of. sm1pectecl bioeheinical {nutri

tional) variants were isolatad.. Thes$ i1Jere double checked mioroae"opicr.ally 



87 

for purity of culture, and maintained on complete medium agar , as it was 

early noted that basal agar induced only a slight amount of growth, which 

indicated their c rbohydrate source which was ethyl alcbhol in the basal 

medi um was not too available, but successive t r ansfers on the complete medium. 

which contained both alcohol and glucose r esulted in reversions of most of 

the suspected variants to large, normal appearing colonies; these were dis

carded, and the non- reverting types were further tested by the auxanographic 

method for their growth reaction to 12 different nitrogen-containing co -

pounds, specifically vitamins and a.m.ino acids. 

The vitamins and amino acids specifically used in the t esting procedure 

were biotin, t hiamin, paraami nobenzoic acid, niacin, threonine, methionine, 

leueine, cystino, arginine, histidine, proline, and phenylalanine~ 

The suspected nutritional variants were added to basal medium agar, 

which had been melted and cooled to 4o0 c., and poured into four Petri dishes . 

After 24 hours initial incubation, small filter paper pads which had been 

soaked in the nitrogenous compounds, were placed upon the surface of the 

poured plates containing the cultures . Each pad represented a different 

compound, and three were placed in each Petri dish. Stimulation by specific 

growth substances should manifest itself around the specific pad. This may 

be seen in Figure 3. These plates were examined periodi cally tor a period 

of one eok and the results ere noted. 

Out of t he 28 suspected variants tested three ere noted with definite 

zones of s 1mu1ation; r eversion must have occurred in t he other cultures, 

for they overgrew the plates . The zones of stimulation were not limited to 

one compound alone, however . Each of the three suspected variants were tested 

three times and the same compounds wero found to be stimulatory. Isolate 

P- 537 was stimulated by niacin; isolate P- 722 was stimulated by both arginine 

and proline; and isolate P-906 was stimulated by both arginine and histidine .• 



88 

The orga:nis.in:;i 1,~ere shown to be co.pable of grr:wit:h. on basal .uKsidlum agar af*te:r 

a long initial lag period, tJhich indicates their instability. 'fhe sti.filU:• 

la.ting effects obsened fx,0111 th0 difi'ere11t com.pmmds testod .my indica:te 

that the organisms fail to fix atmosphe:ri(3 nitrogen i:n. the prese:t'l.ce of these 

compounds, ar1fl that the eomJ:,onJHla are interchru:igeable u1lith each other i.:W a 

source of nitrogen f'or the Azo'=..oba~. 

Of intere;t ivas the inhibitory etfc,,ct on the organisms, in every catw, 

produced by cystine. Zones of inhibition about the auxanographie pad 

measured 10 to 20 millimeters in width; the rGason for this 1nJ1ibition is 

:not knovro.. 



Figure 3 

'l'he Auxanoaraphie ~ ltothod ~ JE: 
'resting for SP,!cif'io Growth }!l;:omotins Factors. 

Note the increased growth supported 

by one of the three tiiter paper pads 

which had been soaked in a speciti e 

substance before being placed on the 

sur~ace of the agar. 
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FIGURE 3. 



IV. Su.MMARY 

Variations within the species zotobacter agilis, . B. , 4.4 , er e 

studieCT . 
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The viability of the so- called "involution" tor of the organism was 

established by isolating single cells of these forms and successfully cul

turing them. These ere shown to yield pure cultures of the parent strain, 

thus demonstrating they did not represent contaminants or dying cells as 

suggested b y many workers, but rather supports the view that the Azotobacter 

may have a complex life cycle as proposed by Lohni s and Smith {1923). 

An effort was de t o apply t e serum reaction to this species of tho 

Azotobacter for the purpos of detecting antigenic changes i n mutant strains 

of the organism. Using six different strains of Azotobacter as antigen, the 

agglutination, precip1tin, and compl ement fixation tests failed to denonstrate 

t he presence of antibodies to the antigen in tho serum of immunized aninnls . 

In an effort t o determine if e. r bbi t as retaining or excreting the Azoto bacter 

antigen, it was shown, using radioactive antig n of the organ ism, that 

· tairly ~od retention was possible; from the deeree of radio ctivity of excre

tory products, however, it appeared that some of the antigen was being excreted 

fairly rapidly and i n good quantities . 

In an effort to induce variations in the species, three mutagenic age ts 

1ere used : ultr -Tiolet irradiation, methyl-bis (beta- chloroethyl} amine 

hydrochloride, and r adi oactive phosphorous. In studying approximately 2400 

isolates , variations were found after exposure to these gents , but the indi

cations are that the frequency of stable mutation is in lower order or 

.magnitude than in other bacteria. Stable .motility, pigment, and colony 

. variants ere isolated. orphological variants were also noted , but t his 

phase is given consideration by Ward· (l950) . Three possible bioch ical 



variants were isolated. 

In comparison w 1th other bacteria this speoies or Azotobacter appears 

t o be a very stable organism. 
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