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Joel G. wahlin. A
IH”RODUGTION.;_E:

Whila engaged upon gome chemioal researoh

vrelativa to the manufaotura of onamel Jr. R‘ D. Oooke:
i?allow at tho Hellon Inatitute an& ohemist for tha
f001umbian Dnameling and Stamping Gompany dbearved the
;produotion of gaa 1n enamel slip waters Thie waa
;hrought to tha attention of Dre B.’ Vo Tillotaon. S
”Assistant Direotor of the Hellon Inatitute and referrea ;

7by him for solntion to Dr. 0, Py Sherwood, Head of
fthe Dapartment of Baotariology of the Hhivaraity Of
{Ehneaa.' Afher oarrying out & few preliminary ';
Qexperiments. he turned the hiological aapeot ofvthin
fproblem over to ma for 1nvestigation. .,“*‘ ’ ff
; Mr. Gooke had obaerved that the production of«*
;;gas 1n enamel slip watar procaede diffarently in the}f
ipreaenee of varions metallu: iona of the iron familyi 1¢¥
?when olays from aifferent sonraes are nsad.

;addition 1t might bs se1d that in his work all resctions

foccurea at room temperatnre.;
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The souroe of the microorganisms oocurring in ‘
enamel slip is undouhtedly the olay ueed.‘ As above t;
mentioned Mr.‘cooke observed that thera wae a variation
in reaction toward metallic 1one when different lota of
clay were employed. Anothar featnre whioh 1ende itsalf
to the belief that the normal habitat of these organiems
18 olays, 1s the ohemioal oompositibn of the enamel alip.

 The following data oonoerning the compoaition ;]:,“
~end treatment of the enamel elip at the faotory frOm‘ ‘
: whioh the material for 1nveetigation wae obtaine& wae kindly“t;
furniahed by Mr. Cooke. ) ‘ | B

"An enemel frit 15 mede by melting 8 mixture of i
vfeldspar, borax, ailica, sodium oarbonata, aodium nitrate,
"fluorapar and oryolite at about 2800°F.f When melted it _
is run into water, whieh goals it and causea 1t to breakff'
L up into emall particles.' ?his frit 1s similar to glase tf;f
and ie 1nsoluble exoapt for a small amount ox soda whichﬂtf;
- d18801ves from the surfaoeo . "‘ ; g
 "Next 1000 pounds of :frit 50 pounds of olay and.

~500 nounds of water ara ground 1n a ball mill, until the°
 'fr1t is reduced to 1mpalpab19 finaneas. This 18 the ,"
";enamel sliu ana is about the oonsietenoy af thiok oream.i'ﬂ
~0n standing saveral daye the solids aettle somewhat %5

1«gleav1ng more or less water at the top ................f
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IAiis‘elightly alkaline from the soda dissolved’fro“’

;the frit mentionediabove and contains hnmus andmotherl

isimilar organic material from the clay whioh give;g

‘the brown color. There is also a smell amountfof

jand a trace of sodium flnoride present both derived?"
;from the frit.,_

A medium of the eb0ve composition would not be\
; , R
favorable for the growth and develOpmont of meny Linpe\,g
“of bacteria. We can therefore eay that enamel slip
exerts a selective ection upon baoterjal types.ﬁ This
;seleotive action may menifest itself in two wavs.

jl.; The chemical conposition of enamol slip

w'gildoes not include -the organic substances

o ands nitrogenoua bodies necessary for

».';growth ana development of many baoteria«
2. There is probably ‘some’ germiciaal action
.~ daue to the alkaline reaction of the . "

l;‘solutlon and the vpregence of borateq and.

Having haus eeen that the bactorial flora of

jenamel slip is intimately rela+ed to that ot olay,

ilet(us next eonsider what bearing this may have on the L

:The baeteriology of clay 1tea3,yet 1argelyﬁamw3

iunsolved problem., The reason for this orohablyiliee i

iin the faet that agr1cultura11y, clay is an nnproduotivel

?soil and there nas been nO{inMediate need‘for:a  }

?knowledge of t e hacter1a presento”f
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The role of bacteria 1n eley.from the standpoint of 1te ;}
applicetion to the arte and 1nduetriee hee not been 5
’touched upon. | ' ‘. \f neq e

| . THB phyeioal and ohemioal oompoeition of oley i
{rendere it uneuitable as a medium for growth and multi~ »}
plieation of moet forms of bacteria. A Lnowledge of thex

;oonditione exieting 1n.natura1 olaye might furnieh a

\’

'olue to the predietion of the types of organisms whioh
 m1ght there be enoountered.. _ ; "
| Clsy 19 eesentially a oompound of alnminum eilieate. 
fA variety of other eompounaa are preeent and aooording .
eto Bourry(l). oaloium oarbonate. iron ‘oxides and 1ron i;g
yeulphidea are oommonly preaent. The organio matter A
;oonteined in olaya aooording to this author mey‘have 7'?f
‘théee eonroee: '
ik f 1-Infiltration of sollss:

y,'B-Deposition of elay in‘sn eetuary or marsh rioh
1n vegetable matter. ..

Zemixture with bituminoue rebks.:
 *THetura1 olaye are relatively poor 1n nitrogenous
'eompounds. Presence of nitrogen weula probably inﬂioaue‘
an 1nfiltretion of eoluble nitrogen eompounda from the‘ff,
fsoil or their aesooiation with the organic matter. "“\
L?hosphatee and eulphatas are aleo present 1n varying ’

equantitiee anﬁ other oomponnde of minor 1mportanee.',.,w_



b
~ The substance 1tself is 1n a8 state of fine | ,

aivision generally, although thera is a sreat variation
in the aige of the partiolee.~ &rouna the oluy partiole
or filling the spaces between them is wateru: This water
holds 1n solution those compounds which are utilizea by :
bacteria present. (2) The paucity of asaimilabla
‘organio and nitroganous matter would be a factor in '
limiting the typee of mioroorganiams. , :

Anaerobic oonditiona prevail, This would natqually'
lead to a' further 11m1tation of bacterisl types. o

Temparatnra relations are 1mportant.: Aooording
to Lipmanﬁi) clays cen be claaaed ae lste 60113 or
goils in whioh microbial aotivity ia delayed in epring.
This he attributes to the water contant and the high
‘speoifio heat of water. uoh soils. wonl& warm np
elowly and the range of temperature would not he s f
.extrema as in the.more aarable surface aoila. k
| Lastly the raaction of the olay must be takan into |
acoount for this would assnre&ly'ba a faotor of ;
yimportance in thn "aolaotive action" of clays on bao~V 
terial typas. Olay'soils are nsnally alkaline aue to fj
’tha aeoampoaition of silicatas(z) &nd to the presence

of feldepar and mion. (1)
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_Such béing the environmontal conditions ocourring

‘in naturel oleys, the logicel method‘of~ﬁrooédﬁre‘in 3

1solating any organiem from such & 3011 wonld te to

dnplioate in 30 far as poaaible tha natural condition8u 
R PURPOSE, Pl T S

. The purpose of the present investigation ig three-

fold: e T e

1-To £ind whether or not the prodnction of
- gas in aenamel elip wvater is due to baoteria
preaant. ‘ ‘ ,

S-If so, to make 8 bacteriologioal atndy of
enamel slip with & view of determining the
specific organism or organisms reaponsibla.

2-To carry out morphological and phyaiologioal
studies of the specific organism with a view
of obtaining information that might answer
the following questiona.

a)Haas the orgenism been previonsly
dencribed in literatnre?

'b) What faotors are neoeaaary for
gas produotion2

In enawering tha flrst ana eecond of the abovo
questions 1t 18 nropoaea to. ', , e
\ 1-Devise & ‘medium npon which the isolaﬁion of tha -
| organisms can be acoomplishea. o : |
| BnTo reinOOulate the bacteria in pure culture
lnto sterile enamel 8lip water, in order to fin& the
epeoific bacterisl oell responaibla for gas pro&uutioh;
8-To determine the sonrca of gas nnd to deviee 8

me&inm for the routins Btn&y of gas yroduation.
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Relativa to the eolution of the third problem ’
1t is proponed to e : ,,gf s ‘ ‘
1~Carry out morphological atudies 1noluain3
size, shape, capsnla formation. spornlation,
presence of involution forms, motility, Gram
stain and;seneral tinotorial raaotions of the
‘organisms. '
2-To oarry out phyaiologioal stnﬁlea bearing
upon, fo0d raqniremente, prodnction of extra- fige
cellular enzymes, produotion of pigment, %
1ndol formation, hydrogen aulphiﬁe production,
ammonia nruduction, ability to ettack and |
consume alcohola and carbohydratea. optimumk
temperatnre relations, optimum oxygen tension,
2cid 1imit of hvaragen-ion ooncentration und
thermal death point. ‘ |
| 3-&0 make " atudy of the source of gas produaed ,
5n enamel sldp nnd alaso to determine the faotors
 necesgsary for 1ts production‘ ' |
' ,fgagggIMEH?AL ‘
Two samples of onamel slip were. obtained frov the
Columbian Fnameliug and Sfamping Po.. Tanre Haute, Ind-
: These samples oontainaa in ad&ition to the anamal elip
k'wnter, 1.6% solium aoatate, 0.15% eodium nitrata snd
.15% aluminnm ohloride.(ﬁ)



One ofutha samplés'oontéined the‘orgéniémé ag they»G
ocour in tho enamel alip, the other portion had been
storilizea before shipping. This aterile lot waa naed
a8 8 medium for growing the organiems.." | :
;g;im_i,n Yy Eanipn‘lations. et
| A series of emall(hemolytic) farmentation tubea ot
‘the Durhem type were set tipe To emch tuba was added ;
1 oc. of the sterile slip. The tubos were then auto-
cleved at 10 1ba. preaenré for 15 minntoé.‘ Inoculations w 
were then made into five of the ‘tubes using 1noreasins G,
amounts of nnsterile alip. Incubation took place at f;
| room temperature., ‘

‘Tube # 1 - 1 drop 8lip water eseen0 gas, 24 hrs«A..
, ~ Gas 1n 48 hrs.

" §2<0.00, " " Ges 1nva4-hrs.‘3'
" 5‘..,0.5‘30“ . we BT R | K T T '
v PsIfogr vt nowaw
™ #6 = Control ' ;5 : o gase -

Thie expariment ehows that gaa pro&uotion oould taka
' place under conditiona of the experiment. Abont 10 days *
had elapsed.between the tima of- ghipment from the - |
‘ factory and the beginning of this work. During this

/time the material had been stored in the 1oe~box for

- about five aays. -Ag will be notioad in the table, the
‘smallest amount of 811p inﬁuoing ﬁhe formation of gas
-within 24 hrs. was 0.1 0Ce '
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The above azperiment was repeatod naing 0.1 oo -

of the alip 1n 1nocn1ating the tubes. ¥hen ges formation g

wag well nnaer way, another aerioa of tubes wara 1nocn— "

‘lated with.material from the previoue eet.r In thie
mannor. the axpariment was repeatad four times.

. The above results 1ndiaute strongly tha feot that
gas production i enamel elip water 19 of baotorisl E
causation‘ For 1t will be seen thet gas nroauotion ﬁoes‘
not oaonr in heatea a]ip, wvhereas addition nf a amall |
amOﬁnt o7 unheated slip ta the atarile matorial, reanlta_l
in proaﬁntion 0f gage In view of tﬁesa faoté'an sttempt
»wae next m&de to {zolante tle npecifio organiam ooncerned.

Iaqlat;wn of Baotorin gzgm Bpemel S1ip.

?or thia Turpose a standard bee? oztraot ngar

hsving 8 reaotion of about Phz7, was usadg alaso an agar
ed justed to Ph.=8.8 with ﬁagcoa (2)s Thiz wes done
becense the reaction of the alip water was found to bs
B ,ﬂ. o . ‘ % R
. Plates were nede with each agar using varying
qnantitiea of elip, one tenth. one half and one cnhic .
‘oentimeter ner piate.‘ Gontrol plates ware also ponrea
'from eaoh agar. ‘The ylutes viera incnhate& at room

,temperatnre.
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lio growth wos vieible on the plates made with
,'neutral agsr, sven efter several daya 1noubation. ‘In‘
 alkeline sgar growth wes abunﬂaut 1n 24 hrs. The' |
 001on1es here sre amall. pin-point aiwe, olear and

when viewed obliqnely 1n transmittoa light appear ~
yirideaoent. After 48 houxa there was no great 1noreaaa :

: 1n sige or any ohange in avpearanoa. Fxsmination with

,hand lene showa& 211 tha ocolonies to be tha sama aynarently;g =

Several ooloniea ware piokea and tranafarred to

- alkaline egar elants, bnt at bost growth was faeblo. AnA
-:attampt wag tharafore nade to synthesize an agar more
-1favarabls to aevalopmant. ‘

Cr g&h of Enanmel slin;g_mgggmg on sgaimg :

ngtrata aga; and glgg wntex agug.
1 co. enazel slip w88 platad out 1n agar of the -

f:following compoaition.

‘Standard boef-extraot agar 99 cc.

 Sodium nitrate - Oelgram
Engmel glip water 1 e
‘ | ‘II. '

_ Standard beef éx%iact sgar 99 co
: Hanozp - s . Oel gram

~The hydrogen-ion/oonoentration was adjaoted to. Phe
 8.8 with z0dium carbonate and the ager atarilize& at .

? 10 1ba. for 15 minutes. The nedis darkoned aomewhat

;;during aterilization nna to the sodium aarbonata.r~
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' Growth in‘84 honrsyﬁaa abundant and tha 6016&16& |
wore 8lightly 1arger then in alkaline baef axtract ‘8EOT
In 48 hovrs thay wore about one millimeter in diametar. ,
On,fnrther incubation they did not increase‘in sigze t?_
any marke& extent. Theré‘aeamed to be no apparént » 
ﬁifferonoe in growth on either agar. The ocloniea on
this sgar ere gray, raised entiro. anﬂ moiat appearing; B
¥hen touched with & needle, they show & distlnot mnooia s
~oonaiatenoy, suggenting capsule formation, ,

Aftar the firet two daye there oocurred no graat
inaraase in aiza of the colonies, tha_average aige’being‘
abont‘dne‘millimeter in 4diameter aftar'aavanLQays*;
'indnhation. | Ci e

Several ooloniaa were ploked and atranked on alkallna
nitratokggar platga. Aftarninoubation they appearaa to be
.the same apparontly,aafthe original, .A‘microeoqpic‘
axnminatién ehowed 811 of them to consist of réthqulnng ;
“rod form9¢ | | | |

In abvout 10 aays gone of the colonias on thc original

plates bagan to show & red pigmant formatlon. The majority ‘1; 

of the colonies rewaine& colarless or gray. ?hia snggaataa

the preaence of an organism which slonly ﬁavelopaa 8 pismant,
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Microscopic examiuétien of one of the red colonléé; shbwed,_
however, tha preaenao of two fOrma; one & lang rod tha e
other mnch shorter. The longer organiam resewblea the
ibacteriavproducing the gray colonies. @runafera of the reﬁ
uolonles were mada by streaking on nitrate agar platas.-
After 24 and 48 hours' 1noubation tha resulting oolonlaa -
'appesred es gray, ‘moist and anparently'iaentical with the |
- ocolorless scoloniss. In ahoux b daya pigmnntation again
,oéourred. - ' : | | SN

It seons therefore that two orgeniems wera #r#éent in
the enamel s1ips One 18 & rather long rod typo, the othar
1e comparativaly much sbortar and nroduoea o red ptgmant. i

afhe iaolati*n of the pigmant proauoing organism wag

| aocompiiehea aftor some ‘time, due to the faot that. pigmont ‘:'

" format1on was rather show and it was 1mpobsible to tell
 uhether or not tho right organism had been ploked until
‘pigmentation oconrrod, the colonias np to. thia tima, having
8 remarkable reaemhlanoe to the non—pigment produoins
“organism.' AT ] |
Lfter‘groming this pisment produoing~aﬂaciaa on anlﬁure
‘meaia in the 1aboratory for threa monthn, it hae been found
that caloration is more rapia nn& is to bo Seen after 24

hours bn an alkaline nitrate ngar.
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. The qneation nuxt arisae, whioh of these two organisms
are rosponsible for gas proﬁnotion, or are hoth aonoernad
71n brlnging this about? | ,
o ‘anawer this quaetion. 1noon1ations of both organiama :
k'vero maaa 1nto aterile slip watcr. Incnbation took pluoo )
at room tamraratura. The rooults obsorve&.were that thero
ocourred & prodnotion ol gas 1n onamel slip wator, inoonlatea
rgwith the non—pigmsntea rorm, wharaaa the inooulation of tho :
~ red pigment produnoer into tho aame medium resulted in no |
gas formetion. This doee not however praclnde the poaai-\.
© bility for symboitic sction. Thorefore the oultursl
k zaraoteriatics of these two organisms has been Btudied 1n '
korder to 1earn whether or not there is any enoh aifforanoa e
' 1n phyuiological reaotiona aa to 1naioato ¥ boaaibla o
'*;symbioaia. : | | L |
' What is tha aourae of thekgaa pro&noad 1n enamal &

slip water?

s

i To answer thia queation it might be well to again .

’g5consiaer the oomposition of the slip. The most. anygsstive o
- fbot in this oonneotion 13 the oresence of nltratea. ‘Other \
 anbstanoe8 oan of conrso, raanlt 1n gas formation by the "
~action of baatarial engymes. Hooner. in v1GW'of the fact
that tha sourae of thaao micruorganiams is clay, and sinae

7“{‘3911 13 partienlarly abunﬁant in ﬁenitrifyiﬁg'baeteria, it .f :
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~wounld seem probable that the gas formed, comes as &
raault of the formontative sotion on nitrntea by
jbaoteria. brought in with tho clay.. korecver if thia
i the oags, nitrates onght to favor tho growth and

devalopmant of thene baoteris. -That thia is true, ve hava %

“alrea&y seen. For, by the ad&itlon of small smounts of :
; nitrates to an salkaline ager, growth of the orgnniamu |
is Bgresatly enhancede -

- & stab wes mede into slkeline nitrete sgay ina
tﬁbe. elso 1nto plain slkalinized agar. Inanbution st ;
room temperature for two days reaultea 1n gas proﬁuotion
‘1n the nitrate agar, aplittinm tho meaia. The plain
'agar geve na evidence of gas farmution. This ehowa
ktherefare, that tho or ganinm recponsible for gas pro~
duotion 1n enamel slip is & genitrifyer

 , chlxﬁrifying baoteria are quite wldely &1etrihutea
in nature, but ocour mest canmonly in aoil. ,Thia phaae |
of. baoteriology’haébinvastigatea to a consiﬁerable extont
and 8 nnmber of denitrifying baotaria have baen aaecribad; 7
;:in baoteriologioal literatura. A hietomioul aummary of
fths work whiah hasa baen done nlong theae 11nes w111 nezt

'ha,oonaiderod. ‘



The study ‘of ﬁitrate. re&uctlon and ﬁe4nitr1£icuﬁion '
as é biolngical phaﬁdmenn dates Séou'to tha yéar 18*6.
thn,ﬂubrunfaut (4) observed tha production of nitrio o
oxide in boet -sugar molansas. ?hia he explained as tha
sction of lactic aoid resuliing fram fermentation of the :',~'
Sngar, mpon nitratas praaant. The nitrio oxide thus |
formea was oxiﬂized by the air to nitrogen peroxide with
a eharactaristio brown apnaaranoe. Reiaet nany'yanrs
later oxplained the phenomanon as sn amvonia oxidation,
A true axplanation. however, wag not offerad until the
A aiacovery of ﬁo~nitr1fying bactoria.

Polouge in 1857 (6) obaerved ths li‘baratitm of
'nitrogan from nitrates in the rresence of organiu .
‘material. Bohloaaing (1868) rapnrtea nitrate reanction | |
in‘nrine oontaining nitra s8, in nugar aolutiona oontain ng
nitrates ana aheese an& in tobacco axtracto

Wacke, 1887, showed that aoile to whioh eugare had
baen addea and,whioh eontalned large ‘anounts of nitrates
wera proéuctive of £08, oonaiating malnly af'nitrio axide »
ana nitrogen peroxide. (8) |

aansel was perhans the earlieet 1nvestigator to

» advanca eviaenoe of ‘the biological caase of deenitrlfloation. S
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Hot only 814 he ah&afva‘hnbterzé.in‘nxa cﬁiﬁﬁras.
bot ho also fonnd that antisentica were dotrimantdl
to the “roooss‘ (8) ’ ‘

- Goyon uni Dupetit (1882) working with eoils alao
showad the baetarial puture of:th@ process of dee. ','
nitrifléntidn. Dhay Lound that aoile.whieh had‘boen
atorilissa oy ta which antisentios ouch ag chloroform
had been addel, gould csule no ae~nitri£10atian,or
nitrate redustion. Ir 1886 thaaa two invastigatara
fs0lated two aneoifio organls~s, capahle of aeonitr1~'
'fiontzon. Thene they naxed Bact, aanitrificanskfslph33
and Bnot. denitricnns B (beta). The basterial nature
of the process of nitrate deatrnotion was thus varified
ana uhown n>t to be cansed dy the 1ntaraatian ot au:ﬁ
nvoancta of formsntation rith nitrataa an had boan ;
_adv&noa& by esrliay iwveatigathra.(b) |

- Up to the prenent time many apecien of ﬁo~nitrl£§ing
bactaria havs bean dasarrbsa. Attention has baen diracted
'lnrgeiy to the aa~n1triiy1ng proceas rather then to a
systamatia classifiestion of thoss arganiamsz InAtha
atu&y o2 de-nitrifﬁcationu, aar requiraaeﬂts, 83 a rnlo
muet be fulfilleas (s} - ‘

1=?rasence of, utixixuble nitrsgen.eampaunds. :,
generally'aitrahes or nitrites. 2

: 'E-Qrasenea sf ssainilable organic snhstanaee.
: \E*Eartiai to total sxcluaion of oxygen. |
~ 4~Prepence of pxoper bactoriao, '



.
ﬁe-nitrifyiug pruoeasae agoording to Jenaan oan ‘
" ve diviaed into four groupa(s).

-1~Rednct10n of nitratae to nitritas ‘and ammonia.

pReduction of nitratea and nitrltea to oxiaes o
of nitrogan.“ , *

A suFeduotion of nitratou and niﬁrites to" freo j [
nitrogens ;

??Q-Synthesia of organio nitrogenone bodieu from
nitraten( Jal yeteranaimilation) ‘

5~L1beration of nitrogen by ﬂutremuoxive
' procesoes.

_ : Hnny baoteria ars sblo 60 reduce nitrotoa to .

nitritan ana evan to armonia withoat proﬂuutian of free

ﬂ,nit:ogon. Masggen found thet of 109 differant orgenisme

‘,uhich ha teated, 86 were &hio to bring ebout the :ormatian I

of nitrites from nitrates (9). This iz sn importent <

faéture whon we consider the poaéibilitiaa for symb;otio‘T

'rélationships in thié raapaot.v Burri end Stutzéi;“

~ desoribed two orgenisne (31) to which they gave the nnms

B, d¢-pitrificons I and B. ae-nitrifxaann II ater 3

venamed by Lehnan and Jewnan, Baot. de«nitrificana ana

. Ba :tntzeri., These two orgesnisma showed & remarkable
aifferenne. While‘B. Stntzeri oonl& bring about the

,daatruotion of nitrate in nnro onltnre, Baat. da-nitri-

"klfioana required.the preaence of B. 0ol or B. typhosns

| to 40 this. The explanation givon hy Welsenberg (11) for"gf’
. 'this behawior, 1s that Bact. ﬂe-nitrifioans oan ra&uce

,f. nitrites but not nitratas. and other organiama guch &8

i B. 0911 makea thia yoesible by re&uoing nitrataa to nxtrites- ;#
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| fha reaﬁofion~bf nitratéa’to oxiﬂeé of hitfdgen‘
| _ooonrs oooasionally although 1039 fraquently'than the
" raduction of nitrataa to frao nitrogen (9). Gayon and
“npotit (x) termed this the- -process of "indireot de~
"nitrification." Hitrate doatruction in such oasea is
,mcre glow snd gonarally'raqnires several doys ﬂor 1ts ,

‘oomplation. Oomplete exclusion of oxygen ia not always

- nsaeessry. Some baateris hava the ahility to produoe

" elther nitrogen oxiaea or free nitrogen aepanaing on
| uonditiona. ‘Thus, -Bact. de-nitrificsns A (ﬂlphs)
isolated by Jayon and Dupetit was oble to reauce
,nitrates to nitric oxide (H0) in the presence of
| naparagin. In the abaenoa of asnaragin only‘frea
‘ ,nitrogan was evolvado : o | A |
. The proceas of "direct aeénitritieation accor&ing

" to Gayon and Pupetit (x) vesults in the liberation of
frée nitfdgen ¢ This ie the most oommon end praauot
‘iTWhen 8 gas 1is formaa by nitratea being broken. Jordan
’states that B, coli.,?B. typhoans, Be pyocyaneus ana Be
fluoreaoens have the sbility to hring about a "direct"
&e—nitrifioation. :

| The reduction. of nitraten ana the aonblning af the : |
nitrogan in organia form waa repeatea by Bertholot in 1888-4.

Since that tiwe vatlous 1nvastigatora have roportod aimilar

observations. Relisble data in this respect s laaking.(e) o
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’ Whe loss of nitrogen by putrotaotion uf organio
nitrogan oontaining sugstancea has been ebsorvea by many
invaetigazors. Tho exsct nsture of the proaeaa ana tha ;
ayﬂbiotic ralafionships af'varicus baoteria 1s'st111
'ohsbure} &mmonia proﬁuotion 1n.nr1ne and menure 1s
'common but the relesse of froa nitrogon anﬁ the organisms
‘ooncennea has noh bean 1nvaatigatea to eny graat oxtents

The carbon requira&ants of ae~nitr1fying-hactarla

'ara quito simple. The simplest oare. on record 18 yrohably

 that of & g6l hacterium reportad ty Eiltner &na Stormar  ‘1f

{12) whieh was able to reduce nitrates vith gae
prcﬁuation. without uﬁilizing auy. organia eomponnﬂa.
Beijerinck algo reports the 1nolatiun of 2 sulphur

bzotorium, rhich\reducea nitrztes in the nreaenca of

osrbonates without ths»conaumpticn n*<c&rbon4 fle auggeetn;-,; ‘

the folloming cxplanation'

Aside from th¢se two inﬂtavcas, de-nitritication | ;
ia Lapendent on the preeenca of assimilahla organlo
campanndu. This in tvrn 1inite 1taelf largely*ta £he

salta +}4 crgan1a aoi&a and oarnohydratea. Aa a genaral )

ﬁ*hing, however, tho sarbohyﬁrates are not utilizsd by e  Waf«f

thasa organisms, because carbohydrate fermantation givas

»rise to acids wmioh era in:urioqs ana chack the nrocesa.fe}._  ,
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Denitrifying Bacteria, showing
Capsules. (Hiss Capsule Stain.)

Denitrifying Bacteria.
Involution Forms,
(Carbol Puchsin.)
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The aalts of organio aoida on the other hanﬂ aro reaﬂily
uaaa.~ Gitrio aoid is oommonly sddeﬂ to gulture media in

which theac baoteria are to be grown. g

'uom' oiom 'aga 1’3@1 ology of dg—gitgigxing
 0gg§g;em present in Enamol S]!n |
. BORPHOLOGY. |

The de~nitrify1ng baoterinm preaont in onemal slip
varies in eiue from 4 miorona to 7. micrdns 1n 1ength ana
0.2 microns to 03 miorons in brendthe (Kig).' It steins
eaaily'with ordinary antline dyaa anﬁ 1s 5ram nagativa.,H3  ;€ 
A hanging drap :nanonaion 2% & young onlture showe no .
moti¢1ty of the baoteria. Ohain ioruation 1a aometimea
to ba foun& in liquia oultnres.‘ Qld oultnres eanta{n
1nvolutian forme. These have Y variad a@nanrance. (Fig‘)
?ho roao swoll. ‘become Aistobted and nreaont 8 mora ar

leaﬂ "beaded” anpetranca due to vaouolata& aresg tbroughont.fi"

Capsules sra preaont ‘?13> giving’ the oulture & slimy

eoneiatenoy. Thia 13 espeoially'marked in csrbohyﬂrate ;
broth. .Fo spores have beon aeen in atainaa praparetiona
snd haating a culture to §0° © for ten mlnntee raaulta 1n v

ateriiination. )
‘ : ?HYEIOBOGY

Tha ﬂe-nitrifying baoterinn growa heat on ah alxnllne
(Fhua 8.8) nitrato agar. maz.tion of ona‘nel 8111: to the
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meglid' a1d f‘nﬂut seem to énhtz‘hoq ita growt:h.“ The colonies
"vary in sige, tho évcrage being‘ about 1 nm. 1n‘dia§neter-.w
'.l'na;r appcar rother gray, woist, alimy and "string out™
when touohea with & neodle. The colony ia convex, ontire
and haa & homogeneona oompomtion. ¥hen young the e
oolonies appear iridesasent, viewed in obliqna. transmitted
1ight. OGrowth on alkaline boef extract agar 18 slow. ‘
Neutral agar usea for growing most bncteria doea not |
- favor davalo;mant of this typee. On azar alant the growth
18 filiform. Stab growth in alkaline nitrate ager rasnlta
in 1ively gas produotion within 24 hrs. aplitting the
8gar. ’ L 4
| In boef-extrect broth these brgémis}me grow 'praauc‘ingj e
,rat‘ first & olowﬁing of the £iunid and hfcr 8 'mucam.
sodiment. Growth takes place _’m neutral broth but sn
alkaline b'ro,th' sziekana the growth.
o - I¥DOL PRODUCTION.
‘ Inaol proauction 18 & variable characterietic an
-;baoteria. a{any organisms have the ability to »v oanne
indol by olaavage of the tryptophana contained 4in peptomss.
: Entrifying bacteria in gencral have '(.uia e.oni. uy in markad
degree. - (15) | - ' VS

A cultnre in &mham a neptone 'hroth ? days ol&. was
'tasted for inaol proﬁuchion Aoooraing to metna&s ’

reoommen&ed by vsriora invesﬁigators a8 being most senaitive.
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To 6 0as of the onlture in & test tube wag added -
1/2 eas of a i02% sodium nitrate aalntion and tha fluids
mixed by ahsking. 1,¢°- of sulphurio ucid‘wagthan run”‘
down the side of the inolined tude, as fovform‘a¢iayefj'”
on the bottom. Under tuese conditiont indol vhen prosent
'gifea rise fo a‘rea‘dOIOr'avr $0 thb formation of
-nltr&vo~1n¢ol {14) Tha $eat wun nagative. e |
- The vanillin tast for indol A tried ss follows:i=
To 5 ace of the oultura maa adfed b ﬂrODﬁ of & 5%
Ven{liin in 95% eloohol, and 2 ce. Jon. nzsoé. Indol whan ,
vrasent glvaa an ars nga solor 5nsolnb1e in 6301«. tha e
tost vas negative. (16) i A
Bayne. Jones and ﬁinniﬁger £1Vl reoomwen&n the followingf ,
modi*ioatian,of‘ rlich'a tast *nr iﬂ&ﬂl Y haing aﬂnaitive |
fo ana part ner million. S e s ;
"\a aulturo is- qhakan w%th ather to diasolva any
in&al ﬁzeannt and o 2ow arops of rea agont sﬂﬁad.
‘;:”araﬁimatnylaninobensa,ﬁohvﬁe - & grama i
B atet wemionts nota B0 oo
 v,Ia the preasnce of 1n301 8 rage color axhaarsw
- in t%e aowaf na ra a tha athar. The rnwﬂltg i
with this test ware nag@tiva/ |
.250 ae cf fha culture'wero than dis*il]ed to abont i
1/s volnme and the &istillate shakan wi%& ethar. (15)
The other axtract wan *han ?osteé for 1n301 by the abovef'
wmethod and alec by the Vanillin tast. Both ﬁesta wero A
again negative. jfl. : , | E f' 'A Pt
| It 13 ts‘beAaoﬁcln&eﬁ tharafare that %hia nrganisn ;Cf”"z
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Zdoes not have the power to split tryptophane present
1n peptone with tha formation of indol.
szrogen Sulghida Productioh. .

Hyarogen sulphide is SOmetimes produoed in broth
cultures of baoteria due to deoomposition of the sulphur
oompounda. notably cysttne (19). ‘In the presont 1nstance
}two methodé were tried.1

A atrtp of filter paper soaLaa 1n a uaturnted
solution of laaa acetate to which a few dropa of glyoeroll
had been added was susnended above a broth cutture 1n a
tube and the mouth of the tube corked. (19)‘ In this ’
way any hydrogen sulphide evolved woula blaoken the
bibulous papar. No blackening ocourred during seven ﬂays'

growth.~

Lead aoetate agar. of the following oomposition was ;”;f;;&f

prepareé’- (17)

Agar neutra] ‘100 63;”
?aptone 2 grams

;,

The agar was eterilized and oooled to 60° C. and

lwdofiof L8 1% 1sad aoatate solution aﬂdad. The media

waa then nut u; in sterile tuhes and(slanted.‘,Inoculation

L”aurfaée ana stabbing the butt

andxthe tubes 1ncubated at 29° 0. for 5 weeksu There was

no blackening of the g agar.



00ntrol tubas of the seme agar inuunlatea with B.
:typhoaun showed dlstinot blaokaning in 24 hours. These %
resnlts Andioste therefore, that no hyﬂrogen sulphide ih 
118 proaunea in Geatrnction of pantonas by this organiamQ
‘ Amm onia produstion. M f—‘; )
 ‘f'f ‘ﬁny babteria are abls to produce aﬁmania wheﬂ ;
growing in mad!a rich in proteins or peptonas.; ”hid’

,is a dharacterietia oommon to most putrifying baoteria-

~ Two media were need in tasting for ammoniu proanction.i7ﬁ’

‘One wBa a. atandara beaf extrast broth uaod in rnwtina work 56 ?
51n tha labaraﬁory, the othar oonaiste& oz the savo redium e
,plua 0.2 % sodium nitrate. 250 ace of eaoh maaium wae

inoculatad with the organism under 1nvestigatian. ﬂfter»f;tf !

'a week'a growth at raom.tempersture. the cu;t\ras‘were
 disti11ed.- The 41stillates wezre 4ilutod to fivo times S
,their volume with azmonia free diatilled water and a fsw;» _‘_
’drOpe of ﬂasalor‘a resgant added to 53 uc. of the éilute&  f;1ff
"ﬂnm. T L e G :
¢ \' £1a1a~broth‘1naculstaa~~faiut 30&1&&.’

“flﬁitrat§ bfotgf:§§%:14t22~;;eep yallaw;
B e sterile~~£aint yellow.
;’fk;.Thaae reaults ahaw t&at in plain heaf axtract bruth,?}
itne aeuitrifying baataria teatea, prddnoo na increuae 1nf;!
itbe ammania cantent; inrﬁhetmore the addition.of a smallgfi
faaonnt ot sodinm nitrata givas rise to & considerable :

5proénetion of ammanla.



;Undar these"m
‘nrenenoe df peptdﬁaa'there&OQOurs a reduction of nitratesi
}to ammonia.,;
Fermgntatiog of Carhohxdratee.

”his teat was carriea ont uaing a 1% sugar agar
jto which 1% Androde indicator had been adde&.ﬁ The
;media was tubod 1n 10 co. quantitiee and slanted._
‘Inoonlation was made by anrfaoe s%reak and stab.‘;?\ér
;reeults obtained with varioue augars are 1ndioatea 1n

;the following table:~ g f 5

Doxtrosa - No acid or gaeiin Z weeks,
Lactose - AT o Reasd I Bl
‘bacoharose- "‘p" g
¥altose - " "

"N »’f. non n s
"

‘Arebinoge~ ™ " onm . ew owm
, T SR A

"

RO RO R EREY |

Rarfinose~ 1t Mool e mil e
Xylose - SIS Sl R Sl B B
‘Rhamnose 2 Y .7 M omwww
“Balaedn s e Mo Mo MM Te
Tanntt . Ge i M SN e e

‘wotn 11_; "o f’n ‘ﬂ e

%Galactoseu_f,

B

| fBacterial fcrmentatiOn of oarbohy&rataa reSults 1n the
?aplitting of the augarlmoleeule with the prodnction af acid;

;and aowatimes aciﬁ and gae are 0ormoa. In the present

iinstance there was abundant growth bnt no aci& ar aoiﬁ an& o

hat 1+ 1siclaar that this Organism *a

fi”aotive as far as‘augars are ooncerned.‘

”‘;o subatantiate 'nese resu;ts an experiment WRS

carriot out, for the purgoss of smbrtaining whether of 2ot

AbautJa one per cent

;there;was any utilization,pf sugar
= ;éolutio ‘was useac@;?T\Mfedia*fhan‘aterilizea was

;diviaed 1n£o two par,a.{
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;One part waa 1noou1atea. tha othcr ssrvea as oontrol.
;boxtroso. maltose and sacoharosc were nsad as typo sngara.f
;After one woek's inecubation at 29° Co titrationa were mada‘
fon both the 1nccn1sted meddun snd the control. In this
| y'a diffarenoe 1n qnantity of angar ‘would. be 1naioattvo :
jnf engar ntilisation.ﬂ ﬂitrationa wera carried ont
jaooordiﬂg to the method of Beneaiot. (18)

% Grmna of Sugar v},‘ : Grama of sugar.
;,r‘ i ; Inooulatad.ﬁodiaf: o= Oontrolcfl-*
Dextroae. e S : ] i g
T 1at trisl 1.20 gme.- . 1.80 guas

Bnd triel 1,25 " 1.0 " :
Maltoser = W | |
. lst triel ldlgme. 1.1 s,
e ;1111 _' Y 1:11 g f
fIaotoas V S | ‘ ol w il

;flst trisl 1.1492 gmBe 1.,1492 gma,
gad " 1.1540 " 1,402 "

:;~;Thé abave resnlts show that gvawth of the org&nism  *
;in maltose, eaceharoae an& ﬁaztraae broth, raanlts in no
fdecroase in nngar cunteﬂt aqd tharexare, theae angare i
éoannut gerve es foode.” Thia 13 1n aocnra with reeulta
g btained.by tne varioua invantisators mcnt!oned elaawhere’

fin.thia navsr.



274

:The addition t0 sugar to media doeB not. inhibit growth
rof the bacteria. ‘
Growt in Geletin.

'f:; Growth in standerd nutrient gelatin»iasults'in'no 
11qﬁefaction in eix weqks"time.“ Additioh]dfvogzﬂ‘sodiﬁm,g*“
nitrate to the media.igives rie§ to ges bubbles through-
fbut. in ‘about two duys.

Vith reapaot'to‘miik;‘bhe dénitfifyarhisolated 18’
vinert. Ho aoid or alkall is formadc There oooura no
‘peptonization and 1o rednation of 1itmus. o
‘ e Pgtato. o

: Tthérganism does not grow‘bn potatoo.

| : Starch Agar, - .
» ; Grown on tha atandar& gtarch agay and tosted with
'Lugol 8 iodin for hydralysis of the aﬁareh afuer geven .
;daya, indioates no diaatasic aotion. (19). : AR
' v Snecial Prob;gms ;n ﬂitrate radﬁotion. jix; 
The following seriea of experiments dealing more .

specifically with tha aenitrifying end raducing process,7

ihave been undertaken with a view of finding out aome th‘ T

?of the requirements for nitrate metaboliSm. Throughout
vpart of the work there has apnaared oonsistently certain '

firregularities in behavior¢
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For example 1n 8 eerios of tubea arranged for the study of
.danitrificstion, 81l anbaa containing tha Bame modia. and
treatod aliks in every reepeot. when inoonlatsd snd
inoubatad under tho same conditions. there w111 oaoui 8 ;;
aproadic ges formation thronghuut the got. All tha tubea
may ahow growth anﬁ nitrite formation. yot aomo of thom é
will ehow no signs of denitriiication. The cause for thie
has not been foun& althongh nracaution hes bean.to | |
maintain a chemioal purity of the matoriale. It wonld seom
huwover, that tue diffioulty 1les in the production of gaa
'from nitrites sinoe nitrate re&uction may yroeee& withont
‘gaa formation.‘ On the whole denitrifiaation by this
apecies ia not very brisk, which suggestn the "inaireot"
procoas of Gayon and Dupetit. York- along theae 1£nes 15
being oontinuea at the pvesent tine. P

&he enamel alip water whioh was reoeived for examina-‘
tion. ccn ained a8 before mantionna an e&aitiﬂn of 1. 5%
ao&in@ aoatete, 0.15% aoaium nitrata ana 0.15% alnminum
ohloride. The aupply of enamel alip water baing limited
1t waa neéesaary ta finaga adbatitute medinm.« This wag aonek
vby synthaaizing a clay oxtraot nitrate solution. e N

Clay AL L e T © 300 grams
-Rap- %eter s - 2000 coe -

The mixture was well stirrea and tha alay allowea t0 sectlef;
out.‘ The suparnatant flnid remained slightly milky in - '

?appearance. {



,‘;The reaotion waa adjneted to th 8.8 with.ﬂach3

The aolution was tubad 4n 1 co. quanﬁitias “in small
Durham fermentation tnbea and autoclavea at 10 lbs.

preasnre for 15 minntoa. 0.1 oo. of unsterile enamel

slip was then added and tha tnbas inonbated at romn e

temperature.
m'oe 4 1 ‘= Gas in 24 hra.
#2-,}: nooonon
" §'1'4A-tﬁ noon o wmoon
T # 6 - ‘- Control. ,.,terne. |

The experimone wasg repaatea 1noculat1ng the tuhea

with a pure cnlture ef %ha orsanism 1n plaoa of uaing

enamel eliy., Thiu wae done 1n oraer to rnla out any

poesible effect vhich the 0.1 cc. of enamei ‘11%;m1¢ht

have. Gua proauction was jnst aa k;gorouszas 1n3the

former 1nstance. This wonld show therefore. that an

S § R Y R

éxtraot 6k“clay oan be usea 1nstead ofvenamel slip ana

gaa formation proceeds juet aa well‘in tha absenoa of

the 811?.

ébsence of - alnminum.%thé;fglloyiggm 911%;V9raisnnthe§izea§%
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1.
Clay extract -51  ' “ '102"¢6;f
0e2 gMhe -
3303§ 08 o '1~5L8m:>
Distllled wa.ter 100 ce..
ﬁ o Qe g'm.
“802 502 105 gm.

- Aa in previous exnorimenta the hyarogen~1on con—
icentration wae adjustea to Pha 8. 8 with so&ium carbonate,ﬁ
;the media tnbed 1n fermentation tnbea as before and
iautaolaved.; Inooulation wae made with pure oulture.
fInonbation at room temperature reeultea 1n gas proauo-
?tion in both maﬂia.t

Theae roaults 1ndicate therafore. that tha deﬂif

;nitrifying speoiea of baoteria 1n anamel slip, ara able
; ibring about a ﬁenitrifieatior of nifrates 1n alkalina

gsolution in the ﬂrasence of sodinm aoatata alona

o salt 1.5 gm{ -
Dietilled water - 100 co.

”‘, S
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The reaotion of the aterile medinm was adJnsted to Phx 8e8.
The following organio oomponnds have been tried:

;Soainm potaaeium turtrate.

{Soainm laotate.

fSodium Oleate-;;

isoaium Citrate

;Sodium Oarbonate.

;Positive resnlts wera obtainea with soﬁium oitrata and with .

qodium oarbonate.r‘ln aolntiona of the other organio saltaf;
Qno denitrifioation waa obsorved.;

Relation of teﬂparatnre ta nitrate
reauotion.~

This work was began during the summer of 1921.y Tha
;tamporature in the laboratory was qnita conatant for
seVeraI d&Ve at a tiwe.{\Inonbation of aultures wae

aIIOwed to take place at room temperature and danitriﬂ-;i

‘eation proceede at a conatant ratew{generally resulting;4

fin gas after 24 hours' 1ncubation\ ﬂccasionallﬁ, however,f

requiraarfor the yrocéss waa shortaned;;
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g‘uch irregnlarities Aad to an attempt to ﬂatermine

in a eneralyway the relation of temparatnre to nitrata

destrnotion.:‘mhe average lahoratory tomperatnre for aever51 w
daya was 29° 0. The organiem waa grown 1n an alkaline
eolution of NaRO and nacgnsoa.u 100 oo. of the madia was
put up 1n Erlenmayer flaska and eterilizea. When cool o
the flaeke were 1nocnlnted with a puro aultﬁra of tha
organiam, and naraffin oil floated on the aurfaoa of the
’1iquid to aanure anaordbic conditions. The flasks werc,
then 1ncubated ut 370 0 290 0 250 O and ﬁOOO.) Testa
for nitrita formetion were oarried out aach day on 1 oc.
of the flnid by adding to the tnba, 5 drops eaoh nf

‘a. 5 . acetlc acid = 1000 co.’
ﬁ~*>“u1phanilic ecid -8 gme.

Tb.lu Facetic uoid ‘55, 1000 oo-f
ey Alpha amiao anhthalana 6. gm.J

!éh&f‘ esauce;of nitrates 13 ahown by tha farnatiowé ‘

a roee 0010r, the intensity °f Tb°iéo1or beiﬂg Pr0por-§mi :mJW

tional 5Wthe amonnt of nitrito formaﬁ._ Rspreaenting
_thevinteneity‘of color by { the fo)lowing soheme




jlxggr six“days' incuhation, qualitative toata fur
;nitrate were oarriedAout.  fhe oulture 1noubate& at 29°

fehowed no,nitrate;¥ The other oulturee atill ahowsd the -

e

:pfeaaﬂoe‘o,,nitrates.;(BO)
Growth on agar at the abava tamperature 6oes not

tOonform to nitrate rednotion.l If platea containing alkalinef"“*

;nitrate ugar are 1nnculated and 1nrnbatad unaer these

foonaitiona, growth ia equally rayid as f&r ee can be

;detarminad by examination. at 370 290 and 250 At 20° TLJV,,f%

;R etio o or ‘e” tJ}W

For the uurpoae of this axporiment two Erlenmeyer
L

fflaeks eaeh oontaining 100 oc. of sodium acetate, éodlum;

;nitrate msaia were 1nooulatea with a pnro oultura of the‘

;orgauism;ﬂ To one of the flaske vae thon adaed enOugh

ietériln paraffin oil to cover the aurfaoo.VfTwo aontrols

gwere uaed. "hey conaietea of"the saﬂ  med1a 1n‘the eame

:oomparison maﬁau_n&basis of'intensity:of colorﬁ(eveIOped.
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Strong.'ﬁf
Very fqint.

ana
W

;Anaerobio oulture - Keavy
Agrobic culture ~‘Slight )
Anaeroblo control -‘Eone‘
fAerobiq oontrol - '“ e

ﬂThis experiment showa, therefore,:that itﬁis eaaantial

Tthat there be an axclusion of oxygenfinfor&er for nitrata
Jreauctian to take plaoe at maximum valocityo

Thermal Death Point. :

The oommitteo on Identification of bpaoies of the
‘Society of Amertoan Baoteriologists recommends aa teohnique}

ffor determination of the thermal ﬂeath-point of baoteria, &Qm;

,~‘>

ithe axposure af the organism 1n nntrient brobh for 1‘?;

~minntee”(19) (20) A bzoth culture of this organiam, 24

?houré oldgwaa used. 1 nc. of onlture waa exposed in

Themolytio teat-tubea at varying temperatures for 10

‘minntee. Ezposure was uomménoed at 40j»0 inoreaeing

'the temperatnre two Gegraee\oaoh time up to 80° 0 f?QﬁQj

}half of tho heatedfculture waa then transferred to_aftube

‘sterilization, ahowing that the organism 18
- nat 8 spore formera:
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Aoia limits for growth.  ,

One of the most marzed pecularities of the denitrifyingf

apecias under 1nvestigation is its tolaration of alkali.
fBaotaria as a rnle require a hydrogen-ion conoentration of .
sbout 1 x 10 7, This organism is peonliar 1n thst 1t grows f
:(beet when the hydrogenaion ooncentration auoroachea 1x 107 ‘1T
e To determine tho acid llmit of this spacies, a nutrient}
‘broth was nsed.. "The” following hydrogen-inn ooncantrations ;:
.“were umeds | ‘

) Ph‘ 8.8
Phe 8.4
Ph.=8.0
Phz 7.8
Pha7.5
Ph= 7.4
Phe 7.2
- Phe7.0
th' 5«\8
Phe 6.6
: Pha 6.4
Ph::6.0 :
w’h" 5'0

Srowth 4in 24 hrse
" n "N

" T on

LA " n .n

n " oo

o B R | B

n onm on n

8%1ght grgwth in 24 hrs.

'" P § ]
Ho growth
L "

LA 0N 1"

1y S

‘!lltll!'ll.itit

[L IR "

';nere we Bee that the acid leit for growth of this

fbacterium ia very naar the point o; nautrality.“"his 13/,
suggesteﬁ by t“e *nct thut tne habitat of the org&niem.‘&
jenamel Blip water‘ hag a raaotion OOnaiﬁerably on tha

' alvaline ai&e of neubrality br about an 8. 8. ff““5°” S
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Is Ammonia Produoed by Braaking aown of Bitrates
win(tha Preeence of Aoetatae?

Destruotioﬂ of nitrates by aome baoteria goea through i

Vt

;tho 1nterma&1ata step of ammonia formation with,oonaequent7;

;7eduction in hydrogen—ion conoentration., In the present

goaaé‘ae has bean shown the adaition of amall amounta of
;nitrate to nentral broth resnlts 1n ammonia nro&nction. It;
?might aeem therefore. that 1n a eynthetio medium\of eodium
;acetate and so&ium nitrata ammonla would be formed.\ Thia
fia not the oase as has been found by ﬁiatilling n oulture
fof the organism 1n this solution and testing for ammonia
Aby Hesaler s method., There 15. howevor. a deorease in

ﬁhydragen—ion conoantration in euch a medium. Thia might

énartially baiezplained as a reault of rcduction of nitratas

ito nitrites' ths former being the soainm salt of a relatively

Tstrong aoia. the othar tho sodium aalt of the nnatable‘

;nitroua acid. ,?or is atill 1n progress on thiyaphasa or

?the problem.

i‘iﬂorph°1°87 and Culturel Charscteristios
_of the Pig nent~2rodusing Ba 111&5.‘3"““

’_“ﬂon?ﬁox.o"?.

This orgsnism 18ﬁ8\8h0rt rod form, varying from_l

imicron to $jficrons n length and from 0.1 mioron,to 0;2

XJT,_‘ne :n*bréadth. ‘Fig.)




37,

cras have bean aeen 1n atatned emeara ana héating toﬂ

'téod C for 10 minutaa knle tha organinma. Gaps; ‘yles have
;"not bean aaan. )
Cult'cral charaoteristiae.
'rnm organiam grows wall on alkaline nitrate agar.
ra&p:ment is produced in 24 to 86 uhoursk - "'he colonies

’-ar a’oont l*mm. in ﬁiamo’cer"yconvex. enttre. raak _nd fﬁ:oiatyf‘

-

Hn acid o‘ : s.nan is*”“’ rodnced in. ”.‘Litmuar min. ana{"




285,

Hitratea are not rednoed 1n peptone, nitrato

k Sﬁ%iﬁérz‘," 3

An attempt haa baen maae 1n thia invastigation to

ﬂahow that the canse of 3aa prodaction 1n onamel Bllp

'water*is btolozlcal, due to a upeaiflo baoterial 0311.

iThekbaoterial content of Oﬁanel alip»water haa haen

,Bt“dié& in nraor t° find the Bpeolfio organism 1nv01va&.¥

zA mcaium which oan be uaed for rontine etuﬁy of thesa

;microorganisms hae heen aeviaea. ;In ordor to claseify;i]

the bacteria isolatod it haa been neoeaverv‘to carr? wutf

:j1olosical stuﬁios of en h:a natura as to r‘veal anyk!

éalﬁfionshipVbotweéngt _Mhacterial'speciee whtch wonld

Iavorvga”ﬁprfﬂuction.
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jThéfoyéghiéméi"””‘arkedly 1nert towara those substanoee

' : ‘ It é'boen found neoeaaaryﬁ!'
'therefore to aenart eomawhat from tho Sﬁrtine methods of
istndying bactar1a~1n or&er to determlna eome of tho apoclal
ﬁphysiological aotivtties.‘ ”hln 16 aonfined largely to el
ietudy of nitrate and nitrite reauction. ”hie hae neoesai~fa
ttated the nae of synthetic media.g‘ﬂoreover tha prooeae nf‘

’danitrifioation reqnirea oertain conaitiona tor 1ta

foompletion. :Attompta rava beon maﬁa to determine:a me of
jtheee reqniramenta."‘;hia. of neoessity'must be dona before
E;1;}3@ pracoss itself con be studied. Lastly a searoh has bean =
ﬁmaﬁa of bactericlo«ical literatnre for a clna which mipht

;1ona to the identification of these organisms.

kany problama have nrisen in tho courso of the;work.

fsomo deﬁhich have been Bnawored.w'uany of these havﬁznot

ffallen wlthin the soopo af thia worrf 8 at first‘pla ned}i

iand Hbrefare, hsve nat heen 1nalndod.‘;,ther probleme are -

;atillqﬁnder 1nvaatigation.

Gone;usfon.
””ha‘menamel slipfi@ not” atarile 19 eviﬂenoaﬁ4bv the




~ame manufaotnre. It 13 impoaaibi Af

{eubjedLGa viz. 2200°F iiﬂonsequant1y the1baotoria mnatyfi_

:be carried in by the aubaequent addition of clay.~

That tho proauotion of gas in enamel slip_:ater 1s due’

Lto a sneoifio epaoiea of a denitrifying buoterium.
1That 1'?th w'”kwwhich has been done

'far“*thare is

ino'huggestion ofhsymbiouio ralationahipﬂhetween,the

‘organiqms.?"Cnlturally they parallel eaoh other with raeneot;;f

:to‘carbohyArate and protein mctaboliamj; The are)both

imarkedlf inert towar‘fthese anbatancos

ase ndwyiquefaction of galatiuKand

,_né'c noos‘a deatruction of



Q.

would’expecfuto fina nganiams. with alkaline raquirements.

"his ia an outstanding foatura. 1n oomparﬁson to moat

nathogene, Jhat grow bast 1n nentrnl madia.
That 1nertneaa toward oarbohydratea and proteins 18 a

\otaristto whioh ia dne to tho faot that thone enhaﬁanoea

ohf'w
are not preeent 1n the nornal habitat 6f ﬁheao organiams.

so that thesa baoteria muat be ehlo to utilize oompounde otheri“b

than ﬁroteins anﬁ oarboh drates;ilrn thie resncot one might

aaf that,olay andranamel slip exerta a selective acuion ﬁn

types of’bacteria.
Mhat;grawth af the &cnitrifyer

won_agar is rapld et zv“z
" jbut nitrat /

otion.éaes;on beat at 290 0 1093 rnpi&ly at a highsr ori

lﬂwer emperatﬂre-

That ahsoluta anaerobic conﬂitions favor nitratl‘dasf?

trnctlon,lwheraas growth af the crganiem onlégarsis rapid 1n;

nreaenée ofﬁair.'ktt ie,therafore an,aerobe-faoultative

results in nitrete reduction to provide the necessary oxygems



That 1nﬁthe' reaenoe of acetates ana probably organiog*“**

',” ccure firat a reduotion offnitratee

;adawthen‘proauction of a nitrog‘n“sﬁgaeﬁ

ﬁwithnut;forma*ion of,n’"onla.:

"hat in tho urasanoé of paptones nitrates are reduced S

to.) nlt*&tea ana ammonia.

That an exnosnre af a culture in nntrient broth, to

”“f”eratureQ;f 57°50.‘f0r ;0 minutea rasuLta 1n atariiwi

iratioh;’ Thia 13 fha”thermal deathppoint af tha

:denitrifﬁing organiem.i
A searah throngh baoterialoglcal Iiterature nn
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