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I, GENERAL SUMMARY

“The problem andor 1nVGetigaﬁion has been “A'ﬁﬁa@y of the

| Respiraﬁory Enzymea of tha Lactic Aeid and Niﬁrogen-rlxing

- Baeteria"

This/sﬁﬁdy has!enﬁailed a ceﬁsideratibn of'boﬁh the aef@biel
éna anaevobie respxraﬁorw mechanisme of thoge %wa bacterial
gr@upa»‘ Lhe aehyaragenase aetivi%y of several straine of
Rhiéobiﬁm ﬁrifalii upon sixty organic compounds hag been detefu
k‘mineﬁ by the méthyl@ne blnekreﬂueﬁion techniqué of Thnnbergf
’,Tﬁé'aéxebic‘céiaiziﬁg ability of buﬁhyﬁhé'Laéﬁia Acid Strepbo-
coced and the Ni%ragenoFixing Rhizebie upon selegcted carbon
~suurc@s hag been d@termined quantitatively by the Bareraft
; nanometrle teehmiquea The mechanism of 1actae acid prc&uc%ion:
; by washea bacterial @ella has bean investigated,.employing the
meﬁﬁcﬁ‘intyoaueed ﬁy Heggrty. The adap%ive‘OK cona%iﬁﬁtive»
ehafaeﬁer of’ﬁhé bae%erial‘enzymea concerned has also been do-
%ermiﬁéd in‘%his manner An extensive invaSvigauion has becn

c@n@uckeé in%o the prob1em of variation in. respiratory activity



among'atrainé'aﬁ&:ﬂﬁ%ﬂﬁraﬁns of Rhizobium brifoliis. With thie
‘*Jspeeies %h@ influence of laboraﬁory meaxa upon growth chape
actors, respiraﬁory m&ehanism, ‘and nhyaial@pical nature hag

aisa be@n atuﬁle&g

| The'sxperimén%al‘feéulté ohtaiﬁeﬂ show ﬁéfinitely that
Lhe aehyﬁreg@nase ac%iviﬁy of Rh‘ ﬁrifalii is extremoly
‘variable Within a%waina of the same epecies and even with the
’sama atrain:aﬁ &iffarent timasa This variabilﬁmy in anaerobie
reepiraﬁ&on renders the mé%hylane blue re&uetion teSU of lit%le
value ‘&8 & baaia for elassif&aahion of these organisms. The
oxygen upﬁake by washed eells,af Sde laetia‘ln the presence of
vérﬁogs carbohydrates hag boen foﬁh&v%o’be irregularkim mannez"
anﬂ'limitea,in Gogroa. Rofrélgtianship was found %o exigh
béﬁweeﬁ thé anaarebic o%idation; the aerobis oxidation aﬁ& the
fevmen%aﬁlen of carbahyafa%es by this orgamiamo Lae%ie aeld
pwgauebﬂcn by waghed baeterisl eells was found Lo be dep@ndan%
upon the presenea of smell smounts of a nitrogen sourc@qsush aa
pepﬁcne, along Wi%hvthe carbohydrate, rather then upon the_a
prééenca or absenae'of available oxygen. By the adaptive-
coﬁéﬁiﬁuﬁiVe énzyme method 1% hag béen shown that the Laetic
kAcid S%repiocoe@i uﬁilize 1&0%036 ag a camb@hydra%e sOUTCH ﬁy
‘firs& snli%ting ﬁha dismecharido moleeule into its constituent

,mon@saeeharidas, glmaasa and galac%osae

Kn investigaﬁing the Aesplrmtian of Lha Rhizobiunm Sp@ﬁi@ﬁ

'vt has been foua& pmseible 50 separate a ﬂinﬁla strain of this
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organism into a 1argé number of substrains wh%ch aiffer from
onoe anather and from the pareat aﬁrain in both eeroble and
anaérobio roepplratory activitye. ﬁith thies spoeles it hap also -
Afbeen‘éhQWﬁ that grdwﬁh on labbratory media results in a change
“in the'phyaialdgy afk%he organisme This ohanga.isgs%rikingly
11lustratod by the dovolopment of cleared zones aboub the
¢olonies When the eﬁiﬁﬁre is plated on Wilé@n’s Agar., As woll
an eiréﬁiaé_cleﬁﬁed Zones, Socondary zones of haziness o
ﬂébagi%ian"ware also dotected in the‘mediﬁm at smome digtance

-~ fpon %he,aoloniesgthhe appearance 6f'theae roning phoomena is‘
'associaﬁe& with a change in both aewchbiec and anaerobic
réspiratory'aétivity of the culture and also with & change iﬁ
coloniel charvacter. Passagekdf‘ﬁhe culture %hrcugh soil
eliminaﬁas Yhe zaningfeffécta and causes the culture 0 roverd

to ite normal f£orme

i



If, INTRODUCPION

 13£91¢@£&&1‘0xi&aﬁi0n o réspira%i@n,has beén d®finé& {6)
as §ﬁé sum of ail’ﬁhosabproeeaaas in ﬁherliving cell\by whieh
oxygen is introduced into the ays£em and cagbon dioxide
reﬁove&o Iin ité'bfoades% senée,f%espiraﬁion may be said tﬂ}
invoiv@“allwchamieal roactions in‘iiving‘eells'whiahbrelaaae,’
<énézgy.\“ﬁhe-é%udy of baetériax respiratioﬁ will thevefore
kiﬁﬁ@lvé a‘eens&d@?aﬁioﬂ‘aﬁ both éerebic and anaprobic oxidative

ProcosBest,

| iiving e@ll& ebtamn the ensrgy for %hszr Tital pﬂoe@es@s
thougn the exldaﬁion of compounds smeh ag caﬂbohy&raﬁes, with
.tha evoiution of earbon dioxaﬂa anﬁ the f@rmaﬁion of water amé
varioua ‘end nrodue%s.' The exac% meehanism by which this oxidaw
uian i8 carried out has never be@n completaly establisheﬁ. It
~ig bellavea to eensist af an enzvmie catalysis, uhe enzymaa |
concerned heing t@rme& "regpiratcry auzymes‘ ' In Ahis praa@gs
: tha firsi sbep ig belleva& to be the eplitting ore of acﬁive
'irhyﬁrogen fram the oxidizable momyqupa,‘ﬁhpangh‘ﬁha agencydof '
&éhydfogenase énzymes;’”?his hydrogen iskthéﬁ ?aéaeﬂ»ovér 8
vcémple* aeries of mr;daﬁionuwaduetion systens wivhin the e@ll
until it 48 findlly ccnverte& inﬁo waﬁero eriag thia_passage
ﬁhe~hydrog@n graaually gives up its energy'tafﬁhe coll ih such

@ form that it can bo immediately utilizéd.
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The problem of baat@mial respiraﬁlmn hag bean aateneively
k/invesﬁlgataé by 3. H‘ Quastel and hie 00~workers at Gambriage‘
, Gnivarsiﬁy (7, 8, 9). Sinco their pionesr wovh, é good desl

- of reséarqh,inﬁo this question has been carried‘oum, mainxy in
b Eﬁg1ana. ‘Howsver; n§ éystématie'inves%igéﬁion inﬁo %h6
respirétion of thé Laétic Ae&d'Bacteria has vot boen revorded.
~The réspiraﬁion,nf the Rhizabium species has been S%udiea~ﬁdta
‘eonsiaerable extont by P. We Wilson and tha Wiseonsin researah

workers (1, 12, 34 :

4 The study of bmeterial respiraﬁicn hag been greaﬁly aQVanceﬂ
" hy the emplayment of the “resting cell“ technique. In thiﬂ
meuhQ& ﬁhe -organisms are employed as & suspensmon maae up of
calla which haeve been washea free of all traaes of aulﬁure
medium by repeated eentrifuging. The use of "resting cells“ hag
cmade i% poasible to diesoolaﬁe the pheaomena of growﬁh and |
reapiration and to earry oub detaileﬁ s%ﬁﬁies on bhe respiratory
meehanism free from the eomplieating ;actovs of gwowth and

‘ multiplica@ien. im the work reporte& upon her@in the “roating

‘ coll® technzque has been employeﬁ almosttexcluaively,

¥ The invesoigation ef,anaerobia axi&ations 1s moat Bon~
veniantly carried out by\the methad intmcdueed hy Thunberg (13),
"In this procedura %he canpeumd whose mxidaﬁﬂon is to be tesﬁe@ |
,13 mixed With B susp@naion of the organism being studied and a

&?lute selu%ion of meuhylene blua ls adaea, Alr is then



removeé fram %hﬁ tmbé by means @f a vacuum pump and uxi&ation

meaeur@@ e %ha %imh,;eQQimaa far discolorization of the

' met}ay&an@,hmue,' -

Aerabie exidaﬁion by th@ “r@stlug eeﬁl" meehmiqu@ ney bo

'a&raie& mut by sgv&ral manome%wic praaeaumesar The ap@awatua

,é n @myloyeﬁ 1n ih%s a&udy haa be@n @he dﬁffefenﬁia& ma@ame%ef

g

iﬁﬁ&@dueaé by Barcraf Par a ﬁ@%ailea &@scrin icn of mhia

~apparaﬁus %he m@n@gramh by Ei&an (2} ah@uld be c@nsaltsﬂg o

Gcnsiderabl& eenfuslan has been @r@a od in the 1iteréﬁuye
by the uu@ af many dle@rent tarme t@ descrﬂbe %he prae@saes
‘ af bialogi@al oxiaatimn. in %hia report tho %ern "dehy&rmganation“-

vill be usad ﬁe dascribe anaerabic oxidation, while %he torm

?axiﬂa%ian“ will ba.chflned to the purely aarabie machanismg

The work herein repor%a& on ﬁhe Raapiza%ery Enzymes ‘of the
Laetic Aeid and ﬁitragen~Fixing Baeteria rapresenta an exﬁ@nsien
of work pr@viously carﬂied ocut on ‘the Dehy&roganaae anymeﬁ of
ﬁ%he Laetic Aeid Bac%eria {5) ana includes & sun&y 0P %he aercbie
fasmiratary activity @f these graaps of organﬂsms. The

“VdahydrogenQSQ aa%iviﬁy of nwalve species Of Lactic Ae%d Stweytew

‘aaaai an sixﬁy tegb aampaunds, ;ncludimg carhehyara es§ @@gami@
 ’ &61&&,~amina aciﬁs and alcohols, had already been ﬁaﬁéémiﬂéﬂ»

On ‘aocourt 'ef “the marked vmiam :mw in aehyamgmas amiﬂw,’ |

it had b@ea fcund mmpossible to use thi& ahavaa%evistae as &

basis f@r %hé elaeﬁificaﬁion of this gmoup of micra@rgamismso‘
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Im an: aﬁhampﬁ t@ amplain this variabi?ity in axidativa abili%y
amadies have been eawriad oub oun %he adapmiveuemnsti%utive

: enuyme ques@ion and aa %ha meehanism of lactic aecid prcducﬁiam,
j~emylaying~%ha_maﬁhaé @aﬁahlﬁshed‘bykﬂegarcyf(4)‘for*ﬁhiay%yp@
éf{invaaﬁigaﬁion;f in‘ﬁhiér?racaanr@ two per ceﬁﬁ*éf“%n@{
ea%bohydraﬁéfﬁéVﬁa %QSﬁQQJiaﬁaa&@ﬁ'ﬁu'a auspénaimﬁﬂof'%ﬁé'
omgamlsm under atudy ana lastic acia pr@due%inn ig then datera
min@a hy %1tmaﬁﬂng eanples 0f the mixtuw@ atb halfuhourly

i

L inﬁewVala_cver am.ei@ht@huur pemlod.

E Th& ﬁ@%erminauion ef aerabie ana anaa?obﬁc resyira@oﬁy
“enzyme ﬁansﬁ&tuﬁimn haa alsn been applied ta the ﬁﬁ%ﬁoganm
Tix&ng Rhingﬁa in an a%tempu ﬁa fin& a physielngical basisg fo?
,f ths alaes%fieaticn of this group of organisms, Thia stuﬁy hes
;subseauently be@n @xtended ta an inveaﬂiga%ion of the prnb?sms
of s%ra;n varigbiliﬁy Withinithi& spa@ieskand the affeas,efv 4
1aﬁoratory;maaia upon their physi@&mg§ anﬁ rQSQiraﬁo@y aetivityQ

%

; ‘“hiﬁ WorF has been carrieﬂ ou@ ab Th@ Univ®fsiny @f Er&ﬁiah !
 ~6®1umb1a in the Dapam%men%s ef Dairying and Agronomy. I wi@h '
to express ny sﬁne&re %hanks to Dv. B A, Eagles and Drs D, G,
:’ Lairé fa% %haiw unfailing interes& and eneauragemen% in %h&v

'progeeution af this researchaf
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- IIr. EXPERIMENTAL WORK

A. THE LAOTLC AGID STREPTBCOCGI

Respiraﬁary ‘otudios on the Laetie Aeid Stwentacoa@i hava'
béen carsied out, employing the "washed cell® %eehniquea The

eulﬁura meaium ua@a in uhw prwnaratinn of the baeterie]

i sugpensimns has cmnsisted of Uasein Digesﬁ Broth, prepax@a

- after the manner/of Orila Jensen (3), aontaining*ﬂ*E? Total |
Nitrogaﬁ and anriehed wmth l 0? Di&m'Yeasn Exﬁraaﬁ, 0.57

KQHPO4 and 9657 Glueese. The aultures empleyed in these Btudias~

3;”’have been' b@a laetis 5 A, 30, ‘8 ﬁypieal Sc. 1&&%18 1501&%6&

/from butter possesﬁ&ng a earamel flavaur (11), Se, lactia A.T.C.
- 37&, thained fram the Natﬁonal Typ@ Gu?%nre Galleaﬁian a%
Washington, D 093 Sc. 1aahis EMB, l, a starch»fermenting strain
isolated from a mature hzngston eheese. For eomuarative purm
! peseﬁ Sﬁudiea have a?se been earviea au% emplcying Baot, eoli

£

AaTe C. 4157 af the Amarican Type Gulture Collection,‘

'[is Aerobie Oxidations > e T

SIS

’ The aercbic rasyiraﬁory aeﬁivi%y of the Laetia Aaid
'Sﬁrepﬁoeocei haa been studieﬁ. employing the Barerofﬁ manom&%rie
teéhnique. The valuee expressed granhically in Tigures 1’ 2, 3,
14;4 and 3 have been aelectéﬁ as ﬁypica& of the experimental
& rasulﬁs ubtaineﬁ. These graphs porﬁray the @xiéaﬁive ability

k‘af Sc. lactis A T.C. 374 upon certain ©of the aarbOhydrat@s(
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tested. TVery ﬁimilax‘reaulﬁs have b@én’obﬁaimeé‘@mploying

A

Sos lactis Sehs 30,

 Ia Figuro 1 eud Figure B'axygen upﬁake in the presente
‘¥ vavious cérbohydra%@s*is Shown gfaphaaally; Valuss areo
‘mmmaw cubie mmlime*aém of oxygen utilized per milligren
of dey cell waigh% o#er a\ﬁneuhnﬁr‘periaég -

[

Gcﬁtrbl déﬁermﬁnatians have alpo been capried out, in
'wﬁi@h Qxﬁg@n ugtéke by bthe eéllfsuspensioﬁ has been measﬁreﬂ
in the entire absence ofkoxiﬂizable substances The value so
,Sb%ainéa ié known:és‘the‘eﬁaagenaué respirations The mechanian
‘6f'énddgéh®ﬁs respiration has nob yéﬁ boen establishe&, but it
'is,beiiQVeé:(l&) ﬁ@'é@naist of an oxidative deamination of
‘éellalar'aminé acids, mtilizimg'the coll polysaccharide aslén
energy soupse. The significance of ths appreciable aerobie
eaaegenbus’raepiratien with thavﬁaatia Aeid S%Wegﬁc@oeai'is not
slear, since it has already been shown (5) that these organisme |

. possess ne detectablée enasrobic endogenons respiration,

From bhe au?VQS shown in.?iéures 1 and 3 it is apparent
' %héﬁ the oxyesn up%ak@"is‘éhazaéﬁarigtﬁa'ef,tne subgtance belng
oxidized, Among b1e ﬁohnsacéhdniéesfiglucOBa"anﬁ ffﬁ@tdsé are

‘sbrongly éxi&izéag while galactose and aprabinose show an‘
f  a$iﬁa£2on,almwsﬁfiaenﬁieal with that of the endogenous,

 whe‘résu&%s'tabu1a$ea in Eigur@ 10 thw,%haﬁ this very slighd
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oridaﬁion af galae%msm ig due to the Preosence oE an adap%;ve

‘rather uhaﬁ ﬁ cens»l uﬁlve enzymeeﬁ

Among the other carbohydrates, dextrin is especially
rapidly oxidized, while lactoss and raffinose are oxidized to
e much leosser exbent. With‘a@oﬁiibl‘and'maleziﬁbse, however,

4the oxidaslon a@’éin 15 almoet ngligible.

In Fign@es 2 amd is éhown the eazbon diayias produc-
~tiom from ahe carbohyarate gourcos employea in ﬁigures L an& %e
"In tnesa graphe algo thame ﬂpbears a signifieamt endogenous
‘respiraﬁ¢on. In general the curves fO? eprbon di@xi@@ pr@&aew‘
vion eorre&pon@ cloae&y %a the eurves far OXygen uptahea Thig
'laplies mha@ the oxi&a%iam t@mds Bo be carried ﬁhvaugh cemple%ely

t@ the carbon di@xiaﬁ a%agea'
In Figufes G(a) andﬁ§{b) the r%latiagship betweencﬁygem
,untahe and earban di@xid@ autpu» ig shown by ploﬁ%ing tha

' Raepira%ery Quoﬁienﬁa, whiﬁh are abtainea by &ividing th@ volnm@

~”ef @xyg@n %aken mp by bhe Vlema of carbam ﬁ%axid@ givan @ffo

,,In many cases @he-ﬁeapivaﬁowy Qu@ﬁiam% i@ a s%raighﬁ_lin@.or

|  men@s ﬁawa“as 8 a%raighﬁ lineg a9 wauld normally be ampaeﬁ@do In
~oﬁh®r caaes; haweve;, the Respiraﬁory Quo%xents show = ma@ka&‘
;@xegulariﬁy whieh ean only be exnlained by assuming a snd&en
shifﬁ in cell me%abeliam to earrespand with %he sudd@n ehanges

1n slop@ of thas@ eu@vesa
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2o Fﬁrmen%atian and Ggigatean

\ -l

in Table l tns a@mparative dehyﬁrogena ioas, Termenia-

w.ﬁiona, and aerobie axiaa&ians Qf %h@sa aama ﬁavbohy&rat@s by

1actis AT, G B?ﬁ have been gumnarizod,.
A atudy af thisg. %abla ghowe that ﬁhar@ ia tio appar@n@ -

anaewrejationship bobwesn the p@oeesﬂes of aewobic oxiﬂa%lon,

‘anseyobic ozidation and fermentabticn. With @ 1ueoseﬁ Ayuatase

an&‘laeﬁasgqalzV%hree<prqc@sses are garried am% &tronglye With
aﬂabﬂnase and adenitol all thraa PTOCOBESE ATO either Tery weah
o entiyely n@gaﬁiva¢’ With gaiaebosa an&‘melezitoses hawaver,

aerobie and anaerobic @xiﬂation are wealk, while acld production

ié fai"ly high, Wiﬁh raffinase and ﬁaxtrin aerﬂbic oxxﬁauioﬁ

is s%rong, while both anasroble axida%ion and ac&d praduenian

m:@ V@r‘}f Wéﬂlﬁg

From*tha‘r@sults in Table i, 1% ig apparent tha% an
orgaﬁism nay be able bto @Kiéiﬁ@ a aompound whieh 1% eannat

dahyﬂrﬁgenaﬁe an&:e&ﬁno% fermentg It mey be able t@ dehydre;

 genate a. c@mpovnd which it sennot o3 idzza and eannet farmenﬁo

And i% nay also be able ﬁ@ fevmen@ a eompound whiech 1% cannat

“~oxi&iza an& canna% éehyayagenaﬁa, Lhese obaervahaons stana in

dima@% Gontyadiation uo tho generally aeeapﬁad %heeries of

”7bi@L@gieal @Kiaaﬁian, which hold that aerabic and anaewobi@
'/ r@gpiratfcn are merely 9haaes of the gane general nec¢hanism of

"whiah f@rman a%ien is e maasure ux the @ndwﬁfﬂﬁhﬁﬁﬁo
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3e P@p%ﬁné agg_AQia‘Pfqduo%ioy

| The resulﬁs reporﬁeﬁ in Table 1 showed clearly thaﬁ
lae%ic acld produutlon was depen&ent upon somnse facﬁom otheﬁ
than a@robia ar/ana@ra%ia exldatian. it was uhafeﬁar@ deaiaeﬁ”
%@ investigaﬁﬁ mhe a&aptivs~eensﬁi%utﬁva enzyme qmasﬁian wi%h
the Laeoie Aeid utﬁep%@eaeei in an effor% o Bxplaln the laek
cf eorrelatgon betwaen fermen%a$ﬁ0n and oxidation, and also %o
‘kaeﬁermine wha% specific influanee was axerteﬁ by the nitrogen

BONRTEB,e

Hegarﬁy (4 10) introaucaa a ms%h@ﬁ by whieh 'ﬁe adaétive
ow eonstiﬁu%ive nature of respiraﬁory enmymea could be deteimined
by Li&raﬁing'ﬁha 1ae%ia~aeid p?odunad fwam @arbehydrates hy -]
waphed euspengian of organismﬁ. Enr acid ﬁroﬂuetien t@ ﬁake
place, he found it necessary to inelude 0.37 peptone in the
buffar mixﬁuwe. Hawavar, he ﬁid not investigate the pard pTay@d ‘

by peptone in aeid pra&uation,

| ~ The praeedure a8 detaileﬁ by Hegarty (d) was therefore
aarriea Qut and wag exﬁenﬁe& Lo covar bo%h ae@obie an& anaerobie
‘fermenﬁaﬁxona A bufaér mAKture«was prepared and varying amoumts
of pepﬁone aﬁ&aﬁ. To the nizture was ad&@& 2% g?naas@ and
u'waah@d hactewial c@lls o form a 1% susp@nsion, ,Ear %h@_aerobaa
axperiments samples wers withdra@n at half-bourly intarvals ana

%iﬁmatea wiﬁh 0,1 N aaaium hydroxide. The &ﬂ&@ﬁﬂbi@ experimente
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f“wgrg“agrrieﬁ~but"in é‘?acuum_fLQSK'ﬁnder an atmosphere of
1 nitrogen an&’%ﬁé aﬁparatus‘sa~a$rangea‘thaﬁ*freeu nethyleone

'blua coula be ﬂ&&@ﬂ ag. raduation took placeo ,Samples‘fer

titraﬁian were drawn of? by suctiuno All sanplos were tltraﬁed
tn pﬂ T 0, using a Beekmen pH meterwi Tha;resniﬁs.abﬁaineﬁ‘are |

aummarized in Fagures 7, 8, 9 end 10, In addition ta'pﬂ,ana*

iacid proﬂuctimn, tha cxygen uptake by %heae various mlxturea

 fwas alsc determlnsa, These reaults are reuorﬁea in ?Wgﬂre l

Figure 1 ahows %he ehange in pH unﬁer aérﬁbic eon&itlons

“  auring the eeumse of this experimanﬁ whiie ﬁigur@ 8 shows the |
:ehaﬁge im pﬁ undar &na@robie aonaiﬁiaﬂsa The addiﬁimn of neptone
7to the buffer mixture haa eaus@ﬂ a vgry marke& deereasé in pﬁ

B nnder both aamebia anﬁ ﬂnaefohie eonﬁiﬁ#onsn When more thaﬁ
‘10 257 pepﬁone has been aﬁdea however, the pH values all tend o

‘reach a cgn&tant 1@?&& at abauﬁ pH &95‘,

wﬁigure?a~show@+tha 1nf1uéne@'aﬁ,pépténa aaneen%wa@acn

&

‘ iupan laatﬁe aaia produetian und@r serobic: conaitions,‘while

“‘ T1gure 10 showg the carresponding r@sulta obtainea unﬁar
 anaarobie nonditionse \Erem ﬁha Valués sh@wn in Figures 9 anﬁ 10
,it ia“a@paren% tha$~iaﬁ%ia;a¢id productian haﬂ inereasad with

. ineréasingipébﬁbﬁéiCUncantréﬁion; There is, howevar, no ﬁendeney 

 ‘%0 r@aeh a. e@ns%anﬁ 1eve1, as was’ faund with %he pﬁ valuee Thﬁs

e@ntinue& inereasa in %i%ratabia aaidity is due\to the high



_'bnfféring power of the;phuapﬁaﬁe mixture used, which hag hplé
_ﬁhé PE.S%:4a5'Whi16 allowing the titratable aseidity %o inerease

- rogularly,

In Figure]j.is reeofa@dythe volune ofyeﬁyéen taken up
by these various reaction aixtures. Under thees conditions
the‘amoung of oxygen absorbed has been found to depend ﬁirée%iy
upén ﬁh@,qqn@eﬁtraﬁibn‘@f pepﬁena. When 0,L25% peyﬁoﬁe is added
toyﬁhe bﬁffer nizbure, the oxygenvuptake ié‘doﬁ%led; when 1%

peptone is added, ﬁha;oxygeh uptake is inoreased six timess

Trom Figures 7, 8, 9, 10 and 11 the marked infiuence

of peptone is appareat. The greatest offect appears %o bo

. _exerted im the oxyzen upﬁéke, where the stimulation 1g far greater

than counld be explains& on the basis of nitrogen content élones.
The addition of pepbtone has resulted in & marked deersase in pH,
a notieeabie @iﬁ@jin %iﬁraﬁablé aciﬁié&, and a very narked
inerense in oxygen uptake., A Eimiiar stimulation was found to
be exerted under bé%h aerobie and anéerobie munﬁﬁﬁzoééa Since

- %he ahangs in pH is néﬁ proportional to pephone a@ncenﬁraticng
‘buﬁ tends to reach a constant level for all enneenﬁraﬁidna, anﬂk
gines ﬁa%h Qxyg@h'upﬁéke and lackbiso gsﬂﬁ production awp
propértiogal to pepvtone concentration, it seems probable thab
‘there iz a very close imterrclationship between farmentetion

and oxzygen uptake. This elose interrelationship, however, is
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not, that poaﬁuiét@a by %he ﬁlﬁaaieal ?asteuyéﬁey@@hof thesry
in which fermentation was stimulated By o deocrensod Oxyaon
supply. The regulis recorded hewemare rather the r@veés@ of
that fheery,‘sina@ 54 has beoén shown thet inereascd OXTEsn
uptake ip assocliateod with inef@ase@;fermenﬁatiéﬁa These
@xp@rimen@g have indicated that the mochaniswm of feymanﬁation
does not depend upoh the presence or abs@nca‘mf @zygén, but
d@peﬁds rathor upon the(pra@ence of a suivable ﬂi@yegen BOURCO

in the ropcting mizxbiurde
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Th@ apmlieation of H@garﬁy 8 meﬁho@ to bh@ stu&y,af

Aﬂantiveoﬁonsﬁﬂtuﬁive @nzymas i% shcwn in Figura 129 The

Vwashea @ella were preparea fram a glueaae bvmth cﬁl%ures fThe‘ ‘

coll and buff&r miﬁture wore. maae up as befera, and 0.3%

“pep%one aﬁaeﬁ, To this mixﬁure wae added 27 of the carbam

hydrate to bo tested. The nixbure was ineubataa, anﬂ ti%raﬁable

aeidﬁty d@%ermenaa as previaualy aeseribsd. Whera the @rganlam

~fgpmssesses a eongﬁituﬁive enzym@ conﬁrolling ﬂehydroganaﬁian of

the carbchyarate,'aei& preduotion Will ocour aﬂ onee, Hawever,

where the arganism nosaesses an adaptlve enzyme for bhe earbe«A

hyﬂraﬁe~teatea, a eonsider&ble periad of uine will elapse befere"

acia is produced in any appreemable quanti%y. ”his distinmﬁion

ig elearly‘ehown in Figure 12, whara the srganiam passesses

,cans%itutive enzymes f@r,giucassj;mannas@,and_frug%asey bus

possessen en adaptive enzyme for gmmm,

ehes

It 1s beﬁievaa that a canstitu%ive enzyme exiaﬁs as an

o integral par% Qf tha eell structura and is therefore always
‘1praeent in %he call in an aotive farm;@'ﬁﬂ adapﬁiv3'enzyme; Qn

; the other hand, is believed to oxist in the eell in an inactive

. state and to Tequire. stimulstion or aaapﬁaﬁion through contact

",wiﬁh the homcleg@ns subatanea befere anzymie aetﬁvi%y ean be

‘i'ﬂemona%ratea.
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In Figure 13 and Figure 14 1% 4o shown that the

organism poesesscs an adaptive enzyme fowm lactoses It i8 also

shoym that érdwth in thé prosence of lactose causes‘éaapﬁaﬁien
to bovh lacboss and galactose, while growth im galacbose broth
does not cause aﬂapﬁa@ieﬁ7t§,1a¢%éa@e This ﬁnﬂicaﬁea'%haﬁ bho
drgaﬁism'is able to wutilizo lactose only through a’prel&minamy

hydrolysis to salactose and gluceses

It ie also noticemblo tha} asdepbtation %o galactopse is

n@%:aehievsa:by growing %the organiﬁm in galacﬁ@ge broth, but is

achieved by growing the obganigm in lactose broth, It has not

vot been p@s@ible o aéﬁermina the cause of bthis peeuliaw

adapbtation phenomenois
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B;'RHXZGBIA f'

e Dehyarngenase Enzymes ‘ R

\1 The dahyﬁragenase anzymes of the Rhizobium sneaies hav@
'been investigatea, emplmying five straﬂns of the Red clovesr
'7mvganism (Rhizobium trif@li&) &ﬂﬁ s&xﬁy tes% eampaundse_ The o
~xs:‘i;zcwa'ﬁ.zm employod were R, L..QQB» R,To 224, R,T, 226 R;T. 231
and R,T. 39-1s The firsht four stzaang wore stock euiturea ; :
 obﬁa3ned fémmk%he University. of Wiseonain in 1930, The fifth
,strain;\R.Ts 391, wag igalaﬂéﬂ ffom‘réa elover nodules at Thef
University of British Golumbia in 1939, ALl sbraims have been
p30ve& hy.crogssindculation'ezper;meﬁts. The'rasulﬁsvabﬁaiﬁa& 
‘in~tha.aehyﬁrégehaﬁiéhrtesta Bave been summarized in Table 26

| A1l repults haveibaea-caicaiateﬂ'on the basis Glucoss = 100,

’ The five strains af Rhn ﬁrifolii show & vory markeé
4Jvaria££mn in ﬁhair dehyarogenase ae%iviﬁyo tha-varia%ion is
8506 greaﬁ that any at%empﬁ at arranging the Rhizabia on the basis
cof ﬁheir éna&rohie réapiraﬁian wauld appear o be af li%tl@

. values, Wilsom (14) and Tam and Wilson (12) in their studieS>0n
the yeapiratary enzynes of the Rhizobia ‘aleo encoumﬁerea o
flvariaﬁion in ﬁéhydrogén&se activity. Howevar, %hey dmﬂ ot
 *atﬁach any great significance o this Variaﬁi@n, but eonsidara@
fﬂhha éehydragenase acﬁivity %@ be charaeterlatic of each

3;Rhizob1umgspﬁeiea¢ Theiresultarrepartaﬁ upon har@inkeample%aly

TR
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disagree with bthose of the‘WiséanSinYW@ék@rs; The marked
variadion in'agaerabi% respiratory setivity within five strains
of @héfﬁﬁ. ﬁwifelii species makes it evident that there can bs

no sﬁéﬁl@ speecies eharaeterisﬁ&éa, Unﬁii such bine as the

basic factors whioh govern res@iraﬁory activity can be dotermined

any atbtompt to establish svecles charecheristics will be Futile.
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2 Aorobic and Anaevobie Oxidation

A ayé§éma%ie stndy of the respiratory eanzymes of %ha
Rnizabium Spscies~haé beén undertaken, amnl@ying‘akstrain of
the Red el@ver crﬁanlsm, Rh. trifolii 224, The pbudy of the
dehydragenase @nzym@s af the Rhi?abia, rsperu@ﬂ in Table 1, had
enphasized the ezureme variab&li%y Bf anaer@bie regpiretion

Wiuhin thisg speciesn It wae %hewefnre dvelided to conduet an

| f inveatiga®€en into the ceuses of ﬁhi& variability by Btudvimg

both the aerebic and anaerobi@ respiratory enzynes of sﬁraina

'an& substrainsjwithin'this group of erganiams.

B The madiumreﬁpleyag in thess studien ﬁpon the Rhingia'
1g *tz;;fa reconmended by Wilson (14), It consists of a mineral
_salte bagse to which are added lﬂfyeés%‘gxtraat, 0.1% glusose,
ke?c@ss calcium carbd@éﬁe,iand 1.5% agar. In preparing a cell
eugpenéiaﬂ fo# réapira%oxy s%udies,}th% cuiture‘is grown mpén

the 6vrfae@‘@f %hia'me&inﬁ in a larga Roux flask, Afte“'AB \

hours” ineubaticn at 309 G. uha growth i washed fxom the surface

| with ﬁ/}o phosphata buffer of pH Te 2, Gantrifupe&, washed, and
resuapended ia buffer. The eell a@naentratlon ip made up to 2%
by valame and respiration eaperimen%s ard then carried out ab

37° ¢,

, 0xyg@n ugﬁake‘ana &@hydyogeﬁase activity were aetermineﬂ

in the presence of glucose, mannitol, and sodium suceinates -

- Ozygeon uptake anG methylene blue reduction im the total absanc@:‘,'



- 2L -

of carbon source were also noted. Phe results of‘%ypical

experimenﬁskdré réeordéd'iﬁ'Figur@s 15 and 160

o In Fzguf@ 15 the @urves f@r axygen uptake in %h@
presemce of gluoose, mannitol, snuinn sucelnabo, ané wabor are
7 report@ﬁe~ Wi%h gluaase and manni%o? the»axygﬁn uptaka iﬁ
smgnlficantlw high, while with soﬁium suceinate it is very l@Wa
‘;It 1& als@ notiesable tha@ thers 1 an appreaiable endoganoua

oxyggn up%akeg

In Figure 16 the comparative aerobilc anﬁ~anéerabié
respivatory cosfficients ave graphed. In this method of inmter-

; p:etation;~whieh is used by the ﬁiscanﬁiu énrkers in theiw
_gtudies on the Rhizobia (I, 12, 14), the redustion btime with
f'g1udb$e’énd ﬁhé'#olume of Qxygan ﬁakah ﬁp iﬁ ﬁhe'pra&encé of. |
alueoae are teken as &00, and correspamding values with %he
otheor compounds sre “eévceﬁ to pereentage af this figur@a This
‘calculatian nakes 1% pqssible to conpave aerahie,anﬁ anagrobic

| réspira%idﬁ~by’fédueing both to ﬁhe‘samé basisg W

‘ "Fron the deba in Figura 16 it is eviaenﬁ %haﬁ thef
asroblec and ana@robie bxiaﬂblon of mannitol and sodiun sueeina%e
oceur with.varying a@gfees of in%snsi%y. It 4s also n@ﬁiceable
\thaﬁ the enﬁogenaua rGSpiraﬁmon ia quite pronounced undet .
aevabie conditicns, but is entirely. abseﬁﬁ unaer anzorobic
;“c@nﬂi%ionsg Sine@ ﬁhese results are aaleula%e& on & ewmpara%ive
baais, i% would appeam mas% prabahie that dlfferen enzym@ syethomng

’x,ara invalveﬁ in aerobic and anaem@bic rsspiraﬁﬁano
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3, Substyain Varistion

 The problen of variation iﬁ'r96p1ratory'9nzvmés has

‘“’been exﬁenaeﬁ %0 8 s%udy of the substrazns within a’ given sﬁmain,

‘The strain Rh, twifolii 22& wae platea upun Wiisan's Agar anﬂ

;il@ aeparata colmnies pieke& to form & ssries;af Sub&ﬁr&inﬂa"The
iaerobic and anaerobie reSpira%ion of these aubstraina uyon' :
‘gluaose, manni%ol, sodium sueeinatep and waﬁe; has been deter-

mined as previaualy &aseribeéo Typmeal results.are gummarized

| ;.'mn~ﬁigaraa 17 and 18,

o In Pigure 17 oxygen uptake in the presence. o mannltol_
k,}by ﬁhevnaﬁhar culture R T 224, and élevan subsﬁrains, ig
shnwn gxaphieally. Th@re is reveaiad a ﬁr@manﬁous Variationf
in OXiﬂizing abili%y among these snbsﬁrains, a variaticn whleh
in some cages is as great asksi;:ngnarad»per cent, It is
1Enpareﬁ%]ﬁhaﬁ‘the”mObher éuituiéimusﬁ havg'baan ext?ehéi%‘variable«
in its respiraﬁary character and hasg been broken’ up inﬁo sub~
Asﬁrains posmeseing a VQﬁy wiﬁe range of axiaative ahiiﬁty.
;Aithaugh ‘previous workexs with the Rhizobia have emphasized %he
"emtrama Variability in physialagieal characters exhibited by
this apeai@s, this ig the firsﬁ demonstraﬁzon of insﬁability in

&res@ira%ory ac%ivity with any’ group of orpanismns,

| “  In Figure 18 the eampara%ive aerobic ana anaerabie
respiratory coeffieienﬁs when sodium suecinate is enpﬁeyaﬂ as

‘“Fthe substrate are m@porﬁed for his same g?Oup af gubs%rains.
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Thers is again'svidenﬁ;an extrem@ variability 4n both aerobic

and anaérabie‘cx&daﬁﬁve abﬁlityg Although both aerobic and

ana@gobi@ Qxidaﬁion ar@ variebles, they vary inéapeﬁ&@nﬁly of
sach other, The ﬁaté rocorded here, ﬁ@ersforab furnish added
evidence that the aorobic and anaereble wespiratory enzyﬁe@
are Gisbtinetly different im eha?a@%er,vas wap indieated by

the results detailed in Tigure 16,
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in an atﬁemp to determina the cause of the insﬁabﬂlity
of the Rh. ﬁxifslii 224 multure in raspiraﬁary ae%ivity$ the
pravious hismory of the culture was iﬁvestigated. The a%rain
‘emnloyeﬂ 1n these tesﬁs Waw a stec% laborauory s%ﬁain whiah had
,been cul%urea upon laboraﬁory modia for more thau a y@ara vA
fﬂeah iamiaﬁion of this sﬁrain was now oarrie& out: mrom tha
s%oek culture, mainﬁa&ned in sﬁerxl@ 5011g & maps inceulnmf
eultuve was obualned 1abeilad R T 224 E, plated anﬂ sim
subs%rains~35q1&tadg The respiraﬁ@mn of thls geries o£~smiﬁuﬁes
,waa~the#>determina&a Typical results are recorded in Figures

19 and 20.

In Figuré‘ié the édmpaéétiva aerobic and anasrobic

; ﬁesﬁiraﬁary eﬁeéﬁiéientS»éfkﬁheée é%rains‘in‘tha prééehaeybf
sodlum sucainate are meporﬁad. There iékeviaénﬁ a narked
&ecr@asa in Varﬁability in boﬁh aamahi; and anaerchie cxi&atlva
abilxtya' Alﬁhaugh %his varia@imn haa be@n markealy &eereased,
"tha asrobia anﬂ anaarobia raspiraﬁory enzyme& appe;r‘to re%ain
’\ﬁheir inaivi&ual chaxaeﬁer. Variaﬁimn in respiraﬁory &eﬁivity /
appeaws ta hav@ been aeprasaea but the ae?obic and anaermbic
 ;respixa%ary anzymes are a@ill fancti@ning wiﬁh &ifz@rent degﬂee&v

of inﬁensi%vn

In ngure 20 the oxymen uptake by these fveshly»isalate§,
'strains in tha preaenee of gluanse are repar%ed,‘ It 4o appa¢en%

‘ ‘ﬁha% the axzﬁaﬁive ability of thiﬁ series of eultures i@ véry
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uniform. Thig unifornity in oxldative ability emong Preshly-
isoiaﬁed subsbrains gtands in narked contrast o the extrome
varﬁébili%y‘enéomnt@re& aMﬁn@ the subptraine isolated from the
0ld laboratory Btrain., It is th@mefnra apparvent that ocultuzing
on labgra@ory nedia for an oxtendod period has modified the

physiologleal character of the orvganism and hag rendered 1%

extremely unsbable in wéapﬁratgﬁy activiiye



The change in respiratory ae%i@ﬁ%y undergone by the
éultuse ag a éegulﬁ of yrol@ngaﬁ;eu&tivétﬁon upon laboratory
meﬁia‘és cloarly shown in ?iguresvax and 22. vin.ﬁhese graphe
the rQSyirataﬁy éetivi%y of the eid,iabaratory sﬁbsﬁrains is

compared with that of the fresbly iéoiaﬁed straing.

. In Fignre 2% the'emd@genous oxygen uptaks of all the
substraing is shdwn graphieallye. It is apparsnt thab iavﬁhe
ﬁreshly isela%ed gtraing on the loft of the graph ths'endoéenous
respiéatien ig uniﬁorﬁ'in character, while with the old labora~
ﬁamyhaﬁbs%iéina on tﬁs right %hé eﬁdog®noua r@@pimaﬁion'i@

axﬁremelyiixragu;aro

In Figure 22 the gilucose ozidative ability of bhe
freahly 1&01&@@& gtraing ig uniform in character eand conbtrasts
maﬁkealy with %he vaﬁiabili%y and iwrégulariﬁy exhibitea by the

old leboratory substraing,

A fuﬁ%harJimpéf%ant éhanga in vespiratory éctivity wag

' alao‘nb%ed. The freshly iﬂaiaﬁea‘aﬁxainﬁ were found Yo possess
a véﬁy'markea éeaueimg aebivity upon~meﬁhylané b;n@ in'%he aﬁ«
sence of eaibog sauﬁceay With the old laboratory strains, on |
thevdﬁﬁer hand, this anaeroble emaogenouévrespiraﬁion had élmosﬁ
enﬁir@ly diseppeared. It would appoar that culturing the
cxganiamﬁupan,lahafaﬁa@y,m@aig‘has reguiﬁ@ﬁ in & Progﬁéasiv%

diminvtion in ansorobic ondogenous respirabtione
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Theyefare, the endogenous reapiration exhibited by =2
Rhizobiun culbure Will be dopendent upon bthe respiratory
enzyme make-up of the‘call as modified by the previouws hispboxy

of that cultureoe
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4. Zonine Phéhaﬁeﬂg:‘

. Investigation 1ﬁ€a he,effecm of culturing the Rnizabia

i upon 1ab0ratery me&ia has Ieﬂ ta %he obﬂervaﬁian 0& a further

J'.ehange in phyeﬂol@gical and cuitura; eharaeteriﬁties. Iﬁ'was o

;if‘@bsarvaﬁ that pvating the old 1abﬁratcwy ﬁﬁraim& or 3Lb$%yains'

,{‘upan Wilsan s Agay leﬁ to the devel@pman@ of peeuliar waugh

’ an& featha;y aaianiés @f a diasaeiated appaaranceg Thsse @olanieﬂ
a;w@re surroun&aé by a cﬂreulax zane in Whieh the suapenaaa aaieinm
Wyéarbonaﬁe wag aonpletely vemove& from the me&ium. 0utsiae %his
‘ﬁ~?an p&”@ﬂt zane %hefe aceurrad 8 much smalle@ znne in whieh %hé

, medium remeine& unahangado Beyon& this second zens therp

:'",Geenrreﬂ a fur%hef regi@n mf eancenﬁraﬁﬁun or Fre@ipiﬁﬁti°ﬁ in

‘whleh ﬁhe eloudlness and - @paaity of ﬁhs medium was n@%ieeahly
4nereaseﬂ. It wag furﬁhe“ establiehea that thase zaning
"phenom@na ﬁiﬂ not appea@ wiﬁh emltures freshly isala%eﬂ from the
- godle Apparently, therefare, eultu@ing on labaxatary me&ia has
'Vresulﬁe& in a ehange in both colonial ﬁype and eulﬁural ehara |

‘*ac%eris@iea,~'“‘

Bxperimenﬁa era earria@ ouh ta &etemm&ns*the naﬁure oe

thasa ﬁuﬁnmena and %hoe part played by the varxomm m@nstituenta

. prosent in the medfum. Nedia were therefors prepared with and

~~,wi%ﬁaut?yeasﬁqéxﬁract,’glﬁcosé@‘gslaﬁine;and caleiun carbonato.
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Brom thymol . blue indicator wee added ©o %race the relationship
bebweon aeid praﬂaeﬁion and disappearance @f\%h@ calelum
aarbonatﬁa Thess vamiana meaia were then empioyed foy nvepawa

glatas fwam substra%ns whieh abowed TORY aemive zoning praperties,

: Tne raaulﬁﬁ~@btaineﬂ"éhomed ﬁ@fiﬂiﬁely thet the %wimary
| zene @F campleme clearﬂng ig dapenaenn upan the pregency of

glucese in the me&imm.

ngar%s %o_determine'%he cause of the outer ring of
&epési%ioﬁ in'thé nedium have sm‘faw proved fruitlées,  Thé‘
,aﬁpeayanee of this phenomenon seems %o be d@pana@nh‘upén the
presence in tho medium of the Lhr@a factors ~ glueose, yeasd
extrack aﬁ@_calcﬁum carbonate, When any one 0f those tonsbituonis
wap aﬁiﬁ%é&fthe'phénéménan failed to develops. This mighﬁ inﬁieaﬁe
that depositiom is brought about through the procipitation of a
ealelum«proteinate csmplex fron the yeas@ extvaco hy a ehange in

the ¢aa~elaetr&e point.

Thé:rslatiﬁnship af,ééid pro&ncﬁien'ﬁﬁ elaaﬁing
phén@méﬁon;éppea@a& rather uneertaine The caleiun carbonabe
tended o fiz scid production within the colony aad prevent its
dié&olﬁtién théoughaah the plate, When novearbonats waB presont
" %he aéiavéiffused rapi&lygkhuﬁ in the absenco kacarbonaﬁe'n@

'ZQning phenomena could be demonstrated,
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It wag also ehse*ved thaL gelatina exerﬁad a profound

effact upon Both aolony type and clearing phenomenon.. When

gelatinefreplacea the yeaat.extraaﬁ in tha“medium, completa’

"7felaaring Zones ﬂeva&oped huﬁ na d@pcsiﬁion took plaee aﬁd the
_?ealanies all showaﬁ ' ﬁypical gramuia%ed appearancac ,Whgn
",gelatxne was adds& te thefmeﬁium emnhaiming yaas% extraétﬁ'oﬁly
:,incomplane zanﬂng weg observed and ﬁhe ealenias which develoyed

“Eware of 8 featheyy dissoeia%e@ appearanae.

Ih was furﬁher obssrvaa thet the zoning phenamenon will

7Tdeveiop only when %hﬁ colanias on 8 plaﬁe are relati«ely Lew
~‘in number@ The presenee of a 1arg@ number of ealoniea renresaes;~'“
 ;hhs zene férmation, while o8 a very crowée& glate tha phenomenont
 §15 eompleﬁely inhibi%aa. It has net yeb be@n paaslble o

*'p@etulaﬁa an~expxana%ign for'%his an%aganis%ie actinng-

o

Prom the rosults mhtainea in this sﬁu&y of- hhs

;kxeapiraﬁian of %hs Rhizohia, it appears pr@babl& %hat ﬁhar@
Vfaxim%s &~defiﬁiﬁ®~ﬁyﬁ&m in respiratary aebivity whieh the
 eu1ture undergoas in response %0 euluivaﬁiaﬂ upon labora%@ry
‘fmedla. A gulture whan f&eshly isolated Lrom the soil possesses 
*fa Waﬁery %ransparenﬁ growﬁh of eharacﬁarisﬁia appearanca.‘
" After prolonged ﬁultivation upon Wilson's Aga?, the euitnr@ f
‘1;19335 this m@isﬁ, glistening ﬁharaa%ariaﬁie aend bescmes ﬁry
:and wrinklad in appearaneg. The appearance af ﬁhis &xy,

m»mmeé type of growth coinoides With the devampmem of
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zoning pheromens about the colonies on Wilson's Agar. A4 the

game time a marked chenge in both aeroble and anasrncbic

‘respiration btakes placo and the eul%ure becomeg extremely

unetable in its oxidative abilities. Passegs 0f the culture

through soil neu%ralizss these disgocietive changes and

roatores the culture to ite original condition,
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The attached phobograph illustrates the zoning
phenomene Wwhich develop when an old laboratory strain of
Rhs trifolii 224 is plated upon Wilson's Agar. The com-
plete zope of clearing which surrounds tho colonies
appe?®s bldck in the picture, while the ouber zone of

deposition appears ag a haziness in the medium. Both
typee of colomnles are also clearly chown, the first a
fairly regular -hard-centred type and the second a flab,
spreading, vell-~like form,
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The eypefimental wan reper%ad herain haa e@nsiateﬁ of .

an 1nvest1gaﬁian inﬁo tne Respiratnry Bozymes af ﬁh@ Laetic ;"
" Aeld and Nitrogenuﬁix&ng Baat@ria, In the aaursa ef %his

‘ﬁinvesﬁigaﬁﬂon, deﬁailea a%u&iaa 1nﬁa tha me@hanisms a lae%i@

f,aeiﬂ formaﬁian an& of symbiaﬁie nitrngan fixaﬁian‘have been
 earwied oub ana~it is felt.thaﬁ‘eonaiderable nragres& has
- been made towards &n nnderSuanﬁing af the phyaial@giea? baees,,‘

":ef thasa fum&amen%al procevsea, b

The aar@bie an@ anaerohie respiraﬁaon mf tha Lactie Aeid
“fStreptoccaai ha?e ‘bsen extrenaively s%udied 1n an affort o

;;evolve a phyaial@gical me%hod for %he eWassifieaﬁmon of this

 ~imp0rtant gr@up Gf micr@—arganiams., Experim@nﬁal reaults'

.‘in&iaate uha% ﬁhe laek cf eo$ralauinn batwﬂan aerebie axiﬁa~
kation, anaewobxc axidaﬁion an& fermentation wenaars 3ueh a ;
jclasairication impxaeﬁioab1e. However. this iack of eorrelatiom

ﬂ3* foeuses atﬁentioﬂ upon the meehanism of laectic aeiﬁ production, k

‘*:ia machanism whieh apparenﬁly is a fumatisn of neithew the '

‘ﬁya@robiz nar tha anaéxebic respiratory proeesaeso, Eﬁ has b@@n

“flfurthgy gh@wn thaﬁ gastie aeia feﬂmantaoion is gaverne& not by
‘fﬂthe Presence nﬁ;absance ef available bxygen,’put,by the

"prxesenes.of aﬁfa@ailableinitrogan;suumes.

Theae exp@rimanﬁal ?aaulﬁs atan& in ﬁiree% e@utradietzon'

- %o the Pastauw theary that fermenta%ian eans&sta in ﬁhe formation



of by»prcducts of oell metaboliem}%hrough‘tha meghanipm of
anagrobio sxidatiaﬁa Bineco the Pastaar theory is the basis
for many of the commereial fermentation processes carried out
by yeéats,‘moulds and bacteria, it io possible that thosge

reéulﬁs may prove to have important industrial applications.

Studies into the aerobic and anaerobie respiratory
méﬁhapism‘af the nitrogen-Pixing baecteris bave resulted in
the‘éemOnsﬁration<@f a definite eycle in respiraibory activity.
- It has béem ¢onclusively shown bthat culturing the organiem
>i  upen lahoratory medla over an extended psriod caunsos tho
| deveiopnent of sﬁr&kiné‘chamgés in both phyaiolegical'ehéraaﬁar

and oxidetive ability., It ls thorefore apparent that %the
\aegabie and. anaerabia respiratbory aatiVﬁﬁy op aﬁ organisn ars
large v deﬁ@rnined by uhe previ@us higtory of the euldurs
tested. This is a fmnéamental prineiple in bacterial respiﬁam

tion which appears to have been eemplétély overicoke& in

1o pré?ious,sﬁﬂdies.‘ v; : ' -

The demonstra%ian of variation in reppiratory act 1vity

o4n raepanse to culsuring upon 1abaraaayy media is of pxaetxeal

importanea in the preb1em of svmbio%ie nitrogen fization, &
k'prccess w@iah i of great agricultural importaﬁae'in relation
to the najfitenance of soil fevtility.gkit is hoped thab this

sﬁﬁﬁy of‘ﬁhe respiratory enzymes of %helﬁhiz@bia may_cpnﬁribu%®
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to a knowledge of theo physiologierl process by which these

- microorganiems convert the nitwogen of Hhe atmosphere inte a

form aveilable Lop plandt VEde




Vs CONCLUSION

;Thé 3tuﬂy‘of ﬁhé'Lactié Aeid and Nitragén»Fixiﬁg
Bactoria roporbed npéﬁ hérein has opened up aeﬁeia&’fer%il@
Fields for furéher aéﬁdy.' In particular the applioa@ién of
respiraﬁary énzymé gtudies to the adaptiveheons%i%uﬁive“
egzﬁme question and to ﬁhe heehanism'9§ lactie acid produetion
‘,‘appearg worﬂhy of further study. Rosearch 1nt@_tﬁaa@'p$dbléma
may have important industrial applications in the prepavation
of starter cultures end in the regulation amd(exﬁensioh of
industrisl fermontations ca?rie@ybut,by microorganisma, The
eéuse of variability_in:reﬁpiratory enzymes and dhe influence
of th@ pﬁevious_histéry‘§f ths'cuitn?e upon oxidetive ability
with the Ehizabium s§aei@s~are‘fundamenﬁa1vqueé%iané which
Ayah@ul@ be fgr%heryinﬁes%igéta&¢- The §éiuﬁian‘0f‘thesé problens
would be of divect value ﬁ@ ﬁh§ impoyfant agrianlﬁqrai process

of symbiotic nitrogen Lixzatlion.
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‘ Abstréct

‘ The dehydrogenase enzyme activity of five strains

Jrof Rhizobium trifolii upon S1xty test compounds has been

L‘:studled employlng the Thunberg technique.

It ‘has been shewn that the dehydrogenase activity -

,'jof these strains is. extremely variable, especially in

- the activation of carbohydrates,_y

The dehydrogenase activity of Rhizobium trifolii 224

whas been tested at intervals over a peried of one year,‘
: fand considerable fluctuation in respiratory activity

| demonstrated.‘

; ’Iteis'suggeeted‘#hetathie‘marked;etraingvariation]

,mEYf§9°°uﬁt;er disagreementramong_the,repertedﬁreeulte of

previous workerse




I, INTRODUGTION

The mechanism of respiratory enzyme systems in
symbiotie nitrogen fixation has been studied by several
=~investigators. Wilson (5), working with\R ~trifolii,

reported a detailed study of the factors influencing the

1~,preparation of “resting cellh suspensions of this species

in an effort to develop a technique suitable for the stndy
of the aerobic andnanaerobic'respiratory activities of
this organism. Thorne and Burris (4) compared the

respiratory systems of "nodular“ and "cultured“ rhizobia

fland found no significant differenoe. Burris and Wilson (l)

reported a. survey of the aerobic respiratory aotivity of

'ften strains and five species of the root nodule bacteriaa

Tam and Wilson (3) studied the dehydrogenase systems of
jffRs trirolii‘and,R‘ leguninosarnm, employing someqforty test

‘compounds. ‘The influence'of inhibiting agentsinpon the

‘sffreSPiratory enzyme systens of the Rhizobia has also been

'studied by Burris and Wilson (l) and Tam and Wilson (3).



ih the sthdywoferSPiratory enZYmes tnerefhas'been -
 a tendency to regard substrate actlvation as a constant
\rspeciee characteristic. However, Tam and Wilson (3) found
;a strain variation Which was independent of sPecles,ln the
”ractivation of certain substrates. The present report
edeals with an investigation of the strain and species

Ir‘varlation among the red clover organisms.
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;Ix.ks‘EXPERIMENTAL METHODS

u The cultures used in these experiments consisted of
yflve strains of Rhizobium trifolii. Of these cultures, four,e
k'namely RT 22B RT 224, RT 226 and RT 231, were obtained from
,the University of Wisconsin 1n 1930 While the fifth RT 39 1,

,'was isolated rrom red clover nodules at The University of

";Britlsh Columbla in 1939.

The medlum employed in these studies was that recommended
fcby Wilson (5 consisting of the mineral salts of medium 79
;v(Fred Baldw1n, and McCoy, 1932) and enriohed With 1. 07 Difco

"fyeast extract and O 17 glucose, l 57 agar was used as the

;le;solidifying agent.

fThe\bacterial suspensiOns reqnired for the "resting'cell“
" technique Wererobtained’by growing'the cultures on the surface
j,:of the medium in 1arge Roux flasks. After 48 hours"

ineubation at 28° G, the growth was washed from the surface

f?flof the agar WithyM/}O phosphate bufrer, oentrifuged,at 2,000

1{'lr@p,m.5 washed twice andcfinally re—suspended infphosphate‘

'hnffer, All suspens1ons were adJusted to a cell concentratlon

'hlof 27 by volume, employing the Hopklns vaccine method (2).

'Qouspensions of,this'conoentration were found to dehydrogenatei;
,glucose in from 5 to 10 minutes, and not to reduce methylene

*'blue endogenously in less than two hours.'



1;Dehydrogenaee activitiawae‘determimed by the ThunbergA
technique in tubes containing 1l c.c. of “resting‘cell“
, 'suspension, 2 c.c.‘of phosphate buffer, 1 Cocs OF 1: 7,000
ﬁ ‘methylene blue, and 1 c.c. of M/2O substrate. The tubes
';’,were evacuated for two mlnutes on a water pump.’dTﬁe o
reactions. were carried out at 40° CQ and at a pHmof 840,
a8 recommended by Tam and Wilson (3) Dehydrogenase
"activity was measured as time required to decolorize

completely the methylene blue.

'The substrates included:sixty test ~¢compounds, consisting

of carbohydrates, organic acids, ‘alcobols, and amlnes. A1l

y“organic acids were adjusted to pH 7 0 With N/lO sodium

‘hydrexidego :




Iii;f‘nXPnRiMENTAL RESULTS

- A; VARIATION AMONG STRAINS OF R. TRIFOLII
The dehydrogenase activities of five strains of Rhizobium
trifolii are presented in Table 1.’ From the values recorded

'in this table it'is apparent that there is an extreme

3 variability in substrate activation among the various strains

tested. This variability is most pronounced among the

carbohydrate dehydrogenations, but is also encountered among

f,the alcohol and organic acid activations.

I .«Carbohzdrates

Dehydrogenation of the hexoses is characteriaed by
;7uniform1ty of activity.; With all five strains tested, glucose,
'f@}mannose and fructose ‘are rapidly attacked, While galactose is
%ti,only slowly oxidized. With the pentoses, arabinose and xylose,»
Tciione strain, RT 224, oxldizes both compounds readily, a seoond

'ii‘strain, RT 231 attacks xylose With difficulty and»arabinose |

j@;inot at all the remaining three strains activate neither~

”ficompound. Among the disaccharides, sucrose, cellobiose and

'3ﬂtreha1ose are. attacked by all five strains, while maltose and
‘ffrmelibiose are activated by four strains. ~Lactose is attacked
'zieby only two strains and thcse with difficultyo' Amdﬁg the
,idtrisaccharldes, raffinose is attacked by all strains and
yﬁfimelezitose by three strains., Among the p01ysacchariﬂesax

~'activation is carried out by all strainse




)iﬂg The degree of variation in dehydrogenase activity upon
,:certain oarbohydrates is portrayed graphically 1n Figure 1.,ﬁ
iThe uniform actlvation characteristic of the hexoses is
'Hcontrasted with the variability of that of the di-, tri-‘ and
~polysaccharideso‘ Among these latter substrates, variations k
tlup to nine hundred per cent are encountered, while variations

of four and five hundred per cent are common.

,éé Alcohols - ’ ‘

Ji ‘f The dehvdrogenase activity of R trifolii strains upon

'the higher aleohols is markedly irregular.' Of the compounds
fftested, only mannitol is activated by all strains employed.

}?gGlycerol and sorbitol are attaoked by three strains, while :
fé_dulcitol and inositol are attacked by one,, Ethylene glycol

'l'and erythritol are not activated by any of the strains,

Strain variation in dehydrogenase activity upon these
l;‘higher alcohols is shown in Figure l.; There is evident an -

extreme variability in the activation of mannitol and glycerol

ff'with the strains employed in these studies."

‘3;=-érganic Aeids

Dehydrogenase activity upon organic acids was extremely

l*:limited with the five Stratns of R, trifolii employed in

73}these studies. Sodiumwsuceinate'was found to be&the’only.,,v

‘_sorganic acid activated, by all strains tested. Sodium malate
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‘was attacked by two strains, while sgodiuwm formate, sodium

'ibutyrate, and sodium 1actate were attacked by one straino

“nAll’other*organicfacids, including the majority of the mono—'
”andfdicarboxylic’lower fatty aclds, were not attacked by

any straine

ﬁe"STﬁAIﬁ:VARIATIONsINFEUENCED BY Txmr'

| ’The"dehydrogenase activity of R; trifoiii’224 tested at
‘dfour intervals over a period of one year, is recorded in
 ‘Table 29 The values reported 1n this table show a marked

7; variabi1ity in substrate activation Within thls one strain
”{Hat dlfferent}tlmes. This varlablllty'lsynot limited to any
V“Oﬁengroupﬁof substrates,}but is found ecually among"the;;

ffcarbohydrates; alcohols,‘and organicﬂacids.

Among the»earbohydrates”the dehydmogenation of mannose

7Q*and fructose remains fairly constant. ~That'of gaiactose,

'*fjhowever, shows extreme variation, the Resplratory Coefflcient:

”"increaslng from a value of 3 to a value of 56 Among'the

fﬂkpentoses the dehydrogenase activity upon xylose decreases from

,aﬁa value of 133 to a value of 14. Among the other carbohydrates R

Qf,a1391there is a considerable fluctuatlon in‘dehydr°8°nase

d3tvalues, a fluctuation ‘which appears to be characterlstie of

g each individual carbohydrate and does not appear to show anY

w‘definite tendency towards 1ncreased or decreased dehydrogenase'

~_{,aotdyity‘on the~part of thefculture in general,



s

A similar variation 1n dehydrogenase act1v1ty is found
kwhen the alcohols are used as substrates.~ 1t is~noticeable’
fthat in the case of mannitol, values of 84 or 17 may be

k"obtained for the Respiratory Goefficient depending upon the

"/‘time of testing, and 1n the case of glycerol it is evident

that a completely negative or very strongly positive test may

j~be obtained.

’ _Wi%h,tne~erganic~ecidsethiSlfluetuatiqn~isnequaliy;
5pfon0unced.)fWith the five strains of R, trifolii.reported
'” in Table l,'sodium succinate was found to be the- only organic,
fﬂacid attacked by all strains. However, the significance of ‘
';such a flndlng may be. questioned when it can be shown that with
aeone of these strains ,the sodium succinate value may vary from

¢Q5,t0184,_dependingeupon;whenithe;test;is'qarrie& out,,

ThiS'flnétuetion,in’dehydrogenéee7aétivity upon the
"k carbohydrates, alcohols, and organic acids is shown graphically

'.in Figure 2.'ﬁ



P DISCUSSION

The determination of dehydrogenase activity depends
«ifupon the rate Of reduction of methylene blue. Measurement:
rfof this reduction may be carried out by visual apprexima-

tions, usrng known concentrations of methylene blueo Tam ‘

E;nfand Wilson (3) in their studies on the dehydrogenase syetems

;3of R. trifolii and Ro leguminosarum, employed a modified
( \*Thunberg method in which the Evelyn electric photometer and
“:specially designed Thunberg tubes were used. This~method was

cjfound to give more accurate and conSistent results than the

i visual method gives.' The values reported in the present paper‘

;Vﬁkhave been obtelned by measuring the time required fer complete

; ‘:decolorization of the methylene blue. All values were then

f‘converted to percentage of glucose reduction time and expressed

ffes‘respiratOry'coefficients@*’Since the,results of Tam and

Wilson (3) have also been reported as‘respiratory‘coeffioients, .

'k”fcalculated&from the slopes of the,lines:as determined photo-

flfmetrically, the Values obtained by these two methods should be

‘“chomparable."

Investigation of the dehydrogenase enzymes of the

\ﬁtRhizobia is complicated by the occurrence of endogenous
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respiration, as shown by the ability of "resting cell"

fﬁlsusPensions to reduce methylene blue in the absence of sub- «f

i'ﬂ“strata. Thls endogenous respiration was attributed by

f'Wilson (5) to the elaboration and retention of gummy material

w‘,fwhich may then serve as a substrate for methylene blue

'f‘reduction. The cultures employed in the present investigatien,f
73 after prolonged cultivation on yeast extract glucose agar,

V,‘were fonnd to possess a negligible endogenous respiration, and

‘_jsproved unable to reduee methylene blue w1thout substrate in

V“underatwofhours.» It was therefore possible to obtain clear cut
1 positive and negative dehydrogenase tests from which the
Wtzendogenous factor had been eliminated. These results are in

?rstriking disagreement with those reported by Tam and Wilson (3),

7i(who,were unable»threduee,the endogenouskrespiration of their

a@ggtraigs;beloe,a respiratory<coefficient;efd53973;-

Cemparison of the carbohydrate and alcohol dehydrogenations

“”‘reported by Wilson (5) and Tam and Wilson (3) with those~"

,kreported herein reveals a definite lack of correlation. 'The
’i'values ebtained by these investigators are markedly higher and
?gﬁmore uniform than those obtained with the five strains con~-
;sidered in the present report.' It is particularly noticeable

'”fthat xylose, arabinose, rhamnose, laotose, ethylene glycol,~

’"g:erythritol du101tel, inositol and ethyl alcohol, which Were

”';found te be readily attacked by the R. trifolii 202 and 209

‘istrains of Tam and Wilson (3), were attacked only slightly or~

if,”not;at;all by thejfive strainsereported hereine
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'There appears to“beia,further significantkdifference

v=between these- two groups of R, trifolii strains in their

“deehydregenation of organic acids. Those strains studled by

Tam and Wilson (3) were found to activate nearly all organic

'fffacids tested while the Tive strains reported in the present

vwork»were found to attack only sodium succinate .and sodium
fvmalate and'to be completely inactive upon all those reported'

as positive by the other 1nvestigators.,

I

This 1ack of agreement among various investigators of

c the dehydrogenase enzyme systems of the Rhizobia may possibly

';ﬁbe explained by the occurrence of marked strain variation

L.} within this species. It has been shown 1n the present paper

\‘f"that £ive. strains of R, trifolii exhibit sufficiently

i~distinctive dehydregenase activ1t1es to be regarded almost

f Lfas separate species, It has further been shown that the

“'“dthdrogenase activ1ty of any single strain of R, trifOlii 1e

T not a constant physielogical characteristic but is*itself

| subject to extreme fluctuation. Until such time~as the factors

1ﬁ,3which affeect this strain Variation in dehydrogenase enzyme,

'"‘activity have been further clarifled, any attempt et arranging‘t
;eror«classifying the Rhizobia upon their respiratory enzyme

'ﬁcharacter‘Would appear to be of little_valuea
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INTRODUCTION

The function of respiratory enzyme systems in the

7: proceSS of symbiotic nitrogen fixation has been- studied by

‘w(;severalﬂinwestigators, Walker, Anderson and Brown (9)
k*ftemployed the Warburg manometer to study oxygen uptake by

‘?f:7Raeleguminosarum and found that yeast extract greatly

eé;innleted,reepiration; ﬂeal and Walker (6) studied the
fbxygen uptake OfeRo meliloti and R. japonicum in the presence
sbffvarious*carbon‘Sourees.' In both theée‘investigations;

~ growing cultures of the root nodule bacteria were employed.
The study of the mechanism of respiratory enzyme

gfiiact1v1ty among the Rhizobia has been greatly facilitated by :

;the introduction of the “resting cell" technigue. Wilsone(ll)

fﬂﬁreported an extensive investigation of the~factor5‘influencing‘

klfthe preparation of suspen51ons of R trifolii sultable for

:"faerobic and anaerobie respiratory studies. Thorne and Burris

e(8) compared the respiratory enzyme systems of "cultured“ and
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i

kr;,"nodular" rhizobia, and found no significant difference in

;4”7respiratoryfmeohanismof Burris and Wilson (2) reported a |

‘ i i -}
‘,fsurvey of five species and ten strains of the root nodule :

efibacteria.‘ Tam and Wilson (1) studied the dehydrogenase

 f3systems of R trifolii and R. 1egum1nosarum, employing
C;some forty,test~compounds,f The seleetive inhibition of
';fspecifie respiratory enzyme systems of the Rhizobia has
iﬁfbeen studied by Burris and Wilson (2) ‘and by Tam and Wilson

: (7> .

Aside from the work of Thorne and Burris (8) ‘no attempﬁ

“1 has yet been made to study the stability of respiratory

'“enzyme systems of the Rhizobia in responge to changes in

»enV1ronmental and . cultural condition5e

,“The work reported upon herein‘Was undertaken with the

; ‘ﬁobjeet of determining the comparative fespiratory enzyme

~actiV1ty of substrains derived from a soil stock culture

and from a culture carried for a cons1derable period of time

?on 1aboratory mediao .




- EXPERIMENTAL METHODS

’ The organ1sm used in these experiments was Rhizobium
f;trifolli, Wiscon51n strain 224, This culture~had~been 
fimgintaine& continuously upon laboratqry media,fér é'period‘,
:?19f451§v¢gtyears.j~At the‘end of this‘timé‘a duplicate
:f;ﬁfAnsfer héd'been iﬁoculatéd into storile soii and main-
/::tained as a stock culture.~ Both the 0ld 1aboratory culture
iand the new soil stock culture (8 months in soil) were"

iavailable for experlmental stndy.

‘SﬁbstrainS‘were~obtained~by‘plating these ﬁWOVmothérg

ffgplturesgand~picking,isbi&%edAcolQniese,,The subStrainsf”

;g;derivéa‘frdm_thefIaboratory Stfain haVenbéen labelled series

 f£B and G “+those’ freshly isolated from the soil culture have
“iibggnnlabelled series E, Within this. latter series, RT 224 E
'xfﬁeﬁbtes the chlture~ie-isolated from‘the~5011 stock Culture by
;¥ 3 mass submlnoculation, while the remaining stralns of the E 1 
,”}iéeries represent substrains obtained by plating this mother

'gulture,’RT 224;E,

‘Thé culture medium dn whieh R, trlfolil 224 had been'

’ &¢arried continuously was standard yeast water mannitol agar:

”7ﬂ~f4).gﬁ£0rirespiratory'enZYme‘Studlasy however, the special

}[fméﬁiumffaeémmended'bnyilsonr(il)“wdsfemplayed; ' This




~f¢bnsistea'o: the-mineral‘seltefof'Medium 79 (4) enriched
fnith l%hDifCO yeast‘extrect and,Q;l%PglucoSe; and contained"

‘EmgglgE%regar as the solidifying agent,

iReetingwcell suepensions'TOrtresniratory-studiee were

‘?obtalned by growing the organism on the surface of Wilson s

Lhimedium (ll)~1n 1arge Roux flaskss‘*After 48 nhours! 1ncuba-
‘f;;tion at 28 G. the . growth was washed from the surreee of
g_othe ‘agar with M/}O phosphate buffer of pH 7.2, centrifuged at
k52000 T pem.; washed twice, and finally resuspended in

gf'fphosphate buffer, All suspensions were adJusted‘to a cell ,

econcentratlon of 27 by volume, employing the Hopkins vaccine

Etube method (5).

Dehydrogenase activ1ty was determined by the Thunberg
‘e otechnique in tubes containlng 1l csce of resting cell
‘f_:suspen51on, 2 OoCo of phosphate buffer, 1 c.c. of 1: 7~000
‘rmethylene blue, and 1 CoCs of M/eo substrate,w All tubes were
’}evacuated for 2 minutes on a water punp, and dehydrogenase»

‘aet1v1ty measured a5 the time required for complete decolorlza-‘

ﬁstion of the methylene blue0 The tests were carried out at

hf!40° c.‘and at pH 8,0, as recommended by Tam and Wilson (7)

Aerobic oxidative ebility was measured manometrically
'”by the Barcroft apparatus, as descrlbed by Dixon (3). The
“1cups used 4in these experiments contained 1 CoCo ‘of resting

“':celleeuspenS1on, 1 cec. of M/zo substrate, and 1 coc,'of buffer..
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fCarbon dioxide was absorbed by fllter paper soaked in 207
7ﬁKOH held in inset tubes within the cups. All tests were

*carried out at 37° C., and pH 7 2,

The substrates employed in these experiments con31sted

ﬁeof glucose, mannitol and sodium suecinate,

Aerobic respiratory aet1v1ty has been expressed as

?‘,lcubic millimeters of oxygen taken up per milligram of cell

*fdry Weight per hour.~ This value is known asg the QOQ. Cell

“‘sfdry Weightvwas determined by drying 2 c.ce of the suspension

ejet lOOQ C@ and deductinv the welght of the salts present in

 the buffer selution.

' The suitability of- the QO value for use in respiratory

l*studies with the Rhizobia has been questioned by Wilson (11)

;“frwho showed that values of the Q02 1ncreased w1th 1nereased

;:”jconeentration of veast extract in~the growth'mediumef He/

y‘;_assumed these 1ncreased Q02 Values to be due to decreased gum

‘Eﬁformation in the culture and proposed the use of a new

'”?sUandard the q02 value, defined as. the oxygen uptake in

‘focubic millimeters per hour per milligram nitrogen in the eellse‘

szhis metnod of calculation ‘can be valid only if the assumption

i jthat oxygen uptake varles directly wzth tne nitrogen content

“of the cells can be proved. Experiments carried'out upom
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*aféﬁrfeéﬁ snbstreins isolated from the'laboratory‘cnlture

.

f“ffR. trifolll 224 showed definitely that ‘there is con51derable
givariatlon 1n nitrogen content among strains and substrains,'
»éThe nitrogen content of this group of substrains ranged
ryéfron 7.497 to 12 937 Further, oxygen uptake dia not appear
Vnto vary with the nltrogen content of the cells, since those

Va

'5substrains With hlgh nltrogen contents aia not exhibit

: ngreater respiratory activity than those substrains whose‘

'fcell nitrogen value was low. It was also noted thatkgraphing

f\_noxygen,uptakes onfthe basis of nitr0g6n~content led to a
’1omarked1y greater degree of variatlon than when the dry‘”o;‘

- ‘_welght bas1s was used. Forfthese reasons itfwaS~decided to-

'[icalculate all resnlts as Q02 values, based on dry welghtso

 EXPERIMENTAL RESULTS

"‘éhe'aerébie end‘anaefobéo reSpiranory activitieevof the
Q%nbs%naine‘deniVed'from the labonetory‘sﬁnein~and‘from‘ﬁhe'
‘7:fsoil stock culture of R, trifolli 224 are presented in
f‘_hfables 1 and 26 In Table/l are shown the‘comparative Q04

,}values of these two groups of substrains When the. glueose,

,imann;tol,wsodlum-succinate and endogenous oxidative mechanisms




w“ﬁfare considereds In Table 2 the aerobic and anaerobic

f:fr68piratory"éo%fficients7of“the mannitol, succinate and

”ﬂendogenous systems are detailed, All figures reported in

‘“*this latter table have been calculated a8 percentage of
r@ﬁthe glucose respiration, Which is given the value of 100,

‘E}Results so obtained are termed "respiratory coefficients“

- Sub\straini Variationg _
The»valuesfreported in Tables 1 and 2 show clearly
vﬂ;that there is a fundamental difference between the sub--

\Qfstrains isolated from the 1aboratory strain and the sub«~~

‘~ztstrains isolated from the soil stock cultureer Substraing

stfof the B and C series, which have been derived from the‘

}cultured"fstrain,‘are characterized by an extreme fluotue—

(’gftion in resp1ratory activity; substrains of the E series,
_’VWhich have been isolated from the soil culture, are char-
aﬂacterized by a marked uniformity in respiratory activitye,

“5&JThis essential dlfference between the two groups of substrains

‘,;is apparent upon all substrates tested and holds true under

Jboth aerobic and anaerobie conditionSo ,

In Figures 1 and 2 the eharacteristie distinction -

i

44tubetween these two groups of substrains is portrayed

!fgraphlcally.V In Figure 1 the anaerobic respiratory eoefficients
'fof substrains of the E serles are compared to those of the B

| 'and C series, with sodium suocinate as the substrateo Within
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S‘the‘E serieS~these results show a marked uniformity, With
_fvalues renging’from 62 %o 100, Among substrains of the B
jﬁiand C series, on the other hand there is an eztreme “

f;feyariation in,respiratory coefficients,‘and the values are

Qrfound‘to range,betWéén 14 and 118,

This unifOrmity among substrains of the E series and

jvariability among'substrains;of the B and C series is

s{further emphasized by the results illustrated in Figure 26
‘}!In this graph the endogenous Q02 values: of the two groupe
ﬁ:of substrains are shown., Here again, the erShly iSOlated
,h*?substrains show a regular oxygen uptake which varies between
“7120 and 35 cubic millimeters per hour. With the “cultured"
"fgubstrainS» however, the endogenous oxygen uptake fluctuates
ishetween values ofilz and 64fcubic millimeters‘per houro
From the values reported 1n Tables l and 2 and the

;fresults graphed in Figures 1 and 2, it is apparent that

*;oulturing inv 3011 has exerted a profound influence upon the
ti’ithysiology of the organism under studyo Substrains 1solated‘
'ifirom the soil culture exhibit a uniformity in reepiratory
iff’ctiv1ty which is in marked contrast to the variability of

S { o
tﬁthat of substrains derived from a "cultured" straine It

‘:ykwould appear, therefore, that culturing the organism in:
-sterile soil has stabilized the respiratory enzyme mechanisms

;of R trifolii 224,




QfEndegeﬁous,Respiratioﬁ

,;“;;
3

The resulte reported in Tables 1 and 2 show definitely

.fthat there is a fundamental difference between the

"ih}gpdpganpus,reepiretion of freshly=isolated strains and that

] wfef‘eplﬁurea etrains. ‘Ihievdifference;is illustrated in

Cefigﬁresré and 3.

In Figure 2 the endogenous Q0, of these two groups of

lisubstrains is portrayed graphicallyo The endogeneus
ifrespiratlon of" the freshly isolated substrains is markedly
li;unilorm, while that of the cultured substralns is extremely
 kvariable. In SPite of this 1rregu1ar1ty, however, the
5ieverage endogenous oxygen uptake of the cultured snbstrainsw
Ve;(3163 Cu, m.m.),isfoﬁiy very’91ightly greater than that of
Qithe average of the freshly =igolated substrains (25 5 eug‘m.m@).
. ‘};;,';It would appear, therefore, that, although culturing in soil
;fghas stabillzed ~the. aerobic endogenous respiratien, there has
’ gbeen essentially llttle alteratlon in: this respiratory ‘ |

rfmechanlsm.

7?The*anaerobic endogenous respiration of these two groups

}f‘fof substralns is shown in Figure 3s This graph shows clearly
'chat a fundamental differenoe exists between the anaerobie
I;endogenous respiratlon ef the soil substralns and that of the

fcultured substralns. The reslsolated,substrains are
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fcharecterized by a very high rate ofvendogenous neepiration9

-ifwhile that ofAthe ceultured substrains is almost negllgible.

f;Among the fifteen substrains of this latter group, only one

<

lshows a high rate of endogenous respiration~ of the remaining

“{fourteen substrains, eight possess only very slight

' "*endogenous activity ‘and five have no endogenous respiration

”ﬁe;whatevere This Would indicate that culturing ‘the organlsm

?;_upon laboratory mediea has caused the anaerobic endogenous

'irespiration to decrease from a very high value almost to the

W7yanishing polnt. Since dehydrogenase studies on the Rhizobia

‘are condltioned by a 1ow endogenous respiration, the.

%p'*importance of this finding 1s apparento

;fGiucose Oxidatien

The ox1d121ng abwlity upon glucose of these two groupe

t:of substrains is portrayed in Figure 4y Here again, there~1s

f77apparent ar significant difference between the substraine re-

V,tlsolated from soil and those isolated frem the old laboratory
‘"culture. The soil substrains are characterized by & 1ew and

tf“uniform rete of glucose oxldation, while the cultured sub -

!ftfstrains exhibit a greatly increased ‘and markedly irregular~

"“[o:xid,izine .abrilit*y” i

‘5kaannitol Oxidation'

The dehydrogenase activity Of these two groupe of sube=

strains upon mannitol is shown in Figure 5. It is. apparent
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B that there is little difference between the soil strains
"and the cultured strains in regard to their dehydrogenation

5:of this hexahydric alcohol«

;‘The aerobic oxidation of mannitol by these substrains
ftis portrayed in Figure 6o In marked contrast to the similarity
‘11n dehydrogenase activ1ty shown in Figure 5, there is revealed:
;here a very significant difference in the oxidizing abilities

’ f these two groups of substrains. The strains re= 1solated -
7from soil possess a very 1ow and uniform oxidase act1v1ty,
:vwhile the strains isolated from the laboratory culture show a
 greatly increased and markedly 1rregular oxidizing abilitye N

It would seem, therefore, that culturing on laboratory media

‘ ”fhas caused the mannitol ox1dizing mechanism of ‘this organism

‘lto become increased in strength and unstable 1n charactero

x"/

ny,aSuccinate Oxidation

The aerobic and anaerobic respwratory aetivity upon

37,”sod1um suocinate are sraphed in Figures 1 and 7.

In Fivure 1is shown the dehydrogenating activity upon
d';éﬁccinategof these,tWO"series of substrains, The activating
*Efpowerrof~the're~iso1ated substrains is~very high and regular

%;oin character, while that of the laboratory substrains 1s

yr’very erratic in behaviour. Among this lattsr group, values

"ranging from 14 to. 118 have been recordede‘ There is no

aapparent tendency toward stabilization within this group, and .
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fthe extreme fluctuation in dehydrogenase activity can only
1be explalned a8 due to the inherenu varlabillty and

, 1nstab1l1ty 1n resPiratory enzyme character of this

:bacterlal 5pe01esa

= The aerobic‘respiratory,coéfficients,of‘theSQ substrains
'Vwith succinateras the~Substrate are graphed in Figure 79 The
 7h1gh aetiv1ty and stable character of “the succinate oxldase,

3gmechanlsm among the soil substrains areagaln emphasized.

'*FThe cu1tured stralns, on the other hand, are eharacterlzed
Il by an extreme irregularity, the majority possessing only a

';fvery~1imitedf&ctivify‘ubcﬁ<succinate."Cultufing on 1éboratory

Qfmedi& has resulted in-a decrease in the oxidase act1v1ty of

,‘;this culture towards suecinatea

 7Aerdbic‘andfAnéérdbiGVMeéhéhisms

. The aerobic and anaerobic respiratory coefficients of

' H Qurfstraiﬁs sele¢ted~at'random,are‘iﬁdicated"in“Figufe 8
‘u;ﬁThe va1uesjrecorded in this graph show definitely ‘that

;:jéctivatingkability under‘aerobic and anaerobic conditions

'f;does not maintain a constant relatlonship.“ln the~oxidation~
‘;of mannltol by strain RT 224 E the anaeroblc activ1ty is

$fapprecl&bly greater than the aeroblc, While in the oxidation

‘7of Stuccinate the reverse holds true, In the oxidatlon Of

>€;mann1tol by straln RT 224,'on the other;hand, the,aerobie

“""zaot‘i‘vl’?y is much greatsr than the anaerobic, and this order




- 13 -

is‘again reversed when succinate acts as the substrate. -

?”Wlth the four stralns portrayed in Flgure 8 nearly all pos—

e sible interrelatlonshlps between the aerobic and. anaerobio

J resnlratory actlvities can be demonstrated. This~lackfof
o,definite relatlonship can be. shown 1n the case of the mother
T‘culture,‘straln RT 224 the stabilized 5011 culture, straln
jziiRT 224 E, and any of ‘the substralns isolated from these two
e parent cuitureso All these results indlcate that gerobie
v }7ang anaexoblc reepiraﬁofy;aotivitygareroerriedrout bj

;f;»$§P?rateeand;distinot enzymeﬁsyﬂtemss‘

DISCUSSION

Infstudies on the respira%ory enzyme Systems of bacteria

:7°the assumption ‘hes. ‘beon made that ‘the respiratory activmty of

“ema culture is a constant and stable characterlstic of the

species under 1nvestigat10no The work reported upon hereln,:

l hoWever,;qemonstratee,that there exists a striking,and

fuﬁdamental‘difference between'ﬁhe~resnifatory enzyme systems
“*xof a strain of R trlfolii carrled contlnuously upoxn laboratory
ﬂ'medla and the same straln maintained as a stook culture in

‘ﬁg.sper;le,801lo

It has been shown that substrains 1solated from a

'7 "cultured" strain exhibit marked;1rregularitiesﬁand,variability
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lih theirrrespiratory activities,‘ This substrain #ariation
1i;shows“that theirespiratory enzyme. mechaniSms of'the etrain
“;cultured upon laboratory media have become extremely unstable‘
5i1n character@ A somewhat s1milar 1nstabilnty has been

Z'Qreported by Wilson, Hopkins and Fred (10) in regard to strain’

‘1var1atlon in nitrogen fixation by the Rhizobia. It has

ficiifurther been ShOWn by Almon and Baldwin’(l) that various

‘ﬁicultural tyPes distinct from the typical form of R trlfolii
ﬁfmay be isolated,' It would appear, therefore, that variation

c;fin cultural character and n1trogen-fix1ng ability of Ro

Crftrifolii are’ accompanied by variation in respiratory enzyme

«§~characters as wella

In contrast to the marked instability exhibited by
t feubstrains from a "cultured",strain, the respiratory enzyme
iact1v1ties of substrains from a soil culture have been shown
,tc be'extremely uniform and stable in charactere_ Gulturing
ifin soil Tor an eight-month period has resulted in fundamental
changes 1n ‘respiratory enzyme activity Whlch arse characterized
5iby the development of marked stability in enzymic constitu-

\; tionO‘ The mechanisn by which soil exerts this stabilizing

I jiinfluence has not as yet been determinedo

This demonstration of a respiratory enzyme difference
wfibetween "cultured" strainsg and Ngoil strains ig at_some.

\‘”;variance with the results reported by Thorne and Burris (8)e
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'°f Theée,wofkers investigated the respiratory enzyme mechanisms

M'f;of'“ﬁodular?fand "eultured" strains of Rhizobia and found

Ffthem %o be‘essentially similar, The previous history of
jethelr "cultured“ strains was not descrlbed however, and

N

7v;may have been responsible for the results obtained by themo

Gulturlng upon laboratory medla has resulted in profound

,;;modlflcation of the respiratory enzyme systems of Re trifolliv

‘@2240 Comparednto,that of the‘stablllzed‘s01l strains3 the

“eresplratory actlvity of the culnured strazns is characterlzed

'”by a tremendousTy decreased anaeroblc endogenous respirat10n,~
fa greatly 1ncreased ox1dase act1v1ty upon glucose and
‘*mannitol, and a decreased ox1dase act1v1ty upon succlnateo

IWith the. aeroblc endogenous resplratlon, and the dehydrogenase

‘{55aetiv1ty_upon mannitol and»succinate,hﬁhere has‘oeourreda‘

"ff;itﬁle;iamonstrablefchange;' ; - ;

?

It has generally been assumed that the aerobic and

 oeténaeroBio respiratory aCtivitiee of an'orgaﬁiSm‘upOn any

‘glven substrate are. carrled out through a common enzymic‘

"*,mechanlsm, 1rresnective of whether molecular oxygen or

‘methylene blue functiohs as the finallHydIOgen;AcoeptOre
| Wilson (11),working with R, trifolii, found that the
_relative rate of reduction of methylene blue in the presence

' of a given substrate was generally lower then the rate of
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*fbiidéinnVOf the same substrate, The rank of the substrates,

&

ihoweVer,ras Hydrogen DOnators, showed close agreement under

:aeroblc and anaeroblc condltlonsn The results shown - graphically’

; fin Figure 8 1ndlcate that there is no such close agreenent

‘;among aerbblc:and anaerobic mechanisms with the strains and

 substra1ns studied in the presenu Worh _but rather a

, not1ceable dlssimilarlty in actlvating ability. This lack

.fof agreenent 1s further emphas1zed when the resulus obtalned

‘TQ;rqm‘the various enzymlc systems investlgated are compared,
 €¥With'the’endogenous reéniration'it has been shown that |

1 ;}culuuring upon 1aboratory media causes almost complete
’v: disappearance of the anaerobic redu01ngkact1v1ty, whlle the
lifaeroblc aet1v1ty has not bsen altered. Wlth the mannltol
'}fand succinate resP1ratory mecﬁanisms, culturlng On laboratoryz
€ fmed1a has«caused an 1ncreased~oxiﬂat1ve abillty upon mann;tol'
‘5 yand a decreased éetiv1ty upon succ1nate, while in neither case

“1has the dehydrogenatlng mechanlsm been altered. THesé

‘results 1ndlcate that aeroblc and anaeroblc oxidatlon of any

ﬁﬁ;glven substrate by an organlsm proceed through dlfferent

1 ¢enzym1c mechanisms, or. that at any rate, these mechanlsms

‘iare 1ndependently varlable.;

The results reported herela furnish deflnlte ev1dence

,that the resPlratory enzyme character of the Rhlzobla 1s
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~‘ex£remely unstable and is markedly influenced by environmental

factors. It ﬁaﬁ be.assu_meds therefore, that thg respiratory

activity exhibited by a bacterial culture gt any giveun time

is thevresultant of’the influences of the envir@nmental and
 U¢ultura1 conditions to which the‘organisﬁ has previously

been exposed,
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SUMMARY

‘Thé'aerobic and ahaerobic'reSPiratory activity‘of

3€‘¥fstra1ns isolated from 8. 8011 eulture and from a laboratory

:culture of R. trlfolil 224 have been comparedol These
'7;stra1ns and substralns have been studled upon thelr
lyendogenous, glucose, mannitol, and sodium succinate

‘fresplratory mechanlsmsu

It has been shown that substrains isolated‘from the
]laboraﬁbry Culture‘exhibit an‘extreﬁe variebility in

aresplratory act1v1ty upon all substrates tested. Substraihs

'Qflsolated from the soil culture, on-the other hand, show a.

"marked uniformity in resplratory actvv1ty. Culturing in
¢Vsoil has therefore been shown to stabllize ths resplratory

l;enzyme systems of R trlfolii 224@

Gulturing‘on”laboratory,media has been provedkto~modify

,‘ﬁhe resﬁiratbry enzyne nechanisms of this strain., The

’~xfanaeroblc endogenous reSplratlon has been. decreased from &

‘*very high value almost to the vanlshing p01nt oxidase

iﬂ?factlvlty toward glucose and: mannitol has been increased,l

-that toward succlnate has been decreased, Aeroblc endogenous

Vlﬁrespiratlon and dehydrogenase aetivity unon mannitol and

’gcginate have remained unchangeds




~

It has been shown that aserobic énd anaerobic

regpliration-upon any substrate are either carried out by

separate enzyme systems or are independently variable,
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INTRODUCT ION

"~ The gnoﬁth,'physielogy ané nitrogen-fixing ability of
 the root nodule‘bacterig'have been extensively studiedAsincé‘
i'1';,‘1191'.75:;,i;sm:l_at‘ion in 1886 by Helliegel and Willfarth.é Colonises

yvvdf these'species péssess 8 characteristie transparent, watery
ﬁtype of growth ‘which is attrlbuted to the elaboration of -

ykgummy material of a polysaccharlde nature. Whlle;these |

:@¥qgggnlsms hgve‘been shown to;utllize ca:bohydréte from their.
«éﬁoﬁfh medium forgthe synthesisfof,cellular polysaccharide
yﬁhe'ehénges ccduring within the~medium‘itself.have reéeived'
'scant attentiono' - | ’

| A Durlng studies upon the respiratory enzymes of

Rhizobium trifolii ias reported.previously (4), it was

,querved that zones of;dlearing andrprecipiﬁation’éppéared

in the medium around the colonies. These zones appeéred to

“be somewhafianalogous'to*thé Liesegang phenomenon. No

‘previouS‘referénce to such growth characters has been repérted o

] with the Rhizobia, although vaen,Smiley, and Sherman (7)

’reported the formation of cleared zones around eolonies of
S#rep. salivarius in 4 carbonate medium, . |

” The work reported upon herein consists of a descrlption
‘1of this zonlng phenomenon and an investigation 1nto the

various factors whieh‘debermlne‘its occurrence.
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EXPERIMENTAL METHODS

TheisPecies’employedimoeﬁ eitensively in the tests -
*:eported”hefein was:Rhizebium trifolii,’Wisconsin strain 224,
\i In‘S?ﬁdies‘ontthe distfibution of the zoning phenomenon among

‘,Etreins and species of the Rhizobia a further grouplefl
'eiwiscopsin étrains was empldyed* RT22B, RT205, RT226, RT227,
‘RTZBO RT231; All other species have been isolated and
identified at the University of British Columbia and have been
"qheckeq,by cress—inoculation experiments. |
| The medium empleyed was that-recommended by Wilson‘(8)
i&:and consists of the mineral salts of M.79(3), with the addition
,:;of 1,0% Difeo yeast extract, O,lﬁ-glucose, OoB% calcium cap--.
v‘Jbonate,'agd 195% agar. This medium ﬁaS»prépered and sterilized

1in‘flasksecontaining afpgoximately 200 ec.eQuantitiesae&nd

*plates poured in eppropriate dilutions, Before pouring, the:

' "agar was cooled nearly to the solidifying point and was

’ sw1rled vigorously in order that the insoluble caleium
carbonate might be suspended unifermly throughout the mediuma
'iiit was noted that plates prepared in this manner jelled
kguickly;and retained the calcium carbonate uniformly suspended
’i in the medium. All plates were incubated at BOOG. - The zones-
;”yef:complete clearingfeppeared within three days and reached
“a maximum at about seven days' the zones of deposition
ifappeared at about ten days and reached a ‘maximun at ten to

i fifteen days.'
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EXPERIMENTAL RESULTS

v;,A, Description of Zoning Phenomeua‘

‘The zones or'areaS'of~complete clearing and of

-

: deposition whlch appeared when Rhizobium trifolii. 224 was

plated upon Wilson's Agar by the technique already described

 are. shown in plates 1 to 6.

In Plate 1 the relationshlp of colonial type to clearing

. of the medium is emphasized.~ Thisfphotograph was  btaken with

the source of ‘1ight thrown against the .surface of the mediume

f  The small colonles with irregular shapesy seen toward the
‘  top, centre and left of the plate, are surrounded by circular

‘dark zones of complete clearlng. These are subsurface

colonieS¢ The flat spreading colonles with the dark centres

and White,edges,~seen~toward the‘lower‘centre of the,plateff

‘fiare,surface,colonies and -apparently do not ezhibit clearing
of the medlum. Whennthe surface growth is scraped away,

f ;however, the medium dlrectly beneath mhe colony is seen to

have been cleared, ThlS plate was photographed at six days

o prior to the appearance of the secondary zones of depositlon.

' A,third colonial type illustrated on Plates 2 and 3 appears

as‘asrery thin, spreading, feethery'or veil=like subsurface

: ~colony, which developed in large numbers upon nearly every

plate. This appeared to be a dissociated form which is,

however,‘similar to the.more normal tjpes,in zone development.

‘ The photogreph a8 presented,in‘Plete 2~and all subseguent

 ones has been taken with the source of light behind the plate

‘;ana'shining through the medium. This emphasizes the develop-

v
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4 ment,of ring formation about the colonies, rather than the

colonies themselves.

Plates‘Z and’B‘shOWVGlearly the inner zomnes of.

‘complete‘clearing and the outer zones,offdeposition or

"darkening in the medium around the coloﬂies. This effect is;

particularly noticeable in the areas between colonies grow1ng
fairly/close together. It is ov1dent that surrounding the

colonies there is a 01rcu1ar region in Whlch the opaqus

;;medium has been complotely cleared, the area in most cases

appeéaring dark on tho photographs.‘ Beyond this dark ZOne.

‘there oceurs axring in whieh the opague medium remains
f‘untouchod.' Outside this normal area, again, there oocurs‘
,a tertiary‘zone' or région of deposition in which the

“~OP&GltY of the mediunm has been very . noticeably intensified., -

With some colonies, towards the lower part of the plates din

‘each case; the primary zones of complete clearlng appear
1light and‘the colonies ap’pear’darko W@his~irregularity is:
due to,the‘inherent difficulty of photOgraphing‘these

- shadowy effects.’

Plate 4 showe very clearly the ring formation which

develoPS around 1soleted colonles. In the examples shown

here the width of the varlous zones 1is well illustrated.

" In Plates 5 and 6 unusual arrangements of these

zones are shown. In Plate 5 a very,marked darkening of the
v medium is apparent in-the region surrounding a group of
,ooloniee. The colonies themselves appear white, as do the

~e"closely‘associated zones of complete,clearing, - The deposition
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; dWhich occure is quite pronouﬁced and takes place over a ﬁiaé
ﬂarea at some distance from the colonies. In ?late 6 a further
erample of this heavy deposltion‘is shown. Growth has
oecurred ih;a complete cirele which is surrounded by a very

{_wide*area of deposition. A further area of -precipitation

'7_ then occurs in the medium enclosed by thisg ring of growthw

The examples shown in Plates 1 to 6 illustrate'in
every case the zoning phenomena whlch develop when the
;laboratory strain of Rhizobium trifolii 224 is plated upon:
;Wilson s Agar. When,'however, strains of this culture which
have b;en freshly 1solated from soil .are employed there is
no effectvwhatever upon the medium. The organlsm develops as
small, transparent colonles ‘which resemble drops of Water,
and the medlum remains untouched. The transparency of these
.eolonles and‘the opacitylof~the medium made it imposgible to
‘eeeure‘a photograph whieh would illustrate'thisenormal type
of_growthe However, the~normal appeérance‘of this mediuﬁ,
Veven'invthe:preSence of noh-zoning strains, is well illus-
;trated in the unchanged portions of Plates 1 and® 4.*

It 1s apparent from the photographs presented that the
" type of growth developlng on these plates is not typical of
Rnizobium trifolii. The strain employed Rhizobium trifolit
224 had been cultured for over eleven years upon Laboratory
tmedia and haad 1n additlon been earrled for six months on
Wilson?s 8), medium which as already noted wasg employed”in
 these studies. This strain on the usual yeast water mamnitol .

~.agar (M.79), poseibly as a result of prolonged laboratory
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}eeeltivation'produced'e dry, coarse and wfinkled type of

i éroﬁtp which'WOﬁld indicatefa piofound change in the carbo-
nydrate assimilatory process. The influence, which

culturlng upon 1aboratory media exerts upon resplratory

- ‘enzyme character, ha's already been reported (5).

 B. FACTORS INFLUENCING ZoNE DEVELOPMENT .
. ‘Since preiiminary studies‘indiceﬁe that develepment;

: ef ﬁhe zoning pﬁehomenon is associated Wfth the presenceF
'7/oflcalcium“earbonete, glucose:and yeast extract in the |
medium,aanvextensive inveseiéetionbof thelverieus faeterslr

eeentribubihg ﬁo the produceion of these*phenomena Wa‘e-1

‘Jundertaken., The 1nfluence of various carbohydrates, nltrogen

fseurces, carbonates,’and trace elements, as well as the

_distribution of thls‘phenomenon among species and strains of
‘7'the’Rhizobia‘arefreported hereing |

1. Relative Number of Colonles
SR

’, It has been ebserved that with relatlvely few eolonies
on a plate the zoning phenomensa develoPGd completely and ring
fermation was clear, distinct and extensive. However, as

fthe number of colonies per plate inereased the size of the
‘zones eorrespondingly diminished until in very crowded
: eplates the effect had~ entirely disappeared and the ind1v1dual
 colonies were dlstinetly small.
‘ Since these results may suggest the elaboration of
/;inhibitory substances under crowded conditions it was declded
to test the propertles‘of filtrates of this organism‘ A

“flask of the usual medium was prepared without'agarg inoculated
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. with Rh. trifolii 224, and incubated for ten days at 30° C.
“The eulture was then passed through a Seltz filter and a
cleer sterile filtrate obtained. Due to,the posslbility
fthet an ecid lnhibitory substance might be nedtralrzed by
the excess caleium oarbonate, duplloate filtrates were
ffprepared from.cultures in the basie ligquid medium with and
" without added carbonate, These‘filtrates alone and im
essooiation with growing'oultures were teeted to determine
“tﬁeir influence,’if any, upoﬁ the cleering phenomenon.‘ No
effect was observed with these 'filtretes,
5 ‘No explanetien for the iﬁhibition~of zoning on
i“kdensely seeded plates is offered etvthis time., If clearing
pheﬁoﬁen& are depehdent upoﬁ theyformationdof eoiddfrom the
,gluoose iﬁ the mediﬁm itaseems;reasonable to. expect thet“
-ﬁore eoid and‘oonSeQuently more olearing would be produoed:
ih a heavily-seeded than in a lightly-seeded plate.

‘Experiments in which brom thymol blue indicator was added

7;to the medium 10 determine the relationshlp of zone formation

o to acid production gave inconolusivedresults. R

‘ 2;; Caleium Carbonate and Other>Selts;
‘since preliminary experiments had demonstrated that
‘the zoning phenomenon wasg associated with three constituents
' of the medium —‘calclum earbonate, glucose and yeast extract
‘it appeared advisable to test the effect of various calcium
“carbonates and- ether related salts, Medie,were prepared

Lfeon51sting ot mineral salts, agar, glucose‘and'yeast:extract

7lin the usual proportions and to this basie medium were added
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37003% concentrations 6f the following salts:
" Calcium carbonate {six samples), calcium sulfate, ‘tri

'“JéaICic'phOSPhgte,fand magnesium’cérbonate.

 With these media poured plates were prepared in suitable

@ilutions.

The data reported in Table 1 indicates that the
primary zone of ¢emplete clearing develops in the presence

‘Fvof all the various,célcium carbonates tested. The secondary

zone of deposition, however, occurs only when one particular

- earbonate is used.

 DABLE 1.

Influence of Various Carbonates and
‘Related Salts upon the Zoning Phenomenon..

Salt‘Addéd ‘ ““ Growtﬁ Charactéristics5
Cg003 f control o ;Both clea;;ng’and;depesition 
GQQQBH' SPecia%' ' Growtﬁ,»eleafing;vno de§o$1£ion
(Low in Alkalis) ; E S _
Cécoa,u (4 Sampiés)' - Ciééring;“no,depoéiﬁion
CasS0y - o ) No‘érswth
GA3(PO4)2 5 iNorﬁal grow£h,vno clearing

”Mg063: | -:4 S Growth; very élight'ciearing
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This wouldbindicate that the zone of primafy
lgclaarihg is a general'phenomanon‘caused by aecid production,
fl,while the sac?ndary;zone of deposition is a specific.
:‘phenomenoﬂ deéendent upon the presence of some impufity‘of
‘Vgroup of impurities oecuring in the partlcular sample of
'calcium carbonate origlnally employed. The result presented
Trin Table l suggest that the primary elearlng is pOSSIblY
Qimore linked with the carbonate radical than with the
'"fcalciumylon, since some slight clearlng developed in tha
| présence‘efimagnesium carbonate but not in the presence‘of
icaléium phosphate;~

3, Effect of Trace Elemants upon ZeningQ

; In view of thé reaults reeorded'in Tablé 1 it was

ﬁiideclded to determine the ‘effect of various trace elements
;upon the development of the‘prima:y and secop@ary ZOnes.
‘lAccprdingl& the:usual,basic agar was preparea; céhtaining :
0.3% 'of o caleium carbonate which dia{* not stimulate the
*;fofﬁatibn of secondary Zones, To‘loo acijquantities.ofithis

aamedium’salas of farious alements'were~addéd to a¥ééﬁ6entfation
;tbflSO'mgm. per 100 ae;' These media were then plated in

. suitable dilut\ionawith Rh. trifolii 224, '

‘}The’exﬁerimenﬂalrreéul£s recorded‘in Table 2 show
“that small~amountskof‘qertain ﬁrace elements axertfa marked
liinfluence upan thé clearing phenOmenan. The addition of

”}jcaleiumichloride for instanaé, resulted in a marked’increase»

"jin the size of élea:ed areas, while zine acetate entirely
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iupreventedftheir appéarance."Bétween'these two extremes
aluminum nitrate, boric acid and lithium chloride are observed
: {tO'exercise<hq infiuence, while ammoniuﬁ sulphate; barium

chloride and manganese sulphate markedly depressed the degree

wof cléaring
TABLE 2

Effect of Trace Elements Upon Clearing
‘Phenomenon - Rh, trifolii 224.

Salt

sdded. e Growth Characteristics
'~AC(N63)3 ‘ (' 1 ‘Primary clearing, no deposition
,(NH4)2 S0, : Primary clearing markedly depressed
: BaCLzA o “ Primary clearing slightly depressed
;33303  5:“ = Very‘little effect upon'clearing,-
1Ca012 , Clearing zomes very greatly extended
o No deposition. Medium granular
‘GuS04 : : Normal clearing. ‘Colonies have very
noticezble dark, cgpper—colored centres.
'36804, , Restricted clearing. Only surface colonies.
“PbAco , . Normal clearing. The colonies are distinctly
: , ‘ dark, denoting sulfide formation.
Licl Normal clearing
: MnSOA' o . Very restricted clearing

Znhes ~ No clearing at all
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Trace elemenfs were aléokfouhd to exert an
7= influenée'uP§n fgctors other‘than"the_cléaring phenomeﬁon;

i When~copper58plphate‘was added to the medium normal
 ?i¢learing develOPed but the colonies posSasSedfdark~éolored

‘ cégt§és.,‘This<would indicate that the organismskpogsessed
m;the ability iq fix c¢copper or céppéroprotein complexes

"Withiﬁktheir*colonies. When'ferrous sulﬁhate Waé,emplayed
o in the‘growth'medium:a~reducing pbtentiai waé sét'up‘and tﬁe
,;,coléniesfﬁére able fQ develop only on the surface of the
 }medium; This;obSQrvation is tn aécord with tﬁe published
;fesﬁlts 6f Allyn and Baldwin (l,z)yrélative‘to the influence
\ 6f oxidation,~;rgdudtionnpotentials on the growth of
 Rhizobia,A When lead acéta£e was ineorporated in‘thé medium
hdrmal cieafing occurréd‘buﬁ the éolonies were vefy noticeably
'Mdarkened;‘dén0£iﬁg;sulfidé fOrmatioh. ‘Interéétingly, however,
 this‘darkening 0f~the‘colbni§s took place only.on 1ightly=-
-seedeq'piates;~when heaviiyfseeded piates‘were examined,the
l  001onies were,of normal appeéranee,‘ There would, therefofe,
;t appear tq be akciose«:elationship between sulfidé fofmation

and the,acid clearing phenomenon.

4, Influsnce of Carbohydrates wpon Zoning.
‘Sihce preliminary éxﬁeriments indicated thét,no
zdne,fbrmatipn of any sort developed in the,absence of
  g1ucosé it appeared desirable to test the efféct of #arious‘k
“'§thér Carbohjdrates‘sourCes in the,growth mediumov Mineral
'   §a1£s agar was tﬁerefore pre?afed as befoie, ahd to‘this

Y
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basic medium various carbohydrates were added in Ool%"
eoncentration, Poured plates were then prepared~in euitable
dilutions. . | |
| | Reference to the experimental data as presented
j'in fableTB‘disclcses that different earbohydrate'sources
exert ‘a marked influence upon. the c¢learing phenomenon.
With the majorlty of thesge carbohydrates clearing,develope
. to an extent comparable’to,thatpwhen\glueose is employed
‘es the enezgy souréec"Thismis especially noticeable with
':“thepmonOSaecharides, although with galactose the clearing
:is less extensive. - 0f the pentoses, ‘arabinoese ierobserved
bo produce eomplete clearlng, while that induced by xylose
~is‘very uncomplete and restricted. This~result is the
| exact reverse of the dehydrogenatlon reaetions, as reported
‘ by Morgan, Laird and Eagles (4), who found that xyloee~wés
‘dehydrogenated'rapidly while arabinose was not attackead gp'
all{ _The disaccharides‘except»iacto%epaﬁd melibiose appear
to be qulte effectlve' lactose induees incomplete and

restrlcted clearing while no zone formation occurs w1th

mellblosee
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 TABLE - 3
Effect ofyvéfidﬁs Carbbhydrate Soﬁrees>up0ﬁ
’ Glearipg Phenomanon,Rhg;trifolii 224,
Carbon Sourée k, R Growﬁh Qharaéteristics,
_ Glucose L I ﬁ Véry‘complete zone formatibn¢~
~ Mannose - 2. Very gobd‘zoning.
éalactose o -3, Good to fair clearing;
fFructose; , : 4, Very gqu clearing
:Arabinose‘ ‘ 5. Very good clearing.
Xylése' o 6o -~ Clearing fair.
Rhamnose Te Very_goodlclearing}
- Methyl glueoéi@e‘ -8.k Nb élearing;
Suérose“ o 9, 5 Ver& good cleafing.
Cellobiose j‘ ' lde ) GQOdvtokfair clearing,
Lactose "‘ll; ‘ ‘Gléaring fair to poor.
’Maltoéé o 124 "Véry good'c1éaring.
Trébaiose~k 13+  Clearing fairly good.
Melibiose . 14. ° TNo clearing.
Raffinose , 15, . No clearing.
Melizitose 16, ‘Clearing dOubtful,-slight trace.
Dextrin 17,  Clearing only fair. - |
Starch'~;.” ) 181 Glearing goodo |
Saliecin ‘ 19; A, Very good clearing.
s G’lyce‘r‘o’l | 20, No clearing.
Erythritol " 21,  No clearing.
 Adonitol k  ' 22, No clearing.
’Duicitol | 23 No clearing, ’
'Mannitdl 24, Very‘gOQd clearing.
Sorbitol 25, Fairly good clearing.
Sod. Succinaté 26, No cleariné, ’
i vSod5 ma1até 27 ‘No clearing.
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A comparison of the results presented in Table 3
. with those on dehydrogenase act1v1ty, uging the same strain of

‘ Rhizobia and the same carbohydrates (4) reveals the interesting

»
2

‘t,faot that there is 1ittle oorrelation between'thesevtwo
tfprocesses. It is particularly notleeable that there is no
“;zone formation when organic acids such as succinic and malic
yi are incorporated in the medium, although these acide7are‘qnite

,f=read11y dehydrogenateda

5@, Influence of Nitrogen Source upon Zoningo

ri;k ince preliminary experiments indicated that zone

‘ 1iformation and deposition are associated in part With the

'ﬂyeast extract contained in the medium it was ‘decided to test

“the influence of various other nltrogen sourees in this regard,

"fAeeordingly mineral salte:agar~wae prepared as usual and 100%

”‘fconcentratiens of various nltrogen gources added. The

ilcalclum carbonate employed was'the one_whlch normally develops
*tkareas of eemplete clearing butvnot areas of’depoeition.
The data recorded in Table 4 shows theat the
f?:nitrogen sQuree present invthe mediunm exerts.a profound
influenee;unon the‘development of bah cleared zonesfand'regions
offdepositiong~‘The'most'important result to be observed in
“f‘this eonneetion is the development of areas of deposition in
- addition te clear areas when either beef extract or alemine
/were employed as nitrogen”sourees. Since the yeast extract
ffWeontrol-ehowed'only,areae'of primary clearing the meehanism‘

. of the formation of these secondary zones is still obscure.
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PABLE - 4.

Influence of Various Nitrogen Sources upon - .
Clearing and Zoning Phenomena Rh., trifolii 224,

&

Nitrogéﬁ'éburce ; | Giéwth Characteristics.

Edéétin " ‘ ‘ Growth‘fair, clearing hézy and-

, ' ‘ incomplete. e ;
Bacto beef ' Growth‘gOOd, only Slighﬁ ciearing
‘Gelétine : ; Good growth, extensive élearing‘ |
'Sod.‘caseinéte* .  Good growth with clearing

:Proteose peptone - Clearing good, growth good.
Peptqné_Difcof B “Good growth and cléaring
Péptdna'4'Witte' ~ fPfimary‘clearing, gOod‘growih
Tryptone : o ;‘Growth gQQd, priméryvclearing’
Yeast exﬁraet - Difco - Extremely good growth and clearing’
"Yeast eitract - Difeo “ Good growth, aimost entirely on the

(pantothenic acid fr@eY ‘surface, incomplete clearing.

feast extra§t -orla " Very gOod,gerth; clearing_not\
Jensen. : extensive
Yéast waﬁeru A ; Very good growth;fclearing extensive
,'Beef‘éxpract S ‘"CIéarihg'With’areas,of dépdsition
VTerSiné . Weo grbwﬁh, no clearingiif‘
§ Aspafaginé . | ';' Eair growth; gbad cleafihg 
' Alamine ; | inéo& grOWth,'Wiﬁh,cleariﬁg and

possibly deposition
‘*‘Glycine‘ ; ' = :  Very good growth, good ¢learing

Urea Growth fair, no clearing at all
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‘With the various nitrogen sburces emﬁloyed growth‘
 o¢qurred in all caées, excepﬁ'with tyrqsiné, glycine and
edestiﬁ. It;ié-to be 6bsérved'aléo~that primary cléaringiwég
" obtained with §1mostkeyery‘nitrogen gouige employeds, Excéptions
g are,OSServed:with’Bactc Beef énd Oria;JenSen’s yeast extract,
where growth was good but:clearing'very rest;iétedg with
E péﬁtéthenic a@id«free‘yeast'extract, where growth wés almOSt

entirely on the surface and clearing incomplete; and with

’

A“f urea, Where‘growth‘was fairly good but clearing was entirely

absent.

6o Distribution of Zoning'Phenomenon;'

‘v In view of‘the clearing/and,zoning'phenomena ﬁith Rho
brifolii 224; it was decided to determine the extent‘tq,which‘
:iﬁhesé ehanges ocecur with»othéf species and straias of - |
Rhizobiab.’Acéordingly; a group of cultures, representative
'lof'stnins of Rh. trifolii, Rh. meliloti, Rh. phasecli, -
HRh.rlupini,'Rh. leguminosarﬁm, and thé lotus and cbropea
;‘ organismsi were plated in éuitablé”dilutiéns ﬁpon‘the usﬁél
"’medium.' B ‘ |

The data as presented in Table 5 indicates that the
ability to cause clearing df,thé msdium is quite widely
disﬁributed among the\varioﬁs SPecies of Rhizobia. This
phenonenon Qas‘found‘to ¢¢¢ur with all strains of Rh. trifolii
tesﬁéd, but with varyingfdegrées of completeness.i,It wag also
'f‘observed to'a‘marked degree ﬁith”cultures \of"tﬁe'lotus:énd;
'icoropeé‘sﬁrains.. Among Strains of Rh. 1eguminosarum;’Rh,

. lupini and Rh. phaseoli clearing was apparent, dbut to a very
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limited extent. With Rh. meliloti, however, no clearing was
&‘>’Qbéefvsd;with'any of the five Stréins tested.
TABLE 5

Distribution of Clearing Phenomenon Among
Strains and Species of Rhizobia. '

;Speeles,or~8train : . Growth Characterlstics.

; “&. £r1foliik224; o “Light growth very pronouncgd clearing, j
55?R.T.,227 ; o ‘Medium growth oompleﬁe clearing.,

T*qR.T. 230 T Light growth, complete clearlngo

“ﬂ?B.T. 231 o o ‘Light growth, eomplete clearing.‘

‘R.T..205\'.,. " T Heavy guumy growth, only partial
: : T ‘ ~ : clearing,

\” %fR>T ‘22§,; “ , ' ¥ lLight gronh clearing not extensive.

f"€i RkT.,46fi;‘/‘-k"~   ~ Growth light, clearing extensive.

| ii‘R.T, 2?B, ‘; - | ‘ Growth medlum, élééring;extensive;\
iL~R,T.‘39+1Lj/“ S Growth light, cdmpiete cleérihg«
,; g'T, 39~2[ g T e f  Growth light, complete clearing.

;~1Rh.'mellloti 39-1 : GuﬁmyfgrQWth, some traces of clearing.
“ R.jmel. 40-1 : S Gummy’grbwth ‘no'clearlng.

 ~KR. mel.ﬁ40-2} o V'\"VGummy growth no clearlngo

k‘f; ﬁQ¥mél;‘4i;2 I  ’Gummy growth no“C1éariﬁg.

}i R,Jmel. 42-1 ;‘,t, Gunmmy growth, no clearingy
f;fR.’pﬁéséoli 42—11  f Gummy growth,,slight,tréﬁeébfﬂplearingk

«f?LR._lurini:39él "‘ o ~?Light,jWa#ery growth, some clearinge
R, lupini #2-2 " Medium grewth, incomplete clearing.

'3 3;‘leguminosarum 41 1 Very;gummy,grawth; paftiailclearing.

R lagumin. e '~ Very gummy growth, some trace of
. . : ; e : clearing.

"VRa;lotuB 42~2' L  Medium grOWth, very complete clearingf

57 R,fc¢f9péa“42-l:' o Very gummy growth, complete clearing. -
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DISCUSSION.

- From- the photographs presented (Plates l to 6 incl)

{*itrieoapparep%,that the colonial characteristics of Rh.

yiitrif011i~upon,this mediumeare extreme;y atypicai and
eeeuggeEtive,of,a rougﬁ or dissodiated’form. vItewoulq seem
ﬁithat culturing upon the»partiouler medium employed has caused
ﬁithe production{ofetwo typeé'of'001oniee, one of Which is
 kextremeiv thin and of a veil-like or feathery strﬁctureg
;{ﬁThese colonial types, hoWever, ere not steble*in7character,
etesinee it has been proved to be impossible to obtain fixed
vslsubstrains even by repeatedly plating and selectively

\ picking for colonlal type- over an extended period. It would
ffﬁeppeargthat~some~factor§ probably the high yeast content, has
,;?oaueedythe proéuction of;these atypical colonial,forms, whieh

ﬁfyare/the,result‘of,&{direct etimulation by the medium itself

”y}and are. consequently not of a stable nature. The colonial
ffﬁype;‘moreover, has no effect Whatever upon the development
”’vlfofethe,clearingkphenbmenon,vas is shown,clearly;in;Plates
;éétand‘3w L / , : : :
L »vorhegleok of’eorrel&tiohfbetweeﬁ zoneijrmation and .

'dehydrOgenation‘with various carbohydrates‘indicates that the

}z:”,onfing phenomenon?is “dntimately bound up with the acid
“eyroductlon meehanism of the cell. It WOuld-appear’that there
“g”ex1sts a laok of relatlonship between the proeeeses of aeld ’
";;productlon and respiration and in this respect is somewhat
4ﬁﬁeimllar to that reported for the lactle acid streptococci

;*by,Morgan,‘Eagles and Laird (6). The'repre381on‘of‘zone
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‘formaﬁion'and,therefore acid production upon heavily;seeded

fplates indicates that the mechanism of acid production is

fextremely sensitive to environmental changes. Failure to

’secure active filtrates from cultures implies that the

g iinhibitory effect upon crowded plates is caused by changes in

gthe physical chemical nature of the: medium itself rather than
<£by the elaboration of tox1c chemlcal substancese; ’

| "gFrom the resultsiobtained in the study of the influence
fof various nltrogen sources in the medium upon the clearing

,phenomenon it Would appear that the Rhizobia are able to grow

in the presence of a wide range of nitrogenous compounds,
1:ranging‘from s;mple amino acids up to~complete pro‘beins‘,° Iﬁ
| would appea: too that clea:ing of the medium 1s a phenomenon
oindependent of ﬁhe growth requirementS’of'the organism,

'lf;1Although clearlng does not appear to depend ‘upon the presence

:fof any special type of nltrogenous organic compound arsOurce"

yil:#more complex than urea is‘required; There is evident too,

‘a ecurious lack of consistency in results when various~yeast

if[ preparations are employed as‘the nitrbgenSSOurce.k This may

,indicate that the clearing and. depOSition phenomena are

I jerelated in some way to the accessory factors of the Vitamin E
;B complexo/ e eyflf | |

‘ Theoresults obtained from a study of the various'strains
?mifand speeies of: Rhlzobia show that the clearing and presumably

v'ﬁalso the deposition phenomena are quite widely distributed.

v~}TIt is noticeable, also, that these phenomena are most completely

X e'deVeloped~by the Rh, trifolli\strains,‘which are characterized
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,ifby'light;growth and abSence of gun formation., Thethe‘
,fmelilotl,strains, which‘have a characteristicallyeheavy‘
fsand ZUMmY, growth, do,no£~exhibit thisfclearing-of them

figmedium \Thatrthere is no consistent relationship between

yleligum production'and zone‘formation is shown by the strains

;;of the lotus and coropea organisms. These~cultures

j;ﬂdeveloped an extremely heavy gummy growth and also exhibited
1fmarkedly complete prlmary zones of clearing.

| ‘ The experlmental studles reported herein have
ftdetermlned the influence of many factors upon the zonzng
a;phenomena. HoweVer, the mechanism of prlmary clearing and
\fmore particularly; the zone of depositlon, remains obscure.
ffWhereas the develoPmentvof zones of complete clearing may be
yiattributed to- acid production from the carbohydrate in the
;7med1um with the result1ng dissolutlon of the suspended

“Efcalcium carhonate_the‘formationfof,theerings~of depositionfis'

'f}ﬁmnchhmore'complicatedw This deposition is not a true darkening'

'z-ffof bhe medlum but is rather a greatly increased opacityo It

fclshdemonetrable with,colorless,medla, such as those contalning
*igelatine aémthe nitrogen~scurce."1t has'been?definitely shdwnl
ifthat for depositlon to take place, three factors are necessarys:

§ga fermentable carbohydrate source, a su1table nitrogen source

',f andfcalclum carbonatee It~is important to note,- moreover,

~j{thwt,of a group of‘Six carbonates tested, only one sample
ffpermltted true ring formatlon. This would:indicate the
fnecessity for one or more trace elements or accessory factors

;A“present asilmpurities,adsorbedyon the‘calcium,carbcnatea
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;l?ﬁi? view is~strengthened by'the’results Obtained upon the
}addition of‘varions'tracekelemente to the medium as reported
"rin Table 2. .i¢ is evident that botn»ciearing.And deposition
zare markedly influenced by the presence of small amounte of
“;various salts.‘ The most logical explanation for ‘the formation
;saof the rings of deposition would be the diffusion from the

‘colony of some unidentified substance, probably organic in.

H"ﬁfnature, which is precipitated by the action of calcium ions

and catalysed by the presence of trace elements, This
f_hhypOthesie; however, doeS'not~account férx?he ringfof
i;nnchangedgmedium‘Which intervenes,between thefprimary zone of
icomplete clearing and the outer zone ofdepos1tion°

| Although the phenomenon of clearing and dep031tion‘
Lin the media are interestlng in themselves, there is the

fpossibility that they may be related to the respiratory enzyme

\Acharacter ef the cell. It has been demonstrated - with the

”’astrain employed in these tests, Rh trifolii 224 that very

'extensive zZones of clearing and dep081tion are formed by the

{Qi"cultured" or “laboratory" strain., When, however, this sate

pstraln is freshly re- isolated from soil. it cauges no change
";fwhatever in- the(medium. The coloniesfnow appear'asrtypical
‘{transParent,watery'forms; ‘This“ohsertation_is in accord with

_the previonsfreport of Morgan,‘Laird and Eagles (5) that

~Mlaboratory" strains of Rh, trifolii possess a siguificantly

"ddifferent type of respiration from freshly isolated “soil“

:7§cultures. It Would appear, therefore, that the development of
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these zouning phenomena 1s indicative of a definite

instability in the respiratory enzyme character of the

-

culture which is associated with a fundamental change in

thé carbohydrate mechanism of the eell,
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SUMMARY. =

LR

"Thejdevélopment~of'ring formations sOméwhat

 ~similar to:.the Liesegang phenomenon has been demonstrated
'“with Rhizobium trifolli. This zone formation is,described

T and 1llustrated in a series of plates.'

The influence of various factors upon this zone'

f?:formatlon has been studied, Carbohydrates nitrogen source,
J~carbonates and trace elements are all shown to exert an

" influence,

~ The occurrence of the zoning phenomenon has been

,gxéﬁrveyed‘uéing a,representat;ve group of twenty=two stréins

’*”and specles of - Rhlzobla.

The mechanlsm of zone formatlon is discussed and

‘;;ﬁélate& to‘respiratory actlvity.
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ABSTRACT | o

‘ Methods 1nvolved in the preparation of restlng cell

~su3pensions of ths lactlc acid bacterla suitable for
5dshydrogenase studiesobyktheeThunberg technique have been

ihvestigated.

The\dehydrogenase,scti#ity of fourteen strains of 1actic

acid bacteiia‘upon“sixty~test,oompoﬁnds has been determined.

Varlation in dehydrogenase abllity has been shown . to

ﬁex1st within stralns of Strep. lactls, Strep. cremoris and

yﬁthe Betacoeci, and withln the same straln at different tlmese

It has beeﬁ founa possible to distinguish‘the aerobic

f_pseudo 1act1c acld bacteria from the true lactlc acid strepto~

~ﬂfcocci upon their resPiratory characters.
- The,aerobic pseudo lactie acid bacteris have been shown
_to possess an endogenous resP1ratlon Which is not. exhibited by

the lactlc acid streptociceio




3
i
3
.

-y =

ﬁ ;‘The;féeble‘dehydrogenatiOn of léctose by the lactic
étréptocobci, éhé relationShip<of,isomarié alcﬁholsfto~
d@ﬁYdrégénaseﬁability,‘thefinhibitory‘effectféf amines-and the
”?“ﬁéthyl érbup'upoh déhydfogénaﬁion,_aﬁd‘failure to dehydrogenate
 g§itra£e havé'béén~digcu85§do;,‘  | | k L

,5 3_ ‘:Tﬁé‘fdssibiiiﬁy OfyﬁaSiné a c;aSsifiéatioﬁ{of the~1actic

| acid streptococei upon‘iespiratéry;eﬁzyme chéracter has been

| consideredas




 ‘INTRODUCTION

The first observatlone en the dehydrogenatlng activ1£iee
ﬂof bacterla were recorded by Harden and Zilva (3 in 1915,
;who notlced that washed suspens1ons of Bact, coli acquired the
f;abllity to reduce methylene blue upon the additlon ef various
vilnactlve reagents. The systematlc 1nvestigation of these
fidehydrogenase enzymes was initiated by the introductlon of

f{thefana§r°bi¢,technigue.bygmhunbergi(18)_in~l9205,

‘Théirhﬁﬁbéfg“method’and'nrestiﬁg‘ée11“ technique nave
ffbeen extens1ve1y applled to the study of the resPiratory
J?en;ymeesystems of bacterlau‘ Quastel and Whetham (9) studied
 {€hé39§ﬁiii5rié'éxisting between succinic, fumaric, ene”mal;c" 
féeeids in,the preSence,eff“restiﬁg“ Badt.'eoii,‘and‘rOuﬁd a
i”elese'associatien,betweenfeheﬁicaiVectivity and‘?hysieai

fstructure;of'the'Organism;,'Quéstel and Whetham (10) continued

‘3the1r study by testlng the. dehydrogenase activlty of Bact°
i;coli.upon a,large;number of substrates, 1ncluding fatty acids,v
7dib381¢facid$} hydroxy:aeidg;,pquhydrie,apdemonohydric

‘alcohols.. In a further paper Quastel and Whetham (11) rmeported

t




dehydrogenations by Bact . 0011 in the presence of various~
f‘"carbohydrates and amino acidss Kendall (6) investigated the
?dehydrogenase enzyme. activities of Bact, coli and other

\rg;ajed~baeter1al species,uponfa variety;efasubstratesg

| The dehydrogenase enzymes of the Lactic Acid Strepto-

af@eéei,have'net‘as yet been”extensiveIY~investigated; Farrell

'fﬂfé)‘repofted ﬁpon the resPiraterypmechaaiSm‘ef 22 strains of
;;freptocecei; stfains which'consisfed‘mainiy of pathogenic
itypes but Which also included Strep. lactis and Strep.;fecalis.
,;AKatagiri and Kitahara (5) showed the;preSehce of:lactic'acid

{@ehy@rOgeaaseeamong,several sbedieS'ofelactic acid‘baeteriao

R Tﬁélﬁerk7ie§drtéd‘upbh hereih'was ﬁndertakeﬁ With the
"eﬁjeqfe0£heﬁtaining ﬁore detailed infermation;upon the
w,jdehydregeﬁase~enz&me systems of a larger"number of ‘species
‘-_of 1actle acld bacteria, and of determining Whether or not

;: th1S information might prove valuable in thelr class1ficationo

EXPERINENTAL METHODS
:ffl’ Cultures‘f
Organlsms representatlve of certaln genera of the true
‘Tiaetie‘and‘pseudo:lactlc acid:bacterla*were ‘selected for studyg
1;Tﬂes§finc1ﬁdga: 'Strep, lactis S.A. 30, a typical Strep. lactis

a_;aolaeed*from\cream possessing a caramel flavor (12); Strepe




<-fieCtislA;T.C.'374,‘obtained from the7Nati0nal Type Culture
| Collection at Washington, D.C.; Strep. lactis EMB, 1 (14);

ieiS@rep,\gremoris HP,(18);eStrepo eremoris RW (18);'Strep;

wrooremoris EMBikl95 (lA)f Betacoecus EMB 173 (14); Strep,
ﬁ‘;oitrovorus ALT C. 797 Strep. paraoitrovorus A, T C. 798

1Strep. bOV1S A.T. c. 6058 Tetra. casei A T. c. 391; Tetra.

%liquefaciens SM 5 (13) Baet. coli‘A.T.C. 4157, and Bact.
yﬁeerogenes A, T.cC. 211. | | -

2. Media
i ,f Casein Digest Broth prepared efter the manner of Orla-

'Iensen (l containing Os 57 Total Nitrogen,: and enriehed with _

*l 07 Difco yeast extract 0.5%~K2HP04 andfO.Q% glucose, served

*”es,the basic medium,

Theihigh*peroentege‘of'yeast extreeﬁ is a striking feature
| of this medium. The stimulatory effect of small quantities of
fyeestfextract upon the laetic aeid bacteria was first reported

fkiByVOrla-Jenséh‘(B),”Who iater ShOWed7thetfthis'wasedue\to the

-geupplying of certain acoessory growth factors related to the
17lvitam1n B complexo Wilson (19) in a study of the respiratory
enzymes of the Rhizobie, found that increasing the yeast content
lof the medium from 0 257 to l O% resulted in cell suspensionsx

o Which possessed markedly 1ncreased dehydrogenase actlvity.

':'Above l 07 there was 1o further stimulation. This effect was



éttribﬁtedltQ aest0rin8~uP;Of essential coenzyme factors within

:oa

| the cells.

kgx Preparatlon of Suspensionsi

/ff For the determination of dehydrogenase activity, “reeting

*Zcell":suspen31ons were prepared from young broth culturese ‘:

. After a suitable ineubation period at 309 C, the culture w;s :

i;;centrrfuged at 2,000 r,p.m.,for 30 mlnutee 1n‘flat—bottem 5

‘gleeitrifuge tutee5 the'eﬁpernatant liQuidipeured from thet

fﬁfeedimentechells, and the cells washed by mixlng and then re-'
 centrifuging w1th M/?O phosphate buffer of pH 7 2. After two

l‘twashings with buffer solution the organisms were resuspended

tiin7buffqrfandﬂemP1°Yed'asfﬁresting cells”; -

4. Sbapdardization of Suspensions

t‘Tihfdehydrogenatioﬁereactioﬁs'With,becterial suspensions

&

;lhthe velecityrof‘eridation is prOportional toxthe cencentration

tﬂdfﬁergeiiems“preEeﬁt.' It therefore becomes extremely important

*,to standardize all suspen31ons before useo

. Two methods of standardizetien heVe~been'eﬁpleyed'by

trerioﬁs'workers: (1) the suspension is dried and weighed and

‘fyeeﬁVerted into ﬁilligrame of dry cell weight per cubic

“ﬁéeﬁtimeter;tand‘(2)'t£e;nitreéen cententﬂis determiﬁed by the
‘]@itroéKjeldahl‘method and suspensions compared on the basis of

’f milligrams of nitroger peryeubic eentimeter;
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yBoth these methods afford a bESie'for comparison of

i e}reeults, but ere open to serious obJectionso " In the flrst
erplace,\both the moisture content and the nltrogen content of
f,ofhe bacterial cell are influenced by cultural conditions,

'Vfand seeondly, these procedures require considerable time

;7£before results are obtaineds

'fIn Or@§r~ﬁ° avoid these difficulties\the'follOWing method

_of standardization has been adopted. A 10-c.c. aliguot portion

1 gof broth culture is placed in a Hopkins vaccine tube (4)

fchntr:!.fugec‘i fer 30 mlnutes, and the volume of céll sediment

;fmeesured.i From this determinatlon suspensions containing a.
?idefinite percentage by volume of cells are then preparedo

liﬁlth‘the,organlsms;empleyed in the;teets reported herein a.
feoncentration;of,l% by‘joiume_was‘gené?allyyfonnd_tocoe moet

K

,&fconvenient._ Plate counts carried out on SUSPenSiOHS of the

ﬁ,ﬁsame organism prepared at different times showed a variation

~of less than 107

c-

;QkfiJ:The prOcedure'for standardizing‘cell snspensions by this
t~fmethod is’ rapid, simple, ‘and appears to be quite accurateo

'“$Suspensions prepared by this volume method may also be conéy
‘Vverted to dry weight and nltrogen content bases with little'

e%diffioultyo




5 Age of Culture

Since dehydrogenase actlvity is linked up, with the k

structure of the bacterial cell, it is to be expected that

1 the peried of- growth in culture before harvesting Will

”r;influence the activity of thezbacterial suspensions prepared

In order to - determine the optimum incubatiou perled broth
‘??cultures of two strains of Strep. lactis and one: etrain of
{b[Strep. cremoris were incubated at 30° Ce aud=samples removed'
 tfrom the mother cultures at regular intervals. These samples‘,
xcwere then plated and the dehydrogenase aetiv1ty upon glucose’

ifgdetermined. The results obtained showed that dehydrogenase

ﬁ»activity reached a maximum at about 24 hours, and then very ‘

Lfelowly decllned, while maximum growth Was not attained until

>

J;g¢8“tou72fhours, These findings 1ndicated that susPensionee'

‘-prepared from cultures in the logarithmic growth‘pbase:were’
;?bmost~activee All suspensiens employed in theee tests were
therefore prepared from cultures grown from 18 to 24 hourso

‘"These results are 1n accord with those of Wooldridge, Kncx and

"f-'Glass (20), who reported ‘that 24-hour cultures of Bact. coli

‘ﬂeyieldedlthe most active:suepensionsmfor dehydrogenaseostudiese,

‘>t6; Methylene Blue Coneentration

The questlon of concentration of methylene blue is of
ngimportance not only in relation to the rate of reduction of the

= dye but also in relation to its toxie action.
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"The toxicity‘ef varying concentrationSvdf methylene blue

‘ pgupon Bact. ¢coli was determined by exposing suspensions of

s the organism in Thunberg tubes for a one-hour period to -

‘lmethylene blue coneentrations ranging from 1: lO 000 to 1: 50 000,
7*hAfter one hour the suspen51ons Were plated and the number of

{jlviable cells determined.

’ A critical toxic eoneentration was found to oecur between
'jl 15 000 and l 20,000 methylene blue. Above l 20 000 the
‘;toxie effect is very slight, while below 1:15,000 the cells

| ranidly lose their viability.,

The cencentration seleeted for ‘use was Lz 35 000 methylene
‘Z:blue.ﬁ This was found to give a clear and dlstlnet end-p01nt

: eithout exerting any inhibltory effeetso~

; E | ‘
.,;; The use of: methylene blue in dehydrogenase studies with the
{;Streptococci has been questioned by Farrell (2), who found
:l71ndig0»tetrasulfonate~to be~much~lees toxicem However; Sandiford ”
and Wooldridge (15) and Wooldrldge and Glass (21) showed |
s .clear1y that dehydrogenase actlvity is independent of viability B
hlbut is. associated equally With liv1ng and dead cells. ‘Parallel
¢sVexperiments w1th the laetic acld streptoeocei employlng methylene
Zi;blue and 1ndigo tetrasulfonate, showed no appreciable

]dii‘ferencee° ;4e




fg;i Endogenous Respiration

Resting cell suspens1ons of certain bactenial species
lagipossess the ability t.0 reduce methylene blue 'in the absence of
‘bﬂsubstrate ‘e This type of reduction is known as “endogenous
'5aﬁrespiration" ‘and has been attributed to an ox1dative deamination

":of cellular amino acids in whieh the bacterial cells utilize

?traces of polysaccharides or: capsular material as the energy
z“fsourceo &

Suspensions of the 1act1c acid streptococci showed no.

:'fneaucing action upon methylene blue 1n the absence of substrates
iﬂIWhen the more aercbic organisms of the pseudo lactic. group, |
i;fnamely Tetra. casei, Tetrae liquefaciens, Bacto coli and Bact.
ikaerogenes, were employed the suspensions were observed to;
,f;reduce methylene blue in the absence of substrate.k Repeated

agwashing by centrlfuging With buffer failed to destroy the

’educing activ1ty, ‘and it was found necessary to aerate the

“suSpensions, following the procedure of Quastel and Whetham

hy(10)of After 60 minutes' aeration the suspensions were found

'toghaveblost.thelr?reducing'activity upOn mcthylene'bluee A1l

"fenspensionsoof~the'aerobic organisms Were therefore subjected
@etoléoyminutes"aeration before use.

G

k*é Thunberg}Technique

The dehydrogenase activity of the lactic acid bacteria ‘wa.s

”'determined in mcdified Thnnberg tubes containing 1 CeCs OF -




"resting cell suspension, 2 CoeC, OF" M/30 phosphate buffer of

3

”?Q‘H T4 29 3 Cocs of 1:7, 000 methylene blue and 1 cec, Of M/20

 substrateo All tubes were evacueted for two mlnutes on a water
*pump. Tests ‘were carried out at 37,5° C, in an electrlcall§
*{Tcontrolled water bathe Dehydrogenase activity was measured f
oes time requiredffor complete decolorizatlonfof the~methy1ene‘
:}fgiué;’jﬂll testsiwhich;did notfiedﬁce withih~two,houfs,wereo

J;feonSidered'negaﬁivé;~‘Results obteined have been expressed as'

Qoercentage_ofothe reduction time of glucose, given the;value

f;ornlooé This value is called the(reSpiretory'coeffisients

EXPERIMENTAL RESULTS

The dehydrogenase actqvitles of three strains of Strepo
',slactis and three straine of Strep. cremorls are recorded in

kjfTableklg‘ There is evident ‘a marked variation in dehydrogenase

sability among strains Within these two species, This varla-
'~tion is clearly shown in the dehydrogenase reactions upon

ifsucrose and trehalose, reactions whieh yield positlve or.

k,‘negative values, dependlng upon the strain employedes

The dehydrogenase enzymes of Strep, lactis and Strepo
 “5cremoris appear to bewvery‘similer in charaetere Both SpéCleSf
areeebie to dehydrogenate the fous'monoSaceherides and the

~fﬂmaiorityfofvthe“disacﬁhari&es and polysaccharides, They both
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‘:fail however, to‘oxidize xylose, arabinose, melibiose,;
;imelezitose, rhamnose and methyl glucoside. Both sPeeiee‘are
g?gfurther characterized by a low react1v1ty upon the monohydric
‘a;and polyhydric alcohols and by a complete inability to attack

jfithe salts of organlc acidso An exception to the low reactivity,

;fupon alcohols is found in the case of Strep. cremoris RW which
'ifhas been found to possess a respiratory coeffieient of’ 125

fggupon iso propyl alcohel and of 250 upon SeC. butyl alcoholo

This close similarity in dehydrogenase enzyme act1v1ty

*7fmakes it~ extremely dlffieult to attempt to distinguish these

&jftwo species by)their respiratory enzyme charaeterse~ The one
yvgtest which might possess differential significance is the
ie?dehydrogenation of raffinose, All three strains of Strepe
ﬂ?cremoris attack this compound, while all three straine of

3¥Strepo lactislproved\unable«to'do'soe\“

bnfThejdehjcrogenaseractivity,of Strepf 50vis an@}three
;Qserainsrof Beeacocci are tabulated infTable‘ZQ, From the valueS'
;recerded here there is again evident a marked variation in’
fmdehydrogenase ability among the three strains of Betacocci
”istudieda~'This variability is particularly~noticeable_in the}
:’rdehydrogenation of dextrin, salicin and raffinose; Suspensions
'zfof Strep. bovis appear to possess very strong oxidizing mechanisms’
‘fiupon raffinose and starch. Dehydrogenation of dextrin, however,

‘iﬁ‘appreciably weaker, while_that of maltose is very feeble.




e |

*QcThis would indieate that the organism utilizes starch directly,'

7\without preliminary hydrolysis to- the dextrin or maltose stages.

The dehydrogenase activitles of the pseudo 1actic acid

l?]bacteria, namely, two strains of Tetracocci Bact, coli, and

pBact. aerogenes, are detailed in Table 30 These species

xhibit a very rapid oxidizing ability apon nearly all carbo- ‘

Tydrates testedo fTetra. casei is the only organlsm studied N
;ﬁhich showed a strong dehydrogenase activity upon the pentoses,x

‘J‘ylose and arabinosec, These species are also,charaeterize&‘

i_rby‘oxidatlon'of the hexahydric alcohols, mannitoliand sorbitol,

f:nd by dehydrogenase actlvity upon the salts of certain organic}

;gacids, particularly formate, lactate, suceinate, and malates

,"Oxidation of,the monohydric alcohols is appreclable, especially

ln the case of Tetrao 1iquefaclens, Wh1ch shows a respiratory
oefficlent of 200 in the presence of ethyl, n prepyl and allylyl
alcoholso The hydrogenation of formaldehyde and - glutamine by
7both Bact, coli and Bact,,aerogenes appears to be of some

ngniflcenee.k 

The dehydrogenase reactiens of Strep. lactls Se A 30 and

Strep. lactis A.T.C. 374 were redetermlned 18 months after the'~
:prev;ousftests had been carrled oute The results of these two

?:seriesfoﬁftestsware recorded in Table 4a‘
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“g'The;dehydrogenaSe activities of these two strains appear
‘fo,bé subjectv%o COnsiderable variation, depending upon When

“&lthe culture is tested. With many substrates there has been a

imarked increased in dehydrogenase ability, while With other

¥

TVsubstrates there hae been a marked decrease. It is apparent,

/therefore, that this variation does not indicate a. definite

rtendency toward increased or decreased act1v1ty on the part

diiof the culturea but merely illustrates the essential

ﬁ_instability of the respiratory enzyme systems of this bacterial

'fgspecies.

~D\ISCUSSION’ |

T, The results obtained from this study of the dehydrogenase,
gﬂenzymes of the 1actic acid bacteria show clearly that

Q?fundamental differences ex1st between tne respiratory mechanisms'
;fof the true lactic acid streptococci and the more aerobic ' |
;i;pseudo lactic acid cocci and rod forms. The true lactic acid
~;streptococci are characterized by a dehydrogenase activity which

,is restricted almost entirely to the carbohydrates and simpler

‘*fmonohydric alcohols. The pseudo 1actic acid bacteria, on the’
i]other hand, possess much greater dehydrogenase activity upon
{;the carbohydrates and in addition, are able to attack mono=
thhydric and polyhydrlc alcohols as well as the salts of organic

gﬂcacide, A further difference in respiratory character between
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| these two groups is shown by the endogenous respiration of

; ﬁéfaerobic species,

’foThe dehydrogenating ability of the lactic acid streptococci

luponrcarbohydrates is quite varied, ‘all four monosaccharides
nd\the majority of the di- and polysaccharides being attackedo
Among the monosaccharides, however, galactose is oxidized much
iess readily than glucose, fructose or mannose, while among

he disaccharides the dehydrogenating action upon lactose is °
‘Verr‘weako This low reactlvity upon lactose is. rather surpriSiug,
fsince the majority of these cultures form sufficient 1actic acid

honclot milk cultures in from 18 to 48 hoursg,

3{ The ability of organisms to dehydrogenate organic acids

~_appeare to be related to the acids produced duriug sugar

‘rfiermentations. The acld which accumulates in the medium during

&

%iermentations carried out by the lactic acid cocci is almost
entirely lactic acid. Therefore these organisms should not be
expected to possess an enzyme system capable of utilizing
lactate. Experimental results have confirmed this hypothesiso
onithe case of the tetracocci however, Where lactic acid is‘
not the only acid accumulating in the culture medium,
,udehydrogenation of lactate eccursor With Bact.'coli and Bactof
’ uerogenes, where a gaeeous mixture of carbon- dioxide and
7;fhydrogen is produced, dehydrogenase euzymes for both lactate

?4cand formate are foundef
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The inclu51on of a large number of isomeriec alcohols

ij_n these tests afforded an opportunity to study stereochemical

Apecificity of dehydrogenase action.t With the organisms

””‘ested here there appeared to be. no such specificityop Tetrao

\icasei was able to dehydrogenate iso propyl alcohol but not

\"Qiso butyl alcohol n butyl alcohol but not n propyl or- 1 amyl
‘lcohols, sec. amyl alcohol but not seco butyl achhOlef
imilar effects Were observed With the other organisms,' The

ﬁ_wmcst strlking feature of the alcohol dehydrcgenation Was the

‘ﬂﬁability shown by different strains to selectively activate one

ffpr'two alcohols with great rapidity. This activation is

l”fepparently due entlrely to individual strain characters

J'The majority of the organisms tested proved able te

ethyl amine,y Substitution of an amino group for a hydroxyl~

'reup has apparently eliminated dehydrogenase activ1tyo This

cbservatien agrees With the conception that the amines are final

nd‘in most cases toxic products of bacterial actiono

‘if None of the organisms tested showed ‘any dehydrogenase

ectiv1ty upon pota531um citrateew This was true of,Strepo‘
‘:paracitrovorus as well as of Bactejcoli and Bacto aerogenesgf,53
‘”he ability of Bact. aerogenes to grow With citrate as the sole
77?carton source ig w1dely used to differentiate these two ‘ |

txfOrganlsms. Utilization of citrate by Bact, aerogenes nust

\‘ehydrogenate ethyl alcohol but not one was able to dehydregenate
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‘eherefore proceed in some way other than by dehydrogenationo
fThe 1hab111ty of Strep. paracitrovorus to dehydrogenate citrate
‘is’of 1nterest because of the reported results of Slade and
 werkman (16) ~Who showed that cells of Strep‘ paracitrovorus‘

grown in cltrate plus 1actose were then able to ferment cltrateo

A further p01nt of interest with the carbohydrate de— -

’g¢hydrogenatlons is the p0951ble inhibltory effect of the methyl

Vfgroqp,7 Allethevorganisms tested were able to dehydrOgenate |
; fﬁlﬁéose;fwhile on1y one,Was dble to dehydrogenate alpha methyl .
;ufélucosi&es"Rhamnoee;ee methyl pentoseiewas nofedehydrogeneted ,

~f5yaorganisms Whieh attaeked xleSe’and arabinose,. Several

: species were able to dehydrogenate ethyl aleohol, but never

3 methyl alcohole ‘These«results,all~indicate that the methyl

aeigroup exerts an inhibitory effect upon dehydrogenase activityo

;f?This observatlon agrees w1th that of Koser and Saunders (7)

}Qwhqhshowed thet;methyl derivatives of several of‘the,commoner

‘ngqggrs were distinetly resistant to bacterial attacke

The dehydrogenase enzyme studies reported herein were

E”jearried out in an attempt to establlsh a basis for the

‘7ela331ficatlon of the laetic acid streptococeic The results
pﬁgepo;tedzin Tablesfl 2 and 3 show clearly that no definite
‘"fspéeies~eharaeteristlcs exist 1n,respiratory enzyme make-upe

;Theretie apparent a very marked'strain'veriatiOn Within‘all
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'f'géhé“species studied. This strain variation is further*‘

empha51zed by the results reported in Table 4, ‘which show

if?that the dehydrogenase activity of a single straln varles atx‘ 

P

| aiffevent times.

'7‘Ff6m the results of these studies it is abparent‘that

‘1a581ficat10n of the lactic acid streptoeocci upon their

respiratory enzyme charaeter is not feas1b1e° Such 8

'V&bla531fication cannot be attempted untll such time as the

W 3factors 1nfluenclng variatlon in dehydrogenase activity are

L}fu:ther clarifieds
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- ABSTRAGT

The aerobic respirauory actlvity of two strains of

ﬁStrep. lactis has been studled upon thirty substrates,
‘ufg7oonsist1ng of oarbohydrates, alcohols and organio acidse.
.. These organisms have been shown to possess a
| varied oxidative ability upon the substrates tested,

It has been shown that there exists a considerable

k”xf}variation between the oxidatlve systems of the two

istrains studled@

Strep. lactis has been shown ‘o exhibit a con31der~

”"ﬁable endogenous oxygen uptake¢ The relationship of thisf
ﬁ‘endogenous respiration to the oxidative systoms and to

“the mechanlsm of respiration has been discussede. .




-plﬁrgpnucrion

Although the dehydrcgenating actlvity of many bacterial g
”species has been studled the aerobic respiraﬁory mechanism

as not yet been extensively investigateday'GOOK and

:Stephensen (8) have reported upon the oxidative ability of
'uspensions of Bact, coli._ Lineweaver (15 studied the

;haracteristies of oxidation by Azotobacter vinelandii upon

fpVariety of substrates and found almost complete exidation‘
”te cerbon dioxide and water. Wilson (18) invest%gated the
.suitability of the Rhizebium species fer respiratory StﬂleSo~
‘ernheim (4) determined the oxygen uptake of the tubercle
Helllus 1n the presence of varwous substraﬁes and demonstrated

a marked stlmnlation 1n the case of- all aldehydes testede

 The oxidative activity of various species of cocci has

~ais¢~béeﬁ invesﬂigefed; BarronvaﬁdVHastiﬂgs (1) and'Barron~

~(2) showed that suspensiens of gonococci Were able to

7 xid1ze alpha hydrexy and alpha ketonie acids to carbon

'Q‘dpexide and aeids containing one less earbon atom, e.go,




'Vlactie or pyruvic acld to acetlo acig and carbon dioxidee
tThe respiratory mechanlsm of the streptoeocci was studied by
?:‘Farrell (ll employing twentymtwo stralns, which cons1sted

;1:main1y of pathogenic and hemolytie typ689 Working W1th the

:‘ghemolytic streptococci, Barron and Tacobs (3) obtained a

,variation both in- the number and rates of oxidation of a

f?flarge number,of substrates.

Studies upon the respiratory mechanism of. the lactic

: aeid bacteria have been relatively fewo Hunt (13) reported.
§‘¢upon the oxygen uptake by living cultures and washed

e?pﬂuspensions of the Lactobacillip emphasizing ‘the effeot of

7various inhibiting agents upon cell respirationo: Farrell (11) 

(ji fhis study of the resplratory mechanism of the. streptococci,

ffincluded three lactic acid types among his vaerious strainss

ui}Hansen (12 studled the respiration of twelve species of the

ffrod-shaped lactie acid bacteria and found - great difference in

ﬁ{their respiratory systemSo

1“The work reported upon herein was undertaken with the

:objeet of ebtaining detailed information upon the aerobic

?Tfrespiratory mechanism of the lactic aeid streptococoio




. EXPERIMENTAL METHODS

The cultures employed in this study were Strep. lactis

Sehe 30 (10) and Strep. lactis Noo 374 of the National Type

"ulture Collection at Washington, D.C, Comparative tests
were also carried out employlng Strepo lactis EMBZ 1 (17)

and Bact. COll A T c. 41570,

Caselﬁ@Digest Broth, prepared after~the manner ofVOrlan

}ensen (10), containing 0, 57 Total Nitrogen, and enriched
_ith 17 Difco yeast extract 0e5% KgHP04 and 005% glncose,

‘:'served ag, the bas1c medium°

'Respiratory activity was determined by the use of "resting

-'?celllyéuSPehsians,;prepared and’standérdizedwas detailed by

organ, Eagles, and Laird (16).
Oxygen uptake was;méaéﬁredrmanométfieéllj in the Barcroft
mapparatus, as described by Dizonm (9). Théreups on this

pparatus contalned a reaction mixture consisting of 1 c@ce of

;resting cell suspensién, 1 c.c. of M/20 substrate, and 1. cec.
saﬁof M/30 phosphate buffero‘ Carbon diexide Was absorbea in |
filter paper soaked in 20% potassiunm hydroxide held in inset
?f;tubes within the eupse ALL experiments were carried out at

f,37 5 G. in a thermestatlcally controlled water bath,’and at

a pH Of 7020




All results obtained have been recorded as QO0, and QGCOp
g “”values, calculated on- the basis of ¢ell dry weight. The

kﬂiBespiratory Quotients were derived by div1ding carbon dioxide

"fooutput by oxygen uptake@

EXPERIMQNTAL'RESULTS

‘The aerobic Tespiratory activity of two strains of

~ﬂg;$£rep. lactis upon thirty compounds‘is recorded in Table l;
. Values are expressed ag Q0,, Q002 and Respiratory Quotient

‘at one. hour.;

Tﬁéagaéaits repOrﬁed in this table ahow thaﬁ thaae,two
tfainsnposéass a varied oiidative aetivity upon carbohydratesg
etermination of oarbon dioxide produetion and calculation of
‘Fihe Respiratory Quotients have shown that in most cases,

‘:oxidation is fairly complete to carbon dioxide and waters

The rate of oxygan uptake against time in the case of
fStrep. lactis Sehe 30 is recorded graphically in Figura le 

iThese results have been selacted as typieal of the type of

‘o_curve obtained whan the oxygen uptake is plotted against time

75iover a- one«hour perioda~ It is apparent from this graph that
othe rate ef oxygen uptake is fairly regular and uniform in‘

“ffcharactero
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The comparative oxygen uptake of‘Strep. 1actié Sehs 30

¥M7upon ten substrates is shown graphically in Figure 2o
‘:¥Ox1dation of the monoaaccharides, as exemplified by flucose
 iGand galaetosa, is quite hlgh in. valueo, This is also true ofk
;!{mannose and fructose, With the pent09689 xylose is oxidized
‘quite readily, While arabinose is attacked bub slightlye All'
  ;Ahe disaccharides tested were Qxidized readily, with the |
xception oL melibiosee Among the trisaccharwdes, both
_r_ffinose and melezitose wers attacked with ease. All;thé~
féyolysaccharides tested were oxidized with the exception of

:‘li}ulin, where oxygen uptake was very slighte Among the

ldohols, oxidative activity was high, except in the easé'cf
;dulcitolo When ethyl alcohol was the substrate, oxygen uptake
:ijﬁas appreclably greater than that of glucose, With ethyl amine,
J,owever, oxygen uptake was almost neglig‘lbleo Tests'on’the
ctivity of this organism toward the salts of organlc acids

howed that all the compounds studied were readily amtackede

The aérobie respiratory,aétivity of Strep, lactis A.T.Ce
74kupon ten substrates is shown in Figure 39 Oxidat10n~0f
qthe moncsaceharides, glucose, nannose. and fructose, is high,
kut,thatwof;galactose is lowe' With theipentoses, arablnose
1 ;is‘oi1d1zed réadily5 but xy1§se'hardly‘at all, Among the

| iéaccharides, sucrose, cellabioqe’and lactoce ere Teadily

/ffattacked, While maltose, trehalose and melibiose are attacked

f[ on1y weakly. With the«polysaccharides thequidation of starch

; ¥
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| Wand dextrin is‘seen t@ be markedly greater than even that of

- glucose, whlle the oxidatian of salicin and esculin is low,'

"3and that of inulin extreﬂely small.; With this strain,activity

upon the alcohols is very l@w except in the case of glycerolo
Hith ethylamine oxidation 15 low, Wibh organic aeids the: Q02

is very nearly that found in the oxldation of glucosee .

o . The comparative oxidative activity of Streps 1aetis

'v ?s A, 30 ‘and Strepe 1actis A T Ce 374 upon ten substrates is
 éhown graphically dn. Flgure 44 Thesekrasults show that, except
’ﬁjthe case of\the endogenous, glucose and lactose respifatary
5 ;mechan1sms, there exists a marked variation in the activity of
k hese two strains upon the majoxlty of the compounds testedo
f.t5Thé existenee of such a variation in oxidative activ1ty between
tho strains of the same specles would imply that aerobic |
‘e§piratqry activity‘is a strain, rather than a specles,‘ 

phéfacﬁeriétice 

The Respiratory Quotiehts of Strepo lactis A.T.Cs 374

pon four substrates are shown graphically in Figure 5, The

", curves shown in this graph are typical of the results obtained

"“5upon Varlous substrates with the two strains employed° The

fR Q. in the case of fructose is shown to be a straight line

ﬁ”fwhich very nearly approximates a value of 1. 0. ”With starel
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there is demonstrated a decrease from a value of 0°7 to O 6

>

‘ wahlle w1th lactose the ResPlratory Quotient riges from 0.6
/ ‘to>0\85' In the ‘case of 1nositol a graph is obtained Which

} diﬁ characterized by a very sharp dip in the line at 30

V’h:minubes, Thie same type of curve hag besn noted with adonitol
refgnd dulcitol W1th Strep. lactis A T.Co 374 and with arabinose
fdin the cass of both strainsa These results would indlcate,

fidtherefore, that where such e sharp break in the graph of the

. ,‘ResPiratory Quotlent is;obtained, there must exist a definite

_e@dfsharp break in.theemetaboliSm*of the organism upon'ﬂhen

substrate being tested,

In Figure. 6 the glucese oxidation of Strepo lactis ‘Selde 30,

v'f,strep, 1actis A. T C. 374, ‘and Strepo lactis EMB2 l ig compared'
-;w1th that of Bact. coli A.T.C, 4157» Thls graph shows the

‘“fisx'reme difference in oxrdative aetivity evidenced by aerobic

"«_organlsﬁs9 such as Bact, coli9 and the more anaerobic species9

(iesuchyas Strep,_lactis.

- DISCUSSION

N

An 1mportant characteristlc of the aerobie resplration of
fthe lactic acld streptecocci is the presence of an appreeiaole
]oxygen uptake in the presence of added omidizable substratee

ThiSJWendogenous respiration“ in the case of the two‘sbrains




’9fweakly attackedo
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oﬂstudied herein amounts to flfty or sizty per cent of the
oxygen uptake in the presence of glucose° It therefore acts
fﬁas a complicatlng factor which may serve to mask true

foxidlzing abillty in the case of substrates which are but

The endogenous oxygen uptake of 8 variety of bacteriai

3pecies was studied by Gallow (5), who demonstrated a very

"ofappreciable upteke in the case of aerobic organisms and a-

5”ffnegligible uptake in the case of anaerobic species, Strepo

?iactie was found to resemble the anaerobic rather than the

'ﬁ“gerobic epeeiesf1n,possessing‘0nly a very‘slight endogenous

:Joiygen uptake. Thls work wasg conflrmed by Farrell (11) who

;‘efound the endogenous oxygen uptake of twenty-two stralns of
f7gstreptococci to be almost negligible and corre1ated this fact

fﬂﬁwith the absence of an indophenol oxidase system in these

bacteria. The two strains of Strep. lactis reported herein 7

,have been found to possess an endogenous oxygen uptake whieh -

- .
) P

15;311 or seven times;the value reporned by Fenrelly

The mechanism of the endogenous respiration of bacteria

”is still largely unknown. Wilson (18)9 studying the resplra-

“ftion of the Rhizobla, fOund that ammonia was produced by -

‘1"rest1ng cell euspensions and postulated endogenous resniration

” ftQ bQ]an,oxidatlve deamination~of cellular amino acidsnin'




: ‘flwhich cell pllyoaccharlde was utilized as an energy souroog

‘TIngram (14) studying the" endogenous respiratlon of B, cereus;

“tl}found that tho*gram—positlve charactor and the high

ofenﬂOgenons;respiration were both:ossociatedowith o7high"

'1f§coﬁhoht of‘fot in tho‘celle "The ondogoﬁoos'respiration~of

thé.loctio‘acid streptococci, however, does’ ‘not appear to

“Voparallel that desoribed by elther ‘of these two workers, since

‘}f;repeated tests upon rest1ng cell susponsxons failed to

“;o»deﬁonSUrate the production of ammonie, Furthormore, the

' actic aeid streptococci d0‘not produce'Significaﬁt amounts of

3*{;cell polysaccharide and are not considered to possess a high

'Ve11u1ar fat content0 It has further beon shown that oxygen

nyptakefby\restingfcells of5Strop, loetiS‘is‘not'carried'out

Cf‘lthiooghotoe‘functionihg of_a glutothiono systom, since ropeated

&

‘fattempts failed to seoure a positlvo nitropru351de reaotion

‘V5with thase suspensionse The endogenous mechanism of the laotlc,

,;¥ gtreptococoi is stlll further complicated by the observation

’ of‘Morgan, Eagles, and Laird (16) that in contrast to their

‘ow{appreciable aerobic endogenous oxygen uptake; these bactella

'jioare in general very close to a figure of unitye.

'_;do not exhibit any anaerobic endogenous respiratione

The values of the Respiratory Quotents reported 1n Table 1

This indlcates

‘l?that in the maJorlty of casos oxidation of those carbohydrates




al
Ll

- 10 -

*_f[prdceedsfcompletely throcgh;to carboo7oioxidevandcwatei;, In.
[giesome caseo, however, appreclably lower values of the Respiratory
 «‘;Quot1ent have been recorded, as in the case of lactose. This
;fcobservation suggests that with these substrates, oxidation is

i ;incomplete and 1ntermed1ate products may accumulatea An
g:jglternative suggestion has been advanced by Clifton (6 7) ho
'ﬁehowed that with washed celle.of Bact@ coli tha~0x1dat10n of
o}many substrates was not carrled to completion, but a portlon of‘
:fhe substrate was aSSImilated by the cell as carbohydrateg

JThis a531milatory proeess could be blocked by adding sodium

@,;ozide or dlnitrophenolo;

The values of the Respiratory Quotwents reported in Table l

¥7f1nd1cate that W1th several substrates considerably more carbon'

‘ d1oxide ‘is evolved than . 1s oxygen ut11izcd° This~wou1d suggest o

(-;that in such cases the further process of decarboxylation of

¢ ;Dome 1ntermed1ately formed compound may be taklng plecea

|l

The results reported herein show that Strepe. lactls

il,exhiblts a strong cx1di21ng ablllt& upon a wide variety ot
ig;compounds, 1nclud1ng carbohydrates, aloohols and organlc acidses
p&hejoiidatlon of this last group appears to take place very
n?etrongly w1th:all such" compounds tested,’ This is rather "
bsurprlsing in view of the report by Morgan, Eagles,'and Laird
f:;tlé) that the true lactic acid streptococci possess no

}ﬂ dehydrogenatlng act1v1ty upon the organic acldSo

s
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Comparison of thé aerobic respiretory activity of
Strep. lactis S,A, 30 with that of>Strepo lactis A.T«Ce 374
éhoWs;that there is a considerable variation in theix
‘dxidizing ability upon several substrates. This variation
Sin aciivity between two sirains of the sane species.implies

that such tests will have little taxonomie significancs.
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ABSTRACT

The aerobic oxidation, dehydrogenation and lactiec
‘acid production from twenty-five carbohydrates by two

strains of Strep. lactis have been studied,

It has been shown that»there is no correlation
betwesn the aerobic and anaercbic respiration of resting
cell suspensions and lactic acid fermentation by growing

cultures of these organisns,

It has been suggested that this apparent difference
between the mechanisms of respiration and fermentation
may be due to the influence of»nitrogen sources in the

growth mediume




INTRODUGTION

‘The:respiratory:enzyme systems of~manyfbacferial~
5960195 have been 1nvest1gatedef Quagtel and Whetham

(ll 12) studled the dehydrogenase actlvity of Bact. coli

; upon organlc aclds, alcohols, amlno ‘acids and carbo-

e hydrates, ,Kondall'(j) reported upon the dehydrogenase

;?4‘mechanisms,of,Bactn‘éoll and a group of other closely-

" related species. The aerobic oxidative mechanism‘of Bact,
1¢oli has.been‘studied bnyookkand‘StephensOn (2) Farrell}'

(5);roporﬁed upon the respirétory‘enzyme systems of the

i Streptocoeci under aeroblc and anaerobgc conditionso, Morgan,

Eagles, and Laird (8) surveyed the dehydrogenase enzyne

:r*‘activity of fourteen stralns of lactlc a01d bacterla, and

o 1ater (9) ) reported the aerobic oxidase ability of Strep.

P lactise

Although aerobic ‘and anaerobic respiratory enzymes
have been extensively investlgated there has been little
attempt to relate resplratory activ1ty with fermentative

-~ ability, Kendall and Ishikawa (6); studylngfa large group



75pf~ﬁacteria1 species, reperted~that the reduction of meﬁhyiene

; {;blue_byfreSt{néebacteria in the'preeence\ef certain carbo-

= thydre@es was,preciselyeparalleledfby the fermenta£ion~of

‘e‘theSe same carbohydrates in culture media. Barron and
f;Friedemahn (1) studied a groupfef bacteria‘which were unable

 ,to fernent glucose and demonstrated an appreelable ox1daee'

xifract1v1ty upon this carbohydrate.

The work reported upon hereln represents a comparlson

. of the. aerobic oxidatlon, anaerobie ox1dat10n and lactlc acldi

"e £ermentat1on of,Strep.;lactls,upon3twenty-five;earbohydrates¢

EXPERIMENTAL METHODS

The cultures employed in thie study were Strep. lactls

‘;yS As 30 (13) and Strep. lactis A 7. C. 374 the former

\eresolated fronm butter pOSSGSSlng a caramel~flavor, end the

;“flatter obtalnea from the National Type Culture Colleetion

“Tfat Washlngton, D,C.

Casein Dlgest Broth prepafed efter the manner of Orla-

‘nyensen (4); served as the basic mediuma- For sugar fermenta-

"Hftions, Zﬁ'carbehydrateuwas incorporated whiie for reepiratory

'*?studies the broth was ‘enriched with 17 Difco yeast extract

VO 57 KgHPO4, and O 5p glucosee
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Respiratory enzyme studles Were carrled out employlng

- "restlng eell“ suspen51ons prepared and standerdized as

’”_\reported by Morgan, Eagles and Lalrd (8)° AGTOBié oxidative

Wfabillty was measured manometrically with the Bareroft
ff,apparatus, as detalled by Dixon (%) Dehydrogenase activity
‘was determlned by ‘the Thunberg technlque, folloW1ng the

"'procedure descrlbed by Morgan, Eagles and Laird (8),

Fermentation of carbohydrates Was measured by btitrating
%dfourteen day cultures 1n sugar broths With N/4 sodium hydrox1de,
‘ ‘us1ng phenolphthaleln as indlcator0 After‘Subtracting that

'?i of the control the remalnlng values were converted into

. grams of lactlc‘aclduper liter,

 EXPERIMENTAL RESULTS

The aeroblc oxygen uptake, dehydrogenase activ1ty anday
u'lactlc acld productlon by Strep. laetls S A 30 and Strepo
lactls AT, C.~374 ‘upon twenty five carbohydrates are
,f'presented in Table l, Although‘these values furnlsh dotailed
 inrormat1on about the resplratory enzyme activity and |
fermentatlve abllity of these two strains, dlstlnetly‘

dfﬁdifferent standards have been employed as ‘the bases of these




‘f_three,tvPeswof'determinationo These resulte, therefore;
r{cannot be stud“ed comparatively untll some common basis of

"interpretatlon has been evolved. The values of the QO

‘-L‘have aecordlngly been recalculated as percentage of the

ngucose ox1dation value taken as lOO Whlle the lactlc acid

; produet1on in grame per lwter has llkew1se been converted

'7a1nto percentage of the acid produced from glucose. Since

: dehydrogenasevactlv;ty had already been expressed as
‘peroentage of glucose reductien time, all three determina-

: tions are now based upon one. general comparative standard

7,‘ called the ResPlratory Coefflcient, Theaelrecalculatedfw

44values are presented in Table 2°

‘Thed’ata recorded in Table 2 indicate definitely that

there"is no correlation between aerobie respiratien,

; 'L,anaerobic respiration and 1aetic ‘acid’ @roductlon W1th the

ﬁtwo stralns of Strep,~laetls studiedo Further there does-

/,‘not appear to be any relatlonship between oxidative ability

g”aand fermentatlon, dehyarogenase act1V1ty and fermentation, or

éven between.the aeroblc and anaerobic~qxidativefmechanisms

‘themselves.

',Theflack of correlation between aerobicrand anaerobic‘
\VreSPirauory enzymes and fermentation is further emphasized
ﬁthbY the results shown in Flgures 1 and 2, In these graphs

~,the;comparatlveuenzymic;actzvltles of each straln,of Strep.




’fflaétiSﬂupanfive‘Selected7carbohydrates are portrayed.

a

In Flgure l the enzymlc act1v1ty of Strepo lactls
\ §S.A 30 upon galactose, sucrose, 1aetose, trehalose and
«mannitol is shown. ‘The reactlons upon galactose and lactose

b'are characterlzed by strong ox1dase act1v1ty, Weak'

vffdehydrogenase act1v1ty, and falrly high lactie ac1d pro~

'$ ‘duct1on, Thls relationship between the threé;enzymie systems -

Tf;is tne one most frequently observed among the values repo;ted;

L 1n Table 2. A reversal1of,thls‘act1v1ty Qrder,is observed

in the case of‘trehalose, ‘where acid production is higher' i

,A ,than oxidase activ1ty, whlle dehydrogenase act1V1ty 1s

comparatlvely feeblee With suorose as the substrate, an

“‘~ent1rely dlfferent plcture is obtained. Dehydrogenase activ1ty

/;has beeome‘very powerful andﬂls apnreciably greater than

o oxidase abllity, while lactic acid productlon remains almost

 negl1g1ble¢ Enzymlc actlvlty/upon mannltol,fon'the other

;hand is characterized by an extremely‘high oxidative ability,

5ki4whlle lactlc acid productlon is feeble and dehydrogenase

 f;>activ1ty is entlrely absent.

f’ThéxenZYmic~acti€ity dqutrep, lactis A.T.C. 374 upon
?/ﬂgalaetoSé, sugroée,]raffinose, dextriﬁ‘and>iﬁulin is'shown
‘ V'in Figuréfzg With\galﬁctqée there is evident a moderate

Vox1dase ablllty, low. dehydrogenase,adtivity, and very high

flactlc a01d productlone Wibh 1nu11n, on the other hand, the

ﬁ~ exact reverse holds true, ox1dase abillty being low,




,;dehYdrogenaee activity bigh, and acia productioﬁ entirely

| leacking, Whén?SucroseAserves‘as the substrate,‘dehYdrogenase‘

'ffact1v1ty is very strong, ox1dase ability fairly strong, and

JoVﬁvacld productlon moderateo Wlth raffinose there is demonstrable

eea moderately strong ox1dase mechanism;, very slight 1actie’

,faacld productlon and no observable dehydrogenase actlvitye A

‘5~somewhat 51milar relatlonshlp is found in the case of dQXurln,

“*“where thele ex1sts ‘a tremendously strong oxidase activzty,,

‘ ¥together Wlth only feebWe dehydrogenase acblon and lactic

- ameid Lormatlono,_

- The,resﬁlts‘recofded‘in Table 2 and shown graphically

,'o in Flguxes 1 and 2 offer deflnlte proof that no relatlonshlp

‘fex1sts between the aerobic and anaerobic respiratory

. processes and the mechanlsm of laectic: a01d fernentation0

~7However, the fermentative end~products of bacterlal metabolism

‘Vfamay be;;ormed,thereemust~ev1dent1y ex1st some‘determlning

- mechanism apart from the enzymic;pfoceSSes~0f aerobic and
:“enaerobic,respirationo;
DISCUSSION

The relationship ‘between 011dat10n and fermeatatlon

5~,'is dlSOLSSGd 1n detail by Oppenheimer and Stern (10):
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W“The time is past when fermenﬁation and oxidation were

/?con51dered to be two quite dlstinct types of blologlcal
?’processes and When the enzymes actlve ‘in fermentatlon, the
“fzymases :and those actlve ‘in v1tal oxidation wers treated
;ﬂ“as entlrely unrelateda Today we speak of one great systen
fi/of enzymes catalyz1ng the over—all phenomenon of energy |
f  production in . the cell termed desmolysis sev.w IF the

'l anoxyblontlc metabollsm does not pass over 1nto,oxyb1091s,,
"f eerta1n reactions take place leading to stabillzationIOf

{fjthe anaerobically formed cempounds, and lactic a01d or ethyl

«alcohol appear as the end-productse. The correlatlon betwcen

e fermentatlon and resP1rat10n,'or rather between orygen tensioﬁ
’”-and fermentatlon, is malntalned by the so-called Pasteur— “
‘f Meyerhof reactlon; the mechanlsn of whlch 1s stlll 1argely
‘Qbscuree There 1s one unlform mechanlsm 0perat1ve in‘both
M'ﬁhéséé Xfefﬁéntation and respirafion).éf’de$molysis,~namely,
iftﬁé‘tfaQSfer of metabolic‘hydnogén;f In anaerobiosis it |
"teiminaﬁés,in Iaqﬁic;a@id orralcoholjagdkin,aerobiési§~it

~ terminates in water."

: Thi5‘Vi3W3Qf the complete identity‘of the twofprocesses

. of oxidation and fermentation is also adVaand'by Szent-
- Gyorgyi (14), who pointed out that both aerobic and anaerobic
. breakdows of sugars proceed through the same initial steps,

' namely, the splitting of hexose-phosphate into triose
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vofétreptOCOGci, fermentation'by growing cultures of these

V»Ph°59h§t9~and theosubSequent dehydrogenation of thé resulting'

threeACarbonAcompounds. The- difference'betweeﬁ,these”tWo

V5yprocesses comes in only at the next . stepo‘-In'oxidétion;

‘f*‘molecular oxygen acts as the final Hydrogen Acceptor of |
o electrons, whlle 1n fermentation the hydrogen ig accepted
‘through an 1nternal rearrangement of the molecules of the

Ti ox1dizable substanceg

‘oThe,résuits reported herein are‘diffiCult tofreeohcile‘

"V'with the accepted concept of the identity of the respiratory

and fermentatlve mechanlsms° With the lactlc acldfstrepto~

cocc1 it has been shown that appreclable fermentation of a

carbohydrate may occur even when both aeroblc and anaeroblc

'ox;datlvebmechanlsms upon’that carbohydrateoare veryofeebleg
3,It has;also,been,shownofhat‘iargo Quantitiesyof lactic;aeid 

‘may oe formed~from a,oarbohydrate agaimst~which the organism
i«é‘possesses a strong oXidative,but negiigible dehydrogenase
'~aot1v1ty, 1t has;furthor been shoﬁﬁ that little ox nc lactic
"fjfacid may be formed When the organism exhibits a strong
§ ﬁ:oxidiz1ng and feeble dehydrogenase activity,and even when the
‘rW organism possesses both a strong ox1d121ng and a‘strong

‘yfodehydfogenASe activity_upon‘é»partioular carbohydrate¢

. These results suggest that, with the lactic acid




organisms is an enzymic process which appeérs to be separate
dnd distinet from the aerobic and anaerobic respiratory. |
'mechagisms exhibited by :eétingvcell suspensions. The lack
of correlation between these twd metabolic processes may be:
due to the influence of nitrogen source and accessory

factors contained in the growth medium,

The presence of small amoﬁnts of a nitrogen source has
beén found to exert a pronounced influenge upon the
~ res@iratory;apd‘fefmentative mechanisms of resting cell
 suspensionso The results of this study will be présented in

a subsequent papers
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~ ABSTRAGCT

Thé influonee‘Of c&rbohy&raté &daptation”ﬁpon'
;othe subsequent dehydrogenase aetlvity and fermsntative
fability of resting coll suspensions hasg been studied

 ‘with two strains of Btrep. laetis.,

It ‘hes been shown that dehydrogenaso activity .
fvaries markedly in response to carbohydrate changes in
: the growth,me&ium; | |

.Difeet adaptation by dehydrogenase enzymes and
also more general cases of stimnlation and inhibition

'of dehydrogenation have been shown to oceur,

o The’adaptive and constitutive natore of the
ffermentative enzymes of . Strep. 1actis has been

fdetermined.

It has been ahown, by adaptive and constitutive

:frl enzymes, that fermentation of lecto se by Strep, lactis

F;f\must occur through a preliminary hydrolysia to glucose

and galactose.

k_Thekrelationahip of these pheﬁomena to. the

. i*mochaniam-of a&aptofion has beenAdiScuSSed@




INTRODUCTION

The dehydrogenase activity of the Lactic Aoid

streptococci has not as yet bean fully investigated.~'

o Farrell (5) reported upon the respiratory meehanism

'of 22 stralns of streptoeocei, 1ncluding Stvep. lactis

‘f*_and Strep. fecal&s‘ Katagiri and Kitahara (6) showed

'the presence of laetic acld dehydrogenase among several

_l; species of . lactlc ecid baeterlao  Wood and ‘Gunsalus (14):

studied the varlous factore influencing the production of
actlve resting cellisuspensions of the Group~B‘Streptooocei§’
Morgan, Eagles and Laird (7) surveyed the dehydrogenase

activity of a group of fourteen strains of lactic acid

”‘“streptoooceie

Hegarty (5) and Bahn, Hegarty and Duell (9),
lfwkstudieﬁ 1aeuic aeidproduction by washed eell suspensions
l,‘of Strep. lactns,Thay demonstrated that the enzymos

attacking glucose3 mannose and fruetose were constitutive;

‘77flwhile'%hose'éttaoking all other;sugars;weré adeptive.

The first observation of the phenomenon of
 ?a&apt1ve and constitutive enzymes wes m&de by Wor tmann (15)”
:5F in the ease of starch hydrolysis by an unknown baeterial
“lspecles; The modern terminology of "adaptive“ and

‘\fﬂconétitntlve" enzymes Wasnintroducod by Karstrom,



Virtanen,andktheir BBSOCiateSV(IS) The influence of
adaptation upen bacterial enzymes was studled by

‘ Stephenson and ”tickland (11) in the cage of the

F hydrosenlyases, Haines,(4) with bacterial geletinase,

‘lkﬁeStephensen and Gale~(12) with Bact coli,,and~Quastd1,

(8) with M. lysodelktiwus.

The work reported dpen herein was under taken with

‘:g the object or determining the ihfluence exerteﬂ by adaptive.'

' ~and conatitutive enzymes upon the mechanisms of dehydrogen-

ation and lactic ‘acid fermentation by Strep. 1actis.‘
EXPERIMENTAi’METHQDS

! The cultures employed in this study consisted of'
Strep. lactis s A. 30 (lO), 1solated from butter posses-
eing~a earamel~flevor, and Strep. 1ectis ATG 374 obtained

s fremkthe Nationa1~Typequlture‘collecuion.~

Oasein Digeat Broth prepared after the manner of

'*‘Orla-Jensen (2), servea as the basic medium,and was en-

"9,riched W1th 0 5% Kg HP04 and 1.0% Difeo yeast extract.

‘,f, To this basic mealum various carbohydrates were added to

'a coneentration of 0. 5%.

eFervthe measurement of respiratory_enzyme activity Lo
‘eha lectic acid pr odue tion “"resting cell® suspensions of

e Sﬁfep; laet1s\were~prepared end standardized as described



| 3.
Lby‘Morg&n,ﬂEaglés,‘andfLatrd'(7)a fLactic aciﬁ~produotion
was measured by titrating samples of a resting cell caibd~
:hydrate, buffer peptone mixture at regular intervals over
_a six hour period following the method employed by Hegarty
- (5). Dehydrogenase activity wes determined by the Thunberg
‘féohnique,runder the oxperimental conditions previously
\deééfibed by Morgan, Tagles and Laird (7).

EXPERIMENTAL RESULTS

fA Adaptation and Dehydrogenation
The carbohydrate dehydrogenating &ctiv1ty of resting

'erll suspensions;of‘ﬁtrep. laotis §§ 30 prepared from cello
1,ig:QWﬁ in_the'presence of various_cafbohydrates 1@ recordedf
in Teble 1. The results reported in this table show that

. ﬁhefpresence\of"speoific cafbohydrates in the'growth me dium

- f has exerted a. pronounced influence upon the subsequent de-

hydrogenating ability of resting cell suspensions prepared
therefrom. ’There 13 apparent a marked veriation in ecarbo=

')h&draﬁe'dehydrogenations in respoﬁse o0 chagge in the ecarbon

‘l;f'QOQrceoof_the~gfowth msdiuméo.},'

This variation is emphasized by the results shown in

~

okFigure l.~ In this ‘graph the relative dehydrogenase activin-

’7;t1es upon arabinose, lactose,'maltoae, raffinose and starch

77are compared using resting cells obtained from glucose,‘

mff lactose, starch and mannitOI broths. The stimulatory

;7   effect of previous growth in the homologous substrate is
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'“,,ehOWn,in‘the case of lactoses Growth in lactoae broth

“has inereaeed the dehydrogenase activity upon lactose

'-ffourteen time over: the ectivity of cells grown in glucose

'broth.‘ It is also noticeable that growth in- 1actoae broth

*has markedly lengthened ‘the times required for dehydrogen-

o ation, as reeorded in Table I, but at the ‘seme tlme hes

f”*increaeed the strength of thefrelative“reducing coefficiénte;

,?The'influence of the"carbehydrate in the growth e

17«Qmediumeupcn~subeequeﬁtfdehyardgenatione is very clearly

"73'eh0wn iﬁ"theieaee of arabinose andfraffinbsea With beth

‘7these sugars dehydrogena%ion fails - to oe eur When cells are

V * obtained from glucose broth but o¢ceurs very readily when

G cells are obtained from lactoee broth. The reverse,of

“V~thie phenomenon ie shown’ with mal tose and sterch, With'

these carbohydrates dehydrogenation takes place with cells‘

“l prenared from glucese lactose, or syarch broth but does :

‘l“,notwtake place with cells‘prepared from mannitol broth,

The carbohydraﬁe dehydrogenating aetivity of sus-
elpensions of Strep. laetis ATC 374 prepared £rom cells grown

,;1n glucose, 1actose, ‘and mannitol broths is recorded 1n

l?Table II. The resulte shown in this table compare closely

J"\With.those recorded for Strepé lactis SA 30 in Teble I.

It is apparent with both th ese strains that the carbohydrate :

in the growth
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1_fmedium has msrke&ly influenced the dehydrogenase activity

“of the subsequent resting cell suspensions.

This influence is further illustrated in‘Figure‘Z'
in whioh the comparative dehydrogenetions of mannose,

“',galastoee, lactose, mannitol ana rerfinose ars portrayed. ,

~ 4;~Tpekoleerest»example of,&daptation is shown in the case‘of'f

:5i§fmssnitol, Suepeseions'oﬁteined ffom'mannitol.brothfdehyaro-\

_}egenating mennitol ﬁwentyaseven:times as rapidly‘as‘cells

’ 3}B Adaptation and Fermentation

7f{o$tained from giﬁoOSe‘broﬁhb‘e With the‘mennose dehydfogen-
ese,‘there appears to ‘be little effect exerteﬁ by the e&rbo-‘
f fhydrate in the growth medium.y In‘the case‘of galactose
:Usdehydrqgenase activity isoeppareﬁtly inoreesed by grosing
At’he' vc_,,e‘l,leviin,lsotose or mennitol broths, With raffinose,
Mdesydrogenation &oes’sot oocur wheﬁ the ceils ﬁave been
" ’b:e§ared ;ro@‘élﬁoose broth, but‘doee ocour Whes the cells

3
&

‘”3jha?e'been~prepared'from~1actose or mannitol -broths,.

K

Lactic acid production from various carbohydrates by

! 4“i%~suspensions or‘sxrep.\lactis SA 30 is- shown in Table 5._

"Theee“results heve been'ootained by'titreting the acid

:lproduced by resting cell suspensions in phosphate buffer

'offof PH 7 2 containing 0. , 3% peptone, to which has been added

"f32 0% of bhe carbohydrate being tested (5). . . Where the

, }sorganism possesses a constitutive enzyme oontrolling
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'flofermentation of the eubstrete acid production will occur
‘l‘at ones, However,'where the organism possesses an adaptlve

| enzyme for the carbohydrate under study, & considerable

f;_ period of time will elapse before acid is produced in any

Sy eppreeiable quan tity.

‘Wf'Thig distinction betWeen:adepﬁivexand'constitutive
"fenzymes is elearly shown in Figure 3 In this graph
”‘1actio acid production from the four monoeaeeharides is

shown, empIOying resting cell suspensions, obtained from

iuglucose'broth. It is. apparent from the graph that Strep.

: ‘lactis SA 30 possesses constltutive enzymes for glucose,

fructose‘and @annose, but en adaptive enzyme for galaotose;

The influence of adaptive and conetitutive enzymes

?i upon the fermentation of: lactose by Buspensions of Streps

«L}~_lact15 SA 50 is shown in Flgure 4. Cells obtained from

Qn;glucoee broth or‘galaetose broth;show prectieally.no

. fermentetive ability when placed in the presence of

flilectose;f Whenocells which'have been grown in'laetose

”llﬂbroth however, are placed in lactose there ig @ rapid

?z“and heavy production of 1actic acid. Thie would indicate

v;tnat growth in 1actose broth has stimulated the enzyme

Hl, controlling lactose fermentation, which must therefore be

:elen adaptive~enzymea

The relationship of adaptation to the Tfermentation of

‘“ﬁ’lgalaotoée-bY‘?uspénaions instfep; lactis BA 30 is shown




7 o
rhlipvfiguré 5 With this suger it would eppear that growth

‘;in laétose broth has s+timulated the adaptive‘énzyme,ferg :

 menting galactose, although growth in galactose broth has

-l ﬁot{éausedra cor responding stimulatlon;

: When Strep. 1actis ATG 574 was employed as the test

‘organism, rather than Strep. lactis 8430, essentially similar

”'7results were obtained It was found that, in the fermentationf

*quthe~monpsaccharides,‘thié”organiém also‘pqssesseﬁ cohstitu-i‘

'~ %ive enzymes for glucose, mennose and fructose, and an

 adaptive enzyme for galactose.

However, an important dilference betWeen these two

\‘7‘strains was observed in the fermentation of 1actose.i The

‘7 ?influence of adaptation upon the fermentation of this

jdiBaééﬁaﬁdélbesuSPenSions of Sfrep. lactis ATC 374 is

'fiiéhowﬁ:iﬁ'Figuré 6, It 1s apparent lrom this graph that

if7{broth.

ﬂthe organism possessesa.constitutive enzyme for lactose
‘jfermentation, since cells obtained from glucose bloth
&atrongly ferment lactose, éand since growth in lactose broth
éffdoes not incra&se either the rate or the. amount of acid
l:;production from laetose.': On the other hand, although
fﬁlactose is fermented by cells obtained from glucose broth

ff,there is 1ittle fermentation by cells obtained from galactose

A further 1nteresting relationship 13 found in Figure 7

JQlTﬁhiCh shows the influenee ofaﬁapxﬂqunugonthe fermentavaon‘



http://char.de

. =B

: ofrgglaétosgiby;sugpensioﬁa,of Sfrepalaétis ATC 574;~’In
'fthiS'graph léotic aéid production from galaotose is shown
‘1to oc}ur when cells are prepared fronm galaetose bro th or
L.from lactoae broth; but not when the cells are obtained
::‘from glucose b:oth.‘kThis is further proof that the
Llfermeﬁtation or galactbse‘ié carried out by an adaptive

'“enZyme; . However, it would anpear that this adaptive

L enzyme for galactose fermentation he s also been stimula ted

 lby growth in lactoss broth.
- DISCUSSION

The results obtained with the two strains of Strep.
ulacﬁié studied show clearly that the carbohydrate present

in the growth médium exer ts a pronounced effect upon both

= j»the dahydrogenase activity and the fermentative ability

- of resting cell suspenalons. ‘

‘The”reSﬁlts récorded in Tables 1 end 2 and portrayed‘

f'5inaFigurés‘l'and‘almake itlevident that thére'isfan’eﬁtreme

ufvariation in dehydrogenase activlty in response to various
k’carbohydrates in. the growth medium. It is apparent that
growing these organisims in lactose or mannltol broth very
1greatly inc:eases the ability of cell suspensions to de-
¥7hydf6génate,thesé substrates. It would éppear; therefore,

" that theée,dehydrdgenase enZymeépafé;adaptlve in cheracter.
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Apart from these instances of adaptation in response
‘td the'preSenoé of the homdldgoﬁé carbohydrate there occux
ofher variétionsvin dehydrogenasé activity which cannot be
explained on the basis of-siﬁple édaptatioﬁ. An illustra-
tion of‘such phenomena is found‘inithe dehydrogenation of
raffinose. With both strains of Strep. lactis dehydrogensa-
"tidﬁtdf‘raffinose doeg not bccﬁr if the cells have previéuély
béeﬁ grown in glucoese broth, but does ocour if the cells are
obtained frém media containing other carbohydrates. It
- would appear thaf glucose in the growth medium exer+ts an
iﬁhibitory effect upon the raffinose deh&drogenase enzyme
- of subséquent suspénsibns. Furﬁﬁer examplesof éimilar
_phenomenéare thevinability of éuspensions of Strep. lactis
VSA 30 to dehydrogenate maltOse and gtareh if the cells have
been grown in mannitol broth, and the mppearance of a strong
dehydrégen&se activity upon ar&ﬁinoge when the organism has
“been previously grown in lac toss brotho‘ These‘reSults do
no% appe&r(to agreeywith the obsérvations of Dubes {1), who
has emphasizea the extreme specificity of adaptive enZymeso

The Tesults repori'vded in Table 5 and portrayed in
Figures 3,4,5,6 and-7 emphasize the influence of carbo-
hydreate adg@tation upon fhe férmentative ability of résting
éell suspensidns; It has‘been shqwn that both strains of
Strep. lactis possess constitutive enzymes For the Termen ta-

tion of glucose, mannose and fructose, but an adaptive
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enzyme for the fermentation of galactose. This had prev-
iously been demonstrated with Strep. lactis by Hegar ty (5).

‘lIn,contradiation to his results, however, it has been shown

fﬁat one of the strains, Strep. lactis ATC 374, possesses
aiéonstitutive enzyme for the fermeﬁtation of lactose,
‘With both strains of Strep. lactis it hes also been
shown thét grow th in'lactose broth results’iﬁvthe adapta-
fion ﬁo both‘lactqse and galaétose, while growth in galac-
tose broth does not cause adaptation to lactose. This

result has been obteined with iwo strains of Strep. lactiis,

_one of which has been showﬁ to contain an aéaptive,and one

a constitutive enzyme for lactose, This would seem to
furnish;definite evidencé that with Strep. lac tis the
fermentation of lactosé proceeds through & preliminary
hydrolysis to its constituenf monosaccharides, glucose
and galactose,

With Strep. lactis S& 30 it was slso noticed that

/adaptatidn to galactose was obltained by growing the

organism in the presence of lactose, but not in the
presence of galactose, This woulﬁ indicate that galaetose
formed through the hydrolysis of;lacfose in the medium is
more éetive in cau;ing adaptation than galactose added as
such to the medium.

The relationship of these results to the meghaniém

of adaptive and constitutive enzyhes is B8till obscurs.

It;is believed that a constitutive enzyme exists as an
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integral part of the cell stgﬁeture and is thérefore aiways
prgsent in the cell in an active form, Anvadaptive
enzyme oﬁ.ths other hand, is believed to exist in thé cell
in én"inactiye state and to require stimulation or aéapta-
tion through'contaat with the homologous aubsfance before
enzymic activity, can bé'demonstrated. This viewpoint, es
advanced by Virtanen (1%), has been considered in&dequateA
by Dubos (1), Quéstel (8), and Haines (4), who emphasized
the complex influences ﬁhich envirbmental factors may
exert on the enzymic constitution of the microbial cell.
The'results reported herein with Sti'epo lactis furnish
further evidence of the important influence which the
constitution of the culbure n@diumvexerts upon the

enzymic structure of the bacterial cell.
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ABSTRACT

The stlmulatlng effeot of fifteen nitrogen sources upon
the fermentatlon and resplratlon of glucose by washed cell
»euepensions of Strep. lactie has ‘been studied.

| It has been shown that fermentation and respiratlon by
ocells of Strep° 1actis are regulated not'by‘eerobic or anae—'
‘robic conditions, but by the presence in the buffer mixturel

"of small amounts of various nitrogenous compounden The rela—

ntlonship of this phenomenon to the Pasteur effect is discussed, ‘ '

It has been shown that aeroblc and anaeroblc 1actic a01a,"

o formation are stlmulated to approx1mately the same degree by

'these different nitrogen sources, but that the oxygen uptake
.is stlmulated in a dlstinctly dlfferent manners
‘: The relative stlmulatory actlon of different types of

nitrogen sources has been compared and the questlon of

| V,eaccessory factors for fermentation and respiration discussede

Independent stlmulatlon of the respiratory and fermen—n

tetive meohanisms hae been~demonstrated and the p0551b111ty

; . of separate enzymic systems postulated,

¥



INTRODUCTION

‘fFiThe'férmentafion_reaotions of many species of;laoticfacid
,sﬁreptococcifhave~been’investigated. VOrla-Jensen (18):and
6rla}ionsen‘and‘Hansen (19) studied lacfic;éoid produection.
frommc&rbohydrates‘by,speoies‘and strains‘of,streptOcocci,
including Strep. lactis. They emphasized the variability of
sudh:reactrOnS'andksuggeSted'the formation of sub-groups on
;'this;ﬁasié. ‘Such sub group formaﬁlon, however, was OPPOSed bY

Ayers, Johnson ‘and Mudge (1), by;Hammsr and Baker (9) and

?o_by Sherman (24), who clas51fled the true lactic acid- strep=

tococci as Strep. lactis and\Strep, cremoris.
The respiratory enzyme activity of the lactic acid strep-
tococcl upon a variety of substrates has ‘also been investlgated.

E Farrell (8) reported upon the respiratory mechanism of 22

f; strains of‘streptococci 1ncluding'8trep.’lactis and,Strep,“

v{rcremoris. Morgan; Eagles and. Laird (lB)rsurveyed'%he7dehyd—‘
{rogenase activity of fourteen strains of lactlc acid bacteria
5iand also (14) studied the oxidative ability of tWorstrains of‘
rStrop. iaotiS'upon carbohydrate spbstrates;
Although the 1actic acid produetlon by growing cultures
‘ifand the resplratory activ1ty of restlng eell suspens1ons of
fstreptococci have both been studied in the presence of various,
?r:carbohydrates, the relatlonship of respiration to fermentation

5_is still largely obscure Wluh this group of microorganismse
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 Rahn, Hegarty and Duell (20) and'Hegerty (10) determined lactic
tacid production by washed cells of Strep. lactis in the
; fpresence of gluccsec‘ They found lactiec acid production to be
'ﬁidependent upon the presence of small amounte of peptone in the
'ifbuffer mixture. Later, Rahn and Hegarty'(?l) ~showed that this
owas due to the presence of accessory factors,'of which the
,mcst active were. ascorblc acid and nicotinie acid.' Morgan,“
ifﬂEagles and,Laird (15) found no‘correlation between the amount
e of. lactic acid produced in culture and the ‘aerobic and znasc-
” vr0bi0 respiratory activity~of~suspenSi°nS;°f Strep. 1actis,?

\>upon various CarbOhydrates.‘ Smith and Sherman (25) studied

' wgwthe fermentatlon abllity of 151 cultures of streptococci and

- determined the percentage of lacuic ac1d produced from glucose°

33f They obtained almost complete ubilization of the carbohydrate

"7‘even in the absence of a nltrogen source.

The work reported upon herein was undertaken with the

: object;of determining the influence which various nltrogen

*ﬂ‘sources exert upon the respiration ‘and fermentaticn of reshing

"cell suspensions of Strep. lactlsi, It WaS‘hoped that ‘such an

o!finvestlgation would clarlfy the lack of relatlonshlp between.

f,resplratlon and fermentatlon with this grcup of organisms,

EXPERIMENTAL METHODS.

| Tﬁe cultﬁres employed in this study were‘Strep.,lactis
30 (22) isolated from butter p0556351ng a caramel flavor,
" and strep. lactis ATC 314, ‘obtained from the National Type

euﬂCulture Ccllection at. Washington, D. C.
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Caeein Digeet Broth, prepared'afper the manner of Orla-‘

ieneen (7); and enriched with 0.5% KpHPO,, 0.5% glucose and

| 17 Difeco yeast extract served as the ba51c growth medium.

/wRestlng cell suspensions of Strep. lactis were prepared from .

}:ila —~20 hour cultures in this medium by;centrlfuging, washing'

‘fﬂtw1ce, and resuepending in phosphate buffer to give a cell

”,conceptration of 17 by volume, as ‘measured by the Hopkins Vac=

'!f‘cine Tube method (13).‘ These suspensions were found to con-

,"tain~2,5001000,000 cells_perocﬁ. nl. as measgured by plate
'countso
‘ Lactic acid. production under aerobic conditions was.

fjmeasured by the procedure desorlbed by Rahn Hegarty and Duell

’11(20) For anaerobic studies the procedure as outlined by

o e'these Workers wasg modifiedo The cell suspension, suspended

" ip a buffer mixture containing 27 glucose and 0.5% of the

foets nitrogen source being tested was placed in a 500 cc. suction

frflask and the. whole evacuatedo, Afterfevacuation the‘contents'

:fdof the flask were adjueted back to atmospheric pressure w1th

;J‘nitrogen and the flask clamped off, Methylene.blue was added
;gaas necessary through a dropping funnel and samples for titra-
;e:tion were removed by suction through a capillary tubeg All

lj;samples from both aerdbic and anaerobic experiments werse titw~

:f;rated to pH 7 0 w1th N/lo sodium hydrox1de, employing a Beck4

]Qfmann pH. meter.;
‘Q PH measurements Were also recorded on all samples for -

dftitraticngand;it was_found that the pH-decreased inta uniform
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*’manner as lactic acid formetion proceeded. In general, thefe_

fore, these tests'havejbeen carried 6ut in a highly-buffered

e,,phosphete solution under acid cbnditions° That such conditions
f,‘should be: optimum was indicated by Niven and Smiley (16), who

7;,showed that under acid conditions lactic acld was the predomim

'nating product of the fermentation of glucose by grOWing

iiicultures of Strepo liquefaciens, while under alkaline conditioneo"

formic acid and acetic acid and ethyl alcohol would be produced

‘;in large quantitles.

VRespiratiOnHStudies were carried outemanometrically with
theiBarcroftfrasPirometef; as described by Dixon (6)

The nitrogen sources employed in this study consisted of

":ammonium chloride, ammonium sulfate,;sodium nitrate, urea,
‘f uric,acid, L glycine; 1 cjstine; 1 asparagine,ftfyptone,;pepéw

tone Difco, peptoﬂe Witte, proteose peptone, godium caseihate,

N beef extract and yeast extract Difco,

Preliminary studies,carried out w1th susPBnSions of Strep.

i“lactis 8. A,,go 1ndleated that lactiec acid production inereased
‘:odirectly with 1ncrea51ng concentratlon of peptone. This result
}i;rs in agreement with the work‘of Hirschv(ll),who’showed that
”;ffaeid ?ioduction by washed oelle of‘Eryébii in th? presence

 fof élucosefincreased?directly ﬁith inereaSingipeptone'eoocenn
‘_e”tiation. On-the basis~df this~preliminary"study it was
yﬁideCided‘tofempioy 0;5% conoeotretions of all nitrogen sources
i;eiunder eonsideration.  Since iﬁ was also observed that cells of«

':Strep. lactis A, T C.~374 gave a slightly hlgher lactic a01d
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fproduction than those of Strep, lactis S A. 30 ;rcsting cell

o»suspensions of the former straln were employed in the subse-

ﬂ, quent experiments.

EXPERIMENTAL REsﬁLTs,'

The aerobic and anaerobic lactic acld production and

l the oxygen uptake after five hours in the _presence. of various
: nitrogen sources are~presented 1n'Table le All‘values ex-‘
'p%esSed in this table aré'caicu1ated‘on,the‘common:basis'of
kb}B% ﬁitrogenouchompound; |

The rcsults recorded in Tabls l show ccmparatlvely +the

iij  degree of stimulation 1n response to the presence of thesge

ivarious nitvogen sources in the reactlon mixture. It is

‘io;noticeable that under aerobic conditions in the absence of

N ,nitrogon souroe’nc lactic acid is’formcd from glucosa, whereas

'un&erféoaer0b10~conditions an app:eciable amount is elaborated.
oThi; formaﬁion‘ofrlacﬁic‘ocid rrom‘glchSefin the absence of
7’onitrOgen"éource;ié'in”égreement'wiﬁh';heirepoftod resultSVOf
fissmiﬁhfahd Sherﬁan (25)s In ccnorast to-the data preocnted “
cih thé yresent papér,fhowe#er, these workers obtainec,a

‘731milar acld production under aérébic conditions as. well.

Lactic acld formation under aerobic and anaerobie con-

‘iditions in response to the stlmulatlon of five nitrogen sources L

yiiiS'Shown graphically in Figures la and lb.' In Figure la is

’~portrayed the acid productlon under aerobic condltions, while

":that produced under anaerobic conditions is shown in Figure

- U‘lb‘j.‘: .v x
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From the results shown in these graphs it is apparent
;*Jthat lactic acid productlon is very generally simllar under

‘aercbic and. anaerobic conditlons. - I% is noticeable,~however,

“*that a01d production under aerobic conditions is in every case

4fsomewhat greater than the acid produced under anaerobic. con-

ﬁ ditions. ~In,general‘ the dlfference is not very marked and

' fthe curves for acid production under these two conditions are

falmost 1dent1cal,, The only exception to this rule ig to be

. ‘noted in the case of asparagine, where mnearly twice as much

‘acid is produced under anaerobic as under aerobic conditions.

‘,No explanatlon has been found to account for this 1rregularity°

It Was also’ notlced that lactlc acid productlon ‘under
anaeroblc conditlons was stimulated equally well whethc; or
£ not methylene blue was. added to the reaction mixuurc to serve.

‘as*&‘Hydrogen,Acceptora‘ This ‘would indleate either that lactic

?’,facid production is independent of the dehydrogenase enzyme

_systemcor that the NltrogenfSource itself functlons:as a HydrO»
k cgcn~Acceptcr‘which is at least as efféctive'as dhcimethylene‘
:ccbluea i | " i !
: The stimuldtion-of aerobic lactic‘acid‘prcduction‘from
gldcosé’dhder tﬁe influence of'Varicus~nitrogeﬁ sources i€
?‘ffurfher shown:iﬂ1Figﬁrefzf all\valucs bcing;calcdlaﬁbd‘on‘theg%*
ﬁd;basis of 0.5% nltrogenous compound. | | |
o The results portrayed in this graph indicate that there

}ccis an equal stimulation of fermentation whether urea, uric o

,acid;yammonium‘chloride,‘ammonium sulfatc, sodium nitrate,
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‘glyeine,'asparagine, or beef extract‘serves as the ‘nitrogen
"Qsourcs.’ However, when tryptone, peptone, or protere peptone
"serves as the nitrogenous compound there is a markedly greaterl
acid production, This stimulation of fermentation by simple
‘nitrogenous compounds is in some agreement with the work of
,Smythe (26), who reported that various tissue extracts stimu;
'ﬁlate the anasrobic fermentation of glucose by Baker s yeast
'ibut thatﬁthe active agent‘in'these-stimuletions was‘ammonium
, nchiofide. | | | |
" The stiﬁulatory~effeot of nitrogenOus oompounds'upon the
srespiratlon of washed oell suspensions of Strep. lactis is
‘shown in Figure 2. Here again, it is apparent that the more
;eomplex o:ganie oompounds, such as tryptone, beef extract, and
nroteose’peptone, have caused a far greater stimulation of
o reSPinaﬁion thényhave’the’simpler COmpounds such as ursa,A
glycine, “and sodium nltrate. | |
Comparison of the results shown in Figure 2 and 3 reveal
"fthat,there~is a fairly general agreement between the extsnt
lof acid production and the stimulatlon of oxyken uptake.' A

sovery noticeable exceptlon, however, is found in the case of

“'1beef extract.‘ ThlS compound giVes only a mOderateestimulation,

of acid production buufa very marked stimulatlon of oxygen
uptake. -

In Figure 4 the relative stimulation of aerobic and

W’ianaerobie lactic aoid produeﬁion and respiration by various

initrogen sources. is shown. These results are based on the

[
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common valuenof 0 5% nitrogenous cempound
The comparatlve values shown in Figure 4 indicate that

 1n most cases, aerobic and anaserobic. fermentation are stimu-
lated to the same extent by varlous nitrogen sourees. Res-,,
piration, however is stimulated to an entirely dlfferent
degree by these nitrogenous compounds.‘ With the majority of
the eubstances,tested respiration is stimulated tola much \
' leeserfertent,then fermentation. ’Thie appears to be true when
o the slmpler chemlcal comPOLnds are employed ‘With the’emino
aclds and varlous enzymic digests other complicating factors

- are encountered. In the case'of cystlne, respiratlon is‘st1mu4'

l‘lated more than acxd production, whlle ‘with asparaglne anaerobic

k'lactic acid: formatlon is stimulated more than elther aerobic‘
acid production or respination, Slmllar cases of greater

lstimulationVOf respiration then,fermentation,are found with

. beef extract yeast extract, and,; to e 1esser‘extent, sodium

. easelnate,' The reverse of thls effeet, however, is demonstrat-‘
'  ed with Witte's peptons. With this compound‘both aerobic and
.anaerobic lactic ecld production are high, “but reepiration'isr
elolow.' It Would appear, therefore, on the bases,Ofothese results,
itnat the mechanism of respiration is either dlstlnct from the

—mechanlsm~of fermentatlon or,~at least, is capable of indepen-

'lfdent stlmulatlon by various accessory factors.

The data presented in Table 1 and shown graphically in
"*Figures.l 2>“3 and,A have been calculatedfonothe basis of
’VO 5% nitrogen sourece added to the reaction. mixture. SinCe the

antrogen content of these compounds is extremely varlable it
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seemedfpoesible-that rearranging the data on the Basis Of a

L eommon nltrogen content night give further information.
,Accordingly, the data as presented 1n Table 1 have been recalw

~ culated to the basie value of 0 25 grams of nitrogen.L These

recalculatedevalues are presented in~Table 24

The results reported in Table 2 are entirely theoretical

‘and in most cases are much higher than- could be obtalned experi—
"'mentally.' Comparlson of these-results with those preSented in

& Table 1 reveals that there has been a very marked change in the

relatlonshlp of the stlmulatory power of these various compounds.t

¥

,It is notlceable from the nitrogen contents recorded iy Table

2 and the relatlve stlmulatlng activity recorded 1n Table L

. that the least stlmulatlon has been obtalned from the compound
- with the higheet nltregen content, namely urea, while‘the

greatest stimulatory action has been achieved by the'compounds

With'the‘loWest,nitrogen contents,‘namely, beef extract and

- yeast extract., Recalculating these vilues on the basis of a

ecommon nitrogen cdntent will~there?ore'tend to emphasize the

differences between the stimulatory action of these various

if types of nitrogenous compoundse.

Stimulation of aeroblc lactic acid productlon by these

' {various nitrogen sources is shown graphieally in Figure 5,
on the bagis of'O 25 gm, Nitrogen. It is apparent that three
:tflevels of stlmulation exist among these Varleus oompoundso In

'the flrst level acid production is relatively low, and the

%

'[, compOLndS fallrng into this group are the simple: ammonium salts,

7
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'the amino acids and sodium caseinate. In the second level

aeid production is mnmuch higher,,and the nitrogenous compounds

involved con51st of the products prepared by enzymic hydroly51s,

~the peptone group. In the third level acid production is very

:great and the two stimulatlng compounds are beef extract and

veast extract. There would appsar, thsrefore, to be a fairly

regular grouping based on the chemical nature of these com-

~pounds and their probable activator content, which is in

fairly close agfeement with the results shown in Figure 2.
Stimulation of respiration by these same nitrogenous
compéunds is shown graphically, in Figura 6. Thnere is apparent
a regular increase from ured, with thé lowest valﬁe, to beef
éxtract, with tﬁe>highest value. In contrast to the results;
shown in Figure 5, there 'is no grouping of these compounds on
the basis of' their Chemical ﬁatﬂre, It is also apparent that

there is a generalksimilarity in the appearance of the two sets

0P eurves shown in Figures 5 and 6. however, the stimulation

of respiration is much more uniform than the stimulation of acid
production.
| The stimulatory effects when cystine 1is employed as the

nitrOgen source are rather,irrégular. There is a very marked

immediate stimulatioﬁkof oxygén uptaké such that a very high

level is reached within two hours., After two hours, however,

the oxygén uptake appears to reach a maximum value and the curve

ylevels off, With lactic acid producﬁion, on the other hand,

the stimulation is regular and uniform and the curve rises
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‘steadlly to attain a maximum value ab five hours. -

- It would appear, therefore, that stimulation of nespina-
‘tion by cystine pproceeds through a distinctly different mechan-i
ism’than stimulation of fermentatlon. ‘These results are of
,inteneSt in’view‘of the reported werk of Chaix and Fromagect
(3); qusstudieatthe:activating ability of wvarlous compounds
iupdnsthe glyeolytic actitity Qf Prop, pentosaceum, end found

fn that the greatest stinulateny‘effect was ottained with varieus
ksulfurecontaining compounds such asg cystine, glutathione and
vthiourea; They concludedfthatfhydrogen sulfide was the

’essential aeceesony factor,
When Witte's peptone is employed as the nitrogen source

the stimulatory effects ars again 1rregular. No laetic acid

‘,1s produced during the first hour but during thls period there
oceurs an appre01able sUimulation of oxygen uptake. After this
oneehour period‘,however, acld productlon rises,w1thxextfeme

”rapldlty while the oxygen uptake remains at a fairly low level.

;It would appear, therefore, that the two mechanlsms of lactic

r,acid production and of respiration are stimulated in an entire-

1y different manner by the one nitrogen source. A somewhat
281milar effect is encountersd w1th glycine and asparagine. These
“two compounds exeru an identical stimulation upon respiratlon

'but a distinctly different stimulatory actlon upon fermentation.

.

The slow initial stlmulation of 1actlc geid fermatwon
by Wiote 8 peptone as contrasted to ‘that of Difco peptone and

proteose peptone is in ace ord w1th the work of Sadler, Eagles,

-and Pendnay (23 who found Wittets peptone to be a totally in=

'ﬂadequate nitrogen source for uhe growtn of the lactlc aecid

streptococel.,



The total stimulatlon of aerobie and anaerobie Termenta-

“ition and of respiration by these various nitrogen sources is

‘shown comparatively in Figure T These results emphasize that

asrobic and anaerobic lactlc acid production are genera11y

ostimulated to much the same degree by these different nitrog»
S nous comnounds, buu that respiration appears to be etlmulated
to .an entlrely different degree° In general the results

portnayed in Flgure 7 agree. witn thosse shown in Figure 4o

DISCUSSION

The results presented hereln show ehat fermeetation :
“endfrespiratlon by washed e8ll susp9931ens of Strep. lactie ‘
are,dependent notrupon aeroblc or’anaerobic'conditions, but’
'upon the. presence of a nltrogen gsourece. Washed cells of Strepfl
'felactis suspended in phosphate buffer containlng two percent
'gluCOQe were found to form no lactlc acid under aeroblc cone'
iditions, and only a very small amount under anaerobic condi~
iltions; although a sllght Oxygen uptake eould be demonstrated.:
The-addition of a‘small.amount 0 5%) of a‘group of nitroge-
1nous compounds resulted 4in . the elaboratlon of" very 1arge‘
‘amounts of 1actic acid under both aerobic -and anaerobic con-
a‘ditions,fwhlle at the same time ozygen uptake was very greatly

',‘stimulated.

I was also observed that, While aerobic and anaerobio
,flactie acid formation were generally stimulated to approximately’
f,the same extent by indiwvidual nitrogen sources, the stimulation
‘oflrespiration:appeared to be~distinetly”different.j It was

ﬁoticed +that some nitrogenous compounds possessed the ability
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to stimulate acid production far more than respiration, while with

other cowmpounds the reverss held true. These results indicate

that respiration and fermentdtionvare carried out by different

enzymic mechanisms, or, at least, by mechanisms which are
indebendently regponsive to various stimulating agents.,
Theée results are in’agreémenﬁ with the génerally accepted
;' theofies'of the relationship of respiration to feimentation as
detailed by Oppenheimer and Stern (17). "There is one unifofm
mechapism;operativevin both phaées,(respiraﬁion and fermeﬁtation)
of desmo;ysis, namely, the %ransfer of metabolic hydrogen.
In anéerqbiosis it terminates in lactic acid and in aerobiésis
it terminates in water."™ This viewpoint is rathei.difficult
to reconcile with the.results reported in the present m}orkc |

If the meechanism of both processes is essentially the same

one would not expect to stimulate both respiration and aerobic
fermentation at the same time nor would one expsct to £ind
aerobic lactic acid formatidn and anégrobic lactie acid forma-
.tion stimulated equally by various nitrogen sources.

 The results obtained in the present stﬁdy aisQ'failyto
'agree withrthe classical Pasteu? and neo-Pastsur effecﬂs as
discuséed'by Burk and Lipman (2) and (12). "Most facultative
ofgénisms possess in the Pésteﬁr effect a régulatbry device
thaﬁ énablesfthem to use, as occasion demands, either their

éerobic or their anaerobic systems, By the opsration of this

effect their fermentative apparatus ié blocked in the presencs
of sufficient oxygen, and energy is furnished almost exclusively

byithe Pap-more efficient and powerful respiratory apparatus;
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i : When oxygen 1s lacking, however, the fermentation system is
brought into operation." With the washed cell suspensions of

Strep, 1act;s it would appear that both respiration and fermen-

;ﬁation are proceeding together umnder aerobiec conditions and
iii’ that both processes can be independently stimulated by various
nitrogenous compounds, ”

It is possible that much of fhis lack of agreement arises
from the use pf‘resting cell suspensions of a bacterial species
Which‘is predominantly anaerobic in ﬁature and which is believ~
ed toqussess a very primiﬁive type of metabolic mechanism which

S -is prObabiy‘lackiﬁg in the majority of the respiratory enZ yme
and hydrogén transport systems possessed by the more amerobiec
bacterié and yeast.

'Thejmechanism by.which/the nitrogenous compounds studied
exert‘their Stimulatory achbion is still obscure. It is ex-

tremely difficult to postulate a mechanism‘by_which the resting

fcells‘of Strep~lactis are able to utilize uric acid, which
contbains its nitrogen in a relatively stable and unaVailable>
form, as an activator for cell respiration and cell fermentation.
fIt iz also difficult to.visudii:ezths manner in which urea,
ammonium Cchloride or sodium'nitra£e exert their stimulating
effécts. That somé factor othef than simply nitrogen content
of.thé activating substance must bk involved is apparent, sincs
the compoundiwi;h the highsst nitfogen content, namely ureé,
‘gave the least stimulation, and‘the compounds with the lowest

nitrogen valuesg, namely, beef and yeast extracts, gave the

greatest stimulation.
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From the results presented in Table 1 1t is noticeable
‘ithat the figures for anaerobic lactic acid production remain
'quite constant with a value in the neighborhood of 0. 6 percent
"until tryptone and the various enaymic digests are reached,
‘These.compounds then show a markedly greater stimulation which -
~redaches a falrly uniform 1evel at about 1.0 percent. This may
xindicate that substances of the peptone group pPosSsess. additional
‘activeting compounds which have been elaborated during the
‘enzymie¢ prOcesses entailed in their preparation. Such addltion—'
lal activators Woula not be encountered w1th the pure salts and
camino acids employed and their. stimulatory powsry would con-
,sequently be lower. Such a hypothesis.isfsupnorted by. the
'results shown graphically in Figures 2 and 5, Whlch indicate
ithat the stimulatory action of these compounds may be arranged

fin groups which closely parallel the state of chemical purity

’l[ of the compounds studied.

The results reported‘herein are” at marked.variance With
”the published results of Smith and Sherman (25). These wofkers;
fmeasured the percentage glucose converted to lactic acid by q
lwashed‘susPen51ons of the Streptococci in a buffer solution
7withonteadced nitrogen source"end\obtainedlalmost complete
‘ntilization oflthe glucose.inetwelve‘hours; It is possibleo"
,that the ability of washed cells. to utilize glucose in the
epresence or abgence of nitrogen source may be governed by the
functioning of thelr assimilatory rather than their respiratory‘
lprocesses,~as demonsgtrated by Clifton (4,5) in thetcase\of E.

 coli and Ps calco-acetici.
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The results obtained in this study of the influence of

various nitrogen sources upon fermentation and respiration by

washed eells_fﬁrnish an explanation for the reported obser=

vations of Morgan, Eagles, and Laird (15). These workers

found that no correlation existed between the dehydrogenation

and oxidation of carbohydrates by washed suspensions of Strep.

lactis arnid the fermentation of these same carbohydrates by the

organism in culture media., It is apparent that the fermen-

. tation of carbohydrates by growing cultures is governed by the

influence which activating substances in the medium exert upon

the respiratory and fermentative mechanisms of fhe cell,
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A Table 1

Comparative Oxidation, Dehyaroganation and Permentation

of Carbehydrates with Sc. lactis A.T.C. 374

COMPOUND AEROBIC OXIDATION DEHYDROGENATION ~ FERMENTATION
. ' ‘ R, c.' Gm.L.Aq per liter
- Glucose Strong . Strong . Strong
. . 100 :
L N 15 645
- Fructose Strong. Strong Strong
Galactose eak Vory Week Fairly Strong
. : : i 1 1.8
: i v Wea .
Arabinose er? ak . Negative Very Slight
) 38 5.4
Lactose Fairly Strong Fairly Strong Strong
J
. 0 1.1
Raffinose Fair Negative Trace
Melezitose Very Weak 2 Wi
_ Negative Fairly Strong
Dextrin Very Strong ’ 0.7
, ‘ Trace Trace
: ' 0 0.7
. Adonitol Very Weak Negative Trace
»\ A




| ‘Table 2
’ ' Dehydrogenase Activity of Rh, trifolii ‘
S o - ... Red,Time Glucose = R,¢
. c 4 - Rl Sl Smmn s T He Y,
Values are Expressed as Respiragory oefficiants T Red. Time X
Rh, trifolit |

SUBSTRATEﬂ_ %f:n%  R.T, 231_ R,T, 226 R;T;vzza R,T,397§ R,T, 22B
Glucose 100 100 i 1O05f. 100 100
Man#osé o o T'A86 15 B ‘45'  ' ‘166 ?5'
Gglactosé' | 20 o0 - 5‘_’ A .13
?ructose' o 50 | - 50 : ‘75>v'; 617 60
' Arab;ﬂose. e 0 0 67 : 0 - fo:
Xylose 16 0 133 0 o
Sucrose 55 ; 100 “37 100 20
cellobiosé‘ | 8o 28 30 | T
Lactose | | 0 0 0': 33 :3.
Maltose ’:, T _ 56 .0 30 | ‘li 75
Trehalose o y‘ 10 20 | 40 7 | '5_
Melibiose | 34 -0 37 4 .5
Raffinosé | | 25 7 4 18 ‘ 67 33
melezitosé | , o .| .0 67 50 50
. Mannitol - | 30 30 60 40 15
Sorbiﬁoi .ﬂ 50 "0- : 6 7 ’ 16




Table 2 (cont.)

R.T. 231

SUBSTRATE R.T. 225 R.T. _ R.T,39-1 22B.
Saliein | 9 20 80 67. 30
Dextrin 18 ia- | 56 50 | | 50
Starch - 18 534 80 67 42
Inulin 2% >‘14 « %6 57 .42
Escﬁiip .15 0 60 8 5
ﬁhémn9se 0 0 0 0 o
Metﬁ;l gluéoside 0 0 0 - 0 0 -
Glycerol 0 0‘ 15 | 8 ..6
Sod. formaﬁa 0 0 0 5 0.
Sod. lactate 28 0 0 J 0
Sod. suceinate 7 4 16“ 6 10
SO&@ aéetate 0 0 0 0 uo
sbd. malate 7 0 0 0 27
Allyllalcohol 0 0 o 0 T




. - _ =
Relative Dehydrogenase Activity of R, trifolii Strains

Table 1

SUBSTRATES -

RHIZOBIUM TRIFOLII STRAINS

RT 22B RT 224 RT 226 RT 231 RT }9-1
Glucose 100 100 100 iOO 100
Mannose 75 45 75 8o 100
Galactose 3 B 5 0 20 6
Fructose 60 15 50 50 67
Arabinose 6 67 0 0 0
Xylose 0 133 0 16 0
Rhamnose 0 0 0 0 0
© Suerose 20 31 100 55 100
Cellobiose 15 30 28 80 45
Lactose 3 0 0 0 33
Maltose 15 30 (0] 56. 11
Trehalose 5 40 20 10 1
Melibiose 5 37 0 34 4
Raffinose 33 18 7 25 67
Melezitose 50 67 0 0 50
Dextrin 50 56 14 18 50
Starch 42 84 33 18 67
Inulin 42 36 14 25 617
Esculin 5 60 0 13 8
Salicin 30 80 20 9 61
Methyl glucoside 0 0 0 0 0



Table 1 (cont.)

RHIZOBIUM TRIFOLII STRAINS

SUBSTRATES

RT 22B RT 224 RT 226 RT 231 RT 39-1
Ethylene glycol 0- 0 0 0 d
Glyceroli 6 75 0 0 8
Erythritol 0 0 0 0 0
Adonitol 0 28 0 0 0
Mannitol 15 60 30 30 20
Sorbitol. 16 0 ) 50 7
Dulecitol 0 3 0 0 0
Inositol 0 28 0 0 o
Sqdiuﬁ formate 0 vo 0 0 5
Sodium acetate 0 0 VO 0 d'
Sodiﬁm propionate 0 0 0 0 Q
Sodium butyrate 0 0 0 0 5
Sodium lactate 0 0 0 28 0
Sodium succinate 10 10 4 7 6
Sodium fumarate 0 0 0 0 0
Sodium malate 27 0 0 1 .0
Ethyl alcohol 0 0 0 0 0
n Propyl alcohol. 0 0 0 0 0
Allyl alcohol T 0 0 0 0
Bthylahnine .- 0 0 0 0 1
n Butylamine 0 6 0 0 0

£A11 values expressed as percentage of reduction time with glucose.



Table 2

Variation in Dehydrogenase Activity with Time

6

RHIZOBIUM TRIFOLII 224

SUBTRATES First Tests 2 Months . 8 Months 12 Months
Glucose 100 100 100 100
Manno se 45 100 46 63
Galactose 5 | 33 25 56
Fructose 15 42 50 “56
Arabinose 617 O 0 0
Xylose 133 30 14 32
Rhamnose 0 0 0 0
Sucrose 317 60 50 56
Cellobiose 30 15 46 63
Lactose 0 8 4 1
Maltosé 30" 50 42 42
Trehalose 40 8 11 28
Melibiose 31 8 9 40
Raffinose 18 60 25 34
Meiezitose 67 21 12 ‘56
Déxtrin 56 50 - 22 50
Starch 8o . 42 30 30
Inulin 36 18 30 10
Esculin 60 60 45 32
Salicin 80 37 56 56
Methyl glucoslde 0 0 -0 0




Table 2 (cont.)

RHIZOBIUM TRIFOLII 224

SUBSTRATES First Tests| 2 Months 8 Months 12 Months
Ethylene glycol 0 0 0 0
Glycerol 175 0 9 63
Erythritol" 0 0 0 0
Adonitol 28 0 0 0
Mannitol 60 18 17 84
Sorbitol 0 16 20 .21
Duleitol 3 0 o 0
Inositol 28 4 0 0
Sodium formate 0 0 0 0
Sodium succinate . 10 5 14 84
Sodium fumgrate 0 6 .0 9
Sodium m&ngie 0 0 0 0
Sodium malate 0 38 o 14
Ethyl:alcohol 0 0 20 10
n Propyl alcohol 0 0 8] 11
n Butyl alcohol 0 0 '15 0
iso Butyl alcohol 0 0. 0 20
Allyl alcohol 0 0’ 0 10
iso Butylémine 6 0 0 1
Formaldehyde 0 0 20 0




Table 1

0o Uptake in Cu.,mm. per hr, per mgm. dry weight

@
STRAIN | " Endogenous Glucose Mannitol Sodium succinate

RT 224 E 34.7 93.5 405 109.2
Ey 2843 A54.2 46.17 6246

E, 24,7 6545 35.3 5646

E, 2747 57.8 2947 83.5

Eg 22,4 50.6 13.9 60.8

Eq 2047 47.8 2045 89.4

Eg 20,2 5743 25.0 5342

RT 224 2742 5849 68,6 19.6
By 42.5 80,5 7642 3345

B, 17.1 6540 5849 19.4

C, 28.8 1260 43.17 42,3

¢, 6445 232.4 21741 45.1
Cs 5862 128,.2 115.5 93.2

c, 23,1 138,.6 135.6 32,8

Cg 19.6 129.4 974 28.8

Cg 2543 7941 52,3 12747

Cq 29,9 806 83.2 3561

Cg 13.0 30,8 31;7 22,1

C9 30.8 179.1 132.8 47.6

Cy0 18.6 6043 60,0 15.3

. Cqq 21.0 6845 5445 20,2
Cis 41.9 167.8 18546 31,9



Tadb

le 2

Aerobic and Anaerobic Respiratory Coefficients

. A Anaerobic
B = Aerobic
Glucose = 100
Sub- Endﬁgenous Mannitol Sodium succiﬁate
strain
A | B A B A B
RT 224 E 58 - 3746 75 44,2 62 118,.4
E, 82 | : 52.2 82. 86.1 62 115.4
E, 70 3747 80 - .80 86.4
Eg 88 - 47 69 15 - 88 14444
Eg 61 . 44,2 80 27 04 80 120,1
E, 60  43.3 66 42.8 66 - 187.0
Eg 90 3502 100 4346 100 | 92.8
RT 224 0 45 58 116 116 33
By 0 53 72 95 118 42
B, 8 26 83 91‘ 62 30
o 8 23 86 35 50 28
C, 15 28 75 94 60 19
Cs 6 45 63 90 36 13
Cyq 2 17 67 98 5 24
Cs 4 15 41 15 14 22
Cg 20 32 86 66 30 161
Cy 0 | 31 57 44 22 103
Cg 0 C 42 76 103 70 72
Cq 2 17 42 14 13 217
C10 5 31 70 99 60 25
.011 4 31 60 80 60 30
Cip 0 25 - 80 1io 100 19




Table 1

Dehydrogenase Activities of Strep. lactis and Strep. cremoris™

Sc, Sce - Sce Sce Sce Sce
SUBSTRATE lactis lactis lactis jeremoris |cremoris cremorisg

S.A.30 |A.T.C.374| EMBp 1 HP EMBy 195 RW

d-Glucose 100 100 100 1oo' 100 100
d-Mannose 30 15 70 80 50 | .1
d-Galactose | 20 8 100 20 . 25 0
d-Fructose 100 15 50 80 28 30
l1-Arabinose 0 2 0 0 0 0
1-Xylose 0 ' 2 0 ' -0 0 0
Rhamnose 0 0 0 0 ' 0 0
Sucrose - 30 100 0 0 50 0
Cellobiose | 50 100 32 48 50 37
Lactose ‘ 6 38 - 100 33 50 11
Maltose 5 30 28 40 33 22
Trehalose >6 317 0 0 0 23
Melibiose 0 0 0 0 0 0
Raffinose 0 0 0‘ 80 40 .11
Melezitose . 0 0 0 0 0 0
Dextrin 0 3 _ 15 6 9 23
Starch | 80 50 22 80 50 37
Inulin » 20 50 0 56° 20 0
Esculin | 0 ' 3 0 12 0 0
Salicin : 4 11 | 11 20 ) 0
Methyl glucoside 0 » 0 | 0 0] 0 0

[ _




Table 1 (cont.)

™

Sce Sce Se. Se, Sc,. Se,
SUBSTRATE lactis lactis lactis cremoris |cremoris |cremoris

' S.,A.30 A.T.C.374| EMBy 1 HP EMBy 195 RW
Ethylene glycol 0 0 0 o] 0 0
Glycerol 0 3 0 0 0 0

Adonitol 0 0 0 0 0 0
d-Mannitol 0 ] 0 0 0 0
d-Sorbitol 0 3 0 0 0 0
Duleitol 0 0 0 0 0 0
Inositol 0 o 0] 0 0 0

Sod., formate 0 0 0 0 0 9
Sod, acetate 0 0 0 0 0 0
Sod. lactate 0 0 0 0 0 72
Sod. succinate 0 Ov 0 0 0] 0
Ethyl alcohol 10 5 0 20 7 0
n-Propyl alcohol 8 0 0 0 0 10
n-Butyl alcohoi 4 0 0 0 0 0
Allyl alcohol .15 17 0 0 0 20

%Recorded as percentage 0f the reduction time shown by each
organism in the presence of glucose.



Table 2

Dehydrogenase Activities of Strep. bovis and Betacoccix

le

SUBSTRATE bi:;s Betacocous citig;orus , parac?:;ovorus
A, T.C, 6058 EMBy, 173 A.T.Ce 797 A.,T.C.798

d-Glucose - 100 100 100 100
d-Mannose 100 60 66 38
. d-Galactose 12 0 10 25
d-Fructose 45 66 60 46
l-Arabinoss 0 0 0 0
1-Xylose 0 0 0 0
Rhamnose 0 0 0 0
Sucrose 89 72 50 16
Cellobiose 89 50 66 100
Lactose 55 6 10 12
Maltose 9 62 6 8o
Trehalose 0 Y 3 9
Melibiose 0 0 0 0]
Raffinose 140 51 0 0
Melezitose 0 0 0 0
Dextrin 50 0 6 80
Starch 140 4 50 50
Inulin 50 12 0 0
Esculin 78 0 0 0
Salicin | 9 40 4 0
‘Methyl glucoside 0 0 0 1



‘3-
Table 2 (cont,)

Sce . Betacoccus . Sce Sce
SUBSTRATE A.T.0, 6058 EMB, 173 “hete0a197 | TheTica198
Ethylene glycol - 0 ' 0 0 0
Glycerol | 0 _ 0 - 7 0.
Adonitol 0 0 o 0
Mannitol | o o 0 22
d-Sorbitol 0 ' 0 0 0
d-Dulecitol 0 0 0 0
lInositol' 0 o - 0 0
Sod. formate 0 O, 0 0
Sod. acetate o 0 0 o
Sod. lactate 0 0 o - 0]
Sod. succinate 0 0 0 0
Ethyl alcohol o 0 0 40
n—Propyl.alcohol | 0 0 0 , 0
n-Butyl alcohol - 0 ’ 0 0 : O’
Allyl alcohol 0 ' o 0 3

Recorded as percentage of the reduction time shown by each
organism in the presence of glucoss,



Table 3

‘ Dehydrogenase Activities 6f the Pgeudo Lactic Acid Bacteria¥

Te. - Teo Bacte Bacte
SUBSTRATE casel liquefaciens coli aerogenes
A.T.C. 391 SMs A.T.C. 4157 A.T.C. 211

d~-Glucose 100 100 100 100
d-Mannose 20 65 80 75
d~-Galactose 25 20 40 50
d-Fructose 33 100 617 44
l;Arabinose 25 0 12 Y
1-Xylose 24 0 0 7
Rhamnose 0 0 20 0
Sucrose 80 100 517 85
Cellobiose 50 90 25 617
Lactose 66 33 30 50
Maltose 66 15 A5 60
Trehalose 25 16 - 67 ‘75
Melibiose 45 .0 10 9
Raffinose 80 90 45 50
Melezitose 12 16 11 ¢]
Dextrin 50 89 30 80
Starch 40 0 36 68
Inulin 78’ 50 67 33
"Esculin ‘0 ' 0 - -
salicin 45 0 67 61
.Methyl glucoside 0 0 0 0



Table 3 (cont.)

Tec, Te, ﬁacte Bact,
SUBSTRATE casel liquefaciens coli . aerogenes
A.T.C. 391 SM5 A.T.C. 4157 A.T.Cs 211

Ethylene glycol 0 0 0 0
Glycerol 0 30 20 25
Adonitol 0 0 0 0
d-Mannitol 80 16 36 100
d-Sorbitol 13 0 20 . 60
Duleitol 0 0 0 0
Inositol 0 0 0 0
Sod. formate 0 1 40 57
Sod. acetate‘ 0 0 -0 0
Sod. lactate 20 30 11 32
Sod. succinaté 0 | 0 12 217
Sod., fﬁmarate 0 0 10 0
S;a. malate 17 0 14 12

" Ethyl alcohol 0 200 2 617
n-Propyl alcohol 0 200 3 24
n-Butyl alcohol 20 617 6 20
Allyl alcohol 35 200 0 80
Formaldehyde 0 6 8 20
Glutamine 0 0 17 22

. @ :

¥Rrecorded as percentage of the reduction time shown by each

organism in the presence 0f glucose,



6

Table 4
‘ Dehydrogenase Reactions of Strep. lactis at Different
o . Periods of Time
SUBSTRATE Sce. lactis SA-'BO o Se. lactis A.T.C. 374
Origina} Tests |18 mos., later [Original Tests 18 mos, later
d-Glucose 100 100 : 100 100
d-Mannose 20 1001 , 15 100
d-Galactose 20 33 8 16
d-Fructose - . 100 80 75 | 100
l-Arabinose 0 0 2 0
1-Xylose ' 0 0 2 )
Rhamnose 0 | 0 0 | 0
Sucrose 30 4 100 . !
Cellobiose 50 100 - . 100 100
Lactose 6 20 38 31
Maltose 5 1100 30 ; 100
Trehalose 6 5 31 ‘ | 6
Melibiose 0 0 0 | 0
- Raffinose 0 0 0 6]
Melezitose , 0 0 0 0
Dextrin o 1100 3 ' 15
Starch 80 7 s | 25
Inulin 20 100 ‘ 50 42
Esculin o 5 ' 3 27
Salicin 4 12 11 ' 31
Methyl glucoside 0 1 0 . 0 0
o




Table 1

Aerobic Respiratory Activity of Strep. lactis

Strep. lactis S.A, 30 Strep. lactis A.T.C. 374
SUBSTRATE Q0o QCO5 R.Q. Q0o QCOo R.Q.
1 hour 1 hour 1l hour ‘hour ‘1 hour 1 hour
d-Glucose 26,6 2646 1.0 24,2 19.4 «80
d-Mannose 23,8 2045 .86 30,8 25,0 .81
d-Galactose 21,7 21,0 096 746 4.7 «73
d-Fructbse 27.9 22.8 .81 2343 22.4 096
1-Xylose 17.8 1449 .83 Te5 55 73
1-Arabinose 8.9 569 - .66 10,2 9.2 290
Sucrose . 21,8 24,1 1.13 17.7 18.7 1,05
Cellobiose 23,8 16,8 «70 25.2 2243 .88
Lactose 21,0 10.8 51 21.4 17.5 81
Maltose 22.4 22,4 1.0 13,0 11,0 84
Trehalose 18,0 13.9 e 77 14,49 14,0 294
Melitiose 12,0 1604 1.36 13.0 12,0 - e92
Raffinose 18.7 20,2 1.08 14,0 13,1 93
Melezitose 23.8 28,2 1.18 8.4 9.4 1,10
Dextrin 25.2- 23,1 991 37.1 30,4 .82
Starch 17.1 17.1 1.0 44,9 -26.4 059
Inulin 9.8 11.3 1.15 3.3 1.8 .54
Salicin 14.7 13.2 -89 12,1 10.2 .84
Esculin 19,6 19.6 1.0 14,9 10,0 +66
Alpha Methyl |
@® ciucoside 12,6 11.2 .88 12,1 11.2 .92




" Table 1 (cont.)

Strep. lactis S.A, 30 Strep. lactis A.T.C. 374
SUBSTRATE 20, aco, R.Q. Q05 QCO, ReQ.
hour hour 1 hour 1 hour 1l hour 1l hour
Glycerol 18,2 21,2 l.16 27.3 21.5 719
Adonitol 740 5.5 .78 10,2 10,2 1,00
d-Mannitol 24,9 20,5 .82 8.4 4,5 053
d-Sorbitol 21,0 1646 o179 11,2 10.2 91
Dulci£01 li.? 17.1 1l.52 8ed 6.4 .76
‘Inositol 25.6 2247 .88 943 8.3 89
Ethyl alcohol 2947 27.6 .92 - - -
Ethylamine 847 3.8 .43 13.1 1740 1.29
Sod, formate 26,6 25.2 94 - - -
Sod. 'lactate 1942 19.2 1,00 - - -
Sod, succinate 24,4 29.1 1,19 - - -
Sod. malate - - - 24,6 23,7 .96
Sod: pots tartrate 23,8 18.7 “«78 - - -
Endogenous 12,6 - Te5 «59 14,7 © 1867 1.27




Table 1

Respiration and Fermentation with Strep., lactis

o Sce lactis S.A, 30 Sce lactis A.T.C. 374
'SUBSTRATE 20, gespiraﬂmy Gm. Ll.A. - Respiratory| GmeLeA.
Coefficient 1 f: 21' e Coefficient 1 f:: r
d-Glucose 26,6 100 8.1 24,2 100 74
d-Manno se 23,8 30 T7e1 30,8 75 T4
d-Galaéﬁose 21.1 20 5.4 Te6 8 445
a-Fructose 27.9 100 et 23,3 15 6.5
1-Xylose 17.8 0 2.5 . Te5 0 245
l1-Arabinose 849 0 1.8 10,2 0 1.8
Sucrose 21.8 100 1.6 1717 100 342
Cellobiose 23,8 50 2.7 25.2 100 6.3
Lactose 21,0 6 5e4 21.4 38 54
Maltose 22,4 5 3.6 13.0 30 5.0
Trehalose 18.0 6 740 14,9 37 4,17
Melibiose 12,0 0 1.6 13,0 0 0.9
Raffinoée 18,7 0 2.0 14,0 0 1.1
Melezitose 23,8 0 2.0 8.4 0 4.1
Salicin 14.17 4 6;1 12,1 11 5.6
Dextrin 2562 0 245 37«1 3 0.7
Starch 17.1 80 3.8 44,9 50 1.8
Inulin 9.8 | 20 049 343 50 0
Esculin 1946 0 2,7 14.9 3 2,0
Methyl glucoside 12,6 0 l.4 12,1 0 0.9
Glycerol ._1802 0 1.4 2743 0 1.8
Adonitol 740 0 0.7 10.2 0 0.7
| d-Mannitol 24.9 0 0.7 8.4 3 2.7
*Sorbitol 21,0 0 1.1 11,2 3 0e7
Dulcitol 11.2 0 . 0.9 8.4 0 0.2
Endogenous- 12,6 1447



Table 2

Comﬁarative Respiratory and Fermentative Acfivity of
Strep. -lactis upon Carbohydrates

CAG

Sc. lLactis S.A, 307

Strep. lactis A.T.C. 374

SUBSTRATE '
Aerobic Anserobic Acid Aerobic | Anaerobic Acid
R,C, R.C, R.C, R.Ce R.C, ReCo,
d-Glucose 100 100 100 100 100 100
d-Mannose 89 30 95 127 75 100
d-Galactose 81 20 66 31 8 60
d-Fructose 104 100 91 96 75 817
l1-Xylose 1% 0 30 30 0 33
l-Arabinose 36 0 22 42 0 24
Sucrose 81 100 20 13 100 43
Cellobiose ‘~89 50 33 104 1100 85
Lactose 78 6 66 - 88 38 72
Maltose 84 5 44 53 30 67
Trehalose 617 6 86 61 317 63
Melibiose 45 0 20 53 0 12
Raffinose 70 0 24 57 0 14
‘Melezitose 89 0 24 34 0 | 55
- Salicin 55 4 15 50 11 15
Dextrin 94 .0 30 153 3 9
Starch 64 80 46 185 50 24
Inulin 36 20 10 14 50 0
Esculin 13 0 33 61 3 27
Methyl glucoside 4] O‘ l7_v 50 0 12
Glycerol 68 0 17 0 24
Adonitol 26 0 8 42 b 9
d-Mannitol 93 0 8 34 3 36
.6rbitol 78 0 13 46 3 9
Duleitol 42 0 lOl 34 0 ]
" Endogenous 417 0 - 60 0 -




TABLE I°

BEffect 6firrevious Adaptation upon Carbohydrate

Déhydrogenationa.i Strep, 1actis_8A_50,

Dehydrogenation L __Cells Grown in,Pfdéethaof._
‘Substrate I L Me thyl
: Glucose Lactose Starch Mannitol Glucoside

4 Glucose 4 15 6 6 ' _;
4 Mannose s 21 7 e 12
d Gelactose . 20 28 6 14 =20
4 Fruotose ) 4 . 17 7 ‘ 7 ..- .8
1 Arab;nose‘ .0 23 120 o 0
Sucrose : 4 a7 7 10 .9
Gellobiose & 26 7 - o 10
Lactose | 54 -18 18 | 27 33
'Maltoge o 89 69 11 : o 0
Trehalose 63 18 .20 18 ez
Rgffinosa 0 | 12 9 13 _A, v13
salicin - o2 o 32 97 0
Dextrin o o 36 23 ',:‘{:44'
Steroh 5 13 9 o 120
Inulin 21 3 25 & 9

d Mennitol _ 0 Lo} 0 0 0

% All Values Expressed as Reduction Time in Minutes.



TABLE II

Effect of Previous Adaptation on Oarpohydrate

Dehydrogenafion?;a Strep. lactis A.T7.C. 374,

Dehydrogenation Cells Grown in Geils‘Grown _Oells-Grown

Substrate . Glucose _in Lactose in Mannitol

’ d;.Glucose 3 o 2 o 8
4: Mennose . 4 3 10
d: Galactose 38 ; - 128

d. Fructose - ) 4 o . 5 _ 10 -
Sucrose 3 4 11
Cellobiose 3 5 11
Lactose ‘ 8 -5 12
Maltose ‘ 10 ‘ 14 8
Trehalose 5 8 g 13
Raffinose 0 5 30

Sorbitol 90 o ‘ 56 ", sl
Mannitol ._ 50 21 ) 10
' Glyeerol / 110 | ) 36
‘Salicin 28 20 . 84
Stérqh é 4 ' 9

Inulin 6 | 4 22

& All Velues Expressed as Reduec tion Time in Minutes,



R

Lactic Acid Production from Carbohydrates by Suspensions of strep. lactis S4 30

_ TABLE III

- A

- Adapted to Glucoae.

[

Cells Grown in Presence of Glucbse

Tigé | Glucoss ~  Manmmoss — Frutose Galactbseg,_Laotoséf”'.fmgnnipbl ‘
Hours Subdstrate Substrate Substrate Bubstrate = Substrate Substrate

0.5 .308 +216 270 2018 0 0

1.0 432 0414 ¢342 ;018 0 0

1.5 684 432 468 .056 0 0

2.0 . .9%6 £ 450 +5786 054 .038" "0

2.5 .954 4540 702 .072 .054 0

3.0 .973 .648 .810 2072 054 0

3.5 1,008 720 +846 090 o .072 0

4.0 1,026 774 +900 .108 ,673 0

4.5 1,002 .810 4900 .108 :090. 0

5,0 1.116 864 900 .108 .108 0

5.5 1.162 4900 4938 a2e 126 0

6.0 1,260 972 0

918

.124

s126

]




TABLE I.

Stimulation of Acid Production and Oxygen Uptake by
Various Nitrogen Sources upon Resting Cell
Suspensions of Strep. lactis
A.T.¢. 374 in Presence of Glucose.’

.5 Hours Q 0o

Nitrogen Source* 'Gm; L,A, péf’iOO'mi;' o o
X Aerobic Anaerobic 5 hours

Control - No Nitrogen O 0.306 46.6
Ammoﬁium Chloride . 0.882 . 0.666 89.5
Ammonium Sulfate 1.008 - 0.666 64.3
Sodium Nitrate 0.846 0.630 60.6
Urea i ' 0.774 0.594' 52,1
Uric Acid 0.828 0.666 -
Glycine 0.738 0.630 66.4
Cystine o 0.882 0.684.  159.5
Asparagine 0.396 . 0,630 66.4
Tryﬁtone~Difco 1.1%4 0.900 179.0 N
Peptone-Difeco 1.188 ; 0.972 i70.3
Peptone-Witte's 1.044 1.044 15.5
Proteoss Pepténe 1.170 | 0.918 242.6
Sodium'caseinate ~ 0.630 0,576 VlOl;O
Beef Extract ©0.864 0.666 207.9

Yeast Extract-Difco 1.206 0.828 187.4

* All nitrogen sources added to the resting cell - glucose
mixture in 0.5% concentration.



TABLE 2.

Acid Production and Oxygen Uptake Recalculated

to Common Value of 0,25 gm. Nitrogen.

Conversion }» Lactic % Lactiec Oxygen

Nitrogen saurce 4 T.N. Pactor. Acid ~  Acid-  TUptake.
— .. Aeroblc Anaserobic _

' 5 Hrs, ’ 5 Hrs. 5 Hrs,
Ammonium Chlofidg 26.20 1.9  1.675  1.265 170.0
Ammonium Sulfate 21,20 2,3 2.318 1,531 147.8
Sodium Nitrate  16.48 ° 3.0  2.538 - 1.890 . 181.8
Uric Actd 33.34 1.4 1,159 0.932 0.0
Urea 46,60 1.07 0.828 0.635 55.7
Glyeine © 18.66 2,6 1.918 1.638 17246
‘Cystine | 11.60 4.3 3.792 2.941  685.8
Asparagine 18.67 2.6 ,1.,029 - 1.638 _  172.6
Tryptone-Difco 12,10% 4.1 4.649 3.690 . 733.9
Peptone-Difco 15.40% 3,2 3,801 3,110 © 544.9
Peptone-Witte 14{30* B 3.5 3.654 ' 3.654 264.2
Proteose Peptone 13;50? 3.7 4.3%29 3.396 | 8917.6
-Sodium éaseinate 13.36 3.1 2.331 2.131 373.17
Beef Extract 7.70 7.1 6.134 4.728 - -1476.0

"Yeast Extract-Difco 8.45 5.9 T.115 4,885 1105.6

* Factor Requirea'to Convert Results to Basie Value of 0.25 gm.N.
X Values quoted from Eagles B.,A. and Sadler, W, -~ Can.J.Res.7:364,

. 1932
® value quoted from Difco Manual, 1939.
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Oxygen Uptake by Sec. lactis A,T.C. 374 in the Presence
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Figure 2

Carbon Dioxide Production by Sc¢, lactis A.T.C. 374 in
the Presence of Monosaccharides
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. Figure 3

Oxygen Uptake by Sc. Lactis in the Presence of
Various Carbohydrates
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‘ Figure 4

Carbon Dioxide Production by Se¢. lactis A.T.C. 374
in the Presence of Various Carbohydrates
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Respiratory Quotients - Sc., lactis A.T.C. 374
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In Figure 6 is shown the oxidation of glucose by several species
of bacteria. This graph emphasizes the comparatively small
oxidizing ability of the Lactic Acid Streptococei in comparison
with more aerobic species such as E, coli and Rhizobia,
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Figure 17

pH Measurements - Aerobic Sc. lactis S.A, 30

T~

*No peptone

0.,125% peptone

.1,0% peptone
: 0.,25% peptone
T——0,50% peptone

0 1 2 3 4 5 6 7 8

Timq in Hours




pH

760

565

4.5 °

Figure 8

33,

PH Measurements - Anaerobic Se., lactis S,A., 30
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Figure 9

Influence of Peptone Concentration upon Aerobiec Acid
Production from Glucose by Sc, laetis S.A. 30

.1,0% peptone

_“._____//////// 0.5% peptone
//////// ; - .0.25% peptone

\

‘04125% peptone

1 2 3 4 5 6 7 8

Time in Hours




Gm. Lactic Acid per 100 c.c.

025‘

020'

015‘

«10-

005'

Figure 10

Influence of Peptone Concentration upon Anaerobic Acid

Production from Glucose by Sc. lactis S.,A, 30
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Figure 11

Influence of Peptone Concentration upon Oxygen Uptake
by Sc. lactis S.A. 30 in Presence of Glucose
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Figure 12

. Lactic Acid Production from Monosaccharides - Se, lactis S,A, 30 =
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Figure 13

Lactic Acid Production from Lactose - Sc, lactis S.A, 30
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' Figure 14

Lactice Acid Production from Galactose - Sc, lactis S.A, 30
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Figure 15

Oxygen Uptake by Washed Cells of Rh, trifolii 224
(Cus mgm. of O, per mgm. dry weight)
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Figure 16

Comparative Aerobic and Anaerobic Respiratory Coefficients

trifolii 224
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Figure 18

Comparative Aerobic and Anaerobic Respiratory Coefficients

on Sodium succinate - R,T, 224 and Substrains
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Figure 19

. Comparative Aerobic and Anaerobic Respiratory Coefficients on
Sodium Succinate - R,T., 224. Freshly Isolated Strains
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Oxygen Uptake in Cu. m.m.

60 .

50,

40.

20.

20-

104

Figuie-él

Endogenous Oxygen Uptake with All Substraine of Rh. trifolii 224
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‘Oxygen Uptake in Cu, mem,
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Glucose Oxidation by All Strains of Rh. trifolii 224
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Figure 1

Stralin Variation in Dehydrogenase Activity 1, RT 22B
2. RT 224
3, RT 226
4., RT 231
5. RT 39-1
100
75
50
©
:m R ll
0 1]
1234511234 5|12345 (1234 5 |1234 5
Fructose Sucrose [Cellobiosej Raffinose Starch
100
75-
50-
ol
o~
) l A ' I
0 || I | | | I
1234 51232 465123 45| 12345 | 12345
Sod,
Saliein |Mannitol | Xylose malate Glycerol




Figure 2 .
Variation in Dehydrogenase Activity with Time -~ R, trifolii
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Figqre 1

Dehydrogenase Activity of Strains and Substrains of
R, trifolii upon Sodium succinate
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Endogenous Q02 of Strains and Substrains of R, trifolii 224
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Figure 3

Anaerobic Endogenous Respiration with Strains and Substrains
of R, trifolii 224
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Figure 4

Aerobic Glucose Oxidation of Strains and Substrains
of R, trifolii 224
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Figure 5

Dehydrogenase Activity upon Mannitol of Strains and Substrains
of R, trifolii 224
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Aerobic Oxidation of Mannitol by Strains and Substrailns
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Figure 8

Comparative Aerobic and Anaerobic Respiratory Activity
of Four Strains of R, trifolii 224
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Figure 4

Comparative Oxidative Activity of Strep. lactis S.A. 30
and Strep. lactis A.T.C. 374‘
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Figure 5
Respiratory Quotients - Strep. lactis A.T.C. 374
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Figure 6

Comparative Glucose Oxidations by Strep. lactis
and Bact, coli
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Figure 1

Influence of Previous Adaptation upon carbohydrate
Dehydrogenation. Strep. lactis SA. 30
A. Cells grown in Glucose broth
B. Cells grown in lactose bro th
C. Cells grown in starch broth
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Figure &2
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AInfluenee of Previous Adaptation upon Carbohydrate

Reducing Coefficient

" Dehydrogenation. Strep. lactis ATC 374
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Figure 3

Fermentation of Monosaccharides by Suspensions of
Strep. lactis SA 30. Cells from Glucose Broth.
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Figure 4

Influence of Adaptation upon Fermen tation of
Lactose by Suspensions of Strep. lactis SA. 30
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Figure 5

Influence of Adaptation upon Fermentation of
Galactose by Suspensions of Strep. lactis 8A. 30
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Figure 6

Influence of Adaptation upon Fermentation of Lactose
by Suspensions of Strep, lactis ATC 374,
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Figure 7

Influence of Adaptation upon Fermen tation of
Galactose by Suapensions of Strep. lactis ATC,374
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Figure 1 (a)

. Stimulation of Aerobic Production of Lactic Acid by
Resting Cells of Strep. lactis ATC 374 from Glucose.
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‘ Figure 1 (b)

Stimuletion of Anaerobie Production of Lactie Acid
by Resting Cells of Strep.lactis ATC 374 from Glucose.
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FIGURE 2

‘ Stimulation of Aerobic Production of Lactic Aecid
by Suspensions of Strep, lactis ATC 374 from Glucose,
Effect of Representative Nitrogen Sources
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FIGURE 3

Influence of various Nitrogen Sources in Stimulating
Respiration of Suspensions of Strep. lactis ATC 314
with Glucose
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Figure 4

Relative Stimula tion of Aerobic Lactic Acid Production,
Anserobic Lactic Acid Production and Respiration by
Various Nitrogen Sources.
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Figure 4 (Continued)

Relative Stimulation of Aerobic Lactic Acid
Production, Anaerobic Lactic Acid Production
and Respiration by Various Nitrogen Sources.

1]

A, Aerodbdie Lactis Acid
Production
B. Anserobic Lactic Acid .
Production
C. Oxygen Upteake
L .
A B C A B C A BC ABC AB C
Peptone | Peptone - god. Beef | Yeast
- Difco Witte's kCaseinatT Extract|Extract

-180

150

-120

. 90
. 60

- 30

5.

20 ®



Lactic Acid per 100 Ml.

Gm,

Te0Q

5.0

o
,gs

Figure 5.

Stimulation of Aerobic Lactic Acid Production
by Various Nitrogen Sources. Strep. lactis
Suspension in the Presence of Glucose., ¥
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FIGURE 6

' Stimulation of Respiration by Various Nitrogen
Sources. Strep. lactis ATC %74 Suspension in .

Presence of Glucose.
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FIGURE 17

Relative Stimulation of Aerobic Lactic Acid Production,
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FIGURE 7 (cont'd)

€7

Relative Stimulation of Aerobic Lactic Acid Production,
Angerobic Lactic Acid Production and Respiration by
Various Nitrogen Sources,
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